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ABSTRACT
Brazil currently has a 10-valent pneumococcal conjugate vaccine (PCV10) pediatric national immunization 
program (NIP). However, in recent years, there has been significant progressive increases in pneumococcal 
disease attributed to serotypes 3, 6A, and 19A, which are covered by the 13-valent PCV (PCV13). We sought to 
evaluate the cost-effectiveness and budget impact of switching from PCV10 to PCV13 for Brazilian infants 
from a payer perspective. A decision-analytic model was adapted to evaluate the clinical and economic 
outcomes of continuing PCV10 or switching to PCV13. The analysis estimated future costs ($BRL), quality- 
adjusted life-years (QALYs), and health outcomes for PCV10 and PCV13 over 5 y. Input parameters were from 
published sources. Future serotype dynamics were predicted using Brazilian and global historical trends. Over 
5 y, PCV13 could prevent 12,342 bacteremia, 15,330 meningitis, 170,191 hospitalized pneumonia, and 25,872 
otitis media cases, avert 13,709 pneumococcal disease deaths, gain 20,317 QALYs, and save 172 million direct 
costs compared with PCV10. The use of PCV13 in the Brazilian NIP could reduce pneumococcal disease, 
improve population health, and save substantial health-care costs. Results are reliable even when considering 
uncertainty for possible serotype dynamics with different underlying assumptions.
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Introduction

Pneumococcal diseases are caused by the bacterium 
Streptococcus pneumoniae, which has more than 90 immuno-
logically distinct serotypes and is one of the most significant 
causes of morbidity and mortality worldwide.1 Noninvasive 
pneumococcal diseases include otitis media (OM), sinusitis, 
and community-acquired pneumonia (CAP) and are highly 
prevalent illnesses in children under 5, adults over 65, as well 
as immunocompromised individuals. Invasive pneumococcal 
disease (IPD), such as meningitis, bacteremia, and sepsis, is the 
most severe presentations and can lead to death.2

Vaccination is the most effective strategy for the prevention of 
pneumococcal diseases. Pneumococcal conjugate vaccines 
(PCVs) are consistently managed by pediatric National 
Immunization Programs (NIPs) and have reduced the pneumo-
coccal disease burden significantly since their introduction.2-4 In 
Brazil’s private sector, the 7-valent (PCV7) became available to 
children under 5 y of age at high-risk of pneumococcal diseases 
during 2002–2010. The 10-valent (PCV10) was introduced uni-
versally for all children 0–2 y of age as a 3 + 1 schedule in 2010 and 
later changed to 2 + 1 schedule in 2016.5 In 2019, PCV13 was 
approved in Brazil’s NIP exclusively for patients over 5 y of age 
with high-risk conditions.

Recently in Brazil, there have been significant progressive 
increases in 3 and 19A serotype IPD.2,6 In 2018, approximately 
40% of all registered IPD cases in children under 5 y were 
caused by serotype 19A and 52.3% were attributed to serotype 

3, 6A, and 19A combined.5 The editorial report from the Board 
of Directors of the Latin American Pediatric Association 
(ALAPE) revealed Latin American countries incorporating 
PCV10 in pediatric NIPs (Brazil, Chile, Paraguay, Peru, and 
Colombia) have subsequently experienced increases in sero-
type 19A.7 Moreover, a recent World Health Organization 
(WHO) position regarding PCVs in 2019 advises that the 
choice of the appropriate vaccine in a country should be 
based on, among other factors, local and regional prevalence 
of serotypes and antimicrobial resistance patterns.8

Although several studies have reported efficacy and immu-
nogenicity of PCV10 to serotype 19A,1,9,10 epidemiologic sur-
veillance from countries that use PCV10 universally shows 
increases of 3 and 19A serotype IPD, including cases in the 
vaccinated population.11-15 In contrast, real-world effectiveness 
data have shown that PCV13 NIPs have reduced and stabilized 
the incidence of serotype 3, 6A, and 19A serotype disease 
cases.16-21

PCV NIPs require a significant amount of government 
resources to vaccinate large birth cohorts. Nevertheless, popu-
lation disease trends, serotype replacement, herd effects, anti-
microbial resistance, health-care system budget impact, and 
cost-effectiveness are all important factors that decision- 
makers need to factor in when choosing a PCV for pediatric 
NIPs. A cost-effectiveness analysis (CEA) quantifies the costs 
and health gains for a given population and compares alter-
natives. These analyses are often used as tools for prioritizing 
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the allocation of resources to interventions which have the 
greatest gain in health for the least amount of resources.

There are several published studies evaluating the CEA of 
universal pediatric PCV NIPs in Brazil. One CEA study from 
2006 found that a hypothetical universal PCV7 NIP for chil-
dren aged <1 y compared with no vaccination program was 
cost-effective.22 Another study assessed the historical cost- 
effectiveness of pre-vaccine (2006–2009) versus post-vaccine 
(2001–2014) era in one Brazilian state, Santa Catarina, and 
concluded that inclusion of PCV10 in the NIP had been cost- 
effective from the Brazilian federal government perspective.23 

Santori et al.24 also concluded that PCV10 was cost-effective 
compared with no program; however, there was uncertainty in 
the estimated result due to quality and availability of data and 
long-term vaccine effects at the time of analysis.

Few studies report on the cost-effectiveness directly compar-
ing PCV10 versus PCV13. One study assessed PCV10 compared 
with PCV13 over a 1-y time horizon and concluded that switch-
ing PCVs in the Brazilian infant NIP would not be cost saving.25 

However, the analysis did not consider life-years or quality- 
adjusted life-years (QALYs); assumed cross-protection against 
19A for PCV10, although in recent years this has not been 
observed in Brazil; excluded serotype replacement in the analy-
sis, which is regularly observed with PCV use; and did not 
include indirect effects in non-vaccinated individuals and the 
adult population. Outside the context of the Brazilian health- 
care system, there are several analyses from other countries that 
consider these factors when assessing the cost-effectiveness of 
PCV10 versus PCV13. Pugh et al. (2020) evaluated the clinical 
and economic benefit of replacing PCV10 with PCV13 in 
Colombia, Finland, and the Netherlands and determined that 
a PCV13 program would save costs and prevent more disease in 
Colombia and Finland, as well as be cost-effective in the 
Netherlands at 1 x GDP per capita (€34,054/QALY), compared 
with PCV10.26 Another publication using a similar modeling 
technique estimated that PCV7 and PCV13 are estimated to 
have saved 1,840 lives due to pneumococcal disease in Mexico 
over an 8-y period.27 Switching to PCV10 was estimated to result 
in 311,259 more cases of pneumococcal disease, 410 associated 
deaths, and cost over 6.7 USD billion MXN over a 10-y period 
compared to maintaining PCV13. In Malaysia, a country that 
has yet to adopt a PCV into its NIP, PCV13 compared with 
PCV10 was projected to avert an additional 190,628 cases of 
pneumococcal disease and 1126 deaths, gain 2,280 QALYs, with 
higher cost-saving potential.28 Other examples are reported for 
Canada, demonstrating that switching to PCV10 from PCV13 
was estimated to result in higher net costs due to increases in 
disease caused by uncovered serotypes;29 as well as Italy, which 
concluded that Switching from PCV13 to PCV10 would increase 
the incidence of pneumococcal disease primarily linked to ree-
mergence of serotypes 3 and 19A.30 Therefore, the aim of this 
study was to build upon previous cost-effectiveness analyses 
conducted in Brazil and to incorporate other critical evaluation 
factors, such as life-year and QALY outcomes, historical local 
serotype behavior, current epidemiology, serotype replacement, 
and herd effects. We evaluated the cost-effectiveness and budget 
impact of replacing PCV10 with PCV13 over a 5-y period in 
Brazil for vaccination of children up to 2 y of age after the 
implementation of a universal PCV10 program.

Methods

Model structure and assumptions

The incremental cost per QALY gained was calculated using 
a decision-analytic model to compare the cost-effectiveness of 
switching from a PCV10 NIP to a PCV13 NIP from a federal 
government perspective. The model structure has been 
described in detail elsewhere.26,27,30 Briefly, the model uses 
retrospective country-level observed surveillance data on ser-
otype-specific pneumococcal disease to estimate prospective 
serotype disease behavior. Therefore, for vaccine serotypes 
contained in both PCV10 and PCV13, as well as non-vaccine 
serotypes, the model predicts future disease behavior from 
retrospective real-world data in the population dependent on 
which vaccine is being evaluated. Given the observed historical 
serotype dynamics, the model calculates future IPD, pneumo-
coccal pneumonia, and pneumococcal OM cases over 
a 5-y time horizon for the following scenarios: (1) maintaining 
PCV10 in the Brazilian NIP and (2) switching to PCV13 in the 
Brazilian NIP. We estimated the number of cases of IPD 
(meningitis and bacteremia), pneumococcal hospitalized pneu-
monia, pneumococcal OM, meningitis disease sequelae, 
deaths, direct health-care costs related to vaccine acquisition 
and disease burden, life-years gained, and QALYs gained, for 
both PCV13 and PCV10 over 5 y.

Epidemiology data

Population statistics were taken from the Instituto Brasileiro de 
Geografia e Estatística (IBGE) for years 2009 to 2018 and were 
stratified into 7 age groups, 0–<2 y, 2–4 y, 5–17 y, 18–34 y, 
35–49 y, 50–64 y, and 65+ y (Table 1). Vaccine coverage was 
assumed to be 95% of infants using a 3-dose (2 + 1) vaccination 
schedule. The percent of infants vaccinated was tested in sen-
sitivity analyses.

Invasive pneumococcal disease
To estimate historical trends, serotype-specific IPD distribution 
data and the proportion of IPD causing meningitis for all age 
groups were based on Sistema Regional de Vacunas (SIREVA) II, 
which is an international prospective surveillance program orga-
nized by the WHO, with the purpose of monitoring the epide-
miology of bacterial pneumonia and meningitis.31 The reference 
center in Brazil is the Núcleo de Meningites, Pneumonias 
e Infecções (NMPI) of the Bacteriology Center of Instituto 
Adolfo Lutz (IAL). It is worth noting that this is a passive, 
laboratory-based surveillance system, which captures the IPD 
serotype distribution in Brazil but contributes to a limited esti-
mation of IPD incidence rates. Therefore, incidence data were 
obtained from the Colombian Individual Registration of Health 
Services (RIPS) database, a health benefit information system 
from all health maintenance organizations, which provides 
a good estimation of overall IPD rates,26 and the data have 
been published elsewhere.26 Colombia data were chosen since 
the countries share population and health-care assistance simi-
larities and had first introduced a PCV10 program in 2010. 
Moreover, the Colombia surveillance system also showed an 
increase in non-PCV10 serotypes in recent years, mainly due 
to serotype 19A, which is mirrored in Brazil; therefore, we 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1163



assume the incidence trends should be somewhat comparable 
between the two settings.15 For the base case, the age group- 
specific serotype distributions in Brazil were applied to the over-
all incidence rates in Colombia by age-group.

The modeled historical estimates for incidence of IPD 
among children 0–2 y, 65 y and older, and for all ages com-
bined are shown in Figure 1. Epidemiologic data are presented 
specifically for children 0–2 y and those 65 or older, since these 

Table 1. Population, clinical, and economic parameters

Age Range (Years)

Input Parameters at Start of Analysis (Year 2018) 0–2 2–4 5–17 18–34 35–49 50–64 ≥65

Population 5,576,454 8,606,512 41,579,214 58,230,803 45,202,237 31,655,100 18,336,482
Incidence per 100,000
IPD 21.0 9.9 5.6 6.2 7.6 13.0 41.8
Hospitalized Pneumonia 2,801 825 131 69 115 256 1,324
IPD Meningitis (%) 55% 55% 61% 61% 61% 35% 35%
Case Fatality Rate
IPD 0.13 0.18 0.09 0.15 0.08 0.27 0.21
Hospitalized Pneumonia 0.01 0.01 0.00 0.02 0.04 0.06 0.11
Direct Costs ($BRL)
Bacteremia $2,314 $2,314 $1,138 $1,296 $1,387 $1,725 $1,893
Meningitis $2,051 $2,051 $1,511 $1,758 $2,097 $2,742 $3,592
Hospitalized Pneumonia $965 $965 $984 $1,109 $1,150 $1,256 $1,212
Baseline Utility 0.94 0.94 0.94 0.93 0.93 0.92 0.91

Abbreviations: BRL = Brazilian Real; IPD = invasive pneumococcal disease.

(a)  0-2 years of age

 
(b)  65 years or older

 
(c)  All ages
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Figure 1. Base case historical invasive pneumococcal disease incidence (IPD) per 100,000 in infants 0–2 y of age in (a) 0–2 y of age, (b) 65 y or older, and (c) all ages. Data 
presented represent the launch of 10-valent pneumococcal conjugate vaccine (PCV10) and the historical serotype trends contained in 7-valent pneumococcal conjugate 
vaccine (PCV7); 1,5, and 7 F serotypes; 3, 6A, and 19A serotypes; and non-covered vaccine serotypes. Real-world data are based on the serotypes causing IPD reported 
annually in Brazil and incidence reported in Colombia.
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populations are the most susceptible to pneumococcal disease 
and form a large proportion of the total disease burden. In the 
base case and start of the model (2018), 42% of disease in 
children 0–2 y of age and 26% for 65 y or older was caused 
by serotypes 3, 6A, and 19A, respectively. Given the uncer-
tainty in the true incidence of IPD in Brazil, these data were 
tested in scenario analyses.

Noninvasive pneumococcal disease
The historical retrospective incidence of general OM from 2009 
to 2014 was obtained from Santori et al.24 for children 0–2 y of 
age. Santori et al.24 included medical outpatient visits in children 
aged 2 to 23 months, from August 2008 through July 2015 in 
Goiania municipality, Brazil. The model and analysis used 
a conservative approach, and only included children in this age 
group for OM incidence rates. The incidence from 2014 to 2018 
was assumed to be stable in Brazil in OM disease using data from 
2014, with an annual incidence of 1,573 per 100,000 for all-cause 
OM. It was assumed that 20% of all-cause outpatient OM was 
caused by Streptococcus pneumoniae and was assumed to change 
proportionally to the changes in serotypes causing IPD. 
The percent of all-cause outpatient OM due to Streptococcus 
pneumoniae was tested in sensitivity analyses.

For all-cause hospitalized pneumonia incidence, data were 
obtained from Andrade et al.32 from the years 2005 to 2015. 
Data reported by Andrade et al.32 were representative of the full 
Brazilian population taken from the Unified Health System (SUS) 
in the National Hospitalization Information Database (SIH) stra-
tified by age groups. This cost-effective analysis only included 
inpatient pneumonia cases in the calculations. Hospitalized inci-
dence data were assumed constant from 2016 to 2018, using 2015 
annual all-cause hospitalized pneumonia incidence. The same 
assumption was taken for inpatient pneumonia comparable to 
OM, that approximately 20% of all-cause inpatient pneumonia 
cases were caused by Streptococcus pneumoniae and assumed to 
change proportionally to IPD. Given the uncertainty in this per-
centage, it was varied in the sensitivity analyses.

Mortality and sequelae
Age-specific all-cause mortality rates per 100,000 for each age 
group were taken from IBGE 2018 data.30 Age-specific case- 
fatality rates (CFR) for bacteremia, meningitis, and hospitalized 
pneumonia were taken from the most recent year of Novaes 
et al.33 which calculated CFR from the number of deaths/con-
firmed cases for each clinical syndrome registered in the SIH- 
SUS. The analysis used CFR from SIH-SUS for hospitalized 
pneumonia and meningitis (Table 1). It was assumed that bac-
teremia had the same CFR as meningitis. Two long-term seque-
lae associated with meningitis were included in the model, which 
were neuromotor disorders and hearing loss, and probabilities 
for both were taken from a cost-effectiveness analysis of PCVs in 
Brazil, 0.17 and 0.13, respectively.22 Base case CFRs and long- 
term sequelae assumptions were tested in scenario analyses.

Costs data

Direct costs were taken from publicly available sources and were 
inflated to 2019 Brazilian Reals (BRL). The direct costs for 
bacteremia, meningitis, OM, and hospitalized pneumonia were 

taken from SIH/SUS, calculated by taken the total cost value to 
the health-care system and dividing it by the number of hospi-
talizations recorded in 2017.34 The calculation was performed for 
each disease state and age group (Table 1). The cost of OM was 
calculated using the same method as IPD and pneumonia and 
taken from SIH/SUH, but only for the 0–2 y age group, which 
was estimated to be 312 USD BRL per episode.34 Cost for the 
two-long term sequelae due to meningitis was taken from a cost- 
effectiveness analysis of PCVs in Brazil, 16,200 USD for a lifetime 
neurologic disorder and 14,464 USD for lifetime hearing loss.22

The last vaccine prices practiced by the Ministry of Health 
and published on the Federal Official Gazette were considered, 
57.22 USD and 58.94 USD per dose for PCV10 and PCV13, 
respectively.35,36 The cost of immunization per child was based 
on the price per dose in a 2 + 1 schedule, as per guidance on the 
respective vaccine labels. All administration costs were 
assumed equal across vaccines.

Utility and decrements data

To calculate QALYs, individuals who did not experience a disease 
event had a baseline utility that was age-specific taken from 
a healthy population, shown in Table 1.37 A utility decrement 
was applied for each case of disease experienced annually. 
Decrements of 0.0070 and 0.0232 were assumed for bacteremia 
and meningitis, respectively.38 Decrements of 0.0050 and 0.0060 
were assumed for OM and hospitalized pneumonia, respectively.39 

Long-term sequelae involving neurologic impairment and hearing 
loss following a case meningitis carried a lifetime utility decrement 
of 0.40 and 0.20.40,41 Long-term sequelae input parameters were 
tested by excluding them in a scenario analysis, thereby omitting 
their associated negative utility decrements.

Analysis

Base case analysis
Clinical outcomes, direct costs, and QALYs were estimated 
assuming PCV10 was maintained in the NIP or where 
PCV10 was replaced with PCV13. In a switch from PCV10 to 
PCV13, disease trends began to change upon introduction of 
the PCV13 program. Vaccine and non-vaccine serotypes were 
separately modeled by age group and based on historical sur-
veillance data. The PCV13 switch scenario was predicted using 
the United States (US) historical data in the base case, and 
additional scenarios were tested using surveillance from other 
countries. For PCV10, the base case analysis used the serotype 
distribution from Brazil and applied this to the incidence of 
IPD in Colombia. Sensitivity analyses were run using PCV10 
NIP country case counts of IPD from Brazil and Chile.

An annual 5% discount rate was chosen based on Brazil’s 
National Committee for Health Technology Incorporation 
(CONITEC) guidelines for economic evaluation42 and was 
applied to costs and effectiveness outcomes beyond the 
first year. The analysis was from the Brazilian federal govern-
ment perspective over a 5-y time horizon.

Scenario analyses
Scenario analyses were performed to assess uncertainty in 
Brazil IPD incidence. For historical data and subsequent 
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projections, the Colombia IPD data were tested in sensitivity 
analysis using Chilean IPD case data given that PCV10 was 
implemented in the NIP over multiple years. The incidence 
data for Chile were taken from Chilean laboratory surveillance 
system for IPD from 2011 to 2016.14 This scenario analysis 
assumed a stable incidence rate from 2016 to 2018, using the 
2016 IPD incidence rate. Moreover, a scenario analysis was run 
using Brazilian IPD case data reported by SIREVA II from 2009 
to 2018.2

Separate scenario analyses were run for PCV13 future ser-
otype dynamic projections. We conducted scenario analyses 
where serotype behavior was predicted using the United 
Kingdom (UK), Canada, and Quebec historical trends, rather 
than US trend data. In order to test the influence of including 
sequelae due to meningitis in the model, we conducted 
a scenario omitting the probability of incurring lifetime hear-
ing loss and neurologic disorders, and thus omitting their 
associated incurred costs and negative utility weights. 
Vaccination coverage was tested by assuming only 89% of 
infants in Brazil were vaccinated starting in 2019 and project-
ing forward. The percentage of all-cause pneumonia and all- 
cause OM due to Streptococcus pneumoniae was conservatively 
assumed to be 10% for both parameters in scenario analyses. 
Finally, case-fatality rates were changed to assess the impact on 
results using case-fatality rate data from a cost-effectiveness 
analysis of PCV10 compared with PCV13 in Mexico.27

To assess the cost-effectiveness over a different time hori-
zon, the model was run using a 10-y time horizon. Moreover, 
a scenario analysis was run to assess the cost-effectiveness 
using a 1% discount rate applied to future costs and outcomes.

Results

The public health and economic impact of PCV13 use in the 
Brazilian NIP for all children was predicted over 5 y from 
a direct health-care government perspective.

Base case results

Epidemiologic results
Base case results for IPD are presented in Figures 2 and 3. 
Considering that 43% of IPD was caused by 19A, 6A, and 3 
serotypes in children 0–2 y of age in 2018, we estimated that 
this absolute percentage could increase to 48% by 2023 if 
maintaining a PCV10 NIP, whereas by implementing PCV13 
this percentage could decrease the absolute percentage to 24% 
of IPD (Figures 2(a) and 3(a)). Based on epidemiologic 
assumptions, IPD incidence could decrease from 21 per 
100,000 to 15 per 100,000, a 26% relative decrease, if PCV13 
is implemented. However, if PCV10 is continued universally, 
IPD incidence could have a relative increase by 19% with an 
overall incidence of 25 per 100,000 in children 0–2 y of age.

For adults aged 65 or older, approximately 27% of all IPD 
was caused by the three additional serotypes in PCV13 in 2018 
at the start of the analysis. The use of PCV13 was estimated to 
decrease the contribution of these serotypes to 17% of all IPD 
after 5 y (Figures 2(b) and 3(b)). However, continuing PCV10 
use universally in infants for 5 y was predicted to increase 19A, 
6A, and 3 IPD in adults 65 or older, with these serotypes 

causing 31% of all IPD. Thus, adults over 65 could see 
a relative decrease in IPD by 15% with a corresponding inci-
dence of 36 per 100,000 if PCV13 replaced PCV10 in the 
pediatric NIP. However, this population could also see 
a relative increase in IPD by 10% after 5 y if PCV10 is 
maintained.

In general, serotypes not covered by PCV13 were predicted 
to cause substantial IPD burden for all age groups and this 
estimated burden was similar across vaccines. In the full popu-
lation comprising all ages, the burden of 19A was a key driver 
of IPD (Figures 2(c) and 3(c)). The use of PCV13 was estimated 
to reduce 19A disease to 3% of all IPD after 5 y, whereas 
maintaining PCV10, 19A disease could increase to 20% of all 
IPD in the full population.

Cost-effectiveness results
Results for the base case are shown in Table 2. Using PCV13, 
we estimated 24,934 life-years gained and 20,317 QALYs 
gained over 5 y compared with PCV10. PCV13 was estimated 
to prevent an additional 12,342 bacteremia cases, 15,330 
meningitis cases, 25,872 otitis media cases, and 170,191 hospi-
talized pneumonia cases over a 5-y period compared with 
PCV10. It was estimated that 6,979 IPD and 6,730 hospitalized 
pneumonia deaths could be avoided by a switch from PCV10 
to PCV13. Moreover, the use of PCV13 in Brazil was estimated 
to be a cost-saving strategy compared with maintaining 
PCV10. Despite higher vaccine-related costs associated with 
PCV13, switching to PCV13 was estimated to save the 
Brazilian government approximately 172 USD million BRL 
over 5 y due to direct costs avoided by prevention of substantial 
pneumococcal disease burden.

Scenario analyses results
Three alternative scenarios were used to predict PCV13 IPD 
serotype dynamics based on the UK, Canada, and Quebec 
historical trends (Figure 4). Each scenario’s trendline predic-
tions mirrored the US base case, showing a range of predic-
tions, all with decreasing IPD incidence, mainly due to 
decreases in 19A, 6A, and 3 serotype IPD.

Overall cost-effective results and cost savings for the use of 
PCV13 compared with PCV10 did not change when altering 
major assumptions in the base case. PCV13 remained cost saving 
compared with PCV10 across several scenario analyses (Table 3).

The scenarios included varying the trend line estimates used 
to forecast vaccine impact given experiences in different coun-
tries, changing the incidence of IPD using both Brazil and 
Chile case data from passive surveillance reports, altering the 
time horizon to 10 y, lowering the percentage of all-cause 
pneumonia and all-cause OM due to Streptococcus pneumoniae 
to 10%, omitting long-term sequelae from the analysis, chan-
ging the vaccination coverage to 85%, using Wasserman et al.27 

CFRs instead of Novaes et al.33 and changing the discount rate 
to 1% for all future costs and outcomes.

Discussion

The goal of this study was to conduct a cost-effectiveness 
analysis using a decision-analytic model and real-world data 
to predict the potential public health and economic impact of 
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switching from PCV10 to PCV13 in the Brazilian NIP. This 
study will help enrich the cost-effectiveness literature regarding 
PCVs in Brazil and is the first to estimate the cost-effectiveness 
of switching vaccination programs from PCV10 to PCV13 for 
the full population over 5 y. The analysis showed that even with 
its higher acquisition cost, PCV13 could ultimately have 
a greater public health impact by preventing more pneumo-
coccal disease.

We demonstrated that the use of PCV13 could decrease pneu-
mococcal disease primarily due to serotypes 3, 6A, and 19A in 
those aged 0–2 and those 65 y or older, given that a large burden 
of the remaining disease in Brazil are caused by these serotypes. 

Moreover, serotype 19A is associated with antimicrobial resis-
tance, the need for longer treatment, and thus the use of more 
health-care resources.43 This expansion of multidrug resistance 
among invasive 19A strains after PCV10 introduction has been 
observed in Brazil.6 While this cost-effectiveness analysis did not 
incorporate data on vaccine prevention for antimicrobial resis-
tance, antimicrobial resistance is another important aspect to 
consider when choosing a PCV for a NIP locally, according to 
a recent WHO publication.8

This analysis was tailored to the Brazilian population by 
using data on the complex nature of real-world historical PCV 
use (serotype distribution, disease trends, vaccine type, herd 

(a) 0-2 years of age 

(b) 65 years or older 

(c) All ages 

Figure 2. Base case invasive pneumococcal disease (IPD) serotype distribution at time of decision to switch and forecasted at 5 y with implementing either PCV10 or 
PCV13 on the Brazilian NIP in (a) 0 to 2 y of age, (b) 65 y of age or older, and (c) all ages. “At time of decision” indicates the “current state of pneumococcal disease 
considering the switch to the PCV13 strategy”.
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effects, uptake, etc.) to predict future disease behavior. 
A strength of this study was testing the serotype dynamics by 
using trendlines from multiple countries to predict how 
PCV13 could impact pneumococcal disease. Under these var-
ious scenarios using the US, UK, Canada, and Quebec serotype 
dynamics, the use of PCV13 followed similar serotype trends 
and was shown to be cost saving compared with maintaining 
PCV10. Additionally, by using real-world effectiveness data to 
predict future IPD, the framework inherently incorporates IPD 
indirect herd effects in projections, whereas most other cost- 
effectiveness studies may miscalculate these effects and/or ser-
otype replacement by only using point estimates of vaccine 
efficacy.44

Vaccine serotype coverage was the main driver of the clin-
ical and economic results in this analysis. The analysis 

demonstrated that estimated rates of total IPD, pneumococcal 
pneumonia, and pneumococcal OM could be further reduced 
in children and adults if PCV13 is included in the NIP, shed-
ding light on the added public health impact that higher-valent 
vaccines provide to the population directly and indirectly. 
Higher valent-vaccines may soon be available, a 15-valent 
(PCV15, PCV13 serotypes + 22 F and 33 F) and a 20-valent 
(PCV20, PCV15 serotypes + 15B/C, 12 F, 11A, 10A, and 8),45,46 

which contain several of the new emerging serotypes causing 
IPD globally.47-49 These higher-valent PCVs that cover addi-
tional serotypes in their formulations may add even more 
clinical and economic benefit by preventing more pneumococ-
cal disease burden compared with lower-valent PCV alterna-
tives. Thus, considerable increases in serotype protection may 
be obtained with the highest-valent PCV, which can ultimately 
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Figure 3. Base case predicted invasive pneumococcal disease incidence (IPD) based on observed real-world data per 100,000 in (a) 0–2 y of age, (b) 65 y or older, and (c) 
all ages. Data presented represent Historical Data for overall IPD incidence, the year 10-valent pneumococcal conjugate vaccine (PCV10) program was implement in 
Brazil, the current year reflecting the year the choice was made between maintaining PCV10 on the NIP or switching to PCV13, and predicted IPD for PCV10 (forecasted) 
and PCV13 (forecasted) depending on the choice made in the current year.
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drive cost-effectiveness analysis results as shown in this 
analysis.

Like all cost-effectiveness analyses, there are some limita-
tions mainly related to issues with the quality and underreport-
ing of incidence rates, as many countries in Latin America have 
passive laboratory-based surveillance systems. For example, we 
applied the serotype distribution derived from Brazil IPD iso-
lates of Streptococcus pneumoniae serotypes reported to 
Colombia’s incidence rate. However, we tested the incidence 
data in scenario analyses using both Brazil and Chile IPD 
isolate case data. Results showed that the use of PCV13 
would remain cost saving compared with maintaining PCV10 
in the Brazilian NIP, even when using other assumptions for 
IPD incidence rates. For all-cause OM, data were taken from 
one municipality, Goiania. However, Santori et al. (2017) used 
the electronic Outpatient Visit Information System (OVIS), in 
which all outpatient visits occurring in SUS facilities in Goiania 

are recorded in real time, and likely reflect an accurate capture 
of all-cause OM reflective of the Brazilian population.24 This 
study did not examine schedule adherence (two primary infant 
doses and one booster), something that is variable across 
Brazil. Without strong adherence, there can be resurgent out-
breaks of the disease which subsequently weakens herd immu-
nity. Therefore, in this analysis, uncertainty remains on how 
much pneumococcal burden could be influenced by adherence 
to the schedule and how adherence to the priming doses 
compared with the booster dose influences resurgence.

In conclusion, this cost-effectiveness analysis showed the use of 
PCV13 in the Brazilian NIP could reduce pneumococcal disease 
rates and improve population health. Additionally, the Brazilian 
government could save substantial health-care costs due to greater 
disease cases averted. We demonstrated that the results are con-
sistent even when considering uncertainty for other possible ser-
otype dynamics with different underlying assumptions.

Table 2. Base case results on incremental cost, outcomes, and cost-effectiveness of PCV13 compared with PCV10 Brazil national immunization program over a 5-year 
time horizon

Base Case Results National Immunization Program Intervention

Direct Costs ($BRL) PCV13 PCV10 Difference

Vaccine-related $2,023,719,454 $1,964,644,829 $59,074,625
Invasive pneumococcal disease $316,368,297 $388,210,331 -$71,842,034
Pneumococcal hospitalized pneumonia $670,239,802 $822,856,507 -$152,616,704
Pneumococcal otitis media $20,066,970 $26,783,938 -$6,716,968
Total Costs $3,030,394,523 $3,202,495,604 -$172,101,081
Outcomes
Life-years 945,651,735 945,626,801 24,934
QALYs 765,872,165 765,851,848 20,317
Cases (n)
Bacteremia 52,502 64,844 −12,342
Meningitis 65,216 80,546 −15,330
Pneumococcal otitis media 73,815 99,687 −25,872
Pneumococcal hospitalized pneumonia 686,877 857,068 −170,191
Deaths (n)
Invasive pneumococcal disease 31,933 38,912 −6979
Pneumococcal hospitalized pneumonia 41,847 48,576 −6730
Incremental Cost-Effectiveness (PCV13 vs PCV10)
Incremental cost per life-year gained PCV13 cost-saving
Incremental cost per QALY gained PCV13 cost-saving

Abbreviations: BRL = Brazilian Real; PCV10 = 10-valent pneumococcal conjugate vaccine; PCV13 = 13-valent pneumococcal conjugate vaccine; QALY = quality-adjusted 
life-year.

Figure 4. Scenario analyses showing the predicted invasive pneumococcal disease incidence based on observed real-world data per 100,000 in children 0–2 y of age in 
Brazil. Scenario analyses were run where 13-valent pneumococcal conjugate vaccine (PCV13) serotype dynamics were predicted using the United Kingdom (UK), Canada 
(CAN), and Quebec (QC) historical trends. For reference, the base case serotype dynamics are presented for PCV13 using historical United States (US) trends and 10- 
valent pneumococcal conjugate vaccine (PCV10) using historical Brazil (BR) trends. Implementation of PCV10 on the Brazilian national immunization program (NIP) and 
schedule changes are shown.
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