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Background: A three year pneumococcal carriage study was set up in Belgium when the vaccination pro-
gramme switched from a 13-valent (PCV13) to a 10-valent (PCV10) vaccine. We compared the first
follow-up period (October 2016 – June 2017, year 2, Y2) for nasopharyngeal carriage, serotype distribu-
tion and antimicrobial susceptibility of S. pneumoniae with the baseline (January-July 2016, year 1, Y1).
Materials/methods: A single nasopharyngeal swab was taken in children (6–30 months), either attending
one of the 112 day-care centres (DCCs), or visiting one of the 21 physicians for an acute otitis media
(AOM). S. pneumoniae were cultured, screened for antimicrobial susceptibility, and serotyped.
Results: In Y2, 1218 samples were collected. The majority of the Y2-children (>85%) was vaccinated
appropriately for their age. Children in Y2 received either PCV13 only (DCC: 23.5%; AOM: 24.6%),
PCV10 only (DCC: 29.8%; AOM: 37.7%), or a mix of both vaccines (DCC: 31.9%; AOM: 25.4%).
Pneumococcal carriage rates were high (Y2, DCC: 68.2%; AOM: 64.8%). Among carriers, prevalence of
PCV13 serotypes was low (Y2 vs Y1, DCC: 3.5% vs 5.4%; AOM: 7.6% vs 7.7%). Although prevalence of
PCV13-non-PCV10 serotypes did not increase significantly compared to Y1 (Y2 vs Y1, DCC: 1.6% vs
0.9%; Y2 vs Y1, AOM: 5.1% vs 0.0%), the proportion of serotypes 3, 6A, 19A among PCV13 serotype carriers
in DCC was significantly higher in Y2 (46.2% vs Y1: 16.0%, p-value = 0.034). Serotypes 23B and 15B were
the predominant non-vaccine serotypes (Y2). Among detected strains, non-susceptibility to at least one
of five antibiotics tested (penicillin, tetracycline, erythromycin, levofloxacin, cotrimoxazole) was compa-
rable to Y1 (Y2 vs Y1, DCC: 41.3% vs 42.4%; AOM: 49.4% vs 48.1%).
Conclusion: After completion of the PCV13-to-PCV10 vaccine switch in Belgium, the proportion of PCV13-
non-PCV10 serotypes (mainly 19A) significantly increased among PCV13 serotype carriers in DCC, stress-
ing the need for strengthened surveillance as the PCV10-vaccinated population grows.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The nasopharyngeal niche is colonized by a variety of potential
pathogens, including S. pneumoniae. Usually, S. pneumoniae resides
asymptomatically in the upper respiratory tract. However, this
symptomless pneumococcal carriage may evolve to a respiratory
infection or even an invasive disease. Besides elder adults, young
children are a risk group for (invasive) pneumococcal disease
(IPD) [1–5]. Each year, one million children under the age of five
die from pneumococcal disease worldwide [6]. The introduction
of pneumococcal conjugate vaccines (PCVs) has impacted upon
pneumococcal disease and carriage [1,2,7–11].
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The Belgian infant pneumococcal vaccination programme
reached high coverage in 2015–2016 (Wallonia: 96.9% [12], Flan-
ders: 94.9% [13], Brussels: 90.1% [14]) and is characterised by a
unique sequence of conjugated vaccine introductions over time:
from a 7-valent vaccine in 2007 (PCV7, comprising serotypes 4,
6B, 9V, 14, 18C, 19F and 23F) to a 13-valent PCV in 2011 (PCV13,
comprising the PCV7 serotypes plus 1, 5, 7F, 3, 6A, 19A) and to a
10-valent vaccine in 2015–2016 (PCV10, comprising the PCV7 ser-
otypes plus 1, 5, 7F). PCV10 was introduced at different time points
in the three Belgian regions (Flanders: 1 July 2015, Wallonia: 1
May 2016; Brussels: Flemish or Walloon programme, depending
on the consulted physician).

According to the Belgian IPD surveillance data of 2017, the pro-
portion of IPD caused by PCV13 serotypes has decreased in chil-
dren under two years of age; from 84% in 2006 to 22% in 2017
[15–17]. At the same time, the emergence of IPD caused by non-
PCV13 serotypes was observed, especially in children under two
years of age. The predominant serotypes in child IPD were 12F,
10A and 33F, followed by serogroups 24 and 15 [16,18].

To monitor the carriage of S. pneumoniae in children, a pneumo-
coccal carriage study was started in 2016 (January-July 2016, year
1, Y1), targeting (1) children in day-care centres (DCCs) and (2)
children presenting with acute otitis media (AOM; Fig. 1) [19].
We compared the first follow-up results (October 2016 – June
2017, year 2, Y2) of nasopharyngeal carriage, serotype distribution
and antimicrobial susceptibility of S. pneumoniae with the baseline
results (year 1). In addition, we compared the AOM-results with
the DCC-results and we looked at the regional differences among
the DCC-children.
2. Materials & methods

The study design and baseline results (January-July 2016, year
1, Y1) were previously published in detail and are briefly summa-
rized here for year 2 (October 2016 – June 2017, Y2) [19].
2.1. Study population, sampling and sample processing

Recruitment took place between January 2016 and June 2017.
Healthy children between �6 months and �30 months were
recruited from DCCs randomly selected over the three Belgian
regions. Children of the same age group with AOM were recruited
by trained general practitioners (GPs), paediatricians or paediatric
outpatient services throughout Belgium.

After written informed consent of at least one parent, a trained
nurse or a GP/paediatrician collected a parent questionnaire
regarding demographic and clinical characteristics and vaccination
status. A single nasopharyngeal swab was taken, transported in
Fig. 1. Study flow: chronological representation of changes in the pneumococcal conjug
(lower part).
1 ml STGG (Skim milk – Tryptone – Glucose – Glycerol) and cul-
tured or stored at �80 �C within 24 h.

At the Belgian national Reference Centre for invasive Streptococ-
cus pneumoniae, nasopharyngeal samples were cultured, S. pneu-
moniae strains were serotyped and antimicrobial susceptibility
(penicillin, levofloxacin, tetracycline, erythromycin, cotrimoxa-
zole) was determined as previously described [19]. Non-
meningitis breakpoints (oral administration) were applied for the
classification of penicillin non-susceptibility. A minimal inhibitory
concentration (MIC) of �2 mg/l was interpreted as penicillin non-
susceptible.

2.2. Statistical analysis

In year 2, a sample size of 900 children in DCCs was aimed for.
In this way, we could detect 4% changes in the carriage prevalence
of S. pneumoniae serotypes 19A or 6A with 80% power and assum-
ing a baseline carriage prevalence below 2%.

To test the statistical significance (at a level of 5%) of differences
between groups, the Chi-Square (Chi2) or Fisher’s Exact Test and
the Mann-Whitney U Test (MWU) were used. A continuity correc-
tion was applied for 95% confidence intervals on proportions. Miss-
ing values were not replaced.

3. Results

3.1. Recruitment and characteristics of the study population

In total, 112 DCCs (34 in Wallonia, 60 in Flanders, 18 in Brus-
sels; Table 1) and 21 GPs/paediatricians (8 in Wallonia, 10 in Flan-
ders, 3 in Brussels) recruited study participants in year 2 of the
study. They collected nasopharyngeal samples from a total of
1237 children. Eighteen children in DCCs and one child with
AOM were excluded due to inappropriate age, use of oral antibi-
otics in the week prior to sampling, or because of an incomplete
questionnaire. The remaining 1218 children (1096 healthy children
from DCC and 122 children with AOM) were included in the per
protocol analysis. Demographic and clinical characteristics of the
study population are shown in the Table 1. In year 2, healthy chil-
dren in DCCs differed in several demographic and clinical charac-
teristics from children with AOM, including age, living with
sibilings in the same household, breastfeeding, attending day-
care, and number of previous AOM-episodes. In addition, regional
differences for some variables were observed (Table 1).

3.2. Main findings

Carriage prevalence – In year 2, pneumococcal carriage preva-
lence determined by culture techniques in children attending DCCS
ate vaccine (PCV) programme in Belgium (upper part) and data collection periods



Table 1
Demographic and clinical characteristics of included children per study group and per region, 2017 (Y2).

Children attending DCC Children with
AOM

Statistical significance
(P-value Chi2)

Wallonia Flanders Brussels Belgium Belgium Belgium (DCC vs AOM)
Missing Missing Missing Missing Missing

Number of actively participating centres 34 60 18 112 21
Number of per protocol inclusions1 315 605 176 1096 122
Sex (% male) 49.2 52.7 51.7 51.6 54.2 4 0.579
Age in months (mean) 18.3 18.5 17.7 18.3 14.8 4 <0.0012

Age group 6–12 months (%) 26.0 23.6 26.1 24.7 48.3 4 <0.001
13–24 months
(%)

51.1 49.4 53.4 50.5 39.0

25–30 months
(%)

22.9 26.9 20.5 24.7 12.7

Preterm delivery (%) 8.3 1 8.0 3 6.3 1 7.8 5 11.2 6 0.200
Breastfeeding >6 months (%) 34.4 1 27.4 2 50.3 1 33.1 4 20.7 6 0.007
Siblings at home (%)3 1 37.3 1 47.8 3 38.3 1 43.3 5 35.7 7 <0.001

�2 22.0 14.6 24.6 18.3 38.3
At least two days in day-care (%) 89.9 9 90.3 6 89.1 2 90.0 17 71.2 4 <0.001
At least one parent smokes (%) 20.1 2 19.4 2 26.6 3 20.8 7 22.4 6 0.676
Number of AOM episodes (%)3,4 1 10.4 6 8.8 11 5.9 7 8.8 24 53.0 7 <0.0015

�2 22.7 15.8 10.7 17.0 47.0
AB in previous 3 months (%)3 1 28.8 30 19.1 35 16.9 16 21.5 81 18.3 7 0.203

�2 15.8 7.4 4.4 9.3 5.2
Age-appropriate vaccinated (%)6 84.8 86.4 82.4 85.3 87.9 6 0.493

Missing values were due to incomplete questionnaires.
DCC = day-care centre, AOM = acute otitis media, AB = antibiotics, PCV = pneumococcal conjugate vaccine.

1 Denominator of percentages is number of per protocol inclusions.
2 Mann-Whitney U Test.
3 Category 0 not shown, but included in statistical analysis.
4 For the AOM-population, the current AOM-episode (at the time of sampling) is included.
5 Fisher’s Exact Test.
6 Age appropriate vaccinated = complete pneumococcal vaccination schedule of 2 or 3 doses if �12 months of age or booster received (not earlier than 351 days of age) if

>12 months of age, vaccination status was based on vaccination documentation or parental reporting, taking into account the date of vaccine switch (1 July 2015 in Flanders, 1
May 2016 in Wallonia).
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(68.2%, 95%CI = 65.4%–71.0%) was similar to children with AOM
(64.8%, 95%CI = 55.5%–73.0%; Table 2). Overall, carriage prevalence
in healthy children was significantly higher in year 2 (71.7%) than
in year 1 (62.3%; p-value = 0.003). This finding was independent of
sampling time (calendar month), sampling nurse and size of DCC.
In addition, pneumococcal carriage prevalence in year 2 was higher
in Flemish DCC-children (71.7%) compared to DCC-children from
other regions (Wallonia: 61.6%, Brussels: 68.2%; p-value = 0.007;
Appendix: Table 1). In the Flemish AOM-children, carriage preva-
lence was similar for Y2 and Y1 (Y2 vs Y1 66.2% vs 62.5%; p-
value = 0.834).

Table 3 summarizes the vaccination status of children in DCCs.
More than 89% of the children had received two or more PCV-doses
(DCC: 91.0%; AOM: 89.8%) and the majority of the children were
vaccinated appropriately for their age (DCC: 85.3%; AOM: 87.9%),
i.e. participating infants aged 6–11 months had received at least
2 doses and toddlers had received at least two priming doses and
a booster dose. A large proportion of children vaccinated appropri-
ately for their age had received mixed PCV13-PCV10 schedules
(31.9%). The highest frequency of vaccine serotype carriage was
found in children who had received a mixed schedule (4.3%),
whereas the lowest frequency was found in children who received
PCV13 only (1.3%; p-value = 0.174). Among children older than
twelve months in year 2, 45.9% had received PCV10 for their boos-
ter dose and 17.9% had received PCV10 for the complete 2 + 1
schedule.

In a univariate analysis, symptoms of common cold and living
with siblings were risk factors for pneumococcal carriage in chil-
dren attending DCCs, while AOM-history and antibiotic treatment
in the three months prior to sampling were protective factors
(Appendix: Table 2). In children with AOM, parental smoking
was negatively associated with pneumococcal carriage.
Serotype distribution – Among S. pneumoniae carriers in year 2,
37 different serotypes were identified in DCC-children (42 in Y1;
Fig. 2), and 26 in AOM-children (versus 19 in Y1). The prevalence
of PCV13 serotypes in year 2 tended to be lower in the DCC-
children (3.5%) than in the AOM-children (7.6%; p-value = 0.071;
Table 2 and Appendix: Table 1). A similar non-significant trend
was observed in year 1 (DCC: 5.4%; AOM: 7.7%). In year 2, four dif-
ferent PCV13 serotypes were identified in children in DCCs (19F,
19A, 3 and 14) and three in children with AOM (3, 19A, 19F),
whereas in Y1, vaccine serotypes 23F, 1 and 6A were also identified
in DCC-children. Among the 630 DCC-children who were appropri-
ately vaccinated for their age and carrying S. pneumoniae in year 2
(Table 2), twenty-one carried PCV13 serotypes (10x 19A, 9x 19F,
1x14, 1x 3). Of these children, two had received PCV13 only
(Table 3). The data of year 1 showed 22 PCV13 serotype carriers
among 394 vaccinated carriers. The proportion of PCV13 serotype
carriers among DCC-children with an age-appropriate PCV13-
vaccination was lower in Y2 (n = 2, 0.8%; Table 3) than in Y1
(n = 19, 3.4%). In Y2, eleven 19A carriers were identified among
children in DCC: one was unvaccinated, two received a complete
schedule, but the administered vaccine type was unknown, eight
were age-appropriately vaccinated, either with PCV10 only
(n = 4) or with PCV13 for their primary doses and PCV10 for their
booster dose (n = 4).

The combined proportions of PCV13-non-PCV10 serotypes
(3 + 6A + 19A) were 1.6% among the DCC-carriers and 5.1% in the
AOM-carriers, which was not significantly different from the
Y1-proportion (Y1; DCC: 0.9%, p-value = 0.314; AOM: 0.0%,
p-value = 0.570; Table 2 and Appendix: Table 1). However, the
proportion of these serotypes among vaccine serotype carriers in
DCCs was significantly higher in Y2 than in Y1 (Y2: 46.2%; Y1:
16.0%; p-value = 0.034).



Table 2
Serotype distribution of carried S. pneumoniae in Belgium per study group, 2016 (Y1) and 2017 (Y2).

Children attending DCC1 Children with AOM1

Y1
n = 760

Y2
n = 1096

Y1
n = 39

Y2
n = 122

Sp carriage (%) 462 (60.8) 748 (68.2) 27 (69.2) 79 (64.8)
Number of different serotypes identified 42 37 19 26
PCV7 VT prevalence (%) 19F 13 (2.8) 13 (1.7) 1 (3.8) 2 (2.5)

14 4 (0.9) 1 (0.1) 1 (3.8) 0 (0.0)
23F 3 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)

PCV10-non-PCV7 VT prevalence (%) 1 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)
PCV13-non-PCV10 VT prevalence (%) 3 1 (0.2) 1 (0.1) 0 (0.0) 2 (2.5)

6A 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)
19A 2 (0.4) 11 (1.5) 0 (0.0) 2 (2.5)

PCV13 VT prevalence (%) All VT 25 (5.4) 26 (3.5) 2 (7.7) 6 (7.6)
non-PCV13 VT prevalence (%)2 23B 64 (13.8) 133 (17.7) 3 (11.5) 13 (16.5)

15B 33 (7.1) 62 (8.3) 2 (7.4) 8 (10.1)
10A 27 (5.8) 59 (7.9) 1 (3.7) 4 (5.1)
23A 49 (10.6) 57 (7.6) 1 (3.8) 3 (3.8)
21 24 (5.2) 54 (7.2) 0 (0.0) 4 (5.1)
11A 40 (8.6) 51 (6.8) 4 (15.4) 5 (6.3)

DCC = day-care centre, AOM = acute otitis media, PCV = pneumococcal conjugate vaccine, Sp = S. pneumoniae, PCV7 VT = vaccine serotypes included in PCV7 (4, 6B, 9V, 14,
18C, 19F, 23F), PCV13 VT = vaccine serotypes included in PCV13 (4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F, 3, 6A, 19A), PCV10-non-PCV7 VT = serotypes included in PCV10 but not in
PCV7 (1, 5, 7F), PCV13 non-PCV10 VT = serotypes included in PCV13 but not in PCV10 (3, 6A, 19A), non-PCV13 VT prevalence = vaccine serotypes not included in PCV13.

1 None of the differences in serotype frequency over time or between study groups (except for serotype 3 in Y2, AOM vs DCC) were significant at a level of 0.05 by Chi2 or
Fisher’s Exact Test.

2 Only serotypes identified at a frequency �6% in children in day-care are shown separately.

Table 3
S. pneumoniae carriage per vaccination status in children attending day-care, Belgium, 2017 (Y2).

Vaccination status1 Total number of children
n (%)

Sp-carriers
n (% of total children)

PCV13 serotype carriers
n (% of Sp-carriers)

Primary2 Booster3

PCV10 PCV10 327 (29.8) 235 (71.9) 8 (3.4)
PCV13 PCV13 258 (23.5) 159 (61.6) 2 (1.3)
PCV13 PCV10 234 (21.4) 162 (69.2) 7 (4.3)
PCV10/PCV13 PCV10/PCV13 116 (10.6) 74 (63.8) 4 (5.4)
Incomplete4 161 (14.7) 118 (73.3) 5 (4.2)

Sp = Streptococcus pneumoniae, VT = vaccine serotype included in PCV13, PCV13 = 13-valent pneumococcal conjugate vaccine, PCV10 = 10-valent pneumococcal conjugate
vaccine, PCV13-non-PCV10-carriers = carriers of vaccine serotypes included in PCV13, but not in PCV10, i.e. carriers of serotypes 3, 6A or 19A.

a Vaccination status was based on vaccination documentation or parental reporting, taking into account the date of vaccine switch (1 July 2015 in Flanders, 1 May 2016 in
Wallonia), the national pneumococcal vaccination schedule is 2 primary doses + 1 booster or 3 primary doses + 1 booster if preterm delivery.

2 Priming series may have contained two or three doses.
3 Booster was defined as dose administered at the age of �351 days, children too young to having received their booster were grouped based on their primary doses.
4 >12 months of age and no booster2 or �12 months of age and <2 doses/parents do not know/unvaccinated (0 doses).

Fig. 2. Serotype frequency of carried S. pneumoniae in infants attending day-care,
2016 (Y1) and 2017 (Y2). Dark grey area – Y1, light grey area – Y2; Only serotypes
with a frequency �2% are shown; The frequency of serotype 10B significantly
decreased (p-value = 0.012).
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Serotypes 23B, 15B and 10A were the predominant non-PCV13
serotypes in children in DCCs, accounting for 33.8% of all serotypes
identified (Table 2 and Appendix: Table 1). In the AOM-population,
serotypes 23B (16.5%), 15B (10.1%), 11A (6.3%) and 15C (6.3%) were
the predominant non-PCV13 serotypes, similar to Y1, and
accounted for 39.2% of all serotypes identified in Y2. Other non-
vaccine serotypes were summarized in Table 2 and Appendix:
Table 1.

Antimicrobial susceptibility – In Y2, non-susceptibility of S. pneu-
moniae strains to at least one of the five antibiotics (penicillin,
levofloxacin, tetracycline, erythromycin, cotrimoxazole) was simi-
lar for children in DCCs and for children with AOM (DCC: 41.3%;
AOM: 49.4%; p-value = 0.168; Table 4 and Appendix: Table 3).
Non-susceptibility to cotrimoxazole was detected most frequently
(DCC: 34.3%; AOM: 40.5%; p-value = 0.272). Within the cotrimoxa-
zole non-susceptible DCC-strains, serotypes 23B (37.9%), 11A
(16.0%) and 15B (12.1%) dominated. Within the cotrimoxazole
non-susceptible AOM-strains, serotype 23B was predominant
(37.5%). No strains were found non-susceptible to penicillin or
levofloxacin. Multiple non-susceptibility (�2 antibiotics) was also
similar between the DCC-population and the AOM-population
(11.3% and 6.3% respectively; p-value = 0.186). The results of Y1
were within the same range (DCC: 12.1%; AOM: 7.4%).



Table 4
Antibiotic non-susceptibility1 of S. pneumoniae per setting and per region, 2017 (Y2).

Children attending DCC
n = 7492

Children with AOM
n = 79

Statistical significance
(P-value for DCC vs AOM)*

Non-susceptibility for �1 antibiotic tested1 307 (41.3) 39 (49.4) 0.168
Non-susceptibility for �2 antibiotics tested1 84 (11.3) 5 (6.3) 0.175
Penicillin non-susceptibility 0 (0.0) 0 (0.0) –
Levofloxacin non-susceptibility 0 (0.0) 0 (0.0) –
Tetracycline non-susceptibility 79 (10.6) 4 (5.1) 0.120
Dominating serotypes within tetracycline non-susceptible strains 15A 16 (20.3) 0 (0.0) 1.0004

35B 11 (13.9) 2 (50.0) 0.053
15B3 10 (12.7) 0 (0.0) 1.0004

Erythromycin non-susceptibility 115 (15.5) 10 (12.7) 0.510
Dominating serotypes within erythromycin non-susceptible strains 15A 17 (14.8) 0 (0.0) 0.3554

15B 15 (13.0) 0 (0.0) 0.607
33F 12 (10.4) 2 (20.0) 0.3114

Cotrimoxazole non-susceptibility 256 (34.3) 32 (40.5) 0.272
Dominating serotypes within cotrimoxazole non-susceptible strains 23B 97 (37.9) 12 (37.5) 0.966

11A 41 (16.0) 4 (12.5) 0.606
15B 31 (12.1) 3 (9.4) 0.651

DCC = day-care centre, AOM = acute otitis media.
* Chi2 Test or 4 Fisher’s Exact Test.
1 Five antibiotics were tested: penicillin, levofloxacin, tetracycline, cotrimoxazole and erythromycin, non-meningitis breakpoints (oral administration) were applied for

penicillin, a MIC of �2 mg/l was interpreted as non-susceptible.
2 Missing values were due to unavailable antibiotic non-susceptibility profile.
3 15C was equally frequent in DCC.
4 Fisher’s Exact Test.
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4. Discussion

We present the first follow-up of the Belgian nasopharyngeal
carriage study which was started in 2016. Carriage prevalence, ser-
otype distribution and antimicrobial susceptibility of S. pneumo-
niae were investigated after the infant pneumococcal vaccination
programme changed from PCV13 to PCV10. Two child populations
(healthy children in day-care centres (DCCs) and children with
acute otitis media (AOM)) were surveyed in parallel.

After the implementation of the PCV-programme in 2007
(PCV7), a high child PCV-coverage was achieved in Belgium. As a
result, the carriage prevalence of PCV13 serotypes was low in both
studied populations (Y2 vs Y1, DCC: 3.5% vs 5.4%; AOM: 7.6% vs
7.7%). The PCV13 serotypes most often identified in Y2 (19A and
19F in both populations) were the same as in Y1. The proportion
of PCV13-non-PCV10 serotypes among vaccine serotype carriers
was higher in Y2 than in Y1 (for both child populations). This find-
ing was mainly due to the higher prevalence of serotype 19A and it
was significant in children in DCCs. Nevertheless, this finding
should not be over-interpreted. The number of vaccine serotype
carriers (n = 26) was low in DCC in Y2 and further follow-up is
needed to see if the increase in PCV13-non-PCV10 serotype car-
riage will persist after a longer period of PCV10-programme imple-
mentation. Reports from other countries that have replaced PCV13
by PCV10 are limited [20]. Some PCV13-administering countries,
such as Italy (2011) and Norway (2013) reported vaccine serotypes
3, 14 and 19A/F as predominant in children in DCCs [21,22].
PCV10-administering countries such as Brazil (2010–2013) and
Bulgaria (2011–2016) reported 6A/C and 19A as predominant vac-
cine serotypes in children in the post-PCV10 era [23,24]. Surveil-
lance data from The Netherlands and Finland (also PCV10-
administering countries) mentioned serotypes 19F, 3 and 19A as
most frequent in vaccine serotype IPD [25,26].

The Belgian IPD surveillance data of 2017 indicated a 10-fold
increase in the number of IPD-cases caused by serotype 19A in
children under two years of age (from 2/121 to 21/154) [27]. A
trend that was not yet seen in the first part of 2017, which was
the sampling period of the year 2 DCC and AOM samples. Similar
findings were reported in IPD-surveillance data of Swedish
counties using PCV10 [28]. Contrasting data showing a reduction
of 19A-caused IPD, were reported in Canada where PCV10 replaced
PCV13 after 15 months [29]. It should be kept in mind that natural
variation occurs and could cause a temporary 19A-increase.

Overall, the same (predominant) serotypes were carried in year
1 and in year 2. Although no season-dependence of serotype distri-
bution has been reported, the trends observed in the DCC-
population from year 1 to year 2 are to be cautiously interpreted
until data of year 3 samples, which will be collected in a similar
calendar period as year 2, will be available. Carriage prevalence,
serotype distribution and antimicrobial susceptibility were similar
in both studied populations, but the relatively low sample size of
the AOM-population might have limited the detection of
differences.

The associations that we have found between child characteris-
tics in the DCC-population and culture-based pneumococcal car-
riage were similar to other studies [30–32] and to our year 1
report (symptoms of common cold and parental smoking) [19].

Similar to year 1, non-susceptibility of S. pneumoniae to ery-
thromycin and penicillin was low in year 2 (erythromycin, DCC:
16.9%, AOM: 11.1%; penicillin, DCC: 0.2%, AOM: 0.0%). Cotrimoxa-
zole non-susceptibility was the most frequent in our population
(DCC: 34.3%; AOM: 40.5%), and its frequency was within the range
identified in other PCV-using countries (8.9%–39.8%) [22,23,33,34].
Within the cotrimoxazole non-susceptible strains, serotype 23B
(DCC: 37.9%; AOM: 37.5%) was most often identified in both stud-
ied populations, similar to Y1. This was in contrast with the Belgian
IPD-surveillance data of 2017, which reported serotype 12F as the
most frequent cotrimoxazole-resistant strain. A difference that
might be explained by the higher relative invasive disease poten-
tial of serotype 12F compared to serotype 23B [35].

The predominant non-vaccine serotypes in our study (23B, 15B,
10A, 11A and 15C) did cause IPD in children in Belgium in 2016
[16]. Serotype 12F, which was the most prevalent one in IPD
reported in 2016 and 2017 (10.1% of child IPD), was only carried
at very low frequency in both populations in year 2 (DCC: 1.5%;
AOM: 3.8%). As reported in other studies, 12F has a high invasive
disease potential and is thus more prevalent in IPD than in carriage
[35,36]. The second, third and fourth most prevalent non-vaccine
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serotypes in child IPD in Belgium in 2017 were 10A, 33F and 16F.
These serotypes circulated in both populations at levels between
2.5% and 7.8%. The serotypes 3, 24A, 24B and 24F, which each
caused between 4.3% and 5.1% of child IPD, were carried at levels
below 0.6% and below 2.5% in DCC and AOM respectively. In the
AOM-population, the IPD-serotypes 24A and 24F were not
detected. Since non-vaccine serotypes represent the majority of
the strains detected in IPD, it is of importance to recognise any sig-
nificant increase in the carriage frequency of these serotypes, espe-
cially the ones that are often seen in IPD, such as serotype 10A.

The presented data have several limitations. First, the period of
sampling differed between year 1 (DCC: March 2016 – July 2016;
AOM: January 2016 – June 2016) and year 2 (DCC: November
2016 – April 2017; AOM: October 2016 – May 2017) due to a
delayed start in year 1. The covered follow-up period is thus less
than one year, and changes in vaccine serotype carriage frequency
related to the vaccine programme change might need more time to
become detectable. Second, the timing of the vaccine switch was
different between the Belgian regions, but the sample size does
not allow sensitive comparison between the regions. Existing dif-
ferences in serotype distribution could thus be missed. Neverthe-
less, we detected a higher culture-based carriage prevalence in
Flemish DCC-children in year 2 compared to year 1 which was
not related to differences in sampling time (calendar month), sam-
pling nurse or size of DCC. Further follow-up will show if this dif-
ference persists [19]. Finally, recruitment targets were not reached
for children with AOM, but the serotype distribution in this group
was similar as in DCC-children in spite of detectable differences in
characteristics.
5. Conclusion and perspectives

In the first year after completion of the PCV13-to-PCV10 vaccine
switch in Belgium, culture-based pneumococcal carriage of PCV13
serotypes remained rare. For non-vaccine serotypes, pneumococcal
carriage remained high in healthy children in day-care centres and
in children with acute otitis media. The proportion of PCV13-non-
PCV10 serotypes (mainly 19A) increased significantly among vac-
cine serotype carriers in day-care centres. Serotypes 19F and 19A
were the predominant PCV13 vaccine serotypes in a population
vaccinated with PCV13, PCV10, or a mix of both, which stresses
the need for strengthened surveillance as the PCV10-vaccinated
population grows.
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