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Introduction: Pediatric pneumococcal pneumonia complicated by parapneumonic pleural effusion/
empyema (PPE/PE) remains a major concern despite general immunization with pneumococcal conjugate
vaccines (PCVs).
Methods: In a nationwide pediatric hospital surveillance study in Germany we identified 584 children
<18 years of age with bacteriologically confirmed PPE/PE from October 2010 to June 2018.
Streptococcus pneumoniae was identified by culture and/or PCR of blood samples and/or pleural fluid
and serotyped.
Results: S. pneumoniae was identified in 256 of 584 (43.8%) children by culture (n = 122) and/or PCR
(n = 207). The following pneumococcal serotypes were detected in 114 children: serotype 3 (42.1%), 1
(25.4%), 7F (12.3%), 19A (7.9%), other PCV13 serotypes (4.4%) and non-PCV13 serotypes (7.9%). Between
October 2010 and June 2014 serotype 1 (38.1%) and serotype 3 (25.4%) were most prevalent, whereas
between July 2014 and June 2018 serotype 3 (62.7%) and non-PCV13 serotypes (15.7%) were dominant.
Compared to children with other pneumococcal serotypes, children with serotype 3 associated PPE/PE
were younger (median 3.2 years [IQR 2.1–4.3 years] vs. median 5.6 years [IQR 3.8–8.2 years]; p < 0.001)
and more frequently admitted to intensive care (43 [89.6%] vs. 48 [73.8%]; p = 0.04). Seventy-six of 114
(66.7%) children with pneumococcal PPE/PE had been vaccinated with pneumococcal vaccines. Thirty-
nine of 76 (51.3%) had received a vaccine covering the serotype detected. Thirty of these 39 breakthrough
cases were age-appropriately vaccinated with PCV13 and considered vaccine failures, including 26 chil-
dren with serotype 3, three children with serotype 19A and one child with serotype 1.
Conclusion: Following the introduction of PCV13 in general childhood vaccination we observed a strong
emergence of serotype 3 associated PPE/PE in the German pediatric population, including a considerable
number of younger children with serotype 3 vaccine breakthrough cases and failures. Future PCVs should
not only cover newly emerging serotypes, but also include a more effective component against serotype 3.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction period [1,2]. An annual rate of approximately 1000 pneumonia
Community-acquired pneumonia (CAP) is still the leading cause
of morbidity and mortality in young children beyond the neonatal
hospitalizations per 100,000 children <2 years has been estimated
for the United States [3]. Up to 5% of patients admitted to hospital
with pneumonia develop parapneumonic pleural effusions [4]; of
invasive
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these, 5–10% progress to complicated parapneumonic effusion/
empyema (PPE/PE) [5]. Streptococcus pneumoniae is the major
cause of pediatric PPE/PE besides other aerobic, gram positive
cocci, such as Streptococcus pyogenes and Staphylococcus aureus
[6–8].

Pneumococcal vaccines have been developed based on
serotype-specific capsular antigens of S. pneumoniae. In 2001, a
pneumococcal conjugate vaccine (PCV) targeting seven pneumo-
coccal serotypes most frequently associated with invasive pneu-
mococcal disease (IPD) was licensed in Germany (serotypes: 4,
6B, 9V, 14, 18C, 19F and 23F) [9,10]. In 2006, the German Standing
Committee on Vaccination (STIKO) issued a recommendation for
general pneumococcal vaccination of all children <2 years for the
prevention of IPD in a 3 + 1 schedule at 2, 3, 4 and 11–14 months
of age [11]. By 2009, a vaccination coverage of 81% had been
reached in the pediatric population [12]. Since 2009, PCV7 has
been successively replaced by higher-valent PCVs. PCV10 included
serotypes 1, 5 and 7F in addition to the serotypes covered by PCV7,
and PCV13 included the additional serotypes 1, 3, 5, 6A, 7F and
19A. By 2010–2012, PCV13 had reached a market share of 91%
[13]. In 2015, the recommendation for infants in Germany was
modified to a 2 + 1 schedule at 2, 4 and 11–14 months of age [14].

After the introduction of PCV7 in the USA in 2000, the incidence
of hospital admissions due to CAP decreased from 1267 cases
(1996–1998) to 852 cases (2005–2007) per 100,000 children
<2 years of age [15]. Although the incidence of CAP complicated
by PPE/PE was substantially lower, it doubled from 3.5 cases to
7.0 cases in 100,000 children <2 years of age within the same per-
iod [15]. The pneumococcal serotypes 1, 3, 7F and 19A, which were
suspected to have a higher potential to invade the pleural space,
were not included in PCV7 and were increasingly detected in chil-
dren with PPE/PE after PCV7 introduction [16–19]. The decrease in
CAP incidence paired with a rise in PPE/PE incidence following
PCV7 introduction therefore suggested a vaccine-induced serotype
replacement. In line with this hypothesis, several countries
reported decreasing incidence rates of pediatric PPE/PE shortly
after the introduction of PCV13 (including serotypes 1, 3, 7F and
19A) [20–23]. Similarly, we observed an initial decrease of PPE/
PE incidence in Germany following PCV13 introduction in
2009/10, which was, however, followed by an increase in PPE/PE
incidence from 2013/14 [7].

The increase of PPE/PE may be due either to a lower effective-
ness against a specific serotype included in the vaccine or to the
replacement of vaccine serotypes with non-vaccine serotypes in
vaccinated children. Interestingly, an increase of PPE/PE has also
been observed in countries without PCV-immunization pro-
grammes (e.g., Israel), suggesting secular trends in the distribution
and virulence of different pneumococcal serotypes [24,25]. In this
study we investigated S. pneumoniae associated PPE/PE in PCV vac-
cinated children on a serotype specific level in the context of
changing pneumococcal vaccination in Germany.
2. Methods

The study population included children <18 years of age admit-
ted to hospital for pneumonia-associated PPE/PE either requiring
drainage or persisting >7 days. Children with PPE/PE were identi-
fied by prospective surveillance in all 472 pediatric hospitals/
departments in Germany from October 2010 to June 2018. A study
year (SY) covered the period from July 1 in one year to June 30 in
the following year, except for SY1 (October 2010 to June 2011)
[7,26]. Children with pneumococcal PPE/PE and documented pneu-
mococcal vaccination status were included in the analysis.

Bacteria and/or bacterial DNA identified in blood samples and/
or pleural fluid by culture and/or PCR were considered causative
for PPE/PE. In addition to standard local hospital procedures,
broad-spectrum 16S rRNA gene sequencing of pleural fluid at the
Institute of Hygiene and Microbiology, University of Würzburg
was offered to all reporting clinicians. When pleural fluid was for-
warded to the University of Würzburg or the national reference
center for pneumococci in Aachen, pneumococcal serotyping was
performed using multiplex polymerase chain reaction and subse-
quent gel electrophoresis according to published methods
[27,28]. Only written documentation of pneumococcal vaccination
status with information on the trade name of the vaccine and the
date of vaccination for each dose was accepted for analysis. All
pneumococcal vaccine doses given at least 14 days prior to hospital
admission for PPE/PE were considered relevant. Based on the suc-
cessive introduction of PCVs in the German vaccination schedule,
birth cohorts were classified as pre-PCV7 (�2005), PCV7 (2006–
2008) or post-PCV7 (�2009).

Children vaccinated with pneumococcal vaccines covering the
pneumococcal serotype detected were considered vaccine break-
through cases (BCs) [29]. In line with the recommendations of
the Council for the International Organizations of Medical
Sciences/WHO Working Group on Vaccine Pharmacovigilance,
BCs with full and age-appropriate vaccination were considered
vaccine failures (VFs) [30–32]. The German pneumococcal vaccina-
tion recommendation was modified from four doses (3 + 1) to
three doses (2 + 1) in August 2015 [14]. On the assumption that
the 2 + 1 schedule provided full protection against vaccine-type
diseases also for children born before August 2015, we defined
age-appropriate vaccination for all children according to the cur-
rent recommendations of the German Standing Committee on Vac-
cination, i.e. as immunization with at least two doses of PCV at 2–
4 months of age followed by a booster dose at 11–14 months of age
[11,14].

Continuous data is reported as median (IQR, 25th percentile to
75th percentile). P-values were calculated using the Mann-
Whitney U test. Nominal and ordinal data are reported as numbers
of children (percent). P-values were calculated using Fisher’s exact
test or the asymptotic Chi-Squared test, as appropriate. Clinical
data are reported stratified by evidence of serotype 3. Explorative
investigation of linear trends in count data across study years
was performed using loglinear Poisson regression models. Statisti-
cal analyses were carried out using IBM SPSS Statistics Version 25
(IBM Corporation, One New Orchard Road, Armonk, New York,
USA).

The local Ethics Committee of the Medical Faculty and the Data
Protection Office of the University Hospital of Würzburg approved
the study protocol and amendments (reference number 140/10).
3. Results

A total of 1724 children with pneumonia complicated by PPE/PE
were enrolled in the study. In 584 of 1724 (33.9%) children a bac-
terial pathogen was identified. S. pneumoniae was detected in 256
of 584 (43.8%) children by culture (n = 122) and/or PCR (n = 207).
Of these 256 children, 168 (65.6%) had been vaccinated with pneu-
mococcal vaccines, 53 (20.7%) had not been vaccinated and for 35
(13.7%) the pneumococcal vaccination status was unknown.
Serotyping was performed for 114 of 256 (44.5%) isolates from
children with pneumococcal PPE/PE. Of these 114 children, 76
(66.7%) had been vaccinated with pneumococcal vaccines, 8
(7.0%) children had been vaccinated but the vaccine tradename
was unknown, 18 (15.8%) children had not been vaccinated and
for 12 (10.5%) children the pneumococcal vaccination status was
unknown.

In 114 children with pneumococcal PPE/PE and serotyping, the
following serotypes were identified: serotype 3 (48, 42.1%), 1 (29,
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25.4%), 7F (14, 12.3%), 19A (9, 7.9%), 8 (4, 3.5%) and 9 V, 11A, 12F,
18C, 19F, 22F, 23F, 35B, 35F and serotypes 1 + 3 in one child each
(1, 0.9%, respectively). Non-PCV13 serotypes were identified in 9
children: serotype 8 (4 children), serotype 11A, 12F, 22F, 35B and
35F (one child each). As shown in Table 1, the proportion of sero-
type 1 (38.1% vs. 9.8%; p < 0.01) and 7F (19.0% vs. 3.9%; p = 0.01)
among all detected pneumococcal serotypes was higher between
October 2010 and June 2014 (SYs 1–4) than in the period from July
2014 to June 2018 (SYs 5–8). In contrast, the proportion of serotype
3 (25.4% vs. 62.7%; p < 0.001) and non-PCV13 serotypes (1.6% vs.
15.7%; p < 0.01) was lower in the early study period (SYs 1–4 vs.
SYs 5–8). We observed decreasing seasonal trends for serotype 1
(p for trend < 0.01) and 7F (p for trend = 0.04), and an increasing
seasonal trend for serotype 3 (p for trend = 0.02; adjusted for age
and gender).

Compared to children with other pneumococcal serotypes, chil-
dren with serotype 3 associated PPE/PE were more often female
(31 [64.6%] vs. 24 [36.9%]; p < 0.01), younger (median 3.2 years
[IQR 2.1–4.3 years] vs. median 5.6 years [IQR 3.8–8.2 years];
p < 0.001) and more frequently born in the post-PCV7 period (39
[81.3%] vs. 15 [23.1%]; p < 0.001) (Table 2). Furthermore, children
with serotype 3 associated PPE/PE were hospitalized longer (med-
ian 22.0 days [IQR 18.0–29.0 days] vs. median 17.5 days [IQR 14.0–
24.5 days]; p = 0.02) and more frequently admitted to intensive
care units (43 [89.6%] vs. 48 [73.8%]; p = 0.04). There were no dif-
ferences regarding preexisting comorbid conditions and clinical
outcome.

For 76 of 114 (66.6%) children with pneumococcal serotyping,
the pneumococcal vaccine tradename and vaccination date were
documented; 39 of these 76 (51.3%) children had received pneu-
mococcal vaccines potentially covering the detected pneumococcal
serotype (Supplemental Table 1). Among these, children with age-
appropriate pneumococcal vaccination were considered VFs
(n = 34), whereas children with non-age-appropriate vaccination
were considered BCs only (n = 5). Only 2 of 39 (5.1%) BCs had a pre-
existing immune disorder, potentially predisposing them for
decreased vaccine effectiveness. As shown in Table 3, 26 of 48
(54.2%) children with serotype 3 associated PPE/PE had been age-
appropriately vaccinated with PCV13 and were considered VFs.
Further, 2 of 48 (4.2%) children with serotype 3 had been non-
age-appropriately vaccinated with PCV13 and were considered
BCs only. In addition, 3 of 9 (33.3%) children with serotype 19A
and one of 29 (3.4%) children with serotype 1 had been age-
appropriately vaccinated with PCV13 and were considered VFs.
Breakthrough disease cases or VFs due to serotype 7F were not
observed. In 37 of 76 (48.7%) vaccinated children, serotypes not
covered by the administered vaccine were detected. They were
Table 1
Pneumococcal serotypes of 256 children <18 years in Germany hospitalized between
empyema (PPE/PE), stratified by early period (October 2010 to June 2014) and late peri

Early period Late period
SY1 - SY4 SY5 - SY8
139 (1 0 0) 117 (1 0 0)

Not serotyped 76 (54.7) 66 (56.4)
Any serotype 63 (45.3) 51 (43.6)
1 24 (38.1) 5 (9.8)
7F 12 (19.0) 2 (3.9)
19A 7 (11.1) 2 (3.9)
3 16 (25.4) 32 (62.7)
Other PCV13 3 (4.8) 2 (3.9)
Non-PCV13 1 (1.6) 8 (15.7)

Data reported: n (percent) and p-values for Chi-Squared test.
Percentages of individual serotypes refer to all children with serotype information.
Other PCV13 serotypes: 9V, 1 + 3, 18C, 23F and 19F.
Non-PCV13 serotypes: serotype 8 (4 children), 11A, 12F, 22F, 35B and 35F (one child ea

* Trend analysis was done by loglinear Poisson regression and adjusted for age and g
considered non-BCs. Serotype 3 was overrepresented among the
subgroup of children considered as VFs compared to the group of
all children with a pneumococcal serotype detected (26 of 34
[76.5%] vs. 48 of 114 [42.1%]).

Corresponding to the increase in children with PPE/PE vacci-
nated with PCV13, the number and proportion of children with
breakthrough disease increased in the eight-year study period
(Fig. 1). Whereas no children considered as BCs were detected in
SY1, we observed an increase in the proportion of breakthrough
cases to 6 of 7 (85.7%) children in SY8 (p for trend <0.01; adjusted
for age and gender). The incidence of hospital admissions due to
pneumococcal PPE/PE decreased from 3.4 (95%CI: 2.5–4.6) cases
per one million children in SY1 to 1.5 (95%CI: 0.9–2.4) in SY4 and
rose again to 2.9 (95%CI: 2.1–4.0) in SY7 and 2.1 (95%CI: 1.4–3.0)
in SY8 (Supplemental Table 2). A similar pattern was observed
for the incidence of hospital admission due to all-cause PPE/PE:
16.2 (95%CI: 14.1–18.5) cases per one million children in SY1;
13.7 (95%CI: 11.8–15.8) in SY4; 18.2 (95%CI: 16.0–20.6) in SY7
and 17.1 (95%CI: 14.9–19.4) in SY8. The incidence of serotype 3
associated PPE/PE fluctuated between 0.08 (95%CI: 0.00–0.43)
and 1.19 (95%CI: 0.68–1.93) cases per one million children, with-
out a clear decreasing trend.
4. Discussion

There is substantial evidence that PCVs prevent invasive pneu-
mococcal disease in children and adults. Several countries have
reported falling incidence rates of CAP [3,33–35] and IPD [36–38]
after the introduction of PCVs. Some countries have also reported
decreasing rates of PPE/PE [21,22,39], whereas this was not the
case in all countries [7]. In our national surveillance study, we
studied changes in the incidence and serotype distribution of pedi-
atric pneumococcal PPE/PE following the introduction of general
pneumococcal vaccination with PCV7, PCV10 and PCV13. Between
October 2010 and June 2018, the pneumococcal serotypes 1, 3, 7F,
19A and non-PCV13 serotypes (serotypes 8, 11A, 12F, 22F, 35B and
35F) accounted for 95.2% of all serotypes detected in children
<18 years of age with pneumococcal PPE/PE in Germany. Following
the introduction of general PCV13 pneumococcal vaccination for
infants in 2009/2010, the incidence of pneumococcal and all-
cause PPE/PE decreased in the years until 2013/14, followed by a
subsequent increase [7]. Although there was a clear decrease in
children with pneumococcal PPE/PE caused by serotypes 1 and
7F, the number of children with non-PCV13 serotypes and in par-
ticular the number of children with serotype 3 associated PPE/PE
showed a strong increase. A recent report including children with
October 2010 and June 2018 with pneumococcal parapneumonic pleural effusion/
od (July 2014 to June 2018).

p value Trend analysis* p value for trend

0.78 not performed
0.78 not performed
<0.01 0.73 (95%CI: 0.59–0.88) <0.01
0.01 0.73 (95%CI: 0.55–0.98) 0.04
0.16 0.82 (95%CI: 0.61–1.10) 0.19
<0.001 1.16 (95%CI: 1.02–1.32) 0.02
0.83 convergence criteria not satisfied
<0.01 convergence criteria not satisfied

ch).
ender. Estimates >1 indicated an increasing trend.



Table 2
Demography and clinical data of 113 children <18 years in Germany hospitalized between October 2010 and June 2018 with pneumococcal parapneumonic pleural effusion/
empyema (PPE/PE) and with available data on serotype, stratified by serotype 3 and non-serotype 3. One child with evidence of serotype 1 and 3 was excluded.

Serotype 3 Non-Serotype 3a p value
48 (100) 65 (100)

Sex Female 31 (64.6) 24 (36.9) <0.01
Age, years Median (IQR) 3.2 (2.1; 4.3) 5.6 (3.8; 8.2) <0.001
Birth cohort � 2005 (pre-PCV7) 1 (2.1) 23 (35.4)

2006–2008 (PCV7) 8 (16.7) 27 (41.5)
� 2009 (post-PCV7) 39 (81.3) 15 (23.1) <0.001

Preexisting condition Any 10 (20.8) 21 (32.3) 0.18
Immunodeficiency 0 (0.0) 3b (4.6) 0.26
Premature birth 2 (4.2) 5 (7.7) 0.70

Disease severity Hospitalization durationc, days 22.0 (18.0; 29.0) 17.5 (14.0; 24.5) 0.02
ICU admittance 43 (89.6) 48 (73.8) 0.04
ICU durationd, days 9.5 (7.0; 15.0) 7.0 (3.0; 14.0) 0.20

Outcome Recovered with sequelae 15 (31.3) 14 (21.5) 0.24
Fatality 0 (0.0) 0 (0.0) –

Time since last vaccinatione, months Last vaccination to admission 21.4 (8.9; 31.7) 40.2 (28.6; 61.4) <0.001

Data reported: n (percent) or median (IQR), p-values for Fisher’s exact test, Chi-Squared test or Mann-Whitney U test, as appropriate.
PCV, pneumococcal conjugate vaccine; ICU, intensive care unit.

a Non-Serotype 3 serotypes: serotype 1 (29, 44.6%), 7F (14, 21.5%), 19A (9, 13.8%), 8 (4, 6.2%), and 9V, 11A, 18C, 12F, 19F, 22F, 23F, 35B and 35F (1 child each, 1.5%).
b One child had an antibody deficiency syndrome (Bruton Agammaglobulinemia), one child an inactivation of interleukin 6, and one child was considered immune deficient

due to premature birth with neurological sequelae (callosal agenesis, West-Syndrome).
c Duration of hospitalization was available for 111 of 113 children.
d Duration of intensive care was available for 82 of 91 children who were admitted to an intensive care unit.
e Time since last vaccination was available for 75 children with pneumococcal serotyping and documentation of vaccination status.

Table 3
Pneumococcal serotypes of 256 children <18 years in Germany hospitalized between October 2010 and June 2018 with pneumococcal parapneumonic pleural effusion/
empyema (PPE/PE), stratified by pneumococcal vaccination status.

Pneumococcal serotype All AP
PCV7

n-AP
PCV7

AP
PCV13

n-AP
PCV13

Other
Vaccinationd

Vaccination unknown Not vaccinated

1 29 (100) 10 (34.5) 1 (3.4) 1 (3.4) 0 (0.0) 1 (3.4) 5 (17.2) 11 (37.9)
7F 14 (100) 5 (35.7) 1 (7.1) 0 (0.0) 0 (0.0) 4 (28.6) 1 (7.1) 3 (21.4)
19A 9 (100) 3 (33.3) 1 (11.1) 3 (33.3) 0 (0.0) 1 (11.1) 1 (11.1) 0 (0.0)
3 48 (100) 4 (8.3) 0 (0.0) 26c (54.2) 2 (4.2) 8 (16.7) 5 (10.4) 3 (6.3)
Other PCV13 a 5 (100) 2 (40.0) 1 (20.0) 0 (0.0) 1 (20.0) 1 (20.0) 0 (0.0) 0 (0.0)
Non-PCV13 b 9 (100) 0 (0.0) 0 (0.0) 3 (33.3) 2 (22.2) 3 (33.3) 0 (0.0) 1 (11.1)
Not serotyped 142 (100) 10 (7.0) 0 (0.0) 30 (21.1) 14 (9.9) 30 (21.1) 23 (16.2) 35 (24.6)
All 256 (100) 34 (13.3) 4 (1.6) 63 (24.6) 19 (7.4) 48 (18.8) 35 (13.7) 53 (20.7)

Data reported: n (percent).
AP, age-appropriate pneumococcal vaccination; n-AP, non-age-appropriate pneumococcal vaccination.

a Other PCV13 serotypes: serotype 9V, 1 + 3, 18C, 23F and 19F (one child each).
b Non-PCV13 serotypes: serotype 8 (4 children), 11A, 12F, 22F, 35B and 35F (one child each).
c Three of 26 (11.5%) children defined as AP PCV13 with evidence of serotype 3 had been vaccinated according to a 2 + 1 schedule although they were born during the

period of the 3 + 1 schedule recommendation.
d Other vaccination: PCV10 (12 children), pneumococcal polysaccharide vaccine (2 children), mixed schedule (11 children) and tradename unknown (23 children).
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hospital admission due to IPD in Germany correspondingly showed
a decreasing trend in the incidence of non-meningitis IPD after
PCV13 introduction until 2012/13, followed by a subsequent rise
in the incidence rates [40].

After the introduction of PCV7 an increase in serotype 3 IPD
incidence was observed in children <18 years of age in the USA
(incidence rate ratio = 2.45; 95%CI: 0.63–9.45) [41]. A study from
Norway reported an increasing proportion of serotype 3 IPD iso-
lates following the introduction of PCVs in children <5 years of
age (pre-PCV7: 5 of 208 [2.4%] vs. PCV7: 13 of 260 [5.0%] vs.
PCV13: 3 of 47 [6.4%] [42]. Following PCV13 introduction, other
studies of pediatric IPD cases in the USA [43], Denmark [44] and
Canada [36] showed moderate non-significant reductions of sero-
type 3 disease; whereas other PCV13 serotypes, in particular sero-
types 1 and 7F, decreased substantially. One study based on a small
number of children with culture-based evidence of S. pneumoniae
in the USA showed a substantial (68%) reduction of serotype 3
IPD in the PCV13 period compared to the PCV7 period [45]. In
another study from the USA, the incidence of hospital admissions
due to CAP for S. pneumoniae serotype 3 showed a moderate,
non-significant decrease following PCV13 introduction (7.3 [95%
CI: 5.0–10.4] cases vs. 4.5 [95% CI: 2.7–6.9] cases per 100,000
admissions; �38%, p = 0.08) [35].

In accordance with our findings, S. pneumoniae serotype 3 was
the most frequently detected serotype in children with pneumo-
coccal PPE/PE in the PCV13 period in Portugal (40 of 109 [36.7%])
[19]. The same study identified 19 of 22 (86.4%) children with
pneumococcal PPE/PE and age-appropriate PCV13 vaccination as
vaccine failures; 17 were due to serotype 3 and one each due to
serotype 1 and 14 [19]. Similarly, serotype 3 associated PPE/PE
did not show a decrease despite increasing PCV13 vaccination cov-
erage in Spain [46]. In Italy, the incidence rates of serotype 3 asso-
ciated PPE/PE decreased by 31.5% following PCV13 vaccination, but
serotype 3 remained the most frequent serotype in vaccinated chil-
dren with pneumococcal PPE/PE (13 of 15 [86.6%]) [39].

In comparable analyses, children hospitalized due to PPE/PE
were of a median age of 5 years [47]. Interestingly, in our cohort
serotype 3 cases were clearly younger than other pneumococcal
serotype cases (median 3.2 years [IQR 2.1–4.3] vs. median 5.6 years
[IQR 3.8–8.2]; p < 0.001). The younger age of children with sero-
type 3 PPE/PE compared to children with PPE/PE due to other ser-
otypes may indicate a shorter duration of vaccine induced
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Fig. 1. Pneumococcal serotype distribution [A] and vaccination status [B] in children considered non-breakthrough case/breakthrough case (non-BC/BC). Seasonal trend of
pneumococcal serotype distribution [A] and pneumococcal vaccination status [B] in 76 children <18 years in Germany hospitalized between Oct. 2010 and June 2018
with parapneumonic pleural effusion/empyema (PPE/PE) due to S. pneumoniae and with available data on pneumococcal serotype and pneumococcal vaccination status,
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and non-PCV13 in blue. Each study year started in July and ended in June, except for the first year (2010/11), which started in October.
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protection against serotype 3 in comparison to other serotypes.
The younger age may be one reason for the longer hospitalization
duration and the higher proportion of admittance to intensive care
units. Although an association of serotype 3 with younger age at
hospital admission has not yet been shown [48–51], serotype 3
has been reported to be associated with a more severe and compli-
cated course of disease. Bender et al. reported an association of ser-
otype 3 with an increased risk for pneumococcal necrotizing
pneumonia and radiographic evidence of lung necrosis [48]. Shen
et al. reported serotype 3 as having the highest potential to cause
pulmonary complications and being associated with a higher num-
ber of febrile days and a longer duration of hospitalization in chil-
dren with IPD [49]. Asner et al. reported serotype 3 as being
associated with higher rates of intensive care admission and longer
duration of hospitalization in children with pneumococcal sepsis
[50]. A systematic review and meta-analysis of children with pneu-
mococcal pneumonia reported increased mortality for serotype 3
in comparison to serotype 14 [51]. It has been shown in several
studies that, compared to other pneumococcal serotypes, S. pneu-
moniae serotype 3 has a higher potential to invade the pleural
space and to necessitate a higher level of medical care [19].

Regarding vaccine immunogenicity, several studies have shown
an attenuated ability of PCV13 to induce protective antibody titers
for serotype 3 compared to other PCV13 serotypes [52–54]. Never-
theless a German study reported a 74% (2–93%) effectiveness of
PCV 13 against serotype 3 associated IPD [55], and a recent system-
atic review and meta-analysis including four observational studies
and a total of 146 pediatric serotype 3 IPD cases estimated a vac-
cine effectiveness of 63.5% for PCV13 against IPD due to serotype
3 [56]. Following discontinuation of PCV7 and the licensing and
market introduction of PCV13 in late 2009, PCV13 has increasingly
replaced vaccination with PCV7 in infants and children. In 2008/09,
vaccination coverage in Germany was estimated at 81.2% and
PCV13 accounted for 91% of all pneumococcal vaccinations in
infants and children [12,13]. Starting in the study year 2014/15,
we observed an increase in the number of PPE/PE in vaccinated
children with breakthrough disease as well as VFs in previously
healthy children mostly associated with S. pneumoniae serotype 3
disease. Preexisting immune disorders and premature birth were
excluded as explanations for these observations. In support of
our findings, serotype 3 and, to a lesser degree, serotype 19A were
also detected in children with pneumococcal PPE/PE despite PCV13
vaccination in comparable analyses in Portugal, Spain, Italy and
Greece [19,31,39,46,57]. Case reports and case series of pneumo-
coccal disease due to serotype 3 in children vaccinated with
PCV13 were first published for hemolytic uremic syndrome in
2013 [58] and PPE/PE in 2014 [57,59]. VFs with respect to sero-
types 3 and 19A were also observed in children with IPD, however
considerably less frequently than for PPE/PE [30,60].

The reason for the lower effectiveness of PCV13 against sero-
type 3 associated PPE/PE in contrast to serotype 3 associated IPD
is unclear. It is known that nasopharyngeal carriage of pneumo-
cocci is related to the development of invasive and non-invasive
pneumococcal disease [61]. An Israel-Palestinian surveillance
study showed a significant increase of non-PCV13 serotypes and
a non-significant increasing trend of serotype 3 in nasopharyngeal
carriage following PCV13 implementation [62]. Correspondingly, a
randomized controlled trial comparing children vaccinated with
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PCV7 and PCV13 showed no significant difference in nasopharyn-
geal carriage of serotype 3 [63]. Choi et al. argued that the release
of capsular polysaccharides during the growth of serotype 3 may
interfere with antibody-mediated immune responses [64]. Lower
vaccine-induced serotype 3 antibody concentrations in the pleural
space or nasopharynx, compared to blood samples, may explain
the lower effectiveness of PCV13 against serotype 3 associated
pneumococcal PPE/PE in comparison with the proven vaccine
effectiveness of PCV13 against serotype associated 3 IPD.

Our study is subject to various limitations. As we enrolled chil-
dren <18 years of age with pneumonia complicated by PPE/PE last-
ing >7 days or requiring pleural drainage, milder forms of pediatric
PPE/PE-complicated pneumonia were underrepresented in our
study. Since participation in the surveillance program was volun-
tary and did not include financial compensation, case identification
may have been incomplete, resulting in an underestimation of inci-
dence rates. Recall bias may have resulted in an overrepresentation
of severe cases of disease. Standard microbiological procedures for
pathogen detection may have varied to a certain degree in local
laboratories. To increase the sensitivity of bacterial detection,
broad-spectrum 16S rRNA gene sequencing of pleural fluid and
subsequent molecular serotyping was offered free-of-charge to
all reporting clinicians. Since samples with S. pneumoniae detected
in local clinical microbiological laboratories by either culture or
PCR were not always forwarded to the German national reference
center for further serotyping, a pneumococcal serotype was avail-
able only for about half of all S. pneumoniae associated PPE/PE
cases. In addition, vaccination status was not universally available
but could be identified for >80% of included children.

The strength of our analysis is that we were able to include a
considerable number of children with PPE/PE through an active
nationwide and well-established surveillance system in Germany.
The eight-year observation period included the transition from
PCV7 to early PCV13 and late PCV13, thus enabling us to study ser-
otype epidemiology and vaccine BCs in PPE/PE across different
periods of pneumococcal vaccine use in Germany.
5. Conclusion

Following the introduction of PCV13 in Germany, Streptococcus
pneumoniae serotype 3 became the most frequently detected sero-
type besides non-PCV13 serotypes in children with pneumonia
complicated by PPE/PE. S. pneumoniae serotype 3 associated PPE/
PE was increasingly observed in children vaccinated with PCV13
and was associated with a more severe course of disease in a grow-
ing number of children at a younger age compared to PPE/PE
caused by other serotypes. Continued surveillance is necessary to
monitor ongoing serotype replacements and shifts in PPE/PE.
Future pneumococcal conjugate vaccines should not only cover
newly emerging pneumococcal serotypes, but also improve protec-
tion against serotype 3.
Authors’ contributions

DG, AS and JGL had full access to the study data and take
responsibility for the integrity of the data and the accuracy of the
data analysis. Study concept and design: DG, AS, DK, CS, RvK,
MAR, MvdL, JGL. Acquisition, analysis, or interpretation of data:
DG, AS, DK, CS, RvK, MAR, MvdL, JGL. Drafting of the manuscript:
DG, AS, JGL. Critical revision of the manuscript for important intel-
lectual content: DG, AS, DK, CS, RvK, MAR, MvdL, JGL. Statistical
analysis: DG, AS. Funding obtained by AS, JGL. Administrative,
technical, or material support: DG, DK, CS, MvdL. Study supervi-
sion: AS, JGL. All authors approved the final version for submission.
All authors attest they meet the ICMJE criteria for authorship.
Funding

This investigator-initiated study was supported by an unre-
stricted financial grant by Pfizer Pharma GmbH, Berlin, Germany;
grant ID WS 1792995. The funding source had no role in the design
or conduct of the study, the collection, management, analysis or
interpretation of data or in the preparation or approval of the
manuscript.

Declaration of Competing Interest

The authors declare the following financial interests/personal
relationships which may be considered as potential competing
interests: [DG included elements of this publication in his master’s
thesis. AS received research grants, conference speaker’s fees, fees
for participation in advisory board meetings or travelling grants
from Pfizer and GSK. DK, CS and RvK declare no conflicts of interest
relevant to this article. MAR received research grants and speaker’s
fees from Pfizer, GSK, AbbVie, SPMSD, and Novartis Vaccines. MvdL
received research funding from Pfizer, is a member of advisory
boards for Pfizer and MSD and received speaker’s fees and funding
for congress participation from Pfizer and MSD. JGL received
research grants, speaker’s fees, and fees for participation in advisory
board meetings from Pfizer Pharma GmbH, Germany, GlaxoSmithK-
line GmbH & Co. KG, Germany (GSK), SPMSD and MSD.].

Acknowledgements

The authors thank all participating hospitals and physicians for
providing patient case report forms and laboratory specimens.
They thank all colleagues at the Pediatric Infectious Diseases Epi-
demiology Team at the Department of Pediatrics, University Hospi-
tal of Würzburg, for their support in study organization, data
collection and data management (Jasmin Benser, Christina Bun-
gartz, Sascha Dähn, Colette Dust, Christine Hagemann, Lisa Leh-
mann, Anna Maier, Giuseppina Piazza, Christine Saam, Florian
Segerer, Helga Taschner, Annika Thömmes). They further thank
the laboratory technicians and colleagues at the Institute of
Hygiene and Microbiology, University of Würzburg (Theresa
Höferth, Lena Zubrod), and at the National Reference Centre for
Streptococci (Natalja Levina). The authors are particularly grateful
to Beate Heinrich at the German Surveillance Unit for Rare Diseases
in Childhood (ESPED) for her continuous support. We also thank
Karin Seeger for her English language editing support.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2019.10.056.

References

[1] Rudan I, O’Brien KL, Nair H, Liu L, Theodoratou E, Qazi S, et al. Epidemiology
and etiology of childhood pneumonia in 2010: estimates of incidence, severe
morbidity, mortality, underlying risk factors and causative pathogens for 192
countries. J Glob Health 2013;3(1):. https://doi.org/10.7189/
jogh.03.010401010401.

[2] Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global, regional, and
national causes of child mortality in 2000–13, with projections to inform post-
2015 priorities: an updated systematic analysis. Lancet 2015;385
(9966):430–40. https://doi.org/10.1016/S0140-6736(14)61698-6.

[3] Griffin MR, Zhu Y, Moore MR, Whitney CG. Grijalva CG: U.S. hospitalizations for
pneumonia after a decade of pneumococcal vaccination. N Engl J Med
2013;369(2):155–63. https://doi.org/10.1056/NEJMoa1209165.

[4] Weigl JA, Puppe W, Belke O, Neususs J, Bagci F, Schmitt HJ. Population-based
incidence of severe pneumonia in children in Kiel, Germany. Klin Padiatr
2005;217(4):211–9. https://doi.org/10.1055/s-2004-822699.

[5] Sahn SA. Diagnosis and management of parapneumonic effusions and
empyema. Clin Infect Dis 2007;45(11):1480–6. https://doi.org/10.1086/
522996.

https://doi.org/10.1016/j.vaccine.2019.10.056
https://doi.org/10.7189/jogh.03.010401
https://doi.org/10.7189/jogh.03.010401
https://doi.org/10.1016/S0140-6736(14)61698-6
https://doi.org/10.1056/NEJMoa1209165
https://doi.org/10.1055/s-2004-822699
https://doi.org/10.1086/522996
https://doi.org/10.1086/522996


576 D. Goettler et al. / Vaccine 38 (2020) 570–577
[6] Nyambat B, Kilgore PE, Yong DE, Anh DD, Chiu CH, Shen X, et al. Survey of
childhood empyema in Asia: implications for detecting the unmeasured
burden of culture-negative bacterial disease. BMC Infect Dis 2008;8:90.
https://doi.org/10.1186/1471-2334-8-90.

[7] Liese JG, Schoen C, van der Linden M, Lehmann L, Goettler D, Keller S, et al.
Changes in the incidence and bacterial aetiology of paediatric parapneumonic
pleural effusions/empyema in Germany, 2010–2017: a nationwide
surveillance study. Clin Microbiol Infect 2018. https://doi.org/10.1016/j.
cmi.2018.10.020.

[8] Li ST, Tancredi DJ. Empyema hospitalizations increased in US children despite
pneumococcal conjugate vaccine. Pediatrics 2010;125(1):26–33. https://doi.
org/10.1542/peds.2009-0184.

[9] STIKO: Impfempfehlungen der Ständigen Impfkommission (STIKO) am Robert
Koch-Institut/Stand: Juli 2001. Epidemiol Bull 2001, 28: 201–18. https://doi.
org/https:/www.rki.de/DE/Content/Infekt/EpidBull/epid_bull_node.html.

[10] Johnson HL, Deloria-Knoll M, Levine OS, Stoszek SK, Freimanis Hance L,
Reithinger R, et al. Systematic evaluation of serotypes causing invasive
pneumococcal disease among children under five: the pneumococcal global
serotype project. PLoS Med 2010;7(10). https://doi.org/10.1371/journal.
pmed.1000348.

[11] STIKO: Neuerungen in den aktuellen Empfehlungen der Ständigen
Impfkommission (STIKO) am RKI vom Juli 2006. Epidemiol Bull 2006, 32:
271–80. https://doi.org/https://www.rki.de/DE/Content/Infekt/EpidBull/
epid_bull_node.html.

[12] Theidel U, Braem A, Ruckinger S. Determination of vaccination quotas for
pneumococcal conjugate vaccine in children on the basis of routine data of the
statutory health insurance. Gesundheitswesen 2013;75(5):309–16. https://
doi.org/10.1055/s-0032-1321747.

[13] Weiss S, Falkenhorst G, van der Linden M, Imohl M, von Kries R. Impact of 10-
and 13-valent pneumococcal conjugate vaccines on incidence of invasive
pneumococcal disease in children aged under 16 years in Germany, 2009 to
2012. Euro Surveill 2015;20(10):21057. https://doi.org/10.2807/1560-7917.
ES2015.20.10.21057.

[14] STIKO: Wissenschaftliche Begründung zur Änderung der Pneumokokken-
Impfempfehlung für Säuglinge. Epidemiol Bull 2015, 36: 377–92. https://doi.
org/10.17886/EpiBull-2015-005.

[15] Grijalva CG, Nuorti JP, Zhu Y, Griffin MR. Increasing incidence of empyema
complicating childhood community-acquired pneumonia in the United States.
Clin Infect Dis 2010;50(6):805–13. https://doi.org/10.1086/650573.

[16] Fletcher MA, Schmitt HJ, Syrochkina M, Sylvester G. Pneumococcal empyema
and complicated pneumonias: global trends in incidence, prevalence, and
serotype epidemiology. Eur J Clin Microbiol Infect Dis 2014;33(6):879–910.
https://doi.org/10.1007/s10096-014-2062-6.

[17] Burgos J, Falco V, Pahissa A. The increasing incidence of empyema. Curr Opin
Pulm Med 2013;19(4):350–6. https://doi.org/10.1097/
MCP.0b013e3283606ab5.

[18] Yu J, Salamon D, Marcon M, Nahm MH. Pneumococcal serotypes causing
pneumonia with pleural effusion in pediatric patients. J Clin Microbiol
2011;49(2):534–8. https://doi.org/10.1128/JCM.01827-10.

[19] Silva-Costa C, Brito MJ, Pinho MD, Friaes A, Aguiar SI, Ramirez M, et al.
Pediatric complicated pneumonia caused by streptococcus pneumoniae
serotype 3 in 13-valent pneumococcal conjugate vaccinees, portugal, 2010–
2015. Emerg Infect Dis 2018;24(7):1307–14. https://doi.org/10.3201/
eid2407.180029.

[20] Nath S, Thomas M, Spencer D, Turner S. Has the incidence of empyema in
Scottish children continued to increase beyond 2005?. Arch Dis Child
2015;100(3):255–8. https://doi.org/10.1136/archdischild-2014-306525.

[21] Wiese AD, Griffin MR, Zhu Y, Mitchel Jr EF. Grijalva CG: Changes in empyema
among U.S. children in the pneumococcal conjugate vaccine era. Vaccine
2016;34(50):6243–9. https://doi.org/10.1016/j.vaccine.2016.10.062.

[22] Bernaola E, Gil F, Herranz M, Gil-Setas A, Guevara M, Castilla J. Pneumococcal
vaccination and pneumonia associated with pleural effusion in a pediatric
population. Pediatr Infect Dis J 2018;37(4):e87–92. https://doi.org/10.1097/
INF.0000000000001798.

[23] Angoulvant F, Levy C, Grimprel E, Varon E, Lorrot M, Biscardi S, et al. Early
impact of 13-valent pneumococcal conjugate vaccine on community-acquired
pneumonia in children. Clin Infect Dis 2014;58(7):918–24. https://doi.org/
10.1093/cid/ciu006.

[24] Goldbart AD, Leibovitz E, Porat N, Givon-Lavi N, Drukmann I, Tal A, et al.
Complicated community acquired pneumonia in children prior to the
introduction of the pneumococcal conjugated vaccine. Scand J Infect Dis
2009;41(3):182–7. https://doi.org/10.1080/00365540802688378.

[25] Fenoll A, Granizo JJ, Aguilar L, Gimenez MJ, Aragoneses-Fenoll L, Hanquet G,
et al. Temporal trends of invasive Streptococcus pneumoniae serotypes and
antimicrobial resistance patterns in Spain from 1979 to 2007. J Clin Microbiol
2009;47(4):1012–20. https://doi.org/10.1128/JCM.01454-08.

[26] Ebrahimi-Fakhari D, Zemlin M, Sauer H, Poryo M, Graf N, Meyer S. 25 Years of
ESPED as a surveillance tool for rare diseases in children in Germany: a critical
analysis. Klin Padiatr 2018;230(4):215–24. https://doi.org/10.1055/a-0586-
4365.

[27] Pai R, Gertz RE, Beall B. Sequential multiplex PCR approach for determining
capsular serotypes of Streptococcus pneumoniae isolates. J Clin Microbiol
2006;44(1):124–31. https://doi.org/10.1128/JCM.44.1.124-131.2006.

[28] Dias CA, Teixeira LM, Carvalho Mda G, Beall B. Sequential multiplex PCR for
determining capsular serotypes of pneumococci recovered from Brazilian
children. J Med Microbiol 2007;56:1185–8. https://doi.org/10.1099/
jmm.0.47347-0.

[29] Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global,
regional, and national burden of cardiovascular diseases for 10 Causes, 1990 to
2015. J Am Coll Cardiol 2017;70(1):1–25. https://doi.org/10.1016/
j.jacc.2017.04.052.

[30] Moraga-Llop F, Garcia-Garcia JJ, Diaz-Conradi A, Ciruela P, Martinez-Osorio J,
Gonzalez-Peris S, et al. Vaccine failures in patients properly vaccinated with
13-valent pneumococcal conjugate vaccine in catalonia, a region with low
vaccination coverage. Pediatr Infect Dis J 2016;35(4):460–3. https://doi.org/
10.1097/INF.0000000000001041.

[31] Almeida AF, Sobrinho-Simoes J, Ferraz C, Nunes T, Vaz L. Pneumococcal
pneumonia vaccine breakthroughs and failures after 13-valent pneumococcal
conjugated vaccine. Eur J Public Health 2016;26(5):887–9. https://doi.org/
10.1093/eurpub/ckw089.

[32] Heininger U, Bachtiar NS, Bahri P, Dana A, Dodoo A, Gidudu J, et al. The concept
of vaccination failure. Vaccine 2012;30(7):1265–8. https://doi.org/10.1016/
j.vaccine.2011.12.048.

[33] Levy C, Biscardi S, Dommergues MA, Dubos F, Hees L, Levieux K, et al. Impact of
PCV13 on community-acquired pneumonia by C-reactive protein and
procalcitonin levels in children. Vaccine 2017;35(37):5058–64. https://doi.
org/10.1016/j.vaccine.2017.06.057.

[34] Wiese AD, Griffin MR, Grijalva CG. Impact of pneumococcal conjugate vaccines
on hospitalizations for pneumonia in the United States. Expert Rev Vaccines
2019;18(4):327–41. https://doi.org/10.1080/14760584.2019.1582337.

[35] Olarte L, Barson WJ, Barson RM, Romero JR, Bradley JS, Tan TQ, et al.
Pneumococcal pneumonia requiring hospitalization in US Children in the 13-
valent pneumococcal conjugate vaccine era. Clin Infect Dis 2017;64
(12):1699–704. https://doi.org/10.1093/cid/cix115.

[36] De Wals P, Lefebvre B, Deceuninck G, Longtin J. Incidence of invasive
pneumococcal disease before and during an era of use of three different
pneumococcal conjugate vaccines in Quebec. Vaccine 2018;36(3):421–6.
https://doi.org/10.1016/j.vaccine.2017.11.054.

[37] Pilishvili T, Lexau C, Farley MM, Hadler J, Harrison LH, Bennett NM, et al.
Sustained reductions in invasive pneumococcal disease in the era of conjugate
vaccine. J Infect Dis 2010;201(1):32–41. https://doi.org/10.1086/648593.

[38] Picazo JJ, Ruiz-Contreras J, Casado-Flores J, Negreira S, Baquero-Artigao F,
Hernandez-Sampelayo T, et al. Impact of 13-valent pneumococcal conjugate
vaccination on invasive pneumococcal disease in children under 15years old in
Madrid, Spain, 2007 to 2016: The HERACLES clinical surveillance study.
Vaccine 2019;37(16):2200–7. https://doi.org/10.1016/j.vaccine.2019.03.015.

[39] Azzari C, Serranti D, Nieddu F, Moriondo M, Casini A, Lodi L, et al. Significant
impact of pneumococcal conjugate vaccination on pediatric parapneumonic
effusion: Italy 2006–2018. Vaccine 2019;37(20):2704–11. https://doi.org/
10.1016/j.vaccine.2019.04.012.

[40] Weinberger R, von Kries R, van der Linden M, Rieck T, Siedler A, Falkenhorst G.
Invasive pneumococcal disease in children under 16years of age: Incomplete
rebound in incidence after the maximum effect of PCV13 in 2012/13 in
Germany. Vaccine 2018;36(4):572–7. https://doi.org/10.1016/
j.vaccine.2017.11.085.

[41] Byington CL, Samore MH, Stoddard GJ, Barlow S, Daly J, Korgenski K, et al.
Temporal trends of invasive disease due to Streptococcus pneumoniae among
children in the intermountain west: emergence of nonvaccine serogroups. Clin
Infect Dis 2005;41(1):21–9. https://doi.org/10.1086/430604.

[42] Steens A, Bergsaker MA, Aaberge IS, Ronning K, Vestrheim DF. Prompt effect of
replacing the 7-valent pneumococcal conjugate vaccine with the 13-valent
vaccine on the epidemiology of invasive pneumococcal disease in Norway.
Vaccine 2013;31(52):6232–8. https://doi.org/10.1016/j.vaccine.2013.10.032.

[43] Moore MR, Link-Gelles R, Schaffner W, Lynfield R, Lexau C, Bennett NM, et al.
Effect of use of 13-valent pneumococcal conjugate vaccine in children on
invasive pneumococcal disease in children and adults in the USA: analysis of
multisite, population-based surveillance. Lancet Infect Dis 2015;15(3):301–9.
https://doi.org/10.1016/S1473-3099(14)71081-3.

[44] Slotved HC, Dalby T, Harboe ZB, Valentiner-Branth P, Casadevante VF,
Espenhain L, et al. The incidence of invasive pneumococcal serotype 3
disease in the Danish population is not reduced by PCV-13 vaccination.
Heliyon 2016;2(11):. https://doi.org/10.1016/j.heliyon.2016.e00198e00198.

[45] Kaplan SL, Barson WJ, Lin PL, Romero JR, Bradley JS, Tan TQ, et al. Early trends
for invasive pneumococcal infections in children after the introduction of the
13-valent pneumococcal conjugate vaccine. Pediatr Infect Dis J 2013;32
(3):203–7. https://doi.org/10.1097/INF.0b013e318275614b.

[46] Diaz-Conradi A, Hernandez S, Garcia-Garcia JJ, Munoz-Almagro C, Moraga-Llop
F, Ciruela P, et al. Complicated pneumococcal pneumonia with pleural effusion
or empyema in the 13-valent pneumococcal conjugate vaccine era. Pediatr
Pulmonol 2019;54(5):517–24. https://doi.org/10.1002/ppul.24279.

[47] Grijalva CG, Zhu Y, Nuorti JP, Griffin MR. Emergence of parapneumonic
empyema in the USA. Thorax 2011;66(8):663–8. https://doi.org/10.1136/
thx.2010.156406.

[48] Bender JM, Ampofo K, Korgenski K, Daly J, Pavia AT, Mason EO, et al.
Pneumococcal necrotizing pneumonia in Utah: does serotype matter?. Clin
Infect Dis 2008;46(9):1346–52. https://doi.org/10.1086/586747.

[49] Shen CF, Wang SM, Lee KH, Ho TS, Liu CC. Childhood invasive pneumococcal
disease caused by non-7-valent pneumococcal vaccine (PCV7) serotypes under
partial immunization in Taiwan. J Formos Med Assoc 2013;112(9):561–8.
https://doi.org/10.1016/j.jfma.2013.05.015.

https://doi.org/10.1186/1471-2334-8-90
https://doi.org/10.1016/j.cmi.2018.10.020
https://doi.org/10.1016/j.cmi.2018.10.020
https://doi.org/10.1542/peds.2009-0184
https://doi.org/10.1542/peds.2009-0184
https://doi.org/10.1371/journal.pmed.1000348
https://doi.org/10.1371/journal.pmed.1000348
https://doi.org/10.1055/s-0032-1321747
https://doi.org/10.1055/s-0032-1321747
https://doi.org/10.2807/1560-7917.ES2015.20.10.21057
https://doi.org/10.2807/1560-7917.ES2015.20.10.21057
https://doi.org/10.17886/EpiBull-2015-005
https://doi.org/10.17886/EpiBull-2015-005
https://doi.org/10.1086/650573
https://doi.org/10.1007/s10096-014-2062-6
https://doi.org/10.1097/MCP.0b013e3283606ab5
https://doi.org/10.1097/MCP.0b013e3283606ab5
https://doi.org/10.1128/JCM.01827-10
https://doi.org/10.3201/eid2407.180029
https://doi.org/10.3201/eid2407.180029
https://doi.org/10.1136/archdischild-2014-306525
https://doi.org/10.1016/j.vaccine.2016.10.062
https://doi.org/10.1097/INF.0000000000001798
https://doi.org/10.1097/INF.0000000000001798
https://doi.org/10.1093/cid/ciu006
https://doi.org/10.1093/cid/ciu006
https://doi.org/10.1080/00365540802688378
https://doi.org/10.1128/JCM.01454-08
https://doi.org/10.1055/a-0586-4365
https://doi.org/10.1055/a-0586-4365
https://doi.org/10.1128/JCM.44.1.124-131.2006
https://doi.org/10.1099/jmm.0.47347-0
https://doi.org/10.1099/jmm.0.47347-0
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1097/INF.0000000000001041
https://doi.org/10.1097/INF.0000000000001041
https://doi.org/10.1093/eurpub/ckw089
https://doi.org/10.1093/eurpub/ckw089
https://doi.org/10.1016/j.vaccine.2011.12.048
https://doi.org/10.1016/j.vaccine.2011.12.048
https://doi.org/10.1016/j.vaccine.2017.06.057
https://doi.org/10.1016/j.vaccine.2017.06.057
https://doi.org/10.1080/14760584.2019.1582337
https://doi.org/10.1093/cid/cix115
https://doi.org/10.1016/j.vaccine.2017.11.054
https://doi.org/10.1086/648593
https://doi.org/10.1016/j.vaccine.2019.03.015
https://doi.org/10.1016/j.vaccine.2019.04.012
https://doi.org/10.1016/j.vaccine.2019.04.012
https://doi.org/10.1016/j.vaccine.2017.11.085
https://doi.org/10.1016/j.vaccine.2017.11.085
https://doi.org/10.1086/430604
https://doi.org/10.1016/j.vaccine.2013.10.032
https://doi.org/10.1016/S1473-3099(14)71081-3
https://doi.org/10.1016/j.heliyon.2016.e00198
https://doi.org/10.1097/INF.0b013e318275614b
https://doi.org/10.1002/ppul.24279
https://doi.org/10.1136/thx.2010.156406
https://doi.org/10.1136/thx.2010.156406
https://doi.org/10.1086/586747
https://doi.org/10.1016/j.jfma.2013.05.015


D. Goettler et al. / Vaccine 38 (2020) 570–577 577
[50] Asner SA, Agyeman PKA, Gradoux E, Posfay-Barbe KM, Heininger U, Giannoni
E, et al. Burden of Streptococcus pneumoniae sepsis in children after
introduction of pneumococcal conjugate vaccines – a prospective
population-based cohort study. Clin Infect Dis 2019. https://doi.org/
10.1093/cid/ciy1139.

[51] Weinberger DM, Harboe ZB, Sanders EA, Ndiritu M, Klugman KP, Ruckinger S,
et al. Association of serotype with risk of death due to pneumococcal
pneumonia: a meta-analysis. Clin Infect Dis 2010;51(6):692–9. https://doi.
org/10.1086/655828.

[52] Nunes MC, Madhi SA. Review on the immunogenicity and safety of PCV-13 in
infants and toddlers. Expert Rev Vaccines 2011;10(7):951–80. https://doi.org/
10.1586/erv.11.76.

[53] Snape MD, Klinger CL, Daniels ED, John TM, Layton H, Rollinson L, et al.
Immunogenicity and reactogenicity of a 13-valent-pneumococcal conjugate
vaccine administered at 2, 4, and 12 months of age: a double-blind
randomized active-controlled trial. Pediatr Infect Dis J 2010;29(12):e80–90.
https://doi.org/10.1097/INF.0b013e3181faa6be.

[54] Vanderkooi OG, Scheifele DW, Girgenti D, Halperin SA, Patterson SD, Gruber
WC, et al. Safety and immunogenicity of a 13-valent pneumococcal conjugate
vaccine in healthy infants and toddlers given with routine pediatric
vaccinations in Canada. Pediatr Infect Dis J 2012;31(1):72–7. https://doi.org/
10.1097/INF.0b013e318233049d.

[55] van der Linden M, Falkenhorst G, Perniciaro S, Fitzner C, Imohl M. Effectiveness
of pneumococcal conjugate vaccines (PCV7 and PCV13) against invasive
pneumococcal disease among children under two years of age in germany.
PLoS ONE 2016;11(8):15. https://doi.org/10.1371/journal.pone.0161257.

[56] Sings HL, De Wals P, Gessner BD, Isturiz R, Laferriere C, McLaughlin JM, et al.
Effectiveness of 13-valent pneumococcal conjugate vaccine against invasive
disease caused by serotype 3 in children: a systematic review and meta-
analysis of observational studies. Clin Infect Dis 2019;68(12):2135–43.
https://doi.org/10.1093/cid/ciy920.

[57] Antachopoulos C, Tsolia MN, Tzanakaki G, Xirogianni A, Dedousi O, Markou G,
et al. Parapneumonic pleural effusions caused by Streptococcus pneumoniae
serotype 3 in children immunized with 13-valent conjugated pneumococcal
vaccine. Pediatr Infect Dis J 2014;33(1):81–3. https://doi.org/10.1097/
INF.0000000000000041.

[58] Novak D, Lundgren A, Westphal S, Valdimarsson S, Olsson ML, Trollfors B. Two
cases of hemolytic uremic syndrome caused by Streptococcus pneumoniae
serotype 3, one being a vaccine failure. Scand J Infect Dis 2013;45(5):411–4.
https://doi.org/10.3109/00365548.2012.737019.

[59] Madhi F, Godot C, Bidet P, Bahuaud M, Epaud R, Cohen R. Serotype 3
pneumococcal pleural empyema in an immunocompetent child after 13-
valent pneumococcal conjugate vaccine. Pediatr Infect Dis J 2014;33(5):545–6.
https://doi.org/10.1097/INF.0000000000000252.

[60] Godot C, Levy C, Varon E, Picard C, Madhi F, Cohen R. Pneumococcal meningitis
vaccine breakthroughs and failures after routine 7-valent and 13-valent
pneumococcal conjugate vaccination in children in France. Pediatr Infect Dis J
2015;34(10):e260–3. https://doi.org/10.1097/INF.0000000000000818.

[61] Bogaert D, De Groot R, Hermans PW. Streptococcus pneumoniae colonisation:
the key to pneumococcal disease. Lancet Infect Dis 2004;4(3):144–54. https://
doi.org/10.1016/S1473-3099(04)00938-7.

[62] Abu Seir R, Azmi K, Hamdan A, Namouz H, Jaar F, Jaber H, et al. Comparison of
early effects of pneumococcal conjugate vaccines: PCV7, PCV10 and PCV13 on
Streptococcus pneumoniae nasopharyngeal carriage in a population based
study; The Palestinian-Israeli Collaborative Research (PICR). PLoS ONE
2018;13(11):. https://doi.org/10.1371/journal.pone.0206927e0206927.

[63] Dagan R, Patterson S, Juergens C, Greenberg D, Givon-Lavi N, Porat N, et al.
Comparative immunogenicity and efficacy of 13-valent and 7-valent
pneumococcal conjugate vaccines in reducing nasopharyngeal colonization:
a randomized double-blind trial. Clin Infect Dis 2013;57(7):952–62. https://
doi.org/10.1093/cid/cit428.

[64] Choi EH, Zhang F, Lu YJ, Malley R. Capsular Polysaccharide (CPS) Release by
Serotype 3 Pneumococcal Strains Reduces the Protective Effect of Anti-Type 3
CPS Antibodies. Clin Vaccine Immunol 2016;23(2):162–7. https://doi.org/
10.1128/CVI.00591-15.

https://doi.org/10.1093/cid/ciy1139
https://doi.org/10.1093/cid/ciy1139
https://doi.org/10.1086/655828
https://doi.org/10.1086/655828
https://doi.org/10.1586/erv.11.76
https://doi.org/10.1586/erv.11.76
https://doi.org/10.1097/INF.0b013e3181faa6be
https://doi.org/10.1097/INF.0b013e318233049d
https://doi.org/10.1097/INF.0b013e318233049d
https://doi.org/10.1371/journal.pone.0161257
https://doi.org/10.1093/cid/ciy920
https://doi.org/10.1097/INF.0000000000000041
https://doi.org/10.1097/INF.0000000000000041
https://doi.org/10.3109/00365548.2012.737019
https://doi.org/10.1097/INF.0000000000000252
https://doi.org/10.1097/INF.0000000000000818
https://doi.org/10.1016/S1473-3099(04)00938-7
https://doi.org/10.1016/S1473-3099(04)00938-7
https://doi.org/10.1371/journal.pone.0206927
https://doi.org/10.1093/cid/cit428
https://doi.org/10.1093/cid/cit428
https://doi.org/10.1128/CVI.00591-15
https://doi.org/10.1128/CVI.00591-15

	Increase in Streptococcus pneumoniae serotype 3 associated parapneumonic pleural effusion/empyema after the introduction of PCV13 in Germany
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion
	Authors’ contributions
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


