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Abstract

Introduction: Streptococcus pneumoniae (pneumococcus) is still an important cause of pneumonia, sepsis, and meningitis in children worldwide. In Ecuador, there
is a paucity of information about the invasive pneumococcal disease.

Methods: This was a retrospective-cohort study that was carried out in the largest pediatric public third-level hospital in Quito, Ecuador. The study was conducted
from 2014 to 2018. Medical records of patients with invasive pneumococcal disease (IPD) were analyzed. S. pneumoniae serotypes were identified, their antimicro-
bial susceptibility was assessed, clinical manifestations were determined, and mortality of IPD at a third-level hospital in Quito was stablished, from 2014 to 2018.
Results: Most patients with IPD were under 2 years old. Pneumonia was the most frequent clinical presentation and serotype 19A was the most prevalent. S. pneu-
moniae isolates were resistant in different percentages to clindamycin, erythromycin, trimethoprim sulfametoxazol, penicillin, levofloxacin, ceftriaxone. Meningeal
isolates showed a higher frequency of antimicrobial resistance. Although most patients had received a pneumococcal conjugated vaccine against 10 serotypes
(PCV10), they still presented IPD.

Discussion: Despite most patients (88.2%) had received a pneumococcal conjugate vaccine against 10 serotypes (PCV10), they still had IPD. S. pneumoniae serotype
19A was the most common cause of IPD and showed the highest prevalence of antibiotic resistance in infected children included in this study.

Conclusions: Pneumonia and sepsis were the most common IPD, and serotype 19A was most frequent. National Pneumococcal surveillance by serotype in Ecuador
is essential to understand the impact of PCVs in the epidemiology of invasive pneumococcal disease and to assess the effectiveness of immunization programs.
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Enfermedad invasiva neumococica en el mayor hospital pediatrico de Quito - Ecuador, 2014 to 2018

Resumen

Introduccién: Streptococcus pneumoniae (neumococo) sigue siendo una causa importante de neumonia, sepsis y meningitis en nifios en todo el mundo. En Ecua-
dor, hay escasez de informacién sobre la enfermedad neumocécica invasiva.

Meétodos: Se trata de un estudio de cohorte retrospectivo que se llevd a cabo en el hospital publico pediatrico de tercer nivel mas grande de Quito, Ecuador. El
estudio se realizé entre 2014 y 2018. Se analizaron las historias clinicas de los pacientes con enfermedad neumocécica invasiva (ENI). Se identificaron serotipos de
S. pneumoniae, su susceptibilidad antimicrobiana, manifestaciones clinicas y mortalidad de ENI en un hospital de tercer nivel en Quito, de 2014 a 2018.
Resultados: La mayoria de los pacientes con ENI tenian menos de 2 afios. La neumonia fue la presentacion clinica mas frecuente y el serotipo 19A fue el mas preva-
lente. Los aislados de S. pneumoniae fueron resistentes en diferentes porcentajes a clindamicina, eritromicina, trimetoprim sulfametoxazol, penicilina, levofloxacina,
ceftriaxona. Los aislados meningeos mostraron una mayor frecuencia de resistencia a los antimicrobianos. Aunque la mayoria de los pacientes habian recibido una
vacuna antineumocécica conjugada contra 10 serotipos (PCV10), atin presentaron ENI.

Discusién: A pesar de que la mayoria de los pacientes (88,2%) habian recibido una vacuna antineumocécica conjugada contra 10 serotipos (PCV10), alin tenian ENI.
El serotipo 19A de S. pneumoniae fue la causa méas comin de ENI'y mostré la mayor prevalencia de resistencia a los antibidticos en los nifios infectados incluidos
en este estudio.

Conclusiones: Los tipos de ENIs mas frecuentes fueron neumonia y sepsis, el serotipo mas comudn fue 19A. Es de extrema importancia reforzar la vigilancia epide-
miolbgica en el pais para precisar la realidad de serotipos circulantes y valorar la efectividad e impacto vacunal.
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Introduction

In 2017, the World Health Organization (WHO) included
Streptococcus pneumoniae (S. pneumoniae) as one of the 12
priority pathogens worldwide'. S. pneumoniae (also known
as pneumococcus) is a gram-positive bacterium, with the
shape of spherical cocci with a polysaccharide capsule. This
capsule is considered critical for its virulence in human infec-
tions. Due to capsule variation, more than 90 serotypes have
been described?®. The proportion of children who are pneu-
mococcal nasopharyngeal carriers vary from <15% to >90%
in different geographical areas. This colonization also varies
with age, being higher at 2-3 years (50-80%), and decreasing
thereafter to (5-10%) in children older than 106,

Morbidity and mortality from pneumococcal infections are
highest among unvaccinated children under 5 years of age
and are an important cause of pneumonia, sepsis, and men-
ingitis™2. In recent years, there has been an increase in pneu-
mococcal antimicrobial resistance that further complicates
management in patients infected with these strains™.

The fight against pneumococcus improved globally with the
introduction of the first conjugate pneumococcal vaccine-7
(PCV7) in 2000 that included protection against seven se-
rotypes: 4, 6B, 9V, 14, 18C, 19F, and 23F. Subsequently, the
PCV10 was introduced in 2010 and included the serotypes:
1, 3, 7F to the PCV7. Lastly, vaccine PCV13 has been imple-
mented since 2013. This novel vaccine includes protection
against 19A, 6A serotypes in addition to the PCV10-antigens
vaccine?>911121417 \Wijth the sequential introduction of the
indicated vaccines, the phenomenon of “replacement” has
occurred through time, which means a decrease in the preva-
lence of the serotypes included in vaccines and an increase of
the serotypes not included in them?2&11121819; this phenome-
non has varied in different regions of the world’. For instance,
upon the introduction of the PCV10 in Chile, there was an
increase in invasive pneumococcal disease (IPD) by serotype
19A, present in PCV13, which is of special importance for its
high virulence and antimicrobial resistance®’?'.

Pneumococcal surveillance by serotype is essential to un-
derstand the impact of PCVs in the epidemiology of inva-
sive pneumococcal disease and to assess the effectiveness
of immunization programs'?2. The introduction of PCV10
vaccines has shown several herd protection effects includ-
ing a decrease of invasive pneumococcal disease, nasopha-
ryngeal carriers, and a modification of the epidemiology of
community-acquired pneumonia in non-immunized children
and adults3,4,11,12,19,23.

In Ecuador, PCV7 was introduced in 2008 and PCV10 in
2011 as part of the National Immunization Program. Despite
the latter, there are no national data showing the national
prevalence of the most frequent pneumococcal serotypes.
The vaccine has been administered to 2, 4, and 6 months of
age*2>, Until 2021, PCV13 was not yet included in the nation-

al immunization program in Ecuador. However, PCV13 can be
obtained in private medical practice in the country but un-
fortunately, there are no statistics on the number of children
that have received the PCV13 vaccine and the seroprevalence
of invasive pneumococcal diseases.

Here we present data on circulating S. pneumoniae serotypes
from 2014 to 2018, their antimicrobial susceptibility, clinical
manifestations, and mortality associated with invasive pneumo-
coccal disease in the largest pediatric hospital in Quito, Ecuador.

Materials and methods

Study design and participants

The retrospective cohort study was performed during Janu-
ary 1, 2014, and December 31, 2018 in the largest pediatric
public-third-level hospital in Quito. The medical records of
patients with invasive pneumococcal disease were analyzed
(IPD). The following variables were considered from the med-
ical records: sociodemographic data, early type of feeding,
anti-S. pneumoniae vaccination, initial clinical presentation,
previous complications of S. pneumoniae infection, co-mor-
bidities, and antibiotic therapy. The microbiological charac-
terization of S. pneumoniae and antibiotic resistance profile
for each patient was extracted from the microbiology labo-
ratory system from the first isolation made per patient. All
isolates were serotyped by conventional Quellung reaction
method at the US Centers for Disease Control and Prevention
Streptococcus Laboratory (CDC, Atlanta, GA, US).

Invasive pneumococcal disease was defined as isolation of
S. pneumoniae in a sterile fluid such as blood, cerebrospinal
(CSF), pleural or joint fluids'2627,

We included children with information regarding sociodemo-
graphic data, early type of feeding, anti-S. pneumoniae vacci-
nation, initial clinical presentation, prior clinical complications
due to S. pneumoniae infection, co-morbidities, treatments
and with S. pneumoniae positive cultures from blood, CSF,
pleural or joint fluids. Patients without complete information
in their medical records were excluded from the study.

Statistical analysis

Descriptive statistics such as frequencies, percentages, means
with their standard deviation were calculated with the soft-
ware SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY: IBM Corp.).

Ethics
This study was approved by the Ethics Committee of SOLCA
Hospital (CEISHSALCAQ.OBS.18.053).

Results
Forty-two patients met the inclusion criteria, there was a sim-

ilar proportion of participants from both genders; most chil-
dren were younger than 2 years of age, Table 1. The majority
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of participating children had exclusively human milk feeding
during the first months of life and were vaccinated against
pneumococcus, Table 1.

Invasive pneumococcal disease was manifested most fre-
quently as pneumonia and sepsis, followed by meningitis,
and septic arthritis. Also, 19.1% of children presented con-
genital malformations and 9.5% cancer, and approximately
25% of children had more than two co-morbidities, Table 2.
Table 3 shows the frequency of S. pneumoniae serotypes by
age. We observed that serotype 19A was predominant in all
age groups studied, 0-2 years with 61.5%, > 3 and < 4 with
57%, more than 5 years with 44%. Other identified serotypes
were less common, Table 3. It is important to note that there
has been an important increase in the frequency of serotype
19A between 2016 and 2018, Figure 1.

To identify antibiotic resistance in S. pneumoniae, we regis-
tered the microbiological characteristics of the clinical iso-
lates which were interpreted according to the recommen-
dations of the M100 protocol of the Clinical and Laboratory
Standards Institute (CLSI)?. There was a high frequency of an-
tibiotic resistance in several serotypes, Table 4. S. pneumoniae
serotype 19A presented the greatest resistance to all antibi-
otics tested, Table 4. Furthermore, serotype 19A showed the
highest antibiotic resistance to clindamycin, erythromycin,
and trimetroprim sulfametoxazol, Table 5.

Regarding hospitalization days, our study found 10.5 + 14.1
in patients who died and 30.8 + 31.7 in patients who survived.

Discussion

This study showed that IPD was more frequent in children
younger than 2 years old and that the most frequent clini-
cal presentation was pneumonia. Among the studied popu-
lation, children with IPD usually had important underlying
co-morbidities. S. pneumoniae serotype 19A was the most
common cause of IPD and showed the highest antibiotic re-
sistance. Remarkably, although most patients had received
a pneumococcal conjugate vaccine against 10 serotypes
(PCV10), they still presented IPD and this could be due to the
phenomenon of “replacement” by serotype 19A.

Similar to our studied cohort, in a multicentric study carried
out in 11 public hospitals and 5 private clinics in Lima-Peru,
that included 101 cases of invasive pneumococcal disease,
children younger than 2 years old had IPD; a similar pat-
tern was also observed in Brazil.’>?° This data indicates that
younger children should be considered at greater risk for IPD.

Studies that have assessed the clinical occurrences of IPD
have shown that pneumonia, sepsis and meningitis are the
three most prevalent forms of the disease. Thus, a study in
Taiwan, in a cohort of 78 patients, showed that 46 present-
ed pneumonia (58.9%), 28 sepsis (35.8%) and 4 meningitis
(5.1%)%°. Similarly, in a multicentric research in 18 hospitals in
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Table 1. sociodemographic characteristics of the studied population.

Variables n %
Male 22 524
Female 20 476
0-2 26 61.9
>3 <4 7 16.7
>5 9 214
Costa 4 9.5
Sierra 32 76.2
Oriente 6 143

Exclusive human milk consumption (n=30)

Yes 25 83.3

No 5 16.7

Pneumococcus Immunization (n=34)

Yes 30 88.2

No 4 11.8

N= number of patients

Table 2. Clinical characteristics of the study population

Variables N=42 %
Type of clinical presentation
Pneumonia 25 59.5
Bacteremia 10 238
Meningitis 6 14.3
Septic arthritis 1 2.4
Co-morbidities*
rCnC;Tf%er:':‘]clions 8 191
Cancer 4 9.5
Trauma 3 7.1
Other 2 4.8
Total co-morbidities 17 40.5

*Percentage of children with one co-morbidity (40.5); two (16.7); three (9.5)

Table 3.
Serotype 0-2 (n=26) >3 - <4 (n=7) >5 (n=9)

10A 1

13 1

15A 1 1

19A 16 4 4
198 1

19F 1 1 2
23B 1

3 2

6 2

14 1

1 1
14A 1
15C 1
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Figura 1. Streptococcus pneumoniae serotypes in pediatric patients with invasive disease in the period

2014 to 2018.

India that included 365 children under 5 years old, 58% had
pneumonia, but meningitis was the second most frequent
clinical manifestation (35%)’. These observations are similar
to our findings. It will be important to assess the presence of
S. pneumoniae in children with these clinical manifestations.

The sequential introduction of different PCVs in the pediatric
population, has led to an increase in the prevalence of the S.
pneumoniae serotypes not included in their composition, the
phenomenon of replacement?6'121819 For instance, in a sys-
tematic review from 38 countries with PCV7, 21.8% of IPD was
due to 19A; while in countries with PCV10 or PCV13 in their
immunization schedule, serotype 19A was found in 14.2% of
cases™. Another systematic review included 16 research stud-
ies with 2146 patients; 18 serotypes were identified, being 19F
the predominating one in 27.7% of cases, followed by 19A
with 21.2% of cases®'. In Brazil, Regis et al, found that out of
82 pneumococcal isolates from sterile body fluids, serotype 14
was the most common (14.6%), followed by 23F (12.2%), 12F
(9.8%), 18C (6.1%) and 6B (6.1%) Also, in a prospective study in
the United States in 8 pediatric hospitals, which included 482
children, serotypes included in PCV13 were found in 23.9%
and not included in PCV13, in 76.1%, mostly 35B, 23B, 33F y
22F. This phenomenon of replacement was also shown in our
study, in which serotype 19A predominated 25/42 (59.5%),
followed by 19F 4/42 (9.5%), 3: 2 (4.7%) and 6: 2(4.7%)*?. In
Colombia, Camacho et al also reported an increase in serotype
19A incidence in last years in children under 5 years old®.

Regarding antimicrobial resistance, our study reported re-
sistance to clindamycin in 75% of cases, to erythromycin in
66%, Trimethoprim/sulfamethoxazole in 64%, Penicillins up
to 28%, levofloxacin 12%, and Ceftriaxone 9%. On the other
hand, 100% of isolates were susceptible to vancomycin. Re-

sistance to penicillins is slightly superior to what Silva-Costa
et al observed in Portugal (23.2% - 18.4% low-level resistance
and 4.8% high-level resistance) and slightly inferior to values
reported in the United States. In the US out of 1498 speci-
mens, the overall PNSP rate was 35% (20% intermediate, 14%
resistant), according to nonmeningeal MIC breakpoints, 7.7%
of isolates were resistant, with the lowest resistance rates for
isolates from blood cultures. 16% of meningeal isolates were
resistant to ceftriaxone, and 4.5% of nonmeningeal isolates.
MDR major serotypes were 19A, 15A, 6C, and 35B?. It is em-
phasized that in our study serotype 19A resistance to Penicil-
lin was found to be up to 43% of isolates, way up above what
Ochoa et al found in Peru (22.8%)* and in the upper higher
limit range of 12.1-51.9% found in different reports®'.

Global mortality represented 8 cases (19%), which coincides
with the range of 10-22% in previous other reports?>3,

Study strengths and limitations

Strenghts of this study are that it took place in the largest
pediatric public health in Quito — Ecuador and number of pa-
tients cited.

Most of the patients in the study didn't have a photocopy
of vaccination card attached to medical records, verbal in-
formation was recollected from parents, which may not be
completely reliable.

This study took place in patients from low socioeconomic status
at a third-level public pediatric hospital in Quito, which may not

represent all the population in the city, nor in the country.

As this was a retrospective study, some data was not included.
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Table 4. Resistance

S T™P ERIT  PENIC CEFTRI CLINDA
(n=29) (n=29) (n=9) (n=3) (n=20)
10A
13
15A 1(3.4%) 1(5%) | 1(25%)
22 22 6 2 17
19A 759% | 759%) | ©67%) | ©67%) | (©5%) | "
198 164%) | 164%) | 1_11 -
19 3 3 2 1
(103%) | (103%) | (222%) | (33.3%)
238 1 (3.4%)
3
6 2 (6.9%) 1 (5%)
14 1 (3.4%)
1
14A 1 (3.4%) 1 (5%)
15C

No resistance to vacomicin was found

Table 5. Antibiotic susceptibility/resistance of Streptococcus pneumoniae
Serotype 19A

Antibiotic Sensible Intermediate  Resistant
Trimetopri
rimetoprim P 13 31%) 29 (69%)
Sulfametoxazol
Vancomycin 42 42 (100%) 0
Erythromycin 41 11 (26.8%) 1 (2.4%) 29 (70.7%)
Penicillin 41 19 (463%) | 13 (31.7%) 9 (22%)
Ceftriaxone 41 25 (61%) 13 (31.7%) 3 (7.3%)
Clindamycin 28 7 (25%) 1(3.6%) 20 (71%)
Levofloxacin 33 29 (87.9%) 4 (12.1%)
Future recommendations
We recommend future prospective research in different

hospitals in Ecuador to confirm this information. It is recom-
mended that hospitals perform culture, antibiogram and se-
rotyping in patients with suspected pneumococcal disease.
If this is not possible in the hospital, they must be sent to a
reference laboratory.

High rates of resistance to benzylpenicillin can be expected
in different health settings, so in this context each hospital
must carry out an antibiotic prescription protocol based on
the antibiotic susceptibility profiles in S. pneumoniae adapt-
ed to each community.

Conclusions

This study showed that IPD was more frequent in children
younger than 2 years old and that the most frequent clinical
presentation was pneumonia. S. pneumoniae serotype 19A
was the most common cause of IPD and showed the high-
est antibiotic resistance. Remarkably, although most patients
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had received a pneumococcal conjugate vaccine against 10
serotypes (PCV10), they still presented IPD and this could be
due to the phenomenon of “replacement” by serotype 19A.
National Pneumococcal surveillance by serotype in Ecuador
is essential to understand the impact of PCVs in the epide-
miology of invasive pneumococcal disease and to assess the
effectiveness of immunization programs.
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