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Abstract

Background In Germany the heptavalent pneumococcal

conjugate vaccine (PCV7) has been recommended as a

general infant vaccination since 2006. Data from similar

programmes in the USA have reported a reduction of

pneumococcal diseases in both vaccinated and unvacci-

nated populations, suggesting herd immunity effects. This

study analyses the cost-effectiveness of a general vacci-

nation with PCV7 in Germany based on these findings.

Methods A Markov model adapts efficacy and herd

immunity data to the German population. Further main

model inputs are incidence, vaccination uptake, serotype

distribution, case fatality rates, and vaccination and health-

care costs.

Results A general vaccination with PCV7 would avoid

about 232,000 pneumococcal infections and 1,879 pre-

mature deaths per year in Germany. From the health-care

payer’s perspective, direct cost savings would outweigh

vaccination expenditures by a ratio of 1:1.16. The sensi-

tivity analysis shows that these estimates are quite

conservative.

Conclusion Based on the health-economic evaluation, the

authors recommend the continuation of the general rec-

ommendation of PCV7 according to the 3 + 1 schedule

within the German Statutory Health Insurance.

Keywords Pneumococcal conjugate vaccine (PCV7) �
Herd immunity � Pneumococcal disease � Germany

Introduction

Streptococcus pneumoniae is one of the most commonly

encountered agents of invasive and non-invasive infec-

tions. Risk is particularly high in the elderly, the very

young and those with a weakened immune system.

Asymptomatic carriage is common and age-related: over

60% of children carried S. pneumoniae in their nasophar-

ynx by their 3rd year of life; the rate of colonisation falls to

25–35% in school children and students and to 6% in adults

who live in households without children [31]. Pneumo-

coccal-related diseases start as local infections of the

respiratory tract and can progress to bacteraemia, sepsis, or

meningitis. Infections show a seasonal distribution: most

invasive pneumococcal infections occur between October

and March [38].

Ninety-one pneumococcal serotypes defined by the

capsular polysaccharide have been identified [42]. A small

group of virulent serotypes is responsible for the majority

of invasive infections, and most cases are caused by only

one single serotype. An earlier pneumococcal infection

does not give immune protection against further pneumo-

coccal infections with other serotypes.

In February 2001 the heptavalent pneumococcal conju-

gate vaccine (PCV7) received market approval in Europe

[15]. PCV7 is a pneumococcal conjugate vaccine indicated

for use in infants from 2 months up to 2 years and previ-

ously unvaccinated children with higher risks from 2 to

5 years. PCV7 protects against seven serotypes commonly

associated with invasive diseases: 4, 9V, 14, 19F, 23F,

18C, and 6B. Effective since 1 July 2001, the German
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Standing Commission on Vaccination (STIKO) recom-

mended the vaccination for children at increased risk for

pneumococcal-related diseases. This recommendation was

broadened further in July 2006 to all children under the age

of 2 [72].

With the latest German Health-Care Reform Act (Gesetz

zur Stärkung des Wettbewerbs in der Gesetzlichen Kran-

kenversicherung) in 2007 [26], all vaccination programmes

that were recommended by the STIKO in the past were

included within the standard benefit package of the German

Statutory Health Insurance [26] starting in July 2007. The

highest decision-making body of the self-governing statu-

tory health insurance scheme that defines mandatory

treatments and the extent of reimbursement is the Federal

Joint Committee (Gemeinsamer Bundesausschuss, G-BA).

They usually base their decisions on recommendations

from the STIKO. As all vaccinations recommended by the

STIKO became standard benefits, also vaccination with

PCV7 was included in the package. However, the G-BA

made an amendment that they reserve the right to re-

evaluate PCV7 at a later time [25].

A first economic evaluation of a universal vaccination

programme in Germany was published in 2003 [14]. Sub-

sequent data from the US [75, 76] have found reductions in

the rate of invasive pneumococcal disease (IPD) exceeding

vaccination uptake, suggesting that widespread use of

PCV7 has led to herd immunity effects. Therefore, the

previous German model from 2003 [14] was extended to

reflect potential benefits from herd immunity in Germany.

This analysis evaluates costs and economic conse-

quences of scenarios with all children receiving vaccination

with PCV7 compared to no vaccination in Germany.

Methods

Model structure

A Markov model has been developed to analyse cost-

effectiveness of no pneumococcal vaccination (branch A)

compared to a general vaccination programme for all

newborn children (branch B) in Germany. The primary

health benefit outcomes are life years gained (LYG) and

quality-adjusted life years (QALY). The model takes the

perspectives of the German Statutory Health Insurance,

which covers about 90% of the population, and a societal

view. The timeframe of the model covers 99 cycles with a

cycle length of 1 year.

In branch A, incidence rates as well as the German

population structure in 2005 were used to compute annual

cases of four pneumococcal-related diseases in Germany:

meningitis, sepsis, pneumonia, and acute otitis media

(AOM). The model combines incidence rates with resource

usage and unit costs to estimate annual health-care costs

attributive to pneumococcal infections in Germany.

Branch B examines a steady state in which all children

are recommended to receive vaccination using the recom-

mended four-dose schedule with older children already

being immunised. The model structure does not illustrate

the initiation and implementation of a vaccination pro-

gramme over time. Instead it portrays a steady state, in

which all children are vaccinated (or not), and the theo-

retical vaccination programme has been in place for years

(or not). Experience from the US shows that a steady state

can be achieved within 3 or 4 years after introduction of a

general vaccination programme [74]. Vaccination of Ger-

man elderly is not considered in this model since the

vaccination rate with the approved 23-valent polysaccha-

ride vaccine has been constant (5–7%) during the last years

[57].

The analysis has been conducted using DATA version

TreeAge Pro 2006. The model structure is shown in

(Fig. 1).

Incidence rates and epidemiology outcomes

The incidence rate of paediatric IPD used in the model is

the average annual rate as reported in the Erhebungseinheit

für seltene pädiatrische Erkrankungen in Deutschland

(ESPED) surveillance system. Data for the period 1997–

2003 were available for modelling purposes [38, 39].

According to that source, cases of sepsis are divided into

septicaemia (60%) and bacteraemic pneumonia (40%).

Data on the incidence of adult IPD are less comprehensive:

surveillance data from North-Rhine Westphalian hospitals

reported by the German National Reference Centre for

Streptococci (NRZ) has been used as the best available data

source [56]. In addition, there is evidence that in these

cases there is an underreporting [56] of underlying cau-

salities (with a factor of 2.7) since there is no routine use of

blood cultures for pathogen analysis in Germany [61]. The

incidence of community-acquired pneumonia (CAP) is

based on diagnosis data from prescription indices recorded

by IMS Health [32]. Specific German AOM incidence rates

are not available. Instead, Finnish incidence data were

incorporated within the model [20]. Incidence data built

into the model are summarised in Table 1.

Outcomes

The model considered case fatality resulting from IPD and

pneumonia, and sequelae resulting from IPD. ESPED data

report a case fatality rate of 7.5% in paediatric patients with

pneumococcal meningitis in Germany [39]. Furthermore,

20.6% of patients experience sequelae [39], of whom

40.5% experience hearing disabilities and hearing losses.
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In the model late sequelae are assumed to be 29.4% since

ESPED focusses only on acute sequelae.

Among paediatric patients with pneumococcal sepsis,

case fatality rates are reported to be 2% and multiple

sequelae occur in 3.8% of all cases, of whom 7.7% reported

disability or hearing loss [39]. The case fatality rate of IPD

in adults is estimated to be 20% in those aged under 65 and

30% in those aged 65 years and over [2, 5, 22].

A conservative assumption was made in the estimation

of case fatality rates in pneumonia: within the model in

outpatient care, no deaths occur in adults under 55 years

old, and the case fatality rate in adults older than 55 years

is assumed to be 0.5%. German hospital statistics report an

average case fatality rate for hospitalised CAP of 10.1%

(2005) [69]. No additional case fatality has been included

for AOM as invasive infections originating from AOM are

already captured as IPD [64].

Life years lost due to premature death were estimated

with German life tables from 2001/2003 [18] and the

population structure of 2005 taking data of the Federal

Statistical Office in Germany [68]. Patients who suffered

pneumococcal-related sequelae are assumed to have a

reduced life expectancy of 65 years.

Effectiveness and herd immunity of PCV7

Effectiveness in Germany is estimated taking into account

vaccine efficacy, German serotype distribution of IPD and

pneumonia, and herd immunity. Basis of individual effec-

tiveness in paediatric IPD is the German serotype coverage

of PCV7, including cross-reactive serotypes 6A/6B derived

from ESPED data covering 1997–1998 (Table 1) [39]. In

the US study, vaccine efficacy was reported with 97.4%

against susceptible IPD in fully vaccinated individuals [8].

IPD was reduced by 94% in the target population, due to an

uptake of 83% [8]. Surveillance data from the US reported

the vaccination uptake in usual care to be 68% in 2003 [3]

and showed a reduction in IPD in the target population by

92% [74]. Hence, within the model it is conservatively

assumed that an uptake rate of 70% would be achievable in

Germany. A recent analysis of vaccination uptake in Ger-

many testifies high acceptance of the basic immunisation in
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the 1st life year, but shows deficits in uptake of the booster

vaccination in the 2nd life year [53]. This may also be

applicable for PCV7 due to its similar vaccination scheme.

Up to the age of 16, PCV7 on average reduces pneu-

mococcal pneumonias by 17.7% as well as 6% of all

clinically diagnosed pneumonias [9]. The latter value is

incorporated into the model linked to the incidences based

on clinical diagnoses. Effectiveness against AOM has been

taken from a large randomised study conducted in Finland

that found a reduction of 57% in vaccine serotype-related

otitis media episodes [20] and 6% in overall AOM. Again,

taking a conservative approach, the lowest reported rate of

6% was used.

PCV7 has also an impact on the severity of pneumo-

coccal diseases, which results in less utilisation of health-

care services. In the NCKP study the number of paracen-

tesis decreases (23.2%, intention-to-treat) [23]. This effect

is adjusted with the decrease of incidence. In the US PCV7

has been available for vaccination of children under

2 years old since 2000. In surveillance data covering a

population of over 16 million, a decline in IPD in adults

between 20 and 41% (period 1998–2003) depending on age

groups [74] has been found. In the target population for

PCV7 vaccination, IPD fell by 53% in infants under

2 months (i.e. before the first vaccination) and by 51% in

children between the ages of 5 and 17. In addition, a

reduction of 27% in pneumococcal pneumonia across all

age groups has been reported [74]. Data from a compre-

hensive Kaiser Permanente Study confirm these results

[4, 7].

Recently, different authors demonstrated evidence of

herd immunity in peer-reviewed publications [41, 55, 76]

as well as conference proceedings [4, 74]. This model uses

herd immunity data from the most recent publications

(Table 1) [55]. By transferring that data to a German

model, one has to consider that the serotype distribution

differs from that in the US. The effective range of herd

immunity in adults therefore is estimated considering dif-

ferent distributions of serotype coverage in the US (1998/

1999) [76] and Germany (July 2001–June 2003) [56]. As a

Table 1 Incidences, efficacy,

serotype coverage, and herd

immunity

* Inclusive underreporting

factor: 2.7

** assumption
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result of that, the effective range of herd immunity in

paediatric IPD and CAP is assumed to be 60%. A declining

effect is not modelled, since herd immunity can be

expected to close this gap in individual immunity.

Health-care cost and quality-adjusted life years

One health economic outcome is QALY, which is literature

based (Table 2) [54]. The model covers costs of purchasing

and administration of the vaccine, costs for treating

infections, costs of long-term sequelae of meningitis, and

indirect costs.

All patients with IPD and children under 2 years of age

with pneumococcal pneumonia require hospital treatment.

The hospitalisation of all other cases is estimated based on

national hospital statistic [69]. The rate of hospitalisation is

14.1% for children \5 years, 6.9% in those aged 5–

54 years, 14% in those aged 55–64 years, and 38.4% in

those over 65, which is consistent with data from the US

[37]. Eight percent of all patients with otitis media are

treated with a paracentesis (reflecting German treatment

reality based on expert opinion).

As Germany has a DRG system, inpatient lump-sum

payments in cases of IPD and CAP are estimated as

weighted average values from the German-DRG 2007

scheme (2005) [34]. The G-DRG 2007 distinguishes

between cases with artificial respiration, which therefore

have to be considered in the average costs. According to

the literature about 13% of adults with IPD [33] and 11%

with CAP [36] need artificial respiration during inpatient

care.

The costs of outpatient treatment of AOM is based on

average outpatient remuneration figures from the literature

[78] plus drug prescription costs [32]. The costs of out-

patient care of pneumonia are assumed to be similar to

outpatient care of otitis media. The treatment costs of

Table 2 Utilisation of medical benefits and their costs

Utilisation (%) Costs per

case (2005)

in €

Reference QALY

losses [54]

Direct cost

Meningitis Children Inpatient 100 10,015 72% Ø G-DRG B72A-B + 28% Ø

G-DRG A06A-C, A07A-D,

A09A-F, A11A-F, A13A-F [34]

0.76

Sepsis Children Inpatient 100 7,197 87% Ø G-DRG T60B,

T60D + 13% Ø G-DRG A06A-

C, A07A-D, A09A-F, A11A-F,

A13A-F [34]

0.21

IPD Adults Inpatient 100 6,954 87% Ø G-DRG T60A-C und

T60E + 13% Ø G-DRG A06A-

C, A07A-D, A09A-F, A11A-F,

A13A-F [34]

0.01a

Adults, lethal Inpatient 1,433 G-DRG T60F [34] 0.01a

Hearing loss 90,000 Schulze-Gattermann [66, 67] First year: 0.46

Neurological sequelae 50,000 Assumption Per year: 0.10

Pneumonia 0–\5 years Inpatient 11.3 4,980 89% Ø G-DRG E77A-D + 11% Ø

G-DRG A06A-C, A07A-D,

A09A-F, A11A-F, A13A-F,

E40A-B [34]

0.19

5–\55 years 7.8 0.01a

55–\64 years 16.6 0.01a

65 + years 34.5 0.01a

Outpatient Others 74 Assumption 0.01a

Otitis media Children (0–10 years) Inpatient 5 1,270 Ø G-DRG D62Z, D63Z, D13Z,

D06A-B [34]

0.36

Outpatient 83 70 IMS and Zentralinstitut [32, 78] 0.01a

Paracentesis Outpatient 8 500 Expert estimation 0.01a

Indirect cost

Children (0–12 years) Inpatient 1 week Ø 345 According to Hannoveraner

Konsens [65]Adults (20–61 years) Inpatient 3 weeks Ø 1,333

Children (0–12 years) Outpatient 3 days Ø 148

Adults (20–61 years) Outpatient 1 week Ø 444

a Rounded
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paracentesis were estimated by an expert panel. Compli-

cations of AOM are assumed to include 8% of patients

treated with paracentesis at a cost of €490 (materials,

anaesthetic, and nursing care). Inpatient treatment of otitis

media is rare in Germany (0.5%), and costs of €1,340 per

admission have been used [34].

The lifetime discounted cost of bilateral deafness is

estimated to be €90,000 [66, 67], assuming that 50% of cases

of pneumococcal meningitis require cochlear implants and

that on average one repeated implantation is needed over a

patient’s lifespan (assumption). The life-long costs of other

sequelae were estimated to be €50,000. All prices are based

on the year 2005 or are price-level adjusted.

Indirect costs

Indirect costs quantify the social loss due to pneumococcal-

related absence from work, decreased productivity or pre-

mature death. In the evaluation of PCV7 indirect costs

result from parents’ absence from work taking care of their

sick child and from persons, who would have normally

worked up to retirement, who suffer a reduction in earning

capacity or a premature death from a pneumococcal dis-

ease. In the context of herd immunity, the model includes

pneumoccocal-related absence from work and loss of

future working years in the sub-population of working age

(between 20 and 60 years old). In Markov models it is

usually necessary to discount future values to reflect that

costs and benefits occur at different times. The special

construction of the presented Markov model as a steady-

state model allows for ignoring discounting – with the

exception of loss of future life incomes linked to pneu-

mococcal-related sequelae and deaths.

Estimation of indirect costs follows the human capital

approach on the basis of the Hannoveraner Konsens [65].

The German per capital income in 2005 was €32,894 per

year (€90.12 per day) [71]. In accordance with the micro

census of the Federal Statistical Office, 74.7% of the

females with children were gainfully employed in the year

2005 [70]. It is assumed that women do not work in the first

6 months. It was assumed that a pneumococcal-related

inpatient treatment of a child younger than 12 years of age

caused 7 days of parental work absence, whereas an out-

patient treatment caused only 3 days. Having a child of up

to 12 years in outpatient care, parents miss 3 days at work

and 1 week in inpatient care (assumption). Adults between

20 and 61 years of age lose 3 weeks at work when they

suffer from a pneumococcal disease. The loss of future

years in gainful work due to premature death is calculated

by subtracting the death age from 61, since the average

male (female) started his retirement in 2005 at the age of

60.7 (61) [17]. Therefore, the discounted (5%) life income

of a 20-year-old person in gainful work is €422,131.

PCV7 vaccination

The recommended immunisation schedule for young chil-

dren consists of three doses given at intervals of at least

4 weeks and a booster dose between 12 and 15 months of

age [51]. In 2005 the pharmacy retail price per dose was

€62.42 [58] and the remuneration for vaccine administra-

tion was €6.86 (on average) [29]. An uptake rate of 70%

was assumed. The model does not consider expenditures

for immunisation of older age groups that might take place

when the vaccine is introduced in the model. Altogether the

vaccine is well tolerated, so that neither less serious side

effects such as pain and skin irritations nor severe side

effects are included.

Sensitivity analysis

A deterministic sensitivity analysis is carried out to explore

robustness of results to variation in the input data. In future

decades it is expected for Germany that birth cohorts will

decrease, but the number of elderly will increase. To test

how this affects the results, the analysis has been repeated

using official estimates for the population structure in 2030

and 2050 [19].

While paediatric pneumococcal-related meningitis in

Germany arises in similar frequency as in other European

countries, the incidence of pneumococcal-related sepsis

turned out to be substantially lower. Rüggeberg et al.

[61] show that bacteriamic pneumonias were clearly

underreported in a German hospital sample looking at

pneumococcal sepsis. A mandatory analysis of pathogens

via blood cultures in inpatient pneumonias would increase

the incidence of pneumococcal sepsis. Thus, a study from

the US reported that a 2.2-fold higher incidence of pneu-

mococcal sepsis was based on improved diagnosis by a 2.3-

fold higher number of blood cultures [11]. Therefore, in

sensitivity analyses the incidence of adult IPD is increased

by the factor 4 instead of 2.7 in the base case.

A recent study taking data from the German Community

Acquired Pneumonia Network (CAPNETZ) [63] estimates

680,000 annual cases of CAP in German adults. Although

an underestimation can be expected, the incidence is varied

in the sensitivity analysis due to data adjusting the rate of

the hospitalisation. In most European countries value-

added tax is either not applicable or reduced for reim-

bursable medications or prescriptions. Exceptions are

Germany, Norway, Austria, and the Slovakian Republic

[12]. To avoid a bias Wisloff et al. [77] and Salo et al. [62]

took the net vaccine price. To guarantee the comparability

in the sensitivity analysis a similar approach is chosen. The

vaccine price is set at €53.81 for each dose (2005 without

value-added tax) [59]. In the base case analysis the vaccine

price is calculated for 2005 including 16% value-added tax.

30 C. Claes et al.
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In the sensitivity analysis the vaccine price is also com-

puted including 19% value-added tax as it was raised in

2007 (€64.63).

On the European level there is an ongoing discussion

about the vaccination scheme. The 2 + 1 scheme has been

approved by the European Agency for the Evaluation of

Medicinal Products. In the absence of reliable clinical data

supportive of the 2 + 1 scheme, only a sensitivity analysis

with the 2 + 1 scheme is modelled assuming the same

uptake, effectiveness, and herd immunity as under the

3 + 1 scheme. Nevertheless, both direct and indirect effects

of a 2 + 1 vaccination programme can deviate substantially

from what has been found for the four-dose schedule.

The attainable uptake rate of vaccination is a result of the

national situation and respective efforts made to promote

prevention measures. In the base case an uptake of 70% is

assumed. Under favourable conditions it would be possible

to reach higher uptake rates in Germany, so that uptake rates

of 80% as well as of 90% with an efficacy of 92 and 94%,

respectively, are examined in the sensitivity analysis.

The evidence of herd immunity is based on two different

samples. On the one hand this effect was observed in the

NCKP study and on the other hand in the data of the ABCS

[74, 76]. The first is used in the base case and the second is

analyzed in the sensitivity analysis. In the model the

effectiveness is modelled with incidences of pneumococcal

diseases in accordance with the clinical studies. Apart from

the proven influence on the number of infections PCV7

also influences the course of related diseases. Grijalva et al.

[27] elicited the hospitalisation of CAP in the US by

comparison of hospitalisation with CAP as the first diag-

nosis from a national hospital sample (Nationwide

Inpatient Sample) of the years 1997–1998 versus the years

2001–2004. In another study Grijalva et al. [28] also ana-

lysed diagnosis data about otitis media (all causes) from the

same source of hospitals with diagnosis data of outpatient

physicians (National Ambulatory Medical Care Survey).

Hospitalisation of pneumococcal CAP decreased at a sub-

stantially stronger rate than expected, around 65% in the

age group 0 to 1 years old and 73, 46, 30, 11, and 20% in

the age groups 2–4, 5–17, 18–39, 40–64, and 65+ years.

The diagnosis of pneumoccocal CAP is methodically

demanding and uncertain. So the authors confirm these

results with an analysis of data with CAP of all causes (age

groups 0–1, 2–4, 5–17, 18–39, 40–64, and 65+ years: -39,

-17, -18, -26, -19, and -15% respectively). Therefore,

in the sensitivity analysis the effectiveness of PCV7 in

hospitalisation of CAP (all causes) is modelled with the

smaller German serotype coverage (60% of the US fig-

ures). Additionally, it is assumed that PCV7 did not change

the number of cases of CAP in outpatient treatment due to

the results of Grijalva et al. [28], who found a decrease in

the demand of outpatient services in paediatric otitis media,

but not in CAP.

Since the start of the German G-DRG system, the cost of

an average admission tends to fall with sample expansion.

A comparison of the DRG payments of pneumococcal-

related diseases reveals strong fluctuations, since the rela-

tive calculation of respective DRGs changes from year to

year. To quantify these effects, the DRG lump-sum com-

pensation of IPD and CAP is calculated within the

sensitivity analysis without artificially respiration. Besides

a break-even DRG lump sum determined for CAP is

calculated in the sensitivity analysis.

Results

First, the number of cases in Germany was estimated in the

model via combining incidences and the population struc-

ture in 2005 (Table 3). It should be noted that CAP and

otitis media cases estimated are all cause related and not

only resulting from pneumococcal infections. The propor-

tion of the adult population in IPD overall is 95% and in

Table 3 Annual and avoidable

pneumococcal-related cases in

Germany

a Only children aged

0–10 years

Pneumococcal

meningitis

Pneumococcal

sepsis/adult IPD

CAP

(all causes)

Otitis mediaa

(all causes)

Total

Annual cases

Episodes 255 16,363 1,604,038 4,426,784

Premature deaths 19 3,954 29,590 –

Sequelae 128 34 – –

Avoidable episodes 133 4,188 57,008 171,051 232,380

Children \16 years 133 448 27,565 171,051 199,196

Adult – 3,741 29,443 – 33,184

Avoidable deaths 10 1,000 859 – 1,869

Children \16 years 10 9 16 – 35

Adult – 991 843 – 1,834

Avoidable sequelae 66 17 – – 83

Modelling PCV7 31
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CAP 65%, respectively. The sequelae after IPD, in par-

ticular after pneumococcal meningitis, come to about 160

children annually. The total number of 12,850 pneumo-

coccal deaths comes mainly from adult patients.

With an estimated uptake of 70%, the number of

pneumococcal infections can be reduced by about 232,000

per year (Table 3). For an interpretation of the 4% pre-

ventable episodes, one has to consider that CAP and otitis

media cases are all cause related. An estimated 35 paedi-

atric premature deaths and 1,834 adult premature deaths

per year could be prevented. Additionally, 83 cases of

paediatric sequelae after IPD could be avoided.

Estimated expenditures for the vaccination programme

within the German Statutory Health Insurance would be up

to €133 million per year using the recommended 3 + 1

schedule with an estimated uptake of 70%. From the

health-care payers perspective, cost savings would out-

weigh expenditure by a ratio of 1:1.16.

Altogether €0.77 of each € spent for the vaccination

programme directly would be refinanced by savings in

direct health-care costs for avoided cases in children and

€0.39 from adult herd immunity effects coming also from a

reduction in direct health-care costs in that group. The

vaccination approach applied within the model reduces

total cost and leads in addition to gains in life years,

resulting in a negative cost-effectiveness ratio (-€640 per

life year gained and -€567 per QALY), therefore leading

to dominance of the vaccination programme. The reduction

in indirect costs caused by vaccination adds up to a cost-

benefit ratio of 2.29 and to -€5,189 per LYG and -€4,594

per QALY, further increasing the dominance ratio

(Table 4).

Results of different sensitivity analyses are presented in

Table 5, further confirming that the model’s findings are

robust to variations in input parameters. An aging German

population and a disproportionately high decline in hospi-

talisation due to pneumonias will have a favourable effect

on the cost-effectiveness of PCV7 from the perspective of

the health insurer. The likely underestimation of IPD and

also a possible overestimation of CAP within the base case

model have only a moderate effect on the cost-effective-

ness ratio. As expected, different vaccination schemes, the

price of the vaccine and variations of the uptake have an

effect on the cost-effectiveness. Using alternative herd

Table 4 Cost-efectiveness- and cost-uility ratios for PCV7

Total Children Adult

Costs per life-year gained

• Perspective of German

health-care payers

-€640 (Dominance)

• Societal perspective -€5,189 (Dominance)

Costs per QALY

• Perspective of German

health-care payers

-€567 (Dominance)

• Societal perspective -€4,594 (Dominance)

Cost-benefit ratio

• Perspective of German

health-care payers

1.16

IPD 0.07 0.09

Pneumonia (all causes) 0.51 0.29

Otitis media (all causes)a 0.20 0.00

• Societal perspective 2.29

a Only children aged 0–10 years

Table 5 Results from sensitivity analyses from the perspective of health-care payers

Cost per LYG

in €
Cost per QALY

in €
Cost-benefit

ratio

Base case -640 -567 1.16

German population 2030 (76.7 million) -1,076 -945 1.36

German population 2050 -1,394 -1,282 1.51

Underreporting factor = 4 in adult IPD -704 -639 1.22

Total cases of CAP in adults (680,000 per year, Schnoor et al. [63]) -390 -318 1.09

Vaccination costs without VAT (€242.68) -1,140 -1,010 1.32

Vaccination costs 2007 (€285.96) -512 -453 1.12

Vaccination scheme 2 + 1 (€207.84) -1,646 -1,458 1.55

Uptake: 80% (92% efficacy) -188 -165 1.04

Uptake: 90% (94% efficacy) 220 192 0.96

Herd immunity IPD due to CDC 2004 -536 -481 1.13

Hospitalisation of CAP effect due to Grijalva et al. 2007 [27] -4,225 -3,739 2.05

Average DRG lump sum CAP: €2,430 869 769 0.78

Average Ø DRG lump sum CAP: €3,900 (1.43-fold of an average hospital admission in 2005) 0 0 1.00

Average Ø DRG lump sum of adult IPD: €3,991 (with artificial respiration) -525 -465 1.13
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immunity figures derived from the Active Bacterial Core

Surveillance leads to a similar cost-effectiveness ratio

as using the data from the Northern California Kaiser

Permanente [55] for the analysis.

Variations of the effect of PCV7 on inpatient utilisation

leads to marginally different results compared to the data

taken from the clinical studies. The publication of Grijalva

et al. [27] has its strength in representing a large secondary

data set as well as its close-to-reality illustration of the

health service. Every prevented stay in a hospital ward

leads to direct cost savings. Furthermore, the results of

Grijalva et al. [28] also show that the decrease in inpatient

service does not necessarily trigger an intensified use of

outpatient services.

The costs of inpatient care for pneumonias have a

moderate effect on the cost-effectiveness. This particularly

applies to CAP. The average G-DRG lump sum payment

not including cases with artificial respiration brings the

cost-benefit ratio near the value of 1. However, in this case

a problem within the remuneration system is reflected,

namely that these specific G-DRG payments underestimate

the financial burden of hospitalisation in pneumonia. The

break-even of the G-DRG lump sum for pneumonia is 1.42

times higher than the German-wide average cost of the

G-DRG in 2005.

Discussion

For the first time, this economic evaluation included cost

and benefits of herd immunity in Germany. General vac-

cination was found to substantially reduce the burden of

pneumococcal diseases. The costs of vaccination would be

completely refinanced by reductions in direct health-care

costs. The savings due to the herd immunity effects and

avoidable inpatient treatment that can be expected in the

context of pneumococcal pneumonia make a substantial

contribution to this result. However, it has to be noted that

the individual and collective effectiveness of PCV7 in CAP

as well as the incidence of CAP are associated with a

higher uncertainty compared to the other investigated

pneumococcal diseases. Support and validation of the

model results to a certain extent can be found in the

research of Grijalva et al. [27]. Hospitalisation rates in

pneumonia decrease more strongly than would be expected

from clinical trial results in PCV7, since hospitalisation is

determined by the number of cases and by the disease

severity level.

Uncertainty in health–economic modelling results from

different evidence levels applicable to the underlying data

and input variables, but also from interim changes in

available data. In particular new therapy options trigger the

scientific interest and lead to an increased research activity

in a wide spectrum of research questions. Hence, the

knowledge base constantly expands, as also can be

observed in PCV7. To reflect this, different scenarios must

be incorporated into a model. In this case, it could be

shown in different sensitivity analyses that the cost-effec-

tiveness ratio only slightly varies under different conser-

vative scenarios.

The model reduces the complexity imminent in every-

day life, leading to a number of limitations. S. pneumoniae

causes a wide range of infections, including sinusitis,

endocarditis, arthritis, osteomyelitis, and peritonitis [60].

However, due to a lack of reliable incidence data, the

potential impact of vaccination on these infections is not

considered. In addition, the model does not consider costs

that may arise to the public sector due to special educa-

tional needs that children with sequelae to meningitis might

have. Other authors have shown previously that avoiding

the latter cost factors may lead to an offset of 3.2% of

vaccination costs [14].

Like in all other published health–economic evaluations

of PCV7, the present model uses a deterministic instead of

a dynamic approach, so that transmission of S. pneumo-

niae from a human to another human as well as

nasopharyngeal carriage is not modelled. Also, we did not

include any impact on antibiotic resistance that might

result from reduced cases and nasopharyngeal carriage.

The vaccine PCV7 might undoubtedly have a favourable

influence on the future development of antibiotic resis-

tance, since with implementation of PCV7 there would

be fewer people with carriage, and the circulation of

S. pneumoniae would be reduced. As a result, the lack of

specific data for these issues leads to an underestimation

of the cost-effectiveness within the model. As the model

resulted in a dominance of the vaccination programme, the

inclusion could only widen the cost-saving ratio. On the

other hand, a possible serotype replacement discussed in

the literature could lead to an over-estimation of the cost-

effectiveness. Analysis of US data sets about effectiveness

of PCV7 in everyday life point out that this effect is

present, but absolute numbers that could be incorporated

in the model are inconclusive. In future re-evaluations

serotype replacement should be an important aspect that

should not be neglected.

This model only considers average infection rates across

the overall annual birth cohort. However, risk factors are

not equally distributed. In the literature risk factors for

pneumococcal diseases are present in approximately

81,000 of a birth cohort per year [35]. The cost-effective-

ness of giving a PCV7 vaccination only to those at risk has

been estimated to be €38,222 per life year gained [44].

Hence, looking at the results of this study, considering herd

immunity may enhance the cost-effectiveness of universal

vaccination.
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Occurrence of IPD, especially in children, is well doc-

umented, but data on the incidence of CAP and otitis media

are not available. Therefore, incidence rates had to be

extrapolated from secondary data sources. The model did

not adjust for reduction in vaccine efficacy over time. This

effect is unlikely to be substantial, as children are at their

highest risk in the years immediately following the vacci-

nation, and herd immunity will continue to support

individual immunisation. Serotype replacement has been

reported in AOM [52] and therefore has already been

considered in the model. Replacement data of IPD are

limited. In the model, serotype replacement in IPD is

accounted for among non-vaccinated individuals (herd

immunity), but not among the vaccine’s target age groups.

Cost of adverse events has also been excluded as only

limited information is available [8].

A number of previous economic evaluations have been

conducted in 12 different countries: Australia [13], Bel-

gium [6], Germany [14, 44], Finland [62], Italy [45],

Canada [16, 24, 40, 49], the Netherlands [10], Norway

[77], Spain [1, 50], Switzerland [21], the UK [46–48], and

the USA [30, 43, 55, 73]. All studies comprise a decision-

analytic model. Five studies use a 2 + 1 vaccination

schedule while incorporating a vaccine effectiveness that is

comparable to the 3 + 1 vaccination schedule. In this

context it needs to be stated that there is no evidence of

equivalent reduction in pneumococcal carriage or herd

immunity.

All hypothetical target cohorts differ from the study

populations of the two primary studies, and only a few

authors had access to primary epidemiological data sources

about incidences of pneumococcal-related diseases, case

fatality rates, rates of sequelae, and serotype structure.

Although the incorporated efficacy data in all publications

were derived from the two primary studies, results varied

substantially. In papers published before mid-2003, herd

immunity could not be considered due to lack of evidence.

In some publications incidences are mixed with utilisation

data. Furthermore, the variation of utilisation data were not

subject to any sensitivity analyses. Ten evaluations chose a

cost-utility-analysis approach. QALY or disability-adjusted

life years (DALY) values are literature-based. In one study

the authors conducted their own elicitation of preference-

based health-related quality-of-life utility values [54]. All

relevant direct medical costs, except treatment costs for

sequelae, were considered. Cost estimates were given

either through an expert panel and/or an analysis of sec-

ondary data (e.g. billing, health insurance, and hospital

data). All authors combined data on prices and costs per

unit with assumptions or estimates. Indirect costs were

considered in 11 publications covering loss of working

time by parents by using the friction cost approach. Six

articles measure indirect costs via the human capital

approach reflecting productivity losses due to premature

deaths. Adverse vaccination effects are included in only a

few publications. Discounting of future costs (with rates of

3–6%) and outcomes (with rates of 0–6%) were chosen by

nearly all authors.

All publications confirm that with the introduction of

PCV7, morbidity will decrease. The incremental cost-

effectiveness ratios were close to or exceeded common

societal willingness-to-pay thresholds. With consideration

of herd immunity effects, the cost-effectiveness ratio

moves closely forward to cost neutrality. The immune

protection of individuals leads to an average refinancing of

vaccination costs by 25.2%. Including herd immunity this

refinancing effect increases by an additional 47.3%

(Table 6).

Conclusion

Direct cost savings resulting from an implementation of an

universal vaccination programme would be sufficient to

offset total direct health-care costs of the vaccination

programme. Additionally, herd immunity effects resulting

from a vaccination of children can provide protection of the

elderly. Sensitivity analyses showed that the result is based

on conservative estimates and is robust with respect to

expected changes. At first sight, a reduction in the number

of vaccine shots may result in a positive effect on the cost-

effectiveness ratio of PCV7. However, before changes are

considered, it will be critical to analyse effectiveness data

and to assess specific differences in countries applying the

2 + 1 scheme (e.g. public support for vaccine uptake and

maintenance of vaccination rates). Otherwise, there will be

a risk of thwarting the current German PCV7 programme.
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