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Abstract

Objectives. Pneumococcal vaccine recommendations have become increasingly complex. This study aims to under-
stand how national immunization technical advisory groups (NITAGs) and health technology assessment (HTA)
agencies of 5 European countries and the United States formed their pneumococcal vaccine recommendations, by
providing reviewed evidence and key drivers for new recommendations. Methods. Centers for Disease Control and
Prevention, European Centre for Disease Prevention and Control, and National Health Authorities Web sites were
screened to capture the evolution of pneumococcal recommendations. A narrative review was conducted on
NITAGs and HTA bodies’ Web sites. Assessments of pneumococcal vaccines published from 2009 to 2022 were
included. Results. Thirty-four records were identified including 21 assessments for risk groups, 17 for elderly, and 12
for children. Burden of disease and vaccine characteristics were almost systematically reviewed during assessments.
All 6 countries recommended the use of higher-valent pneumococcal vaccine (PCV; i.e., PCV10 and PCV13) in child-
hood vaccination programs, given their broader serotype coverage and their comparable profile to PCV7. PCV13
was progressively added to the vaccine schedule (in addition to polysaccharide vaccine) in at least the high-risk
group, given the high burden in this population and expected additional benefits of PCV13. For the elderly, unlike
the United States, European countries issued negative recommendation for PCV13 routine use because of substantial
herd effects from childhood vaccination program making PCV13 likely not cost-effective. Conclusions. This research
provides an overview of decision-making processes for higher-valent PCVs recommendations and could be of interest
to anticipate the place of next generation of PCVs in the vaccination landscape.

Highlights

� By describing evidence-based criteria for decision making, this study emphasizes the framework analysis of
NITAGs and HTA bodies when assessing pneumococcal vaccines and demonstrates that variation exists
between countries and also according to population evaluated.

� While the burden of disease and immunogenicity/efficacy data were almost systematically reviewed by
national stakeholders, economic assessments were reported to a lesser extent but played a major role in the
limited use of PCV13 in the adult population.
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Pneumococcal diseases caused by Streptococcus pneu-
moniae are a major public health problem worldwide.1 In
high-income countries, young children, older adults, an
individuals with underlying conditions are the most
affected population.1,2 S. pneumoniae is responsible for
serious infections including pneumonia, meningitis, and
febrile bacteriemia so-called invasive pneumococcal
diseases (IPD) and more common but less serious
manifestations such as acute otitis media (AOM),
sinusitis, and bronchitis.3,4

Two types of pneumococcal vaccines are currently avail-
able: pneumococcal polysaccharide vaccine (PPV) repre-
sented by PPV23 (PNEUMOVAX 23, Merck & Co.),
approved and marketed since 1983, and pneumococcal
conjugate vaccine (PCV). In 2000 and 2001, PCV7
(PREVENAR, Wyeth Pharmaceuticals) was approved for
use in young children in the United States and Europe,
respectively. Thereafter, PCV7 was introduced in childhood
national immunization programs (NIPs) of many countries
worldwide. In 2009 and 2010, 2 additional PCVs, PCV10
(SYNFLORIX, GSK plc.) and PCV13 (PREVENAR 13/
PREVNAR 13, Pfizer Inc.), were licensed5,6 and progres-
sively replaced PCV7 in childhood NIPs, which was with-
drawn. A few years later, PCV13 was approved for use in
adults. In 2021, PCV15 (VAXNEUVANCE, Merck &
Co.) and PCV20 (PREVENAR 20/APEXXNAR, Pfizer
Inc.) were licensed in the United States and Europe7–10 and
recommended for use in US adults at the end of 2021.11 In
June 2022, PCV15 was also recommended for children in
the United States.12

The use of PCVs for more than 2 decades reduced the
pneumococcal disease burden considerably, with a simulta-
neous increase in the incidence of nonvaccine serotypes.13

The serotype replacement has been particularly observed in
Europe, whereas the United States reported stable rates of
non-PCV13 serotype IPD after PCV13 introduction.13–15

Emerging new clinical isolates encouraged the development
of higher-valent PCVs to maintain a low disease burden.

Vaccine recommendations are generally issued at the
national level by health technology assessment (HTA)
agencies and/or national immunization technical advi-
sory groups (NITAGs). HTA agencies issue specific
assessments during the pricing and reimbursement pro-
cess, and NITAGs provide independent evidence-based
recommendations on vaccines to guide national stake-
holders in their decision. However, roles and responsibil-
ities vary across countries, making the vaccine market
access pathways heterogenous and complex, as described
in European countries.16

Different pneumococcal vaccine recommendations
exist across Europe and other countries, and the regula-
tory approval of PCVs for adults has increased their
complexity.17,18 The recommendations vary according to
countries and populations, with different vaccines and
vaccination schedules.

With the recent market authorization of PCV15 and
PCV20 and the future arrival of other vaccine candi-
dates, health authorities will be required to evaluate the
potential introduction of upcoming vaccines in NIPs.
The disparities in processes evaluation and diverse pneu-
mococcal recommendations make it difficult to predict
the place of new vaccines in the pneumococcal vaccina-
tion landscape. Therefore, it is useful to understand the
decision-making criteria of past recommendations to
anticipate future strategies.

This study aimed to describe the process by which
HTA agencies and NITAGs have formulated their pneu-
mococcal vaccine recommendations by 1) providing an
overview of recommendation evolutions in 5 Western
European countries and the United States and 2) identi-
fying the main criteria assessed and the key drivers or
barriers for new recommendations since licensure of
PCV10 and PCV13.

Methods

Search Strategy and Data Sources

A narrative literature review of HTA agencies and
NITAGs’ published assessments on pneumococcal rec-
ommendations was conducted in 6 countries: France,
Germany, Spain, the Netherlands, the United Kingdom,
and the United States. We included all national recom-
mendation reports for pneumococcal vaccination in the
3 main eligible populations, defined as young children
younger than 2 y of age, older adults aged over 60 or
65 y (so-called elderly), and children or adults with a risk
for pneumococcal disease (so-called risk groups). Risk
groups are defined at country level, and subrisk groups
could benefit from different vaccine recommendations.
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To simplify the analysis, risk groups were divided into
low-risk groups (generally defined as individuals with
respiratory, heart, or kidney chronical diseases, alcohol-
ism, etc.), and high-risk groups (generally defined as indi-
viduals with immunocompromising conditions, cochlear
implants, asplenia, etc.).

Two search strategies were performed to answer the
study objectives. The first search was conducted on the
Center for Disease Control and Prevention (CDC),19 the
European Centre for Disease Prevention and Control,20

and National Health Authorities (i.e., health ministries,
government sites, etc.) Web sites, to capture the evolu-
tion of pneumococcal recommendations for children,
elderly, and risk groups in each country without time
restriction. The second search was conducted on national
HTA bodies and NITAGs’ Web sites to capture assess-
ment reports including criteria and evidence reviewed
when formulating pneumococcal vaccination recommen-
dations. The search, conducted by 2 reviewers, included
pneumococcal vaccines related terms, and was adapted
to each country and Web site explored. Search details
are available in Supplementary Table 1. All documents
reporting justification for new recommendations and
published by NITAGs or HTA bodies between January
2009 and March 2022 were included. The 2009 threshold
date was chosen to match PCV10 and PCV13 market
authorizations5,6 and subsequently the update of NIPs.
Documents that did not evaluate pneumococcal vac-
cines, did not report justification for change, or that cov-
ered an assessment already captured were excluded. For
Spain, the research was focused on recommendations
and assessments at national level. For the United
Kingdom and the United States, according to the way of
working of the Joint Committee on Vaccination and
Immunisation (JCVI) and the Advisory Committee on
Immunization Practices (ACIP), respectively, meeting
minutes were consulted for potential additional informa-
tion, but they were not extracted in the main research.
Records published in the local language were translated
into English.

Data extraction and analysis. For the first search,
country-specific data pertaining to each targeted popula-
tion were collected. For the second search, relevant data
were extracted into a prespecified data extraction grid
(Table 1). Extracted criteria were based on the most com-
mon decision-making criteria included in the national
frameworks for vaccine assessment identified by Donadel
et al.21 and defined as burden of disease, vaccine efficacy/
effectiveness, vaccine safety, economic evaluation, vac-
cine impact on health and nonhealth outcomes, and cost-

effectiveness of alternatives. Adjustments were made to
fit specific assessment of pneumococcal vaccine, and cri-
teria were subdetailed by disease type (IPD, pneumonia,
and AOM).

Results

Search Results

Overall, 444 records were identified, among which 414
were excluded. Details of included and excluded docu-
ments are available in Supplementary Table 2. A total of
30 records were included from the main search. Four
additional records from JCVI meeting minutes and
archives were included to highlight major changes not
captured through the main search. For the ACIP, recom-
mendation evolutions were covered by the Morbidity and
Mortality Weekly Reports. Overall, 34 records were
included for analysis (Figure 1). A summary of popula-
tion and vaccines assessed by country is provided in
Supplementary Table 3.

Chronological Evolution of Vaccine
Recommendations

The evolution of recommendations in children, elderly,
and adult risk groups are detailed in Figure 2.

Table 1 Data Extraction Framework

General information
1. Source
2. Country
3. Date
4. Vaccine
5. Population
6. Purpose
7. Final decision
Criteria for decision making
8. Burden of disease
� IPD, pneumonia, AOM
9. Impact of current vaccination program
� Direct impact on targeted population, indirect impact of

children vaccination on other population (herd effects)
10. Vaccine safety
11. Vaccine efficacy/effectiveness and immunogenicity
� Against IPD, pneumonia, AOM
12. Public health impact of alternative strategy
� Direct vaccination impact on targeted population, indirect

impact on other age groups (herd effects)
13. Economic evaluation
� With IPD, pneumonia, AOM as clinical inputs of models

AOM, acute otitis media; IPD, invasive pneumococcal diseases.
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Recommendations for Children

PCV7 was introduced in the United States as a childhood
NIP in 200022 and between 2002 and 2006 in European
countries23–26 (except in Spain, which did not advise the
routine use of PCV7 nationally27). All countries recom-
mended replacing PCV7 with PCV10 or PCV13 soon
after their market authorization. France, Spain, the
United Kingdom, and the United States recommended
PCV13,26,28–30 whereas the Netherlands and Germany
did not issue a preferential recommendation.31,32

In all countries, PCV7 was first recommended with a
4-dose regimen (3 doses and a booster [i.e., 3+1 schedule]),
except in the United Kingdom, which directly recommended
a reduced 2+1 schedule26 (and later a 1+1 schedule with
PCV13). Gradually, other European countries reduced the
3+1 schedule to a 2+1 schedule,28,31,33 and Spain directly
recommended PCV13 with a 2 + 1 schedule.29 The United
States maintained the 3+1 schedule.30

Recommendations for the Elderly. Except in France,34,35

an elderly vaccination program with PPV23 was
introduced in all countries36–39 between 1984 (the United

States) and 2018 (the Netherlands). In 2011, the United
Kingdom advised the discontinuation of the vaccination
program and eventually decided to maintain it.40,41

In 2014, the United States recommended the use of
PCV13 in series with PPV23 for adults aged older than
65 y.42 In 2019, the recommendation was limited to
shared clinical decision making.43 Recently, PCV20
alone or PCV15 in series with PPV23 was recommended
in the elderly.11

Recommendations for Risk Groups. In all 6 countries,
PPV23 was recommended in risk groups before
2000.22,23,37–39,44 Revaccination with additional PPV23
doses was commonly recommended in some high-risk
groups (generally defined as individuals with immunocom-
promising conditions). The PPV23 vaccination program
was gradually extended to additional children and adult
risk groups.22,23,37,38,45–49

After its licensure, PCV13 was progressively intro-
duced in immunization programs but generally limited
to high-risk groups.38,39,50 54–55 In France, all risk groups
were offered PCV13 in addition to PPV23 since 2017.35

Records identified and 
screened from HTA/NITAG 

websites 
(n=444)

Records included from main 
research 

(n=30)

Records included 
(n=34)

Records excluded 
(n=74)

No evaluation (n=29)
On the same topic (n=18)

Out of the study period (n=17)
Duplicates (n=10)

Additional records included 
(n=4)

Records assessed for 
eligibility 
(n=104)

Records excluded 
(n=340)

France 
(n=6)

Germany 
(n=6)

Netherlands 
(n=4)

Spain 
(n=3)

UK 
(n=8)

US 
(n=7)

Figure 1 Inclusion/exclusion flowchart.
HTA, Health Technology Assessment; NITAG, National Immunization Technical Advisory Group.
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In 2021, PCV20 alone or PCV15 in series with PPV23
was proposed to all adult risk groups in the United
States.11 Details on risk group vaccine recommendations
by country are provided in Supplementary Table 4.

Criteria Assessed and Key Drivers/Barriers for
Recommendations for Children. Recommendations for
children were assessed in 12 records. The most frequent
topics covered in NITAG and HTA bodies assessments
were the introduction of higher-valent PCVs (n = 6)
and the vaccination schedule reduction (n = 5). All
records reported the disease burden and the direct and
indirect impact of current childhood NIPs, and 11
reported immunogenicity or efficacy data. Safety data

(n = 6), economic evaluations (n = 6), and the public
health impact of alternative strategies (n = 5) were less
frequently reviewed (Table 2).

Introduction of Higher-Valent PCVs (Children). Evaluation
of PCV10 and PCV13 were identified for France, the
Netherlands, Spain, and the United Kingdom. In the
United States, only PCV13 was evaluated, as PCV10 was
never registered. The 5 NITAGs and HTA bodies issued
positive recommendations for the use of PCV13, and the
Netherlands also recommended the use of PCV10.28–30,32,58

The switch to higher-valent PCVs was mainly driven by
the epidemiological context showing a substantial impact
of PCV7 vaccination programs but also an increase of

3+1 schedule 2+1 schedule

1 dose (1) in all at risk group (1)

2+1 scheduleChildren

Elderly

At-risk adults

FR

DE

Children

Elderly 1 dose every 6 years

At-risk adults 1 dose every 6 years

1 dose

3+1 schedule 2+1 schedule3+1 schedule

2000  2001  2002  2003   2004  2005  2006  2007   2008  2009  2010  2011   2012   2013  2014  2015  2016  2017  2018  2019  2020 2021  2022

2+1 schedule 2+1 schedule 1+1 schedule

1 dose (6)

1 dose (7)

NL

Children

Elderly

3+1 schedule 2+1 schedule (2)

At-risk adults

3+1 schedule (2)

1 dose (4)

Children

Elderly

At-risk adults

1 dose

1 dose (5)

2+1 schedule

ES

Children

Elderly

At-risk adults

UK

Children

Elderly

3+1 schedule

At-risk 
adults

US

3+1 schedule

1 dose

1 dose (8)

(9)

PCV7 PCV13 PCV10 PPV23 PCV13 + PPV23 PCV15 + PPV23  or PCV20

1 dose every 5 years (3)

Figure 2 Overview of pneumococcal vaccine recommendations in children, elderly, and adult risk groups.
PCV, Pneumococcal conjugate vaccine; PPV, Pneumococcal polysaccharide vaccine.

(1) Additional dose of PPV23 could be administered after 5 years. (2) PCV10 won national tender and is the only vaccine used in the national

childhood immunization program. (3) Revaccination recommended every 5 years in adults from 60 to 75 years of age. (4) Revaccination after 5

years is desirable in people with asplenia, sickle cell disease, liquor leakage; should be consider for Hodgkin disease; may be considered for non-

Hodgkin lymphoma. (5) Additional dose of PPV23 could be administered after 5 years for some immunocompromised persons. (6) In March

2011, the JCVI issued a statement for the discontinuation of the PPV23 elderly vaccination program. In July 2011, the JCVI finally recommended

to maintain this vaccination strategy. (7) Additional dose of PPV23 should be administered after 5 years in people with long-term

immunosuppression, chronical kidney disease and asplenia. (8) In 2019, the elderly recommendation was modified and PCV13 administration

was recommended based on shared clinical decision-making. (9) Repeat PPV23 after 5 years for those with immunocompromising conditions.
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IPD due to non-PCV7 serotypes, which could be partially
covered by PCV10 and PCV13. Both vaccines also
demonstrated immunogenicity and safety profiles compa-
rable with PCV7. Cost-effectiveness evaluations were in
favor of using higher-valent PCVs instead of PCV7 in the
Netherlands,32 the United Kingdom,26,58,59 and the
United States30 (no incremental cost-effectiveness ration
[ICER] reported in the Netherlands and the United
Kingdom—strategy being either dominant or with an
ICER less than $35,000/quality-adjusted life-year [QALY]
according to scenarios in the United States).

France, Spain, and the United Kingdom advised
against the use of PCV1029,57–59 and issued a preferential
recommendation for PCV13, given the large proportion
of IPD, serotype replacement, and antimicrobial resis-
tance due to the 3 additional serotypes included in
PCV13. Potential additional benefits of PCV10 (preven-
tion of AOM due to Haemophilus influenzae; cross-
protection between the serotype 19F, included in PCV10,
and the serotype 19A) were evaluated, but the evidence
was considered limited. Conversely, the Netherlands
advised for the use of both vaccines (based on the com-
parable immunogenicity and safety profiles and expected
health benefits) with slight preference for PCV13, mainly
due to its broader serotype coverage.32,33

Reduced Vaccination Schedule (Children). After regula-
tory approval of the alternative 2-dose primary series,
this vaccination schedule was assessed in the 6 countries
to reduce the needle burden in children and ensure pneu-
mococcal NIPs at lower cost. From 2009 onward, Spain,
the Netherlands, and Germany implemented a reduced
2+1 schedule.29,31–33 This decision was driven by favor-
able immunogenicity and/or efficacy data. Germany also
acknowledged other benefits such as improved vaccine
acceptance, less painful vaccination, and cost savings.31

The Netherlands initially issued a negative recommenda-
tion for a reduced schedule given the uncertainty around
the indirect protection provided by PCVs at time of NIP
implementation,32 although they finally concluded that
solid herd effects have been built up after several years
of PCVs use.33 In the United States, immunogenicity/
efficacy data regarding reduced schedules (2+1 or
3+0) were assessed through the GRADE approach and
discussed by the working group. At that time, the com-
mittee concluded that some evidence was lacking (e.g.,
head-to-head comparisons between the reduced and full-
dose schedule), and the decision was delayed. However,
this topic was not covered in other ACIP meetings, and
the 3+1 schedule is still currently in use.66T
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A 1+1 schedule instead of the 2+1 schedule was
implemented in the United Kingdom.60 This decision
was driven by significant reductions in vaccine-type car-
riage and disease in all age groups, immunogenicity data
of the 1+1 schedule indicating that the postbooster
responses were preserved for most serotypes, and public
health impact estimates indicating a limited increase in
number of IPDs. The strategy would also rationalize
health service resources, simplify the vaccine schedule,
reduce the needle burden in infants, and allow space for
new vaccines to be introduced.

Criteria Assessed and Key Drivers/Barriers for Recom-
mendations for the Elderly. Recommendations for
elderly individuals were assessed in 17 records. Topics
covered were the introduction of PCVs or PPV23
(n = 12) and the reassessment of the current vaccination
program (n = 7). The disease burden and the immuno-
genicity/efficacy data (n = 17) were reported in all
records, with specific attention to pneumococcal
pneumonia disease. The indirect impact of childhood
NIPs (n = 14), direct impact of the current elderly pro-
gram (n = 11), economic evaluations (n = 12), safety
data (n = 11), and the public heath impact of alternative
strategies (n = 8) were also largely reported (Table 3).

PCVs Introduction (Elderly). The potential introduction
of PCV13 in the routine elderly vaccination program was
assessed by the NITAGs and HTA bodies of the 6 coun-
tries. In the United States, PCV15 and PCV20 were also
considered.

France, Germany, the Netherlands, Spain, and the
United Kingdom issued negative recommendations for
PCV13 use (alone or in series with PPV23) in the
elderly.35,38,39,53,54,67–69 The key barriers were unfavorable
cost-effectiveness results compared with PPV23 alone, the
decreasing trend of IPD cases attributable to PCV13 sero-
types in the elderly (because of herd effect from childhood
NIPs), and its inferior serotype coverage. The lack of effi-
cacy data against clinically relevant endpoints (IPD, pneu-
mococcal pneumonia, and deaths) in adults was also
mentioned in evaluations54,67 conducted before the
CAPiTA study, which was a randomized, double-blind,
controlled trial that demonstrated the efficacy of PCV13
against vaccine serotype pneumococcal pneumonia and
IPD in adults aged 65 y or older.84 The use of PCV13 was
reassessed several times in Germany,67,68 Spain,38,53 and
the United Kingdom39,54 given its potential clinical bene-
fits compared with PPV23 (efficacy against pneumococcal

pneumonia, stronger and longer-lasting immunity).
However, these benefits were insufficient to counterba-
lance the high price of PCV13 vaccination strategies.

Conversely, the United States advised the use of
PCV13 in the elderly given the remaining burden caused
by PCV13 serotypes in this population, its efficacy
against IPD and pneumonia, and cost-effectiveness eva-
luations demonstrating that PCV13 in series with PPV23
was likely the optimal strategy.42 However, the ACIP
noted the potential time-limited utility of routine PCV13
use in the elderly given the growing herd effect. After 5 y
of program implementation, given minimal changes in
the incidence of pneumococcal disease among adults and
less favorable economic evaluation, PCV13 administra-
tion was limited to shared clinical decision making
between clinicians and patients based on clinical evidence
that balances risks and expected outcomes with patient
preferences and values.43

Recently, the United States introduced PCV15 and
PCV20 in the elderly vaccination program, driven by
expected public health benefits, positive economic eva-
luations (the CDC model found cost savings in all sce-
narios for both strategies in adults aged � 65 y), and
comparable safety and immunogenicity profiles between
PCV20, PCV15, and PCV13. No preferential recommen-
dation was issued for PCV20 due to the lack of a head-
to-head trial with PCV15 and the uncertainty of the
impact of PCV20 alone.11

PPV23 Introduction (Elderly). Although the PPV23
elderly vaccination program was mainly implemented
prior to 2009, its potential introduction has been assessed
in France and the Netherlands only after 2009.35,69 In
both countries, economic analysis was a major criterion
of the evaluations but, given different methodological
approaches, resulted in opposite conclusions. France
advised against the use of PPV23 in the elderly, whereas
the Netherlands recommended PPV23 every 5 y in those
aged 65 to 75 y. In France, the elderly vaccination strate-
gies were compared with vaccination strategies for adult
risk groups and were found to be less cost-effective
(according to the acceptable cost-effectiveness threshold
set at e100,000/QALY saved).35 In the Netherlands, the
use of PPV23 in the elderly was compared with strategies
with either PCV13 in the elderly or PCV13 in children
(instead of PCV10). The analysis concluded that PPV23
was the most cost-effective strategy assuming a limit at
e20,000/QALY (ICER equal to e9,000/QALY compared
with e45,000/QALY for PCV13 in the elderly and
.e80,000/QALY for PCV13 in children).69

Noharet-Koenig et al. 11



PPV23 Reassessment (Elderly). Reassessment of the
current PPV23 routine vaccination program in the
elderly was conducted in the United Kingdom and
the United States, and the need for a booster dose was
evaluated in Germany. Although the United States
maintained its current recommendation (1 dose of PPV23
at age 65 y),48 the United Kingdom questioned at length
the benefits of the PPV23 vaccination program in the
elderly.26,58,71,72 Given the poor and declining effectiveness
of PPV23, its relatively short duration of protection, and
the absence of a discernable impact on the IPD incidence
in this population, the program was initially discontin-
ued.58,71 After additional analyses showing some short-
term protection against IPD with possibly longer-lasting
protection in the youngest age cohorts (65–74 y), the likely
positive cost-effectiveness results, and the fact that an alter-
native risk group–based program may be more difficult to
implement, the program was eventually maintained.72

Germany removed the booster doses given evidence
demonstrating high reactogenicity and hyporesponsiveness
of additional PPV23 doses.45

Criteria Assessed and Key Drivers/Barriers for Risk
Group Recommendations. Risk group recommendations
were assessed in 21 records. Topics covered were the
introduction or extension of PCV13 or PPV23 (n = 16
and 13, respectively), the introduction of PCV10 in chil-
dren risk groups (n = 1), and the introduction of PCV15
and PCV20 in adults risk groups (n = 1). Almost all
records reported the disease burden and immunogenicity/
efficacy data (n = 20). Safety data were reported more
than for other populations (n = 16). The indirect impact
of childhood NIPs (n = 15), direct impact of the current
vaccination program (n = 11), economic evaluations
(n = 9), and public health impact of alternative strategies
(n = 6) were less reported (Table 4).

PCV Introduction (Risk Groups). The 6 countries
assessed and advised for the introduction of PCV13 in
series with PPV23 in some high-risk groups given the
high IPD incidence among those populations and the
stronger and longer immune response of PCV13 com-
pared with PPV23. All noted the lack of immunogenicity
and efficacy data in many subgroups. However, the high
probability of the occurrence of disease-related complica-
tions outweighed uncertain efficacy data, leading to
PCV13 introduction in at least the highest risk groups.
When conducted, economic evaluations were favorable
to PCV13 use in some high-risk groups.30,35,38,49,53 The
United Kingdom advised against the extension of PCV13

to additional risk groups, given the uncertain effective-
ness and cost-effectiveness (ICER . £20,000/QALY
saved threshold) of such a program.39,54

Unlike the other countries, France extended the
PCV13 program in all risk groups. This decision was jus-
tified by the important pneumonia and IPD burden
observed in adults with comorbidities and a cost-
effectiveness analysis that demonstrated that the vaccina-
tion of all risk groups was the most efficient strategy
(ICER \ e100,000/QALY saved).35

France also assessed whether PCV10 could be an
option in addition to PCV13 in risk groups of children
younger than 5 y and advised against its introduction
due to the epidemiological context not in favor of PCV10
long-term use.57

The United States was the first country to assess and
advise the use of PCV15 in series with PPV23 and PCV20
alone in adults aged 19 to 64 y with certain underlying
conditions. The recommendation was conducted simulta-
neously to the elderly one and was driven by the same cri-
teria and with the willingness to simplify the risk group
recommendations to improve vaccine coverage among
adults.11

PPV23 Reassessment (Risk Groups). All 6 countries,
except the Netherlands, reassessed the PPV23 vaccina-
tion program in risk groups. In 2009–2010, France,
Germany, and the United States advised for the exten-
sion of PPV23 to additional moderate-risk groups.45,48,85

Since then, PPV23 was generally compared with other
strategies including PCV13.26,30,35,38,39,49,53,55,58,68

Although the PCV13 in series with PPV23 was generally
reserved to the high-risk groups, PPV23 alone was
largely recommended in moderate-risk groups due to its
lower price and its wider serotype coverage. Unlike in
the elderly, the high incidence of pneumococcal disease
in risk groups generally outweighed the reactogenicity
and hyporesponsiveness issues, and repeat doses of
PPV23 were generally recommended.

Discussion

By capturing the historical evolution of national vaccina-
tion programs, the evidence reviewed by NITAGs and
HTA bodies and drivers or barriers for changes, this
study details criteria used for the decision-making pro-
cess for pneumococcal vaccination recommendations in
the 6 countries considered.

After the introduction of PCV7, 2 major developments
were observed in child vaccination policies: first, switch-
ing to higher-valent PCVs and then reduction of the dose

12 MDM Policy & Practice 00(0)



schedule. The licensure of PCV10 and PCV13 enabled
health authorities to update their recommendations by
replacing PCV7 by a vaccine offering a broader serotype
coverage. Following the control of pneumococcal
vaccine-type disease and nasopharyngeal carriage through
vaccination, a reduced schedule appeared sufficient, for
European countries, to sustain that control at reduced
costs. By contrast, the United States maintained the 3+1
schedule. The IPD burden, the impact of the PCV vacci-
nation program, as well as vaccine characteristics were
key determinants supporting the new vaccination strate-
gies. When conducted, the economic evaluation was also
a major criterion for decision making. These results are
consistent with the findings from a recent HTA landscape
evaluation for pediatric PCV in Europe.87 The authors
demonstrated that epidemiological IPD data were
included in all assessments for children and that health
economic analyses were performed in 13 of the 31
European countries studied. Of the 6 countries analyzed
in our study, most advised for the use of PCV13 instead
of PCV10 given its wider serotype coverage and the
important burden associated with these additional sero-
types. This preferential use of PCV13 reflects the global
pneumococcal vaccination landscape in children,88 but in
some European countries, both vaccines can be used.
Avoiding a monopoly situation could become more fre-
quent in the future, since it could allow for competitive
pricing and overcome supply chain issues. This trend was
recently observed in the United States, where the ACIP
recommended the use of either PCV13 or PCV15 in the
childhood vaccination program.12

Recommendations for people with underlying condi-
tions evolved similarly in the 6 countries, with a broad use
of PPV23 often coupled with sequential administration of
PCV13 for some high-risk groups. Nevertheless, eligible
risk groups vary between countries. Recommendation
updates were generally driven by the need to protect peo-
ple at increased risk of IPD despite a lack of immunogeni-
city or efficacy data in each specific population.

The recommendations for the elderly were more het-
erogenous between the 6 countries. Although the United
States introduced PCVs as part of the immunization
options, France did not recommend pneumococcal vac-
cination in the elderly, and the other European countries
studied recommended PPV23 alone. These 3 vaccination
strategies reflect the diversity of recommendations that
exist in Europe for the elderly, with about one-third of
countries recommending PPV23 alone, one-third recom-
mending PCV13 in series with PPV23, and one-third
without a pneumococcal vaccine recommendation for
the elderly.20 Given the expected benefits of PCV13 in

comparison with PPV23 (long-lasting immunogenicity,
efficacy data against pneumonia) and the remaining
pneumococcal burden in the elderly, the potential intro-
duction of PCV13 was largely assessed by the national
stakeholders. The economic criterion was the major bar-
rier for PCV13 introduction in vaccination programs for
the elderly. In the European countries, strategies involv-
ing PCV13 appeared to be not cost-effective compared
with the use of PPV23 alone, primarily due to the impor-
tance of the herd effect from childhood NIPs, its higher
cost, and its lower serotype coverage. Conversely, when
PCV13 was registered in the United States for adults,
PCV13 in series with PPV23 had an acceptable ICER
even if additional benefits of PCV13 use among adults
was predicted to decline over time with continued use of
PCV13 among children.82 This difference may be
explained by various methodological approaches and
assumptions (e.g., vaccine efficacy, the indirect effects of
childhood vaccination assumptions), which greatly
affected cost-effectiveness estimates.89

Differences between NITAGs processes in terms of
role, transparency, and the decision analysis framework
have been largely described in the published litera-
ture.90,91 Our study results demonstrated that for the
pneumococcal vaccines, the assessment frameworks vary
according to the target population (children, elderly, risk
groups) and the type of recommendation (recommenda-
tion extension, introduction of a new vaccine). Focusing
on the criteria for decision making defined by Donadel
et al.,21 we observed that the burden of disease and the
immunogenicity/efficacy data were almost systematically
reported whatever the topic and population assessed.
Although the effectiveness or the efficacy against specific
clinical outcomes (IPD, pneumonia, AOM, etc.) are the
most robust evidence, it was acceptable to evaluate the
vaccine performances through immunogenicity data. The
other criteria for decision making were less reported.
Economic evaluations were not considered by all coun-
tries when assessing major recommendation changes.
Safety data were not reviewed in depth. The public heath
impact of alternative vaccine strategies, corresponding to
the number of cases avoided, was the least reported
criterion.

There are few limitations worth noting in this study.
First, the restricted number of countries selected did not
provide a comprehensive overview of the global land-
scape of pneumococcal vaccination strategies. Second,
the data extraction was based on a prespecified list of
common criteria used for decision making and therefore
did not cover all criteria that played a role in the final
decisions. During the analysis, it was observed that other
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criteria such as antimicrobial resistance, a review of the
World Health Organization’s recommendations, and a
review of vaccination programs of other countries also
influenced some decisions. To a lesser extent, ethical,
acceptability, and feasibility aspects could also be consid-
ered during assessments.21 Third, data collection was
purely based on publicly available online resources.
Therefore, the collected data may not capture all infor-
mation regarding policy changes or discussions. In addi-
tion, PCV7 was already included in the NIP for children
when PCV13 was launched; therefore, criteria that could
have been evaluated at the time of PCV7 evaluation and
that were still considered as valid for PCV13 were not
captured in this study.

New higher-valent pneumococcal vaccines (PCV15
and PCV20) were recently evaluated by the regulatory
bodies in Europe and the United States and recom-
mended by the ACIP in the United States.12 These next-
generation pneumococcal vaccines may be evaluated by
European HTA bodies or NITAGs in the near future to
determine their place in countries’ NIPs. Considering the
history of recommendations, the introduction of these
new PCVs in European childhood NIPs is largely prob-
able, as they are expected to prevent more IPD cases and
deaths.92 Their introduction in vaccination programs for
the elderly could be more challenging, and new PCVs
might face the same issues as those encountered by
PCV13. Despite important herd immunity and more
than 30 y of vaccination against pneumococcal disease,
morbidity and mortality remain high in adults.18 The use
of PPV23 still appears to offer suboptimal protection,
and new PCVs seem to be the most promising field for
improvement in the management of pneumococcal infec-
tions in adults.4 However, given the price differential
between polysaccharide and conjugate vaccines, cost-
effectiveness analyses will be needed to examine the mon-
etary value of replacing the PPV23 by new PCVs.
Furthermore, additional aspects such as the benefit of
vaccination in reducing antibiotic resistance could be
considered to accurately reflect the full value of PCVs in
elderly.93

Conclusion

Pneumococcal vaccination policy is a dynamic field in
constant evolution. To ensure the optimal level of disease
prevention while streamlining budget allocations,
national stakeholders periodically assess their strategies
and adapt their recommendations to cater to the needs
of each population, resulting in various vaccination stra-
tegies. This study highlights that framework analyses

and assessment methodologies vary between countries,
which contributes to the diversity of pneumococcal vac-
cine recommendations.
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13-valent. Available from: https://www.hcsp.fr/explore.cgi/

avisrapportsdomaine?clefr=172 [Accessed 22 March, 2022].
29. Grupo de trabajo de la Ponencia de Registro (PdV). Nue-
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pneumocoque par le vaccin pneumococcique conjugué 13
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