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Abstract 

Background 
Streptococcus pneumoniae is a frequent cause of bacterial meningitis, septi-
caemia, pneumonia and acute otitis media. These diseases lead to substantial 
mortality, morbidity and costs. There is a 7-valent pneumococcal conjugate 
vaccine (PCV-7) developed, that has proved to be highly effective against 
invasive disease, but has also provided significant protection against pneu-
monia and acute otitis media.  

Objective  
The objective of this study was to evaluate the projected health benefits, 
costs and cost-effectiveness of vaccination with the 7-valent conjugated 
pneumococcal vaccine compared with no vaccination, in all infants in Swe-
den.  

Methods  
An economic model (Markov model) was used in order to perform a cost-
utility and a cost-effectiveness analysis, comparing a universal pneumococ-
cal vaccination programme with a no-vaccination programme. The main 
outcomes were measured by reduction in the disease burden, costs and net 
costs of vaccination (per individual and a whole birth cohort), incremental 
cost per Quality adjusted life years (QALY) and life year (LY) gained.  

Results 
In a cohort of 95,000 infants, vaccination could potentially prevent 9 cases 
of pneumococcal meningitis, 22 cases of pneumococcal septicaemia, 509 
cases of pneumonia, 7812 cases of acute otitis media, and 2.7 fatalities, 
among children 0- 4 years of age. As a result of herd immunity effect; a to-
tal of 6 episodes of pneumococcal meningitis and 167 cases of pneumococ-
cal septicaemia among adults could potentially be avoided. The model pre-
dicted vaccination to cost MSEK 148 (three doses) or MSEK 196 (four 
doses). The potential cost saving as a result of reduced burden of disease 
was estimated to MSEK 158 (MSEK 87.4 in direct costs and MSEK 70.3 in 
indirect costs). The incremental cost per QALY and LY gained was esti-
mated to be negative (cost-saving) for an implementation of a three doses 
vaccination programme or SEK 274,000 and SEK 482,000 in case of four 
doses of vaccine. When herd immunity was accounted for, the cost per 
QALY and LY gained was estimated to be cost-saving (with three doses) or 
SEK 51,500 and SEK 61,500 respectively (four doses). 
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Conclusion 
The results of the current health economic analysis indicate that a universal 
pneumococcal vaccination programme in Sweden could prevent a consider-
able number of infections – mainly acute otitis media infections – and re-
duce the related morbidity and mortality. If three doses of vaccine are given, 
the cost- effectiveness analysis advocate that vaccination can be cost saving 
from a societal perspective. In case of a four doses vaccination schedule, the 
health benefits of vaccination can be achieved within a “moderate cost” or 
“low cost” per QALY or LY gained, according to the Swedish National 
Board of Health and Welfare’s ranking. The sensitivity analyses indicate 
that this conclusion is robust to reasonable changes in the assumptions upon 
which the analysis was based.  
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1. Introduction 

1.1 Epidemiology of pneumococcal disease 
Streptococcus pneumoniae (pneumococcus) is a frequent cause of bacterial 
meningitis, septicaemia, pneumonia and acute otitis media, which are major 
contributors to morbidity and mortality among children (1). Meningitis is 
the most severe manifestation of pneumococcal disease and is associated 
with a high rate of complications (2,3). The societal impact of these diseases 
is especially large because most cases occur in very young infants. As illus-
trated in figure 1, invasive pneumococcal disease1 (IPD) appears at all ages 
but the peak incidence is seen in young children and among elderly.  
 
Figure 1. Incidence of invasive pneumococcal disease per 100 000 individuals in 
Sweden, year 2005 
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Source: the Swedish Institute for Infectious Disease Control (SMI) (4) 
 
From 2000–2005, the total number of invasive pneumococcal disease 
among Swedish children up to four years of age was 406 cases (4). 24% of 
all cases were found among children below 1 year of age and 42% among 
1–2 years old. The age distribution among children and source of the inva-
sive pneumococcal isolate (blood or cerebrospinal fluid, CSF) are illustrated 
in figure 2.  
 
 
 
 

                                                 
1 Invasive Pneumococcal Disease is defined as an infection where S. Pneumoniae has been 
isolated from a normal sterile location, i.e. blood or liquor  
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Figure 2. The age distribution among children with invasive pneumococcal disease 
2000–2005 
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Source: SMI (4) 
 
Pneumococcal disease is caused by at least 90 different serotypes of strepto-
coccus pneumoniae but the majority of diseases are caused by only small 
number of serotypes (5). Therefore, providing immunological protection 
against a small number of serotypes could protect against the majority of 
diseases caused by streptococcus pneumoniae. However, the worldwide 
serotype distribution varies from region to region and from country to coun-
try (6).  

1.2 Vaccination against streptococcus pneumoniae 
Pneumococcal vaccines have become increasingly adopted over the past 
decade. The 23-valent pneumococcal polysaccharide vaccine (PPV23) has 
been used in adults since 1983. The 7-valent pneumococcal conjugate vac-
cine (PCV7) (Prevenar®) is a newer vaccine that is recommended for chil-
dren under 2 years of age. The vaccine became commercially available in 
Sweden 2001. The seven valent pneumococcal conjugate vaccine covers 
seven of the most common serotypes causing invasive pneumococcal dis-
ease in the USA (4, 6B, 9V, 14, 18C, 19 F and 23 F). It has shown high effi-
cacy in preventing invasive pneumococcal disease caused by the vaccine 
serotypes (7,8) and the vaccine has also proved effects on pneumonia and 
acute otitis media (9-11). Additionally it has been suggested to confer some 
cross-protection against other serotypes included in the vaccine (12,13)  

After the US recommendation of systematic vaccination with PCV7 in 
children, bacteriological and epidemiological surveillance reports have re-
vealed reductions in the incidence of IPD (14-17). Also, a recently pub-
lished study showed a significant decrease of pneumococcal pneumonia 
incidence for children younger than 24 months (18). Moreover, infant vac-
cination reduced the number of visits to physicians due to doctor acute otitis 
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media (7). There is also evidence of herd immunity2 in regions where there 
has been widespread use of this vaccine (15).  

However, there is concern that serotypes not contained in the vaccine may 
surface as common causes of invasive pneumococcal disease since the inci-
dence of disease due to serotypes not included in the vaccine may increase 
(19-22). This is most likely to occur where the circulation of non-vaccine 
serotypes is prevalent and where IPD due to these serotypes occurs.  

1.3 The national vaccination programme in Sweden  
There are no mandatory vaccines in Sweden but all children are recom-
mended to take part in the general vaccination programme provided by each 
county. The national vaccination programme is regulated by the Swedish 
National Board of Health and Welfare, recommending vaccinations against 
defined diseases with appropriate immunization schedules. Currently, all 
vaccinations included in the national programme for children are provided 
free of charge by the counties.  

Today, children in high-risk groups are given the 7-valent pneumococcal 
vaccine in Sweden (22). However, the National Board of Health and Wel-
fare is currently evaluating the potential impact of a routine vaccination 
schedule of PCV-7 for all healthy children. There are many factors to con-
sider before recommending routine vaccination and this study will explore 
the health economic impact of universal infant vaccination with a 7-valent 
conjugated pneumococcal vaccine in Sweden.  
 
 
 

                                                 
2 Herd immunity occurs when the vaccination of a portion of the population provides pro-
tection to unvaccinated individuals. 
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2. Framework 

2.1 Objective of the study 
The objective of this study was to evaluate the projected health benefits, 
costs and cost-effectiveness of vaccination with the 7-valent conjugated 
pneumococcal vaccine compared with no vaccination, in all infants in Swe-
den.  

2.2 Indication of the vaccine 
The governmental approved indication in Sweden for Prevenar® is “active 
immunization against diseases caused by Streptococcus pneumoniae, sero-
types; 4, 6B, 9V, 14, 18C, 19F and 23F (septicaemia, meningitis, pneumo-
nia and acute otitis media) for children from 2 months to 5 years of age” 
(24). 

2.3 Type of analysis 
An economic model was used in order to perform a cost-utility analysis and 
a cost-effectiveness analysis, comparing a universal pneumococcal vaccina-
tion programme with a no-vaccination programme.  

Cost-effectiveness analysis (CEA) is a form of economic analysis that 
compares the relative expenditure (costs) and outcomes (effects) of two or 
more actions, e.g. medical treatments or governmental interventions. Cost-
effectiveness is typically expressed as an incremental cost-effectiveness 
ratio (ICER). ICER is the ratio between the difference in costs and the dif-
ference in benefits of two treatments or interventions. By using the results of 
a cost-effectiveness analysis, a decision maker can better judge whether a 
particular cost per effect represents good value for the money. A threshold 
value is often set by policy makers, who may decide that only interventions 
with an ICER below the threshold are cost effective (and therefore should 
be funded). 

A special case of CEA is cost-utility analysis (CUA). CUA incorporates 
individual’s preferences for health gains into the effectiveness measure, 
which allows for the comparison of different health outcomes (such as relief 
of suffering or prevention of disease) by measuring them all in terms of a 
single unit, e.g. cost per additional life-year or quality-adjusted life-year 
(QALY).  

As recommended in the “General guidelines for economic evaluations” 
by the Pharmaceutical Benefits Board (LFNAR 2003:2) (25); a cost-
effectiveness analysis, with quality-adjusted life years (QALY’s) as the 
measure of effect was used in the analysis. Since vaccination will affect 
survival, life years gained was also assessed in the analysis, in accordance 
with the general guidelines.  
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2.4 Perspective 
The analysis was conducted from a societal perspective, which means all 
direct costs are included, regardless of whom they affect. When the analysis 
is carried out from society’s perspective, indirect costs should be included. 
Subsequently, indirect costs, in terms of reduced productivity due to illness, 
disability and death were subsequently accounted for.  

2.5 Time horizon and discounting  
A Swedish birth cohort was simulated for a life-long perspective of 100 
years. In accordance with the Swedish pharmaceutical Benefits Board rec-
ommendations for health economic evaluations, a discount rate of 3% has 
been used for both monetary values and health consequences (25). In the 
sensitivity analysis costs and effects are presented undiscounted and at 5%.  
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3. Methods  

3.1 Model overview 
3.1.1 Health states 
We will assess the cost-effectiveness of vaccination using a decision- analy-
sis model of a hypothetical Swedish birth cohort of 95,000 children (average 
live births year 2000-2005 (26)). Each child is at risk and might experience 
pneumococcal caused diseases. An individual suffering an initial pneumo-
coccal disease might experience complications, which might become 
chronic. A suitable model approach when dealing with discrete health states 
is the Markov model. A Markov modelling3 approach was therefore taken 
to compare the implications of two birth cohorts, where one cohort is not 
vaccinated4 while the other one is vaccinated with the 7-valent vaccine at 
3,5 and 12 month of age.  

Four initial pneumococcal diseases were incorporated in the model; men-
ingitis, septicaemia, pneumonia and acute otitis media. Table 1, shows the 
primary pneumococcal disease states used in the model as well as possible 
complication states that the individual might undergo.  

Secretory otitis media with eardrum tube and empyema are so called tran-
sient states, which are temporary, and will be abandoned before the end of 
childhood. However, some subsequent events might be chronic and the in-
dividuals might stay in this health state for the rest of their lives. The 
chronic states are the following: otitis sequelae, neurological impaired hear-
ing, epilepsy, hydrocephalus, neurological sequelae, dead from pneumococ-
cal disease, dead from other causes, or well. 
 

 

                                                 
3 The economic model used in this analysis was developed by Wisloff et al. 2006 (27) and 
used in Norway for assessing the cost effectiveness of adding PCV-7 to the Norwegian 
universal vaccination program. The basic structures of the Norwegian model remain similar 
in the Swedish application of the model. However, since vaccination affects mortality, the 
costs for increased survival are accounted for in accordance with the general guidelines for 
economic evaluations in Sweden. Consequently, total consumption less total production 
during gained life years is accounted for. This is subsequently changed in the Swedish 
application of the model, since this was calculated differently in the initial Norwegian 
model. However, applying the economic model with the new Swedish structure, but includ-
ing Norwegian cost and probabilities of different health events, the total outcome remained 
similar.  
4 Targeted vaccination of high-risk children is already in place in Sweden. However, a 
comparison of a universal vaccination program to the current selective vaccination was not 
explored due to difficulties in choosing the risk group (27). Additionally, since the high-
risk individuals are relatively few, the costs arising from these patients are assumed to be 
modest (27).  
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Table 1. Primary- and subsequent disease states used in the model 

Primary events Possible subsequent complications 

Meningitis Neurological impaired hearing 
Moderate or severe neurological sequelae 
Hydrocephalus 
Epilepsy 

Septicaemia Moderate or severe neurological sequelae 

Pneumonia Empyema 

Acute otitis media Secretory otitis media 
Secretory otitis with tube implantation 
Otitis sequel 

Probabilistic health states fol-
lowing pneumococcal infection  
 
(Each health state lasts one or 
more years) 

Secretory otitis media with insertion of tubes 
Otitis sequelae (mechanic impaired hearing) 
Hydrocephalus 
Epilepsy 
Moderate neurological sequelae 
Severe neurological sequelae 

3.1.2 Model structure 
The model takes the form of a multi-state Markov process. The basic struc-
ture of the model is shown in figure 3 (see Appendix A for the full model). 
In a Markov model the individuals of the birth cohort move (transit) be-
tween the health states according to the transition probabilities. The arrows 
in figure 3 illustrate the transitions between heath states. Each strategy was 
simulated through a Markov-model with cycle length of one year and it is 
assumed that each individual is always in one of the distinct health states. 

The model starts with healthy newborns, who are simulated from birth 
until all are dead, at maximum 100 years of age. During this time each indi-
vidual child5 is at risk of initial pneumococcal related disease. As already 
stated; the primary pneumococcal diseases might lead to several events, 
which can be transient or chronic. The transient states (secretory otitis me-
dia with eardrum tube and empyema), are illustrated as an ovals in figure 3. 
The chronic states (otitis sequelae, neurological impaired hearing, epilepsy, 
hydrocephalus, neurological sequelae, dead from pneumococcal disease, 
dead from other causes, or well) are represented by a rhomb in figure 3. It is 
assumed that there is no risk of dying from acute otitis media or possible 
subsequent events, hence no arrows are pointing towards the “death” state in 
figure 3.  

Besides the incorporated transitions probabilities, which are mostly based 
on the age specific risk of pneumococcal disease, variables such as vaccine 
efficacy, costs, and quality-of-life weights for individuals with chronic sub-
sequent events are included in the model.  

                                                 
5 Parents and grand parents will also be at risk of invasive pneumococcal disease when herd 
immunity is accounted for in the model.  

 16



Based on clinical trials and as stated in the WHO “PCV7 SAGE position 
statement” (28) an assumption of no vaccine effects after the age of four 
years of age is made. Subsequently, the risk of new pneumococcal related 
events is equal after the age of four years.  
 
Figure 3. The structure of the model 

 

3.2 Base case analysis  
Base case analysis was carried out for both the single individual and the 
whole birth cohort. The indirect costs are included in the base case analysis 
(25). Since inclusion of herd immunity can add additional benefit to society 
in regards of both costs and health outcome, the possibility of herd immu-
nity has been taken into account. However, the inclusion of herd immunity 
effect is presented separately in the base case analysis.  

The results are presented as potential health gain in terms of estimated re-
duction of burden of disease by vaccination. Expected costs of a vaccinated 
and an unvaccinated cohort of 95,000 infants are estimated as well as poten-
tial cost gains obtained by vaccination of all infants due to averted infected 
episodes. Total expected LY and QALY gained are calculated and pre-
sented. Moreover, an incremental cost per LY and QALY gained are pre-
sented.  

Swedish unit costs were used throughout the study and costs are ex-
pressed in Swedish kronor (SEK), price level of 2006. In case costs were 
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collected from another price year than of 2006, adjustments were made, 
using consumer price index (CPI) (29). 

3.3 Sensitivity analysis 
To explore the effect of uncertainties in the model, one-way sensitivity 
analyses, with respect to variation in the most relevant parameters, were 
conducted. The sensitivity analyses were performed of the individual-level 
and the results are presented by the incremental cost per QALY gained after 
variation in the different variables. The sensitivity of the herd immunity 
effect and related parameters was explored in a separate analysis.  
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4. Data 

4.1 Invasive Pneumococcal Disease (IPD) 
4.1.1 Incidence and case fatality rate 
There are several epidemiological studies assessing the incidence of IPD 
among children in Sweden and earlier studies have shown variable inci-
dence rates (3, 30-33). The diverse rates are most likely explained by the use 
of different methods for performing blood cultures and estimates are being 
made from low numbers of patients (3). To estimate the burden of invasive 
pneumococcal disease we used data from the Swedish Institute for Infec-
tious Disease Control (SMI) (4), where invasive isolates of S. pneumoniae 
from blood and cerebrospinal fluid are routinely reported from microbiology 
laboratories since 1988. In table 2, the annual mean incidence rate of chil-
dren 4 years old and younger is presented. The lowest and highest rate of 
IPD was used in the sensitivity analysis. 
 
Table 2. Invasive pneumococcal infection 2000-2005 among children 0-4 years  
of age 

Mean annual incidence rate (cases per year, per 100 000) by age 
2000-2005 
(Lowest rate- highest rate) 

Diagnosis 
Site of isola-
tion 

Total no. of 
cases 
 

<1 y 1 y 2 y 3 y 4 y 

Septicaemia 
(Blood) 

307 12.4  
(0-22.7) 

21.1  
(12.6-26.2) 

11.0 
(8.5-13.8) 

5.8 
(2.6-9.7) 

3.6 
(1.1-5.4) 

Meningitis 
(CSF) 

99 4.0 
(1.0-6.2) 

8.6 
(5.2-13.6) 

3.0 
(0-3.19) 

0.9 
(0-2.16) 

0.9 
(0-2.15) 

Source: SMI (4) 
 
After comparing the case fatality rates of pneumococcal invasive disease 
calculated from the “Swedish cause-of-death statistics” from the Swedish 
National Board of Health and Welfare (34) (for the codes: A40.3 pneumo-
coccal septicaemia and G00.1 pneumococcal meningitis) we found the 
number of patients dead from IPD remarkably low compared to published 
Swedish studies (30,31,33). The case fatality rate (CFR) for invasive pneu-
mococcal disease among children was therefore obtained from a published 
Swedish study (31). According to Dahl et al (2001) (31), the case fatality 
rate in individuals younger than two years of age was 7.5% and 6.7% for 
children between 2–14 years old. These results are similar to a concurrent 
Swedish study (33) and somewhat lower than earlier studies (30).  
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4.1.2 Sequelae from IPD 
Survivors of invasive pneumococcal disease are in relatively high risk of 
subsequent sequelae, in particular after meningitis. There are several possi-
ble complication events after IPD and in similar fashion as Wisloff et al 
(2006) (27) we included the following; neurological impaired hearing, hy-
drocephalus, epilepsy and other neurological sequelae6.  

Reported rates of patients developing complications after meningitis var-
ies between 10–50% (2).The most common sequelae after meningitis is neu-
rological impaired hearing (35). The incidence of hearing impairment in 
children surviving bacterial meningitis varies from 3.5% to 37.2% (36).  

The risk of sequelae after invasive pneumococcal disease was derived 
from the Norwegian study (27) and validated by Swedish experts7. How-
ever, the frequency of neurological sequelae from bacterial meningitis has 
shown to be lower in Sweden than other industrialized countries (35) and 
therefore different probabilities were explored in the sensitivity analysis. 
Published and unpublished literature was used for the sensitivity analysis.  
 

Table 3. Risk of complications after invasive pneumococcal disease  

Complication  Risk 
Impaired hearing after meningitis 0.15 
Hydrocephalus after meningitis 0.06 
Epilepsy after meningitis 0.05 
Moderate neurological sequelae after  
meningitis 

0.05 

Severe neurological sequelae after  
meningitis 

0.05 

Neurological sequelae after septicaemia 0.00375 

4.2 Non- invasive pneumococcal disease 
4.2.1 Incidence of pneumococcal pneumonia  
and case fatality rate 
While invasive pneumococcal infections are often bacteriologically con-
firmed, pneumonia (and otitis media) is often mostly clinical diagnoses. We 
derived yearly incidence of pneumonia using data from the “In-patient sta-
tistics register”, provided by the Epidemiological Centre at the National 
Board of Health and Welfare.  
 

                                                 
6 There are several possible neurological sequels but in the sub-group “other neurological 
sequele- severe and moderate” we have included health states such as: Severe neurological 
sequelae: mental retardation (International Classification of Disease (ICD)  F72, F73) and 
Cerebral Palsy (ICD G80, G81, G82) (37) with disability rate of 4-5 according to Gross 
Motor Function Classification System (GMFCS) (38). Moderate neurological sequels: 
Mental retardation (ICD F71)  Cerebral Palsy (G80, G81, G82) and with the GMFCS 1-3 
7 Two pediatricians with invasive pneumococcal disease expertise validated the risks of 

complications. 
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Table 4. Estimated incidence of pneumonia episodes per 1000 children. Year 2005  

Age  Population  Cases  Incidence per  
1000 children  

<1 101555 819 8.1 
1 102191 669 6.5 
2 100798 461 4.6 
3 97891 231 2.4 
4 93830 181 1.9 

Pneumonia is associated with a case fatality rate of 0.059%, which was de-
rived from the “Swedish cause-of-death statistics” for “all cause pneumo-
nia” (ICD code J18) (34). The risk of developing empyema after pneumo-
coccal pneumonia was assumed to be 1.9% (39). 

4.2.2 Incidence of Acute otitis media (AOM) 
Acute otitis media is one of the most common infections in children, and 
together with secretory otitis, it accounts for nearly all middle ear diseases 
in preschool age children (40). However, specific incidence data for acute 
otitis media in Sweden is limited and therefore data from two sources was 
used. Firstly, annual age specific incidence data was derived from a study in 
primary care setting in Kalmar County for the year 2005 (Neumark, T, per-
sonal communication). However, since the Kalmar study only represents 
AOM being diagnosed in primary care and most likely underestimates the 
occurrence, additional data from a Finnish study was used (41). Hence, we 
calculated a mean incidence based on these two studies, see table 4. The 
annual incidence rates from the study in Kalmar and the Finnish study are 
presented in Appendix B, table B2, B3.  
Table 5. Estimated annual incidence of acute otitis media episodes  
per 100 children  

Age  Incidence per 100 children  
<1 35 
1 44 
2 32 
3 29 
4 24 

4.2.3 Subsequent events of AOM 
Acute otitis media might lead to several subsequent events. In order to cover 
the possible consequences of AOM a sub-model was incorporated (27). The 
probabilities of developing complications from AOM were based on the 
Norwegian assumptions of probabilities (27). Nonetheless, the risks of com-
plication are comparable to events described in the Swedish Consensus 
Conference report “Treatment of acute otitis media” (2000) (42), and are 
therefore assumed to be valid for Sweden. The otitis sub-model includes the 
events mastoiditis, secretory otitis media (SOM), and the subsequent health 
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states; ventilation tube and otitis sequelae (chronic secretory otitis or me-
chanic impaired hearing).  We assumed that acute otitis media develops into 
acute mastoiditis in 0.0042% of all cases (42, 43). It was also assumed that 
all patients with AOM develop secretory otitis media for some time and that 
5% will have persistent SOM (44,27). These children will as a result of 
SOM receive ventilation tubes (27). The ventilation tubes may be in place 
for varying periods of time and it is assumed that after one year 20% of the 
children who received tubes still have them. 25% among these, will have 
them for two years (45) and 2% of all those who had tubes installed, will 
still have them at age eight. Additionally, AOM may lead to otitis sequelae. 
Many children have reduced hearing after SOM, but will have normal hear-
ing by the age of six (46). It was assumed that permanent otitis sequelae 
always develop through a stage with ventilation tube and that 2% of the 
children will have the condition by the age of eight years (47).  

4.3 The 7-valent pneumococcal  
conjugate vaccine  
4.3.1 Efficacy and vaccination schedule 
The efficacy of the PCV-7 was based on two randomized double blind tri-
als; the Northern California Kaiser Permanente (NCKP) trial (7) and the 
Finnish Otitis Media Vaccine trial (11). In the NCKP trial, vaccine efficacy 
of 93.9% (CI 79.6- 98.5%) against IPD of vaccine serotype was found in the 
intention to treat (ITT) analysis (7). The vaccine efficacy against pneumonia 
was based a recently published study on the Kaiser permanent trial by WHO 
(10) and according to the ITT analysis, the relative risk reduction against 
radiologically confirmed pneumonia was 25.5% (95% CI 6.5-40.7) (10). 
The Finnish Otitis Media Vaccine trial (11) showed that the PCV-7 reduced 
the number of episodes of acute otitis media from any cause by 6% (95% CI 
-4 to16). In the NCKP trial the efficacy results for otitis media was in the 
ITT analysis 6.4% (95% CI 3.9-8.7). The vaccine efficacy for AOM in the 
current study was based on the Finnish trial in the base case analysis and 
results from the Kaiser clinical trial was taken into account in the sensitivity 
analysis. Finnish data also showed a reduction of the risk of having tym-
panostomy tube placement the first years of life after vaccination (48). Our 
model predicts a reduction of 6.1% in the absolute risk of having tube 
placement up to the age of 10 years (49). Hence, we assume that complica-
tions after AOM are reduced to the same extent as the primary AOM epi-
sode (50).  

PCV-7 have shown to be safe and immunogenic efficacious in the preven-
tion of IPD, pneumonia and acute otitis media in infants, when administered 
in a three-dose primary series supplemented with an booster dose at 12–15 
month of age (9). However, there is evidence that three vaccine doses (2+1) 
may offer the same effectiveness as four (51). Kayhty et al (2005) (51) 
showed that the pneumococcal antibody concentrations at 13 months were 
comparable with those noted previously with the 4-dose schedule. Based on 
these results we assume that the implementation of a 2+1 dose schedule for 
PCV-7 at 3, 5 and 12 month would allow the same immune response, as 
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observed in the clinical trials (50,26). In the current study the economical 
impact of implementing the PCV-7 in the routine vaccination programme 
was based on the assumption of a 3 and a 4-dose schedule.  

4.3.2 Serotype coverage in Sweden 
The effectiveness of PCV-7 against pneumococcal disease depends partly of 
the serotypes included in the vaccine. The pneumococcal vaccine was de-
veloped in the USA, hence designed to contain the most common serotypes 
in the US. Since the serotype distribution among invasive isolates varies 
between regions and populations as well as between age groups and over 
time, adjustment for Swedish-specific PCV-7 serotype coverage was made.  

We adjusted the effectiveness of the vaccine against invasive pneumococ-
cal disease based on data provided by the Swedish Institute for Infectious 
Disease Control (Birgitta Henriques-Normark, personal communication). A 
total of 58 invasive pneumococcal isolates obtained from blood and CSF, 
collected from microbiological laboratories all over Sweden in 2006, was 
used for the analysis. The potential coverage rate of the PCV-7 for children 
below 2 years of age is estimated to 74.5% and for children 3–4 years was 
63.6%.  

Complementary data from Hedlund et al. (2001) (52) was used in the sen-
sitivity analysis for the age group 0-2 years of age (see Appendix B, table 
B3). For the age group 3-4 years; a range of 10% from the base case value 
was used.  
 

Table 6. Potential coverage rate for PCV-7 among invasive pneumococcal isolates 
in children <1 to 4 years of age, year 2006 

Age Coverage 

0–2  74,47% (35/47) 

3–4 63.64% (7/11) 

4.4 Herd immunity and invasive pneumococcal 
disease among adults  
There is evidence that after implementation of universal vaccination with 
PCV-7 in the US, the incidence of pneumococcal disease among adults has 
decreased, which demonstrates a substantial herd immunity effect. (15,53). 
To analyze the impact of a universal PCV-7 vaccination programme in un-
vaccinated adults in Sweden, we used a sub-model, generated by Wisloff et 
al (2006) (27), which model a certain risk reduction. The sub-model is based 
on a regression line calculated from the data from the Centre for Disease 
Control and Prevention (CDC) in the US (15). In similar fashion to Wisloff 
et al. (2006) (27) we adjusted for pneumococcal serotypes infecting adults 
in Sweden, which resulted in potential reduction of IPD by 9.3% in the 
youngest age group (18–39 y); 13.8% among individuals 40–64 years of age 
and 18.7% among the oldest (+65 y). Since pneumococcal vaccination will 
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be performed for each new birth cohort, we attributed one year of avoided 
pneumococcal disease in adults to one year of vaccination (27). 

Data of incidence rates of pneumococcal invasive disease among adults 
was collected from Swedish Institute for Infectious Disease Control (SMI). 
As illustrated in figure 4, the highest annual incidence rate of invasive 
pneumococcal infection was found among individuals over 65 years of age 
and the lowest among the youngest age group.   
 

Figure 4. Incidence of invasive pneumococcal disease among adults,  
year 2000-2005 
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Source: SMI (4) 
 

4.5 Health outcome 
As stated in chapter two, the quality-adjusted life-year (QALY) is the out-
come measure for cost utility analysis. The QALY is a measure that incor-
porates both the quantity of life (life years) and quality of life (individual’s 
preferences for quality of life). The QALY is a weighting system where any 
state of health or disability is assigned a preference weight on a scale rang-
ing from 0 (death) to 1 (perfect health). The preference weights for the 
health states subsequent to pneumococcal disease are derived from the Har-
vard Centre for Risk Analysis (54) and are presented in table 6.  
 

Table 7. Quality of life weights 

Health state Quality of life weights 
Neurological sequelae – severe 0.60 
Neurological sequelae – moderate 0.80 
Epilepsy 0.80 
Hydrocephalus 0.80 
Neurological impaired hearing 0.91 
Having ear tube 0.99 
Otitis sequelae 0.99 
Source: Harvard database of preference weights (54) 
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4.6 Economic aspects 
4.6.1 Direct costs 
Direct costs are those directly associated with the health care intervention. 
These can be divided into (i) direct health care costs, drug costs, the cost of 
laboratory tests needed for the intervention; and (ii) direct non health care 
costs, such as the patient’s cost of transportation to and from treatment cen-
tres. 

Costs of pneumococcal disease and subsequent events  
To our knowledge, there are no previous cost studies of pneumococcal in-
fections in Sweden. In order to determine treatment pathways and the fre-
quency of medical resources consumed for each pneumococcal disease and 
chronic health states we compiled estimates from the Norwegian health 
economic study of the vaccine (27). Thereafter we presented the estimates 
to Swedish clinical experts (three paediatricians, one paediatrician-
neurologist and one ear, nose, and throat specialist) with the aim of validate 
the estimates in a Swedish setting. Subsequently we adjusted the expected 
resource use according to the Swedish expert’s opinions applicable for Swe-
den. In order to determine the societal impact of the chronic health states 
such as severe and moderate neurological sequelae as well as neurological 
impaired hearing after meningitis, only the paediatrician neurologist’s ex-
pertise was used, due to specialist knowledge in the area.  

Published studies, national registers and price lists were used for collec-
tion of unit costs and DRG. Unit costs of hospitalization and medical tests 
were derived from the Southern Regional Health Care Board (55) and were 
assumed to be valid for the rest of the country. The estimated costs associ-
ated with each disease are presented in table 8. For volume of care and fre-
quencies of medical treatment, specific unit costs associated with each event 
and source of information, see Appendix C.    
Table 8. Estimated cost of disease (SEK) 

Disease  Cost per treatment  

Pneumococcal septicaemia 42 629 

Pneumococcal meningitis 104 854 

Pneumonia 29 416 

Acute otitis media 2 782 

Recurrent otitis media 10 769 

Acute otitis media with mastoiditis 51 175 

Empyema 28 534 

Adult pneumococcal septicaemia and meningitis  46 126 
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Chronic health states Cost per year (one- time cost)

Neurological sequelae – severe 890 390 

Neurological sequelae – moderate 380 233 

Epilepsy 13 225 

Hydrocephalus 11 423 (84 381) 

Neurological impaired hearing 135 726 (240 000) 

Otitis sequelae <5 years  9 276 (14 553) 

Otitis sequelae following years 5 822 

Cost of transportation  
Based on a former study of travel distance associated with primary care and 
hospital visits in Sweden we calculated the expected costs for transportation 
(56). Due to lack of data we only assumed transportation in a private car. 
The cost of SEK 2.5 per kilometre in a private car was derived from the rec-
ommended compensation for transportation costs by the Swedish Agency 
for government employers (ALFA 3 chapter 1-6 §§) (57). As a result, the 
average cost for transportation to the primary care clinic and the hospital 
was approximated to SEK 7 and SEK 30 respectively. For each expected 
health care visit, the cost of transportation was additionally added.  

Cost of vaccine  
The cost of the vaccine is based on the pharmacy retail price of SEK 518.95 
(pack size 10) per dose (24). If the pneumococcal vaccine is to be generally 
distributed, it will be routinely co-administered to fit the current vaccination 
schedule. Subsequently, we assume that the vaccine is to be given at the 
same time as other child vaccines, and that the administration costs are zero.  

4.6.2 Indirect costs 
Indirect costs are associated with reduced productivity due to illness, dis-
ability and death. In the case of pneumococcal disease, indirect costs emerge 
both for the children (disability or premature death) and for the parents who 
have to stay home and take care of their child. In a recent study, parental 
absence from work due to one episode of acute otitis media in Sweden was 
observed (58). According to this study the caregiver was absent from work 
1.2 days (median; range 0–7 days). For complications after AOM, we as-
sumed 4 hours (1/2 working day) of lost production due to doctor visits (59) 
and two days related to operations (Hemlin, C. personal communication). 
Hence, the average production loss due to complications after AOM is esti-
mated to 3 days. Additionally, there is no study assessing absence from 
work caused by neither childhood invasive pneumococcal disease nor 
pneumonia in Sweden. Due to the lack of data we used the average inpatient 
days associated with child IPD and hospitalized pneumonia (meningitis 10 
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d, septicaemia 3.5 d, pneumonia 3.2 d) (60) to estimate production loss for 
parents, related to these events.  

The indirect cost consequential from work absence, due to doctor visits or 
convalescence of the child, was based on the average monthly wage of SEK 
24,630 (61) which was adjusted with a factor of 1.4 for social taxes. Hence, 
the cost for one day of lost production was SEK 1720 (including payroll 
taxes, social insurance and vacation pay).  
Table 9. Average monthly salary SEK (2006 years price) 

Women 22400 
Men  26760 
Total 24630 
Source: SCB, 2006 (61) Note: Monthly salary was collected for year 2005 and adjusted upwards with 
the CPI factor 1,013 to 2006 years price.  

 
With respect to the loss of working years for patients suffering sequelae 
after invasive pneumococcal disease we have added an annual production 
loss due to exclusion from the work force. The production loss is calculated 
by using the average income of individuals in the age 18–65 (61). The aver-
age income was calculated by multiplying the average monthly wage of the 
particular age group, with the fraction of employed in the same age group 
(62). The mean wage of the individuals in the age group (18–65 y) was a 
weighted mean with respect to the number of individuals in each age group 
(26).   

In order to assess the loss of working years due to premature death we 
followed the general guidelines for economic evaluations in Sweden and 
calculated for total production loss due to premature death, less expected 
consumption for the individual. The figures recommended by the LFN 
(based on a doctoral thesis by Mattias Ekman) (63) are from 1997 and does 
not reflect the economic conditions of today (the consumption figures for 
the total population provided by LFN are higher than the production fig-
ures). In order to calculate the net of production and consumption we there-
fore used the production figures in table D1 (Appendix D) and used the con-
sumer price index to inflate the consumption figures of Ekman. Since the 
Ekman figures are based on age groups that does not match the age groups 
used by the SCB, we had to interpolate the figures given in table D1 (Ap-
pendix D) in order to match the consumption figures with respect to age (see 
Appendix D, table D2).  

Indirect costs due to the parents’ participation in the vaccination pro-
gramme were not accounted for, since we assume that the pneumococcal 
vaccine will be co-administered in the already existing vaccination pro-
gramme.  
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5. Results 

5.1 Estimated reduction in the burden of disease 
Table 10 illustrates the results of the model simulation in terms of the ex-
pected number of disease cases and death, for vaccinated and non vacci-
nated individuals, respectively. In our model projection, the use of vaccine 
in a cohort of 95,000 healthy infants could potentially prevent 8.8 cases of 
pneumococcal meningitis, 22.1 cases of pneumococcal septicaemia, 509 
cases of pneumonia, 7812 cases of acute otitis media, and 2.7 fatalities, 
among children 0–4 years of age.  

In case herd immunity was accounted for; a total of 6 episodes of pneu-
mococcal meningitis and 167 cases of pneumococcal septicaemia among 
adults could potentially be avoided as a result of the herd immunity effect.  
 
Table 10. Estimated annual health outcome with and without vaccination 

 Cases without 
vaccine 

Cases with 
vaccine 

Cases pre-
vented by v
cination 

ac-

Children (0-4 years)    

Pneumococcal meningitis  12.7 3.9 8.8 

Pneumococcal septicaemia  31.5 9.4 22.1 

Pneumonia 2003 1494 509 

Acute otitis media  128 308 120 496 7812 

Deaths from invasive pneumo-
coccal disease 

3.3 1 2.3 

Death from pneumonia 1.2 0.8 0.4 

Total death from pneumococcal 
disease 

4.5 1.8 2.7 

Adults (18 to 65+ years)    

Pneumococcal meningitis  38 32 6 

Pneumococcal septicaemia  1044 877 167 

5.2 Cost-effectiveness base case analysis 
The average life-time cost of pneumococcal disease per individual, Life 
years (LY) and Quality Adjusted Life Years (QALY) gained and the incre-
mental cost per LY and QALY gained are illustrated in table 11. The corre-
sponding results from inclusion of herd immunity effect are presented in 
table 12. 

Vaccination is estimated to cost SEK 1557 (3 vaccine doses) or SEK 
2060 (4 vaccine doses) per infant. In regards to direct costs, PCV-7 would 
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potentially save SEK 919 per individual, resulted from averted infective 
episodes and complications, and a total of SEK 740 in indirect costs due to 
premature death, disability to work and parents’ work absence. By reason of 
the frequency of acute otitis media episodes among small children, AOM 
and its complications represent most part of the total direct and indirect 
costs.  

The total public cost of vaccinating a birth cohort of 95,000 children is 
also presented in table 10 and 11 (column to the right). The potential cost 
saving in a societal perspective for the whole birth cohort is estimated to 
MSEK 157.7 (MSEK 87.4 in direct costs+MSEK 70.3 in indirect costs) 
caused by reduced burden of pneumococcal disease. Vaccination of a full 
cohort is estimated to cost MSEK 148 (3 doses) or MSEK 196 (4 doses). 
Subsequently, depending on if three or four doses are given, the net public 
cost of a universal vaccination programme is estimated to be cost-saving  
(- MSEK 10) in a societal perspective or to cost MSEK 38 per cohort.  

The cost saving as results of decreased burden of disease, from a health 
care perspective (i.e. only the direct costs8) is MSEK 87.4 per cohort. How-
ever, the County Councils in Sweden are receiving income in terms of in-
come taxes (around 12% of income- tax9 (64) and will therefore be deprived 
of income when parents are home taking care of their child. Subsequently, if 
costs are analysed from a “county council perspective”, a proportion of the 
indirect costs should be included. Our model predicts that the county coun-
cils would receive an additional 2.5 million in terms of extra tax-income 
after vaccination due to reduced indirect costs.  

As explained in section 2.3, cost-effectiveness is typically expressed as an 
incremental cost-effectiveness ratio (ICER). ICER is the ratio between the 
difference in costs and the difference in benefits of two treatments or inter-
ventions. Vaccination yields 0.00146 incremental QALYs and 0.00083 in-
cremental life years per individual. This means that the total QALY and LY 
gained in a vaccinated cohort of 95,000 infants is 139 (373 undiscounted) 
and 79 (217 undiscounted) respectively. The incremental cost per QALY 
and LY gained was estimated to be negative (cost-saving) for implementa-
tion of a three doses vaccination programme or to SEK 274,000 and SEK 
482,000 per QALY and LY gained in case of four doses of vaccine.  

When herd immunity was accounted for, the cost per QALY and LY 
gained was estimated to be cost-saving (with three doses) and cost SEK 
51,500 and SEK 61,500 (for four doses) respectively. The potential saving 
for reduced invasive pneumococcal disease among adults was estimated to 
MSEK 7.68 in terms of direct costs. The total expected QALY and LY 
gained in a vaccinated cohort of 95.000 infants is 369 (603 undiscounted) 
and 309 (447 undiscounted) respectively, taking herd immunity into ac-
count.  
 

                                                 
8 Excluding the cost of transportation had marginal impact on the total direct costs, and 
therefore remains unchanged.  
9 The average “local authority tax” (Kommunalskatt) is 31.6% in Sweden (64), which in-
cludes a “county council tax”. The percentage of County Council tax differs between local 
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Table 11. Cost effectiveness analysis per individual and for the birth cohort of 
95,000 children. 3 and 4 doses of vaccine. Discount rate 3%. SEK, price level 2006 

 Vaccination

 

No vaccination 

 

Difference Total budget 

impact for the whole 
cohort (MSEK) 

Direct cost     
Pneumococcal disease     
     Septicaemia 4.2 13.9 -9.7 -0.92 
     Meningitis 4.3 13.7 -9.4 -0.89 
     Pneumonia 443 594 -151 -14.34 
     AOM 3318 3534 -215 -20.45 
Total cost of initial disease 3770 4155 -385 -36.60 
 
Subsequent complications 

    

     IPD 98 325 -227 -21.58 
     Pneumonia 12 15 -3 -0.29 
     AOM 4733 5037 -304 -28.89 
Total cost of complications 4843 5377 -534 -50.76 
Total direct costs  8612 9532 -919 -87.37 
 
Indirect cost 

    

     Disability to work and premature 
death 221 540 -319 -30.27 
     Parent work- loss 10007 10428 -422 -40.06 
Total indirect cost 10228 10968 -741 -70.33 
     
Vaccine cost (3/4 doses) 1557/ 

2060 0 
1557/  
2060 

147.90/  
195.70 

     
Total costs 3 doses 20397 20500 -103 -9.78 
Total costs 4 doses 20900 20500 400 38.00 
     
Quality Adjusted Life Years (QALY) 30.61583 30.61437 0.00146 139 (373) 
Life Years (LY) 30.6222 30.62138 0.00083 79 (217) 
     
Cost- effectiveness     
Incremental cost per QALY gained 
(ICER) (3 doses) 

Negative (Cost- saving) 

Incremental cost per LY gained 
(ICER) (3 doses) 

Negative (Cost- saving) 

Incremental cost per QALY gained 
(ICER) (4 doses) 

400/ 0.00146= 273,972 

Incremental cost per LY gained  
(ICER) (4 doses) 

400/ 0.00083= 481,927 

 
 

                                                                                                                            
governments in Sweden but an average of 12% is calculated for (64). The costs included in 
the “county council perspective” are the direct costs and a proportion of the indirect costs.  
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Table 12. Cost effectiveness analysis per individual and for the birth cohort of 
95,000 children, taking herd immunity into account. 4 vaccine doses. Discount rate 
3%.  

 Vaccination No vaccination Difference Total budget  
impact for the 
whole cohort 
(MSEK) 

Direct costs (adults first year)* 112 193 -81 -7.68 
Direct costs 8598 9518 -920 -87.37 
Indirect costs  10230 11090 -860 -81.70 
Vaccine cost (3/4 doses) 1557/2060 0 1557/2060 147.90/195.70 
Total costs 3 doses 20497 20800 -304 -28.85 
Total costs 4 doses 21000 20800 200 18.95 
     
 
Quality Adjusted Life Years 
(QALY) 

 
30.60367 

 
30.59979 

 
0.00388 

 
369 (603) 

Life Years (LY) 30.61004 30.6068 0.00325 309 (447) 
 
Cost effectiveness 

    

Incremental cost per QALY 
gained (ICER) (3 doses) 

Negative (Cost-saving) 

Incremental cost per Life Year 
gained (ICER) (3 doses) 

Negative (Cost-saving) 

Incremental cost per QALY 
gained (ICER) (4 doses) 

200/0.00388= 51,546 

Incremental cost per Life Year 
gained (ICER) (4 doses) 

200/0.00325=61,538 

*Since pneumococcal vaccination will be performed for each new birth cohort, we attributed one year of 
avoided pneumococcal disease in adults to one year of vaccination (27). 

5.3 Timing of costs and cost savings 
In order to analyse when the potential cost savings can be expected to ap-
pear, we explored the timing of costs and cost savings10. The cost of vacci-
nation of all infants will appear within the first and second year (see figure 5 
and 6). In figure 7 and 8, the cost savings of one birth cohort (0–99 years) 
from a societal and a county council perspective are illustrated. Most of the 
cost savings are expected to emerge the first four years after a full birth co-
hort is vaccinated. From a societal perspective, it is estimated that 69% of 
the cost savings will set in within the first four years. Also, from a county 
council perspective, the greatest part of the cost savings (54%) will appear 
within year 0–4 after the birth cohort is vaccinated. The cost savings due to 
HI are estimated to appear every year (see table 12) and are excluded in the 
following figures.  

 
 
 

                                                 
10 Note that the costs and cost savings are presented with a 3% discount rate.  
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Figure 5. Timing of vaccination costs. 3 doses of vaccine 
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Figure 6. Timing of vaccination costs. 4 doses of vaccine. 
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Figure 7. Timing of cost savings from a societal perspective (discounted 3%) 
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Figure 8. Timing of cost savings from a County Council perspective (discounted 
3%) 
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5.4 Sensitivity analysis 
A sensitivity analysis has been carried out to analyze the variation of the 
input values and to determine the effects uncertain data have on the results 
(Table 13, 14). The analysis was carried out exploring results for both three 
and four doses of vaccine.   
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Compared to base-case, the greatest difference was found in the vaccine 
efficacy of AOM. Therefore we used the results from both the Finnish clini-
cal trial (11) and the American Kaiser trial (7) to evaluate the impact of vac-
cine efficacy of AOM. Assuming no reduction in AOM episodes after im-
plementation of the vaccine, the cost per QALY gained was estimated to 
SEK 891,220 (SEK 1,086,800). Assuming a relative reduction of 16% of 
AOM episodes after vaccination; the implementation of the programme 
would be dominating (cost-saving). However, using results from the Kaiser 
trial; the cost per QALY varied between SEK 232, 800 (SEK 628,400) and 
dominant (cost-saving). These findings will be further discussed in chapter 
6.  

The incidence of AOM in Sweden is uncertain and therefore we explored 
the incidence of AOM further. Assuming a low incidence rate of AOM, 
based on the study in Kalmar County (Neumark, T. personal communica-
tion) resulted in a cost of SEK 183,100 and 552,200 per QALY. If basing 
the analysis on the Finnish study, and subsequently a higher incidence rate 
of AOM, the net cost of a vaccination programme remains negative (cost-
saving) in a societal perspective.  

Additionally, exclusion of indirect costs does also influence the results 
remarkably (to SEK 418,700 and SEK 773,500 per QALY gained). Parent’s 
absence from work during their children’s sickness represents the greatest 
part of the indirect costs and also the greatest part of the total costs. There-
fore we halved productivity loss, which resulted in an increase in cost per 
QALY gained to SEK 145,000 and SEK 500,000 for 3 and 4 doses of vac-
cine respectively.  

The cost-effectiveness results were also sensitive to the unit cost of the 
vaccine. We altered the price of the vaccine to estimate the break-even price 
of the vaccine (the price at which the net cost of vaccination is zero). The 
break-even cost was estimated to SEK 563 and SEK 421 per dose (3 and 4 
doses vaccination schedule).  

Variation of the vaccine efficacy of IPD or pneumococcal pneumonia 
does not influence the results remarkably. Variations in the incidence rate of 
IPD (based on incidence rates in table 2), pneumonia, probabilities of seque-
lae after IPD and case fatality rates resulted in a limited impact on the re-
sults of the analysis. Moreover, variation in costs of IPD, pneumonia, nor 
sequelae does not alter the results remarkably. 

The result of the sensitivity analysis of the herd-immunity effect is pre-
sented in table 14. We altered the incidence and case fatality rates 50% to 
the “worst and best scenario”. The ICER remained negative for three doses 
of vaccine and changed to SEK 88,700 when the incidence of IPD among 
adults and case fatality rates were halved and to SEK 47,400 when increased 
by 50% (four vaccine doses). When assuming 50% reduction of the herd 
immunity effect; the cost per QALY gained increased to SEK 68,000, while 
a 50% increase of the herd immunity resulted in a cost of SEK 33,500 per 
QALY in a four doses vaccination programme.  
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Table 13. Sensitivity analysis of selected parameters. Incremental Cost per QALY 
gained 

Indirect costs included. Discount rate (3%) 
Scenario ICER (3 doses) ICER (4 doses) 
Base case 
 

Negative (Cost-  
saving) 

273972 

Discount rate   
    0% Cost-saving Cost-saving 
    5% 
 

276453 622672 

Indirect costs    
    Indirect costs excluded 418707 773547 
    Indirect costs +50% Cost-saving 42847 
    Indirect costs -50% 
 

145021 499861 

Unit cost of vaccine    
    SEK 563 Break even - 
    SEK 421 - Break even 
    SEK415 (-20%) Cost-saving Cost-saving 
    SEK621 (+20%) 115317 539935 
Vaccine efficacy - Septicaemia   
    79,6%  Cost-saving 284578 
    98,5% 
 

Cost-saving 258067 

Vaccine efficacy - Meningitis   
    79,6%  Cost-saving 304612 
    98,5% 
 

Cost-saving 251919 

Vaccine efficacy - Pneumonia   
    6,5% 2 738 375510 
    40,7% 
 

Cost-saving 182515 

Vaccine efficacy - AOM (Based on Eskola et al) (11)   
    16% Cost-saving Cost-saving 
     0 
 

891220 1086795 

Vaccine efficacy - AOM (Based on Black et al) (7)   
    8,7% Cost-saving Cost-saving 
    3,9% 
 

232764 628392 

Swedish serotype coverage IPD   
    Low for all age groups (0,42; 0,5; 0,57; 0,57)* Cost-saving 372692 
    High for all age groups (0,79; 0,79; 0,70; 0,70)* 
 

Cost-saving 240207 

Incidence of AOM    
    Low for all age groups  (0,17; 0,35; 0,26; 0,15)* 183129 552238 
    High for all age groups (0,43; 0,63; 0,39; 0,39)* 
 

Cost-saving 23270 
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Incidence of meningitis  
    Low for all age groups 3301 424676 
    High for all age groups 
 

Cost-saving 133356 

Probability of tube when SOM    
    0,01  386541 584457 
    0,1 
 

Cost-saving 28270 

* There is one parameter for each age group but we increased/decreased the incidence rate in all age 
groups to estimate the impact on the result. One- way sensitivity analysis was performed on each sepa-
rate variable as well and yielded less change compared to base case.  
 

Table 14. Sensitivity analysis of Herd Immunity effect. Incremental Cost per QALY 
gained. Indirect costs included. Discount rate (3%) 

Scenario ICER (3 doses) ICER (4 doses) 
Base case 
 

Cost-saving 51546 

Discount rate   
    0% Cost-saving Cost-saving 
    5% 
 

26783 128205 

Indirect costs excluded  
 

41783 140350 

Incidence of IPD and CFR for all adult groups   
    -50% Cost-saving 88659 
    +50% 
 

Cost-saving 47422 

The herd immunity effect   
     50% reduction of the effect Cost-saving 68040 
     50% increase of the effect Cost-saving 33504 
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6. Discussion 

Streptococcus pneumoniae is a common cause of infection in young chil-
dren. The bacteria can cause meningitis and septicaemia, which are infec-
tions that can lead to severe sequelea and death. Pneumococci also contrib-
ute to non-invasive disease such as pneumonia and acute otitis media. AOM 
is a frequent cause of illness in children and we have in this analysis shown 
that it constitutes for a large impact on societal costs, both in terms of direct 
costs and indirect costs.  

We have in the present study analyzed the health economic aspects of im-
plementing the pneumococcal vaccine, PCV-7, in the universal vaccination 
programme for infants in Sweden. Our results indicate that routine vaccina-
tion with PCV-7 has the potential to reduce the burden of pneumococcal 
disease. In the base case analysis, the intervention is estimated to be cost-
saving from a societal perspective if three doses of vaccines are accounted 
for and the cost per QALY gained is estimated to SEK 274,000 if four dose 
schedule is implemented.  

In Sweden there is no explicit threshold value for the cost of treatment per 
QALY, and generally, reference points are used for estimation of a reason-
able value per QALY gained. For instance, Hjalte et al (2005) (65) esti-
mated the willingness to pay for a QALY to SEK 400,000. Similar value 
(£30,000 or SEK 400,000) was estimated by Rawlins and Culyer at the Na-
tional Institute for Clinical Excellence (NICE) in the UK (66). Persson and 
Hjelmgren (2003) (67) calculated the value of a QALY to SEK 655,000.  

In table 14, the Swedish National Board of Health and Welfare’s grading 
criteria for the cost per QALY or LY gained, is illustrated (68). In accor-
dance with this grading; the cost per QALY estimated (SEK 274,000) and 
the cost per LY gained (SEK 482,000) falls into the grade “Moderate cost”. 
When herd immunity is included, the cost per QALY (SEK 51,500) and LY 
(SEK 61,500) gained falls into the grade “Low cost”.  

The results from the sensitivity analysis show that most uncertain parame-
ters in the model have modest impact on the final outcome and the study 
shows overall robust results. Nevertheless, there are several uncertain vari-
ables and methodological limitations in the study, which will be explored in 
the next two sections. 
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Table 15. The National Board of Health and Welfare’s grading criteria of cost 
per QALY or LY gained 

Cost per QALY or LY gained (SEK) 

Low : <100,000/ QALY or LY gained 
 

Moderate: 100,000-499,999 /QALY or LY gained 
 

High: 500,000-1,000,000 / QALY or LY gained 
 

Very high: >1,000,000/ QALY or LY gained 
 

Not assessable 
 
Source: The Swedish National Board of Health and Welfare (68) 

6.1 Cost savings from vaccination 
According to the current analysis the total cost saving from a societal per-
spective is MSEK 157.7 per birth cohort. The majority of the cost savings 
due to vaccination of a whole birth cohort are caused by reduction of burden 
of disease and subsequent complications i.e. MSEK 87.4 as a result of re-
duction of disease (direct costs) and MSEK 70.3 caused by decreased pro-
ductivity loss (indirect costs) after vaccination. The cost savings from a 
County council perspective is MSEK 90. Most cost savings are likely to 
appear within the first four years after vaccination of the one cohort.  

The largest proportion of the treatment costs and productivity costs of 
pneumococcal infection were caused by AOM and probable complications. 
AOM occurs very frequently in children but also pneumonia is more com-
mon than meningitis and septicaemia. Although otitis media is the least se-
rious pneumococcal disease, it is a major cost contributor due to its fre-
quency. Only a small fraction of the total costs arises from IPD and subse-
quent events. Invasive pneumococcal disease is however much more costly 
per episode, but since it is fairly rare; the expected cost from IPD per indi-
vidual is low. But even though the cost savings per reduced episode of IPD 
is low compared with AOM and pneumonia; the relative estimated reduc-
tion in the burden of IPD and mortality is much higher for IPD, than AOM 
and pneumonia, due to the high vaccine efficacy for IPD. Since the vaccine 
efficacy is higher in preventing invasive pneumococcal disease; the costs 
savings are therefore just about equally spread between invasive and non- 
invasive pneumococcal disease, in particular in terms of consequences of 
IPD and the reduced indirect costs.  

6.2 Methodological limitations  
Apart from herd immunity, the current study does not take additional indi-
rect effects of a universal vaccination programme of PCV-7 into account. 

 38



Subsequently, the study is subject to several factors, which might over- or 
underestimate the impact of including PCV-7 in the Swedish universal vac-
cination programme.  

Factors having the potential to overestimate the results are the following:  
First, we did not compare universal vaccination of all infants to targeted 

immunization. Today, the primary target of PCV-7 in Sweden is children in 
high risk populations. An optional strategy could have been to include chil-
dren in higher-priority groups as comparator. However, due to limited data 
this strategy was unobserved.  

Second, we assumed vaccine protection for all newborn children. How-
ever, the vaccine is given to the infant at three month of age and it is likely 
that newborns are infected by pneumococci before they are vaccinated. Thus 
we might have overestimated the results or disfavour the cost-effectiveness 
of the vaccination programme.  

Third, vaccination might increase carriage of non-vaccine serotypes, 
which may be more or less virulent than the vaccine serotypes (9, 69). The 
changes in serotypes are an important factor to consider whether the new 
vaccine is going to be included in the general vaccination programme (70). 
Serotype replacement has been observed in clinical studies (11,69). The 
possibility of strain replacement could adversely affect the effectiveness and 
cost-effective estimates if non-vaccine serotypes of Pneumococci would 
increase the total disease burden. The serotypes related to acute otitis media 
are in particular important since it constitutes such large importance of the 
cost-effectiveness ratio. If the replacement in serotypes related to AOM oc-
curs over time, the net costs and cost per QALY gained could be altered 
considerably, meaning a higher cost per QALY gained.  

Fourth, we assume no additional costs for vaccination other than the ac-
tual cost for the vaccine dose. In reality, there are potential additional costs 
for eventual adverse events of the vaccine, further costs for information to 
parents and nursing staff of pneumococcal disease and the new pneumococ-
cal vaccine. Additionally, if a new vaccine is included in a universal vacci-
nation programme, continuous surveillance is important after the introduc-
tion of routine vaccination of all infants. Therefore, an additional cost for 
society is going to occur in order to monitor, for instance, any emergence of 
serotype replacement. How large the cost of surveillance is going to be for 
Swedish authorities is difficult to foresee and is excluded in the analysis.  

Nevertheless, there are factors not accounted for in the model that may 
underestimate the results.  

Firstly, we have only accounted for the most common diseases caused by 
S. Pneumoniae. In fact, there are other infections due to S. Pneumoniae, 
such as; sinusitis, arthritis and endocarditis. Vaccination may provide pro-
tection against these infections as well, and such effects would increase ef-
fectiveness as well as averted disease costs, and consequently lower the 
ICER.  

Secondly, we only used utility weightings for the complications and 
chronic health states after the initial pneumococcal disease and not for the 
initial disease. Quality of life data for these events were not available and 
would be difficult to derive for the infants. However, not including QALY 
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weights for the short-term diseases such as AOM, pneumonia, septicaemia 
or meningitis may have underestimated the total impact of quality of life.  

Thirdly, a positive aspect of implementing the vaccination programme, 
which is not modelled for, is the potential to hinder the increasing trend of 
antibiotic resistance of S. Pneumoniae in Europe (71). Data suggests that 
PCV-7 can reduce the use of antibiotics and prevent the spread of antibiotic- 
resistant strains of S. Pneumoniae (72). Increasing occurrence of antibiotic 
resistant Pneumococci enhance the importance of preventing pneumococcal 
disease. 

Fourthly, we did only account for adults in terms of herd immunity effect. 
There is likely that the incidence of pneumococcal related diseases would 
decrease among older children (e.g. siblings) after routine vaccination of 
infants. Hence, there is further potential cost-savings related to decreased 
burden of disease among children older than 4 years of age and younger 
than 18 years old. On the other hand, the incidence rate of IPD in this age 
group is substantially lower than in the other age groups (see figure 1) and 
consequently the herd immunity effect and potential cost-savings from re-
duced burden of disease is expected to be marginal among children 5–18 
years old.  

6.3 Validity and uncertainty of data variables 
6.3.1 Incidence rates 
The epidemiological data used in the analysis mainly stemmed from Swe-
den. The data used to estimate the incidence of invasive pneumococcal dis-
ease were based on statistics from the SMI and can be assumed to be reli-
able, since laboratory notifications of invasive isolates are made regularly to 
SMI from clinical microbiology laboratories covering the whole country. 
However, data for non-invasive pneumococcal disease (pneumonia and 
acute otitis media) are more uncertain. The incidence of pneumonia was 
based on the “Swedish in- patient register” from EpC. After varying the 
incidence rate 50% in the sensitivity analysis, the result shows marginal 
impact on the cost-effectiveness ratio and was therefore not considered any 
further.  

The lack of AOM data for Sweden and uncertainties in the incidence rates 
were taken into account in the sensitivity analysis. Changing the incidence 
rate to the highest incidence rate (only based on Finnish data) and the lowest 
(only based on data from Kalmar County), the cost-effective ratio changes 
to SEK 183,100 (3 doses) and SEK  552,200, meaning that health benefits 
would still be achieved at a generally accepted cost- effectiveness ratio (be-
low SEK 655,000). However, the incidence rate from Kalmar County most 
likely underestimate the true incidence of otitis media in Sweden, since it is 
conducted in a primary care setting. Around 65% of all otitis media episodes 
are estimated to be diagnosed in primary care and the additional in emer-
gency or paediatric setting (42). If the true incidence of AOM is higher in 
Sweden than our estimation; the cost per QALY is expected to decrease and 
the net cost of vaccination becomes lower than in our base-case result.  

As a result of difficulties in obtaining Swedish data in regards to compli-
cations of AOM, the probabilities from the Norwegian study were used (27). 
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It is probable that the AOM complication rates differ somewhat in Sweden 
than in Norway. However, after varying the probabilities used in the otitis 
sub-model; cost per QALY still remained within the range of what could be 
considered a reasonable ICER for four doses of vaccine (67).   

Because of lack of proper nation-wide data of case fatality rate of IPD, 
the rates in the current analysis are based on a study conducted in the South-
ern part of Sweden and consequently assumed to be valid for the whole 
country. Additionally, the case fatality rate of pneumonia was difficult to 
obtain and an assumption based on existing data from the Swedish cause-of- 
death register (34). The uncertainty around the case fatality rates was ex-
plored in the sensitivity analysis and changing the rates did not have a large 
impact on the results. Moreover, results from varying the probabilities of 
getting sequelea after meningitis, shows little sensitivity because of the low 
incidence (small probabilities) of obtaining pneumococcal meningitis. 

6.3.2 Vaccine efficacy and serotype coverage 
Since the pneumococcal vaccine was developed in the USA, it is naturally 
designed to contain the most common serotypes causing IPD in the USA. 
As previously stated, serotype distribution varies remarkably over time, be-
tween countries and even within different regions within a country. There-
fore the serotype distribution in Sweden is important to consider in order 
assessing whether the PCV-7 is going to be effective in Sweden or not. The 
serotype data we have used in this analysis covers isolates collected from 
the whole country. Our serotype data contains few isolates, but the coverage 
rates from 2006 are very similar to the ones from 2001 (52) and also similar 
to findings in Stockholm county council (see Appendix B, table B4). How-
ever, given the uncertainty around the serotype distribution in Sweden we 
explored the option of the lowest vaccine serotype coverage and the highest 
estimated. Given the lowest serotype coverage, the cost per QALY was es-
timated to SEK 372,700 (4 doses); still within the “moderate cost” of cost 
per QALY gained (68). The serotype coverage was only adjusted in terms of 
invasive pneumococcal disease and not for the non-invasive diseases.  

The parameter, which has the most important impact on the cost-
effectiveness ratio according to the sensitivity analysis, is the vaccine effi-
cacy of AOM. The vaccine efficacy on AOM episodes has such great im-
pact on the results because it also reflects the relative reduction of AOM 
related complications. The cost per QALY gained varies from being cost- 
saving to over one million SEK (4 doses), depending on the vaccine efficacy 
assumed. We explored the results from both the Finnish trial (11) and the 
Kaiser clinical trial (7). Both clinical trials showed similar results in vaccine 
efficacy on AOM but the studies differ remarkably in confidence intervals 
(95%). The Finnish trial showed a reduction of AOM episodes with 6% 
(95% CI -4 to16). The negative number indicates a possible increase in the 
number of episodes11. While the NCKP trial in California showed a similar 

                                                 
11 In the sensitivity analysis we explored no efficacy in the sensitivity analysis instead of a 
potential increase of AOM episodes. 
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reduction of AOM episodes of (6,4%); the efficacy varied less (95% CI 3,9-
8,7).  

If basing our results on the Finnish trial, the implementation of the vacci-
nation programme would be dominant (cost-saving) if considering the high-
est vaccine efficacy while assuming no efficacy would result in a cost per 
QALY of SEK 891,200 (3 doses) and SEK 1,086,800 (4 doses). If consider-
ing the results of the NCKP trial; the result varies from being cost-saving to 
SEK 232,800 and SEK 628,400 per QALY gained.  

The large spread in the variation of efficacy between the Finnish and the 
American results depend presumably on the difference in number of chil-
dren enrolled in the two trials. 1662 children were initially enrolled in the 
Finnish trial, compared to 37 868 children in the USA. Considering that a 
greater number of infants were enrolled in the study conducted in the US, 
those results can be assumed to reflect a more consistent result.  

Since the vaccine efficacy of AOM has such large impact on the result, it 
is important to explore the outcome of post licensure surveillance after im-
plementation of routine infant immunisation. Surveillance after implement-
ing the vaccination programme shows that incidence of invasive pneumo-
coccal disease has decreased substantially (14). Moreover the incidence of 
pneumonia and acute otitis media has declined after implementation of 
PCV-7 (18, 72, 73, 74). Grijalva et al (2006) (73) compared the national 
impact on non-specific pneumonia and AOM after implementation of rou-
tine vaccination in the US. They show a decline of otitis media outpatient 
visit rates of 20% in children <2 years old. However, they did not find any 
significant decrease on outpatient visits for pneumonia among children (73). 
Poehling et al (2004) (74) determined the population impact of PCV-7 on 
pneumococcal caused diseases and measured annual rates of medical visits 
for pneumococcal disease (including all-cause pneumonia and otitis media). 
They found that overall rates declined significantly after the introduction of 
the vaccine and observed that otitis media outpatient visits declined by 118 
and 430 per 1000 children below two years of age (74). These findings 
show that the vaccine has been effective after implementation of routine 
infant immunisation.  

6.3.3 Economics 
Direct cost estimates for pneumococcal disease was not available and to 
assess the use of health care facilities, we used the opinions of several na-
tional experts and published studies. The cost per disease episode with the 
largest impact on the results, in terms of changes from base case, was the 
cost of one episode of acute otitis media. However, assuming a 50% cost 
increase and 50% cost reduction per AOM episode altered the cost per 
QALY with 18% and 30% respectively. Altering the costs of the additional 
diseases and subsequent events showed little impact on the final results.  

Moreover, the inclusion of indirect costs has a great impact on the results. 
In case indirect costs are ignored; the cost per QALY is estimated to SEK 
418,700 (3 doses) and SEK 773,500 (4 doses). However, the Swedish 
Pharmaceutical Benefit Board suggests that health economic analysis should 
be done from a social economic perspective, and states “that all relevant 
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costs and revenues for treatment and ill health, irrespective of the payee 
(county council, local authority, state, patient, relation) should be consid-
ered” (24). Since the indirect costs have such impact on the results, they 
should not be ignored.  

The current study was based on a vaccine cost of 518.95 per dose (present 
price according to FASS). The price of the vaccine is supposedly subject to 
negotiation and is possible that the vaccine manufacturer will lower the 
price of vaccine if incorporated in the universal vaccination programme. A 
lower price per dose will have considerable impact on the ICER. At a price 
of SEK 421, or lower, routine vaccination is estimated to be cost-saving for 
society (in a four doses vaccination schedule). Nevertheless, if the price of 
the vaccine unexpectedly increases, the cost per QALY will become less 
favourable.  

6.3.4 Herd immunity effect  
We are analyzing the effect of potential herd immunity effect and the cost- 
effectiveness ratio is reduced remarkably. However, we only take herd im-
munity in regards to invasive pneumococcal disease into account. There is a 
previous study (18) that shows a decline in pneumonia among adults after 
the introduction of PCV-7. If adding the herd immunity effect for pneumo-
nia would most likely make the vaccination programme more cost-effective.  

Nevertheless, the overall herd immunity effect is uncertain and the long- 
term impact of herd immunity is unknown. Therefore the results of inclu-
sion of herd immunity effect should be carefully taken into account on the 
final decision whether implementing the vaccination programme. When 
introducing a new vaccine into the national vaccination programme for in-
fants, the decision should not be based on fairly unknown protection effects 
on unvaccinated individuals. However, societal cost reduction is likely to 
occur as a result of total decreased burden of pneumococcal disease among 
infants, and also among adults and siblings to the vaccinated infants but to a 
lesser extent. 

6.4 Previous cost effectiveness studies of PCV-7 
6.4.1 Cost effectiveness studies of PCV-7 in other countries 
There are several country specific cost-effectiveness analyses of implement-
ing PCV-7 into the universal vaccination programme (76-79). The previous 
economic evaluations have resulted in diverse cost-effectiveness ratios vary-
ing from cost-saving (27),  to €48,500 in the UK (78) and €311,000 per LY 
gained in Norway (27). Nevertheless, the country studies are based on dif-
ferent model applications, country specific input data and inclusion of vari-
able parameters such as 3 or 4 vaccine doses, inclusion of indirect costs or 
herd immunity. For instance, the result of €311,000 per LY gained in the 
Norwegian study was based on 4 doses of vaccine; indirect costs excluded 
and herd immunity not taken into account, while the cost-saving results in-
clude three doses of vaccine and indirect costs (27).  

When applying similar assumption in the Norwegian study like in the 
Swedish base case analysis; 3 doses vaccination schedule and inclusion of 
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indirect costs (herd immunity excluded and included), the implementation 
of the vaccination programme was dominating (cost-saving) in the Norwe-
gian analysis (27). These results are similar to the Swedish results. Some 
differences remains which can be explained by the incidence of AOM in 
Norway, which was estimated to be lower than in Sweden.  

6.4.2 Concurrent Swedish analysis 
A parallel cost-effectiveness study of the seven valent pneumococcal conju-
gate vaccine, Prevenar® has been conducted by Fourth Hurdle Consulting 
Limited (FH). A comparison of the studies was made. The difference be-
tween the studies appears to be the time perspective used, incidence rates 
and estimation of indirect costs. The results show that the total impact (po-
tential costs and total savings) of a vaccination programme is similar in the 
studies. However, cost savings in terms of direct costs are somewhat lower 
in the FH study, but savings from indirect costs are higher. One explanation 
for the larger direct cost savings could be that our study explores the direct 
costs over a life-long perspective (99 years), while the FH results are esti-
mated over a time period of 10 years. Another possible explanation is that 
we have included a higher number of sequelea. Concerning the sensitivity 
analysis; the efficacy of AOM is the most sensitive variable in the FH study 
as well.  
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7. Conclusion  

The results of the current health economic analysis indicate that a universal 
pneumococcal vaccination programme in Sweden could prevent a consider-
able number of infections – mainly acute otitis media infections – and re-
duce the related morbidity and mortality. If three doses of vaccine are given, 
the cost- effectiveness analysis advocate that vaccination can be cost saving 
from a societal perspective. In case of a four doses vaccination schedule, the 
health benefits of vaccination can be achieved within a “moderate cost” or 
“low cost” per QALY or LY gained, according to the Swedish National 
Board of Health and Welfare’s ranking. The sensitivity analyses indicate 
that this conclusion is robust to reasonable changes in the assumptions upon 
which the analysis was based.  
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Appendix B. Incidence serotype  
coverage data  

Table B1. Incidence of acute otitis media. Kalmar County. 2005 (Neumark, 
T.personal communication) 

Age Mean population Total cases  
 

Incidence rate per 100 
children 

<1 2123 359 16.9 
1 2136 756 35.4 
2 2163 554 25.6 
3 2223 398 17.9 
4 2143 318 14.8 

 
 
Table B2. Incidence of acute otitis media, based on Finnish data (41) 

Age Annual incidence rate per 100 
children 

<1 43 
1 63 
2 39 
3 39 
4 40 

 
Table B3. Serotype coverage. National data. Hedlund et al (52) 

 Years 
Age  1998 1999 2000 2001 
< 2 y 50 53 79 75 
≥ 2 y 54 41 41 55 

 
Table B4. Serotype coverage, Stockholm County Council 1997-2001 (Örtqvist, Å. 
personal communication) 

Age Cases Vaccine coverage  
<1 12 42 (5/12) 
1 22 77 (17/22) 
2 11 64 (7/11) 
3 5 20 (1/5) 
4 4 25 (1/4) 
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Table B5. Norwegian incidence of septicaemia and meningitis, Annual incidence 
rate per 1000 children. Fourth Hurdle study (unpublished) 

Age Meningitis Bacteraemia 

<1 17.5 35.8 
1 8.3 48.6 
2 1.7 12.2 
3 1.7 12.2 
4 1.7 12.2 
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Appendix C. Costs of pneumococcal 
disease and subsequent events  

 

Disease Frequency/ 
Probability 

Cost (SEK) 
2006 years 
price 

Expected 
cost 

Source/ Information 
 
 

Septicaemia        

General practitioner visit* 1 1249 1249 (55,76-80) 
Emergency visit - Paediatrician 0.2 2254 451 (55) 
Hospitalization DRG  
(3.5 days average) 

1 38833 38 833 DRG417. Based on the diagnose  
ICD code A40.3 Pneumococcal  
Septicaemia (60,85) 

Paediatrician- follow up 1 1962 1962 (55) 

Transport GP 1 14 14 (56,57) 
Transport hospital  2 60 120 (56,57) 

Total      42 629  
*The cost of a GP visit is an average cost, based on GP cost in the 6 Regions in Sweden (55,76-80). 
This estimated GP cost was used throughout the study.  
 
 

Meningitis         

Emergency visit- Paediatrician  1 2254 2254 (55) 

Hospitalization DRG  
(10 days average) 

1 96500 96 500 DRG 20. Based on the diagnose 
ICD code G001. Pneumococcal 
Meningitis  (60,85) 

EEG policlinics 0.4 1387 555 (55) 
Psychological visit/ test 0.25 1280 320 (55) 
Hearing test 0.5 1643 822 (55) 
Paediatrician- follow up 2 1962 3924 (55) 
Ambulance 0.2 1500 300 (55) 
Transport hospital  3 60 180 (56,57) 
Total      104 854   

 
 

Pneumonia hospitalized        

General practitioner visit 2 1249 2498 (55,80-84) 
Hospitalization DRG  
(3.2 days average) 

1 23411 23411 DRG91B (54) 

Antibiotics 1 187 187 (24) 
Radiograph 2 605 1210 (55) 
Paediatrician- follow up 1 1962 1962 (55) 
Transport GP 2 14 28 (56,57) 
Transport hospital  2 60 120 (56,57) 
Total     29416   
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Acute otitis media*       

Initial visit 1 1618 1618 Weighted cost based on that 65% 
are diagnosed in primary care. 10% 
emergency visits and 25% in Nose. 
Ear. Throat clinic (42, 55, 80-84) 

Follow up visit 1 1016 1016 (55) 
Antibiotics 0.5 124 62 Based on the Consensus confer-

ence that children under 2 years of 
age are to be given antibiotics 
(24,86) 

Transport GP 0.65 14 9 (56,57) 
Transport hospital  0.25 60 15 (56,57) 
Total     2720   

*The calculation of costs of AOM is based on the Acute Otitis Media Consensus Conference (2000) (41) 
 
 

Severe neurological sequel         

Direct costs for medical visits. 
Assistance in home 

1 390611 390611 (87) 

Habilitation   1 225859 225859 (88) 
Special school  0.5 207387 103694 The additional schooling cost is 

based on the difference between 
the yearly cost of a special school 
and a “regular school” (89) 

Facility aids  1 70310 70310 (90) 
Care allowance   1 99916 99916 Based on 100% care allowance 

(87) 
Total     890 390   

 
 

Moderate neurological sequel         

Direct costs for medical visits. 
Assistance in home 

1 226580.9 226581 (87) 

Special school 0.5 207387.3 103694 The additional schooling cost is 
based on the difference between 
the yearly cost of a special school 
and a “regular school” (89) 

Care allowance   1 49958 49958 Based on 50 % care allowance 
(91) 

Facility aids 0.2 70310 14062 (90) 
Total     380 233   

 

Hydrocephalus         

Shunt operation  0.6 121597 72958 One time cost. DRG3 (55) 
Paediatric visit 2.00 1962 3924 (55) 
Shunt operation  0.025 121597 3039 Re-operation DRG 3 (55) 
Shunt operation  0.025 121597 3039 Extension DRG 3  (55) 
CT 1.00 1419 1419 (55) 
Transport hospital  2 60 120 (56,57) 
TOTAL     11 423  

(84 381) 
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Epilepsy         

Paediatric visit 1.50 1962 2943 (55) 
Hospitalization  0.10 19004 1900 DRG024/DRG025 (55) 
Antiepileptic  0.90 5000 4500 (88) 
EEG 0.40 1597 639 (55) 
MRT 0.80 3934 3147 (55) 
Transport hospital  1.6 60 96 (56,57) 
TOTAL     13 225   

 
 

Neurological impaired hearing         

Cochlea implants 0.4 600000 240000 One time cost. (93) 
GP visit  1 1249 1249 (55) 
Ear. Nose. Throat specialist 2 1034 2068 (55) 
Hearing Aid- analogue 0.25 5000 1250 (94) 
Hearing Aid- digital 0.25 8000 2000 (94) 
Special school  0.2 589726 117945 (89) 
Speech therapist 0.3 12740 3822 (55) 
Sign language education  
for parents 

0.5 14784 7392 The “TUFF” education. Personal 
communication. Principal of 
Västanviks folk college  
 

Transport GP 1 14 14 (56,57) 
Transport hospital  2 60 120 (56,57) 
Total     135 726 

(375 726) 
  

 
 

Neurological impaired hearing 
older than 18y 

       

GP visit  1 1249 1249 (55, 80-84) 
Ear. Nose. Throat specialist 2 1034 2068 (55) 
Hearing Aid- analogue 0.25 5000 1250 (94) 
Hearing Aid- digital 0.25 8000 2000 (94) 
Speech therapist 0.3 12740 3822 (55) 
Transport GP 1 14 14 (56,57) 
Transport hospital  2 60 120 (56,57) 

      10 523  
 

Empyema         

Paediatric visit 1 1962 1962 (55) 
Hospitalization DRG 0.5 51804 25902 DRG 91A (54)  

Antibiotics 1 187 187 (23) 
Paediatrician- follow up 1 1962 1962 (55) 
Transport hospital  2.5 60 150 (56,57) 
TOTAL     30 163   

 
 
 

 58



 

Mastoiditis*        

Operation 1 25675 25675 (41) 
Hospitalizing 1 19928 19928 (41) 
Doctor visits  3 1016 3048 (41) 
Antibiotics 1 1494 1494 (41) 
CT 1 883 883 (54) 
Transport GP 2 14 28 (56,57) 
Transport hospital  2 60 120 (56,57) 
Total     51 175  

*The calculation of costs of AOM is based on the Acute Otitis Media Consensus Conference (2000) (41) 
 
 

Recurrent otitis media  
first year  

     

GP visit  2 1249 2498 (55, 80-84) 
Ear. Nose. Throat specialist 4 1597 6388 (55) 
Antibiotics 5 124 620 (24) 
Operation- Tube placement   1 2739 2739 DRG803O 
Transport GP 2 14 28 (56,57) 
Transport hospital  5 60 300 (56,57) 
Total     10 769  

 
 

Recurrent otitis media  
following  years 

       

GP visit 1 1249 1249 (55, 80-84) 
Ear. Nose. Throat specialist 2 1597 3194 (55) 
Antibiotics 2 124 248 (24) 
Transport GP 1 14 14 (56,57) 
Transport hospital  2 60 120 (56,57) 
Total     4825  

 

Secretory otitis media with tube        

GP visit 2 1249 2498 (55, 80-84) 
Ear. Nose. Throat specialist 3 1597 4791 (55) 
Operation- Tube placement   1 2739 2739 (55) 
Transport GP 2 14 28 (56,57) 
Transport hospital  3 60 180 (56,57) 
Total     10 056  
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Otitis sequel children <5 y     

Operation   0.5 29106 14553 One time cost. DRG 70 (55) 
GP visit 1 1249 1249 (55, 80-84) 
Ear. Nose. Throat specialist 1.5 1597 2395 (55) 
Hearing Aid- analogue 0.0125 5000 62.5 (90) 
Hearing Aid- digital 0.0125 8000 100 (90) 
Special education 0.015 228300 3425 (85) 
Speech therapist 0.15 12740 1911 (55) 
Transport GP 1 14 14 (55,56) 
Transport hospital  2 60 120 (55,56) 
 Total     9276 

(23 829) 
  

 
 

Otitis sequel following years     

GP visit 1 1249 1249 (55, 80-84) 
Ear. Nose. Throat specialist 1.5 1597 2396 (55) 
Hearing Aid- analogue 0.0125 5000 63 (90) 
Hearing Aid- digital 0.0125 8000 100 (90) 
Speech therapist 0.15 12740 1911 (55) 
Transport hospital  1.5 60 90 (55,56) 
Transport GP 1 14 14 (55,56) 
 Total      5822  
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Appendix D. Data used for calculation 
of production loss and premature 
death 

Table D1. Calculation of productivity losses 

Age Number of individuals  
in population 

Percent employed1 Average 
monthly 
wage 

Adjusted 
monthly wage 
with respect to 
percent em-
ployed 

Adjusted 
yearly wage 
with respect to 
percent em-
ployed 

0-15 1690000 0 0 0 0 
16-19 468000 0,270 17534 6297 75562 
20-24 527000 0,593 20694 16334 196010 
25-34 1154000 0,818 22835 24838 298050 
35-44 1274000 0,868 23956 27663 331958 
45-54 1164000 0,852 24466 27723 332670 
55-59 630000 0,795 24568 25993 311919 
60-64 573000 0,596 24670 19548 234582 
65-69 420000 0,099 24670 3234 38811 
70-74 346000 0,040 24670 1320 15846 

1 Based on figures from Statistics Sweden 
 

Table D2. Calculation of the net of production and consumption 

Age Production1 Consumption according to figures  
by  Ekman (inflated) 

Production less consumption 
per year 

0-19 12321 146862 -134541 
20-34 266060 140419 125641 
35-49 315004 126630 188375 
50-64 303402 156541 146861 
65-74 28438 156922 -128485 
75-84 02 179690 -179690 
85+ 02 269252 -269252 

1 Based on the interpolated annual figures in table D1 above. 
1 Assumed to be 0 due to lack of statistical data.  
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