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Is vaccination good value for money? 
A review of cost-utility analyses of vaccination 
strategies in eight european countries

ABSTRACT 

Objective: The objective of this study is to review published cost-utility analyses of vaccination strategies in eight 
European countries and to assess whether there are differences in cost-effectiveness terms among countries and 
vaccinations. 
Methods: A systematic search of the literature was conducted using the National Health Service Economic Evaluation 
Database and the PubMed database. Cost-utility analyses of any type of vaccination that used quality-adjusted 
life years (QALYs) as measure of benefit and conducted in Belgium, France, Germany, Italy, Spain, Sweden, the 
Netherlands or the UK were included. 
Results: A total of 94 studies were identified. As a result of our search methodology, the vast majority of studies were 
conducted in the Netherlands or UK (33 and 30 studies, respectively). The most frequent vaccination types were 
against Human Papillomavirus (HPV) with 23 studies, followed by vaccination against pneumococcal infections (19 
studies). The analysed vaccinations were generally cost-effective but with high variability. Considering an incremental 
cost effectiveness ratio (ICER) of 40,000€/QALY, we noticed that the following vaccinations studies are below this 
threshold, i.e. all varicella and influenza (with one outlier) studies, 90% of the studies for HPV and 75% of the studies for 
pneumococcal vaccinations. Rotavirus vaccination was considered as not cost-effective, with only 30% of studies below 
the threshold of 40,000€/QALY. There was no clear trend for vaccinations being more cost-effective in some countries.
Conclusion: The published literature has shown that vaccination strategies are generally cost-effective in European 
countries. High heterogeneity in the results among studies and countries was found. 
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INTRODUCTION

Immunisation through vaccination is one preventive 
intervention with the potential to bring economic benefits 
in addition to health benefits of reduced mortality and 

morbidity. In 2012, a systematic review has shown that 
vaccines are cost-effective in low and middle-income 
countries [1]. Other studies have investigated the value for 
money of a single vaccination in developed countries [2, 
3] or the cost-effectiveness of several vaccination strategies 
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in a single country [4]. However, there is no study to date 
that has considered the cost-effectiveness of all available 
vaccines in several European countries. Although it has 
been proved that vaccination is likely to be cost-effective in 
most countries, it is unclear if some vaccinations are more 
efficient than others or if there are some countries where 
the same vaccination policies are more cost-effective. For 
example, some vaccines might have benefits only over a 
relatively long time-horizon (e.g., Human Papillomavirus 
(HPV) vaccine for young girls), whereas others can provide 
immediate or short-term benefits (e.g. influenza or rotavirus 
vaccines). In addition, it is unclear whether this has 
consequences on the value for money of these strategies. 
There are also epidemiological and clinical practice 
differences among countries that could lead to a different 
impact of vaccination. This might be related also to different 
surveillance systems (also in developed countries) that can 
in some circumstances underestimate the real spread of 
the disease. Finally, some age-groups or some individuals 
at high risk for specific diseases could mostly benefit from 
vaccination and it is unclear whether it would be better to 
vaccinate only a specific group of individuals or provide 
universal vaccination. This might depend also on how 
much the disease is common in the population and on the 
impact of herd immunity effects. In this analysis, we attempt 
to answer these questions by reviewing the published cost-
utility analyses of vaccination strategies in eight European 
countries and by assessing the possible trend for some 
vaccinations being more cost-effective options than others. 

REVIEW

Methods

A search of the literature was conducted using two 
electronic databases: the National Health Service (NHS) 
Economic Evaluation Database (EED) and PubMed. The 
following inclusion criteria were applied:

1. Full economic evaluations of any type of vaccine 
and vaccination

2. Cost-utility analysis with quality-adjusted life years 
(QALYs) used as outcomes measure

3. Conducted in 8 European countries (Belgium, 
France, Germany, Italy, Spain, Sweden, the 
Netherlands, the UK)

4. Published in English language
5. Full published articles (no conference abstracts, 

posters, grey literature etc)
The choice of the eight mentioned European countries 

is based on a previous study conducted by Barbieri et al., 
that had shown that the majority of published economic 
evaluations on drugs in Europe was performed in those 
settings [5]. In addition, these eight European countries 
were those with the most references identified and we 
focused the analysis only on these. 

The NHS EED was initially searched (June 12, 2013), 
as it includes only full economic evaluations, using the 
following search strategy: (VACCIN*) AND (QALY*) over 
a publication period from 1960 to present. Additional 
searches were performed using the keywords of each of 
the eight countries of interest (Belgium, France, Germany, 
Italy, Spain, Sweden, the Netherlands and the UK) plus 
SCOTLAND, ENGLAND and WALES. 

Studies were analysed and compared in an attempt 
to explain the reasons behind the differences in the final 
incremental cost-effectiveness ratios (ICERs). We chose not 
to inflate study results to a single year not to use Purchasing 
Power Parities (PPPs) conversions since we aimed to assess 
whether a vaccine was cost-effective or not in each country 
at the time of each study and in each specific setting. The 
results of the searches are presented in the next paragraphs 
and in Figure 1. 

RESULTS

The results of the NHS EES search were as follows: 
213 total references with no country restriction, which 
fell to a number of 128 references for the main eight 
countries. The search using the additional three keywords 
SCOTLAND, ENGLAND and WALES did not identify 
any further relevant study. After excluding duplicates and 
considering multicountry studies, a total of 102 studies 
were finally identified, 41 of which were excluded for 
the following reasons: 33 referred to other countries (19 
were conducted in the USA), one was not published in 
English language, six did not focus clearly on vaccination 
strategies and one was not a full economic evaluation. 
Thus, 61 studies were finally included.

In PubMed, a first search was run on July 8, 2013 
using the following search strategy: (vaccin*) AND 
(QALY*) without any country restrictions or time restriction. 
A total of 267 studies were identified. After excluding 43 
references that had already been identified in the NHS 
EED database, 199 were excluded for the following 
reasons: 135 referred to other countries (61 were USA 
studies), 32 included no vaccination, 14 were in non-
English language, 12 were reviews and 6 did not include 
cost per QALY or were not full economic evaluation. 
Overall, a total of 25 relevant studies were included in the 
spreadsheet (Figure 1). 

On 21st of September 2013, a further search was 
carried out in the PubMed database to identify potential 
missed references using alternative search strategies, 
supplemented by a manual search of references lists of 
selected articles found in the first round of the search. The 
additional search used the following strategy: (vaccin*) 
AND (qualit*) AND (cost*) without any country restrictions 
over a publication period from 2000 to present. A total 
of 836 studies were identified and after excluding non-
relevant studies and references that had already been 
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identified, six additional studies were included, leading 
to a total of 92 relevant references. Only two studies 
were published in the 1990s, 53 studies between 2000 
and 2010, and 39 between 2011 and 2013. Figure 1 
summarises the findings of the review. 

In general, the majority of studies focused on the 
value for money of HPV vaccination and pneumococcal 
vaccination, with respectively 23 and 19 studies (Table 
1). The other infectious diseases were represented by a 
sufficient number of studies, as rotavirus with 13 studies, 
influenza with 12 and varicella/herpes with a total 
of 11 combining the two infections. For the remaining 
vaccinations, the number of studies were comprised 
between one and five. The vast majority of studies were 
conducted in the Netherlands (33) and UK (30), while we 
reviewed 11 studies in Belgium and between five and ten 
in each of the lasting countries (Table 2). Only few studies 
reported not cost-effective results, and in many cases, the 
incremental cost-effectiveness ratios (ICERs) were below 
the threshold of 40,000€/QALY, or even dominant, 

particularly when the societal perspective was used. 
When considering the variability of results, the highest 
homogeneity was found in the HPV studies and the lowest 
in rotavirus vaccination. 

HPV vaccination

The summary measures of the analysis are presented 
in Table 3. Methodology, study population and results 
are particularly homogeneous among all studies. HPV 
vaccines were cost-effective given standard thresholds: the 
ICERs ranged from 5,525 to 32,665€/QALY from the 
payer perspective. Only four studies, in the Netherlands, 
evaluated the vaccines also from the society perspective 
with a range of 18,472 to 53,500€/QALY for the ICER. 
Publications are the most recent of the entire sample of the 
reviewed studies (2008-2013), given the new technology. 
All studies had a lifetime horizon and used a decision-
analytic model, either transmission dynamic model or 

Citations identified by searches

NHS EED: N=213
PubMed 1st search: N=267
PubMed 2nd search: N=836

Excluded - duplicate papers

PubMed 1st search: N=43
PubMed 2nd search: N=267

Papers screened by title/abstract

NHS EED: N=213
PubMed 1st search: N=224
PubMed 2nd search: N=569

Excluded – papers did not meet the inclusion criteria

NHS EED: N=111
PubMed 1st search: N=183
PubMed 2nd search: N=555

Full papers retrieved for detailed inspection

NHS EED: N=102
PubMed 1st search: N=41
PubMed 2nd search: N=14

Excluded – papers did not meet the inclusion criteria 

NHS EED: N=43
PubMed 1st search: N=16
PubMed 2nd search: N=6

Studies included in the review

NHS EED: N=59
PubMed 1st search: N=25
PubMed 2nd search: N=8

TOTAL PAPER SELECTED: N=92

FIGURE 1. Flow diagram of literature search findings.
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Markov model. Assumptions about the age of starting 
vaccination affect the cost-effectiveness of HPV vaccination 
with a more efficient ICER by starting at early age (12 
years). Also the discount rate and the price of vaccine 
impacted the ICER, particularly in the models published in 
the Netherlands.

Focusing at country level, the three studies conducted 
in Belgium showed ICERs of 10,546, 32,665 and 
9,171€/QALY, respectively [6-8]. These studies used the 
same comparisons in the same population (in the base case 
at least), but the study by Thiry et al. assumed the use of a 
booster dose of HPV vaccine at age 22 [7], and this might 
explain the higher ICER compared to the other two studies 
(the addition of a booster represented the most influential 
input also in the paper by Annemans and colleagues [6]). 
In a scenario without the booster dose at age 22, the ICER 
for vaccination was reduced to €14,382. The two French 
studies showed very similar ICERs (9,706 and 13,809€/
QALY) [9, 10], as the two German studies (5,525 and 
10,530€/QALY) [11, 12]. In Italy, the study by Mennini 

and colleagues reported an ICER of 9,569€/QALY [13], 
while La Torre et al. reported an ICER of 22,055€/QALY 
[14]. One of the reasons for this difference might be the 
use of the same discount rate for costs and benefits in the 
La Torre paper (3%), while Mennini et al. applied a higher 
discount rate for costs (3%) than benefits (1.5%). In the 
third Italian study by Favato and colleagues, the ICER for 
vaccination compared to screening alone ranged between 
12,013 and 15,890€/QALY [15]. Discount rate was a 
very important parameter in most of HPV cost-effectiveness 
analyses (given the potential large delay of benefits for 
girls that receive the vaccination at 12 years). This was 
shown in the Dutch paper by O’Mahony et al. where the 
ICER for HPV vaccination compared with screening alone 
ranged from 22,100 to 29,900€/QALY when a 4% 
discount rate was applied to costs and 1.5% to benefits, 
but this rose to 101,700€/QALY applying a 4% discount 
rate to both costs and benefits [16]. In the other eight 
studies conducted in the Netherlands (one multicountry 
that included also the UK), the ICER was below the 

TYPE OF VACCINATION NUMBER OF STUDIES

Human Papillomavirus 23

Pneumococcal 19

Rotavirus 13

Influenza 12

Varicella/Herpes zoster 11 
(6 varicella+ 5 Herpes zoster)

Meningococcal (B, C) 5 

Pertussis 5

Hepatitis (A, B) 3

S. pneumoniae (SP) or Neisseria meningitidis (NM) 1

Total 92

TABLE 1. Number of studies by type of vaccination.

COUNTRY NUMBER OF STUDIES

The Netherlands 28 (+5) = 33

UK 25 (+5) = 30

Belgium 8 (+3) = 11

Italy 6 (+2) = 8

France 6 (+4) = 10

Germany 5 (+4) = 9

Spain 4 (+2) = 6

Sweden 3 (+2) = 5

Multicountry (Ned 5, Ger 4, UK 5, Fra 4, Swe 2, Bel 3, Ita 2, Spa 2) 7

Total 92

The numbers under brackets represent the multicountry studies.

TABLE 2. Number of studies by country.
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threshold of 50,000€/QALY in the seven analyses that 
used a 4% discount rate for costs and 1.5% for benefits 
[17-23] and slightly over this threshold (53,500€/QALY) 
in the only study that applied the same discount rate for 
costs and benefits (3%) [24]. It should be noticed that the 
Netherlands was the only country where the perspective of 
the society was adopted in the majority of the analyses (as 
recommended in the Dutch guidelines). Finally, relatively 
similar findings were found in the UK (one multicountry 
analysis that included also the Netherlands) [23, 25-28] 
and the ICER ranged from 5,882 to 22,474£/QALY 
with most studies showing ICERs close to the threshold 
of 20,000£/QALY. UK analyses appear very similar in 
terms of intervention compared, population considered, 
methods adopted and data sources. 

Pneumococcal vaccination

The findings of the pneumococcal vaccination studies 
showed ICERs value generally below the thresholds (Table 
4). Only in four studies (three in the Netherlands, one in 
the UK), the vaccination resulted not cost-effective, and 
the study population consisted of infants in all cases. On 
the opposite, the vaccination was always cost-effective in 

the elderly. Herd immunity assumption might change the 
results from not cost-effective to cost-effective. Vaccines 
including a higher number of serotypes were generally 
more cost-effective or dominant with respect to vaccines 
with less serotypes (e.g., PCV10 over PCV7 or PCV13 
over PCV10).

Pneumococcal vaccination in Belgium was 
investigated in two studies, both multicountry, that showed 
that PCV-14 or PCV-23 are likely to be cost-effective in an 
elderly population (22,847 and 25,907€/QALY in the 
two analyses) [29, 30]. In one of these two multicountry 
studies, France was included and showed a similar ICER 
(19,182€/QALY) [29]. A total of four studies were 
conducted in Germany (two multicountry) [30-33]. Two 
analyses showed the dominance of PCV-10 over PCV-7 
and PCV-13 over PCV-10 in infants and young children 
[31, 32]. Very similar results were found in the other two 
studies that showed, respectively, the cost-effectiveness 
of PCV-23 vaccination in adults at high-risk and elderly 
(17,065€/QALY) and of PCV-14 or PCV-23 in the 
elderly (17,093€/QALY) [30, 33]. The same conclusions 
were obtained in two Italian studies that also showed, in 
the elderly population, the cost-effectiveness of PCV-13 
(16,987€/QALY) and of PCV-14 or PCV-23 (16,544€/
QALY) [30, 34]. Less homogenous results were obtained 

Country No. of studies Patient population Intervention (I)
Comparator (C) Perspective

Range ICER 
€/QALY 

(or £/QALY for UK)

Belgium 3

12-year-old girls
(also from 12- to 
40-year-old with 

increments of 2 years 
in 1 study)

I: Bivalent (1 study), 
Quadrivalent (2)
C: Conventional 

screening
Third party payer (TPP) 9,171-32,665 

(12 years)

France 2 12- or 14-year-old girls
I: Bivalent (1), 

Quadrivalent (1)
C: Conventional 

screening 
TPP 9,706-13,809

Germany 2 12-year-old girls or 12- 
to 17-year-old girls

I: Quadrivalent (2)
C: Conventional 

screening
TPP 5,525-10,530

Italy 3
12-year-old girls 

(also 15, 18, 25 in 1 
study)

I: Bivalent (1), 
Quadrivalent (2)
C: Conventional 

screening
TPP 9,569-22,055

The Netherlands 9
12-year-old girls (6 

studies)
range 12-50 years in 

other studies

I: Bivalent (8), 
Quadrivalent (1)
C: Conventional 
screening/no 
vaccination

TPP (4)
Society (4)

Not reported (2)

5,815-19,429
18,472-53,500
19,900-29,900

UK 5
12-year-old girls 

(also possible catch-up 
at different ages in 2 

studies)

I: Bivalent (3), 
Quadrivalent (3)

Conventional 
screening/no 
vaccination

TPP 5,917-22,474 

The numbers between brackets represent the number of studies concerned.
Note: 1) No studies on HPV vaccination were found in Spain and Sweden; 2) 1 multicountry study (UK and Netherlands); 3) The ranges of ICERs 
reported represent minimum and maximum values found in the base case of the various studies found for each country.

TABLE 3. Overview of published Human Papillomavirus (HPV) vaccination cost-utility models.
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in the Netherlands [30, 32, 35-39]. Five of the seven 
Dutch studies on pneumococcal vaccination focused on 
the population of infants and young children. Among 
these, two studies, that assessed the cost-effectiveness of 
universal PCV-7 vaccination in infants, ended up with 
very different ICERs (71,250 and 14,000€/QALY, 
respectively) [35, 36]. The reason for this difference 

appears to be the inclusion or exclusion of herd immunity, 
which is considered in the Hubben study but not in the 
Bos analysis [35, 36]. This point is explicitly reflected 
in a study by Rozenbaum et al. that found an ICER of 
72,360€/QALY for PCV-7 in infants when herd effects 
were not considered but a much lower ratio (16,750€/
QALY) when these indirect effects were included [38]. 

Country No. of studies Patient population Intervention (I)
Comparator (C) Perspective

Range ICER 
€/QALY 

(or £/QALY for UK)

Belgium 2 >65 years
I: PCV-7 (1); PCV-14, 

PCV-23 (1)
C: No vaccination

TPP (1)
Society (1) 22,847-25,907

France 2 >65 years
I: PCV-7 (1); PCV-14, 

PCV-23 (1)
C: No vaccination

TPP (1)
Society (1) 17,444-19,182

Germany 4
Infants and young 

children (2)
>65 years (1)

Adults and elderly (1)

PCV-10 vs PCV-7
PCV-13 vs PHiD-CV, 

PCV-7
PCV-23 vs no 
vaccination

PCV-23 or PCV-14 vs 
no vaccination

TPP (3)
Society and payer (1)

PCV-10 dominated 
PCV-7;

PVC-13 dominated 
PHiD-CV

17,065-25,687 (PCV-
23 and PCV-14 over 

no vaccination)

Italy 2 >65 years
I: PCV-13 (1); PCV-14, 

PCV-23 (1)
C: No vaccination

TPP (2) 16,544-21,493

The Netherlands 7 >65 years (2)
Infants (5)

I: PCV-7 (3), PCV-13 
(2), PCV-7, PHiD-CV 
and PCV-13 (1), PCV-

14 and 23 (1)
C: No vaccination 

(6), PCV-7 and PHiD-
CV (1)

TPP (2)
Society (5)

PCV13 dominated 
PCV10 and 38 over 

PCV7;
PCV-7 over no 

vaccination 14,000-
113,891

PCV-14 and 23 
over no vaccination 

13,740
PCV-10 or PCV-13 
over no vaccination 

14,416-approx. 
50,000

Spain 3 >65 years (2) 
Infants (1)

I: PCV-7 (1), PCV-13 
(1), PCV-14 and PCV-

23 (1)
C: No vaccination

TPP (2)
Society (1) 10,407-12,027

Sweden 5 >65 years (2)
Infants (3)

I: PCV-7 (2), PHiD-
CV(2), PCV-14 and 
23 (1), PCV-13 (1)

C: no vaccination (4), 
PCV-13 (1)

TPP (2)
Society (3)

PCV-13 dominated 
PHiD-CV

PHiD-CV dominated 
PCV-13

23,657-32,675

UK 6 >65 years (2)
Infants (4)

I: PCV-7 (2), PCV-13 
(2), PHiD-CV (1); PCV-
14 and 23 (1), PCV-

13 and 23 (1)
C: No vaccination (5), 

PCV-7 (1)

TPP (5)
Society (1)

PHiD-CV dominated 
PCV-13

PCV-13 cost-effective 
over PCV-7 in 100% 

simulations
PCV-13 plus 23 in 

high-risk children not 
cost-effective

13,920-14,892 
(Scotland)

17,228-59,945 
(Eng/Wal)

The numbers between brackets represent the number of studies concerned.
Note: 1) Three multicountry studies; 2) The ranges of ICERs reported represent minimum and maximum values found in the base case of the various 
studies found for each country.
PCV: Pneumococcal conjugate vaccine; PHiD-CV: Pneumococcal non typeable Haemophilus influenzae protein D conjugate vaccine.

TABLE 4. Overview of published pneumococcal vaccination cost-utility models.
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Similarly, another study by Rozenbaum et al. showed 
that the cost-effectiveness of PCV vaccines (PCV-7, PCV-
10 or PCV-13) is strongly influenced by vaccine price 
and doses and by herd immunity assumptions [37]. The 
other Dutch studies conducted on the elderly population 
showed cost-effective results (13,740 and 14,416€/
QALY) [30, 39]. As regards Spanish studies (three 
studies, two multicountry), similar findings were obtained 
for pneumococcal vaccination both in the elderly and in 
infants (compared to no vaccination) with ICERs ranging 
from 10,407 to 12,027€/QALY [29, 30, 40]. Also in 
Sweden (five studies), PCV vaccination always resulted 
cost-effective, regardless of the population studied (elderly 
or infants) and number of serotypes included in the vaccine 
[29, 30, 41-43]. However, also in Sweden, two elements 
previously emphasised were confirmed: a) vaccination with 
more serotypes are cost-effective or dominant compared 
with those with less serotypes; b) the inclusion of herd 
immunity has a very strong effect on ICERs. Finally, in the 
UK, key results of the six studies selected can be synthesised 
as follows: pneumococcal vaccination appears not cost-
effective in infants (59,945£/QALY) unless herd immunity 
is included; vaccination instead could be cost-effective 
only in certain groups of high-risk adults (those with chronic 
liver disease) and in the elderly [29, 30, 44-47]. 

Rotavirus vaccination

In all studies, the societal perspective was analysed 
and in some cases, the payer perspective as well (Table 
5). These assumptions strongly influenced the results, 
which were generally cost-effective from the societal 
perspective (ICERs often lower than 50,000€/QALY and 
in some cases dominant), but not cost-effective from the 
payer perspective. Regarding the two available vaccines, 
RotarixTM and Rotateq, the former was always more cost-
effective, probably due to the lowest number of doses (two 
vs. three). Assumptions about herd immunity, hospitalisation 
risk, work lost by caregivers and incidence of the infections 
explained most the variability of the results.

Italy was the country with the best results in terms of 
value for money for rotavirus vaccine, probably due to the 
higher probability of hospitalisation following a diarrhoea 
episode compared to the other European settings. In 
the study by Panatto et al., the ICER of vaccination with 
RotarixTM compared to no vaccination in new-borns was 
9,186€/QALY using the third-party payer perspective, 
while it was dominant from the societal viewpoint [48]. 
Higher ICERs were found in the other countries. In Belgium, 
in the two studies identified (one multicountry), both vaccines 
were cost-effective from the societal perspective (7,572 
and 30,227€/QALY), but not from the third-party payer 
perspective (using a threshold of 50,000€/QALY) [49, 
50]. The same conclusions were obtained in the only 
Spanish study identified, with both vaccines cost-effective 

at a threshold of 50,000€/QALY using the societal 
perspective but not from the third-party payer perspective 
[51]. The 3 French studies (one multicountry) showed 
contradictory results, as in one study, the ICER was above 
130,000€/QALY, in another study over 60,000€/QALY 
(from the healthcare provider perspective) and in a third one 
lower than 50,000€/QALY [50, 52, 53]. The reasons for 
these differences are unclear, although it should be noticed 
that the study with the lowest cost-effectiveness ratio was the 
only one that used a lower discount rate for benefits (1.5%) 
than for costs (3%). However, since benefits for rotavirus 
vaccination generally occur in the first years of life, it is 
unclear if this could be a key element to explain the different 
findings. Assumptions on disease incidence, hospitalisation 
and indirect protection might be other influential parameters. 
The majority of the studies on rotavirus were conducted 
in the Netherlands (six) [50, 54-58]. In three studies that 
adopted both the payer and the societal perspective, the 
ICERs resulted higher than 50,000€/QALY from the third-
party payer viewpoint and lower than this threshold from the 
societal viewpoint [50, 54, 55]. In the other three studies 
that used only a societal perspective, ICERs were quite 
different, ranging from a minimum of 15,600 to a maximum 
of 46,717€/QALY [56-58]. One of the Dutch studies 
showed that vaccination in high-risk infants was much more 
cost-effective than universal vaccination [55]. Vaccine prices 
appear to be an important parameter that could have 
determined differences among Dutch studies. Finally, two 
out of three UK studies showed not cost-effective findings 
for both vaccines (ICERs much higher than 20-30,000£/
QALY) [50, 59], while the study by Martin et al. showed 
an ICER of 23,298£/QALY from the NHS perspective 
and 11,459£/QALY from the societal perspective [60]. 
Reasons for these differences appear to be assumptions on 
QALYs lost by caregivers per diarrhoea episode, risk and 
costs of hospitalisations, vaccine prices and inclusion of 
indirect protection. However, it is not possible to quantify the 
impact of each of these factors on cost-effectiveness results. 

Influenza vaccination

Results suggest that influenza vaccination has been 
studied in a very heterogeneous population, from six-month-
old children to over 65-year-olds (Table 6). Also the time-
horizon ranged from one year to lifetime. In spite of these 
differences in the two crucial assumptions, the vaccination 
showed to be cost-effective in all cases (the only exception 
is a UK study with an ICER of 304,000£/QALY by Allsup 
et al., in 2004 [61]). We found, like in other vaccinations, 
better results from the societal perspective, where in some 
cases the vaccination was dominant. In terms of study 
countries, UK published six studies out of the total of ten 
(the total number is 12 including two multinational studies).

One multicountry study considered the cost-effectiveness 
of extending influenza vaccination to the healthy population 
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aged 50 to 64 years (in addition to those at-risk at that 
age) in Germany, Italy and France [62]. In all countries, 
this strategy resulted cost-effective both from the third-party 
payer and the societal perspective: the ICER from the 
perspective of third-party payer was 13,156€/QALY in 
France, 31,387€/QALY in Germany and 15,652€/
QALY in Italy; from the societal perspective, universal 
vaccination was dominant in Germany and Italy, while the 
ICER was 7,989€/QALY in France. The same analysis was 
conducted in Spain on the same patient population, with 
similar findings; the ICER of vaccination was 14,919€/
QALY from the perspective of the third-party payer and 
4,149€/QALY from a societal perspective [63]. In the other 
French study identified, influenza vaccination in children 
aged less than five years resulted in a cost-effective option 
(about 5,000 to 10,000€/QALY, converting French francs 
to Euros) [64]. Similar results were found in an Italian study 
that investigated influenza vaccine in the same population 
(13,333€/QALY) [65]. In another Spanish study, Navas 
and colleagues found even better results in vaccinating 
children between three and 14 years (18€/QALY from 

third-party payer perspective and dominant from societal 
perspective) [66]. In a more recent study by Lugnér et al. 
conducted in Germany, the Netherlands and the UK, three 
strategies for vaccination against influenza in a pandemic 
framework were considered: vaccination for the whole 
population, vaccination of people 65 years old or older and 
vaccination of people with a high transmission rate (those 
aged five to 19 years) [67]. Vaccination was cost-effective 
for all scenarios: in particular, the ICER for vaccinating high 
transmitters was 7,325€/QALY in Germany, 10,216€/
QALY in the Netherlands and 7,280€/QALY in the UK. 
All the remaining economic evaluations were performed 
in the UK [61, 68-72]. These studies focused on different 
populations: children, pregnant women, adults, those aged 
over 65 years and those aged between 65 and 74. In all 
cases but one, influenza vaccination resulted cost-effective 
assuming a threshold of 20,000 to 30,000£/QALY or 
dominant. The only exception, as previously mentioned, 
was a study by Allsup et al. (2004) that showed that 
vaccinating community-dwelling people between the ages 
of 65 and 74 years, without any of the chronic illnesses for 

Country No. of studies Patient population Intervention (I)
Comparator (C) Perspective

Range ICER 
€/QALY 

(or £/QALY for UK)

Belgium 2 Infants
I: Rotarix (2), 
RotaTeq (2)

C: No vaccination
TPP and
society 

Rotarix 51,030, 
RotaTeq 65,767 

(payer); Rotarix 7,572, 
RotaTeq 30,227 

(society)
Not cost-effective 

(>50,000 per QALY) 
from payer perspective 

in both studies

France 3 Infants
I: Rotarix (3), 
RotaTeq (2)

C: No vaccination
TPP (1)

Society (2)
Rotarix 44,583-

98,000
RotaTeq 151,000

Italy 1 New-borns I: Rotarix
C: No vaccination TPP and Society Dominant (society), 

9,186 (payer)

The Netherlands 6 Infants

I: Rotarix (5), RotaTeq 
(5), Targeted Rotarix 

(1)
C: No vaccination (5), 
Universal vaccination 

(1)

TPP and society (3)
Society (3)

Targeted (high risk) 
more cost-effective than 

universal;
3,800 - >50,000 

(depending on price, 
study, herd immunity)

Rotarix more cost-
effective than RotaTeq

Spain 1 Infants
I: Rotarix, RotaTeq
C: No vaccination TPP and

society 

Rotarix 52,603 
(payer), 23,435 

(society); 
RotaTeq 74,958 
(payer), 45,624 

(society) 

UK 3 Infants
I: Rotarix (3), 
RotaTeq (2)

C: No vaccination
TPP (1)

Payer and society (2)

Rotarix 11,459 
(society); 23,298-
60,928 (payer);
RotaTeq 79,905 

(payer)

The numbers between brackets represent the number of studies concerned.
Note: 1) No studies found for Germany and Sweden; 2) One multicountry study (Belgium, France, UK and the Netherlands); 3) The ranges of ICERs 
reported represent minimum and maximum values found in the base case of the various studies found for each country.

TABLE 5. Overview of published rotavirus vaccination cost-utility models.
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which influenza vaccine was recommended would lead to 
an ICER of 304,000£/QALY [61].

Varicella/herpes zoster vaccination

As described in Table 7, this vaccination is generally 
cost-effective and often close to threshold levels (ICERs 
in some case dominant and from 1,251 to 42,004€/
QALY). Vaccination for varicella obtained better results in 
children than herpes zoster in the elderly and the results are 
similar among countries. Whereas in the other vaccination, 
we found also the comparison between different vaccines, 
in varicella/herpes zoster studies the comparison was 
always with no vaccination.

Three studies were conducted in Belgium: Bilcke et 

al. in a recent analysis focused on a varicella vaccination 
programme for children and infants, finding that this costs 
less than 35,000€/QALY gained for any time horizon 
[73]; both Annemans et al. (2010) and Bilcke et al. 
(2012) instead investigated on the cost-effectiveness of 
herpes-zoster vaccination in individuals aged >60 years 
and found cost-effectiveness ratios ranging from 1,251 
to 303,705€/QALY depending on starting age and 
favourable or unfavourable assumptions about vaccine 
efficacy and vaccine price [74, 75]. Similarly, one study 
conducted in France and two Dutch studies showed that 
vaccinating the elderly for herpes-zoster represents a 
cost-effective strategy, with ICERs ranging from 9,513 
to 18,385€/QALY in France and from 21,716 to 
42,004€/QALY in the Netherlands, depending on the 
age at vaccination and the perspective [76-78]. Vaccine 

Country No. of studies Patient population Intervention (I)
Comparator (C) Perspective

Range ICER 
€/QALY 

(or £/QALY for UK)

France 2 50-64 years
<5 years

I: Universal vaccination
C: Vaccination only 
at high risk 50-64 

years (1)
No vaccination (1)

TPP and 
society (1),

TPP and co-payments 
(1)

7,989 
(society)-13,156 

(payer) (universal vs 
high-risk)

34,050FF/QALY 
(payer), 64,688FF/
QALY (payer and co-

payments)

Germany 2
50-64 years

Whole population, 
elderly, 5-19 years

I: Universal vaccination
C: Vaccination only 
at high risk 50-64 

years (1)
No vaccination (1)

TPP (2)
Society (1)

Dominant (society), 
31,387 (payer) 

(universal vs high-risk)
7,325 (no vaccination)

Italy 2 50-64 years
6-60 or 6-24 months

I: Universal vaccination 
C: Vaccination only 
at high risk 50-64 

years (1)
Vaccination children at 

high risk (1)

TPP and society (2)

Dominant (society), 
15,652 (payer) 

(universal vs high-risk)
Dominant (society) in 

children
10,000 (children 6-60 

months)
13,333 (children 6-24 

months)

The Netherlands 1 Whole population, 
elderly, 5-19 years

I: Universal vaccination 
C: No vaccination Payer 10,216

Spain 2 50-64 years
3-14 years

I: Universal vaccination
C: Vaccination only 
at high risk 50-64 

years (1)
No vaccination (1)

TPP and society (2) 

4,149 (payer)-14,919 
(society) (universal vs 

high-risk)
Dominant-18,26 in 

children

UK 7

65 to 74 years
> 65 years

Pregnant women
Whole population, 
elderly, 5-19 years

Elderly
2-18 years

Adults 

I: Universal vaccination 
C: No vaccination/

only high risk
TPP (7)

Society (1)

304,000
20,000-30,000 
<20,000 in most 

cases
15,000-23,000

7,280
Dominant in most 

cases
6,174 (payer)-10,766 

(society)

The numbers between brackets represent the number of studies concerned.
Note: 1) No studies found for Belgium and Sweden; 2) Two multicountry studies; 3) The ranges of ICERs reported represent minimum and maximum 
values found in the base case of the various studies found for each country.
FF: French franc.

TABLE 6. Overview of published influenza vaccination cost-utility models.
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price and duration of protection were generally the 
most influential inputs. The remaining studies (five) were 
conducted in the UK [79-83]. Three studies evaluated the 
cost-effectiveness of herpes-zoster vaccination in the adults 
aged 45-50 years or in the elderly [79, 81, 82], one 
study focused on varicella vaccine in infants or children 
[80] and another one considered both varicella vaccine in 
children and herpes-zoster vaccination in the elderly [83]. 
In general, varicella vaccination was very cost-effective 
ranging from dominant (from the societal perspective) to an 
ICER of 18,000£/QALY from the payer perspective. Also 
herpes-zoster vaccination is likely to provide good value 
for money in the UK with ICERs ranging between 11,109 
and 20,412£/QALY.

Other vaccinations

Due to relative low number of studies, it is difficult 
to investigate the characteristics and also to make any 
comparison for the remaining type of vaccinations. Details 
on each study identified are given in the online appendix. 

In general, the key findings are the following: 
• Meningococcal (Men) B vaccination was cost-

effective in two Dutch studies by Bos and colleagues 
conducted in 2001 and 2006 (combined with 
pneumococcal vaccination in the 2006 study) 
with ICERs of 15,721 and 17,700€/QALY, 
respectively [84, 85], but not cost-effective in 
a more recent analysis also conducted in the 
Netherlands by Pouwels et al. [86] who referred 
to a value of 243,000€/QALY).

• Quadrivalent meningococcal vaccination was not 
cost-effective with ICERs higher than 600,000€/
QALY compared to MenC vaccination in the 
Netherlands when started at age 12 years, but it 
was dominant if started at 14 months [87].

• MenC vaccination was a cost-effective option in 
the UK compared to no vaccination (2,760£/
QALY in the best scenario) [88]

• Compared to no vaccination, adolescent pertussis 
vaccination was cost-effective in two Dutch studies 
(with ICERs ranging from 4,200 to 6,371€/
QALY) [89, 90], but infant vaccination did not 

Country No. of studies Patient population Intervention (I)
Comparator (C) Perspective

Range ICER 
€/QALY (or £/
QALY for UK)

Belgium 3
>60 years (2)

Children (varicella) 
and adults (HZ) (1) 

I: Varicella (1), HZ (3)
C: No vaccination

TPP (2)
TPP and society (1)

1,251-303,705 
(HZ, depending on 
age and best-worst 

scenarios)
<35,000 in children 

plus booster

France 1 >65 years I: HZ vaccination
C. No vaccination

TPP 9,513-18,385

The Netherlands 2 Elderly I: HZ vaccination 
C: No vaccination

TPP (1)
Society (2) 21,716-42,004

UK 5

Chidren (1)
Adults (45, ≥50 years) 

(2)
Elderly (1)

Children and elderly 
(1)

I: Varicella (2), HZ (4)
C: No vaccination

TPP (5)
Society (2)

Children: dominant 
(society)-18,000 

(payer)
Adults and elderly: 
11,109-20,412

Key findings:
Generally cost-

effective, often close to 
threshold levels

Possibly better varicella 
in children than HZ in 

the elderly
Relatively similar results 

among countries
Always lifetime horizon 
and always compared 

to no vaccination

Children-elderly: high 
probability of being 

cost-effective

The numbers between brackets represent the number of studies concerned.
Note: 1) No studies found for Italy, Germany, Spain and Sweden; 2) No multicountry studies; 3) The ranges of ICERs reported represent minimum and 
maximum values found in the base case of the various studies found for each country.
HZ: Herpes zoster.

TABLE 7. Overview of published varicella/herpes zoster (HZ) vaccination cost-utility models.
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provide good value for money [91]. Pre-school 
pertussis vaccination might be cost-effective in 
the UK (14,500 to 35,000£/QALY depending 
on vaccine efficacy assumptions) [92] while 
adult vaccination was a cost-effective option in 
Germany [93] (5,800 to 7,200€/QALY)

• Contrasting results were found for hepatitis B 
vaccination for infants or adolescents in the UK, 
with an old study showing cost-effective results 
with ICERs ranging from 2,515 to 8,388£/
QALY [94] and a more recent analysis showing 
very high ICERs from 90,000£/QALY for selective 
infant vaccination to almost 500,000£/QALY 
for adolescent immunisation [95]. Hepatitis A 
vaccination in adults was not a cost-effective option 
in Belgium (around 200,000€/QALY) [96]. 

DISCUSSION 

Most of the studies were conducted in the Netherlands 
(33) and UK (30) and only two studies were published 
before year 2000. In general, the majority of studies 
focused on the value for money of HPV vaccination and 
pneumococcal vaccination, with respectively 23 and 
19 studies (Table 1), probably because these vaccines 
have been quite recently introduced in many countries 
compared to the other vaccines.

The analysed vaccinations were generally cost-
effective and often close to threshold levels in almost every 
study. However, even in the most homogenous vaccination 
group, i.e. the HPV, the variability in ICER values is quite 
high ranging from 5,525 to 101,700€/QALY. The 
rotavirus case is even more relevant with ICERs ranging 
from dominant to 98,000€/QALY.

The reason for this variability, which is normally not 
observed in the economic evaluations of drugs, might be 
due to the following two features. On the one hand, a 
vaccination programme is quite complex to simulate since it 
requires many data and hypotheses, many epidemiological 
uncertainties, a wide number of influencing variables such 
as vaccine coverage, herd immunity, cross protection, age 
of vaccination, high risk versus low risk patients, etc. Also 
the discount rate applied can have an effect, especially 
for those diseases that can occur over a long-term after 
vaccination (e.g. HPV vaccination). On the other hand, 
the architecture of models might be very different among 
studies, with different unit costs and organisational settings. 
The use of an inflation rate or/and PPPs might have led 
to the contradictory result that a vaccine cost-effective, for 
example, in the year 2002 for the country analyses, would 
not be cost-effective in 2014 only because of an increase 
in the ICER, which might not instead have occurred in the 
reality. Another possible explanation for the high variability 
within and among countries is that the QALY gain for 

some vaccines is very marginal or small per individual. 
As the ICER is a ratio, if the denominator is small, if the 
health benefit is marginal (like often in the particular case 
of vaccines), a small change in the denominator inflates 
exponentially this ratio. 

According to our results, it appears difficult to assess 
whether there is a trend for some vaccinations being more 
cost-effective options than others. When considering the 
variability of results, the highest homogeneity was found 
in the HPV studies and the lowest in rotavirus vaccination.

However, based on the cluster shown in the Figures 
2-6, a tentative ranking to classify different vaccination 
strategies on the basis of their ICERs is the following:

1. Influenza and varicella have ICERs all below 
40,000€/QALY (apart from one outlier study in 
the influenza);

2. HPV has the majority of ICERs below 40,000€/
QALY (13% of the studies have a greater ICER)

3. Pneumococcal has also the majority of ICERs 
below 40,000€/QALY, but 26% above this 
value

4. Rotavirus has only 30% of the studies with the 
ICER below 40,000€/QALY.

The economic evaluation of drugs is largely applied 
by comparing one drug with one or more other drugs 
(comparators). On the opposite, vaccination strategies 
are mainly compared to “no vaccination” strategy rather 
than to other vaccines. There are two reasons for this 
choice. First, the efficacy of different products for the 
same vaccination is often assumed as almost equivalent. 
Second, prices of different branded vaccines for the 
same disease are frequently similar. Actually, since for the 
public health decision maker the final choice is between 
introducing a new vaccination campaign or leaving an 
existing screening or doing nothing (no prevention activity 
for that specific disease), the decision is often an on-off 
decision: in case of alternative branded vaccines, the 
public authority would buy the vaccine trough tender, 
and in most cases, the price would be similar. Moreover, 
in most of the European countries, tender is the normal 
practice to buy the vaccines, which sometimes implies 
a dramatic reduction of the acquisition cost of vaccines 
for the public providers compared to the official price, 
which has been used in the economic evaluation. This 
means that in most of the cost-effectiveness studies we 
reviewed in this article, the final ICERs could be even lower 
according to the real price. Normally, the pricing and 
reimbursement process is strongly influenced by national 
or local authorities who are responsible for prevention 
rather than by physicians or healthcare providers. Then, 
the ICER of a vaccine compared to another vaccine for 
the same disease is normally very low or dominant (as 
we have found for pneumococcal vaccinations). With 
our “league table”, it is not possible (or at least in this 
paper) to take into account the quality of the studies, the 
different mechanics of the models, the differences due 
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FIGURE 2. ICERs of HPV vaccination by countries.

FIGURE 3. ICERs of pneumococcal vaccination by countries.
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FIGURE 4. ICERs of rotavirus vaccination by countries.
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FIGURE 5. ICERs of influenza vaccination by countries.
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to jurisdictions (heterogeneity of screening programmes, 
vaccinations schedules, medical practices, etc.). 

It is however relevant to comment some other issues 
emerging from the review.

1. Discounting and the current debate: some authors 
and institutions think that discounting favours short 
term over long term policies and so discriminates 
against preventative and other public health 
programmes. Interestingly, the National Institute 
for Health and Care Excellence (NICE) has 
accepted this view suggesting that “treatment 
effects are both substantial in restoring health 
and sustained over a very long period -normally 
at least 30 years-, the Committee should apply 
a rate of 1.5% for health effects and 3.5% for 
costs.” [97]. On the opposite, the main stream of 
economic theory does not allow different rates for 
costs and benefits. Discounting raises the concern 
that arbitrary variation in study specification 
leads to arbitrary variation in results. In order to 
ensure best practice and correct policy choices, 
the decision makers and the economists would 
recognise the need for a common standard, 
i.e. by using the same discount rate, at least at 
national level.

2. Transparency of models and the current debate: 

in particular, transparency (“clearly describing 
the model structure, equations, parameter values 
and assumptions to enable interested parties to 
understand the model”) [98] needs to be related 
to the possibility for the public agencies, decision 
makers for vaccinations campaign, to replicate 
the models.

3. The societal perspective strongly influenced the 
results, which were generally cost-effective from 
this viewpoint (e.g. in the case of rotavirus 
vaccination).

Finally, clarity is important, as confusion regarding the 
validity of comparisons with different discount rates, different 
age-population and different modelling between analyses 
can only serve to damage cost-utility analyses’ credibility 
with decision makers and others. We acknowledge that 
this review might be not exhaustive of the eight countries 
considered, since only two databases were searched and 
only papers published in English were considered.

CONCLUSIONS

The published literature has shown that vaccination 
strategies are generally cost-effective in European countries. 

FIGURE 6. ICERs of varicella/herpes zoster vaccination by countries.
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High heterogeneity in the results among studies and 
countries was found. 

Competing interests

Both authors received consulting fees from the GSK 
group of companies for the completion of this study.

Acknowledgments

The study was supported with a grant from GSK Italy

References

1. Ozawa S, Mirelman A, Stack ML, Walker DG, Levine OS. 
Cost-effectiveness and economic benefits of vaccines in low- and 
middle-income countries: A systematic review. Vaccine 2012; 
31(1):96-108.

2.  Anonychuk AM, Tricco AC, Bauch CT, et al. Cost-Effectiveness 
Analyses of Hepatitis A Vaccine. Pharmacoeconomics 2008; 
26(1):17-32.

3.  Szucs TD, Pfeil AM. A Systematic Review of the Cost Effectiveness of 
Herpes Zoster Vaccination. Pharmacoeconomics 2013; 31(2):125-
136.

4.  García-Altés A. Systematic review of economic evaluation studies: 
Are vaccination programs efficient in Spain? Vaccine 2013; 
31(13):1656-1665.

5.  Barbieri M, Drummond M, Willke R, Chancellor J, Jolain B, Towse 
A. Variability of Cost-Effectiveness Estimates for Pharmaceuticals 
in Western Europe: Lessons for Inferring Generalizability. Value in 
Health 2005; 8(1):10-23.

6.  Annemans L, Rémy V, Oyee J, Largeron N. Cost-Effectiveness 
Evaluation of a Quadrivalent Human Papillomavirus Vaccine in 
Belgium. Pharmacoeconomics 2009; 27(3):231-245.

7.  Thiry N, De Laet C, Hulstaert F, Neyt M, Huybrechts M, Cleemput I. 
Cost-effectiveness of human papillomavirus vaccination in Belgium: 
Do not forget about cervical cancer screening. International Journal 
of Technology Assessment in Health Care 2009; 25(02):161-170.

8.  Demarteau N, Van Kriekinge G, Simon P. Incremental cost-
effectiveness evaluation of vaccinating girls against cervical 
cancer pre- and post-sexual debut in Belgium. Vaccine 2013; 
31(37):3962-3971.

9.  Bergeron C, Largeron N, McAllister R, Mathevet P, Remy V. 
Cost-effectiveness analysis of the introduction of a quadrivalent 
human papillomavirus vaccine in France. International Journal of 
Technology Assessment in Health Care 2008; 24(01):10-19.

10.  Demarteau N, Detournay B, Tehard B, El Hasnaoui A, Standaert B. 
A generally applicable cost-effectiveness model for the evaluation 
of vaccines against cervical cancer. Int J Public Health 2011; 
56(2):153-162.

11.  Hillemanns P, Petry K, Largeron N, McAllister R, Tolley K, Büsch K. 
Cost-effectiveness of a tetravalent human papillomavirus vaccine in 
Germany. J Public Health 2009; 17(2):77-86.

12.  Schobert D, Remy V, Schoeffski O. Cost-effectiveness of vaccination 
with a quadrivalent HPV vaccine in Germany using a dynamic 
transmission model. Health Econ Rev 2012; 2:19.

13.  Mennini FS, Giorgi Rossi P, Palazzo F, Largeron N. Health and 
economic impact associated with a quadrivalent HPV vaccine in 
Italy. Gynecologic Oncology 2009; 112(2):370-376.

14.  La Torre G, de Waure C, Chiaradia G, Mannocci A, Capri S, 
Ricciardi W. The Health Technology Assessment of bivalent HPV 
vaccine Cervarix® in Italy. Vaccine 2010; 28(19):3379-3384.

15.  Favato G, Baio G, Capone A, et al. Novel Health Economic 
Evaluation of a Vaccination Strategy to Prevent HPV-related 
Diseases: The BEST Study. Medical Care 2012; 50(12).

16.  O’Mahony JF, de Kok IMCM, van Rosmalen J, Habbema 
JD, Brouwer W, van Ballegooijen M. Practical Implications of 
Differential Discounting in Cost-Effectiveness Analyses with Varying 
Numbers of Cohorts. Value in Health 2011; 14(4):438-442.

17.  Coupé VMH, van Ginkel J, de Melker HE, Snijders PJF, Meijer 
CJLM, Berkhof J. HPV16/18 vaccination to prevent cervical cancer 
in The Netherlands: Model-based cost-effectiveness. Int J Cancer 
2009; 124(4):970-978.

18.  Coupé VMH, Bogaards JA, Meijer CJLM, Berkhof J. Impact of vaccine 
protection against multiple HPV types on the cost-effectiveness of 
cervical screening. Vaccine 2012; 30(10):1813-1822.

19.  Bogaards JA, Coupé VMH, Meijer CJLM, Berkhof J. The clinical benefit 
and cost-effectiveness of human papillomavirus vaccination for adult 
women in the Netherlands. Vaccine 2011; 29(48):8929-8936.

20.  Luttjeboer J, Westra TA, Wilschut JC, Nijman HW, Daemen T, 
Postma MJ. Cost-effectiveness of the prophylactic HPV vaccine: 
An application to the Netherlands taking non-cervical cancers and 
cross-protection into account. Vaccine 2013; 31(37):3922-3927.

21.  Westra TA, Stirbu-Wagner I, Dorsman S, et al. Inclusion of the 
benefits of enhanced cross-protection against cervical cancer and 
prevention of genital warts in the cost-effectiveness analysis of 
human papillomavirus vaccination in the Netherlands. BMC Infect 
Dis 2013; 13:75.

22.  Westra TA, Rozenbaum MH, Rogoza RM, et al. Until Which 
Age Should Women Be Vaccinated Against HPV Infection? 
Recommendation Based on Cost-effectiveness Analyses. Journal of 
Infectious Diseases 2011; 204(3):377-384.

23.  Rogoza RM, Ferko N, Bentley J, et al. Optimization of primary and 
secondary cervical cancer prevention strategies in an era of cervical 
cancer vaccination: A multi-regional health economic analysis. 
Vaccine 2008; 26, Supplement 5:F46-F58.

24. de Kok IMCM, van Ballegooijen M, Habbema JD. Cost-Effectiveness 
Analysis of Human Papillomavirus Vaccination in the Netherlands. 
Journal of the National Cancer Institute 2009; 101(15):1083-1092.

25.  Dasbach EJ, Insinga RP, Elbasha EH. The epidemiological and 
economic impact of a quadrivalent human papillomavirus vaccine 
(6/11/16/18) in the UK. BJOG: An International Journal of 
Obstetrics & Gynaecology 2008; 115(8):947-956.

26.  Jit M, Choi YH, Edmunds WJ. Economic evaluation of human 
papillomavirus vaccination in the United Kingdom. BMJ 2008; 
337:a769.

27.  Kulasingam SL, Benard S, Barnabas RV, Largeron N, Myers ER. 
Adding a quadrivalent human papillomavirus vaccine to the UK 
cervical cancer screening programme: A cost-effectiveness analysis. 

e11853-15



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

Cost Eff Resour Alloc 2008; 6:4.
28.  Jit M, Chapman R, Hughes O, Choi YH. Comparing bivalent and 

quadrivalent human papillomavirus vaccines: economic evaluation 
based on transmission model. BMJ 2011; 343:d5775.

29.  Ament A, Baltussen R, Duru G, et al. Cost-Effectiveness of Pneumococcal 
Vaccination of Older People: A Study in 5 Western European 
Countries. Clinical Infectious Diseases 2000; 31(2):444-450.

30. Evers SMAA, Ament AJHA, Colombo GL, et al. Cost-effectiveness of 
pneumococcal vaccination for prevention of invasive pneumococcal 
disease in the elderly: an update for 10 Western European 
countries. Eur J Clin Microbiol Infect Dis 2007; 26(8):531-540.

31.  Talbird SE, Taylor TN, Knoll S, Frostad CR, Martí SG. Outcomes 
and costs associated with PHiD-CV, a new protein D conjugate 
pneumococcal vaccine, in four countries. Vaccine 2010; 28, 
Supplement 6:G23-G29.

32.  Strutton DR, Farkouh RA, Earnshaw SR, et al. Cost-effectiveness of 
13-valent pneumococcal conjugate vaccine: Germany, Greece, 
and The Netherlands. Journal of Infection 2012; 64(1):54-67.

33.  Jiang Y, Gauthier A, Annemans L, van der Linden M, Nicolas-
Spony L, Bresse X. Cost-effectiveness of vaccinating adults with 
the 23-valent pneumococcal polysaccharide vaccine (PPV23) in 
Germany. Expert Review of Pharmacoeconomics & Outcomes 
Research 2012; 12(5):645-660.

34.  Boccalini S, Bechini A, Levi M, Tiscione E, Gasparini R, Bonanni P. 
Cost-effectiveness of new adult pneumococcal vaccination strategies 
in Italy. Hum Vaccin Immunother 2013; 9(3):699-706.

35.  Bos JM, Rümke H, Welte R, Postma MJ. Epidemiologic impact and 
cost-effectiveness of universal infant vaccination with a 7-valent 
conjugated pneumococcal vaccine in the Netherlands. Clinical 
Therapeutics 2003; 25(10):2614-2630.

36.  Hubben GAA, Bos JM, Glynn DM, van der Ende A, van Alphen 
L, Postma MJ. Enhanced decision support for policy makers using 
a web interface to health-economic models-Illustrated with a cost-
effectiveness analysis of nation-wide infant vaccination with the 
7-valent pneumococcal conjugate vaccine in the Netherlands. 
Vaccine 2007; 25(18):3669-3678.

37.  Rozenbaum MH, Sanders EAM, van Hoek AJ, et al. Cost 
effectiveness of pneumococcal vaccination among Dutch infants: 
economic analysis of the seven valent pneumococcal conjugated 
vaccine and forecast for the 10 valent and 13 valent vaccines. BMJ 
2010; 340.

38.  Rozenbaum MH, Hoek AJv, Hak E, Postma MJ. Huge impact of 
assumptions on indirect effects on the cost-effectiveness of routine 
infant vaccination with 7-valent conjugate vaccine (Prevnar®). 
Vaccine 2010; 28(12):2367-2369.

39. Rozenbaum MH, Hak E, van der Werf TS, Postma MJ. Results 
of a cohort model analysis of the cost-effectiveness of routine 
immunization with 13-valent pneumococcal conjugate vaccine of 
those aged ³65 years in the Netherlands. Clinical Therapeutics 
2010; 32(8):1517-1532.

40.  Díez-Domingo J, Ridao-López M, Gutiérrez-Gimeno MV, Puig-
Barberá J, Lluch-Rodrigo JA, Pastor-Villalba E. Pharmacoeconomic 
assessment of implementing a universal PCV-13 vaccination 
programme in the Valencian public health system (Spain). Vaccine 
2011; 29(52):9640-9648.

41.  Bergman A, Hjelmgren J, Örtqvist Å, et al. Cost-effectiveness 

analysis of a universal vaccination programme with the 7-valent 
pneumococcal conjugate vaccine (PCV-7) in Sweden. Scandinavian 
Journal of Infectious Diseases 2008; 40(9):721-729.

42.  By Å, Sobocki P, Forsgren A, Silfverdal SA. Comparing Health 
Outcomes and Costs of General Vaccination with Pneumococcal 
Conjugate Vaccines in Sweden: A Markov Model. Clinical 
Therapeutics 2012; 34(1):177-189.

43. Klok RM, Lindkvist RM, Ekelund M, Farkouh RA, Strutton DR. Cost-
Effectiveness of a 10- Versus 13-Valent Pneumococcal Conjugate 
Vaccine in Denmark and Sweden. Clinical Therapeutics 2013; 
35(2):119-134.

44.  Melegaro A, Edmunds WJ. Cost-effectiveness analysis of 
pneumococcal conjugate vaccination in England and Wales. 
Vaccine 2004; 22(31-32):4203-4214.

45.  Knerer G, Ismaila A, Pearce D. Health and economic impact of 
PHiD-CV in Canada and the UK: a Markov modelling exercise. 
Journal of Medical Economics 2012; 15(1):61-76.

46.  Rozenbaum MH, van Hoek AJ, Fleming D, Trotter CL, Miller E, 
Edmunds WJ. Vaccination of risk groups in England using the 13 valent 
pneumococcal conjugate vaccine: economic analysis. BMJ 2012; 345.

47.  van Hoek AJ, Choi YH, Trotter C, Miller E, Jit M. The cost-
effectiveness of a 13-valent pneumococcal conjugate vaccination 
for infants in England. Vaccine 2012; 30(50):7205-7213.

48.  Panatto D, Amicizia D, Ansaldi F, et al. Burden of rotavirus disease 
and cost-effectiveness of universal vaccination in the Province of 
Genoa (Northern Italy). Vaccine 2009; 27(25-26):3450-3453.

49.  Bilcke J, Van Damme P, Beutels P. Cost-Effectiveness of Rotavirus 
Vaccination: Exploring Caregiver(s) and ``No Medical Care’’ 
Disease Impact in Belgium. Medical Decision Making 2009; 
29(1):33-50.

50.  Jit M, Bilcke J, Mangen MJ, et al. The cost-effectiveness of rotavirus 
vaccination: Comparative analyses for five European countries and 
transferability in Europe. Vaccine 2009; 27(44):6121-6128.

51.  Pérez-Rubio A, Luquero F, Eiros Bouza J, et al. Socio-economic 
modelling of rotavirus vaccination in Castilla y Leon, Spain. Le 
Infezioni in Medicina 2011; 19(3):166-175.

52.  Melliez H, Levybruhl D, Boelle PY, Dervaux B, Baron S, Yazdanpanah 
Y. Cost and cost-effectiveness of childhood vaccination against 
rotavirus in France. Vaccine 2008; 26(5):706-715.

53.  Standaert B, Parez N, Tehard B, Colin X, Detournay B. Cost-
effectiveness analysis of vaccination against rotavirus with RIX4414 
in France. Appl Health Econ Health Policy 2008; 6(4):199-216.

54.  Mangen MJ, van Duynhoven YTHP, Vennema H, van Pelt W, 
Havelaar AH, de Melker HE. Is it cost-effective to introduce rotavirus 
vaccination in the Dutch national immunization program? Vaccine 
2010; 28(14):2624-2635.

55.  Bruijning-Verhagen P, Mangen MJ, Felderhof M, et al. Targeted rotavirus 
vaccination of high-risk infants; a low cost and highly cost-effective 
alternative to universal vaccination. BMC Med 2013; 11:112.

56.  Goossens LMA, Standaert B, Hartwig N, Hövels AM, Al MJ. The 
cost-utility of rotavirus vaccination with RotarixTM (RIX4414) in the 
Netherlands. Vaccine 2008; 26(8):1118-1127.

57.  Rozenbaum MH, Mangen MJ, Giaquinto C, Wilschut JC, Hak 
E, Postma MJ. Cost-effectiveness of rotavirus vaccination in the 
Netherlands; the results of a consensus model. BMC Public Health 
2011; 11:462.

e11853-16



ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

58.  Tu HA, Rozenbaum MH, de Boer PT, Noort AC, Postma MJ. 
An update of “Cost-effectiveness of rotavirus vaccination in the 
Netherlands: the results of a Consensus Rotavirus Vaccine model”. 
BMC Infect Dis 2013; 13:54.

59.  Jit M, Edmunds WJ. Evaluating rotavirus vaccination in England 
and Wales: Part II. The potential cost-effectiveness of vaccination. 
Vaccine 2007; 25(20):3971-3979.

60.  Martin A, Batty A, Roberts JA, Standaert B. Cost-effectiveness of 
infant vaccination with RIX4414 (RotarixTM) in the UK. Vaccine 
2009; 27(33):4520-4528.

61.  Allsup S, Haycox A, Regan M, Gosney M. Is influenza vaccination 
cost effective for healthy people between ages 65 and 74 years?: 
A randomised controlled trial. Vaccine 2004; 23(5):639-645.

62.  Aballéa S, Chancellor J, Martin M, et al. The Cost-Effectiveness 
of Influenza Vaccination for People Aged 50 to 64 Years: An 
International Model. Value in Health 2007; 10(2):98-116.

63.  Aballéa S, De Juanes JR, Barbieri M, et al. The cost effectiveness 
of influenza vaccination for adults aged 50 to 64 years: A model-
based analysis for Spain. Vaccine 2007; 25(39-40):6900-6910.

64.  Livartowski A, Boucher J, Detournay B, Reinert P. Cost-effectiveness 
evaluation of vaccination against Haemophilus influenzae invasive 
diseases in France. Vaccine 1996; 14(6):495-500.

65.  Marchetti M, Kuehnel UM, Colombo GL, Esposito S, Principi N. Cost-
Effectiveness of Adjuvanted Influenza Vaccination of Healthy Children 
6 to 60 Months of Age. Human Vaccines 2007; 3(1):14-22.

66.  Navas E, Salleras L, Domínguez A, et al. Cost-effectiveness analysis 
of inactivated virosomal subunit influenza vaccination in children 
aged 3-14 years from the provider and societal perspectives. 
Vaccine 2007; 25(16):3233-3239.

67.  Lugnér AK, van Boven M, de Vries R, Postma MJ, Wallinga J. 
Cost effectiveness of vaccination against pandemic influenza in 
European countries: mathematical modelling analysis. BMJ 2012; 
345:e4445.

68.  Turner DA, Wailoo AJ, Cooper NJ, Sutton AJ, Abrams KR, Nicholson 
KG. The cost-effectiveness of influenza vaccination of healthy adults 
50-64 years of age. Vaccine 2006; 24(7):1035-1043.

69.  Baguelin M, Hoek AJv, Jit M, Flasche S, White PJ, Edmunds WJ. 
Vaccination against pandemic influenza A/H1N1v in England: A 
real-time economic evaluation. Vaccine 2010; 28(12):2370-2384.

70.  Baguelin M, Jit M, Miller E, Edmunds WJ. Health and economic 
impact of the seasonal influenza vaccination programme in 
England. Vaccine 2012; 30(23):3459-3462.

71.  Jit M, Cromer D, Baguelin M, Stowe J, Andrews N, Miller E. The 
cost-effectiveness of vaccinating pregnant women against seasonal 
influenza in England and Wales. Vaccine 2010; 29(1):115-122.

72.  Pitman RJ, Nagy LD, Sculpher MJ. Cost-effectiveness of childhood 
influenza vaccination in England and Wales: Results from a 
dynamic transmission model. Vaccine 2013; 31(6):927-942.

73.  Bilcke J, Jan van Hoek A, Beutels P. Childhood varicella-zoster virus 
vaccination in Belgium: Cost-effective only in the long run or without 
exogenous boosting? Hum Vaccin Immunother 2013; 9(4):812-822. 

74. Annemans L, Bresse X, Gobbo C, Papageorgiou M. Health 
economic evaluation of a vaccine for the prevention of herpes zoster 
(shingles) and post-herpetic neuralgia in adults in Belgium. Journal of 
Medical Economics 2010; 13(3):537-551.

75.  Bilcke J, Marais C, Ogunjimi B, Willem L, Hens N, Beutels P. Cost-

effectiveness of vaccination against herpes zoster in adults aged 
over 60 years in Belgium. Vaccine 2012; 30(3):675-684.

76.  Bresse X, Annemans L, Préaud E, Bloch K, Duru G, Gauthier A. 
Vaccination against herpes zoster and postherpetic neuralgia 
in France: a cost-effectiveness analysis. Expert Review of 
Pharmacoeconomics & Outcomes Research 2013; 13(3):393-406.

77.  van Lier A, van Hoek AJ, Opstelten W, Boot HJ, de Melker HE. 
Assessing the potential effects and cost-effectiveness of programmatic 
herpes zoster vaccination of elderly in the Netherlands. BMC Health 
Serv Res 2010; 10:237.

78.  de Boer PT, Pouwels KB, Cox JM, Hak E, Wilschut JC, Postma MJ. 
Cost-effectiveness of vaccination of the elderly against herpes zoster 
in The Netherlands. Vaccine 2013; 31(9):1276-1283.

79.  Edmunds WJ, Brisson M, Rose JD. The epidemiology of herpes 
zoster and potential cost-effectiveness of vaccination in England and 
Wales. Vaccine 2001; 19(23-24):3076-3090.

80.  Brisson M, Edmunds W. Varicella vaccination in England and 
Wales: cost-utility analysis. Arch Dis Child 2003; 88(10):862-869.

81.  Moore L, Remy V, Martin M, Beillat M, McGuire A. A health 
economic model for evaluating a vaccine for the prevention of 
herpes zoster and post-herpetic neuralgia in the UK. Cost Eff Resour 
Alloc 2010; 8:7.

82. van Hoek AJ, Gay N, Melegaro A, Opstelten W, Edmunds WJ. 
Estimating the cost-effectiveness of vaccination against herpes zoster 
in England and Wales. Vaccine 2009; 27(9):1454-1467.

83.  van Hoek AJ, Melegaro A, Gay N, Bilcke J, Edmunds WJ. The cost-
effectiveness of varicella and combined varicella and herpes zoster 
vaccination programmes in the United Kingdom. Vaccine 2012; 
30(6):1225-1234.

84.  Bos JM, Rümke HC, Welte R, Postma MJ, Jager JC. Health 
economics of a hexavalent meningococcal outer-membrane vesicle 
vaccine in children: potential impact of introduction in the Dutch 
vaccination program. Vaccine 2001; 20(1-2):202-207.

85.  Bos J, Rümke H, Welte R, Spanjaard L, van Alphen L, Postma 
M. Combination Vaccine Against Invasive Meningococcal B and 
Pneumococcal Infections. Pharmacoeconomics 2006; 24(2):141-153.

86.  Pouwels KB, Hak E, van der Ende A, Christensen H, van den 
Dobbelsteen GP, Postma MJ. Cost-effectiveness of vaccination against 
meningococcal B among Dutch infants: Crucial impact of changes in 
incidence. Hum Vaccin Immunother 2013; 9(5):1129-1138.

87.  Hepkema H, Pouwels KB, van der Ende A, Westra TA, Postma 
MJ. Meningococcal Serogroup A, C, W(135) and Y Conjugated 
Vaccine: A Cost-Effectiveness Analysis in the Netherlands. PLoS One 
2013; 8(5):e65036.

88.  Trotter CL, Edmunds WJ. Reassessing the Cost-Effectiveness of 
Meningococcal Serogroup C Conjugate (MCC) Vaccines Using 
a Transmission Dynamic Model. Medical Decision Making 2006; 
26(1):38-47.

89.  de Vries R, Kretzschmar M, Schellekens JFP, et al. Cost-Effectiveness 
of Adolescent Pertussis Vaccination for The Netherlands: Using an 
Individual-Based Dynamic Model. PLoS One 2010; 5(10):e13392.

90.  Rozenbaum MH, De Cao E, Postma MJ. Cost-effectiveness of 
pertussis booster vaccination in the Netherlands. Vaccine 2012; 
30(50):7327-7331.

91.  Westra TA, de Vries R, Tamminga JJ, Sauboin CJ, Postma MJ. 
Cost-effectiveness analysis of various pertussis vaccination strategies 

e11853-17



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

primarily aimed at protecting infants in the Netherlands. Clinical 
Therapeutics 2010; 32(8):1479-1495.

92.  Stevenson M, Beard S, Finn A, Brennan A. Estimating the potential 
health gain and cost consequences of introducing a pre-school DTPa 
pertussis booster into the UK child vaccination schedule. Vaccine 
2002; 20(13-14):1778-1786.

93.  Lee GM, Riffelmann M, Wirsing von Konig CH. Cost-effectiveness 
of adult pertussis vaccination in Germany. Vaccine 2008; 26(29-
30):3673-3679.

94.  Mangtani P, Hall AJ, Normand CE. Hepatitis B vaccination: the 
cost effectiveness of alternative strategies in England and Wales. J 
Epidemiol Community Health 1995; 49(3):238-244.

95.  Siddiqui MR, Gay N, Edmunds WJ, Ramsay M. Economic 

evaluation of infant and adolescent hepatitis B vaccination in the 
UK. Vaccine 2011; 29(3):466-475.

96.  Luyten J, Van de Sande S, de Schrijver K, Van Damme P, Beutels 
P. Cost-effectiveness of hepatitis A vaccination for adults in Belgium. 
Vaccine 2012; 30(42):6070-6080.

97.  National Institute for Health and Care Excellence. Guide to the 
methods of technology appraisal 2013. Available from: RL:http://
publications.nice.org.uk/pmg9

98.  Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, 
Wong JB. Model Transparency and Validation: A Report of the 
ISPOR-SMDM Modeling Good Research Practices Task Force-7. 
Medical Decision Making 2012; 32(5):733-743.

e11853-18



ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

1. HPV VACCINATION

APPENDIX

e11853-19



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

1.Four strategies were considered: routine vaccination at age 12 years, and routine vaccination at age 12 years combined with temporary catch-up vaccination at ages 12–14, 12–17 and 12–24 
years. 2. Various alternative HPV vaccination strategies were as follows: vaccinating girls at ages 13 or 14, vaccinating boys and girls at age 12, a catch-up campaign in the first year of vaccination to 
vaccinate females from age 12 to ages 14, 16, 18 or 25, achieving a coverage of 70% or 90% for the full.
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2. PNEUMOCOCCAL VACCINATION

e11853-21



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

1. immunization of 65 y-old subjects (single-cohort strategy), simultaneous vaccination of people aged 65 and 70 y (double-cohort strategy) and, lastly, simultaneous immunization of subjects aged 65, 
70 and 75 y (triple-cohort strategy). The additional impact of administration of a PPV23 dose, one year after PCV13, was evaluated

e11853-22



ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

3. ROTAVIRUS VACCINATION

e11853-23



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countriese11853-24



ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

4. INFLUENZA

e11853-25



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

1. only high-risk groups (those with chronic respiratory, heart, kidney, liver neurological disease, diabetes, and immunosuppression, pregnant women and household contacts of immunocompromised 
individuals); risk groups and the following age groups: 0-4 years, 5-14 years, over 65 years, 0-14 years, and 0-14 years plus over 65 years. 2. (pre-school 2-4 years of age, pre and primary school 
children 2-10 years of age, or all children 2-18 years of age) or current practice of vaccinating those at increased risk of influenza associated morbidity, including everyone of 65 years of age and over, 
with TIV

e11853-26



ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

5. VARICELLA/HERPES ZOSTER

e11853-27



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

1. Two additional scenarios were as follows: combining a primary varicella zoster virus (VZV) vaccination in children with VZV booster vccine to prevent herpes zoster in adults; using a second dose of 
primary VZV vaccine at age 6 or 11.
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Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

6. OTHER VACCINATIONS

e11853-29



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries

1. a three-dose infant vaccination programme that was administered with other routine vaccinations before the age of six months; a two-dose programme for all adolescents at age 12 years; and a 
selective vaccination programme for infants of intermediate- or high-risk ethnic origin or living in high-incidence locations. 2. immunization of the infant at birth, immunization of the parents immediately 
after birth of the child (cocooning), and maternal immunization during the third trimester of pregnancy. 3. single adolescent booster administered at the age of 12 years; combining an adolescent booster 
dose at the age of 10 with an adult (18–30 years) booster dose; every 10 year booster dose

e11853-30


