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SUMMARY

Introduction: Invasive pneumococcal disease (IPD) re-
mains a pediatric health challenge despite national vac-
cination efforts in Colombia. We described the socio-de-
mographic, epidemiological, and clinical characteristics
of children (<18 years of age) with IPD at a pediatric
reference center in Bolivar, Colombia.

Methods: Descriptive cross-sectional study of all pediat-
ric patients (under 18 years of age) diagnosed with IPD
between 2016 and 2023. Data was collected retrospec-
tively from medical records. IPD was defined as identi-
fying Streptococcus pneumoniae (Spn) in blood, cerebro-
spinal, pleural, synovial, peritoneal, or pericardial flu-
id. Spn serotyping data was provided by the Colombi-
an National Institute of Health. Descriptive statistics
were performed to describe all variables.

Results: Between 2016-2023, we identified fifty-four pedi-
atric IPD cases. Most cases were reported among chil-
dren in the 2-9 age group (44.4%), male sex (57.4%), low
socio-economic strata (100%), and previous medical con-
ditions (61.1%). Half of the patients were vaccinated.

B INTRODUCTION

nvasive pneumococcal disease (IPD) is one of
the greatest health challenges worldwide in chil-
dren under five years of age [1]. IPD encompasses
a diverse group of infections characterized by the

Corresponding author
Josefina Zakzuk
E-mail: jzakzuks@unicartagena.edu.co

Serotyping data were available from 35 (64.8%) isolates.
Fifteen Spn serotypes were identified, Spn19A being the
most frequent (20.4%). All Spn isolates were vancomycin
sensitive, while 34% had meropenem-decreased sensi-
tivity. Three-quarters of the patients (76.0%) were diag-
nosed with bacteremia (bacteremic pneumonia/menin-
gitis and bacteremia without known focus). The 79.6% of
children were admitted to the pediatric intensive care
unit (PICU). The median hospitalization days were 13.5
(IQR 5.5-23.5) while the median PICU length of stay was
9.5 (IOR 4-18) days. Nineteen patients died (35.2%).
Conclusion: IPD disproportionately affects vulnerable
children, resulting in high PICU admission and mortal-
ity rates and prolonged hospital stay in Bolivar, Colom-
bia. In addition, the emergence of resistance to carbap-
enems is of concern.

Keywords: Pneumococcal infection, serotype, antimicro-
bial drug resistance, children, cross-sectional study, Co-
lombia.

identification of Streptococcus pneumoniae (Spn) in
the blood, cerebrospinal, pleural, synovial, perito-
neal, or pericardial fluid (normally sterile sites) [2].
Specifically, pleural (pneumonia/lower respirato-
ry tract infections) and cerebrospinal fluid (CSF)
infections (meningitis) were the first and tenth
leading causes of mortality in children under five
years of age globally in 2019, which is one of the
main etiological agents of these infections [3-5].

In Colombia, although national data are not availa-
ble, the case-fatality risk (CFR) due to IPD was esti-
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mated at 7.5% (18 of 239 identified cases) in Bogotd
between 2008-2014, with meningitis (33%), bacter-
emia without an apparent focus of infection (25%),
and pneumonia (27%) being the most common di-
agnoses [6]. From 2006 to 2018, Bolivar was the
fourth and fifth leading Colombian department
according to the number of invasive Spn isolates
reported in children under five years of age and in
children between 5 and 14 years of age (4.2% and
4.3%, respectively) [7]. Simultaneously, the pre-
dominant serotypes recovered from isolates in chil-
dren under five years of age at the national level
were 14, 19A, 1, 3, 6B, 6A, and 23F, representing
66.6% of all isolates [7].

Several vaccines against Spn are currently availa-
ble. PCV7 was the first vaccine against Spn for
children approved in the United States in 2000 and
protected against seven serotypes (4, 6 B, 9V, 14,
18C, 19E and 23F) [8]. Subsequently, PCV10 (PCV7
+ serotypes 1, 5, and 7F) and PCV13 (PCV10 + se-
rotypes 3, 6A, and 19A) were developed [8], with
the latter being administered in Colombia accord-
ing to the Expanded Programme on Immuniza-
tion (EPI) since May 2022 [9].

Although IPD global incidence and mortality have
decreased due to widespread vaccination against
Spn, the incidence and clinical disease outcomes
vary according to geographical region, Spn serotype,
underlying illnesses, and immunization status in
children and adults [10-15]. While national vaccina-
tion coverage against Spn has improved since PCV7
introduction in 2008 and PCV10 in 2012 (exceeding
90% nationwide coverage in 2019) [16], Colombian
EPI aims to vaccinate 100% of children [17]. This is
particularly important in Bolivar, where immuniza-
tion coverage against Spn has historically been be-
low the national average. According to recent local
data, the average vaccination coverage in Bolivar
reached 80%-89% by 2021, though still lagging be-
hind the national goal of 90%+ coverage as outlined
by the Expanded Programme on Immunization [16].
Therefore, we described the sociodemographic, epi-
demiological, and clinical characteristics of children
(<18 years of age) diagnosed with IPD treated at a
pediatric reference center in Bolivar, Colombia.

B METHODS

Type of Study
Descriptive cross-sectional study of pediatric pa-
tients (aged <18 years) diagnosed with IPD be-

tween January 2016 and February 2023 at a region-
al pediatric hospital (Napoleon Franco Pareja
Children’s Foundation Hospital) located in Carta-
gena de Indias, Bolivar, Colombia.

Population

Bolivar, one of the 32 administrative divisions (de-
partments) of Colombia, is located in the Colom-
bian Caribbean Region (Northern Colombia). In
2023, the Departamento Nacional de Estadistica
(Colombia’s Office of National Statistics) estimat-
ed that 2,247,283 citizens live in Bolivar, of which
30.5% (685,633 individuals) were children and ad-
olescents [18].

We included all pediatric patients diagnosed with
IPD between 2016 and 2023 at the Napoleon Fran-
co Pareja Children’s Foundation Hospital, a pedi-
atric reference center in the Colombian Caribbean
Region, dedicated to medical education and re-
search since 2002 [19].

Data were collected retrospectively from the medi-
cal records of all individuals aged <18 years who
were diagnosed with IPD. Serotyping data from the
Colombian National Institute of Health (Instituto
Nacional de Salud, INS) were also included. Pa-
tients with confirmed co-infections (two or more
microorganisms) from a sterile site were excluded.

Statistical Analysis

Sociodemographic, Spn serotype, and clinical data
from 2016-2023 period were included in the anal-
ysis. Vaccination status (PCV7 or PCV10 vaccina-
tion) was sourced from the Colombian EPI web-
site or PAIweb (https://paiweb2.paiweb.gov.co/
login). PAlweb, an electronic health record system,
is responsible for compiling vaccination data in
Colombia [20]. The patients were classified ac-
cording to the number of PCV7/10 received (one,
two, or three doses). The outcomes were admis-
sion to the pediatric or neonatal intensive care
unit, hospital stay duration, invasive mechanical
ventilation requirement, and hospital discharge
status (alive or deceased). Other variables includ-
ed in the analysis were as follows: age, sex, place
of residence, health coverage program, child’s
schooling, previous medical conditions, diagnosis,
Spn serotype, laboratory results, empiric antimi-
crobial treatment, and Spn antibiotic resistance
profile for nine antibiotics (PEN: Penicillin; AMC:
Amoxicillin/Clavulanate; CXM: Cefuroxime;
CTX: Cefotaxime; MEM: Meropenem; VAN: Van-
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comycin; CLIL: Clindamycin; SXT: Trimethoprim/
sulfamethoxazole; ERY: Erythromycin).
Categorical variables are reported as frequencies
and percentages. Continuous variables were ex-
pressed as mean or median according to their dis-
tribution, and their dispersion was described us-
ing standard deviation (SD) or interquartile range
(IQR), respectively. All data analyses were per-
formed using STATA 17.0 software (College Sta-
tion, Texas, USA). A heatmap of antibiotic de-
creased sensitivity for S. pneumoniae isolates was
generated with the Seaborn package using the
Python programming language.

Ethical considerations

According to the Helsinki Declaration [21] and the
regulations stipulated in Resolution No. 8430 of
1993 by the Ministry of Health of Colombia [22]
regarding ethical aspects of health research, this

study was a minimal-risk research. Data were
evaluated and retrospectively extracted from the
medical records; thus, it did not involve direct pa-
tient contact was not considered. The research pro-
tocol was reviewed and approved by the Research
Ethics Committee of the ALZAK Foundation (Acta
No. 007, December 14, 2022).

B RESULTS

A total of 54 individuals were included in this
study. Almost two-thirds (63.0%) were reported in
2017, 2018, and 2022. The number of IPD cases has
decreased in 2020 and 2021 (Figure 1). Most cases
were reported in children in the 2-9 age group
(44.4%), and the number of boys (n=31) was slight-
ly higher than that of girls (n=23). Almost all chil-
dren were born in the Bolivar Department (94.4%),
lived in an urban area (83.3%), were affiliated with

Figure 1
Number of pediatric invasive 14 24.1%
pneumococcal disease (IPD) 12 20.4%
cases by year reported 8 18,5%
at the Hospital Pediatrico 8 10
Fundacion Infantil Napoledn o g
- o
Franco Pareja from January o 11.1%
2016 to February 2023. ; 6
*Cases reported in 2023 only 2 , 7,4% 74%  7.4%
include January and February. 3 . . . 3.7%
2
) ]
2016 2017 2018 2019 2020 2021 2022 2023*
Year
Table 1 - Demographic and clinical characteristics of patients with invasive pneumococcal disease.
Variable N=52 % Variable N=52 %
Sociodemographic characteristics Atea of residence
Age Urban 45 833
1to 11 months 17 315 Rural 9 167
12 to 23 months 7 130 Health insurance affiliation
2-9 years 24 444 —
59 years 6 11 Subsu.hzed 47 87.0
Contributory 2 37
Sex Special 2 37
Female 23 196 Not affiliated 3 5.6
Male 31 574 School enrollment
Region of birth Yes 4 74
Bolivar 51 944 No 42 77.8
Other 3 5.6 Not reported 8 14.8

Continue >>>
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Continue >>>
Variable N=52 % Variable N=52 %
Clinical characteristics Diagnosis
Preumococcal vaccination status Meningitis alone 2 37
One dose of PCV7/10 5 93 Bacterem?c pnel%mquia 17 315
Two doses of PCV7/10 7 130 Bacter*e*mlc meningitis 7 13.0
Three doses of PCV7/10 15 278 Other 2 37
Unvaccinated 27 50.0 Empirical treatment
Previous medical conditions Monotherapy | PEN 1 19
Yes 3 611 ALY 2 .
No 21 389 CRO 5 23
- — CEF 3 5.6
Most common medical conditions (n=33) CLI 1 19
Asthn}a /Bronchiolitis 8 242 Dual therapy | AMP/CLR 1 19
Infantile cerebral palsy 5 15.2 AMP/CRO 1 19
Malnutrition 5 15.2 AMP/CTX 1 1'9
Epilepsy : LEl AMP/GEN 1 19
Preterm birth 4 121 OXA/VAN 1 19
Symptoms (n=53) CRO/CLI 13 241
CRO/CLR 1 1.9
Fi 4 !
A 6 868 CRO/VAN 11 204
ough 25 47.2
D CEF/CLR 1 1.9
yspnea 25 47.2
Vomiti CEF/VAN 4 74
omiting 15 28.3
CTX/LZD 1 19
Altered mental status 9 17.0
Diarrhea 8 15.1 ;E(\ZX?EN i 13
Abdominal pain 6 113 :
Seizures 6 11.3 Triple therapy | CRO/CLI/PEN 1 1.9
Nuchal rigidity 4 7.6 CRO/VAN/OXA 1 1.9
Headache 4 7.6 CRO/VAN/CLI 1 1.9
Culture sample AMP/VAN/OXA 1 1.9
Blood 37 685 Antibiogram available
Pleural fluid 10 18.5 Yes 52 96.3
Cerebrospinal fluid 5 9.3 No 2 37
*
Sy 2 37 White cells count (n=44)
S t
prserope Median, count 15,600
19A 11 204 IQR 7,100-27,700
6C 4 74 -
3 3 56 Neutrophil count (n=44)
6A 3 5.6 Median, count 11,400
15C 2 37 IQR 3,300-16,700
16 2 37
2B 5 37 Lymphocyte count (n=44)
10A 1 1.9 Median, count 2,100
10B 1 1.9 IQR 1,200-3,600
1A 1 19 Hemoglobin (n=44)
14 1 19
15B 1 19 Median, g/dL 9.2
23F 1 19 IQR 8.6-10.2
24A 1 19 Hb <11 g/dL 40 90.9
24F 1 19 Platelets count (n=44)
Not available* 19 35.2
- - Median, count 348,000
Diagnosis IQR 154,000-526,000
Bacteremia 17 315 <100,000/mm? 8 182
Pneumonia alone 9 16.7 400,000/ mm’ 18 40.9

Continue >>>
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Continue >>>
Variable N=52 % Variable N=52 %
Lactic acid (n=33) ICU stay duration (n=42)
Median, mmol/L 2.1 Median, days 95
IQR 1436 IQR 418
Septic shock Invasive mechanical ventilation (n=43)
Y 37 68.5
o 1 s Yes 3 814
- No 8 18.6
IPD outcomes " "
t (n=
Hospital stay duration (n=52) g
Median, days 135 Les 385 il;é
IQR 55235 ° :
Intensive care unit admission Mortality
Yes 43 79.6 Yes 19 35.2
No 11 204 No 35 64.8

AMP: Ampicillin; CLI: Clindamycin; CLR: Clarithromycin; CRO: Ceftriaxone; CTX: Cefotaxime; GEN: Gentamicin; ICU: Intensive care unit; IPD:
Invasive pneumococcal disease; LZD: Linezolid; MEM: Meropenem; OXA: Oxacillin; PCV: Pneumococcal conjugate vaccine; PEN: Penicillin; VAN:

Vancomycin.

t Information is only available for the serogroup (Serotype was not identified).

* Spn serotyping was unavailable or not performed.

** One lung abscess (abscess culture) case and one appendicitis & inflammatory pelvic disease (peritoneal fluid culture) case.

the subsidized healthcare system (87.0%), and
were not enrolled in school (77.8%) (Table 1). All
cases were diagnosed in children from the lowest
socioeconomic strata (stratum 1) in Colombia.
The proportion of patients who received at least
one dose of PCV10 was the same as the proportion
of children not vaccinated (50%). Among those
vaccinated, 15 children completed the vaccination
scheme (15 of 27), and only one was vaccinated
with PCV7. None of the children were vaccinated
with PCV13. Thirty-three children had a previous
medical condition (61.1%) and asthma/bronchi-
olitis was the most common underlying illness
(24.2%). The most common symptoms were fever,
cough, dyspnea, and vomiting (Table 1).

As described in Table 1, bacteremia was identified
in 41 out of 53 cases (76.0%). However, Spn sero-
typing in blood culture was only available for 35
children. Fifteen different Spn serotypes were
identified, with Spn 19A being the most common
(20.4%). Other common serotypes were Spn 6C
(7.4%), Spn 3 (5.6%), and Spn 6A (5.6%).
Ceftriaxone was the most common empirical anti-
biotic prescribed to IPD patients (63.0%), followed
by vancomycin (38.9%) and clindamycin (29.6%).
Dual antibiotic prescription was the most com-
mon treatment (70.4%), with ceftriaxone/clinda-
mycin (24.1%) and ceftriaxone /vancomycin (20.4%)
used in almost half of the patients. Most children

had elevated leukocyte counts and developed sep-
tic shock (68.5%). Twenty-six patients had altered
platelet levels (59.1%). Notably, 40 of 44 children
with hemoglobin measurements were anemic (Hb
<11 g/dL) (Table 1).

Clinical outcomes

Regarding clinical outcomes, forty-three patients
were admitted to PICU (79.6%). The median hos-
pitalization days was 13.5 (IQR 5.5-23.5) days,
while the median PICU length of stay was 9.5 (IQR
4-18) days. Thirty-five (81.4%) children in the
PICU required vasopressor support and invasive
mechanical ventilation. Nineteen (35.2%) patients
died (Table 1).

Serotypes 3, 6A, and 19A were detected more fre-
quently in vaccinated children than in unvaccinat-
ed children (11 vs. six isolates, respectively). Both
PCV10 vaccine-preventable serotypes (14 and 23F)
were isolated from unvaccinated children (Table
2). Spn19A isolates were reported every year, ex-
cept for 2020 and 2023. The PCV10 vaccine-pre-
ventable serotypes were exclusively detected in
children living in urban areas. PCV13 exclusive
vaccine-preventable serotypes were more com-
mon among children living in urban areas than
among those from rural areas (14 vs. 3 cases, re-
spectively). All IPD cases caused by PCV13 exclu-
sive vaccine-preventable serotypes were admitted
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Table 2 - S. pneumoniae serotype distribution accord-
ing to patient’s vaccination status.

PCV10 vaccination status

Serotype

First dose Second dose | Third dose Unvaccinated
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*Information is only available for the serogroup (Serotype was not iden-
tified).

to the PICU, whereas PCV10 vaccine-preventable
cases did not require intensive care management.
All patients with Spn19A were admitted to the
PICU, and over one-third died (36.4%) (Table 3).
The proportion of antibiotic resistance for seven
out of the nine antibiotics (PEN, AMC, CXM,
MEM, CLI, SXT, and ERY) was higher than 24.5%.
However, the proportion of decreased antibiotic
sensitivity ranged from 30.2% (CTX) to 50.0%
(PEN) in nine of the antibiotics. Remarkably, all
Spn isolates were vancomycin-sensitive; however,
meropenem resistance was detected (34%) (Figure
2). Considering the Spn serotype, only four sero-
types (14, 10A, 15B and 24) were susceptible to all
antibiotics evaluated, and five serotypes (6C, 10 B,
19A, 23F and 24F) showed decreased sensitivity to
all antibiotics. Likewise, serogroup Spnl6 dis-
played resistance to all antibiotics, except third
generation cephalosporins (CTX) (Figure 3).

H DISCUSSION

This study describes one of the largest cohorts of
pediatric patients diagnosed with IPD in Bolivar,
Colombia. INS reported 106 Spn isolates in Bolivar

Table 3 - S. pneumoniae serotype distribution by study year, area of residence, age group, and clinical outcome.

Seotype Year Area of residence Age group Icu Mortality

2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | Urban | Rural | 1-11mo | 12-23mo | 29y | >9y | Yes | No | Yes | No
8 1 0 0 0 0 0 2 0 B 0 0 0 8 0 8 0 1 2
6A 0 0 1 0 0 0 2 0 3 0 1 0 1 1 3 0 1 2
6C 0 2 2 0 0 0 0 0 B 1 2 1 1 0 4 0 (2 | 2
10A 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0
10B 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0
11A 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0
14 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 1 0 1
15B 0 0 0 1 0 0 0 0 0 1 0 1 0 0 1 0 0 1
15C 0 1 0 0 0 0 1 0 2 0 0 0 2 0 1 1 0 2
16* 0 0 1 0 1 0 0 0 2 0 1 0 1 0 2 0 0 2
19A 1 8 8 1 0 2 1 0 8 B B 4 4 0 11 0 4 7
23B 0 0 0 1 0 0 1 0 2 0 0 0 1 1 2 0 (2|0
23F 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 1
24A 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 1
24F 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0
ND 2 2 2 2 3 2 5 1 18 1 5 1 9 4 217 |5 | 14
Total 4 11 10 6 4 4 13 2 45 9 17 7 24 6 43 11|19 | 3

ICU: Intensive care unit; mo: months; ND; not determined; y: year. * Information is only available for the serogroup (Serotype was not identified).
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from 2016 to 2020, while we analyzed 54 cases
from 2016 to 2023 [23]. Thus, pediatric hospital
cases accounted for almost half of all pediatric IPD
cases in Bolivar. The study cohort primarily con-
sisted of vulnerable children, including those with
pre-existing medical conditions, hailing from
low-income households, and enrolled in the sub-
sidized healthcare system. High PICU admissions,
mortality rates, and prolonged hospital stays were
also observed. As observed in other reports from

Colombia and other countries in the world, the
most common serotype was Spn19A [14, 24].

We found that a higher proportion of IPD cases
were reported among boys, children living in ur-
ban areas, and children with previous medical
conditions. A higher proportion of IPD cases
among boys than among girls has been reported
previously, although clinical outcome (PICU ad-
missions and mortality) differences attributable to
sex have not been observed [24, 25]. A similar pro-

Figure 2

S. bneumoniae antimicrobial 100%

9,4%

resistance profile among

54 isolates from pediatric
patients with invasive
pneumococcal disease in
Bolivar, Colombia. PEN:
Penicillin; AMC: Amoxicillin/
Clavulanate; CXM:
Cefuroxime; CTX: Cefotaxime;
MEM: Meropenem; VAN:
Vancomycin; CLI: Clindamycin;
SXT: Trimethoprim/
sulfamethoxazole; ERY:
Erythromycin.

*Data from 53 isolates.

Figure 3

Number of S. pneumoniae
serotype isolates with antibiotic-
decreased sensitivity. This
heatmap shows the distribution
of antibiotic sensitivity among
S. pneumoniae serotype
isolates, quantifying decreased
sensitivity as a sum of resistant
and intermediate phenotypes.
Color bar indicates the number
of isolates with decreased
resistance (green: the lowest,
red: the highest). Antibiotics
are abbreviated as follows: PEN
(Penicillin), AMC (Amoxicillin/
Clavulanate), CXM (Cefuroxime),
CTX (Cefotaxime), MEM
(Meropenem), CLI (Clindamycin),
SXT (Trimethoprim/
sulfamethoxazole), ERY
(Erythromycin). *Data from only
53 isolates. SG 16: Information is
only available for the serogroup
16; serotype was not identified.
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portion of children living in urban settings was
reported in our study and in England (83.3% vs.
87.6%) [26]. Concerning previous medical condi-
tions, two case-control studies conducted in the
United States reported that underlying illnesses
were associated with IPD [13, 27].

In this study, bacteremia was identified as the
most prevalent diagnosis, accounting for 76.0% of
cases, wherein 40% was primary bacteremia, fol-
lowed by pneumonia, which constituted 48.2% of
cases. Both conditions are frequently reported in
the literature, but their proportions are usually
smaller. For example, Versluys et al. identified 888
pediatric IPD cases from 1999 to 2019, of which
59.2% and 25.9% were diagnosed with bacteremia
and pneumonia, respectively [24]. In 2002, Queens-
land Health (Queensland, Australia) reported that
65.1% and 23.5% of pediatric IPD cases were cate-
gorized as bacteremia and pneumonia, respective-
ly [28]. Marin-Portocarrero et al. reported a 62.1%
proportion of bacteremia and 48.3% of pneumonia
cases in a descriptive study of IPD cases in a pedi-
atric hospital in Perti, which is similar to our re-
sults [29]. Results from a multicentric study in Co-
lombia showed that among IPD cases, 17.9% were
diagnosed as primary bacteremia, and most cases
had pneumonia [30].

IPD threatens public health because of their high
PICU admission and mortality rates. However,
our results exceeded those of the previous studies.
In a cohort of 253 pediatric patients in Barcelona,
Spain, 19.4% were admitted to the PICU, and only
two patients died [31]. Versluys et al. reported
5.5% CFR [24]. Jiang et al. reported a CFR of 21.5%
CFR among 186 pediatric patients in Beijing [32].
In a previous study conducted in Bogotd, the pedi-
atric IPD CFR was 7.5% and the CFR associated
with meningitis was 44% [6]. Another study from
Colombia reported a lethality rate of 11.3 %, that
was even higher in patients with meningitis (with
or without pneumonia) and an admission to PICU
rate of 50% [30]. Our study reports even higher
case fatality and PICU admission rates, possibly
due to the increased proportion of critically ill pa-
tients and the presence of multidrug-resistant
strains like Spn19A. This was especially higher for
meningitis (CFR: 77.8%). These findings may be
influenced by several factors, including poor nu-
tritional status, delays in seeking medical care,
and limited access to healthcare in low-income
populations - factors that were unexplored in this

study but may be crucial for future investigation
[33, 34]. Moreover, since the Napoleon Franco
Pareja Children’s Foundation Hospital is a region-
al referral center, most inter-institutional patient
transfers may involve critically ill patients.
Antimicrobial resistance is a growing problem
worldwide and Spn is no exception. Compared to
the 2006-2018 national Spn surveillance data, re-
sistance rates to penicillin and erythromycin have
increased [7]. Meropenem resistance in Spn is par-
ticularly troublesome because carbapenems are
among the last antibiotic options. Spn15A was as-
sociated with meropenem resistance in Japan, and
a multicenter study conducted in China reported
a 40.6% meropenem resistance rate, similar to our
results [35, 36]. Factors contributing to the rising
Spn antimicrobial resistance are the worldwide
emergence of Spnl19A after PCV7 and PCV10 (es-
pecially multidrug-resistant clones; clonal com-
plex 320), antibiotic selective pressure, and sero-
type replacement [37]. One case of multiple antibi-
otic resistance (including meropenem) but sensi-
tivity to a third-generation cephalosporin was also
found (Spn 16). Although not common, this phe-
notype has also been described in other studies
[38] and may be explained by genetic variations in
penicillin binding proteins (PBP). Depending on
which PBPs carry mutations, this can lead to var-
ying degrees of susceptibility to antibiotics [39].
Fortunately, vancomycin resistance has not been
detected in Colombia, though decreased suscepti-
bility (‘tolerance’) has been reported overseas [40,
41]. In a recent multi-city report from Colombia
carried out by the Neumocolombia network, re-
sistance to macrolides was observed in 56% of IPD
patients, 43.2% to clindamycin, and 51.5% to tri-
methoprim/sulfamethoxazole. Rates from our co-
hort tended to be lower for these antibiotics [30].
Importantly, this study highlights the effective-
ness of PCV10 vaccine in preventing IPD. Before
PCV10 implementation, the most common causes
of IPD in Colombian children under 15 years of
age were Spnl4, Spnl, and Spn6B [7]. Only two
cases of PCV10 vaccine-preventable serotypes (14
and 23F) were reported in this study in two unvac-
cinated children. Additionally, our results support
the introduction of PCV13 into the Colombian Ex-
panded Program on Immunization. One-third of
the IPD cases and deaths were caused by PCV13
exclusive vaccine-preventable serotypes (3, 6A,
and 19A). Spn19A exhibited the greatest antimi-
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crobial resistance profile among all the identified
serotypes. Furthermore, PCV13 is associated with
a reduction in the incidence of pneumonia, severe
pneumonia, pneumonia hospitalization rates, and
pneumonia mortality in children aged <5 years,
particularly in high-income countries [10, 42].

As other countries in the world, including the Lat-
in American region, we reported a high circulation
rate of Spn19, being the most frequent serotype in
our cohort. Another study from Colombia also re-
ported Spnl9A as the most frequent serotype
found during the study period (51.3%) [30]. An
increase in the incidence of invasive infections
caused by Spn19A, such as meningitis and pneu-
monia, has been observed. This serotype has been
responsible for outbreaks in several countries, in-
cluding Brazil [43, 44] from the Latin American
Region, and is frequently associated with higher
rates of morbidity and mortality compared to oth-
er serotypes. Most cases with Spn19A infection
were vaccinated with the PCV10. Thus, given the
recent vaccine change in Colombia (PCV13), the
prevalence in the population over 2 years old, and
the prevalence of patients with comorbidities, it
would be necessary to evaluate the cost-effective-
ness of the implementation of a catch-up strategy
and a vaccination strategy for at-risk groups.
Although PCV13 is the current vaccination stand-
ard for Spn in the pediatric population, other vac-
cines have been developed and approved in the
United States, the European Union and other
countries. For instance, according to the Advisory
Committee on Immunization Practices, PCV13
and PCV15 (PCV13 + serotypes 22F and 33F) have
been used interchangeably since June 2022 [45].
Our results indicate that there have been no cases
of IPD caused by Spn22F or Spn33F in children in
Bolivar, Colombia. From 2006 to 2018, only seven
IPD cases among children under 15 years of age
were attributable to Spn22F (Spn33F caused zero
cases) [7].

Similarly, in April 2023, the U.S. Food and Drug
Administration approved PCV20 (PCV15 + sero-
types 8, 10A, 11A, 12F, and 15 B) for pediatric use
[46]. In contrast to PCV15, PCV20 could have pre-
vented three more IPD cases (two fatal) caused by
Spnl0A, Spn11A, or Spn15B. Nationwide, 96 cases
of PCV20 exclusive vaccine-preventable serotypes
were documented from 2006 to 2018 [7]. However,
continuous epidemiological surveillance in the
following years is required to evaluate the effec-

tiveness of PCV13 in Colombia. The introduction
of PCV13 will change the distribution of Spn sero-
types (serotype replacement) in Colombia, as has
previously been observed after PCV7 introduction
in 2008 [7] and PCV10 in 2012 [47], and has been
reported after PCV13 worldwide [48-50]. Several
public health assessments are required at least 5-7
years after post-PCV13 introduction before recom-
mending a new vaccine against Spn (most likely
PCV20).

The limitations of this study include its cross-sec-
tional design and retrospective nature. Serotype
distribution among cases may be impacted by the
current vaccination program, however, no causal-
ity can be ascertained. Assessment of potential risk
factors for IPD was not possible because this infor-
mation was barely collected from the medical re-
cords derived from the emergency room or ICU
management. For example, information about the
history of breastfeeding, day care attendance, pre-
vious antibiotic use, previous ear infections,
household income, household exposure to smok-
ing, and household crowding has been explored
previously to identify risk factors associated with
IPD [13, 27]. Another area for improvement is the
need for more information on interhospital patient
transfers. Since the hospital from which the popu-
lation was studied is a regional pediatric center,
not all study patients attended this facility directly.
Some patients received critical and specialized
care. However, information from the original
healthcare institution regarding length of stay,
previous treatment, and other medical data was
not always available. Therefore, the length of hos-
pital stay and ICU duration may be biased owing
to the lack of information. Since the study was lim-
ited to 54 patients, it was not possible to perform
inferential statistics such as multivariate analyses.
In addition, Spn serotyping information account-
ed for a considerable proportion of missing/una-
vailable data (35.2%). The PAlweb was imple-
mented in 2012 [51]; thus, the immunization status
of children vaccinated before 2012 (n=11) was not
recorded in the system. It is possible that some
children were vaccinated with PCV?7.

Other limitation to be declared is the potential risk
of selection bias in our study, as it is based solely
on cases from a single institution in the city that
serves a pediatric population with limited eco-
nomic resources. Children included in this study
were from families categorized as Colombia’s low-
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est socioeconomic status (level 1). Socioeconomic
stratification (SES) in Colombia is determined ac-
cording to the classification of residential dwell-
ings in a city or town, ranging from the lowest SES
level (level 1) to the highest (level 6) [52]. Addi-
tionally, most children were not enrolled in school
and belonged to a subsidized health insurance
program. Since the study did not include children
from middle- or high-income families, we cannot
generalize that our results are entirely representa-
tive of Cartagena.

This study summarizes the socio-demographic,
epidemiological, and clinical characteristics of 54
children diagnosed with IPD in Bolivar, Colombia,
between 2016 and 2023. The results of this study
indicate that IPD continues to be a severe cause of
morbidity and mortality among children, despite
vaccination programs and medical advances.
These findings also suggest that, in general, a re-
placement in the Spn serotype distribution has tak-
en place in Bolivar since PCV10 implementation.
Opverall, this study strengthens the idea that PCV13
introduction into Colombian EPI is necessary to
prevent a significant number of IPD cases and
deaths, mainly due to Spn19A. Further studies
could assess the long-term effects of PCV13 on the
epidemiology, antimicrobial resistance profile, and
clinical presentation of Spn-associated infections,
particularly IPD. This study’s findings have sever-
al important implications. For instance, greater ef-
forts are needed to ensure that 100% vaccination
rates among children are achieved in Colombia, as
IPD vaccine-preventable cases are still observed.
Moreover, to better understand the impact of
PCV13 in Colombia and recommend new vaccines,
most Spn isolates should be successfully serotyped
and prospective studies should be conducted.
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