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Abstract

Objective: to analyze the impact of pneumococcal conjugate vaccine (PCV10) on pneumonia hospital admissions among
children in Santa Catarina, Brazil, 2006-2014. Methods: this was an ecological study using data obtained from Brazilian
National Health System Information Technology Department (Datasus) for 2006-2009 (pre-vaccination period) and 2010-2014
(post-vaccination period); time trends were evaluated using the Poisson regression coefficient. Results: in the comparison
between pre- and post-vaccination periods, the percentage difference in the hospitalization rate for children under 1 year old
ranged from -44.1% in the Western region to -1.4% in the Serrano Plateau region, and in children between 1-4 years old it
ranged from -37.1% in the Northern Plateau region to 16.9% in the Serrano Plateau region (p<0.05); hospitalization rates
in the state reduced by 23.3% in children under 1 year old and by 8.4% in those aged 1-4 years. Conclusion: a significant
reduction in the rate of pneumonia hospitalization in children under 1 year old age was found, suggesting the effectiveness
of the vaccine in reducing hospitalizations.
Keywords: Pneumonia; Pneumococcal Vaccines; Hospitalization; Child.

*Article derived from the Ph.D. thesis entitled ‘Impact of conjugate vaccine against Streptococcus pneumoniae in children
under Five years old in the state of Santa Catarina’, defended by Ilse Lisiane Viertel Vieira at the Santa Catarina Federal University
Postgraduate Public Health Program in 2016.

Correspondence:
Ilse Lisiane Viertel Vieira – Rua São Pedro, No. 425, apto. 803, Balneário, Florianópolis, SC, Brazil. CEP: 88075-520
E-mail: iviertel@gmail.com

Epidemiol. Serv. Saude, Brasília, 27(4):e2017378, 2018

1

Impact of pneumococcal vaccine

Introduction
Pneumonia and diarrhea are the leading causes of
death among children under 5 years old in low income
countries globally.1 These deaths could be avoided
through prevention measures, such as vaccination,
and adequate patient management by family members
and health professionals.2
According to the World Health Organization, in 2015
the main cause of death among Brazilian children aged
between 1 and 59 months was pneumonia (17.6%),
followed by accidents (12.6%) and diarrhea (5.5%).3
Globally, some 156 million new episodes of pediatric
pneumonia were recorded in 2000, with more than
95% occurring in middle income countries. Of the
total pneumonia cases in these countries, 8.7% to
10.0% are severe and require hospitalization,1,4 while
90.0% (confidence interval: 87%-93%) are cared for
in outpatient services.5
In the far south of Brazil, respiratory diseases,
including pneumonia, lead to children under 5
years old being hospitalized, especially in winter
months.6 Low temperatures, as well as other factors
such as malnutrition, low birth weight, non-exclusive
breastfeeding in the first four months of life and high
family density (seven or more people living in the same
household), contribute to increased occurrence of
pneumonia in some subtropical regions.7

The introduction of 10-valent
pneumococcal vaccine (PCV10) is yet
another important strategy for reducing
cases of pneumonia, acute otitis media
and invasive pneumococcal disease (IPD)
caused by Streptococcus pneumoniae
serotypes contained in the vaccine.
Studies of these cases have found a reduction
in the number of respiratory disease cases and
hospitalizations,2 whereby the introduction of 10-valent
pneumococcal vaccine (PCV10) is yet another
important strategy for reducing cases of pneumonia,
acute otitis media and invasive pneumococcal disease
(IPD) caused by Streptococcus pneumoniae serotypes
contained in the vaccine.8
PCV10 was included on the vaccine calendar and,
with effect from March 2010, has been extended to all

2

children under 2 years old. Initially the immunization
schedule was comprised of two doses plus a booster
dose, but was altered in 2016 to two doses at 2
and 4 months old, plus a booster dose, as well as
extending the age group to children up to 4 years
old.8 Vaccination has been found to be effective in
reducing pneumococcal disease in countries such
as Chile,9 Peru,10 Uruguay11 and Mexico;12 however
effectiveness depends on the occurrence of the disease
and circulating Streptococcus pneumoniae serotypes.
Changes in the behavior of the disease over time
and alteration in circulating serotypes, as well as the
existence of other vaccines such as PCV13, which
is already being used in Uruguay11 and Mexico,13,14
demonstrate the importance of circulating serotypes,
as well as the importance of in-depth assessments of
the distribution of pneumococcal diseases, including
pneumonia.15
PCV10 can be seen as one of the important
factors in reducing pneumonia hospitalization
rates in children under 1 year old in the state of
Santa Catarina, given that pneumonia caused by
Streptococcus pneumoniae is one of the leading
causes of morbidity6 and mortality among children
in Southern Brazil. Data from an ecological study
of pneumonia hospitalizations in children and
adolescents living in the neighboring state of Paraná
in relation to the period 2000-2011 describe the
occurrence of 2,295,780 hospitalizations of children
and adolescents, 59,028 (2.57%) of which were due
to bacterial pneumonia.16
In view of the need to integrate different aspects
related to measuring the impact of introducing a
vaccine in a specific region, the objective of this article
is to describe the impact of PCV10 on pneumonia
hospitalizations of children under 5 years old in the
state of Santa Catarina, Brazil, between 2006 and 2014.
Methods
This study had an ecological observational design,
using secondary annual data enabling evaluation over
time, i.e. before and after PCV10 implantation.
With regard to the period evaluated, namely
2006-2014, we selected the 4 years prior to PCV10
implantation, the year of its implantation and the 4
following years, exclusively in relation to the state of
Santa Catarina.
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Data on live births (Live Births Information
System - Sinasc), population aged 1 to 4 years old
(Brazilian Institute of Geography and Statistics - IBGE),
pneumonia hospitalizations (Hospital Information
System of the Brazilian National Health System - SIH/
SUS) and number of vaccine doses administered
(National Immunization Program Information
System [SI-PNI]) we selected from Ministry of Health
information systems, provided by the Brazilian National
Health System Information Technology Department
(Datasus)17 and confirmed by the State of Santa
Catarina Health Surveillance Directorate database. In
turn, the source of data on the number of beds available
for hospitalization was the National Registry of Health
Establishments (CNES) regarding active beds in the
month of July for each year covered by the study. This
data was also provided by Datasus.17
All of Santa Catarina’s 295 municipalities were
grouped together according to the regions of the state
in which they are located. However, as two of the state’s
municipalities were emancipated in 2006 and 2010,
in order to enable adequate evaluation of each region,
all the information for both of these municipalities was
added to the municipalities from which they originated,
thus totaling 293 municipalities analyzed.
We identified records of pneumonia hospitalizations
of children aged under 5 years old and also PCV10
coverage of children aged under 1 year old, the length
of time of pneumonia hospitalization per number
of inpatient days, the number of beds available for
hospitalization, access to primary health care and
Data

Data source

Hospitalization of children under 5 years olda by municipality
of residence
Length of hospital stay in children aged 0-4 years old
Vaccination coverageb of PCV10c

Population aged under 5 years old:
b) children aged 1-4 years old

Brazilian National Health System Hospital Information System (SIH/
SUS)/SUS Planning, Control and Evaluation Directorate

National Immunization Program Information System (SI-PNI)

Doses of PCV10 c administered

a) children aged under 1 year old

the human development index (HDI) (Figure 1).
Data on estimated coverage of resident population by
primary care teams were provided by the State of Santa
Catarina Health Surveillance Directorate, based on the
‘estimated population coverage by primary care teams’
indicator, calculated by taking the number of Family
Health teams x 3000 x 100, divided by the population in
the same place and at the same time, as recommended
by the National Primary Care Policy (Health Ministry
Ordinance GM/MS No. 2488, dated October 21st 2011);
HDI, a concise measurement of the long-term progress
of municipalities with regard to three basic dimensions
– income, education and health –, was retrieved from
material provided by the Brazilian office of the United
Nations Development Program (UNDP).
Hospital morbidity, i.e. total SUS hospitalizations due
to pneumonia, by municipality of residence, meets the
criteria of the International Statistical Classification of
Diseases and Health-Related Problems – 10th Revision
(ICD-10) and takes hospitalization as a recording unit.
As such, the same child may have been hospitalized one
or more times in a year.17
Vaccination coverage is defined by the National
Immunization Program (PNI) as the percentage
of the target population covered by a complete
immunization schedule17 (total number of 3rd PCV10
doses administered in the year x 100/population aged
under 1 year old). PCV10 vaccination coverage for
children aged under 1 year old, from 2010 to 2014,
was calculated taking the total number of third vaccine
doses as the numerator and the number of live births as

a) Children under 1 year old resident in the state of Santa Catarina –
data from the Live Births Information System (Sinasc)
b) Children aged 1-4 years old resident in the state of Santa Catarina –
data from the Brazilian Institute of Geography and Statistics (IBGE)

a) Hospitalizations of children aged under 5 years old with pneumonia diagnosed as underlying cause (International Statistical Classification of Diseases and Health-Related Problems – 10th Revision
[ICD-10]: chapter X; codes J12-J18; respiratory tract diseases) – in the period between January 2006 and December 2014.
b) Vaccination coverage data – available on the National Immunization Program Information System (SIS-PNI) – for children aged under 1 year old vaccinated in public and private health services with
PNI conjugate vaccine against Streptococcus pneumoniae; data distributed by health region between March 2010 and December 2014.
c) PCV10: 10-valent pneumococcal vaccine. Exclude, or conjugate pneumococcal vaccine.

Figure 1 – Characterization of data collected on health information systems
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the denominator. With regard to hospital beds available
for hospitalization per 1,000 inhabitants, these were
calculated taking the total number of beds available in
health establishments registered on the CNES system as
the numerator, and the total population, i.e.: total beds
available in the region x 1,000/resident population, as
the denominator.
Vaccination coverage and the rates of pneumonia
hospitalizations of children aged under 5 years old for
the period 2006-2014, were initially calculated per
municipality of residence, and later recalculated for
the regional divisions of Santa Catarina state based on
total doses administered and total hospitalizations per
population resident in each region.
The outcome of interest was the annual rate of
pneumonia ‘hospitalization or hospital morbidity’
(ICD-10: J12-18) in children aged under 1 year old
and also aged 1-4 years old, per region. The rate
was calculated for two periods, prior to vaccination
implantation (2006-2009) and after implantation
(2010-2014), dividing total hospitalizations by the
mid-year population, for each year analyzed.
The independent variables considered in this
study were: PCV10 vaccine coverage in the period
2010-2014; beds available for hospitalization in July
of each year in the period 2006-2014, per 1,000
inhabitants; percentage coverage of primary health
care teams; and HDI in 2010, by municipality and
geographical location. All data were grouped together
according to the state’s seven regions: Western, Itajaí,
Northern Plateau, Northeast, Serrano Plateau, Greater
Florianópolis and Southern.
The descriptive statistics included: (i) tabular
representation of the percentage reduction rate and
the hospitalization rate time trend, per year, in the
period before (2006-2009) and after (2010-2014)
PCV10 implantation; and (ii) vaccination coverage in
children aged under 1 year old. The time trend of the
annual rates, in each period, was presented by region
and also for the state as a whole.
Impact of vaccination on the outcome in the state’s
regions was defined by Poisson’s regression coefficient
for each period, separately, and always adjusted by the
population aged under 1 year old and by the population
aged 1 to four years old. The difference in the time
trend between the periods before and after PCV10
vaccination was calculated by comparing the gradients
of the annual rates for each period. The year 2006 was
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selected as the first of the time series assessed and was,
therefore, the reference year.
The data were obtained from the respective Ministry
of Health information systems (Figure 1), generated
by the TABNET application, developed by DATASUS,
and were saved as Excel ® version 2013 electronic
spreadsheets. The spreadsheets were merged to
form a single database which was exported to Stata®
(Statistics/Data Analysis) 11.0 with the aid of the Stat/
Transfer application.
Participant privacy and confidentiality were
guaranteed by excluding personal information from the
databases. The ethical principles applying to research
were respected, as recommended by National Health
Council/Ministry of Health Resolution CNS No. 412,
dated December 12th 2012. The study project was
approved by the Federal University of Santa Catarina
(UFSC) Research Ethics Committee: Opinion No.
712.012, dated July 8th 2014.
Results
In the period 2006-2014, 75,891 children were
admitted to hospital with pneumonia in Santa Catarina:
37,703 hospitalizations between 2006 and 2009; 8,087
in 2010; and 30,101 between 2011 and 2014. The time
trend of the reduction in the hospitalization rate ratio
over the nine-year period evaluated was significant for
the state as a whole (p<0.05). In children aged under 1
year old, a reduction was found in all the regions of the
state, with the exception of the Serrano Plateau (Table
1). However, in the 1 to four year age group, in addition
to the Serrano Plateau, there was also an increase in
the hospitalization rate ratio in the Northeast region
following PCV10 implantation in the state.
When the mean hospitalization rates for children
aged under 1 year old were examined, the variation
was greater than expected, with a reduction of 23.3%
in those under 1 year old and 8.4% in those aged one
to 4 years old (Table 2).
Variation in the mean hospitalization rate among
children aged under 1 year old was negative in all
regions of the state, with the largest reductions being
found in the Western and Northern Plateau regions
(reductions of more than 40.0%). The only region with
insignificant reduction in hospitalizations in this age
range was the Serrano Plateau: -1.4%. Still in relation
to the under 1 year old group, the lowest hospitalization
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rates were found in Greater Florianópolis: 19.4% in
the pre-vaccination period and 14.4% in the postvaccination period, representing a reduction of 34.6%
(Table 2).
In the 1 to four year old age range, mean
hospitalization rates were lower: 22.8% in the Western
region, 15.4% in Itajaí and 14.7% in the Serrano

Plateau region in the pre-vaccination period; while in
the post-vaccination period the rates were 19.0% in
the Western region, 14.3% in Itajaí and 17.7% in the
Serrano Plateau region. The data indicate reductions
of 20.0% and 7.3% in the Western and Itajaí regions,
respectively, and a 16.9% increase in the hospitalization
rate in the Serrano Plateau region (Table 2).

Table 1 – Time trend of annual pneumonia hospitalization rates in children under 5 years old by period of
10-valent pneumococcal vaccine (PCV10) implantation, Santa Catarina, 2006-2014

Regions

Age
(in years)
<1

HRR
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

<1

HRRa
(95%CIc)

1a4

HRRa
(95%CIc)

Western

Itajaí

Greater Florianópolis

Serrano Plateau

Northeast

Southern

Northern Plateau

Santa Catarina

a

2007
1.1
(1.0;1.2)
1.2b
(1.1;1.3)
0.9
(0.9;1.0)
1.0
(0.9;1.1)
1.4b
(1.1;1.6)
1.2b
(1.1;1.4)
1.0
(0.8;1.2)
1.0
(0.9;1.2)
0.8b
(0.7;0.9)
0.9
(0.8;1.0)
1.1
(0.9;1.2)
1.3b
(1.1;1.4)
0.8b
(0.7;0.9)
1.0
(0.8;1.1)
1.0
(0.9;1.0)
1.1b
(1.0;1.2)

Pre
2008
1.0
(0.9;1.1)
1.2b
(1.1;1.3)
0.9b
(0.8;0.9)
1.2b
(1.1;1.3)
1.0
(0.8;1.2)
1.2b
(1.1;1.5)
0.8b
(0.7;0.9)
0.8b
(0.7;0.9)
0.5b
( 0.4;0.6)
0.6b
(0.5;0.7)
0.9
(0.8;1.0)
1.2b
(1.1;1.3)
0.6b
(0.5;0.7)
0.8b
(0.7;0.9)
0.8b
(0.8;0.9)
1.1b
(1.0;1.1)

PCV10 implantation period
Implantation
2009
2010
2011
1.0
0.8b
0.7b
(0.9;1.0)
(0.7;0.8)
(0.7;0.8)
1.3b
1.2b
1.0
(1.2;1.4)
(1.1;1.2)
(0.9;1.0)
1.0
0.8b
0. 8b
(0.9;1.1)
(0.8;0.9)
(0.8;0.9)
1.4b
1.2b
1.2b
(1.3;1.5)
(1.1;1.3)
(1.1;1.3)
1.4b
1.0
0.9
(1.1;1.6)
(0.8;1.2)
(0.7;1.1)
2.1b
1.5b
1.5b
(1.8;2.4)
(1.3;1.7)
(1.3;1.7)
0.9
0.9
0.9
(0.8;1.1)
(0.7;1.0)
(0.7;1.0)
1.0
1.1
1.2
(0.9;1.2)
(0.9;1.2)
(1.0;1.3)
0.7b
0.7b
0.8b
(0.6;0.8)
(0.6;0.8)
(0.7;0.9)
1.2b
1.2b
1.0
(1.1;1.4)
(1.1;1.4)
(0.9;1.2)
0.7b
0.6b
0.8b
(0.6;0.8)
(0.6;0.9)
(0.7;0.9)
1.3b
1.1
1.1
(1.1;1.4)
(1.0;1.2)
(1.0;1.3)
0.8b
0.5b
0.5b
(0.7;0.9)
(0.4;0.6)
(0.4;0.6)
1.0
0.6b
0.6b
(0.8;1.1)
(0.5;0.8)
(0.5;0.7)
0.9b
0.8b
0.8b
(0.9;0.9)
(0.7;0.8)
(0.7;0.8)
1.3b
1.1b
1.0
(1.2;1.3)
(1.1;1.2)
(1.0;1.1)

Post
2012
2013
0.7b
0.6b
(0.7;0.8) (0.6;0.7)
1.0
0.9b
(0.9;1.0) (0.8;0.9)
0.9
0.7b
(0.9;1.0) (0.6;0.8)
1.2b
1.0
(1.1;1.3) (0.9;1.0)
0.9
0.8b
(0.8;1.1) (0.7;0.9)
1.2
1.3b
(1.0;1.4) (1.1;1.5)
1.1
1.0
(0.9;1.3) (0.9;1.2)
1.2b
1.3b
(1.1;1.4) (1.1;1.5)
0.7b
0.7b
(0.6;0.8) (0.6;0.8)
1.0
1.1
(0.9;1.1) (0.9;1.2)
0.8b
0.7b
(0.7;0.9) (0.6;0.8)
1.3b
1.2b
(1.1;1.4) (1.1;1.3)
0.7b
0.7b
(0.6;0.8) (0.6;0.8)
0.8b
0.7b
(0.7;0.9) (0.6;0.9)
0.8b
0.7b
(0.7;0.8) (0.6;0.7)
1.1b
1.0
(1.0;1.1) (0.9;1.0)

2014
0.6b
(0.6;0.7)
0.9b
( 0.8;0.9)
0.6b
(0.5;0.6)
0.8b
(0.7;0.8)
0.8b
(0.6;0.9)
1.2
(1.00;1.4)
0.8b
(0.7;0.9)
1.0
(0.9;1.2)
0.5b
(0.4;0.6)
0.8b
(0.7;0.9)
0.7b
(0.6;0.8)
1.2b
(1.1;1.3)
0.5b
(0.4;0.6)
0.7b
(0.6;0.8)
0.6b
(0.5;0.6)
0.9b
(0.8;0.9)

a) Hospitalization rate ratio in relation to the year 2006 (indicates reference category)
b) p<0.05.
c) 95%CI: 95% confidence interval.
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Santa Catarina is a state that has high vaccination
coverage, although it is heterogeneously distributed
between its municipalities. With regard to vaccination
coverage over the PCV10 implantation period, we found
that in 2010 only 3.4% of municipalities achieved
coverage of 95% or more; while in subsequent
years PCV10 coverage increased and became more
homogenous (Figure 2).
Discussion
The study enabled the impact of PCV10 on reducing
pneumonia hospitalization rates in Santa Catarina to be
identified, with a 23.3% reduction in children under
1 year old and an 8.4% reduction in children aged 1
to 4 years old.
The greatest impact of vaccination on reducing
hospitalization was found in children aged under 1
year old and in the Western region of the state, where
the high hospitalization rates in 2006 affected the state’s
overall rates. A study conducted in the state of Minas
Gerais in 2016 also found regional variations and a 19%
reduction in acquired pneumonia among children aged
under 1 year old resident in the community of Alfenas,
between 2007 and 2009, when compared to the period
comprising 2011-2013 – these being periods before and
after PCV10 implantation by the PNI.18
Notwithstanding, when assessing in detail all the regions
of the state of Santa Catarina, the Serrano Plateau region

did not have such a reduction. In addition to not having
a significant reduction in the pneumonia hospitalization
rate, this region also had lower vaccination coverage in
the year the vaccine was implanted, as well as having the
lowest number of hospital beds per 1,000 inhabitants and
the state’s lowest HDI, in the period analyzed.
Primary Health Care, with its child care practices,
such as monitoring, immunization and care for prevalent
diseases, has priority actions for avoiding hospitalization
due to pneumonia. However, when hospitalization is
necessary, the number of hospital beds available is
another important aspect to be verified.
The predominance of higher pneumonia hospitalization
rates among children aged under 1 year old was described
in the First Brazilian Consensus on Pneumonia,19 being
particularly higher in those aged under 6 months old. The
main prevention measures, including vaccination, should
be concentrated on this age group.19
Since 2010, the PNI has sought to control diseases
caused by Streptococcus pneumoniae and, in order
to achieve this objective, vaccine coverage should be
greater than 95%.8 The expectation that introducing
the vaccine would lead to a significant reduction in
pneumonia hospitalization rates in children aged
under 5 years old was confirmed, albeit with distinct
characteristics for each region. The fact is that a
10% increase in vaccination coverage enabled a
3% reduction in pneumonia hospitalization rates in
children aged under 1 year old.

Table 2 – Annual mean pneumonia hospitalization rate (per 1000 live births) in children under 5 years old, by
region and by 10-valent pneumococcal vaccine (PCV10) implantation period, Santa Catarina, 2006-2014

Regions

Western

Pneumonia hospitalization rate in
Pneumonia hospitalization rate in
children under 1 year olda
children aged 1-4 years olda
PrePostPrePostb
vaccination 95%CIb vaccination 95%CIb Reduction
vaccination
95%CI
vaccination
95%CIb Reduction
%
%
period
period
period
period
84.1
81.9;86.2
58.3
56.8;59.9 -44.1
22.8 22.3;23.3
19.0
18.6;19.5 -20.0

Itajaí

53.8

52.2;55.4

43.6

42.4;44.9

-23.3

15.4

14.9;15.8

14.3

13.9;14.7

-7.3

Greater Florianópolis

19.4

18.2;20.6

14.4

13.5;15.3

-34.6

6.4

6.0;6.7

6.2

5.8;6.5

-3.3

Serrano Plateau

61.7

58.0;65.5

60.9

57.5;64.3

-1.4

14.7

13.9;15.6

17.7

16.8;18.6

16.9

Northeast

31.3

29.7;32.9

27.3

26.1;28.6

-14.6

9.0

8.6;9.4

9.8

9.4;10.2

8.2

Southern

42.5

40.6;44.4

33.9

32.4;35.4

-25.5

12.2

11.6;12.5

12.1

11.6;12.5

-0.0

Northern Plateau

40.6

37.9;43.2

28.9

26.9;31.0

-40.2

12.5

11.8;13.2

9.2

8.6;9.7

-37.0

49,8

49,0;50,5

38,2

37,6;38,8

-23,3

14,1

13,9;14,3

13,0

12,8;13,1

-8,4

Total
a) p<0.005.
b) 95%CI: 95% confidence interval.
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PCV10 was found to be effective in reducing cases
of acute otitis media in Finland20 and also in reducing
pneumococcal meningitis incidence rates, with 87.7%
effectiveness and 81.3% effectiveness for pneumonia,
thus also promoting a reduction in the hospitalization
rate due to these causes in children.14,21-22 In our study
in Santa Catarina, this reduction is more evident in
children aged under 1 year old when compared to
children aged between 1 and 4 years old. This fact
may possibly be related to the time period analyzed
in which PCV10 had only been implanted for 5 years.
Despite the vaccine only having impact on
reducing hospitalizations due to pneumonia caused
by Streptococcus pneumoniae serotypes or by
serotypes corresponding to them,14 and present in its
composition, Domingues et al. reported that in 2014
in ten Brazilian states, vaccination with three doses of
PCV10 was associated with an 84% reduction (95%CI:
66;92) in invasive pneumococcal disease (IPD),
through serotypes present in the vaccine (serotypes
1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F), as well
as a 78% reduction (95%CI: 41;92) in the serotypes
corresponding to the vaccine (6A and 19A), when
immunological cross-reactivity was reported. 15,23
In turn, research conducted in Salvador in 2002,
with strains isolated from the blood of children and
adolescents hospitalized with pneumonia and fever
without localized symptoms, identified predominance
of serotypes 14, 5, 6A, 6B, 19F, 9V, 18C and 23F in
that population. All these serotypes are present in the
vaccine, thus demonstrating the importance of PCV10

in reducing pneumonia cases in Brazil.24 The choice
of serotypes present in the vaccine is a determinant of
its impact on reducing cases of the disease.
In addition to age, other factors such as climate and
use of solid fuels in households may be associated with
the occurrence of the disease.24 These factors, which
were not analyzed in our study, could explain why there
continued to be high hospitalization rates in the Serra
Catarinense region, this being one of the state’s coldest
regions where the use of solid fuels is predominant in
38.2% of households.25
Regarding other limitations of this study, we
highlight the difference between the years of pre- and
post-vaccination data collection, as well as the short
period following vaccine implantation available for
analysis. Nevertheless, comparison of mean rates for
the period before and after vaccine implementation is
very appropriate for data on the type of counting. When
analyzing long time series, the effect of the different
vaccination schedules can be controlled and the impact
of group immunity can be assessed. Furthermore, it
is important to highlight that comparative time series
– before and after – assume homogeneity between
the groups being compared, principally with regard
to the vaccine not being used. Although 23-valent
antipneumococcal polysaccharide vaccine and PCV7
vaccine have been used by the National Immunization
Program in special situations, in children at greater risk
of becoming ill and in children being cared for in private
clinics, the number of children vaccinated before 2010
was very low from the population point of view.26
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Figure 2 – Percentage distribution of 10-valent pneumococcal vaccine coverage in the municipalities of Santa
Catarina state, 2010-2014
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Another point to be considered is the recording of
hospitalizations due to pneumonia, which may possibly
be influenced by other respiratory tract infections not
preventable with PCV10,27,28 such as pneumonias due
to other causes and complications arising from type A
influenza (H1N1).29 This scenario did not interfere with the
results of our study, as there were few records of children
being hospitalized due to H1N1 in Santa Catarina.30
Introducing PCV10 vaccine is not intended to eliminate
pneumonia caused by Streptococcus pneumoniae but
rather to reduce pneumonia hospitalization rates, as was
demonstrated over the years covered by our study. It must
be emphasized that PCV10 implantation and maintaining
high coverage were not capable on their own of reducing
hospital morbidity in all regions of Santa Catarina. The
need therefore exists to identify the specificities of each
population and to carry out other interventions beyond
implanting PCV10 vaccine.
Based on the results described here, we concluded
that pneumonia hospitalizations of children aged

under 1 year old were predominant. There was
an important reduction in hospitalizations in the
period following PCV10 vaccine implantation, in the
different regions of Santa Catarina. The distribution
of the reduction was unequal, drawing attention to
the Serrano Plateau region, where there were fewer
beds per 1,000 inhabitants and lower regional HDI.
This finding can contribute to PNI evaluation of PCV10
implantation strategies in the state of Santa Catarina,
and also with regard to implantation of new vaccines
such as PCV13..
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