
  Published Ahead of Print 7 August 2013. 
10.1128/CVI.00239-13. 

2013, 20(10):1524. DOI:Clin. Vaccine Immunol. 
Hernández-Sampelayo, Enrique Otheo and Cristina Méndez
Sagrario Negreira, Maria-Jesus García-de-Miguel, Teresa 
Juan Picazo, Jesus Ruiz-Contreras, Juan Casado-Flores,
 
Madrid, Spain
Pneumococcal Clinical Presentations in
Serotype-Dependent Incidence of Invasive 
Short-Term Effects on Age- and
Universal Pediatric Vaccination Calendar: 
Expansion of Serotype Coverage in the

http://cvi.asm.org/content/20/10/1524
Updated information and services can be found at: 

These include:

REFERENCES
http://cvi.asm.org/content/20/10/1524#ref-list-1
This article cites 24 articles, 8 of which can be accessed free at:

CONTENT ALERTS
 more»articles cite this article), 

Receive: RSS Feeds, eTOCs, free email alerts (when new

http://journals.asm.org/site/misc/reprints.xhtmlInformation about commercial reprint orders: 
http://journals.asm.org/site/subscriptions/To subscribe to to another ASM Journal go to: 

 on O
ctober 1, 2014 by U

A
M

/S
E

R
V

IC
IO

 D
E

 D
O

C
U

M
E

N
T

A
C

IO
N

http://cvi.asm
.org/

D
ow

nloaded from
 

 on O
ctober 1, 2014 by U

A
M

/S
E

R
V

IC
IO

 D
E

 D
O

C
U

M
E

N
T

A
C

IO
N

http://cvi.asm
.org/

D
ow

nloaded from
 

http://cvi.asm.org/content/20/10/1524
http://cvi.asm.org/content/20/10/1524#ref-list-1
http://cvi.asm.org/cgi/alerts
http://journals.asm.org/site/misc/reprints.xhtml
http://journals.asm.org/site/subscriptions/
http://cvi.asm.org/
http://cvi.asm.org/


Expansion of Serotype Coverage in the Universal Pediatric
Vaccination Calendar: Short-Term Effects on Age- and Serotype-
Dependent Incidence of Invasive Pneumococcal Clinical Presentations
in Madrid, Spain

Juan Picazo,a Jesus Ruiz-Contreras,b Juan Casado-Flores,c Sagrario Negreira,b Maria-Jesus García-de-Miguel,d

Teresa Hernández-Sampelayo,e Enrique Otheo,f Cristina Méndez,g on behalf of the HERACLES Study Group

Microbiology Department, Hospital Clínico San Carlos, Madrid, Spaina; Pediatric Department, Hospital 12 de Octubre, Madrid, Spainb; Pediatric ICU, Hospital Niño Jesús,
Madrid, Spainc; Pediatric Department, Hospital La Paz, Madrid, Spaind; Pediatric Department, Hospital Gregorio Marañón and CIBER of Respiratory Diseases (CibeRes),
Madrid, Spaine; Pediatric Department, Hospital Ramón y Cajal, Madrid, Spainf; Medical Department, Pfizer S.L.U., Alcobendas, Madrid, Spaing

In Madrid, Spain, the 13-valent pneumococcal conjugate vaccine (PCV13) replaced PCV7 in the pediatric universal vaccination
calendar in June 2010. A prospective clinical surveillance that included all children hospitalized with culture- and/or PCR-con-
firmed invasive pneumococcal disease (IPD) was performed in all Madrid hospitals. The incidence rates (IRs) (defined as the
number of cases/100,000 inhabitants aged <15 years) in the PCV7 (May 2007 to April 2010) versus PCV13 (May 2011 to April
2012) periods were compared. There were 499 cases in the PCV7 period and 79 cases in the PCV13 period. Globally, the IR signif-
icantly decreased from 17.09 (PCV7 period) to 7.70 (PCV13 period), with significant decreases (PCV7 versus PCV13 periods) in
all age groups for bacteremic pneumonia (5.51 versus 1.56), parapneumonic pneumococcal empyema (PPE) (5.72 versus 3.12),
and meningitis (2.16 versus 0.97). In the PCV13 period, significant reductions (the IR in the PCV7 period versus the IR in the
PCV13 period) were found in IPDs caused by PCV13 serotypes (13.49 versus 4.38), and specifically by serotypes 1 (globally [4.79
versus 2.53], for bacteremic pneumonia [2.23 versus 0.97], and for PPE [2.26 versus 1.17]), serotype 5 (globally [1.88 versus 0.00],
for bacteremic pneumonia [0.89 versus 0.00], and for PPE [0.55 versus 0.00]), and serotype 19A (globally [3.77 versus 0.49], for
bacteremic pneumonia [0.72 versus 0.00], for PPE [0.89 versus 0.00], and for meningitis [0.62 versus 0.00]). IPDs caused by non-
PCV13 serotypes did not increase (IR, 3.60 in the PCV7 period versus 3.31 in the PCV13 period), regardless of age or presenta-
tion. No IPDs caused by the PCV13 serotypes were found in children who received 3 doses of PCV13. The number of hospitaliza-
tion days and sanitary costs were significantly lower in the PCV13 period. The switch from PCV7 to PCV13 in the universal
pediatric vaccination calendar provided sanitary and economical benefits without a replacement by non-PCV13 serotypes.

In the Madrid autonomous community (approximately 6 mil-
lion inhabitants), the 7-valent pneumococcal conjugate vaccine

(PCV7) was included in the systematic childhood vaccination cal-
endar in November 2006 for the universal vaccination of children
aged �24 months, with doses at 2, 4, 6, and 18 months of age. In
June 2010, the 13-valent vaccine (PCV13) replaced the PCV7,
with an immunization schedule of 2, 4, and 15 months and a
catch-up program for children aged 18 to 24 months.

The HERACLES study (1–4), a yearly clinical surveillance of all
pediatric laboratory-confirmed invasive pneumococcal disease
(IPD) requiring hospitalization in the autonomous community of
Madrid, Spain, started in May 2007, 6 months after the introduc-
tion of PCV7 in the pediatric calendar for universal vaccination.
Over the 6 years of this ongoing surveillance, successive yearly
analyses have shown that the incidence rate of total IPDs was not
reduced in the PCV7 era, despite the significant decreasing trend
of IPDs caused by PCV7 serotypes, due to the increase in IPDs by
non-PCV7 serotypes (mainly serotypes 1, 7F, and 19A) (4). In the
period immediately after the switch from PCV7 to PCV13 (2010
to 2011), significant reductions in the incidence rate of global IPD,
mainly achieved by the reduction of cases caused by serotypes 1
and 19A, were evidenced (4).

It has been postulated that a time lag after universal vaccina-
tion is necessary before disease rates stabilize and greater decreases
in IRs are shown compared to the baseline (5, 6). Mathematical

modeling has suggested a reduction in the overall incidence rate of
IPDs following the introduction of PCV13, with uncertainty
about serotype replacement (7). Early after the implementation of
PCV7, there was worldwide evidence of a rapid serotype replace-
ment, at different degrees, which reduced the overall effectiveness
of PCV7 (6, 8). Thus, monitoring IPD following PCV13 introduc-
tion is important, since the extent to which replacement occurs
after PCV13 universal vaccination is yet to be determined (9).

Considering, as a baseline, the incidence rates from the PCV7
universal vaccination era, the aim of this study was to compare the
incidence rates for all hospitalized IPDs during the PCV13 univer-
sal vaccination period (2011 to 2012) versus during the PCV7
universal vaccination period (2007 to 2010), with the analysis
measured by clinical presentation, serotype, and age groups.
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MATERIALS AND METHODS
A prospective active clinical surveillance study on laboratory-confirmed
IPD was carried out in all hospitals with pediatric departments located in
the autonomous community of Madrid (Spain), beginning in May 2007.
IPD was defined as the presence of Streptococcus pneumoniae in normal
sterile fluids, and only children aged �15 years with laboratory-con-
firmed IPD by culture and/or PCR were considered. The analysis was
performed by considering data from two periods: (i) a 3-year period (May
2007 to April 2010) of PCV7 universal vaccination (PCV7 period) and (ii)
a 1-year period (May 2011 to April 2012) starting 1 year after the switch
from PCV7 to PCV13 in May 2010 to ensure the completion of catch-up
vaccine administration (PCV13 period).

Basic demographic data (age, gender, and vaccination status) and clin-
ical presentation (bacteremic pneumonia, parapneumonic pneumococ-
cal empyema [PPE], primary bacteremia, meningitis, and others) were
recorded. Local research ethics committees approved the study protocol.
Written informed consent was obtained from parents or guardians before
inclusion of child participants in the study.

Samples were sent to the clinical microbiology laboratory at each cen-
ter for microbiological culture and/or PCR detection. All pneumococcal
isolates were sent to a single reference laboratory (Microbiology Depart-
ment of the University Clinic Hospital in Madrid) for serotyping by Quel-
lung reaction. Pleural and cerebrospinal fluids not yielding positive cul-
ture were also sent to the reference laboratory for PCR detection of the
pneumolysin (ply) and autolysin (lyt) genes (10, 11). Pneumococci that
were confirmed by PCR were serotyped by real-time PCR assay using the
LightCycler SYBR green format followed by melting-curve analysis, as
previously described (12), and detected serotypes 1, 3, 4, 5, 6, 7F, 14, 19A,
and 19F. The molecular typing of 19A isolates was carried out by multi-
locus sequence typing (MLST) as previously described (13), and sequence
types (STs) were allocated using the online MLST database (http://www
.mlst.net).

Susceptibilities to penicillin, cefotaxime, and erythromycin were de-
termined by microdilution according to CLSI recommendations (14).
Current CLSI breakpoints (15) were considered for susceptibility inter-
pretation. Isolates with intermediate- or high-level resistance were de-
fined as nonsusceptible.

The incidence rate (IR) was calculated as the number of cases per
100,000 inhabitants using estimated person-years data on children in
Madrid (for each study period, by age group, and for total children �15
years of age) from the Spanish Instituto Nacional de Estadística (see http:
//www.ine.es/jaxiBD/tabla.do?per�03&type�db&divi�EPA&idtab�26
1#nogo), shown in Table 1.

The sanitary costs for the different clinical presentations were ob-
tained from the Spanish Ministry of Health statistical website (http:
//msssi.gob.es/estadEstudios/estadisticas/cmbd.htm), which provides the
costs per hospitalized case based on codes from the International Classi-
fication of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
(16) in 2010 (more recent data are now available). The costs were directly

obtained, when available, or adapted from related processes. For pneu-
mococcal meningitis (code 320.1), the cost was 11,524.3 euros. The cost
for pneumococcal pneumonia (code 481), 4,330.75 euros, was considered
for bacteremic pneumonia, the cost for empyema (code 510), 6,743.42
euros, was considered for pneumococcal parapneumonic empyema, and
the cost for bacteremia (code 790.7), 4,994.38 euros, was considered for
primary bacteremia. The costs globally and per clinical presentation were
extrapolated to 100,000 inhabitants using person-years data from each
study period (Table 1).

The total days of hospitalization were calculated globally and per clin-
ical presentation and extrapolated to 100,000 inhabitants using person-
years data in each study period (Table 1).

Comparisons between the two study periods were performed with
Epidat version 3.1.

RESULTS

A total of 499 IPDs were identified in the 3-year PCV7 period and
79 IPDs in the 1-year PCV13 period. The median (interquartile
range) ages (in months) of children suffering with IPD were 32.0
(13.0 to 56.0) in the PCV7 period (56.1% males) and 40.0 (11.0 to
62.0) in the PCV13 period (48.1% males). Table 2 shows, by study
period, the number (IR) of total IPDs, bacteremic pneumonia,
PPE, primary bacteremia, and meningitis. Other presentations
(such as septic arthritis, peritonitis, cerebral abscess, periorbital
cellulitis, otomastoiditis, and periotic abscess) accounted for 48
cases in the PCV7 period and 10 cases in the PCV13 period.

PPE diagnoses were based exclusively on PCR (negative cul-
tures) in 102 out of 167 (61.1%) cases in 2007 to 2010 and in 22 out

TABLE 1 Estimated person-year data on children in Madrid for the
different study age groups by study period, according to the Spanish
Instituto Nacional de Estadística

Age group (mo)

No. of cases in:

2007 to 2010a 2011 to 2012

�12 224,692 73,521
�12 to �24 221,154 75,200
�24 to �60 651,757 222,127
�60 1,822,743 655,687
Total 2,920,346 1,026,535
a See reference 17. The person-years shown are summated values covering the first 3
years of the HERACLES study: 1st year, May 2007 to April 2008; 2nd year, May 2008 to
April 2009; and 3rd year, May 2009 to April 2010.

TABLE 2 Numbers (incidence rates) of overall IPDs by study period
and of the different clinical presentations by age group individually

Symptoms by age group

No. (IR) of cases in:

P2007 to 2010 2011 to 2012

Total IPDs 499 (17.09) 79 (7.70) 0.0000
�12 mo 107 (47.62) 20 (27.20) 0.0260
�12 to �24 mo 89 (40.24) 11 (14.63) 0.0014
�24 to �60 mo 189 (29.00) 28 (12.61) 0.0000
�60 mo 114 (6.25) 20 (3.05) 0.0034

Bacteremic pneumonia 161 (5.51) 16 (1.56) 0.0000
�12 mo 13 (5.79) 3 (4.08) 0.8351
�12 to �24 mo 20 (9.04) 2 (2.66) 0.1124
�24 to �60 mo 80 (12.27) 6 (2.70) 0.0001
�60 mo 48 (2.63) 5 (0.76) 0.0080

PPE 167 (5.72) 32 (3.12) 0.0019
�12 mo 4 (1.78) 1 (1.36) 1.0000
�12 to �24 mo 30 (13.57) 2 (2.66) 0.0224
�24 to �60 mo 90 (13.81) 19 (8.55) 0.0710
�60 mo 43 (2.36) 10 (1.53) 0.2728

Primary bacteremia 60 (2.05) 11 (1.07) 0.0595
�12 mo 35 (15.58) 8 (10.88) 0.4572
�12 to �24 mo 13 (5.88) 3 (3.99) 0.7832
�24 to �60 mo 7 (1.07) 0 (0.00) 0.7135
�60 mo 5 (0.27) 0 (0.00) 0.9995

Meningitis 63 (2.16) 10 (0.97) 0.0236
�12 mo 36 (16.02) 4 (5.44) 0.0492
�12 to �24 mo 10 (4.52) 2 (2.66) 0.7583
�24 to �60 mo 5 (0.77) 1 (0.45) 1.0000
�60 mo 12 (0.66) 3 (0.46) 0.8199

IPD Incidence following PCV7 to PCV13 Switching
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of 32 (68.8%) in 2010 to 2011. In the case of meningitis, diagnoses
were based exclusively on PCR (negative cultures) in 3 out of 63
(4.8%) cases in 2007 to 2010 and in 1 out of 10 (10.0%) in 2010 to
2011.

Figure 1 shows the yearly evolution of the IR of total IPDs, of
IPDs by PCV13 serotypes, and of IPDs by non-PCV13 serotypes
over the five HERACLES study periods.

IR by clinical presentation. In the PCV7 period, the IR of total
IPDs was 17.09. This IR significantly (P � 0.0001) decreased to
7.70 in the PCV13 period, with significant (P � 0.05) decreases for
all age groups (Table 2). The decrease in overall IPDs was due to
significant decreases in the IRs of bacteremic pneumonia (globally
and in children aged �24 months) (P � 0.01), PPE (globally and
in children aged �12 to �24 months) (P � 0.05), and meningitis
(globally and in children aged �12 months) (P � 0.05). The de-
crease in the IR of primary bacteremia did not reach significance
(P � 0.0595).

The median age (in months) of children suffering from PPE
was significantly higher in the PCV13 period than in the PCV7
period (47.0 versus 42.0; P � 0.032). In the case of meningitis, the
difference in mean age (17.5 months in the PCV13 period versus
8.0 months in the PCV7 period) did not reach statistical signifi-
cance (P � 0.125), and no differences were found for bacteremic
pneumonia (45.0 versus 43.0 months, respectively; P � 0.690) or
primary bacteremia (7.0 versus 8.0 months, respectively; P �
0.508).

IR by serotype. The reduction in the IR of total IPDs was due to
significant (P � 0.01) reductions in IPDs caused by PCV13 sero-
types in all age groups (Table 3). The reduction found in the IR of
IPDs caused by PCV13 serotypes was due to significant reductions
in IPDs caused by serotype 1 (globally and in the group of children
aged �24 to �60 months) (P � 0.01), serotype 5 (globally and in
children aged �24 to �60 months) (P � 0.05), and serotype 19A
(globally and in children aged �60 months) (P � 0.05). IPDs
caused by non-PCV13 serotypes did not increase in the PCV13
period either globally or in any of the age groups. The overall 105
cases caused by non-PCV13 serotypes in the PCV7 period were
caused by 25 different serotypes (none with �4 isolates/year),
while in the PCV13 period, the 34 cases were caused by 15 differ-
ent serotypes (serotype 22F [4 cases], 11A and 15B [3 cases each],
12F and 25A [2 cases each], and 20 cases of other serotypes).

The median age (in months) of children suffering from IPDs
caused by serotypes included in PCV13 was significantly higher in
the PCV13 period than in the PCV7 period (48.0 versus 34.5; P �
0.037), mainly due to significant differences for serotype 1 (65.0
versus 52.0; P � 0.016), without statistical significance for sero-
types 3 (37.5 versus 25.0; P � 0.436), 7F (40.0 versus 22.0; P �
0.285), or 19A (14.0 versus 15.0; P � 0.560).

IR by clinical presentation and serotype. Table 4 shows the
IRs of IPD clinical presentations caused by PCV7, by additional
serotypes in PCV13 (individually), by PCV13 (globally), and by
non-PCV13 serotypes for the different age groups in the study.
Reductions (P � 0.05) in the IRs of meningitis, PPE, and bactere-
mic pneumonia were due to significant (P � 0.01) reductions in
the IRs of these clinical presentations caused by PCV13 serotypes.
Specifically, significant reductions were found for meningitis
caused by serotype 19A (P � 0.05), for PPE caused by serotypes 1
and 19A (P � 0.05), and for bacteremic pneumonia caused by
serotypes 1, 5, and 19A (P � 0.05). Although the reduction in the
IR of primary bacteremia did not reach statistical significance
(P � 0.0595), the IR of primary bacteremia caused by PCV13
serotypes significantly (P � 0.0061) decreased in the PCV13 pe-
riod.

The median age (in months) of children suffering from PPE
caused by serotypes included in the PCV13 was significantly
higher in the PCV13 period than in the PCV7 period (52.0 versus
44.0; P � 0.028), mainly due to significant differences for serotype
1 (74.0 versus 49.5; P � 0.002), without statistical significance for
other serotypes.

IPDs in the PCV13 period and relationship to vaccination
status. In the PCV13 period, 33 out of the 79 children with IPDs
had been vaccinated with at least one dose of PCV13. Of them, 12
suffered from an IPD by a serotype included in PCV13: one child
that had received only one dose (had primary bacteremia caused
by serotype 7F), 7 children that had received two doses (3 had
primary bacteremia caused by 19A-ST320, one had bacteremic
pneumonia caused by serotype 1, one had PPE caused by serotype
3, one had meningitis caused by serotype 1, and one had otomas-
toiditis caused by 19F), 3 children that had received one catch-up
dose (one had bacteremic pneumonia caused by serotype 3, one
had PPE caused by serotype 3, and one had a brain abscess related
to otomastoiditis caused by serotype 19A-ST320), and 1 child that

FIG 1 Yearly evolution of IRs of total IPDs, IPDs by PCV13 serotypes, and IPDs by non-PCV13 serotypes over the five HERACLES study time periods.
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had received the third PCV13 dose 2 days before hospital admis-
sion for an otomastoiditis and periotic abscess caused by serotype
19A-ST320. No further cases of IPDs caused by the PCV13 sero-
types were found in children that had been completely vaccinated
with PCV13 (3 doses).

Susceptibility. In the PCV13 period, all 19A isolates (n � 5)
were nonsusceptible to cefotaxime and oral penicillin (3 of them
resistant to parenteral penicillin) and erythromycin, while all iso-

lates of serotypes 1 (n � 26), 3 (n � 6), and 7F (n � 6) were
susceptible to oral penicillin.

Associated costs. Table 5 shows the total numbers of days of
hospitalization and sanitary costs per 100,000 inhabitants aged
�15 years by clinical presentation in the two study periods. The

TABLE 3 Numbers (incidence rates) of IPDs caused by different
serotypes, by age group and study period

Serotype cause of IPDs by
age group

No. (IR) of cases in:

P2007 to 2010 2011 to 2012

PCV7 serotypes 21 (0.72) 2 (0.19) 0.0791
�12 mo 4 (1.78) 2 (2.72) 0.9157
�12 to �24 mo 3 (1.36) 0 (0.00) 1.0000
�24 to �60 mo 4 (0.61) 0 (0.00) 1.0000
�60 mo 10 (0.55) 0 (0.00) 0.3375

Serotypes added in PCV13
Serotype 1 140 (4.79) 26 (2.53) 0.0032

�12 mo 6 (2.67) 1 (1.36) 0.9072
�12 to �24 mo 9 (4.07) 1 (1.33) 0.4714
�24 to �60 mo 71 (10.89) 9 (4.05) 0.0054
�60 mo 54 (2.96) 15 (2.29) 0.4522

Serotype 3 24 (0.89) 6 (0.58) 0.5877
�12 mo 5 (2.23) 1 (1.36) 1.0000
�12 to �24 mo 5 (2.26) 1 (1.33) 1.0000
�24 to �60 mo 12 (1.84) 4 (1.80) 1.0000
�60 mo 2 (0.11) 0 (0.00) 1.0000

Serotype 5 55 (1.88) 0 (0.00) 0.0001
�12 mo 11 (4.90) 0 (0.00) 0.3298
�12 to �24 mo 5 (2.26) 0 (0.00) 1.0000
�24 to �60 mo 24 (3.68) 0 (0.00) 0.0125
�60 mo 15 (0.82) 0 (0.00) 0.0990

Serotype 6A 5 (0.17) 0 (0.00) 1.0000
�12 mo 2 (0.89) 0 (0.00) 1.0000
�12 to �24 mo 2 (0.90) 0 (0.00) 1.0000
�24 to �60 mo 0 (0.00) 0 (0.00) 0.8875
�60 mo 1 (0.05) 0 (0.00) 0.9182

Serotype 7F 39 (1.44) 6 (0.58) 0.0770
�12 mo 12 (5.34) 1 (1.36) 0.1121
�12 to �24 mo 8 (3.62) 0 (0.00) 0.5828
�24 to �60 mo 14 (2.15) 5 (2.25) 1.0000
�60 mo 5 (0.27) 0 (0.00) 0.9995

Serotype 19A 110 (3.77) 5 (0.49) 0.0000
�12 mo 37 (16.47) 2 (2.72) 0.0082
�12 to �24 mo 37 (16.73) 2 (2.66) 0.0065
�24 to �60 mo 26 (3.99) 1 (0.45) 0.0178
�60 mo 10 (0.55) 0 (0.00) 0.3375

PCV13 serotypes 394 (13.49) 45 (4.38) 0.0000
�12 mo 85 (37.83) 8 (10.88) 0.0005
�12 to �24 mo 61 (27.58) 3 (3.99) 0.0003
�24 to �60 mo 151 (23.17) 19 (8.55) 0.0000
�60 mo 97 (5.32) 15 (2.29) 0.0025

Non-PCV13 serotypes 105 (3.60) 34 (3.31) 0.7494
�12 mo 30 (13.35) 13 (17.68) 0.5017
�12 to �24 mo 20 (9.04) 7 (9.31) 0.8765
�24 to �60 mo 38 (5.83) 9 (4.05) 0.4124
�60 mo 17 (0.93) 5 (0.76) 0.9077

TABLE 4 Numbers (incidence rates) of different clinical presentations
caused by different serotypes globally and by study period

Presentation and
serotype

No. (IR) of cases in:

P2007 to 2010 2011 to 2012

Total IPDs 499 (17.09) 79 (7.70) 0.0000
PCV7 21 (0.72) 2 (0.19) 0.0791
1 140 (4.79) 26 (2.53) 0.0032
3 24 (0.89) 6 (0.58) 0.5877
5 55 (1.88) 0 (0.00) 0.0001
6A 5 (0.17) 0 (0.00) 1.0000
7F 39 (1.44) 6 (0.58) 0.0770
19A 110 (3.77) 5 (0.49) 0.0000
PCV13 394 (13.49) 45 (4.38) 0.0000
Non-PCV13 105 (3.60) 34 (3.31) 0.7494

Bacteremic pneumonia 161 (5.51) 16 (1.56) 0.0000
PCV7 7 (0.24) 0 (0.00) 0.6849
1 65 (2.23) 10 (0.97) 0.0178
3 4 (0.14) 1 (0.10) 1.0000
5 26 (0.89) 0 (0.00) 0.0154
6A 0 (0.00) 0 (0.00) 0.9051
7F 16 (0.55) 1 (0.10) 0.0833
19A 21 (0.72) 0 (0.00) 0.0231
PCV13 139 (4.76) 12 (1.17) 0.0000
Non-PCV13 22 (0.75) 4 (0.39) 0.3118

PPE 167 (5.72) 32 (3.12) 0.0019
PCV7 7 (0.24) 0 (0.00) 0.6849
1 66 (2.26) 12 (1.17) 0.0444
3 15 (0.51) 5 (0.49) 1.0000
5 16 (0.55) 0 (0.00) 0.0833
6A 0 (0.00) 0 (0.00) 0.9051
7F 9 (0.31) 4 (0.39) 0.8991
19A 26 (0.89) 0 (0.00) 0.0154
PCV13 139 (4.76) 21 (2.05) 0.0003
Non-PCV13 28 (0.96) 11 (1.07) 0.8964

Primary bacteremia 60 (2.05) 11 (1.07) 0.0595
PCV7 3 (0.10) 0 (0.00) 1.0000
1 3 (0.10) 0 (0.00) 1.0000
3 2 (0.07) 0 (0.00) 1.0000
5 6 (0.21) 0 (0.00) 0.8403
6A 1 (0.03) 0 (0.00) 0.9051
7F 9 (0.31) 1 (0.10) 0.4441
19A 22 (0.75) 3 (0.29) 0.1574
PCV13 46 (1.58) 4 (0.39) 0.0061
Non-PCV13 14 (0.48) 7 (0.68) 0.5860

Meningitis 63 (2.16) 10 (0.97) 0.0236
PCV7 2 (0.07) 0 (0.00) 1.0000
1 2 (0.07) 1 (0.10) 1.0000
3 1 (0.03) 0 (0.00) 0.9051
5 4 (0.14) 0 (0.00) 1.0000
6A 3 (0.10) 0 (0.00) 1.0000
7F 4 (0.14) 0 (0.00) 1.0000
19A 18 (0.62) 0 (0.00) 0.0500
PCV13 34 (1.16) 1 (0.10) 0.0034
Non-PCV13 29 (0.99) 9 (0.88) 0.8873
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number of days of hospitalization per 100,000 inhabitants aged
�15 years and the sanitary costs per 100,000 inhabitants aged �15
years were significantly lower in the PCV13 period for IPDs glob-
ally and for the four major presentations individually. The reduc-
tions in the days of hospitalization per 100,000 inhabitants aged
�15 years from the PCV7 to the PCV13 period were 47.4% glob-
ally, 79.3% for bacteremic pneumonia, 42.1% for PPE, 46.0% for
primary bacteremia, 35.5% for meningitis, and 19.2% for other
presentations. The estimated approximate reductions in sanitary
costs per 100,000 inhabitants aged �15 years in the PCV13 period
were 53,000 euros globally, 17,000 euros for bacteremic pneumo-
nia, 17,500 euros for PPE, 4,900 euros for primary bacteremia, and
13,600 euros for meningitis.

DISCUSSION

The incidence data regarding IPDs vary widely depending on vac-
cination policy, geographical areas, and differences in the study
methodologies and surveillance systems (17, 18). In Spain, where
PCV7 was introduced in 2001 in the private market, the differ-
ences between geographical areas are evident according to the
published data. The incidence rates of IPDs in children aged �2
years were reduced in the Basque Country and Navarre from 93.5
(1998 to 2001) to 56.3 (2003), with a vaccine uptake of 28% and
45%, respectively, with significant reductions in pneumococcal
meningitis and pneumococcal bacteremia, and also in children
aged �5 years (19). In Barcelona, the incidence rates of IPDs in
children decreased from 96.9 in 1999 to 90.6 in 2004, with one-
third of children having received PCV7, and with significant re-
ductions in meningitis and bacteremia but increases in empyema
(20). Interestingly, another study in Barcelona showed a signifi-
cant increase in the incidence of IPDs in children aged �5 years,
from 76.2/100,000 inhabitants in 2007 to 109.9/100,000 inhabit-
ants in 2009, due to the increase in cases caused by non-PCV7
serotypes (21). Similar incidence rates (�61.55/100,000 inhabit-
ants) were reported in the autonomous community of Madrid in
the period of 1998 to 2006 (prior to PCV7 inclusion in the system-
atic vaccination calendar for childhood immunizations) (22).
These values contrast with the IRs of IPDs in the PCV7 period of
the present study: 17.09 globally (�15 years) and 47.62 in children

aged �12 months. The decrease reported for the period 2007 to
2011 (4) has continued, leading to IRs of 7.70 (global IPDs) and
27.2 (children aged �12 months) in the present yearly analysis
(2011 to 2012) of the HERACLES study. The decrease in the
PCV13 period was significant for all pediatric age groups and for
bacteremic pneumonia, PPE, and meningitis, with IRs of 1.56,
3.12, and 0.97, respectively, in 2011 to 2012.

IPD incidence is age dependent. The results of the present
study suggest that due to PCV13 vaccination of the youngest chil-
dren, the mean age of children suffering from IPDs has increased.
Nevertheless, probably due to the limited number of cases, statis-
tical significance was only found in the case of PPE and, among
them, for serotype 1 cases. There has been a significant reduction
in PPE cases among children aged �12 to �24 months, a pop-
ulation group that had been vaccinated with PCV13 the previ-
ous year, but not among older children that were not in the
target population for vaccination. Previous articles from the
HERACLES study had shown that serotype 1 was linked to
respiratory presentations of IPD and children aged �36 months
(1). In the present analysis, respiratory presentations (bacteremic
pneumonia and PPE) were the most prevalent IPDs in both peri-
ods (65.72% in the PCV7 period and 60.76% in the PCV13 pe-
riod). However, the similar distributions of bacteremic pneumo-
nia and PPE in the PCV7 period changed in the PCV13 period,
with bacteremic pneumonia comprising 20.25% of total IPDs and
PPE 40.51% of total IPDs. In any case, the IRs of IPD caused by
serotypes 1 and 19A have markedly decreased, without any cases
of bacteremic pneumonia, PPE, and meningitis caused by sero-
type 19A in the PCV13 period. Serotype 19A was linked to non-
respiratory presentations and children aged �12 months in the
PCV7 era (1). The five serotype 19A cases in the PCV13 period of
the present analysis were primary bacteremia (3 cases) and 2 IPDs
linked to otic foci. All isolates belonged to ST320. The marked
reduction in serotype 19A cases is important from the point of
view of antibiotic resistance, since in our country, ST320 is a wor-
risome clone showing multidrug resistance (2, 23, 24).

The significant reduction in the IR of serotype 5, without any
cases in 2011 to 2012, could not be attributed only to vaccine
pressure, since although this serotype was the third most prevalent
(after serotypes 1 and 19A) in the PCV7 period, it has been linked
to community outbreaks (25), such as that which occurred in the
autonomous community of Madrid in the PCV7 period.

In a previous study using real-time PCR for identification, se-
rotype 3 was reported to be a common serotype causing IPD in
children in Spain (26). In the present analysis, cases caused by
serotype 3 represented �8% in both periods, without a significant
reduction in IR in the PCV13 period. No variations over 3 decades
were described for this serotype, despite its high antimicrobial
susceptibility as shown in Spain in a previous study (27). The
inclusion of this serotype in PCV13 will probably have epidemio-
logical effects once a time lag period passes after universal PCV13
vaccination, since none of the six cases of IPD caused by serotype
3 occurred in children who had received the 3-dose schedule of
PCV13.

In the present study, no PCV13 vaccine failures were detected
with use of the complete vaccination schedule, since the child with
otomastoiditis by serotype 19A had received the third PCV13 dose
only 2 days before hospital admission.

Of high importance is that, according to data in the present
study, the IR of IPDs caused by non-PCV13 serotypes did not vary

TABLE 5 Total numbers of days of hospitalization per 100,000
inhabitants aged �15 years and sanitary costs by clinical presentation in
the two study periods

Clinical
presentation

2007 to 2010 2011 to 2012

No. of days of
hospitalization

Sanitary
costs (€)d

No. of days of
hospitalization

Sanitary
costs (€)d

Bacteremic
pneumonia

51.36 23,875.62 10.62a 6,750.09a

PPE 105.43 38,562.25 61.08a 21,021.15a

Primary bacteremia 16.23 10,261.21 8.77a 5,351.81a

Meningitis 43.21 24,861.13 27.86a 11,226.41a

Othersb 19.52 15.78c

Total IPDs 235.76 97,560.21 124.11a 44,349.46a

a P � 0.0001 versus 2007-2010 period.
b Other presentations (such as septic arthritis, peritonitis, cerebral abscess, periorbital
cellulitis, otomastoiditis and periotic abscess) accounted for 48 cases in the PCV7
period and 10 cases in the PCV13 period.
c P � 0.0188 versus that for 2007-2010 period.
d For calculations of sanitary costs, only bacteremic pneumonia, PPE, primary
bacteremia, and meningitis were considered.
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after the switch from PCV7 to PCV13. Thus, the replacement issue
detected early after the PCV7 introduction affecting both carriage
and disease (9), which created uncertainty about replacement ef-
fects after PCV13 introduction, was not detected in the present
study. No increase in cases caused by non-PCV13 serotypes was
found in the PCV13 period for the four major clinical presenta-
tions studied, with the IRs of IPD by non-PCV13 serotypes being
�1. In addition, the 34 non-PCV13 cases found in 2011 to 2012
were caused by 15 different serotypes, none of them with �4 iso-
lates, suggesting no specific serotype to be a potential candidate
for future serotype replacement.

The incidence rates of global IPD (IR, �17.0) and of IPD by
PCV13 serotypes (IR, �13.5) remained unchanged from 2007 to
2010 (4). In contrast, there was a significant reduction in disease
demonstrated in the present study after the switch from PCV7 to
PCV13 for universal vaccination. This substantial reduction was
linked to significant reductions in the estimated sanitary costs per
100,000 inhabitants aged �15 years and in days of hospitalization
per 100,000 inhabitants for IPDs globally and for the four major
presentations individually. Previous mathematical modeling of
the long-term effects of replacing PCV7 with PCV13 showed the
cost-effectiveness of such a switch in England and Wales (7), as
well as of the implementation of PCV13 universal vaccination by
the public health system in Valencia, Spain (28).

The results of the present analysis provide useful evidence on
the benefits of replacing PCV7 with PCV13 universal vaccination.
This is important since, at least with PCV7, stopping universal
vaccination is predicted to cause a rebound in the number of IPD
cases to the pre-PCV7 level (7). In the present study, no replace-
ment by non-PCV13 serotypes was found in serotypes causing
IPDs in the PCV13 period. However, if a possible replacement
effect occurs, it is unlikely that this might lead to scenarios where
PCV13 universal vaccination becomes less beneficial than the op-
tion of discontinuing conjugate vaccination altogether (7).
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