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ABSTRACT  Objective. In Latin America and the Caribbean, routine vaccination of infants against
Streptococcus pneumoniae would need substantial investment by governments and donor
organizations. Policymakers need information about the projected health benefits, costs, and
cost-effectiveness of vaccination when considering these investments. Our aim was to incor-
porate vaccine, demographic, epidemiologic, and cost data into an economic analysis of pneu-
mococcal vaccination of infants in Latin America and the Caribbean.

Methods. We previously used a structured literature review to develop regional estimates
of the incidence of disease. Cost data were collected from physician interviews and public fee
schedules. We then constructed a decision analytic model to compare pneumococcal conjugate
vaccination of infants with no vaccination across this region, examining only vaccine’s direct
effects on children.

Results. Pneumococcal vaccination at the rate of diphtheria-tetanus-pertussis vaccine cov-
erage was projected to prevent 9 500 deaths per year in children aged 0 to 5 years in the re-
gion, or approximately one life saved per 1 100 infants vaccinated. These saved lives as well as
averted cases of deafness, motor deficit, and seizure result in 321 000 disability-adjusted life
years (DALY’s) being averted annually. At vaccine prices between US$5 and US$53 per dose,
the cost per DALY averted from a societal perspective would range from US$154 to US$5 252.
Conclusion. Pneumococcal conjugate vaccine was highly cost-effective up to $40 per dose.
Introduction of pneumococcal vaccine in the Latin American and Caribbean region is projected
to reduce childhood mortality and to be highly cost-effective across a range of possible costs.
Key words  Streptococcus pneumoniae, pneumococcal vaccines, costs and cost analysis, deci-
sion trees, otitis media, pneumonia, sepsis, meningitis, Latin America and the
Caribbean.
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Streptococcus pneumoniae, or pneu-
mococcus, is an important cause of
bacterial pneumonia, meningitis, bac-
teremia, sepsis, and acute otitis media,
resulting in morbidity, mortality, and
costs to the health care system. The
World Health Organization (WHO)
estimates that 1.6 million deaths oc-
cur annually due to pneumococcus,
of which approximately 800000 are
among children less than 5 years
of age (1). An effective seven-valent
pneumococcal conjugate vaccine
(PCV) has been licensed in the United
States since 2000 and has been shown
to reduce the likelihood of pneu-
mococcal disease in young children
and to reduce transmission from
young children to adults (2). Higher
valency conjugate products are in de-
velopment (3).

However, PCV has yet to be intro-
duced in many low- and middle-
income countries. In Latin America,
several countries including Panama,
Costa Rica, Guyana, Honduras, and
Nicaragua are planning to introduce
the vaccine into their routine im-
munization programs. Other coun-
tries—including Mexico, Brazil, Chile,
and Colombia—have targeted immu-
nization programs in place. How-
ever, economic analyses from the re-
gion to support the introduction of
PCV are sparse and primarily con-
sist of cost-of-illness studies (4-12).
Experience with other recent vaccines
suggests that, without coordinated
effort, a PCV is unlikely to reach
children in Latin American and Carib-
bean countries without substantial de-
lays (13, 14).

The goal of this regional analysis
was to provide decision makers with
estimates of the burden and costs of
pneumococcal disease in Latin Amer-
ica and the Caribbean as well as the
cost-effectiveness of the purchase and
provision of seven-valent PCV from
the societal perspective. It was con-
ducted as a companion analysis to a
regional, systematic review of the
economic and epidemiologic pneumo-
coccal literature. The methods and re-
sults of the systematic literature re-
view are described in detail elsewhere
(15).

MATERIALS AND METHODS
Overview

We constructed a decision analytic
model using standard methods (16, 17)
to assess the child lives saved, dis-
ability-adjusted life years (DALYSs)
averted, costs, and cost-effectiveness
of pneumococcal conjugate vaccina-
tion of infants in the Latin American
and Caribbean region. The countries
covered by this analysis are listed in
Table 1. We evaluated these outcomes
at a regional level, using model inputs
developed to represent the Latin
American and Caribbean region rather
than individual countries. Latin Amer-
ican countries have a pooled birth
cohort of 11 700 500 annually. Vaccine-
related costs, disease costs, and inci-
dent cases of disease were estimated
for members of the birth cohort be-
tween birth and age 5 years. Input was
sought from regional experts via tele-
conference and face-to-face meetings
during model development and model
revision. A discount rate of 3% was ap-
plied to both health benefits and costs.

Model structure

The decision tree (Figure 1) included
two strategies: (1) vaccine introduction,
in which a seven-valent PCV was intro-
duced across Latin America and the
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Caribbean, and (2) no vaccine introduc-
tion. In the vaccine introduction strat-
egy, each child born had a probability
of developing acute otitis media due to
any cause, clinical pneumonia due to
any cause, chest x-ray-confirmed pneu-
monia due to any cause, pneumococcal
sepsis, or pneumococcal meningitis.
We chose to analyze acute otitis media
and pneumonia due to any cause,
rather than pneumococcal otitis or
pneumococcal pneumonia, to take ad-
vantage of clinical trial data, which pre-
sent vaccine efficacies against all-cause
disease for these syndromes, rather
than pneumococcal disease (18-20).

Probabilities of disease depended
on whether the child received the vac-
cine and the vaccine’s efficacy against
disease. Disease resulted in the accrual
of DALYs and costs. These DALYs and
costs varied depending on the type
of disease experienced and whether
the child survived, died, or had per-
manent disability. Preventing disease
through vaccination averted both
DALYs and disease-related costs. The
vaccination program resulted in costs
related to purchase of vaccine and to
program administration.

The set of assumptions used to per-
form the primary analysis is termed
the base case analysis (Table 2) (21-27).
Our base case was conservative in that
it did not account for herd protec-
tion—a vaccine’s indirect protective
effects on nonvaccinated populations

TABLE 1. Countries in the Latin American and Caribbean region

Region

Countries

Central American isthmus
Panama

Andean area

Southern cone

Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua,

Bolivia, Colombia, Ecuador, Peru, Venezuela

Argentina, Chile, Paraguay, Uruguay, Suriname, Trinidad and Tobago,

Turks and Caicos Islands, Virgin Islands (United Kingdom), Virgin
Islands (United States)

Non-Latin Caribbean

Anguilla, Antigua and Barbuda, Aruba, The Bahamas, Barbados,

Cayman Islands, Dominica, Grenada, Guyana, Jamaica, Montserrat,
Netherlands Antilles, Saint Kitts and Nevis, Saint Lucia, Saint Vincent

and the Grenadines

Latin Caribbean

Cuba, Dominican Republic, French Guiana, Guadeloupe, Haiti,

Martinique, Puerto Rico

Other Brazil, Mexico
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FIGURE 1. Decision tree depicting the two policy options (regional vaccine introduction versus no vaccine) and subsequent events that

may be experienced by each child

Child
vaccinated
Vaccine
introduced 1
Not
vaccinated

No vaccine —————J» Go to node 2

@ AOM = acute otitis media.
®|PD = invasive pneumococcal disease.

(e.g., nonvaccinated children, adoles-
cents, and adults). In the United States,
large herd protection effects have been
observed with consequent large effects
on the cost-effectiveness of vaccine in
other populations (28-29).

Probabilities

PCV was assumed to be adminis-
tered in a three-dose schedule, accord-
ing to the schedule for vaccines con-
taining diphtheria-tetanus-pertussis
(DTP) in most member states of the
Pan American Health Organization
(PAHO) (2, 4, and 6 months of age).
We assumed vaccine efficacy for a
three-dose schedule would be the
same as for the four-dose schedule
used in some clinical trials (30). We
chose to model a three-dose schedule
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because of the efficacy of such sched-
ules in other clinical trials (31, 32) and
because three-dose schedules have
been proposed for Global Alliance for
Vaccines and Immunizations—eligible
countries (33). It was assumed that
pneumococcal vaccination rates would
be equal to the regional average pro-
portion of children reported to receive
three doses of DTP vaccine in 2005
(DTP3 rate) (21).

Estimates of seven-valent PCV effi-
cacy were available from several large,
randomized controlled trials. No trial
results were available from a Latin
American or Caribbean setting. Our
analyses were based on the results of
the seven-valent PCV trial conducted
in Northern California Kaiser Perma-
nente (18-20). The vaccine efficacy esti-
mate for chest x-ray-confirmed pneu-
monia was based on a later reanalysis

Permanent disability

No death,
no disability

of the original trial’s results (27). While
the study setting was in the United
States, a high-income country, it was
also in the region of the Americas and
perhaps most closely approximated the
setting of other American countries.
We assumed that vaccine would pre-
vent cases of disease and deaths be-
tween ages 0 and 5 years only and that
vaccine efficacy would be constant for
these young children. To extrapolate
trial results to Latin America and the
Caribbean, we adjusted vaccine effica-
cies by the ratio of the regional estimate
for vaccine serotype coverage and the
trial vaccine serotype coverage.
Regional estimates of serotype dis-
tribution, annual incidences of disease,
and case fatality rates were based on a
systematic review of the published
and unpublished literature. Methods
pertaining to the literature review and
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TABLE 2. Model assumptions for Latin American and Caribbean regional analysis

Original research

Plausible range

Base case Lower Upper
Model input estimate limit limit Source
General
Birth cohort 11 700 500 PAHO (21)
Life expectancy? 72.3 ce ce WHO (22)
Discount rate 3% 3% 7% Gold et al. (16)
Disease-related inputs
Probability of acute otitis media 0.900 0.70 1.10 Teele et al. (23)
Probability of clinical pneumonia 0.0911 0.139%4 0.1485 Valenzuela et al. (24)
Probability of chest x-ray-confirmed pneumonia 0.0572 0.0435 0.0714 Valenzuela et al. (24)
Probability of pneumococcal sepsis 0.0001 0.00008 0.00013 Valenzuela et al. (24)
Probability of pneumococcal meningitis 0.0003 0.00022 0.00058 Valenzuela et al. (24)
Case fatality ratios
Clinical pneumonia 3% 1.9% 5.5% Valenzuela et al. (24)
Chest x-ray-confirmed pneumonia 5.4% 51% 5.8% Valenzuela et al. (24)
Sepsis 35% 27% 44% Valenzuela et al. (24)
Meningitis 35% 22% 50% Valenzuela et al. (24)
Probability vaccine serotype 60% 60% 87% Valenzuela et al. (24)
Health resource-related inputs
Probability that clinical pneumonia is hospitalized? 0.08 Rudan et al. (25)
Probability that chest x-ray-confirmed pneumonia is
hospitalized 0.64 Rudan et al. (25)
Disability-related inputs
Probability of deafness due to pneumococcal meningitis 0.13 Constenla (26)
Probability of seizure disorder due to pneumococcal meningitis 0.17 Constenla (26)
Probability of motor disorder due to pneumococcal meningitis 0.16 Constenla (26)
Vaccine-related inputs
Proportion vaccinated (DTP3 rate) 92% 92% 100% PAHO (27)
Vaccine efficacy
Against acute otitis media 7% 4% 10% Black et al. (19)
Against clinical pneumonia® 3% —4% 9% Black et al. (18)
Against chest x-ray-confirmed pneumonia® 22.7% 4% 34% Hansen et al. (28)
Against vaccine type invasive pneumococcal disease
(sepsis or meningitis) 97% 83% 99.9% Black et al. (19)
Costs
Vaccine-related
Cost per dose $53 $1 $53 Authors’ assumption
Administration cost per dose $1 Authors’ assumption
Disease-related, cost per case, societal perspective
Acute otitis media $101 $78 $234 Physician and parent surveys®
Hospitalized clinical or chest x-ray-confirmed pneumonia $1 017 $571 $2 174 Physician and parent surveys®
Outpatient clinical or chest x-ray-confirmed pneumonia $117 $80 $236 Physician and parent surveys®
Hospitalized sepsis $1 344 $914 $1 543 Physician and parent surveys®
Hospitalized meningitis $1 843 $680 $2 802 Physician and parent surveys®
@ Weighted average, using country-level birth cohort estimates as the weights.
b Adjusted for regional differences in pneumococcal serotype distribution by multiplying published vaccine efficacy by (60%/80%).
¢ See text.
aggregation of data into summary providers in three Latin American Costs

measures of disease incidence and
burden have been described elsewhere
(24). Age-specific, annual disease inci-
dences were converted into cumula-
tive incidences (probabilities) by stan-
dard Kaplan-Meier methods (34). Age
distribution of disease was based on
results from a survey of 24 health care

countries (Brazil, Chile, and Uruguay).
The details of survey methods and re-
sults are described elsewhere (35). The
proportion of cases of clinical pneu-
monia that are hospitalized was based
on regional estimates of the proportion
of acute lower respiratory infections in
children that are severe (25).
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All costs are expressed in 2005 U.S.
dollars. The costs of vaccination in-
clude 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
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available to low- and middle-income
countries in Latin America and the
Caribbean is unknown. Our base case
used $53 per vaccine dose, the price
at which a dose of vaccine was
purchased by PAHO’s Revolving
Fund for Vaccine Procurement in 2006.
This dose cost was varied widely in
sensitivity analysis, given the possi-
bility that cost will decline as addi-
tional manufacturers enter the market
and, potentially, as increasing num-
bers of countries introducing the vac-
cine result in increasing volume pur-
chased through the Revolving Fund.
Incremental vaccine administration
costs (cold chain, transport, personnel,
injection supplies, training, other)
were based on an assumption of $1
per dose; a 10% wastage rate was
assumed.

Direct medical costs related to pneu-
mococcal disease included hospital
days, medical personnel time, outpa-
tient visits, diagnostic tests, and med-
ications. These costs were derived
from detailed interviews conducted
regarding resource utilization with
57 physicians in 10 Latin American
and Caribbean countries: Argentina,
Brazil, Chile, Colombia, Dominican
Republic, Honduras, Mexico, Panama,
Uruguay, and Venezuela. These inter-
view data on resource utilization were
combined with unit cost data from the
finance departments of local hospitals,
national administrative data, and na-
tional formulary data to derive the
total direct medical cost per case of
disease. Further methods and the in-
terview survey tool are described else-
where (15). Cost estimates were from
the public sector.

Direct nonmedical costs included
transportation to health care facilities
and parent or caregiver time spent car-
ing for a sick child. These costs were
calculated based on interviews with
60 parents of sick children regard-
ing money spent to transport a child
or themselves to the health facility,
time lost from paid work due to their
child’s illness, and days off work and
income lost due to pneumococcal dis-
ease. The average cost of caregiver
time was estimated by multiplying the
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mean hours lost by the mean female
hourly wage for each of the countries.
Further details of the cost analysis
methods and results are described
elsewhere (15).

Health outcomes

The base case analysis considered
cases of disease, hospitalizations, and
deaths averted by vaccination. Cases
averted and deaths averted were con-
verted into years of life lost and years
of life lived with disability and then
were aggregated into DALYs, a stan-
dard measure of disease burden used
by WHO and the World Bank (36). We
used standard methods and assump-
tions—including age-weighting, dis-
counting, and disability weights—in
estimating DALYs (36, 37). The DALY
parameters used were a discount rate
(r) of 0.03, an age-weighting factor (K)
of 1, and an age-weighting parameter
(B) of 0.04. The disability weights (D)
for chronic disability were from a stan-
dard reference (36) and were for deaf-
ness (0.175), seizure (0.041), and motor
deficit (0.334). Disability weights for
acute illness were also taken from this
standard reference and were for otitis
media (0.023), bacteremia (0.152),
pneumonia (0.280), and meningitis
(0.616) (36). DALYs averted were
based on a regional average life ex-
pectancy (L) at age 1 year from stan-
dard life tables (22).

Analyses

The base case analysis was per-
formed from a societal perspective, in-
cluding all direct medical and non-
medical costs borne by governments
and families. In a secondary analysis,
we considered the health care system
perspective, in which only the costs
borne by medical facilities, providers
of health care, and other facilities and
providers of vaccine-related services
are considered. We estimated incre-
mental cost-effectiveness ratios (CERs)
for each country based on the follow-
ing formula:

Sinha et al. ® Cost-effectiveness of pneumococcal conjugate vaccination in Latin America and the Caribbean

CER = (vaccine-related costs — costs of
disease averted)/(DALYs
averted)

The CER numerator and denomina-
tor were calculated by multiplying
probabilities in the decision tree by
values for costs and DALYs, using
standard decision analytic methods
(16, 17). All future costs and health
benefits were discounted at an annual
rate of 3%, as recommended by the
U.S. Panel of Cost-Effectiveness in
Health and Medicine (16).

As standards of comparison, we
used WHO thresholds of cost-effective
interventions defined as CERs less
than three times per capita gross do-
mestic product (GDP) and highly cost-
effective interventions defined as
CERs below one time per capita GDP
(38). To test the robustness of model
results, we varied each assumption
over a plausible range in one-way and
selected two-way sensitivity analyses.

Because decision makers will be
interested in the proportion and ab-
solute number of cases due to pneumo-
coccus, we used the model’s estimated
numbers of averted cases of all-cause
acute otitis media, clinical pneumonia,
and chest x-ray-confirmed pneumonia
and performed the following calcula-
tion to estimate numbers of pneumo-
coccus-specific cases for each disease:

Number of pneumococcal cases of
syndrome = (number of averted
cases of all-cause syndrome)/
((% serotypes covered by vaccine)
X (% vaccine coverage) X (vac-
cine efficacy against vaccine-type
invasive pneumococcal disease))

Analyses were done with Microsoft
Excel (Microsoft Corp., Redmond,
Washington, USA).

RESULTS
Health outcomes
In the Latin American and Ca-

ribbean region, we projected that,
without pneumococcal vaccination,

Rev Panam Salud Publica/Pan Am | Public Health 24(5), 2008
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10 530 000 cases of otitis media due to
any cause, 1 065 000 cases of clinical
pneumonia due to any cause, 669 000
cases of chest x-ray-confirmed pneu-
monia due to any cause, 3 900 cases of
pneumococcal meningitis, and 1200
cases of pneumococcal sepsis would
occur annually in children aged 0 to
5 years (Table 3). Of the otitis media
and pneumonia cases, 1261 000 cases
of otitis media and 327 000 cases of
clinical and chest x-ray-confirmed
pneumonia were estimated to be due
to pneumococcus. Pneumococcal cases
were associated with 182 000 hospital-
izations (16 per 1000 children) and
1412 000 outpatient visits (121 per
1 000 children) annually.

PCV was projected to prevent
857 000 cases of pneumococcal disease
annually, including 9 500 deaths, and
averted 321 000 DALYs annually if de-
livered at coverage rates similar to
those for DTP3. Overall, PCV saved
0.9 life per 1 000 children vaccinated
(1 per 1100) and averted 60 cases of
disease per 1 000 children vaccinated.

In absolute numbers, the largest
numbers of cases prevented would re-
sult from the vaccine’s effects on acute
otitis media. Although generally a
nonfatal disease of limited duration,
acute otitis media was associated with
a large number of health care visits
(1261000) and direct medical costs
($103 793 000). Pneumonia was associ-
ated with a large number of hospital-
izations (177 000) as well as direct
medical costs ($166 206 000).

Costs

If current DTP3 coverage rates were
achieved for PCV across the region,
33.4 million doses of vaccine would be
needed annually. Total vaccine pro-
gram costs would be approximately
$1 802 million per year, including
$1 769 million for vaccine purchase at
$53 dollars per dose. In our base case
analysis, vaccination would avert
$152 million in disease costs in direct
medical and nonmedical costs annu-
ally. The undiscounted net costs (vac-
cine program costs minus averted
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TABLE 3. Projected health outcomes of pneumococcal conjugate vaccination in Latin

America and the Caribbean

No With Events
vaccine vaccination averted % averted
Acute otitis media? 10 530 000 9 852 000 678 000 6
Clinical pneumonia® 1 065 000 1 034 000 32000 3
Chest x-ray-confirmed pneumonia? 669 000 525 000 144 000 22
Pneumococcal sepsis 1200 570 660 54
Pneumococcal meningitis 3900 1800 2100 54
Deaths? 70 000 60 000 9 500 14
DALYs 2 354 000 2032 000 322 000 14

2@ Due to any cause.

b Due to clinical pneumonia, chest x-ray-confirmed pneumonia, pneumococcal sepsis, or pneumococcal meningitis.

TABLE 4. Projected cost-effectiveness of pneumococcal conjugate vaccination in Latin

America and the Caribbean

$ per DALY averted

Total Net costs,
vaccine-related societal $ per life saved,
costs perspective Healthcare Societal societal
Dose cost (million)2 (million)a® perspective® perspective® perspective®

$53 1802 1650 5735 5252 178 364
$40 1368 1216 4 354 3871 131 470
$30 1034 882 3292 2809 95 398
$20 701 549 2230 1747 59 325
$10 367 215 1168 685 23 253
$5 200 48 637 154 5216

@ Undiscounted costs.

b Net costs = Total vaccine-related costs minus averted disease costs.

¢ Using discounted costs and health benefits.

disease costs) were $1 650 million an-
nually. These net costs decreased as
vaccine dose cost decreased; at $5 per
dose, the net costs from the societal
perspective were $48 million (Table 4).

Cost-effectiveness

From a societal perspective, pneu-
mococcal vaccination will cost be-
tween $154 and $5252 per DALY
averted across the Latin American
and Caribbean region, as the cost per
dose of vaccine ranges from $5 to $53
(Table 4). Across all dose costs less
than or equal to $40, pneumococcal
vaccination was projected to be cost-
effective, using WHO benchmarks and
a weighted average per capita GDP in
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the region of $4 404 (39). The break-
even cost per dose—the cost per dose
below which the vaccine became cost
saving—was $3.50 in the societal per-
spective analysis and less than $1 per
dose in an analysis that considered
health care system costs alone.

Sensitivity analyses

Sensitivity analysis evaluated the in-
fluence of specific inputs on the cost-
effectiveness of vaccination by varying
these inputs across plausible ranges.
Holding vaccine cost per dose constant
at the PAHO Revolving Fund price of
$53, the model was most sensitive to
estimates of vaccine dose cost, disease
costs, and pneumonia-related vaccine

309



Original research

FIGURE 2. Tornado diagram summarizing sensitivity analyses
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aTermini of bars represent incremental cost-effectiveness ratios at the low and high assumption values given in Table 2. Longer
bars represent assumptions to which the model is relatively more sensitive. VE = vaccine efficacy, IPD = invasive pneumo-

coccal disease, CXR = chest x-ray.

efficacy (Figure 2). As the estimates of
vaccine efficacy against clinical pneu-
monia and chest x-ray-confirmed
pneumonia were varied simultane-
ously, the cost per DALY saved ranged
between $3 269 and $34 588 per DALY
averted.

In sensitivity analysis using the high
and low estimates for disease-related
direct medical and nonmedical costs,
cost per DALY averted ranged from
$2988 to $8234 when vaccine dose
cost was held constant at the base case
value of $53. If serotype coverage were
equal to the estimated coverage of a
13-valent conjugated vaccine currently
in development, the cost per DALY
and per life saved would decrease
from $5 252 and $178 000 to $3 571 and
$121 000, respectively. In an analysis
in which we considered a four-dose
schedule as opposed to a three-dose
schedule, the cost-effectiveness ratio
was $7 100 per DALY averted. The
model was relatively insensitive to es-
timates of disease incidence across the
plausible ranges considered.
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DISCUSSION

At current vaccination rates, PCV in
Latin America and the Caribbean could
prevent more than 856 000 cases of dis-
ease and save approximately 9 500 lives
annually in children 0 to 5 years old.
Furthermore, across a wide range of
vaccine costs per dose, pneumococcal
vaccine would be a cost-effective pur-
chase in the region, based on WHO
standards for evaluating the economic
value of health interventions. At dose
costs below $3.50, the vaccine would be
cost saving to the region.

Our analysis incorporated data from
a recently completed systematic review
of the pneumococcal epidemiologic
literature in Latin America and the
Caribbean. It integrated empirically
collected cost-of-illness data with these
epidemiologic estimates to develop the
first regional economic model of PCV
introduction in Latin America and the
Caribbean. It complements other na-
tional, regional, and international ef-
forts to develop further understanding

Sinha et al. ® Cost-effectiveness of pneumococcal conjugate vaccination in Latin America and the Caribbean

of PCV’s value. These efforts include
PAHO’s Pro Vac Initiative, which aims
to put streamlined, user-friendly cost-
effectiveness models in the hands of
technical users in national ministries of
health. These efforts also include
WHO's project to estimate the global
burden of pneumococcal disease, with
results expected in 2008.

Decisions about the introduction of
PCV in some of these countries are
likely be made in the near future.
Traditionally, newer, more expensive
vaccines such as Haemophilus influenzae
type B and hepatitis B have been slow
to reach national immunization pro-
grams in the region, partly because of
their cost (14). However, innovative fi-
nancing mechanisms, such as advance
purchase commitments (40, 41) and
international financing facilities, are
being considered for the purchase and
provision of PCV to accelerate its adop-
tion by low-income Global Alliance for
Vaccines and Immunizations—eligible
countries, six of which are in the Latin
American and Caribbean region. How-
ever, challenges remain in developing
financing mechanisms for vaccine pur-
chase in middle-income Latin Ameri-
can and Caribbean countries, where
> 90% of children in the region are
born. This analysis lends weight to the
assertion that such investments would
prove lifesaving and very cost-effective
in most countries in the region.

Our results are in accord with earlier
analyses of vaccines for three Latin
American countries (Brazil, Chile, and
Uruguay) that suggested that pneumo-
coccal vaccination would have cost-
effectiveness ratios of $664, $2 019, and
$1 546 per DALY averted, respectively,
and the potential to be cost-effective in
this region (26).

This study’s primary result—that
PCV will prevent cases of disease and
deaths and will be cost-effective across
a range of dose costs—was robust
when assumptions were varied in
sensitivity analyses. Cost-effectiveness
was driven largely by vaccine cost, dis-
ease cost, and vaccine efficacy and was
less sensitive to other assumptions.

Our analysis was conservative in that
it did not account for herd protection,
because of the relative paucity of bur-
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den-of-disease estimates for older chil-
dren and adults. Herd protection is the
indirect protection conferred by vaccine
on nonvaccinated members of the pop-
ulation through decreased transmission
of the organism (42). In the United
States, large herd protection effects
have been observed in older children,
adolescents, and adults, with approxi-
mately two cases prevented by herd
protection for every case prevented by a
vaccine’s direct effects (29). In four cost-
effectiveness analyses of PCV from
North America and Europe that have
incorporated these U.S. herd protection
estimates (43—46), cost-effectiveness ra-
tios have decreased by 31% to 92%. For
example, in a recent U.S. analysis, the
estimated cost-effectiveness ratio was
$80 000 per life-year saved before incor-
poration of herd effects and $7 500 per
life-year saved after taking these effects
into account (45). Estimates of herd pro-
tection effects from countries other than
the United States are sparse, but early
data suggest that there may be regional
differences (47).

Conversely, the analysis did not ac-
count for serotype replacement effects.
A recent analysis has suggested that
serotype replacement may blunt the
health benefits conferred by immu-
nization in Alaskan natives (48), but
serotype replacement has had a mini-
mal effect in other vaccinated popula-
tions (2, 49). Only one pharmacoeco-

1. World Health Organization. 2004 global
immunization data. Geneva: WHO; 2004.
Available from: http://www.who.int/
immunization_monitoring/data/Global
ImmunizationData.pdf. Accessed 21 De-
cember 2006.

2. Centers for Disease Control and Preven-
tion. Direct and indirect effects of routine
vaccination of children with 7-valent
pneumococcal conjugate vaccine on in-
cidence of invasive pneumococcal dis-
ease—United States, 1998-2003. MMWR
Morb Mortal Wkly Rep. 2005;54:893-7.

3. Lockhart SP, Hackell ]G, Fritzell B. Pneu-
mococcal conjugate vaccines: emerging
clinical information and its implications.
Expert Rev Vaccines. 2006;5:553-64.

4. Lopez H, Vidal G, Salomon ], Scaglione
M, Zitto T. The economic impact of epi-
demic influenza in Argentina: priorities

nomic study has explicitly modeled
serotype replacement in a sensitivity
analysis (44). In that analysis, because
nonvaccine serotypes were assumed to
cause less severe disease than vaccine
serotypes, even 100% replacement did
not eliminate the vaccine’s benefits.

The analysis we undertook was re-
gional and did not consider differ-
ences among individual Latin Ameri-
can and Caribbean countries. The
burden of pneumococcal disease and
pneumococcal serotype distribution
may vary subregionally and by coun-
try. In addition, vaccine administra-
tion costs and costs of illness will vary
at the country level and by income
level. The inputs to our model repre-
sented weighted averages of empiric
data from countries, extrapolated to
represent the region as whole, and
hence could not capture these impor-
tant country-level differences.

The price at which PCV will be of-
fered to Latin American and Carib-
bean countries in the future is un-
known. However, a two-tiered pricing
system has long been applied to vac-
cine prices in international public mar-
kets (14). In Latin America and the
Caribbean, the PAHO Revolving Fund
for Vaccine Procurement purchases
vaccines, syringes and needles, and
cold chain equipment in bulk for pub-
lic markets. We ranged the PCV dose
cost from $5 to $53, the current PAHO
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Revolving Fund price, and found the
vaccine to be cost-effective across most
of this range and cost-saving at dose
costs below $3.50.

Decisions about purchase and pro-
vision of pneumococcal vaccine will
depend on multiple factors in addition
to cost-effectiveness. These factors in-
clude affordability, sustainability, pro-
grammatic capacity, and competing
priorities. However, the public health
rationale for introducing pneumococ-
cal vaccination in Latin America and
the Caribbean is clear, based on the
benefits observed in recent trials, the
regional burden of pneumococcal dis-
ease, and the economic consequences
of vaccine introduction.
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RESUMEN

Rentabilidad médica de la
vacunacion antineumococica
en América Latina y el Caribe:
un analisis regional

Palabras clave

Objetivo. En América Latina y el Caribe, la vacunacién sistematica de nifios contra
Streptococcus pneumoniae podria requerir inversiones considerables de los gobiernos y
organizaciones donantes. Al evaluar estas inversiones se requiere informacién sobre
los posibles beneficios sanitarios, costos y rentabilidad (relacién costo-efectividad) de
la vacunacién. Se presenta un andlisis econémico de la vacunacién infantil antineu-
mocdcica en América Latina y el Caribe a partir de la informacién de la vacuna y de
datos demograficos, epidemiolégicos y de costos.

Meétodos. Se realizé una revision bibliografica estructurada previa para llegar a es-
timados regionales de la incidencia de la enfermedad. Los costos se tomaron de en-
trevistas a médicos y tarifas publicas. Se construyé un modelo analitico de decisién
para comparar la vacunacion de los nifios de esta regién con la vacuna antineumocé-
cica conjugada y la no vacunacién, tomando en cuenta solamente el efecto directo de
la vacuna en los nifios.

Resultados. Se proyect6 la vacunacién antineumocdcica con las tasas de cobertura
de la vacuna contra la difteria, el tétanos y la tosferina para prevenir 9 500 muertes
anuales en menores de 5 afios en esta regién, o aproximadamente 1 vida salvada por
cada 1100 nifios vacunados. Las vidas salvadas y los casos prevenidos de sordera,
trastornos psicomotores y convulsiones equivalen a evitar anualmente 321 000 afios
de vida ajustados por incapacidad (AVAD). A un precio de la vacuna de US$ 5,00 a
US$ 53,00 por dosis, el costo por AVAD evitado desde el punto de vista de la socie-
dad seria de US$ 154,00 a US$ 5 252,00.

Conclusiones. La vacuna antineumocdécica conjugada fue altamente rentable hasta un
precio de US$ 40,00 por dosis. La introduccién de esta vacuna en América Latina y el
Caribe puede reducir la mortalidad infantil con una alta rentabilidad en un amplio es-
pectro de posibles costos.

Streptococcus pneumoniae, vacunas neumocdcicas, costos y andlisis de costo, arboles
de decision, otitis media, neumonia, sepsis, meningitis, América Latina, regiéon del
Caribe.

Avances recientes en inmunizacion, 22. Edicion L

Avances recientes en

Gracias a los esfuerzos de los programas de inmunizacién en los paises de la Regién se ha
logrado erradicar la poliomielitis y el sarampion; controlar el tétanos neonatal, la difteria y las tos
ferina; introducir y aplicar de forma sostenible nuevas vacunas en programas nacionales de
vacunacion y conseguir niveles altos de cobertura para enfermedades como hepatitis B, rubéo-

la, paperas e infecciones por Haemophilus influenzae tipo B.

Este progreso ha sido extraordinario, pero no ha tenido una distribucion uniforme. Algunos paises
aun cuentan con segmentos importantes de poblacidon que viven en zonas cuya cobertura de
vacunacion es inferior a 95%, poniéndolos en riesgo de brotes de sarampién extensos en caso
de importaciones del virus del sarampién. Claramente, se debe abordar esta agenda inconclusa.

Los capitulos del libro intentan abordar algunos de los enormes desafios técnicos y programati-
cos que ciertos paises deben superar para poder completar la agenda inconclusa. El libro esta
fundamentalmente dirigido a ayudar a los gerentes de inmunizacién nacionales y a su personal,
pero muchos otros profesionales de la salud y otros grupos lo encontraran util. Estudiantes de
escuelas de salud publica, medicina y enfermeria; epidemidlogos y especialistas en control de
enfermedades; expertos en vigilancia epidemioldgica de las enfermedades prevenibles mediante
vacunacion; expertos en vacunas; e infectélogos probablemente también se beneficiaran de este libro.
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