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Abstract

Streptococcus pneumoniae (pneumococcus) is a human pathogen that colonizes the nasopharynx. We investigated serotype
distribution in paired invasive and nasopharyngeal samples obtained from 57 children during invasive pneumococcal disease. Of 39
nasopharyngeal samples positive for pneumococci, 46.2% contained a serotype different from the one causing disease. This study
reports a high frequency of pneumococcal multiple serotype carriage in children with invasive pneumococcal disease. Whether
multiple serotype carriage is important for the onset and progress to pneumococcal infection warrants further investigation.
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Background

Streptococcus pneumoniae, or the pneumococcus, is a fre-
quent colonizer of the nasopharynx, particularly during child-
hood. Occasionally, the pneumococcus migrates to normally
sterile body sites and this, through a single cell bottleneck,
may result in infections such as invasive pneumonia, bacter-
emia, and meningitis [1].

The major virulence factor of pneumococcus is the capsule,
which is immunogenic. One-hundred capsular types (or sero-
types) have been described to date [2]. Multi-valent pneumo-
coccal conjugate vaccines (PCV) target a subset (7, 10, or 13)
of these serotypes.

Simultaneous carriage of multiple pneumococcal serotypes,
or co-colonization, has been found to occur in 20-30% of young
healthy children in Europe [3, 4]. Competition between
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pneumococcal strains has been described during colonization
[4, 5]. Whether competition increases virulence is unknown.

To our knowledge, multiple serotype carriage has not been
investigated during invasive pneumococcal disease (IPD).

Methods
Patients and ethics

We conducted a prospective study of children with IPD who
were admitted to the pediatric Hospital Sant Joan de Déu in
Barcelona, Spain, from January 2014 to December 2018. IPD
was defined based on clinical diagnosis of the infection and
culture isolation of pneumococci from a normally sterile body
site.

Epidemiological data including age, gender, vaccination
with PCV, antibiotic treatment and duration, days of hospital-
ization, and final diagnosis were recorded.

The study was approved by the Ethics and Clinical
Research Committee of Hospital Sant Joan de Déu (Project
PI16/00174).

Detection of pneumococci in invasive samples
Invasive samples were obtained from normally sterile body

sites. Pneumococci were identified based on colony morphol-
ogy, optochin susceptibility, and occurrence of «-hemolysis
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on blood agar plates. Pure cultures were kept in skim milk,
tryptone, glucose, glycerol medium (STGG) at —80°C.

Detection of pneumococci and respiratory viruses in
nasopharyngeal samples

Nasopharyngeal aspirates were obtained by inserting a cathe-
ter, connected to a vacuum source, through one nostril until
reaching the nasopharynx, applying suction and recovering
the secretions into a sterile container. The procedure was re-
peated with the same catheter and container in the other nos-
tril. The container was then washed with 3mL of 1x
phosphate-buffered saline (PBS), of which 1mL was proc-
essed in the same day for culture and nucleic acid extraction,
and 200uL was supplemented with 1mL of STGG and kept at
—80°C. The remaining volume was stored at —80°C. For seven
patients, nasopharyngeal swabs were collected instead and
inoculated in 1mL of PBS.

Samples in STGG (200pL) were plated on gentamycin
blood agar and incubated overnight at 37°C in anaerobiosis.
Pneumococci were identified and isolated as described for
invasive samples.

Total nucleic acid extraction was performed using the
NucliSens easyMAG kit (BioMerieux Laboratories), accord-
ing to the manufacturer’s instructions, and used as template
for real-time PCR. For pneumococcal detection, the presence
of the /ytA gene was investigated as described [6, 7]. For
respiratory viral detection, the multiplex real-time PCR
Anyplex I RV16 detection kit (Seegene, South Korea), which
targets 19 viruses (detailed in Table S1), was used.

Pneumococcal serotyping

Serotyping was determined by the Quellung reaction using
specific antisera (Statens Serum Institute).

Molecular serotyping of /ytA-positive nasopharyngeal sam-
ples was initially done at Hospital San Joan de Déu using
fluorescence fragment analysis targeting 40 serotypes/
serogroups (detailed in Table S1) as previously described
[6]. Upon sample arrival to Instituto de Tecnologia Quimica
e Biologica, two additional approaches were used: real-time
PCR targeting 23 serotypes/serogroups [6] and conventional
multiplex PCR targeting 11 additional serotypes/serogroups
(all detailed in Table S1) [8]. Non-typeable pneumococci were
detected by real-time PCR or conventional PCR as described

[9].

Susceptibility to antibiotics

Minimum inhibitory concentrations (MIC) to cefotaxime,
penicillin (oral penicillin V), erythromycin, chloramphenicol,

tetracycline, levofloxacin, and vancomycin were determined
for invasive strains by agar dilution following Clinical and

@ Springer

Laboratory Standards Institute (CLSI) recommendations and
interpretative criteria.

Results

Fifty-seven children diagnosed with IPD participated in the
study. Demographic and epidemiological characteristics are
detailed in Table 1. Briefly, 57.9% were less than 3 years
old, 56.1% were males, and 57.9% had been vaccinated with
at least one dose of a PCV. The most common diagnostics
were pneumonia (61.4%) and bacteremia (22.8%).

Invasive samples were obtained mainly from blood
(82.5%) and over half (59.6%) were collected on the same
day of hospital admission (Table S1). The 57 pneumococcal
invasive isolates belonged to 22 serotypes of which 24F
(15.8%), 1 (14.0%), 3 (8.8%), 14 (8.8%), and 19A (7.0%)
were the most prevalent. Twenty-five (43.9%) isolates
expressed serotypes covered by PCV13. Rates of non-
susceptibility to cefotaxime, penicillin, erythromycin, chlor-
amphenicol, and tetracycline were 5.3%, 35.1%, 28.1%,
1.8%, and 29.8%, respectively. All strains were susceptible
to levofloxacin and vancomycin (Table S1).

The majority (61.4%) of nasopharyngeal samples were ob-
tained within 3 days of hospital admission. Of note, 26.3%
(n=15) were obtained before or within the first day of initia-
tion of antibiotic treatment, 59.7% (n=34) were obtained be-
tween days 2-5, and 14.0% (n=8) at a later period (Table S1,
Figure S1).

Pneumococcal DNA was detected in approximately two-
thirds (=39, 68.4%) of the nasopharyngeal samples. Pure
cultures of pneumococci were obtained from ten of these sam-
ples. Notably, pneumococcal-negative samples were all, ex-
cept one, collected at 2 days or more post-initiation of antibi-
otic treatment (Table S1, Figure S1).

Respiratory viruses were detected in 63.2% (n=36) of the
children (Table 1). The most common were rhino/enterovirus
(present in 31.6% of all samples), adenovirus (17.5%), respi-
ratory syncytial virus (10.5%), and coronavirus (8.8%)
(Table 1 and Table S1). Thirteen (22.8%) children had two
or more viruses (Table S1). Half of the children (50.9%) had
both pneumococci and respiratory viruses.

Serotypes/serogroups were assigned to most (34, 87.2%) of
the 39 nasopharyngeal samples positive for pneumococci.
Although a serotype could not be determined for six samples
(15.4%), the capsular conserved gene cpsA was detected, sug-
gesting that they contained pneumococci of serotypes not
targeted by the molecular methods used (Table S1). As no
viable cultures could be obtained from these samples (in
agreement with the high Ct values obtained for /yA, and the
fact that they were obtained after initiation of antibiotic treat-
ment), we could not unequivocally confirm the presence of
pneumococci in them. In total, 23 serotypes were detected, of
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Table 1 Characteristics of the population

Patients information No. (%) out of

57

<3 years old 33(57.9)
Males 32 (56.1)
Vaccination with PCV* 33(57.9)

Age-appropriately vaccinated 26 (48.1°)
Antibiotic treatment before hospitalization 9 (15.8)
Fever before hospitalization 54 (94.7)
Diagnostic

Pneumonia 35(61.4)

Bacteremia 13 (22.8)

Septic arthritis 4(7.0)

Meningitis 4(7.0)

Sepsis 1(1.8)
Respiratory viruses® 36 (63.2)

Rhino/enterovirus 18 (31.6)

Adenovirus 10 (17.5)

Respiratory syncytial virus 6 (10.5)

Coronavirus 5(8.8)

Other® 11 (19.3)
Pneumococcal carriage 39 (68.4)
Respiratory virus and pneumococcal carriage 29 (50.9)
Nasopharyngeal samples

Single serotype identical to invasive sample 21 (36.8)

Multiple serotypes including serotype identical to 7 (12.3)

invasive sample
Single serotype different from invasive sample 10 (17.5)
Multiple serotypes different from serotype of invasive 1 (1.8)
sample
No pneumococcus detected 18 (31.6)

#Vaccinated with at least one dose of any pneumococcal conjugate vac-
cine (PCV)

®No information available on vaccination dates for 3 children as detailed
in Table S1

€13 children had more than one virus as detailed in Table S1
4 Other: parainfluenza 4, fluA, fluB, bocavirus

which 3 (12.8%), 19A (12.8%), 1 (10.3%), 14 (7.7%), and
15A/F (7.7%) were the most prevalent (Table S1).
Simultaneous detection of two serotypes occurred in 23.1%
(9 of 39) of the nasopharyngeal pneumococcal-positive sam-
ples (Table 1, Table S1).

Comparison of pneumococcal findings in invasive and na-
sopharyngeal samples showed that in 28 (49.1%) patients, the
serotype found in the invasive source was also identified in the
nasopharynx; among these, seven contained an additional se-
rotype in the nasopharynx. Additionally, in 11 (19.3%) pa-
tients, the serotype detected in the nasopharynx was different
from the one detected in the invasive sample; for 18 patients
(31.6%), no pneumococci were detected in the nasopharynx.
Together, in 18 of the 39 (46.2%) nasopharyngeal samples

where pneumococci were detected, a serotype different from
the one identified in the invasive sample was found.
Interestingly, multiple serotype carriage was independent
of the time elapsing from antibiotic treatment onset to naso-
pharyngeal sampling (Figure S1). Viral co-infection occurred
similarly in nasopharyngeal samples with single or multiple
serotypes (71.4% and 77.8%, respectively, Table S1).

Discussion

We investigated serotype distribution in paired invasive and
nasopharyngeal samples obtained from children during IPD.
As pneumococcal infection is preceded by colonization, the
strain (or serotype) recovered from a normally sterile body site
should, in principle, be detected in the nasopharynx of the
patient [1]. In our study, however, in around one-third
(31.6%) of the children, no pneumococci were detected.
This was, most likely, due to the impact of ongoing antibiotic
treatment at the time of nasopharyngeal sampling (Figure S1),
resulting in low pneumococcal density or even clearance. To
overcome this limitation, in future studies, nasopharyngeal
sampling as close as possible to onset of disease, preferably
before antibiotic treatment, would be desirable. Additionally,
repeated sampling during disease might also provide addition-
al information on the carriage dynamics during disease. Still,
in half of the patients (49.1%), a serotype match between the
disease and the nasopharyngeal isolates was observed. Of par-
ticular interest, however, was the observation that a serotype
different from the one causing disease was detected in 46.2%
of all pneumococcal positive samples. These observations
suggest that multiple serotype carriage (or co-colonization)
is very frequent among these patients, and higher than previ-
ously estimated for healthy children living in Europe (20—
30%) (3, 4].

Of interest, we were able to detect serotype 1 in the
nasopharyngeal samples of 4 of the 8 patients with IPD
caused by this serotype. Serotype 1 is an important cause
of IPD, has been associated with outbreaks, and is notori-
ous for being infrequent in colonization [10]. Recent stud-
ies have shown that this is partly explained by a short
duration of carriage associated with a high invasiveness
and rapid dissemination [11]. The latter has been linked
to a high cytotoxicity due to release of pneumolysin upon
high levels of bacterial lysis [12].

Previous studies have shown that competition for nutrients
and space occurs between pneumococcal strains during colo-
nization [5]. This phenomenon is mediated, at least in part, by
bacteriocin production. Whether competition may increase the
virulence of the excluded strain remains to be tested.

In our study, nearly all children had fever at the onset of
infection and respiratory viruses were detected in around 60%
of them. Respiratory viruses are known to increase
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pneumococcal density in the nasopharynx and the likelihood
of pneumococcal infection [13, 14]. Notably, it has been
shown that fever leads to increased shedding of pneumococcal
cells from biofilm and these cells have altered gene expression
patterns that result in increased virulence [15].

Taken together, we hypothesize that the presence of viruses
and of pneumococcal competition derived from multiple se-
rotype carriage might increase virulence of some pneumococ-
cal cells and, ultimately, the likelihood of an infection.
However, as this was an observational study, with a limited
number of samples, additional studies designed to address this
hypothesis are needed. Such studies could compare carriage in
patients with IPD with and without viral co-infection.

To our best knowledge, this is the first report describing
high frequency of pneumococcal multiple serotype carriage in
children with IPD. Whether competition during multiple se-
rotype carriage is important for the onset and progress to dis-
ease warrants further investigation.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10096-021-04231-4.
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