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Background. Pneumococcal conjugate vaccination as well as pneumococcal polysaccharide vaccination are recom-
mended for lung transplant candidates and recipients, but the combination of these vaccines has not been extensively stud-
ied in these specific populations. Methods. Lung transplant candidates and recipients were vaccinated with a 13-valent
pneumococcal conjugate vaccine, followed 8 weeks later by a pneumococcal polysaccharide vaccine. Pneumococcal
antibody levels against 13 pneumococcal serotypes were measured and followed up after 1 year in the transplant recipients.
These values were compared with a historical control group vaccinated with the polysaccharide vaccine alone. Results.
Twenty-five lung transplant candidates and 23 lung transplant recipients were included. For the majority of serotypes, there
was no significant increase in antibody levels after additional vaccination with the polysaccharide vaccine in both patient
groups. When compared with the historical control group, the antibody response in lung transplant recipients 1 year after
vaccination did not seem to have improved by vaccination with both vaccines instead of the polysaccharide vaccine alone.
Conclusions. Serologic vaccination responses in lung transplant candidates and recipients were not improved by giving
a 23-valent pneumococcal polysaccharide vaccine after a 13-valent pneumococcal conjugate vaccine. The benefit of this
vaccination schedule in lung transplant recipients seems to differ from other immunocompromised populations. The optimal

vaccination schedule for lung transplant candidates and recipients remains to be determined.

(Transplantation Direct 2020;6: €555; doi: 10.1097/TXD.0000000000001003. Published online 21 May, 2020.)

Current recommendations for patients awaiting lung trans-
plantation and lung transplant recipients state that they
should receive pneumococcal conjugate vaccine as well as
pneumococcal polysaccharide vaccine.! This is in line with
recommendations for immunocompromised patient popu-
lations in general.?

These recommendations are based on the assump-
tion that this vaccination schedule will lead to better and
broader serotype coverage than vaccination with either
vaccine alone, that is, a booster effect. This effect has been

observed in some immunocompromised patient popula-
tions but has not been extensively studied in solid organ
transplant recipients. Of note, in a large cohort of liver
transplant recipients, vaccination with a conjugate vaccine
followed by the polysaccharide vaccine did not lead to a
better serologic response than vaccination with the polysac-
charide vaccine alone.* The same was seen in a previous
cohort of lung transplant recipients.* Overall, there have
been few studies that investigated different pneumococcal
vaccination schedules in solid organ transplant recipients.’®
In immunocompetent populations, a booster effect has not
been observed.”
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Ideally, transplant patients should be vaccinated against as
many pneumococcal serotypes as possible. Therefore, vacci-
nation with a pneumococcal vaccine that includes the highest
number of serotypes (ie, the 23-valent pneumococcal polysac-
charide vaccine [23vPPV]) would be preferable, presumed that
it can offer the same degree of protection against pneumococ-
cal infections as a conjugate vaccine. An area of concern is
serotype-replacement due to mandatory conjugate vaccina-
tion in children. This is expected to lead to less pneumococcal
infections overall but more pneumococcal infections caused
by serotypes that are not included in the conjugate vaccine.?’

In this study, we investigated the serologic response to
pneumococcal conjugate vaccination followed by pneumo-
coccal polysaccharide vaccination in lung transplant candi-
dates and recipients. Our aim was to study a potential booster
effect in these specific populations. In addition, we compared
vaccination responses in lung transplant recipients with a his-
torical control group of lung transplant recipients who had
been vaccinated with the 23vPPV only.

MATERIALS AND METHODS

Patients were recruited from St Antonius Hospital in
Nieuwegein, the Netherlands. This hospital is a referral center
for lung transplantation in collaboration with University
Medical Center Utrecht, the Netherlands. The patient popu-
lation comprises all types of end-stage lung disease, except
for cystic fibrosis. All patients either on the waiting list for
transplantation or followed up after transplantation in the
period May 2016—January 2019 were included. Patients were
given pneumococcal vaccination at the time of placement on
the waiting list or, in case of the posttransplantation patients,
approximately 5 years after the previous pneumococcal vacci-
nation, independent of the time since transplantation. Patients
that were previously vaccinated had all been vaccinated with
a 23vPPV only. Usually, this was the case in lung transplant
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recipients who had already been vaccinated when they were
placed on the waiting list. In posttransplantation patients,
antipneumococcal antibody levels were followed up for 1 year
after vaccination. All patients gave written informed consent
for the use of their data in clinical research. The study was
approved by the local ethics committee and was conducted in
accordance with the Declaration of Helsinki.

A historical control group that has previously been described'®
was used for comparison of the vaccination responses of the
lung transplant recipients. This cohort consisted of 55 lung
transplant recipients (32 females; median age, 52 y; range
23-60; 31 patients with chronic obstructive pulmonary dis-
ease) who were followed up for a median of 6.6 years after
transplantation and were vaccinated with a 23vPPV alone.'
These patients had all received 23vPPV before transplantation
and were revaccinated approximately 5 years after the first vac-
cination (median, 4.4 y; interquartile range [IQR], 2.8-6.5 y).
The immunosuppressive regimen after transplantation was the
same for the present cohort and the historical cohort.

Patients in the present cohort were vaccinated with a
13-valent pneumococcal conjugate vaccine (13vPCV), fol-
lowed by vaccination with 23vPPV after 8 weeks. Blood
samples were drawn before vaccination with 13vPCV, 3
weeks after vaccination with 13vPCV, before vaccination
with 23vPPV, and 3 weeks after vaccination with 23vPPV.
A blood sample was also taken 1 year after the vaccinations
in lung transplant recipients. Serum samples were stored at
-80°C until use. Serum IgG antibody concentrations against
13 pneumococcal serotypes were measured using a Luminex
platform.! This included pneumococcal serotypes 1, 3, 4, 5,
6A, 6B, 7F 9V, 14, 18C, 19A, 19E, and 23F (Danish nomencla-
ture). These are all the serotypes that are included in 13vPCV.
All serotypes except for 6A are also included in 23vPPV.

Clinical characteristics, immune status investigations, and fol-
low-up data were collected from patient records. All diagnoses
were categorized according to the International Classification

Baseline characteristics at time of vaccination

Lung transplant candidates (n=25)

Lung transplant recipients (n=23)

Female (%)
Age, median (y)
Age, range (y)
Diagnosis
Chronic obstructive pulmonary disease
Primary pulmonary hypertension
Idiopathic pulmonary fibrosis
Other pulmonary fibrosis
Sarcoidosis
Alpha-1-antitrypsin deficiency
Other secondary pulmonary hypertension
Immunosuppressive medication
Prednisone maintenance therapy (%)
Other immunosuppressive agent (%)
Prednisone and other immunosuppressive agent (%)
Posttransplantation immunosuppression (%)?
Previous vaccination with 23vPPV (%)
Median time after transplantation, y (IQR)

16 (64) 19(83)
59 51
37-63 18-65
15 8
2 2
3 3
1 6
3 1
1 2
0 1
6 (24) 0
104 0
29 0
0 23 (100)
3(12) 23 (100)
0 4.0(3.1-5.2)

Other immunosuppressive therapy than prednisone for the lung transplant candidates was rituximab in 1 patient, azathioprine in 1 patient (in addition to prednisone in both patients), and methotrexate

and adalimumab in another patient.

4The immunosuppressive regimen in lung transplant recipients consisted of prednisone, tacrolimus, and mycophenolate mofetil for all patients.

IQR, interquartile range; 23vPPV, 23-valent pneumococcal polysaccharide vaccine.
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of Diseases 10. Bronchiolitis obliterans syndrome (BOS) was
defined in accordance with the current international guidelines.'?

The 2015 American Academy of Allergy, Asthma &
Immunology/American College of Allergy, Asthma &
Immunology classification was used for overall categorization
of the antibody response to pneumococcal vaccination.!® A
patient is considered to be a normal responder if IgG antibody
levels to at least 70% of the serotypes tested are 21.3 pg/mL
after vaccination, and there is a >2-fold increase of postvacci-
nation over prevaccination antibody levels for at least 70% of
the serotypes tested. Responses are categorized as (1) normal,
(2) mildly impaired (antibody levels >1.3 pg/mL for >70%
of serotypes, but 2-fold or greater increase between prevac-
cination and postvaccination antibody titers for <70% of

Hoffman et al

serotypes), (3) moderately impaired (antibody levels >1.3 pg/
mL for <70% of serotypes), or (4) severely impaired (antibody
levels >1.3 pg/mL for <2 serotypes). As we evaluated 13 pneu-
mococcal serotypes, we used a cutoff value of <69% instead
of <70%: in case of adequate antibody levels against >9 of 13
serotypes, this was categorized as normal.

The immunosuppressive therapy used after lung trans-
plantation consisted of tacrolimus, mycophenolate mofetil,
and prednisone. Tacrolimus dosing was based on blood lev-
els. After the first-year posttransplantation, target levels were
7-10 pg/mL. The mycophenolate mofetil dose was 500 mg
twice daily, and the prednisone dose 10 mg once daily after
the first-year posttransplantation.
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FIGURE 1. Median serotype-specific antibody levels in lung transplant candidates before vaccination, after vaccination with 13vPCV, before
vaccination with 23vPPV (thus 8wk after 13vPCV), and after vaccination with 23vPPV. Note that the scale of the y-axis is different for all
serotypes. Median antibody levels were significantly higher compared with baseline after vaccination with 13vPCV (Wilcoxon signed ranks test;
P<0.01 for all serotypes). 23vPPV, 23-valent pneumococcal polysaccharide vaccine; 13vPCV, 13-valent pneumococcal conjugate vaccine.
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For data collection and statistical analyses, SPSS Statistics
for Windows (version 24.0) was used. For comparison between
2 groups, the Student ¢ test, Fisher exact test, Mann-Whitney U
test, and Wilcoxon signed ranks test were used where appro-
priate. A p value of <0.05 was considered to be statistically sig-
nificant. Graphs were designed with GraphPad Prism (version
2.0) and SPSS Statistics for Windows (version 24.0).

RESULTS

Twenty-five lung transplant candidates were included, as
well as 23 lung transplant recipients (Table 1). The most com-
mon diagnosis in transplant candidates was chronic obstruc-
tive pulmonary disease (60% of patients). In transplant
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recipients, pulmonary fibrosis was more common. Sixty-four
percent of the transplant candidates and 83% of the trans-
plant recipients were female, respectively. The median age was
59 years for the lung transplant candidates (IQR, 56-61 vy)
and 52 years for the lung transplant recipients (IQR, 43-57
y). In transplantation recipients, the median time from trans-
plantation to vaccination was 4.0 years (IQR, 3.1-5.2 y).
Antibody levels for assessing the response to vaccination
were available in 24 and 25 of the lung transplant candidates
after vaccination with 13vPCV and 23vPPV, respectively. For
the lung transplant recipients, antibody levels were available
in 23 and 22 patients after vaccination with 13vPCV and
23vPPV, respectively. The median antibody levels significantly
increased over baseline for all serotypes after vaccination with
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FIGURE 2. Median serotype—specmo antibody levels in lung transplant recipients before vaccination, after vaccination with 13vPCV, before
vaccination with 23vPPV (thus 8 wk after 13vPCV), and after vaccination with 23vPPV. Median antibody levels were significantly higher compared
with baseline after vaccination with 13vPCV (Wilcoxon signed ranks test; P<0.01 for all serotypes). The p values shown represent significant
differences between antibody levels before 23vPPV (8wk after 13vPCV) and after 23vPPV (Wilcoxon signed ranks test). 23vPPV, 23-valent
pneumococcal polysaccharide vaccine; 13vPCV, 13-valent pneumococcal conjugate vaccine.



© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

13vPCV in the transplant candidates, as well as in the trans-
plant recipients (Figures 1 and 2).

Median serotype-specific antibody levels were significantly
higher after 23vPPV compared with those before 23vPPV for
serotypes 1 and 3 in the lung transplant recipients but not for
the other serotypes (Figure 2). In the lung transplant candi-
dates, there was no significant increase in median serotype-spe-
cific antibody levels for any serotype after 23vPPV (Figure 1).

Categorization of the overall response to vaccination
is shown in Table 2. In the transplant candidates, 64% of
patients could be categorized as a normal responder after
vaccination with 13vPCV and 23vPPV. In the transplant
recipients, this was 13% of patients. Four percent and 13%
of patients in both groups could be categorized as severely
impaired responders, respectively. When the response catego-
rization was applied to the response after vaccination with
13vPCV only, this was not significantly different from the
response after 13vPCV and 23vPPV.

Patients were followed up for a median of 1.6 years after
vaccination in the transplant candidates (IQR, 1.0-1.9 vy)
and 1.4 years after vaccination in the transplant recipients
(IQR, 0.7-2.0 y). At the end of follow-up, 3 of the transplant
candidates had died and 1 had been removed from the wait-
ing list. Five candidates had received a transplant, and the
remainder was still on the waiting list. All deceased patients
had a normal vaccination response. Of the transplant recipi-
ents, 1 patient had died at the end of follow-up; this patient
had a severely impaired vaccination response and died due to
metastatic renal cancer. Of the transplant recipients, 10 have
developed BOS in the course of follow-up (43%). Median fol-
low-up after transplantation was 4.0 years (IQR, 3.1-5.2 y).
BOS stages were BOS1 in 5 patients and BOS3 in 5 patients.
Development of BOS was directly preceded by an infection in
6 of 10 patients but was not associated with an impaired vac-
cination response. One patient had recurrent viral, bacterial,
and fungal infections and received immunoglobulin replace-
ment therapy after the vaccinations, which led to a markedly

Overall response to pneumococcal vaccination in lung
transplant candidates and recipients

Lung transplant
candidates (n=25)

Lung transplant
recipients (n=23)

After 13vPCV
Normal (%) 15 (60) 5(22)
Mildly impaired (%) 1(4) 3(13)
Moderately impaired (%) 7 (28) 10 (43)
Severely impaired (%) 1) 5(22)
Not available (%) 1(4) 0(0)
After 13vPCV and 23vPPV
Normal (%) 16 (64) 3(13)
Mildly impaired (%) 1(4) 4(17)
Moderately impaired (%) 7(28) 12 (52)
Severely impaired (%) 1(4) 3(13)
Not available (%) 0(0) 14

A normal response was defined as having antibody levels >1.3 pg/mL and a >2-fold increase of
postvaccination over prevaccination antibody levels for 9 or more serotypes. A mildly impaired
response was defined as having a normal response except that there is a >2-fold increase of
postvaccination over prevaccination antibody levels for <9 serotypes. A moderately impaired
response is defined as having antibody levels >1.3 pg/mL for <9 serotypes. A severely impaired
response is defined as having antibody levels >1.3 pg/mL for <3 serotypes.™

23vPPV, 23-valent pneumococcal polysaccharide vaccine; 13vPCV, 13-valent pneumococcal
conjugate vaccine.
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reduced infection frequency. This patient had a moderately
impaired response to pneumococcal vaccination as well as low
IgG and IgG subclass levels. In the course of follow-up, none
of the patients had culture-proven pneumococcal infections.

Antibody levels 1 year after vaccination were available for
15 lung transplant recipients. Median serotype-specific anti-
body levels were significantly lower after 1 year compared
with directly after 23vPPV, except for antibodies against sero-
types 5, 19E and 23F (Figure 3).

When compared with a historical control group of lung
transplant recipients vaccinated with 23vPPV only, median
serotype-specific antibody levels against serotype 6A were
significantly higher 3 weeks after vaccination in the current
cohort (P=0.02; Mann-Whitney U test). The same was seen
for fold-increase of serotype-specific antibody levels over
baseline (Figure 4). This was significantly higher for serotype
6A in the historical control group (p=0.01; Mann-Whitney
U Test) but not significantly different for other serotypes.
Median serotype-specific antibody levels 1 year after vacci-
nation were not significantly different between the 2 groups,
except for antibodies against serotype 9 V, which were higher
in the control group (P=0.04; Mann-Whitney U test). The
percentage of patients with protective antibody levels (ie, >1.3
pg/mL) against a given serotype after 1 year was comparable
between the current cohort and the historical control group
(Figure 5). When comparing the number of serotypes against
which antibody levels were >1.3 pg/mL between the current
cohort and the historical cohort, there were no significant dif-
ferences (Figure 6).

DISCUSSION

In this study, we show that the serologic pneumococcal anti-
body response after pneumococcal conjugate vaccine did not
improve after subsequent vaccination with the 23vPPV in lung
transplant candidates and recipients. A booster effect, previ-
ously documented in other populations,'*'¢ was not observed.
Also, when compared with lung transplant recipients vaccinated
with a polysaccharide vaccine only, vaccination with the conju-
gate vaccine did not lead to higher antibody levels. Furthermore,
follow-up after 1 year in transplant recipients showed a decrease
in antibody levels comparable to a historical control group of
lung transplant recipients vaccinated with 23vPPV.

An observation that further strengthens the above find-
ings is that the response to pneumococcal serotype 6A did
not differ from the response to other pneumococcal serotypes.
Specifically, we did not observe a faster or deeper decline in
antibody levels against this serotype compared with other
serotypes. Serotype 6A is not included in 23vPPV, and there-
fore no effect on antibody levels would be expected after
23vPPV. A booster effect would not be expected for this
serotype, even if it were present for the other serotypes. No
significant increase in mean antibody levels to serotype 6A
was observed after vaccination with 23vPPV alone in the
historical control group, as expected. However, while other
serotypes did show a significant increase in median antibody
levels in the historical control group, 23vPPV did not lead to
a significant increase in median antibody for all serotypes but
1 and 3 when given after 13vPCV.

Our data are in line with previous studies in solid organ
transplant recipients that reviewed a vaccination schedule
of 13vPCV followed by 23vPPV.? However, this study is, to
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polysaccharide vaccine.

our knowledge, the first study of this vaccination schedule in
lung transplant recipients. A previous study of heart and lung
transplant recipients studied a vaccination schedule of 7vPCV
followed by 23vPPV and did not find a booster effect either.*
Overall, there have been few studies that investigated different
pneumococcal vaccination schedules in solid organ transplant
recipients.”® It would seem that especially lung transplant
recipients respond poorly to pneumococcal vaccination,
which might be related to a relatively high dose of immuno-
suppressive therapy.!” Waning antibody levels in the year after
vaccination have been previously documented in other immu-
nocompromised populations.!®? This trend was similar in
the historic cohort and the present cohort of transplantation

recipients and did not seem to be ameliorated by the addition
of 13vPCV to 23vPPV.

The current vaccination recommendations for immunocom-
promised populations are mainly based on research in patients
with HIV infection, where a booster effect has been observed.
Vaccination with the conjugate vaccine followed by vaccina-
tion with the polysaccharide vaccine led to higher antibody
levels than vaccination with either vaccine alone or vaccination
with the polysaccharide vaccine followed by vaccination with
the conjugate vaccine.'*'> This has also been observed in other
immunocompromised populations, although extensive studies
have not been performed.'® A possible explanation for the lack
of a booster effect in lung transplant recipients would be that



© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

>

[l
o
=)

Median fold increase
after vaccination(s)
N Ess
3 3

Hoffman et al 7

@ g 100.0%
a
cw
QW
'ﬁEso.a%
ag
-
0T 60.0%
Q
ol
‘ul
2N 400%
SA
Eg200%
8% »
0.0%
DB e BEE=235 %
oo @O o®nonod - - — o
[ o« T o T o U a U o WY o W & S ¢ B () I € Y
[ T o T S T w I o WO = W o M o ey a
o o o o

FIGURE 4. A, Median fold-increase of postvaccination antibody levels over prevaccination antibody levels. Only antibody levels for serotype
6A were significantly different between the 2 groups (higher in current cohort, p=0.01; Mann-Whitney U Test). B, Percentage of patients with
a >2-fold-increase of postvaccination antibody levels over prevaccination antibody levels per serotype. Blue bars represent the current cohort,
with postvaccination antibody levels measured 3-6wk after vaccination with 23vPPV (as well as previous vaccination with 13vPCV). Green
bars represent the historical control group with postvaccination antibody levels measured 3-6 wk after vaccination with 23vPPV (and no prior
vaccination with 13vPCV). 23vPPV, 23-valent pneumococcal polysaccharide vaccine; 13vPCV, 13-valent pneumococcal conjugate vaccine.

both T-cell and B-cell immunity are suppressed, as opposed to
suppression of mainly T-cell immunity in HIV. In addition, we
did not observe a booster effect in lung transplant candidates
either, which would be in line with the absence of a booster
effect in nonimmunocompromised patient populations.”

One difference between lung transplant recipients and
other immunocompromised patient populations is that they
receive the immunosuppressive drug tacrolimus, in addition
to mycophenolate mofetil and prednisone. Tacrolimus spe-
cifically suppresses follicular T-helper cells (in addition to
mildly suppressing B-cell function), which are key players in
the induction of immunologic memory.?° In general, T cell-
dependent antibody responses are thought to be more per-
sistent than T cell-independent responses. As we observed
waning antibody levels 1 year after transplantation, this
mechanism might be compromised by the use of tacrolimus
in transplant recipients. Data on pneumococcal conjugate
vaccination responses from patient populations that do not
have suppressed follicular T-helper function therefore may
not be directly applicable to lung transplant recipients. In a
previous study, patients who received tacrolimus monother-
apy for rheumatoid arthritis were able to mount a relatively
adequate response to 23vPPV, albeit these patients received
lower tacrolimus doses than usually given to lung transplant
recipients.”! In a cohort of renal transplant patients, maintain-
ing adequate antipneumococcal antibody levels 3 years after
23vPPV was significantly less likely in patients who received
tacrolimus instead of cyclosporine A, even though most
patients did maintain an adequate response.?? As far as we are
aware, there are no data on pneumococcal conjugate vaccine
responses in patients receiving tacrolimus monotherapy.

A concern when vaccinating patients with 23vPPV is
hyporesponsiveness to subsequent vaccines. This has been
seen in various populations, where previous vaccination with
23vPPV could lead to a lower antibody response to subse-
quent polysaccharide or conjugate vaccines.?? Vaccination
with 23vPPV has been shown to lead to a decrease in sero-
type-specific memory B cells in immunocompetent adults, as
well as in asplenic patients.?*?’ This was ameliorated by later
administration of a pneumococcal conjugate vaccine.?* This
effect might be responsible for the lack of benefit of the vac-
cination schedule with both vaccines over 23vPPV alone in

our study. However, the relevance of this phenomenon in lung
transplant recipients should be further investigated.

The results suggest that giving both 13vPCV and 23vPPV to
lung transplant candidates and recipients, as is recommended by
current guidelines, does not provide additional serologic bene-
fits over giving 1 vaccine. If 1 vaccine has to be selected, 23vPPV
will be a logical choice, as this provides broader serotype cover-
age. This is especially relevant in the context of serotype replace-
ment caused by the incorporation of pneumococcal conjugate
vaccine into national (childhood) vaccination programs world-
wide.” One concern in this respect is that the epidemiology of
pneumococcal serotypes in posttransplantation patients is not
well known.?® Previous studies in renal transplant recipient that
directly compared 23vPPV to 7vPCV did not show a benefit of
one vaccine over the other but did show that antibody levels
declined after several years in both groups.!$272%

Another potential benefit of using 23vPPV is that meas-
urement of the polysaccharide antibody response to this vac-
cination can give additional information about the humoral
immune status of the patient. An impaired response could
have therapeutic consequences such as starting immunoglob-
ulin replacement therapy.

There are several limitations to this study. First, as is the
case in most studies in solid organ transplant recipients, this
was a relatively small cohort. This prohibits the studying of
“hard” endpoints such as pneumococcal infections and mor-
tality because of the small sample size. During the follow-up,
only 1 of the lung transplant recipients died, which makes
any associative analyses impossible. Second, we only studied
quantitative antibody responses and not antibody avidity. The
latter is also important for the effectiveness of the antibody
response. Third, we used the diagnostic criteria for specific
antibody deficiency as a measure of immune function, but
these criteria are subject to debate. In these criteria, the same
cutoff level is used for all pneumococcal serotypes, but it is
likely that using serotype-specific cutoff values would give
a more precise indication of the functioning of the immune
system.'”? In addition, the American Academy of Allergy,
Asthma & Immunology/American College of Allergy, Asthma
& Immunology diagnostic criteria’® have never been vali-
dated in immunocompromised patient populations. Fourth,
in the past, a different assay to quantify antipneumococcal
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FIGURE 5. Median percentage of serotypes for which lung transplant recipients have serotype-specific antibody levels >1.3 pg/mL before
vaccination (with 13vPCV or 23vPPV), after vaccination (with 23vPPV) and 1 y after the vaccinations. Blue bars represent lung transplant
recipients from the current study (n=15), and green bars represent lung transplant recipients from a previously described cohort, who
were vaccinated with 23vPPV alone (n=49). 23vPPV, 23-valent pneumococcal polysaccharide vaccine; 13vPCV, 13-valent pneumococcal

conjugate vaccine.

antibodies was used. Therefore, the comparison of absolute
values between the present cohort and the historical cohort
needs to be interpreted with caution. However, we mainly
used fold-increase values and comparison of antibody levels
to prespecified cutoff values in interpreting the results. These
methods are in line with the use of pneumococcal antibody
responses to diagnose an antibody deficiency.’® This is an
internationally acknowledged guideline that is used for dif-
ferent antibody assays in different laboratories. We have not
been able to do a bridging analysis, as the original assay form
was no longer available.

In conclusion, serologic vaccination responses in lung trans-
plant candidates and recipients were not improved by giving
23vPPV after 13-valent pneumococcal conjugate vaccine. We

did not observe a booster effect. All transplant recipients had
also received a polysaccharide vaccine before transplantation.
When compared with historical controls vaccinated with the
polysaccharide vaccine only, vaccination with the conjugate
vaccine did not lead to higher antibody levels. It remains to
be determined what the optimal pneumococcal vaccination
schedule is for lung transplant candidates and recipients.
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