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ARTICLE INFO ABSTRACT

Keywords: Background: There is scarce information on the burden of invasive pneumococcal disease (IPD) among adults
Streptococcus pneumoniae, pneumococcal in low- and middle-income countries. This study aimed to describe the clinical outcomes and microbiological
infection, adult, older adult, mortality characteristics associated with IPD in adults and subgroups aged 18-59 years and >60 years in Colombia

healthcare resource utilization, antimicrobial

st Methods: A retrospective chart review study was conducted in five institutions of Bogota from January 2011 to
resistance

December 2017. Analyses were carried out for overall population and stratified by age group (18-59; > 60 years)
Results: There were 169 IPD cases; median age was 58 years, 51.5% were male, and 80.5% had at least one
comorbidity. Bacteremic pneumonia was the most common presentation (63.9%). The median length of hospital
stay was 12 days with high healthcare resource utilization (HCRU): 58.6% required ICU and 53.3% inotropic
support. Overall case-fatality rate (CFR) was 41.4%. Clinical outcomes were worse in patients >60 years old with
significantly higher CFR and HCRU (ICU admission, mechanical ventilation, and inotropic support) compared to
those aged 18-59 years. The most frequent serotypes were 3, 6 A/C, 14, and 19A. The sensitivity to penicillin in
meningitis and non-meningitis isolates were 75% and 89.1% respectively

Conclusions: IPD was associated with a substantial burden in adults and worse clinical outcomes and HCRU
in older adults in Colombia. Surveillance data combined with clinical outcomes have the potential to inform
age-based pneumococcal vaccination policies.
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A.L.L. Castro, G. Camacho-Moreno, A. Montafiez-Ayala et al.
Introduction

Pneumococcal infections are considered a public health problem, be-
ing associated with significant burden on healthcare systems and society
(GBD Lower Respiratory Infections Collaborators, 2016). Younger chil-
dren, older adults, and those with some underlying medical conditions
are at higher risk of developing pneumococcal disease (CDC, 2015). Al-
though Streptococcus pneumoniae colonization is mostly asymptomatic
(Rodrigues et al., 2013; Trimble et al., 2020), the clinical spectrum of
illness caused by these Gram-positive bacteria ranges from mild local-
ized infections to more serious and life-threatening diseases requiring
hospital admission to the intensive care unit (Rosselli and Rueda, 2012;
Micek et al., 2020).

Fortunately, pneumococcal infections are vaccine-preventable dis-
eases. Two types of pneumococcal vaccines are available: pneumococcal
polysaccharide vaccine (PPSV) and pneumococcal conjugated vaccine
(PCV). Each type is composed of the pneumococcal polysaccharide anti-
gens that most frequently are associated with disease. The PPSV formu-
lation contains the capsular polysaccharides of 23 serotypes (PPSV23),
while PCV formulations contain a varying number of capsular serotypes
conjugated to a nontoxic protein (e.g., PCV 10 and PCV 13) (CDC, 2015).

In Latin America, a region characterized by middle-income coun-
tries, PCVs were successfully introduced into the childhood national
immunization programs (de Oliveira et al., 2016a; Agudelo et al., 2021;
Parellada et al., 2021). In 2012, the PCV 10 was introduced into the
Colombian National Immunization Program. It has since been available
free of charge for all children with sustained high vaccination coverage
rate (Ministerio de Salud y Proteccién Social, 2020). Except for Bogota,
where PPSV23 vaccine is part of the publicly funded municipal immu-
nization program for citizens aged >60 years, pneumococcal vaccine is
not included in the national immunization schedule for older adults and
populations at risk for pneumococcal disease in Colombia (Cano Gutier-
rez et al., 2016).

Despite a major decrease in the overall rate of pneumococcal
disease in children (de Oliveira et al.,, 2016b; Shioda et al., 2020;
Carrasquilla et al., 2021; Severiche-Bueno et al., 2021), a replacement
of vaccine serotypes to non-vaccine serotypes has been observed after
the introduction of PCV for children (Camacho Moreno et al., 2020;
Agudelo et al., 2021). Unlike evidence available for children, indirect
effects of childhood PCV vaccination on pneumococcal disease burden
in adults are scarce in Latin America. Nevertheless, morbidity and mor-
tality seem to remain high among adults (Whitney and Toscano, 2021;
Severiche-Bueno et al., 2021).

Continued surveillance of invasive pneumococcal disease (IPD) is
necessary to monitor serotype replacement, antimicrobial resistance,
and vaccine impact among different age groups (Deloria et al., 2021).
In Colombia, although bacterial meningitis is a notifiable disease, the
surveillance of IPD is performed through a voluntary passive system.
The isolates are collected from a national laboratory network and sub-
mitted to the National Institute of Health (Instituto Nacional de Salud
[INS]) for confirmation, serotyping and antimicrobial susceptibility
(Castaneda et al., 2009; INS, 2018; Severiche-Bueno et al., 2021). More-
over, a sentinel surveillance for bacterial pneumonia and meningitis
in children under the age of five years was implemented in a ter-
tiary pediatric hospital in Colombia (Camacho-Moreno et al., 2021).
However, there is limited clinical characterization of IPD in adults in
Colombia.

The aim of this study was to describe the clinical, epidemiologi-
cal, and microbiological characteristics of hospitalized adults (18 to
59 years of age) and older adults (> 60 years of age) with IPD be-
tween January 1%, 2011 and December 315, 2017 in five tertiary hos-
pitals in Bogot4, Colombia. This study may contribute to a better under-
standing of morbidity and mortality associated with these infections in
adults and the elderly, and how preventive strategies, such as vaccina-
tion, could reduce healthcare resource utilization (HCRU) and disease
burden.
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Materials and Methods
Study design and population

This was an observational, descriptive, and retrospective study in
adults with a laboratory-confirmed diagnosis of IPD at five tertiary in-
stitutions in the city of Bogot4d between January 15!, 2011 and Decem-
ber 31%t, 2017. Patients aged >18 years with positive isolation for S.
pneumoniae from sterile sites were identified from the clinical labora-
tory database at each institution participating in the study. Informa-
tion on serotyping and antimicrobial susceptibility were obtained from
INS, where isolates from these laboratories were submitted as part of an
IPD passive surveillance (INS, 2018). Corresponding clinical informa-
tion was collected through detailed chart review regarding patient de-
mographics, vaccination history, underlying medical conditions, clinical
presentation, case-fatality rate (CFR) and HCRU. Patients were excluded
if medical history were not available.

Definitions

IPD was defined as an infection confirmed by the isolation of S. pneu-
moniae from a normally sterile body site. IPD clinical presentation was
categorized as pneumonia, meningitis, bacteremia without focus and
other. A community onset IPD was defined if patients presented asso-
ciated IPD symptoms and diagnosis within the first 72 hours after ad-
mission and hospital onset IPD if symptoms had started after 72 hours.
Adults were defined as population aged 18-59 years and older adults
those aged >60 years. An underlying condition indicated a condition
of interest or risk factor for pneumococcal disease described in the lit-
erature (CDC, 2015; Weycker et al., 2016) and contained in the patient
medical record (e.g., chronic pulmonary diseases, chronic liver diseases,
diabetes, smoking). The identified serotypes were categorized according
to the available pneumococcal vaccines in Colombia as PCV 10 serotypes
(1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F), PCV13 serotypes (compris-
ing serotypes found in PCV10 plus serotypes 3, 6A, and 19A), PPSV 23
serotypes (comprising serotypes found in PCV 10 plus 2, 3, 8, 9N, 10A,
11A, 12F, 15B, 17F, 194, 20, 22F, and 33F) and non-vaccine serotypes
(not found in any vaccine, including non-typeable isolate).

Serotyping and antimicrobial susceptibility testing

Data on serotype, determined by Quellung reaction, were obtained
through the INS surveillance system. The findings on antimicrobial sus-
ceptibility testing were obtained from the reports of the institutional
laboratories or the microbiological laboratory of INS. Antimicrobial sus-
ceptibility to penicillin, ceftriaxone, and erythromycin was performed
by broth micro-dilution method following 2017 Clinical and Laboratory
Standards Institute procedure (Clinical and Laboratory Standards Insti-
tute, 2017).

Statistical analysis

A descriptive analysis was performed using central tendency and dis-
persion measures for continuous variables. For categorical variables, fre-
quency distributions were obtained. Results were presented for the en-
tire analysis population and stratified in two age groups: 18-59 years
and > 60 years. These age groups were chosen to better characterize
IPD in adults and older adults. The analysis of serotype distribution
was performed by individual serotypes and grouped by serotypes con-
tained in different vaccines. Trends over time on serotype distribution
and antimicrobial susceptibility were compared between early period
post-childhood PCV 10 introduction (2011-2014) and late period (2015-
2017).

Categorical variables were compared by chi-squared test or Fisher’s
exact test; for continuous variables, the Mann-Whitney U test was used.
A p-value <0.05 was considered statistically significant. The information
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Demographics and clinical characteristics in adults with invasive pneumococcal disease by age group

in Bogotd, Colombia, 2011-2017

Age group (years)

Characteristics Totaln=169_  18-59 yearsn=87 > 60 yearsn=82  p-value
Participants (%) 169 (100) 87 (51.5) 82 (48.5)
Age, median (IQR) 58 (45-70) 40 (30-43) 70 (65-78)
City of residence”
Capital (Bogota) 150 (88.8) 76 (87.4) 74 (90.2) 0.553
Another city 16 (9.5) 9(10.3) 8(9.7) 0.899
Sex
Female 82 (48.5) 40 (48.8) 42 (51.2) 0.496
Male 87 (51.5) 47 (54) 40 (46) 0.496
Underlying medical conditions
Smoking 50 (29.6) 27 (31) 23 (28.0) 0.560
Alcoholism 27 (16.0) 16 (18.4) 11 (13.49) 0.369
Cardiovascular disease 56 (33.1) 15 (17.2) 41 (50.0) 0.000
Cancer 40 (23.7) 18 (20.7) 22 (26.8) 0.644
Chronic obstructive pulmonary disease 18 (10.7) 1(1.1) 17 (20.7) 0.000
Diabetes mellitus 28 (16.6) 7 (8.0) 21 (25.6) 0.006
Autoimmune disease 26 (15.4) 14 (16.1) 12 (14.6) 0.949
Previous episode of pneumonia 20 (11.8) 12 (13.8) 8(9.8) 0.503
Antibiotic use in the last 3 months 24 (14.2) 14 (16.1) 10 (12.2) 0.762
HIV 11 (6.5) 11 (12.6) 0 0.004
Number of chronic medical diseases
0 33 (19.5) 20 (23) 13 (15.9) 0.243
>1 136 (80.5) 67 (77.0) 69 (84.1) 0.242
>2 63 (37.3) 28 (32.2) 35 (42.7) 0.159
>3 23 (13.6) 10 (0.6) 13(0.8) 0.409

Values are given as n (%) unless otherwise noted.

* Patients could have more than one medical conditions
¥ Missing information for 3 patients (2 for 18-59 age group, and 1 for > 60 years)IQR, interquartile

range

was consolidated in Microsoft Excel® 13, and the statistical analysis was
conducted in SPSS software.

The study was approved by the ethics committee of each one of
the participating institutions: Hospital Universitario Clinica San Rafael,
Fundacién Hospital Infantil Universitario de San José, Hospital Univer-
sitario de San Ignacio, Fundacién Neumolégica Colombiana, and Sub-
red Integrada de Servicios de Salud Centro Oriente ESE (Hospital Santa
Clara).

Results
Demographic characteristics

During the seven-year study period, 177 hospitalized patients aged
>18 years with laboratory confirmed IPD were identified. After exclud-
ing 8 patients without medical history, a total of 169 patients were in-
cluded; 51.5% (n=87) were male, 48.5% (n=82) were > 60 years old
and 80.5% (n=136) had at least one comorbidity. Most patients resided
in Bogota. The distribution by age group was 18-49: 29.6% (n=50), 50—
59: 21.9% (n=37), 60-69: 22.5% (n=38), 70-79: 14.8% (n=25), and >
80: 11.2% (n=19). Overall patient characteristics and stratified by age
groups 18-59 years and > 60 years are shown in Table 1. Pneumococcal
vaccine history was available for 18 (10.7%) cases: 16 were not vacci-
nated and two received PPSV 23.

Among patients aged > 60 years, cardiovascular disease, diabetes
mellitus, and chronic obstructive pulmonary disease were significantly
more frequent compared to patients aged 18-59 years, while patients
living with HIV were more frequent in those < 60 years (Table 1).

Clinical outcomes and healthcare resource utilization

The most common IPD clinical presentation was bacteremic pneu-
monia, followed by bacteremia without focus, and meningitis in overall
population and in both age groups analyzed. A community onset IPD
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Table 2
Clinical outcomes in hospitalized adults with invasive pneumococcal disease in
Bogota, Colombia, 2011-2017

Clinical presentation Overall 18-59 years > 60 years  p-value
Pneumonia 108 (63.9) 56 (64.4) 52 (63.4) 0.897
Bacteremia without focus 33(19.5) 15 (17.2) 18 (22.0) 0.440
Meningitis 23 (13.6) 12 (13.8) 11 (13.4) 0.942
Pneumonia and meningitis 1(100) 0 1(100)

Other diagnosis 4 (3.0) 4(4.6) 0

Case-fatality rate

Overall 70 (41.4) 25 (28.7) 44 (53,6) 0.000
Pneumonia 40 (37.0) 14 (25) 26 (50) 0.017
Bacteremia without focus 18 (54.5) 6 (40.0) 12 (66.7) 0.103
Meningitis 11 (47.8) 5 (41.7) 6 (54.5) 0.679
Pneumonia/meningitis 1(100) 0 1(100)

Other diagnosis 1 (100%) 0(0) 1 (100)

Values are given as n (%) unless otherwise noted.

* 2 cases of primary peritonitis, 1 septic arthritis, 1 bacteremia with focus
(cellulitis). One adult aged > 60 y was diagnosed with pneumonia and menin-
gitis, this case was excluded from the meningitis and pneumonia analysis.

was present in 89% (n=150) of the cases. Overall CFR was 41.4%, bac-
teremia without focus had the highest CFR (54.5%; n=18), followed by
meningitis (47.8%; n=11) and pneumonia (37%; n=40). CFR was signif-
icantly higher in patients >60 years old (53.6%; n=44) compared with
18-59 age group (28.7%; n=25) in all clinical presentations. Bacteremia
without focus had the highest CFR, followed by meningitis and pneu-
monia (Table 2).

An additional analysis of CFR by the most common serotypes (3, 14,
6A/C, and 19A) and age group is shown in Table 3. Serotype 3 had
the greatest CFR (46.2%), followed by 6C (42.9%), 19 A (30.0%), 6A
(16.7%), and 14 (9.1%).

Overall median length of hospital stay was 12 days, 58.6% required
ICU and 53.3% required inotropic support; the use of these resources
was similar in both age groups. The ICU admission, mechanical ventila-
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Figure 1. Serotype coverage by pneumococcal vaccine in adults with invasive pneumococcal disease, in the early and late period after PCV10 childhood introduction

in Bogot4, Colombia, 2011-2017.

Table 3
Serotype-associated case-fatality rate in adults with in-
vasive pneumococcal disease in Bogota, Colombia, 2011-

2017
Serotype  Case-fatality rate
Overall 18-59 years > 60 years
n/N (%) n/N (%) n/N (%)
3 6/13 (46.1%)  2/5 (40%) 4/8 (50%)
14 1/11 (9%) 0/8 (0%) 1/3 (33%)
19A 3/10 (30%) 2/6 (33%) 1/4 (25%)
6C 3/7 (42.8%) 0/3 (0%) 3/4 (75%)
6A 1/6 (16.6%) 1/4 (25%) 0/2 (0%)

CFR: case-fatality rate. Other serotypes were not included
in this analysis due to the low numbers in the study sample

tion, and inotropic support in all IPD cases and by clinical presentation
were significantly higher in the age group > 60 years compared to those
aged 18-59 years (Table 4; Supplementary material Appendix 1).

The initial antimicrobial treatment of IPD was empiric in 156
(92.3%) patients, and with a directed therapy in 8 (4.7%). A second
and third regimen was administered to 125 (74%) and 79 (46.7%) pa-
tients after culture results or empirically based on clinical evolution. The
median days (IQR) of antibiotic treatment for the first, second and third
regimen were 4 (1-26), 4 (1-16), and 7.5 (1-24), respectively. The mean
duration of antibiotic treatment was 12.9 +9.6 days.

Serotype distribution

Of 169 patients, 114 had serotyping data (67.5%). A total of 33 dif-
ferent serotypes were isolated and the main serotypes were 3, 14, 19A,
6C, and 6A during the study period (Table 5). No differences were seen
in the most common serotypes among hospitalized patients with IPD by
age group (Supplementary material Appendix 2).

From 2011-2017, the proportion of isolates from serotypes contained
in PCV 10, PCV 13, PPSV 23 and non-vaccine serotypes were 28.1%,
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50%, 62.3%, 32.5%, respectively (figure 1). A decrease in the proportion
of the serotypes included in PCV 10 has been observed over the study
period, with an increase in the proportion of serotypes not contained
in the vaccines, mainly those included in PCV 13 (3, 6A, 19A) or in
the PPSV 23 (3, 11A, 19A, and 22F). Comparing early (2011-2014) and
late (2015-2017) periods after PCV 10 childhood introduction, a higher
prevalence of serotype 3, 6A and 19A was found in the late period (8.8
to 12.5%, 2.9 to 6.3%, and 5.9 to 10%, respectively). Serotype 14 re-
mained stable in both periods and serotypes 1 and 6B showed a marked
reduction (11.8 to 0% and 8.8 to 1.3% respectively). Some serotypes
not seen in the first period emerged in the second period: 15A (5%) and
35B (5%) (Table 5).

Antibiotic susceptibility

Over the study period, the susceptibility of meningitis isolates
to penicillin was 75% and ceftriaxone was 77.2%. Regarding non-
meningitis isolates, the susceptibility to penicillin, ceftriaxone, and ery-
thromycin were 89.1%, 91.9%, and 85.3%, respectively. Among 19 iso-
lates with decreased susceptibility to penicillin, 13 were serotyped (8
cases of serotype 14, 3 cases of 19F and one case of 15A and 35B). No
increase in the antimicrobial resistance between early and late periods
after PCV 10 childhood introduction was seen during the study period
(Supplementary material Appendix 3).

Discussion

Although IPD is a public health problem of global interest, most
pneumococcal epidemiology, serotype distribution, and disease burden
data in adults are from high income countries in Europe and North
America (Weycker et al., 2016; LeBlanc et al., 2017; Micek et al., 2020;
Amin-Chowdhury et al., 2021; Isturiz et al., 2021). These findings could
differ from low- and middle-income countries, and well-characterized
data for adults is required (Deloria et al., 2021). This study corrob-
orated with a recent study characterizing IPD in adults in Bogota
(Narvéez et al., 2021), providing relevant additional information be-
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Table 4
Healthcare resource utilization in adults with invasive pneumococcal disease by age group, in Bogotd, Colombia,
2011-2017
Overalln=169 18 -59 yearsn=87 (51.5) > 60 yearsn=82 (48.5)  p value
Median LOS in days (IQR) 12 (4-20) 13 (6.5-23.5) 12 (3-19.8) 0.077
Required ICU, n(%) 99 (58.6) 47 (54) 52 (63.4) 0.216
LOS in ICU, days, median (IQR) 5(2-13.3) 4 (2-10) 6 (2-14.3) 0.336
Required mechanical ventilation, n(%) 90 (53.3) 39 (44.8) 51 (62.2) 0.024
Median in days (IQR) 4(1-12.8) 4 (1.5-12) 4(1.5-3.5) 0.042
Required inotropic drug support, n(%) 86 (50.9) 34 (39.1) 52 (63.4) 0.001
Median in days (IQR) 2(1-4.8) 3(1-5) 2(1-4) 0.044

Values are given as n (%) unless otherwise noted.

ICU, intensive care unit; IQR, interquartile range; LOS, length of hospital stay
1 case > 60 years was diagnosed with pneumonia/meningitis, it was excluded from the pneumonia and meningitis

analyses.

Table 5

Changes in serotype distribution in adults with invasive pneumococcal disease,
from early period to late period after PCV childhood introduction in Bogota,
Colombia, 2011-2017.

Overall period

Pneumococcal Period 2011-2017, n (%)
serotypes 2011-2017, n -
(%) Early period
(2011-2014) Late period
n=34 (2015-2017)n = 80
3 13 (11.49) 3(8.8) 10 (12.5)
1 11 (9.6) 4(11.8) 7 (8.8)
19A 10 (6.4) 2(5.9) 8(10.0)
6A 6(5.3) 1(2.9 5(6.3)
11A 4(3.5) 1(2.9) 3(3.8)
6C 7 (6.1) 2(5.9) 5(6.3)
1 4(3.5) 4(11.8) 0(0)
6B 4(3.5) 3(8.8) 1(1.3)
15A 4(3.5) 0 (0) 4 (5.0)
35B 4(3.5) 0(0) 4 (5.0)
PCV10 32(28.1) 14 (41.2) 18 (22.5)
PCV13 no 29 (25.4) 6 (17.6) 23 (28.8)
PCV10
PCV13 61 (53.5) 20 (58.8) 41(51.3%)
PPSV23 71 (62.3) 24 (70.6) 47 (58.8)
NVT 37 (32.5) 9 (26.5) 28 (35.0)

Data are presented as No. (%) unless otherwise specified.
NVT, non-vaccine serotypes

tween the main differences in clinical outcomes and HCRU in the
18-59 years and >60 age groups. These stratified data by age-group
are fundamental to support cost-effectiveness studies and to inform
at-risk populations and age-based pneumococcal vaccination policies
(Husereau et al., 2013).

Pneumococcal diseases have been associated with a substantial mor-
bidity and premature mortality in Colombian adults; in 2012 it was esti-
mated that 63,463 disability-adjusted life years were lost because of IPD
(Rosselli and Rueda, 2012). Colombia’s population is becoming older, it
is estimated that the older adult population size will double from 7 mil-
lion currently to 15.3 million in 2025 (Economic Commission for Latin
America and the Caribbean, 2019). Older adults are typically more sus-
ceptible to pneumococcal disease, due to immunosenescence, and have
more severe clinical outcomes (Pawelec et al., 2018), placing a large
burden on HCRU. Moreover, it can be a source of social vulnerability
in low- and middle-income countries. A study showed that Colombian
older adults were active contributors in the family expenses, 24% were
responsible for all house expenses and 61% had one or more people
who depend on their income (Villar et al., 2016). Thus, pneumococcal
infection prevention strategies become increasingly important not only
to protect lives but also to attenuate the socio-economic burden for so-
ciety.

Consistent with the results of other studies, our study found that
roughly half of hospitalized patients were younger than 60 years
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(LeBlanc et al.,, 2017; Lopardo et al., 2018; Marrie et al., 2018;
Isturiz et al., 2021). Interestingly, approximately 80% of IPD cases in
adults aged 18-59 years in our study had > 1 risk factor(s) for pneu-
mococcal disease. Although the local Infectious Disease Medical Society
(Asociacién Colombiana de Infectologia) guidelines recommend pneumo-
coccal vaccination in older adults and in adults of any age who have
risk factors for IPD (Gémez Muioz et al., 2016), it is not part of the
Colombian immunization program for older adults and population at
risk, which limits access to vaccination. Other countries in Latin Amer-
ica had implemented publicly funded pneumococcal vaccine programs
for both populations, but countries struggle to achieve good coverage
rates (Zintgraff et al., 2020; Deloria et al., 2021; Parellada et al., 2021).

Like previous studies (Naucler et al., 2017; Brandileone et al., 2018),
we found a reduction in vaccine serotypes causing IPD and a sub-
stantial increase in non-vaccine serotypes after childhood PCV intro-
duction. Moreover, we observed the increase in number of serotypes
causing IPD in adults from 20 in the early period to 29 types in
the late period post-introduction, although roughly 40% were repre-
sented by five serotypes (3, 14, 19A, 6C, and 6A). As previously re-
ported in other countries (Waight et al., 2015; Naucler et al., 2017;
Brandileone et al., 2018), the serotype distribution in adults in Colom-
bia largely reflected what has been observed in children under 5 years
after the PCV implementation (Camacho Moreno et al., 2020). So, the
most frequent serotypes found in the present study were similar to those
observed in countries with PCV10 programs for childhood such as Brazil
and Sweden (Naucler et al., 2017; Zintgraff et al., 2020). As expected,
the serotype distribution causing IPD in Colombian adults differed
from countries with PCV13 pediatric vaccination such as United States,
England, and Argentina (Waight et al. 22015; Zintgraffet al., 2020;
Isturiz et al., 2021).

In our study, overall CFR (41.4%) was remarkably high and
even higher in older adults compared with those aged 18-59
years (53.6% vs. 28.7%). These findings contrasted with studies
in Brazil (Dullius et al., 2018), Argentina (Ardito et al., 2016;
Zintgraff et al., 2020), Belgium (Verhaegen et al., 2014), India
(Jayaraman et al., 2019), and Japan (Fusukumi et al., 2017) that re-
ported IPD CFR between 16% and 33%. The proportion of hospital-onset
IPD in our study was similar to other studies that found it in 5-10% of
the cases (Lyytikdinen et al., 2007; Kenig et al., 2019) and do not ex-
plain the higher CFR compared to other countries. Further studies are
required to analyze other factors that can be contributing to increased
CFR in Colombia. A higher CFR was observed for serotype 3 (46.2%) and
19A (30%), but it was difficult to draw definitive conclusions due to the
lower number of other serotypes. Indeed, a higher proportion of compli-
cations and CFR with serotypes such as 14 and 6A have been reported in
adults and older adults (Garcia-Vidal et al., 2010; Burgos et al., 2014).

The change in antimicrobial sensitivity of S. pneumoniae is a phe-
nomenon that has become important in recent years in Colombia and
other regions in the world. In our study, there was no increase in
antimicrobial resistance over the study period. However, data from
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the INS surveillance reported an increasing penicillin and ceftriax-
one resistance to meningitis and non-meningitis isolates in the last
years, mainly in serotypes 19A and 19F in older adults (INS, 2018;
INS, 2019), consonant with findings in other Latin American PCV10
countries (Brandileone et al., 2021). This increased resistance in
serotype 19A is associated with clonal complex CC320, as reported
by Ramos et al., (2014), who found high rates of resistance to peni-
cillin and ceftriaxone since 2012 in Colombia, and also has been
documented in other PCV-10 countries (Brandileone et al., 2021).
Also, multidrug resistance for serotype 6C associated with emergence
of clonal complex CC386 has been reported in PCV-10 countries
(Hjalmarsdottir et al., 2020; Brandileone et al., 2021). Besides the clonal
expansion, the selective pressure exerted by the antimicrobial use has a
significant role in the resistance pattern changes. All these elements rein-
force the importance of continued antimicrobial surveillance for guiding
antibiotic therapy policies.

The potential benefits of pneumococcal vaccines on the IPD bur-
den in Colombian adults are dependent on the vaccine-preventable
serotypes. The proportion of PCV 13 and PPSV 23 serotypes in the 2015-
2017 period were 51.3% and 58.8%, respectively. Serotypes 3 and 19A
have increased significantly in the last period in our study and data
from 2019 Colombian surveillance showed an even greater proportion
of serotype 19A (37%) and 3 (29%) in older adults (INS, 2019). Of note,
serotype 6C (14%) was the third more frequent type in 2019, follow-
ing the same trends of isolated serotypes in the pediatric population
in Colombia (INS, 2019, Camacho Moreno et al., 2020). This emer-
gence has been reported in other PCV-10 countries (Naucler et al., 2017;
Brandileone et al., 2018), suggesting that PCV-10 does not induce cross-
protection for 6C and consequently does not provide herd protection for
this serotype in older populations.

This study has some limitations. First, the retrospective chart review
design and IPD passive surveillance may have led to underreported data
including the lack of information on vaccination status, pneumococ-
cal serotyping, and antimicrobial resistance testing. Second, S. pneumo-
niae identification from the tertiary hospital s laboratories database may
have caused selection bias toward more severe cases. Third, it should
be considered that data were mainly from Bogota and the results might
not necessarily be representative of the different regions of Colombia.
Lastly, the numbers of cases in some analyses were too small to draw
definitive conclusions.

Local studies are fundamental to characterize pneumococcal disease
and to understand serotype distribution dynamics and its economic im-
pact in adults. This study added valuable information to the literature
detailing the main differences in clinical outcomes and HCRU between
the 19-59 years and >60 age groups. Our findings reinforce the impor-
tance of surveillance data combined with clinical outcomes to inform
vaccination policy for older adults and adult populations at risk for
pneumococcal disease.

Conclusions

IPD was associated with a substantial burden of unfavorable out-
comes, such as critical care need, high CFR, and resource overconsump-
tion in adults and older adults in Colombia. Surveillance data combined
with clinical outcomes have the potential to inform policy around adult
pneumococcal vaccination.
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