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Pathogenesis and Host Response

Background: Streptococcus pneumoniae, Haemophilus influenzae and 
Moraxella catarrhalis are common causative agents of respiratory infec-
tions. Pneumococcal conjugate vaccines have been introduced recently, but 
their effect on the natural immunity against protein antigens from these 
pathogens has not been elucidated.
Methods: This was an age-matched observational controlled study that 
evaluated the influence of 10-valent pneumococcal conjugate vaccines 
on the levels of antibodies and frequencies of antibody responses against 
proteins from S. pneumoniae, H. influenzae and M. catarrhalis in serum 
samples of children with community-acquired pneumonia. Eight pneumo-
coccal proteins (pneumolysin, choline-binding protein A, pneumococcal 
surface protein A families 1 and 2, pneumococcal choline-binding protein 
A, pneumococcal histidine triad protein D, serine/threonine protein kinase, 
protein required for cell wall separation of group B streptococcus), 3 pro-
teins from H. influenzae (including protein D) and 5 M. catarrhalis proteins 
were investigated.
Results: The study group comprised 38 vaccinated children and 114 age-
matched controls (median age: 14.5 vs. 14.6 months, respectively; P = 0.997), 
all with community-acquired pneumonia. There was no difference on clini-
cal baseline characteristics between vaccinated and unvaccinated children. 
Vaccinated children had significantly lower levels of antibodies against 4 of 
the studied pneumococcal antigens (P = 0.048 for Ply, P = 0.018 for pneu-
mococcal surface protein A, P = 0.001 for StkP and P = 0.028 for PcsB) and 
higher levels of antibodies against M. catarrhalis (P = 0.015). Neverthe-
less, the vaccination status did not significantly affect the rates of antibody 
responses against S. pneumoniae, H. influenzae and M. catarrhalis.
Conclusions: In spite of the differences that have been found on the level of 
natural antibodies, no effect from pneumococcal vaccination was observed 

on the rate of immune responses associated with community-acquired 
pneumonia against protein antigens from S. pneumoniae, H. influenzae and 
M. catarrhalis.

Key Words: humoral antibody response, immune factors, lower respiratory 
tract infection, polysaccharides, serological tests
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Streptococcus pneumoniae, Haemophilus influenzae and Morax-
ella catarrhalis are common bacteria associated with acute 

respiratory infections in childhood, such as community-acquired 
pneumonia (CAP)1 and acute otitis media.2 Furthermore, these 
bacteria also frequently colonize the nasopharyx,3–5 which might 
be considered the initial step of their pathogenesis.6 As a preven-
tive strategy to control the burden of disease by these agents, poly-
saccharide-based conjugate vaccines have been introduced against 
S. pneumoniae7 and H. influenzae type b.

Pneumococcal conjugate vaccines (PCV) are being increas-
ingly implemented worldwide. As a consequence, the incidence of 
disease and carriage of vaccine-covered serotypes has decreased.2,5,8 
Nevertheless, an increase in colonization by nonvaccine serotypes 
has been identified,2 which may represent a limitation for the use 
of polysaccharide-based vaccines. As a result, new protein anti-
gens have been reported as putative vaccine candidates due to their 
specificity and high degree of conservation among the strains of 
each bacterium.3–5

Few studies have addressed the development of natural anti-
bodies and the frequency of antibody responses against protein 
antigens from S. pneumoniae, H. influenzae and M. catarrhalis.9–13 
In addition, most of these studies were conducted before the intro-
duction of the current polysaccharide-based vaccines (PCV and 
H.  influenzae type b vaccine), which does not represent the general 
pediatric population anymore. We aimed to evaluate differences 
in the levels of natural antibodies and in the frequencies of anti-
body responses associated with CAP against protein antigens from 
S. pneumoniae, H. influenzae and M. catarrhalis in children who had 
been vaccinated or left unvaccinated with 10-valent PCV (PCV10).

MATERIALS AND METHODS

Study Design and Participants
This was an age-matched observational controlled study 

exploring the effects of vaccination with PCV10 on the levels of 
natural antibodies and frequency of antibody responses against pro-
tein antigens from S. pneumoniae, H. influenzae and M.  catarrhalis. 
This study was part of the PNEUMOPAC-Efficacy trial (“Clinical 
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Efficacy of Amoxicillin Given Twice or Three Times a Day Among 
Children With Non-severe Pneumonia” PNEUMOPAC-Efficacy 
trial (ClinicalTrials.gov NCT01200706, registered as “Clinical 
Efficacy of Amoxicillin Given Twice or Three Times a Day Among 
Children With Non-severe Pneumonia”)14 in which 820 children 
aged 2–59 months old with nonsevere CAP were recruited in the 
Emergency Department of the Federal University of Bahia hospital 
in Salvador, Northeast Brazil, from November 2006 to May 2011. 
Inclusion criteria were report of respiratory complaints, detection 
of lower respiratory findings on physical examination and the pres-
ence of pulmonary infiltrate/consolidation on the chest radiograph 
taken on admission and read by the attending pediatrician. Exclu-
sion criteria from this trial comprised the presence of chest indraw-
ing or danger signs and underlying chronic diseases or immuno-
deficiency. Legal guardians from the included patients provided 
a written informed consent upon enrolment. Blood samples were 
collected at admission and 2–4 weeks later. After sample collec-
tion, they were immediately processed and stored at −20°C until the 
moment of analysis. Sample collection was performed regardless 
of the completion of the vaccination schedule.

The use of PCV10 (Synflorix, GlaxoSmithKline Biologi-
cals, Rixensart, Belgium) was universally introduced in Salvador, 
Brazil, on July 2010 for children aged <2 years.15 The scheduled 
vaccination regimen on the first year of implementation of this 
immunization program varied according to the age of the child. 
Children aged between 2 and 6 months received 3 doses of vaccine 
on the first year of life with a 2-month interval, with one booster 
dose at 12 months of age. Children aged 7–11 months who had 
not been previously vaccinated received 2 doses of PCV10, with 
a 2-month interval, along with a booster dose between 12 and 15 
months of age. Finally, children aged 12–24 months only received 
one dose of PCV10, with no booster dose of the vaccine.15 Every 
child included in the PNEUMOPAC-efficacy trial who could have 
received PCV10 was identified based on the age and date of enroll-
ment, comprising a group of 104 children. Each of these children 
had the vaccine card checked personally by one of the research-
ers (I.C.B.) after the trial was completed. Any dose of this vaccine 
given to those children was recorded along with the date of admin-
istration in a logbook. From these data, the number of doses of 
PCV10 and time interval between the first and last doses of PCV10 
and the collection of the first serum sample were calculated.

In this observational controlled study, the studied cases were 
represented by vaccinated children from the PNEUMOPAC-Effi-
cacy trial, and the controls were age-matched unvaccinated chil-
dren from the same trial. Age matching was performed as a method 
to control for the potential effect of age on the levels of antibodies 
against the studied antigens. The primary criterium for the selection 
of controls was the age of unvaccinated children, which should be 
the closest ones to the age of the vaccinated cases. The case:control 
relation was 1:3. Only if more than 3 suitable controls had the same 
age difference to the vaccinated case, the entry order on the PNEU-
MOPAC-Efficacy trial was used to select the children who were 
enrolled first as controls.

Patients with severe malnutrition, defined as Z score for 
weight-for-age under −3.00,16 were excluded from this study. Nutri-
tional evaluation was performed using “Anthro” software.

The PNEUMOPAC-Efficacy trial was approved by the Ethics 
Committee of the Federal University of Bahia and was conducted in 
accordance with the principles of the Declaration of Helsinki.

Laboratory Procedures
The concentration of antibodies against protein antigens from 

S. pneumoniae, H. influenzae and M. catarrhalis was determined 
with a multiplexed bead-based serological assay with Luminex 

xMAP technology.17 The test included 8 recombinant proteins from S. 
pneumoniae: pneumolysin, choline-binding protein A, pneumococ-
cal surface protein A families 1 and 2 (PspA 1 and 2), pneumococ-
cal choline-binding protein A, pneumococcal histidine triad protein 
D, serine/threonine protein kinase (StkP-C, SP1732-3, a C-terminal 
fragment of StkP) and protein required for cell wall separation of 
group B streptococcus (PcsB-N, SP2216-1, a N-terminal fragment 
of PcsB), 3 recombinant proteins from H. influenzae (NTHi Pro-
tein D—the carrier protein in PCV10, heme/hemopexin utilization 
protein A [NTHi0371-1], and outer membrane antigenic lipoprotein 
B [NTHi0830]) and 5 recombinant proteins from M. catarrhalis 
(OMP CD, Msp22 [MC_RH4_2506], extracellular solute-binding 
protein [MC_RH4_1701], probable membrane-bound lytic murein 
transglycosylase D [MC_RH4_3729-1] and Methionine-R-sulfoxide 
reductase [MC_RH4_4730]). Using these antigens, 9 bead sets were 
produced using the following combination: pneumolysin, choline-
binding protein A, pneumococcal choline-binding protein A, pneu-
mococcal histidine triad protein D, StkP-C and PcsB-N were conju-
gated in one bead region each; PspA 1 and PspA 2 were conjugated 
in the same bead region; and all H. influenzae and all M. catarrhalis 
proteins were conjugated in one bead region per bacterium.

For each antigen, the mean fluorescence intensity (MFI) val-
ues were obtained as an indirect measure of the immunoglobulin G 
concentration. Samples were assayed in duplicate and the results 
averaged. Acute and convalescent samples were always tested on 
the same plate. Furthermore, positive and negative controls were 
analyzed on each plate to ensure good batch-to-batch consistency.17 
All samples were analyzed at 1:400 and 1:1600 dilutions, and when 
necessary, further dilutions were performed.

The levels of natural antibodies were defined as the MFI 
readings for each studied antigen measured on the first serum 
sample. The presence of an antibody response was defined as an 
increase on the antibody levels ≥2-fold between the first and second 
serum samples.18 All the samples were tested from October 2012 to 
January 2013.

Statistical Analysis
Categorical variables were compared using χ2 or Fisher 

exact test as appropriate and continuous variables were evaluated 
using Mann-Whitney U test as they presented a nonparametric dis-
tribution. Correlation between 2 continuous variables was evalu-
ated with Spearman correlation. Kruskal-Wallis test was applied 
to evaluate the association of a categorical variable with more than  
2 levels and a continuous variable. Logistic regression was per-
formed to evaluate the effect of continuous or categorical variables 
on a dichotomized variable, and linear regression was used to evalu-
ate the effect of continuous or categorical variables on a continuous 
variable. The statistical tests were 2-tailed, with a significance level 
of 0.05. The software SPSS (version 9.0) was used for the analyses.

RESULTS

Study Group
Out of the 820 patients from PNEUMOPAC-Efficacy 

study, this study included 38 vaccinated patients and 114 age-
matched controls. Pairing between vaccinated and unvaccinated 
children according to age at admission was successful, and the 
maximum age difference between a case and its respective con-
trol was 10 days. The included unvaccinated children had similar 
demographic and serological characteristics when compared with 
the PNEUMOPAC cohort, whose data have been previously pub-
lished.19 The comparison of the baseline clinical features for vac-
cinated and unvaccinated children demonstrated no significant 
difference between the study subgroups, as shown in Table 1.
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On the date of the first serum sample collection, most vac-
cinated children (cases) had completed the appropriate vaccina-
tion schedule. Figure 1 shows the flowchart of the included and 
excluded cases of this study, along with the vaccination status and 
the number of doses of PCV administered to each vaccinated child 
included herein.

Differences in the Levels of Natural Antibodies in 
Vaccinated and Unvaccinated Children

The comparison of the MFI values, expressing the levels of 
natural antibodies against protein antigens from S. pneumoniae, 
H. influenzae and M. catarrhalis, between age-matched vaccinated 
and unvaccinated children with CAP using the 1:1600 dilution 
factor is shown in Table 2. Overall, vaccinated children presented 
lower levels of antibodies against most of the tested pneumococcal 
antigens and higher levels of antibodies against M. catarrhalis. No 
significant difference was seen for H. influenzae proteins. Similar 
results were found when data from the 1:400 dilution was used 
(data not shown).

Antibody Responses Associated With CAP Against 
Protein Antigens From S. pneumoniae, H. influenzae 
and M. catarrhalis in Vaccinated and Unvaccinated 
Children

The comparison of the frequency of responders for each 
studied antigen in age-matched vaccinated and unvaccinated chil-
dren is shown in Table 3. No significant differences were found 
in the frequency of antibody responses between vaccinated and 
unvaccinated children. Overall, 7 patients presented decreases ≤0.5 
in the levels of antibodies against any protein from S. pneumoniae 
(vaccinated vs. unvaccinated: 2 [5.3%] vs. 5 [4.4%]; P = 1). None 
of the patients presented decreases in the antibody levels against 
H. influenzae and M. catarrhalis.

Effect of the Number of Doses of PCV10 and the 
Time Interval From the First/Last Dose of Vaccine 
on the Levels of Natural Antibodies and Frequency 
of Antibody Responses in Vaccinated Children

There was no effect of number of administered doses of 
PCV10 on the levels of natural antibodies against protein antigens 

at either 1:400 or 1:1600 dilution using Kruskal-Wallis test (data 
not shown). No effect of time interval between the first or last dose 
of PCV10 and the collection of the first serum sample on the lev-
els of natural antibodies against protein antigens was found for 
S. pneumoniae and M. catarrhalis, as shown in Table 4. There was 
a positive association between the time interval from the first dose 
of PCV10 to the collection of the first serum sample and the level 
of natural antibodies against H. influenzae. However, when a linear 
regression was performed adjusting the aforementioned association 
by the age of the child upon enrollment, no effect of the time inter-
val between the first dose of PCV10 and the collection of the first 
serum sample on the levels of antibodies against H. influenzae was 
detected (P = 0.697).

Neither the number of doses of PCV10 nor the time inter-
val between the administration of the first/last dose of PCV10 and 
the collection of the first serum sample influenced the frequency 
of antibody responses against the studied protein antigens when 
evaluated using logistic regression (data not shown).

DISCUSSION
Our case-control study demonstrated that there is a signifi-

cant difference in the levels of natural antibodies against protein 
antigens from S. pneumoniae and M. catarrhalis between age-
matched children who were vaccinated with PCV10 or did not 
receive this vaccine. Nevertheless, there was no difference between 
vaccinated and unvaccinated in the frequency of antibody respond-
ers against the studied antigens upon contraction of CAP.

Of note, vaccinated children had significantly lower MFI 
values to 4 of the evaluated pneumococcal antigens (pneumolysin, 
PspA, StkP and PcsB). Also, the antibody levels against choline-
binding protein A, pneumococcal choline-binding protein A and 
pneumococcal histidine triad protein D were lower in vaccinated 
children compared with unvaccinated controls, but this did not reach 
statistical significance. Similarly, in the study by Prevaes et al,9 there 
was also a trend toward lower MFI readings in vaccinated children 
for the antigens Nan, Pilus A, PspA and PsaA in 24-month-old chil-
dren. Conversely, Ditse et al13 found no difference on the levels of 
antibodies against protein antigens between children vaccinated 
with PCV7 or unvaccinated. Nevertheless, the study population 
from Ditse et al13 was significantly older than the one herein, which 
might compromise the comparison of the effect of pneumococcal 
vaccination due to the long-term decrease in effectiveness of PCVs 
after primary vaccination.20 Accordingly, no effect of vaccination 
on the prevalence of overall or vaccine-serotype colonization by 
S. pneumoniae was found in the aforementioned study.13,20 In addi-
tion, this study is the first evaluating the effect of PCV10 on the 
level of natural anti-protein antibodies in vaccinated and unvacci-
nated children. Consequently, it is possible that the greater coverage 
provided by PCV10 when compared with the PCVs used in previous 
studies might have influenced the difference in the natural levels of 
antibodies between vaccinated and unvaccinated children.

The lower MFI values found for vaccinated children might 
have been caused by the effects of PCV10 on the rate of naso-
pharyngeal colonization. For instance, the use of PCV10 may have 
reduced the overall rate of pneumococcal carriage for the studied 
children as it has already been reported in previous vaccine tri-
als with other types of PCV.21,22 In this setting, by decreasing the 
carriage rates of S. pneumoniae, vaccinated children would not 
be exposed to numerous pneumococcal protein antigens.23 This, 
in turn, might have reduced the production of antipneumococcal 
antibodies in this subgroup of children. Indeed, it has already been 
demonstrated that children frequently colonized with S. pneumo-
niae present higher levels of antiprotein antibodies compared with 
those in which colonization was not found.24

TABLE 1. Comparison of Baseline Characteristics for 
Vaccinated (Cases) and Unvaccinated (Controls) Children

PCV10 Vaccination

P
Vaccinated  

(n=38)
Unvaccinated 

(n=114)

Sex (male) 24 (63.2%) 65 (57%) 0.506
Age (months) 14.5 (9.8–18.8) 14.6 (10–19) 0.997
Length of disease (days)* 5 (4–7.25) 6 (3–10) 0.272
Interval between samples 

(days)*
17.5 (16–20.25) 19 (16–21) 0.590

Fever 33 (86.8%) 103 (90.4%) 0.549
Duration of fever (days)* 3 (2–5) 4 (2–5) 0.324
Cough 35 (92.1%) 111 (98.2%) 0.102
Duration of cough (days)* 5 (3–8) 6 (4–10) 0.069
Difficulty breathing 25 (65.8%) 83 (73.5%) 0.365
Duration of difficulty  

breathing (days)*
3 (1.5–5) 3 (1–5) 0.739

Wheezing 12 (31.6%) 34 (29.8%) 0.838
Duration of wheezing (days)* 3 (2–4) 3 (1–5) 0.849
Vomit 16 (42.1%) 54 (47.4%) 0.573
Duration of vomiting (days)* 1 (1–3) 2 (1–3) 0.259

*Continuous variables presented as median (25th–75th percentile).
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FIGURE 1. Flow chart of the included and excluded cases of this study and description of the vaccination status and the 
number of doses of PCV administered to each vaccinated child.

TABLE 2. Comparison of the Antibody Levels of the First Serum Sample 
Taken Upon Enrollment With a Dilution Factor of 1:1600 Between Vaccinated 
(Cases) and Unvaccinated (Controls) Children

Protein

MFI Values (Median [25th–75th percentile])

P
Vaccinated  

(n=38)
Unvaccinated  

(n=114)

Ply 57 (35.5–113.75) 74 (43.5–189) 0.048
CbpA 1224 (124–3707) 2064 (242.75–5832.75) 0.171
PspA* 112 (53.5–266) 191 (84.25–594.75) 0.018
PcpA 363 (38.5–1010.5) 637.5 (69.5–1380.75) 0.074
PhtD 435 (80–1034) 735.5 (104.75–2350) 0.089
StkP 101 (30–139.75) 162 (47.75–594) 0.001
PcsB 443 (64–1677.25) 1212.5 (104.5–3380.5) 0.028
Haemophilus influenzae 130 (56.75–207.75) 110.5 (79.5–196.5) 0.670
Moraxella catarrhalis 149.5 (104–303.75) 111 (76–188.25) 0.015

*PspA 1 and 2 were conjugated on the same bead set.
CbpA indicates choline-binding protein A; PcpA, pneumococcal choline-binding protein A; PcsB, protein required 

for cell wall separation of group B streptococcus; PhtD, pneumococcal histidine triad protein D; Ply, pneumolysin; StkP, 
serine/threonine protein kinase.
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Despite the differences of the antibody levels, no statistically 
significant difference between vaccinated and unvaccinated children 
was found regarding the frequency of antibody responders against 
the studied pneumococcal proteins upon contraction of CAP. A 

possible explanation for this finding is that in vaccinated children, 
disease was caused by nonvaccine serotypes. Increases in the rate of 
invasive pneumococcal disease caused by nonvaccine serotypes have 
been reported after the introduction of PCVs.25 The antigens used 
in this study are, however, highly conserved and almost universally 
present in all strains of S. pneumoniae.23,26–31 Therefore, the antibody 
response against them should not be substantially affected by the 
serotype of pneumococcus causing CAP. In addition, high levels of 
several antiprotein pneumococcal antibodies reduce adherence of 
the pneumococcus to human lung epithelial cells32 and have been 
associated with a reduced frequency of acute respiratory infections 
in children.10,13 Therefore, although children vaccinated with PCV10 
were protected against disease caused by the vaccine-covered sero-
types, they lacked the protective effect of high levels of antiprotein 
antibodies, rendering them sensitive to nonvaccine serotypes. This 
fact, in turn, might also have contributed to the similar frequency of 
antibody response found for vaccinated and unvaccinated children. 
However, it is important to recall that this study evaluated children 
with nonsevere pneumonia treated as outpatients, in whom viruses 
have been demonstrated to be the major cause of CAP instead of 
bacteria.33,34 Therefore, a lower impact of pneumococcal vaccination 
is expected in this group of patients.

No difference was found either for the natural antibody lev-
els or the frequency of antibody responders against H. influenzae 
associated with CAP between vaccinated and unvaccinated children. 
On the other hand, vaccinated children presented higher levels of 
antibodies against M. catarrhalis when compared with unvaccinated 
children. One possible explanation is that vaccinated children might 
have had a greater carriage rate for this bacterium as colonization 
by the common vaccine serotypes of S. pneumoniae was prevented 
and possibly allowed a higher rate of colonization by M. catarrha-
lis. Accordingly, changes in the rate of nasopharyngeal colonization 
by M. catarrhalis have already been reported in certain circum-
stances known to affect the local flora, such as day-care attend-
ance.35 However, most studies evaluating the rates of colonization by 
M. catarrhalis after pneumococcal vaccination found no difference 
between vaccinated and unvaccinated children.36,37

The limitations of our study must be acknowledged. First, 
the group of children who received PCV10 was small and hetero-
geneous regarding the completion of the vaccination scheme and 
the number of PCV10 doses that were administered. Nevertheless, 
we found no effect for the number of doses of PCV10 or for the 
time interval between the first/last dose of vaccine and first serum 
sample collection on either the levels of natural antibodies or the 
frequency of antibody responses in this group of children. This, 
in turn, might suggest that although the group of vaccinated chil-
dren was indeed heterogeneous, the differences of the vaccination 
schemes did not significantly affect the outcome variables from this 
study. Also, the groups of vaccinated children and their respective 
unvaccinated controls were very similar with regard to age and 
other clinical features, so that the differences found herein cannot 
be explained by these factors. It is important to recall that this was 
an exploratory study, and our findings should be confirmed in stud-
ies with a larger and homogeneous sample regarding vaccination 
status. Second, we had no data from the colonization status from 
the evaluated children or definitive tests on the etiology of CAP. 
Therefore, the association between the findings from this study and 
putative changes in the rates of colonization or etiology of CAP are 
only theoretical. Finally, we had no data on the use of other vac-
cines which might have affected the rates of colonization/infection 
by the studied pathogens, such as the H. influenzae type b vaccine. 
Nevertheless, it has already been demonstrated that the coverage of 
the H. influenzae type b vaccine is high in the pediatric population 
in Brazil, so it probably did not affect the results from this study.38

TABLE 3. Comparison of the Frequency of Antibody 
Response Detection Between Vaccinated (Cases) and 
Unvaccinated (Controls) Children With CAP

Protein

Frequency of Antibody 
Increase (n [%])

P
Vaccinated  

(N=38)
Unvaccinated 

(N=114)

Ply 0 (0%) 3 (2.6%) 0.573
CbpA 2 (5.3%) 3 (2.6%) 0.599
PspA* 0 (0%) 2 (1.8%) 1
PcpA 1 (2.6%) 9 (7.9%) 0.453
PhtD 0 (0%) 6 (5.3%) 0.337
StkP 2 (5.3%) 6 (5.3%) 1
PcsB 1 (2.6%) 6 (5.3%) 0.681
Streptococcus pneumoniae† 4 (10.5%) 17 (14.9%) 0.497
Haemophilus influenzae 4 (10.5%) 12 (10.5%) 1
Moraxella catarrhalis 4 (10.5%) 4 (3.5%) 0.108
Responses to multiple pathogens
  S. pneumoniae and  

H. influenzae
2 (5.3%) 1 (0.9%) 0.154

  S. pneumoniae and  
M. catarrhalis

0 (0%) 2 (1.8%) 1

  H. influenzae and  
M. catarrhalis

0 (0%) 0 (0%) –

  S. pneumoniae, H. influenzae  
and M. catarrhalis

0 (0%) 0 (0%) –

Overall detection rate‡ 10 (26.3%) 29 (25.4%) 1

*PspA 1 and 2 were conjugated on the same bead set.
†Frequency of antibody response detection to at least one pneumococcal protein.
‡Detection of responses against any of the studied pathogens.
CbpA indicates choline-binding protein A; PcpA, pneumococcal choline-binding protein 

A; PcsB, protein required for cell wall separation of group B streptococcus; PhtD, pneumo-
coccal histidine triad protein D; Ply, pneumolysin; StkP, serine/threonine protein kinase.

TABLE 4. Effect of the Time Interval Between the Date 
of Administration of the First and/or Last Dose of PCV10 
and the Date of Collection of the First Serum Sample on 
the Levels of Natural Antibodies Against Protein Antigens

Antibody  
Concentration in 
the First Serum 
Sample Against

Time Interval Between  
the First Dose of PCV  

and Collection of  
the First Sample

Time Interval Between  
the Last Dose of PCV  

and Collection of  
the First Sample

r* P* r* P*

Ply 0.041 0.805 0.122 0.467
CbpA −0.158 0.344 −0.044 0.793
PspA† −0.099 0.555 0.067 0.688
PcpA 0.036 0.829 0.017 0.921
PhtD −0.085 0.612 −0.038 0.819
StkP −0.174 0.297 0.036 0.829
PcsB −0.112 0.505 −0.066 0.695
Haemophilus 

influenzae
0.384 0.017 0.151 0.367

Moraxella 
catarrhalis

0.124 0.460 0.243 0.141

*Similar results were found when using a 1:400 dilution factor (data not shown).
†PspA 1 and 2 were conjugated on the same bead set.
CbpA indicates choline-binding protein A; PcpA, pneumococcal choline-binding pro-

tein A; PcsB, protein required for cell wall separation of group B streptococcus; PhtD, 
pneumococcal histidine triad protein D; Ply, pneumolysin; r, correlation coefficient; 
StkP, serine/threonine protein kinase.
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In conclusion, this study demonstrated that children who 
were vaccinated with PCV10 had lower levels of natural antibod-
ies against 4 protein antigens from S. pneumoniae when compared 
with unvaccinated children with similar age and clinical presen-
tation. This could reflect lower S. pneumoniae carriage rates in 
the vaccinated children as a consequence of PCV10 vaccination. 
Despite the differences in the levels of natural antibodies, no differ-
ence was found in the rates of antibody responders associated with 
CAP against protein antigens from S. pneumoniae, H. influenzae 
and M. catarrhalis among vaccinated and unvaccinated children 
with CAP.
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