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Abstract: In organ transplant recipients, the rate of invasive pneumococcal diseases is 25 times greater
than in the general population. Vaccination against S. pneumoniae is recommended in this cohort
because it reduces the incidence of this severe form of pneumococcal infection. Previous studies
indicate that transplant recipients can produce specific antibodies after pneumococcal vaccination.
However, it remains unclear if vaccination also induces specific cellular immunity. In the current
study on 38 kidney transplant recipients, we established an interferon-γ ELISpot assay that can
detect serotype-specific cellular responses against S. pneumoniae. The results indicate that sequential
vaccination with the conjugated vaccine Prevenar 13 and the polysaccharide vaccine Pneumovax
23 led to an increase of serotype-specific cellular immunity. We observed the strongest responses
against the serotypes 9N and 14, which are both components of Pneumovax 23. Cellular responses
against S. pneumoniae correlated positively with specific IgG antibodies (r = 0.32, p = 0.12). In
conclusion, this is the first report indicating that kidney transplant recipients can mount specific
cellular responses after pneumococcal vaccination. The ELISpot we established will allow for further
investigations. These could help to define, for example, factors influencing specific cellular immunity
in immunocompromised cohorts or the duration of cellular immunity after vaccination.

Keywords: pneumococcal conjugate and polysaccharide vaccines; sequential vaccination; kidney
transplant recipients; serotype specific cellular immunity; interferon-γ ELISpot

1. Introduction

The gram-positive bacterium Streptococcus pneumoniae (S. pneumoniae) frequently colo-
nizes the human nasopharynx [1]. Outside the nasopharynx, it can lead to lobar pneumonia,
meningitis, otitis media, or sinusitis. Apart from local infection, it can cause invasive pneu-
mococcal diseases (IPD), which has a fatality rate of approximately 10% [1–3]. According to
data by the Centers for Disease Control and Prevention, the rate of IPD in organ transplant
recipients is 25 times greater than in the general population [2,3]. Vaccination against
S. pneumoniae is recommended in individuals with immunocompromising conditions be-
cause it has been shown to reduce the incidence of IPD [4–6].

Apart from polysaccharide vaccines against S. pneumoniae (e.g., Pneumovax 23, MSD
Sharp and Dohme, Haar, Germany), there are vaccines conjugated to a nontoxic mutant
form of diphtheria toxin (e.g., Prevenar 13, PCV13, Pfizer, New York, NY, USA) [7], that act
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T-cell-dependently. In Germany, a sequential administration of the 13-valent pneumococcal
conjugate vaccine followed by the 23-valent pneumococcal polysaccharide vaccine after
6–12 months is recommended for immunocompromised individuals such as transplant
recipients [8]. Vaccinees first receive the glycoconjugate vaccine Prevenar 13. According to
previous data in mice, CD4+ T cells could recognize glycan-modified peptides presented
by major histocompatibility complex (MHC) class II (carbohydrate-specific helper CD4 T+
cells, Tcarbs) [9,10]. These specific Tcarbs could enhance the production of class-switched
(IgG) antibody responses directed against pneumococcal polysaccharides. However, these
previous data are not able to determine the source of interferon (IFN)-γ secretion in our
ELISpot assays, where cells were stimulated by (non-conjugated) polysaccharide antigens.

Serological control of vaccination responses is recommended in immunocompro-
mised patients, although it remains unclear as to what extent antibody titers reflect protec-
tion [11]. The protection achievable by this vaccine regimen remains unclear in transplant
cohorts [12–14]. There is currently only data on specific humoral immunity after vaccination
against S. pneumoniae [12–16]. Specific T-cell data after vaccination against pneumococci
are not yet published in a transplant cohort. However, in healthy adults, it could be
shown that cellular immunity towards pneumococcal polysaccharides was increased by
vaccination [17].

The aim of the current study was to establish an ELISpot that is sensitive enough to de-
tect specific cellular immunity against S. pneumoniae in vaccinated kidney transplant recipients.

2. Materials and Methods
2.1. Patients

In total, 38 clinically stable kidney transplant recipients (70 samples) were included in
this cross-sectional, single-center study (Table 1). The median age was 53 years
(range 23–77 years); 12 patients were female and 26 were male. The patients received
two vaccinations against S. pneumoniae. They were vaccinated sequentially, with a single
dose of Prevenar 13, followed by a single dose of Pneumovax 23 six months later. The
median interval between the (last) kidney transplantation and the first vaccination was
38 months (3 months–33 years).

Table 1. Characteristics of 38 kidney transplant recipients vaccinated against S. pneumoniae.

Parameter Median (Range) or Number (No.)

Median age (range), years 1 53 (23–77)
Patient sex (female/male) 12/26

Median interval TX-vaccination (range),
months 38 (3–395)

Median serum creatinine (range), mg/dL
Pre vaccination 1.6 (0.9–3.6)

Month 6 post vacc. 1.5 (0.6–3.7)
Month 12 post vacc. 1.6 (0.9–3.9)

Immunosuppression, no. 1

Cyclosporine A 5
Tacrolimus 28

Mycofenolate mofetil 21
mTOR inhibitors 6
Corticosteroids 36

Belatacept 2

Kidney transplantation, no.
First 34

Second 4
1 At the time of the first blood sampling; mTOR—mammalian target of rapamycin.
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Stable allograft function (defined as <15% change in serum creatinine concentration
within one month prior to vaccination), an interval of ≥3 months to kidney transplantation,
and absence of clinical infection, of allograft rejection and of pregnancy were defined
as inclusion criteria. Blood samples were drawn immediately prior to vaccination with
Pneumovax 23 (month 6), and one month and six months thereafter (months 7 and 12,
respectively). This study was approved by the institutional review board of the University
Hospital Essen (14-5858-BO), and written informed consent was obtained from all partici-
pants. It was carried out in accordance with the Declarations of Helsinki and Istanbul and
its subsequent amendments.

2.2. Vaccines

The 13-valent pneumococcal vaccine Prevenar 13 contains polysaccharides of
13 pneumococcal serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19F, 19A, and 23F), indi-
vidually conjugated to a nontoxic mutant form of diphtheria toxin cross-reactive material
197 (CRM197). The vaccine is formulated in 5 mM succinate buffer containing 0.85% NaCl
and 0.02% polysorbate 80, at pH 5.8, and contains aluminum phosphate at 0.125 mg/dose
aluminum as an adjuvant. It contains 2.2 µg/dose of each of the serotypes, except for
serotype 6B at 4.4 µg/dose (0.5 mL).

The 23-valent vaccine Pneumovax 23 is an unconjugated vaccine that contains 25 µg
each of the 23 pneumococcal serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B,
17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F. The vaccine is formulated in phenol and <1 mmol
sodium chloride per dose (0.5 mL). Both vaccines were injected into the deltoid muscle.

2.3. Determination of Cellular Immunity against Pneumococci by ELISpot

Nine milliliters of heparinized blood was collected, and peripheral blood mononu-
clear cells (PBMC) were separated by Ficoll gradient centrifugation. Numbers of PBMC
were determined by an automated hematology analyzer (XP-300, Sysmex, Norderstett,
Germany). Duplicate or triplicate cultures of 200,000 freshly isolated PBMC were grown
without pneumococcal polysaccharides and single cultures with 100, 150, and 200 µg/mL
pneumococcal polysaccharides (pneumococcal serotypes (PS) 2, 6A, 9N, 11A, 14, and 25F,
all from Pfizer, ATCC, Manassas, VA, USA). The production of IFN-γ was determined
using pre-coated ELISpot plates and a standardized detection system (T-Track® ELISpot kit,
Mikrogen GmbH, Neuried, Germany; formerly Lophius Biosciences GmbH, Regensburg,
Germany). PBMC were incubated without and with pneumococcal polysaccharides in
150 µL AIMV medium (Gibco, Grand Island, NE, USA) at 37 ◦C. Stimulation with the
T-cell mitogen phytohemagglutinin (PHA, 4 µg/mL) served as positive control. Cells
were pre-incubated overnight in U bottom plates (BD Falcon, Nijmegen, the Netherlands).
Thereafter, they were incubated for further 19 h in the ELISpot plates. These conditions
could be defined as optimal. In order to optimize the ELISpot conditions, we titrated the
pneumococcal polysaccharides (0.5–800 µg/mL) and performed the cell cultures without
and with overnight pre-incubation. Colorimetric detection of cytokine secreting cells was
performed according to the manufacturer’s instructions. Spot numbers were analyzed by
an ELISpot reader (AID Fluorospot, Autoimmun Diagnostika GmbH, Strassberg, Germany).
Apart from considering individuals concentrations of the polysaccharides, we determined
median values for the optimal concentrations (100, 150, and 200 µg/mL) and subtracted
the median of negative controls. Thereby, we generated spots increment, indicating specific
spots. Of note, the negative controls reached a mean value of 0.71 spots and a mean
standard deviation of 0.47 spots.
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2.4. Determination of Cellular Immunity against Pneumococci by Proliferation Assay

In a subset of patients, we also analyzed lymphocyte proliferation, measuring 3H-
thymidine uptake. We used 200,000 PBMC per cell culture and stimulated the cells with
50–800 µg/mL of the polysaccharides 2, 6A, 9N, and 14. PBMC were incubated without
and with pneumococcal polysaccharides in 150 µL AIMV medium for five days at 37 ◦C
using U bottom plates. Stimulation with PHA was used as positive control. For the
last 16 h, the cultures were labeled with 37 kBq 3H thymidine per culture. Cells were
then harvested (Harvester 96, Tomtec, Hamden, CT, USA) onto filter pads (Wallac, Turku,
Finland), and the incorporated radioactivity was quantified by liquid scintillation counting
(1450 Microbeta Trilux, Wallac). Results were expressed as counts per minute. In addition,
stimulation indices (SI) were considered (quotient of proliferation with specific stimulation
and negative control (proliferation without stimulation)). An SI of at least 3 was defined as
positive response.

2.5. Determination of Antibodies against Pneumococci

Antibodies against S. pneumoniae were determined by an ELISA that detects IgG anti-
bodies against 23 pneumococcal serotypes (VaccZyme™, The Binding Site, Schwetzingen,
Germany). The assay was performed according to the manufacturer’s instructions.

2.6. Statistical Analysis

Data were analyzed using GraphPad Prism 8.4.2.679 (San Diego, CA, USA). Data gen-
erated without and with pre-incubation and prior to or post vaccination with Pneumovax
23 were compared by the Mann–Whitney U-test. Spearman test was used to correlate
ELISpot results with numerical variables and Mann–Whitney test to analyze the impact
of patient sex on ELISpot results. If not otherwise stated, median values are indicated.
Two-sided p values < 0.05 were considered significant.

3. Results
3.1. Optimization of ELISpot Conditions

Initial titration experiments with PBMC from kidney transplant recipients were per-
formed with 0.5–50 µg/mL pneumococcal polysaccharides and showed nearly unde-
tectable cellular responses (Figure 1a), despite vaccination against S. pneumoniae. An in-
crease of the polysaccharide concentrations (50–800 µg/mL), combined with an overnight
pre-incubation in U bottom plates (Figure 1b,c), led to detectable, dose-dependent cellular
responses, reaching a maximum at 100–200 µg/mL.

3.2. Time Course of Pneumococcus-Specific ELISpot Responses

Using the optimized conditions (100, 150, and 200 µg/mL of the polysaccharides
and pre-incubation), we tested clinically stable kidney transplant recipients at months
6, 7, and 12 after initiation of vaccination against pneumococci, i.e., we measured the
effect of the conjugated pneumococcal vaccine Prevenar 13 at month 6 and the combined
effect of both vaccines (Prevenar 13 and Pneumovax 23) at months 7 and 12. Of note, we
chose polysaccharide serotypes contained only in the vaccine Prevenar 13 (6A), only in
Pneumovax 23 (2, 9N, 11A), in both vaccines (14), or in none of them (25F). The IFN-γ spots
detected in our pneumococcus-specific ELISpot assay can be characterized as large and
intense (Figure 2).
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Figure 1. Optimization of ELISpot conditions to determine specific cellular immunity against
S. pneumoniae. (a) The titration of low concentrations of the pneumococcal polysaccharides of the
serotypes (PS) 2, 6A, 9N, and 14 (0.5–50 µg/mL), using no pre-incubation step, i.e., the cells were
directly incubated in ELISpot plates (without pre-incubation). (b,c) Results after stimulation with
higher concentrations of the pneumococcal polysaccharides (50–800 µg/mL), either without (b) or
with (c) overnight pre-incubation in U bottom plates. In all cases (a–c), we tested kidney transplant
recipients after pneumococcal vaccination. Median values are indicated by grey horizontal lines.
Positive control experiments were performed with the T-cell mitogen phytohemagglutinin (PHA).
Results as displayed in (b,c) were compared by Mann–Whitney test. * p < 0.05, ** p < 0.01.
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Figure 2. Interferon-γ ELISpot results (200,000 PBMC/well) in one female, 49-year-old kidney
transplant recipient at month 12. The patient had received vaccination with Prevenar 13 and
Pneumovax 23 12 months and 6 months prior to bleeding, respectively. Each serotype of the pneu-
mococcal polysaccharides (PS) was used at three concentrations (100, 150, and 200 µg/mL). The left
panel shows the ELISpot results, the right panel the plate layout. Confluent spots filling the entire
well, as shown in the positive control with phytohemagglutinin (PHA), were set as 600.

For calculation, we used median values for the three concentrations, yielding a single
result per sample and time point. For the polysaccharide serotypes 2, 6A, 9N, and 14, we
observed an increase of responses at month 7 vs. 6 (Figure 3). This increase appeared to be
slightly stronger for three out of four serotypes contained in the vaccine Pneumovax 23 (2,
9N, and 14) than for the serotype 6A, which is contained in Prevenar 13 only. Responses
to PS 25F, the serotype that is contained in none of the vaccines, were undetectable at
month 12.

Taken together, the data indicate that vaccination with Pneumovax 23 led to an increase
of cellular responses to the majority of the serotypes contained in that vaccine. The highest
number of specific cells could be detected one month after this vaccination. However, the
serotype 11A also contained in Pneumovax 23 did not induce detectable cellular immunity.
At month 12 immunity decreased, which is to be expected in the course after vaccination.
Unexpectedly, there may also have been a slight increase of responses towards serotype 6A
at month 7, which could be explained by cross-reactivity. An absence of cellular responses
towards serotype 25F at month 12 met our expectation because it was contained in none of
the vaccines.
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Figure 3. Specific cellular immunity against S. pneumoniae in kidney transplant recipients after having received vaccination
with Prevenar 13 (month (M) 6) or Prevenar 13 and Pneumovax 23 (M7 and M12). Of note, we chose pneumococcal
serotypes (PS) contained only in the vaccine Prevenar 13 (6A, blue), only in Pneumovax 23 (2, 9N, 11A, black), in both
vaccines (14, red), or in none of them (25F, green). Responses towards PS 14 were measured only in 41 out of 55 samples, and
responses towards PS 25F were measured only in seven (at M12). We used median values for the three concentrations of each
polysaccharide (100, 150, and 200 µg/mL), yielding a single result per sample and time point. Median values are indicated
by grey horizontal lines. Positive control experiments were performed with the T-cell mitogen phytohemagglutinin (PHA).
Increment means that negative controls were subtracted from results after stimulation with S. pneumoniae polysaccharides.

3.3. Concentration Dependency of Pneumococcus-Specific Proliferative Responses

Using 50–800 µg/mL of the pneumococcal polysaccharides, we also performed prolif-
eration assays. Specific responses were weak. In all but one case, counts per minute after
stimulation with pneumococcal polysaccharides were below 2200, which we classify as a
borderline response (Figure 4). Three out of five vaccinated kidney transplant recipients
showed detectable proliferation, as defined by a maximum stimulation index of at least 3.
The first patient responded to the serotypes 2, 9N, and 14 (SI of up to 5.8, 3.6, and 3.8,
respectively), the second to the serotypes 6A and 9N (SI of up to 3.1 and 5.1, respectively),
and the third to serotype 2 (SI of up to 3.9).
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Figure 4. Proliferative responses in vaccinated kidney transplant recipients after stimulation with
polysaccharides from S. pneumoniae. (a) Results given as counts per minute increment; (b) stimu-
lation index, i.e., as a quotient of stimulated and unstimulated cultures. We used pneumococcal
polysaccharides of serotype (PS) 2, 6A, 9N, and 14 at concentrations of 50–800 µg/mL and cul-
tured cells for six days. Stimulation indices of at least 3 were defined as positive response (dotted
line). Median values are indicated by grey horizontal lines. Negative controls were cells cultured
without specific stimulation, and positive controls cells were stimulated with the T-cell mitogen
phytohemagglutinin (PHA).

3.4. Correlation between Pneumococcus-Specific ELISpot Responses and Specific Antibodies

In parallel to the ELISpot assays, IgG antibodies against 23 pneumococcal serotypes
were determined by ELISA. Spearman correlation analysis was performed at month 12
after vaccination and considered the sum of ELISpot responses towards the serotypes 2,
6A, 9N, and 14 using the optimized ELISpot conditions (n = 25). We observed positive
correlation (r = 0.32, p = 0.12), as shown in Figure 5. We also considered the individual
ELISpot assays and observed positive correlation in all four serotypes (PS 2: r = 0.04;
PS 6A: r = 0.15; PS 9N: r = 0.28; PS 14: r = 0.36). Moreover, data on PS 11A were available
in 22 out of 25 patients (r = 0.26).
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Figure 5. Spearman correlation analysis of ELISpot results and IgG antibodies against S. pneumoniae.
This analysis considers results of kidney transplant recipients at month 12, i.e., after having received
vaccination with Prevenar 13 and Pneumovax 23. We summed up ELISpot responses towards the
pneumococcal serotypes (PS) 2, 6A, 9N, and 14, tested at concentrations of 100, 150, and 200 µg/mL.
We used median values for the three concentrations of each serotype, yielding a single result per
sample. IgG antibodies against 23 pneumococcal serotypes were determined in parallel by commer-
cial ELISA (n = 25). The continuous line represents the regression line and the broken lines the 95%
confidence interval.

3.5. Correlation between Pneumococcus-Specific ELISpot Responses and Patient Characteristics

Spearman analysis indicated that ELISpot responses at month 12 correlated in five
out of six serotypes positively with the interval between transplantation and vaccination,
reaching statistical significance for the serotype PS 6A (r = 0.37, p = 0.04). Thus, patients
vaccinated later after transplantation had higher cellular responses. Males displayed
on average 1.1-fold higher responses than females, which was non-significant. Age had
no definite effect on cellular responses (r = −0.35—r = 0.25). As 25 out of 33 patients
tested at month 12 received a tacrolimus-based immunosuppressive regimen, the impact
of immunosuppressive drugs could not be adequately analyzed in our rather small cohort.

4. Discussion

In our current study, we describe the establishment of an IFN-γ ELISpot assay to
detect specific immunity against S. pneumoniae in vaccinated kidney transplant recipients.
Compared to a previous study on vaccinated healthy individuals, ELISpot responses to
pneumococcal polysaccharides appeared to be overall lower in the transplant patients [17].
However, there were major differences in the experimental setting. Whereas the previous
study by Wuorimaa et al. used the complete polysaccharide vaccine (without adjuvants)
as antigen, we here used single polysaccharide serotypes. Thereby, we could measure
serotype-specific responses. Other prior studies on cellular immunity after pneumococcal
vaccination used the conjugate, diphtheria toxin [18], or the complete vaccine containing
the toxin [17,19,20] as antigenic stimulus. Thereby, the cellular assays were not specific
for pneumococci but could also show responses to the conjugate. Furthermore, there
are some studies on cellular immunity, using either bacterial lysates, supernatants, or
pneumococcal surface protein A, a cell wall-associated surface protein of S. pneumoniae,
irrespective of vaccination and irrespective of transplantation [21–24]. These previous
reports indicate that CD4+ T cell responses against S. pneumoniae are measurable by
IFN-γ ELISpot or flow cytometry, detecting IFN-γ or IL-17 production and CD154 or
CD25 expression, respectively. Using PBMC of healthy adults, Wuorimaa et al. showed
that pneumococcus-specific IFN-γ secretion was prominent and increased after the vac-
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cination with protein-conjugated and non-conjugated pneumococcal vaccines [17]. Of
note, in volunteers receiving non-conjugated pneumococcal vaccines, IFN-γ responses
towards polysaccharide antigens (without protein carrier) increased after vaccination (pre-
vaccination: 0, day 14: 32, day 28: 22; data represent mean numbers of IFN-γ secreting
cells). Thus, our current findings are in line with that previous study.

It needs to be clarified which cell type is the source of IFN-γ secretion. According
to the spot characteristics (large and intense), the IFN-γ-producing cells could be T cells.
When an experimental cellular mouse model was used, clonotype mapping of in vivo and
in vitro pneumococcal polysaccharide-activated CD4+ T cells revealed clonotypic T cell
receptor (TCR) transcripts [25]. It was suggested that zwitterionic polysaccharides induced
oligoclonal CD4+ T cell activation, which was dependent on antigen-presenting cells [25].
The authors proposed that polysaccharides can bind to the outer part of the MHC class II
binding groove and that they were recognized by the CDR3 binding domain of the TCR.
Presentation by MHC class II molecules also required the presence HLA-DM molecules.
However, it has been shown by Avci et al. that CD4+ T clones only recognize and react
with carbohydrate in MHC class II context when presented by a peptide [9]. But we used
polysaccharides without a protein carrier as stimuli. One could also speculate that the
responding cells may not be αβ but γδ T cells or NKT cells. γδ T cells do not seem to
require antigen processing and MHC presentation of peptide epitopes [26]. They are a
minor population in the peripheral blood, bridge between the innate and the adaptive
immune system, and use their TCR as a pattern recognition receptor [26]. Moreover,
there has been evidence for the involvement of lung-specific γδ T cell subsets in local
responses to S. pneumoniae infection [27]. Finally, the source of IFN-γ could be NK cells,
as described previously after stimulation with lipopolysaccharide, a major component of
the outer membrane of Gram-negative bacteria [28]. Of note, Kanevskiy et al. stimulated
the NK cells by lipopolysaccharides, but not by pneumococcal polysaccharides (from the
Gram-positive bacterium S. pneumoniae).

Whereas several studies on humoral immunity in transplant recipients indicate that
these patients can mount an antibody response after vaccination—although at a reduced
level—[12–16], data on specific cellular immunity after vaccination are not yet published in
this cohort. It was a challenge to establish an assay detecting cellular immune responses
against S. pneumoniae in kidney transplant recipients, as it is even at a low level in healthy
controls [17]. It had not yet been defined whether these patients could develop a cellular
reaction against pneumococci despite lifelong immunosuppressive treatment. We here
report that kidney transplant recipients displayed an increase of cellular pneumococcal
immunity after vaccination. PS 9N and 14—both components of Pneumovax 23—induced
overall the strongest cellular immune response. The finding fits well with humoral data
in vaccinated kidney transplant recipients [29]. This previous study showed a strong
increase of antibodies directed against the two serotypes 9N and 14 after vaccination with
Pneumovax 23. Moreover, antibodies directed against serotype 14 vs. 12 other serotypes
reached the highest concentration in pooled serum of 278 healthy volunteers immunized
with Pneumovax 23 [30], indicating that this serotype is highly immunogenic. Similar to
antibody responses, there is great variation between individuals, most likely due to prior
infection with S. pneumoniae and variable degree of immunosuppression. Currently, there
is no gold standard to detect cellular responses against S. pneumoniae, and it is thus difficult
to determine sensitivity and specificity of our ELISpot assay. Furthermore, the analysis is
complicated by the fact that frequent natural infection with pneumococci could also lead to
humoral and cellular immune responses.

As we observed a dose dependency of ELISpot responses (with a bell-shaped dose-
response curve) and an increase of responses after vaccination, the results fulfil major
characteristics of antigen-specific cellular responses. Whereas we could clearly detect
serotype specific IFN-γ production by the ELISpot method, proliferative responses were
overall at a low level. This finding fits well with the previous study on vaccinated healthy
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controls, which could also not detect specific T-cell proliferation after stimulation with the
polysaccharide vaccine [17].

As shown by Spearman analysis, cellular and humoral immunity against S. pneumoniae
correlated positive but rather weakly (r = 0.32). This finding is in line with immune
responses against other microbial antigens, e.g., against hepatitis B virus (r = 0.38) [31] or
SARS-CoV-2 virus (r = 0.20–0.52, depending on the antigenic stimulus and the cohort) [32].

We previously analyzed the impact of immunosuppressive treatment on serotype-
specific humoral immunity after vaccination with Prevenar 13 [15]. Our study showed
that 35 kidney transplant recipients with vs. 14 without mycophenolate mofetil treatment
responded to vaccination with less increase in opsonophagocytic killing assay (OPA) titers
as well as global and serotype-specific anti-pneumococcal capsular polysaccharide (PCP)
IgG, IgG2, and IgA at months 1 and 12 post-vaccination. Thirty-three patients receiving
tacrolimus had higher OPA titers and serotype-specific anti-PCP IgG compared to 16
who did not. Furthermore, they displayed higher IgA concentrations 12 months after
vaccination. Taking the positive correlation between cellular and humoral immunity into
account, one could speculate that also cellular immunity against pneumococci is dependent
on the immunosuppressive regimen.

Although measurement is recommended, the predictive value of antibody titers
against S. pneumoniae with regard to infection protection remains unclear in transplant
patients. Hopefully, T-cell response as detected by the ELISpot method does correlate better
with the occurrence of clinical events. Nevertheless, this needs to be analyzed.

In conclusion, the ELISpot method we describe in the current paper will allow for
further studies. These could help to define factors influencing specific cellular immunity
against pneumococci in a transplant cohort or the duration of cellular immunity after
vaccination.
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