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Introduction: Invasive Pneumococcal Disease (IPD) causes significant morbidity
and mortality in children under 5y. Colombia introduced PCV10 vaccination in
2012, and the Neumocolombia network has been monitoring IPD in pediatric
patients since 2008.

Materials and methods: This study is a secondary analysis of a prospective
cohortinvolving pediatric patients with IPD admitted to 17 hospitals in Colombia,
from January 1st, 2017, to December 31st, 2022. We present data on serotypes
(Spn), clinical characteristics, and resistance patterns.

Results: We report 530 patients, 215 (40.5%) were younger than 24 months.
Among these, 344 cases (64.7%) presented with pneumonia, 95 (17.9%) with
primary bacteremia, 53 (10%) with meningitis, 6 (1.1%) had pneumonia and
meningitis, and 32 (6%) had other IPD diagnosis. The median hospital stay was
12 days (RIQ 8-14days), and 268 (50.6%) were admitted to the ICU, of whom
60 (11.3%) died. Serotyping was performed in 298 (56.1%). The most frequent
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serotypes were Spnl9A (51.3%), Spn6C (7.7%), Spn3 (6.7%), Spn6A (3.6%), and
Spnl4 (3.6%). Of 495 (93%) isolates with known susceptibility, 46 (9.2%) were
meningeal (M) and 449 (90.7%) non-meningeal (NM). Among M isolates,
41.3% showed resistance to penicillin, and 21.7% decreased susceptibility to
ceftriaxone. For NM isolates, 28.2% had decreased susceptibility to penicilin,
and 24.2% decreased susceptibility to ceftriaxone. Spn19A showed the highest
resistant to penicillin at 47% and was linked to multiresistance.

Conclusion: The prevalence of PCV10-included serotypes decreased,
while serotypes 19A and 6C increased, with Spnl9A being associated with
multiresistance. These findings had played a crucial role in the decision made
by Colombia to modify its immunization schedule by switching to PCV13 in July

2022.
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Introduction

Streptococcus pneumoniae infections are of great concern due to
the high rates of morbidity and mortality, especially in children under
5years of age (1, 2). Pneumococcus colonizes 42% of these children
(2), predisposing them to noninvasive diseases such as otitis media,
acute sinusitis, and pneumonia, as well as invasive pneumococcal
disease (IPD), such as bacteremic pneumonia, meningitis, primary
bacteremia, peritonitis, and arthritis among others (1, 2). More than
100 pneumococcal serotypes have been identified, each of which
presents variations in frequency, invasiveness, and resistance to
antibiotics (3, 4). Although penicillin and cephalosporins have been
the treatments of choice, sensitivity to these beta-lactams has
decreased due to the emergence of multiresistant clones (5-7).

Pneumococcal conjugate vaccines (PCVs) have achieved a notable
reduction in disease burden and have the potential to decrease
resistance to antibiotics, as long as they cover serotypes with a high
proportion of resistance (1, 8-11). However, the impact of these PCV's
is influenced by multiple factors, such as immunogenicity, efficacy/
effectiveness against disease and nasopharyngeal carriage, vaccination
coverage rates, vaccination schedule, quality of epidemiological
surveillance, and serotype replacement (4, 12, 13). This last
phenomenon has been observed with the introduction of PCV7 and
is characterized by the emergence of serotypes not covered by the
vaccine that occupy the ecological niche that leaves a decrease in
vaccine serotypes, which led to the introduction of PCVs with
additional valences, such as PCV10 currently administered in 24
countries and PCV13 administered in 121 countries (4, 13-16).
Vaccines with more valences, such as PCV15 and PCV20, have
recently been developed (17).

In Colombia, vaccination against pneumococcus began in 2006
with PCV7, initially targeting children under 2 years of age at high risk
of IPD. Since 2008, the vaccine was administered universally initially
in Bogotd, and since 2009 it was extended to the departments of
Colombia with the highest mortality from acute respiratory infection.
In the 2010-2011 period, given the withdrawal of PCV7 from the
market, PCV13 was administered in Bogotd and in the higher risk
departments. Based on a cost-effectiveness study (18), since January
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2012, PCV10 has been administered universally, using a 2+ 1 scheme
administered at 2months, 4months, and 12months of age, with
vaccination coverage between 85 and 89%. In July 2022, based on
epidemiological data and cost-effectiveness studies (19, 20). Colombia
switched to PCV13 for the cohort of children born on or after May 1,
2022, using the same 2+ 1 scheme. A laboratory-based surveillance
system is available for the distribution of serotypes and resistance in
Colombia, in which the isolates of meningitis must be sent to
departmental and district health secretaries and from there to the
National Institute of Health (INS), which performs serotyping. The
shipment of other invasive isolates is voluntary, so clinical information
on these isolates is scarce (21, 22).

This study details the clinical characteristics, distribution of
serotypes, and resistance to antibiotics in a cohort of children treated
during the mature stage of vaccination with PCV10, at 17 hospitals in
Colombia. These hospitals are part of the Neumocolombia network,
which monitors the behavior of the IPD in Colombia since 2008.

Materials and methods
Description of the cohort

This was a secondary analysis of a prospective cohort composed
of pediatric patients with IPD. The patients were admitted to 17
hospitals in Colombia, distributed as follows: Ten in Bogota, four in
Cali, two in Medellin, and one in Cartagena, between January 1, 2017
and December 31, 2022. Sampling was carried out consecutively,
focusing on those with a positive culture or positive molecular test of
a normally sterile site, and each patient was followed up throughout
the hospitalization.

Case definition

An IPD was defined by the isolation of Streptococcus pneumoniae
in culture or by molecular testing of a normally sterile site, such as
blood, cerebrospinal fluid (CSF), pleural fluid (PF), synovial fluid (SF),
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peritoneal fluid (PeF), or bone (B). It is considered that a patient has
IPD if pneumococcus is documented by either of the two methods
(culture or molecular test) or by both. This definition was applied
regardless of the signs and symptoms present in the patient. To
identify the patients, the Whonet 5.5® system (World Health
Organization) was used in each of the participating hospitals during
the study period (23). Clinical information was collected through the
medical records of the patients using a specific format developed in
Microsoft Excel®. The data collected included sociodemographic
variables, clinical and laboratory findings, and outcomes.

Laboratory methods

The isolates were identified through culture or molecular testing.
For isolates obtained from sterile sites, identification and susceptibility
testing were conducted using automated methods. Sixteen centers
utilized Vitek 2™ (Biomérieux, LEtoile, France), while one center
employed BD Phoenix™ (Becton Dickinson). CLSI 2022 criteria were
applied to determine antibiotic susceptibility breakpoints (24).

Isolates detected solely through molecular testing (BioFire®
Meningoencephalitis Panel, BioFire® pneumonia panel, BioFire®
Blood Culture Identification 2 (BCID2) Panel) did not undergo
antibiotic susceptibility testing.

Serotyping

As part of routine surveillance, the culture isolates and
cerebrospinal fluid (CSF) positive by polymerase chain reaction PCR,
were sent to departmental or district health secretaries, where the
isolates were reconfirmed and then sent to the Microbiology Group—
National Reference Laboratory for Instituto Nacional de Salud (INS),
the culture isolates were serotyped by the Quellung method and
agglutination using commercial antisera (DIFCO, Becton Dickinson®)
which allows for the identification of 88 serotypes, and by PCR in
cases where the antiserum result reports serogroup 16, or in
cerebrospinal fluid samples where the isolation was detected solely by
PCR. The serotype data were taken from the report issued by the INS
(21, 22, 25, 26).

Statistical analysis

Descriptive statistical techniques were used to analyze the data.
Measures of central tendency and dispersion were calculated for
continuous variables such as age and length of hospital stay.
Proportions are given for categorical variables, including disease types
and clinical outcomes. Subgroups of vaccination status and identified
pneumococcal serotype were examined. Antibiotic resistance patterns
were analyzed by susceptibility subtypes of different serotypes.

Ethical aspects
The research protocol was initially approved by the Ethics and

Research Committee of HOMI, Hospital pediétrico la Misericordia,
through Resolution No. 015 CEI 5018, and subsequently approved by

Frontiers in Medicine

10.3389/fmed.2024.1380125

the ethics and research committees of each participating institution.
In hospitals where the research committee requested it (such as
Hospital Infantil Universitario de San José y el Hospital Universitario
Clinica San Rafael), informed consent was obtained from the parents.
In other hospitals, the ethics and research committee waived the need
for informed consent, considering it to be a low-risk study.

Results

The study included 530 patients, with an annual average of 88
patients. Of these, 290 cases were recorded between 2017 and 2019,
and 240 cases were recorded between 2020 and 2022. A decrease in
the number of isolates was observed in 2020 (n=36) and 2021 (n=68),
with a further increase occurring in 2022 (n=137).

The median age was 29 months (IQR 12-50). A total of 215
patients (40.5%) were younger than 24 months, 205 (38.7%) were
between 24 and 59 months, and 110 (20.7%) were between 60 and
214months. Regarding the clinical manifestations, 344 patients
(64.9%) presented with pneumonia, 134 with pleural effusion (38.9%),
95 (27.6%) with pneumonia complicated with empyema, and 58
(16.8%) with necrotizing pneumonia. In 130 of the 134 patients with
pneumonia with effusion (Supplementary Table S1). There were 95
(17.9%) patients with primary bacteremia. There were 53 (10%)
patients with meningitis. Thirty-two (6%) other diagnoses were
logged: 12 patients with osteoarticular infection were identified, one
of them, identified only by molecular testing of joint fluid. While
culture identified six cases of mastoiditis, six cases of skin and soft
tissue infection, five cases of primary peritonitis, two cases of catheter-
associated bacteremia, and one case of subdural empyema secondary
to pansinusitis. The clinical characteristics and outcomes are shown
in Table 1.

A total of 473 patients (89.2%) were diagnosed exclusively through
positive cultures (blood culture and/or CSE pleural fluid, synovial fluid,
or peritoneal fluid culture) without undergoing a molecular test. Another
46 patients (8.8%) were diagnosed by positive cultures plus a positive
blood or fluid molecular test. Eleven patients (2%) were diagnosed only
through a positive molecular test, with negative culture results. Meningitis
was the pathology where the greatest impact of the use of the molecular
panel was observed, where 7 patients had positive CSF PCR with negative
cultures, increasing the diagnosis by 13.2%. Detailed information is
presented in Supplementary Table S1.

Vaccination

Regarding vaccination status, information was obtained for 410
patients (77.3%), 31 (7.6%) of whom did not receive any dose of
vaccine, 379 (92.4%) of whom received at least one dose: 367 (89.5%)
at least one dose of PCV10, 10 (2.43%) of PCV13, and 2 (0.48%) of
PCV7. Specifically, among the 410 patients with known vaccination
data, 284 were older than 12 months at the time of diagnosis and were
born after the implementation of mass vaccination with PCV
10.Within this subgroup of 284 patients, 5 (1.7%) received no dose, 8
(2,8%) received a single dose, 20 (7%) received two doses, and 251
(88,3%) received three doses. Of the patients who completed the
three-dose schedule, 249 were vaccinated with PCV10 and two were
vaccinated with PCV13.
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TABLE 1 Patient characteristics, by age, diagnosis, and outcomes.

10.3389/fmed.2024.1380125

Clinical Variable <24m 24-59m >60m Total
presentation
Pneumonia Median hospital stay. Med (IQR) 14 (7-23) 14 (7-23) 10 (5-17) 13 (7-21)
Admission to PICU # (%) 79 (56.4) 81 (51.9) 27 (56.3) 187
Median PICU days. Med (IQR) 9 (5-16) 8 (3-14) 5(3-11) 8 (4-14)
Lethality n (%) 15(10.7) 10 (6.4) 5(10.4) 30(8.7)
Total patients n (%) 140 156 48 344 (64.9)
Primary Median hospital stay. Med (IQR) 8 (1-15) 7 (6-13) 15 (10-31) 11 (5-16)
bacteremia Admission to PICU n (%) 18 (45) 7(23.3) 9 (36) 34(35.8)
Median PICU days. Med (IQR) 4(1-10) 6(3-9) 13 (8-17) 7 (3-13)
Lethality n (%) 9(22.5) 0(0) 4(16) 13 (13.7)
Total patients n (%) 40 30 25 95 (17.9)
Meningitis Median hospital stay. Med (IQR) 12 (3-19) 18 (15-23) 14 (9-15) 14 (7-19)
Admission to PICU n (%) 13 (68.4) 6 (75) 16 (61.5) 35 (66%)
Median PICU days. Med (IQR) 10 (3-12) 10 (2-16) 3(2-6) 6(3-11)
Lethality 7 (%) 8 (42.1) 1(12.5) 5(19.2) 14 (26.4)
Total patients n (%) 19 8 26 53 (10)
Pneumonia and Median hospital stay. Med (IQR) 17 (8-20) 0(0) 19 17 (8-20)
meningitis Admission to PICU 1 (%) 5 (100) 0(0) 1(100) 6(100)
Median PICU days. Med (IQR) 11 (5-12) 0(0) 19 18 (8-20)
Lethality n (%) 2 (40%) 0(0) 1 (100) 3 (50)
Total patients n (%) 5 0 1 6(1,1)
Other diagnoses Median hospital stay. Med (IQR) 16 (11-37) 11 (7-14) 12 (7-19) 12 (8-19)
Admission to PICU n (%) 1(9,1) 1(9,1) 4 (40) 6(18,7)
Median PICU days. Med (IQR) 3 7 5(4-17) 5(4-7)
Lethality n (%) 0(0) 0(0) 0(0) 0(0)
Total pacientes 1 (%) 11 11 10 32(6)
All diagnoses Median hospital stay. Med (IQR) 13 (7-22) 12 (7-18) 13 (7-19) 12 (8-14)
Admission to PICU # (%) 116 (53.9) 95 (46.3) 57 (51.8) 268 (50.6)
Median PICU days. Med (IQR) 9 (4-14) 7 (4-14) 6(3-11) 9(6-13)
Lethality n (%) 34 (15.8) 11 (5.4) 15 (13.6) 60 (11.3)
Total patients n (%) 215 205 110 530 (100)

PICU, Pediatric Intensive Care Unit; Med (IQR), Median (Interquartile Range); n (%), Number of patients and percentage of the total. Pneumonia and Meningitis: Patients diagnosed with
both conditions. Other diagnoses *: included osteoarticular infections, mastoiditis, skin and soft tissue infections, primary peritonitis, catheter-associated bacteremia and subdural empyema
secondary to pansinusitis. All: Sum of all patients in the listed categories. The data are presented according to age group. Lethality refers to the percentage of deceased patients within each

diagnostic and age group.

Serotypes

A total of 298 of the 530 isolates (56.2%) were serotyped. A
decrease in the serotyping ratio was observed from 61.5% (179/290)
in 2017-2019 to 49.5% (119/240) in 2020-2022. The most frequent
serotypes were Spn19A (51.3%), Spn6C (7.7%), Spn3 (6.7%), Spn6A
(3.6%), and Spn14 (3.6%). Among the identified serotypes, 18 (6%)
were included in PCV 10, 202 (68%) were included in PCV13 and
PCV15, and 212 (71%) were included in PCV20. Isolates of
serotypes 22F and 33F were not documented. Considering the
cross-protective effects of PCV13, PCV15, and PCV20 against
Spn6C, vaccination coverage increased by 7.7% for each vaccine
(Supplementary Figure S1).

Frontiers in Medicine 04

Regarding the prevalence of serotypes over time, the prevalence
of Spn 19A in the period 2017-2019 was 43% (77/179) and in the
period 2020-2022, it was 63.8% (76/119). The prevalence of Spn6C in
the period 2017-2019 was 5.6% (10/179) and in the period 2020-2022
it was 11.1% (13/119). On the other hand, the prevalence of Spn3 was
9.5% (17/179) in the period 2017-2019 and 2.5% (3/119) in the period
2020-2022 and the prevalence of Spn14 was 5% (9/179) in the period
2017-2019 and 1.7% (2/119) in the period 2020-2022. Figure 1 shows
the frequency of serotypes for each age group, identifying the vaccine
that includes it.

The serotype was identified in 58.6% (146/249) of the patients
who completed the vaccination schedule with PCV10. In this group,
the most prevalent serotype was 19A (80 patients, 54.8%), followed by
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FIGURE 1
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FIGURE 1 (Continued)

their coverage by the different vaccines. CP, cross protection.

are classified according to the vaccine: PCV10, PCV13, PCV15, PCV20, and those not included in PCV20. The height of each bar indicates the total
number of cases for each serotype within each age group, providing a visual comparison of the prevalence of serotypes in different age cohorts and

Spn6C (12 patients, 8.6%), Spn3 (11 patients, 7.5%), Spnl4 (7 patients,
4.8%), Spn6A (4 patients, 2.7%), and SpnéB (1 patient, 0.7%). Three
serotypes included in PCV20 were also identified: three cases of
Spn15B, one of Spn8 and one of Spn11A. Twenty-six serotypes found
were not included in any of the PCV vaccines.

The mean hospital stay for patients with serotyped isolates was
16.9 days (0-189). Patients with serotype Spn3 had an average stay of
25.6 days (5-58), and those with serotypes not included in PCV20 had
a stay of 18.4 days (0-107). The proportion of patients admitted to the
PICU was 52.3% for serotyped patients, which was greater for patients
with Spn3 (75%). The average stay in the PICU was 11.9 days (1-188),
extending to 15 days (1-100) for serotypes not included in PCV20 and
to 14.3 days (1-35) for Spn3 (Supplementary Table S2).

Antimicrobial susceptibility

Antibiotic susceptibility profiles were determined for 495 isolates,
93.4% of the total. Of these, 46 (9.2%) were isolated from patients with
meningitis (M), and 449 (90.7%) were isolated from patients without
meningitis (NM). Among the M isolates, 41.3% were resistant to
penicillin, and 21.7% had decreased sensitivity to ceftriaxone
(Figure 2). Among the NM isolates, 28.2% had decreased sensitivity
to penicillin, and 24.2% had decreased sensitivity to ceftriaxone.
Resistance to macrolides was observed in 56% of the patients,
resistance to clindamycin in 43.2%, and resistance to trimethoprim-
sulfamethoxazole in 51.5%. All the isolates were sensitive to
vancomycin, and only 22.5% were sensitive to all the antibiotics.

In the analysis by serotypes, Spn14 showed the highest resistance,
with 72.3% resistance to penicillin and 66.7% resistance to ceftriaxone,
and 20% of the isolates was multiresistant. In addition, 48.6% of the
Spn19A strains were resistant to penicillin, 51.1% to ceftriaxone and
82.2% to macrolides, with 65% of the cases exhibiting multiresistance.
Spn6C was associated with resistance to macrolides in 59.1% of the
patients. Additional details on these resistance profiles can be found
in Figure 3 and Supplementary Table S2.

Discussion

The present study, carried out by the Neumocolombia network in
17 Colombian hospitals, offers a detailed overview of the behavior of
the IPD in the context after the implementation of the PCV10 vaccine.

Streptococcus pneumoniae is the leading cause of meningitis and
pneumonia in children under 5years of age worldwide and causes
735,000 annual deaths from IPD (1, 2, 13). After the introduction of
conjugate vaccines, the incidence of IPD has decreased, but it is crucial
to continue with surveillance to monitor clinical behavior, the
prevalence of serotypes, and bacterial resistance (1, 4, 20, 27). This
study showed that the majority of patients with IPD were under
24 months of age (40.5%), followed by the 24-59 months age group
(38.5%). Bacteremic pneumonia is the most common IPD, followed
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by primary bacteremia and bacterial meningitis, in line with other
studies (5, 6, 28-31). A prevalence of 27.6% of complicated pneumonia
was observed, consistent with findings that have been reported in
other studies, associated with the emergence and prevalence of Spn3
and Spn19A. This has an impact on clinical care given that this high
prevalence makes empirical management difficult, leading to the use
of broader-spectrum antibiotics, longer treatment, and more need for
surgical procedures, increasing the proportion who are admitted to
the PICU and the length of hospital stays (5, 31). Primary bacteremia
is the second most common IPD, but it is not part of routine
surveillance. We believe that epidemiological surveillance should
be strengthened when this pathology is included (27, 32).

The use of molecular tests for the diagnosis of IPD has increased
the number of confirmed cases, especially bacterial meningitis,
complicated pneumonia, and osteoarticular infection; these findings
are similar to those found in the world literature (6, 33, 34).

IPD imposes high costs on health systems. In the present study,
we found a median hospitalization duration of 12 days (IQR 8-14);
50% of the patients were admitted to the PICU, where they stayed for
9days (IQR 6-13). The proportion of patients admitted to the PICU
was higher than that reported in Spain (19%) (35). The fatality in the
study was 12%, which was higher than the 7.5% reported in a previous
study that included data between 2008 and 2014 and higher than the
1.3% reported in Spain (35), This difference can be explained by
multiple factors, including the higher prevalence of Spn19A and Spn3,
which have been associated with a higher likelihood of admission to
the PICU and longer hospital stays (5, 15, 16, 22).

The number of Streptococcus pneumoniae isolates and the number
of serotyped isolates decreased during 2020 and 2021, with an increase
in 2022, a behavior similar to that observed in other countries (36, 37).
This behavior is related to multiple factors, among which the measures
taken during the pandemic (universal use of masks, physical distancing,
and increased hand hygiene) decreased the incidence of viral and
bacterial infections (37, 38). In the present study, nasopharyngeal
carriage was not evaluated, but a study carried out in Israel showed that
the incidence of IPD decreased during the pandemic and that the
nasopharyngeal carriage of Streptococcus pneumoniae did not decrease,
highlighting the importance of respiratory viruses in the genesis of the
IPD (39). Other factors may also explain the decrease in the number
of Streptococcus pneumoniae isolates that reached the surveillance
system to be serotyped: the decrease in epidemiological surveillance of
IPD in some regions as a consequence of the need for systems to
rapidly strengthen the surveillance of COVID-19, the shortage of
culture media and other reagents, and the difficulties in transporting
samples during the pandemic (37). In 2022, the number of isolates
increased, as in other countries (40, 41), related to the suspension of
the measures implemented during the pandemic, the increase in viral
infections, and the presence of immunological debt (40, 41).

The most frequent serotype found during the study period was
Spn19A (51.3%), whose proportion increased over time. The same
phenomenon has been described in national surveillance data and in
other studies conducted in Colombia (4-7, 20, 28-30, 42, 43) and
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Penicillin and ceftriaxone resistance profiles in meningeal and non-meningeal isolates of Streptococcus pneumoniae. This graph compares resistance
to penicillin and ceftriaxone in meningeal and non-meningeal isolates of Streptococcus pneumoniae. Resistance and decreased sensitivity to these
antibiotics are presented separately for each type of isolate. Bars represent the percentage of isolates that showed decreased resistance or sensitivity,
providing a clear view of the differences in resistance profiles between meningeal and non-meningeal isolates. This comparison is crucial to
understand the dynamics of antibiotic resistance in different clinical presentations of Streptococcus pneumoniae infection.

elsewhere around the world after the universal administration of
PCV10 (4,7, 14, 44-46). Serotypes Spn6C and Spn3 have also become
more prevalent in all age groups, as has been observed in countries
that have administered PCV10 (7, 47). Spn3 has been associated with
a longer hospital stay and higher likelihood of admission to the PICU,
and Spn6C has been associated with resistance to macrolides. These
three serotypes are covered directly or indirectly by PCV13; by the
year 2022, it covered 75% of the circulating serotypes in Colombia,
which is why the change was made in that same year (15, 16, 48). Due
to the high frequency of Spn19A and Spn6C found in the 24- to
59 months-old group in Colombia, the administration of a dose of
PCV13 to this age group as a levelling strategy could offer benefits in
reducing colonization and infection by these serotypes, similar to that
reported in Italy, the United States, and Taiwan (49-53).

In recent years, vaccines with more valences have been developed,
and studies have reported that these vaccines can cover more serotypes,
depending on the vaccine previously used. It has been estimated that
PCV15 could cover more than PCV13 by 4-6% in countries that use
PCV10 and 10% in countries that use PCV13. PCV20 has been
predicted to increase serotype coverage by 9-15% in the countries that
use PCV10, and by 23-26% in the countries that use PCV13 (15, 16). In
the present study, no isolates of the additional serotypes included in
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PCV15 were observed, and isolates of additional serotypes included in
PCV20 were observed to represent an additional 3% of PCV13;
therefore, at present in Colombia, PCV13 is considered to offer adequate
coverage for circulating serotypes (Spnl9A, Spn6C, and Spn3).
Epidemiological surveillance should continue to be strengthened since
it is possible that the emergence of the serotypes included in PCV15 and
PCV20 may be observed in the mature phase of PCV13 administration,
similar to what has been observed in other countries (3, 54, 55).
Regarding resistance to antibiotics, we found a decreased
sensitivity of 41.3% to penicillin and 21.7% to ceftriaxone in
meningeal isolates and 28.2% to penicillin and 24.2% to
ceftriaxone in nonmeningeal isolates, along with a high
proportion of resistance to macrolides, clindamycin, and
trimethoprim-sulfamethoxazole. Therefore, these antibiotics
should not be used as empirical treatments for pneumococcal
infections. These findings are similar to those reported by the
National Surveillance System between 2016 and 2021: penicillin
resistance in children under 5years of age was between 33.6 and
70.6% for meningeal isolates and between 30 and 48% for
nonmeningeal isolates, the decrease in sensitivity to ceftriaxone
for meningeal isolates was between 22 and 25%, and that for
nonmeningeal isolates was between 21.6 and 41.6%. Resistance
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to macrolides ranged between 43.5 and 58.7%, and resistance to
trimethoprim-sulfamethoxazole ranged between 43.5 and 57.3%
(56). Similar behavior has been observed in other regions of the
world (7, 46). The present study found that the proportion of
antimicrobial agent resistance was not uniform between the
serotypes; some of the antimicrobial agents, such as Spnl4,
Spn6C and Spn19A, have been associated with high resistance to
penicillin, but the latter has been related to the clonal complex
CC320, a finding similar to those reported in Brazil, Ecuador,
and Belgium (7, 28, 46, 47). This resistance phenomenon could
be explained by the presence of circulating clones and by the
pressure exerted by the use of antibiotics (7, 28, 57, 58).

Among the strengths of this study are the representativeness
of the hospitals that make up the network, the number of cases
analyzed, and the clinical information presented. One weaknesses
of our methods is the inability to obtain the serotypes of all the
isolates, and bias can be detected by obtaining information from
medical records. Another potential weakness is the absence of
statistical analysis to determine the significance of changes over
the observed period, however, after careful deliberation, our team
of developers and researchers concluded that a detailed
descriptive analysis of the epidemiological behavior and trends
would be more relevant and informative for this particular study.
Our objective was to provide a comprehensive overview of the
pathogen’s distribution over the specified timeframe, thereby
offering valuable insights for clinicians and public health
decision-makers, especially in the context of vaccine strategy
planning. While we acknowledge the value of associative studies,
we believed that an in-depth descriptive account would serve as
a crucial foundation for future research. This approach ensures
that our conclusions are grounded in available the data, avoiding
pitfalls of over-interpretation or misinterpretation due to
inadequate statistical power.
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Conclusion

IPD continues to be an important cause of morbidity and
mortality in children. The number of IPD cases decreased during the
pandemic and increased again in 2022. Conjugate pneumococcal
vaccines have decreased the incidence of IPD to the extent that they
cover the most prevalent serotypes. The phenomenon of serotype
exchange can reduce the impact of vaccines. In Colombia, 5 years
after the universal administration of PCV10, the incidence of IPD
caused by all 10 serotypes decreased, but serotypes Spn19A, Spn3,
and Spn6C emerged in all age groups, especially in patients aged 24
to 59 months. Spn19A is associated with multiresistance, Spn3 is
associated with a longer hospital stay and a higher likelihood of
admission to the PICU, and Spn6C has resistance to macrolides. In
Colombia, the change to PCV13 was implemented in July 2022 in
the basic 2+ 1 scheme in the first 2 years of life. Based on the data
presented, a catch-up or levelling vaccination strategy is
recommended for children between 24 and 59 months. In the
present study, no isolates of the two additional serotypes included in
PCV15 were observed, and the prevalence of the seven additional
serotypes of PCV20 was low, so we believe the PCV13 vaccine
adequately covers the most prevalent serotypes in Colombia at this
time. In the country, epidemiological surveillance should
be strengthened to evaluate the impact of PCV13 and to detect the
emergence of serotypes not included in this vaccine as early
as we can.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1380125
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Camacho-Moreno et al.

Ethics statement

The studies involving humans were approved by Fundaciéon Hospital
pediatrico de la Misericordia. The studies were conducted in accordance
with the local legislation and institutional requirements. Written informed
consent for participation in this study was provided by the participants’
legal guardians/next of kin. The research protocol was approved by the
Ethics and Research Committee of HOMI, Hospital pedidtrico la
Misericordia, through Resolution No. 015 CEI 5018, and approved by the
ethics and research committees of each participating institution. In
hospitals where the research committee requested it (such as Hospital
Infantil Universitario de San José y el Hospital Universitario Clinica San
Rafael), informed consent was obtained from the parents. In other
hospitals, the ethics and research committee waived the need for informed
consent, considering it to be a low-risk study.

Author contributions

GC-M: Conceptualization, Data curation, Formal analysis,
Methodology,  Project
Validation,
Visualization, Writing — original draft, Writing - review & editing. AL:

Funding acquisition, Investigation,

administration, Resources, Software, Supervision,
Conceptualization, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing — original draft, Writing — review &
editing. JP-N: Conceptualization, Formal analysis, Investigation,
Methodology, Writing - original draft, Writing — review & editing,
Resources, Validation. PV-H: Data curation, Formal analysis, Software,
Supervision, Writing - original draft, Writing - review & editing. IG:
Conceptualization, Investigation, Methodology, Visualization, Writing
- review & editing. SB: Conceptualization, Investigation, Methodology,
Visualization, Writing - review & editing. MA-O: Investigation,
Methodology, Visualization, Writing - review & editing. A-CM:
Formal analysis, Investigation, Methodology, Visualization, Writing —
review & editing. JL-R: Investigation, Visualization, Writing — review
& editing. RB: Investigation, Visualization, Writing - review & editing.
JR: Investigation, Visualization, Writing - review & editing. FE:
Investigation, Visualization, Writing — review & editing. CA-F:
Investigation, Visualization, Writing - review & editing. MS:
Investigation, Visualization, Writing - review & editing. MT:
Investigation, Visualization, Writing - review & editing. EL-M:
Investigation, Visualization, Writing - review & editing. PL:
Investigation, Visualization, Writing - review & editing. WC:
Investigation, Visualization, Writing - review & editing. NR:
Investigation, Visualization, Writing - review & editing. AR:
Investigation, Methodology, Visualization, Writing — review & editing.
AM: Investigation, Visualization, Writing — review & editing. VM:
Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing
- original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was

Frontiers in Medicine

10.3389/fmed.2024.1380125

funded through independent Grants Number 53233893 and 57700237
requested by the Colombian Association of Infectious Diseases
(Asociacion Colombiana de Infectologia-ACIN)-central chapter to
Pfizer SAS Laboratories. The authors are responsible for the information
and its analysis. Pfizer Laboratories did not participate in the preparation
or analysis of the data presented in this article. The institutional
researchers did not receive any remuneration for their participation in
the study.

Acknowledgments

We thank the microbiology group of the National Institute of
Health (Instituto Nacional de Salud-INS) of Colombia for providing
information on serotyped isolates and the District Secretary of Health
of Bogota (Secretaria Distrital de Salud SDS) Bacterial Resistance
Group of Bogota (Grupo de Resistencia Bacteriana de Bogota—
GREBO), Colombian Association of Infectious Diseases (Asociacion
Colombiana de Infectologia Capitulo Central) and the Colombian
Society of Pediatrics (Sociedad Colombiana de Pediatria) for their
collaboration and research support. Red Neumocolombia members:
Daniela Jerez, HOMI, Fundacién Hospital Pedidtrico la Misericordia;
Magda Sanchez, Fundacién Cardioinfantil; Nella Sanchez;, Unidad
de Servicios de Salud Santa Clara; Claudia Rocio Sierra Parada,
Clinicas Colsanitas; Daniela Arevalo, Ana Cristina Estrada
Maldonado, Hospital Infantil Universitario de San José; Angie
Vanessa Ortiz, Clinica Infantil Colsubsidio; Cindy Carolina Suarez,
John Alexander Garcia, Fundacién Valle de Lili; Adriana Correa,
Centro Médico Imbanaco; Maria del Palmar Aros, Clinica Infantil
Club Noel; Andrea Restrepo, Maria Cristina Echeverri, Hospital
Pablo Tobdn Uribe; Oscar Villada, Maria Gabriela Becerra, Hospital
San Vicente Fundacion; Alejandro Alvarez Rodriguez, Hospital
Universitario del Valle; Red Neumocolombia.

Conflict of interest

GC-M has received support from Pfizer, MSD (Merck Sharp
and Dohme) and Sanofi Pasteur for participation congresses and
paid conferences, has participated in advisory boards and has
received support from MSD for research. AL has received support
from Pfizer and MSD (Merck Sharp and Dohme) for participation
in congresses and paid conferences, has participated in advisory
boards and has received support from MSD for research. JP-N has
received support from Pfizer for participation in congresses. IG
has received support from Pfizer for participation in congresses
and paid conferences. SB has received support from Pfizer for
participation in congresses. MA-O has received support from
Pfizer for participation in congresses. A-CM has received support
from Pfizer for participation in congresses. RB has received
support from Pfizer and MSD for participation in congresses. JR
has received support from Pfizer for participation in congresses
and paid conferences. FE has received support from MSD for
research. EL-M has received research support from MSD, GSK,
Sanofi Pasteur, Pfizer, Takeda and Janssen. PL has received
research support from GSK, Sanofi Pasteur and Takeda. WC has
received support from Pfizer, GSK and AstraZeneca for
participation in congresses and paid conferences.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1380125
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Camacho-Moreno et al.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the

References

1. Wahl B, O’Brien KL, Greenbaum A, Majumder A, Liu L, Chu Y, et al. Burden of
Streptococcus pneumoniae and Haemophilus influenzae type b disease in children in the
era of conjugate vaccines: global, regional, and national estimates for 2000-15. Lancet
Glob Health. (2018) 6:€744-57. doi: 10.1016/S2214-109X(18)30247-X

2. Nakamura T, Cohen AL, Schwartz S, Mwenda JM, Weldegebriel G, Biey JNM, et al.
The global landscape of pediatric bacterial meningitis data reported to the World Health
Organization-coordinated invasive bacterial vaccine-preventable disease surveillance
network, 2014-2019. J Infect Dis. (2021) 224:S161. doi: 10.1093/infdis/jiab217

3. Cohen R, Levy C, Ouldali N, Goldrey M, Béchet S, Bonacorsi S, et al. Invasive
disease potential of pneumococcal serotypes in children after PCV13 implementation.
Clin Infect Dis. (2021) 72:1453-6. doi: 10.1093/cid/ciaa917

4. Agudelo CI, Castafieda-Orjuela C, Brandileone MC, De C, Echaniz-Aviles G, SCG
A, et al. The direct effect of pneumococcal conjugate vaccines on invasive pneumococcal
disease in children in the Latin American and Caribbean region (SIREVA 2006-17): a
multicentre, retrospective observational study. Lancet Infect Dis. (2021) 21:405-17. doi:
10.1016/S1473-3099(20)30489-8

5. Gutierrez-Tobar IF, Londofio-Ruiz JP, Marifio-Drews C, Beltran-Higuera S,
Camacho-Moreno G. Epidemiological characteristics and serotype distribution of
culture-confirmed pediatric pneumococcal pneumonia before and after PCV 10
introduction, a multicenter study in Bogota, Colombia, 2008-2019. Vaccine. (2022)
40:2875. doi: 10.1016/j.vaccine.2022.03.022

6. Farfin-Albarracin JD, Camacho-Moreno G, Leal AL, Patifio J, Coronell W,
Gutiérrez IF, et al. Changes in the incidence of acute bacterial meningitis caused by
Streptococcus pneumoniae and the implications of serotype replacement in children in
Colombia after mass vaccination with PCV10. Front Pediatr. (2022) 10:1006887. doi:
10.3389/fped.2022.1006887

7. Brandileone MCC, Almeida SCG, Bokermann S, Minamisava R, Berezin EN,
Harrison LH, et al. Dynamics of antimicrobial resistance of Streptococcus pneumoniae
following PCV10 introduction in Brazil: Nationwide surveillance from 2007 to 2019.
Vaccine. (2021) 39:3207-15. doi: 10.1016/j.vaccine.2021.02.063

8. Reyburn R, Maher J, Von Mollendorf C, Gwee A, Mulholland K, Russell E, et al. The
impact of the introduction of ten- or thirteen-valent pneumococcal conjugate vaccines
on antimicrobial-resistant pneumococcal disease and carriage: a systematic literature
review. J Glob Health. (2023) 13:05001. doi: 10.7189/jogh.13.05001

9. Ospina-Henao S, Torres JP, Brea J, Avila-Agiiero ML. Vacunas conjugadas contra
neumococo en pediatria, su impacto en la Salud Publica. Andes Pediatr. (2023)
94:246-53. doi: 10.32641/andespediatr.v94i2.4358

10. Guzman-Holst A, De Barros E, Rubio P, DeAntonio R, Cintra O, Abreu A. Impact
after 10-year use of pneumococcal conjugate vaccine in the Brazilian national
immunization program: an updated systematic literature review from 2015 to 2020.
Hum Vaccin Immunother. (2022) 18:1879578. doi: 10.1080/21645515.2021.1879578

11. Wasserman M, Chapman R, Lapidot R, Sutton K, Dillon-Murphy D, Patel S, et al.
Twenty-year public health impact of 7- and 13-valent pneumococcal conjugate vaccines
in US children. Emerg Infect Dis. (2021) 27:1627-36. doi: 10.3201/eid2706.204238

12. Orenstein W, Offit PA, Edwards KM, Plotkin SA. Plotkin’s vaccines—inkling
enhanced E-book. Elsevier Health Sciences. (2017):2389.

13. Rodgers GL, Whitney CG, Klugman KP. Triumph of pneumococcal conjugate
vaccines: overcoming a common foe. J Infect Dis. (2021) 224:5352-9. doi: 10.1093/infdis/
jiaa535

14. Desmet S, Lagrou K, Wyndham-Thomas C, Braeye T, Verhaegen J, Maes P, et al.
Dynamic changes in paediatric invasive pneumococcal disease after sequential switches

of conjugate vaccine in Belgium: a national retrospective observational study. Lancet
Infect Dis. (2021) 21:127-36. doi: 10.1016/S1473-3099(20)30173-0

15. Deloria Knoll M, Bennett ], Garcia Quesada M, Kagucia E, Peterson M, Feikin D,
et al. Global landscape review of serotype-specific invasive pneumococcal disease
surveillance among countries using PCV10/13: the pneumococcal serotype replacement

Frontiers in Medicine

10.3389/fmed.2024.1380125

reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1380125/
full#supplementary-material

and distribution estimation (PSERENADE) project. Microorganisms. (2021) 9:742. doi:
10.3390/microorganisms9040742

16. Garcia Quesada M, Yang Y, Bennett J, Hayford K, Zeger S, Feikin D, et al. Serotype
distribution of remaining pneumococcal meningitis in the mature PCV10/13 period:
findings from the PSERENADE project. Microorganisms. (2021) 9:738. doi: 10.3390/
microorganisms9040738

17. Ryman ], Weaver J, Hu T, Weinberger DM, Yee KL, Sachs JR. Predicting vaccine
effectiveness against invasive pneumococcal disease in children using immunogenicity
data. Npj Vaccines. (2022) 7:140. doi: 10.1038/s41541-022-00538-1

18. Castaneda-Orjuela C, Alvis-Guzman N, Velandia-Gonzilez M, De La Hoz-
Restrepo E. Cost-effectiveness of pneumococcal conjugate vaccines of 7, 10, and 13
valences in Colombian children. Vaccine. (2012) 30:1936-43. doi: 10.1016/j.
vaccine.2012.01.031

19. Castafeda-Orjuela C, De La Hoz-Restrepo E. How cost effective is switching
universal vaccination from PCV10 to PCV13? A case study from a developing country.
Vaccine. (2018) 36:5766-73. doi: 10.1016/j.vaccine.2018.07.078

20. Torres-Martinez C, Camacho-Moreno G, Patifio-Nifo J, Coronell W, Leal AL,
Gamez G. Pneumococcal diseases in Colombia: epidemiological analysis before and
during the universal children immunization against Streptococcus pneumoniae in the
light of a vaccine change in 2022. Infectio. (2024) 38:33-44. doi: 10.22354/24223794.1165

21. Instituto Nacional de Salud. Protocolo de vigilancia de meningitis bacteriana y
enfermedad meningococica, [Internet]. (2022), (cited 2023 December 16). Available at:
https://www.ins.gov.co/buscador-eventos/Lineamientos/Pro_Meningitis%20
Bacterianas.pdf

22. Instituto Nacional de Salud. Informe de vigilancia Streptococcus pneumoniae
2005-2022 [Internet]. (2023), [cited 2023 Dec 17]. Available at: https://app.powerbi.
com/view?r=eyJrljoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2
NmYTg4liwidCI6ImE2MmQ2YzdiLTImNTktNDQ20S05MzU5LTM1Mzcx
NDcIOTRiYilsimMiOjR9&pageName=ReportSection

23. Secretaria de salud de Bogotd. Manual del software para la vigilancia de la
resistencia bacteriana de la red sivibac del distrito capital whonet 5.5 [Internet]. (2010),
[cited 2024 Mar 15]. Available at: https://www.saludcapital.gov.co/sitios/
VigilanciaSaludPublica/Todo%20IIH/Manual_Whonet.pdf

24. Clinical Laboratory Standard Institute: M100—Performance Standards for
Antimicrobial Susceptibility Testing, [Internet]. 32nd ed. 2022 [cited 2024 Mar 15].
(2022), Available at: https://clsi.org/standards/products/microbiology/documents/
m100/

25. World Health Organization & Centers for Disease Control and Prevention (U.S.).
Laboratory methods for the diagnosis of meningitis caused by neisseria meningitidis,
streptococcus pneumoniae, and haemophilus influenzae: WHO manual. [Internet].
(2011), [cited 2024 Mar 23]. Available at: https://www.who.int/publications/i/item/
laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-
streptococcus-pneumoniae-and-haemophilus-influenzae

26. Pimenta FC, Roundtree A, Soysal A, Bakir M, Du Plessis M, Wolter N, et al.
Sequential triplex real-time PCR assay for detecting 21 pneumococcal capsular serotypes
that account for a high global disease burden. J Clin Microbiol. (2013) 51:647-52. doi:
10.1128/JCM.02927-12

27.Knol MJ, Van Der Ende A. Continuous surveillance of invasive pneumococcal
disease is key. Lancet Infect Dis. (2021) 21:13-4. doi: 10.1016/S1473-3099(20)30294-2

28. Camacho Moreno G, Duarte C, Palacios J, Calvo LA, Talavera I, Castafieda JM,
et al. Sentinel surveillance of bacterial pneumonia in children under 5 years treated in
HOMI - Fundacién hospital pediatrico la Misericordia in Bogotd, Colombia 2016-2020.
Open Forum Infect Dis. (2021) 8:5665. doi: 10.1093/ofid/ofab466.1340

29. Camacho Moreno G, Imbachi LE, Leal AL, Moreno VM, Patifio JA, Gutiérrez IF,
et al. Emergence of Streptococcus pneumoniae serotype 19A (Spn19A) in the pediatric
population in Bogotd, Colombia as the main cause of invasive pneumococcal disease

frontiersin.org


https://doi.org/10.3389/fmed.2024.1380125
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1380125/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1380125/full#supplementary-material
https://doi.org/10.1016/S2214-109X(18)30247-X
https://doi.org/10.1093/infdis/jiab217
https://doi.org/10.1093/cid/ciaa917
https://doi.org/10.1016/S1473-3099(20)30489-8
https://doi.org/10.1016/j.vaccine.2022.03.022
https://doi.org/10.3389/fped.2022.1006887
https://doi.org/10.1016/j.vaccine.2021.02.063
https://doi.org/10.7189/jogh.13.05001
https://doi.org/10.32641/andespediatr.v94i2.4358
https://doi.org/10.1080/21645515.2021.1879578
https://doi.org/10.3201/eid2706.204238
https://doi.org/10.1093/infdis/jiaa535
https://doi.org/10.1093/infdis/jiaa535
https://doi.org/10.1016/S1473-3099(20)30173-0
https://doi.org/10.3390/microorganisms9040742
https://doi.org/10.3390/microorganisms9040738
https://doi.org/10.3390/microorganisms9040738
https://doi.org/10.1038/s41541-022-00538-1
https://doi.org/10.1016/j.vaccine.2012.01.031
https://doi.org/10.1016/j.vaccine.2012.01.031
https://doi.org/10.1016/j.vaccine.2018.07.078
https://doi.org/10.22354/24223794.1165
https://www.ins.gov.co/buscador-eventos/Lineamientos/Pro_Meningitis%20Bacterianas.pdf
https://www.ins.gov.co/buscador-eventos/Lineamientos/Pro_Meningitis%20Bacterianas.pdf
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://www.saludcapital.gov.co/sitios/VigilanciaSaludPublica/Todo%20IIH/Manual_Whonet.pdf
https://www.saludcapital.gov.co/sitios/VigilanciaSaludPublica/Todo%20IIH/Manual_Whonet.pdf
https://clsi.org/standards/products/microbiology/documents/m100/
https://clsi.org/standards/products/microbiology/documents/m100/
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://doi.org/10.1128/JCM.02927-12
https://doi.org/10.1016/S1473-3099(20)30294-2
https://doi.org/10.1093/ofid/ofab466.1340

Camacho-Moreno et al.

after the introduction of PCV10. Hum Vaccin Immunother. (2020) 16:2300-6. doi:
10.1080/21645515.2019.1710411

30. Sanchez-Marmolejo S, Rojas JP, Pacheco R, Camacho Moreno G, Leal Castro AL,
Patifio-Nifio JA, et al. Clinical and microbiological profile of primary bacteremia caused
by Streptococcus pneumoniae infection in pediatric patients hospitalized at tertiary care
centers of red Neumocolombia. 2017 - 2019. Infectio. (2022):222-7. doi: 10.22354/
issn.2422-3794

31. Martinez-Osorio ], Garcia-Garcia JJ, Moraga-Llop E, Diaz A, Hernandez S, Solé-
Ribalta A, et al. Invasive pneumococcal disease in children under 60 months before and
after availability of 13-valent conjugate vaccine. An Pediatria Engl Ed. (2022) 96:501-10.
doi: 10.1016/j.anpedi.2021.05.018

32. Ferreira M, Santos M, Rodrigues J, Diogo C, Resende C, Baptista C, et al.
Epidemiology of bacteremia in a pediatric population — a 10-year study. Enfermedades
Infecc Microbiol Clinica. (2023) 41:85-91. doi: 10.1016/j.eimc.2021.06.011

33. Londono-Ruiz JP, Vargas-Garcia A, Cardenas-Muller A, Bejarano-Quintero AM,
Mantilla MX, Gutierrez-Tobar IE. Use of multiplex PCR in pleural effusion: is it
necessary to change the paradigm of culture-based methods? Access Microbiol. (2023)
5:612. doi: 10.1099/acmi.0.000612.v3

34. Camacho Moreno G, Vergara-Amador E, Martinez-Villegas T, Aragon Joya Y,
Romero L, Lores F, et al., Correlation between the results of cultures and the molecular
panel filmarray™ in a cohort of pediatric patients with bone and joint infections in
Bogota, Colombia. Presented: 41 ESPID Lisboa; (2023). Available at: https://
espidmeeting.org/wp-content/uploads/sites/19/2023/05/ESPID23- Abstracts-Book.pdf

35. Diaz-Conradi A, Garcia-Garcia JJ, Gonzalez Peris S, Ferndndez De Sevilla M,
Moraga Llop E Ventura PS, et al. Caracteristicas de los pacientes con enfermedad
neumocdécica invasora que requieren ingreso en la unidad de cuidados intensivos. An
Pediatria. (2021) 94:19-27. doi: 10.1016/j.anpedi.2020.03.013

36. Sarmiento Clemente A, Kaplan SL, Barson W], Lin PL, Romero JR, Bradley JS,
et al. Decrease in pediatric invasive pneumococcal disease during the COVID-19
pandemic. ] Pediatr Infect Dis Soc. (2022) 11:426-8. doi: 10.1093/jpids/piac056

37.Shaw D, Abad R, Amin-Chowdhury Z, Bautista A, Bennett D, Broughton K, et al.
Trends in invasive bacterial diseases during the first 2 years of the COVID-19
pandemic: analyses of prospective surveillance data from 30 countries and territories
in the IRIS consortium. Lancet Digit Health. (2023) 5:¢582-93. doi: 10.1016/
$2589-7500(23)00108-5

38. Villamil-Osorio M, Moyano-Ariza LE, Camacho-Moreno G, Restrepo-Gualteros
SM, Sossa-Bricefio MP, Rodriguez-Martinez CE. Multilevel analysis identifying the
factors associated with RSV detection in infants admitted for viral bronchiolitis in the
era of the COVID-19 pandemic. Pediatr Pulmonol. (2023) 58:2795-803. doi: 10.1002/
ppul.26590

39. Danino D, Ben-Shimol S, Van Der Beek BA, Givon-Lavi N, Avni YS, Greenberg
D, et al. Decline in pneumococcal disease in young children during the coronavirus
disease 2019 (COVID-19) pandemic in Israel associated with suppression of seasonal
respiratory viruses, despite persistent pneumococcal carriage: a prospective cohort
study. Clin Infect Dis. (2022) 75:¢1154-64. doi: 10.1093/cid/ciab1014

40. Bertran M, Amin-Chowdhury Z, Sheppard CL, Eletu S, Zamarreno DV, Ramsay
ME, et al. Increased incidence of invasive pneumococcal disease among children after
COVID-19 pandemic, England. Emerg Infect Dis. (2022) 28:1669-72. doi: 10.3201/
€id2808.220304

41. Cohen R, Ashman M, Taha MK, Varon E, Angoulvant F, Levy C, et al. Pediatric
infectious disease group (GPIP) position paper on the immune debt of the COVID-19
pandemic in childhood, how can we fill the immunity gap? Infect Dis Now. (2021)
51:418-23. doi: 10.1016/j.idnow.2021.05.004

42.Leal AL, Montafiez AM, Buitrago G, Patifio J, Camacho G, Moreno VM, et al.
Impact of ten-valent pneumococcal conjugate vaccine introduction on serotype
distribution trends in Colombia: an interrupted time-series analysis. Open Forum Infect
Dis. (2017) 4:1182. doi: 10.1093/0fid/0fx163.1182

43. Severiche-Bueno DEF, Severiche-Bueno Diego F, Bastidas A. Burden of invasive
pneumococcal disease (IPD) over a 10-year period in Bogot, Colombia|Elsevier
Enhanced Reader [Internet]. (2021), (cited 2022 July 2). Available at: https://reader.
elsevier.com/reader/sd/pii/S120197122100117X?token=C7FDEF4EB3CE6557597E789

Frontiers in Medicine

11

10.3389/fmed.2024.1380125

7C78809D4462C039D9172E4111A5D34FB8BE3B5516164419E0B13DBF6CB305
C8171B739A2&originRegion=us-east-1&originCreation=20220702150644

44, Berezin EN, ]arovsky D, Cardoso MRA, Mantese OC. Invasive pneumococcal
disease among hospitalized children in Brazil before and after the introduction of a
pneumococcal conjugate vaccine. Vaccine. (2020) 38:1740-5. doi: 10.1016/j.
vaccine.2019.12.038

45. Potin M, Fica A, Wilhem J, Cerda J, Contreras L, Escobar C, et al. Opinién del
Comité Consultivo de Inmunizaciones Sociedad Chilena de Infectologia. Vacuna
neumococcica conjugada en nifios y la emergencia de serotipo 19A. Rev Chil Infectol.
(2016) 33:304-6. doi: 10.4067/S0716-10182016000300009

46. Arnao A, Gonzalez M, Quines M, Villalba X, Enriquez C, Acosta-Espafia JD, et al.
Invasive pneumococcal disease at the largest pediatric hospital in Quito—Ecuador, from
2014 to 2018. (2014)

47.Desmet S, Theeten H, Laenen L, Cuypers L, Maes P, Bossuyt W, et al.
Characterization of emerging serotype 19A pneumococcal strains in invasive disease
and carriage, Belgium. Emerg Infect Dis. (2022) 28:1606-14. doi: 10.3201/id2808.212440

48. Ministerio de Salud y Proteccién Social de Colombia. Lineamientos técnicos y
operativos para la actualizacién de la vacuna contra neumococo Colombia 2022.
[Internet]. (2022). Available at: https://www.minsalud.gov.co/Paginas/Minsalud-acoge-
recomendaciones-del-CNPI-para-actualizaci%C3%B3n-de-vacuna-contra-el-
Neumococo.aspx

49. Huang ST, Huang YC, Kuo E, Yang YM, Hsiao FY. Impacts of catch-up
immunization program with the 13-valent pneumococcal conjugate vaccine in Taiwan:
focus on age-stratified differences and high-risk population (2001-2015). Vaccine.
(2022) 40:6225-34. doi: 10.1016/j.vaccine.2022.09.002

50. Strutton DR, Farkouh RA, Rubin JL, McGarry L], Loiacono PM, Klugman KP, et al.
Modeling the impact of the 13-valent pneumococcal conjugate vaccine serotype catch-
up program using United States claims data. BMC Infect Dis. (2012) 12:175. doi:
10.1186/1471-2334-12-175

51. Boccalini S, Azzari C, Resti M, Valleriani C, Cortimiglia M, Tiscione E, et al.
Economic and clinical evaluation of a catch-up dose of 13-valent pneumococcal
conjugate vaccine in children already immunized with three doses of the 7-valent
vaccine in Italy. Vaccine. (2011) 29:9521-8. doi: 10.1016/j.vaccine.2011.10.013

52. Wei SH, Chiang CS, Chiu CH, Chou P, Lin TY. Pediatric invasive pneumococcal
disease in Taiwan following a National Catch-up Program with the 13-valent
pneumococcal conjugate vaccine. Pediatr Infect Dis J. (2015) 34:¢71-7. doi: 10.1097/
INE.0000000000000565

53. Lu CY, Chiang CS, Chiu CH, Wang ET, Chen YY, Yao SM, et al. Successful control
of Streptococcus pneumoniae 19A replacement with a catch-up primary vaccination
program in Taiwan. Clin Infect Dis. (2019) 69:1581-7. doi: 10.1093/cid/ciy1127

54. Wasserman MD, Perdrizet ], Grant L, Hayford K, Singh S, Saharia P, et al. Clinical
and economic burden of pneumococcal disease due to serotypes contained in current
and investigational pneumococcal conjugate vaccines in children under five years of age.
Infect Dis Ther. (2021) 10:2701-20. doi: 10.1007/s40121-021-00544-1

55. Méroc E, Fletcher MA, Hanquet G, Slack MPE, Baay M, Hayford K, et al.
Systematic literature review of the epidemiological characteristics of pneumococcal
disease caused by the additional serotypes covered by the 20-valent pneumococcal
conjugate  vaccine.  Microorganisms.  (2023)  11:1816.  doi:  10.3390/
microorganisms11071816

56. Instituto Nacional de Salud. Informe de Vigilancia por laboratorio de Streptococcus
pneumoniae en Colombia, 2016-2021 [Internet]. Available at: https://app.powerbi.com/
view?r=eyJrljoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg
4TiwidCI6ImE2MmQ2YzdiLTImNTktNDQ20S05MzU5LTM 1MzcxNDcl1OTRiYil
sImMiOjR9&pageName=ReportSection

57.Ramos V, Parra EL, Duarte C, Moreno J. Characterization of Streptococcus
pneumoniae invasive serotype 19A isolates recovered in Colombia. Vaccine. (2014)
32:755-8. doi: 10.1016/j.vaccine.2013.12.024

58. Parra EL, Duarte C, Rodriguez K, Sanabria O, Moreno J. Frequency and molecular
characterization of invasive isolates of Streptococcus pneumoniae serotypes 6C and 6D
in Colombia. Enfermedades Infecc Microbiol Clinica. (2017) 35:283-6. doi: 10.1016/j.
€imc.2016.01.014

frontiersin.org


https://doi.org/10.3389/fmed.2024.1380125
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1080/21645515.2019.1710411
https://doi.org/10.22354/issn.2422-3794
https://doi.org/10.22354/issn.2422-3794
https://doi.org/10.1016/j.anpedi.2021.05.018
https://doi.org/10.1016/j.eimc.2021.06.011
https://doi.org/10.1099/acmi.0.000612.v3
https://espidmeeting.org/wp-content/uploads/sites/19/2023/05/ESPID23-Abstracts-Book.pdf
https://espidmeeting.org/wp-content/uploads/sites/19/2023/05/ESPID23-Abstracts-Book.pdf
https://doi.org/10.1016/j.anpedi.2020.03.013
https://doi.org/10.1093/jpids/piac056
https://doi.org/10.1016/S2589-7500(23)00108-5
https://doi.org/10.1016/S2589-7500(23)00108-5
https://doi.org/10.1002/ppul.26590
https://doi.org/10.1002/ppul.26590
https://doi.org/10.1093/cid/ciab1014
https://doi.org/10.3201/eid2808.220304
https://doi.org/10.3201/eid2808.220304
https://doi.org/10.1016/j.idnow.2021.05.004
https://doi.org/10.1093/ofid/ofx163.1182
https://reader.elsevier.com/reader/sd/pii/S120197122100117X?token=C7FDEF4EB3CE6557597E7897C78809D4462C039D9172E4111A5D34FB8BE3B5516164419E0B13DBF6CB305C8171B739A2&originRegion=us-east-1&originCreation=20220702150644
https://reader.elsevier.com/reader/sd/pii/S120197122100117X?token=C7FDEF4EB3CE6557597E7897C78809D4462C039D9172E4111A5D34FB8BE3B5516164419E0B13DBF6CB305C8171B739A2&originRegion=us-east-1&originCreation=20220702150644
https://reader.elsevier.com/reader/sd/pii/S120197122100117X?token=C7FDEF4EB3CE6557597E7897C78809D4462C039D9172E4111A5D34FB8BE3B5516164419E0B13DBF6CB305C8171B739A2&originRegion=us-east-1&originCreation=20220702150644
https://reader.elsevier.com/reader/sd/pii/S120197122100117X?token=C7FDEF4EB3CE6557597E7897C78809D4462C039D9172E4111A5D34FB8BE3B5516164419E0B13DBF6CB305C8171B739A2&originRegion=us-east-1&originCreation=20220702150644
https://doi.org/10.1016/j.vaccine.2019.12.038
https://doi.org/10.1016/j.vaccine.2019.12.038
https://doi.org/10.4067/S0716-10182016000300009
https://doi.org/10.3201/eid2808.212440
https://www.minsalud.gov.co/Paginas/Minsalud-acoge-recomendaciones-del-CNPI-para-actualizaci%C3%B3n-de-vacuna-contra-el-neumococo.aspx
https://www.minsalud.gov.co/Paginas/Minsalud-acoge-recomendaciones-del-CNPI-para-actualizaci%C3%B3n-de-vacuna-contra-el-neumococo.aspx
https://www.minsalud.gov.co/Paginas/Minsalud-acoge-recomendaciones-del-CNPI-para-actualizaci%C3%B3n-de-vacuna-contra-el-neumococo.aspx
https://doi.org/10.1016/j.vaccine.2022.09.002
https://doi.org/10.1186/1471-2334-12-175
https://doi.org/10.1016/j.vaccine.2011.10.013
https://doi.org/10.1097/INF.0000000000000565
https://doi.org/10.1097/INF.0000000000000565
https://doi.org/10.1093/cid/ciy1127
https://doi.org/10.1007/s40121-021-00544-1
https://doi.org/10.3390/microorganisms11071816
https://doi.org/10.3390/microorganisms11071816
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://app.powerbi.com/view?r=eyJrIjoiMzQzNGM4ZjktNDQ1My00ZTA1LWEyNWEtOTNiZDg5Y2NmYTg4IiwidCI6ImE2MmQ2YzdiLTlmNTktNDQ2OS05MzU5LTM1MzcxNDc1OTRiYiIsImMiOjR9&pageName=ReportSection
https://doi.org/10.1016/j.vaccine.2013.12.024
https://doi.org/10.1016/j.eimc.2016.01.014
https://doi.org/10.1016/j.eimc.2016.01.014

	Serotype distribution, clinical characteristics, and antimicrobial resistance of pediatric invasive pneumococcal disease in Colombia during PCV10 mass vaccination (2017–2022)
	Introduction
	Materials and methods
	Description of the cohort
	Case definition
	Laboratory methods
	Serotyping
	Statistical analysis
	Ethical aspects

	Results
	Vaccination
	Serotypes
	Antimicrobial susceptibility

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	 References

