
Controvèrsies 
de la vacuna 
pneumocòccica
conjugada  
Pn15, Pn20 ? 

Carlos	Rodrigo	Gonzalo	de	Liria	
Director	clínic	territorial	de	Pediatria	
Unitat	Malal8es	infeccioses	pediàtriques	
Hospital	Germans	Trias	i	Pujol	
Universitat	Autònoma	de	Barcelona	





Decline	in	Invasive	Pneumococcal	Disease	aGer	7-PCV	

Whitney	C	et	al.	NEJM	(2003)	



Hicks	LA	et	al.	JID	2007;196:1346 



Grijalva	CG.	Curr	Op	Pediatr	2011;23:98	



Grijalva	CG.	Curr	Op	Pediatr	2011;23:98	



Vacuna conjugada heptavalente	

Supuesta cobertura de serotipos causantes  
de enfermedad en España 

•  Niños de 2 meses a 2 años: 80-85% 

•  Niños de 2 a 5 años: 60%	



Vacuna conjugada heptavalente	

Cobertura real de serotipos causantes  
de enfermedad en España 

•  Niños de 2 meses a 2 años: 65-70% 

•  Niños de 2 a 5 años: 50%	
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TOTAL 22,0 55,7 22,7 32,2 34,0 39,1 28,3 38,6 78,0 66,4

Non PCV-7S 5,5 7 0 16,1 0 21,7 16,2 27,0 56,7 48,9

PCV-7S 16,5 48,7 22,7 16,1 34 17,4 12,1 11,6 21,3 17,5
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ENFERMEDAD NEUMOCÓCICA: REEMPLAZO CON 
SEROTIPOS NO VACUNALES COMO CAUSANTES DE 

ENFERMEDAD PEDIÁTRICA TRAS LA INTRODUCCIÓN 
DE LA VACUNA CONJUGADA HEPTAVALENTE 

Introducción: 
v  Streptococcus	pneumoniae	es	una	causa	importante	de	enfermedad	grave	dentro	de	
la	población	pediátrica,	especialmente	en	los	<	2	años	

v 	2001:	se	introduce	en	Europa	la	vacuna	conjugada	heptavalente.	Con8ene	los	siete	
sero8pos	responsables	de	alrededor	del	75%	de	enfermedad	neumocócica	pediátrica	(4,	
6B,	9V,	14,	18C,19F	y	23F)	

v 	Desde	entonces	ha	crecido	la	preocupación	sobre	el	posible	reemplazo	con	los	
sero8pos	no	incluidos	en	la	vacuna	como	causantes	de	enfermedad	neumocócica	
invasora	pediátrica	(EIP) 

v  Se	analizan	los	hemocul8vos	posi8vos	para	S.	pneumoniae	de	los	niños	de	0	a	18	
años	atendidos	en	el	Servicio	de	Pediatría	de	un	Hospital	General	Universitario	
durante	el	periodo	2001-2005	
v 	Se	procede	al	sero8pado	de	los	neumococos	aislados	y	se	comparan	los	sero8pos	
del	periodo	2001-2004	frente	a	los	de	2005,	así	como	su	sensibilidad	a	an8bió8cos	

Métodos: 



Resultados: 

Sero8pos	no	
vacunales	

38%	

Sero8pos		
vacunales	

62%	

64
% 

36
% 

v Conocemos	el	sero8po	del	88%	de	los	40	S.	pneumoniae	aislados	(58%	son	de	niños	<2	
años)	
v De	2001	a	2004	se	ob8enen	23	hemocul8vos	posi8vos	para	neumococo.	El	62%	
coresponde	a	sero8pos	incluidos	en	la	vacuna	y	el	38%	a	no	vacunales		
v Durante	el	año	2005	se	aislan	17	cepas	de	neumococo,	el	36%	de	las	cuales	
corresponde	a	sero8pos	vacunales	mientras	que	el	64%	corresponde	a	sero8pos	no	
incluidos	en	la	vacuna	
v Se	obje8va	un	aumento	significa8vo	de	los	sero8pos	1	y	6A,		responsables	del	25	%	de	
la	EIP	durante	2001-2004,	y	del	56%	en	2005	
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Trends	in	incidence	(no.	of	cases	per	100	000	child-years)	of	vaccine	
serotypes,	nonvaccine	serotypes	(NVSTs),	occult	bacteraemia	and	

bacteraemic	pneumonia	in	children	<5	years	of	age	

	prevac:	prevaccine	period	incidence;	postvac:	vaccine	period	incidence;	RR,Rela8ve	risk.	
*Vaccine	period	vs.	prevaccine	period;	95%	CI:	95%	confidence	interval.	
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VPC7	

VPC10	

VPC13	

4	 9V	 14	 18C	6B	 19F	 23F	

Vacunes	pneumocòcciques	conjugades	

4	 9V	 14	 18C	6B	 19F	 23F	 1	 5	 7F	 3	 6A	 19A	

19F	4	 9V	 14	 18C	6B	 23F	 1	 5	 7F	



Disponible	en:	hQps://www.msssi.gob.es/
gabinete/notasPrensa.do?id=3526	

Ple	del	Consell	Interterritorial	del	
Sistema	Nacional	de	Salut.	
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Evolució	dels	sero\ps	de	pneumococ	
a	l’Hospital	Germans	Trias	

(1995-2014)	



Freqüència	de	sero\ps	en	el	període	pre-VPC7v	
(1995-2001)	
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Només	el	55%	dels	sero8ps	estan	inclosos	a	la	vacuna	VPC7v	

Sero\ps	vacunals	(VPC7v):	
4,	6B,	9V,	14,	18C,	19F,	23F		



Freqüència	de	sero\ps	en	el	període	VPC7v		
(2002-2009)	
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El	27%	dels	sero8ps	estan	inclosos	a	la	vacuna	VCN7v	

Sero\ps	vacunals	(VPC7v):	
4,	6B,	9V,	14,	18C,	19F,	23F		



Comparació	període	pre-VPC7v	y	període	VPC7v	
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Vacuna	pneumocòccica	conjugada	7-valent	

•  Variació	dels	quadres	clínics	
– Augment	de	la	freqüència	de:	

•  EMPIEMES	
•  PNEUMÒNIES	BACTERIÈMIQUES	

– Sero8ps	implicats	en	aquest	ascens:	1,	19A,	3,	7F	
– Reducció	de	la	freqüència	de:	

•  Bacteriemia	pneumocòcica	

– Poca	repercusió	en	la	freqüència	de	meningi8s	



Freqüència	de	sero\ps	en	el	període	VPC13v		
(2011-2014)	
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Comparació	període	VPC7v	i	període	VPC13v	
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Freqüència	empiemes	pneumocòcics	
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Editorial

Impact  of  pneumococcal  vaccination  on  clinical  forms  of  invasive
Streptococcus  pneumoniae  infection  in  pediatrics  population

Repercusión de la  vacunación antineumocócica en las formas clínicas de infección invasiva

por  Streptococcus pneumoniae en la  población pediátrica

Dear Editor:

Pneumococcus is actually pneumococci. To date, 101 different
serotypes of Streptococcus pneumoniae have been identified. From
those serotypes, the ones taken into account are only the cap-
sular antigens that define the serogroups and serotypes, because
under the same serotype (number and letter) there are  different
genotypes.1

For years there has been a  pneumococcal vaccine made from
capsular polysaccharide antigens, specifically 23 serotypes. The-
oretically, it is the vaccine with the broadest coverage to date.
As the vaccine is  made up  exclusively of polysaccharide antigens,
it has efficacy limitations due to the fact that they are thymus-
independent antigens that do not induce immunological memory
or secondary antibody responses and are very poorly immunogenic
in young children, especially below the age of 2 years.2

The first conjugate pneumococcal vaccine was  put to market
at the beginning of the 21st century. Conjugate vaccines contain
capsular polysaccharides bound to a  protein carrier, which make
the antigens become thymus-independent and, in  this way, induce
immunological memory and give rise to  a rapid and robust sec-
ondary antibody response. Furthermore, they are immunogenic
from the first months of life and lead to mucosal immunity, which
reduces the state of nasopharyngeal carrier.2

This first pneumococcal conjugate vaccine was heptavalent: it
contained capsular antigens from seven serotypes of S. pneumoniae.
The choice of serotypes had been essentially made according to
the prevalence in the United States of America.3 Not all countries
had the same distribution of prevalent serotypes, so the result
of this vaccine was uneven. Where the vaccine covered most of
the serotypes that cause serious infections – as it so happened
in most states of the USA – there was a  rapid and sustained
decrease in the burden of invasive and serious pneumococcal
infections in children.4 In contrast, in  countries where many
pneumococcal infections were caused by  serotypes other than
the seven included in the vaccine, there was an early a  shift in
the pneumococcal serotypes responsible for infections. This shift
outweighed the benefit, and often changed the characteristics of
pediatric pneumococcal diseases.5

Regarding the situation in  Spain, when the heptavalent con-
jugate pneumococcal vaccine was introduced, more than half of
the invasive and serious pneumococcal infections were caused by
serotypes not contained in  the new vaccine,6–8 which led to rapid
replacement and doubtful effectiveness.9

Taking into account that the various serotypes of S. pneumo-
niae have different clinical behaviors,10 the random modification
of the circulating serotypes in a  given population led to  variable
consequences: some foreseeable and others unpredictable. Some
consequences were beneficial and others paradoxically harmful.
Some were generalized, while others were more or less geograph-
ically localized according to  the emerging serotypes and those that
became predominant in replacement.

The main positive effect, practically universal, was  the reduc-
tion in  the rate of resistance to penicillin.4,7 That was because were
eliminated the serotypes that had been in the nasopharynx of chil-
dren for many years in a  carrier state, subjected to the repeated
pressure of the antibiotics most commonly used in pediatrics such
as amoxicillin (alone or combined with acid clavulanate) and some
cephalosporins and macrolides. It should be noted that the use of
macrolides has been related to  an increase in pneumococcal resis-
tance not only to macrolides but also to  penicillin.11

Furthemore, the most important beneficial effect of the conju-
gate vaccine was the reduction of serious forms of pneumococcal
disease, preventing mortality and sequelae. But that effect did not
happen everywhere. In fact, it was not significantly appreciated in
Spain, where there were even differences between Regions, spe-
cially significant in the case of meningitis.6,8,12,13

Another positive beneficial effect, in this case unexpected, was
the decrease in  the incidence of pneumococcal disease in the pop-
ulation over 65 years of age,14 due to an indirect protective effect
resulting from the lower transmission of pneumococci from chil-
dren to  their grandparents.

In  some areas of Europe, including Catalonia, the net result of
pneumococcal vaccination in children with the heptavalent con-
jugate vaccine has not  been satisfactory. What was clear from
the very beginning was  the extraordinary effectiveness of the
heptavalent conjugate vaccine in  preventing infections due to
the seven serotypes included. Thus, in general, the incidence of

https://doi.org/10.1016/j.eimc.2021.07.002
0213-005X/© 2021 Sociedad Española de Enfermedades Infecciosas y Microbiologı́a Clı́nica.  Published by Elsevier España, S.L.U. All rights reserved.
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occult bacteremia, whose main etiological agents were S. pneu-
moniae serotypes 14 and 6A/B, followed by 19A/F, was  reduced8;
the number of meningitis changed little12,13; and the number
of complicated pneumonia increased signifinantly.15,16 Although
the low frequency in  absolute numbers of infections in patients
with immunodeficiency, splenectomy, sickle cell disease or with
anatomical risk factors such as cerebrospinal fluid fistulae prevents
reliable conclusions from being drawn, it does not appear that they
were significantly reduced either, which is  not surprising since
there are more than 90 pneumococcal serotypes left to  cause them.

The most notable negative fact was the increase in  the number
and severity of lung infections. Although the possibility of rele-
vant changes in the epidemiology of pneumococcal infections was
predictable,17 the increase in  the number of cases of complicated
pneumonia, with bacteremia,15 empyema and/or lung necrosis16

was not. This consequence occurred especially in places where
serotypes 1, 3 and 19A were among the emerging replacers.16,18

The three serotypes, very infrequent in the years prior to the gen-
eralized introduction of the heptavalent conjugate vaccine, have a
significant tropism for the lung and a  special aggressiveness; oth-
erwise they are very different from each other. Serotype 1 is  not
usually part of the nasopharyngeal flora, it has an exceptional car-
rier status, and is  consistently sensitive to penicillin. Serotype 3 and
serotype 19A are often part of the nasopharyngeal flora, although
they differ in other aspects: serotype 3 is  more common in adults,
has a thick capsule and so far  vaccines have not been very effective
against it; serotype 19A became a predominant colonizer in chil-
dren after the introduction of the heptavalent conjugate vaccine
and has a tendency to develop resistance to penicillin and other
antibiotics.7,12,18

In the current issue of EIMC, González-Peris et al.19 publish
an interesting prospective observational study of pediatric cases
of pulmonary infection with proven pneumococcal etiology. It
includes bacteremic pneumonia without further complications,
pneumonia with pleural effusion and necrotizing pneumonias. The
study has been carried out in Catalonia, Spain, between 2012 and
2016, a period in  which 13-valent pneumococcal vaccination was
beginning after several years of vaccination with the heptavalent
vaccine. It was not until mid-2016 that systematic vaccination with
a 13-valent vaccine was introduced into the official immunization
schedule in Catalonia, so in the years of the study and the previous
ones, none of the conjugate vaccines had been part  of the system-
atic vaccination schedule. However, around 50% of children under
2 years of age in Catalonia received the heptavalent vaccine in  the
years prior to the study, and a  similar percentage had received the
13-valent vaccine at the beginning of the study, reaching 75% at the
end of the study.

The patients were collected following an active surveillance
protocol, with a  rigorous methodology to know their vaccination
status. The etiological search for S.  pneumoniae was  exhaustive,
using both conventional culture and nucleic acid amplification
technology in blood and pleural fluid when obtained.

During the 4.5 years of the study, 194 cases of pneumococ-
cal pneumonia were identified. 18% were necrotizing pneumonias
and most of these (77%) were associated with pleural effusion. No
patient with necrotizing pneumonia had major predisposing risk
factors or comorbidities; the majority (74.3%) were children under
5 years of age.

Serotypes 3,  1 and 19A, in this order, accounted for 71.4%
of necrotizing pneumonias. When analyzing the complete series,
serotype 3 was  responsible for 48.6% of necrotizing pneumonias,
23.3% of pneumonia with pleural effusion, and 11.6% of bac-
teremic pneumonia without local complications. Serotype 1 had
lower participation in necrotizing pneumonias, 14.3%, but higher in
pneumonia with pleural effusion or empyema (31%) and in  uncom-
plicated bacteremic pneumonia (14%).

Of  the 194 pneumonias analyzed, 116 were complicated by
pleural effusion or empyema and 35 were necrotizing, which means
that 78% of the total were pneumonia with parenchymal or pleural
complications, a  staggering number. A fact that is worth highlight-
ing  is that more than 80% of necrotizing pneumonia or  with pleural
complications were caused by serotypes not  included in the hep-
tavalent vaccine but in  the 13-valent vaccine. Of the children who
had been correctly vaccinated with the 13-valent pneumococcal
vaccine, there were only vaccine failures against serotype 3,  which
confirms the low efficacy of the vaccine against this serotype.

This study contributes to  confirm the variable impact that
immunization with the heptavalent pneumococcal conjugate vac-
cine has had in different populations. In the pediatric population
of Catalonia, although the total number of invasive infections was
reduced at the expense of the less serious entity (occult bac-
teremia), the most severe form (meningitis) was  little changed and
the number of severe pneumonias increased greatly. And, in gen-
eral, this has ended up  being the evolution in all places, reason why
the initial heptavalent vaccine has been replaced by  the 10-valent
vaccine (where they do not have much presence of serotype 19A) or
more usually the 13-valent (the one chosen in  Spain). These, until
now, have come to correct the situation by  containing the main
serotypes responsible for the serious forms that emerged during
the heptavalent vaccine time.20
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Figura 1. Incidència d’MPI segons el grup d’edat i sexe. Catalunya, 2017-2018 
 

 
 
Font: Sistema de notificació microbiològica de Catalunya. Sub-direcció General de 
Vigilància i Resposta a Emergències de Salut Pública. Agència de Salut Pública de 
Catalunya. 
 
 
Taula 1. Incidència de Malaltia pneumocòccica invasiva per grups d’edat i anys. 
Catalunya, 2014-2018 
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a  b  s  t  r  a  c  t

Emerging  non-PCV-13  Streptococcus  pneumoniae  serotypes  22F  and  33F  are  included  in a new  15-valent
pneumococcal  conjugate  vaccine  currently  undergoing  clinical  trials  in the  United  States.  This  study
assessed  the antimicrobial  resistance  and  genetic  relatedness  of  these  two  emerging  pneumococcal
serotypes.  Of the 5075  invasive  pneumococcal  isolates  collected  in  Canada  from  2011  to  2014,  9.8%
(497/5075)  were  serotype  22F  and  3.2%  (160/5075)  were  serotype  33F.  Despite  being  among  the  top  4
most  common  serotypes  collected  each  study  year, serotype  22F  demonstrated  ≥98%  susceptibility  to
all antimicrobials  tested  except  clarithromycin  and  few  were  multi-drug  resistant  (MDR)  (0.8%,  4/497).
Serotype  22F  isolates  were  highly  clonal  (ST433),  with  two  isolates  showing  high  relatedness  to MDR
international  clone  Sweden15A-25  (ST63).  Conversely,  serotype  33F  showed  greater  antimicrobial  resis-
tance,  greater  genetic  diversity  and  a higher  proportion  of  MDR  isolates  (8.8%,  14/160).  The prevalence
of  serotype  33F increased  significantly  during  2011–2014  (p  = 0.005).

© 2016  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Routine use of pneumococcal conjugate vaccine PCV-7 (provid-
ing protection against Streptococcus pneumoniae serotypes 4, 6B,
9V, 14, 18C, 19F and 23F) has been instrumental in the reduc-
tion of invasive pneumococcal disease (IPD), through both direct
and indirect effects, specifically from vaccine and vaccine-related
serotypes [1]. This decrease in vaccine types has been associated
with the phenomenon known as serotype replacement, where non-
vaccine serotypes expanded to fill the niche vacated by PCV-7
serotypes. Such serotypes included 3 and 19A, which were sub-
sequently included in PCV-13 (PCV-7 serotypes plus 1, 3, 5, 6A, 7F
and 19A) in response to this shift [2].

In the short number of years since the introduction of PCV-
13, similar serotype replacement trends are already manifesting. A
new, 15-valent formulation of the pneumococcal conjugate vaccine
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is currently in clinical trials in the United States, encompassing the
PCV-13 serotypes plus emerging serotypes 22F and 33F [3]. Studies
in the United States have demonstrated that these two serotypes
are highly common in pediatric patients [4], and are increasing in
prevalence in Canada, Norway, Spain, the United Kingdom and the
United States [2,5–9]. A second study executed in the UK demon-
strated that serotypes 22F and 33F cause the highest loss of quality
adjusted life years in pediatric patients amongst the non-PCV-13
serotypes [10]. In addition, serotypes 22F and 33F both possess
increased invasiveness compared to other non-PCV-13 serotypes
[11] making them important inclusions in the 15-valent pneumo-
coccal vaccine formulation.

The purpose of this study was to assess the antimicrobial suscep-
tibilities and genetic relatedness of PCV-15 S. pneumoniae serotypes
22F and 33F, that were collected in Canada in 2011–2014, inclusive.

2. Materials and methods

2.1. Bacterial isolates and serotype determination

From January 2011 to December 2014 inclusive, invasive
S. pneumoniae isolated from sterile sites were voluntarily and

http://dx.doi.org/10.1016/j.vaccine.2016.03.058
0264-410X/© 2016 Elsevier Ltd. All rights reserved.
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Streptococcus pneumoniae is the main bacterial cause of respiratory infections in
children and the elderly worldwide. Serotype replacement is a frequent phenomenon
after the introduction of conjugated vaccines, with emerging serotypes 22F and 33F
as frequent non-PCV13 serotypes in children and adults in North America and other
countries. Characterization of mechanisms involved in evasion of the host immune
response by these serotypes is of great importance in public health because they
are included in the future conjugated vaccines PCV15 and PCV20. One of the main
strategies of S. pneumoniae to persistently colonize and causes infection is biofilm
formation. In this study, we have evaluated the influence of capsule polysaccharide in
biofilm formation and immune evasion by using clinical isolates from different sources
and isogenic strains with capsules from prevalent serotypes. Since the introduction of
PCV13 in Spain in the year 2010, isolates of serotypes 22F and 33F are rising among
risk populations. The predominant circulating genotypes are ST43322F and ST71733F ,
being CC433 in 22F and CC717 in 33F the main clonal complexes in Spain. The use of
clinical isolates of different origin, demonstrated that pediatric isolates of serotypes 22F
and 33F formed better biofilms than adult isolates and this was statistically significant.
This phenotype was greater in clinical isolates from blood origin compared to those
from cerebrospinal fluid, pleural fluid and otitis. Opsonophagocytosis assays showed
that serotype 22F and 33F were recognized by the PSGL-1 receptor on leukocytes,
although serotype 22F, was more resistant than serotype 33F to phagocytosis killing
and more lethal in a mouse sepsis model. Overall, the emergence of additional PCV15
serotypes, especially 22F, could be associated to an enhanced ability to divert the host
immune response that markedly increased in a biofilm state. Our findings demonstrate
that pediatric isolates of 22F and 33F, that form better biofilm than isolates from adults,
could have an advantage to colonize the nasopharynx of children and therefore, be
important in carriage and subsequent dissemination to the elderly. The increased ability
of serotype 22F to avoid the host immune response, might explain the emergence of
this serotype in the last years.

Keywords: Streptococcus pneumoniae, PCV-pneumococcal conjugate vaccine, biofilms, serotype 22F, serotype
33F, PSGL-1
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The use of clinical isolates of different origin, demonstrated that 
pediatric isolates of serotypes 22F and 33F formed better biofilms 
than adult isolates and this was statistically significant. Overall, the 
emergence of additional serotypes, especially 22F, could be 
associated to an enhanced ability to divert the host immune 
response that markedly increased in a biofilm state. Our findings 
demonstrate that pediatric isolates of 22F and 33F, that form better 
biofilm than isolates from adults, could have an advantage to 
colonize the nasopharynx of children and therefore, be important in 
carriage and subsequent dissemination to the elderly. 	
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a b s t r a c t

Background: Pediatric use of pneumococcal conjugate vaccines (PCV) has been associated with significant
decrease in disease burden. However, disease caused by non-vaccine serotypes has increased. Safety and
immunogenicity of 15-valent PCV (PCV15) containing serotypes included in 13-valent PCV (PCV13) plus
serotypes 22F and 33F were evaluated in infants (NCT01215188).
Methods: Infants received adjuvanted PCV15, nonadjuvanted PCV15, or PCV13 at 2, 4, 6, and 12–15
months of age. Safety was monitored for 14 days after each dose. Serotype-specific IgG geometric mean
concentrations (GMCs) and opsonophagocytic activity (OPA) geometric mean titers (GMTs) were mea-
sured at postdose-3, predose-4, and postdose-4.
Results: Safety profiles were comparable across vaccination groups. At postdose-3, both PCV15 formula-
tions were non-inferior to PCV13 for 10 of 13 shared serotypes but failed non-inferiority for 3 serotypes
(6A, 6B, and 19A) based on proportion of subjects achieving IgG GMC !0.35 µg/mL. Adjuvanted PCV15
and nonadjuvanted PCV15 were non-inferior to PCV13 for 11 and 8 shared serotypes, respectively, based
on postdose 3 comparisons of GMC ratios. PCV15 induced higher antibodies to serotypes 3, 22F, and 33F
than PCV13.
Conclusions: PCV15 displayed acceptable safety profile and induced IgG and OPA to all 15 vaccine sero-
types at levels comparable to PCV13 for 10 of 13 shared serotypes.
Study identification: V114-003.
CLINICALTRIALS.GOV identifier: NCT01215188.

! 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Streptococcus pneumoniae remains a leading cause pneumonia,
bacteremia without focus, and meningitis, and is associated with
significant morbidity and mortality, especially among children
<5 years of age and adults !65 years of age worldwide [1–3].
Individuals with sickle-cell anemia, Hodgkin disease, congenital/

acquired immunodeficiency, diabetes mellitus, nephrotic
syndrome, and asplenia are at increased risk of developing IPD in
comparison to healthy individuals without these conditions [4,5].

Introduction of 7-valent pneumococcal conjugate vaccine
(PCV7, PrevnarTM, Pfizer, Philadelphia, PA) into infant immunization
programs led to significant decrease in burden of disease in vacci-
nated children and unvaccinated individuals from other age groups
(herd protection). Impact was greatest for IPD caused by vaccine
serotypes but moderate for all-cause pneumonia and acute otitis
media. In contrast, IPD caused by nonvaccine serotypes (i.e., 6A,
7F, and 19A) increased in all age groups [6–11]. Subsequently,
10-valent (PCV10; SynflorixTM, GlaxoSmithKline, Rixensart,
Belgium) and 13-valent (PCV13; Prevnar 13TM, Pfizer, Philadelphia,

https://doi.org/10.1016/j.vaccine.2018.02.113
0264-410X/! 2018 Elsevier Ltd. All rights reserved.

q Funding for this research was provided by Merck & Co., Inc., Kenilworth, NJ,
USA.
⇑ Corresponding author at: Merck & Co., Inc., 2000 Galloping Hill Rd., UG3CD-28,

Kenilworth, NJ 07033, USA.
E-mail address: luwy_musey@merck.com (L. Musey).

Vaccine 36 (2018) 6883–6891

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine

Safety and immunogenicity of 15-valent pneumococcal conjugate
vaccine (PCV15) in healthy infantsq

David Greenberg a, Patricia A. Hoover b, Timo Vesikari c, Christopher Peltier d, David C. Hurley e,
Richard D. McFetridge b, Michael Dallas b, Jonathan Hartzel b, Rocio D. Marchese b, Beth-Ann G. Coller b,
Jon E. Stek b, Chitrananda Abeygunawardana b, Michael A. Winters b, John E. MacNair b, Narahari S. Pujar b,
Luwy Musey b,⇑
a Soroka University Medical Center, Beer-Shiva, Israel
bMerck & Co., Inc., Kenilworth, NJ, USA
cUniversity of Tampere, Tampere, Finland
d Pediatric Associates of Mt. Carmel, Cincinnati, OH, USA
eCottonwood Pediatrics, Murray, UT, USA

a r t i c l e i n f o

Article history:
Received 9 November 2017
Received in revised form 27 February 2018
Accepted 28 February 2018
Available online 21 September 2018

Keywords:
Pneumococcal conjugate vaccine
Safety
Immunogenicity

a b s t r a c t

Background: Pediatric use of pneumococcal conjugate vaccines (PCV) has been associated with significant
decrease in disease burden. However, disease caused by non-vaccine serotypes has increased. Safety and
immunogenicity of 15-valent PCV (PCV15) containing serotypes included in 13-valent PCV (PCV13) plus
serotypes 22F and 33F were evaluated in infants (NCT01215188).
Methods: Infants received adjuvanted PCV15, nonadjuvanted PCV15, or PCV13 at 2, 4, 6, and 12–15
months of age. Safety was monitored for 14 days after each dose. Serotype-specific IgG geometric mean
concentrations (GMCs) and opsonophagocytic activity (OPA) geometric mean titers (GMTs) were mea-
sured at postdose-3, predose-4, and postdose-4.
Results: Safety profiles were comparable across vaccination groups. At postdose-3, both PCV15 formula-
tions were non-inferior to PCV13 for 10 of 13 shared serotypes but failed non-inferiority for 3 serotypes
(6A, 6B, and 19A) based on proportion of subjects achieving IgG GMC !0.35 µg/mL. Adjuvanted PCV15
and nonadjuvanted PCV15 were non-inferior to PCV13 for 11 and 8 shared serotypes, respectively, based
on postdose 3 comparisons of GMC ratios. PCV15 induced higher antibodies to serotypes 3, 22F, and 33F
than PCV13.
Conclusions: PCV15 displayed acceptable safety profile and induced IgG and OPA to all 15 vaccine sero-
types at levels comparable to PCV13 for 10 of 13 shared serotypes.
Study identification: V114-003.
CLINICALTRIALS.GOV identifier: NCT01215188.

! 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Streptococcus pneumoniae remains a leading cause pneumonia,
bacteremia without focus, and meningitis, and is associated with
significant morbidity and mortality, especially among children
<5 years of age and adults !65 years of age worldwide [1–3].
Individuals with sickle-cell anemia, Hodgkin disease, congenital/

acquired immunodeficiency, diabetes mellitus, nephrotic
syndrome, and asplenia are at increased risk of developing IPD in
comparison to healthy individuals without these conditions [4,5].

Introduction of 7-valent pneumococcal conjugate vaccine
(PCV7, PrevnarTM, Pfizer, Philadelphia, PA) into infant immunization
programs led to significant decrease in burden of disease in vacci-
nated children and unvaccinated individuals from other age groups
(herd protection). Impact was greatest for IPD caused by vaccine
serotypes but moderate for all-cause pneumonia and acute otitis
media. In contrast, IPD caused by nonvaccine serotypes (i.e., 6A,
7F, and 19A) increased in all age groups [6–11]. Subsequently,
10-valent (PCV10; SynflorixTM, GlaxoSmithKline, Rixensart,
Belgium) and 13-valent (PCV13; Prevnar 13TM, Pfizer, Philadelphia,

https://doi.org/10.1016/j.vaccine.2018.02.113
0264-410X/! 2018 Elsevier Ltd. All rights reserved.

q Funding for this research was provided by Merck & Co., Inc., Kenilworth, NJ,
USA.
⇑ Corresponding author at: Merck & Co., Inc., 2000 Galloping Hill Rd., UG3CD-28,

Kenilworth, NJ 07033, USA.
E-mail address: luwy_musey@merck.com (L. Musey).

Vaccine 36 (2018) 6883–6891

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine



RESEARCH PAPER

Safety and immunogenicity of 15-valent pneumococcal conjugate vaccine compared
to 13-valent pneumococcal conjugate vaccine in adults ≥65 years of age previously
vaccinated with 23-valent pneumococcal polysaccharide vaccine
James T. Petersona, Helen L. Stacey b, John E. MacNairc, Jianing Lic, Jonathan S. Hartzelc, Tina M. Sterlingc,
Patrice Bennerc, Gretchen M. Tammsc, and Luwy K. Museyc

aFoothill Family Clinic, Salt Lake City, USA; bDiablo Clinical Research, Walnut Creek, USA; cMerck & Co., Inc., Merck Research Laboratories, Kenilworth,
NJ, USA

ABSTRACT
Background: Pneumococcal disease remains a public health priority in adults. Previous studies have
suggested that administration of pneumococcal polysaccharide vaccine or pneumococcal conjugate
vaccine within three years following receipt of PPV23 was associated with increased reactogenicity and
reduced antibody titers in comparison to longer intervals. Safety and immunogenicity of 15-valent
pneumococcal conjugate vaccine (PCV15) was evaluated in adults ≥ 65 years of age with prior history of
PPV23 vaccination (V114-007; NCT02573181).
Methods: A total of 250 adults who received PPV23 at least 1 year prior to study entry received a single dose of
either PCV15 or PCV13 (125/arm) and were followed for safety for 14 days postvaccination. Serotype-specific
Immunoglobulin G (IgG) geometric mean concentrations (GMCs) and opsonophagocytic activity (OPA) geo-
metric mean titers (GMTs) were measured immediately prior and 30 days postvaccination.
Results: Safety profiles were comparable between PCV15 and PCV13 recipients. Following vaccination,
serotype-specific antibody responses for the 13 shared serotypes were generally comparable between
recipients of PCV15 and PCV13 for IgG GMCs, OPA GMTs, and geometric mean fold rises (GMFRs) and
percentages of subjects with ≥ 4-fold-rise from baseline for both IgG and OPA. Recipients of PCV15 had
numerically higher antibody responses than PCV13 for two serotypes unique to PCV15 (22F, 33F).
Conclusion: PCV15 was generally well tolerated and induced high levels of IgG and OPA antibodies to all 15
serotypes included in the vaccinewhen given as a single dose to adults≥ 65 years of age previously vaccinated
with PPV23.
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Introduction

Pneumococcal infection is associated with high morbidity and
mortality in young children < 5 years of age and adults
≥ 65 years of age, with the greatest burden of mortality occurring
in older adults1,2 Invasive pneumococcal disease (IPD) includes
meningitis, sepsis/bacteremia without focus, and bacteremic
pneumonia and is associated with a higher case fatality ratio than
non-invasive pneumococcal disease (sinusitis, otitis media, non-
bacteremic pneumonia)1–4 Incidence of nonbacteremic pneumo-
nia caused by Streptococcus pneumoniae is estimated to be
approximately 15 times higher than IPD and represents an impor-
tant etiology of community-acquired pneumonia (CAP). S. pneu-
moniae is the most common infection among older adults and
approximately 400,000 hospitalizations frompneumococcal pneu-
monia are estimated to occur annually in the United States5

The high incidence of pneumococcal disease in adults 65 years
of age and older is mainly due to waning immunity and physio-
logical changes in the respiratory system associated with aging6 In
addition, age-related increase in other comorbid medical condi-
tions such as diabetes, stroke, and susceptibility to influenza virus

infection have been shown to predispose older adults to
pneumonia7–10

Adult vaccination against pneumococcal disease is recom-
mended in many industrialized countries although vaccine
uptake has remained low. Pneumococcal polysaccharide vac-
cines (PPVs) containing 6–23 serotypes were first developed
and were shown to be efficacious against IPD in immunocom-
petent adults but vaccine effectiveness against nonbacteremic
pneumonia varies between studies, depending on the methodol-
ogy used. PPVs have been shown to be less effective in immuno-
compromised adults in comparison to immunocompetent adults
of the same age range and ineffective in children < 2 years of age
due to the immaturity of their immune system. Several pneumo-
coccal conjugate vaccines (PCVs) have been developed in order
to overcome the lack of effectiveness of PPVs in children. A 7-
valent PCV containing serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F
(PCV7: Prevnar™, Pfizer, Philadelphia, PA) was first licensed in
2000 followed later by the licensure of 10-valent PCV (PCV-10:
Synflorix™; GlaxoSmithKline, Rixensart, Belgium), and 13-valent
PCV (PCV-13: Prevnar 13™, Pfizer, Philadelphia, PA)11–13
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Introduction: Introduction of pneumococcal conjugate vaccines (PCVs), including the 13-valent PCV
(PCV13), has considerably reduced pneumococcal disease burden. However, additional serotypes not in
PCV13 continue to present a substantial disease burden. The 20-valent PCV (PCV20) was developed to
expand protection against pneumococcal disease beyond PCV13. As part of the phase 3 clinical develop-
ment program, the current study assessed consistency of immune responses across 3 lots of PCV20 and
described the safety profile of PCV20.
Methods: This phase 3, randomized, multicenter, double-blind study of pneumococcal vaccine-naive
adults 18–49 years of age randomized 1710 participants in a 2:2:2:1 ratio to receive 1 of 3 lots of
PCV20 or PCV13. Immunogenicity was assessed through serotype-specific opsonophagocytic activity
(OPA) titers before and approximately 1 month (28–42 days) after vaccination. Reported local reactions
within 10 days, systemic events within 7 days, adverse events (AEs) within 30 days, and serious AEs
(SAEs) and newly diagnosed chronic medical conditions (NDCMCs) within 6 months after vaccination
were evaluated.
Results: Equivalence in immune responses (OPA geometric mean titers) for all 20 vaccine serotypes was
demonstrated across the 3 PCV20 lots. Robust responses, assessed by OPA geometric mean fold rises, per-
centage of participants achieving !4-fold rises, and percentage of participants with OPA titers !lower
limit of quantitation, were observed after PCV20. Reported rates of local reactions, systemic events,
and AEs were similar between the pooled PCV20 lots and PCV13; most events were mild or moderate.
Reported rates of SAEs and NDCMCs were low and similar between the PCV20 and PCV13 groups.
Conclusions: Three different lots of PCV20 demonstrated robust and consistent immunogenicity. The
safety and tolerability of PCV20 was acceptable and similar to that of PCV13. (Clinicaltrials.gov:
NCT03828617).

! 2021 Elsevier Ltd. All rights reserved.
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conjugate vaccine; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine;
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Background. Pneumococcal conjugate vaccines (PCVs) have significantly decreased pneumococcal disease worldwide; how-
ever, expanding serotype coverage may further reduce disease burden. A 20-valent PCV (PCV20) containing capsular polysaccha-
ride conjugates of serotypes present in the 13-valent PCV (PCV13) and 7 new serotypes (8, 10A, 11A, 12F, 15B, 22F, and 33F) is 
currently in development. This phase 2 study evaluated safety, tolerability, and immunogenicity of PCV20 in adults without prior 
pneumococcal vaccination.

Methods. In this randomized, active-controlled, double-blinded trial, 444 adults 60 through 64 years of age were randomized to 
receive either a single dose of PCV20 followed 1 month later by saline placebo or a single dose of PCV13 followed 1 month later by 
23-valent polysaccharide vaccine. Local injection site reactions, select systemic symptoms, and adverse events (AEs) were recorded. 
Immunogenicity was assessed by measuring serotype-specific opsonophagocytic activity (OPA) titers before and approximately 
1 month after each vaccination.

Results. Local reaction and systemic event rates were similar after vaccination with PCV20 or PCV13; no serious vaccine-related 
AEs were reported. In the PCV20 group, functional immune responses as measured by OPA were robust for all 20 serotypes included 
in the vaccine, with geometric mean fold rises from baseline ranging from 6.0 to 113.4.

Conclusions. PCV20 was well tolerated in adults 60 to 64 years of age, with a safety profile consistent with historical experience 
of PCVs in this age group. Substantial OPA responses were elicited against all serotypes. Results demonstrate the potential for PCV20 
to expand pneumococcal disease protection.

Clinical Trials Registration. NCT03313037.
Keywords.  adult; immunogenicity and safety; 20-valent pneumococcal conjugate vaccine; Streptococcus pneumoniae; 

clinical trial.

Streptococcus pneumoniae infection is a major cause of morbidity 
and mortality, manifesting either as invasive pneumococcal di-
sease (IPD; eg, meningitis, bacteremia, bacteremic pneumonia) 
or noninvasive disease (eg, otitis media, nonbacteremic pneu-
monia) [1–3]. Young children and adults > 65 years of age are at 
greatest risk [1]. Disease burden is considerable, with the mean 
cost per IPD episode in otherwise healthy US adults 19–64 years 
of age as high as US$48 000 [4]. More than 90 pneumococcal 
serotypes exist, each characterized by a unique polysaccharide 

capsule; however, the majority of disease is caused by a lim-
ited serotype subset [1, 3, 5]. Furthermore, the distribution of 
disease-causing serotypes varies by age and geographic region 
and can shift over time [1].

The 23-valent pneumococcal polysaccharide vaccine 
(PPSV23) is recommended for routine vaccination in adults 
≥65  years of age in many countries [6], including the United 
States [7], but provides relatively transient protection due to a 
lack of immunological memory [8]. Conversely, pneumococcal 
conjugate vaccines (PCVs) generally induce more robust im-
mune responses and subsequent memory responses that are 
associated with longer-term protection, including in adults; 
moreover, PCV13 has demonstrated efficacy against pneumo-
coccal pneumonia, including nonbacteremic pneumonia, in 
adults [8–10]. Introduction of PCVs has resulted in major re-
ductions of pneumococcal disease burden worldwide [11–14]. 
Specifically, US introduction of the 7-valent PCV (PCV7) in 
2000 was associated with a 76% reduction in all IPD among chil-
dren <5 years of age and 45% reduction across all ages [15]. In 
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of PCVs in this age group. Substantial OPA responses were elicited against all serotypes. Results demonstrate the potential for PCV20 
to expand pneumococcal disease protection.
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Keywords.  adult; immunogenicity and safety; 20-valent pneumococcal conjugate vaccine; Streptococcus pneumoniae; 

clinical trial.

Streptococcus pneumoniae infection is a major cause of morbidity 
and mortality, manifesting either as invasive pneumococcal di-
sease (IPD; eg, meningitis, bacteremia, bacteremic pneumonia) 
or noninvasive disease (eg, otitis media, nonbacteremic pneu-
monia) [1–3]. Young children and adults > 65 years of age are at 
greatest risk [1]. Disease burden is considerable, with the mean 
cost per IPD episode in otherwise healthy US adults 19–64 years 
of age as high as US$48 000 [4]. More than 90 pneumococcal 
serotypes exist, each characterized by a unique polysaccharide 

capsule; however, the majority of disease is caused by a lim-
ited serotype subset [1, 3, 5]. Furthermore, the distribution of 
disease-causing serotypes varies by age and geographic region 
and can shift over time [1].

The 23-valent pneumococcal polysaccharide vaccine 
(PPSV23) is recommended for routine vaccination in adults 
≥65  years of age in many countries [6], including the United 
States [7], but provides relatively transient protection due to a 
lack of immunological memory [8]. Conversely, pneumococcal 
conjugate vaccines (PCVs) generally induce more robust im-
mune responses and subsequent memory responses that are 
associated with longer-term protection, including in adults; 
moreover, PCV13 has demonstrated efficacy against pneumo-
coccal pneumonia, including nonbacteremic pneumonia, in 
adults [8–10]. Introduction of PCVs has resulted in major re-
ductions of pneumococcal disease burden worldwide [11–14]. 
Specifically, US introduction of the 7-valent PCV (PCV7) in 
2000 was associated with a 76% reduction in all IPD among chil-
dren <5 years of age and 45% reduction across all ages [15]. In 
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Background. Pneumococcal conjugate vaccines (PCVs) have significantly decreased pneumococcal disease worldwide; how-
ever, expanding serotype coverage may further reduce disease burden. A 20-valent PCV (PCV20) containing capsular polysaccha-
ride conjugates of serotypes present in the 13-valent PCV (PCV13) and 7 new serotypes (8, 10A, 11A, 12F, 15B, 22F, and 33F) is 
currently in development. This phase 2 study evaluated safety, tolerability, and immunogenicity of PCV20 in adults without prior 
pneumococcal vaccination.

Methods. In this randomized, active-controlled, double-blinded trial, 444 adults 60 through 64 years of age were randomized to 
receive either a single dose of PCV20 followed 1 month later by saline placebo or a single dose of PCV13 followed 1 month later by 
23-valent polysaccharide vaccine. Local injection site reactions, select systemic symptoms, and adverse events (AEs) were recorded. 
Immunogenicity was assessed by measuring serotype-specific opsonophagocytic activity (OPA) titers before and approximately 
1 month after each vaccination.

Results. Local reaction and systemic event rates were similar after vaccination with PCV20 or PCV13; no serious vaccine-related 
AEs were reported. In the PCV20 group, functional immune responses as measured by OPA were robust for all 20 serotypes included 
in the vaccine, with geometric mean fold rises from baseline ranging from 6.0 to 113.4.

Conclusions. PCV20 was well tolerated in adults 60 to 64 years of age, with a safety profile consistent with historical experience 
of PCVs in this age group. Substantial OPA responses were elicited against all serotypes. Results demonstrate the potential for PCV20 
to expand pneumococcal disease protection.
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and mortality, manifesting either as invasive pneumococcal di-
sease (IPD; eg, meningitis, bacteremia, bacteremic pneumonia) 
or noninvasive disease (eg, otitis media, nonbacteremic pneu-
monia) [1–3]. Young children and adults > 65 years of age are at 
greatest risk [1]. Disease burden is considerable, with the mean 
cost per IPD episode in otherwise healthy US adults 19–64 years 
of age as high as US$48 000 [4]. More than 90 pneumococcal 
serotypes exist, each characterized by a unique polysaccharide 

capsule; however, the majority of disease is caused by a lim-
ited serotype subset [1, 3, 5]. Furthermore, the distribution of 
disease-causing serotypes varies by age and geographic region 
and can shift over time [1].

The 23-valent pneumococcal polysaccharide vaccine 
(PPSV23) is recommended for routine vaccination in adults 
≥65  years of age in many countries [6], including the United 
States [7], but provides relatively transient protection due to a 
lack of immunological memory [8]. Conversely, pneumococcal 
conjugate vaccines (PCVs) generally induce more robust im-
mune responses and subsequent memory responses that are 
associated with longer-term protection, including in adults; 
moreover, PCV13 has demonstrated efficacy against pneumo-
coccal pneumonia, including nonbacteremic pneumonia, in 
adults [8–10]. Introduction of PCVs has resulted in major re-
ductions of pneumococcal disease burden worldwide [11–14]. 
Specifically, US introduction of the 7-valent PCV (PCV7) in 
2000 was associated with a 76% reduction in all IPD among chil-
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Nationwide Trends of Invasive Pneumococcal Disease in 
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Background. Introduction of pneumococcal conjugate vaccines (PCVs) has reduced the disease caused by vaccine serotypes 
in children, providing herd protection to adults. However, the emergence of nonvaccine serotypes is of great concern worldwide.

Methods. This study includes national laboratory data from invasive pneumococcal disease (IPD) cases that affected pediatric 
and adult populations during 2009–2019. The impact of implementing different vaccine strategies for immunocompetent adults by 
comparing Spanish regions that used the 13-valent PCV (PCV13) vs regions that used the 23-valent pneumococcal polysaccharide 
vaccine (PPV23) was also analyzed for 2017−2019.

Results. The overall reductions in IPD cases by PCV13 serotypes in children and adults were 88% and 59%, respectively, during 
2009–2019, with a constant increase in serotype 8 in adults since 2015. IPD cases by additional serotypes covered by PPV23 in-
creased from 20% in 2009 to 52% in 2019. In children, serotype 24F was the most frequent in 2019, whereas serotypes 3 and 8 ac-
counted for 36% of IPD cases in adults. Introduction of PCV13 or PPV23 in the adult calendar of certain Spanish regions reduced 
the IPD cases by PCV13 serotypes by up to 25% and 11%, respectively, showing a decrease of serotype 3 when PCV13 was used.

Conclusions. Use of PCV13 in children has affected the epidemiology, reducing the burden of IPD in children but also in adults 
by herd protection; however, the increase in serotype 8 in adults is worrisome. Vaccination with PCV13 in adults seems to control 
IPD cases by PCV13 serotypes including serotype 3.

Keywords.  Streptococcus pneumonia; IPD; serotypes; PCV13; PPV23.

Prevention of invasive pneumococcal disease (IPD) is one of 
the leading challenges worldwide. Despite the use of antibiotics 
or the availability of vaccines, IPD is still associated with high 
morbidity and mortality rates, especially in young children and 
older populations [1, 2]. The most commonly used vaccines 
worldwide are the pneumococcal polysaccharide vaccine that 
contains 23 serotypes (PPV23) and the pneumococcal conju-
gate vaccine (PCV) with 13 serotypes (PCV13) [3]. PPV23 is 
limited to adults and children aged ≥2 years, whereas PCV13 
can be used in younger children and adults. The main disad-
vantages of these vaccines of polysaccharide nature are the limi-
tation in the number of serotypes covered and the possibility of 
serotype replacement by nonvaccine serotypes [4, 5].

Spain is divided into 19 regions, and the vaccine policy 
is transferred to the public health system of each region. The 
Spanish Ministry of Health can make general recommendations 
for vaccine policy. However, each Spanish region has the com-
petence in health matters and applies its own vaccination policy 
based on their local epidemiology, regional cost- effectiveness, 
and potential benefits for their local population. The use of 
PCVs in children has been heterogeneous throughout all re-
gions. PCV7 was commercialized in 2001, although mainly in 
the private market. PCV10 was authorized in 2009 without ge-
neric use. PCV13 was available in 2010 for the private market. 
In 2015, the Ministry of Health approved the systematic use of 
PCV13 for the pediatric population, setting a deadline of the 
end of 2016 to include it at the national level (2 + 1 schedule). 
In adults, the situation is also heterogeneous among the en-
tire country. The general recommendation by the Ministry of 
Health for immunocompetent adults aged ≥65 years is the use 
of PPV23 with systematic use since 2004. However, up to 7 re-
gions have introduced PCV13 for adults in the last 3 years [6]. 
This heterogeneous vaccine policy makes it possible to study 
different vaccine strategies (PPV23 or PCV13 for adults) within 
the same country with similar herd protection.
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Background. Introduction of pneumococcal conjugate vaccines (PCVs) has reduced the disease caused by vaccine serotypes 
in children, providing herd protection to adults. However, the emergence of nonvaccine serotypes is of great concern worldwide.

Methods. This study includes national laboratory data from invasive pneumococcal disease (IPD) cases that affected pediatric 
and adult populations during 2009–2019. The impact of implementing different vaccine strategies for immunocompetent adults by 
comparing Spanish regions that used the 13-valent PCV (PCV13) vs regions that used the 23-valent pneumococcal polysaccharide 
vaccine (PPV23) was also analyzed for 2017−2019.

Results. The overall reductions in IPD cases by PCV13 serotypes in children and adults were 88% and 59%, respectively, during 
2009–2019, with a constant increase in serotype 8 in adults since 2015. IPD cases by additional serotypes covered by PPV23 in-
creased from 20% in 2009 to 52% in 2019. In children, serotype 24F was the most frequent in 2019, whereas serotypes 3 and 8 ac-
counted for 36% of IPD cases in adults. Introduction of PCV13 or PPV23 in the adult calendar of certain Spanish regions reduced 
the IPD cases by PCV13 serotypes by up to 25% and 11%, respectively, showing a decrease of serotype 3 when PCV13 was used.

Conclusions. Use of PCV13 in children has affected the epidemiology, reducing the burden of IPD in children but also in adults 
by herd protection; however, the increase in serotype 8 in adults is worrisome. Vaccination with PCV13 in adults seems to control 
IPD cases by PCV13 serotypes including serotype 3.
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Prevention of invasive pneumococcal disease (IPD) is one of 
the leading challenges worldwide. Despite the use of antibiotics 
or the availability of vaccines, IPD is still associated with high 
morbidity and mortality rates, especially in young children and 
older populations [1, 2]. The most commonly used vaccines 
worldwide are the pneumococcal polysaccharide vaccine that 
contains 23 serotypes (PPV23) and the pneumococcal conju-
gate vaccine (PCV) with 13 serotypes (PCV13) [3]. PPV23 is 
limited to adults and children aged ≥2 years, whereas PCV13 
can be used in younger children and adults. The main disad-
vantages of these vaccines of polysaccharide nature are the limi-
tation in the number of serotypes covered and the possibility of 
serotype replacement by nonvaccine serotypes [4, 5].

Spain is divided into 19 regions, and the vaccine policy 
is transferred to the public health system of each region. The 
Spanish Ministry of Health can make general recommendations 
for vaccine policy. However, each Spanish region has the com-
petence in health matters and applies its own vaccination policy 
based on their local epidemiology, regional cost- effectiveness, 
and potential benefits for their local population. The use of 
PCVs in children has been heterogeneous throughout all re-
gions. PCV7 was commercialized in 2001, although mainly in 
the private market. PCV10 was authorized in 2009 without ge-
neric use. PCV13 was available in 2010 for the private market. 
In 2015, the Ministry of Health approved the systematic use of 
PCV13 for the pediatric population, setting a deadline of the 
end of 2016 to include it at the national level (2 + 1 schedule). 
In adults, the situation is also heterogeneous among the en-
tire country. The general recommendation by the Ministry of 
Health for immunocompetent adults aged ≥65 years is the use 
of PPV23 with systematic use since 2004. However, up to 7 re-
gions have introduced PCV13 for adults in the last 3 years [6]. 
This heterogeneous vaccine policy makes it possible to study 
different vaccine strategies (PPV23 or PCV13 for adults) within 
the same country with similar herd protection.
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Results.	The	overall	reduc8ons	in	IPD	cases	by	PCV13	serotypes	in	children	and	
adults	were	88%	and	59%,	respec8vely,	during	2009–2019,	with	a	constant	
increase	in	serotype	8	in	adults	since	2015.	IPD	cases	by	addi8onal	serotypes	
covered	by	PPV23	increased	from	20%	in	2009	to	52%	in	2019.	In	children,	
serotype	24F	was	the	most	frequent	in	2019,	whereas	serotypes	3	and	8	ac-	
counted	for	36%	of	IPD	cases	in	adults.	Introduc8on	of	PCV13	or	PPV23	in	the	
adult	calendar	of	certain	Spanish	regions	reduced	the	IPD	cases	by	PCV13	
serotypes	by	up	to	25%	and	11%,	respec8vely,	showing	a	decrease	of	serotype	3	
when	PCV13	was	used.		

Conclusions.	Use	of	PCV13	in	children	has	affected	the	epidemiology,	reducing	the	
burden	of	IPD	in	children	but	also	in	adults	by	herd	protec8on;	however,	the	
increase	in	serotype	8	in	adults	is	worrisome.	Vaccina8on	with	PCV13	in	adults	
seems	to	control	IPD	cases	by	PCV13	serotypes	including	serotype	3.		
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7.61 cases per 100 000 in 2018–2019; IRR, 2.68; 95% CI, 2.32–3.09; 
Figure 1, Table 1 and Supplementary Figure 2).

IPD by nonvaccine types in the 18–64 year age group showed 
a stable trend from 2009 until the late period (2018–2019). For 
adults aged  ≥65  years, we observed a constant rise when we 
compared the prevaccine and late periods (IRR, 1.54; 95% CI, 
1.35–1.76; Figure 1, Table 1 and Supplementary Figure 2).

Distribution of Serotypes That Cause IPD in Children and Adults

To investigate the dynamics of serotype fluctuation, we in-
cluded the periods 2009 and 2015, which coincided with the 
years before PCV13 was available in the private market and in 
the pediatric calendar, respectively, and the last epidemiological 

year 2019 (Figures  2–4). In the pediatric population, 80% of 
IPD cases were caused by PCV13 serotypes in the prevaccine 
period, decreasing from 542 cases in 2009 to 61 cases in 2019, 
demonstrating the contribution of PCV13 to the decrease in the 
disease burden in children. Among non-PCV13, serotype 24F 
was the most frequent in all the periods investigated, with an 
increase in serotype 8 in the latter years (Figure 2, Table 2).

In adults aged 18–64  years, IPD cases by PCV13 serotype 
declined from 66% (924 cases) in 2009 to 24% (309 cases) in 
2019, confirming the herd protection effect from the pediatric 
population, with serotype 3 being the most frequent among 
PCV13 serotypes in 2019 (Figure 3, Table 3). The increase in 
IPD cases by additional PPV23 serotypes was mainly due to the 

Figure 1. Trends of IPD in Spain in pediatric and adult populations. Vertical lines represent the years when PCV13 was available for the private market (2010) and into the 
national childhood immunization calendar (2016). Data show IPD cases and incidence rates for those aged <2 years (A), 2–5 years (B), 18–64 years (C), and ≥65 years (D). 
PCV13 represents the IPD cases due to serotypes included in the 13-valent conjugate vaccine (pink line with dots). NON-PCV13 represents the IPD cases due to serotypes 
that are not included in the 13-valent conjugate vaccine (blue dotted line with squares). TOTAL represents all the IPD cases in the correspondent age group (purple line with 
triangles). ADD-PPV23 represents the IPD cases due to additional serotypes included in PPV23 but not in PCV13 (orange dotted line with diamonds). NON-VAC represents all 
the IPD cases due to serotypes that are not included in PCV13 and PPV23 (green line with triangles). Abbreviations: IPD, invasive pneumococcal disease; PCV13, 13-valent 
pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide vaccine.
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IPD by nonvaccine types in the 18–64 year age group showed 
a stable trend from 2009 until the late period (2018–2019). For 
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compared the prevaccine and late periods (IRR, 1.54; 95% CI, 
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Distribution of Serotypes That Cause IPD in Children and Adults

To investigate the dynamics of serotype fluctuation, we in-
cluded the periods 2009 and 2015, which coincided with the 
years before PCV13 was available in the private market and in 
the pediatric calendar, respectively, and the last epidemiological 

year 2019 (Figures  2–4). In the pediatric population, 80% of 
IPD cases were caused by PCV13 serotypes in the prevaccine 
period, decreasing from 542 cases in 2009 to 61 cases in 2019, 
demonstrating the contribution of PCV13 to the decrease in the 
disease burden in children. Among non-PCV13, serotype 24F 
was the most frequent in all the periods investigated, with an 
increase in serotype 8 in the latter years (Figure 2, Table 2).

In adults aged 18–64  years, IPD cases by PCV13 serotype 
declined from 66% (924 cases) in 2009 to 24% (309 cases) in 
2019, confirming the herd protection effect from the pediatric 
population, with serotype 3 being the most frequent among 
PCV13 serotypes in 2019 (Figure 3, Table 3). The increase in 
IPD cases by additional PPV23 serotypes was mainly due to the 

Figure 1. Trends of IPD in Spain in pediatric and adult populations. Vertical lines represent the years when PCV13 was available for the private market (2010) and into the 
national childhood immunization calendar (2016). Data show IPD cases and incidence rates for those aged <2 years (A), 2–5 years (B), 18–64 years (C), and ≥65 years (D). 
PCV13 represents the IPD cases due to serotypes included in the 13-valent conjugate vaccine (pink line with dots). NON-PCV13 represents the IPD cases due to serotypes 
that are not included in the 13-valent conjugate vaccine (blue dotted line with squares). TOTAL represents all the IPD cases in the correspondent age group (purple line with 
triangles). ADD-PPV23 represents the IPD cases due to additional serotypes included in PPV23 but not in PCV13 (orange dotted line with diamonds). NON-VAC represents all 
the IPD cases due to serotypes that are not included in PCV13 and PPV23 (green line with triangles). Abbreviations: IPD, invasive pneumococcal disease; PCV13, 13-valent 
pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide vaccine.
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emergence of serotype 8 (5.2% in 2009 vs 30% in 2019), fol-
lowed by serotypes 12F, 9N, and 22F. Nonvaccine serotypes re-
mained relatively constant in this group.

In adults aged ≥65 years, IPD cases by PCV13 serotype de-
creased from 65% (824 cases) in 2009 to 25% (415 cases) in 
2019, again demonstrating the impact of indirect protection 
due to pediatric vaccination (Figure  4). Serotypes 3 and 19A 
were the 2 most frequent PCV13 serotypes in all periods inves-
tigated; an increase in additional serotypes covered by PPV23 
(mainly by serotype 8)  was also observed. The emergence of 

serotype 8 is worrisome, rising from 5.8% (73 cases) in 2009 
to 19% (232 cases) in 2019 (Figure 4, Table 3). Other emerging 
serotypes in this age group are 22F (5.3%, 66 cases) and 12F 
(4.6%, 57 cases). Overall, serotypes 3 and 8 accounted for 32% 
of IPD cases in adults aged ≥65 years (396 of 1239 total cases). 
Nonvaccine types also increased from 22% in 2009 (280 cases) 
to 30% in 2019 (367 cases), with serotypes 15A (4%), 6C (3.8%), 
and 16F (3.4%) among the most frequent in 2019.

Serotypes 3, 19A, and 6A, which are included in PCV13 
and not covered by PCV10, also declined in children during 
the 11 years of the study, with reductions of 38% (32 cases to 

Figure 2. Serotypes causing IPD in the pediatric population aged 0–17  years. 
Pink bars represent IPD cases by serotypes included in PCV13. Green bars indicate 
the 10 most frequent nonvaccine serotypes causing IPD in years 2009 (A), 2015 (B), 
and 2019 (C). Tables include the number and percent of IPD cases by the 5 most fre-
quent serotypes in each group. Abbreviations: IPD, invasive pneumococcal disease; 
PCV13, 13-valent pneumococcal conjugate vaccine; ST, serotype. 

Figure 3. Serotypes causing IPD in adults aged 18–64 years. Pink bars represent 
IPD cases by serotypes included in PCV13. Orange bars indicate additional sero-
types included in PPV23. Green bars represent the 5 most frequent serotypes not 
included in any pneumococcal vaccine. IPD in years 2009 (A), 2015 (B), and 2019 (C). 
Tables include the number and percent of IPD cases by the 5 most frequent sero-
types in each group. Abbreviations: IPD, invasive pneumococcal disease; PCV13, 
13-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal poly-
saccharide vaccine; ST, serotype.
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Pink bars represent IPD cases by serotypes 
included in PCV13. Green bars indicate the 
10 most frequent nonvaccine serotypes 
causing IPD in years 2009 (A), 2015 (B), and 
2019 (C). Tables include the number and 
percent of IPD cases by the 5 most frequent 
serotypes in each group. 	
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emergence of serotype 8 (5.2% in 2009 vs 30% in 2019), fol-
lowed by serotypes 12F, 9N, and 22F. Nonvaccine serotypes re-
mained relatively constant in this group.

In adults aged ≥65 years, IPD cases by PCV13 serotype de-
creased from 65% (824 cases) in 2009 to 25% (415 cases) in 
2019, again demonstrating the impact of indirect protection 
due to pediatric vaccination (Figure  4). Serotypes 3 and 19A 
were the 2 most frequent PCV13 serotypes in all periods inves-
tigated; an increase in additional serotypes covered by PPV23 
(mainly by serotype 8)  was also observed. The emergence of 

serotype 8 is worrisome, rising from 5.8% (73 cases) in 2009 
to 19% (232 cases) in 2019 (Figure 4, Table 3). Other emerging 
serotypes in this age group are 22F (5.3%, 66 cases) and 12F 
(4.6%, 57 cases). Overall, serotypes 3 and 8 accounted for 32% 
of IPD cases in adults aged ≥65 years (396 of 1239 total cases). 
Nonvaccine types also increased from 22% in 2009 (280 cases) 
to 30% in 2019 (367 cases), with serotypes 15A (4%), 6C (3.8%), 
and 16F (3.4%) among the most frequent in 2019.

Serotypes 3, 19A, and 6A, which are included in PCV13 
and not covered by PCV10, also declined in children during 
the 11 years of the study, with reductions of 38% (32 cases to 

Figure 2. Serotypes causing IPD in the pediatric population aged 0–17  years. 
Pink bars represent IPD cases by serotypes included in PCV13. Green bars indicate 
the 10 most frequent nonvaccine serotypes causing IPD in years 2009 (A), 2015 (B), 
and 2019 (C). Tables include the number and percent of IPD cases by the 5 most fre-
quent serotypes in each group. Abbreviations: IPD, invasive pneumococcal disease; 
PCV13, 13-valent pneumococcal conjugate vaccine; ST, serotype. 

Figure 3. Serotypes causing IPD in adults aged 18–64 years. Pink bars represent 
IPD cases by serotypes included in PCV13. Orange bars indicate additional sero-
types included in PPV23. Green bars represent the 5 most frequent serotypes not 
included in any pneumococcal vaccine. IPD in years 2009 (A), 2015 (B), and 2019 (C). 
Tables include the number and percent of IPD cases by the 5 most frequent sero-
types in each group. Abbreviations: IPD, invasive pneumococcal disease; PCV13, 
13-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal poly-
saccharide vaccine; ST, serotype.
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Serotypes causing 
IPD in adults aged 
18–64 years 	

Pink bars represent IPD cases by serotypes 
included in PCV13. Orange bars indicate 
additional sero- types included in PPV23. 
Green bars represent the 5 most frequent 
serotypes not included in any pneumococcal 
vaccine. IPD in years 2009 (A), 2015 (B), and 
2019 (C). Tables include the number and 
percent of IPD cases by the 5 most frequent 
serotypes in each group. 	



Table 2. Most Prevalent Serotypes to 
Cause Invasive Pneumococcal 
Disease in the Pediatric Population by 
Age Group During the Last 
Epidemiological Year (2019) in Spain 	

       

Serotypes causing 
IPD in adults aged 
≥65 years 	

Pink bars represent IPD cases by serotypes 
included in PCV13. Orange bars indicate 
additional sero- types included in PPV23. Green 
bars represent the 5 most frequent serotypes not 
included in any pneumococcal vaccine. IPD in 
years 2009 (A), 2015 (B), and 2019 (C). Tables 
include the number and percent of IPD cases by 
the 5 most frequent sero- types in each group. 	
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20 cases), 85% (123 cases to 18 cases), and 100% (23 cases to 
0 cases), respectively (Figure 5A). In adults aged ≥65 years, we 
found 66% (140 cases to 48 cases) and 93% (61 cases to 4 cases) 
reductions in IPD cases by serotypes 19A and 6A, respectively, 
without reduction against serotype 3, confirming the lack of 
herd protection for serotype 3 in older populations (Figure 5B).

Impact of Different Vaccine Strategies for Adults on Serotype Distribution

The use of PCV13 or PPV23 for immunocompetent adults 
showed a reduction in PCV13 serotypes, being greater in 

regions that use PCV13 (IRR, 0.73 vs 0.86). The trend for ad-
ditional serotypes included in PPV23 or nonvaccine serotypes 
was similar (Figure 6 and Supplementary Figure 3). These re-
sults indicate that PCV13, despite containing fewer serotypes 
than PPV23, does not induce more serotype replacement than 
PPV23 in adults aged ≥65 years. The effect of both vaccine strat-
egies was investigated against serotypes 3 and 19A (contained in 
both vaccines) and serotypes 8 and 22F (specific for PPV23). 
Interestingly, regions that use PCV13 showed a greater reduc-
tion in IPD cases by serotype 3 than regions that use PPV23 
serotypes (Figure 6 and Supplementary Figure 3). Overall, the 
use of PCV13 for older population reduced PCV13 serotypes, 
including serotype 3, without inducing serotype replacement.

DISCUSSION

IPD surveillance is critical to our understanding of national and 
local epidemiology including serotype distribution, which is es-
sential to assessing the impact of current and future vaccines. In 
Spain, the use of PCVs for children started in the private market 
in 2001 and its final introduction in the national immunization 
pediatric calendar was in 2016. Use of PCV7 in Spanish vaccin-
ated children reduced IPD cases by vaccine serotypes, showing 
herd protection to the older population. However, the increase 
in serotype 19A was rapidly observed in children and adults 
after PCV7 use in Spain, confirming the need for PCVs that 

Table 2. Most Prevalent Serotypes to Cause Invasive Pneumococcal 
Disease in the Pediatric Population by Age Group During the Last 
Epidemiological Year (2019) in Spain

Children Aged <2 Years Children Aged 2–5 Years

Serotype n % n %

24F 18 14.52 6 9.23
8 14 11.29 4 6.15
3 11 8.87 4 6.15
33F 11 8.87 0 0
15A 9 7.26 5 7.69
38 6 4.84 2 3.08
10A 6 4.84 1 1.54
19A 6 4.84 10 15.38
16F 5 4.03 0 0
15B 5 4.03 3 4.62
23B 5 4.03 4 6.15
12F 5 4.03 7 10.77
9N 5 4.03 0 0
22F 4 3.23 4 6.159
35B 2 1.61 2 3.08
11A 2 1.61 1 1.549
23A 2 1.61 2 3.08
9V 1 0.81 0 0
14 1 0.81 6 9.23
7B 1 0.81 0 0
Other 5 4.03 4 6.15
Total 124  65  

Figure 4. Serotypes causing IPD in adults aged ≥65 years. Pink bars represent 
IPD cases by serotypes included in PCV13. Orange bars indicate additional sero-
types included in PPV23. Green bars represent the 5 most frequent serotypes not 
included in any pneumococcal vaccine. IPD in years 2009 (A), 2015 (B), and 2019 (C). 
Tables include the number and percent of IPD cases by the 5 most frequent sero-
types in each group. Abbreviations: IPD, invasive pneumococcal disease; PCV13, 
13-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal poly-
saccharide vaccine; ST, serotype.
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23B		 9	 4	
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15B	(20v,	23v)	 8	 0	

1	 0	 6	
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Sero%ps predominants en pediatria a l'Hospital Germans Trias


• En	vacuna 	 	 	 	úl8ms	3	anys	
			-	13	valent:	27%	(15/56) 	 	18%	(6/34)	
			-	15	valent:	32%	(18/56) 	 	24%	(6/34)	
			-	20	valent:	64%	(36/54) 	 	62%	(21/34)	
	
• En	meningi8s	(4):	12F(2),	8,	16F,	24F	
• En	bacteriemia	primària	(12):	24F(4),	12F(3),	3,	10A,	22F,	35F,	
38	
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contain more serotypes such as PCV13 [8, 10]. Initially, PCV7 
coverage based on vaccine sales was low, but its use increased 
from 2002 onward, with reported vaccine coverage below 50% 
before 2006 [10]; data on PCV coverage were missing at the na-
tional level for the latter years [8]. The missing data on pneu-
mococcal vaccine coverage at the national level was a limitation 
of this study. Despite its private use, a significant reduction in 
IPD cases by PCV13 serotypes occurred in children. These re-
sults demonstrate that vaccination with PCV13 has been effec-
tive in the prevention of IPD in the pediatric population, with 
a benefit of herd immunity to nonvaccinated children aged 
<17 years. It is interesting that starting in 2016, an increasing 
trend of non-PCV13 serotypes was observed in children aged 
<2 years, suggesting that emerging serotypes 24F and 8 might 
jeopardize the success of this vaccine in the following years. 
These data are in contrast with those from the United States 
where non-PCV13 serotypes remain stable [11]. Among pos-
sible variations that may influence this difference are different 
vaccine schedules for PCVs with a 3 + 1 schedule in the United 
States vs the 2 + 1 schedule in Spain or even geographical differ-
ences [12]. Other European countries that use a 2+ 1 schedule 
have observed serotype replacement by non-PCV13 serotypes 
[5, 13–15]. The impact of different schedules on the pneumo-
coccal epidemiology of IPD is not fully understood. However, 
in the United Kingdom, based on the efficacy of their immu-
nization pediatric program, the current recommendation is 

to change to a 1 + 1 schedule [16]. Additional information is 
needed to address the best immunization practice and how it 
can affect the local epidemiology.

Wide use of PCVs in children has been shown to be ef-
fective at reducing the cases by vaccine serotypes in the vac-
cinated group but also has promoted indirect protection for 
nonvaccinated individuals including older populations [17, 
18]. Our national data support these important benefits in the 
Spanish population, with a substantial reduction in children 
and a moderate reduction in adults aged ≥65 years, confirming 
that a high proportion of IPD cases in adults are still being pro-
duced by PCV13 serotypes. 

In other countries such as the United States with greater vac-
cine coverage in children and even in adults, the residual burden 
of disease by PCV13 serotypes in adults is much lower compared 
with Spain, with a decrease of 68%–71% of IPD cases by PCV13 
serotypes [19]. Recent estimates predict that serotypes contained 
in PCV13 can be reduced by up to 50% after vaccination for a 

Table 3. Most Prevalent Serotypes to Cause Invasive Pneumococcal 
Disease in the Adult Population by Age Group During the Last 
Epidemiological Year (2019) in Spain

Adults Aged ≥65 Years Adults Aged 18–64 Years

Serotype n % n %

8 232 18.72 249 30.29
3 164 13.24 100 12.17
22F 66 5.33 38 4.62
12F 57 4.60 52 6.33
15A 51 4.12 18 2.19
9N 50 4.04 52 6.33
19A 48 3.87 26 3.16
6C 47 3.79 23 2.80
16F 42 3.39 9 1.09
11A 41 3.31 24 2.92
31 39 3.15 11 1.34
33F 39 3.15 18 2.19
23B 37 2.99 12 1.46
23A 34 2.74 17 2.07
14 32 2.58 14 1.70
15B 30 2.42 10 1.22
10A 23 1.86 19 2.31
24F 23 1.86 20 2.43
19F 22 1.78 9 1.09
35F 20 1.61 5 0.61
Other 142 11.46 78 9.49
Total 1239  822  

Figure 5. Evolution of serotypes 19A, 3, and 6A included in PCV13 and not in 
PCV10 during the period 2009–2019. Solid line with squares represents IPD cases 
due to serotype 3.  Dotted line with triangles represents IPD cases due to sero-
type 6A. Solid line with dots represents IPD cases due to serotype 19A. A, Data 
from the pediatric population aged 0–17 years. B, Data from adults aged ≥65 years. 
Abbreviations: IPD, invasive pneumococcal disease.
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Sero%ps predominants en adults a l'Hospital Germans Trias


• En	vacuna 	 	 	 	úl8ms	3	anys	
			-	13	valent:	28%	(84/299)	 	28%	(40/144)	
			-	15	valent:	34%	(101/299) 	35%	(50/144)	
			-	20	valent:	61%	(181/299) 	68%	(98/144)	
	
• En	meningi8s	(25):	13	ST	vacuna	(6	solo	en	20v)	y	12	ST	no	vacuna	
• En	bacteriemia	primària	(13):	5	ST	vacuna	(todos	solo	en	20v)	





Comparison of invasive pneumococcal disease cases in 
adults aged ≥65 years between Spanish regions that used 
PCV13 vaccine and regions that used PPV23 vaccine in the 
adult immunization calendar for the period 2017 vs 2019 	
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(IRR, 0.82 vs 1.04), with similar impact on non-PCV13 sero-
types (IRR, 1.24 vs 1.23). This effect should be considered 
with caution in the context of low vaccine coverage in Spanish 
adults aged  ≥65  years (8% for PCV13 regions and 25% for 
PPV23 regions in 2017 vs 22% for PCV13 regions and 26% for 
PPV23 regions in 2018 without coverage information for 2019; 
Supplementary Figure 4). In the United States, a recent study 
showed that pediatric vaccination with PCV13 had a greater 
impact on the reduction of disease burden by vaccine serotypes 
than the direct use of PCV13 in adults [19]. Hence, the different 
epidemiological scenario in the United States where there is no 
serotype replacement in children and adults [11], long-term use 
of PCV7 and PCV13 since 2000 and 2010, respectively, followed 
by use of PCV13 in series with PPV23 in immunocompetent 
adults since 2014 may explain the reduced effect of PCV13 in 
adults compared with those in Spain. Continuous epidemiolog-
ical surveillance is needed as new vaccines with more serotypes 
such as PCV15 and PCV20 become available in the next few 
years that will increase the potential coverage for children and 
adults (Figure 7). Further evaluation of the impact of different 
vaccine strategies on adults will increase our ability to establish 
the best vaccine policies for older populations.
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