RESEARCH PAPER

Human Vaccines & Immunotherapeutics 10:7, 1841-1849; July 2014; © 2014 Landes Bioscience

A few years later

Update of the cost-effectiveness of infant pneumococcal
vaccination in Dutch children

Pepijn Vemer'2" and Maarten J Postma'?

'PharmacoEpidemiology & PharmacoEconomics (PE?), University of Groningen, Groningen, The Netherlands; 2Department of Epidemiology, University Medical Center
Groningen, Groningen, The Netherlands

Keywords: Pneumococcal, cost-effectiveness, vaccines, infant vaccination, Netherlands, PCV

Abbreviations: AOM, acute Otitis Media; CE, cost-effectiveness; COMPAS, Clinical Otitis Media & Pneumonia Study; FinlP,
Finnish Invasive Pneumococcal disease; ICER, Incremental Cost-effectiveness Ratio; IPD, Invasive Pneumococcal Disease; NTHi,
non-typeable Haemophilus influenzae; PCV, pneumococcal conjugate vaccine; PCV10, 10-valent PCV; PCV13, 13-valent PCV;
POET, Pneumococcal Otitis Efficacy Trial; VT, Vaccine-type

This study aimed to calculate the cost-effectiveness of infant pneumococcal vaccination in the Netherlands, using
the 13-valent PCV13 vs. the currently used 10-valent PCV10. We adapted a previously published model, using recent
estimates of epidemiological and efficacy data. In 12 scenarios, we explored the impact of different assumptions on the
incremental cost-effectiveness ratio (ICER) of PCV13 over PCV10.Taking only direct effects on invasive pneumococcal
disease into account, PCV13 was not found to be cost-effective at a price difference of €11 per dose. If herd protection,
replacement and non-invasive disease were also taken into account, the ICER of PCV13 compared with PCV10 was below
€30000/QALY gained in 11 of 12 scenarios. PCV13 was considered dominant in the primary scenario with a price differ-

ence below €2.63 per dose.

Introduction

In many ways, the world of vaccines and infectious diseases
is a dynamic one. Two pneumococcal conjugate vaccines (PCV)
have been licensed for use in the Dutch infant population since
the 2006 introduction of a 7-valent vaccine (PCV7): PCV10 and
PCV13, containing protection against respectively three and
six extra serotypes. In 2010, members of our group calculated
the cost-effectiveness (CE) of infant pneumococcal vaccination
in the Netherlands."? This study was influential in the follow-
ing decision to offer PCV10 to Dutch infants within the Dutch
National Immunization Program.?

Since then, epidemiological circumstances have changed,
partly due to the vaccination effort as evidenced in literature
from around the world.** In addition, new efficacy and effective-
ness data have been published, which were not available at that
time.”"? This study aimed to calculate the cost-effectiveness of
PCV13 compared with PCV10 using the newly available data.
Our study was performed to inform the Dutch Health Council,
which has advised the Ministry of Health for a new tender,
worth approximately 530000 doses per year, that took place in
the beginning of 2014." The cost-effectiveness of PCV13 over
PCV10 will be driven completely by the effects of both vaccines
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on the 3 additional serotypes that are included in PCV13: 3, 6A
and 19A. This study therefore focused completely on these three
serotypes.

Results

In our primary scenario, using current epidemiological data,
vaccination with PCV13 prevented 3.2 cases of IPD caused by
serotypes 3, 6A, and 194, in children younger than 5y, compared
with vaccination with PCV10 (Table 1). This corresponds to
34% less IPD cases per year caused by serotypes 3, 6A, and 19A,
and 3.5% less total IPD cases. These 3.2 cases avoided would also
lead to less sequelae: 0.15 deaths, 0.16 physical handicaps, and
0.26 cases of deafness. Vaccination with PCV13, compared with
PCV10, would also lead to 70 fewer cases of pneumonia (-0.4%)
and almost 860 fewer cases of AOM (-0.6%). Indirectly, due to
herd protection, more than 140 cases of IPD could be avoided
(40% of the IPD cases caused by serotype 3, 6A, and 19A, 8.3%
of total IPD cases), and more than 40 deaths, of which almost
39 are in the population older than 65 y (not shown). Non-
invasive diseases and sequelae other than death were not taken
into account in the population older than 5y.
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Table 1. Differences in health outcomes between the two vaccines in
scenario 1

Children Others (indirect
<5y effects)
Disease cases avoided
Total invasive pneumococcal disease 3.20 140.4
Of which caused by: serotype 3 0.41 414
serotype 6A 0.15 11.1
serotype 19A 2.63 879
Pneumonia, treated in the hospital 20.0
Pneumonia, treated by GP only 523
Acute Otitis Media (AOM) 858.9
Sequelae avoided
Death 0.15 40.5
Physical handicap 0.16
Deafness 0.26

We used the ratio of the incremental costs in Euros, to the
incremental benefits in terms of quality adjusted life years
(QALY), of PCV13 over PCV10, called the incremental cost-
effectiveness ratio (ICER). Our baseline price difference was
€11 per dose. Looking at direct effects on invasive pneumococ-
cal disease (IPD) only, the ICER was €670000/QALY gained
(Table 2). The ICER was higher than €390000/QALY gained
(not shown) for other scenarios. The price of PCV13 may be at
most €1.06 per dose higher than PCV10, in order to yield an
ICER below €50000/QALY gained in the first scenario.

In scenario 1, introducing indirect effects led to an ICER
of €14500/QALY gained. Also including non-invasive disease,
changed the ICER slightly to €12700/QALY gained. When
indirect effects and non-invasive disease are taken into account,
PCV13 was considered dominant in the first scenario with a price
difference below €2.63 per dose (Fig. 1). At a price difference of
€25 per dose, the ICER was €34900/QALY gained. Each Euro
price difference extra raised the ICER by approximately €1600/
QALY gained.

At a price difference of €11 per dose, the point estimates of
the ICER when including indirect effects and non-invasive dis-
ease, were well below acceptable cost-effectiveness thresholds at
€20000/QALY in all but three scenarios.*>!> Scenarios 4 and 5
assumed extra protection against NTHi by PCV10, scenario 12
assumed reduced indirect effects. In scenarios 3, 4, and 5, using
a price difference of €11 per dose, PCV10 dominates PCV13 in
10%, 6%, and 35% of the draws respectively: PCV10 has better
health outcomes and is less costly than PCV13. At a threshold
willingness-to-pay of €50000/QALY gained, PCV13 can be con-
sidered cost-effective in approximately 80% of the draws in the
probabilistic sensitivity analysis in scenarios 4 and 5, and in 38%
of the draws in scenario 5 (not shown). The remaining uncer-
tainty around estimates in other scenarios was relatively small, as
can be seen in the presented confidence intervals.

Discussion and Conclusion

In this study, we analyzed a wide range of scenarios for the
cost-effectiveness of PCV13 vaccination compared with PCV10
in the Netherlands. Since the difference between these two vac-
cines was only driven by three serotypes, namely 3, 6A, and
19A, we focused our study on these serotypes. Infant vaccina-
tion with pneumococcal vaccines has been part of the National
Immunization Program for Dutch infants born after April 1,
2006. This program started with the 7-valent PCV7, followed
by immunization with PCV10 from April 2011. The approxi-
mate burden of disease per 100000 children younger than 5
y of age, after the introduction of PCV10, is 8.5 cases of IPD
(April 2011-March 2013),5 2250 cases of cases of pneumonia
and 16000 cases of AOM (Primary Care Database). At the
same time, the approximate disease burden per 100000 Dutch
inhabitants older than 5y of age is 16.7 cases of IPD, 1350 cases
of pneumonia and 1450 cases of AOM. As was already shown,
introducing PCV13 would lead to lower disease burden in the
infant population, but this effect would be relatively small,
avoiding 3.2 cases of IPD over the course of five years in a sin-
gle birth cohort. In relative terms, this would mean a drop of
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Figure 1. Cost-effectiveness by price difference, for three selected scenarios.
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Table 2. Cost-effectiveness results in various scenarios at a price difference of €11 per dose.?

Incremental (PCV13 over PCV10)
QALYs Total Costs ICER®
(x € 1,000)
Scenario 1
Direct effects, IPD only 7400 € 670000 (€ 394000-1500000)
Direct and indirect effects, IPD only 400 5900 €14500 (€ 11100-19200)
Direct and indirect effects, IPD + non invasive disease 440 5600 €12700 (€9100-11100)

Other scenarios (direct + indirect effects IPD + non invasive disease)

2 Epidemiology based on Dutch post-PCV7 data

€ 17200 (€ 12200-23 600)

3 Efficacy PCV10 against IPD and pneumonia based on FINIP

€17400 (CI N/A)®

4 Extra protection PCV10 against NTHi based on COMPAS

€24600 (CI N/A)®

5 Extra protection PCV10 against NTHi based on POET

€124000 (CI N/A)®

6 No cross-protection from PCV10 against serotype 19A

€ 11900 (€ 8200-16 200)

7 Cross-protection from PCV10 against serotype 19A includes herd immunity

€16000 (€ 11000-22800)

8 No reduced protection from PCV13 against serotype 3

€ 5800 (€ 3500-8100)

9 No herd protection PCV13 against serotype 3

€ 14500 (€ 10400-19400)

10 Excluding effects on pneumonia

€ 13200 (€ 9400-17 800)

11 Herd protection and replacement based on UK data

€ 4700 (€ 2800-6500)

12 Reduced indirect effects based on UK-data (25%)

€ 25500 (€ 17700-33 500)

°QALY, Quality Adjusted Life Year. QALYs rounded to nearest tens, costs and ICERs rounded to nearest € 100; ICERs above € 100000 rounded to the nearest
€1000;° 95% confidence interval (Cl) given, when the difference in QALYs is significantly different from zero. Otherwise: ClI N/A (not applicable)

3.5% in the yearly number of IPD. In the older population, via
indirect effects, the impact was found to be slight larger: 140
cases or 8.3%. This relatively small drop is due to the small dif-
ference in the two vaccines. The efficacy estimates against VT
serotypes for IPD are taken to be equal, due to a lack of better
estimates. This means that the only difference between the two
vaccines is due to the serotypes covered. The three serotypes
covered by PCV13, but not by PCV10 -3, 6A and 19A- have
only a small impact on the total disease burden. Together, these
three serotypes caused 10% of the IPD in the period April 2011
to March 2013 within the infant population, and 20% within
the population older than 5 y of age.”

This study has several limitations. First, in order to estimate
the protection of PCV10 and PCV13 in non-invasive disease,
we assumed the same serotype distribution as found in IPD.
This was necessary, since no reliable information is available
on serotype distribution of non-invasive disease cases in the
Netherlands. Carrier information cannot be used since dif-
ferent serotypes have different effects on disease development.
Therefore the serotype distribution for healthy children will be
different from the serotype distribution in diseased children.

Efficacy effects for PCV13 are extrapolated from trials using
PCV7, since no trials with PCV13 have been conducted. This
extrapolation might be invalid, since interaction effects of the
different vaccine components may influence VT efficacy.

Scenario 4 is based on the Clinical Otitis Media and
Pneumonia Study (COMPAS)," where the point estimate of pro-
tection against AOM was positive, but the statistical uncertainty
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around this estimate was very large and included no effectiveness
against AOM at all. Scenario 5 is based on the Pneumococcal
Otitis Efficacy Trial (POET) study. This study tested an
11-valent vaccine, not the currently available PCV10.!¢ In addi-
tion, the POET trial may not be comparable with other studies
regarding acute otitis media (AOM)."”*® Furthermore, it has been
shown that PCV10 does not impact carriage for NTHi.”” These
two scenarios should therefore be considered with caution.

In the first two years after PCV10 was introduced, the growth
in incidence of serotype 19A in the population older than 5y,
was stronger than that in the serotypes not covered by PCV13
(Table 3). Since the indirect effects in the model (Table 4) are
based on post-PCV7 data,® it is possible that these indirect
effects reflect an underestimation of the effects on this specific
serotype. This in turn may underestimate the incremental effects
of PCV13 over PCV10, and overestimate the cost-effectiveness
ratio.

Finally, this model does not take the exact dynamics of disease
spread into account. As is true for many other infectious diseases,
a dynamic model might be a future ideal, but the necessary infor-
mation is scarce. It might be a good area for further investigation.

Taking only direct effects on IPD into account, PCV13 was
not found to be costeffective, at a price difference of €11 per
dose. If herd protection, replacement and non-invasive disease
are also taken into account, the ICER of PCV13 compared with
PCV10 was below €30,000/QALY gained in 11 of 12 scenarios.
PCV13 is considered dominant in the first scenario with a price
difference below €2.63 per dose.
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Table 3. Number of cases per year of invasive pneumococcal disease (IPD)

Post-PCV7 Post-PCV10
MAfrr 3(?1 1 ANF;;rZ 3(111 3 Change
IPD cases in children younger than five years of age."
Caused by serotypes covered in PCV7* 28,8 10,1 -19 (-65%)
Caused by serotypes covered in PCV10, not PCV7® 29,6 20,2 -9 (-32%)
Caused by serotype 3 11,2 2,5 -9 (-77%)
Caused by serotype 6A 3,2 0,0 -3 (-100%)
Caused by serotype 19A 1,6 7,6 +6 (+374%)
Caused by serotypes not covered in PCV13 32,8 58,1 +25 (+77%)
IPD cases in patients between five and 64 y of age.!
Caused by serotypes covered in PCV7* 288,0 106,1 -182 (-63%)
Caused by serotypes covered in PCV10, not PCV7® 315,2 492,6 +177 (+56%)
Caused by serotype 3 52,8 88,4 +36 (+67%)
Caused by serotype 6A 11,2 0,0 -11 (-100%)
Caused by serotype 19A 54,4 164,2 +110 (+202%)
Caused by serotypes not covered in PCV13 319,2 591,2 +272 (+85%)
IPD cases in patients older than five years of age."
Caused by serotypes covered in PCV7* 439,2 1389 -300 (-68%)
Caused by serotypes covered in PCV10, not pcv7b 231,2 356,2 +125 (+54%)
Caused by serotype 3 89,6 151,6 +62 (+69%)
Caused by serotype 6A 28,8 25,3 -4 (-12%)
Caused by serotype 19A 94,4 255,2 +161 (+170%)
Caused by serotypes not covered in PCV13 470,4 970,1 +500 (+106%)
2Includes serotypes 4, 6B, 9V, 14, 18C, 19F, 23F;’Includes serotypes 1, 5, 7F
Table 4. Indirect effects - herd protection and serotype replacement.?
Dutch data® UK data® Material and Methods
Percentage change in non-VT IPD, for age group: Published model

<2y 1.37(0.77;2.46) 1.68 (1.37;2.06)
2-4y 1.22(0.47;3.18) 1.82(1.30;2.55)
5-14y 1.58 (0.77;3.26) 0.82 (0.64;1.04)
15-44y 1.22(0.96;1.54) 0.85(0.71;1.02)
45-64y 1.37(1.11;1.70) 0.96 (0.87;1.06)
65+ year 1.25(1.09;1.43) 1.48 (1.32;1.65)

Percentage change in VT IPD, for age group:

<2y 0.01(0.01;0.02)° 0.02 (0.01;0.05)
2-4y 0.19 (0.06;0.66) 0.07 (0.04;0.13)
5-14y 0.36 (0.12;1.14) 0.25(0.16;0.38)
15-44y 0.81(0.59;1.29) 0.12(0.07;0.21)
45-64y 0.46 (0.33;0.63) 0.15(0.12;0.18)
65+ year 0.45 (0.37;0.55) 0.19(0.14;0.25)

2Mean and confidence interval; IPD, invasive pneumococcal disease; VT, Vaccine-type;® No
change in VT IPD in the original data; a continuity correction of 0.5 was applied, with an

assumed confidence interval of Exp(In(0.01)*1.1) to Exp(In(0.01)*0.9).
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We calculated the outcomes using an incre-
mental analysis, meaning that only differences
between the two vaccines are taken into account.
We adapted and updated a previously published
model.! The model, build in Excel, was a decision
tree, following a birth cohort for five years after
vaccination (time horizon) and calculating the
costs and effects linked to the number of diseased
cases and their sequelae, from a societal perspec-
tive. We modeled IPD, non-invasive pneumonia
and AOM and their sequelea.! Uncertainty around
model parameters is assessed by defining probabil-
ity distributions for these parameters and taking
5,000 random draws in a probabilistic sensitivity
analysis. Results were discounted using 4% for
costs and 1.5% for health outcomes, according to
the Dutch health-economic guidelines.® All costs
were updated to 2012 price levels, using the Dutch
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Table 5. Epidemiological data on non-invasive disease in children younger than 5 y of age

Post-PCV7 Post-PCV10
Apr 2006-Mar 2011 Apr2011-Dec 2012
Number of pneumonia cases per 100,000 inhabitants per year
(Source: personal communication Kiwa Carity).

0y ofage 0,23 0,64
1y ofage 0,47 1,74
2yofage 0,39 1,61
3yofage 0,27 1,51
4y of age 0,29 1,54

Number of acute otitis media (AOM) cases per 100,000 inhabitants
(Source: personal communication Primary Care Database).

0y ofage 1,57 4,58
1yofage 5,33 15,01
2yofage 3,96 10,88
3yofage 2,10 7,74
4y ofage 2,02 7,14

Number of GP contacts per acute otitis media (AOM) case
(Source: personal communication Primary Care Database).

Oy ofage 1,71 1,67
1yofage 1,95 2,03
2yofage 1,66 1,69
3yofage 1,51 1,50
4y of age 1,43 1,47

consumer price index.?! Cost-effectiveness results were calculated
for 12 scenarios, in which the effects of different assumptions
were calculated. We first explain the baseline data used in the
following paragraphs, and next explain how different aspects are
varied in scenarios.

Vaccine price

Drug price is a crucial element in any cost-effectiveness analy-
sis. However, public information on price could not be used for
our study, since the final price being offered will depend largely
on strategic decisions from both pharmaceutical companies dur-
ing the bidding process within the tender. We therefore mod-
eled a price difference between the two vaccines, which we varied
between €0 and €25, assuming that the higher number of sero-
types covered would always render PCV13 more expensive. As a
baseline price difference, we used €11 per dose, the approximate
difference between the list price of PCV10 (€56.43) and PCV13
(€67,72).2

Epidemiological data

We used recent estimates of epidemiological data on IPD,"
non-invasive pneumonias treated in the hospital (ICD-9 480—
486) provided by Kiwa Carity (Utrecht), and contacts with the
general practitioner for non-invasive pneumonia (ICP code R81)
and AOM (H71-72) provided by the Primary Care Database from
the Julius Center (Utrecht) (Tables 3 and 5). Epidemiology as
observed after the introduction of PCV10 was taken into account
for all diseases. In scenario 2, we calculated the cost-effectiveness

www.landesbioscience.com

outcomes, using epidemiological data from the period between
the introduction of PCV7 in April of 2007 and the introduction
of PCV10 in March 2011.

Efficacy data

Efficacy data was not changed from the original model,**
but we did look at the effects of newly available data in scenarios,
coming from the Finnish Invasive Pneumococcal disease study
(FINIP, scenario 3) and the Clinical Otitis Media and Pneumonia
Study (COMPAS, scenario 4).!""3 Table 6 shows a summary of
the efficacy data used in each of the scenarios. In the appendix
(Table A1, A2 and A3), the background information of each of
the studies used to calculate efficacy, is shown. In our primary
scenario, we assumed a 30% efficacy of PCV10 against serotype
19A and PCV13 against serotype 3. The first assumption is based
on indications of cross-protection.”'? The second assumption is
based on only modest observed reductions in IPD caused by sero-
type 3" and no difference in serotype 3 carriage between PCV7
and PCV13.%° Another study on the effects of pneumococcal vac-
cination on AOM, was the Pneumococcal Otitis Efficacy Trial
(POET).!® Scenario 5 shows the cost-effectiveness when these
efficacy numbers were used. Scenarios 6 and 7 explored the effect
of the assumed cross-protection of PCV10 against serotype 19A.
Scenarios 8 and 9 explored the effect of the assumed lesser effi-
cacy of PCV13 against serotype 3. In a recent Cochrane review,
no real difference was found between the different vaccines in the
effect on pneumonia, despite the differences between vaccines in
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Table 6. Efficacy estimates used in the study

Scenarios Reduction of disease cases' Source
Invasive pneumococcal disease (IPD)
Reduction of vaccine-type IPD cases. 1,2,5-12 93.9% (0.029) 23
100.0% (0.026)
(-.), for PCV10. 3 (Maximized at 100%) 1
Non-invasive disease’
Reduction of all-cause AOM, using PCV7. 1-8,11,12 6.0% (0.051) 25
(-..), using PCV10. 3 19.0% (0.069) 13
(-..), using PCV10. 4 33.6% (0.060) 16
Reduction of number of P.neumon!a cases, as seen by a general 1-10,12 6.0% (0.032) 2
practitioner, using PCV7.
Reduction of number of pneumonia cases, admitted in a hospital, using 1-10,12 11.1% (0.043) 2
PCV7.
(...), using PCV10. 3 28.6% (0.043) 11

(1)Mean (standard deviation) used in the probabilistic sensitivity analysis, using a normal distribution;? Efficacy for non-invasive disease recalculated to
vaccine-type, assuming a serotype distribution and assuming only disease cases caused by vaccine-type serotypes or non-typable H. influenzae (acute

otitis media for PCV10) will be affected.

number of serotypes.?” In scenario 10, we therefore investigated
the assumption that no difference can be found between vac-
cines, by disregarding the effect of pneumonia in the outcomes.

Efficacy data against non-invasive disease is estimated in a
non-vaccinated population. Since this situation is not applicable
in The Netherlands, we calculated a vaccine-type (VT) efficacy,
which is applied to the post-PCV10 incidence of non-invasive
disease. We assumed that 42% of AOM cases are caused by non-
typeable Hemophilus influenzae (NTHi) and 22% by pneumo-
coccii.® For pneumococcal AOM and non-invasive pneumonia,
a serotype distribution equal to that found in IPD was assumed.

Indirect effects

Indirect effects —herd protection and serotype replacement-
were calculated, using the effects of the vaccines on the inci-
dence during one year. Several sources of data on indirect effects
are available (Table 4), including a Dutch estimate.® However,
these do not take the inherent time trends in IPD incidence
into account. UK data are also available, which do take these
time trends into account,® but it also includes the effects of the
UK catch-up program which was absent in the Netherlands. In
addition, indirect effects take time to accumulate. It is therefore
highly uncertain how much indirect effects should be taken into
account. We therefore calculated the outcomes using several
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definitions for the indirect effects. In our primary scenario, we
assumed the Dutch indirect effects, which is approximately equal
to using 50% of the UK-levels of indirect effects. In two other
scenarios we also included 100% (scenario 11) and 25% (sce-
nario 12) of the UK-levels of indirect effects. Indirect effects were
taken into account by multiplying the estimates from Table 4 by
the observed incidence in the post-PCV7 period (Table 3), and
calculating the difference between when the two treatment arms,
caused by the difference in serotype coverage. Obviously, includ-
ing indirect effects raises uncertainty inherent in the uncertainty
in our assumptions.
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Appendix

Table A1. Detail of studies used to calculate vaccine efficacy’

Name of the study Source

PCV7 vs. meningococcal vaccine (control)
USA (Northern California)
Aim: To evaluate protective efficacy of PCV7 against invasive pneumococcal disease caused by
vaccine serotypes, clinical episodes of otitis media and episodes of pneumonia.

Kaiser Permanente Vaccine Study 23,24

PCV7 vs. hepatitis vaccine (control)
Finnish Otitis Media Vaccine Trial 25 Finland
Aim: To evaluate protective efficacy of PCV7 against episodes of acute otitis media.

PCV11 vs. hepatitis vaccine (control)
Pneumococcal Otitis Efficacy Trial Czech Republic and Slovakia.

(POET) Aim: to evaluate protective efficacy against acute otitis media caused by pneumococci and
nontypable H. influenza.

PCV10 vs. hepatitis vaccine (control)
Finnish Invasive Pneumococcal Finland

disease (FinlIP) Aim: To evaluate protection against several disease endpoints associated with S. pneumoniae
and non-typeable H. influenzae.

PCV10 vs. hepatitis vaccine (control)
13 Latin America
Aim: to evaluate protective efficacy against acute otitis media.

Clinical Otitis Media and
Pneumonia Study (COMPAS)

(1) PCV: Pneumococcal Conjugate Vaccine

Table A2. Parameters used in the health-economic model

Parameter used Source
Vaccine effectiveness

Effectiveness after dose 2 mo 0.0% Assumption
Effectiveness after dose 3 mo 30.0% Assumption
Effectiveness after dose 4 mo 90.0% Assumption
Effectiveness after booster dose (11 mo) 100.0% Assumption

Vaccination level. first three shots 95.7% 28

Sequalae
Case fatality rate

0-2y 6.0% 29

3-4y 4.8% 29

Physical handicap (Mental retardation, spasticity, epilepsy) 6.0% 29

Needing institutionalized care 25.0% 30

Needing special education 50.0% 30

Hearing problems 9.5% 29

Percentage needing cochlear device 37.5% 29

Quality of life weights
Per year

Mental retardation 0.620 31

Spasticity 0.619 32

Epilepsy 0.830 31

Slight hearing problems 0.910 31

Bilateral hearing problems (first year) 0.550 33

Bilateral hearing problems (cochlear device) 0.820 33
Death 0.000 Assumption
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Table A2. Parameters used in the health-economic model (continued)

Parameter used Source
All other states 0.890 Assumption
Hospital admission for non-inv pneumonia 0.930 34
Non-inv pneumonia treated by GP 0.930 34
AOM 0.980 34
Per Episode
Hospital admission for meningitis 0.070 34

Table A3. Cost parameters used in the health-economic model!

Direct costs Direct costs Indirect costs
Invasive pneumococcal disease (IPD)
0-1y €6773.42 €781.24
2-4y €2732.31 €335.80
Non-invasive disease
Non-invasive pneumonia (admitted to hospital) €2809.59 €338,23
Non-invasive pneumonia (seen by GP) €28.42 €123,89
Acute otitis media (simple) €18.75 €65,66
Acute otitis media (complex, tympanostomy) €409.81 €247,78
Acute otitis media (complex, no tympanostomy) €102.75 €61,95
Sequalea
Special education (annual costs)
Primary school (until age 12) €10527.77
High school (age 12-18) €18225.49
Intitutional care (annual costs) €42532.02
Cochlear implantation €60853.42
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