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Introduction

Streptococcus pneumoniae infections are a major cause of illness 
and death with about 1.6 million cases of fatal pneumococcal 
disease occurring worldwide annually, mostly in infants and the 
elderly.1 S. pneumoniae infections can be invasive or non-invasive.2 
In adults and elderly, non-invasive disease can manifest as pneu-
monia, whereas bacteremia and meningitis are the most common 
invasive diseases. NBPP and BPP represent about 90% of all 
pneumococcal-related outcomes in this population according to 
Fedson.3 Pneumococcal disease affects all age groups, although 
the elderly and immunocompromised are at highest risk from 
infection.4 Other groups of people at increased risk for pneumo-
coccal disease include those with chronic diseases of the heart, 
lung, liver or kidneys, as well as those with diabetes mellitus, 
alcoholism or malignancies. In addition, in 2008, the ACIP rec-
ommended pneumococcal vaccination of two additional groups, 
these being asthmatics and smokers.

Pneumococcal infections have a substantial burden in Turkey, particularly in the elderly (>60 years) and at-risk adults 
(18–59 years). VCR is low at approximately 2%. The first aim of this study was the evaluation of the burden of pneumococcal 
infections (pneumonia and bacteremia) from a public payer perspective in elderly and at-risk adults. The second aim was 
the evaluation of cost effectiveness of implementing a large PPV program in these populations. A decision tree model 
was employed using demographic and epidemiological inputs obtained from Turkish official sources and international 
literature. Vaccination was assumed to protect for 5 years with 60% and 50% effectiveness against BPP in elderly and 
at-risk adults respectively. Vaccination effectiveness of 21% against NBPP was assumed for both populations. Costs 
input were obtained from a previous study conducted between 2002 and 2008 in a public university hospital in Ankara, 
Turkey. Univariate sensitivity analyses and Monte-Carlo simulations were performed. The vaccination program was cost 
saving compared to no vaccination. Pneumococcal vaccination with 60% coverage led to a mean of 4,695 LYG in the 
elderly and 2,134 LYG in at-risk adults with 40% coverage. Mean incremental savings reached 45.4 million YTL in the 
elderly and 21.8 million YTL in at-risk adults. This analysis suggests that pneumococcal vaccination of elderly and at-risk 
adults is associated with a positive return on investment from a public payer perspective and supports the continued 
recommendation of pneumococcal vaccines, as well as their full funding in Turkey.
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In Europe and the United States, pneumococcal pneumonia 
has been reported to be the most common community-acquired 
bacterial pneumonia, especially in adults, causing approximately 
30–50% of CAP requiring hospitalization in adults, and up to 
50% of nosocomial pneumonia.4 Furthermore, in Europe and 
the United States, approximately 1 per 1,000 adults are esti-
mated to be affected by pneumococcal pneumonia each year.1 As 
a result, S. pneumoniae infections have been identified as an area 
of public health importance in Europe.5

Pneumococcal resistance to commonly used antimicrobials 
is a serious and increasing problem worldwide, which compli-
cates the treatment of infection. Effective immunization against 
S. pneumoniae is the best way to reduce the impact of pneumo-
coccal infections.4 Indeed, a growing number of national and 
international health bodies now recommend pneumococcal vac-
cination of elderly and at-risk groups.4 Currently, there are two 
commercially available vaccines for the prevention of pneumo-
coccal infections: the PCV (7 & 10 & 13) used in infants and 
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included from 2002 to 2006 with 100 NBPP 
patients and 38 BPP patients. These five years 
allowed reaching the minimum of patients 
requiring in order to have interpretable statisti-
cal tests. Patient resources consumed were ana-
lyzed from 2002 because the health system and 
the unit cost of hospital services were changed 
in 2001. The mean age of patients was 61.0 ± 
15.39. Among all people involved, the major-
ity were considered as at-risk for pneumococcal 
infections, with 87% at risk in 2002 and 100% 
in 2006. On all cases, 52.3% had chronic lung 
diseases, 47.7% circulator system diseases and 
43.1% cardiac diseases. Some patients had more 
than one chronic disease. The total hospitaliza-
tion costs by study year were calculated and a 
sharp increase in costs was observed between 
2006 and the other study years (Fig. 1) due to 
the higher number of patients with at least one 
comorbidity, the higher proportion of lung can-
cer diseases among all admitted cases and the 

high usage of the intensive care unit in 2006. In the base case, the 
mean costs of hospitalization from 2002 to 2006 were used, and 
in the univariate sensitivity analysis the 2006 costs were excluded 
in order to evaluate the impact of these high costs on the cost-
effectiveness ratio. Over the 5 study years, the breakdown of all 
costs elements for the all study population was 6.89%, 62.95%, 
10.08% and 20.08% for the cost of stay, the cost of treatments, the 
cost of examinations and consultations, and the costs of procedures 
respectively.

In absence of data, a prospective study was also conducted in 
Hacettepe University Hospital in Ankara, on patients more than 
18 years old with non bacteremic cases. In this study, data on out-
patient and inpatient resources used by 45 NBPP patients in May 
and April 2007 and 85 NBPP patients in November 2007 to April 
2008 were collected. The mean age of patients was 65.3 ± 13.53. 
As in the retrospective study, almost all patients included were 
at-risk (96.9%). In total, 85% of these patients were hospitalized: 
11 patients were not hospitalized and consumed only outpatient 
resources, 8 patients were hospitalized for <1 day, 3 patients con-
sumed outpatient resources and were hospitalized afterwards for 
>1 day, and 108 patients were directly hospitalized.

To improve the robustness of the mean cost of hospitalization 
by increasing the number of patients, the NBPP inpatient costs 
from the retrospective and prospective datasets were combined. 
The mean calculated NBPP and BPP costs of each study and the 
NBPP combined costs, which are used for the cost-effectiveness 
analysis, are presented in Table 1.

Cost effectiveness analyses. In the base case scenario (as 
defined in Tables 2 and 3) where a routine PPV23 vaccination 
program is implemented in Turkey for both at-risk adults (40% 
coverage rate) and the elderly (60% coverage rate), vaccination 
markedly reduced the number of episodes of pneumococcal dis-
ease (Tables 4 and 5): In the elderly with a cohort of 5,688,237 
individuals, the number of NBPP and BPP cases avoided after 5 
years due to pneumococcal vaccination was 30,572 and 3,964 

young children,6 and PPV23 used in at risk people aged more 
than 2 years old and the elderly. PPV23 contains purified cap-
sular polysaccharide from each of 23 pneumococcal serotypes, 
which account for approximately 90% of the types responsible for 
invasive pneumococcal infections in developed and developing 
countries.2 PPV23 has been shown to effectively prevent pneu-
mococcal pneumonia with or without bacteremia, and decreased 
rates of overall pneumonia and of mortality due to pneumonia.7

In Turkey, S. pneumoniae infections incur a substantial medi-
cal and economic burden: pneumonia diseases have the second 
highest average cost of hospitalization (1,479 YTL/€778) follow-
ing lung cancer (1,978 YTL/€1,041).8 Consequently, the vaccine 
is available in Turkey from 1994 and vaccination of risk groups 
including elderly with PPV23 is reimbursed by the govern-
ment since 2007. However, only 2% of elderly and at-risk adults 
in Turkey are vaccinated against pneumococcal infections.9 
Increasing the knowledge around the benefits of this vaccination 
is expected to increase the coverage rate.10

This cost-effectiveness study aimed to evaluate the economic 
burden of pneumococcal infections in Turkey in persons at high 
risk of pneumococcal infection i.e., at risk adults (18–59 years old) 
and elderly (≥60 years old). In addition, the study assessed the 
public health and economic benefits of implementing a routine 
vaccination program in these two population groups in Turkey. 
The strategy to vaccinate only at-risk elderly was not evaluated 
considering the lower cost-effectiveness of a risk-based vaccina-
tion program as compared with an aged-based program.11,12

Results

Cost of pneumococcal infections. Since data on the cost of pneu-
mococcal infections in Turkey were not available in the litera-
ture, a retrospective study was conducted in Hacettepe University 
Hospital in Ankara in patients more than 18 years old with con-
firmed S. pneumoniae. In this study, a total of 138 patients were 

Figure 1. Distribution of the mean total hospitalization cost (YTL) and mean distribution of 
stay (days) in intensive care unit by study years (19 NBPP and 8 BPP cases in 2002, 20 NBPP 
and 7 BPP cases in 2003, 21 NBPP and 5 BPP cases in 2004, 22 NBPP and 8 BPP cases in 2005, 
18 NBPP and 10 BPP cases in 2006).
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pessimistic values of cost of disease, vaccination program can be 
considered as being very cost-effective.

A probabilistic sensitivity analysis of the cost-effectiveness results 
is shown as a cost-effectiveness plane in Figure 3. Considering the 
input parameters and their assumed distribution, there is a 95% 
chance that the ICER that the incremental cost per LYG from the 
public payer perspective is contained in the interval [-121,288; 
27,879] YTL in the elderly and [-125,966; 28,629] YTL in at-risk 
adults. 99.4% and 99.0% of the simulations in elderly and at-risk 
adults respectively lie below the willingness to pay threshold of 
YTL 47,400/LYG (corresponding in 3 times the GDP). It means 
that, taking into accound the uncertainty in the parameters, there 
is a probability of almost 100% that the strategy of funding pneu-
mococcal vaccination in elderly and at-risk adults is cost-effective 
compared with the current no vaccination situation. 

Discussion

In the base case simulation, the costs of pneumococcal disease 
that were avoided by vaccination were greater than the cost of 
a vaccination program, thus indicating that PPV23 vaccination 

respectively; in at-risk adults, with a cohort of 3,754,653 indi-
viduals, the number of NBPP and BPP cases avoided after 5 
years due to pneumococcal vaccination was 14,581 and 1,575 
respectively. The number of LYG by vaccination was 4,695 in the 
elderly and 2,134 in at-risk adults. The difference between the 
elderly and at-risk populations was due to the non-similarity of 
cohort size, VCR and BPP efficacy.

In the elderly simulation, the cost of NBPP was 713.2 mil-
lion YTL and BPP was 255.6 million YTL in the non-vaccinated 
cohort, and 640.4 million YTL and 178.9 million YTL in the 
vaccinated cohort. The cost of the vaccination program was esti-
mated to be approximately 104 million YTL. The incremental 
cost was therefore around -45.4 million YTL (-€23.7 million): 
the strategy of ‘vaccinate all elderly’ is likely to be cost saving 
compared with the non-vaccination strategy. In the at-risk adult 
simulation, the cost of NBPP was 616.1 million YTL and BPP 
was 155.9 million YTL in the non-vaccinated cohort and 574.2 
million YTL and 130.3 million YTL, respectively, in the vacci-
nated cohort. The cost of the vaccination program was estimated 
at around 45.7 million YTL. The incremental cost was therefore 
approximately -21.8 million YTL (-€11.5 million), and thus, the 
strategy of ‘vaccinating at-risk adults between 18 and 59 years 
old’ is likely to be cost saving compared with the non-vaccination 
strategy. In both populations, the overall cost of pneumococcal 
infections avoided was greater than the overall cost of a vaccina-
tion program. The vaccination program is likely to be cost saving 
in the case of a routine vaccination in elderly and at-risk adults in 
Turkey, with higher savings in the elderly group.

Sensitivity analyses. In the univariate sensitivity analysis, 
we evaluated the individual effects of epidemiological and vac-
cination parameters on the incremental cost-effectiveness ratio 
(ICER) of the vaccination strategy using the minimum and the 
maximum of the inputs ranges (Tables 2 and 3). These analyses 
suggested that the factors having the greatest impact on effective-
ness results were vaccine effectiveness against NBPP, NBPP and 
BPP hospitalization costs, NBPP case-fatality rate, and NBPP 
and BPP incidence rates. With the more pessimistic values for 
the vaccine effectiveness against NBPP and hospitalization costs; 
the ICER become positive but remains far under the treshold 
of three times the GDP per capita in Turkey (GDP per capita: 
10:436 USD in 2008 i.e. around 15,800 YTL at December 2009 
exchange rate).13 The influence of costs discounting was also 
evaluated. However, since the model was run for only 5 years, 
this parameter had a very limited impact on the incremental cost 
(Fig. 2).

Since the 2006 costs obtained from the retrospective study 
were higher than expected, we also ran the model using the most 
conservative cost of illness, i.e., excluding 2006 BPP costs val-
ues (11,444 YTL (95% CI, 3,867–19,023) in at-risk adults [n = 
15] and 9,415 YTL (95% CI, 3,121–15,707) in elderly [n = 13]) 
and using the NBPP costs value only from the prospective study. 
The incremental cost became positive and was estimated at 12.6 
million YTL in at-risk adults and 40.5 million YTL in elderly. 
In this conservative case, ICER was 5,896 YTL/LYG and 8,625 
YTL/LYG respectively which is lower than the national GDP per 
capita in Turkey. Therefore, regarding this ratio with the most 

Table 1. Direct medical inpatient and outpatient costs from the 
retrospective and prospective studies, and combined values

No. of cases
Mean cost in 

YTL*

Standard 
deviation

DIRECT MEDICAL INPATIENT COSTS (values excluding 2006 data)

Retrospective study

NBPP

At-risk adults 46 (40) 16,834 (15,603) 25,929

Elderly 54 (42) 14,639 (7,404) 28,806

BPP

At-risk adults 22 (15) 18,543 (11,444) 30,768

Elderly 16 (13) 21,890 (9,415) 37,960

Prospective study

NBPP

At-risk adults 26 4,960 10,485

Elderly 85 4,144 11,149

Retrospective and Prospective studies: NBPP combined values

NBPP

At-risk adults 72 14,535 27,748

Elderly 139 12,048 25,155

DIRECT MEDICAL OUTPATIENT COSTS, YTL (€)*

Prospective study

NBPP without hospitalization

At-risk adults 19 for both 
populations

381 212

Elderly 329 117

NBPP with hospitalization

At-risk adults 3 for both 
populations

227 197

Elderly 218 190

Values used in the base case are in bold. *The mean exchange rate 2008 
was used: 1€ = 1.9 YTL.
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retrospective study during 2006, the inpatient costs were unex-
pectedly high compared with other years, which would have 
impacted the mean costs calculated. This could have been due 
to the intensive-care unit being used more in 2006 than in previ-
ous years, the fact that 100% of patients included in the 2006 
data were high risk (compared to 87%, 97% and 92% in 2002, 
2003 and 2004, and 2005 respectively), and the low sample size. 
Nevertheless, data found in patient’s file were more precise in 
2006 than previous year following hospital recommendations 
which can explain the higher cost but also increase the robust-
ness of these costs. In comparison of IPD costs of several western 
European countries,15,20 the costs of illness found in our retro-
spective study are higher. However, they are similar to US cost 
data.18 2006 costs have been discussed with local hospitaliza-
tion team and they validated the reliability of them. Therefore 
they were included in the base case analysis and the mean cost 
used should accurately represent the situation in clinical prac-
tice as they were obtained from resources consumed over 6 years. 

was cost saving. The results of our analyses are consistent with 
other analyses performed on pneumococcal polysaccharide vac-
cines, which demonstrated that a pneumococcal vaccination 
program is likely to be cost effective if not cost saving.11,14-18 
Pneumococcal vaccination has previously been reported to be 
cost-effective across 10 western European countries, including 
the prevention of bacteremia alone.19 However, pneumococcal 
vaccines were found to be greatly underused in the elderly popu-
lation.17,18 In addition, a cost-effectiveness analysis for IPD in the 
elderly in England and Wales showed that routine vaccination of 
all elderly appeared to be cost effective, although the results were 
dependent on the uncertainties around vaccine effectiveness esti-
mates and the number of hospitalizations and deaths attributable 
to IPD.11 Moreover, when also a small proportion of NBPP cases 
are prevented, the cost-effectiveness of pneumococcal vaccina-
tion increased markedly compared with preventing BPP alone.14

The present study does have limitations including the large 
standard deviation associated with the costing data. In the 

Table 2. Epidemiological inputs used in the model for elderly and at risk adults

Item
Pneumococcal 

infection
Base case Range Sources/comments

Incidence (per 100,000)

NBPP 1136 728–2092
Jackson, et al. 2004:46 Value in 65+ on all CAP in US. Using 
the rate 30–50% of CAP are pneumococcal pneumonia, 

NBPP incidence was calculated.

BPP 51.5 18–85
WHO Weekly Epidemiologic Record 2008:84 Range of 24-85 

in 65+ in industrialized countries. Minimum value of 18 from 
Kaplan 200247

Hospitalization rates

NBPP 19.4% 15.5–23.3%
For NBPP, value from Turkish MoH records and National 

Burden of Disease survey31,32 ±20% for the range

BPP 95.5% 76.4–100%
Vila Corcoles, et al. 2006,7 which reports 1/22 IPD cases not 

being hospitalised, i.e., around 4.5%. The IPD hospitalization 
rate reported was therefore 95.5%. ± 20% for the range

Case fatality rate

NBPP 0.036 0.004–0.068
Jackson, et al. 2004:46 (rate on 65+ in US for all CAP, CAP in 
outpatient for the minimum of the range, calculated value 

for the maximum of the range to have a mean at 0.036)

BPP 0.225 0.143–0.308

Middleton, et al. 2008:34 rate between 14.3% for 65–74 yo 
and 30.8% for 85+ yo (confirmed by WHO WER Oct 2008 
saying that BPP CFR may reach 30–40% in elderly and in 

industrialized countries)4

Table 3. Vaccination inputs used in the model

Item Base case Range Sources/comments

Vaccine effectiveness against NBPP for 
both high-risk adults and elderly

21% 0–42%

Vila-Corcoles, et al. 2009;25 (42% in 50+ against NBPP); Vila-Corcoles, et 
al. 2006;7 (39% in 65+ against NBPP and 21% against all CAP); Huss, et al. 
2009;22 (11% in elderly and chronically ill patients against all CAP from 11 

RCT but high heterogeneity)

Vaccine effectiveness 
against BPP

at-risk adults 50% 40–60%
Mooney, et al. 2008;42 (61.70% in elderly); WHO WER 2008;4 (50–80% in 

elderly); Vila-Corcoles, et al. 2009;25 (66% in 50+); Vila-Corcoles, et al. 
2010;38 (72% in 60+); Fedson, et al. 2004;24 (50–70% in elderly); Jackson, 
et al. 2003;43 (44% in 65+); Domingez, et al. 2005;41 (70% in all elderly); 
Shapiro, et al. 1991;45 (46% to 80% in 65+); Butler, et al. 1993;39 (75% in 

65+) ±10 for the range
elderly 60% 50–70%

Vaccination coverage 
rate

at-risk adults 40% - Hypothesis taken regarding an age-based or a risk-based vaccination 
strategy36,37elderly 60% -

Vaccination cost for social security 
(public price + procedure fee)

YTL 30.48 
(€16)

-
Companies have to refund 11% and pharmacies have to give 3.5% to 

social security institution.
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case-control study demonstrated that the vaccine was effective 
against IPD, and also prevented non-bacteremic pneumococcal 
pneumonia.25

In the present cost-effectiveness analysis only NBPP and BPP 
were considered. As S. pneumoniae can be also responsible for 
other conditions such as meningitis, which have an important 
social and economic burden, this calculation would produce a 
conservative estimate of the cost of pneumococcal infection. 
Furthermore, outpatient costs after hospitalization were only 
available for BPP. Inclusion of NBPP’s costs would probably have 
increased the overall cost of pneumococcal infection, and thus, 
the benefits of vaccination.

It should be noted that although the simulation was for a sin-
gle dose of vaccine, which is commonly recommended, two doses 
are sometimes appropriate for some at-risk individuals. In addi-
tion, the simulation assumed that an age-based vaccination policy 
resulted in a higher VCR than one that was risk based. Indeed, an 
age-based strategy has been shown to be easier to implement than 
a risk-based strategy for the vaccination program.11,12

Our model did not take into account the protective effect that 
vaccinating infants with PCV7 has been demonstrated to have 
adults (i.e., herd immunity). In US, where the coverage rate in chil-
dren was around 80–90% over the last 6 years, herd immunity has 
globally led to a 38% decrease in the rate of IPD among elderly.26 
However, an increase of the incidence of serotypes not covered by 
PCV7 in adults and elderly people has been observed, and subse-
quently, PPV23 is the only protection available against these non-
PCV serotypes.27 At present, Turkey has not undertaken universal 
immunization of infants with PCV7, although it is considering the 
implementation of such a program. The future effect of a PCV7 
program in Turkey will depend on the VCR and serotype preva-
lence, and would not likely to be observed before the program is 
well established with a high VCR. However, in terms of the conclu-
sions drawn on cost-effectiveness, PPV immunization should not 

Univariate sensitivity analyses were performed using the costs 
excluding 2006 data from the retrospective study to evaluate the 
impact of cost data on the cost-effectiveness results. With much 
more lower costs for NBPP and BPP, a PPV23 program was not 
found to be cost-saving, however it was determined to be a very 
cost-effective strategy.

A second limitation is that costs of pneumococcal infections 
were retrieved from a university hospital where the population 
might not be representative of the general population in this 
country. However, since this hospital is located in one of the 3 
biggest cities in Turkey and most of the complicated cases are 
referred to this hospital from other cities close to and far from 
Ankara, this population should be quite representative of the 
general Turkish population.

Costs are likely to be higher in a teaching hospital than in a 
public hospital due to the availability of a greater number of pro-
cedures and more advanced technology. According to principle of 
reimbursement system in Turkey, less severely ill patients should 
go to public hospital. Thus, this study should be repeated in state 
hospital. However, in such a setting it may be more difficult to 
obtain reliable and detailed records of costs.

Comprehensive meta-analyses of studies assessing the PPV23 
vaccine efficacy have shown a protective effect against IPD and 
all-cause pneumonia in the elderly population.21,22 At the oppo-
site, the Cochrane meta-analysis concluded that there was not 
sufficient evidence to support the routine use of PPV23 to pre-
vent pneumonia.21 The lack of a sensitive and specific method 
for the diagnosis of pneumococcal pneumonia has limited the 
study of PPV23 and the conclusions of this meta-analysis can be 
considered a cause for debate.23 Furthermore, an extensive litera-
ture review strongly suggested that the published meta-analyses 
did not contain a sufficient number of person-years of observa-
tion to reach a reliable conclusion as to the efficacy of PPV23 
in the prevention of pneumonia or death.24 Recently, a matched 

Table 4. Base case results of the cost-effectiveness analysis of 
polysaccharide pneumococcal vaccination in elderly

Non-vaccinated Vaccinated

Number of episodes

NBPP 293,538 262,966

BPP 13,307 9,343

Mortality reduction thanks to vaccination

Number of LYG 4,695

Costs, in million YTL

Cost of NBPP infections 713.2 640.4

Cost of BPP infections 255.6 178.9

Vaccination - 104

Cost reduction thanks to vaccination, in million YTL  
(million €, 1€ = 1.9 YTL)

Incremental costs 
(no vaccination—vaccination)

-45.4 (-23.9)

Cost effectiveness analysis

ICER (YTL/LYG) Cost-savings

Target coverage rate in elderly assumed to be 60%.

Table 5. Base case results of the cost-effectiveness analysis of  
polysaccharide pneumococcal vaccination in at-risk adults

Non-vaccinated Vaccinated

Number of episodes

NBPP 212,075 197,494

BPP 9,614 8,039

Mortality reduction thanks to vaccination

Number of LYG 2,134

Costs, in million YTL

Cost of NBPP infections 616.1 574.2

Cost of BPP infections 155.9 130.3

Vaccination - 45.7

Cost reduction thanks to vaccination, in million YTL (million €, 1€ = 
1.9 YTL)

Incremental costs 
(no vaccination—vaccination)

-21.8 (-11.5)

Cost effectiveness analysis

ICER (YTL/LYG) Cost-savings

Target coverage rate in at-risk adults assumed to be 40%.
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The current VCR in Turkey of 2% of at-risk adults and elderly 
is very low despite the reimbursement of PPV23 in these groups 
since 2007. The reasons for this may implicate factors involving 
intervention by public health organizations or the perspective of 
physicians and the general public on pneumococcal vaccination. 
Low VCR can be explained by the lack of an effective vaccina-
tion program or absence of systems for delivering the vaccination, 
such as in the workplace, nursing homes or healthcare center.28,29 
Indeed, in Turkey, every patient should visit pharmacy, buy the 
vaccine and then come to health care setting to receive prescribed 
vaccine, knowing that physicians can not offer PPV before the 
patient’s discharge from their clinic. In addition, physicians have 
a low awareness of the risks of pneumococcal disease and the 
benefits of vaccination which affects their recommendation of 
PPV23, health care workers recommendation being the most 
important driver of the coverage rate’s improvement.10 Lastly, 
other clinical priorities compete against vaccination programs 

changed, since its cost-effectiveness has recently been demonstrated 
by an analysis performed in the US.18 This study showed that vac-
cination remains economically attractive and cost-effective even if 
the incidence of pneumococcal disease has decreased among adults. 
Indeed, the lower IPD incidence in adults simply means that the 
Cost Effectiveness (CE) ratio must increase. Since the initial CE 
ratio was very low, even if doubled the cost-effectiveness of PPV23 
for elderly and high risk adults would still be highly acceptable. 
Using the GDP threshold given by the WHO guidelines (strategy 
not cost-effective if superior to 3 times the GDP per capita i.e., 
superior to 47,400 YTL for Turkey), we evaluated the value of the 
IPD incidence where the public funding of PPV23 in elderly and 
at-risk people were not cost-effective. The IPD incidence should 
decrease by 60% (21 per 100,000) and 85% (7.9 per 100,000) from 
the base case values in elderly and in at-risk adults respectively in 
order to give an ICER not cost-effective that is higher than 47,400  
YTL/QALYs.

Figure 2. Tornado diagram of the univariate sensitivity analysis of the ICER of the pneumococcal vaccination from a government perspective in elderly 
and at-risk adults. The X axis represents the absolute change in ICER compared to baseline.
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To compare the costs and health consequences of vaccination 
versus non-vaccination, an ICER was estimated as the incre-
mental cost per LYG. Since there are no health utility data avail-
able in Turkey, the quality of life gained due to vaccination was 
not evaluated. As recommended by the WHO health economic 
guidelines on vaccination, a discounted rate of 3% on costs and 
lives was applied in the base case analysis. The base case was con-
ducted from a public payer perspective, i.e., all costs collected and 
used in the model were those borne by the government.

Demographic and epidemiological model inputs. 
Representative demographic data on the Turkish population was 
based on the national statistics data from June 2008.30 It was 

and physicians delegate vaccination issues to 
the primary care settings. Offering vaccina-
tion in different places such as adult vaccina-
tion rooms or before discharging patient from 
hospital seems to increase such a low PPV23 
vaccination rates in Turkey. Data from the 
active promotion of the benefits of pneumo-
coccal vaccination were not included in this 
study since the results have been difficult to 
evaluate. However, costs saved by a pneumo-
coccal vaccination program could be rein-
vested in the education of physicians and the 
public on the benefits of vaccination.

In conclusion, this model suggests that a 
pneumococcal vaccination program in the 
elderly and at-risk populations in Turkey would 
be cost saving. These results are consistent with 
previous studies conducted with pneumococ-
cal polysaccharide vaccines. Vaccination of the 
elderly with PPV23 is now publicly funded in 
Turkey. Nevertheless, the VCR in Turkey has 
been minimal, and its increase would improve 
public health. In addition, an awareness cam-
paign to promote the benefits of pneumococ-
cal vaccination in the elderly and at-risk adults 
should be undertaken in Turkey, targeting 
selected high-risk populations and the medical 
community. An appropriate use of the money 
saved as a result of pneumococcal vaccination 
would be to promote the benefits of vaccina-
tion and thereby raise the VCR.

Methods

Model specification and parameters used for 
the analysis. A decision-analytic model was 
developed to estimate the effectiveness and 
cost-effectiveness of a catch-up PPV23 vacci-
nation program in the adult population (>18 
years old) with the opportunity to focus the 
analysis on an age-based or a risk-based vac-
cination program. Two identical hypothetical 
cohorts that were either vaccinated with the 
PPV23 or non-vaccinated were followed dur-
ing a 5-year period (to provide a conservative estimate of the total 
duration of PPV23 effectiveness) split into 5 periods of 1 year. 
Each hypothetical cohort, vaccinated or non-vaccinated, was 
designed to reflect the Turkish elderly population (≥60 years of 
age) and at-risk adults (18–59 years old). The definition of people 
considered at high risk of developing pneumococcal disease was 
taken from the World Health Organization recommendations.4 
Infections due to S. pneumoniae were classified as BPP and NBPP, 
which comprise around 90% of pneumococcal-related outcomes 
that are preventable by PPV23 vaccination.2

For each cohort, the number of life years experienced and the 
costs of pneumococcal infections were calculated and compared. 

Figure 3. The results of the 1,000 Monte Carlo simulations represented on the cost-effective-
ness plane for at-risk adults and the elderly. The black cycle represents the mean cost-effec-
tiveness ratio.
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Record reported PPV23 to be 50–80% effective in preventing 
IPD among immunocompetent adults and individuals with 
various underlying illnesses who were not severely immunosup-
pressed.4 In our analyses, the values for vaccine effectiveness 
against IPD were based on multiple observational studies which 
had the advantage of being conducted in large unselected natu-
ral populations.7,25,38-43 One of these recent studies, conducted in 
Scotland in persons aged ≥65 years, demonstrated a protective 
effect of PPV23 against IPD of 61.7% (95% CI, 45.1–73.2).42 In 
Spain, a protective effect of 66% (95% CI, 27–66) against IPD 
was reported by Vila-Corcoles et al. in persons over 50 years old 
irrespective of their risk status.25 In addition, the same author 
reported PPV23 to be 72% (95% CI, 46–95) effective in persons 
over 60 years old, regardless of risk factor.38 These recent val-
ues were in line with the 14-year nationwide surveillance study 
conducted by the US CDC in the elderly and in persons with 
underlying chronic disease (effectiveness higher than 65%).39 As 
a result of these studies, effectiveness against BPP in the base 
case was assumed to be 60% for all elderly, which is the mean 
effectiveness of observational studies (Table 3), and 50%, which 
is the lower bound reported by the WHO for at-risk adults. In the 
sensitivity analyses, we applied a variation of ±10 onto the base 
cases which lead to an efficacy range of 50–70% and 40–60% 
for elderly and at-risk adults respectively.

The evidence for effectiveness of PPV23 against NBPP is less 
established mainly due to the difficulties in identifying S. pneu-
moniae as etiological agent of pneumonia. Meta-analysis on ran-
domized clinical trials did not show effectiveness against NBPP 
or were inconclusive because of the heterogeneity of the results 
or the lack of power of the study.21,22 However, we considered 
observational studies to be more likely to estimate real-life effec-
tiveness of the vaccine. For example, the systematic review of 
observational studies performed by Conaty et al. estimated the 
combined effectiveness of PPV23 vaccine to be 32% against all 
pneumonia.40 In addition, two recent clinical studies in Spain, 
in which bacteria were identified by radiography, sputum culture 
and Binex antigen test, demonstrated an effectiveness against 
NBPP of 42% (95% CI, 14–61) in people >50 years old and 39% 
(95% CI, -6–65) in elderly >65 irrespectively to the risk status.7,25 
Consequently in the current analysis, since our populations were 
aged ≥60 years or between 18–59 years and at-risk, we considered 
a range of 0–42% effectiveness against NBPP for both popula-
tion in the sensitivity analyses. The mean value of this range was 
used for the base case: 21%.

In addition, as reported in various publications, we decided 
to decrease vaccine effectiveness on BPP and NBPP over time, 
applying a waning rate of 10% each year in the elderly and at-risk 
populations.17,18,20,34,44,45 The total duration of effectiveness was 
fixed conservatively at 5 years.

Vaccination costs included the vaccine price and the procedure 
fees for vaccine administration were borne by the Turkish social 
security. According to local regulations, all pharmaceutical com-
panies and pharmacies have to refund 11% and 3.5% respectively 
of total vaccine price to social security institution. Taking into con-
sideration this local regulation, the total public vaccination cost 
used was 30.48 YTL (€16, mean exchange rate 2008: 1.9).

assumed that 10% of the adult population (18–59 years old) was 
at risk from pneumococcal infection.31 The all-cause mortality 
rate was obtained from a local study conducted in 2004.31,32 For 
at-risk people from 18 to 59 years old, the conservative approach 
of all-cause mortality rate from the general population was used 
in the absence of specific data.

International pneumococcal incidence rates and case-
fatality rates were used as there were no Turkish data available  
(Table 2).4,33 However, fatality rates from a cost study on pneu-
mococcal infections conducted in Ankara and described below, 
were consistent with these international data.4,34 Incidence rates 
and case-fatality rates related to S. pneumococcus were assumed 
to be similar between both elderly and at-risk adult populations 
in the absence of specific data. Hospitalization rates were cal-
culated as 19.4% for NBPP, based on the National Burden of 
Disease Survey performed from March 2002 to December 2004. 
The total number of hospitalizations related to pneumonia was 
detected according to the data from different sources especially 
National Household Survey (12,000 households, sampling deter-
mined by TÜIK (Turkish Institute of Statistics) and the World 
Health Questionnaire utilized),35 and the Verbal Autopsy Survey 
(60,000 households, cases, hospitalizations and causes of death 
reported out).31,32 For BPP, the hospitalization rate was higher 
considering the severity of the disease. Sisk et al. supported a 
100% hospitalization rate;17 Robinson et al. a 96%;48 Vila-
Corcoles et al. reported 4.5% of IPD cases not hospitalized (1/22 
cases) and therefore an hospitalization rate of 95.5%.7 In order 
to be conservative, 95.5% were used in the base case for BPP  
(Table 2). This parameter was varied (±20%) in the determinis-
tic sensitivity analysis.

Vaccination model inputs. A one-dose vaccination program 
was simulated in both populations. Vaccination coverage was 
assumed to be 60% in the elderly. In at-risk adults, a lower value 
was used considering the effect of a risk-based versus an aged-
based public vaccination program.36 Indeed, a survey of IPD 
surveillance systems in the European Union, updated in 2006, 
demonstrated that coverage rates for at-risk people were: 36.5% 
(chronic heart disease), 34.7% (diabetes), 22.9% (immunosup-
pressed), 28.7% (chronic renal disease), 15.9% (sickle cell dis-
ease) and 12.6% (chronic respiratory disease).37 In our analysis, 
vaccination coverage was assumed to be 40% in at-risk adults.

Although multiple studies have been conducted over the past 
30 years, the efficacy and effectiveness of PPV23 remain con-
troversial.21,22 Numerous problems contribute to the difficulty of 
measuring the efficacy and effectiveness of this vaccine, includ-
ing the low frequency of the most specific outcomes and the inac-
curacy of the diagnostic criteria for more common outcomes.4

Pneumococcal vaccine effectiveness against IPD is the most 
firmly established, however the level of effectiveness depends on 
risk status and age. Meta-analyses of 10 randomized clinical tri-
als involving 35,483 participants have shown that PPV23 is 74% 
(95% CI, 54–85) effective against IPD among generally healthy 
young adults and, to a lesser extent, in the general population of 
elderly. However, no significant effect of PPV23 vaccination on 
IPD was seen in adults with chronic diseases.21 Based on observa-
tional studies, the October 2008 WHO Weekly Epidemiological 
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Finance and General Directorate of budget and fiscal control for-
mal health institution price tariff.

All cost of illness inputs used in the modelling are presented 
in Table 1.

Sensitivity analyses. Under base-case assumptions, parameter 
values were varied individually in a one-way sensitivity analysis to 
identify if those variables with a mean value had a major impact 
on the cost-effectiveness results. All inputs were tested and their 
values are shown in Tables 2 and 3. Concerning the discount 
rate on lives, 0% and 5% were used respectively for the low and 
high value.

In addition, parameters listed in Tables 2 and 3 (NBPP inci-
dence, BPP incidence, NBPP case fatality rate, BPP case fatality 
rate, Vaccine effectiveness against NBPP for both high-risk adults 
and elderly and Vaccine effectiveness against BPP) were varied 
simultaneously in probabilistic sensitivity analyses, where ran-
dom draws from each parameter’s distribution were performed 
and the effectiveness and cost-effectiveness calculated. This pro-
cedure was repeated 1,000 times. Parameter distributions were 
chosen based on the parameter type and level of certainty. Those 
parameters whose distributions were least certain (epidemiologi-
cal data from international literature) were assigned uniform dis-
tributions, where all values in a range are equally likely to be 
chosen. Parameters whose distributions were most certain (cost 
data from a local cost of illness study) were assigned log-normal 
distributions.

Financial support

Sanofi Pasteur funded the cost of illness study.

All vaccine inputs used in the modelling are presented in 
Table 3.

Cost of illness data. Since data on the cost of pneumococcal 
infections in Turkey were not available in the literature, they were 
collected from two studies: a retrospective study conducted in 
Hacettepe University Hospital in Ankara in patients more than 18 
years old with confirmed S. pneumoniae and a prospective study, 
also conducted in Hacettepe University Hospital in Ankara, on 
patients more than 18 years old with CAP (no bacteremic case). 
S. pneumoniae were isolated from sputum and blood for the ret-
rospective study and confirmed cases were selected according to 
Pneumococcal-specific ICD 10-codes (J13 for NBPP and A40.3 
for BPP). The risk status of patients were identified using the 
comorbidities placing them more at risk of getting pneumococcal 
infections or complications. The comorbidities considered were: 
chronic cardiac disease, chronic pulmonary disease, diabetes, 
chronic renal disease, rheumatologic disease, dementia or stroke, 
malignancy, immunosuppressive disorders and alcoholism. The 
perspective was from that of the public payers. Direct inpatient 
costs from both studies were the costs of procedures (e.g., X-ray 
and surgery), laboratory tests (serology, biochemistry and virol-
ogy), medical examinations and treatments, as well as the costs 
associated with the length of stay in the intensive care unit and the 
general ward. Direct outpatient costs with and without hospital-
ization were only collected from the prospective study and covered 
the costs of medical visits, laboratory tests and treatment.

Variables were retrieved from patient files in the retrospec-
tive study and face-to-face discussions in the prospective study. 
Costs were calculated using the Republic of Turkey Ministry of 
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