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ABSTRACT
National Immunization Technical Advisory Groups (NITAGs) and Health Technology Assessment (HTA) 
agencies evaluate the value of vaccines and provide decision-making authorities with recommendations. 
The availability of information on disease-burden evidence considered or required for the assessment of 
vaccines included in national immunization programs (NIPs) is limited. The aim of this review is to 
summarize the epidemiologic and health economic (HE) evidence considered by NITAGs/HTA agencies 
when evaluating pediatric pneumococcal conjugate vaccine (PCV) NIPs. A systematic literature review of 
national recommendation reports for PCV NIPs in children in 31 European countries, published since 2001, 
was performed using NITAG/HTA agency websites, Google, MEDLINE, and EMBASE. The presence of 
epidemiological data was mapped, HE data was extracted, and findings were summarized. A total of 46 
records for 19 countries were identified. Fifteen countries’ records included a recommendation concern-
ing implementation of PCV NIP, switching from one PCV to another or a change in vaccination schedule 
within an existing NIP. All of these included epidemiological invasive pneumococcal disease data, and to 
varying degree epidemiological data on acute otitis media and pneumonia. HE data was referenced in 13 
countries’ records, with 8 countries providing in-depth details on cost-effectiveness analyses. Pediatric 
PCV NIP recommendations were published by 61% of European countries, with varying degree of details 
and decision rationale. Some countries only publish the HE aspect of their rationale. The identified 
material can provide insight and support local policymakers and clinicians how data influenced the 
decision-making process in their countries.
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Background

Pneumococcal disease (PD) is a cause of morbidity and mor-
tality worldwide, especially affecting children under 5 years, 
elderly aged 65 years or older, and immunocompromised 
individuals.1–4 PD is caused by a group of bacteria called 
Streptococcus pneumoniae (S. pneumoniae), and can be divided 
into noninvasive and invasive diseases.1 The invasive pneumo-
coccal disease (IPD) burden is mainly determined by bactere-
mic pneumonia, bacteremia and meningitis.1,5 The clinical 
spectrum of noninvasive PD ranges from sinusitis and acute 
otitis media (AOM) to pneumococcal pneumonia (PP). AOM 
is one of the most common childhood infections, of which 30– 
60% are caused by S. pneumoniae.6

The burden of disease associated with S. pneumoniae is 
largely preventable through routine vaccination. 
Pneumococcal conjugate vaccines (PCV) provide protection 
from IPD as well as noninvasive pneumococcal infection. 
Thus far, three different pneumococcal conjugate vaccines 
(PCV) have existed on the global market. PCV7 was approved 
in 2001 in Europe and between 2006 and 2009 many European 
countries introduced PCV7 into their childhood national 
immunization programs (NIP). In 2009, higher-valent PCVs 
(PCV10 and PCV13), replacing PCV7, became available.7 PCV 

is included in NIPs in 150 countries across the world, and in 41 
countries in Europe.8 Following the introduction of PCV7 as 
routine vaccination, a number of studies have observed 
a reduction in IPD cases related to vaccine serotypes alongside 
the emergence of non-vaccine serotypes.7,9–12

National Immunization Technical Advisory Groups 
(NITAGs) and Health Technology Assessment (HTA) agencies 
evaluate the value of vaccines and provide the decision-making 
authorities with recommendations. The effectiveness of PCV 
vaccination has been evaluated in a variety of countries and 
populations.13–16 Furthermore, a majority of European coun-
tries have established national communicable disease surveil-
lance systems for IPD allowing for utilization of local evidence 
when forming recommendations. However, there is limited and 
inconsistent information available to the public on which types 
of disease-burden evidence the agencies require or consider 
important when forming their recommendations. Specifically, 
it has been unclear to what extent the use of epidemiological 
and health economic data are involved in these decisions.

Much of the information regarding current criteria for assess-
ments of vaccination programs is not comprehensive or is out of 
date. Furthermore, information regarding these processes for 
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PCVs is very limited. Additional research is needed that focuses on 
the disease burden evidence used for assessments of vaccine 
programs.

In this study, we conduct a systematic literature review of 
published recommendations and government reports by 
NITAG and HTA agencies in 31 European countries. The aim 
is to collect and summarize the evidence on burden of disease, 
epidemiology, and health economic assessments that national 
agencies consider when evaluating PCV vaccination programs.

Methods

The systematic literature review was carried out in line with 
Center for Reviews and Dissemination’s (CRD) guidance for 
undertaking reviews in health care.17 A study protocol was devel-
oped before conducting the review describing the methods, which 
followed the requirements of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.18

Data sources and search strategy

HTA agencies and NITAG websites were searched for evidence 
and data to use in this study. The agency website list (Table S1 in 
Supplementary Material) was developed and compiled based on 
information from several sources including the Global NITAG 
Network website,19 and the publicly available lists of HTA and 
advisory agencies from the International Network of Agencies 
for Health Technology Assessment (INAHTA)20 and European 
Network for Health Technology Assessment (EUNetHTA).21

As a complement to the agency website search, MEDLINE® and 
EMBASE® were searched based on protocol-defined search strings 
to identify additional relevant HTA and advisory reports. Lastly, 
one Google search per country was performed to identify any 
further gray literature. The first 20 hits were screened by title and 
pre-view information. See the Supplementary Material for more 
details on the search strategy.

Eligibility criteria

The eligibility criteria for inclusion were pre-defined in the pro-
tocol and designed to include national recommendation reports 
by NITAGs and HTA agencies for PCV vaccination in children in 
any of the EU-27 countries in addition to Iceland, Norway, 
Switzerland, and the UK. All types of technology appraisal gui-
dance reports for PCV vaccines (PCV7, PCV10, PCV13), includ-
ing extensions of recommendations, updates of and new reports, 
published by NITAGs/HTA agencies between 1 January 2001 to 
31 October 2020, and available in full text, were considered for 
inclusion. Reports concerned with regional recommendations and 
pediatric risk groups were excluded.

All identified recommendation reports that fulfilled the elig-
ibility criteria were included. Material such as published articles 
or links to other websites that were referred to in the agencies 
reports and/or websites were included in the review if deemed 
relevant based on the eligibility criteria.

Selection methods

Study selection followed a two-step process. In step one, 
identified reports (or title and abstracts for scientific pub-
lished material) were screened and categorized as ‘include’ 
and ‘exclude’, by two independent reviewers based on elig-
ibility criteria. Discrepancies between reviewers were 
resolved by consensus. Unresolved disputes were referred 
to a third reviewer and a consensus reached. In step two, 
two reviewers independently reviewed the full text reports 
in the ‘included’ categories against the eligibility criteria. 
Reasons for exclusions of studies were recorded for all full 
text reviewed records. Any disagreements were referred to 
a third reviewer.

Data collection and synthesis

All relevant data from the included full text reports was 
extracted into a pre-specified data extraction grid in MS 
Excel® (Table 1). The two reviewers extracted data inde-
pendently and in duplicate. Discrepancies between 
reviewers were resolved by consensus, with unresolved 
disputes referred and resolved through a third reviewer. 
Quality of the extraction process was ensured by the 
independent review of the records and consensus by 
third reviewer to ensure that interpretation was aligned 
across the records. Data was organized in summary tables 
providing an overview on collected evidence. No quanti-
tative analysis of the data was performed.

Table 1. Data collection table.

Feature Variable

General information • HTA/NITAG agency 
• Year 
• Report Title 
• Country 
• Population 
• Recommendation: 

• Taking a stance (positive/negative) either 
in relation to the implementation of a PCV 
into the countries NIP, the change of one 
PCV to another in an existing NIP, or the 
change in vaccination schedule for an 
already implemented PCV NIP 

• No recommendation; neutral assessment
Epidemiological data for IPD, 

AOM and pneumonia
• Epidemiological context (type of PCV, year of 

introduction etc.) 
Inclusion of evidence on: 

• Incidence 
• Prevalence 
• Mortality 
• Clinical presentation (for IPD, 

pneumonia) 
• Serotype distribution 
• % attributable to S. pneumoniae

Health economic data • Description of health economic models 
• Description of major assumptions in model 
• Model inputs for costs, utilities, epidemiologic, 

resource use, etc. 
• Outcomes presented 
• Conclusion

Other • HTA/NITAG critiques of evidence
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Figure 1. PRISMA flow chart.
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Results

Included studies

In total, 101 records were identified through HTA/NITAG website 
searches, 91 records through EMBASE, 57 through MEDLINE, 
and 75 through Google searches (Figure 1). After removal of 
duplicates, 256 records were screened for inclusion. In the next 
step 112 records were reviewed in full, with 46 records included in 
the final data extraction. The reasons for the exclusion of 66 full- 
text records were that the record did not concern the population of 
interest, that the record was not a recommendation report and/or 
not issued by a NITAG or HTA agency. See Table S2 in 
Supplementary Material for a full list of excluded studies.

Summary statistics of included records

Relevant records were identified for 19 of 31 countries included 
in the search. No records were included for Bulgaria, Cyprus, 
Czech Republic, Greece, Hungary, Iceland, Latvia, Lithuania, 

Malta, Romania, Slovakia, and Slovenia. The highest number of 
records (five) were found for France, the Netherlands, and the 
UK (Figure 2). Of the 46 included records, 32 (70%) were 
issued by NITAGs (including records issued by other public 
entities such as public health authorities or institutions), and 
four records (9%) were issued by HTA bodies. Ten (22%) 
records were peer-reviewed published PCV cost-effectiveness 
(CE) analyses that were either published by members of 
a NITAG or HTA agency or that stated that they were used 
as part of the national recommendation.

Within these records, 30 (65%) included a positive 
recommendation for at least one vaccine, 11 (22%) took 
no identifiable position and five (8%) issued a negative 
recommendation. Ten of the 11 records without 
a position were CE analyses. Of the five with negative 
recommendations, one record from Portugal (from 2008) 
concluded that there was not enough evidence in the 
Portuguese setting to include PCV7.22 Two records from 
France (from 2012 and 2018) recommended to not include 

Table 2. Overview of evidence included in each record, by country.

Country Year PCV Recommendation

Epidemiological evidence

HE-evidence RefIPD AOM Pneumonia

Austria 2020 PCV13 Positive x 27

Belgium 2018 PCV10, PCV13 Positive x x x 28

Belgium 2011 PCV10, PCV13 N/A x x x x 29

Belgium 2006 PCV7 N/A x x x x 30

Croatia 2015 PCV10, PCV13 N/A x x x x 31

Denmark 2007 PCV7 Positive x x x 32

Estonia 2015 PCV10, PCV13 N/A x x x x 33

Finland 2018 PCV10, PCV13 N/A x x x 34

Finland 2008 PCV7 Positive x x x x 35

France 2018 PCV10 Negative x x x 24

France 2012 PCV10, PCV13 Negative (PCV10) Positive (PCV13) x 23

France 2009 PCV13 Positive x 36

France 2008 PCV7 Positive x x 37

France 2006 PCV7 Positive x x 38

Germany 2015 PCV10, PCV13 Positive x 39

Germany 2008 PCV7 N/A x x x x 40

Germany 2006 PCV7 Positive x 41

Germany 2005 PCV7 Positive x x x 42

Ireland 2012 PCV10, PCV13 N/A x 43

Ireland 2008 PCV7 N/A x x x x 44

Ireland 2007 PCV7 N/A x 45

Italy 2019 PCV13 (PCV10 for one region) Positive x 46

Italy 2017 PCV13 Positive x 47

Luxembourg 2016 PCV10, PCV13 Positive x x x 48

Luxembourg 2011 PCV13 Positive x x x 49

Netherlands 2013 PCV10, PCV13 Positive x x 50

Netherlands 2010 PCV10, PCV13 Positive x x x 51

Netherlands 2005 PCV7 Negative x x x x 26

Netherlands 2003 PCV7 N/A x x x x 52

Netherlands 2002 PCV7 Negative x x 25

Norway 2006 PCV7 N/A x x x x 53

Poland 2014 PCV13 Positive x x x 54

Portugal 2008 PCV7 Negative x x 22

Spain 2009 PCV10, PCV13 Positive x x x 55

Spain 2006 PCV7 Positive x 56

Sweden 2008 PCV7 N/A x x x x 57

Sweden 2008 PCV7 Positive x x 58

Switzerland 2020 PCV13 Positive 59

Switzerland 2019 PCV13 Positive x x 60

Switzerland 2010 PCV13 Positive x 61

Switzerland 2007 PCV7 Positive x x x 62

UK 2019 PCV13 Positive 63

UK 2018 PCV13 Positive 64

UK 2017 PCV13 Positive x 65

UK 2014 PCV13 Positive 66

UK 2005 PCV7 Positive 67
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PCV10 in addition to PCV13, which had already been 
approved, as both records concluded there was no added 
clinical benefit.23,24 One record from 2002 in the 
Netherlands decided not to include PCV7 due to high 
budget impact and exceeding the stated threshold for cost- 
effectiveness.25 One other Dutch record (2005) recom-
mended against a dosing change for PCV7 (once it had 
been included).26

Table 2 presents an overview of the evidence included in 
each of the identified records. For all countries at least one 
included record had some form of epidemiological data for 
either IPD, AOM, or pneumonia, with IPD being the most 
common (100% of countries). For 12 countries (63%) we 
identified at least one record that included epidemiological 
data for all three diseases. Thirteen countries (68%) included 
health economic evidence in at least one of the included 
records, all of them also including epidemiological evidence 
for at least one of AOM or pneumonia, in addition to IPD. 
Thirteen countries (68%) assessed more than one of the vac-
cines, either in the same or in separate included records.

Epidemiological evidence

All countries had an included record that provided some form 
of epidemiological data for IPD (Table 3). The most common 
types of epidemiological evidence found for IPD were IPD 
incidence or prevalence (all countries), serotype distribution 
(all countries except Denmark and Croatia) and clinical pre-
sentation (all countries except Poland). AOM evidence was 
included in the records of 13 countries (68%), all of which 
included incidence evidence; seven of those countries included 
other types of evidence in addition to incidence. Fourteen 
countries (74%) had records that included epidemiological 
evidence for pneumonia, with incidence and clinical presenta-
tion being the most common types of evidence encountered.

The sources of epidemiological evidence used in records 
differed by country and recommendation. All records that 
included positive recommendations sourced at least some of 
the evidence from national or in-country surveillance data; 
some of those records additionally included global, European, 
US, or UK data. Records with negative recommendations var-
ied in the sources and content of epidemiological data used for 
assessment. A French record from 2018 with a negative recom-
mendation (PCV1024) included epidemiological evidence for 
IPD, AOM, and pneumonia, gathered from both national and 
international sources. In contrast, a Portuguese record from 
2008 with a negative recommendation (PCV722) included only 
IPD evidence sourced from surveillance and regional data, with 
the lack of reliable national IPD evidence being the reason for 
a negative recommendation.

Evidence for AOM was the least common epidemiologi-
cal evidence found in the included records. Twelve of the 
30 records with positive recommendations reported AOM 
evidence, with ten of those records sourcing their AOM 
evidence from surveillance or national data. In contrast, 
records in France (2008, PCV737) and the Netherlands 
(2010, PCV10 & PCV1351) only sourced AOM evidence 

from external data (e.g., US or Finnish data). Of the 20 
records that studied PCV7, 13 included AOM evidence, 
while only eight of 25 records studying PCV13 and seven 
of the 14 records assessing PCV10 included epidemiological 
evidence for AOM, respectively.

Health economic evidence

Twenty-two records mentioned health economic aspects. 
Eleven (50%) of these all referred to externally conducted 
health economic analyses and reported to a varying degree on 
model details and results. The remaining 11 were either peer- 
reviewed published CE papers (10) or an HTA-report (1, 
Germany). A summary of the available data in the latter 11 
records can be found in Table 4.

All the identified records conducted cost-effectiveness ana-
lyses where the incremental costs and effects of two (or more) 
alternatives are estimated to calculate an incremental cost- 
effectiveness ratio (ICER). The ICER is a measure of the cost 
of producing one more unit of health (measured as quality- 
adjusted life years (QALY)). The interpretation of this incre-
mental cost per unit of health is in relation to a threshold value 
which varies by country, the willingness to pay (WTP) threshold. 
As such, there is no mean of comparing the cost-effectiveness 
between countries. It should be interpreted only as cost-effective 
(or cost-ineffective) in the setting of the specified country.

In 10 (91%) of the analyses a Markov model was used, 
one (9%) record reported using a decision tree model. Nine 
(82%) records reported using a scenario with no vaccina-
tion as the comparator, one (9%) used PCV7 as comparator 
and one (9%) had both no vaccination as well as the two 
investigated PCV7 dosing schedules as comparators. Seven 
(64%) records included a figure or description of the model 
structure and the accompanied health states. Eight (73%) 
analyses had a lifetime horizon, one (9%) had a 20-year 
horizon, one had a 10-year horizon, and one had a 5-year 
horizon. The decision tree model used the 10-year time 
horizon.

C7ost-effectiveness varied with scenarios in the different 
analyses, with two of the identified reasons for tipping one 
way or the other were the assumptions regarding the dosing 
schedule (2 + 1 or 3 + 1) and herd protection. Inclusion of 
herd protection, through, e.g., risk reduction assumptions 
in the model, favored cost-effectiveness and by extension 
implementation as this would increase the efficacy of the 
vaccination without adding extra costs. It is inherent to 
decision modeling that there is a degree of uncertainty in 
the estimates generated attributable to, e.g., the used data 
and the assumptions made by the investigator.

Discussion

To our knowledge, this is the first study assessing the disease 
burden evidence included in national childhood PCV vaccina-
tion recommendations developed by national NITAGs and/or 
HTA agencies, in the EU-27 countries including Iceland, 
Switzerland, and the UK.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2060017-5
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The recommendation forming processes and the ways of 
assessing and including available evidence in the decision- 
making process has previously been shown to differ among 
European countries. In 2010, a survey was performed among 
gatekeepers of the Vaccine European New Integrated 
Collaboration Effort (VENICE), an EU/EEA Member States 
network of experts in vaccine-preventable diseases, on what 
evidence countries have available to perform an HTA assess-
ment specifically within the field of pneumococcal vaccines.68 

Eleven (41%) of 27 responding countries reported that at that 
time had performed an HTA for the pneumococcal vaccine. 
The survey found a wide variation between countries on the 
extent and content of evaluations by the respective HTA agen-
cies, making comparisons between countries difficult.

In another survey performed in 201369 among the VENICE 
network, 85% (23) of the 27 responding countries reported 
having an established NITAG. Among these, 45% (10) had 
formal frameworks in place for the systematic development of 
vaccine recommendations. In a follow-up survey in 2014,70 93% 
(26) of the 28 responding countries reported having a NITAG 
or expert group in place, and among these 77% (20) reported 
applying a systematic approach to the assessment of evidence 
when forming recommendations for inclusion of vaccines in the 
NIP, indicating a rapid development toward establishment of 
NITAGs and evidence-based vaccination recommendations.

In both surveys, all responding countries listed country- 
specific epidemiology and burden of disease as key elements 
considered in the decision-making process, along with vaccine 
effectiveness/efficacy and safety. Results from health economic 
evaluations were considered as key elements by around 50% of 
countries in the decision-making process.69,70

Despite common key criteria, the framework and working 
processes for assessment varied between countries, and this 
together with other country-specific key factors (e.g., availabil-
ity of local disease incidence, healthcare system in place, con-
sideration of health economic evaluation), has over the years 
contributed to differences in vaccination schedules and policies 
across Europe.69,70 In 2018, Sheikh et al.71 found in a study 
with 16 European countries, that despite the presence of stan-
dardized assessment frameworks, vaccination programs varied 
across countries, with only pediatric recommendations being 
comparable. For pneumococcal vaccination specifically, inclu-
sion recommendations are comparable between most 
European countries, with the difference lying instead in the 
choice of PCV vaccine.

As part of the 2014 VENICE survey,70 13 countries (50%) 
reported that their NITAG usually published a background 
paper with the decision rationale, with varying degree of 
details, either as peer-reviewed published papers or non-peer 
reviewed online reports. In line with this, the present study 

Table 4. Summary of CE-records.

Country Year
Type of analysis 

(perspective) Intervention Comparator
Type of 
model CE results

Belgium 
29

2011 Cost-utility analysis 
(payer)

PCV10 and PCV13 PCV7 Markov 
model

Both PCV13 and PCV10 likely to be cost-effective in the base case 
setting. Varying results in sensitivity analyses.

Belgium 
30

2006 Cost-effectiveness 
analysis (payer)

PCV7, either 3 + 1 
or 2 + 1 dosing 
schedule

1) No vaccination 
2) Incrementally 

between 
dosing 
schedules

Markov 
model

The 2 + 1 schedule carries an incremental cost per QALY that is likely 
to be acceptable in the Belgian health care system. The 3 + 1 
schedule does not in relation to the 2 + 1 schedule.

Croatia 
31

2015 Cost-effectiveness 
analysis 
(societal)

PCV10 and PCV13 No vaccination Markov 
model

In the base case, vaccination likely carries a cost per QALY that is 
higher than what is commonly acceptable in Croatia. Scenario 
analyses suggest that a lower price of the evaluated vaccines would 
shift the cost per QALY toward acceptable levels.

Estonia 
33

2015 Cost-effectiveness 
analysis 
(societal)

PCV10 and PCV13 No vaccination Markov 
model

It is not possible to favor one of the interventions over the other. The 
incremental cost per QALY varies through scenarios. From highly 
likely to be at an acceptable level to less likely.

Germany 
40

2008 Cost-effectiveness 
analysis (payer 
and societal)

PCV7 No vaccination Markov 
model

General vaccination up to two years of life is cost saving. The 
assumptions regarding herd protection greatly impact these 
results.

Ireland 
43

2012 Cost-effectiveness 
analysis (payer)

PCV13, PCV10 and 
PCV7

No vaccination Markov 
model

PCV13 is referred to as the “most cost-effective option for childhood 
pneumococcal vaccination”.

Ireland 
44

2008 Cost-effectiveness 
analysis (payer)

PCV7 No vaccination Markov 
model

Implementation is cost-effective when including herd protection 
effects, otherwise not cost-effective.

Ireland 
45

2007 Cost-effectiveness 
analysis (payer)

PCV7 No vaccination Markov 
model

In the base case the cost per life year gained is deemed too high to be 
acceptable in the Irish health care system. With the inclusion of 
herd protection, the cost per life year gained is on a level which 
would potentially be acceptable.

Netherlands 
52

2003 Cost-effectiveness 
analysis 
(societal)

PCV7 No vaccination Decision 
tree

Implementation of PCV7 is not cost-effective given that the ICER is 
higher than what the authors state as the suggested willingness to 
pay (WTP) threshold in the Netherlands.

Norway 
53

2006 Cost-effectiveness 
analysis 
(societal)

PCV7 No vaccination Markov 
model

A three-dose regimen may be cost saving if it has the same effect as 
a four-dose regimen. A four-dose regimen is only cost-effective if 
both herd protection and indirect costs are considered.

Sweden 
57

2008 Cost-effectiveness 
analysis 
(societal)

PCV7 No vaccination Markov 
model

A three-dose regimen was found to be cost saving. A four-dose 
regimen without herd protection being considered carried an 
incremental cost per QALY gained that is likely acceptable in 
Sweden. When herd protection is considered, the incremental cost 
per QALY gained is low enough to be objectively seen as cost- 
effective.
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identified some type of PCV report for 61% (19) of 31 included 
countries. Fifteen (48%) countries’ records included 
a recommendation for or against either the implementation 
of PCV into the countries NIP, the switch of one PCV to 
another within an existing NIP, or a change in vaccination 
schedule within an existing NIP. The majority of the records 
expressed a positive recommendation. Only five of identified 
records, from three countries, expressed a negative recommen-
dation. When only PCV7 was available, i.e., between 2001 and 
2008, some countries stated in their records that they took 
a negative position due to lack of epidemiological IPD evidence 
and evidence of cost-effectiveness, however these data gaps 
seem to have been filled over time as no such positions were 
identified regarding PCV13, i.e., from 2009 and forward. The 
results also show that even though PCV10 was not evaluated as 
frequently as PCV13 in the identified records, the clinical 
efficacy was considered similar enough that one could not be 
directly preferred over the other. However, as PCV13 covers 
more serotypes than PCV10, it was considered in the records to 
have a slight advantage.

In line with findings in the published literature69–71 and the 
fact that IPD surveillance systems with compulsory reporting 
and national coverage have been implemented in a majority of 
European countries over the years,72 almost all records included 
in the present study contained country-specific national epide-
miological evidence for IPD. Serotype data specifically constitu-
tes one of the most important decision factors when 
implementing or switching PCV in the NIP, demonstrated by, 
e.g., Belgium experiencing an increase in emerging serotypes 
after the switch from PCV13 to PCV10.73 Surveillance systems 
for AOM and pneumonia are not as readily implemented as for 
IPD, and determination of etiology is not considered standard 
practice in many European countries. Therefore, epidemiologi-
cal evidence on AOM and pneumonia varied with country 
and year of recommendation, even though a lack of this evidence 
was not highlighted in any of the included records as 
a detrimental factor for forming a recommendation. The lack 
of epidemiological evidence in some records could also be 
explained by the nature of those records, e.g., for the UK only 
meeting minutes from NITAG meetings with high level sum-
maries of discussion and decisions were available. A lack of 
consistent data reporting between countries, as well as a lack of 
homogeneity in the type of records that were identified made 
any deeper comparisons related to the use of disease evidence 
between countries difficult.

All health economic evaluations, and specifically those of 
(pediatric) vaccines, are sensitive to model assumptions as well 
as decisions on whether to include discounting and societal 
costs and benefits, such as income/productivity loss from par-
ents due to caring for a sick child. In the context of vaccines, 
benefits of the vaccine are often more discounted than its 
disadvantages since the disease prevented by the vaccine 
might occur years ahead in the future while possible adverse 
effects usually occur shortly after vaccination. Despite the 
dynamic nature of the impact of vaccination on disease occur-
rence, the present study found that the identified health eco-
nomic analyses utilized static cohort models, with only half of 
these including assumptions around herd protection. Ideally, 
a dynamic modeling approach that can account for the 

transmission between individuals and in turn accounts for 
indirect effects such as herd protection on disease transmission 
should be used as to not underestimate the full value of 
vaccination.74 Since simpler and thereby potentially more 
transparent models often are favored by NITAGs and HTA 
agencies, the cost-effectiveness evidence should ideally be com-
bined with other evidence such as national disease burden, 
acceptability of the vaccine, etc., when forming the decision.75

A review of European recommendation documents for PCV 
in line with the present study has to the best of our knowledge 
not been done previously. Schuurman et al.76 searched for and 
reviewed recommendation documents for a gender-neutral 
(GN) human papillomavirus (HPV) vaccination program in 
32 countries worldwide where GN HPV was recommended. In 
line with our findings all identified records included epidemio-
logical data, and slightly more than half of records reported 
health economic results. St-Martin et al.77 reviewed and com-
pared the medical and epidemiological evidence used during 
the decision-making processes for introduction of rotavirus 
(RV) vaccine into NIPs in Sweden, Norway, Finland and 
Denmark. They found that all countries included disease bur-
den as a key criterion, but interpreted it differently, and that 
health economic evaluations differed due to the use of different 
type of models, inclusion of indirect effects, and specific 
national inputs. The study showcased that four countries with 
comparable public health-care systems and RV burden, inter-
preting the same or similar scientific evidence still arrived at 
different decisions regarding vaccine inclusion in NIP.

One of the limitations of this study is that it is restricted to 
those countries that have publicly available PCV recommenda-
tions by a NITAG or HTA agency. The European countries 
that do not have a NITAG or HTA agency and base their PCV 
decisions on tender criteria only are thus not represented here. 
Secondly, the study is restricted to the availability of records at 
the date of search. This is especially relevant in this setting, 
where the main data source are websites that are subject to 
continuous updates. Furthermore, websites and records were, 
if needed, translated to English using Google Translate which 
further adds risk of misinterpretation of the recommendations 
albeit such a risk could be considered small. Lastly, the vast 
majority of included records were HTA agency/NITAG reports 
and do as such not warrant a formal quality assessment. The 
peer-reviewed published CE studies included in the review 
were all either identified through the website search or speci-
fically state that they were used as part of the national recom-
mendation forming process, and thus no quality assessment of 
these were performed. Since there is little consistency in the 
way countries review and recommend PCV, the data reported 
in the included records were notably heterogeneous. This lim-
ited the ability to compare between reports and countries, and 
further highlights the standardization of future assessments. 
The present review showed that 60% of 31 European countries 
publish reports on childhood PCV vaccination recommenda-
tions, with varying degree of details and decision rationale. 
Some of the countries only published the health economic 
aspect of their rationale. All countries included in-country 
epidemiological evidence on IPD, but further research on the 
differences in the use of specifically AOM and pneumonia 
evidence is needed. CE analyses were based exclusively on 
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static cohort models, with results being sensitive to the inclu-
sion of herd protection, societal costs, and vaccine price. The 
material identified through this review can provide knowledge 
and support local policymakers and clinicians to understand 
which data has influenced the decision-making process for 
inclusion and choice of PCV into NIPs in their countries.
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