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Abstract

The optimal schedule of pneumococcal vaccination after allogeneic hematopoietic

stem cell transplantation (allo-HSCT) remains controversial. The objective of this

study was to investigate the immunogenicity of a 5-dose pneumococcal vaccination

schedule in adult allo-HSCT recipients with and without immunosuppressive therapy.

In this prospective cohort study, allo-HSCT recipients received four doses of the

13-valent pneumococcal conjugate vaccine (PCV13) and one dose of the 23-valent

pneumococcal polysaccharide vaccine (PPSV23) starting 4–6 months after allo-HSCT.

PCV13 was administered at T0, T1, T2, and T8 (T = months from enrollment) and

PPSV23 at T10. Serum was collected at T0, T4, T8, T10, and T12, and IgG levels were

measured for all 24 vaccine serotypes by immunoassay. The primary outcome was

overall seroprotection at T12 defined as an IgG concentration ≥1.3 μg/ml for 17/24

vaccine serotypes in allo-HCST recipients with and without immunosuppressive ther-

apy at baseline. Secondary outcomes were serotype-specific seroprotection and

dynamics of IgG levels. We included 89 allo-HSCT recipients in the final analysis.

Overall seroprotection was 47% (15/32) for patients without immunosuppressive

therapy at baseline versus 24% (11/46) for patients with immunosuppressive therapy

(p = .03). Seroprotection was higher for PCV13 serotypes (78% and 54% respec-

tively; p = .03) and lower for PPSV23-unique serotypes (28% and 13% respectively;

p = .1). IgG concentrations increased significantly over time for all 24 serotypes. Con-

cluding, although immunogenicity of PCV13 serotypes was reasonable, the poor

response to PPSV23 serotypes resulted in an insufficient overall response to pneu-

mococcal vaccination for allo-HSCT recipients. Research into vaccination strategies

with higher-valent T-cell-dependent pneumococcal vaccines is needed.
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1 | BACKGROUND

Following allogeneic hematopoietic stem cell transplantation (allo-

HSCT), patients are at high risk of invasive pneumococcal disease

(IPD), with a reported incidence of 812/100 000 among allo-HSCT

recipients compared to 10/100 000 in the general population.1 There-

fore, pneumococcal vaccination is recommended for all allo-HSCT

recipients. However, the effectiveness and optimal timing and sched-

ule of pneumococcal vaccination following allo-HSCT remain unclear.2

European and United States (US) guidelines recommend starting

pneumococcal vaccination with a 4-dose vaccination scheduled con-

sisting of 3 priming doses of the 13-valent pneumococcal conjugate

vaccine (PCV13) from 3–6 months after allo-HSCT, followed by either

a 23-valent pneumococcal polysaccharide vaccine (PPSV23) 6 months

later, or a fourth PCV13 in case of chronic graft-versus-host disease

(GvHD).3,4 In a prior publication, we proposed the concept of a

5-dose vaccination schedule for allo-HSCT recipients, consisting of

the same 3 PCV13 priming doses 3–6 months after allo-HSCT,

followed by a PCV13 booster dose 6 months later and a dose of

PPSV23 8 months later, regardless of the presence of GVHD.2 A simi-

lar vaccination schedule was previously evaluated in a cohort of

251 allo-HSCT recipients and showed good serologic responses

against PCV13 serotypes (83%–99% after dose 4).5 Serotypes exclu-

sive to PPSV23 were not reported. However, surveillance data show

that IPD caused by these serotypes has become more common, caus-

ing 44% of IPD cases, compared to PCV13 serotypes causing only

30%, and nonvaccine serotypes 26% of cases.6–8

Therefore, the main objective of this study was to investigate the

immune response to all 24 serotypes included in the PCV13 and

PPSV23 vaccines, following a 5-dose vaccination schedule in adult

allo-HSCT recipients with and without immunosuppressive therapy at

baseline. In addition, we investigated clinical and laboratory parame-

ters for their value to predict response to vaccination.

2 | METHODS

We performed a multicenter prospective cohort study at the

Amsterdam University Medical Centers, location AMC and location

VuMC, between August 2018 and August 2021 (NL7193).

2.1 | Study population

Consecutive adult allo-HSCT recipients who were referred by their

hematologist for routine posttransplantation vaccinations were asked

to participate in this study. According to the local hospital protocol,

vaccinations are routinely started between 4 and 6 months after allo-

HSCT,2,9 but a delayed start was not considered an exclusion

criterion.

Exclusion criteria were: diagnosis of a primary immune deficiency

disorder, any hemophilic disorder precluding intramuscular vaccina-

tion, allergy to any of the components of the pneumococcal vaccines,

donor lymphocyte infusion <28 days prior, pregnancy and not being

able or willing to consent.

2.2 | Allo-HSCT procedure

All participants had received an allo-HCST with either myeloablative

or nonmyeloablative conditioning regimens. In most cases, granulo-

cyte colony-stimulating factor mobilized stem cells grafts were used,

containing 4–10 � 106 CD34+ cells/kg. Prophylaxis for GvHD con-

sisted of cyclosporine A and/or tacrolimus, dosed according to plasma

concentrations, and mycophenolate mofetil 15/mg/kg. In the absence

of GvHD, this prophylaxis was tapered according to local hospital pro-

tocol, with the timing depending on the type of transplant. The pres-

ence of GvHD at the baseline was graded and recorded by the

treating hematologist during routine visits, based on international con-

sensus.10,11 The maximum grade of GvHD scored within 2 weeks

from enrollment was recorded. When a patient without GvHD at

baseline developed GvHD within 2 weeks after the first vaccination,

this was also recorded as the presence of baseline GvHD.

2.3 | Sample size

The power calculation was based on expected differences in

seroprotection rates after vaccination, between allo-HSCT recipients

with and without immunosuppressive therapy at the baseline. Based

on previous studies, we expected that in our population, no more than

60% of patients with immunosuppressive therapy and 90% without

immunosuppressive therapy would seroconvert.2,5 This difference

would be detected with 80% power with a sample size of 36 in each

group, using a Fisher's exact test with a 0.05 two-sided significance

level. To compensate for an expected 10% drop out, we planned to

recruit 40 individuals per group.

2.4 | Study procedures

An overview of study procedures is provided in Figure S1. PCV13 or

Prevenar13® (Pfizer) includes purified capsular polysaccharide of

13 serotypes of Streptococcus pneumoniae (1, 3, 4, 5, 6A, 6B, 7F, 9V,

14, 18C, 19A, 19F, and 23F) conjugated to a nontoxic variant of diph-

theria toxin known as CRM197. PPSV23 or Pneumovax23® (Merck

Sharp & Dohme) contains purified capsular polysaccharide of 23 sero-

types (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,

18C, 19A, 19F, 20, 22F, 23F, and 33F). Participants concomitantly

received other routine vaccinations that are part of the revaccination

program following allo-HCST (Table S1). All vaccines were adminis-

tered intramuscularly. Prior to the first vaccination (T0), we collected

baseline clinical and laboratory data (including serum hemoglobin

level, leukocytes, thrombocytes, serum IgG level, and absolute counts

of lymphocytes and subsets of CD3/CD4/CD8/NK/B cells). Serum

samples collected at baseline and at 4, 8, 10, and 12 months after
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enrollment were frozen at �80°C until further analysis. Serotype-

specific pneumococcal IgG serum concentrations were measured

using a 26-plex multiplex immunoassay (Luminex technology) that

includes all 24 vaccine serotypes of PCV13/PPSV23 combined, as

well as nonvaccine serotypes 12A and 45 as controls. Samples were

diluted in 5% antibody depleted human serum and 15 μg/ml pneumo-

coccal cell wall polysaccharide and measured on a Magpix (Merck Mil-

lipore). Specific antibody concentrations were calculated based on the

007sp reference serum,12–14 except for control serotypes 12A and

45 (arbitrary units assigned). After each vaccination, participants were

asked to record solicited adverse events (AEs) through an online ques-

tionnaire. Serious and unsolicited AEs were recorded throughout the

study period.

2.5 | Outcomes and analysis

The primary outcome of this study was the overall seroprotection rate

2 months after the full vaccination schedule (month 12), defined as the

proportion of patients with a postimmunization IgG concentration of

≥1.3 μg/ml for at least 70% (17/24) of the serotypes of PCV13/PPSV23

combined, in allo-HSCT recipients with or without immunosuppressive

therapy at baseline. Systemic steroids below <10 mg/day and a <700 mg

cumulative dose were not considered as immunosuppressive therapy.

Defining an adequate response to pneumococcal vaccination is

complex because consensus on the correlates of protection is lacking.

The cut-off value of ≥0.35 μg/ml recommended by WHO is based on

clinical studies in children using PCV7.15 Prior research has shown

that adults often have baseline antibody levels exceeding

0.35 μg/ml.12,16–18 In addition, a recent study showed that the WHO

cut-off, even in children, might lead to an over-estimation of protec-

tion for several serotypes.19 Therefore, we used the more conserva-

tive correlate of protection of ≥1.3 μg/ml for 70% of serotypes

proposed by the American Association of Allergy Asthma and Immu-

nology (AAAAI).16–18 To be able to compare our results to relevant

prior studies,2,5 the primary outcome and significant predictors for the

primary outcome were also provided for the WHO cut-off.

Secondary outcomes were: (1) Seroprotection rates for each indi-

vidual serotype and for the groups of serotypes unique to PCV13(1, 3,

4, 5, 6A, 6B, 7F, 9V, 14, 19A, 19F, 18C, and 23F) and PPVS23-unique

serotypes (2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, 33F); (2) sero-

type-specific geometric mean concentrations (GMC) of IgG and geo-

metric mean fold rises (GMFR) for all 24 serotypes compared to

baseline; (3) dynamics of seroprotection rates and GMCs over time;

and (4) clinical and laboratory predictors for the primary outcome.

For all analyses, we used SPSS (IBM, Chicago, Illinois) version

25.0 or higher. Antibody concentrations were analyzed on a log-

transformed scale and presented as GMC. The Kolmogorov–Smirnov

test was used for testing the normal distribution. To detect changes in

serotype-specific protection rates and GMC of IgG over time, general-

ized linear mixed models (GLMM, covariance structure first order

autoregression) including the variables “time point” and “medication

group at baseline” were used. To identify predictors for the primary

outcome as well as seroprotection by the WHO definition, a multivari-

able logistic regression analysis was performed including sex and age

as fixed variables and using stepwise backward selection based on

likelihood ratio and p < .05 for the following predefined variables:

BMI, Charlson comorbidity index, type of allo-HSCT conditioning regi-

men (myeloablative or reduced intensity), receipt of post-

transplantation cyclophosphamide, receipt of pretransplantation

antithymocyte globulin, presence of acute or chronic GVHD at base-

line, use of immunosuppressive medication at baseline (such as sys-

temic corticosteroids, calcineurin inhibitors, mycophenolate mofetil),

use of any immunosuppressive agents for GvHD at 8-months follow-

up, time since allo-HSCT, baseline levels of IgG, hemoglobin, and lym-

phocytes and subsets. Interaction with variables age and sex was

explored for all variables in the final model and included in the model

if statistically significant. We used a two-sided alpha level of 0.05 for

significance of statistical tests. Missing data were excluded from anal-

ysis. All analyses were done per protocol; all participants with two or

more serum samples collected were included in the final analysis.

2.6 | Ethical considerations

The study was conducted according to the principles of the Declara-

tion of Helsinki and in accordance with the Medical Research Involv-

ing Human Subjects Act (WMO). The research ethics committee of

the Amsterdam UMC, Location AMC in 2018, provided ethical clear-

ance (NL65687.018.18). All participants provided written informed

consent for the study.

3 | RESULTS

Between August 2018 and July 2020, 93 allo-HSCT recipients were

included in the study, of which 89 were included in the final analysis

(Figure S2, Table S2). Briefly, allo-HSCT recipients using immunosup-

pressive therapy at baseline had less often received posttransplantation

cyclophosphamide, had more often received antithymocyte globulin,

were more often diagnosed with acute GvHD and had lower numbers of

CD3, CD4, CD8, NK, and B-cells compared to patients not using immu-

nosuppressive agents at the baseline. In addition, they were more often

receiving IVIG at baseline, but only one had protective prevaccination

pneumococcal antibody levels.

3.1 | Seroprotection rates

Twelve months after initiation of the vaccination schedule, 33%

(26/78), 67% (50/78), and 19.2% (15/78) of HSCT recipients had

achieved seroprotection against the serotypes of PCV13/PPSV23

combined, PCV13 serotypes, and serotypes exclusive to PPSV23,

respectively (Figure 1; Table S3). Seroprotection rates using the WHO
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cut-off were higher: 74%, 86%, and 50% for these three groups,

respectively (Table S4). Patients treated with immunosuppressive

agents at baseline were less likely to achieve overall seroprotection

(OR 0.36; 95% CI 0.14–0.94) and protection against PCV13 serotypes

(OR 0.33; 95% CI 0.12–0.92) at month 12 (Table 1), and this was also

observed for the WHO cut-off (Table S4).

F IGURE 1 Overall seroprotection rate over time (A) and seroprotection rate for serotypes included in the 13-valent pneumococcal conjugate vaccine
(B). HSCT, hematopoietic stem cell transplantation; PCV13, 13-valent pneumococcal conjugate vaccine; T, time point in months from first vaccine [Color
figure can be viewed at wileyonlinelibrary.com]
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The seroprotection rates differed widely for the individual serotypes

(Table S5). At baseline, seroprotection rates for individual vaccine sero-

types ranged between zero (PPSV23 exclusive serotype 12F) and 42%

(PCV13 serotype 14). At month 12, seroprotection rates ranged between

15% (serotype 12F) and 94% (serotype 14). The seroprotection rates for

individual serotypes increased significantly over time for all serotypes

except 12F, both for patients with and without immunosuppressive ther-

apy. Patients without immunosuppressive therapy at baseline, in compar-

ison to those with, had significantly higher seroprotection over all time

points against serotypes 1, 4, 9V (PCV13 serotypes), 9N, and 15B

(PPSV23 exclusive serotypes). In addition, a significant interaction

between time point and immunosuppressive therapy at baseline

was observed for serotypes 7F, 14, 18C, 19A, and 19F (all PCV13 sero-

types), indicating that the effect of immunosuppressive therapy on

seroprotection was not the same for each time point (Table S5).

3.2 | Predictors of seroconversion at month 12

In the univariable analysis, receipt of a reduced intensity instead of a

myeloablative conditioning regimen and a shorter time between HSCT

and vaccination were positively associated with seroprotection against

the serotypes of PCV13/PPSV23 combined, as well as against PCV13

serotypes and serotypes exclusive to PPSV23 (Table 1). In addition, a

lymphocyte count above 1.00 � 109/L was positively associated with

seroprotection against PCV13 serotypes and serotypes exclusive to

PPSV23 (but not serotypes of PCV13/PPSV23 combined). Use of immu-

nosuppressive medication at 8 months follow-up was negatively associ-

ated with seroprotection, both against the serotypes of PCV13/PPSV23

combined and the serotypes exclusive to PPSV23 (Table 1).

A multivariable logistic regression analysis showed that immunosup-

pressive therapy at baseline and treatment with a reduced intensity con-

ditioning regimen were statistically significant predictors of overall

seroprotection at T12 (Table 2). In addition, we observed a statistically

significant effect of the interaction between sex and immunosuppressive

therapy at baseline. Exploration revealed that seroprotection at T12 was

significantly impaired in males who were treated with immunosuppres-

sive medication compared to males who were not (overall seroprotection

rate 15% versus 58% OR 0.11; 95% CI 0.02–0.46), while this impairment

was not seen in females (seroprotection rate 38% versus 30% OR 1.01;

95% CI 0.20–5.04) (Table 3).

When predictors for seroprotection were analyzed by the WHO

cut-off, receipt of a reduced intensity conditioning regimen was also a

significant positive predictor, while the use of mycophenolate mofetil

at baseline and any immunosuppressive drug at T8 significantly

impaired seroprotection (Table 4).

3.3 | Antibody concentrations and dynamics
over time

At baseline, geometric mean IgG concentrations of all vaccine sero-

types were below the cut-off of 1.3 μg/ml (Figure 2; Table S6). At

month 4, following the three PCV13 priming vaccinations, antibodies

against 2/13 PCV13 serotypes increased to levels above the cut-off

irrespective of the use of immunosuppressive therapy, followed by a

decrease at month 8 (1/13 serotypes above the cut-off). The PCV13

booster dose led to an increase in antibody concentrations at T10,

exceeding the cut-off for all 13 serotypes except serotype 3. The

PPSV23 dose (T10) did not further increase antibody concentrations

of any of the PCV13 serotypes. At T12, GMFRs of PCV13 serotypes

ranged between 4.3 (serotype 19A) and 158 (serotype 4) compared to

baseline (Figure 2A; Table S6).

In comparison to PCV13 serotypes, antibody concentrations

against serotypes exclusive to PPSV23 were generally lower and

remained unchanged and below any protective cut-off until T12. After

completion of the full vaccination schedule, only serotype 2 elicited

antibody concentrations above 1.3 μg/ml, irrespective of the use of

immunosuppressive agents. At T12, GMFRs of PPSV23 serotypes

compared to baseline ranged between 1.5 (serotype 15B) and

25 (serotype 9N) (Figure 2B; Table S6).

Over time, antibody concentrations against all 24 vaccine sero-

types increased significantly. Antibody concentrations were signifi-

cantly lower for PCV13 serotypes 1 and 7F and for PPSV23-exclusive

serotype 2, in patients who used immunosuppressive agents at

TABLE 2 Predictors of overall seroprotection (stringent cut-off) at
month 12 (multivariable regression analysis of 78 patients)

Factor

Adjusted

OR 95% CI

Sex (ref male) 0.30 0.05–1.69

Age at baseline 1.0 0.95–1.0

Immunosuppressive therapy

at baseline (ref no therapy)

0.01 0–0.32

Reduced intensity conditioning regimen 4.8 1.2–19

Interaction immunosuppressive therapy

at baseline * sex

9.6 1.1–86

Bold highlights indicate statistical significance (p-value <0.05).

TABLE 3 Predictors of overall seroprotection at month 12
(stringent cut-off): variables sex, immunosuppressive therapy at
baseline and interaction term replaced by a single composed variable

Factor
Adjusted
OR 95% CI

Age at baseline 1.0 0.95–1.0

Reduced intensity conditioning regimen 4.8 1.2–19

Males sex without immunosuppressive

therapy

Ref

Female sex with immunosuppressive

therapy

0.31 0.07–1.3

Male sex with immunosuppressive

therapy

0.11 0.02–0.46

Female sex without immunosuppressive

therapy

0.30 0.06–1.7

Bold highlights indicate statistical significance (p-value <0.05).
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baseline, but higher for PPSV23-exclusive serotypes 15B and 17F,

which corresponded with higher baseline antibody concentrations for

these serotypes (Figure 2A–C; Table S4). In addition, a significant

interaction between time and immunosuppressive therapy at the

baseline was observed for all serotypes except PPSV23 serotypes

8, 10A, 11A, 12F, 20, 22F, 33F and the nonvaccine serotypes 12A

and 45, with a larger effect of immunosuppressive therapy on the IgG

concentration at T10 and T12 for most serotypes (Figure 2A–C;

Table S6).

3.4 | Safety

During the study, 14 serious SAEs occurred in 12 participants, none

of which was related to any of the vaccinations. In total, 25 solicited

adverse events (AEs) occurred in 15 participants (17%). The most

commonly reported solicited AEs were injection site reactions (56%),

fever (36%), musculoskeletal symptoms (32%), rash (24%), and head-

ache or fatigue (12%). Most solicited AEs were mild or moderate

(92%), and all patients recovered completely. In addition,

34 unsolicited AEs occurred in 26 individuals (29%), of which 80%

were mild or moderate. Most reported unsolicited AEs were worsen-

ing or new diagnosis of GVHD (n = 12); infectious complications

(n = 7); or relapse of the hematological disease (n = 4). No episodes

of (invasive) pneumococcal disease occurred during the study period.

4 | DISCUSSION

In this study, we determined the immunogenicity of a 5-dose pneu-

mococcal vaccination schedule in adult allo-HSCT recipients with and

without immunosuppressive therapy at baseline. Although the vacci-

nation schedule was safe and well tolerated, overall seroprotection

against the 24 vaccine serotypes was disappointing (33%), especially

for patients using immunosuppressive therapy at baseline (24%).

Much higher seroprotection rates following one dose of PCV13

followed by PPSV23 are achieved in healthy individuals (81%), and

otherwise immunocompromised individuals such as IBD patients using

immunosuppressive medication (59% or HIV patients (57%).10,20

However, this low overall seroprotection rate was mainly caused by a

poor immunogenicity of the serotypes exclusive to PPSV23

(seroprotection rate 19%). The response to PCV13 was much better,

with the majority of allo-HSCT recipients achieving seroprotection at

month 12 (seroprotection rate 67%). In addition, GMFRs of IgG con-

centration compared to baseline were above 4.0 for all PCV13 sero-

types, independent of the use of immunosuppressive therapy at

baseline, indicating that vaccination with PCV13 is immunogenic in

allo-HSCT recipients. Previous studies investigating the immunogenic-

ity of pneumococcal vaccines among allo-HSCT recipients focused on

the immunogenicity of PCV serotypes and used less conservative cor-

relates of protection than we did in the present study.2,5,21,22 When

we calculated SPRs by the lower WHO cut-off of 0.35 μg/ml, the

response to PCV13 serotypes in our study was 86% which corre-

sponds with seroprotection rates reported by others,5 as well as a

prior study done by our group, in which vaccinations were started

much later after allo-HSCT, but only three doses of PCV13 were

administered.2 For serotypes exclusive to PPSV23 however, we report

much lower response rates. Apart from the differences in the priming

and booster schedule for both vaccines, this could be related to the

PPSV23 vaccine being more dependent on a mature memory B-cell

compartment to evoke an antibody response.23,24 This would explain

why patients who received a reduced intensity conditioning regimen,

where memory B-cells and long-lived plasma cells survive longer, or

may not be replaced at all, had a significantly higher SPR against the

serotypes of PCV13/PPSV23 combined, and against the serotypes

exclusive to PPSV23.24,25 These findings could implicate that the

recently approved 20-valent PCV26 and the 24-valent pneumococcal

vaccine candidate ASP3772,27 both T-cell dependent, may be more

suitable for allo-HSCT recipients compared to a vaccination schedule

combining PCV13 and PPSV23.23,24,28 Therefore, comparative studies

investigating the immunogenicity and cost-effectiveness of the novel

higher-valent T-cell dependent pneumococcal vaccines among allo-

HSCT patients are much awaited.

Alternatively, to improve the response to PPSV23 serotypes, the

PPSV23 dose could be postponed, as serologic response rates to

PPSV23 serotypes were higher in a study in which PPSV23 was

administered >22 months after allo-HSCT.2 However, this strategy

would leave allo-HSCT recipients unprotected against the most com-

monly circulating pneumococcal serotypes to date.6–8

Our finding that specifically in males, the use of immunosuppres-

sive agents at baseline significantly impaired the immunogenicity of

the investigated vaccination schedule and had not been previously

reported. Sex-based disparities in vaccination responses are however

well-known phenomena29,30 and are probably related to the immune-

enhancing properties of estrogen and progesterone and the immuno-

suppressive effects of testosterone.31

One of the dogmas regarding vaccination in allo-HSCT recipients

is that the presence of acute32 or chronic33,34 GvHD is associated

with impaired responses to vaccination. The multivariable analyses

that we report here showed that the use of immunosuppressants was

a better predictor of vaccination response than the presence of acute

or chronic GvHD, suggesting that it is the immunosuppressive therapy

to prevent or treat GvHD rather than GvHD itself that reduces

TABLE 4 Predictors of overall seroprotection (WHO cut-off) at
month 12 (multivariable regression analysis of 78 patients)

Factor

Adjusted

OR 95% CI

Sex (ref male) 0.88 0.25–3.0

Age at baseline 0.98 0.93–1.0

Reduced intensity conditioning regimen 1.9 1.2–3.2

Use of mycophenolate mofetil at

baseline

0.33 0.14–0.78

Immunosuppressive therapy at month 8 0.56 0.37–0.87

Bold highlights indicate statistical significance (p-value <0.05).
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vaccination responsiveness. Most immunosuppressive agents are

well known to cause a decrease in the numbers of lymphocytes,

while this is less clear for (acute) GvHD itself. In the present study,

we also observed that patients on immunosuppressive treatment

had much lower lymphocyte counts compared with patients with-

out immunosuppressive treatment, while rates of chronic GVHD

were similar between the two groups. The effect of immunosup-

pressive therapy on vaccination responses was strong, suggesting

it may be better to postpone pneumococcal vaccination in patients

on immunosuppressants for a maximum of 3 months, especially in

males and in patients who received myeloablative conditioning

regimens. Postponing the vaccinations too long after allo-HSCT is

not desirable because of the risk of early IPD among allo-HSCT

recipients.2,33 Importantly, vaccination responses should be moni-

tored in these patients, as nonresponders may benefit from antimi-

crobial prophylaxis, on-demand antibiotics, or earlier booster

vaccinations.

Currently, both European and U.S. guidelines recommend a

booster dose of PCV13 6 months after the priming schedule only

for HSCT recipients with GvHD, while for individuals without

GvHD, a “booster” dose of PPSV23 is recommended.3,4 Our results

are in agreement with a prior study,5 in which was shown that the

booster dose of PCV13 administered 6 months after the priming

schedule is important in order to maintain seroprotection for allo-

HSCT recipients. In addition, there is evidence of reduced long-

term protection when vaccinations are started earlier (4–6 months)

after HSCT.21 In our study, the fourth PCV13 (booster) dose at

month 8 led to an additional 37% of participants being protected

against PCV13 serotypes, which is a substantial and clinically rele-

vant increase. As no other studies investigated the currently rec-

ommended vaccination schedule of three doses of PCV13 plus a

fourth vaccination with PPSV23, it remains uncertain if this would

have caused a similar rise in seroprotection as a fourth vaccination

with PCV13, which we studied. However, regarding the nature of

the PPSV23 vaccine, which usually gives hyporesponse after

PCV13 (as was seen in this study as well as in Cordonnier et al,),

this seems unlikely.5,28

Despite the poor overall seroprotection rates for the serotypes

exclusive to PPSV23 observed in this study, antibody concentrations

of these serotypes did increase significantly for both patients with

and without immunosuppressive therapy. Seroprotection rates and

IgG levels against serotypes 8, 9N, 10A, and 22F (all exclusive to

PPSV23), currently in the top 10 of most common serotypes causing

IPD,6–8 increased significantly in both patients with and without

immunosuppressive therapy, with acceptable seroprotection rates for

several of these common serotypes. In addition, no significant differ-

ence in the protection rates for PPSV23-unique serotypes between

patients with and without immunosuppressive therapy was observed.

Therefore, we suggest that until higher valent pneumococcal vaccines

have been investigated, PPSV23 should be administered to all allo-

HSCT recipients regardless of the use of immunosuppressive

agents/GvHD.

A limitation of this study is that seroprotection rates are highly

dependent on the chosen correlate of protection. As it has been

suggested that the WHO cut-off of 0.35 μg/ml might be too low to

reflect real-life protection for adults, we analyzed our data against

F IGURE 2 Serotype-specific IgG levels in μg/ml over time for serotypes present in PCV13 (A), PPSV23 only (B), and two nonvaccine control
serotypes (C). AAAAI, American Association of Allergy Asthma and Immunology (1.3 μg/ml); HSCT, hematopoietic stem cell transplantation; IS,
immunosuppressive therapy at baseline; PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide
vaccine; T, time point in months from first vaccine; WHO, World Health Organization (0.35 μg/ml). *Statistically significant difference in GMC
between patients with and without immunosuppressive therapy at baseline. #Statistically significant interaction between time point and
immunosuppressive therapy at baseline [Color figure can be viewed at wileyonlinelibrary.com]
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a higher, more conservative cut-off.15–19 Adults generally have

higher baseline and postvaccination antipneumococcal IgG concen-

trations for most serotypes compared to children, due to exposure

to S. pneumoniae throughout life, with concentrations often

exceeding the 0.35 μg/ml cut-off at baseline.12,16–19 In addition, it

has been suggested that adults need higher IgG levels than chil-

dren for protection against S. pneumoniae, due to the shift from

predominant IgG1 to predominant IgG2 responses, which occurs

with age and may lead to lower opsonization and neutralization.18

In reality, rather than one universal cut-off, each pneumococcal

serotype has its own correlate of protection. However, as corre-

lates of protection for PPSV23 serotypes are unknown, we

decided to use the same cut-off for all pneumococcal serotypes.

Only one study investigated the clinical effect of a 5-dose vaccina-

tion schedule on the incidence of IPD among allo-HSCT recipients

and reported a strong decrease from 58.3/1000 to 5.6/1000 IPD

cases. These observational data suggest a much higher effective-

ness than what would be expected based on our immunogenicity

data but could have been biased by a decrease of IPD incidence in

the general population, as well as a higher rate of PCV serotypes at

the time.34 Alternatively, our chosen cut-off for seroprotection

may have been too stringent for allo-HSCT recipients, whose

immature immune system perhaps more resembles that of children

than that of adults. Therefore, we have also provided the

seroprotection rate and predictors of the vaccination response for

the WHO cut-off.

A recent study reported that 50% of allo-HSCT recipients had lost

immunity to PCV serotypes 5 years after vaccination and rec-

ommended monitoring antibody measurements from 24 months after

vaccination.35 We are currently investigating decay of antibody con-

centrations in the present cohort.

5 | CONCLUSION

The proposed 5-dose pneumococcal vaccination schedule is safe and

shows acceptable immunogenicity for PCV13 serotypes, especially in

allo-HSCT recipients without immunosuppressive therapy at baseline.

As the response to serotypes exclusive to PPSV23 is poor, research

into novel vaccination strategies with higher valent T-cell-dependent

pneumococcal vaccines is needed. Until then, a booster dose of

PCV13 as well as a dose of PPSV23 to broaden the spectrum of

seroprotection should be recommended for all allo-HSCT recipients,

regardless of the presence of GvHD.

ACKNOWLEDGMENTS

The authors would like to thank analysts Erik Beij, Ben de Jong, and

Anne Reiners from the Department of Immunology at the

St. Antonius Hospital in Nieuwegein for assistance with the laboratory

assessments. In addition, the authors thank the vaccination nurses

and research assistants working at the Center for Tropical Medicine

and Travel Medicine for administration of vaccines to the study popu-

lation and for taking blood samples.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

The study was conceived by Abraham Goorhuis, Godelieve J. de Bree,

Martin P. Grobusch, Mette D. Hazenberg, and Hannah M. Garcia Gar-

rido. Abraham Goorhuis, Godelieve J. de Bree, Martin P. Grobusch,

Hannah M. Garcia Garrido, and Bob Meek contributed to the study

protocol writing. Marieke C. E. Schoordijk, Hannah M. Garcia Garrido,

Mette D. Hazenberg, Caroline E. Rutten, Erfan Nur, and Ellen Meijer

contributed to screening and including participants, data collection,

and follow-up of the participants. Hannah M. Garcia Garrido and Bob

Meek were responsible for the laboratory analysis, and Hannah

M. Garcia Garrido and Michael W. T. Tanck performed the statistical

analysis. All authors contributed to the interpretation of the data and

the writing of the manuscript. All authors approved the final version

of the manuscript.

DATA AVAILABILITY STATEMENT

The datasets used during the current study are available from the

corresponding author on reasonable request.

ORCID

Hannah M. Garcia Garrido https://orcid.org/0000-0002-8481-5455

REFERENCES

1. van Aalst M, Lotsch F, Spijker R, et al. Incidence of invasive pneumo-

coccal disease in immunocompromised patients: a systematic review

and meta-analysis. Travel Med Infect Dis. 2018;24:89-100.

2. Langedijk AC, van Aalst M, Meek B, et al. Long-term pneumococcal

vaccine immunogenicity following allogeneic hematopoietic stem cell

transplantation. Vaccine. 2019;37(3):510-515.

3. Cordonnier C, Einarsdottir S, Cesaro S, et al. Vaccination of

haemopoietic stem cell transplant recipients: guidelines of the 2017

European Conference on Infections in Leukaemia (ECIL 7). Lancet

Infect Dis. 2019;19(6):e200-e212.

4. Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA clinical practice

guideline for vaccination of the immunocompromised host. Clin Infect

Dis. 2014;58(3):309-318.

5. Cordonnier C, Ljungman P, Juergens C, et al. Immunogenicity, safety,

and tolerability of 13-valent pneumococcal conjugate vaccine

followed by 23-valent pneumococcal polysaccharide vaccine in recipi-

ents of allogeneic hematopoietic stem cell transplant aged ≥2 years:

an open-label study. Clin Infect Dis. 2015;61(3):313-323.

6. Garcia Garrido HM, Knol MJ, Heijmans J, et al. Invasive pneumococcal

disease among adults with hematological and solid organ malignancies: a

population-based cohort study. Int J Infect Dis. 2021;106:237-245.

7. Andersen MA, Niemann CU, Rostgaard K, et al. Differences and tem-

poral changes in risk of invasive pneumococcal disease in adults with

hematological malignancies: results from a nationwide 16-year cohort

study. Clin Infect Dis. 2021;72(3):463-471.

8. European Centre for Disease Prevention and Control. Invasive pneu-

mococcal disease. ECDC. Annual epidemiological report for 2018. ECDC

2020. Accessed on November 12, 2021. https://www.ecdc.europa.

eu/en/publications-data/invasive-pneumococcal-disease-annual-

epidemiological-report-2018

9. Amsterdam UMC vaccination protocol. Accessed November

12, 2021. https://vademecum.hematologie.nl/artikelen/allogene-hpc-

transplantatie/revaccinatie-programma/

GARCIA GARRIDO ET AL. 601

https://orcid.org/0000-0002-8481-5455
https://orcid.org/0000-0002-8481-5455
https://www.ecdc.europa.eu/en/publications-data/invasive-pneumococcal-disease-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/invasive-pneumococcal-disease-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/invasive-pneumococcal-disease-annual-epidemiological-report-2018
https://vademecum.hematologie.nl/artikelen/allogene-hpc-transplantatie/revaccinatie-programma/
https://vademecum.hematologie.nl/artikelen/allogene-hpc-transplantatie/revaccinatie-programma/


10. Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus confer-

ence on acute GVHD grading. Bone Marrow Transplant. 1995;15(6):

825-828.

11. Filipovich AH, Weisdorf D, Pavletic S, et al. National Institutes of

Health consensus development project on criteria for clinical trials in

chronic graft-versus-host disease: I. Diagnosis and staging working

group report. Biol Blood Marrow Transplant. 2005;11(12):945-956.

12. van Aalst M, Garcia Garrido HM, van der Leun J, et al. Immunogenic-

ity of the currently recommended pneumococcal vaccination sched-

ule in patients with inflammatory bowel disease. Clin Infect Dis. 2020;

70(4):595-604.

13. van Kessel DA, Hoffman TW, van Velzen-Blad H, Zanen P,

Rijkers GT, Grutters JC. Response to pneumococcal vaccination in

mannose-binding lectin-deficient adults with recurrent respiratory

tract infections. Clin Exp Immunol. 2014;177(1):272-279.

14. Wagenvoort GHJ, Vlaminckx BJM, van Kessel DA, et al. Pneumococ-

cal conjugate vaccination response in patients after community-

acquired pneumonia, differences in patients with S. pneumoniae

versus other pathogens. Vaccine. 2017;35(37):4886-4895.

15. Jodar L, Butler J, Carlone G, et al. Serological criteria for evaluation

and licensure of new pneumococcal conjugate vaccine formulations

for use in infants. Vaccine. 2003;21(23):3265-3272.

16. Orange JS, Ballow M, Stiehm ER, et al. Use and interpretation of diag-

nostic vaccination in primary immunodeficiency: a working group

report of the Basic and Clinical Immunology Interest Section of the

American Academy of Allergy, Asthma & Immunology. J Allergy Clin

Immunol. 2012;130(3 Suppl):S1-S24.

17. Bonilla FA, Khan DA, Ballas ZK, et al. Practice parameter for the diag-

nosis and management of primary immunodeficiency. J Allergy Clin

Immunol. 2015;136(5):1186-1205.e1-78.

18. Sorensen RU, Leiva LE, Javier FC 3rd, et al. Influence of age on the

response to Streptococcus pneumoniae vaccine in patients with recur-

rent infections and normal immunoglobulin concentrations. J Allergy

Clin Immunol. 1998;102(2):215-221.

19. Andrews NJ, Waight PA, Burbidge P, et al. Serotype-specific effec-

tiveness and correlates of protection for the 13-valent pneumococcal

conjugate vaccine: a postlicensure indirect cohort study. Lancet Infect

Dis. 2014;14(9):839-846.

20. Garcia Garrido HM, Schnyder JL, Tanck MWT, et al. Immunogenicity

of pneumococcal vaccination in HIV infected individuals: a systematic

review and meta-analysis. eClinicalMedicine. 2020;29-30:100576.

21. Cordonnier C, Labopin M, Chesnel V, et al. Randomized study of early

versus late immunization with pneumococcal conjugate vaccine after allo-

geneic stem cell transplantation. Clin Infect Dis. 2009;48(10):1392-1401.

22. Meerveld-Eggink A, van der Velden AM, Ossenkoppele GJ, van de

Loosdrecht AA, Biesma DH, Rijkers GT. Antibody response to polysac-

charide conjugate vaccines after nonmyeloablative allogeneic stem cell

transplantation. Biol Blood Marrow Transplant. 2009;15(12):1523-1530.

23. Pletz MW, Maus U, Krug N, Welte T, Lode H. Pneumococcal vac-

cines: mechanism of action, impact on epidemiology and adaption of

the species. Int J Antimicrob Agents. 2008;32(3):199-206.

24. Clutterbuck EA, Lazarus R, Yu LM, et al. Pneumococcal conjugate and

plain polysaccharide vaccines have divergent effects on antigen-

specific B cells. J Infect Dis. 2012;205(9):1408-1416.

25. Mackall C, Fry T, Gress R, Peggs K, Storek J, Toubert A. Background

to hematopoietic cell transplantation, including post transplant

immune recovery. Bone Marrow Transplant. 2009;44(8):457-462.

26. Hurley D, Griffin C, Young M, et al. Safety, tolerability, and immuno-

genicity of a 20-valent pneumococcal conjugate vaccine (PCV20) in

adults 60 to 64 years of age. Clin Infect Dis. 2021;73(7):e1489-e1497.

27. Chichili G, Smulders R, Santos V, et al. 1242. Safety and immunoge-

nicity of novel 24-valent pneumococcal vaccine in healthy adults.

Open Forum Infect Dis. 2020;7(Suppl 1):S640.

28. O'Brien KL, Hochman M, Goldblatt D. Combined schedules of pneumo-

coccal conjugate and polysaccharide vaccines: is hyporesponsiveness an

issue? Lancet Infect Dis. 2007;7(9):597-606.

29. Benn CS, Fisker AB, Rieckmann A, Sørup S, Aaby P. Vaccinology: time

to change the paradigm? Lancet Infect Dis. 2020;20(10):e274-e283.

30. Green MS, Shohat T, Lerman Y, et al. Sex differences in the humoral

antibody response to live measles vaccine in young adults. Int J

Epidemiol. 1994;23(5):1078-1081.

31. Trigunaite A, Dimo J, Jørgensen TN. Suppressive effects of androgens

on the immune system. Cell Immunol. 2015;294(2):87-94.

32. Cordonnier C, Labopin M, Chesnel V, et al. Immune response to the

23-valent polysaccharide pneumococcal vaccine after the 7-valent

conjugate vaccine in allogeneic stem cell transplant recipients: results

from the EBMT IDWP01 trial. Vaccine. 2010;28(15):2730-2734.

33. Engelhard D, Cordonnier C, Shaw PJ, et al. Early and late invasive pneu-

mococcal infection following stem cell transplantation: a European Bone

Marrow Transplantation survey. Br J Hematol. 2002;117(2):444-450.

34. Roberts MB, Bak N, Wee LYA, et al. Clinical effectiveness of conju-

gate pneumococcal vaccination in hematopoietic stem cell transplan-

tation recipients. Biol Blood Marrow Transplant. 2020;26(2):421-427.

35. Robin C, Bahuaud M, Redjoul R, et al. Antipneumococcal

Seroprotection years after vaccination in allogeneic hematopoietic

cell transplant recipients. Clin Infect Dis: Off Publ Infect Dis Soc Am.

2020;71(8):e301-e307.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Garcia Garrido HM, Haggenburg S,

Schoordijk MCE, et al. Immunogenicity of a 5-dose

pneumococcal vaccination schedule following allogeneic

hematopoietic stem cell transplantation. Am J Hematol. 2022;

97(5):592-602. doi:10.1002/ajh.26493

602 GARCIA GARRIDO ET AL.

info:doi/10.1002/ajh.26493

	Immunogenicity of a 5-dose pneumococcal vaccination schedule following allogeneic hematopoietic stem cell transplantation
	1  BACKGROUND
	2  METHODS
	2.1  Study population
	2.2  Allo-HSCT procedure
	2.3  Sample size
	2.4  Study procedures
	2.5  Outcomes and analysis
	2.6  Ethical considerations

	3  RESULTS
	3.1  Seroprotection rates
	3.2  Predictors of seroconversion at month 12
	3.3  Antibody concentrations and dynamics over time
	3.4  Safety

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


