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Abstract  

BACKGROUND 

The number of notified cases of Tick-Borne Encephalitis (TBE) in Sweden has been 

increasing the past years despite the increased use of TBE-vaccine not subsidized by the 

healthcare system. Stockholm County is a high endemic area and an earlier study has shown 

that low-income households have lower vaccination coverage even when they are at high risk. 

This paper aims to determine the cost-effectiveness of a publicly funded TBE vaccination 

program in Stockholm. 

METHODS 

In three different cohorts with individuals aged 3, 40 or 50 years, long-term costs and health 

outcomes of an out-of-pocket strategy (53% of the cohort is vaccinated on their own 

expenses) and a structured vaccination program (full cohort is vaccinated covered by the 

publicly funded health care system), were estimated using a Markov model. The Markov 

model predicts the costs and effects (in term of Quality-adjusted Life Years (QALYs) over a 

lifetime horizon using a third-party healthcare payer perspective. The primary results are 

presented as an incremental cost effectiveness ratio (ICER) indicating the additional cost 

required to achieve one additional QALY with the structured vaccination program. 

RESULTS 

The results show that the structured vaccination program is associated with a gain in QALYs 

and increased costs compared with an out-of-pocket strategy. The calculated ICERs were 27 

761, 99 527 and 160 827 SEK/QALY in cohorts of age 3, 40 and 50, respectively. The 

sensitivity analyses showed that the results are robust when varying different parameters.  

CONCLUSION 



Given the setting of Stockholm county, this analysis shows a cost per QALY of a free 

vaccinations program, especially for children of 3 years old, below generally acceptable cost-

effectiveness thresholds in Sweden. 

 

  



 

 

Background 

TBE infection and prevention 

Tick-borne Encephalitis (TBE) is caused by a virus from the family Flaviviridae. TBE-virus 

exists in three main subtypes; European, Siberian and Far-Eastern, and transmission to 

humans occurs mainly via infected tick-bites. [1] TBE is reported throughout Russia, Baltics, 

Scandinavia and eastern and central Europe. During the last years there has been a change in 

the epidemiology of the disease, with new risk areas in Western Europe. [2] Recently a first 

case of TBE with documented transmission was reported in the Netherlands [3] and the 

Siberian virus type has been reported from Finland [4] The preferred tick for this virus type, 

Ixodes persulcatus, has been found in northern Sweden. [5]  

TBE symptoms range from mild fever to severe meningoencephalitis, paresis and 

unconsciousness. The disease from European subtype is typically biphasic, after an incubation 

period of 4-28 days, the first febrile stage lasts around four days (1-8) followed by an 

asymptomatic stage of 8 days (1-33 days). This is then followed typically by an acute 

meningoencephalitis lasting 1-3 weeks. Mortality is 0.5-2% depending on age. Neurological 

sequelae is reported in 30-40% of cases, ranging from concentration disabilities to tremor and 

paresis. [1,6–12] In Europe two inactivated vaccines are presently registered, FSME-immune 

(available in Sweden since 1980s, Pfizer) and Encepur (GSK).  The immunogenicity of any of 

those vaccines is 95-100%.[13–15]  Vaccine effectiveness has  been assessed in Austria, 

where vaccination is recommended and partly subsidized , showing 96-99 % field 

effectiveness for regularly vaccinated persons.[16] Antibody response has been shown to be 

decreased in the older population and vaccination failures, i.e. disease despite documented 

vaccination, are more common among elderly and immunosuppressed individuals. [17–19]  



TBE and vaccination in Sweden  

In Sweden, TBE is a notifiable disease according to the Communicable Diseases Act and the 

notification is based on both clinical and laboratory reporting. There has been a steadily 

increasing trend in number of cases the recent 10 years; [20] accompanied with an increase in 

TBE-vaccines sales according to the vaccine manufactures.[21] Current trend indicates that 

the risk-areas are expanding and therefore an increasing demand for vaccination. There are no 

national TBE-vaccination recommendations but instead an annual consensus meeting with 

Medical County Officers in cooperation with the Public Health Agency provide guidance. 

According to the 2018 meeting vaccination recommendations are as follows: two priming 

doses with one month interval for individuals up to age 49; three priming doses within four 

months for individuals from age 50 or immunosuppressed at any age; thereafter, for all 

groups, a booster dose before next tick season 5-12 months later; after three year another 

booster dose followed by a booster dose every five year independent of age. [22] All 

individuals pay for the vaccine themselves, with an out-of-pocket burden of approximately 

30/35 Euros for children/adults, per vaccine dose.  

Lacking a national vaccination register, in order to investigate TBE-vaccination coverage, a 

recent study performed in Stockholm county revealed that 53 percent of inhabitants aged 1 

year or older were vaccinated a least with one dose. The cost of the vaccine and fear of 

adverse events was reported as the most common reasons for not vaccinating. Furthermore, 

low household income was associated with non-vaccination, despite exposure to risk-areas 

outdoors. The incidence of TBE in the non-vaccinated population of Stockholm county was 

estimated at 8-12/100 000, with the highest incidence 12/100 000 in the group of elderly 

above 60 years old. [23]  These findings indicate that Stockholm county is a high-risk area 

comparable to other high-risk areas such as the Baltics and Austria where vaccination has 

been implemented and subsidized. The current situation raises the question whether a publicly 



funded vaccination program would increase vaccination rates and lower the risk of TBE-

related problems. However, such a program would compete with other resources in the health-

care sector and therefore it is important to establish the long-term costs and health outcomes 

of a local TBE vaccination strategy in order to understand if funding of a TBE vaccination 

program yield better health outcomes at a reasonable cost.  

 

Aim  

 The aim of this study was to determine the cost-effectiveness of a publicly funded TBE 

vaccination program in a high-risk area of Sweden.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

METHODS 

 Cost-effectiveness analysis overview 

Three different cohorts were subject to evaluation; individuals aged 3, 40 or 50 years, 

respectively. Long-term costs and health outcomes were estimated for two broad management 

strategies for each of these start ages: 

1-  Out-of-pocket vaccination: no structured vaccination program exists and 

53% of the cohort is vaccinated on their own expenses (aligned with the 

latest data) at the start of the model; with no booster doses accounted for. 

2-  Structured vaccination program: individuals receive three doses of vaccine 

during the first year (four doses for the cohort of 50 years old), a booster 

dose after three years followed by booster doses (every 10 years for the three 

years old cohort and every 5 years for the other two cohorts) until the age of 

80.  

The choice of the 3 different cohorts was motivated by both immunological and 

vaccinological reasons given that the optimal vaccination age in terms of immunological 

priming is after 2-3 years old and before teenage, which also corresponds to the age when 

children are best reached in pre-school or schools. This motivates the 3-year old age start. 

Furthermore, by the age of 40 immunological response to vaccination is starting to wane. In 

Sweden an extra priming dose has recently been recommended when starting to vaccinate 

against TBE after age 50, and up until now this was limited to individuals aged above 60. 

Therefore, these two older age cohorts were chosen. Furthermore, different age cohorts allow 

us to investigate the impact of morbidity and mortality burden due to age on cost-

effectiveness of a structured vaccination program.  



Health outcomes in terms of quality-adjusted life years (QALYs), incorporating both length of 

life and quality of life [24] as well as health care costs were estimated by employing decision-

analytic modelling. Clinical and epidemiological inputs were derived from different sources 

and included in the model. Extensive sensitivity analyses were undertaken in order to assess 

uncertainty in the estimated costs and health outcomes. The analysis primarily takes a third- 

party payer perspective, considering only costs that fall on the health care sector without 

accounting for any out-of-pocket costs paid by the individuals. Costs and health outcomes 

were discounted by 3 per cent per annum according to current Swedish guidelines.[25] The 

primary results are presented as an incremental cost effectiveness ratio (ICER) which should 

be interpreted as the additional cost required to achieve one additional QALY with a 

structured vaccination program compared with the out of pocket strategy. [24] 

 

 

Decision analytic model 

To model the progression of TBE with and without a vaccination program in cohorts of 

healthy individuals a Markov structure was developed in Microsoft Excel (version 16.14.0). 

In the Markov model, individuals reside in one of a set of mutually exclusive states and can 

move between these states according to transition probabilities that reflect the risk of TBE, 

disease progression and mortality. Each state in the model is associated with a healthcare cost 

and a health outcome (QALYs).   

 

The Markov model was designed with 8 health states (Figure 1) in which individuals could 

reside for one year (annual Markov cycles) before a potential transition to another state. The 

“healthy” state corresponds to individuals with no TBE infection. Individuals infected with 

TBE move from the “healthy” state to either “Die TBE” or “Survive TBE” depending on 



whether they survived the TBE during the incident year. Individuals stay in “Survive TBE” 

for one cycle (year) only and then move to either the “mild”, “moderate”, “severe” or 

“recovered” state depending on the severity of the sequelae.  It was assumed that individuals 

stayed in the “mild”, “moderate”, “severe” or “Recovered” state for the remainder of the 

analysis. In any cycle, individuals are at risk of dying and move to the “Dead” state. 

 

Data 

The following section describes data sources and inputs into the decision-analytic model. All 

data inputs are summarized in Table 1. 

 

TBE incidence and long term outcomes 

The incidence of TBE infection by age group is derived from notification data from 

Stockholm County and a vaccination coverage study from the same area [23]. The 

probabilities of events after the incidence year were derived from several follow-up studies on 

TBE-infection.[1,6–12]  

 

Vaccine efficacy  

The vaccine efficacy was estimated to be 98.7 %.[13–15] The vaccine efficacy was assumed 

to last 10 years after the fourth dose in children and 5 years in the adult cohorts. [26,27] Both 

vaccines available in Sweden are considered equal immunogenic and interchangeable.[28]  

 

Mortality 

The probabilities of dying due to TBE in the incidence year were derived from clinical follow 

up studies on TBE. [1,6–12] There is no available data regarding the increased risk of death 

from TBE after the incidence year and therefore it was assumed that these probabilities are the 



same as for the incident year. As patients with severe sequelae have a higher risk of dying 

from other causes like infections and respiratory insufficiency this appears to be a plausible 

assumption. The importance of this assumption for the final results was further investigated in 

sensitivity scenarios. As patients continuously grow older by each year of analysis in the 

model, all mortality rates are adjusted upward annually using age-specific mortality from the 

general population. [29] 

 

Costs  

The cost of the TBE vaccine, first dose and booster dose, was allocated to each cycle the 

vaccine was given. The cost was derived from the Stockholm county council regular tender 

process on vaccines in 2017 (Table 1). [30] The costs of hospitalizations and policlinic visits 

to multidisciplinary clinics during the incident year were derived from local cost per TBE-

patient administrative data bases (ValDATA). The data bases include monthly-updated 

records of publicly-funded health care in Stockholm and was used to calculate an average cost 

associated with the incident years. As all Swedish patients are given a specific diagnosis code 

as soon as they are entering the health-care system these cost were specifically derived only 

from patients with a diagnosis of TBE, and should therefore primarily be associated with TBE 

disease. [31] The average costs of hospitalization in the subsequent years were taken from 

data on patients suffering from stroke in Sweden due to lack of any data from TBE 

patients.[32]  

 

Health related quality of life  

Health related quality of life (HRQoL) weights to adjust life-expectancy for the quality of life 

were estimated by age from the general population in Sweden for healthy individuals. [33] 

For TBE patients, decrements in HRQoL were assigned to the sequelae health states (Table 



1). The decrements were derived from a HRQoL study among Stroke patients in Denmark due 

to similarity in the clinical representation of both diseases at different stages. [34] It was 

assumed that patients in the “recover” health state have the same HRQoL as the general 

population. There is no available data regarding HRQoL during the incidence year of TBE 

and therefore it was assumed that the health state “survive TBE” is associated with the same 

HRQoL as the moderate sequelae. 

 

Analysis  

A lifetime time horizon was adopted in the analysis of the model, implying that all patients 

had transitioned to the dead state at the termination of analysis. [35] Cumulative costs and 

health outcomes from all Markov cycles were calculated for the structured vaccination 

program and the out-of-pocket strategy cohorts. The differences in the costs and health 

outcome between the two comparators were calculated and presented an ICER which is the 

additional costs associated with one extra unit of the health outcome by employing a 

structured vaccination program compared with no program.  

 

Sensitivity analysis  

For particular model parameters that has been assumed or extrapolated, a range of values were 

tested in one-way sensitivity analyses to investigate the importance of the parameter for the 

cost-effectiveness results and the parameters with the most influence on the ICER are 

presented in the results section. In addition, a probabilistic sensitivity analysis (PSA) was 

performed where all parameters associated with statistical uncertainty are varied 

simultaneously by sampling from probability distributions reflecting the quantity and quality 

of evidence of the parameters. Cost parameters followed a gamma distribution while 

probabilities of events and QALY weights followed a beta distribution in the probabilistic 



analysis. By running 1000 simulations, this exercise provides a joint distribution of 

incremental costs and outcomes associated with the vaccination strategy that can be 

summarized in a cost-effectiveness acceptability curve. The curve illustrates the probability of 

the vaccination strategy being cost-effective at different threshold values of cost-

effectiveness. [35] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Results  

Base-case analysis 

The results of the base-case analysis show that the structured vaccination program is 

associated with an improvement in QALYs and increased costs compared with a no 

vaccination strategy for all cohorts with ICERs of 27 761 , 99 527 and 169 827 SEK/QALY 

for the cohorts of 3, 40 and 50-year olds, respectively (Table 2).  In younger cohorts, 

incremental costs are lower and the gain in QALYs higher implying a more favourable ICER 

compared with older cohorts.  

 

 

Sensitivity analysis  

The one-way sensitivity analysis (figure 2) shows that the majority of the parameters tested do 

not influence the ICER to an extent that change the cost-effectiveness interpretation. The cost 

of hospitalization in subsequent years for severe cases seems to have the biggest influence 

where the ICER can vary from around 15 000 to 65 000 SEK/QALY when using cost values 

of 90 000 SEK and 200 000 SEK respectively.  

 

The cost effectiveness acceptability curve (figure 3) shows that at any cost-effectiveness 

threshold the probability of vaccination being cost-effective is higher for the cohort with the 

start age of 3 compared with the other groups. For example, for that cohort, the probability of 

the vaccination program being cost effective is around 80% using a cost-effectiveness 

threshold of  50 000 SEK/QALY.  

 



 

 

Discussion 

 

This study shows the cost per QALY of a structured vaccination program compared with an 

out-of-pocket program is 30 000SEK, 100 000SEK and 160 000SEK for three, forty and fifty-

year olds, respectively. Although there is no explicit cost-effectiveness threshold in Sweden, 

decisions made by the pharmaceutical benefits agency regarding the reimbursement of 

pharmaceuticals indicate that this value may be somewhere between 250 000SEK and 

1 000 000SEK, depending on the severity of the disease and other decision modifying factors. 

With this benchmark, a structured vaccination program appears cost-effective, in particular 

for younger individuals. [23]  

In 1996, a crude estimation was made concerning the cost-effectiveness of TBE-vaccination 

in the Stockholm area and it was calculated that in view of a maximum TBE- incidence of 

3.4/100,000 and the costs of vaccination, mass vaccination would be an unrealistic alternative. 

[6]  From our own data we can now, more than 20 years later, report a much higher incidence 

in the unvaccinated population. [23]  An official report, although not published in a peer 

reviewed paper, from another TBE-endemic Swedish county, Sörmland, [36] showed a very 

high cost per QALY of vaccinating all individuals  when estimating a vaccination coverage of 

25% and an incidence of 0.00035. In 2015 an analysis of a randomly selected survey in 

Sweden projected that a subsidy making TBE vaccines free of charge could increase the 

vaccination rate in TBE risk areas to around 78%, with a larger effect on low-income 

households [21].  From the European perspective, a Slovenian study showed a cost-effective 

result of vaccinating all individuals from the age of 18. [37] However the costs and 



assumptions used cannot be transferred to the Swedish setting making any comparison with 

our results highly uncertain.  

This study has been performed from the third-party payer perspective only. However, TBE 

can be associated with a high productivity loss, mainly for patients with moderate or severe 

sequelae. Considering consequences falling outside the health care sector may thus be in 

favour of a vaccination program. In addition, the out-of-pocket costs represented by the cost 

of vaccine paid by individuals in the “out of pocket” strategy may have a positive impact on 

individual´s private consumption that is not included in the analysis from a health care 

perspective. 

 

 

Limitations  

Due to lack of data from TBE patients, data from stroke studies (HRQoL and costs of 

subsequent years) was used which may compromise the accuracy of the results. Clinical 

experts appear to rely on the similarity of the consequences of the sequelae between these two 

diseases providing some support for our extrapolation of data. In addition, one-way sensitivity 

analysis was performed on these parameters showing a modest impact on the estimated ICERs 

even when employing  extreme values. 

Concerning the vaccine efficacy we have estimated quite a high immunogenicity of 98.7% for 

the whole group, even if it is well known that elderly individuals and immunosuppressed 

patients have a weaker vaccinations response and risk of vaccination failure. [17–19] Thus the 

cost-effectiveness in the older group might be overestimated.   

Another potential overestimation is related to the adherence to the vaccination program as the 

present analysis assumes that everyone in the vaccinated cohort will adhere to all the booster 

doses, which does not reflect the drop-out that occurs in reality. On the other hand it is 



assumed in the  out-of-pocket strategy that individuals are protected for a certain period of 

time with only one dose of the vaccine, which is an overestimation of the efficacy of the 

comparator strategy.  

 

 

Conclusion 

Given the setting of Stockholm county, this analysis shows a cost per QALY of a free 

vaccinations program, especially for children of 3 years old, below generally acceptable cost-

effectiveness thresholds in Sweden. We assume our findings might be extrapolated to other 

high endemic areas in Europe with similar health care costs and TBE-vaccination coverage.  
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Figure 1 – simplified structure of the model with the different health states  

 

 

 

 

 

 

Table 1- Values of the variables used in the economic analysis and  

variable value Standard 
error  

 range     
(one-way 
sensitivity 
analysis)  

source 

       
Yearly incidence of TBE, by age groups      
1-5 0.0000321 0.000008025  

[23] 

6-10 0.0000492 0.0000123  
11-17 0.0000495 0.000012375  
18-59 0.000078 0.0000195  
60+ 0.0001148 0.0000287  



      
Probability of sequelae by severity     
Permanent mild neurological sequelae 0.1 0.025  

[1,6–12] 

Permanent moderate neurological 
sequelae 0.25 0.0625  
Permanent severe neurological 
sequelae 0.1 0.025 0.05-0.12 
Recovered and immune remaining   
      
Probability of death from disease 1st 
year, by age group      
1-18 0   

[1,6–12] 

19-40 0   
41-60 0.01 0.0025 0- 0.03 
>60 0.02 0.005 0- 0.03 
      
Probability of death from disease 
subsequent years, by age group      
1-18 0   

[1,6–12] 

19-40 0   
41-60 0.01 0.0025 0 – 0.03 
>60 0.02 0.005 0 – 0.03 
      

Efficacy of vaccine 0.987 0.002 
0.897-
0.99 [13–15] 

      
Costs of vaccine per dose (SEK), by 
age group     
<18 180 45  

[30] 18+ 190 47.5  
      
Direct cost per year (SEK)     
Weighted average cost of 
hospitalization in incident year, by age 
group      
1-17 60717 15179  

[31] 
18-59 97534 24384  
≥60 128982 32246  
 
Weighted average cost of 
hospitalization in subsequent years, by 
permanent state    

 
   

Permanent mild neurological sequelae 9492 2373                            

[32] 

Permanent moderate neurological 
sequelae 9492 2373 

4000 -
15000  

Permanent severe neurological 
sequelae 166 632 41658 

90 000-
200 000 

 
Average cost policlinic visits in incident 
year, by age group     



1-17 1230 308  

[31] 
18-59 4712 1178  
≥60 6070 1518  
 
Average cost policlinic visits in 
subsequent years, by permanent state     
Permanent mild neurological sequelae 1230 308  

[31] 

Permanent moderate neurological 
sequelae 4712 1178  
Permanent severe neurological 
sequelae 6070 1518  
      
Quality weights decrements     
Incident year 0.3 0.28 0.1- 0.4 

[34] 

Subsequent years, by permanent state    
Permanent mild neurological sequelae 0.18 0.24 0.05-0.3 
Permanent moderate neurological 
sequelae 0.3 0.28 0.1-0.4 
Permanent severe neurological 
sequelae 0.54 0.29 0.2-0.6 
      
Utility general population, by age group     
1-9 0.89    
10-19 0.89    
20-29 0.89    
30-39 0.88    
40-49 0.86    
50-59 0.83    
60-69 0.8    
70-79 0.79    
80-89 0.74   [33] 
90-99 0.74    
      
Discount rate costs 0.03    
Discount rate utility 0.03    
      

 

 

 

 

 

 

 



 

 

 

 

Table 2- Cost effectiveness results of base case analysis per person  

 

 

 

Start 

age 

 

Mean costs (SEK) 

 

Mean QALYs 

 

Incremental 

cost 

effectiveness 

ratio 

(SEK/QALY) 

Vaccination 

program 

No 

Vaccination 

Incremental  Vaccination 

program 

No 

Vaccination 

Incremental  

3 1113 869 244 25.954 25.945 0.009 27 761  

40 1386 672 714 19.154 19.147 0.007 99 527 

50 1439 562 877 16.112 16.107 0.005 160 827 

SEK= Swedish Krona ; QALY= quality adjusted life years 

 

 

 

 

 

 



 

Figure 3 –Cost effectiveness acceptability curves for the TBE-vaccination program at 

different starting age. TBE= tick-born encephalitis; SEK= Swedish krona; QALY= quality-

adjusted life years 
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Figure 2- the one-way sensitivity analysis for the base-case analysis with start age 3. ICER= 

incremental cost effectiveness ratio 
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