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Abstract: Background: An epidemiological study of Streptococcus pneumoniae nasopharyngeal
carriage in healthy children was carried out five years after the introduction of the 13-valent pneumo-
coccal conjugate vaccine (PCV13). Objectives: Study the impact of pediatric vaccination with PCV13,
and other associated epidemiological factors on the status of nasopharyngeal carriage, the circulat-
ing pneumococcal serotypes, and the antibiotic susceptibility to more frequently used antibiotics.
Methods: A multi-center study was carried out in Primary Health Care, which included 1821 healthy
children aged 1 to 4 years old. All isolates were sent to the Spanish Pneumococcal Reference Labora-
tory for serotyping and antimicrobial susceptibility testing. Results: At least one dose of PCV13 had
been received by 71.9% of children and carriage pneumococcal prevalence was 19.7%. The proportion
of PCV13 serotypes was low (14.4%), with an observed predominance of non-vaccine serotypes,
23B, 11A, 10A, 35B/F, and 23A were the five most frequent. A high rate of resistance to penicillin,
erythromycin, and trimethoprim sulfamethoxazole was found. Conclusions: A low proportion of
PCV13 serotypes were detected, confirming the impact of pediatric vaccination for reducing the
serotypes vaccine carriage. High resistance rates to clinically important antibiotics were observed.

Keywords: Streptococcus pneumoniae nasopharyngeal carriage; conjugate vaccines; antimicro-
bial susceptibility
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1. Introduction

Streptococcus pneumoniae is an important pathogen that causes invasive and non-
invasive diseases such as otitis, sepsis, pneumonia, and meningitis. Invasive pneumococcal
disease (IPD) remains a global health problem, even in developed countries. S. pneu-
moniae is a human pathogen than colonizes the nasopharynx, and this asymptomatic
nasopharyngeal carriage (NPC) is considered a prerequisite for the development of dis-
eases [1–3]. NPC is high in children (about 30%), especially in those aged less than five
years [1–3], and has a key role in transmission to the rest of the population [1]. A younger
age, attendance to nursery or school, number of siblings, and unfavorable social condi-
tions have all been described as predisposing conditions to NPC [1,3,4]. Many factors,
such as antibiotic pressure, temporal trends, and the introduction of new conjugate vac-
cines, may explain the replacement of serotypes and changes in the rate of nasopharyngeal
colonization [1–3].

Currently, 100 pneumococcal serotypes based on the capsular polysaccharide have
been identified. These serotypes vary in terms of incidence, disease manifestation, and an-
tibiotic resistance. Since the introduction of pneumococcal conjugate vaccines (PCVs),
a global decrease in NPC has been observed for this pathogen, especially of vaccine
serotypes (VSs) [4,5]. In Spain, the use of PCVs in children has been heterogeneous among
the entire country. The 7-valent pneumococcal conjugate vaccine (PCV7) was commercial-
ized in 2001, although mainly in the private market. The 10-valent pneumococcal conjugate
vaccine (PCV10) was authorized in 2009 without generic use. The 13-valent pneumococcal
conjugate vaccine (PCV13) was made available in 2010 for the private market. In 2015,
the Ministry of Health approved the systematic use of PCV13 for the pediatric population
and gave a deadline until the end of 2016 to include it at the national level (2+1 schedule).

In children <2 years of age, the incidence in Spain by PCV13 serotypes declined
from 26.91 cases in the pre-PCV13 period to 3.89 cases in the last period (2018–2019),
which demonstrated a reduction of 89% of IPD. The incidence by non-PCV13 serotypes
increased from 9.41 cases in 2009 to 17.19 cases in 2018–2019. In children aged 2–5 years old,
the incidence by PCV13 serotypes declined from 14.55 in 2009 to 1.93 in 2018–2019, which re-
sulted in an 88% reduction in IPD. Other European countries who used a 2+1 schedule have
observed serotype replacement by non-PCV13 serotypes [6–9]. Treating S. pneumoniae
involves a high use of antibiotics, especially in children under 5 years, and many countries
have an elevated incidence rate of resistance to more commonly used antibiotics [3].

We conducted this study five years after the PCV13 vaccine was licensed in Spain,
with the aim to describe the potential influence of vaccination and other factors on na-
sopharyngeal colonization, replacement of serotypes, and antimicrobial susceptibilities of
pneumococcal strains.

2. Materials and Methods
2.1. Study Population

This multicenter transversal study was conducted in the Region of Murcia, located in
the Southeast of Spain, with a population of 16,200 children at one year of age and 17,996 at
four years of age according to the National Statistical Institute [10]. In collaboration with
the Pediatrics Association of Primary Care of the Murcia Region (APERMAP), this study
combined the participation of 60 primary care pediatricians in the region in all health areas
and microbiologists related to hospitals in the areas where the collected samples were
analyzed. With voluntary participation, the ratio between the number of pediatricians in
each area and the number and characteristics of the population attended was taken into
consideration. The study was performed in healthy children who attended for examination
in the Healthy Child Program.

In this study we recruited healthy children around 1 year old (10–14 months) and
around 4 years old (3.5–4.5 years) who were vaccinated and non-vaccinated with PCV13
that attended the pediatric community centers for health care programs. Children with
comorbidities or a fever at the time of sample collection were excluded from the study.
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The period of enrollment covered two seasons including June–August 2014 (Summer 2014)
and January–March 2015 (Winter 2015).

Data records included geographical area, date of sample collection, age, sex, PCV13
vaccination status, breastfeeding, school or daycare center attendance, consumption of an-
tibiotics during the previous months, passive smoker, and number of siblings. Children that
met the inclusion criteria were invited to participate and written informed consent was
explained to and obtained from the parents.

2.2. Microbiological Processing of the Samples

From each child included in the study, a nasopharyngeal sample using a sterile swab
with Amies medium (Swabs®, DELTALAB, Barcelona, Spain) was obtained by nursing
personnel trained in the technique in the different participating centers. The samples were
sent to the reference hospital in each area within the next three hours and were immediately
cultured on blood agar plates with an optoquine disk. Agar plates were incubated for 24 h
at 37 ◦C with 5% CO2. α-hemolytic colonies suspected of pneumococcus were identified
according to their morphology and sensitivity to optochine. Definitive identification was
performed using biochemical tests, according to the protocols of each center. After identi-
fication and sub-culture, the strains were stored at –80 ◦C in a skim milk Difco medium
and sent to the reference hospital for antimicrobial susceptibility testing and the Spanish
Pneumococcal Reference Laboratory for serotyping.

Antimicrobial Susceptibility Testing

The agar dilution method was used to determine the minimal inhibitory concentra-
tions (MIC) of nine antibiotics (penicillin, amoxicillin, cefotaxime, vancomycin,
erythromycin, tetracycline, levofloxacin, chloramphenicol, and linezolid). Breakpoints for
MIC and the disk diffusion method were those defined by The European Committee on
Antimicrobial Susceptibility Testing (EUCAST, 2019) [11]. The disk diffusion method was
used to test the activity of clindamycin, rifampicin, and cotrimoxazole, in accordance
with the guidelines established by the Clinical and Laboratory Standards Institute (CLSI,
2018) [12].

Multidrug resistant strain (MDR) was defined as nonsusceptibility to three antibiotics,
one of the three being a betalactam drug.

Serotyping was performed by Quellung reaction and dot blot assay [13] using specific
antisera from the Statens Serum Institute (Copenhagen, Denmark) and/or by a molecular
capsular sequence typing methodology [14].

2.3. Statistical Analysis

The sample size was calculated with a strength of 80%, for an expected proportion of
carriage of 20%, with a 95% confidence interval and an accuracy of 2%, with the sample size
needed being 1537. The selection of the sample was stratified according to the population
attended by each of the seven hospitals with pediatric attention in Murcia.

The association between qualitative variables was evaluated by means of contingency
tables analysis using Pearson’s Chi2 statistic and analysis of residuals, if required. Student’s
t test was used for comparing means of the qualitative variables. Multivariate logistic
regression analysis was carried out considering pneumococci isolation (yes/no) as the
dependent variable and the following as independent variables: age (1 year/4 years), sex,
number of doses of PCV13 vaccine, daycare attendance (yes/no), number of months of
breastfeeding, number of siblings, and antibiotic use (yes/no) in the last month. Moreover,
logistic regression was performed stratified by age (1 year and 4 years), and considered the
same dependent and independent variables. Statistical significance for all results was set
for a p value < 0.05.
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3. Results
3.1. Pneumococcal Serotypes in Asymptomatic Carriers

A total of 1821 children were enrolled in the study, 893 boys and 928 girls (Table 1).
Among them, 906 were children of one year (401 summer 2014, 505 winter 2015) and
915 of four years (411 summer 2014, 504 winter 2015). A large proportion of children
(71.9%; 1309/1821) had received at least one dose of PCV13 and 67.8% (1235/1821) had
received two or more doses. The total percentage of NPC was 17% (138/812) in summer
and 21.9% (221/1009) in winter (p = 0.0089). The mean value for the whole group was
19.8% (359/1821) (Table 1). Nasopharyngeal colonization was similar in children aged one
or four years (18.6%; 169/906) and (20.7%; 190/915), respectively (p = 0.278).

Table 1. Social and demographic characteristics of children.

Characteristic/Variables Frequency
N (%)

2014 2015 Total

No. of children 812 (445) 1009 (55.4) 1821

Age
1 year 401 (49.4) 505 (50) 906 (49.7)
4 years 411 (50.6) 504 (50) 915 (50.3)

Gender
Male 350 (43.1) 543 (53.8) 893 (49)

Female 462 (56.9) 466 (46.2) 928 (51)

Nasopharyngeal carriage 138 (17.1) 221 (21.9) 359 (19.8)

Siblings ≥ 2 122 (15) 131 (13) 253 (13.9)

School attendance 484 (59.6) 599 (59.4) 1079 (59.2)

Day Care attendance
1 year 73 (9) 95 (9.4) 168 (9.2)

Antibiotics during last month 55 114
169 (10.4)Aged 1 year 26 56

Aged 4 years 29 58

Breastfeeding ≥6 months 324 (39.9) 333 (33) 657 (36)

Smoke exposition 323 (39.7) 393 (38.9) 716 (39.3)

PCV13-Vaccinated ≥2 doses 585 (72) 650 (64.4) 1235 (67.8)

Serotyping could only be performed in 263 strains and the sensitivity study in 255.
The serotypes’ distribution is shown in Figure 1, grouped according to their inclusion in
the PCV13 or in the 15-valent pneumococcal conjugate vaccine (PCV15) and 20-valent
pneumococcal conjugate vaccine (PCV20), which are currently in development. Only 38
(14.4%) of the serotypes found were PCV13-specific serotypes (VS). The persistence of 19F
(13), 19A (7), 6A (6), 23F (4), 3 and 6B (3), and 9V and 14 (1) stands out. Serotypes 4, 18C, 1,
5, and 7F were not found. Eleven strains (4.3%) were non typeables and 206 (80.8%) were
non-PVC13 serotypes (NVS), with special mention to the more than 20 isolates of serotypes
23B (34) and 11A (22), and more than 9 of 10A (17), 35F (15), 23A (14), 6C (13), 21 and
15A (10), and 16F, 24F, and 35B (9). In our population, the PCV15 and PCV20 serotypes
accounted for 19.6% and 38% of those pneumococcus detected, respectively.

To analyze the NPC in general, univariate analysis was performed including variables
such as number of siblings, PCV13 vaccination with at least one dose, and administration
of antibiotics in the last month. Summer season was negatively associated with carriage
(p = 0.04), and day care or school attendance was significantly associated with NPC in all
groups (p = 0.006).
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Figure 1. Serotype distribution of nasopharyngeal Streptococcus pneumoniae isolates from healthy children in Mur-
cia. PCV13: pneumococcal conjugate vaccine 13-valent. PCV15: pneumococcal conjugate vaccine 15-valent. PCV20:
pneumococcal conjugate vaccine 20-valent. NVS: non-vaccine serotypes. NT: non typeable serotypes.

No significant statistical differences were found regarding sex, age, vaccination,
recent antimicrobial use, passive smoking, or number of siblings; however, the one-year-
olds vaccinated with any number of doses and those who had taken antibiotics presented a
lower percentage of carriage.

A multivariate analysis by means of logistic regression was carried out, for all of the
NPC isolates, including the following independent variables: age, sex, number of doses of
vaccine PCV13, season, daycare attendance, number of months of breastfeeding, number of
siblings, and antibiotic use in the last month. Summer season was found to be a protective
factor (odds ratio (OR): 1.35. CI (1.05–1.73)), p = 0.019 and daycare or school attendance
was a favoring factor for NPC (OR: 1.78. CI (1.24–1.53)), p ≤ 0.005 (Table 2).

Table 2. Multivariate analysis.

Colonized Not Colonized p Multivariate
OR (CI95%)

Age (%):
1 years 18.9 81.1
4 years 21 79 0.28 0.73 (0.52; 1.03)

Sex:
Male (%) 19.7 80.3

Female (%) 20.2 79.8 0.78 0.98 (0.78; 1.25)

Vaccination (%):
Full (Yes) 18.5 81.5
Full (No) 21.6 78.4 0.26 0.77 (0.58; 1.02)

At least 1 dose (Yes) 18.5 81.5
At least 1 dose (No) 20.7 79.3 0.27 0.85 (0.66; 1.11)

Day-care/School attendance (%):
Yes 22.1 77.9
No 16.7 83.3 0.005 1.78 (1.24; 1.53)

Breast feeding:
number of months (Mean (SEM)) 5.7 (0.4) 5.95 (0.7) 0.9 1.0 (0.99; 1.00)
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Table 2. Cont.

Colonized Not Colonized p Multivariate
OR (CI95%)

Siblings (%):
No 41.5 58.5
Yes 47.2 52.8 0.055 1.16 (0.91; 1.47)

Antibiotics last month (%):
Yes 20.3 15.6
No 79.7 84.4 0.15 0.68 (0.43; 1.07)

Season (%):
Summer 17.1 82.9
Winter 21.6 78.4 0.019 1.35 (1.05; 1.73)

3.2. Relationship between Antibiotic Resistance and Serotypes

Among the 255 carriage isolates, 35.7% (91 strains) had an MIC to penicillin > 0.06
µg/mL, 1.5% presented a high level of resistance (MIC > 2 µg/mL), and 34.1% were
susceptible with increased exposure (sensitive to high doses of penicillin intravenous i.v.),
in non-meningitis. The percentages of penicillin resistance, in accordance with the EUCAST
criteria shown in Table 3.

Table 3. Antimicrobial susceptibility of 255 S. pneumoniae isolates to 12 antimicrobial agents (break-
points from The European Committee on Antimicrobial Susceptibility Testing (EUCAST, 2019)).

Antibiotic Susceptible Isolates
n/%

Resistant
Isolates

n/%

Intermediate
Isolates

n/%

Penicillin
(non-meningitis) 164/64.3 4/1.6 87/34.1

Penicillin (meningitis) 164/64.3 91/35.7

Oral Amoxicillin 228/89.5 27/10.5

Cefotaxime 231/90.6 1/0.4 23/9.1

Vancomycin 255/100

Levofloxacin 255/100

Erythromycin 173/67.8 82/32.1

Tetracycline 187/73.3 68/26.7

Chloramphenicol 244/95.7 11/4.3

Clindamycin 188/73.7 67/26.3

Linezolid 255/100

Trimetroprim-
sulfamethoxazole 183/71.8 72/28.2

Rifampicin 252/98.8 3/1.2

Resistance to amoxicillin (MIC > 1) was 10.5% and 231 strains (90.6%) were sensitive
to cefotaxime (MIC ≤ 0.5 µg/mL), 23 (9.1%) had intermediate sensitivity, and only one
isolate (0.4%) was fully resistant (MIC > 2 µg/mL).

Erythromycin resistance accounted for 32.1% of isolates (82/255) and resistance to
clindamycin was detected in 67 strains (26.3%), which indicates that the most frequent resis-
tance mechanism was MLSB (Macrolide-Lincosamide_Streptogramine B). An M phenotype
was present in 5.8% of the strains. Trimethoprim sulfamethoxazole (TMS) resistance was
present in 28.2% (72 strains). Following the EUCAST 2019 criteria, no resistance to linezolid,
levofloxacin, and vancomycin was found. Three isolates were resistant to rifampicin.
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Table 4 show the highest resistant serotypes among the most frequent serotypes.
The non-vaccine serotypes 23B (17/34), 11A (11/22), 35B (7/9), and 6C (8/13) and the
13 PVC-specific serotypes 19F (9/13), 19A (5/7), 6A (4/6), and 23F (3/4) were resistant
to penicillin. The 65% of the VSs versus 31% of the NVSs were resistant to penicillin
(p < 0.001).

Table 4. Resistance rates to penicillin, erythromycin, and trimethoprim sulfamethoxazole among the
most frequent serotypes.

Serotype Number
of Isolates

Penicillin
Intermediate and
Resistant Isolates

n/(%)

Erythromycin
Resistant Isolates

n/(%)

Trimethoprim
Sulfamethoxazole
Resistant Isolates

n/(%)

11A 22 11/(50) 10/(45.5) 16/(72.7%)

23B 34 17/(50) 7/(43.8) 14/(41.2)

19F * 13 9/(69) 9/(69) 9/(69.2)

6C 13 8/(61.5) 8/(61.5) 3/(23)

35B 9 7/(77.7) 4/(44.4) 1/(11)

19A * 7 5/(71.5) 5/(71.5) 2/(28.5)

6A * 6 4/(66.6) 4/(66.6) 5/(83)

15A 10 2/(20) 5/(50) 0/(0)

23A 14 1/(7) 7/(50) 4(28.5)

* Vaccine serotypes.

Resistance rates to erythromycin were around 50% in the NVS 15A, 11A, 23A, 23B,
and 35B. NSV 6C and VS 19A, 19F, and 6A exceeded 65% of resistant isolates.

Antimicrobial resistance to penicillin and erythromycin was found in 48 strains
(18.25%), particularly in the VSs 19A, 19F, 6A, and 6B and NVSs 35B and 6C. Multidrug
resistance was detected in 21 strains (8%) and significantly higher among PVC13 serotypes
(19A, 6A, and 6B), and NVS 6C.

4. Discussion

It is important to know the prevalence of the pneumococcal serotypes colonizing infants
of one year old, the population with the highest burden of IPD, and in those aged four years,
the age with the highest incidence of nasopharyngeal colonization [1,15]. It is also interesting
to know the potential role of vaccination in pneumococcal nasopharyngeal carriage.

NPC and vaccination: It is difficult to assess the impact of vaccination on NPC due to
the lack of uniformity in populational studies. Although some studies have communicated
a reduction in the percentage of NPC [4,5], most conclude that there are no important
variations [16,17], given that after the drop in the VSs an increase in other serotypes has
been observed, although not comparable to that observed with the serotype 19A after the
introduction of the 7-valent pneumococcal conjugate vaccine (PCV7).

In our study, the global prevalence of pneumococcal colonization was 19.9%. This per-
centage is lower than those described in Spain in this age range, both prior to the introduc-
tion of PCV7 [18] as well as subsequently, with the vaccine already on the market, [19,20],
all of which presented figures of around 30–35%. Other studies provide similar data,
even in sequential time studies [16,21–24]. Some authors have reported higher percent-
ages in specific populations [5,25–27]. Justifying these differences is not an easy task,
but it is possible that there are multiple factors involved such as ethnicity, study period,
daycare attendance, number of siblings, occupation of the pharyngeal niche by other bac-
teria, vaccination, time trends, etc. In our study, about half of the samples were collected in
summer, a low proportion of infants under one year of age were attending daycare and
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had a very low number of siblings; these factors could contribute to having a lower NPC
rate than in most studies.

According to all published studies [2,22,28], the percentage of VSs was low at 14.4%,
but higher than those observed in other countries [4,5,25–27]. It is possible that these
variations are related to the level of vaccination in the population, which in our study is not
excessively high. Among the vaccine serotypes, the persistence of 19F, 6A, 6B, 3, and 19A
should be highlighted and serotypes 4, 18C, 1, 5, and 7F were not found in accordance with
other studies [2,29], except in the persistence of 19F.

The most frequently encountered NVSs were 23B, 11A, 10A, 35B/F, 23A, 6C, 21,
15A/B/C, and 31, some of which are referred to in the literature as having a high resistance
rate to antibiotics [29]. Similar values have been described in other studies [2,17,22,25,27,29].

The importance of replacement by NVSs must be seen in time. In the first few years
after the introduction of PCV13, a replacement by serotypes with decreased invasive
potential was observed. This trend has been reversed and recent studies show an increase
in invasive pneumococcal disease (IPD) in people over 15 years of age, particularly in
those over 65 [30,31]. The serotypes primarily involved in this change are 8, 9N, and 12F,
which are very invasive despite being rarely detected in carriers, whilst the most frequent in
NPC belong to the least invasive group [31]. An increase in the IPD rates was also observed
in France [6] with a similar pattern that affected, among other age groups, those under
the age of two. In Spain, a reduction of 88% in IPD cases has recently been notified in the
pediatric population for the period 2009–2019 [29]. In 2015, the most prevalent serotypes in
IPD in Spain were 24F, 23B, and 10A [7], thus supporting the data obtained at a regional
level where the serotypes 23B and 10A are among the four most frequent. In our study,
the serotype 24F was not found to be among the most frequent, in contrast to the recent
data for IPD in France and Spain, which show that the serotype 24F is the most frequent in
the pediatric population [6,7]. One possible explanation for this is that the serotype 24F is a
serotype that is a transitory colonizer of the pediatric nasopharynx for a short time, which
conversely has a high capacity to produce IPD, similar to serotype 8, and was not observed
in our study or related to the increase in invasive diseases in adults.

Considering our population, the potential coverage of PVC15 and PVC20 was 18%
and 36.5%, respectively.

Monitoring the evolution of serotypes and their level of resistance to antibiotics is
mandatory to the design of new strategies, particularly taking into account that neither
serotypes 24F, nor 23B, are included in current vaccines or in those under development.

NPC associated factor: A series of mainly environmental and socioeconomic factors
associated with colonization have been classically recognized to be associated with NPC,
such as age, daycare attendance, overcrowding, and passive smoking. On the other hand,
vaccination, breastfeeding, and the administration of antibiotics in the previous month
have been reported as protective factors [1,3,4]. In our study, we found, at a statistically
significant level, that attending daycare or school was a predisposing factor to NPC and
that summer season was a protective factor. Other authors found one or several of those
factors [4,32], but situations involving overcrowding, mainly daycare attendance, coincide
in all the studies. It seems logical to think that contact with a larger number of possible
carriers increases the possibility of NPC.

NPC and antibiotic resistance: Antibiotic resistance patterns vary considerably from
country to country and moreover evolve over time [1]. In Europe, Spain, together with
France and Italy, presents one of the highest rates of resistance [33] with a general decline
in the resistance to penicillin, cephalosporins, macrolides, and Trimethoprim sulfamethox-
azole (TMS) following the introduction of the PCV. This situation has remained stable
in recent years in both the strains of carriers and in those from invasive disease [34–36].
The factors that have been related to such changes are the use of antibiotics, introduction
of new vaccines, reduction in pneumococcal diseases, and replacement by more resis-
tant serotypes, in addition to other less-known factors such as the expansion of clones,
etc. [1,17,34,36].
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Using breakpoints for meningitis, 35.7% of the strains were resistant to penicillin (MIC
> 0.06). High resistance to penicillin (non-meningitis breakpoints) was found in 1.6% (MIC
> 2), and 34.1% of strains had intermediate resistance (MIC > 0.06 - <2). These data are
similar to those found in numerous studies carried out in different scenarios [2,25,37–42].
Other studies have published higher rates (about 40%) [5,24] and the lowest rate has
been reported in Switzerland (16.8%) [36]. In Spain, the European Centre for Disease
Prevention and Control (ECDC) [35] reported 23.5% resistance in isolates from IPD in 2015.
This percentage fell to 18.5% in 2018.

We have found a higher rate of resistance to penicillin among PVC13 serotypes (65%)
against NVS (31%) than recorded in the literature [5], which reflects the impact of the
pneumococcal immunization on the rates of penicillin resistance.

Resistance to oral amoxicillin was 10.5% (MIC > 1), a higher percentage than that
described in France [25] and probably linked to the consumption of this antibiotic in
our area.

A total of 90.5% of our strains were cefotaxime-susceptible with MIC ≤ 0.5 and only
one isolate had an MIC > 2, percentages that concur with other communications [37].
Other authors [36,40] have found susceptible rates that exceeded 95% for meningeal in-
fection, and in the other extreme Korea had a 72.3% susceptibility rate for meningeal
infection [22].

Resistance to erythromycin is linked to that of penicillin and varies greatly [1]. In our
study, we found a 33.1% resistance during the commercialization of PCV7, slightly lower
than the rates published for other Spanish studies (40.5% and 37%) [20,43]. In other studies, a
similar value can be found in Cyprus, among the Bedouins of Sokora, and in Russia [5,40,42]
with higher resistance rates in France and the United States of America [2,38]. This is closely
linked with the elevated consumption of macrolides [1,43,44].

The combined resistance to penicillin and erythromycin is a problem that appeared
in the 1990s and that reached very high levels in Spain at the start of this century [45].
Recent years have seen a progressive drop in this type of isolate. The data from our study
are somewhat higher (18.2%) than those informed by the European Center for Disease
Prevention and Control (ECDC) [35] for Spain, with a rate around 12%, which has not
changed significantly in the last few years.

Resistance to TMS reached 27.7%, similar to Cyprus [40] and the United States of
America [38], and lower than the values found by other authors (35–45%) [27,41,42].

The rate of multiresistance was similar to that described in Spain (6%) and much lower
than the data from France [25].

Strengths and Weaknesses

The main strengths of this work lie in the moment in which it was performed, five years
after the commercialization of PCV13, and the number of samples gathered, despite the
excessive number of samples lost. Another strong point is that the epidemiological data
were gathered from clinical records, thus not having to rely on parents’ memory, except on
a very few occasions, and thereby avoiding bias in the face of “sensitive” questions such
as smoking or the duration of breastfeeding. However, as often occurs in this type of
study, there was no prior randomization, given that participation was voluntary, so it may
not be a totally representative sample. Data regarding the doses and duration of prior
antibiotic therapy were not collected, nor was multiple colonization assessed, which may
have modified the final results.

5. Conclusions

We have found a relatively low percentage of VSs, which confirms the importance of
pediatric vaccination for reducing the carrier state by vaccine serotypes, with a percentage
of NPC that is also low with respect to other studies. We observed the permanence of VSs,
principally 19F, the non-appearance of 4, 18C, 1, 5, and 7F, and an increase in the NVSs,
principally 23B, 11A, 10A, 35B/F, 23A, 6C, and 21. Attendance to daycare or school is a
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NPC-favoring factor. The remaining VSs have a high degree of resistance and among the
NVSs, special mention should be made to 35B, 11A, 23B, and 6C. A high rate of resistance
to penicillin, erythromycin, and trimethoprim sulfamethoxazole was found.

It is necessary to monitor the evolution of the serotypes and the resistance of S. pneu-
moniae to commonly used antibiotics to enable the design of new vaccines and the imple-
mentation of public health measures.
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