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ABSTRACT
Introduction: With the use of pneumococcal conjugate vaccines(PCV), the behavior of invasive
pneumococcal disease(IPD) has changed relative to serotype distribution. The introduction of these
vaccines in national immunization programs has reduced the incidence of IPD, with a marked decrease
in the circulation of the serotypes included in the vaccine used in each country. However, the
subsequent emergence of other serotypes not included in the vaccine, such 19A in case of PCV7
and PCV10, has been documented.
Materials and methods: This was case series study (2008–2017) in pediatric patients admitted to 10
hospitals in Bogota who were diagnosed with IPD. It was conducted during the transitional period of
implementing the PCV10 vaccine in Colombia in 2012. Cases of bacteremic pneumococcal pneumonia,
meningitis, primary bacteremia and osteoarticular infection were included. A descriptive analysis of the
demographic, clinical and laboratory variables of patients with IPD by Spn19A, its trend over time,
profiles of antimicrobial susceptibility and clinical outcomes was performed.
Results: There were 463 cases of IPD, 315(68%) with known serotypes. The prevalence of IPD by Spn19A
was 17.7%(56 cases), tending to increase over time. During 2008–2011, the prevalence was 4.4%, and
during 2014–2017, it was 32.4%, The most frequent diagnosis was pneumonia(80.4%). In nonmeningeal
isolates, 39.6% were not susceptible to penicillin. An increase in the resistance was observed over time.
Conclusion: Spn19A is a prevalent cause of IPD in the pediatric population of the analyzed cohort, with
an increasing trend of this serotype during the surveillance period after the introduction of PCV10, being
the most common serotype identified in recent years.
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Introduction

The epidemiological behavior of invasive pneumococcal disease
(IPD) has changed with the introduction of conjugate vaccines.1-3

However, despite the decrease in the incidence of IPD after the
introduction of such vaccines, IPD remains a significant cause of
morbidity andmortality in the pediatric population, with a disease
burden that varies regionally.4-6 In 2015, it is estimated that there
were 9,180,000 cases of invasive pneumococcal disease in children
under 5 years of age, with approximately 318,000 deaths due to
this cause, 257,000 from pneumonia, 37,900 from meningitis and
22,700 from other causes. For the same year, it is estimated that in
the Americas, 259,000 cases of IPD were identified with 5700

deaths – 4600 from pneumonia, 600 from meningitis and 600
from other causes6

With the introduction of pneumococcal vaccines in national
immunization programs, a change in the distribution of sero-
types was observed, a process known as serotype replacement.7

Serotype replacement occurs when the prevalence of serotypes
included in conjugate vaccines decrease and the frequency of
serotypes not included in the vaccines increase. In this case,
serotype 19A (Spn19A) was the serotype showing the greatest
increase after the introduction of the heptavalent pneumococcal
conjugate vaccine (PCV7) in different regions of the world, 8,9

becoming a prevalent cause of IPD. PCV7 was introduced in
Bogota in 2008, and from January 2012 it was replaced by the
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decavalent vaccine (PCV10) in the national immunization sche-
dule (PAI, in Spanish) in a 2 + 1 scheme at 2, 4 and 12 months.10

In 2016, Colombia reported a vaccination coverage for the third
dose of pneumococcus of 89%; in Bogota coverage was 93%.11

It has been documented that serotype 19A has a high invasive
potential and high rates of antibiotic resistance, conditions that
have raised concerns regarding clinical outcomes in infected
patients.12-14 It has been proposed to optimize the epidemiolo-
gical surveillance of IPD. In Bogota, there is an initiative led by
the Colombian Association of Infectious Diseases (Asociación
Colombiana de Infectología –ACIN) and the Colombian Society
of Pediatrics (Sociedad Colombiana de Pediatría – SCP) called
Red Neumocolombia, which since 2012 has conducted epide-
miological surveillance of IPD in 10 hospitals in the city.

There are regional publications on the behavior of the
serotype after vaccination with PCV10, including 19A.15-20

However, there are no recent publications on the behavior
of serotype 19A in Bogota after the massive use of PCV10.

Therefore, the objective of this study was to analyze the
demographic and clinical characteristics and outcomes of
invasive serotype 19A pneumococcal diseases by in pediatric
patients in Bogota, Colombia, between 2008 and 2017.

Materials and methods

Population

The study included patients younger than 18 years who were
diagnosed with IPD and were admitted to health institutions
where the study was conducted between January 2008 and
December 2017.

Place of the study

Bogotá is the capital city of Colombia, with a population of
7,150,000 inhabitants in 2018 of which approximately 2,500,000
are under 19 years of age.21 Surveillance is performed in 10
tertiary care hospitals, some of which are state hospitals.

Data collection

This was an ambispective study. The data were collected
retrospectively from 2008 to 2011 and prospectively from
2012 to 2017. Surveillance was conducted in a transitional
period when PCV10 was implemented in the national immu-
nization schedule, which began to be administered in
January 2012.10

Invasive pneumococcal disease (IPD) is defined when there
is a Streptococcus pneumoniae isolate in the culture of a sterile
site. This category includes cases of bacteremic pneumococcal
pneumonia, meningitis, primary bacteremia and osteoarticular
infection. These cases were identified in the laboratory of each
institution. From this information, clinical history data were
completed using a standardized case report format.
Susceptibility information was obtained from the laboratory of
each institution using automated methods: 7 using Vitek 2®
(BioMérieux, Marcy l‘Etoile, France), 3 using BD Phoenix®.
The susceptibility categories “susceptible”, “intermediate” and
“resistant” met the definitions of the Institute of Clinical and

Laboratory Standards of the United States (CLSI 2017). As part
of routine surveillance, the isolates should be sent to the District
Health Department (Secretaria Distrital de Salud – SDS), where
the isolate is reconfirmed and sent to the National Institute of
Health (INS), where serotyping by the Quellung method and by
polymerase chain reaction, as appropriate, is performed. The
serotyping data were taken from the report sent by the SDS and
INS to the institutions. The vaccination data were obtained
from medical records and from the website of the District
Health Department of Bogotá (http://appb.saludcapital.gov.co/
Pai/publico/busqueda.aspx).

The information was recorded in an Excel document
(2010).

Statistical analysis

A descriptive analysis of demographic, clinical and laboratory
variables of patients with IPD by Spn 19A was performed. The
trend over time of the serotype, the profiles of antimicrobial
susceptibility and clinical outcomes are described.

Ethical considerations

The study was approved by the ethics committee of each
participating institution. This is a risk-free study in which
retrospective research techniques and methods were used.
There was no intervention or intentional modification of the
biological, physiological, psychological or social variables of
the individuals who participated in the study. The identity of
the patients was known only to the principal investigator,
according to the consecutive medical histories.

Results

Prevalence and trends of Spn19A over time

During the study period (2008–2017), 463 cases of IPD were
recorded in the network, 317 (68.5%) with known serotypes,
of which 237 (74.8%) were patients under 5 years of age. The
prevalence of IPD by Spn19A was 17.7% (56 cases).

The prevalence of Spn19A isolates in patients aged 0 to
17 years in the period 2008–2011 was 4.4% (5/115), between
2012–2013 was 8.3% (5/60) and between 2014–2017 was 32.4%
(46/142). In children under 5 years, between 2008–2011, it was
4.7% (4/85), between 2012–2013 it was 10.5% (4/38) and
between 2014–2017 it was 36.8% (42/114). This was the most
frequent serotype in the last 3 years. Figure 1 compares the
percentage of Spn19A isolates from the total serotype isolates in
children under 5 years found in the present study with the
national data reported by the National Institute of Health.

Figure 2 shows an increase in the proportion of IPD caused
by Spn19A higher than that observed in the other serotypes
not included in PCV10 or included in PCV13 and higher than
what was observed in the serotypes not included in any PCV.

Clinical and demographic characteristics

Among the demographic characteristics, 29 (51.8%) patients
were male, and 50 (89.3%) were younger than 5 years. The
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most frequent diagnosis was pneumonia, with 45 cases
(80.4%), followed by primary bacteremia (6 cases (10.7%)),
meningitis (3 cases (5.4%)) and osteoarticular infection (2
cases (3.6%)). The distribution of diagnoses by age group is
presented in Table 1.

Regarding antecedents, 24 (42.9%) patients attended an
educational institution. Information on vaccination status
was obtained for 46 (82.1%) patients. Of these, 44 (95.6%)
had received some type of conjugate vaccine, 40 (91%)
received PCV10, 2 (4.5%) received PCV7 and 2 (4.5%)
received PCV13. Thirty-eight (86.3%) cases had

a complete vaccination schedule of 3 doses, of which 34
(89%) were PCV10. Information on prior antibiotic use was
obtained for 32 (57.1%) patients. Of these, 8 (25%) had
received a first-line treatment for Spn. In 17 patients, risk
factors for IPD were identified: 6 (10.7%) had at least one
episode of otitis media in the last year, 6 (10.7%) had
chronic diseases (neurological disorders (3), malnutrition
(1), kidney failure (1) and chronic lung disease (1)) and 2
(3.6%) patients had neoplasms.

The most frequent clinical manifestations in cases of pneu-
monia were fever (91.1%), cough (75.6%) and respiratory distress
(31.1%). All patients with pneumonia had a chest X-ray report,
with the most frequent findings being consolidation (82.2%),
pleural effusion (26.7%) and interstitial infiltrates (17.8%).

Cases of meningitis presented fever (100%), irritability
(66.6%) and lethargy (66.6%).

The average length of hospital stay of patients who sur-
vived was 14.9 days and was 12.2 days for patients who died.
The median length of hospital stay in all patients was
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Figure 1. The proportion of Spn19A cases in Bogota and Colombia that cause IPD in children under 5 years; 2008–2017.
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Table 1. Diagnostics by age group in cases of IPD by Spn19A.

Age group 0 – 2 years 2 – 5 years > 5 years Total

Pneumonia 9 30 6 45
Bacteremia 1 5 0 6
Meningitis 1 2 0 3
Other 1 1 0 2
Total 12 38 6 56
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10.5 days (IQR 5 to 20.5 days); 23 (41%) were admitted to the
intensive care unit, and the median length of stay in the ICU
was 4 days (IQR from 2 to 11 days). One patient had an
extended stay of 50 days. Mortality was 10.7% (6), with 83.3%
(5) younger than 5 years.

Microbiological characteristics
Complete information on susceptibility to antibiotics was
obtained in all cases. Figure 3 describes the susceptibility profile
of the nonmeningeal isolates over time. There is an increase in
non-susceptible to penicillin isolates from 20% in the period
2008–2011 to 43% in the period 2014–2017. There is also an
increase in non-susceptible to cefotaxime, erythromycin and
clindamycin isolates. In total 21 (39.6%) isolates were not sus-
ceptible to penicillin, 17 (32,1%) isolates were not susceptible to
cefotaxime, 31(58,5%) were not susceptible to erythromycin and
22 (41,5%) were not susceptible to clindamycin.Of the 3 menin-
geal isolates, 1 (33.3%) had decreased susceptibility to penicillin.

Twenty-one isolates (37.5%) of Spn19A were susceptible to all
antibiotics, 8 (14.3%) were resistant to one family of antibiotics, 14
(25%) were resistant to 2, 4 (7.1%) were resistant to 3, 7 (12.5%)
were resistant to 4 and 2 (3.6%) were resistant to 5 families of
antibiotics. A total of 27 (48.2%) were multidrug resistant.

Discussion

The study provides recent data on the epidemiological and
clinical behavior of IPD by serotype 19A in Bogota. We found
that serotype 19A is a prevalent cause of IPD in the analyzed
pediatric population, mainly in children under 5 years of age,
similar to that reported in other studies2,15,22-26

We found an increasing trend over time, from 0% in 2008
to 33% in 2017 in those under 18 years of age and from 0% in
2008 to 36.6% in children under 5 years of age, an increase
observed especially since 2013. Data from this study are simi-
lar to data in children under 5 years published by the INS25 in
which the prevalence increases from 3.5% in 2008 to 43% in
2017. When analyzing this information for the different per-
iods in relation to the systematic application of the vaccine
nationally, the INS reported a prevalence of Spn19A in the

period 2008–2011 of 7.2% (37/510), in 2012–2013 of 11.6%
(19/164) and in 2014–2017 of 36.3% (161/443), similar to the
data found in this study. Between 2016 and 2017, we found
a slight decrease, from 42.5% to 33.3%, which was not
observed in the national data, where the prevalence increased
from 39% in 2016 to 43% in 2017.25 Therefore, it is unlikely
that this is a cyclical behavior. In addition, a time series study
using national surveillance data showed that this increase was
statistically significant.19 This behavior observed in Colombia
is similar to the behavior observed in Brazil and Chile after
the introduction of PCV10.15,16,23,24,26 These data differ from
those published in a recent systematic review that included
data up to 2015.18 In the present study, an upward trend was
observed after 2008, and this trend increased between 2013
and 2017, showing an increase of 300%.

Studies carried out in other countries that have implemented
PCV13 immunization in the routine infants programs, have
shown a decrease in the prevalence and incidence of Spn
19A.3,27-34 Moore et al reports a decrease in the prevalence of
Spn19A in children under 5 years old, in the USA, from 52,8% to
11,11% after the implementation of PCV13.30 Ben Shimol et al
reports a decrease in the incidence of IPD for Spn19A in children
under 5 years old in Israel, from 5 × 100.000 to 1.6 × 100.000
after the implementation of PCV13.33

Serotype replacement leads to colonization and to IPD by
serotypes not included in conjugate vaccines.2,35,36 The increase
in the frequency of Spn19A has been explained in part by the
introduction of conjugate vaccines; other factors that may explain
this behavior include the selection pressure by antibiotics, the
introduction of new clones and the expansion or combination of
these factors.35,37,38

Hence, it is important to continue an active IPD surveil-
lance program to obtain objective information on their epi-
demiological behavior and to propose health care measures
for these diseases.39

The most common clinical presentation of IPD by serotype
19A in this analysis was pneumonia, similar to that reported
by an Argentinean study, 22 followed by primary bacteremia
and meningitis. In the study conducted by the CASPER group
(The Calgary Area Streptococcus pneumoniae Epidemiology
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Research), serotype 19A was a frequent cause of IDP in
children under 5 years of age, but unlike our findings, the
primary diagnosis in this age group was meningitis (14.2% of
IPD).4,12 In the Cassiolato study, 37.7% of the cases were
meningitis, and 62.3% were isolates from patients with non-
meningeal pathologies.15 Other less frequent manifestations of
IPD, such as osteoarticular infection, corresponded to 3.6% in
the current study, a frequency similar to that found in other
studies.40

In the present analysis, 10.7% of patients had a chronic
predisposing disease, and 3.6% of patients had a history of
cancer, a figure lower than that found in the study of Kaplan
et al.8 in which they reported that 30% of patients had pre-
disposing conditions. The majority of patients who presented
IPD for 19A had undergone a complete vaccination schedule
with 3 doses of PCV10, suggesting that the emergence of
Spn19A occurs in vaccinated children and that cross-
protection of PCV10 against this serotype is not generated,
phenomena similar to that described in Chile.16

In the analysis performed by Ramos et al.,20 of the 19A
isolates found in Colombia for the period 1994–2012 in the
IPD surveillance program, nonmeningeal isolates resistant to
penicillin comprised 1.1%, and intermediate resistance com-
prised 32.2%. In the present study, 24.5% were resistant and
14.5% were intermediate, not susceptibility isolates increasing
from 20%% in 2008–2011 to 43% in 2014–2017, which shows
an increase in the proportion of isolates not susceptible to
penicillin for this serotype. Similar findings are observed with
cefotaxime, erythromycin and clindamycin. This resistance
has been especially associated with the expansion of the multi-
drug-resistant clone 320 documented in Colombia20 and in
other countries after the introduction of PCV10, including in
Brazil, 15 Chile16 and Bulgaria.41

This increase in the resistance of Spn19A, together with the
increase in its frequency, has led to a decrease in sensitivity to
penicillin in Streptococcus pneumoniae isolates in children
under 5 years of age, according to national surveillance system
data. In 2008, the susceptibility to penicillin in nonmeningeal
Spn isolates was 86.8%, and in 2017 it was 65.9%; a similar
situation was observed with ceftriaxone, whose susceptibility
in nonmeningeal strains decreased from 85.1% in 2008 to
72.9% in 2017 and with erythromycin, whose susceptibility
decreased from 93% to 53.4% in the same period.25

In relation to clinical outcomes, 41% of patients were
admitted to the ICU. In a Canadian study (4) the percentage
of ICU admissions was lower (20.8%). Mortality in the present
study was 10.7% higher than that reported in other studies
that analyzed the overall mortality caused by all serotypes.42

In this study, mortality was concentrated in patients under
5 years of age. Spn19A has an aggressive clinical behavior,
with a high percentage of ICU admissions and a prolonged
hospital stay, which, together with increased resistance to
penicillin, increase the costs of health care.

Limitations of the study
Given the retrospective component of the study, there were
difficulties in obtaining complete immunization data,
a process that has been improved with the help of the digital
tool from the city of Bogota and the Ministry of Health PAI

website. The missing serotyping data represent a limitation
because there may be serotypes of 19A that could not be
identified. Over time, the surveillance process has strength-
ened the reporting of IPD at the regional level, with more
frequent serotyping of the isolates. As is mentioned, one
limitation is the retrospective character of the data previous
to PCV10 introduction that makes it difficult to compare with
the prospective analysis after its Introduction.

This study provides information on the epidemiological
behavior of Spn19A in the pediatric population of Bogotá,
Colombia, with a multicentric sample over a significant per-
iod of time, providing information on the trend of IPDs by
Spn19A over time as well as the sensitivity profile. There is
a clear increase in frequency and resistance. These findings
are considered to be a substantial change in the epidemiology
of IPDs, which, according to WHO,43 should lead to evaluat-
ing changes to the vaccination schedule and including
a vaccine with direct protection against this serotype.
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