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a b  s  t  r a  c t

Introduction:  The 13-valent  pneumococcal  conjugate vaccine (PCV13) universal  vaccination programme
was introduced  in December  2016  in Andalusia.
Methods: A  cross-sectional  study  was conducted  on the  molecular  epidemiology  of pneumococcal
nasopharyngeal  colonization. A  total  of  397  healthy  children were  recruited  from  primary healthcare
centres  in Seville  for  the  periods  1/4/2018 to 28/2/2020  and  1/11/2021  to 28/2/2022  (PCV13  period). Data
from  a previous carriage  study conducted  among healthy  and  sick children  from  1/01/2006  to  30/06/2008
(PCV7  period),  were  used for comparison  of serotype/genotype  distributions  and antibiotic  resistance
rates.
Results:  Overall, 76  (19%)  children  were  colonized with  S. pneumoniae  during  the  PCV13 period and  there
were  information available from  154  isolates  collected  during  the  PCV7  period. Colonization  with  PCV13
serotypes  declined  significantly in the  PCV13 period compared  with  historical  controls (11% vs 38%,
p  =  0.0001),  being  serotypes  19F (8%),  3 (1%)  and  6B  (1%) the  only  circulating  vaccine types.  Serotypes
15B/C  and  11A  were  the  most  frequently identified  non-PCV13  serotypes  during  the  PCV13  period (14%
and  11%,  respectively);  the  later  one  increased significantly  between time  periods (p  =  0.04).  Serotype  11A
was  exclusively  associated  in the  PCV13 period  with  ampicillin-resistant  variants  of the  Spain9V-ST156
clone (ST6521  and  genetically related  ST14698),  not detected  in the preceding period.
Conclusions:  There was a residual circulation  of vaccine  types  following PCV13 introduction, apart from
serotype 19F. Serotype  11A increased between  PCV13 and  PCV7  periods due to emergence and  clonal
expansion  of ampicillin-resistant  genotype  ST6521.
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Epidemiología  molecular  de  la colonización  nasofaríngea  neumocócica  en
niños  de  Sevilla,  tras  la  implementación  del  programa  de  vacunación  con
VNC13  en Andalucía  (España)

r  e  s u m  e  n

Introducción:  El programa de  vacunación universal  con la vacuna  antineumocócica  conjugada  13-valente
(VNC13)  se implantó en  Andalucía  en  diciembre  de 2016.
Métodos:  Estudio  transversal de colonización  nasofaríngea  por  Streptococcus pneumoniae. Se reclutaron
397  niños  sanos en centros  de  atención  primaria  de Sevilla  durante los  periodos  1/4/2018  al 28/2/2020  y
1/11/2021  al 28/2/2022 (periodo  VNC13). Se utilizó una  colección histórica  de  un  estudio  de colonización
desarrollado  en  niños  sanos y  con infección respiratoria  superior  entre  el 1/01/2006 y 30/06/2008  (período
VNC7)  para comparar las  distribuciones de  serotipos/genotipos  y  las tasas  de  resistencias  antibióticas.
Resultados:  Un total  de  76 (19%) niños  estaban colonizados con S.  pneumoniae  en el  período VNC13  y  se
dispuso  de  154 aislamientos  del  período  VNC7. La colonización  por  serotipos incluidos  en  VNC13  dismin-
uyó  significativamente  entre  los periodos  VNC13 y VNC7  (11%  vs  38%,  p =  0,0001),  siendo  los  serotipos
19F (8%), 3 (1%)  y 6B  (1%)  los únicos  serotipos vacunales  circulantes.  Los serotipos  15B/C  y  11A fueron
los serotipos no VNC13  más  prevalentes  durante el  período VNC13 (14% y  11%, respectivamente);  este
último  se incrementó significativamente  entre  periodos  de  tiempo (p =  0,04).  El serotipo  11A se asoció
exclusivamente  en el  periodo  VNC13 con  variantes resistentes a la ampicilina  del clon  Spain9V-ST156
(ST6521 y  genéticamente  relacionado  ST14698),  no  detectadas en  el periodo  anterior.
Conclusiones:  Hubo  una  circulación  muy residual de  los serotipos  vacunales  durante el periodo  VNC13,
con  excepción del  serotipo  19F. El  serotipo  11A se incrementó  significativamente  entre los periodos  VNC13
y  VNC7  por  expansión clonal  del genotipo resistente  a  la  ampicilina ST6521.

© 2022  Sociedad  Española de  Enfermedades  Infecciosas  y Microbiologı́a  Clı́nica.  Publicado  por Elsevier
España, S.L.U. Todos  los derechos  reservados.

Introduction

Streptococcus pneumoniae is  a  common commensal of the
human nasopharynx. Pneumococcal colonisation is  a  universal
process, with a higher prevalence in  young children, and is  consid-
ered a requirement for the development of pneumococcal disease
(mucosal or invasive).1 This is highly relevant in infectious dis-
ease throughout the world due to  its prevalence and high disease
burden.2

Pneumococcal conjugate vaccines (PCVs) have significantly
reduced the incidence of invasive pneumococcal disease (IPD) in
the immunised population and also, although to a lesser extent,
among non-immunised people due to  the “herd effect”.3,4 How-
ever, its effectiveness is limited by  the partial coverage of serotypes
and may  decrease over time due to the so-called replacement phe-
nomenon (increase in the incidence of IPD due to non-vaccine
serotypes [NVS] resulting from their greater presence in nasopha-
ryngeal colonisation due to vaccine immunity pressure on vaccine
serotypes [VS]).5 Active surveillance of the epidemiology of IPD
after the introduction of PCVs is essential to analyse the impact of
vaccination on the incidence of IPD in  all age groups, changes in the
distribution of serotypes and the possible appearance of serotype
replacement. As a  complement to epidemiological surveillance in
IPD, cross-sectional studies of nasopharyngeal carriage are of great
importance to understand the underlying mechanisms of the ḧerd
effectänd serotype replacement, and they inform about changes in
prevalence, resistance rates and the invasive potential of replace-
ment NVS in the nasopharynx.

Systematic vaccination against pneumococcus with 13-valent
PCV (PCV13) was introduced in  December 2016 in  the childhood
vaccination schedule of Andalusia (Spain). Various PCV formula-
tions had already been available (PCV7, PCV10 and PCV13 since
2001, 2009 and 2010, respectively) on the private market with
variable anti-pneumococcal vaccination rates (41–61%) among the
Andalusian paediatric population.6,7 The PCV13 vaccination cover-
age in the Andalusian paediatric population after the start of the
childhood vaccination programme ranged from 97.2% in  2018 to
98.2% in 2020 (Moreno D. personal communication).

Our group has conducted two  parallel studies of molecu-
lar epidemiological surveillance of IPD and colonisation of the
nasopharynx in the Andalusian paediatric population for a  better
understanding of the benefits of the systematic vaccination pro-
gramme  against pneumococcus and to  monitor the evolution of
NVS. The objective of this study was  to describe the distribution of
serotypes and genotypes and the rates of antimicrobial resistance in
pneumococcal isolates obtained from the nasopharynx of  healthy
children under five years of age treated at various health centres
in the city of Seville after the introduction of universal childhood
vaccination with PCV13. In addition, and as a secondary objec-
tive, this information was compared with other similar information
obtained in  the last 30 months from a  cross-sectional study of
nasopharyngeal carriage conducted in the same geographical area
in a  period with partial vaccination with 7-valent PCV (PCV7).7,8

Methods

Design, scope and study period

This was a  cross-sectional, observational descriptive study on
the epidemiology of pneumococcal nasopharyngeal colonisation.
A total of 394 healthy children between the ages of six months
and five years, seen at a well-child visit or on demand in 10
public and private primary care  centres in  the city of Seville,
were selected by logistical criteria. The study covered the peri-
ods 01/04/2018−28/02/2020 and 01/11/2021−28/02/2022 (PCV13
period).

Sampling and data collection procedures

Participating children were selected without prior randomisa-
tion criteria. This study was conducted taking into account current
legislation, the ethical standards of the Declaration of Helsinki and
the guidelines for good clinical laboratory practice. Parents or legal
guardians were informed verbally and in writing of the characteris-
tics of the study and they were asked to sign the informed consent
form. The study was approved by the Ethics Committee of  the Hos-
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pital Universitario Virgen del Rocío [Virgen del Rocío University
Hospital] in Seville (code 2017/176).

Prior to obtaining the sample from the nasopharynx, infor-
mation was collected on the following potential risk factors for
pneumococcal colonisation: age, gender, nursery attendance, use of
antibiotics in the previous two months and type of antibiotic used,
passive smoking and vaccination status against pneumococcus.
The samples from the nasopharynx were obtained by  healthcare
professionals previously trained in  the procedure according to a
previously described methodology.9 The samples were transported
to the Microbiology Department of the Virgen del Rocío University
Hospital within 24 h for conventional microbiological processing,
after which they were frozen at –80 ◦C  until the serotyping and
genotyping procedures were later completed.

Microbiological studies, serotyping and genotyping

Nasopharyngeal samples were plated on Columbia blood agar
plates, supplemented with 5 �g/ml gentamicin, and �-haemolytic
colonies were identified as pneumococci based on their morphol-
ogy, optochin susceptibility and bile solubility. For serotyping and
genotyping, genomic DNA was extracted from the pneumococcal
isolates and their complete sequencing was carried out at the Insti-
tuto de Biomedicina de Sevilla [Seville Institute of Biomedicine].
Determination of the capsular serotype was performed by  bioinfor-
matics analysis of the genomic sequences of the capsular locus.10

The VS group included all serotypes covered by the PCV13 for-
mulation (1, 3, 4, 5,  6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F). The
remaining serotypes were considered to be NVS. Genotyping was
performed by multilocus sequence typing according to  standard
methodology.11 A clonal complex (CC) was defined as a  sequence
type (ST) sharing at least five of the seven allelic variants.

Antimicrobial susceptibility to penicillin, ampicillin, cefotaxime
and erythromycin was determined by  E-test using the breakpoints
recommended by  EUCAST in 2022 for assigning interpretive cat-
egories (https://www.eucast.org/clinical breakpoints). Within the
non-susceptible category, resistant strains and those sensitive to
high doses were combined.

Historical PCV7 controls

To compare the distribution of serotypes and genotypes and the
rates of antibiotic resistance, a historical collection of 154 pneu-
mococcal isolates from the PCV7 time period between 01/01/2006
and 30/06/2008, which had been partially reported (for the period
01/01/2006 to 30/06/2006) in  the literature, were used.8 These
colonising strains were obtained in a  study of nasopharyngeal car-
riage conducted at four health centres and two  hospital accident
and emergency departments in Seville, according to the described
methodology.7 In  this period, antimicrobial susceptibility to oral
amoxicillin was  evaluated, but not  to ampicillin, as in the PCV13
period.

Statistical analysis

Statistical processing was performed using the SSPS 26.0 pack-
age. Categorical variables were compared using the �2 and Fisher’s
exact tests, as appropriate. Variables with a p-value <0.10 in the uni-
variate analysis of predictors of pneumococcal carriage status were
entered into a binary logistic regression model. It  was considered
significant in a test when the p-value was <0.05.

Table 1

Comparative analysis of the demographic variables in the nasopharyngeal colonisa-
tion studies of the PCV13 and PCV7 periods.

Variable N (%)

2018−2022 2006−2008 p

N = 397 N =  443

Colonised by S. pneumoniae 76 (19) 154 (35) 0.0001

Age 6 months to <3 years 254 (64) 297 (67) 0.35
Healthy childrena 397 (100) 89 (20) 0.0001

Previous use of antibiotics (<2
months)

83 (21)a,b 144 (33) 0.0002

Immunised with PCV7/PCV13c 381 (96)d 237 (54)e 0.0001

Attendance at school or
nursery

267  (66) 310 (70) 0.40

Smoker parents 109 (28)f 232 (53)g 0.0001

Sampling period
1st or 3rd four-month period 229 (67) 400 (90) 0.0001

2nd four-month period 168 (42) 43 (10) 0.0001

In bold, statistically significant p-values.
a In the period 2006−2008, healthy and sick children with upper respiratory tract

infections were included, while in the period 2018−2022 only healthy children were
included.

b N =  395; N = 436.
c Immunised with ≥1 dose of PCV7 (2006−2008) or PCV13 (2018−2022).
d N =  396.
e N =  439.
f N =  393.
g N =  438.

Results

Demographic characteristics

A  total of 76 (19%) nasopharyngeal colonising strains of  S.  pneu-

moniae were identified in 397 healthy children during the PCV13
period, in  addition to a  historical collection of 154 (35%) pneumo-
coccal nasopharyngeal isolates obtained from 443 participants (89
healthy children [20%] and 354 children with mild upper respira-
tory tract infections [80%]) during the PCV7 period.

Compared to the PCV7 period, the PCV13 period was  associated
with lower rates of colonisation (19% vs 35%; p =  0.0001), antibiotic
use in the previous two  months (21% vs 33%; p =  0.0002) and smok-
ing in  one of the parents (28% vs 53%; p = 0.0001), and with a higher
proportion of healthy children (100% vs 20%; p =  0.0001) and chil-
dren immunised with PCV (96% vs 54%; p  =  0.0001) (Table 1). On
the other hand, there were no differences between the two peri-
ods in the proportions of younger children (six months to three
years) and those attending a  nursery or  primary school. Finally, the
recruitment of participants was  significantly higher in the second
four-month period in the contemporary study than in the historical
one (42% vs 10%; p =  0.0001).

In the univariate analysis, pneumococcal colonisation in both
the study periods was significantly associated with age <3 years,
concomitant presence of upper respiratory tract infection (sick
children) and recruitment in the first or third four-month period
(Table 2). In the multivariate analysis, these variables continued to
be positively associated with increased risk of colonisation.

Serotype distribution

In  all, 27 and 32 different individual serotypes were identified
in  the total of 76 and 154 isolates from the contemporary and his-
torical study periods, respectively. Colonisation by VS  included in
PCV13 decreased significantly between the PCV13 and PCV7 peri-
ods (n =  8, 11% vs n = 58, 38%; p =  0.0001).

During the most recent study period, only the vaccine serotypes
19F (n  =  6,  8%), 3 (n  =  1, 1%) and 6B (n = 1, 1%) were identified (Fig. 1).
These had been in circulation in  the PCV7 period, without sig-
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Table  2

Univariate and multivariate analysis of demographic variables associated with an  increased risk of pneumococcal colonization.

Variable Univariate analysis Multivariate analysis

p  OR (95% CI) p

Age 6 months to <3 years 0.01 1.76 (1.16−2.53) 0.02

Concomitant respiratory infection 0.03 2.11 (1.35−3.36) 0.001

Recent  use of antibioticsa 0.08 0.71 (0.44−1.15)
Immunised with PCV7/PCV13b 0.19 . . .

Attendance at school or nursery 0.17 . . .

Recruitment in 1 st or 3rd four-month period 0.003 2.63 (1.49−4.63) 0.001

In bold, statistically significant p-values.
a <2  months.
b Immunised with ≥1 dose of PCV7 (2006−2008 period) or PCV13 (2018−2022 period).

Figure 1. Comparison of the distribution of pneumococcal serotypes identified in  the PCV13 and PCV7 periods.

nificant differences being observed between the two  periods. The
remaining VS present in the historical period and eradicated in the
contemporary period included the serotypes: 19A (n =  15, 10%), 6A
(n = 9, 6%), 23F (n =  4,  4%), 9V (n =  3, 2%), 7F (n =  2, 1%), 14 (n =  2,
1%), 5  (n = 1, 1%) and 18C (n =  1, 1%).  The proportion of serotype
19A isolates decreased significantly between the two  time  periods
(p = 0.003).

On the other hand, the following NVS with prevalence ≥3% were
identified in the PCV13 period: 15B/C (n = 11, 14%), 11A (n =  8, 11%),
23A (n = 5, 7%), 10A (n =  4, 5%), 16F (n  =  4, 5%), 31 (n =  4, 5%), non-
typeable (NT) (n = 4, 5%), 23B (n =  3, 4%), 21 (n =  3,  4%), 6C (n = 2, 3%),
15A (n = 2, 3%), 22F (n =  2, 3%), 34 (n =  2, 3%), 35B (n =  2, 3%), 35F
(n = 2, 3%) and 38 (n = 2, 3%). Other NVS present during this time
period are described in Fig. 1.  When comparing the PCV13 and PCV7
periods, a significant increase in the proportions of serotypes 11A
and 31 was observed (p = 0.04 for both serotypes) and there were
no significant changes in the remaining NVS.

Genotype distribution

A total of 40 and 67 different sequence types were identified
by multilocus sequence typing, out of a  total of 76 and 152 geno-
typed isolates from the PCV13 and PCV7 periods, respectively. The
most common clonal complexes in  the PCV13 period were CC156
(n = 9, 12%), followed by CC42, CC51 and CC97 (n =  4, 5%, all three),

while the sequence types with the highest frequencies in  this same
period were ST1262 (n  =  8, 11%), ST433, ST1760 and ST2670 (n  =  3,
4%, all three) (Table 3). CC156 was predominantly associated in  the
PCV13 period with the ST6521 sequence type, a genetic variant of
the global clone Spain9V-ST156 expressed as serotype 11A. This
serotype was  exclusively associated with clone ST62 in the histori-
cal period and was  replaced by ST6521 in more recent years. ST1262
was  expressed as serotype 15B/C and, unlike ST6521, remained sta-
ble during both study periods. Other genotypes identified in the
historical and contemporary periods are shown in Table 2  and in
the table of additional material in Appendix A.

Antimicrobial resistance rates

Of the 76 strains from the PCV13 period, 20 (16%) showed
reduced susceptibility to penicillin, of which two isolates (3%) were
classified as resistant to  penicillin. The rates of reduced susceptibil-
ity and resistance to  the other two  �-lactam antibiotics evaluated
in both periods were as follows: ampicillin (17% and 16%) and cefo-
taxime (7% and 0%); 15 strains (20%) also showed resistance to
erythromycin. The antimicrobial resistance rates of the PCV7 period
did not show statistically significant differences compared to  those
of the PCV13 period for penicillin (with reduced susceptibility to
penicillin [32% vs 26%; p =  0.34] and resistant to  penicillin [0% vs 3%;
p  =  0.11]) or cefotaxime (reduced susceptibility [4% vs 7%; p =  0.37]
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Table  3

Clonal complexes and sequence types with ≥3 isolates in  the PCV13 or PCV7 study
periods and associated serotypes.

CC/ST Serotype 2018−2022 2006−2008
No. of isolates (%) No. of isolates (%)
N = 76 N =  151

CC156 9 (12) 5 (3)
ST156 14 0 1 (1)

35B 1 (1) 0
ST162 9V 0 2 (1)
ST838 9V 0 1 (1)
ST2944 14 0 1 (1)
ST6521 11A 7 (9) 0
ST14698 11A 1 (1) 0
CC42 4 (5) 12 (8)
ST42 23A 1 (1) 6 (4)
ST311 13F 1 (1) 0
ST439 23B 2 (3) 5 (3)

23F 0 1 (1)
CC51 5 (7) 2 (1)
ST15 19F 1 (1) 0
ST51 19F 2 (3) 0
ST179 19F 2 (3) 2 (1)
CC97 4 (5) 8 (5)
ST97 10A 1 (1) 8 (5)
ST1551 10A 3 (4) 0
CC199 1 (1) 9 (6)
ST199 15B/C 1 (1) 5 (3)

19A 0 3 (2)
ST2109 19A 0 1 (1)
CC224 1 (1) 9 (6)
ST224 6C 0 1 (1)
ST338 6A 0 3 (2)

23F 0 2 (1)
ST1150 6C 1 (1) 2 (1)

6A 0 1 (1)
CC1143 0 3 (2)
ST1143 6A 0 2 (1)
ST1876 6A 0 1 (1)
ST1262 15B/C 8 (11) 4 (3)
ST432 21 3 (4) 5 (3)
ST1766 31 3 (4) 0
ST2670 23A 3 (4) 0

23F 0 1 (1)
ST30 16F 2 (3) 3 (2)
ST433 22F 2 (3) 2 (1)

19A 0 2 (1)
ST1078 15B/C 2 (3) 0

15A 2 (3) 0
ST2001 34 2 (3) 2 (1)
ST2615 35F 2 (3) 0

19F 0 1 (1)
ST180 3 1 (1) 4 (3)
ST392 19A 0 1 (1)

15A 0 2 (1)
ST230 17F 1 (1) 2 (1)
ST344 24F 1 (1) 2 (1)
ST62 NT 0 8 (5)
ST558 11A 0 5 (3)
ST276 35B 0 5 (3)
ST386 19A 0 4 (3)

6B 0 3 (2)
6C 0 1 (1)

In bold, CC and ST identified only during the 2018−2022 period.
CC: clonal complexes; ST: sequence types.

and resistance [0% vs 0%]), but were, in contrast, significantly higher
for erythromycin (38% vs 20%; p =  0.006).

Table 4 shows the distribution in the PCV13 period of the
serotypes with reduced susceptibility to  �-lactam antibiotics and
with resistance to  erythromycin. The isolates with resistance to
ampicillin in these years corresponded mostly to  the serotype
11A strains (clone ST6521 and the genetically related ST14698)
(8/12, 67%), while, in  contrast, the five isolates of the ST62 geno-
type associated with this serotype in the PCV7 period showed full
susceptibility to oral amoxicillin (MIC 0.06 mg/l). The remaining

serotypes and genotypes with resistance to ampicillin in  the PCV13
period are described in  Table 5.

Discussion

This study, conducted after the introduction of systematic vacci-
nation with PCV13 in the Andalusian child immunisation schedule,
constitutes the first national publication on the molecular epidemi-
ology of pneumococcal nasopharyngeal colonisation in healthy
children with full PCV13 vaccination coverage. Several studies of
pneumococcal carriage in children from various autonomous com-
munities in Spain have been previously published, but these were
conducted in  settings with private vaccination and partial cover-
age, and the distribution of genotypes was  only evaluated in two
studies from the PCV7 period.8,9,12–15

PCVs have a  profound impact on the pneumococcal population
of the nasopharynx. They significantly reduce the circulation of
VS, but fall short of completely eliminating them. This reduction
is offset by an increase in  the prevalence of NVS. As a  result, pneu-
mococcal colonisation rates similar16,17 or  lower18,19 than those of
the pre-vaccination era have been described after the introduction
of PCVs, depending on whether the degree of replacement of VS by
NVS was  total or partial, respectively. We  observed lower colonisa-
tion rates in  the PCV13 period than those registered during the PCV7
period (19% vs 35%). This difference could be related to the unbal-
anced distribution between both study populations of some of the
demographic characteristics, such as concomitant upper respira-
tory tract infection and recruitment in  the first or third four-month
period (less warm months), which were independent predictors of
pneumococcal colonisation by multivariate analysis.

As expected, VS colonisation decreased very markedly, by 79%,
between the PCV13 and PCV7 periods. Seven of the 10 circulating
VS were eradicated during the historical period, including serotype
19A identified in  10% of the isolates from this last period, while only
significant persistence (8%) of serotype 19F was observed. On  the
other hand, serotypes 3 and 6B, the proportions of which decreased
between the two time  periods, were detected very infrequently
(1%) in  the PCV13 period, although this finding was not  statistically
significant. This is  not  unexpected, because serotype 19F is  one of
the most frequently detected VS in colonisation studies performed
after the introduction of PCV13.12,16,20 Serotype 19F was genet-
ically diverse and associated with multiple antibiotic resistance.
This serotype has a  great capacity to form a  biofilm and, therefore,
a high capacity to evade the immune system, which, together with
antibiotic resistance, are factors that may  have contributed to its
persistent circulation.21,22

There was a  wide distribution of NVS in the PCV13 period,
with 24 different serotypes identified. The dominant NVS included
serotypes 15B/C, 11A, 23A, 10A, 16F, 31, NT, 23B and 21, which
are  common NVS in colonisation studies of the PCV13 period,
although with some differences in the prevalence ranking between
the various geographical areas.12,16,20,23,24 These serotypes have
been associated with low invasive potential (OR < 1 in the compar-
ison of the prevalence in IPD and carriers) in the PCV13 period,
except for serotype 10A, which had an OR in  the range of 1.2–1.7
in some studies.17,19,25 The 20-valent PCV, approved for the pre-
vention of pneumonia and IPD in  adult patients and likely to  be
marketed soon in the paediatric population, includes in its for-
mulation this latter serotype and serotypes 11A and 15B, of high
prevalence in this study.

The proportions of serotypes 11A and 31 increased significantly
between the PCV13 and PCV7 periods due to the expansion of
clones (ST6521 and ST1766, respectively) not  detected in the PCV7
period study. ST6521 arose by recombination between clones 11A-
ST62 and NT-ST344 and the global clone Spain9V-ST156, associated
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Table  4

Serotypes associated with decreased susceptibility to  �-lactam antibiotics and erythromycin in the  76  nasopharyngeal isolates from the PCV13 period.

Serotype Proportion of strains with decreased susceptibility (% full resistance*) to

Penicillin Ampicillin Cefotaxime Erythromycin*

6B 0 0  0  100
6C  50 (0) 0 0  50
11A  100 (0)  100  (88) 25  (0)  0
15A  0 0  0  50
15B/C 0 0  0  18
16F  50 (0) 0  0  0
19F  67 (17) 50 (50) 33  (0)  50
23A  0 0  0  60
23B 33 0  0  0
24F  100 (0)  0  0  100
35B 50 (0) 50 (50) 0  50
NT  50 (25) 25  (25) 0  50
Total 26 (3) 17  (16) 7  (0) 20

* Strains sensitive to high doses are excluded.

Table 5

Serotypes and genotypes associated with resistance to  ampicillin (MIC >1 �g/ml) during the 2018–2022 period.

Antimicrobial susceptibility (mg/l)

CC ST Serotype No. of isolates Pen Amp Ctx Ery

156 156 35B 1 1.5 4  0.38 0.12
156  6521 11A 6 1.5−2  3−16 0.38−0.75 0,12−0,19
156 14,698 11A 1 1.5 4  0.38 0.12

179 19F 2 1−3 1.5−3  0.75 256
[1,0]51 15  19F 1 1 2  0.38 256

4149  NT 1 1 2  0.5 6

Genotypes and serotypes in bold were either not  detected (ST6521, ST14698, ST15 and ST4149) or were not associated with amoxicillin resistance (CC51, ST179) during the
PCV7  period.
Amp: ampicillin; CC: clonal complex; Ctx: cefotaxime; Ery: erythromycin; NT: non-typeable; Pen: penicillin; ST: sequence type.

with serotypes 9V and 14.26 The clonal expansion of ST6521 is of
concern due to its phenotypic characteristics of resistance to ampi-
cillin/amoxicillin, greater ability to produce biofilm and increased
ability to evade activation of the classical complement pathway
and phagocytosis compared to ST838, which is also from Spain9V-
ST156.27 In a context of antibiotic pressure and vaccine immunity,
these properties may  have contributed to  its increasing relevance
in the aetiology of acute otitis media in  children and acute exac-
erbations of COPD in adults in  certain geographical locations in
Spain.28,29 In addition, this serotype can be associated with IPD in
children and adults due to its high prevalence in  carriers and its
marked lethality: it is even more lethal than serotype 3.30,31

The rates of reduced susceptibility to penicillin and cefotaxime
remained stable and a  significant decrease in  the rates of resis-
tance to erythromycin was observed between the PCV13 and PCV7
periods. Although several VS (6A, 9V, 19A and 23F) associated to a
variable degree with decreased susceptibility to �-lactam antibi-
otics were eradicated in  the PCV7 period, this beneficial effect
was offset by the appearance and clonal expansion of ST11A-
ST6511.This is a  pattern of evolution of antimicrobial resistance
described after the introduction of PCVs, such that the decrease
in resistance rates derived from the eradication of VS tends to be
offset over time by  the progressive acquisition of resistance deter-
minants in NVS.32,33 It should also be noted that the SARS-CoV-2
pandemic has caused the percentage of resistant strains of pneu-
mococcus to increase. This is clearly seen in  serotype 11A, which
has gone from having a  MIC90 to penicillin of 2 �g/ml in Spain in
the pre-pandemic period (2016–2019) to a MIC90 to  penicillin of
4 �g/ml in 2020, which is a  value considered to be resistant.34

This study has several limitations. First, as already mentioned,
the different demographic characteristics of the study populations
from the PCV7 and PCV13 periods are a confounding factor for the
comparative analysis of colonisation rates. Second, the distribu-
tion of some serotypes may  differ between healthy children and
those with upper respiratory infection.35 Lastly, multiple coloni-

sations were not  evaluated by molecular techniques, nor was
pre-enrichment performed on the culture, which, if it had been,
could have increased the detection capacity of pneumococci in
nasopharyngeal colonisation.

In conclusion, in the years after the introduction of PCV13 in
the Andalusian paediatric immunisation schedule, a  very resid-
ual circulation of VS was observed in  nasopharyngeal colonisers,
except for serotype 19F,  as well as clonal expansion among NVS
from ST11A-ST6511, with pathogenic capacity and associated with
decreased susceptibility to penicillin and resistance to  ampicillin.
It would be advisable to maintain epidemiological surveillance of
pneumococcal colonisation to monitor the evolution of NVS and
antibiotic resistance rates.
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et  al. High invasiveness of pneumococcal serotypes included in the new
generation of conjugate vaccines. Clin Microbiol Infect. 2014;20:684–9,
http://dx.doi.org/10.1007/s10096-014-2280-y.

14.  Ercibengoa M,  Arostegi N, Marimón JM,  Alonso M,  Pérez-Trallero E. Dynamics
of  pneumococcal nasopharyngeal carriage in healthy children attending a  day
care center in northern Spain. Influence of detection techniques on the results.
BMC  Infect Dis. 2012;12:69, http://dx.doi.org/10.1186/1471-2334-12-69.  PMID:
22440017.

15.  García-Vera C,  Ruiz Andrés MA,  Arana Navarro T,  Moneo Hernán-
dez  I, Castillo Laita JA, Macipe Costa R, et al. Nasopharyngeal carriage
of pneumococcal serotypes in healthy pre-school aged children
after  7-valent pneumococcal vaccine. Med  Clin (Barc). 2011;137:1–7,
http://dx.doi.org/10.1016/j.medcli.2010.09.051.

16. Lindstrand A, Galanis I, Darenberg J, Morfeldt E, Naucler P, Blennow
M,  et al. Unaltered pneumococcal carriage prevalence due to expan-

sion of non-vaccine types of low invasive potential 8 years after
vaccine introduction in Stockholm, Sweden. Vaccine. 2016;34:4565–71,
http://dx.doi.org/10.1016/j.vaccine.2016.07.031.

17. Félix S, Handem S, Nunes S, Paulo AC, Candeias C,  Valente C, et al. Impact of
private use of the 13-valent pneumococcal conjugate vaccine (PCV13) on  pneu-
mococcal carriage among Portuguese children living in urban and rural regions.
Vaccine. 2021;39:4524–33, http://dx.doi.org/10.1016/j.vaccine.2021.06.035.

18. Vissers M, Wijmenga-Monsuur AJ, Knol MJ,  Badoux P, van  Houten MA,  van
der Ende A, et al. Increased carriage of non-vaccine serotypes with low
invasive disease potential four years after switching to  the 10-valent pneu-
mococcal conjugate vaccine in  the Netherlands. PLoS One.  2018;13:e0194823,
http://dx.doi.org/10.1371/journal.pone.0194823.

19.  Løvlie A, Vestrheim DF, Aaberge IS, Steens A. Changes in pneumococcal
carriage prevalence and factors associated with carriage in Norwegian chil-
dren, four years after introduction of PCV13. BMC  Infect Dis. 2020;20:29,
http://dx.doi.org/10.1186/s12879-019-4754-0.

20.  Cleary DW,  Jones J, Gladstone RA, Osman KL, Devine VT, Jefferies JM,
et  al. Changes in serotype prevalence of Streptococcus pneumoniae in
Southampton, UK between 2006 and 2018. Sci Rep. 2022;12:13332,
http://dx.doi.org/10.1038/s41598-022-17600-6.

21.  Domenech M,  Araújo-Bazán L, García E, Moscoso M. In  vitro biofilm formation by
Streptococcus pneumoniae as a predictor of post-vaccination emerging serotypes
colonizing the human nasopharynx. Environ Microbiol. 2014;16:1193–201,
http://dx.doi.org/10.1111/1462-2920.12370.

22.  Domenech M, Ramos-Sevillano E, García E, Moscoso M,  Yuste J.  Biofilm formation
avoids complement immunity and phagocytosis of Streptococcus pneumoniae.
Infect Immun. 2013;81:2606–15, http://dx.doi.org/10.1128/IAI.00491-13.

23.  Javaid N, Olwagen C, Nzenze S, Hawkins P, Gladstone R, McGee L, et  al. Population
genomics of pneumococcal carriage in South Africa following the  introduction of
the  13-valent pneumococcal conjugate vaccine (PCV13) immunization. Microb
Genom. 2022;8, http://dx.doi.org/10.1099/mgen.0.000831,  mgen000831.

24.  Rybak A, Levy C, Angoulvant F,  Auvrignon A, Gembara P, Danis K, et al. Asso-
ciation of nonpharmaceutical interventions during the COVID-19 pandemic
with invasive pneumococcal disease, pneumococcal carriage, and respiratory
viral  infections among children in France. JAMA Netw Open. 2022;5:e2218959,
http://dx.doi.org/10.1097/INF.0000000000003614.

25.  Cohen R, Levy C,  Ouldali N, Goldrey M,  Béchet S, Bonacorsi S, et al. Invasive
disease potential of pneumococcal serotypes in children after PCV13 implemen-
tation. Clin Infect Dis. 2021;72:1453–6, http://dx.doi.org/10.1093/cid/ciaa917.

26.  González-Díaz A, Machado MP,  Càmara J, Yuste J, Varon E, Domenech M,  et al.
Two  multi-fragment recombination events resulted in the �-lactam-resistant
serotype 11A-ST6521 related to Spain9V-ST156 pneumococcal clone spread-
ing  in south-western Europe, 2008 to  2016. Euro Surveill. 2020;25:1900457,
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.16.1900457.

27.  Aguinagalde L, Corsini B,  Domenech A, Domenech M, Cámara J, Ardanuy
C,  et al. Emergence of Amoxicillin-resistant variants of Spain9V-ST156
pneumococci expressing serotype 11A correlates with their ability
to  evade the  host immune response. PLoS One. 2015;14:e0137565,
http://dx.doi.org/10.1371/journal.pone.0137565.

28.  Shoji H, Vázquez-Sánchez DA, Gonzalez-Diaz A,  Cubero M,  Tubau F, San-
tos  S, et  al. Overview of pneumococcal serotypes and genotypes causing
diseases in patients with chronic obstructive pulmonary disease in a Span-
ish  hospital between 2013 and 2016. Infect Drug Resist. 2018;11:1387–400,
http://dx.doi.org/10.2147/IDR.S165093.

29.  Morales M, Ludwig G, Ercibengoa M,  Esteva C, Sanchez-Encinales V, Alonso M,
et  al. Changes in the serotype distribution of Streptococcus pneumoniae causing
otitis media after  PCV13 introduction in Spain. PLoS One. 2018;13:e0209048,
http://dx.doi.org/10.1371/journal.pone.0209048.

30. de Miguel S, Domenech M, González-Camacho F, Sempere J, Vicioso D, Sanz JC,
et  al. Nationwide trends of invasive pneumococcal disease in Spain from 2009
through 2019 in children and adults during the pneumococcal conjugate vaccine
era. Clin Infect Dis. 2021;73:e3778–87, http://dx.doi.org/10.1093/cid/ciaa1483.

31. De Miguel S, Latasa P, Yuste J, García L,  Ordobás M,  Ramos B, et  al. Age-dependent
serotype-associated case—fatality rate in invasive pneumococcal disease in the
Autonomous Community of Madrid between 2007 and 2020. Microorganisms.
2021;9:2286, http://dx.doi.org/10.3390/microorganisms9112286.

32. Kaur R, Pham M,  Yu  KOA, Pichichero ME.  Rising pneumococcal antibiotic
resistance in the post-13-valent pneumococcal conjugate vaccine era in pedi-
atric isolates from a primary care setting. Clin Infect Dis. 2021;72:797–805,
http://dx.doi.org/10.1093/cid/ciaa157.

33. Sempere J, González-Camacho F, Domenech M,  Llamosí M,  Del Río I,  López-
Ruiz B,  et al. A national longitudinal study evaluating the activity of cefditoren
and other antibiotics against non-susceptible Streptococcus pneumoniae strains
during the period 2004–20 in Spain. J Antimicrob Chemother. 2022;77:1045–51,
http://dx.doi.org/10.1093/jac/dkab482.

34. Sempere J, Llamosí M,  López Ruiz B, Del Río I, Pérez-García C,  Lago D, et  al.  Effect of
pneumococcal conjugate vaccines and SARS-CoV-2 on  antimicrobial resistance
and the emergence of Streptococcus pneumoniae serotypes with reduced sus-
ceptibility in Spain, 2004–2020: a  national surveillance study. Lancet Microbe.
2022;3:e744–52, http://dx.doi.org/10.1016/S2666-5247(22)00127-6.

35.  Ekinci E, Desmet S, Van Heirstraeten L, Mertens C, Wouters I, Beutels P, et  al.
Streptococcus pneumoniae serotypes carried by young children and their asso-
ciation with acute otitis media during the period 2016-2019. Front Pediatr.
2021;9:664083, http://dx.doi.org/10.3389/fped.2021.664083.

178

https://doi.org/10.1016/j.eimce.2023.04.008
https://doi.org/10.1016/j.eimce.2023.04.008
dx.doi.org/10.1111/cmi.13077
dx.doi.org/10.1016/S2214-109X(18)30247-X
dx.doi.org/10.1086/648593
dx.doi.org/10.1016/S1473-3099(15)00028-6
dx.doi.org/10.3201/eid2801.210734
dx.doi.org/10.1016/S1576-9887(08)71916-2
dx.doi.org/10.1016/j.eimc.2011.05.010
dx.doi.org/10.1111/j.1469-0691.2008.02025.x
dx.doi.org/10.1371/journal.pone.0170316
dx.doi.org/10.1099/mgen.0.000186
dx.doi.org/10.1099/00221287-144-11-3049
dx.doi.org/10.3390/vaccines9010014
dx.doi.org/10.1007/s10096-014-2280-y
dx.doi.org/10.1186/1471-2334-12-69
dx.doi.org/10.1016/j.medcli.2010.09.051
dx.doi.org/10.1016/j.vaccine.2016.07.031
dx.doi.org/10.1016/j.vaccine.2021.06.035
dx.doi.org/10.1371/journal.pone.0194823
dx.doi.org/10.1186/s12879-019-4754-0
dx.doi.org/10.1038/s41598-022-17600-6
dx.doi.org/10.1111/1462-2920.12370
dx.doi.org/10.1128/IAI.00491-13
dx.doi.org/10.1099/mgen.0.000831
dx.doi.org/10.1097/INF.0000000000003614
dx.doi.org/10.1093/cid/ciaa917
dx.doi.org/10.2807/1560-7917.ES.2020.25.16.1900457
dx.doi.org/10.1371/journal.pone.0137565
dx.doi.org/10.2147/IDR.S165093
dx.doi.org/10.1371/journal.pone.0209048
dx.doi.org/10.1093/cid/ciaa1483
dx.doi.org/10.3390/microorganisms9112286
dx.doi.org/10.1093/cid/ciaa157
dx.doi.org/10.1093/jac/dkab482
dx.doi.org/10.1016/S2666-5247(22)00127-6
dx.doi.org/10.3389/fped.2021.664083

	Molecular epidemiology of pneumococcal carriage in children from Seville, following implementation of the PCV13 immunizati...
	Introduction
	Methods
	Design, scope and study period
	Sampling and data collection procedures
	Microbiological studies, serotyping and genotyping
	Historical PCV7 controls
	Statistical analysis

	Results
	Demographic characteristics
	Serotype distribution
	Genotype distribution
	Antimicrobial resistance rates

	Discussion
	Funding
	Conflicts of interest
	Acknowledgments
	Appendix A Supplementary data
	References


