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ABSTRACT

Introduction: The 10-valent pneumococcal
conjugate vaccine (PCV10, Synflorix) was
introduced into the Dutch pediatric national
immunization program (NIP) starting in 2011.
However, there is substantial pneumococcal
disease burden due to increases in non-PCV10
covered serotypes. Higher-valent vaccines for
pediatrics (PCV13, PCV15, and PCV20) may
alleviate much of the remaining disease burden
upon implementation through broader ser-
otype coverage. This article assesses the public
health impact of different pediatric vaccination
strategies (switching to PCV13, PCV15 or
PCV20) versus maintaining PCV10 at different
time intervals in the Netherlands.
Methods: A population-based, decision-ana-
lytic model was developed using historical

pneumococcal disease surveillance data to
forecast future invasive pneumococcal disease
(IPD), pneumonia, and otitis media (OM) cases
over a 7-year period (2023–2029) under the
following strategies: continued use of PCV10,
switching to PCV13 in 2023, switching to
PCV15 in 2023, and switching to PCV20 in
2024. Scenario analyses were performed to
account for uncertainties in future serotype
distributions, disease incidence reductions, and
epidemiologic parameters.
Results: Switching to PCV13 in 2023 was found
to avert 26,666 cases of pneumococcal disease
compared to continuing PCV10 over a 7-year
period (2023–2029). Switching to PCV15 in
2023 was found to avert 30,645 pneumococcal
cases over the same period. Switching to PCV20
once available in 2024 was estimated to avert
45,127 pneumococcal cases from 2024–2029.
Overall conclusions were maintained after test-
ing uncertainties.
Conclusions: For the Dutch pediatric NIP,
switching to PCV13 in 2023 would be an effec-
tive strategy compared with continued use of
PCV10 for averting pneumococcal disease cases.
Switching to PCV20 in 2024 was estimated to
avert the most pneumococcal disease cases and
provide the highest protection. However, in the
face of budget constraints and the undervalua-
tion of prevention strategies, it remains chal-
lenging to implement higher valent vaccines.
Further research is needed to understand the
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cost-effectiveness and feasibility of a sequential
approach.

Keywords: Pneumococcal disease; Vaccine;
PCV; PCV13; PCV20

Key Summary Points

What carry out the study?

There is substantial pneumococcal disease
burden due to increases in non-PCV10
covered serotypes in the Netherlands.

This paper assesses the public health
impact of different pediatric vaccination
strategies (switching to PCV13, PCV15, or
PCV20) versus maintaining PCV10 at
different time intervals in the
Netherlands.

Why was learned from the study?

Switching to PCV13 in 2022, and
subsequently PCV20 in 2024, was
estimated to avert the most pneumococcal
disease cases and provide the highest
protection in the Netherlands.

Further research is needed to understand
the cost-effectiveness and feasibility of a
sequential approach.

INTRODUCTION

Before pneumococcal conjugate vaccines
(PCVs) were introduced, 70% of IPD cases
globally in children under 5 years of age were
caused by 6–11 serotypes [19]. In 2000, the
heptavalent vaccine (PCV7) was introduced
into pediatric national immunization programs
(NIPs) for protection against seven of the most
prevalent disease-causing serotypes worldwide.
Implementing PCV7 dramatically decreased
invasive pneumococcal disease (IPD) incidence
in both vaccinated children and unvaccinated
individuals across all ages in many countries
[9, 18, 32]. However, this benefit was countered

by an increase in non-vaccine serotype disease,
of which serotype 19A became the predominant
cause of childhood IPD globally accounting for
22% of cases [2]. Given these emerging non-
vaccine serotypes, 10-valent (PCV10, Synflorix)
and 13-valent (PCV13) PCVs were introduced
globally in 2009 and 2010. Following their
introduction, significant reductions in vaccine-
type IPD were observed [11]. However, non-
vaccine serotypes still cause a considerable
proportion (72%) of childhood IPD cases in
European PCV13 settings [2]. Although serotype
replacement occurs in most countries after PCV
implementation, its impact may be of particular
concern in PCV10 countries, where there is an
emergence of dominating serotypes covered by
PCV13 (e.g., 19A) [19, 33].

In 2006, the Netherlands introduced PCV7
into the pediatric NIP, which was replaced by
PCV10 in 2011 [26, 34]. After PCV7 introduc-
tion, IPD incidence rates significantly declined
by 69% in children \ 5 years, 31% in those
18–49 years, and 19% in adults C 65 years [4].
After PCV10’s introduction, IPD incidence was
reduced by an additional 30% in individuals\
50 years, while no further reduction was
observed in adults C 50 years [4]. An increase in
non-PCV10 type IPD following PCV10 intro-
duction, countering the decline in PCV10 type
disease, may explain the lack of IPD incidence
reductions in older adults. Thus, the potential
for PCV10 to reduce pneumococcal disease
incidence is likely maximized, given only 11%
of IPD cases in 2016–2018 were caused by
PCV10 serotypes [4].

There are three higher-valent pediatric PCVs
which have the potential to reduce substantial
disease burden in the Netherlands (Fig. 1). The
15-valent (PCV15) and the 20-valent (PCV20)
vaccines are now licensed for adults [14, 15] and
are expected to be available for children soon,
although neither is currently recommended as
part of the NIP. Given that non-vaccine type
disease burden remains substantial in the
Netherlands, decision makers should carefully
consider and assess the potential impact of
implementing higher-valent vaccines. There-
fore, the objective of this article is to evaluate
the potential public health impact of broader
serotype coverage in Dutch children by
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comparing different higher-valent vaccination
strategies versus maintaining PCV10. We esti-
mate the public health impact of switching to
PCV13 or PCV15 in the near-term (2023) or
switching to PCV20 in 2024 compared with
maintaining PCV10 until 2028. With one
higher-valent infant PCV available and two new
PCVs on the horizon, comparing the public
health impact of PCV13, PCV15, and PCV20
implementation can inform decision makers
regarding which higher-valent vaccine should
be incorporated into future pediatric NIPs.

METHODS

Model Structure

A previously published decision-analytic fore-
casting model was adapted to include pediatric
higher-valent PCVs in development. The model
was used to compare the potential public health
impact of different vaccination strategies in the
Netherlands: continued use of the current
standard of care (PCV10) or switching to one of
the higher-valent vaccines (PCV13, PCV15, or
PCV20) [29, 33, 42–44]. This population-based
model utilizes historical real-world invasive
pneumococcal disease (IPD) surveillance data
stratified by age group and serotype to forecast
disease incidence and serotype distribution
changes under PCV10, PCV13, PCV15, and
PCV20 pediatric NIPs for the overall population.
The model predicts age-specific prospective
incidence trends and various serotype behaviors
based on observed retrospective incidence and
serotype dynamics with and without having a
specific PCV coverage. This methodology not
only captures vaccine pressure on covered

serotypes based on real-world evidence but also
captures the replacement of non-vaccine ser-
otypes observed from surveillance data. The
projected incidence in pneumococcal disease is
used to calculate total cases and deaths associ-
ated with each PCV program. Instead of using
clinical trial data, this model better reflects real-
world effectiveness of PCVs by using historical
IPD trends to project the future number of IPD,
inpatient pneumonia, outpatient pneumonia,
and acute otitis media (AOM) cases and deaths
over a 7-year time horizon (i.e., 2023 through
2029). The 7-year time horizon is used to allow
for multiple years of vaccine effect following the
anticipated introduction of higher-valent vac-
cines to be available in 2023 or 2024. This study
is based on previously conducted studies and
does not contain any new studies with human
participants or animals.

Population

The total population of the Netherlands
(17,282,163) is included in this analysis and
stratified into seven age groups: 0–\ 2, 2–4,
5–17, 18–34, 35–49, 50–64, and 65? [8]. We
assumed 95% of children\ 2 years old in the
Netherlands (339,259) are eligible for vaccina-
tion [25, 33].

Comparison of Vaccination Strategies

As outlined in Fig. 2, our model estimates the
public health impact of four vaccination
strategies: maintaining PCV10 (Strategy 1);
switching to PCV13 in 2023 (Strategy 2);
switching to PCV15 in 2023 (Strategy 3); and
switching to PCV20 once available in 2024

Fig. 1 Serotypes covered in currently licensed and potential future pediatric pneumococcal conjugate vaccines in the
Netherlands. PCV pneumococcal conjugate vaccine
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(Strategy 4). To address the objectives of this
paper, we compare Strategies 2–4 with the status
quo (Strategy 1).

Base Case Analysis

For each vaccination strategy, a base case is
calculated in which the numbers of disease
cases and deaths are estimated over a 7-year
time horizon (to allow for a 5-year time horizon
after the introduction of either PCV15 or
PCV20). By comparing the number of disease

cases and deaths prevented by switching to
these higher-valent vaccines, we can determine
which vaccine strategies provide the greatest
public health impact.

Invasive Pneumococcal Disease Incidence
Age and serotype-specific IPD incidence rates
were obtained from 2011 to 2018 surveillance
data reported by the Dutch National Institute of
Public Health and Environment (RIVM)
[23, 24]. IPD incidence was reported for the
following serotype groups: PCV7 covered (i.e.,
serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F),

Fig. 2 Vaccination strategies under consideration for the Netherlands’ pediatric population

Table 1 Epidemiologic inputs: current incidence (per 100,000 person-years) of pneumococcal disease in the Netherlands,
by age group

Parameter 0–< 2 years 2–4 years 5–17 years 18–34 years 35–49 years 50–64 years 651
years

Bacteremiaa (2019) 6.17 8.23 6.44 6.48 6.49 6.61 44.85

Meningitisa, b (2019) 3.30 1.24 0.68 0.64 0.63 0.51 1.10

Non-hospitalized

pneumonia (2019)c
1646 1646 430 405 405 1114 3722

Hospitalized pneumonia

(2019)c
226 226 58 43 43 142 577

Pneumococcal AOMd

(2019)

7374 7374 0 0 0 0 0

AOM acute otitis media
aNational Institute for Public Health and the Environment [23]; Pfizer [31]
bMelegaro and Edmunds [21]
cRozenbaum et al. [35] for hospitalized pneumonia, assuming a similar decline from 2011 to 2019 as seen in outpatient
pneumonia [23, 34]
dPugh et al. [33]; Hullegie et al. [17]
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incremental PCV10 (i.e., serotypes 1, 5, 7F),
incremental PCV13 (i.e., serotypes 3, 6A, 19A),
and non-PCV13 serotypes. Serotype-specific
incidence rates for newly covered PCV15-
unique (i.e., 22F, 33F) and PCV20-unique (i.e.,
8, 10A, 11A, 15B, 12F) are needed to understand
the impact of PCV15 and PCV20 vaccine pro-
grams on IPD incidence. However, PCV15- and
PCV20-unique serotype-specific incidence data
were not available between 2011 and 2018.
Thus, based on data provided by Netherlands
Reference Laboratory for Bacterial Meningitis
(NRLBM), we applied the serotype distribution
from 2019 to 2011–2018 historical IPD inci-
dence data to calculate serotype-specific inci-
dence for PCV15-unique and PCV20-unique
serotypes [31]. Estimated age-specific IPD inci-
dence is reported in Table 1. The estimated IPD
incidence by age and serotype group is pre-
sented in supplemental material Tables 1–3.
Based on recent data from multiple European
countries [4, 6, 30], IPD incidence in 2021–2022
has rebounded to pre-COVID19 pandemic

levels after social distancing measures were lif-
ted, and serotype distributions have not signif-
icantly changed. As such, we assume that 2021
incidence was similar to 2019 incidence and
modeled prospectively beginning with 2022.

Future IPD incidence, assuming continued
use of PCV10 (Strategy 1), was forecasted based
on trend lines that were fit to Dutch historical
surveillance data according to methodologies
published in previous studies [29, 33, 42–44].
Trend lines were independently fit to historical
data of covered (i.e., after PCV10 introduction)
and non-covered (i.e., before PCV10 introduc-
tion) periods. Based on R-squared values
reflecting best fit, linear or logarithmic func-
tions are used to forecast serotypes during non-
covered periods to minimize unrealistic increa-
ses in disease incidence, while linear, logarith-
mic, exponential, or power functions are used
to forecast serotypes during covered periods.
Future IPD incidence for newly covered ser-
otypes, assuming a switch to PCV13 (Strategy
2), PCV15 (Strategy 3) or PCV20 (Strategy 4), is

Table 2 Other inputs: total population, proportion of IPD due to meningitis, and mortality risks in the Netherlands, by
age group

Age range (years)

Parameter < 2 2–4 5–17 18–34 35– 49 50–64 ‡ 65 Source/
assumption

Population 339,259 526,803 2,491,693 3,712,777 3,292,400 3,605,227 3,314,004 CBS StatLine [8]

Percentage of IPD

cases presenting as

meningitis

34.84% 13.11% 9.52% 8.96% 8.82% 7.14% 2.39% Melegaro and

Edmunds [21]

All-cause mortality

per 100,000

189 14 10 34 103 450 3925 CBS StatLine [7]

Case fatality rates

IPD 0.081 0.081 0.040 0.044 0.044 0.085 0.178 Mangen et al. [20];

Vestjens et al.

[41]

Hospitalized

pneumonia

0.014 0.013 0.011 0.009 0.009 0.030 0.152 Melegaro et al. [22]

(\ 18)

(Pneumonia

CFR)

IPD invasive pneumococcal disease
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forecasted by estimating annual percent reduc-
tions in PCV13-10 type IPD by linearizing data
from a systematic review [38].

Scenario analyses were included on the esti-
mated impact of vaccination based on observed
incidence trends (percentage reduction in inci-
dence over time) following the introduction of
PCV13 as observed in Australia, Canada,
Israel, and the United Kingdom (UK), as well as
the average percentage incidence reduction
across the four countries [1, 3, 16, 18, 27,
28, 45]. For each country, the annual relative
change in IPD incidence was calculated com-
pared to the incidence in the year prior to
introduction of a PCV13 program. Specifically,
the relative change in incidence was estimated
for seven age groups (\2 years; 2–4 years; 5–-
17 years; 18–34 years; 35–49 years; 50–64 years;
C 65 years) by serotype group (PCV13 minus
PCV7 serotypes). Each of the country annual

relative incidence changes was used for each
year and age group in the scenario analysis [27].
Finally, a scenario analysis was considered only
including children (0–18 years) and excluding
adult age groups.

Non-invasive Pneumococcal Disease Incidence
Non-invasive pneumococcal disease is com-
prised of pneumococcal AOM and pneumonia.
Because the etiology of AOM is largely
unknown, serotype-specific historical data for
both pneumococcal AOM and pneumococcal
pneumonia are unavailable. Global estimates of
the proportion of AOM attributable to Strepto-
coccus pneumoniae are highly variable, ranging
from 20 to 50% [10, 12]. Thus, based on prior
studies, we conservatively assume that 20% of
AOM and pneumonia are due to S. pneumoniae
[33, 37, 42, 43]. We test this assumption with a
scenario analysis assuming 10% of non-invasive

Table 3 Base case results: estimated cases of pneumococcal disease in the Netherlands over a 7-year time horizon for each
treatment strategy

Scenario Strategy 1 Strategy 2 Strategy 3 Strategy 4 Strategy
2 vs. 1

Strategy
3 vs. 1

Strategy
4 vs. 1Status

Quo
PCV10

Switch
PCV13 in
2023

Switch
PCV15 in
2023

Switch
PCV20 in
2024

Bacteremia cases 15,543 13,599 12,985 11,818 - 1944 - 2558 - 3725

Meningitis 8312 7273 6944 6320 - 1039 - 1368 - 1992

Non-hospitalized

pneumococcal

pneumonia cases

551,687 548,706 548,570 546,969 - 2981 - 3117 - 4719

Hospitalized

pneumococcal

pneumonia cases

57,897 50,664 48,412 44,497 - 7233 - 9485 - 13,400

Pneumococcal AOM cases 105,602 92,134 91,486 84,311 - 13,468 - 14,116 - 21,291

Total cases 739,042 712,377 708,397 693,915 - 26,666 - 30,645 - 45,127

Deaths 9652 8418 7,988 7526 - 1235 - 1665 - 2127

IPD 3275 2858 2716 2540 - 417 - 559 - 734

Hospitalized pneumonia 6378 5560 5272 4985 - 818 - 1106 - 1392

Minor differences in incremental results due to rounding
AOM acute otitis media, IPD invasive pneumococcal disease, PCV10 10-valent pneumococcal conjugate vaccine, PCV13
13-valent pneumococcal conjugate vaccine, PCV15 15-valent pneumococcal conjugate vaccine, PCV20 20-valent pneu-
mococcal conjugate vaccine
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disease is pneumococcal. Given that the ser-
otype distribution is unknown for non-invasive
disease, we forecast future AOM, hospitalized
pneumonia, and non-hospitalized pneumonia
cases using the same approach outlined by
previous models, which relies on the underlying
assumption that future non-invasive disease
cases will vary proportionately to future IPD
cases [40]. This assumption posits that vacci-
nation programs will impact the serotype dis-
tribution of both IPD and non-invasive disease
similarly.

Incidence of all-cause AOM for children \
5 years old is obtained from the published lit-
erature [17]. Age-specific incidence of non-hos-
pitalized all-cause pneumonia is obtained from
national surveillance data from the Netherlands
[34], while hospitalized pneumonia incidence
was derived from earlier published study and
assuming a similar proportion of longitudinal
decline in incidence as observed for non-

hospitalized pneumonia [13, 35, 36]. Age-specific
AOM and pneumonia are reported in Table 1.

Mortality
All-cause mortality rates per 100,000 individuals
by age group were calculated based on popula-
tion estimates and number of deaths reported
by Statistics Netherlands (CBS), the Dutch
Statistics Authority (Table 2) [7]. Case fatality
rates from previous epidemiology and cost-ef-
fective analysis (CEA) studies range from 8.1 to
17.8% and 1.4 to 15.2% for IPD and hospital-
ized pneumonia, respectively [4, 20, 21]. To be
consistent with other CEAs, the assumption was
made that non-hospitalized pneumonia and
AOM are not associated with an increased risk
of death [33, 37, 42, 43].

Table 4 Scenario analysis results: estimated total disease cases in the Netherlands over a 7-year horizon for each treatment
strategy

Scenarios estimating the
total number of
disease cases

Strategy 1 Strategy 2 Strategy 3 Strategy 4 Strategy
2 vs. 1

Strategy
3 vs. 1

Strategy
4 vs. 1Status

Quo
PCV10

Switch
PCV13 in
2023

Switch
PCV15 in
2023

Switch
PCV20 in
2024

Base case 739,042 712,377 708,397 693,915 - 26,666 - 30,645 - 45,127

Disease impacts in

those\ 18 years of age only

179,871 154,284 153,353 143,686 - 25,587 - 26,518 - 36,184

Assuming only 10%

pneumonia and AOM are

pneumococcal

421,587 406,756 404,293 396,156 - 14,830 - 17,293 - 25,431

Varying the reduction in PCV13-10 incidence reduction with PCV13

Average of 4 countries 739,042 711,791 707,812 693,359 - 27,252 - 31,231 - 45,683

Australia 739,042 722,722 718,743 702,517 - 16,320 - 20,299 - 36,525

Canada 739,042 710,868 706,889 692,531 - 28,174 - 32,153 - 46,511

Israel 739,042 707,524 703,545 689,564 - 31,518 - 35,497 - 49,478

United Kingdom (England

and Wales)

739,042 708,529 707,122 689,889 - 30,513 - 31,920 - 49,153

Total cases include cases of IPD, hospitalized or non-hospitalized pneumococcal pneumonia, and pneumococcal AOM
AOM acute otitis media, PCV10 10-valent pneumococcal conjugate vaccine, PCV13 13-valent pneumococcal conjugate
vaccine, PCV15 15-valent pneumococcal conjugate vaccine, PCV20 20-valent pneumococcal conjugate vaccine
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RESULTS

Results for each scenario can be seen in Table 3.
With the status quo scenario (Strategy 1), we
estimated the Netherlands would incur 23,856
cases of IPD over the 7-year period from 2023 to
2029. Compared with Strategy 1, switching to
any higher-valent vaccine would result in a
greater reduction in cases. Switching to PCV13
in 2023 (Strategy 2) would avert 2983 cases of
IPD over 7 years, while switching to PCV15 in
2023 (Strategy 3) would avert 3926 IPD cases.
Switching to PCV20 in 2024 (Strategy 4) would
result in the greatest amount (5717) of cases
averted.

Results were similar for pneumonia and
AOM. Switching to Strategy 2 would result in
7233 fewer hospitalized pneumonia cases, 2981
fewer outpatient pneumonia cases, and 13,468
fewer cases of AOM compared with PCV10.
Strategy 4 would result in the fewest cases,
averting 21,291 AOM cases, 13,400 inpatient
pneumonia cases and 4719 outpatient pneu-
monia cases compared with PCV10 over the
7-year period. Pneumococcal-related deaths
would be substantially reduced with Strategies
2–4 compared with Strategy 1: Strategy 2 would
avert 1235 deaths, whereas Strategy 4 would
avert 2127 deaths.

The results from scenario analyses illustrate
the range of effects that switching from PCV10
a higher-valent vaccine would have when
assuming disease reductions based on various
countries’ historical data (Table 4). In the base
case analyses, continued PCV10 use would
result in 739,042 total cases of pneumococcal
disease, whereas switching to PCV13, PCV15,
and PCV20 would avert 26,666, 30,645, and
45,127 cases of disease, respectively. In scenario
analyses, the impact of switching to PCV13
varied from 14,830 cases averted (assuming just
a 10% of non-invasive disease is pneumococcal)
to 31,518 cases averted (assuming a similar
vaccination impact as seen in Israel). Other
vaccines saw a similar variation: PCV15 impact
varied from 17,293 to 35,497 cases averted;
PCV20 averted 25,431–49,478 cases.

DISCUSSION

We developed a decision-analytic model to
forecast and compare the public health impact
of sustained use of PCV10 with a switch to a
higher-valent PCV (i.e., PCV13, PCV15, PCV20)
in the Dutch pediatric NIP. The analysis esti-
mated that switching to higher-valent vaccines
would substantially reduce disease incidence
across all ages. Switching to PCV20 in 2024 was
expected to generate the largest decrease in
pneumococcal disease cases and deaths because
of having the broadest serotype coverage.

These results are consistent with findings
from previous studies. Pugh et al. [33] estimated
that introduction of PCV13 in the Netherlands
would reduce morbidity by 450 IPD cases,
50,651 AOM cases, 818 hospitalized pneumonia
cases, and 2072 outpatient pneumonia cases
over 5 years, leading to 167 fewer deaths. By
comparison, we estimate a reduction of 2983
IPD cases, 7233 AOM cases, 2981 inpatient
pneumonia cases, and 1235 deaths over 7 years.
The differences in results are driven largely by
differences in data availability. Whereas Pugh
et al. [30] used data from 2004 to 2011 and
projected forward, we used published Dutch
data through 2019. Another study by Thor-
rington et al. [39] followed a similar approach
utilizing real-world surveillance data to assess
the cost-effectiveness of PCV13 and a 23-valent
polysaccharide vaccine (PPV23) recommended
for older individuals aged C 65 years from a
healthcare provider’s perspective. Although this
study focuses on adult vaccination strategies, it
concluded that the combined use of PCV13 in
infants and PPV23 in older individuals has the
greatest impact on pneumococcal disease bur-
den. Thus, our study builds upon this review by
using a population-based model to assess the
impact of an infant-based strategy on both
vaccinated and unvaccinated populations.

Following the implementation of PCV10,
serotype replacement has been a significant
concern in the Netherlands, and, as of 2019,
IPD incidence had rebounded to pre-PCV10
levels [4]. Despite largely eliminating PCV10
incidence in children, increases in current,
noncovered serotypes (most notably serotypes
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19A and 8 in children and serotypes 3, 19A, and
8 in adults) have outpaced the reduction in
PCV10 disease. This has implications regarding
the near-term value of a future PCV program.
The estimated incremental benefit of PCV15
over PCV13 was smaller than that of PCV20
over PCV15, as serotype 19A (covered by
PCV13, PCV15, and PCV20) and serotype 8
(covered only by PCV20) cause most of the
disease in The Netherlands.

Sensitivity analyses illustrated the potential
variability of impact of the higher-valent vac-
cination strategies. When varying the effect of
the higher-valent vaccines based on incidence
reductions seen in other countries, we find
results relatively similar to the base case. When
running a scenario restricting the analysis to
those\ 18 years of age, higher-valent vaccines
averted 75–80% as many cases as in the base
case. This is primarily due to the assumption
that infant PCV programs have no effect on
outpatient pneumonia cases in those[ 5 years
of age. Thus, even when excluding a large pro-
portion of the population who would benefit
from pediatric vaccination, we still observed a
substantial impact on disease incidence. As
expected, the scenario assuming only 10%
pneumonia and AOM are pneumococcal had
the largest impact on results. However, even in
this extremely conservative scenario, the
higher-valent vaccines (PCV13, PCV15, and
PCV20) were still expected to avert approxi-
mately 15,000–25,000 disease cases compared
with PCV10 over 7 years.

Since there are no modeling studies which
have considered PCV15 or PCV20 in The
Netherlands, we cannot compare our findings
to other studies for these vaccination strategies.
However, based on the estimated observed
reduction in incidence due to disease from Shiri
et al. [38], the currently low incidence of ser-
otypes 22F and 33F (PCV15), and the relatively
higher 8, 10A, 11A, 12F, and 15B (PCV20), we
predicted PCV20 implementation would have a
greater impact on disease versus PCV15 [38]. Yet
uncertainty remains regarding the true overall
impact of novel PCV programs within the
Netherlands. Considering the variation in dis-
ease reduction observed in five countries that
introduced PCV13, we find a range of impacts.

Australia saw a relatively modest reduction in
disease, and as such the disease burden reduc-
tion in our model is smaller when we assume
similar trends to Australia. Conversely, Israel
Canada and the UK each saw substantially
greater proportional reduction in incidence,
and as such assuming incidence trends similar
to either of these countries would lead to greater
disease reduction in the Netherlands.

PCV10 use in the Netherlands has almost
eradicated pneumococcal disease caused by
PCV10-covered serotypes. In the Netherlands,
the overall incidence of PCV13-10 serotype (i.e.,
serotypes 3, 6A, 19A) IPD cases increased by
44% (from 2.47 to 3.55 cases per 100,000) post-
PCV10 introduction and non-PCV13 type inci-
dence increased by 71% (from 5.84 to 9.99 cases
per 100,000) by 2016–2018 [4]. Decision makers
should consider switching to higher-valent
vaccines to prevent disease caused by non-cov-
ered serotypes. However, budget impact and
financing implications often make investment
in newer vaccines challenging. The direct
medical costs averted from pneumococcal dis-
ease prevention can be cost-effective or even
cost-saving, but policymakers often cannot to
recognize this given concerns over increasing
the fixed immunization budget. This may lead
to PCVs being undervalued and underfunded
[5].

The limitations of our analysis were primar-
ily related to the availability of data to inform
the model parameters. Since IPD incidence
during 2004–2019 was used to estimate inci-
dence over the model time horizon (i.e.,
2022–2028), increases or decreases in serotype-
specific incidence may not be precisely esti-
mated. Additionally, because PCV15 and PCV20
have not been licensed for children yet, data
limitations prohibit us from applying real-world
evidence from these vaccines to predict future
serotype behavior. As a result, we may be over-
or underestimating PCV15 and PCV20 impact.
However, we ran multiple sensitivity analyses
on the potential impact of these higher-valent
PCVs from countries worldwide, and conclu-
sions regarding overall vaccination strategies
remained the same. We also made an assump-
tion regarding the proportion of disease that is
pneumococcal since limited information is
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available on the etiology of pneumonia and
AOM. However, we tested this assumption with
a scenario analysis reducing the assumed pro-
portion of non-invasive disease that is pneu-
mococcal and observed similar impact. This
study does not consider the impact of sequelae
following cases of IPD or the long-term impact
of pneumonia on future pneumonia risk. This
approach is conservative, as we would expect
this benefit to only augment the value of the
higher-valent vaccines. Another limitation was
that we could not consider the impact of adult
vaccination within our current model structure;
therefore, it is not possible to determine to what
extent the adult program impacts the benefits of
the infant program. Since PCV vaccination in
adults may occur before the use of higher-valent
PCVs in the pediatric NIP, we included a sce-
nario analysis in which we only considered
disease incidence in those\18 years of age and
still observed significant reductions in disease
under a higher-valent vaccination program.
Lastly, the distribution of serotypes among non-
invasive disease was assumed to vary propor-
tionately to future IPD cases, which may not be
true; however, data regarding serotype distri-
bution of pneumococcal pneumonia and AOM
are limited.

CONCLUSION

In the Netherlands, there is minimal PCV10-
serotype pneumococcal disease circulating in
the population and a substantial proportion of
remaining pneumococcal disease burden is
attributable to serotypes contained in higher-
valent vaccines. As demonstrated in this analy-
sis, switching from PCV10 to PCV13 in the
near-term can reduce pneumococcal disease
burden across the entire Dutch population.
However, higher-valent vaccines are estimated
to have greater impact by protecting against
currently uncovered serotypes, and switching to
PCV20 in 2024 (after its expected licensure in
the Netherlands) would provide the greatest
public health impact.

ACKNOWLEDGEMENTS

Funding. This study, including the Journal’s
Rapid Service Fee, was sponsored by Pfizer Inc.

Author Contributions. All named authors
meet the International Committee of Medical
Journal Editors criteria for authorship for this
article, take responsibility for the integrity of
the work, and have given their approval for this
version to be published.

Disclosures. This study was funded by Pfizer
Inc. Johnna Perdrizet and Vishalini Sundaram
were employees of Pfizer Inc. at the time of this
study. Vishalini Sundaram is now affiliated with
Illumina. Anna Trisia Beby-Heijtel and Angela
Waterval-Overbeek were employees of Pfizer BV
at the time of this study.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Data Availability. Data sharing is not
applicable to this article as no datasets were
generated or analyzed during the current study.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,

Infect Dis Ther



visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Australian Government Department of Health. The
national notifiable disease surveillance system
(NNDSS): pneumococcal disease (invasive). Notifi-
cations in Australia 2009 to 2019. NNDSS data
current as at 03/12/2020. 2020. https://www1.
health.gov.au/internet/main/publishing.nsf/
Content/ohp-pub-datasets.htm. Accessed 28 Oct
2021.

2. Balsells E, Guillot L, Nair H, Kyaw MH. Serotype
distribution of Streptococcus pneumoniae causing
invasive disease in children in the Post-PCV era: a
systematic review and meta-analysis. PLoS One.
2017;12(5): e0177113.

3. Ben-Shimol S, Regev-Yochay G, Givon-Lavi N, Van
Der Beek BA, Brosh-Nissimov T, Peretz A, et al.
Dynamics of invasive pneumococcal disease in
Israel in children and adults in the PCV13 era: a
nationwide prospective surveillance. Clin Infect
Dis. 2021.

4. Bertran M, Amin-Chowdhury Z, Sheppard C, Eletu
S, Zamarreño DV, Ramsay ME, et al. Increased
incidence of invasive pneumococcal disease in
children in England: July to December 2021, com-
pared to pre-pandemic years (2017–2019). 2022.

5. Bloom DE, Kirby PN, Pugh S, Stawasz A. Commen-
tary: why has uptake of pneumococcal vaccines for
children been so slow? The perils of undervalua-
tion. Pediatr Infect Dis J. 2020;39(2):145–56.
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