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Abstract

Background New 15- and 20-valent pneumococcal vaccines (PCV15, PCV20) are available for both children

and adults, while PCV21 for adults is in development. However, their cost-effectiveness for older adults, taking

into account indirect protection and serotype replacement from a switch to PCV15 and PCV20 in childhood vaccina-
tion, remains unexamined.

Methods We used a static model for the Netherlands to assess the cost-effectiveness of different strategies

with 23-valent pneumococcal polysaccharide vaccine (PPV23), PCV15, PCV20, and PCV21 for a 65-year-old cohort
from a societal perspective, over a 15-year time horizon. Childhood vaccination was varied from PCV10 to PCV13,
PCV15, and PCV20. Indirect protection was assumed to reduce the incidence of vaccine serotypes in older adults
by 80% (except for serotype 3, no effect), completely offset by an increase in non-vaccine serotype incidence due
to serotype replacement.

Results Indirect effects from childhood vaccination reduced the cost-effectiveness of vaccination of older adults,
depending on the serotype overlap between the vaccines. With PCV10, PCV13, or PCV15 in children, PCV20 was more
effective and less costly for older adults than PPV23 and PCV15. PCV20 costs approximately €10,000 per quality-
adjusted life year (QALY) gained compared to no pneumococcal vaccination, which falls below the conventional
Dutch €20,000/QALY gained threshold. However, with PCV20 in children, PCV20 was no longer considered cost-effec-
tive for older adults, costing €22,550/QALY gained. As indirect effects progressed over time, the cost-effectiveness

of PCV20 for older adults further diminished for newly vaccinated cohorts. PPV23 was more cost-effective than PCV20
for cohorts vaccinated 3 years after the switch to PCV20 in children. PCV21 offered the most QALY gains, and its
cost-effectiveness was minimally affected by indirect effects due to its coverage of 11 different serotypes compared
to PCV20.

Conclusions For long-term cost-effectiveness in the Netherlands, the pneumococcal vaccine for older adults should
either include invasive serotypes not covered by childhood vaccination or become more affordable than its current
pricing for individual use.
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Background

The Streptococcus pneumoniae bacterium causes sig-
nificant morbidity, mortality, and economic burden in
older adults [1]. Its most severe clinical picture is inva-
sive pneumococcal disease (IPD), with a case fatality rate
of 10-30% [2]. Additionally, S. pneumoniae is respon-
sible for 9-30% of community acquired pneumonia
(CAP) cases [3], a leading cause of deaths among older
adults. More than 100 pneumococcal serotypes exist.
Two vaccines have been used in older adults: a 23-valent
pneumococcal polysaccharide vaccine (PPV23) and a
13-valent pneumococcal conjugate vaccine (PCV13).
PPV23 contains more serotypes but provides less effec-
tive and shorter-lasting protection against vaccine-type
serotypes due to the absence of memory B cell activation
[4].

Childhood vaccination programs with PCVs have sig-
nificantly altered the serotype distribution of IPD cases
among older adults. In the Netherlands, no program-
matic pneumococcal vaccination for older adults existed
before 2020. Indirect protection from childhood vaccina-
tion with PCV7 since 2006 and PCV10 since 2011, both
with over 90% vaccine uptake [5], reduced the incidence
of IPD from PCV10 serotypes by 96% among > 60-year-
olds between 2007 and 2019 [6]. However, the burden of
pneumococcal disease in older adults remains substan-
tial due to an increase of non-PCV10 serotypes through
serotype replacement. Indirect effects from childhood
vaccination have also reduced the cost-effectiveness of
pneumococcal vaccination for older adults, particularly
for PCV13 [7, 8], which saw a reduction in IPD incidence
for 10 of its 13 serotypes. The cost-effectiveness of PPV23
was not substantially affected, as it covers additional
serotypes. As a result, the Netherlands opted for the use
of PPV23 for its program for older adults aged 60-79
years, starting in 2020. To prevent suboptimal protection
due to waning immunity, revaccination is recommended
every 5 years. Also, many other high-income countries
recommend PPV23 for older adults, either alone or 1
year after an initial dose with PCV13.

Recognizing the limitations of PPV23 regarding its
immunogenicity, higher-valency PCVs have emerged. In
2022, the European Medicine Agency licensed PCV15
for adults and children and PCV20 for adults with antici-
pated licensing for children. These vaccines expand on
PCV13, adding two and seven serotypes, respectively.
Additionally, PCV21, specifically formulated for adults,
has entered phase 3 trials. PCV21 excludes nine PCV10
serotypes and introduces 11 new serotypes compared to

PCV20, based on the serotypes most prevalent in adult
IPD cases. Previous studies, except for one US study [9],
suggest that PCV20 is cost-effective or cost-saving for
older adults compared to PPV23, PCV13, and PCV15
[10-22], while PCV21 was estimated cost-saving com-
pared to PCV20 [23] (see Additional file 1: Table S1 for
details). However, half of these studies did not account
for the indirect protection resulting from a possible
switch to PCV15 or PCV20 in the childhood vaccination
program [11, 13, 15-19, 21]. Two studies considering
serotype replacement did not address the cost-effective-
ness of PCV21 [20, 22].

We evaluated the cost-effectiveness of different vac-
cination strategies with PPV23, PCV15, PCV20, and
PCV21 in the Netherlands, taking into account indirect
protection and serotype replacement from a switch to
higher-valency PCVs in childhood vaccination. While
focusing on the Netherlands, our findings hold wider
policy implications for all countries considering higher-
valency PCVs in older adults.

Methods

Analysis framework

We updated a previously published static multi-cohort
model [7] to compare costs and quality-adjusted life
year (QALY) losses of various pneumococcal vaccina-
tion strategies for older adults in the Netherlands. The
primary analysis focused on a 65-year-old cohort over a
15-year time horizon. We also explored alternative vac-
cination ages (60, 70, 75, 80, and 85 years). The following
strategies were evaluated:

1) No pneumococcal vaccination
2) Three doses of PPV23 (3xPPV23, years 0, 5, and 10)
3) PCV15 (year 0)
4) PCV20 (year 0)
5) PCV15+3xPPV23 (year 0+years 1, 6, and 11)
6) PCV20+3xPPV23 (year 0+years 1, 6, and 11)
)

7) PCV21 (year 0)

Strategy 2 aligns with the current Dutch PPV23
program.

The cost-effectiveness of vaccination of older adults
was assessed with the continuation of PCV10 in child-
hood vaccination, or with a switch to PCV13, PCV15,
or PCV20 at year 0, resulting in indirect effects on older
adults. Notably, PCV21 is not considered for childhood
vaccination, as its serotypes have been selected based on
the pneumococcal serotype epidemiology in older adults.
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Moreover, PCV21 is unadjuvanted and, therefore, poten-
tially less immunogenic in children <2 years of age com-
pared to other PCVs [24]. Indirect effects from childhood
vaccination were included by adjusting the incidence of
infection in older adults with a correction factor (see the
“Indirect effects from childhood vaccination” section). As
our analysis is centered on informing decisions regard-
ing the vaccination of older adults, we did not include
additional vaccination costs associated with a switch
to higher-valency PCVs in childhood vaccination. Fur-
thermore, the analysis does not account for the direct
or indirect impact of these higher-valency vaccines on
the disease burden in children themselves or in younger
adults.

Model and input data

A comprehensive model description and the parameteri-
zation details are available in the Supplementary Meth-
ods of Additional file 1. Briefly, our model tracked single
year of age cohorts aged > 60 years in annual time steps,
in which they could develop IPD or hospitalized non-
invasive pneumococcal pneumonia (NIPP). Pneumococ-
cal infections requiring primary care were not included,
given the uncertainty regarding whether pneumococ-
cal vaccination provides significant protection against
this outcome [25]. To avoid the influence of COVID-19
measures on pneumococcal epidemiology [26], we uti-
lized pre-2020 epidemiological data. As the program-
matic pneumococcal vaccination for older adults started
in the Netherlands in 2020, this concerned data from an
unvaccinated population. Consequently, there is no need
for back calculation to determine the burden of pneumo-
coccal disease in an unvaccinated population. The aver-
age IPD incidence by age during the years 2017-2019
was derived from Dutch national surveillance data. The
NIPP incidence by age was estimated from the average
all-cause CAP hospitalization incidence during 2012-
2014, assuming that 22.1% of these cases were caused
by S. pneumoniae [27]. NIPP incidence was adjusted to
account for overlap with IPD cases [28] and indexed to
2017-2019 using the IPD time trend. IPD and NIPP cases
were categorized by serotype based on data of 2019 from
Dutch IPD cases aged > 60-year-olds. Age-specific 30-day
case fatality rates for IPD and NIPP were used to estimate
pneumococcal-related deaths [29, 30]. Cohort sizes and
aging of cohorts were informed by data from Statistics
Netherlands [31, 32].

The impact of vaccination was modeled as a reduction
in the incidence of vaccine serotypes, involving the vac-
cine uptake and vaccine-type specific vaccine effective-
ness (VE). A vaccination coverage of 70% reflected the
current uptake among Dutch older adults [33, 34]. The
VE at time of vaccination decreased with increasing age.
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At age 65 years, the vaccine-type specific VE for PPV23
was estimated at 54% against IPD and 27% against NIPP,
using data from multiple observational studies [35-37]. A
revaccination with PPV23 was assumed to have the same
VE as a first dose would have had at that age. For PCV,
a vaccine-type specific VE of 81% against IPD and 54%
against NIPP for vaccination at age 65 years was derived
from age-specific VE estimates in a post hoc analysis of
Dutch trial data for PCV13 [38]. This VE was adjusted
downwards to account for the relatively healthy trial
population. The vaccine-type specific VE for PCV13 was
extrapolated to PCV15, PCV20, and PCV21 serotypes,
and it was also applied to non-vaccine serotype 6C, rec-
ognizing evidence on cross-protection via serotype 6A
[39]. The decrease of VE over time due to waning immu-
nity was modeled similarly to previous assumptions [7].
For PPV23, the VE remained constant for 2 years and
then linearly decreased to 0% at 5 years post-vaccination.
For PCV, the VE remained constant for 4 years, and then
linearly declined to 0% at 15 years post-vaccination. For
combined strategies with PCV and PPV23, the VE of the
vaccine with the higher VE was utilized at each time step;
no additional efficacy against serotypes covered by both
vaccines was assumed.

Indirect effects from childhood vaccination

With continued use of PCV10 in childhood vaccina-
tion, we assumed a steady pneumococcal disease inci-
dence and serotype distribution in older adults. With
the implementation PCV13, PCV15, or PCV20 in child-
hood vaccination, we based the time courses of indirect
protection and serotype replacement on observations
from the multi-country studies PSERENADE and SpID-
net after the introduction of PCV10 and PCV13 child-
hood programs [40, 41]. The PSERENADE data shows an
over 75% decrease in the incidence of IPD from PCV10-
included serotypes in individuals aged>65 years at 8
years after the initiation of the childhood PCV program.
Subsequently, there was an observed increase in IPD
incidence from non-vaccine serotypes, attributed to sero-
type replacement. The net impact on IPD incidence var-
ied across countries, with some experiencing no change,
while others saw up to a 50% decline. In the Netherlands,
despite an over 90% reduction in IPD incidence from
PCV10-included serotypes, there was no significant net
change in IPD incidence among individuals aged>60
during the period 2008-2019 (Additional file 1: Figure
S2). Taking these observations into account, we used the
following assumptions for our main analysis:

1) Due to indirect protection, the incidence of child-
hood vaccine serotypes added to PCV10 decreased
by 80% in older adults. This decrease occurred lin-
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early, starting 1 year post-implementation and com-
pleting 8 years post-implementation. No indirect
protection was assumed for serotype 3 [41]. Cross-
protection to serotype 6C was included.

2) Due to serotype replacement, the incidence of non-
childhood vaccine serotypes increased in older adults
until the incidence of all serotypes reached the pre-
indirect effects level (i.e, 100% replacement). This
increase occurred linearly, starting 3 years post-
implementation and completing 8 years post-imple-
mentation. The relative contribution of different
non-vaccine serotypes remained constant during the
increase.

Figure 1 illustrates the change in incidence and sero-
type distribution of IPD at the age of 65 years over time.
The new steady state reached 8 years post-switch was
maintained for the remaining time horizon. Recogniz-
ing the uncertainty associated with these assumptions,
we performed a sensitivity analyses by altering the mag-
nitudes of indirect effects. Considering modeling sugges-
tions that an increase in vaccine valency could diminish

PCV10 in children
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indirect effects [42], we explored a scenario incorporat-
ing 40% indirect protection. Regarding serotype replace-
ment, we investigated a scenario in which 50% of the
reduction in pneumococcal disease burden was replaced.

Economic evaluation

The societal perspective was taken, following Dutch
guidelines [43]. We used IPD- and NIPP-related hos-
pitalization costs, patient expenses, and productivity
losses for the Netherlands [30, 44—46], adjusted to the
2021 price year [47] (Additional file 1: Table S4). Vac-
cine administration costs at the general practitioner in
2021 were €21 per dose [48]. Vaccine prices per dose
were acquired from a Dutch pricelist for individual usage:
PPV23 at €25.94, PCV15 at €74.73, and PCV20 at €82.17
[49]. In the absence of a price for the in-development
PCV21, we assumed it to have the same price as PCV20.
This approach ensures that any differences in costs
between PCV20 and PCV21 can be attributed solely to
the prevented economic burden. This does not imply a
prediction that the eventual price of PCV21 will be the
same as PCV20. QALYs lost due to either IPD or NIPP
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of the continuation of PCV10 (no indirect effects) or after applying indirect effects from a switch to PCV13, PCV15, or PCV20 in childhood
vaccination. Indirect effects encompass 80% indirect protection for serotypes added to PCV10 (starting 1 year after the switch and completed

8 years after the switch), with pneumococcal incidence levels returning to pre-indirect effects level due to serotype replacement (starting 3
years after the switch and completed 8 years after the switch). After 8 years, the incidence and serotype distribution remained stable for the rest
of the time horizon. The split into serotype categories is based on Dutch serotype distribution data from 2019, when no programmatic
pneumococcal vaccination occurred in the Netherlands. Serotype per category PCV10: 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F; PCV13-PCV10 4 ST6C:
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was 0.0709, based on utility loss during the acute phase
and first month of hospitalized non-fatal CAP cases [46].
QALYs lost from premature death were age-specific,
using the life expectancy adjusted for general population
utilities (Additional file 1: Table S5 and Figure S5).

Cost-effectiveness

Costs and QALY losses for each strategy were accumu-
lated over the time horizon, with annual discount rates
of 4% for costs and 1.5% for QALYs [43]. Incremental
cost-effectiveness ratios (ICERs) were calculated, with
strongly dominated (i.e., presence of a more effective and
less costly alternative) and extendedly dominated strate-
gies (presence of a more effective alternative with lower
ICER) being removed from the comparison. Probabilistic
sensitivity analyses involved 1000 Monte Carlo simula-
tions, with all parameter values drawn from their distri-
butions. The 2.5% and 97.5% percentiles informed 95%
confidence intervals (95% CI) of estimated case reduc-
tions. Uncertainty of cost-effectiveness outcomes was
displayed using cost-effectiveness acceptability frontiers,
illustrating the preferred strategy at different willingness-
to-pay (WTP) thresholds. A common WTP threshold for
preventive interventions in the Netherlands is €20,000/
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QALY gained [50]. One-way sensitivity analyses assessed
the impact of assumptions or alternative sources on the
cost-effectiveness outcomes (Additional file 1: Table S6)
[51-53].

Results

Clinical impact

Figure 2 shows the relative reductions in IPD cases
and NIPP cases for different vaccination strategies in
a 65-year-old cohort (228,209 individuals, 70% vac-
cination coverage) over a 15-year period compared to
no vaccination, while varying the childhood vaccine.
Absolute numbers of cases prevented are detailed in
Additional file 1: Tables S7-S10. With continued use
of PCVI10 in children, the current Dutch strategy of
3xPPV23 was estimated to reduce the number of IPD
cases by 20% (95% CI: 15-24%) and the number of
NIPP hospitalizations by 10% (95% CI: 0-19%). This
corresponds to 274 prevented IPD cases and 227 pre-
vented NIPP hospitalizations and the avoidance of 69
deaths. PCV15 had a smaller impact, while PCV20 had
a greater impact than 3xPPV23, resulting in a 26% (95%
CI: 20-29%) reduction. PCV15+ 3xPPV23 had similar
impact to PCV20, while PCV20+ 3xPPV23 had most
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Fig. 2 Proportional reductions in IPD cases (top) and hospitalized NIPP cases (bottom) for different pneumococcal vaccination strategies

for older adults (colors) compared to no pneumococcal vaccination, while varying the childhood vaccination strategy (columns). Results are
based on a 65-year-old cohort, vaccinated at 70% vaccination coverage and followed over 15-year period. The main analysis estimate is depicted
by the black line, while the distributions are based on 1000 Monte Carlo simulations in a probabilistic sensitivity analysis. 3xPPV23: PPV23
administered at years 0, 5,and 10; PCV15 + 3xPPV23: PCV15 administered at year O and PPV23 at years 1,6, and 11; PCV20+ 3xPPV23: PCV20
administered at year 0 and PPV23 at years 1,6, and 11.IPD, invasive pneumococcal disease; NIPP, non-invasive pneumococcal pneumonia; PCV,
pneumococcal conjugate vaccine; PPV, pneumococcal polysaccharide vaccine
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impact, preventing 32% (95% CI: 26—34%) of IPD cases.
PCV21, which is in development, prevented 31% (95%
CI: 23-34%) of IPD cases. The impact of vaccination on
NIPP was relatively lower compared to the impact on
IPD, particularly for strategies involving PPV23 (Fig. 2,
bottom left). PCV21 prevented most NIPP hospitaliza-
tions with a reduction of 19% (95% CI: 11-25%) com-
pared to no vaccination.

Indirect effects from the use of higher-valency PCVs
in childhood vaccination reduced the impact of pneu-
mococcal vaccination in older adults, depending on the
serotype overlap between the vaccines used for chil-
dren and older adults (Fig. 2). A switch from PCV10 to
PCV13 or to PCV15 in children reduced the impact of
PCV15 in older adults substantially, but the impact of
PPV23, PCV20, or PCV21 minorly. Use of PCV20 in
children reduced the impact of both PCV20 and PPV23
in older adults, although the change in impact was
larger for PCV20. In that scenario, PCV20 prevented
15% (95% CI: 12—17%) of IPD cases in the 65-years-old
cohort, about equally high as the impact of 3xPPV23.
Indirect effects from PCV20 in children did minimally
affect the impact of PCV21 in older adults, preventing
29% (95% CI: 22—-32%) of IPD cases in older adults.
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Cost-effectiveness

Figure 3 shows the discounted net costs and QALY
gains for different vaccination strategies of a 65-year-
old cohort over a 15-year period compared to no
vaccination, while varying the childhood vaccine
(details provided in Additional file 1: Tables S11-S14).
With PCV10 in children, we found PCV20 to domi-
nate 3xPPV23, PCV15, and PCV15+3xPPV23 in the
65-year-old cohort (Fig. 3, with higher QALY gains
against lower costs). Compared to no vaccination,
PCV20 resulted in a gain of 963 QALYs, from which
57% was attributed to prevented IPD cases and 43%
to prevented NIPP cases. With net costs of €8.7 mil-
lion, the ICER was estimated at €9051/QALY gained.
Switching to PCV13 or PCV15 in childhood vaccina-
tion resulted in a slight increase of the ICER of PCV20
to €10,228/QALY gained and €11,173/QALY gained,
respectively. However, the cost-effectiveness of PCV20
in older adults diminished substantially if children were
vaccinated with PCV20; the ICER compared to no vac-
cination increased to €22,550/QALY gained, above
the conventional Dutch threshold of €20,000/QALY
gained. PCV20+3xPPV23 yielded a higher QALY
gain in older adults than PCV20, though at an ICER of
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Fig. 3 Discounted net costs and quality-adjusted life years gained of various pneumococcal vaccination strategies (indicated in colors) compared
to no vaccination (x=0, y=0) in older adults, while varying the childhood vaccine (indicated by the symbols). Results are presented for a 65-year-old
cohort with a vaccination coverage of 70%, followed for 15 years. For PCV21, we assumed that the vaccine price was equal to PCV20. 3xPPV23:
PPV23 administered at years 0, 5, and 10; PCV15+ 3xPPV23: PCV15 administered at year 0 and PPV23 at years 1, 6, and 11; PCV20 + 3xPPV23: PCV20
administered at year 0 and PPV23 at years 1,6, and 11. PCV, pneumococcal conjugate vaccine; PPV, pneumococcal polysaccharide vaccine; QALY,

quality-adjusted life year
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€81,193-€115,412/QALY gained compared to PCV20,
depending on the childhood vaccination scenario. At
equal vaccine prices, PCV21 dominated PCV20 for
older adults. Indirect effects had minimal impact on the
cost-effectiveness of PCV21; the ICER of PCV21 com-
pared to no vaccination in older adults increased from
€6352/QALY gained with PCV10 in children to €7876/
QALY gained with PCV20 in children.

Probabilistic sensitivity analysis

Focusing on current available vaccines for older adults,
we found PCV20 to be the cost-effective strategy at a
€20,000/QALY gained threshold (vertical dashed line)
in 90% of the simulations if PCV10 was continued
in children (Fig. 4, top left). However, with PCV20 in
children, no pneumococcal vaccination was the cost-
effective strategy for older adults at a €20,000/QALY
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gained threshold in 74% of the simulations (Fig. 4, bot-
tom right).

One-way sensitivity analyses
We found the results to be sensitive to the magnitude of
indirect effects (Fig. 5A). For a scenario with 40% indi-
rect protection from PCV20 in children (instead of 80%),
the ICER of PCV20 compared to no vaccination for the
65-year-old cohort was €13,883/QALY gained (instead
of €22,550/QALY gained). Reducing serotype replace-
ment from PCV20 in children primarily diminished the
cost-effectiveness of PCV21 for older adults. If only 50%
of the IPD and NIPP cases prevented by indirect protec-
tion were replaced (instead of 100%), the ICER of PCV21
compared to no vaccination was €10,589/QALY gained
(instead of €7876/QALY gained).

We tested other parameters and found that the results
were most sensitive to the vaccine price, the VE and its
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of WTP-thresholds, after using 1000 Monte Carlo simulations in the probabilistic sensitivity. Results are presented for a 65-year-old cohort
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not available. PCV20 + 3xPPV23: PCV20 administered at year 0 and PPV23 at years 1,6, and 11. CE, cost-effectiveness; PCV, pneumococcal conjugate
vaccine; PPV, pneumococcal polysaccharide vaccine. The dashed vertical line indicates a commonly accepted WTP threshold
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in the graph means that older adults are vaccinated 8 years after the implementation of PCV20 in childhood vaccination. Results are presented

for a 65-year-old cohort with a 70% vaccination coverage, followed for 15 years. The vaccine price of PCV21 was assumed to be equal to PCV20.
3xPPV23: PPV23 administered at years 0, 5, and 10; PCV15 4 3xPPV23: PCV15 administered at year 0 and PPV23 at years 1, 6, and 11.ICER, incremental
cost-effectiveness ratio; PCV, pneumococcal conjugate vaccine; PPV, pneumococcal polysaccharide vaccine; QALY, quality-adjusted life year
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waning rate, and the proportion of CAP caused by S.
pneumoniae (Additional file 1: Figure S6). With PCV20
in childhood vaccination, PCV20 was cost-effective
for a 65-year-old cohort at a €20,000/QALY threshold
if the VE did not wane for at least 8 years or if its price
was reduced by 13% (Additional file 1: Figure S6D). To
achieve an ICER of €10,000/QALY compared to no vac-
cination, as was found for PCV20 in older adults with
PCV10 in children, the price of PCV20 should be reduced
by 50%. PPV23 could become cost-effective compared to
PCV20 by using the upper bound of the VE of PPV23, the
lower bound of the VE of PCV20, assuming no waning of
PPV23 within 5 years, or reducing its price by 50%.

Varying the vaccination age, we found the cost-effec-
tiveness results to be consistent within the range of 60—-80
years. Vaccination at the age of 70 or 75 years resulted in
the lowest ICERs (Additional file 1: Figures S7-S8 and
Tables S15-524). The cost-effectiveness of pneumococcal
vaccination diminished substantially at the vaccination
age of 85 years.

Cost-effectiveness in future vaccinated cohorts

As indirect effects were modeled to progress gradually
over time, its impact on the cost-effectiveness of pneu-
mococcal vaccination in older adults becomes larger for
cohorts vaccinated in the years following the switch of
the childhood vaccine (Fig. 5B). In a 65-year-old cohort
that is vaccinated 8 years after the switch to PCV20 in
childhood vaccination, the ICER of PCV20 compared
to no vaccination was €45,081/QALY gained (instead
of €22,250/QALY gained if vaccinated in the year of the
switch). From 3 years after the switch onwards, the ICER
of 3xPPV23 compared to no vaccination was lower than
that of PCV20, eventually becoming €34,571/QALY
gained at 8 years post-switching. The ICER of PCV21
compared to no vaccination remained stable over time.

Discussion

We assessed the cost-effectiveness of new available
PCV15 and PCV20 and the in-development PCV21 for
older adults in the Netherlands from a societal perspec-
tive. We accounted for indirect protection and serotype
replacement from a switch to higher-valency PCVs in
childhood vaccination. We found that the impact of the
indirect effects from childhood vaccination depended on
the serotype overlap between the vaccines used for chil-
dren and older adults. With PCV10, PCV13, and PCV15
in children, PCV20 was the cost-effective strategy for
a 65-year-old cohort at a conventional Dutch thresh-
old of €20,000/QALY gained. This strategy dominated
PPV23 and PCV15 and costed approximately €10,000/
QALY gained compared to no vaccination. However,
with PCV20 in children, the ICER of PCV20 compared
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to no vaccination for the 65-year-old cohort increased
to €22,250/QALY gained, which would no longer be
cost-effective. As indirect effects progressed over time,
the cost-effectiveness of PCV20 for older adults further
diminished, and PPV23 dominated PCV20 for cohorts
vaccinated 3 years after the switch to PCV20 in children.
In-development PCV21 offered the highest QALY gains
for older adults, and its cost-effectiveness was minimally
impacted by indirect effects from PCV20 in children,
thanks to its coverage of 11 different serotypes compared
to PCV20.

Several countries, including the USA, decided to rec-
ommend PCV20 for older adults. While currently con-
sidered a cost-effective approach, the decision becomes
less straightforward if the use of PCV20 in childhood
vaccination is anticipated. Then, the long-term cost-
effectiveness of pneumococcal vaccination for older
adults relies on a price reduction of PCV20, or the adop-
tion of a vaccine covering different serotypes compared
to PCV20, like PCV21. Although PPV23 could eventually
become cost-saving compared to PCV20 in older adults
after a switch to PCV20 in children, its cost-effectiveness
(and that of PCV15+PPV23) compared to no vaccina-
tion would also be substantially diminished. Alterna-
tively, PPV23 for older adults could be maintained until
PCV21 becomes available. However, there is uncertainty
around the timing and magnitudes of indirect effects,
while introducing PCV20 for older adults would offer
immediate health benefits. Clearly, these decisions also
depend on the availability and pricing of PCV21, which
are currently unknown, as well as on the flexibility in
switching vaccines.

Projecting the timing and magnitudes of indirect
effects proves challenging due to its unpredictable
nature. We based our assumptions on observations from
childhood PCV10 and PCV13 programs [40, 41], where
indirect protection on older adults began before serotype
replacement. Indirect effects typically completed after 8
years, with no net effect on IPD incidence in non-vacci-
nated groups, though results varied between countries.
Similar timescales were observed after PCV7 introduc-
tion [54]. Our results were sensitive to the magnitude
of indirect effects; PCV20 became cost-effective to the
€20,000/QALY gained threshold again if indirect protec-
tion from PCV20 in childhood vaccination decreased
from 80 to 40%. If only half of the IPD and NIPP cases
prevented by indirect protection from PCV20 in children
were replaced with non-PCV20 serotypes, the cost-effec-
tiveness of PCV21 compared to no vaccination dimin-
ished but remained below the €20,000/QALY gained
threshold if equally priced to PCV20. Note that we did
not vary the distribution or invasive capacity of replace-
ment serotypes.
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Previous studies also concluded that adopting PCV15
and PCV20 in childhood vaccination reduced the cost-
effectiveness of PCV15, PCV20, or PCV21 for older
adults through indirect protection. However, their con-
clusions on the cost-effectiveness remained unchanged,
often explained by the omission of a “no vaccination”
strategy. The cost-effectiveness between two vaccines
could hardly change if both the intervention strategy (e.g.,
PCV20) and reference strategy (e.g., PPV23) become less
cost-effective compared to no vaccination. Two studies
found that when considering serotype replacement from
PCV20 in childhood vaccination, the cost-effectiveness of
PCV20 compared to PPV23 was minimally affected [20,
22]. This can be explained by the substantial overlap in
serotypes between these vaccines. We demonstrated for
PCV21 that serotype replacement could affect the cost-
effectiveness of vaccinating older adults substantially if
the vaccine offers broader protection against replacement
serotypes.

Our study uses a static model that does not incorpo-
rate pneumococcal transmission dynamics. Dynamic
modeling of pneumococcal carriage and transmission is
complex, and competitive interactions between serotypes
are not fully understood. Although dynamic transmission
models are generally preferred for estimating indirect
effects from childhood vaccination, the use of correction
factors in a static model to adjust the incidence of infec-
tion in other age groups has often been applied success-
fully in economic evaluations of pneumococcal vaccines
[55]. A recent dynamic modeling exercise for Germany
estimated that the continued use of PCV13 in child-
hood vaccination could result in a 20% increase in overall
IPD incidence among > 60-year-olds between 2022 and
2031 [56]. This increase is explained by a continued rise
in non-PCV13 serotypes. However, for some serotypes
categories, the short-term predictions did not align well
with observed IPD trends in Germany, illustrating the
challenge of modeling serotype interactions. In our study,
we assumed the IPD incidence in older adults to remain
at the level observed in the period 2017-2019. If replace-
ment leads to higher disease incidence in older adults
than currently observed, our cost-effectiveness estimates
could be considered conservative.

Our analysis has limitations. Firstly, uncertainties exist
regarding the incidence and serotype distribution of hos-
pitalized NIPP cases, the VE against NIPP, and vaccine
protection duration. We addressed these with sensitiv-
ity analyses, yielding consistent outcomes across most
scenarios. Secondly, we extrapolated the vaccine-type
specific VE of PCV13 to PCV15, PCV20, and PCV21,
despite lower immune responses in PCV15 and PCV20
for most serotypes shared with PCV13 [57, 58]. However,
both PCV15 and PCV20 met the chosen non-inferiority
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criteria, and the clinical relevance of these lower immune
responses is unclear. Thirdly, we focused on mortality
within 30 days post-diagnosis, neglecting non-hospital-
ized deaths. Also, literature suggests that the risk of dying
from IPD may persist for at least 1 year post-diagnosis
[28], although with uncertain comorbidity factors. If
included, the cost-effectiveness of pneumococcal vac-
cination would improve. Fourthly, we did not include
the prevented burden of pneumococcal disease in pri-
mary care. However, a previous cost-effectiveness study
of PCV13 for Dutch older adults in 2015 estimated that
including vaccine effectiveness against NIPP in primary
care changed the ICER of vaccinating adults aged 65-74
years from €8890/QALY gained to €8647/QALY gained
[46]. Therefore, we do not anticipate that this omission
will significantly impact our outcomes.

Strong points of our analysis include the utilization
of high-quality data from one country for many model
parameters. The VE estimation for PPV23, primarily
derived from UK data, aligns well with early impact esti-
mates of the PPV23 vaccination program for older adults
in the Netherlands [59]. Also, we included a no vacci-
nation strategy without requiring counterfactual cal-
culations, since the Netherlands had no pneumococcal
vaccination program for older adults until 2020. By tak-
ing indirect protection and serotype replacement from
childhood vaccination into account, our study enhances
the knowledge about the impact and cost-effectiveness
of new higher-valency PCVs for older adults. This insight
is valuable for all countries facing similar decisions in
addressing pneumococcal diseases in older adults.

Conclusions

Vaccinating older adults with PCV20 is the cost-effec-
tive strategy in the Netherlands if childhood vaccina-
tion occurs with PCV10, PCV13, or PCV15. However,
once PCV20 is included in childhood vaccination, none
of the currently available vaccines prove cost-effective
to the €20,000/QALY gained threshold. To ensure long-
term cost-effectiveness, the pneumococcal vaccine for
older adults should either include serotypes not covered
by the childhood vaccination program, like PCV21 aims
to do, or become more affordable than its current pricing
for individual use. We recommend that policy decisions
aimed at reducing the burden of pneumococcal disease
in the population at large incorporate both childhood
and adult vaccination programs in a comprehensive eco-
nomic assessment.
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QALY Quality-adjusted life year

NIPP Non-invasive pneumococcal pneumonia
VE Vaccine effectiveness

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-024-03277-3.

Additional file 1: Supplementary introduction: Table S1. Summary

of previous studies on the cost-effectiveness PCV15, PCV20 and PCV21 in
adults. Supplementary Methods: Figure S1. Schematic overview of the
model. Figure S2. The annual incidence of IPD cases in the Netherlands
among adults aged >60 years per 100,000 inhabitants over the period
2004-2019 by serotype category. Figure S3. Fitted vaccine effectiveness
of PPV23 against vaccine-type IPD and vaccine-type hospitalized NIPP at
time of vaccination, across different vaccination ages. Figure S4. Fitted
vaccine efficacy of PCVs against vaccine-type IPD and vaccine-type
hospitalized NIPP at time of vaccination, across different vaccination ages.
Figure S5.The number of QALYs lost by age of death. Table S2. Epide-
miological parameter values. Table S3. Serotype categories distinguished
and serotype distribution from IPD cases aged 60+ years in the Nether-
lands in 2019. Table S4. Parameter values of costs. Table S5. Parameter
values of quality-adjusted life years (QALYs). Table S6. Parameters varied
in the one-way sensitivity analyses and their input values. Supplementary
Results: Figure $6. One-way sensitivity analysis of the cost-effectiveness
of different pneumococcal vaccination strategies in a 65-years-old cohort
while continuing PCV10 in children, or with a switch to PCV13, PCV15 or
PCV20. Figure S7. Cost-effectiveness of various vaccination pneumococ-
cal vaccination strategies compared to no vaccination by vaccination
age, while PCV10 is continued in children. Figure S8. Cost-effectiveness
of different pneumococcal vaccination strategies in older adults for dif-
ferent vaccination ages in the age-range 60 to 85 years, while varying the
childhood vaccine between PCV10, PCV13, PCV15, and PCV20. Table S7.
Clinical impact, number needed to vaccinate and cost-effectiveness of
different pneumococcal vaccination strategies compared to no vaccina-
tion in a 65-year-old cohort, while continuing PCV10 in children. Table S8.
Clinical impact, number needed to vaccinate and cost-effectiveness of dif-
ferent pneumococcal vaccination strategies compared to no vaccination
in a 65-year-old cohort, while switching to PCV13 in children. Table S9.
Clinical impact, number needed to vaccinate and cost-effectiveness of dif-
ferent pneumococcal vaccination strategies compared to no vaccination
in a 65-year-old cohort, while switching to PCV15 in children. Table S10.
Clinical impact, number needed to vaccinate and cost-effectiveness of dif-
ferent pneumococcal vaccination strategies compared to no vaccination
in a 65-year-old cohort, while switching to PCV20 in children. Table S11.
QALY losses, costs and incremental cost-effectiveness ratio of different
vaccination strategies in a 65-year-olds cohort, while continuing PCV10

in children. Table S12. Incremental cost-effectiveness ratio of different
vaccination strategies in a 65-year-olds cohort, while switching to PCV13
in children. Table S13. Incremental cost-effectiveness ratio of different
vaccination strategies in a 65-year-olds cohort, while switching to PCV15
in children. Table S14. Incremental cost-effectiveness ratio of different
vaccination strategies in a 65-year-olds cohort, while switching to PCV20
in children. Table S15. Clinical impact, number needed to vaccinate and
cost-effectiveness of different pneumococcal vaccination strategies in

a 60-year-old cohort, while PCV10 is continued in children. Table S16.
Clinical impact, number needed to vaccinate and cost-effectiveness of
different pneumococcal vaccination strategies in a 70-year-old cohort,
while PCV10 is continued in children. Table S17. Clinical impact, number
needed to vaccinate and cost-effectiveness of different pneumococcal
vaccination strategies in a 75-year-old cohort, while PCV10 is continued
in children. Table S18. Clinical impact, number needed to vaccinate and
cost-effectiveness of different pneumococcal vaccination strategies in

a 80-year-old cohort, while PCV10 is continued in children. Table S19.

Page 11 of 13

Clinical impact, number needed to vaccinate and cost-effectiveness of dif-
ferent pneumococcal vaccination strategies in a 85-year-old cohort, while
PCV10is continued in children. Table S20. Incremental cost-effectiveness
ratio of different vaccination strategies in a 60-year-olds cohort, while
remaining PC10 in children. Table $21. Incremental cost-effectiveness
ratio of different vaccination strategies in a 70-year-olds cohort, while
remaining PC10 in children. Table $22. Incremental cost-effectiveness
ratio of different vaccination strategies in a 75-year-olds cohort, while
remaining PC10 in children. Table $23. Incremental cost-effectiveness
ratio of different vaccination strategies in a 80-year-olds cohort, while
remaining PC10 in children. Table $24. Incremental cost-effectiveness
ratio of different vaccination strategies in a 85-year-olds cohort, while
remaining PC10 in children.

Acknowledgements

We thank Nynke Rots for useful discussions on the interpretation of immu-
nogenicity results and waning. We acknowledge those contributing to the
serotype-specific pneumococcal surveillance in the Netherlands includ-

ing Nina van Sorge and lIse de Beer-Schuurman of the National Reference
Laboratory for Bacterial Meningitis, Anneke Westerhof, and Amina Afrian of the
National Institute for Public Health and the Environment, as well as all clinical
microbiological laboratories.

Authors’ contributions

PTdB en AS conceptualized the study, with consultation of CHVW, AJvH, MK,
EAMS, and HEAM. PTdB, CHvW, and AS were responsible for the data col-
lection. PTdB and AJvH designed the mathematical model. PTdB wrote the
manuscript, which was revised by CHvW, AJvH, MK, EAMS, JW, HEdM, and AS.

Funding
This study was financed by the Netherlands Ministry of Health, Welfare and Sport.

Availability of data and materials

All data generated or analyzed during this study are included in this published
article and in Additional file 1. The model code is available from the corre-
sponding author, PTdB, upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

CHVW has received consulting fees from Merck/MSD and Sanofi Pasteur, with
payments made to the University Medical Center Utrecht. All other authors
declare no competing interest.

Author details

'Center for Infectious Disease Control, National Institute for Public Health
and the Environment (RIVM), Bilthoven, the Netherlands. 2Julius Center

for Health Sciences and Primary Care, University Medical Center Utrecht,
Utrecht University, Utrecht, the Netherlands. >Department of Pediatric Immu-
nology and Infectious Diseases, University Medical Center Utrecht, Utrecht,
the Netherlands. “Department of Biomedical Datasciences, Leiden University
Medical Center, Leiden, the Netherlands.

Received: 7 November 2023 Accepted: 29 January 2024
Published online: 16 February 2024

References

1. ShiriT,Khan K, Keaney K, Mukherjee G, McCarthy ND, Petrou S. Pneumococ-
cal disease: a systematic review of health utilities, resource use, costs, and
economic evaluations of interventions. Value Health. 2019;22(11):1329-44.


https://doi.org/10.1186/s12916-024-03277-3
https://doi.org/10.1186/s12916-024-03277-3

de Boer et al. BMC Medicine

20.

21

(2024) 22:69

European Centre for Disease Prevention and Control. European Centre for
Disease Prevention and Control 2023 https://www.ecdc.europa.eu/en/
pneumococcal-disease/facts. Accessed at 27 June 2023.

Lansbury L, Lim B, McKeever TM, Lawrence H, Lim WS. Non-invasive
pneumococcal pneumonia due to vaccine serotypes: a systematic review
and meta-analysis. EClinicalMedicine. 2022;44: 101271.

Croucher NJ, Lochen A, Bentley SD. Pneumococcal vaccines: host interac-
tions, population dynamics, and design principles. Annu Rev Microbiol.
2018;72:521-49.

National Institute for Public Health and the Environment. National Vac-
cination Program; type of vaccination, region [In Dutch] 2023 https://statl
ine.rivm.nl/#/RIVM/nl/dataset/50117NED/table. Accessed at 19 Jan 2024.
National Institute for Public Health and the Environment. The National
Immunisation Programme in the Netherlands: Surveillance and develop-
ments in 2021-2022 2022 https://www.rivm.nl/bibliotheek/rapporten/
2022-0042.pdf. Accessed at 15 Aug 2023.

Thorrington D, van Rossum L, Knol M, de Melker H, Rumke H, Hak E, van
Hoek AJ. Impact and cost-effectiveness of different vaccination strategies
to reduce the burden of pneumococcal disease among elderly in the
Netherlands. PLoS ONE. 2018;13(2): €0192640.

Stoecker C, Kobayashi M, Matanock A, Cho BH, Pilishvili T. Cost-effective-
ness of continuing pneumococcal conjugate vaccination at age 65 in the
context of indirect effects from the childhood immunization program.
Vaccine. 2020;38(7):1770-7.

Smith KJ, Wateska AR, Nowalk MP, Lin CJ, Harrison LH, Schaffner W,
Zimmerman RK. Higher-valency pneumococcal conjugate vaccines: an
exploratory cost-effectiveness analysis in U.S. seniors. Am J Prev Med.
2021,61(1):28-36.

Stoecker C. Economic assessment of PCV15 & PCV20 2021 https://stacks.
cdc.gov/view/cdc/109109. Accessed at 12 June 2023.

. Smith KJ, Wateska AR, Nowalk MP, Lin CJ, Harrison LH, Schaffner W, Zim-

merman RK. Cost-effectiveness of newly recommended pneumococcal
vaccination strategies in older underserved minority adults in the USA.
Infect Dis Ther. 2022;11(4):1683-93.

Mendes D, Averin A, Atwood M, Sato R, Vyse A, Campling J, Weycker D,
Slack M, Ellsbury G, Mugwagwa T. Cost-effectiveness of using a 20-valent
pneumococcal conjugate vaccine to directly protect adults in England
at elevated risk of pneumococcal disease. Expert Rev Pharmacoecon
Outcomes Res. 2022;22(8):1285-95.

Hoshi SL, Shono A, Seposo X, Okubo R, Kondo M. Cost-effectiveness
analyses of 15- and 20-valent pneumococcal conjugate vaccines for
Japanese elderly. Vaccine. 2022;40(49):7057-64.

Wateska AR, Patricia Nowalk M, Lin CJ, Harrison LH, Schaffner W, Zimmer-
man RK, Smith KJ. Cost-effectiveness of revised US pneumococcal vacci-
nation recommendations in underserved minority adults < 65-years-old.
Vaccine. 2022;40(50):7312-20.

Olsen J, Schnack H, Skovdal M, Vietri J, Mikkelsen MB, Poulsen PB. Cost-
effectiveness of 20-valent pneumococcal conjugate vaccine in Denmark
compared with PPV23. J Med Econ. 2022;25(1):1240-54.

Polistena B, Icardi G, Orsi A, Spandonaro F, Di Virgilio R, dAngela D. Cost-
effectiveness of vaccination with the 20-valent pneumococcal conjugate
vaccine in the Italian adult population. Vaccines (Basel). 2022;10(12):2032
Cantarero D, Ocana D, Onieva-Garcia MA, Rodriguez-Garcia J, Galvez P,
Mendez C, Crespo C, de Aldecoa Lopez-lbanez A. Cost-utility analysis of
the use of the 20-valent anti-pneumococcal vaccine (PCV20) in adults
older than 60 years in Spain. Vaccine. 2023;41(36):5342-9.

Restivo V, Baldo V, Sticchi L, Senese F, Prandi GM, Pronk L, Owusu-Edusei
K, Johnson KD, Ignacio T. Cost-effectiveness of pneumococcal vaccina-
tion in adults in Italy: comparing new alternatives and exploring the

role of GMT ratios in informing vaccine effectiveness. Vaccines (Basel).
2023;11(7):1253

Malene BM, Oyvind H, Tor M, David NM, Jens O, Nanna VK, Jeffrey V. Cost-
effectiveness of 20-valent pneumococcal conjugate vaccine compared
with 23-valent pneumococcal polysaccharide vaccine among adults in a
Norwegian setting. Cost Eff Resour Alloc. 2023;21(1):52.

Kuhne F, Achtert K, Puschner F, Urbanski-Rini D, Schiller J, Mahar E,
Friedrich J, Atwood M, Sprenger R, Vietri J, et al. Cost-effectiveness of use
of 20-valent pneumococcal conjugate vaccine among adults in Germany.
Expert Rev Vaccines. 2023;22(1):921-32.

Gourzoulidis G, Barmpouni M, Kossyvaki V, Vietri J, Tzanetakos C. Health
and economic outcomes of 20-valent pneumococcal conjugate vaccine

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

Page 12 of 13

compared to 15-valent pneumococcal conjugate vaccine strategies for
adults in Greece. Front Public Health. 2023;11:1229524.

Marbaix S, Mignon A, Taelman A, Averin A, Atwood M, Vietri J. Cost-utility
of 20-valent pneumococcal conjugate vaccine compared to no vac-
cination and recommended alternative vaccines among Belgian adults.
Expert Rev Vaccines. 2023;22(1):1008-21.

Wateska AR, Nowalk MP, Lin CJ, Harrison LH, Schaffner W, Zimmerman
RK, Smith KJ. Cost-effectiveness of an in-development adult-formulated
pneumococcal vaccine in older US adults. Vaccine. 2023;41(30):4431-7.
Platt H, Omole T, Cardona J, Fraser NJ, Mularski RA, Andrews C, Daboul N,
Gallagher N, Sapre A, Li J, et al. Safety, tolerability, and immunogenicity
of a 21-valent pneumococcal conjugate vaccine, V116, in healthy adults:
phase 1/2, randomised, double-blind, active comparator-controlled,
multicentre. US-based trial Lancet Infect Dis. 2023;23(2):233-46.

van Werkhoven CH, Bolkenbaas M, Huijts SM, Verheij TJIM, Bonten MJM.
Effects of 13-valent pneumococcal conjugate vaccination of adults on
lower respiratory tract infections and antibiotic use in primary care: sec-
ondary analysis of a double-blind randomized placebo-controlled study.
Clin Microbiol Infect. 2021;27(7):995-9.

Steens A, Knol MJ, Freudenburg-de Graaf W, de Melker HE, van der Ende
A, van Sorge NM. Pathogen- and type-specific changes in invasive bacte-
rial disease epidemiology during the first year of the COVID-19 pandemic
in The Netherlands. Microorganisms. 2022;10(5).

Bonten MJM, Huijts AM, Bolkenbaas M, Webber C, Patterson S, Gault S,
van Werkhoven CH, van Deursen AMM, Sanders EAM, Verheij TJM, et al.
Polysaccharide conjugate vaccine against pneumococcal pneumonia in
adults. NEJM. 2015;372:1114-25.

Wagenvoort GH, Sanders EA, de Melker HE, van der Ende A, Vlaminckx
BJ, Knol MJ. Long-term mortality after IPD and bacteremic versus non-
bacteremic pneumococcal pneumonia. Vaccine. 2017;35(14):1749-57.
Vestjens SMT, Sanders EAM, Vlaminckx BJ, de Melker HE, van der Ende

A, Knol MJ. Twelve years of pneumococcal conjugate vaccination in the
Netherlands: impact on incidence and clinical outcomes of invasive
pneumococcal disease. Vaccine. 2019;37(43):6558-65.

Vissink CE, Huijts SM, de Wit GA, Bonten MJ, Mangen MJ. Hospitalization
costs for community-acquired pneumonia in Dutch elderly: an observa-
tional study. BMC Infect Dis. 2016;16:466.

Statistics Netherlands. Population; sex, age and marital status, 2021
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/7461BEV/table?froms
tatweb. Accessed at 7 June 2023.

Statistics Netherlands. Life expectancy; sex, age (by year and five-year
period) 2022 https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37360
ned/table. Accessed at 7 June 2023.

Heins M, Hooiveld M, Korevaar J. Vaccinatiegraad Nationaal Programma
Pneumokokkenvaccinatie Volwassenen 2020: monitor in het kort

2021 https://www.nivel.nl/sites/default/files/bestanden/1004085.pdf.
Accessed at 1 Sept 2023.

Heins M, Korevaar J, Knottnerus B, Hooiveld M. Monitor vaccinatiegraad
nationaal programma pneumokokkenvaccinatie volwassenen (NPPV)
2021 2022 https://www.nivel.nl/sites/default/files/bestanden/1004275.
pdf. Accessed at 1 Sept 2023.

Andrews NJ, Waight PA, George RC, Slack MP, Miller E. Impact and
effectiveness of 23-valent pneumococcal polysaccharide vaccine against
invasive pneumococcal disease in the elderly in England and Wales. Vac-
cine. 2012;30(48):6802-8.

Djennad A, Ramsay ME, Pebody R, Fry NK, Sheppard C, Ladhani SN,
Andrews NJ. Effectiveness of 23-valent polysaccharide pneumococcal
vaccine and changes in invasive pneumococcal disease incidence from
2000 to 2017 in those aged 65 and over in England and Wales. EClinical-
Medicine. 2018;6:42-50.

Farrar JL, Childs L, Ouattara M, Akhter F, Britton A, Pilishvili T, Kobayashi M.
Systematic review and meta-analysis of the efficacy and effectiveness of
pneumococcal vaccines in adults. Pathogens. 2023;12(5):732.

van Werkhoven CH, Huijts SM, Bolkenbaas M, Grobbee DE, Bonten MJ.
The impact of age on the efficacy of 13-valent pneumococcal conjugate
vaccine in elderly. Clin Infect Dis. 2015;61(12):1835-8.

Savulescu C, Krizova P, Valentiner-Branth P, Ladhani S, Rinta-Kokko H, Levy
C, Mereckiene J, Knol M, Winje BA, Ciruela P, et al. Effectiveness of 10 and
13-valent pneumococcal conjugate vaccines against invasive pneumo-
coccal disease in European children: SplDnet observational multicentre
study. Vaccine. 2022;40(29):3963-74.


https://www.ecdc.europa.eu/en/pneumococcal-disease/facts
https://www.ecdc.europa.eu/en/pneumococcal-disease/facts
https://statline.rivm.nl/#/RIVM/nl/dataset/50117NED/table
https://statline.rivm.nl/#/RIVM/nl/dataset/50117NED/table
https://www.rivm.nl/bibliotheek/rapporten/2022-0042.pdf
https://www.rivm.nl/bibliotheek/rapporten/2022-0042.pdf
https://stacks.cdc.gov/view/cdc/109109
https://stacks.cdc.gov/view/cdc/109109
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/7461BEV/table?fromstatweb
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/7461BEV/table?fromstatweb
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37360ned/table
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37360ned/table
https://www.nivel.nl/sites/default/files/bestanden/1004085.pdf
https://www.nivel.nl/sites/default/files/bestanden/1004275.pdf
https://www.nivel.nl/sites/default/files/bestanden/1004275.pdf

de Boer et al. BMC Medicine

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

(2024) 22:69

Knoll MD, on behalf of the PSERENADE Team. Conclusions from the
PSERENADE project: implications for pneumococcal vaccine policy and
what is happening next 2021 https://www.meningitis.org/getmedia/
Oa2e175e-4e48-401e-8482-e2b2a9c5bf11/Maria-Knoll?disposition=attac
hment. Accessed at 1 Oct 2023.

Hanquet G, Krizova P, Dalby T, Ladhani SN, Nuorti JP, Danis K, Mereckiene
J, Knol MJ, Winje BA, Ciruela P, et al. Serotype replacement after introduc-
tion of 10-valent and 13-valent pneumococcal conjugate vaccines in 10
countries. Europe Emerg Infect Dis. 2022,28(1):137-8.

Masala GL, Lipsitch M, Bottomley C, Flasche S. Exploring the role of com-
petition induced by non-vaccine serotypes for herd protection following
pneumococcal vaccination. J R Soc Interface. 2017;14(136):20170620.
National Health Care Institute. Guideline for conducting health economic
evaluations in health care 2016 https//www.zorginstituutnederland.nl/over-
ons/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-econo
mische-evaluaties-in-de-gezondheidszorg. Accessed at 1 Oct 2022.
Government Gazette of the Kingdom of the Netherlands. Regulation

of the State Secretary for Health, Welfare and Sport of 2020, reference
1649720-201966-PG, amending the Public Health Subsidy Scheme in
connection with vaccination against pneumococcal disease and several
other adjustments 2020 https://zoek.officielebekendmakingen.nl/stcrt-
2020-14106.html. Accessed at 2023.

van Werkhoven CH, Postma DF, Mangen MJ, Oosterheert JJ, group C-Ss.
Cost-effectiveness of antibiotic treatment strategies for community-
acquired pneumonia: results from a cluster randomized cross-over trial.
BMC Infect Dis. 2017;17(1):52.

Mangen MJ, Rozenbaum MH, Huijts SM, van Werkhoven CH, Postma DF,
Atwood M, van Deursen AM, van der Ende A, Grobbee DE, Sanders EA,
et al. Cost-effectiveness of adult pneumococcal conjugate vaccination in
the Netherlands. Eur Respir J. 2015;46(5):1407-16.

Statistics Netherlands. Consumer prices; price index 2015=100 2023
https://opendata.cbs.nl/#/CBS/en/dataset/83131ENG/table. Accessed

at 11 Apr 2023.

Stichting Nationaal Programma Grieppreventie. Vergoeding 2022 https://
www.snpg.nl/article/griep-ha-afronden/declareren-griepvaccinaties/
vergoeding/#:~text=Vergoedingen%20in%202022%3A,het%20NPG%
20en%2Fof%20NPPV. Accessed at 1 Oct 2022.

National Health Care Institute. Medicijnkosten.nl 2022 https.//www.
medicijnkosten.nl/. Accessed at 1 Oct 2022.

National Health Care Institute. Cost-effectiveness in practice [In Dutch]
2015 https://www.zorginstituutnederland.nl/publicaties/rapport/2015/
06/26/kosteneffectiviteit-in-de-praktijk. Accessed at 15 June 2023.

van Baal PH, Wong A, Slobbe LC, Polder JJ, Brouwer WB, de Wit GA. Stand-
ardizing the inclusion of indirect medical costs in economic evaluations.
Pharmacoeconomics. 2011;29(3):175-87.

Mangen MJ, Huijts SM, Bonten MJ, de Wit GA. The impact of community-
acquired pneumonia on the health-related quality-of-life in elderly. BMC
Infect Dis. 2017;17(1):208.

Zeevat F, van der Schans J, Boersma WG, Boersma C, Postma MJ. Cost-
effectiveness analysis on elderly pneumococcal vaccination in the
Netherlands: challenging the Dutch Health Council's advice. Vaccine.
2019;37(43):6282-4.

Hanage WP, Finkelstein JA, Huang SS, Pelton SI, Stevenson AE, Kleinman
K, Hinrichsen VL, Fraser C. Evidence that pneumococcal serotype replace-

ment in Massachusetts following conjugate vaccination is now complete.

Epidemics. 2010;2(2):80-4.

Lochen A, Anderson RM. Dynamic transmission models and economic
evaluations of pneumococcal conjugate vaccines: a quality appraisal and
limitations. Clin Microbiol Infect. 2020;26(1):60-70.

Horn M, Theilacker C, Sprenger R, von Eiff C, Mahar E, Schiffner-Rohe J,
Pletz MW, van der Linden M, Scholz M. Mathematical modeling of pneu-
mococcal transmission dynamics in response to PCV13 infant vaccination
in Germany predicts increasing IPD burden due to serotypes included in
next-generation PCVs. PLoS ONE. 2023;18(2): e0281261.

Essink B, Sabharwal C, Cannon K, Frenck R, Lal H, Xu X, SundaraiyerV,
Peng Y, Moyer L, Pride MW, et al. Pivotal phase 3 randomized clinical trial
of the safety, tolerability, and immunogenicity of 20-valent pneumo-
coccal conjugate vaccine in adults aged >/=18 years. Clin Infect Dis.
2022;75(3):390-8.

Platt HL, Cardona JF, Haranaka M, Schwartz HI, Narejos Perez S, Dowell A,
Chang CJ, Dagan R, Tamms GM, Sterling T, et al. A phase 3 trial of safety,

59.

Page 13 of 13

tolerability, and immunogenicity of V114, 15-valent pneumococcal
conjugate vaccine, compared with 13-valent pneumococcal conju-

gate vaccine in adults 50 years of age and older (PNEU-AGE). Vaccine.
2022;40(1):162-72.

Niessen A, van Werkhoven CH, de Melker H, van Gageldonk-Lafeber AB,
Knol M. Impact of a pneumococcal polysaccharide vaccination pro-
gramme on invasive pneumococcal disease in elderly in the Netherlands.
ECCMID conference 2022, posternumber 1898/P1919.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.meningitis.org/getmedia/0a2e175e-4e48-401e-8482-e2b2a9c5bf11/Maria-Knoll?disposition=attachment
https://www.meningitis.org/getmedia/0a2e175e-4e48-401e-8482-e2b2a9c5bf11/Maria-Knoll?disposition=attachment
https://www.meningitis.org/getmedia/0a2e175e-4e48-401e-8482-e2b2a9c5bf11/Maria-Knoll?disposition=attachment
https://www.zorginstituutnederland.nl/over-ons/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.zorginstituutnederland.nl/over-ons/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.zorginstituutnederland.nl/over-ons/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://zoek.officielebekendmakingen.nl/stcrt-2020-14106.html
https://zoek.officielebekendmakingen.nl/stcrt-2020-14106.html
https://opendata.cbs.nl/#/CBS/en/dataset/83131ENG/table
https://www.snpg.nl/article/griep-ha-afronden/declareren-griepvaccinaties/vergoeding/#:~:text=Vergoedingen%20in%202022%3A,het%20NPG%20en%2Fof%20NPPV
https://www.snpg.nl/article/griep-ha-afronden/declareren-griepvaccinaties/vergoeding/#:~:text=Vergoedingen%20in%202022%3A,het%20NPG%20en%2Fof%20NPPV
https://www.snpg.nl/article/griep-ha-afronden/declareren-griepvaccinaties/vergoeding/#:~:text=Vergoedingen%20in%202022%3A,het%20NPG%20en%2Fof%20NPPV
https://www.snpg.nl/article/griep-ha-afronden/declareren-griepvaccinaties/vergoeding/#:~:text=Vergoedingen%20in%202022%3A,het%20NPG%20en%2Fof%20NPPV
https://www.medicijnkosten.nl/
https://www.medicijnkosten.nl/
https://www.zorginstituutnederland.nl/publicaties/rapport/2015/06/26/kosteneffectiviteit-in-de-praktijk
https://www.zorginstituutnederland.nl/publicaties/rapport/2015/06/26/kosteneffectiviteit-in-de-praktijk

	Higher-valency pneumococcal conjugate vaccines in older adults, taking into account indirect effects from childhood vaccination: a cost-effectiveness study for the Netherlands
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Analysis framework
	Model and input data
	Indirect effects from childhood vaccination
	Economic evaluation
	Cost-effectiveness

	Results
	Clinical impact
	Cost-effectiveness
	Probabilistic sensitivity analysis
	One-way sensitivity analyses
	Cost-effectiveness in future vaccinated cohorts

	Discussion
	Conclusions
	Acknowledgements
	References


