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Background. Both the 10- and 13-valent pneumococcal conjugate vaccines (PCV10 and PCV13) induce immu-
nological memory against Streptococcus pneumoniae infections caused by vaccine serotypes. In addition to compar-
ing serum antibody levels, we investigated frequencies of serotype-specific plasma cells (PCs) and memory B-cells
(Bmems) as potential predictors of long-term immunity around the booster vaccination at 11 months of age.

Methods. Infants were immunized with PCV10 or PCV13 at 2, 3, 4, and 11 months of age. Blood was collected
before the 11-month booster or 7–9 days afterward. Serotype-specific immunoglobulin G (IgG) levels were deter-
mined in serum samples by multiplex immunoassay. Circulating specific PCs and Bmems against shared serotypes 1,
6B, 7F, and 19F and against PCV13 serotypes 6A and 19A were measured in peripheral blood mononuclear cells by
enzyme-linked immunospot assay.

Results. No major differences in IgG levels and PC frequencies between groups were found for the 4 shared
serotypes. Notably, PCV13 vaccination resulted in higher frequencies of Bmems than PCV10 vaccination, both be-
fore and after the booster dose, for all 4 shared serotypes except for serotype 1 postbooster. For PCV13-specific se-
rotypes 6A and 19A, the IgG levels and frequencies of PCs and Bmems were higher in the PCV13 group, pre- and
postbooster, except for PC frequencies prebooster.

Conclusions. Both PCVs are immunogenic and induce measurable IgG, PC, and Bmem booster responses at
11 months. Compared to PCV10, vaccination with PCV13 was associated with overall similar IgG levels and PC
frequencies but with higher Bmem frequencies before and after the 11-month booster. The clinical implications
of these results need further follow-up.

Clinical Trials Registration. NTR3069.
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Streptococcus pneumoniae can cause acute and life-
threatening invasive diseases including meningitis and

sepsis and is the most common pathogen in respiratory
infections such as pneumonia and otitis media. The
heptavalent CRM197-conjugated pneumococcal conju-
gate vaccine (PCV7; Prevenar) was licensed for children
in 2000 in the United States and introduced in the
National Immunization Program in the Netherlands
in 2006. Afterward, a steep decline in vaccine serotype
invasive pneumococcal disease (IPD) and nasopharyn-
geal carriage was observed [1–5].Nonvaccinated groups
benefited due to indirect herd effects through strong re-
duction of vaccine serotype carriage in vaccinated chil-
dren and subsequent reduced host-to-host transmission
to individuals of all ages [3]. In 2009, broader-coverage

Received 29 January 2015; accepted 26 March 2015.
Correspondence: Els van Westen, MSc, Centre for Infectious Disease Control, Na-

tional Institute for Public Health and the Environment, PO Box 1, 3720 BA Bilthoven,
The Netherlands (els.van.westen@rivm.nl).

Clinical Infectious Diseases®

© The Author 2015. Published by Oxford University Press on behalf of the Infectious
DiseasesSocietyofAmerica. This isanOpenAccessarticle distributedunder the terms
of the Creative Commons Attribution-NonCommercial-NoDerivs licence (http://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial
reproduction and distribution of the work, in any medium, provided the original work
is not altered or transformed in any way, and that the work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com.
DOI: 10.1093/cid/civ274

Memory B Cells After PCV10 and PCV13 • CID • 1

 Clinical Infectious Diseases Advance Access published April 23, 2015
 at R

IV
M

 - Journals L
ibrary on M

ay 7, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

mailto:els.van.westen@rivm.nl
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:journals.permissions@oup.com
http://cid.oxfordjournals.org/


PCVs became available with 3 (PCV10) and 6 (PCV13) addi-
tional serotypes. Besides differing in number of serotypes,
PVC10 and PCV13 differ in concentration of the capsular
polysaccharides, the conjugation process, and carrier proteins,
possibly leading to different immunogenicity and memory in-
duction between these 2 vaccines [6].

Serum immunoglobulin G (IgG) concentrations against vac-
cine serotypes are now being evaluated as a predictor for clinical
protection against IPD. Apart from circulating antibodies, the
induction of differentiated B cells, such as plasma cells (PCs)
and memory B-cells (Bmems), may determine immediate and
long-term protection against disease. PCs are the source of
antibodies, but the short-lived type has a half-life of only
1–10 days [7].Hence, long-lived PCs and Bmems are important
for induction of long-term protection by providing a con-
tinuous antibody response and a rapid booster response,
respectively. These 2 cell types are both generated in germinal
centers and preferentially home in the bone marrow, from
which they perform their function [8]. Assessment of the pres-
ence of these cell types might refine the prediction of long-term
vaccine-induced immunological memory and protection
against IPD [9].

Several immunogenicity studies comparing PCV10 or
PCV13 with PCV7 have been performed, showing them to be
similar to PCV7 in immunogenicity and safety [10–13]. How-
ever, to our knowledge, no direct comparison of the induction
of PCs and Bmems by PCV10 and PCV13 has been published.

In this clinical study, we directly compared the immunoge-
nicity profiles of PCV10- and PCV13-vaccinated children.
Their IgG levels and frequencies of circulating PCs and Bmems
were described before and after a booster dose at 11 months of
age, with a focus on shared serotypes 1, 6B, 7F, and 19F, and on
the PCV13-specific serotypes 6A and 19A.

MATERIALS AND METHODS

Study Design
Infants born in the Netherlands during September–December
2011 were enrolled in a controlled parallel group intervention
study comparing immunogenicity before and after a booster
dose with PCV10 or PCV13 (NTR3069; www.trialregister.nl)
(Figure 1). In accordance with the Dutch National Immuniza-
tion Program, the children were vaccinated at 2, 3, 4, and 11
months of age. All children received the same vaccine for all pri-
mary series doses and for the booster dose. Children were ran-
domly assigned to groups in which an intravenous 8 mL blood
sample was collected just before the booster or 7–9 days after-
ward for analyses of PC and Bmem frequencies.

From the parents and/or guardians of all study participants,
informed consent was obtained before enrollment. The study
was approved by a national medical ethics committee and un-
dertaken in accordance with Good Clinical Practice, which in-
cludes the provisions of the Declaration of Helsinki. The study

Figure 1. Enrollment diagram. Abbreviations: PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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staff members and parents were aware of the intervention, but
laboratory staff was blinded.

Vaccines
Children in the PCV10 group were vaccinated with Synflorix
(GSK, Belgium) during regular visits to well-baby clinics.
PCV10 contains 1 μg of serotypes 1, 5, 6B, 7F, 9V, 14, and
23F and 3 μg of serotypes 4, 18C, and 19F. The polysaccharides
are conjugated to protein D, except for 18C (tetanus toxoid) and
19F (diphtheria toxoid). Children in the PCV13 group received
Prevenar13 (Pfizer, UK) during home visits by the study team.
This vaccine contains 2.2 μg of serotypes 1, 3, 4, 5, 6A, 6B, 7F,
9V, 14, 18C, 19A, 19F, and 23F, all conjugated to diphtheria tox-
oid CRM197. Both groups concomitantly received Infanrix-hexa
(GSK, Belgium) against diphtheria, tetanus, acellular pertussis,
hepatitis B, poliovirus, and Haemophilus influenzae type B
(conjugated to tetanus toxoid), at 2, 3, 4, and 11 months of age.

Blood Collection and Storage
The 8 mL blood volume was collected in two 4 mL cell prepa-
ration tubes (BD). Plasma and peripheral blood mononuclear
cells (PBMCs) were separated within 24 hours by density gradi-
ent centrifugation according to the manufacturers’ instructions.
PBMCs were used fresh, and plasma samples were stored at
−20°C until use. For serum isolation, 300 μL blood was collected
and stored at −20°C until use.

Serotype Selection
Due to the limited available blood sample volume, 6 serotypes
were selected as antigens for qualitative serological and B-cell
analysis. These were serotypes 6B and 19F, included in all
PCV vaccines (PCV7, PCV10, and PCV13); serotypes 1 and
7F, shared by PCV10 and PCV13; and serotypes 6A and 19A,
which are unique to PCV13.

Multiplex Immunoassay
The multiplex immunoassay was used to determine serotype-
specific IgG antibody levels, here shown for 6 serotypes (1,
6A, 6B, 7F, 19A, and 19F) as described by Elberse et al [14].
In brief, beads were coated with individual pneumococcal poly-
saccharides. Serum samples were diluted and incubated together
with the beads. IgG concentrations (µg/mL) against the individ-
ual serotypes were calculated from the mean fluorescence inten-
sity by interpolation of the plot from the reference serum, 89-SF,
and expressed per group as geometric mean concentration with
95% confidence intervals.

PBMC Stimulation
After isolation, PBMCs were washed and resuspended in AIM-
V medium (Gibco) containing 10% fetal bovine serum (FBS;
HyClone) and penicillin-streptomycin-glutamine (Gibco).
Measurement of PC frequencies was performed using freshly

isolated cells, whereas Bmems were measured after 5 days of
PBMC stimulation in vitro. At 37°C and 5% CO2 in a 24-well
culture plate, the PBMCs were stimulated at a concentration of
2 × 106 cells/mL with 3 µg/mL CpG (with a phosphorothioate
backbone; Isogen Life Science), 10 ng/mL interleukin 2 (Miltenyi
Biotec), 10 ng/mL interleukin 10 (Merck), and a pool of polysac-
charides including serotypes 1, 6A, 6B, 7F, and 19F (Netherlands
Vaccine Institute) and 19A (American Type Culture Collection)
at 2 ng/mL per serotype.

Enzyme-Linked Immunospot Assay
Frequencies of serotype-specific antibody-secreting cells (ASCs),
using unstimulated freshly isolated PBMCs (for PCs) or the stim-
ulated PBMCs (for Bmems), were determined by B cell enzyme-
linked immunospot assay (ELISpot). Multiscreen Filter Plates
(MSIPS4510, Millipore) were pretreated with 35% ethanol for 1
minute, washed with phosphate-buffered saline (PBS), and coat-
ed with 25 µg/mL of a single polysaccharide (1, 6A, 6B, 7F, 19A,
or 19F) or PBS as negative control. Plates were incubated over-
night at 4°C, washed, and blocked for at least 30 minutes with
PBS containing 5% FBS. Eight 3-fold dilutions of PBMC suspen-
sions, with a starting concentration of 3 × 105 cells/well, were
added to the plates and incubated overnight at 37°C and 5%
CO2. After washing with PBS containing 0.05% Tween-20
(PBS-Twn20), plates were incubated with goat-anti-human IgG
conjugated to alkaline phosphatase (1:5000; SouthernBiotech)
for 2–4 hours at 37°C and 5% CO2. Plates were washed with
PBS-Twn20 and PBS. Finally, 50 µL substrate (5-bromo-4-
chloro-3-indolyl phosphate in nitro blue tetrazolium phospha-
tase; Sigma) was incubated for 10–30 minutes, and afterward
plates were washed with tap water and dried in the dark. Blue/
purple spots, representing ASCs, were measured using an ELI-
Spot reader and software (CTL Europe). Spots from at least 2 di-
lutions were used to calculate the number of ASCs per 105

PBMCs per child. Results are displayed as frequencies per
individual, with medians per group. The lower detection limit
for PCs and for Bmems is 0.10 ASCs per 105 PBMCs. Percentages
of children per group below this detection limit were calculated.

Statistical Analyses
Samples were included in the analyses only if serum IgG levels
and PC and Bmem frequencies could be determined for all 6
serotypes. Excluding samples with limited cell numbers and
serum volume, final group sizes are shown in Figure 1. Differ-
ences between groups were tested using a Mann–Whitney test
for PC and Bmem frequencies and a t test on log-transformed
IgG levels. Correlations between Bmem frequencies and IgG
levels were assessed using Spearman correlation. A P value < .05
was considered statistically significant. Analyses were per-
formed using SPSS 19.0 and GraphPad Prism 6 software.
Regression analyses of log-transformed IgG levels were

Memory B Cells After PCV10 and PCV13 • CID • 3

 at R
IV

M
 - Journals L

ibrary on M
ay 7, 2015

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


performed to assess the influence of age at vaccination and
blood sampling.

RESULTS

Study Population
A total of 132 children were enrolled, with final group sizes
varying from 21 to 30 children per group (Figure 1). All groups
had comparable baseline characteristics, with the most notice-
able difference being age at vaccination, which was lower in the
PCV13 group than in the PCV10 group for most time-points
(Table 1). Shared serotypes (1, 6B, 7F, and 19F), included in
both PCV10 and PCV13, were compared. PCV13 serotypes
6A and 19A, not included in PCV10, were analyzed separately.

Serum IgG Responses for Shared Serotypes 1, 6B, 7F, and 19F
Seven months after the primary vaccination series and just be-
fore the 11-month booster dose, the pneumococcal serotype-
specific serum IgG concentrations had declined to low levels
in both groups. Seven to 9 days after the 11-month booster
dose, IgG levels against all 4 serotypes increased in both groups
(Figure 2; Supplementary Table 1).

PCV13-vaccinated children showed lower prebooster IgG
levels for serotype 6B and higher pre- and postbooster IgG levels
for serotype 19F. For serotypes 1 and 7F, IgG responses did not
differ between groups, before or after the booster dose (Figure 2;
Supplementary Table 1).

PC Frequencies for Shared Serotypes 1, 6B, 7F, and 19F
Prebooster, the PCV13 group showed lower PC frequencies for se-
rotype 6B and higher PC frequencies for serotype 1, compared
with the PCV10 group. The PCV13 booster dose increased sero-
type-specific PCs for 3 of 4 shared serotypes (serotypes 6B, 7F, and
19F), whereas the PCV10 booster increased frequencies of PCs for
2 of 4 shared serotypes (serotypes 1 and 7F) (Figure 3; Supplemen-
tary Table 2). After the booster, no differences were detectable be-
tween PCV10 and PCV13 for these 4 serotypes (Figure 3;
Supplementary Table 2). The percentages of children with PC fre-
quencies below the detection limit, variable between groups and
serotypes, declined after the booster (Supplementary Table 3).

Bmem Frequencies for Shared Serotypes 1, 6B, 7F, and 19F
In both groups, Bmems were detectable for all serotypes preboos-
ter, approximately 7months after the primary series. Both vaccines

Table 1. Characteristics of the Participants

Characteristic

PCV10 PCV13

Prebooster (n = 21) Postbooster (n = 26) Prebooster (n = 30) Postbooster (n = 27)

Male sex, % 66.7 42.3 60.0 66.7
Month of birth, median (min–max) November

(October–December)
November

(October–December)
September

(September–September)
September

(September–September)

Daycare attendance age 11 mo, % 90.5 69.2 73.3 88.9
Half-days at daycare age 11 mo,
mean (SD)

4.9 (1.9) 4.7 (1.4) 4.3 (1.3) 4.7 (1.9)

Birth weight, g, mean (SD) 3684 (556) 3699 (410) 3643 (499) 3536 (415)
Gestational age, wk, mean (SD) 39.8 (1.4) 39.8 (1.1) 39.5 (1.3) 39.8 (1.4)

Presence of siblings aged <5 y, % 42.9 61.5 56.7 25.9**

Breastfeeding, % 85.7 84.6 80.0 85.2
Duration of breastfeeding, mo,mean (SD) 5.8 (4.1) 6.8 (3.1) 5.6 (3.3) 5.9 (2.9)

Passive smoking, % 0.0 0.0 0.0 0.0

Age, mo, mean (SD)
At 2-mo vaccination 2.1 (0.2) 2.0 (0.1) 1.9 (0.1)* 1.9 (0.1)*

At 3-mo vaccination 3.3 (0.3) 3.1 (0.2) 2.9 (0.1)*** 2.9 (0.2)***

At 4-mo vaccination 4.4 (0.4) 4.3 (0.3) 3.9 (0.1)*** 3.9 (0.2)***
At 11-mo vaccination 11.2 (0.3) 11.2 (0.2) 11.3 (0.1) 11.3 (0.2)*

At prebooster blood sampling 11.0 (0.3) . . . 11.3 (0.1) . . .

Time of sampling, days postbooster,
mean (SD)

. . . 7.7 (0.8) . . . 7.3 (0.7)*

An unpaired t test is used to compare PCV13 to the PCV10-counterparts.

Abbreviations: PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; SD, standard deviation.

* P < .05.

** P < .01.

*** P < .001.
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induced a booster response, consisting of an increase in Bmem fre-
quencies after the 11-month vaccination, compared with the pre-
booster frequencies (Figure 4; Supplementary Table 4).

Notably, children vaccinated with PCV13 showed higher pre-
and postbooster frequencies of Bmems compared to children
vaccinated with PCV10 for 3 of the 4 shared serotypes. The ex-
ception was serotype 1, for which the PCV10 group had similar
postbooster frequencies compared with the PCV13 group (Fig-
ure 4; Supplementary Table 4).

Several infants in the PCV10 group had prebooster only
Bmem frequencies below the detection limit, for all serotypes
(Supplementary Table 3).

Responses to Serotypes Unique to PCV13 (6A and 19A)
Seven months after the primary series with PCV13, PC and
Bmem frequencies and IgG levels were still detectable for sero-
types 6A and 19A and increased again after the booster dose,
except for Bmem frequencies for serotype 19A. Notably, pre-
booster PC and Bmem frequencies for 6A and 19Awere likewise

detectable in children primed with PCV10, but they did not
increase after the 11-month booster dose (Figures 3 and 4; Sup-
plementary Tables 2 and 3). In contrast, prebooster IgG levels
for serotypes 6A and 19A were boosted by the 11-month
PCV10 dose (Figure 2; Supplementary Table 1). The PCV13
group had higher PC and Bmem frequencies and IgG levels
for the PCV13 serotypes than in PCV10-vaccinated children,
pre- as well as postbooster. The one exception was that PC fre-
quencies for both serotypes did not differ between both vaccines
at the prebooster time-point.

DISCUSSION

To our knowledge, our report is the first direct comparison of
B-cell responses induced by PCV10 and PCV13 in Dutch chil-
dren vaccinated at 2, 3, 4, and 11 months of age. Both vaccines
were observed to induce adequate booster responses against the
vaccine serotypes. Differences in IgG levels were observed
between groups for shared serotype 6B postbooster and for

Figure 2. Comparative analysis of serotype-specific immunoglobulin G (IgG) responses in 10- and 13-valent pneumococcal conjugate vaccine (PCV10
and PCV13) recipients. Geometric mean IgG concentrations (GMC) with 95% confidence intervals from sera of PCV10- or PCV13-vaccinated children, before
(left panel) and after (right panel) the 11-month booster. Differences were tested with an unpaired t test on the log-transformed IgG levels. *P < .05 was
considered significant.

Figure 3. Comparative analysis of serotype-specific plasma cell responses in 10- and 13-valent pneumococcal conjugate vaccine (PCV10 and PCV13)
recipients. Frequencies of plasma cells are expressed as number of antibody-secreting cells (ASCs) per 105 peripheral blood mononuclear cells
(PBMCs), before (left panel) and after (right panel) the 11-month booster dose. Individual frequencies with medians per group are displayed. *P < .05
was considered significant, using Mann–Whitney test.
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serotype 19F pre- and postbooster. PC frequencies appeared to
be comparable between PCV10 and PCV13 before and after the
11-month booster for the 4 evaluated shared serotypes, but were
lower for the PCV13-specific serotypes 6A and 19A in the
PCV10 group. We found higher serotype-specific Bmem re-
sponses in PCV13-vaccinated children compared with PCV10-
vaccinated children both before and after the 11-month booster
for the shared serotypes, and postbooster for serotypes 6A
and 19A.

Our data depict a significant booster-induced increase in PC
frequencies for 2 and 3 of 4 shared serotypes (for PCV10 and
PCV13, respectively), and in Bmems for all 4 shared serotypes.
These findings are similar to booster dose responses in antigen-
specific B-cell subsets known from other studies of protein–
polysaccharide conjugate vaccine in infants and young children,
such as forH. influenzae type B [15],meningococcal serogroups
A, C, W, and Y [7, 16–18], and S. pneumoniae serotypes in
PCV7 [19]. Moreover, we observed higher frequencies of sero-
type-specific Bmems 7 months after the primary PCV13 series
compared with the PCV10 series for all 4 of the shared sero-
types evaluated. Higher Bmem frequencies were likewise
found in the PCV13 group 1 week after the 11-month booster
dose for 3 of the 4 shared serotypes, with the exception being
serotype 1. These differences in Bmem immunogenicity might
result from the higher concentration of polysaccharides in
PCV13 compared with PCV10 (except for serotype 19F) or
from the variability of conjugate protein or conjugation process.
Immunogenicity and functionality of polysaccharide antibodies
depends not only on which carrier protein is used, but also on
the method of conjugation [20]. Long-term follow-up of anti-
body levels and clinical surveillance should be used to learn
whether the observed differences have clinical consequences.

Only serotype 1 postbooster did not differ in the induction of
serotype-specific Bmem frequencies between the 2 vaccines.

This polysaccharide is zwitterionic, containing negative as
well as positive charges, whereas the other serotypes are nega-
tively charged [21, 22]. A zwitterionic antigen might induce a
T-cell–dependent response, through major histocompatibility
complex class II, initiating a memory response without help
from a conjugate protein [21, 23]. Even though the behavior
of zwitterionic polysaccharides in immunological responses is
not completely clear, they are known to induce different re-
sponses than do nonzwitterionic polysaccharides [21]. This
may in part explain why serotype 1 showed no difference in
Bmem frequencies in the comparison between PCV10 and
PCV13.

Several studies have compared the serotype-specific IgG an-
tibody levels in PCV10 or PCV13 to levels in PCV7, showing
that they are noninferior to those of PCV7 [10–13]. So far, how-
ever, no direct comparisons of immunogenicity induced by
PCV10 and PCV13 have been published. Interestingly, our
data indicated an IgG booster effect for all 6 evaluated serotypes
in both vaccine groups, even for serotype 6A and 19A, which
are not included in PCV10. Induction of IgG for these 2 sero-
types can be explained by cross-protection by serotypes 6B and
19F, respectively. Shown in PCV7 studies for serotype 6A, cross-
protection led to carriage reduction and reduction of invasive
6A pneumococcal disease [11, 24]. Cross-reactivity between se-
rotypes 19F and 19A might contribute to the high 19F respons-
es in the PCV13 group [11]. Responses to serotype 19F can
likewise be cross-reactive to serotype 19A [11, 20], but there
are conflicting data as to whether these cross-reactive antibodies
are functional and protect against 19A disease [11]. Our find-
ings are noteworthy in that although IgG levels of serotypes
6A and 19A increased after vaccination with PCV10, PC and
especially Bmem frequencies against these serotypes did not in-
crease. This finding suggests a suboptimal recall for cellular ex-
pansion among the cross-reactive vaccine serotypes. Baseline

Figure 4. Comparative analysis of serotype-specific memory B-cell (Bmem) responses in 10- and 13-valent pneumococcal conjugate vaccine (PCV10 and
PCV13) recipients. Frequencies of Bmems are expressed as number of antibody-secreting cells (ASCs) per 105 stimulated peripheral blood mononuclear cells
(PBMCs), before (left panel) and after (right panel) the 11-month booster dose. Individual frequencies with medians per group are displayed. *P < .05 was
considered significant, using Mann–Whitney test.
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PC and Bmem frequencies specific to serotypes 6A and 19A in
PCV10-vaccinated children could also have been induced by
natural circulation. In studies of nasopharyngeal carriage in in-
fants, serotype 19A was the dominant serotype then circulating
in the Netherlands (Bosch et al, manuscript submitted). In
other countries before introduction of PCV13, serotype 19A
was likewise one of the most predominantly carried serotypes,
as was serotype 6C [25, 26].

Our study clearly affirms that B-cell memory is measurable
for all serotypes tested after 3 primary doses of either vaccine,
as a fourth dose rapidly boosted the respective PC and IgG
pools. When testing for relationships between the various im-
mune compartments assessed, we only found significant corre-
lations postbooster between the size of the newly expanded
Bmem pools and the increased IgG titers, for serotypes 6B
and 1 in the PCV10 group, and for serotypes 6B, 19F, 6A,
and 19A in the PCV13 group (Supplementary Figure 1). Such
correlations highly depend on the phase in the immune re-
sponse studied and are not consistently seen throughout vaccine
studies [17, 27–29]. It is possible that the capacity of the primary
B-cell memory to drive a renewed Bmem response as well as an
IgG response when boosted may differ for serotypes between
PCV10 and PCV13. Whether the Bmems induced by these 2
vaccines might intrinsically differ in their differentiation capac-
ities needs further investigation.

The strength of this study is the direct comparison of PCV10-
and PCV13-vaccinated children, which overcame problems
such as differences in immunization schedule, age at vaccina-
tion, and environmental exposure (eg, differences in the natural
circulation of serotypes across geographic regions) [30, 31].
Limitations are that the PCV13 children were younger during
the primary series and on average postbooster blood samples
were collected 0.4 days earlier, compared with the PCV10
group. However, similar findings were obtained after we cor-
rected for these differences by regression analyses for IgG
titers and by selection of more restricted age groups for the
frequency analysis of PCs and Bmems. Furthermore, the age
difference is unlikely to have contributed to the higher Bmem
responsiveness of the younger PCV13 infants, as an older and
more matured immune system is more likely to show a higher
immunological response [7, 30]. Therefore, the observed effect
was probably induced by the vaccine itself and is not due to a
difference in age at vaccination.

Last, this study shows that differences in immunogenicity be-
tween 2 conjugate vaccines can be serotype specific, as for some
serotypes PCV13 induced similar serum IgG levels compared
with PCV10, whereas for others the IgG levels were higher. Se-
rotype-specific immunogenicity of pneumococcal conjugate
vaccines was also addressed in an indirect cohort study by
Andrews et al [32]. These results indicate that serotype-specific
results cannot be extrapolated to other serotypes.

In summary, our study showed that both PCV10 and PCV13
are immunogenic, evoking mostly comparable PC frequencies
and IgG booster responses for the serotypes they share, but
that PCV13 induces higher frequencies of serotype-specific
Bmems. The clinical implications of the observed differences
in Bmem frequencies and booster profiles of the PCV10 and
PCV13 vaccines are unknown. Further studies to include taking
additional blood samples from these children when they are
older may elucidate the impact of this difference on, for exam-
ple, maintenance levels and the functionality of specific IgG in
the longer term.
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