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ABSTRACT

Objective. To compare the costs and benefits of pneumococcal conjugate vaccination compared with no vaccination from the perspectives of the health care system and society.
Methods. Using data from established sources, we estimated the incidence and mortality
due to invasive pneumococcal disease, pneumonia, and acute otitis media (AOM) for a hypothetical birth cohort of children from birth to 5 years.
Results. A universal pneumococcal conjugate vaccination program was estimated capable
of annually avoiding 1 047 cases of invasive disease, 58 226 cases of pneumonia, and 209 862
cases of AOM. When herd immunity effects were considered, the program prevented 1.3 million cases of pneumococcal disease and over 7 000 pneumococcal deaths. At a vaccination cost
of R$ 51.12 (US$ 26.35) per dose, vaccination would cost annually R$ 4 289 (US$ 2,211) per
disability-adjusted life years averted. This does not take into account herd immunity effects.
Conclusions. At the current vaccine price, conjugate vaccination could be a cost-effective
investment compared to other options to control childhood diseases. Further analysis is required to determine whether vaccination at the current price is affordable to Brazil.
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Streptococcus pneumoniae (S. pneumoniae) has been recognized as the leading
cause of invasive bacterial disease, pneumonia, and acute otitis media (AOM), affecting infants and young children at an
age when they are most vulnerable.
Globally, S. pneumoniae is estimated to
cause between 700 000 to 1 million annual deaths (1).
Due to the public health impact associated with such diseases and the safety
7
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and effectiveness profile of the heptavalent pneumococcal conjugate vaccine
(2–5), the World Health Organization
(WHO) considers the introduction of this
vaccine in national immunization programs as a public health priority (6). This
recommendation is in accordance with
the fourth millennium goal of the United
Nations Development Program (UNDP)
to reduce childhood mortality by twothirds by 2015 (7). To date, the heptavalent pneumococcal conjugate vaccine has
been included in the national immunization programs of 16 countries (Australia,
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Belgium, Canada, France, Germany,
Greece, Holland, Italy, Kuwait, Luxemburg, Mexico, Norway, Qatar, Switzerland, United Kingdom, and the United
States). Additional countries planned to
incorporate the vaccine in 2008, including the United Arab Emirates, Austria,
Cyprus, Denmark, Peru, and Spain. The
number of countries including this vaccine in their immunization schedule is
changing rapidly. By the time of publication, this number will likely be dated. In
Latin America, Brazil, Chile, and Colombia have targeted immunization programs in place. If widely adopted in the
developing world, the vaccine may significantly reduce the incidence of invasive pneumococcal disease, pneumonia,
AOM, and drug-resistant strains and
consequently the burden of pneumococcal infection on families and society.
Public health policy makers increasingly consider cost-effectiveness, as well
as clinical effectiveness, when evaluating
the introduction of new vaccines. Various studies evaluating the pneumococcal conjugate vaccine in America, Australia, Europe and the developing world
(8–20) suggest that it may be a costeffective strategy for reducing the health
and economic burden of pneumococcal
disease.
The present paper evaluates the costs
and benefits of a national heptavalent
pneumococcal conjugate vaccination
program using country-specific model
inputs. Our main objective was to assess
the cost-effectiveness of pneumococcal
conjugate vaccination, compared with
no vaccination, from the perspectives of
the health care system and society.

mation on disease incidence, health care
costs associated with different types of
pneumococcal cases, and the effectiveness and costs of vaccination. Model outcomes include cases of pneumococcal
disease averted, lives saved, disabilityadjusted life years (DALYs) averted, and
costs. These outcomes were evaluated at
country level, using country-specific
model inputs. The analytic horizon, or
the period over which the costs and benefits of vaccine introduction were evaluated (time span), was 10 years.
We adopted the perspectives of the
health care system and society. Direct
medical costs included the costs of laboratory tests and other procedures, medication, supplies, facilities and personnel
needed for treatment. Non-medical direct costs included the transportation to
and from the medical facility, childcare,
home care, time waiting for care and
time undergoing care. Indirect cost estimates were based on caregiver productivity losses that may occur due to illness
or death. All estimates were based on the
expected events and costs for children
below 5 years of age considering an an-

We developed an Excel-based decision
analysis model to estimate the health
and economic burden of pneumococcal
disease in Brazil, and to determine the
cost-effectiveness of the heptavalent
pneumococcal conjugate vaccine, compared to no vaccination. The model estimates the expected health outcomes and
costs associated with pneumococcal disease in a hypothetical birth cohort of
children in Brazil between birth and age
5 years. It also estimates the disease burden and total costs that may be averted
with vaccination. The principal inputs to
the model include epidemiological infor-

nual birth cohort of 3 469 937 (21). Estimates are expressed in 2006 US dollars
and Brazilian reals (R$), and all future
costs and DALY estimates were discounted at a rate of 3%, as recommended
by the U.S. Panel on Cost-Effectiveness
in Health and Medicine (22) and the
World Bank Global Burden of Disease
(GBD) project (23).

Model structure
The model structure is described in
Figure 1. In brief, the root of the decision
tree is a decision node with two branches
representing the two alternatives of vaccination and no vaccination. Each path
through the decision tree represents a
possible sequence of chance and decision
events. This sequence of events is associated with a consequence, which is valued in terms of DALYs averted, cases
prevented, or lives saved. A probability
is assigned to each chance of event in the
model. This probability is estimated
from data in clinical studies, national
and institutional statistics, and other secondary sources.

FIGURE 1. Decision tree depicting the two policy options (vaccine introduction in Brazil vs. no
vaccine) and subsequent events that may be experienced by each child in Brazil
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Probabilities
Disease burden was estimated as the
number of disease cases and deaths based
on the size of the 2006 under 5 cohort
(3 469 937) (21), cumulative incidences of
disease and case fatality ratios (CFRs) (24–
26), and the estimated age distributions of
each event (27). The following diseases
were included: all-cause AOM, all-cause
clinical pneumonia (inpatient/outpatient), all-cause chest x-ray-confirmed
pneumonia (inpatient/outpatient), pneumococcal sepsis, and pneumococcal
meningitis. Overall, bacteremia, non-sepsis, non-meningitis invasive pneumococcal disease burden was not estimated in
the current analysis.
The model directly estimated the number of cases of averted AOM due to any
cause, averted clinical pneumonia due
to any cause, and averted chest x-rayconfirmed pneumonia due to any cause.
We used algebraic rearrangements to estimate the proportion of AOM, clinical
pneumonia and chest x-ray-confirmed
pneumonia (due to any cause) attributed
to pneumococcus as follows:
• averted otitis media cases = (no. pneumococcal otitis media cases) × (% pneumococci that are vaccine type) ×
(% children receiving vaccine) × (vaccine efficacy);
• averted clinical pneumonia cases =
(no. pneumococcal clinical pneumonia
cases) × (% pneumococci that are vaccine type) × (% children receiving vaccine) × (vaccine efficacy);
• averted chest x-ray + pneumonia cases =
(no. chest x-ray + pneumonia cases) ×
(% pneumococci that are vaccine type) ×
(% children receiving vaccine) × (vaccine efficacy).
Age-specific annual incidences were
used to develop cumulative incidence
estimates (ages 0 to 5) using standard
Kaplan-Meier analysis (28). Age distribution of disease was based on results
from a survey of eight health care
providers conducted in Goiás, Brazil.
The details of this survey’s methods and
results have been described elsewhere
(24, 27, 29). The proportion of clinical
pneumonia cases that are hospitalized
was based on Brazilian estimates of the
proportion of severe acute lower respiratory infections in children following a recently proposed methodology (30) and
on a panel of three local physicians.
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Table 1 provides a summary of the disease risk estimates used in the base case
analysis model (21, 22, 24–26, 31–33).

Vaccination coverage, efficacy
and costs
A three-dose administration schedule
was assumed for pneumococcal conjugate vaccine, as recommended for diphtheria-tetanus-pertussis (DTP3)-containing vaccines in Pan-American Health
Organization (PAHO) member states (2,
4, and 12 months of age). However, a
four-dose schedule was also considered
in the analysis. For the base case analysis, it was assumed that the expected
pneumococcal vaccination coverage
with the proposed 2 + 1 scheme in Brazil
is 96%. This would be equal to the Brazilian average proportion of children reported to receive three doses of DTP3
vaccine in 2006 (DTP3 rate) (34).
Estimates of pneumococcal conjugate
vaccine efficacy were available from several large, randomized controlled trials.
However, because no trial results were
available from a Brazilian setting, we
used vaccine efficacy estimates for otitis
media, clinical pneumonia, and invasive
pneumococcal disease from the trial conducted in Northern California by Kaiser
Permanente (2–4). The vaccine efficacy estimate for chest x-ray confirmed pneumonia was based on a later re-analysis of the
original trial’s results (5). To extrapolate
trial results to Brazil, we adjusted vaccine
efficacy by the ratio of the Brazilian estimate for vaccine-type serotype coverage
(31) and the trial vaccine serotype cover-

age (3, 4). The vaccine serotype coverage
for the heptavalent pneumococcal conjugate vaccine in Brazil is lower (70%) than
that reported in the clinical trials (80%),
since serotypes 1 and 5 are prevalent in
invasive pneumococcal disease in children. Currently, no efficacy estimates
exist for a 2 + 1 schedule and the evidence
of effectiveness from real life experiments
is just starting to appear. This is a crucial
study limitation that needs to be considered when interpreting the study findings. We assumed that vaccine would
prevent cases of disease and deaths between ages 0 and 5 years only.
The costs of vaccination include the
cost of administration, the price of each
dose, the number of doses given (based
on coverage level), and expected losses
from waste. The price at which vaccine
will be made available to Brazil is unknown. Our base case used R$ 51.12
(US$ 26.35) per vaccine dose (US$ 1.00 =
R$ 1.9399) (35), according to the price at
which a dose of vaccine was purchased
by the PAHO Revolving Fund for Vaccine Procurement at the time of this
study. Incremental vaccine administration costs (cold chain, transport, personnel, injection supplies, training, other)
and a 10% wastage rate assumed were
based on expert opinion (personal communication, Dr. H Sato, Secretaria de Estado da Saúde de São Paulo, May 2007).

Costs
The base case analysis was performed
from a societal perspective, where all
direct medical and non-medical costs

TABLE 1. Summary of disease risk estimates used in the base case analysis
Plausible range
Model Input
General
Birth cohort
Life expectancy
Discount rate
Disease-related inputs—probability of:
Acute otitis media
Clinical pneumonia
Chest x-ray + pneumonia
Pneumococcal sepsis
Pneumococcal meningitis
Case fatality rates for:
Clinical pneumonia
Chest x-ray + pneumonia
Pneumococcal sepsis
Pneumococcal meningitis
Probability vaccine serotype

Base case
estimate

Lower
limit

Upper
limit

Source
(reference)

3 469 937
71.74
3%

—
—
3%

—
—
7%

(21)
(32)
(22)

0.900
0.0911
0.0566
0.0001
0.000356

0.70
0.0683
0.0435
0.00008
0.000138

1.10
0.1138
0.0714
0.00013
0.000428

(25)
(24, 33)
(24, 33)
(33)
(26)

3%
5.4%
35%
37%
70%

1.9%
5.1%
27%
22%
60%

5.5%
5.8%
44%
50%
87%

(32, 33)
(32, 33)
(32, 33)
(32, 33)
(31)
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borne by governments and families were
considered. Direct medical costs (or the
cost of treatment) included hospital
days, medical personnel time, diagnostic
tests, and medications. These costs were
derived from detailed interviews conducted regarding resource utilization
with 16 physicians in Brazil. Two otolaryngologists and four speech therapists answered questions about cochlear
implants and treatment of AOM; 10 additional physicians answered questions
about the treatment of meningitis, pneumonia and sepsis. These physicians
came from Santa Casa de Misericórdia
de São Paulo, Hospital de Reabilitação
de Anomalias Craniofaciais/Universidade Federal de São Paulo (HRAC/
UNIFESP), Campus Botucatu, and from
a network of seven pediatric hospitals in
Goiânia (24, 29) (Hospital de Doenças
Tropicais, Hospital Materno-Infantil, Instituto Goiano de Pediatria—Igope,
Pronto Socorro Infantil de Goiânia, Hospital Menino Jesus, Hospital da Criança,
Hospital Santa Bárbara), as part of a
major investigation of childhood community-acquired pneumonia approved
by the appropriate ethics committees.
The interview data on resource utilization were combined with unit cost data
to estimate total direct medical cost per
case of disease. Unit cost data were
based on hospital charge data (Sistema
de Informação Hospitalar—SIH/SUS),
and outpatient charge data (Sistema de
Informações Ambulatoriais—SIA/SUS).
This charge data are provided by DATASUS, a core information system that is
maintained by the Brazilian federal government. DATASUS contains data on
amounts that the government pays to
hospitals for every approved health service provided (36).
In addition to treatment costs, transportation costs to health care facilities
were also included in the calculations.
For the base case analysis, these costs
were based on assumptions made about
the number of trips to and from the doctor’s office and/or clinic and the cost of
each trip. The number of trips to and
from the doctor’s office and/or clinic
was based on the number of outpatient
visits and hospital admissions reported
by a panel of four physicians and three
speech therapists in São Paulo. The cost
of each trip was derived from the National Association of Urban Transportation Services (Associação Nacional das Empresas de Transportes Urbanos) (37).

Indirect costs associated with lost time
from paid work were calculated for the
caregivers of all patients. For the base
case analysis, these costs were based on
the number of days off work (one outpatient consultation or 1 day in the hospital
was assumed to be the same as 1 day off
work), assuming 22 days of work and an
average minimum monthly salary in
Brazil of R$ 337.50. This average minimum monthly salary is based on the latter part of 2006 (April–December) (38).
Additional costs included in the cost
calculation were government benefits.
The Brazilian government generally provides patients with disabilities a lifetime
pension from the time they become disabled (39). This lifetime pension was
added to the cost of patients whose
meningitis resulted in deafness or neuromotor disabilities.
Secondary analyses were performed
using three additional scenarios. These
scenarios reflect changes made to the
cost estimates based on alternative cost
sources. Scenario 1 includes cost estimates based on the World Health Organization—Choosing Interventions that
are Cost Effective (WHO-CHOICE)
project (40). Scenario 2 includes cost
estimates based on data from Brazilian health maintenance organizations
(HMOs) and managed care organizations (MCOs) that are part of the Brazilian Medical Association (Associação
Médica Brasileira, AMB) (41).
Scenario 3 includes cost estimates
based on the public (SIH/SUS; SIA/
SUS) and private (HMO/MCO) sectors
(36, 41). This scenario assumes that 80%
of the costs are from the public sector
and 20% are from the private sector (42).
The costs derived from these various
sources were combined with resource
utilization data based on expert interviews conducted in 2001 and 2006 (27).
The WHO-CHOICE project provides
estimates of the per diem cost of hospitals,
outpatient visits, and health center visits
for 14 epidemiological categories based
on geographical region and mortality
stratum. The hospital and outpatient
unit cost data are specific to public hospitals and assume an 80% occupancy
rate. The per diem/visit cost estimate includes such items as the cost of the facility, personnel, equipment, and food and
excludes items such as medications and
diagnostic tests. The per diem cost of a
hospital bed day and outpatient visit are
divided into three levels of care (pri-
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mary, secondary, tertiary) because unit
costs generally increase by increasing
level of care. Since the proportion of inpatients and outpatients who visit each
of the three hospital levels in Brazil is
unknown, the proportions were estimated based on physician interviews
(27).
Unit cost data from the private sector
are part of the data core system maintained by the federal government and
reflects charge data from HMOs and
MCOs.
Table 2 provides a summary of selected model inputs, including cost estimates, for the base case analysis model
(2–5, 27, 37, 38, 43–46).

Health outcomes
The base case analysis considered annual cases of disease and deaths averted
by vaccination. Cases and deaths averted
were converted into years of life lost and
years of life lived with disability and
then were aggregated into DALYs. We
used standard methods and assumptions, including age weighting, discounting, and disability weights, in estimating
DALYs (23, 47). DALYs averted were
based on Brazil’s average life expectancy
at birth, derived from DATASUS (48).

Cost-effectiveness analysis
Incremental cost-effectiveness ratios
(ICERs) compare the difference in cost
with and without pneumococcal conjugate vaccination over the difference in
health outcome with and without pneumococcal conjugate vaccination. For the
cost-effectiveness analyses, the medical
costs averted by vaccination were subtracted from the costs invested in vaccination and then divided by the health
outcome. The relationship between cost
and health outcome is described as
follows: ICER = (vaccine-related costs –
cost of cases of disease averted)/(DALYs
averted). The ICER numerator and denominator were calculated by multiplying probabilities in the decision tree by
values for costs and DALYs, using standard decision analytic methods (22, 49).
Several standards can be used for determining whether an intervention is
cost-effective (in terms of US$/DALY
averted). The appropriateness of the different approaches depends on the perspective of the decision-maker. We used
the WHO’s thresholds of cost-effective
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interventions defined as ICERs less than
three times the gross domestic product
(GDP) per capita and very cost-effective
interventions defined as ICERs below
the GDP per capita (50).

Sensitivity analyses
We performed univariate sensitivity
analyses on certain model input parameters to explore the impact of uncertainties on our results. First, we explored the
impact of varying the variables used to
estimate pneumococcal disease incidence. Next, we varied all cost values
over a wide range. In addition, we analyzed the impact of the results of modifying vaccination coverage, efficacy and
costs. We also varied the discount rate
between zero and 10%. Last but not least,
we incorporated herd protection effects
using invasive pneumococcal disease incidence data of adults from the United
States, since no Brazil-specific estimates
are currently available. In the U.S., large
herd immunity effects have been observed, with consequent large effects on
the cost-effectiveness of vaccine.
Estimates of vaccine protection for nonvaccinated populations (herd immunity)
were based on published estimates of invasive pneumococcal disease incidence
and case fatality rates among U.S. adults.
We then applied the proportion reductions in invasive pneumococcal disease
seen among U.S. adults to the Brazilian incidence estimates in order to calculate
cases and deaths averted due to herd immunity among older children, adolescents
and adults. DALYs averted were based
on the estimated median age at time of
disease. Based on the U.S. study, the
incidence of invasive pneumococcal disease among non-vaccinated children
and adults was as follows: age 5 to < 15
years = 5 per 100 000; age 15 to < 45
years = 11 per 100 000; age 45 to < 65 years
= 21 per 100 000; age ≥ 65 years = 60
per 100 000. The case-fatality rate was
19.3% and the proportion of invasive
pneumococcal disease averted due to
herd immunity was 49%. This varies by
age.

RESULTS
Health outcomes
Table 3 provides annual projected
health outcomes of pneumococcal vaccination in Brazil. Without a vaccination
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TABLE 2. Selected model inputs for base case analysis
Plausible range
Model Input
Health resource-related inputs—probability that:
Clinical pneumonia is hospitalized
Chest x-ray + pneumonia is hospitalized
Disability and complication-related inputs—
probability of:
Complication due to AOMa
Deafness due to meningitis
Neuromotor disorder due to meningitis
DALYsb
Acute otitis media
Clinical pneumonia
Inpatient
Outpatient
Chest x-ray + pneumonia
Inpatient
Outpatient
Pneumococcal sepsis
Pneumococcal meningitis
Vaccination coverage rate
Vaccine efficacy
Against acute otitis media
Against clinical pneumoniac
Against chest x-ray + pneumoniac
Against vaccine type IPDd
Against tube placement
Against adenoidectomye
Herd immunity relative factor
Against vaccine type IPDd
Vaccine program
Number of vaccine doses
Wastage rate
Vaccine program costs
Vaccine program cost per dose
Vaccine cost per dose
Disease-related, cost per case, societal
perspectivef (R$ 2006)
Acute otitis media without complication
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Acute otitis media with complication
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Clinical pneumonia, outpatient
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Clinical pneumonia, inpatient
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Chest x-ray + pneumonia, outpatient
Treatment costs
Transport costs
Caregiver time loss
Government benefits

Base case
estimate

Lower
limit

Upper
limit

Source
(reference)

0.08
0.92

—
—

—
—

(27)
(27)

0.0001
0.13
0.17

—
—
—

—
—
—

(27)
(27)
(27)

0.0227397

—

—

(27)

0.0405479
0.0200000

—
—

—
—

(27)
(27)

0.0452054
0.0287671
0.0383561
0.0410958

—
—
—
—

—
—
—
—

(27)
(27)
(27)
(27)

96%

89%

100%

Author’s
assumption

7%
3%
25.97%
97%
17%
17%

4%
0%
4%
83%
—
—

20%
9%
34%
99.9%
—
—

(2–4)
(2–4)
(5)
(2–4)
(2–4)
(2–4)

0.00

0.49

(43)

3
—

4
—

0.49
3
10%

Assumption
Personal
communication

R$ 0.00

R$ 0.00

R$ 1.00

Personal
communication
Personal
communication

R$ 51.12

R$ 48.50

R$ 51.12

19.10
6.40
34.55
—

—
—
—
—

—
—
—
—

(44)
(37)
(38)

85.39
8.02
43.29
—

—
—
—
—

—
—
—
—

(44, 45)
(37)
(38)

26.65
9.60
51.82
—

—
—
—
—

—
—
—
—

(44)
(37)
(38)

511.61
12.80
139.56
—

—
—
—
—

—
—
—
—

(45)
(37)
(38)

58.14
9.60
51.82
—

—
—
—
—

—
—
—
—

(44)
(37)
(38)

(Continues)
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TABLE 2. (Continued)
Plausible range
Model Input
Chest x-ray + pneumonia, inpatient
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Pneumococcal sepsis
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Pneumococcal meningitis
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Pneumococcal meningitis, with deafness
Treatment costs
Transport costs
Caregiver time loss
Government benefits
Pneumococcal meningitis, with neuromotor
disabilities
Treatment costs
Transport costs
Caregiver time loss
Government benefits

Base case
estimate

Lower
limit

Upper
limit

Source
(reference)

511.61
12.80
139.56
—

—
—
—
—

—
—
—
—

(45)
(37)
(38)

1,718.65
3.20
241.82
—

—
—
—
—

—
—
—
—

(45)
(37)
(38)

982.79
3.20
186.55
—

—
—
—
—

—
—
—
—

(45)
(37)
(38)

7,189.93
9.60
829.09
688.50

—
—
—
—

—
—
—
—

(45, 46)
(37)
(38)
(46)

8,052.96
3.20
829.09
688.50

—
—
—
—

—
—
—
—

(44, 45)
(37)
(38)
(46)

Costs

a This

includes acute otitis media (AOM) and mastoiditis with hospitalization.
of illness (in years). Disability-adjusted life years (DALYs).
c Adjusted for regional differences in pneumococcal serotype distribution by multiplying the published vaccine efficacy by
(70%/80%).
d Invasive pneumococcal disease (IPD) includes sepsis or meningitis.
e The same efficacy rate for tube placement is assumed for adenoidectomy.
f These treatment cost estimates are based on DATASUS (2006) data.
b Duration

program, S. pneumoniae was estimated to
be responsible for 1 236 pneumococcal
meningitis cases and 364 pneumococcal
sepsis cases in children under 5 years
each year. An estimated 3 122 943 cases
of AOM due to any cause; 315 954 clinical pneumonia cases due to any cause;
196 398 chest x-ray-confirmed pneumonia cases due to any cause also occurred
annually in the same age group. Of the
AOM and pneumonia cases, 320 631
cases of AOM and 88 961 cases of clinical

and chest x-ray confirmed pneumonia
were due to S. pneumoniae. Pneumococcal cases were associated with 71 821
hospitalizations (21 per 1 000 children)
and 339 370 outpatient visits (98 per
1 000 children) annually.
Compared to no immunization, pneumococcal conjugate vaccination, if delivered at similar coverage rates as DTP3contained vaccines, would avoid an
estimated 269 136 cases of pneumococcal
disease annually (80.8 cases of disease

TABLE 3. Annual projected health outcomes of pneumococcal conjugate vaccination in Brazil
No vaccine
Acute otitis mediaa
Clinical pneumoniaa
Chest x-ray confirmed pneumoniaa
Pneumococcal sepsis
Pneumococcal meningitis
Deathsb
DALYsc

3 122 943
315 954
196 398
364
1 236
20 670
697 003

With vaccination
2 913 082
306 855
147 271
126
427
17 369
584 829

a Due

Events averted

% averted

209 862
9 099
49 127
238
809
3 301
112 173

7
3
25
65
65
16
16

to any cause.
to clinical pneumonia, chest x-ray confirmed pneumonia, pneumococcal sepsis, or pneumococcal meningitis.
c Disability-adjusted life years.
b Due
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per 1 000 children vaccinated), and avert
3 301 deaths (0.99 life saved per 1 000 children vaccinated) and 112 173 DALYs annually. The largest number of cases prevented would be due to AOM, which was
associated with 320 631 health care visits.
Pneumococcal pneumonia was associated with a large number of hospitalizations (70 221). The largest number of
DALYs averted resulted from averted
child deaths.

Overall, pneumococcal disease-associated outpatient visits and hospitalization incurred a cost of R$ 34 191 203
(US$ 17 625 240) and R$ 56 606 822
(US$ 29 180 278), respectively, amounting
to an estimated total medical cost of R$ 26
(US$ 14) for each child born in Brazil by
the age of 5. Most inpatient costs were attributed to hospitalization and the remainder to procedures and diagnostics.
For outpatients, over half the costs was
attributed to the cost of the visit. Direct
non-medical cost associated with transportation was an additional R$ 13.00
(US$ 7.00) for each child born in Brazil
by 5 years of age.
An estimated 10.3 million doses of
vaccine would be needed annually if
current DTP3 rates were to be achieved
for pneumococcal conjugate vaccine in
Brazil. Total vaccine program costs,
which include the cost for vaccine purchase at R$ 51.12 (US$ 26.35) per dose,
would be approximately R$ 527.9 million (US$ 272 million) per year for a threedose schedule. In our base case analysis,
vaccination would avert R$ 59.4 million
(US$ 30.6 million) in direct medical costs
per year. If non-medical costs and indirect costs were considered, vaccination
would avert an additional R$ 29.9 million (US$ 15.4 million) annually. The
undiscounted net cost (vaccine program
costs minus averted disease costs) was
R$ 461 million (US$ 238 million) annually. These net costs decreased as vaccine
dose cost was reduced. At a lower vaccine price of R$ 29.1 (US$ 15) per dose,
the net cost from the societal perspective
was R$ 242.3 million (US$ 124.9 million)
(Table 4).

Cost-effectiveness
Assuming a three-dose schedule and a
health care perspective, pneumococcal
vaccination, compared to no vaccination,
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TABLE 4. Annual projected cost-effectiveness of pneumococcal conjugate vaccination in Brazil

Dose cost (R$)
3-dose schedule
51.12
38.8
29.1
4-dose schedule
51.12
38.8
29.1

Vaccine costb
(R$)

Net costs
(R$)—
societal
perspectiveb,c

Healthcare
perspectivec

Societal
perspectived

R$ per life
saved—
societal
perspective

527 854 805
400 648 880
300 486 606

461 253 992
342 502 284
242 340 082

4 516
3 659
2 744

3 946
3 128
2 213

135 080
106 305
75 217

698 130 549
529 890 359
397 417 770

631 529 736
471 743 835
339 271 245

5 973
4 839
3 629

5 403
4 308
3 098

184 946
146 618
105 302

R$ per DALYa averted

a Disability-adjusted

life years.
costs.
costs is the total cost of the intervention minus the total cost of treating the illness that would occur in the absence of the
intervention.
d Using discounted costs and health benefits.
b Undiscounted
c Net

will cost between R$ 2 744 (US$ 1 415)
and R$ 4 516 (US$ 2 328) per DALY
averted in Brazil, as the cost per dose of
vaccine ranges from R$ 29.1 (US$ 15) to
R$ 51.12 (US$ 26.35) (Table 4). When a
societal perspective is considered, pneumococcal vaccination, compared to no
vaccination, will cost between R$ 2 213
(US$ 1 141) to R$ 3 946 (US$ 2 034) per
DALY averted in Brazil, respectively. If
the cost of administration of one dose of
the vaccine is changed from R$ 0.00 to
R$ 1.00 (US$ 0.52), the cost of pneumococcal vaccination will range from R$ 4 573
(US$ 2 357) per DALY averted (health
care perspective) and R$ 4 042 (US$ 2 084)
per DALY averted (societal perspective)

to R$ 4 605 (US$ 2 374) per DALY averted
(health care perspective) and R$ 4 035
(US$ 2 080) per DALY averted (societal
perspective), as the cost per dose of vaccine ranges from R$29.1 (US$ 15) to
R$51.12 (US$ 26.35).
Across all dose costs less than or equal
to R$ 51.12 (US$ 26.35), pneumococcal
vaccination was projected to be very
cost-effective, using WHO benchmarks
(50) and a weighted average per capita
GDP in Brazil of R$ 12 436.72 (US$ 6 411)
(35). The break-even cost per dose,
that is, the cost per dose below which
the vaccine became cost-saving, was
R$ 5.63 (US$ 2.9) in the societal perspective analysis and less than R$ 2

TABLE 5. Annual projected cost-effectiveness of pneumococcal conjugate vaccination in Brazil
using alternative cost scenariosa

Dose cost (R$)

Vaccine
costc (R$)

Scenario 1 (WHO-CHOICE)f
51.12
527 854 805
38.8
400 648 808
29.1
300 486 606
Scenario 2 (AMB)g
51.12
527 854 805
38.8
400 648 808
29.1
300 486 606
Scenario 3 (DATASUS + AMB)
51.12
527 854 805
38.8
400 648 808
29.1
300 486 606
a Assumes

Net costs
(R$)—
societal
perspectived,e

Healthcare
perspectived

Societal
perspectived

R$ per life
saved—
societal
perspective

439 523 713
319 619 861
225 207 379

4 820
3 783
2 990

4 258
3 096
2 182

144 726
105 244
74 156

461 253 992
257 012 130
156 849 928

4 516
3 423
2 067

3 946
2 347
1 432

135 080
79 771
48 683

452 610 250
325 404 253
225 242 051

4 820
3 644
2 759

4 133
2 971
2 057

140 480
100 998
69 910

R$ per DALYb averted

a 3-dose schedule.
life years (DALYs).
c Undiscounted costs.
d Using discounted costs and health benefits.
e Net costs is the total cost of the intervention minus the total cost of treating the illness that would occur in the absence of the
intervention.
f World Health Organization—Choosing Interventions that are Cost-Effective (WHO-CHOICE) project.
g Associação Médica Brasileira (AMB).
b Disability-adjusted
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(US$ 1.03) per dose in an analysis that
considered health care system costs
alone.
Table 5 shows the projected cost-effectiveness of pneumococcal conjugate vaccination in Brazil based on three separate
cost scenarios (WHO-CHOICE, HMO/
MCO, DATASUS + HMO/MCO). What
is evident from this table is that the
cost-effectiveness ratios (R$ per DALY
averted, R$ per life saved) do not differ
considerably from the cost-effectiveness
ratios of the base case analysis, where
only cost estimates from the public sector were considered. The same incidence
data were used for the base case and secondary analyses. This caused the costeffectiveness ratios to vary some, particularly for scenario 2, where private costs
were higher than the public costs used in
the base case analysis. Another explanation for the similarities in the cost-effectiveness ratios is related to the costs
themselves. These, although different,
still accounted for the same cost components (direct medical, direct nonmedical,
indirect costs) used in the base case
analysis. Also, the same assumptions
were made regarding the cost of transportation and lost productivity. This resulted in costs being consistent across
scenarios. When the costs of treating sequelae due to AOM and pneumococcal
meningitis were excluded from the
analysis, changes in cost-effectiveness
ratios were more evident in scenario 2
(HMO/MCO—private sector). Even these
changes, however, did not have a significant impact on the cost-effectiveness
ratios.

Sensitivity analyses
Sensitivity analyses were performed
to assess the impact of specific variables
on the cost-effectiveness ratios. We performed most sensitivity analyses using
the PAHO vaccine price of R$ 51.12
(US$ 26.35) per dose at a three-dose
schedule. Incremental cost-effectiveness
ratios were very sensitive to changes
in estimates around vaccine dose costs
(Figure 2). The point at which the line
crosses the horizontal axis is the price
at which the cost of vaccination (administration and vaccine itself) is offset by
medical cost savings. At lower vaccine
prices, vaccination would result in net
medical cost savings for the particular
group. Higher medical costs per child
result in higher breakeven prices.
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FIGURE 2. Impact of changes in estimates around vaccine dose costs on cost-effectiveness ratiosa

R$ per disability adjusted life years (DALY)
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a Incremental

cost-effectiveness ratios were sensitive to changes in estimates around vaccine dose costs. The point at which
the line crosses the horizontal axis is the price at which the cost of vaccination (administration and vaccine itself) is offset by
medical cost savings.

Other key variables affecting the costeffectiveness ratio were estimates of
pneumonia-related vaccine efficacy. As
the estimates of vaccine efficacy against
clinical pneumonia and chest x-rayconfirmed pneumonia were varied simultaneously, the cost per DALY averted
ranged from R$ 1 449 (US$ 747) to
R$ 4 931 (US$ 2 542) from the health care
perspective.
The cost-effectiveness ratios were reduced when a 0% discount rate was
used. In contrast, it became more expensive to prevent a DALY when a discount
rate of 10% was assumed.
The large burden of pneumococcal otitis media is a significant contributor to
the substantial health care system costs
and broader use of antibiotics. Introduction of pneumococcal conjugate vaccines
can greatly reduce the incidence of otitis
media cases. However, pneumococcal
otitis media does not result in significant
childhood deaths in the region and, for
this reason, incremental cost-effectiveness ratios are not sensitive to changes in
estimates around otitis media cases.
In sensitivity analysis using scenarios
1 (WHO CHOICE) and 2 (HMO/MCO)
for direct medical and nonmedical costs
and indirect costs, the cost per DALY
was R$ 4 258 (US$ 2 195) and R$ 3 946
(US$ 2 034), respectively (Table 5). The
model was relatively insensitive to estimates of disease incidence across the
plausible ranges considered.

After incorporating herd protection in
the model, pneumococcal conjugate vaccination reduced the cost per DALY
averted from R$ 3 946 (US$ 2 034) to
R$ 1 302 (US$ 671) (societal perspective).
If only treatment costs were included,
the cost per DALY averted decreased
from R$ 4 516 (US$ 2 328) to R$ 1 490
(US$ 768). The cost per life saved
was also reduced from R$ 135,080
(US$ 69,632) to R$ 44,576 (US$ 22,979)
(societal perspective). These estimates
assumed a cost per dose of vaccine of
R$ 51.12 (US$ 26.35) and were based on
U.S. invasive pneumococcal disease incidence data (43). It is estimated that pneumococcal conjugate vaccination would
prevent 1.3 million cases of pneumococcal disease annually, and avert 7 235
deaths annually if herd protection was
incorporated.

DISCUSSION
The results of this analysis demonstrated that the incorporation of a heptavalent pneumococcal conjugate vaccine
into the routine vaccination schedule in
Brazil can effectively reduce the health
and economic burden associated with S.
pneumoniae. Under the base case scenario,
vaccination reduced the medical costs
associated with treating pneumococcal
disease by 13%, assuming vaccination occurs at the recommended time. An additional 269 136 cases of pneumococcal dis-
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ease and 3 301 pneumococcal deaths
could be prevented annually in children
under 5 years of age with the addition of
this vaccine.
Across a wide range of vaccine costs
per dose, pneumococcal conjugate vaccine would be a very cost-effective purchase in Brazil, based on WHO standards for evaluating the economic value
of health interventions. At dose costs of
R$ 5.63 (US$ 2.9), the vaccine would be
cost-saving to Brazil, compared to no
vaccination. These results are consistent
with earlier analyses of vaccines for
three Latin American countries (Brazil,
Chile and Uruguay) that suggested that
pneumococcal conjugate vaccine would
have a cost-effective ratio of US$ 664,
US$ 2 019, and US$ 1 546 per DALY
averted, respectively (20). Another analysis of vaccines in low-income Global
Alliance for Vaccines and Immunisation
(GAVI)-eligible countries, which included
six Latin American and Caribbean countries, suggested that at a vaccine cost of
between US$ 1.00 and US$ 5.00 per dose,
pneumococcal conjugate vaccine can be
highly cost-effective (19).
The effectiveness of pneumococcal
conjugate vaccination will depend,
among other things, on the extent to
which immunization programs reach the
children at greatest risk of pneumococcal
mortality. Many studies have identified
a relationship between immunization
status and mortality suggesting that infants who have been immunized are less
likely to die than infants who are nonimmunized or incompletely immunized
(51–54). It is unknown whether this association is only a result from poor access
to care. A study in Pakistan demonstrated that only 40% of children who
died from diarrhea or an acute respiratory infection were fully vaccinated versus a coverage level of 91% in children
who suffered from diarrhea or respiratory infection but did not die (55). If
those who die are less likely to be vaccinated, the effectiveness (and cost-effectiveness) of vaccination will be reduced.
In the present analysis a 50% reduction
in coverage, from an estimated relative
coverage of 96% to 48% would result in
almost 1 651 fewer deaths prevented in
an annual birth cohort assuming on-time
vaccination. Targeted efforts to increase
the coverage of children at the greatest
risk could improve the impact of vaccination on pneumococcal mortality, as
seen in the Gambian study (56).
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In addition, the cost-effectiveness of
vaccination depends largely on vaccine
price, which is currently unknown, and
the cost-effectiveness standard used.
Health interventions that result in negative net costs are excellent investments
since they result in improved health and
cost-savings; however, few interventions
(even highly effective ones such as vaccines) meet this standard.
Decisions regarding the introduction
of pneumococcal conjugate vaccine in
Brazil are likely to be made in the near
future. Newer and more expensive vaccines (e.g., Haemophilus influenzae type B,
hepatitis B) have traditionally been slow
to reach national immunization programs in countries like Brazil, due in
part to their cost (57). Despite these difficulties, in 2006 Brazil became the first
country in the world to introduce the rotavirus vaccine into the routine immunization program at the price of US$ 8.00
per dose (personal communication, Dr.
Luiza Helena Falleiros Carvalho, Programa Nacional de Imunizações, Ministério da Saúde de São Paulo, December
2006).
The analysis presented here identified
important uncertainties that are likely to
affect our estimate of vaccine benefit. For
example, the mortality reduction benefit
of vaccination will depend on the programmatic issues related to the ability of
vaccination to reach children in a timely
manner. In particular, delays in the timing of vaccination can result in children
being vaccinated after the peak age period for pneumococcal disease hospitalization and mortality. The effect is most
noticeable in the north of Brazil where
mortality and delays in vaccination are
greatest. Similarly, increasing overall
coverage rates would also increase the
number of preventable deaths.
Our base case analysis was conservative in that it did not consider the potential indirect protective effect of herd immunity for persons unprotected by the
vaccine. Because of paucity of data, herd
protection effects were only incorporated in the sensitivity analysis using invasive pneumococcal disease incidence
data from the United States (44). Results
of the sensitivity analysis are in accord
with earlier cost-effectiveness analyses
showing that ICERs are significantly reduced when herd immunity effects are
considered (43, 52).
While according to a threshold of the
country’s GDP per capita pneumococcal
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conjugate vaccination would be very costeffective in Brazil, it is unclear whether
the vaccine will be affordable. This paper
deals with issues related to value for
money and opportunity costs of not investing the dollars elsewhere. The paper
does not deal with issues of affordability,
which is about impact on the current budget and financial costs over a shorter-time
horizon. Future studies should focus on
the cost to vaccinate a single birth cohort
at different coverage rates.
Limitations of this analysis include,
but are not limited to, uncertainties
around the efficacy of the vaccine with 2
+ 1 schedules, gaps in our understanding
of herd protection with 2 + 1 schedules,
uncertainties around the epidemiology
of pneumococcal disease, and costs associated with pneumococcal disease. We
provided some estimates of herd protection derived from the U.S. experience (3 +
1 schedule). However, initial studies in
countries with 2 + 1 schedules have consistently failed to observe herd protection. Maybe we will have more data in
the near future, but so far the evidence is
limited to the 3 + 1 schedule. In addition,
the base case estimate for otitis media is
extrapolated from a study from Boston. It
is unclear how this estimate compares to
what happens in Brazil.
We used vaccine efficacy data from
the Kaiser Permanente clinical trial of
the heptavalent pneumococcal conjugate
vaccination. Although we adjusted for
key variables influencing the costeffectiveness ratio (that is, vaccine coverage, serotype coverage, age at vaccination, and disease burden), the vaccine
efficacy data may be relevant only to the
specific setting and timeframe of the
trial. Because this trial was conducted in
the United States, the vaccine efficacy
data may not be generalizable to Brazil.
Nonetheless, studies of heptavalent
pneumococcal conjugate vaccine among
Native Americans and nonavalent pneumococcal conjugate vaccine in Africa
also showed high efficacy.
We assumed that all children were
fully vaccinated at levels of coverage with
three doses of DTP vaccine and did not
adjust for potential protection provided
by incomplete vaccination (e.g., receiving
only one or two doses of the heptavalent
pneumococcal conjugate vaccine). Such
protective effects would have increased
vaccine cost-effectiveness.
Our vaccine coverage estimate was
based on coverage of the third dose of

DTP. We assumed that all groups within
Brazil would have equal likelihood of
vaccination and would be vaccinated at
the recommended time. If high-risk populations are missed or vaccination is delayed, the effectiveness may be reduced.
Brazil has introduced childhood pneumococcal conjugate vaccination for high
risk groups. However, this strategy is
not included in the current analysis because the original plan of this analysis
was to support the Brazilian Ministry of
Health in the decision of introducing the
universal pneumococcal conjugate vaccination in infants in Brazil. Clearly, the incremental benefits of introducing the
pneumococcal conjugate vaccine into the
general child population will be greatly
altered if the high-risk strategy is incorporated into the model as well.
In the current analysis, unadjusted
charge data were used and the assumption was made that these data were
based on actual resource costs. This a potential bias in the analysis as charges for
medical services are greater than the actual cost of resource inputs. The social
opportunity cost is presumed to be less
than the price charged as the potential
alternative output relates to the resources used rather than the charges
levied.
Due to methodological difficulties and
time constraints, we did not consider the
potential indirect protective effect of
herd immunity on people who are not
vaccinated. Herd immunity could offset
gaps in delivery of full course, on-time
vaccination, as well as prevent disease in
non-targeted populations, and improve
the cost-effectiveness of a heptavalent
pneumococcal conjugate vaccination
program.

Conclusion
This paper assesses the cost-effectiveness of a pneumococcal conjugate vaccination program in Brazil, compared with
no vaccination. Pneumococcal disease
causes a significant health and economic
burden in Brazil. The results presented
here demonstrate that pneumococcal
conjugate vaccination could greatly reduce the disease burden and mortality if
incorporated into the national immunization schedule and, when compared
to WHO benchmarks for cost-effectiveness, pneumococcal conjugate vaccine
could be cost-effective compared to
other options to control childhood dis-
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eases. It is unclear, however, whether
this vaccine is affordable when weighed
against competing priorities. More work
on the cost-effectiveness of pneumococcal conjugate vaccination programs
needs to be done in Brazil and other
countries of the region, where there is
currently dire paucity of literature in the
economics of vaccines. The critical areas
should include the development of dif-

ferent evaluation methods in different
settings. Another would be the ascertainment of the best ways to present costeffectiveness results in local contexts.
In addition, the reliability and validity of
estimates should be determined.
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Objetivo. Comparar los costos y los beneficios de la aplicación de la vacuna conjugada antineumocócica en comparación con la no vacunación, desde las perspectivas
del sistema de salud y la sociedad.
Métodos. A partir de fuentes reconocidas, se estimaron la incidencia y la mortalidad
por enfermedad neumocócica invasora, neumonía y otitis media aguda (OMA) para
una cohorte hipotética de niños desde su nacimiento hasta los 5 años.
Resultados. Se estimó que un programa de vacunación universal con una vacuna
conjugada antineumocócica sería capaz de evitar anualmente 1 047 casos de la enfermedad invasora, 58 226 casos de neumonía y 209 862 casos de OMA. Si se considera
el efecto de la inmunidad de grupo, el programa evitaría 1,3 millones de casos de enfermedad y más de 7 000 muertes por infección neumocócica. A R$ 51,12 (US$ 26,35)
por dosis, la vacunación costaría anualmente R$ 4 286 (US$ 2,211) por cada año de
vida ajustado por discapacidad evitado, sin tomar en cuenta el efecto de la inmunidad de grupo.
Conclusiones. En comparación con otras opciones de control de estas enfermedades
infantiles y con los precios actuales de la vacuna conjugada, la vacunación antineumocócica podría ser una inversión efectiva en función del costo. Se requieren más estudios para determinar si la vacunación es costeable para Brasil a los precios actuales.
Streptococcus pneumoniae; infecciones neumocócicas; vacunas neumococicas; análisis
costo-eficiencia; Brasil.
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