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What is already known on 
this topic?

•	 Community-acquired pneu-
monia (CAP) is a major cause 
of childhood hospitalization 
and mortality worldwide.

•	 The introduction of the 
10-valent pneumococcal 
conjugate vaccine (PCV10) 
in Brazil has successfully 
reduced hospitalization rates 
for CAP and invasive pneumo-
coccal disease in children.

What does this study add 
on this topic?

•	 Despite high PCV10 vaccina-
tion coverage, CAP requiring 
hospitalization still occurs, 
predominantly in children 
under 5 years and those with 
underlying comorbidities. This 
highlights the potential value 
of higher-valent vaccines.

•	 In children already hospital-
ized with CAP, the presence 
of a neurological disorder or a 
complication like pleural effu-
sion were the strongest predic-
tors of a prolonged hospital 
stay, whereas vaccination sta-
tus alone did not significantly 
shorten the hospitalization 
length in this specific group.

Abstract
Objective: To characterize the clinical, radiological, and epidemiological profile of patients hospitalized 
with community-acquired pneumonia (CAP), compare the characteristics of vaccinated and unvaccinated 
children and identify factors associated with prolonged hospitalization.

Methods: A retrospective, monocentric cohort study was conducted at the Instituto de Puericultura 
e Pediatria Martagão Gesteira (IPPMG), a University Pediatric Hospital affiliated with the Universidade 
Federal do Rio de Janeiro (UFRJ), from January 2013 to December 2018. The study included children and 
adolescents aged 29 days to 14 years hospitalized with CAP. Data on demographics, clinical presenta-
tion, radiological findings, vaccination status, comorbidities, and hospitalization outcomes were analyzed. 
Bivariate and multivariate logistic regression analyses were performed to identify factors associated with 
prolonged hospitalization (>10 days).

Results: Among 185 patients analyzed, 58.9% were male and 89.7% were under 5 years of age. Comorbidities 
were present in 61.5% of patients, with neurological disorders being the most frequent (22.0%). 10-valent 
pneumococcal conjugate vaccine (PCV10) vaccination coverage was 75.6%. Vaccinated patients had sig-
nificantly higher median age (22 vs. 15 months; P = .048) and daycare attendance (32.5% vs. 7.7%; P = 
.012), but lower occurrence of neurological disorders (17.8% vs. 33%; P = .041) and other comorbidities 
(13.6% vs. 30.8%; P = .014). Alveolar consolidation was the most common radiological finding, and pleural 
effusion was the most frequent complication (21.9%). The median hospitalization duration was 11 days. In 
the multivariate analysis, neurological disorders and pleural effusion were independent predictors of pro-
longed hospitalization (>10 days).

Conclusion: Despite high PCV10 vaccination coverage, severe CAP requiring hospitalization continues to 
occur, particularly in patients with underlying comorbidities. Neurological disorders and pleural effusion 
were significant predictors of prolonged hospitalization.

Keywords: Children, community acquired pneumonia, epidemiology, hospitalized, pneumococcal vaccines

Introduction
Community-acquired pneumonia (CAP) represents one of the most significant causes of morbid-

ity and mortality in pediatric populations worldwide. According to the World Health Organization, 
CAP accounts for approximately 15% of all deaths in children under 5 years of age globally, making 
it a leading cause of childhood mortality.1,2 In Brazil, respiratory diseases, particularly CAP, constitute 
a major public health concern, with substantial impacts on healthcare systems and families.3
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The epidemiological landscape of pediatric CAP has undergone 
significant transformation following the introduction of pneumo-
coccal conjugate vaccines. Streptococcus pneumoniae has histori-
cally been recognized as one of the primary bacterial pathogens 
responsible for severe CAP in children, particularly those under 5 
years of age.4 The organism’s virulence and propensity to cause 
severe and invasive disease have made it a priority target for vac-
cination strategies worldwide.5

In March 2010, Brazil became the first c ountry t o i ntro-
duce the 10-valent pneumococcal conjugate vaccine (PCV10; 
Synflorix, G laxoSmithKline) i nto i ts n ational i mmunization 
program, making it available to all children under 2 years of 
age.6 Several studies employing hospital-based surveillance or 
population-based data from other regions of Brazil have shown 
declines in invasive pneumococcal disease following PCV10 
introduction.7 The implementation of PCV10 vaccination has 
also been associated with substantial reductions in hospitaliza-
tion rates for CAP among children in various Brazilian states.8,9 
An ecological study demonstrating the remarkable cost-effec-
tiveness of PCV10 and its considerable positive impact on 
public health outcomes supports its use in Brazil’s routine vac-
cination program.10

However, the impact of PCV10 vaccination on hospitalized 
pediatric patients with CAP requires continued surveillance 
and analysis. While the PCV10 has had a significant i mpact 
on reducing the burden of pediatric pneumococcal disease in 
Brazil since its introduction in 2010, its overall effectiveness has 
been continuously challenged by the phenomenon of serotype 
replacement.9,11,12

This study aims to characterize the clinical, radiological, and 
epidemiological profile of children hospitalized with CAP at a 
University Pediatric Hospital in Rio de Janeiro, Brazil, encompass-
ing 6 years of data collection in the post-PCV10 vaccination era. 
Other secondary aims are to compare the characteristics of vac-
cinated and unvaccinated children within this hospitalized cohort 
and to explore factors associated with a prolonged hospital stay in 
this population.

Methods
This retrospective cohort study was conducted at the Instituto de 

Puericultura e Pediatria Martagão Gesteira (IPPMG), a University 
Pediatric Hospital affiliated with the Universidade Federal do 
Rio de Janeiro (UFRJ), located in Rio de Janeiro, Brazil. The 
study period extended from January 2013 to December 2018.

Participants and Diagnostic Criteria
The diagnosis of CAP was established based on a combina-

tion of clinical presentation (e.g., acute fever, abdominal pain, 
cough, tachypnea, respiratory distress, decreased breath sounds, 
and crackles or rales) and confirmatory radiological findings (pres-
ence of infiltrate, consolidation, or pleural effusion on chest radio-
graph), following the Brazilian guidelines for CAP in pediatrics.13 
Inclusion criteria comprised children and adolescents aged 29 
days to 14 years who were admitted to the general pediatric ward 
with a primary diagnosis of CAP during the study period. Exclusion 
criteria included patients previously admitted for the same episode 
of pneumonia (only the first admission was considered), admit-
ted to the Pediatric Intensive Care Unit at any point during the 
hospitalization, with hospital-acquired pneumonia (defined as 
pneumonia occurring ≥48 hours after hospitalization), immuno-
compromised states (excluding those with HIV with normal CD4 
counts), or with incomplete medical records lacking essential data 
for analysis.

Data Collection and Variable Definitions
Data were extracted from electronic and physical medical 

records using a standardized, pre-piloted form. Variables included:

• Demographics: Age (categorized as ≤12, 13-59, ≥60 months) 
and gender.

• Exposure: Daycare attendance (defined as regular atten-
dance at a collective child education facility outside the
home, part-time or full-time), household smoking (regular
smoking ≥1 cigarette/day by at least 1 household member),
and exclusive breastfeeding (duration in months, stratified
into absent, 1 to 4 months or 5 months to 6 months of age).

• Medical history: Comorbidities (pre-existing chronic condi-
tions recorded in the medical chart, categorized per Table 1).

• Vaccination status: PCV10 vaccination was considered
“complete” if the child was up-to-date for their age accord-
ing to the Brazilian National Immunization Program sched-
ule.14 Status was ascertained from documented medical
history, vaccination cards, or the national immunization
registry when available. Unvaccinated or incompletely vac-
cinated children were grouped as “unvaccinated.”

• Clinical outcomes: Radiological findings (based on offi-
cial reports by staff pediatric radiologists), complications
(including pleural effusion, pneumothorax, pneumatocele,
lung abscess, or atelectasis), length of hospitalization (LOS)
in days (from admission to discharge). Prolonged LOS was
defined as >10 days. This cutoff was selected based on the
median LOS of the cohort (11 days) and aligns with the
median LOS found in other pediatric CAP studies.15

Statistical Analysis
Data analysis was performed using SPSS software, version 26 

(IBM SPSS Corp.; Armonk, NY, USA). Continuous variables are 

Table 1.  Comorbidities of Hospitalized Pediatric Patients with CAP. 
IPPMG-UFRJ, 2013-2018

Comorbidity n = 182 %

General comorbidity 112 61.5

Neurological disorders 40 22.0

Sickle cell anemia 16 8.8

Genetic syndromes 14 7.7

Heart diseases 12 6.6

Asthma 11 6.0

Bronchopulmonary dysplasia 11 6.0

HIV/AIDS 7 3.8

Nephropathies 7 3.8

Endocrinopathies 4 2.2

Leukemia 3 1.6

Hemoglobinopathies 2 1.1

Tuberculosis 2 1.1

Other comorbidities 33 18.1

%, percentage; AIDS, acquired immunodeficiency syndrome; CAP, 
community-acquired pneumonia; HIV: human immunodeficiency 
virus; n, frequency.
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described using median and interquartile range (IQR), as their 
non-normal distribution was confirmed by the Shapiro–Wilk test 
and graphical inspection of histograms. Categorical variables are 
summarized using frequencies and percentages (n, %).

Group comparisons (e.g., vaccinated vs. unvaccinated) were 
performed using the Mann–Whitney U-test for numerical variables 
and the Chi-square test or Fisher’s exact test for categorical vari-
ables, as appropriate.

To identify factors associated with prolonged hospitalization 
(>10 days), bivariate analyses were first conducted using the 
Mann–Whitney U-test (for comparisons involving 2 groups), the 
Kruskal–Wallis test (for 3 or more groups), or Spearman’s rank cor-
relation coefficient for numerical variables.

Variables yielding a P-value <.20 in these bivariate analyses 
were considered candidates for inclusion in a multivariate binary 
logistic regression model. Given the exploratory nature of this 
analysis, a backward stepwise selection procedure was employed 
to identify a parsimonious model, using a threshold of P <.05 for 
variables to remain in the final model. The goodness-of-fit of the 
final model was assessed using the Hosmer–Lemeshow test, and 
multicollinearity was evaluated by calculating variance inflation 
factors (VIF); all VIF values were below 2.0, indicating no substan-
tial multicollinearity.

Results of the logistic regression are presented as odds ratios 
(OR) with their respective 95% CI. A 2-tailed P-value <.05 was 
considered statistically significant throughout the analysis.

Ethical Considerations
The waiver of the informed consent form was justified because 

the study was a retrospective, observational analysis that utilized 
only existing data from medical records and institutional systems 
without employing biological material. All data were handled 
and analyzed anonymously, with no nominal identification of the 
research participants, and the resulting findings were presented 
in an aggregated format that prevented individual identification. 
Furthermore, the study was non-interventional, meaning it did not 
alter clinical routines or treatments and consequently added no 
risks to the participants’ well-being. The researchers committed to 
using the data solely for the described purposes and to complying 
with all regulatory guidelines for data confidentiality.

This study was approved by the the Instituto de Puericultura 
e Pediatria Martagão Gesteira (IPPMG), a University Pediatric 
Hospital affiliated with the Universidade Federal do Rio de Janeiro 
(UFRJ) ethics committee (Approval No.: 07017018.8.3001.5264; 
Date: September 19, 2019)

Results

Patient Characteristics
The initial search yielded 207 admissions. After excluding 

22 readmissions, 185 unique patients were eligible for analysis. 
Vaccination status was retrievable for 160 (86.5%) patients. Among 
these, 121 (75.6%) were fully vaccinated with PCV10 according 
to age (Figure 1).

The cohort was predominantly male (58.9%) and young, with 
89.7% under 5 years of age (Table 2). Comorbidities were present 
in 112/182 patients (61.5%). Neurological disorders were the most 
frequent comorbidity (22.0%), with cerebral palsy being the most 
common diagnosis (Table 1).

Comparison Between Vaccinated and Unvaccinated Children
Comparisons were made within the subset of 160 patients with 

known vaccination status. Vaccinated children were significantly 

older (median 22 vs. 15 months, P = .048) and had a higher 
frequency of daycare attendance (32.5% vs. 7.7%, P = .012). 
Conversely, the vaccinated group had a significantly lower preva-
lence of neurological disorders (17.8% vs. 33.3%, P = .041) and 
other comorbidities (13.6% vs. 30.8%, P = .014) (Table 3 and 4). 
There were no significant differences in gender, household smok-
ing, or breastfeeding history.

Clinical Course and Radiological Findings
Radiological evaluation was available for 178 patients. Alveolar 

consolidation was the most frequent finding (96/178, 53.9%). 
Pleural effusion was the most common complication, affecting 
39/178 patients (21.9%). The median LOS for the entire cohort 
was 11 days (IQR: 7-17). The median LOS was not significantly 
different between vaccinated and unvaccinated children (11 vs. 
12 days, P = .41).

Factors Associated with Prolonged Hospitalization (>10 days)
In bivariate analysis, age 13-59 months (P = .033), presence of 

neurological disorders (P = .0009), and pleural effusion (P = .001) 
were associated with prolonged LOS. Vaccination status, gender, 
and other comorbidities were not significant.

In the multivariate logistic regression model (Hosmer–Lemeshow 
test P = 0.72, indicating good fit), only 2 variables remained as 
independent predictors of prolonged hospitalization: neurological 
disorders (OR = 7.3; 95% CI: 2.9-18.8; P < .0001) and pleural 
effusion (OR = 4.6; 95% CI: 2.4-13.2; P = .0001). Vaccination 
status was not retained in the final model.

Discussion
This study describes the profile of children hospitalized with 

CAP in a tertiary center in Brazil over the course of 6 years after 

207 admissions to 
the ward

185 patients

Did not had data 
related to vaccination 

status n=25

Had data related to 
vaccination status 

n=160

Unvaccinated 
n=39

Vaccinated n=121

22 readmissions 
excluded

Figure 1.  Patient flow.
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PCV10 introduction. The key findings are the high prevalence of 
comorbidities (61.5%), particularly neurological disorders, and 
the identification of neurological disorders and pleural effusion 
as strong, independent predictors of a hospital stay longer than 10 
days. It is crucial to note that the comparison between vaccinated 
and unvaccinated children pertains only to this specific hospital-
ized cohort; it should not be interpreted as a measure of vaccine 
effectiveness, which requires population-level data.

The predominance of males and children under 5 years aligns 
with global epidemiology of pediatric CAP.16,17 Differences in 
genetics and immunity have been proposed as explanations for 
such differences; however, it is likely that a complex interplay 
of sex steroid hormones, host immunity, genetics, anatomical 
variation, and lung physiology, in addition to sociocultural and 
behavioral factors, influences the observed sex differences in res-
piratory infections.18,19,20 However, analysis of the epidemiological 
literature on CAP in children reveals a complex picture regarding 

gender differences. Many studies suggest a male predominance, 
but specific quantitative data are limited and often inconsistent 
across populations and pathogens.17,21

The prevalence of CAP in children under 5 years is well docu-
mented, with this age group being particularly vulnerable due to 
immature immune systems and smaller airway calibers, which can 
lead to more severe complications.22,23

The high burden of comorbidities, especially neurological con-
ditions, reflects the tertiary, referral nature of the hospital and 
underscores that children with chronic diseases remain a vulner-
able population for severe CAP despite vaccination as observed 
by other authors.24

The 75.6% PCV10 coverage in the cohort mirrors the success-
ful implementation of Brazil’s national program.25,7 The observed 
differences between vaccinated and unvaccinated children 
within the hospital—namely that vaccinated children were older, 

Table 2.  Epidemiological Variables of Hospitalized Pediatric Patients 
with CAP (IPPMG-UFRJ 2013-2018)

Variable n %

Age (months) n total: 185

  ≤ 12 months 69 37.3

  13-59 months 97 52.4

  ≥ 60 months 19 10.3

Sex n total: 185

  Male 109 58.9

  Female 76 41.1

PCV10 vaccination n total: 160

  Yes 121 75.6

  No 39 24.4

Comorbidities n total: 182

  Yes 112 61.5

  No 70 38.5

Daycare attendance n total: 115

  Yes 31 27.0

  No 84 73.0

Smoking at home n total: 150

  Yes 47 31.3

  No 103 68.7

Exclusive breastfeeding (months) n total: 152

  Absent 51 33.6

  1-4 months 52 34.2

  5-6 months 49 32.2

  Median (Q1-Q3) 2.5 (0-5) ​

n, frequency; %, percentage; PCV10, 10-valent pneumococcal 
vaccine.

Table 3.  Epidemiological, Demographic, and Clinical Variables 
According to PCV10 Vaccination in Pediatric Patients with CAP (IPPMG-
UFRJ, 2013-2018)

Variable

Vaccination with PCV10

Yes No

P​ n % n %

Age (months) ​ ​ ​ ​ ​

  ≤ 12 months 38 31 18 46.2 .24

  13-59 months 53 44 13 33.3 ​

  ≥ 60 months 30 25 8 20.5 ​

  Median (Q1-Q3) 22 (10-58) ​ 15 (6-27) ​ .048

Sex ​ ​ ​ ​ ​

  Male 58 48 22 56.4 .36

  Female 63 52 17 43.6 ​

Presence of comorbidities ​ ​ ​ ​ ​

  Yes 70 59 27 69.2 .27

  No 48 41 12 30.8 ​

Presence of comorbidities ​ ​ ​ ​ ​

  Yes 26 33 2 7.7 .012

  No 54 68 24 92.3 ​

Household smoking ​ ​ ​ ​ ​

  Yes 31 30 9 29 .91

  No 72 70 22 71 ​

Presence of comorbidities ​ ​ ​ ​ ​

  Absent 30 29 16 43.2 .2

  1-4 months 36 35 13 35.1 ​

  5-6 months 36 35 8 21.6 ​

  Median (Q1-Q3) 3 (0-6) ​ 2 (0-4) ​ .076

CAP, community-acquired pneumonia; PCV10, 10-valent pneumococ-
cal conjugate vaccine.
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more often attended daycare, but had fewer comorbidities—likely 
reflect a combination of factors. Daycare attendance is a known 
risk factor for CAP exposure but, in this cohort, is also an indica-
tor of children who are more likely to be fully vaccinated. There 
are indirect factors by which daycare centers can promote vac-
cination, such as requiring a vaccination card for enrollment. In 
Brazil, many public and private daycare centers require an up-to-
date vaccination card as part of the enrollment documentation, 
which encourages parents to update their children’s vaccination 
status before enrollment.26 On the other hand, the lower vac-
cination rate among children with neurological disorders sug-
gests potential barriers to healthcare access or specific vaccine 
hesitancy in this high-risk group, a critical area for public health 
intervention.

The central finding that vaccination status was not associated 
with higher LOS in this cohort requires careful interpretation. This 
does not question the established effectiveness of PCV10 in pre-
venting CAP hospitalizations at a population level.8,9,25 Rather, it 
suggests that among children who develop CAP severe enough 
to require hospitalization despite vaccination, the subsequent in-
hospital disease trajectory is driven more powerfully by the pres-
ence of complications (e.g., pleural effusion) and the patient’s 
underlying health issues (e.g., neurological disorder) than by their 
vaccination status. In this cohort, the vaccine did not alter the hos-
pital LOS, which was also found by other authors.27 The possibil-
ity of serotype replacement after PCV introduction could not be 
investigated, and this prevents us from concluding that there is no 
change in clinical outcomes after immunization.

The results strongly align with clinical intuition and previous 
studies identifying pleural complications as markers of prolonged 
LOS. Patient hospital LOS was also found to be positively asso-
ciated with time until procedural drainage.28 In this cohort, it 
was not possible to determine if there was a linear relationship 
between LOS and time until drain insertion after identification of 
pleural effusion.

The powerful association of neurological disorders with pro-
longed LOS (OR = 7.3) is particularly notable. This may be due to 
factors such as severe motor impairment that limits mobility and 
cough effectiveness; chronic aspiration from dysphagia or reflux; 
poor nutritional status which weakens immune response; spinal 
deformities with lung expansion restriction; ineffective airway 
clearance and difficulty managing secretions; and the presence of 
comorbidities such as uncontrolled seizures or significant drool-
ing. Together, these issues impair the ability to clear infections 

Table 4.  Comorbidities Found in 160 Pediatric Patients with CAP 
According to PCV10 Vaccination (IPPMG-UFRJ, 2013-2018)

Variable  PCV10 No PCV10 P

​ n % n % ​

General comorbidities ​ ​ ​ ​ ​

  Yes 70 59.3 27 69.2 .270

  No 48 40.7 12 30.8 ​

Sickle cell anemia ​ ​ ​ ​ ​

  Yes 14 11.9 1 2.6 .072

  No 104 88.1 38 97.4 ​

Leukemia ​ ​ ​ ​ ​

  Yes 0 0 0 0 NSA

  No 118 100.0 39 100.0 ​

HIV/AIDS ​ ​ ​ ​ ​

  Yes 2 1.7 3 7.7 .098

  No 116 98.3 36 92.3 ​

Heart diseases ​ ​ ​ ​ ​

  Yes 9 7.6 3 7.7 .610

  No 109 92.4 36 92.3 ​

Hemoglobinopathies ​ ​ ​ ​ ​

  Yes 2 1.7 0 0 .560

  No 116 98.3 39 100.0 ​

Asthma ​ ​ ​ ​ ​

  Yes 8 6.8 0 0 .095

  No 110 93.2 39 100.0 ​

Tuberculosis ​ ​ ​ ​ ​

  Yes 1 0.8 0 0 .750

  No 117 99.2 39 100.0 ​

Neurological disorders ​ ​ ​ ​ ​

  Yes 21 17.8 13 33.3 .041

  No 97 82.2 26 66.7 ​

Genetic diseases ​ ​ ​ ​ ​

  Yes 11 9.3 3 7.7 .520

  No 107 90.7 36 92.3 ​

Pulmonary bronchodysplasia ​ ​ ​ ​ ​

  Yes 9 7.6 2 5.1 .460

  No 109 92.4 37 94.9 ​

Nephropathies ​ ​ ​ ​ ​

  Yes 6 5.1 1 2.6 .440

  No 112 94.9 38 97.4 ​

Variable  PCV10 No PCV10 P

Endocrinopathies ​ ​ ​ ​ ​

  Yes 1 0.8 2 5.1 .150

  No 117 99.2 37 94.9 ​

Other comorbidities ​ ​ ​ ​ ​

  Yes 16 13.6 12 30.8 .014

  No 102 86.4 27 69.2 ​

The data were expressed as frequency (n) and percentage (%). 
Chi-square test or Fisher's exact test.
AIDS, acquired immunodeficiency syndrome; HIV, human immunode-
ficiency virus.

Table 4.  Comorbidities Found in 160 Pediatric Patients with CAP 
According to PCV10 Vaccination (IPPMG-UFRJ, 2013-2018) (Continued)
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and regain baseline respiratory health, often resulting in extended 
recovery periods.29

Limitations
This study has limitations inherent to its retrospective, single-

center design. Data reliance on medical records can lead to infor-
mation bias and missing data (e.g., 25 patients without vaccination 
records). PPSV23 status was not assessed in older, high-risk chil-
dren, which is a potential confounder. Furthermore, conducting the 
study at a referral hospital introduces selection bias towards more 
severe or complex cases, limiting generalizability to community 
hospitals. The definition of prolonged LOS (>10 days), while based 
on the cohort’s median and similar studies, is somewhat arbitrary. 
Furthermore, the use of a stepwise procedure for variable selection 
in the multivariate model, while practical for exploratory analysis, 
is known to potentially yield unstable model configurations and 
optimistic P-values. Although the final predictors (neurological dis-
orders and pleural effusion) are clinically highly plausible and the 
model showed adequate fit, these findings should be interpreted 
as hypothesis-generating and warrant validation in future studies.

Conclusions
Despite high PCV10 coverage, CAP leading to hospitalization 

persists, predominantly affecting young children and those with 
comorbidities, in a tertiary care setting. Neurological disorders 
and pleural effusion were the strongest predictors of prolonged 
hospitalization. While vaccination status did not influence LOS 
in this specific hospitalized cohort, likely because disease course 
was dominated by complications and baseline health, this find-
ing underscores that PCV10’s primary benefit is in preventing 
hospitalizations. Efforts should focus on ensuring complete vacci-
nation, especially in high-risk groups like children with neurolog-
ical disorders, and on the prompt recognition and management 
of complications to improve outcomes for hospitalized patients.

Data Availability Statement: The data that support the findings of this study 
are available on request from the corresponding author.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Instituto de Puericultura e Pediatria 
Martagão Gesteira (IPPMG), a University Pediatric Hospital affiliated with 
the Universidade Federal do Rio de Janeiro (UFRJ) (Approval No.: 
07017018.8.3001.5264; Date: September 19, 2019).

Informed Consent: Due to the restrospective nature of the study, the 
requirement for informed consent was waived by the ethics committee.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – B.P.S., M.F.B.P.S.; Design – M.F.B.P.S., 
C.C.S.; Supervision – M.F.B.P.S., C.C.S.; Resources – B.P.S.; Materials – B.P.S.; 
Data Collection and/or Processing – B.P.S.; Analysis and/or Interpretation 
– B.P.S., C.D., M.F.B.P.S., C.C.S.; Literature Search – B.P.S., C.D.; Writing – 
B.P.S., C.D.; Critical Review – B.P.S., C.D., M.F.B.P.S., C.C.S.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: This study received support from the Brazilian Council for Scien-
tific and Technological Development (CNPq, Grant 302973/2019-2) and 
the Research Support Foundation of the State of Rio de Janeiro (Grant 
E26/010.001877/2019).

References
1.	 Kudagammana ST, Premathilaka S, Vidanapathirana G, et al. Child-

hood mortality due to pneumonia; evidence from a tertiary paediatric 

referral center in Sri Lanka. BMC Public Health. 2024;24(1):3351. 
[CrossRef]

2.	 Mendes  ACL, De Souza  TA, Medeiros  AA, et  al. Pneumonia in 
children under 5 years: temporal trends and spatial patterns of hos-
pitalizations in Brazil. Am J Trop Med Hyg. 2023;108(5):916-926. 
[CrossRef]

3.	 De Lima Peres G, Melo Esperança PH, Marcela De Azevedo Torres J, 
et al. Tendências E perfis das internações hospitalares por pneumonia 
de 2020 A 2024. Braz J Implantol Health Sci. 2025;7(3):1707-1720. 
[CrossRef]

4.	 Bayu D, Mekonnen A, Mohammed J, et al. Magnitude of Strepto-
coccus pneumoniae among under-five children with symptom of 
acute respiratory infection at Hiwot Fana specialized University Hos-
pital, Harar, Ethiopia: associated risk factors and antibacterial suscep-
tibility patterns. Risk Manag Healthc Policy. 2020;13:2919-2925. 
[CrossRef]

5.	 Lister AJJ, Dombay E, Cleary DW, et al. A brief history of and future 
prospects for pneumococcal vaccination in Malaysia. Pneumonia 
(Nathan). 2023;15(1):12. [CrossRef]

6.	 Berezin EN, Jarovsky D, Cardoso MRA, et al. Invasive pneumococcal 
disease among hospitalized children in Brazil before and after the 
introduction of a Pneumococcal Conjugate Vaccine. Vaccine. 
2020;38(7):1740-1745. [CrossRef]

7.	 Reis JN, Azevedo J, de Oliveira AML, et al. Long-term surveillance 
of invasive pneumococcal disease: the impact of 10-valent Pneumo-
coccal Conjugate Vaccine in the metropolitan region of Salvador, 
Brazil. Vaccine. 2024;42(3):591-597. [CrossRef]

8.	 Silva SRD, Mello LMD, Silva ASD, et al. Impact of the pneumococcal 
10-valent vaccine on reducing hospitalization for community-
acquired pneumonia in children. Rev Paul Pediatr. 2016;34(4):418-
424. [CrossRef]

9.	 Medeiros HRL, Berezin EN. Impact of the introduction of Pneumo-
coccal Conjugate Vaccine on rates of community acquired pneumo-
nia in children in northeast Brazil. RSD. 2020;9(10):e8679108875. 
[CrossRef]

10.	 Kupek  E, Viertel  I. Postintroduction study of cost-effectiveness of 
pneumococcal vaccine PCV10 from public sector Payer's perspective 
in the State of Santa Catarina, Brazil. Value Health Reg Issues. 
2018;17:109-114. [CrossRef]

11.	 Jarovsky D, Berezin EN. Impact of PCV10 on pediatric pneumococcal 
disease burden in Brazil: time for new recommendations? J Pediatr 
(Rio J). 2023;99(suppl 1):S46-S56. [CrossRef]

12.	 Levy J, DeAntonio R, Sáez-Llorens X. Effectiveness of pneumococcal 
conjugate 13-valent vaccine against severe pneumonia in Panama: a 
matched case-control study. J Pediatr (Rio J). 2025;101(4):601-607. 
[CrossRef]

13.	 Sociedade Brasileira de Pneumologia e Tisiologia. Diretrizes brasilei-
ras em pneumonia adquirida na comunidade em pediatria - 2007. J 
Bras Pneumol. 2007;33(suppl 1):S31-S50. [CrossRef].

14.	 Ministério da Saúde (BR). Calendário nacional de vacinação; 2022. 
Ministério da Saúde. Accessed September 21, 2025. https://www.gov.
br/saude/pt-br/vacinacao/calendario.

15.	 Pupovac N, Pavlov N. Shortening hospital treatment of pneumonia 
in children treated at Department of Pediatrics, University Hospital 
Centre Split in the 2010-2011 period. Paediatr Croat. 2014;58(3):196-
202. [CrossRef]

16.	 Mengstie LA. Prevalence of pneumonia and associated factors among 
children aged 6-59 months in Angolela Tera district, North Shoa, 
Ethiopia, 2021, community-based cross-sectional study. Bull Natl Res 
Cent. 2022;46(1):231. [CrossRef]

17.	 Orimadegun  AE, Adepoju  AA, Myer  L. A systematic review and 
meta-analysis of sex differences in morbidity and mortality of acute 
lower respiratory tract infections among African children. J Pediatr 
Rev. 2020;8(2):65-78. [CrossRef]

18.	 Yong VFL, Jaggi TK, Chan LLY, et al. Sex differences in respiratory 
infection. In: Silveyra P, Tigno XT, eds. Sex-Based Differences in Lung 
Physiology. Springer International Publishing; 2021:365-404. 
[CrossRef]

19.	 Liptzin DR, Landau LI, Taussig LM. Sex and the lung: observations, 
hypotheses, and future directions. Pediatr Pulmonol. 2015;50(12):1159-
1169. [CrossRef]

20.	 Sciarra F, Campolo F, Franceschini E, et al. Gender-specific impact 
of sex hormones on the immune system. Int J Mol Sci. 2023;24(7):6302. 
[CrossRef]

21.	 Zhang L, Lai M, Ai T, et al. Analysis of mycoplasma pneumoniae 
infection among children with respiratory tract infections in hospital 

https://dx.doi.org/10.1186/s12889-024-20883-1
https://dx.doi.org/10.4269/ajtmh.21-0664
https://dx.doi.org/10.36557/2674-8169.2025v7n3p1707-1720
https://dx.doi.org/10.2147/RMHP.S283860
https://dx.doi.org/10.1186/s41479-023-00114-8
https://dx.doi.org/10.1016/j.vaccine.2019.12.038
https://dx.doi.org/10.1016/j.vaccine.2023.12.055
https:// 10.1016/j.rpped.2016.02.003
https://dx.doi.org/10.33448/rsd-v9i10.8875
https://dx.doi.org/10.1016/j.vhri.2017.12.008
https://dx.doi.org/10.1016/j.jped.2022.11.003
https://dx.doi.org/10.1016/j.jped.2025.03.008
https://doi.org/10.1590/S1806-37132007000700002
https://dx.doi.org/10.13112/PC.2014.35
https://dx.doi.org/10.1186/s42269-022-00921-x
https://dx.doi.org/10.32598/jpr.8.2.65
https://dx.doi.org/10.1007/978-3-030-63549-7_13
https://dx.doi.org/10.1002/ppul.23178
https://dx.doi.org/10.3390/ijms24076302


7

Cerrahpaşa Med J 2026; 50: 1-7

in Chengdu from 2014 to 2020. Transl Pediatr. 2021;10(4):990-997. 
[CrossRef]

22.	 O'Brien KL, Wolfson LJ, Watt JP, et al. Burden of disease caused by 
Streptococcus pneumoniae in children younger than 5 years: global 
estimates. Lancet. 2009;374(9693):893-902. [CrossRef]

23.	 Clark JE, Hammal D, Hampton F, et al. Epidemiology of community-
acquired pneumonia in children seen in hospital. Epidemiol Infect. 
2007;135(2):262-269. [CrossRef]

24.	 Sterky E, Bennet R, Lindstrand A, et al. The impact of Pneumococcal 
Conjugate Vaccine on community-acquired pneumonia hospitaliza-
tions in children with comorbidity. Eur J Pediatr. 2017;176(3):337-
342. [CrossRef]

25.	 Ferreira MN, Netto EM, Nascimento-Carvalho CM. The impact of 
10-valent Pneumococcal Conjugate Vaccine upon hospitalization 
rate of children with pneumonia in different Brazilian administrative 
regions. Vaccine. 2021;39(15):2153-2164. [CrossRef]

26.	 Konstantyner T, Taddei JAAC, Rodrigues LC. Risk factors for incom-
plete vaccination in children less than 18 months of age attending 
the nurseries of day-care centres in Sao Paulo, Brazil. Vaccine. 
2011;29(50):9298-9302. [CrossRef]

27.	 Valdivielso Martínez AI, Ramos Fernández JM, Pérez Frías J, et al. 
Influence of pneumococcal vaccination on the hospitalization of 
healthy pediatric patients due to typical Community-Acquired Pneu-
monia. Int J Infect Dis. 2020;98:194-199. [CrossRef]

28.	 Alemayheu G, Lee CSJ, Erdman LK, et al. Children hospitalized with 
community-acquired pneumonia complicated by effusion: a single-
centre retrospective cohort study. BMC Pediatr. 2023;23(1):181. 
[CrossRef]

29.	 Gibson N, Blackmore AM, Chang AB, et al. Prevention and manage-
ment of respiratory disease in young people with cerebral palsy: con-
sensus statement. Dev Med Child Neurol. 2021;63(2):172-182. 
[CrossRef]

https://dx.doi.org/10.21037/tp-21-139
https://dx.doi.org/10.1016/S0140-6736(09)61204-6
https://dx.doi.org/10.1017/S0950268806006741
https://dx.doi.org/10.1007/s00431-016-2843-2
https://dx.doi.org/10.1016/j.vaccine.2021.02.051
https://dx.doi.org/10.1016/j.vaccine.2011.10.020
https://dx.doi.org/10.1016/j.ijid.2020.06.034
https://dx.doi.org/10.1186/s12887-023-04004-2
https://dx.doi.org/10.1111/dmcn.14640

