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Abstract
Background Novel, expanded valency pneumococcal conjugate vaccines (PCVs) are in development to reduce the 
burden of pneumococcal disease (PD) in children. To understand the potential value of new vaccines in Germany, this 
study estimated the residual burden of PD in children < 16 years old from 2014 to 2019, using administrative health 
data from a large German claims database.

Methods Outpatient and inpatient cases of all-cause pneumonia (ACP), pneumococcal pneumonia (PP) and invasive 
pneumococcal disease (IPD) were identified in the InGef database. Incidence rates (IRs) with 95% confidence intervals 
(CI) were calculated as number of episodes/person-years (PY) at risk. The Mann-Kendall test assessed time trends in 
incidence.

Results There were no significant trends in IRs of IPD or PP from 2014 to 2019. For ACP, IRs declined from 2014 to 
2019; 2,213 (CI 2,176-2,250) to 1,503 (CI 1,472-1,534) per 100,000 PY (p = 0.017). IRs of ACP and PP were highest among 
children aged 12–23 months; 4,672 (CI 4,584-4,762) and 20.8 (CI 15.3–27.5) per 100,000 PY, respectively. For IPD, 
children 5–11 months-old had the highest IRs, at 14.7 (CI 9.0-22.7) per 100,000 PY.

Conclusions From 2014 to 2019 there were no discernible trends in the IRs of PP or IPD, but the IRs of ACP declined 
in children aged < 16 years. The highest IRs of ACP, PP and IPD were observed in children < 2 years of age, highlighting 
the importance of infant pneumococcal vaccination in the prevention of pediatric PD. The clinical burden of 
pediatric PD in Germany persists. Continued surveillance of changing pneumococcal burden, serotype distribution, 
antimicrobial resistance and vaccination status is critical to better understand the factors driving incidence of PD and 
to inform future vaccination strategies.
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Background
Pneumococcal disease (PD) is an infection caused by the 
bacterium Streptococcus pneumoniae (S. pneumoniae) 
[1]. A large proportion of PD is vaccine preventable. 
Invasive pneumococcal disease (IPD), a severe form of 
PD, occurs when S. pneumoniae enters a normally ster-
ile site such as the blood or cerebrospinal fluid, including 
infections such as bacteremia, meningitis, osteomyelitis 
and sepsis. S. pneumoniae is the most common bacterial 
cause of pneumonia in children [2]. The World Health 
Organization (WHO) has estimated that annually, PD is 
responsible for over 300,000 deaths worldwide in chil-
dren aged < 5 years [3]. Childhood pneumonia remains 
the leading cause of mortality worldwide in children of 
this age group [4].

The first pneumococcal conjugate vaccine (PCV), 
targeting seven pneumococcal serotypes (PCV7), was 
licensed for children < 2 years-old in 2000. Since 2006, 
universal vaccination of children aged < 2 years has been 
recommended in Germany [5, 6]. The 10-valent (PCV10) 
and 13-valent (PCV13) PCVs were introduced in April 
and December 2009, respectively, to expand coverage to 
additional serotypes. PCV13 is currently used for most 
infants in Germany [7]. The PCV schedule includes four 
doses for premature infants – single doses at 2, 3, and 4 
months of age, with a booster dose at 11 months (3 + 1 
immunization schedule). Whereas for infants born at 
term, since August 2015, the recommendation has been 
three doses (2 + 1 schedule) at 2, 4 and 11 months. It was 
anticipated that a reduction in doses for full-term infants 
may result in greater vaccine acceptance and adherence, 
outweighing the potential risk of additional cases of PD 
in an epidemiologic risk-benefit assessment, as well as 
predicted cost savings [8]. The national immunization 
schedule is developed and updated once a year by the 
German Standing Committee on Vaccination (STIKO) 
[9]. Monitoring the burden of childhood IPD and pneu-
monia is critical to assess the effectiveness of pneumo-
coccal vaccination strategies.

Following the introduction of PCV7 and PCV13, a 
decrease in the overall incidence of PD has been reported 
worldwide [10–16], with a large proportion of remaining 
IPD attributed to non-PCV13 serotypes and persistence 
of certain serotypes included in PCV13 (predominantly 
serotype 3, 19  A, 19  F) [17]. In 2017, non-PCV13 sero-
types accounted for > 70% of IPD in children aged < 5 
years in Europe [18]. In Germany, several studies have 
demonstrated a reduction in PCV7 and PCV13 serotypes 
and incidence rates (IRs) of IPD in children, following the 
introduction of PCVs [17, 19–22]. These data are derived 
from voluntary hospital surveillance systems, and IRs 
reported have wide confidence intervals (CIs) due to the 
small absolute case numbers identified.

Until 2020, reporting of IPD via surveillance systems 
was not mandatory and cases were reported at the hos-
pitals’ discretion, therefore all IPD cases were unlikely to 
be captured. Prior studies have demonstrated the impor-
tance of comparing surveillance data to data from other 
sources, to better interpret observed trends [23]. There-
fore, further studies utilizing data from large, national 
administrative health databases capturing all IPD cases 
are beneficial. Data on non-invasive disease (i.e., pneu-
monia) since the introduction of PCV13 in Germany are 
also lacking. Only one study, in 2013, described a reduc-
tion in non-invasive disease for children aged < 10 years 
in Germany for 2007–2011 versus 2003–2006 [24].

Novel, expanded valency vaccines are in develop-
ment to further reduce the burden of PD in children. A 
15-valent PCV was recently approved across the US and 
Europe for infants, children and adolescents [25–27]. To 
understand the potential value of new vaccines in Ger-
many, quantifying the incidence and trends of IPD and 
pneumonia and the residual burden that remains prior 
to the introduction of higher valency PCVs is impor-
tant. This study used claims data from the InGef research 
database; capturing all inpatient and outpatient pneumo-
nia and IPD to estimate IRs, time trends and fatality rates 
of pneumococcal pneumonia (PP), all-cause pneumonia 
(ACP) and IPD in children aged < 16 years old in Ger-
many from 2014 to 2019.

Methods
The methods, as reported in the “data source” and “study 
design” sections, have been partly described previously 
elsewhere [28–31].

Data source
The InGef (Institute for Applied Health Research Ber-
lin) research database is comprised of individual-level, 
de-identified longitudinal claims data for around 8  mil-
lion individuals across all geographic regions in Ger-
many. A sample dataset of approximately 4  million 
individuals was used for this study. This dataset covers 
5% of the German population and is nationally repre-
sentative in terms of age and sex [32]. All diagnoses are 
recorded using the German modification of the 10th 
revision of the International Classification of Diseases 
(ICD-10-GM). Claims data for ambulatory services and 
procedures are reported by the German uniform evalu-
ation standard (EBM,‘Einheitlicher Bewertungsmaßstab’) 
and procedures conducted in hospital by the Ger-
man Procedure Classification (OPS,‘Operationen und 
Prozedurenschlüssel‘).

Study design
The study population included children aged < 16 years. 
The study period was between January 1, 2014 and 
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December 31, 2019. Children born during the study 
period were included in the study from their estimated 
date of birth (the 1st of the respective quarter or the 
first day of insurance) or the date they started contribut-
ing data to the InGef database. For children born before 
2014, their study entry date was assigned as January 1, 
2014 or the date they started contributing data to InGef 
within the study period.

Six yearly cohorts were established to assess the inci-
dence of pneumonia and IPD within each calendar year 
of the study period. Individuals started contributing 
data to each yearly cohort from the latest of the follow-
ing dates: start of the study year, estimated date of birth, 
or the date they started contributing data to the InGef 
database. During each study year, each individual was 
followed up until the first of the following censoring cri-
teria: end of observation in the InGef database (earliest 
date of either the end of insurance provider contributing 
data to InGef, death from any cause, or end of study year) 
or end of the study period (December 31, 2019).

The study population was described by age (0–4 
months, 5–11 months, 12–23 months, 2–4 years, 5–15 
years, in alignment with STIKO pneumococcal vaccina-
tion recommendations [6]), sex, region (East, West, and 
Berlin), and underlying medical conditions. Although 
becoming unified in 1990, East and West Germany were 
formerly defined as different federal states, with different 
attitudes towards vaccination; historically, Eastern states 
having higher vaccination rates [33, 34]. Regional results 
are therefore displayed by East Germany, West Germany, 
and Berlin (East Berlin formerly part of East Germany, 
West Berlin formerly part of West Germany).

Underlying medical conditions linked to higher risk of 
PD were described according to the 2017/2018 STIKO 
recommendations for at-risk/high-risk individuals [6] 
and data availability within the InGef database. Under-
lying medical conditions were assessed in a 12-month 
look-back period for each individual, except for individu-
als < 12 months old, and for the 2014 cohort (no medical 
history available prior to 2014).

Study population
The source population for this study included children 
aged 0–15 years in Germany with statutory health insur-
ance, insured with a provider contributing data to the 
InGef research database.

Inclusion criteria
Children aged < 16 years at the start of each study year 
(each calendar year of the study period i.e. January 1 of 
2014 to 2019).

Exclusion criteria
No exclusion criteria were applied.

Outcomes
Two definitions of pneumonia were used in the pres-
ent study: PP and ACP, both of which excluded any 
IPD (Additional file 1, Supplementary Table 1). PP was 
defined as pneumonia cases where S. pneumoniae was 
known to have a causative role. ACP was defined as 
pneumonia of any etiology, including of bacterial, viral, 
and unknown cause (ICD-10-GM J12-J18; and codes for 
viral pneumonia, J10.0 and J11.0), but excluding any IPD. 
Although the outcome of ACP includes diagnoses such 
as viral pneumonia and may therefore overestimate the 
burden of pneumonia caused by S. pneumoniae, inclu-
sion of PP alone would likely underestimate true disease 
burden as diagnostic tests to identify causative patho-
gen are often not performed in real-world practice [35]. 
Furthermore, evidence suggests that PCVs may have an 
impact on ACP and viral lower respiratory tract diseases, 
in addition to vaccine-type PD [36–38]. Interactions 
between S. pneumoniae and viruses are implicated in the 
pathogenesis of both bacterial and viral pneumonia, in 
addition to other respiratory diseases [37, 39–41]. Evalu-
ation of broader health outcomes such as ACP is there-
fore important when considering the potential public 
health benefits of pneumococcal vaccination strategies.

IPD was defined as invasive cases where pneumococ-
cus was known to have a causative role (Additional file 
1, Supplementary Table 2); capturing meningitis, bactere-
mic pneumonia, bacteremia without focus and other IPD 
(e.g. pneumococcal pericarditis, endocarditis, osteomy-
elitis, arthritis/polyarthritis).

Pneumonia (PP and ACP) and IPD cases were identi-
fied from outpatient and inpatient data. For outpatients, 
only diagnosis by calendar quarter was available, there-
fore at least one prescription of an antibiotic or a diag-
nostic test in the same quarter was required to validate 
an outpatient diagnosis. The date of the first antibiotic 
prescription (identified via Anatomical Therapeutic 
Chemical, ATC, codes) or diagnostic test (identified via 
EBM and OPS codes - Additional file 1, Supplementary 
Table 3) within each quarter with a pneumonia or IPD 
diagnosis was then assigned as the diagnosis date.

For results presented by inpatient/outpatient setting, 
outpatient episodes were defined as episodes where all 
care over the duration of the episode was provided in 
an outpatient setting. Inpatient episodes were defined 
as episodes where some of the care over the duration of 
the episode was provided in an inpatient setting but there 
may also be outpatient care during the episode.

As analyses were conducted by calendar year, episodes 
were assigned to each study year. Episodes that crossed 
calendar years were assigned to the year the episode 
began. Multiple records were considered independent 
episodes if separated by ≥ 90 days [42]. Each pneumo-
nia/IPD episode thus ended at the last record within the 
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episode plus 90 days. Time at-risk was defined as the total 
follow-up time minus the time with pneumonia/IPD.

Statistical methods
IRs of pneumonia and IPD per 100,000 person-years (PY) 
were calculated as the number of episodes/the sum of 
PY at risk. Time trends were assessed using the Mann-
Kendall test, to identify any significant changes over the 
study period (2014–2019) [43, 44]. Case fatality rates 
were calculated per 100 hospitalized cases of pneumo-
nia/IPD. 95% CIs were calculated using the Wilson score 
method [45], and the data was assumed to follow a Pois-
son distribution [46]. Analyses were completed for PP, 
ACP and IPD, overall, by study year, and then stratified 
by age group. IRs of pneumonia (PP and ACP) were also 

stratified by treatment in the inpatient/outpatient setting. 
All analyses were completed using the statistical software 
program R, version 3.5.0. If the number of patients with 
disease episodes or deaths were less than 5 the data were 
not reported, in accordance with InGef ’s data protection 
policies.

Results
The final study population included 916,805 children 
aged < 16 years, contributing 3,608,716 PY at-risk. Indi-
viduals were followed up for a median of 4.3 (interquar-
tile range 2.2-6.0) years. The mean age of individuals was 
6 years (standard deviation 5.2) at study entry (Table 1). 
From the five age groups most children were 5–15 years 
old (52.7%) at study entry, and from the West region of 
Germany (82.4%). The most common comorbidity was 
chronic pulmonary disease (range: 5.2% in 2019 to 7.1% 
in 2015).

PP
Overall, PP IRs remained steady between 2014 and 2019, 
from 7.1 (CI 5.2–9.5) to 8.2 (CI 6.0-10.8) per 100,000 
PY (p = 0.272, no statistically significant trend), although 
there was a drop in 2015 (3.7 (CI 2.3–5.5) per 100,000 
PY) (Table 2). Similarly, no time trends were observed for 
PP IRs when stratified by inpatient (p = 0.469) or outpa-
tient setting (p = 0.719) (Table  3). For children aged 0–4 
months, 5–11 months, and 12–23 months, IRs were too 
low to report for some years (< 5 children with episodes 
of PP), therefore assessment of time trends by age was 
not possible (Additional file 1, Supplementary Table 4).

Overall, the IR of PP during the study period was high-
est for children aged 12–23 months, at 20.8 (CI 15.3–
27.5) per 100,000 PY; over fivefold higher than in children 
aged 5–15 years (Table 2). Similar results were reported 
for both outpatient and inpatient settings (Table 3).

The number of deaths was too low to report.

ACP
Overall, ACP IRs declined between 2014 and 2019 from 
2,213 (CI 2,176-2,250) to 1,503 (CI 1,472-1,534) per 
100,000 PY (p = 0.017) (Table  2). Similar declines were 
reported for IRs of ACP when stratified by inpatient/out-
patient setting (Table 3) and for each age group (Table 4). 
Trends over time were statistically significant for ACP IRs 
in the outpatient setting (p = 0.017), but not for the inpa-
tient setting (p = 0.056). Trends over time for each age 
group were statistically significant, except for the 12–23 
month-old and 5–15 year-old age groups (p = 0.060 and 
0.056, respectively).

Overall, the IR of ACP was over fourfold higher in chil-
dren aged 12–23 months in comparison to children aged 
5–15 years. In the outpatient setting, the IR of ACP was 
highest in the 12–23 month-old and 2–4 year-old age 

Table 1 Baseline characteristics of the study population, 
N = 916,805 (2014–2019)
Age (years) at study entry (mean, SD) 6 5.22
Age group at study entry, (n, %)
0–4 months 245,272 26.75
5–11 months 21,110 2.30
12–23 months 40,385 4.40
2–4 years 126,764 13.83
5–15 years 483,274 52.71
Sex
Male 471,991 51.48
Female 444,814 48.52
Underlying medical conditions for 2015 cohort*, 
(n, %)
No at-risk medical condition 609,198 89.24
Any at-risk medical condition 67,001 9.82
Chronic diseases
Diabetes mellitus 2,089 0.31
Chronic pulmonary disease (incl. asthma) 48,728 7.14
Chronic heart disease 11,535 1.69
Neurological disorders 8,195 1.20
Any high-risk medical condition 9,359 1.37
Cancer 931 0.14
Cerebrospinal fluid leak 8 0.00
Chronic renal disease 848 0.12
Cochlear implant 1,078 0.16
Functional or anatomic asplenia, sickle cell disease/
other hemoglobinopathy, congenital or acquired 
asplenia, splenic dysfunction, splenectomy

737 0.11

HIV infection 27 0.00
Immuno-compromising diseases 5,287 0.77
Organ transplant 431 0.06
Chronic liver disease 408 0.06
Autoimmune disease 368 0.05
*Underlying medical conditions were assessed in a 12-month look-back 
period for each individual from the date of study entry. Risk groups (at-risk vs. 
high-risk) are not mutually exclusive. Length of look-back was dependent on 
available data, as per the age of the individual (i.e. children aged < 12 months). 
As no medical history was available prior to 2014, results are displayed for the 
2015 cohort.

SD = standard deviation, n = number of children.
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groups; 3,480 (CI 3404–3557) and 3,219 (CI 3,176-3,262) 
per 100,000 PY, respectively. In the inpatient setting, the 
IR of ACP was highest in the 0–4 month-old age group, 
at 3,125 (CI 2952–3305) per 100,000 PY.

Hospital case fatality rates across the total study period 
were 0.23 (CI 0.16–0.33) deaths per 100 hospitalized 
cases (31 deaths).

IPD
A low number of IPD episodes were identified over the 
study period, ranging from 20 episodes in children aged 
5–11 months, to 44 episodes in children aged 5–15 years 
(Table 2). Number of episodes (and therefore rate) were 
too low to report for children aged 0–4 months (< 5 chil-
dren with episodes of IPD).

Overall, IRs of IPD increased between 2014 and 2019, 
from 2.7 (CI 1.6–4.3) to 4.2 (CI 2.7–6.2) per 100,000 PY; 
however, this increase was not statistically significant 
(p = 0.47). By age group, the IRs of IPD during the study 

period were highest in children aged 5–11 months and 
12–23 months, at 14.7 (CI 9.0-22.7) and 9.5 (CI 6.0-14.4) 
per 100,000 PY, respectively. For each age group, inci-
dence was too low to report for some years, therefore 
assessment of time trends was not possible (Additional 
file 1, Supplementary Table 5).

The IRs of meningitis, bacteremic pneumonia, bacte-
remia without focus and other IPD were 1.3 (CI 1.0-1.8), 
0.6 (CI 0.4–0.9), 1.1 (CI 0.8–1.6) and 0.2 (0.1–0.4) per 
100,000 PY, respectively (Additional file 1, Supplemen-
tary Table 6). Meningitis comprised 41.0% of IPD versus 
17.9%, 35.0% and 6.0% for bacteremic pneumonia, bac-
teremia without focus, and other IPD, respectively. Fre-
quencies in some age groups were too small to report (< 5 
children with episodes) for meningitis, bacteremic pneu-
monia, bacteremia without focus and other IPD.

Throughout the entire study period, there were zero 
deaths among the 105 hospitalized IPD cases.

Table 3 Incidence rates of PP and ACP by setting (inpatient/outpatient)
Pneumococcal pneumonia All-cause pneumonia
Number of 
episodes

Rate per 
100,000 PY

95% CI Number of 
episodes

Rate per 
100,000 PY

95% CI

Outpatients All individuals 128 3.55 2.96–4.22 54,278 1,509.12 1,496.45-1,521.87
By study year
2014 25 3.94 2.55–5.82 11,296 1,787.55 1,754.73-1,820.82
2015 14 2.22 1.21–3.73 10,120 1,610.78 1,579.55-1,642.47
2016 23 3.72 2.36–5.58 10,384 1,684.60 1,652.35-1,717.32
2017 23 3.76 2.38–5.64 8,752 1,435.88 1,405.95-1,466.28
2018 20 3.30 2.01–5.09 7,818 1,292.11 1,263.62-1,321.07
2019 26 4.33 2.83–6.35 6,998 1,168.77 1,141.54-1,196.48
Trend test* p-value = 0.719 p-value = 0.017
By age group
0–4 months 0 0.00 0.00-5.47 183 271.48 233.57-313.79
5–11 months 7 5.14 2.07–10.59 2,226 1,639.13 1571.73-1708.66
12–23 months 23 9.95 6.30-14.92 7,987 3,479.81 3403.91-3556.98
2–4 years 40 5.91 4.22–8.05 21,631 3,219.18 3,176.42-3,262.37
5–15 years 58 2.32 1.76-3.00 22,251 892.90 881.21-904.71

Inpatients All individuals 109 3.02 2.48–3.64 13,421 372.23 365.96-378.58
By study year
2014 20 3.15 1.93–4.87 2,673 421.76 405.92-438.06
2015 9 1.43 0.65–2.71 2,355 373.81 358.87-389.22
2016 13 2.10 1.12–3.59 2,347 379.70 364.49-395.38
2017 26 4.25 2.78–6.23 2,154 352.55 337.82-367.76
2018 19 3.13 1.88–4.89 2,147 354.08 339.26-369.38
2019 23 3.83 2.43–5.75 1,993 332.25 317.83-347.17
Trend test * p-value = 0.469 p-value = 0.056
By age group
0–4 months 5 7.42 2.41–17.31 1,227 3,124.88 2952.46-3304.75
5–11 months 8 5.87 2.54–11.57 8,168 2,278.25 2229.11-2328.20
12–23 months 25 10.81 7.00-15.96 974 2,872.93 2695.31-3059.17
2–4 years 38 5.61 3.97–7.71 4,603 681.19 661.66-701.16
5–15 years 33 1.32 0.91–1.86 3,672 147.11 142.39-151.95

* Mann-Kendall test for trend
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Discussion
In this large retrospective cohort study, no significant 
trends in IRs were observed overall for PP or IPD, but IRs 
for ACP declined from 2014 to 2019 in children aged < 16 
years. For ACP and PP, children 12-23-months-old had 
the highest IRs, whereas children aged 5-11-months-old 
had the highest IRs of IPD, highlighting the importance 
of infant pneumococcal vaccination in the prevention 
of pediatric PD. For ACP, the case fatality rate was low 
(0.2 deaths per 100 hospitalized cases). For PP, number 
of deaths were too low to report. There were no deaths 
among the 105 hospitalized IPD cases.

Young infants aged < 2 years are particularly suscep-
tible to infections, in part due to an immature immune 
response and more frequent exposures to S. pneumoniae 
[47]. However, maternal antibodies against PD provide 
some protection to full-term infants within the first 
months of life [48]. This aligns with results of the pres-
ent study, whereby the highest IRs of pneumonia and IPD 
were in children aged 12-23-months and 5-11-months, 
respectively.

IRs of ACP were around fourfold higher in the out-
patient setting compared to the inpatient setting. IRs of 
PP were similar in the outpatient and inpatient setting, 
although case numbers of PP were low, making it chal-
lenging to interpret potential trends. For ACP, children 
aged 0–4 months, 5–11 months and 12–23 months were 
more frequently treated in the inpatient setting, whereas 
children aged 2–4 years and 5–15 years were more fre-
quently treated as outpatients. In children aged < 5 years, 
almost 50% of inpatient ACP episodes were reported in 
infants aged 0–4 or 5–11 months. This is consistent with 
the literature from other high-income countries (Can-
ada and Italy), where infants < 6 months old comprise 
approximately 50% of hospitalized pneumonia cases in 
children < 6 years old [49, 50]. This may reflect the clini-
cal management patterns for children aged < 2, whereby 
there is difficulty monitoring their clinical progress as 
outpatients. Clinical guidelines in Germany suggest that 
inpatient admission should be considered in infants 
aged < 6 months with pneumonia, in alignment with 
results in the present study where the vast majority of 
PP and ACP episodes in infants aged 0–4 months were 
treated in the inpatient setting [51].

Differences in study design, study period, case defini-
tions and age groupings make it difficult to compare 
incidence between studies. However, our findings are in 
alignment with other studies of ACP [42] and IPD in Ger-
many [17, 21, 52]. Pelton et al. reported that ACP rates in 
children aged < 5 years were almost fivefold greater com-
pared to children aged 5–17 years in the healthy group 
(without any risk conditions) between 2009 and 2012 in 
Germany: 3,779 per 100,000 PY and 730 per 100,000 PY, 
respectively [42]. In this study, IRs of ACP and PP were 

almost fourfold greater in children aged 12–23 months 
and 2–4 years, versus those aged 5–15 years. Weinberger 
et al. compared incidence of IPD from 2007 to 2016 in 
children < 16 years old [21]. As in the present study, they 
found the highest IRs of IPD in children aged < 2 years. 
The maximum impact of PCV vaccination on overall IPD 
incidence was reported in 2012/13 (-48% [95% CI: -55%; 
-39%]) with a rebound to -26% [95% CI: -36%; -16%] in 
2015/16. Perniciaro et al. reported IPD IRs in younger 
children (< 6 years-old) in Germany from 2007 to 2015 
[52], where IPD incidence remained steady from 2014 
to 2015, fluctuating between approximately 3.0-3.5 per 
100,000. Similar results were observed by van der Linden 
and colleagues in another study in Germany from 2003 to 
2018 [17]. IRs reported in the present study are slightly 
higher than reported by Perniciaro and van der Linden. 
This is likely because both authors used voluntary hospi-
tal surveillance data (cases reported at the hospitals’ dis-
cretion) which would not have captured all IPD cases as 
in this study, utilizing data from a large healthcare claims 
database.

A recent meta-analysis of data from 27 high-income 
countries (including Germany) from 2010 to 2016 found 
persisting burden of IPD for children < 5 or 5–18 years 
following the introduction of PCV13 [53]. Other stud-
ies across the EU [54], Germany [17, 21, 52, 55], the UK 
[13, 56], France [57], Spain [58], Israel [59, 60] and other 
countries [18], have reported similar results. Similarly 
to in Germany (Weinberger et al. [21]), in England and 
Wales (Ladhani et al. [13]) and in France (Ouldali et al. 
[57]), national surveillance data has indicated that the 
maximum benefit of the childhood PCV programme was 
achieved approximately 4 years after the introduction of 
PCV13. Childhood vaccination schedules are in general 
similar across Europe (2 + 1 for full-term infants [61, 62]); 
with the exception of England, where in January 2020, 
the 2 + 1 schedule was reduced to a 1 + 1 schedule [63]. In 
some countries such as Italy, with non-centralized health-
care systems, there are regional variations in vaccination 
recommendations [64]. In England and Wales, incidence 
of IPD in children declined until 2013/2014 and then pla-
teaued until 2016/2017 [13]. In 2016/2017, although over-
all IPD incidence in children aged < 15 years remained at 
less than a third of pre-PCV7 levels, incidence of non-
PCV13 serotypes had doubled for children aged < 5 years 
since the introduction of PCV7. In France, the incidence 
of meningitis and non-meningitis IPD rapidly increased 
in children aged < 15 years from 2015 to 2017; whereas 
in Germany, the increase reported by Weinberger et al. 
since 2014/2015 was mainly observed for non-meningitis 
IPD in children younger than 2 years [21, 57]. Incidence 
of meningitis versus non-meningitis IPD was too low 
to report for each year of the present study, therefore it 
was not possible to explore potential trends in specific 
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IPD manifestations. While the InGef database does not 
contain serotype-specific information, persistence of IPD 
and PP burden is observed from 2014 to 2019. In order to 
better understand the impact of future PCVs in Germany, 
it will be critical to identify the serotype distribution of 
residual IPD and PP in future studies.

Other studies using data from administrative health-
care databases have reported a persistent burden of IPD 
and pneumonia following the introduction of PCVs. In 
England, a recent study reported a decline in IRs of IPD, 
PP and ACP from the pre-PCV7 (2003–2005) to late 
post-PCV13 period (2015–2019) in children aged ≤ 17 
years, using data from primary care and hospital records 
[65]. However, in 2015–2019, IRs remained substantial; 
at 1.4, 3.9 and 125 per 100,000 PY, for IPD, PP and ACP, 
respectively. A study in Liguria, Italy, reported that from 
2012 to 2018, IRs of ACP hospitalization in children < 15 
years of age remained stable, while PP hospitalizations 
decreased, and IPD hospitalizations increased; IRs of 4.9, 
13, and 4.7 per 100,000 PY, for IPD (2018), PP (2018) and 
ACP (across the total study period), respectively [66]. 
One potential reason for the maintained incidence of 
PD is the increasing burden associated with non-PCV13 
serotypes; whereby, the prevalence of pneumococcal 
serotypes included in PCV13 decreased following PCV13 
introduction, to be replaced over time by an increase in 
non-PCV13 serotypes. This has resulted in a plateau or 
increase in incidence of IPD in recent years. In Germany, 
non-PCV7 and non-PCV13 serotypes accounted for 
70–84% of IPD cases in the years following PCV intro-
duction [18, 21, 52]. However, current evidence suggests 
that there is also some persistence of PCV13 serotypes, 
primarily serotype 3 and 19 A [17, 21], and that PCV13 
serotype replacement is highly variable across countries 
[11]. Country-specific variations of emerging non-PCV13 
serotypes could be due to local antibiotic selective pres-
sures [67].

Low vaccine completion rates may also contribute to 
the persisting burden of PD. Timely adherence to the 
infant vaccination schedule is low in Germany [52, 68]. 
Pneumococcal vaccination is often delayed or the booster 
regimen is not completed on time, potentially due to lack 
of incentives for pediatricians or parents to adhere to vac-
cination schedules [68, 69]. In this study, the highest IRs 
of PP, ACP and IPD were observed in children < 2 years 
of age; underscoring the importance of improving timely 
infant vaccine series completion in Germany. Perniciaro 
and colleagues reported that only 18.4% of children from 
2007 to 2017 in Germany with IPD were vaccinated with 
PCV13 according to the recommended schedule [52]. 
This could be contributing to the maintained burden of 
childhood IPD in Germany.

Strengths and limitations
The main strength of this study was the use of the InGef 
database; a large, healthcare claims database representa-
tive of the German population in terms of age, sex, mor-
bidity, mortality, drug prescription and dispensation [32]. 
This study captured all inpatient and outpatient pneumo-
nia and IPD, as reported in healthcare claims data from 
the statutory health insurance providers contributing 
data to InGef.

There were several limitations. Firstly, recent stud-
ies have suggested that using administrative databases 
to assess organism-specific prevalence in pneumonia 
and other conditions may underestimate true organism-
specific burden, due to infrequency of pathogen testing 
in clinical practice [70–72]. Indeed, prior validation stud-
ies suggest that ICD-based claim codes may miss up to 
one-sixth of IPD diagnoses [73, 74]. This may have led to 
an underestimation of IPD or PP burden in the present 
study. In attempt to mitigate this, the burden of ACP was 
also assessed. As the majority of ACP is thought to be 
attributed to viral pathogens, estimates for ACP will have 
overestimated the burden caused by pneumococcus [70].

In the InGef database, for outpatient data, only diagno-
sis by calendar quarter was available. Therefore, at least 
one prescription of an antibiotic or a diagnostic test in 
the same quarter was required to validate an outpatient 
diagnosis. In Germany, clinical guidelines highlight that 
not all children with pneumonia may need treatment 
with antibiotics [51]. Specifically, if there is evidence of 
viral etiology (or no evidence of bacterial etiology), or 
there are no signs of fever or signs of bronchial obstruc-
tion (thus viral infection is likely), it is recommended that 
children are not treated with antibiotics. Similarly, Ger-
man clinical guidelines also highlight that in most cases, 
a diagnosis of pneumonia can be made based on history 
and clinical findings without a need for further diagnos-
tic tests. Thus, our study may not have captured cases of 
outpatient ACP likely of viral etiology, that did not need 
antibiotic treatment nor diagnostic tests.

The number of IPD and PP cases in this study were 
small resulting in IRs with wide CIs, so the assessment 
of trends may not be precise and should be interpreted 
with caution. Only quarter of birth as opposed to exact 
date of birth is available in the InGef database and there-
fore age groupings (particularly for those aged < 2 years) 
as reported in the present study are also not precise and 
should be interpreted with caution. This is an inherent 
limitation to the InGef database.

Information on causal pneumococcal serotype was not 
available in the InGef database, so this study could not 
explore if the maintained burden of IPD and PP was due 
to exposure to non-PCV13 serotypes. In future studies 
of pneumococcal burden, it will be critical to comple-
ment administrative data with pathogen and serotype 
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laboratory information obtained from other sources. 
Information on vaccination status and PCV schedule 
adherence was not captured, therefore this study could 
not determine whether maintained PD burden was due to 
low vaccine completion rate. However, three recent stud-
ies in the InGef database (the same data source used for 
the present study) reported that for those born in 2013, 
2016 and 2018, the rate of unvaccinated infants remained 
at a considerable level, and vaccinations were often 
delayed [8, 75, 76]. Of those born in 2018 (and 2016/2013, 
respectively), 47% (41/65%) of premature infants and 
74% (72/68%) of full-term infants had received the rec-
ommended 3 + 1 and 2 + 1 PCV doses after 24-months of 
follow-up; approximately 50% receiving the booster dose 
according to recommended timelines. Low vaccine com-
pletion rates and schedule adherence could thus be con-
tributing to the maintained burden of PD in this study. 
Increased efforts are required to increase adherence to 
PCV recommendations in Germany, and protect vulner-
able children < 2 years of age [8]. Ongoing surveillance 
studies are needed to better understand what factors are 
driving PD incidence, including detection of the caus-
ative serotype, antimicrobial resistance, and vaccination 
adherence.

Conclusion
The highest IRs of PP, ACP and IPD were observed in 
children < 2 years of age, highlighting the importance of 
infant pneumococcal vaccination in the prevention of 
pediatric PD. Incidence of PP or IPD did not vary sig-
nificantly between 2014 and 2019 in children aged < 16 
years in Germany, however the IRs of ACP declined. 
The clinical burden of PP, ACP and IPD persists in chil-
dren in Germany. Continued surveillance of changing 
pneumococcal burden, serotype distribution, antimicro-
bial resistance and vaccination status is critical to better 
understand the factors driving incidence of PD and to 
inform future vaccination strategies.
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