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Abstract
The health and economic costs and benefits of vaccinating a cohort of 60,000 children born in Catalonia in the year 2000 with the
pneumococcal 7-valent conjugated vaccine were compared with the alternative of not implementing the vaccination programme. The time
horizon fixed for the programme was 10 years for invasive disease, 2 years for all episodes of pneumonia and otitis media and 3.5 years for the
placement of tympanostomy tubes. In the base case (incidence rate of invasive disease of 160 per 100,000 and price of the vaccine 50 euros)
the net present value was negative, both from the societal perspective (−5.1 million euros) and from the provider’s perspective (−9.2 million
euros). The benefit-cost ratio was 0.59 euros from the societal perspective. The cost per disability adjusted life year (DALY) gained was
44,307 euros from the societal perspective and 80,291 euros from the provider’s perspective.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
The pneumococcal 7-valent conjugated vaccine has a potentially important impact in reducing the disease burden generated by invasive pneumococcal disease in children
from countries where the disease incidence is high and the
distribution of disease-causing pneumococcal serotypes
is similar to that of the United States [1]. This is true of
Catalonia, since the proportion of invasive disease-causing
serotypes included in the vaccine and the magnitude of the
health problem generated by the disease is similar to that of
the United States [2,3]. In addition, Catalonia has one of the
highest levels of pneumococcal resistance to antibiotics in the
world [4].
The objective of this study was to estimate the costs
and benefits (cost-effectiveness analysis and cost-benefit
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analysis) of the inclusion of the pneumococcal 7-valent
conjugated vaccine in the routine vaccination schedule of
Catalonia.

2. Methods
2.1. Description of the model
The costs and benefits (health and economic) of vaccinating a cohort of 60,000 children born in Catalonia in the year
2000 were compared with the current strategy of no routine
vaccination.
The economic analysis was carried out from the societal
perspective (cost-effectiveness analysis and cost-benefit) and
from the healthcare provider’s perspective (cost-effectiveness
analysis) [5].
The time horizon of the programme was established at
10 years for invasive forms, 2 years for all episodes of
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pneumonia and otitis media and at 3.5 years for the placement of tympanostomy tubes.
To analyze disease evolution with and without the vaccination programme, a decision tree [5] was designed to include
all possible events. The incidence rates and probabilities of
occurrence were calculated according to the estimated incidence of pneumococcal-related disease, complications and
deaths in the 0–10 years age group in Catalonia and the
estimated effectiveness of vaccination in preventing these
pathologies. We also considered the children who leave the
model each year due to deaths from all causes, independently
of the programme.
The economic and health costs and benefits of the vaccination programme were updated to the year 2000 at a discount
rate of 5%. All costs were expressed in euros.
The cost-beneﬁt analysis was carried out only from the
societal perspective, including both the direct and indirect
costs.
The net present value of the programme was calculated
by subtracting the discounted costs of the vaccination programme from the discounted benefits [5].
The beneﬁt-cost ratio of the programme was calculated
by dividing the discounted benefits of the programme by the
discounted cost [5].
The cost-effectiveness ratio was calculated by dividing the
net present value of the programme by the effectiveness of
the programme [5].
When the cost-effectiveness analysis was carried out from
the societal perspective, the net present value is the same as
that of the cost-benefit analysis (direct and indirect costs).
When the perspective of the analysis was the provider, only
direct costs were included.
The effectiveness was measured in physical units of
health: deaths avoided, years of life saved, disability adjusted
life years (DALY) gained, cases of invasive disease avoided,
episodes of pneumonia avoided and episodes of otitis media
avoided.
2.2. Estimated incidence of pneumococcal disease in
Catalonia
2.2.1. Invasive pneumococcal disease
The incidence of invasive pneumococcal disease in Catalonia was estimated according to the results of the study by
Domı́nguez et al. [3].
Comparison of the incidence of invasive pneumococcal
disease by ages and clinical types in the United States (Robinson et al.) [6] and Catalonia (Domı́nguez et al.) [3] shows that
in children under 2 years of age, where disease incidence
is highest, the differences in the incidence of invasive disease between the two countries is due to the lower incidence
of non-focal bacteremia in Catalonia, since the incidence of
meningitis and pneumonia is similar.
These differences are probably not real but are due to
different clinical practises. In Catalonia, routine blood cultures are not made for children with fever attended in pri-
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mary health care or hospital emergency units, whereas in the
United States, this diagnostic test is commonly made. However, it does not seem that there are differences in the clinical
diagnosis of meningitis and pneumonia in the two countries.
Thus, it is probable, that the incidence of invasive pneumococcal disease in Catalonia is similar to that of the United
States.
For these reasons, the estimated incidence of non-focal
bacteremia used to calculate the base case was the incidence
observed in the United States [6].
2.2.2. Pneumonia
It was not possible to evaluate the protective efficacy of
the pneumococcal 7-valent conjugated vaccine in the prevention of non-invasive pneumococcal pneumonia due to the
difficulty of diagnosing the etiology of pneumonia in daily
clinical practise. Black et al. [7] evaluated the protective efficacy of the vaccine against all episodes of pneumonia and
found that it avoided 22.7% of clinically and radiologically
confirmed episodes of pneumonia in children under 2 years
of age.
There are no reliable population data on the incidence of
all episodes of pneumonia in children in Catalonia. Since the
incidence of invasive disease is similar in Catalonia and the
United States, the incidence data on clinically and radiologically diagnosed pneumonia in the control group of the study
by Black et al. were used (10.6 cases per 1000 persons per
year in children under 2 years of age) [7].
2.2.3. Otitis media
The incidence of otitis media was estimated using the results of the same study. This gave an incidence of otitis media
of 1.18 episodes per child per year in children under 2 years
of age and of the placement of tympanostomy tubes of 3.8
per 100 children during the first 3.5 years of life [8].
A recent study in Valencia by Garcés Sanchez et al. [9]
found an accumulated incidence of otitis media of 106.2
episodes per 100 children during the first 2 years of life,
lower than that observed in the United States. Although
the incidence of invasive pneumococcal disease found in
Valencia seems to be lower than that of Catalonia [10],
in order to consider all possibilities, a sensitivity analysis
was made reducing the incidence of otitis media by half
and by 75%, to include the incidence observed by Garcés
Sanchez et al.
2.3. Estimated deaths, complications and disability
caused by Streptococcus pneumoniae-related disease
There are no reliable data on the case-fatality rate of invasive pneumococcal disease in Catalonia. In the United States,
Robinson et al. found a global case-fatality rate of 1.4% in
invasive types in the second half of the 1990s [6]. This rate
was used in the present study.
In the last 50 years, a substantial reduction in mortality due
to all episodes of pneumonia in children in developed coun-

