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ARTICLE INFO ABSTRACT

Keywords: Objectives: Sentinel surveillance for bacterial pneumonia (SSBP) allows the monitoring of immunopreventable
Sentinel surveillance diseases. The results of the SSBP carried out at HOMI, Fundacién Hospital pediatrico de la Misericordia, are
Pneumonia

presented.

Methods: The daily active search for cases was carried out in accordance with the protocol of the Pan American
Health Organization from January 2016 to December 2022.

Results: There were 6970 suspected cases of bacterial pneumonia (BP). Among the 3048 (43.7%) patients with
probable BP, cultures were obtained from 2777 (91.1%), and BP was confirmed in 190 (6.2%). The causes were
Streptococcus pneumoniae in 98 (51.6%) cases, Spnl9A in 47 (48%), Spn3 in 16 (16%), and Spn6C in 4 (4%).
Haemophilus influenzae was found in 32 (16.8%) cases: non-typeable H. influenzae in 20 (62.5%), H. influenzae
type b in five (15.6%), and H. influenzae type a in two (6.2%). Other bacteria were found in 60 (31.6%) cases. A
total of 51.6% and 42.9% of patients with S. pneumoniae had decreased sensitivity to penicillin and ceftriaxone,
respectively.

Conclusions: The serotypes included in the conjugate vaccines for pneumococcus and H. influenzae b decreased
significantly, and serotype turnover was observed. Among the S. pneumoniae cases, Spn19A, Spn3, and Spn6C
were the most frequent serotypes and associated with multiresistance. The SSBP allows us to determine the
clinical behavior of the disease and to detect the serotypes emergence.

Streptococcus pneumoniae
Haemophilus influenzae

Introduction

Community-acquired pneumonia is one of the main causes of hospi-
talization and death in children under 5 years of age. Over the last three
decades, conjugate vaccines have reduced the incidence of pneumonia
due to Streptococcus pneumoniae and Haemophilus influenzae type b. Cur-
rently, viruses are the main cause of pneumonia; however, the incidence
of pneumonia is proportionally higher in low-income countries and the
most frequent bacterial agents are S. pneumoniae, H. influenzae type b,
Moraxella catarrhalis, and Staphylococcus aureus [1,2].

* Corresponding author.
E-mail address: gcamachom@unal.edu.co (G. Camacho-Moreno).
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In Colombia, pneumococcal vaccination began in 2006 with the
pneumococcal conjugate vaccine of seven serotypes (PCV7), initially fo-
cusing on children under 2 years of age at a high risk of invasive pneu-
mococcal disease. Since 2008, the vaccine has been administered in Bo-
gota. From 2010 to 2011, given the withdrawal of PCV7 from the mar-
ket, pneumococcal conjugate vaccine of 13 serotypes (PCV13) was ad-
ministered in Bogot4 and in high-risk areas. Since January 2012, pneu-
mococcal conjugate vaccine of 10 serotypes (PCV10) has been admin-
istered universally, using a 2 + 1 scheme administered at 2 months, 4
months, and 12 months of age, with vaccination coverage between 85%
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and 89%. In July 2022, Colombia switched to PCV13 for the cohort of
children born since May 1, 2022, using the same 2 + 1 scheme.

A study conducted in five cities in Colombia revealed that from 2012
to 2016, after the implementation of PCV10, the incidence of pneumonia
in children under 2 years of age in Bogota decreased by 66% (65.6-66.6),
that in Medellin decreased by 40.6% (39.3-41.9), and that in Cartagena
decreased by 15% (11.2-18.6), with increases in Cali and Barranquilla. A
decrease in pneumonia mortality rates in children under 2 years old was
also observed, with a national reduction of 48.8% (45.5-51.9), 77.1%
(71.1-81.8) in Bogotd, 56.4% (44.1-65.9) in Medellin, 47.8% (33.8-58.9)
in Cali, and 46.4% (30.5-58.7) in Barranquilla. No substantial reduction
was observed in Cartagena [3].

Sentinel surveillance of bacterial pneumonia (BP) and bacterial
meningitis contributes to the generation of standardized and timely data
that can be used to characterize the epidemiological behavior of these
two pathologies in children under 5 years of age, in addition to pro-
viding data that can be used to measure the impact of vaccines on the
behavior of the serotypes, the incidence of the disease, and lethality [4].
In 2009, the World Health Organization (WHO) implemented the global
sentinel surveillance network for vaccine-preventable invasive bacterial
diseases [4]. In 2016, Colombia joined this network. This work presents
the results of sentinel surveillance of pneumonia in children under 5
years of age carried out at HOMI, Fundacién Hospital pediatrico de la
Misericordia, between 2016 and 2022.

Materials and methods

From January 1, 2016 to December 31, 2022, a daily active search
for suspected cases of BP was carried out through a system at HOMI, Fun-
dacién Hospital pediatrico de la Misericordia, located in Bogota (Colom-
bia), by checking the International Classification of Diseases 10th Revi-
sion codes from J10 to J22 in the database. For the purposes of epidemi-
ological surveillance, in the Sentinel Surveillance Project of Pneumonia,
the following case definitions established by the Pan American Health
Organization (PAHO) were used [5]:

« Suspicious cases: All hospitalized patients under 5 years of age with
a medical diagnosis of community-acquired pneumonia.

¢ Probable case: Any suspicious case in which the chest radiograph
shows a radiological pattern compatible with BP, including the pres-
ence of any of the following: alveolar opacity, consolidation, pleural
effusion, pneumatoceles, abscesses, or lung cavitation. In addition, it
is characterized by a dense image with a cottony appearance (alve-
olar opacity), which partially or completely involves one or more
lung segments or lobes or even an entire lung. These opacities often
present areas of air bronchogram and, in some cases, are associated
with pleural effusion.

¢ Confirmed case: Any probable case of BP in which S. pneumoniae, H.

influenzae, or other bacteria were identified or cultured in the blood

or pleural fluid.

Discarded case: Any suspected case in which the chest radiograph

does not show a radiological pattern compatible with BP.

Inadequately investigated case: Any suspicious case in which

there is no chest X-ray.

The records of patients who were hospitalized at the institution were
reviewed daily. A chest X-ray was ordered for suspected cases, and the
chest radiographs were interpreted by pediatric radiologists according
to the WHO imaging manual [6]. Two peripheral blood cultures were
taken for probable cases, and, if there was pleural effusion, a culture of
the pleural fluid was taken. The time between the onset of symptoms,
the patient’s consultation, and the moment of sample collection were
analyzed. The proportion of patients who used antibiotics before sample
collection was also analyzed, which could influence the microbiological
results.

Clinical information and the vaccination history were collected,
verifying the web page of Colombia and Bogotd Expanded Pro-
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gram of Immunization (https://paiweb2.paiweb.gov.co/login and
https://appb.saludcapital.gov.co).

Identification of microorganisms

At the sentinel institution, the microorganisms isolated from the cul-
ture media were identified using the automated technique VITEK 2 sys-
tem (bioMérieux, Marcy I’Etoile, France). The microorganisms were sub-
sequently sent to the Public Health Laboratory of the District Health
Secretariat of Bogotd, and the microorganisms were confirmed via the
automated advanced colorimetry system VITEK 2 (bioMérieux, Marcy
I’Etoile, France) and sent to the Microbiology Group of the Instituto Na-
cional de Salud of Colombia for confirmation and phenotypic characteri-
zation. The serotyping of S. pneumoniae was carried out via the Quellung
reaction, antigen-antibody assays with commercial antisera (BD) and
real-time polymerase chain reaction for cerebrospinal fluid and pleural
fluid samples that were negative in culture. Serotyping of H. influen-
zae was performed via real-time polymerase chain reaction. Antimicro-
bial sensitivity profiles were determined via the disk diffusion method
(Kirby-Bauer) and broth microdilution to penicillin (PEN), ceftriaxone
(CRO), trimethoprim-sulfamethoxazole, chloramphenicol, tetracycline,
erythromycin, and rifampin. The interpretation of the results was car-
ried out according to the Clinical and Laboratory Standards Institute
criteria for each year [7]. Multiresistance was defined as resistance to
three or more classes of antibiotics.

Statistical analysis

A descriptive, prospective study was conducted. The data were col-
lected via Excel and RStudio databases. Frequency analyses were per-
formed on the included variables, which included sex, age, symptoms,
X-ray results, identified microorganisms, vaccination status, serotypes,
and the final condition of the patient. In addition to simple frequency
analyses, bivariate analyses and statistical significance tests using chi-
square tests were conducted. The most relevant findings are presented.

Ethical considerations

This was a risk-free study since the patients did not undergo any in-
tervention or tests other than those indicated for the disease. This study
was approved by the ethics and research committee of the HOMI, Fun-
dacién Hospital pediatrico de la Misericordia (CEI 2015, 2015).

Results

From 2016 to 2022, there were 75,846 hospital admissions of chil-
dren under 5 years of age (average 10.835 per year), and, among them,
there were 6.970 (9.2%) suspected cases of BP. The average number of
suspected cases was 996 per year, with 2016 being the year with the
highest number of cases (n = 1.333, representing 15.6% of hospital ad-
missions of children under 5 years of age) and 2020 (n = 556) and 2021
(n = 501) being the years with the lowest number of cases, representing
7% and 4.2% of hospital admissions, respectively (Table 1). Seasonal
behavior was observed, with peaks in the months of March, April, and
May in all years except 2020 and 2021, during which the COVID-19
pandemic affected the usual behavior of these children (see Graph 1 in
the Supplementary material).

Among the total number of suspected cases, 3048 (43.7%) met the
criterion of probable cases. The annual average was 435 cases; in 2016,
there were 649 cases, and in 2020 and 2021, there were 133 and 113
cases, respectively (Table 1). The frequency of males was greater than
that of females at 1.743 (57%). Regarding the age distribution of the
probable cases, 954 (31.3%) were <12 months of age, 829 (27.2%)
were between 12 and 23 months, 577 (18.9%) were between 24 and 35
months, 423 (13.9%) were between 36 and 47 months, and 265 (8.7%)
were between 48 and 59 months. The median time between the onset of


https://paiweb2.paiweb.gov.co/login
https://appb.saludcapital.gov.co

G. Camacho-Moreno, C. Duarte, M.d.P. Perdomo et al.

LJID Regions 13 (2024) 100449

Table 1

Pneumonia indicators from 2016 to 2022.
Indicator 2016 2017 2018 2019 2020 2021 2022 Total
Number of suspected cases 1333 1041 1273 1225 556 501 1041 6970
Hospitalized 8857 12420 10348 10653 7490 14997 14081 78846
Percentage of hospitalizations for suspected bacterial pneumonia 15.6% 8.4% 12.3% 11.5% 7% 2.6% 7.4% 8.8%
Number of probable cases 649 618 539 588 134 113 407 3048
Percentage of probable cases 49% 59% 42,26%  48% 24% 22.5%  39.1% 43.7%
Percentage of probable cases with blood culture 94% 90% 95% 85% 87.3%  90.2%  93% 91%
Percentage of probable cases with pleural fluid 0.3% 3% 3.7 3.4% 6% 2.6% 5.9% 3.6%
Number of laboratory confirmed cases for some bacterial agent 41 26 34 25 6 18 40 190
Percentage of cases confirmed by laboratory for some bacterial agent 6.3% 4.2% 6.3% 4.3% 4.4% 15.9%  9.8% 6.2%
Number of laboratory confirmed cases for Streptococcus p and H phil 25 15 27 16 4 11 32 130
influenzae
Number of serotyped cases 23 14 25 12 4 10 31 119
Percentage of cases with serotype 92% 93% 92.6% 75% 100% 90.9%  96.9% 91.5%
Number of deaths in probable cases 14 11 7 10 4 4 6 56
Lethality probable cases 2.2% 1.8% 1.3 1.7% 3% 3.5% 1.5% 1.8%
Number of deaths in confirmed cases by microorganisms under sentinel surveillance 3 2 2 1 1 1 2 12
Lethality in confirmed cases 7.3% 7.7% 5.9% 4% 25% 8.3% 5.0% 6.6%

symptoms and hospital admission was 4 days (interquartile range [IQR] Table 2

3-7). The most frequent symptoms were cough (99.7%), fever (86%),
respiratory distress (68%), intercostal retractions (52%), and vomiting
(24.8%). A total of 570 (18.7%) patients received antibiotics during the
week before hospitalization (Table 1s, Supplementary material). The
most frequent radiological findings were consolidation (1.794, 58.9%),
pleural effusion (193, 6.3%), interstitial opacities (259, 8.5%), and air
bronchogram (130, 4.3%). There was an increase in pneumonia with
empyema and an increase in patients whose pleural fluid was obtained
(6% in 2020 and 2022). Since 2018, the median hospital stay was 7 days
(IQR 5-13), and the proportion of patients admitted to the pediatric in-
tensive care unit (PICU) was 35.6% (615 of 1780), with a median stay
of 5 days (IQR 3-10). Between 2016 and 2022, 56 probable cases died,
with a lethality rate of 1.8% (Table 1).

Among the 2777 (91.1%) probable cases, blood cultures were ob-
tained, the median time between admission and blood culture collec-
tion was 0.6 days (IQR 0-1.2), and the median time between the onset
of symptoms and blood culture collection was 6 days (IQR 3-8). The re-
sults were positive for a pathogen in 190 (6.2%) cases. Comparing blood
culture positivity, a decrease from 7% in patients who did not receive
antibiotics to 5% in those who did was observed (P = 0.03). The pro-
portion of confirmed cases compared with probable cases was greater in
2021 (16.8%) and 2022 (9.8%) and lower in 2020 (3.7%). The average
number of confirmed cases per year was 27.1. The years with the highest
number of confirmed cases were 2016 and 2022, with 40 and 39 cases,
respectively, and the years with the lowest number of confirmed cases
were 2020 and 2021, with five and 19 cases, respectively (Table 1).
The most common microorganisms were S. pneumoniae (98, 51.6%) and
H. influenzae (32, 16.8%). Among these, 28 (87.5%) were analyzed in
the reference laboratory, 20 (7.14%) were non-typeable H. influenzae,
five (17, 8%) were H. influenzae type b, two (7.1%) were H. influenzae
type a, and one (3.6%) was H. influenzae type f (Tables 2 and 3). The
lethality rate among the confirmed patients was 6.3% (12 of 190), and,
among them, eight had S. pneumoniae (three Spn3, two Spn 19A, one
Spn 6C, one Spn 11A, and one not serotyped), one had H. influenzae
non-typeable, one had Proteus mirabilis, one had Klebsiella pneumoniae,
and one had Klebsiella oxytoca. The lethality ratio according to the mi-
croorganism was 8.1% (eight of 98) for S. pneumoniae, 3.1% (one of 32)
for H. influenzae (typeable and non-typeable), and 5% (three of 60) for
the other microorganisms.

S. pneumoniae serotypes were detected in 91 (92.9%) cases, and the
most frequent serotypes were 19A (n = 47; 51.6%), three (n = 16;
17.5%), 14 (n = 7; 7.7%), 6C (n = 4; 4.4%), and 9N (n = 4; 4.4%)
(Table 4). Figure 1 shows the serotypes of S. pneumoniae by year; there
was a decrease in the serotypes included in PCV10 and a predominance
of Spn19A. The lethality rates for each pneumococcal serotype were

Microorganisms most frequently isolated from patients with bacterial pneumo-
nia.

Microorganisms 2016-2022
n %

Streptococcus pneumoniae 98 51.6
Haemophilus influenzae 32 16.8
Staphylococcus aureus 24 12.6
Other 19 10
Klebsiella pneumoniae 5 2.7
Salmonella 4 2.2
Enterobacter cloacae 3 1.6
Klebsiella oxytoca 2 1.0
Serratia marcescens 2 1.0
Neisseria meningitidis 1 0.5
Total 190 100

4.2% (two of 47) for 19A, 18.7% (three of 16) for 3, 25% (one of four)
for 6C, and 100% (one of one) for 11A.

Among the 98 cases of confirmed S. pneumoniae infection, 97 (99%)
had complete vaccination data and 82 (84.5%) had a complete vaccina-
tion schedule with three doses of PCV10. Among the 32 patients con-
firmed to have H. influenzae infection, 28 (87.5%) had complete vacci-
nation data, of whom 17 (60.7%) had a complete vaccination schedule
with three doses of the pentavalent vaccine. The relationships of the iso-
lated serotypes with the vaccination status are presented in Table 3. It is
observed that six of seven (85.7%) patients with serotypes included in
the PCV10 and 39 of 47 (83%) with Spn19A had received three PCV10
doses, and three of five (60%) patients with H. influenzae type b had
three doses of the pentavalent vaccine.

Antibiotic susceptibility data were obtained for 91 (92.9%) of the S.
pneumoniae isolates, 45 (95.7%) of the Spn19A isolates, and 26 (81.3%)
of the H. influenzae isolates. Table 4 shows the proportions of antibiotic-
resistant strains. A higher proportion of resistance was observed for
Spn19A than for the other serotypes.

S. aureus was the third most common microorganism and was respon-
sible for 24 (12.6%) of the confirmed pneumonia cases; 45.8% were me-
thicillin resistant, and all the isolates were susceptible to clindamycin.

Discussion

This research presents the results of sentinel BP surveillance carried
out from 2016 to 2022 in children under 5 years of age who were treated
at HOMI, Hospital pediatrico de la Misericordia. This surveillance is
essential for understanding the epidemiological patterns of pneumonia
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Table 3
Confirmed bacterial pneumonia (BP) cases for Streptococcus pneumoniae and Haemophilus influenzae
and vaccine status - HOMI 2016-2022.

Pneumonia 2016-2022

Microorganism Serotypes ;:::;::te 2 doses | 1dose | 0 dose | Unknown | Total n(%)

Serotyped 91(92,9)
14 6 1 0 0 7(7,7)
3 15 1 16(17,5)
6A 1 1(1,1)
19A 39 7 1 47(51,6)
6C 4 4(4,4)
8 1 1(1,1)
11A 1 1(1,1)
3 1 4(4,4)
2 2(2,2)

Spn
1 1 2(2,2)
1 1 2(2,2)
0 1 1(1,1)
1 1(1,1)
1 1(1,1)
1 1(1L1)
5 2 7(7,1)
TOTAL 82 12 0 3 1 98

Serotyped 28(87,5)
Hi NT 12 1 1 5 1 20(71,4)
b 3 1 1 5(17,9)
Hi a 1 1 2(7,1)
f 1 1(3,6)

1 1 1 4(12,5)

TOTAL 17 1 2 8 4 32
PCV10 PCV13

PCV, pneumococcal conjugate vaccine.
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2016 2017 2018 2019 2020 2021 2022

W Serotype 6A M Serotype 3 M Serotype 19A W Serotype 19C M Serotype 8 M Serotype 15A

H Serotype 23A Serotype 23B m Serotype 35A Serotype 6C M Serotype 13 © No date

Figure 1. Streptococcus pneumoniae serotypes, HOMI 2016-2022.
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Table 4
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Antibiotic susceptibility of Streptococcus pneumoniae, Haemophilus influenzae, and Staphylococcus aureus.

Streptococcus pneumoniae (total)

Antibiotic Sensitive Intermediate Resistant Total
n (%) n (%) n (%) n (%)
Penicillin 44 (48,4) 35 (38.5) 12 (13) 91 (100)
Ceftriaxone 52 (57,1) 32 (35,2) 7(7.7)
Trimethoprim sulfa 38 (41.8) 2(2.2) 51 (56)
Macrolides 43 (47.3) 0 48 (52.7)
Chloramphenicol 91 (100) 0 0
Vancomycin 91 (100) 0 0
Streptococcus pneumoniae serotype 19A
Penicillin 7 (15.6) 29 (64.4) 9 (20) 45 (100)
Ceftriaxone 14 (31.1) 27 (60) 4 (8.9
Trimethoprim sulfa 5(11.1) 1(2.2) 39 (86.7)
Macrolides 6(13.3) 0 39 (86.7)
Chloramphenicol 45 (100) 0 0
Vancomycin 45 (100) 0 0
Haemophilus influenzae
Ampicillin 22 (84.6) 1(3.9) 3(11.5) 26 (100)
Cefuroxime/Ceftriaxone 26 (100) 0 0
Trimethoprim sulfa 18 (69.2) 0 8(39.8)
Rifampicin 26 (100) 0 0
Staphylococcus aureus
Oxacillin 13 (54.2) 0 11 (45.8) 24(100)
Clindamycin 24 (100) 0 0

and determining the prevalence of bacterial agents and their serotypes
during the study period.

The proportion of suspected cases requiring hospitalization has de-
creased over time, from 15.6% in 2016 to 7.4% in 2022, which is re-
lated to the implementation of measures to prevent acute respiratory
infection, including vaccination against S. pneumoniae, H. influenzae, in-
fluenza, and SARS-CoV-2. Other studies have shown the positive impact
of these vaccines [1,8,9].

The number of suspected and probable cases decreased in 2020 and
2021 but increased in 2022, similar to observations in other countries
[10,11]. This pattern is related to the measures implemented during
the COVID-19 pandemic, which decreased the incidence of viral and
bacterial infections [10,11]. Studies carried out in Israel have shown
that the incidence of respiratory syncytial virus infection, pneumococ-
cal pneumonia, and invasive pneumococcal disease decreased during
the pandemic but that the nasopharyngeal carriage of S. pneumoniae did
not decrease, highlighting the importance of respiratory viruses in the
genesis of pneumococcal pneumonia [11]. In the present study, a sea-
sonal pattern was observed, which was associated with the months with
the highest rainfall (March-June); these data are very similar to those
reported in Bogota from 2015 to 2023 [12].

The proportion of suspected cases that met the criteria of probable
cases was 43.7%. This percentage is higher than that reported in a pre-
vious study carried out in Bogota by the Saludcoop group, in which it
was 35.1% and included children aged 0-36 months [13]. This percent-
age is lower than that reported in the results of sentinel surveillance in
Bogota in 2016 [14] and similar to that reported in Bogota from 2016
to 2020 [15]. The PAHO sentinel surveillance protocol estimates that
40% of suspected cases meet the criteria for probable cases.

In total, 68% of the patients presented with respiratory distress,
which, together with hypoxemia, is considered a sensitive clinical sign
for the diagnosis of pneumonia [14,16].

The sentinel surveillance protocol of the WHO/PAHO is based on the
results of chest radiography [5,6], which has shown variable sensitivity
(93% in some studies [17] and 34.3% in others) [18]. It has also been es-
timated that the negative predictive value for infection by S. pneumoniae
from a normal chest X-ray is 86.3% [19]. In the present study, consoli-
dation was the most frequent finding, which is consistent with findings

reported in other studies [13]. An increase in cases of complicated pneu-
monia was observed, similar to that reported in other studies [16,20].
The proportion of PICU admissions (35.6%) was greater than that re-
ported in the 2016 sentinel surveillance report (28.2%) [14] and that
reported by Jain (21%) [21] and lower than that reported by Del Rosal
(44%) and Gutiérrez (51.6%), possibly because these studies described
the behavior of confirmed cases of S. pneumoniae [16,22], unlike the
present study which included probable and confirmed cases. The lethal-
ity rate was higher among confirmed cases (6.3%) than among probable
cases (1.8%). The lethality rate of probable cases was higher than that
reported by Jain et al. (<1%) [21]. The lethality of patients from whom
S. pneumoniae was isolated (8.1%) was greater than that reported by
Rojas et al. (3.1%) [23] and lower than that reported in other studies
(8.3-8.7%) [16,24]. Spnl1A (100%), Spn6C (25%), and Spn3 (18.7%)
presented the highest lethality rates by serotype, and it is important to
highlight that there was only one case of Spn11A. The lethality from
pneumococcus in this study was greater than that from H. influenzae
(3.1%) and other microorganisms (5%), possibly because of the viru-
lence factors of the microorganism. The high proportion of admissions
to the PICU and the higher fatality rate observed in this study may be
related to the fact that it was conducted in a high-complexity pediatric
hospital where patients with more severe infections are referred. This
may also be related to the delay in seeking medical care by the family
(median of 4 days, IQR 3-7) and the prevalence of Spn19A associated
with multidrug resistance and Spn 3 associated with complicated pneu-
monia and worse outcomes [16].

The percentage of positive blood cultures in pneumonia patients is
low because, in most cases, the microorganism spreads contiguously
from the upper respiratory tract. It is estimated that only 10-20% of
cases occur due to hematogenous dissemination [2,17,21]. The percent-
age of positive blood cultures (6.2%) was similar to that reported by
Lakhani et al. (6.1%) and Jain et al. (8%) [17,21] and higher than that
reported by Benavides (1.5%) [13], probably related to the implemen-
tation of incubation methods, such as the CO, chamber and the use of
automated methods for detection. The percentage of positive cultures
was lower in patients who received antibiotics before consultation (5%
vs 7%). These findings demonstrate that previous antibiotic administra-
tion influences blood culture results.
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S. pneumoniae and H. influenzae were the most common microorgan-
isms, similar to the findings of other studies [1,25]. Viruses are currently
considered to be the most frequent cause of pneumonia, and the rela-
tionship between them and invasive bacterial disease has been demon-
strated [2,11]. Therefore, incorporating this search into sentinel surveil-
lance protocols is recommended.

The most frequent serotype of S. pneumoniae was 19A, followed by
Spn3, Spn14, and Spn6C, a finding similar to that reported in the 2016
sentinel surveillance report [14]. According to the 2016-2020 report
[15], in the national surveillance system [26], in other studies carried
out in Colombia [16] and in other countries of the region [27], a phe-
nomenon was observed, especially in the countries after the use of PCV7
and PCV10. Most of the patients had a complete vaccination scheme,
and no cross-protection against Spn19A was observed. No isolates of
Spn22F or Spn33F included in PCV15 were detected, and one isolate of
Spn8 and one of Spnl1A included in pneumococcal conjugate vaccine
of 20 serotypes (PCV20) were detected. The proportion of serotypes in-
cluded in PCV10 was 7.7%, in PCV13 was 78%, in PCV15 was 78%, and
in PCV20 was 80.2%. If cross-protection of PCV13, PCV15, and PCV20
against Spn6C is assumed, this percentage increases by 4.4%.

A high proportion of pneumococcus strains resistant to PEN, CRO,
and macrolides were detected. Colombian surveillance has shown that S.
pneumoniae nonsusceptibility rates to f-lactams increased during 2005-
2023, associated with serotypes such as 19A [28]; PEN resistance in-
creased from 11.53% to 30.18%, CRO resistance increased from 8.04%
to 24.25%, and macrolide resistance increased from 5.24% to 47.8%.
Similar findings were reported in this study. The increase in isolates of
serotype 19A nonsusceptible to g-lactams may be due to the imprudent
use of antibiotics or the spread of multiresistant 19A clones (ST320,
ST276, and ST1118), among others [29], which is similar to what has
been reported in other studies in Colombia and Brazil [14,26,27,30].
Based on these findings, in July 2022, Colombia changed the recom-
mended vaccine to PCV13 in a 2 + 1 scheme for the cohort of children
born after May 1, 2022. Considering that 41.7% of patients with pneu-
monia are older than 2 years and that Spn19A predominates, the im-
plementation of a catch-up strategy for boys and girls aged 2 to 5 years
should be evaluated because this strategy has proven to be successful in
Taiwan [31].

The most frequent type of H. influenzae was non-typeable H. influen-
zae, at 62.5%, similar to that reported in other studies [32]. Resistance to
ampicillin (11.5%) was lower than that reported in the national surveil-
lance report from 2015 to 2019 (33%) and resistance to trimethoprim
sulfa was similar. No isolates resistant to chloramphenicol, cefuroxime,
or CRO were found [33]. The systematic administration of a vaccine
against H. influenzae type b has decreased its incidence; however, some
cases were reported in patients who had received three doses of the vac-
cine, which is why, since 2023, Colombia has implemented a booster
dose with the pentavalent vaccine at 18 months. The ratio of resis-
tance to ampicillin is low; therefore, ampicillin, ampicillin/sulbactam,
or amoxicillin/clavulanate should be used to treat infections caused by
this organism.

S. aureus is an emerging microorganism in pneumonia; in the present
study, it was responsible for 12.6% of pneumonia cases, a higher per-
centage than that reported by Frush et al. [34] (1%). This microorganism
is associated with more severe conditions and is, therefore, suspected to
be involved in cases of complicated pneumonia. Resistance to methi-
cillin was similar to that reported in other studies; the high susceptibil-
ity to clindamycin allows its use in cases where this microorganism is
suspected [35].

The findings of this study have clinical implications. For patients
with BP, empirical treatment with amoxicillin at 90 mg/kg/day, crys-
talline PEN at 300,000 IU/kg/day, or ampicillin at 200 mg/kg/day is
recommended as first-line treatment. This approach adequately covers
S. pneumoniae isolates that are sensitive (MIC <2) (48,4%) and those
with intermediate sensitivity (MIC 4) (38,5%, 86.9% of isolates in to-
tal). Amoxicillin or ampicillin affects sensitive (MIC <1) H. influenzae
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(84.6%). In cases of suspected S. aureus infection (complicated pneumo-
nia), the addition of clindamycin is recommended. An increase in the
resistance of Streptococcus pneumoniae is associated with the emergence
of Spn19A multidrug-resistant strains. The switch from PCV10 to PCV13
vaccination may reduce resistance by protecting against this serotype;
however, given the current increase in resistance to PEN and CRO, the
use of cloranfenicol, linezolid, or ceftaroline should be considered for
patients who do not respond adequately to initial treatment or who
have PEN and third-generation cephalosporin-resistant pneumococcus
isolates.

The present study provides clinical, epidemiological, and microbi-
ological information on BP patterns in children under 5 years of age
at a sentinel hospital in Colombia. The strengths of this study are the
coordinated action of different institutions (HOMI, Fundacién Hospital
pediétrico de la Misericordia, Bogotd Health Secretariat, Instituto Na-
cional de Salud, Ministry of Health and PAHO), the prospective collec-
tion of information, which was maintained during the pandemic, the
high percentage of serotyping, and the characteristics of the sentinel
hospital, which is a level IV pediatric hospital, with infrastructure and
epidemiological support to ensure the quality of the data. The sentinel
surveillance data were used by the Ministry of Health to support the de-
cision to switch to PCV13 and include the booster dose of H. influenzae
through the administration of the pentavalent vaccine at 18 months. One
of the limitations of the study is the exclusion of children over 5 years
old. Previous studies have shown that 14% of invasive pneumococcal
pneumonia cases occur in children of that age [16,24]. However, the
study was conducted following the PAHO protocol, which targets chil-
dren under 5 years of age. This allows better comparability with other
countries and regions that conduct similar epidemiological surveillance.
Another limitation of this study is that because it was carried out at a
level IV referral hospital, the data may not be extrapolated to other pop-
ulations. There may be bias due to errors in data collection, which was
estimated at 7.8%. To minimize this bias, supervision and control are
used in the processes of data collection, entry, and consolidation. In
cases where a deviation is found, primary sources are consulted, includ-
ing medical records, vaccination cards, and laboratory results, to obtain
the correct data. There may be bias due to the performance of the di-
agnostic methods used. The descriptive data analysis may be limited
for some inferential analyses. Selection biases may occur because, ow-
ing to the level of complexity of the institution wherein patients with
severe pneumonia are treated, there may also be biases derived from
radiological interpretation. To reduce interobserver variability, work-
shops were held with radiologists and the criteria defined by the WHO
for the report. The limitations of this study include the lack of inclusion
of viral infection data within the protocol and the loss of some of the
microorganisms due to contamination, dead strains, or failure to send
the samples to the reference laboratory. The sending process has been
standardized, and constant communication is maintained between the
hospital laboratory, the study monitor, and the reference laboratories,
verifying the viability of the samples sent before they are discarded.

Conclusion

The measures implemented, including vaccination against S. pneu-
moniae, H. influenzae type b, influenza, and other respiratory pathogens,
have decreased the morbidity and mortality due to acute respiratory in-
fection (ARI) in children under 5 years of age; however, BP continues to
be a frequent cause of consultation, hospitalization, and mortality in this
age group, and S. pneumoniae continues to be the most frequent agent,
with an increase in resistance to PENs, CRO, and macrolides and greater
lethality than that caused by other microorganisms. The exchange of
serotypes observed with the implementation of pneumococcal conju-
gate vaccines and the absence of vaccines that cover all serotypes make
it necessary to have surveillance systems that allow the detection of
these changes and the implementation of vaccines that include emerg-
ing serotypes. A sentinel surveillance strategy is useful for achieving
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this goal. Furthermore, it is necessary to conduct nasopharyngeal car-
riage studies and longitudinal studies to track the long-term effects of
vaccination. Viral diagnostics should be included in the sentinel surveil-
lance protocol, and molecular studies should be conducted to determine
the clones associated with antimicrobial resistance.
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