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The high morbidity and mortality associated with pneumococcal pneumonia in subjects over 60

years old, the emergence of bacterial strains resistant to standard antimicrobial therapy and the

availability of an anti-pneumococcal vaccine suggest the need to perform an economic study to

evaluate the suitability of vaccination as a preventive strategy in those aged 60 years and over

in Spain.

The introduction of the vaccination programme would cost US$ 97,593,663. Over the subse-

quent five years -with a basal rate of three pneumoco-ccar pneumo!iias perl 000 person-years

and a 66% vaccine efficacy -the programme would result in a net benefit of US$ 127,142,481 ,

a benefit/cost ratio of 2.30 and a benefit per case prevented of US$ 2,656. Benefit/cost ratios

above I would be obtained for incidences above 1.5 cases per 1000 person-years.

Introduction of a universal vaccination programme in those over 60 years of age in Spain

would be cost-effective over a wide range of incidence rates of pneumococcal pneumonia.
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I ntroduction M ethods

The authors performed a cost-effectiveness

analysis of the implementation of a

prevention programme against pneumococcal
pneumonia in Spain, by universal immunisa-

tion of those aged 60 years and over. At

present, vaccine administration is minimal

and pneumonia cases are treated clinically. A

sensitivity analysis was also performed to

evaluate the stability of the conclusions to

changes in the assumptions on the main

determinants of the costs and benefits of

preventing pneumococcal pneumonia.

Streptococcus pneumoniae is the main

causal agent of community-acquired
pneumonia 1- 3. Predisposing conditions to

invasive pneumococcal disease include

chronic illnesses, immunosuppression,

alcoholism and ageing. In Westem countries,

the incidence of pneumococcal pneumonia in

those over 60 years of age is about four to
eight cases per 1000 persons per year 4 -7.

Even with appropriate therapy, the mortality

associated with pneumococcal pneumonia in
the elderly reaches 15% -20% 7,8 and

increases up to 30% with concomitant

bacteraemia 7,9. The appearance of strains of

S. pneumoniae resistant to standard

antimicrobial agents has also increased
appreciably in recent years 7, lO.

The target population used for cost and

benefit estimation comprised the 7,454,277

Spaniards aged 60 years and over according

to the last Spanish Population and Housing

Census of 1991 12. Unitary costs used in

parameter estimation are shown in Table 1.

Direct and indirect costs were calculated in

pesetas, converting the results into US dollars

(US$) using the official exchange rate for 25
April1996 13 (126.5 pesetas = US$ 1).

Since 1983, a vaccine composed of purified

capsular polysaccharide antigens from
23 serotypes of S. pneumoniae has been avail-

able. This vaccine confers protection against

90% of the pneumococci that produce
systemic pathology in Spain 6. 8. Even though

the efficacy of the vaccine is estimated to be

about 66% 11, it is not widely used in any

country except the USA (where it is used by

25% of the elderly population) 10, and it has

not been marketed in Spain.

Cost estimation

Costs of the universal vaccination strategy

The establishment of a universal anti-

pneumococcal vaccination programme in

Spain would share many infrastructure and

organisational costs with the existing

programme for influenza immunisation.

To estimate the direct costs of the

pneumococca1 imrnunisation programme, the

authors thus estimated the marginal costs that

would have to be added to extend the

influenza programme. It was assumed that the

extended programme would have the same

coverage as the current influenza programme

(about 70% of the elderly population

nationwide) 14.

The high incidence of and mortality

associated with pneumococcal pneumonia in

patients over 60 years of age, the increasing

emergence of bacterial resistance to

antimicrobial agents and the availability of a

moderately efficacious vaccine suggest the

need to perform an economic study to

evaluate the suitability of vaccination as a

preventive strategy in those aged 60 years and

over in Spain.
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T ABLE I. Estimates of unitary costs used in the economic analysis of the

pneumococcal vaccination programme in Spain.

Item Unit cost (US$) Reference

a

15

15

16

16

17

17

18

17

19

15.57

14.70

4.74

3.95

3.95

150.13

300.25

900.76

75.07

9.26

Vaccine (one dose at origin)
Nurse fee (one hour)
Medical consultation in primary care
Antihistamine drug (one package)

Analgesic drug (one package)
Visit to emergency unit

In-patient hospital stay (one day)
Intensive care unit stay (one day)

Out-patient consultation
Average wage of Spanish workers ( one hour)

a Provided by Wyeth-Lederle.

The following items were considered in the

estimation of the cost of the vaccination

programme: vaccine doses, vaccine ware-

housing and storage, nurse time used to

vaccinate the patient, training time for the

nurses and adverse reactions produced by the

vaccine (Table 2).

estimated as 1% of the vaccine cost at origin

in the basic case.

Details of the cost of the vaccine doses were

provided by Wyeth-Lederle. The authors

assumed that 10% of the vaccine doses

would deteriorate or would be lost during

distribution 15. The cost of storage and

maintenance of the vaccines has been

For the cost of vaccine administration, it

was considered that a nurse takes five
minutes to administer each dose 15 and

that a total of 15,000 nurses (half of those
who work in primary healthcare) 20

should receive training about the

vaccine (one hour per nurse). To compute

nurse costs;:the humb-et ()fhurse hours

was mu1tiplied by the average fee for

a nurse in the Spanish N ational Health

System 15.

TABLE 2. Cost estimates per vaccinated person (basic case).

Item Unit cost (US$)

15.57

1.56

0.17

1.23

0.04

0.13

0.01

Vaccine dose at origin

Vaccine losses during distribution (10% ofvaccine cost at origin)
Cold storage and warehousing

Nurse time for vaccine administration
Share of nurse time for training
Share of adverse reaction requiring medical attention
Share of adverse reaction requiring hospitalisation

Total 18.70
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of pneumonia. Given the severity and

different clinical course of pneumonia with

bacteraemia, this has been considered

separately. It has been estimated that 20% of

cases of pneumonia are bacteraemic 6.25.

The frequency of adverse effects from the

pneumococcal vaccine is high (about 50%),

but most reactions are mild and transitory .It

has been estimated that one reaction per 100

doses administered requires medical attention

and that less than one per 100,000 doses

require hospitalisation 21. The cost of adverse

reactions requiring medical attention has

been estimated as the cost of a medical visit
in primary care 15 plus that of an antihista-

mine and an analgesic drug 16. The cost of

adverse reactions requiring hospitalisation

was estimated as the cost of one visit to an

emergency service plus the cost of two days

of hospitalisation 22, based on the 1996

update of the price agreements for health

services to external providers of Spain's

National Health Service 17.

The number of cases of pneumonia and

associated deaths prevented by the vaccine

has been calculated using the estimated incid-

ence of pneumonia in the elderly (see above),

an estimated mortality rate of 15% for non-
bacteraemic pneumococcal pneumonia 9 and

30% for bacteraemic pneumonia 9, the cover-

age of the vaccination programme (70% ) and

the efficacy of the vaccine, as estimated in a

meta-analysis of randomised controlled trials

(66% efficacy with a 95% confidence interval

of 52% -76%) II, It was a1so assumed that the

protection derived from the vaccine persisted
for five years 26 and that the initia1 population

decreased at an annual rate of 3,8% due to the

mortality rate in those over 60 years 27.

Benefits of the universal vaccination

strategy
To estimate benefits, the authors calculated

the cost of the cases of disease prevented by

the vaccination programme. Of the invasive

diseases caused by S. pneumoniae, only

pneumonias have been considered due to the

lower incidence of the other conditions
(meningitis, arthritis) 6.10 and to the lack of

data on the efficacy of the pneumococcal

vaccine in their prevention. To estimate the

incidence of pneumococcal pneumonia, the

authors used the all-cause pneumonia rate for

Spain in 1991 reported in the Boletín Epi-

demio16gico y Microbio16gico by the National

Centre for Epidemiology (3.61/1000 persons

per year) 23. It was further assumed that 40%

of all pneumonias were pneumococcal 8.23,

and that 40% of patients suffering from
pneumonias were over 60 years of age 8.23. 24.

This results in an estimated rate of pneumo-

coccal pneumonia of 3/1000 persons aged 60

and over per year , for a total of 22,500 cases

To estimate the cost of treating pneumonia,

the authors assumed that all elderly patients

With~pnetfffi6tita:are' hospitalised, since being

over 60 years old is one of the common

criteria used in the hospitalisation of

pneumonia patients 28. In Spain, the mean

stay for pneumonia in those over 60 years old

is 14 days 9,29. Due to the severity of the

condition, the authors considered that all

patients are seen at the emergency service,

that cases with bacteraemia spend five of the
14 days of stay in the intensive care unit 30

and that all patients are seen once in the out-

patient clinic after hospital discharge. The

direct cost of hospital stays for pneumonia

cases has been estimated using the 1996

update of the price agreements for health

services to external providers of Spain's

National Health Service 17. The cost of one

lQfi
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day in the intensive care unit was calculated

as the cost of three days of hospitalisation 18.

incidence of pneumococcal pneumonia and

the importance of this parameter, altemative

incidence rates of 1.5,2, 2.5,3,3.5 and 4

cases per 1000 persons were evaluated. Other

variables considered were the cost of the

vaccine, its efficacy II, the coverage of the

vaccination programme and the cost of

treating the disease (the authors used a low

cost limit with a mean stay of seven days and

the continuation of out-patient treatment, and

a high cost limit of increasing treatment costs

by 25% due, for example, to the presence of

antimicrobial resistance 7).

As indirect costs of pneumonia cases, the

authors considered loss of income due to lost

work days in patients over 60 years old and

who were still working (11% according to

the 1991 population census). Thus, they

assumed that 11% of the cases of pneumonia

prevented would miss a number of work days

equal to the mean hospital stay (14 days).

The price of one hour of work lost was the

average hourly wage in Spain as of the fourth

quarter of 1994 19. Other indirect expenses,

such as work days lost by family members or

work days lost once discharged from

hospital, were not considered.

The results of the economic analysis are

presented as net value (benefit-costs) and as a

ratio (benefit/costs) for the cost -benefit study,

and as net value per case prevented for the

cost-effectiveness study.Finally, a 5% discount rate was used to

update the economic benefit of preventing

future pneumonia cases over the five years of

assumed vaccine efficacy. Results

The universa1 vaccination programme would

imply the vaccination of 5,217,994 persons

ow~years oldinSpain, with an individual

cost per person vaccinated of US$ 18.70 and

on overa11 expense of US$ 97,593,663.

Sensitivity analysis
Table 3 shows the values for the epidemi-

ological and economic parameters used to

define the basic case and the sensitivity

analysis. Given the limited information on the

T ABLE 3. Values for parameters used in the basic case and limits used in the sensitivity

analysis.

Sensitivity analysisBasic caseVariable

Low limit High limit

3

15.57

66

70

1.5

12.65

52
60

4

18.50

76

80

Incidence of pneurnococcal pneurnonia

(cases/1000 persons per year)
Cost of vaccine dose at origin (US$)

Vaccine efficacy (%)
Vaccine prograrnrne coverage (%)
Cost of pneurnonia treatrnent (US$):

Non-bacteraernic

Bacteraernic

3322

5573

5536

9289
4429

7431
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T ABLE 4. Health benefits over five years.

Incidence rate of pneumococcal pneumonia

(cases/1000 persons per year)

33 3.5 41.5 2 2.5

55

44

11

10

63,838

51,070

12,768

11,491

31,

25,

6

5

39,899

31,919
7980

7182

47,

38,

9

8

23,

19,

4

4

6703

3351

7661

3830
3830

1915

4788
2394

5745

2873

2873
1436

Cases of pneumonia prevented

Non-bacteraemic
Bacteraemic

Deaths prevented

Due to non-bacteraemic

pneumonia
Due to bacteraemic pneumonia

Q B .
aslc case.

The cost of non-bacteraemic pneumococcal

pneumonia was US$ 4429 per case, and the

cost was US$ 7431 per case of bacteraemic

pneumonia. Table 4 shows the number of

cases and deaths that would be prevented

over five years by the universal vaccination

programme. For the assumed basa1 rate (three

cases of pneumonia per 1000 persons per

year), the number of cases of pneumonia

avoided during the five years of vaccine

efficacy would be 47,878 and the tot~l

number of deaths avoided 8618.

cases per 1000 persons per year, the benefit/

cost ratio of the programme would be 1.15.

Vaccine efficacy, vaccine cost and treatment

cost of pneumonia cases were also important

determinants of the economic results, but in

all cases even the most unfavourable assump-

tions resulted in net benefits. In contrast, the

benefit/cost ratio for the programme was

almost independent of its coverage. Figure 1

shows the estimated benefit/cost ratio as a

functio9Q-f,~i(lcidence and vaccine efficacy.

Benefit/cost ratios above 1 were obtained for

all incidences, except for the lowest

(1.5 cases/1000 persons per year) when the

low limit of efficacy of the vaccine was

assumed (52%).

The imp1ementation of the vaccination

programme wou1d resu1t in a benefit of

US$ 224,736,144 over a five-year period

(US$ 219,752,933 from direct costs and

US$ 4,983,211 from indirect costs), for a net

benefit (benefit-cost) of US$ 127,142,481, a

benefit/cost ratio of 2.30 and a benefit per

case prevented of US$ 2656.

Discussion

The economic eva1uation of the introduction

of a universal vaccination programme against

S. pneumoniae among the elderly in Spain

showed that, for a wide range of incidences,

the programme would result in net economic

benefits and in a substantia1 number of cases

of disease and death prevented.

Sensitivity analysis
Table 5 presents the results of the sensitivity

analysis. The main determinant of the econ-

omic parameters was the incidence of the

disease, but even with a low incidence of 1.5

198
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,687
,172

,054

919

535

384

745

878

303

576

618

939

151

788

309
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T ABLE S. Results of the economic analysis ( see text for details of the sensitivity analysis).

Hypothesis Net benefit

(US$)

Benefitlcost
ratio

Net benefit per

prevented case (US$)

127,142,481 2.30 2656Basic case

Sensitivity analysis
Incidence of pneumococcal pneumonia 1.5a

4a

Vaccine efficacy 52%

76%

Cost of vaccine dose at origin (US$) 12.65

18.50

Treatment cost of pneumonia Low

High

Vaccination programme coverage 60%

80%

14,774,409
202,054,529

79,471,178
161,193,412

143,930,809

110,354,153

72,204,248

182,080,714

108,947,762
145,337,200

1.15

3.07

1.81

2.65

2.78

1.96

1.74

2.87

2.30

2.30

617

3165

2107

2924

3006

2305

1508

3803

2655
2656

a Cases ofpneumococcal pneumonia/l000 persons per year.

FIGURE I. Benefit/cost ratio ofthe vaccinationprogramme as afunction ofthe incidence of

pneumococcal pneumonia and vaccine efficacy ( , 76%; -,66%,. ,52%).

o

~I-.
~
o

..g
~
Q)

5
~

Incidence (cases/1000 persons per year)

However, severallimitations have to be taken

into account in the interpretation of these

results. First, there is no reliable source of

population-based data on the incidence and

lethality of pneumococcal pneumonia in

Spain. To estimate the incidence, the authors

used data from Spain 's passive epidemi-

ological surveillance system of infectious

diseases (Boletín Epidemiológico y Micro-

biológico ). These incidence rates are likely to
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underestimate the real occurrence of the

disease, since they are not based on active

surveillance and a high percentage of cases of

pneumonia are not diagnosed aetiologically.

Nevertheless, the pneumococcal vaccination

programme resulted in net benefits for a wide

range of incidences, even assuming that yearly

rates for Spain (about three cases per 1000

persons aged 60 years and over) are lower

than those for other Westem countries (four to

eight cases per 1000 persons) 4-6.

however, there is a relative under-

representation of elderly participants in these

trials. Although the results of some

observational studies of vaccine efficacy in

the elderly are consistent with the estimates
obtained in the meta-analysis 31- 34, further

randomised trials of the vaccine in the elderly

are needed to obtain reliable estimates of

efficacy in this age group.

The results agree with previous econ-

omic evaluations of the pneumococcal

vaccine 21.22.35.36. A cost-effectiveness analy-

sis of vaccination against S. pneumoniae in

elderly people performed by the US

Congress Office of Technology Assessment

found that the vaccine would produce net
benefits 35, and Gable et al. 21 estimated a 3.6

benefit/cost ratio for this vaccine. Finally, a

cost-effectiveness analysis of the imple-

mentation of a vaccine programme for the

elderly in Catalonia also found net benefits 36.

Although the authors have not estimated

directly the costs and benefits of maintaining

a ye~}y.,..pn~:u~qpG.~l vaccination

programme for those who reach 60 years of

age, the estimates would be similar to those

reported here, except that the calculations

would be applied only to the subgroup of the

population which enters the seventh decade

of life each year (about 440,000 people per

year). The authors would therefore expect a

very similar cost-benefit ratio, but with much

lower absolute costs and benefits.

Secondly, several assumptions had to be made

to estimate the costs of the vaccination

campaign and the treatment of pneumonia.

For the cost of the campaign, the value of

10% used for vaccine losses probably

represents a Worst-case scenario; the authors

also used a high value for severe adverse

reactions. For treatment costs, the authors

only considered costs attributable to

hospitalisation. Although these estimates of

hospital costs are based on the fees that the

National Health Service charges to extemal

providers 17, they are similar to those derived

by analytical accounting in a sample of

Spanish hospitals 18. Oth'er costs -such as that

for antibiotic treatment prior to hospitalisation

or after hospital release, work days lost by the

patient's family or by the patient himself once

released from hospital -were not considered

in the models. It is thus probable that the real

cost of treatment is closer to the high limit of

cost used in the sensitivity analysis than to the

values used in the basic case.

Thirdly, the results of the economic evalu-

ation of the vaccination programme are

heavily dependent on the assumed efficacy of

the vaccine. The authors used estimates

derived from a meta-analysis of randomised
controlled trials of vaccine efficacy II ;

Economic analyses indicate that the

introduction of a universal vaccination

programme in those over 60 years old in

Spain would be cost-effective over a wide

range of incidences of pneumococcal

pneumonia. In addition to the economic
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