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Background: The carriage prevalence of pneumococcus among community-dwelling older adults is not
fully understood, especially in superaged societies. Our purpose was to elucidate the carriage prevalence
of pneumococcus in the upper respiratory tract among Japanese community-dwelling adults aged
�65 years.
Methods: We conducted a cross-sectional study of generally healthy community-dwelling adults aged
�65 years in Nagasaki city, Japan. Demographic and clinical data and nasopharyngeal, oropharyngeal
and saliva samples were collected from February 21st, 2018, to December 17th, 2018. The specimens
were tested by culture and molecular methods.
Results: Among a total of 504 enrolled participants, none were positive for pneumococcus by culture, and
22 were positive by PCR. The overall carriage prevalence was 4.4% (95% CI: 2.8–6.5%). The prevalence was
highest in saliva samples, followed by oropharyngeal and nasopharyngeal samples. No demographic
characteristics were associated with carriage prevalence, including age (4.7% among participants aged
65–74 years and 4.1% among those 75 years and older). Among the pneumococcal-positive participants,
18.2% were PCV13-covered serotypes.
Conclusions: Our data suggest a low carriage prevalence of S. pneumoniae among community-dwelling
older people in Japan.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction and invasive pneumococcal disease (IPD). Pneumococcal diseases
Streptococcus pneumoniae (S. pneumoniae), or pneumococcus, is
a causative agent of pneumococcal diseases, including pneumonia
continue to be a leading cause of morbidity and mortality globally,
and the burdens of the diseases remain high, especially among
older people [1–4]. Japan is a country with a growing superaged
society, with the highest aging rate in the world; 28.1% of its pop-
ulation was aged 65 and over as of 2018 [5,6], and the burdens of
pneumococcal diseases have been increasing among older people
as the proportion of this population grows [2,7].

Nasopharyngeal (NP) pneumococcal colonization at the mucosa
of the upper respiratory tract (URT) is considered a source of trans-
mission between hosts and an initial stage of the development
pneumococcal disease [8]. Increased bacterial loads in the
nasopharynx promote pneumococcal transmission to other indi-
viduals through bacterial shedding in nasal secretions [9] and
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increase the likelihood of progression to localized or invasive
pneumococcal diseases (IPD), such as otitis media, pneumonia
and meningitis, in the carrier [10].

The prevalence of pneumococcal carriage in children has been
well studied. It is clearly higher than that in adults, as up to
approximately half of children are pneumococcal carriers [11–
14]. Among community-dwelling older people, however, few
reports are available on the pneumococcal carriage prevalence in
the context of an aging society.

The objective of this study was to investigate the prevalence of
pneumococcal carriage among community-dwelling older people
in Japan.
2. Material and methods

2.1. Study design and settings

A cross-sectional study was performed from February 21st,
2018, to December 17th, 2018, in Nagasaki City, Japan.
Community-dwelling older people aged �65 years were enrolled.
We enrolled them at regular clinic visit or outpatient rehabilitation
visits at 4 hospitals in Nagasaki city: Nagasaki Rehabilitation
Hospital, Koebaru Chuo Hospital, Nijigaoka Hospital and Nagasaki
Kita Hospital. Their accompanying persons were also recruited if
they were eligible.

In Japan, the PCV7 was introduced in 2010 for immunization of
children <5 years old; the PCV7 was replaced by the PCV13 as a
routine immunization for children in 2013. Among adults, the
PCV13 was licensed for adults �65 years old, and the 23-valent
pneumococcal polysaccharide vaccine (PPV23) was included in
the routine immunization program for adults �65 years old and
60–64 years old with specific medical conditions in 2014 [15].
The estimated vaccination coverage rate of the PCV13 in children
was 97.4% in 2016 [16], and the coverage rate of the PPV23 among
people 65 years old was estimated to be approximately 40.8% in
2015 [17].

2.2. Eligibility criteria and data collection

The inclusion criteria were people aged �65 years who were
ambulatory and not bedridden. The exclusion criteria were people
with fever, pharyngodynia or any symptoms of URT infection; peo-
ple who received antibiotic treatment in the previous 30 days; and
people who stayed in the hospital or an elderly nursing home for
�7 days in the previous 30 days. The inclusion and exclusion
criteria were applied to guarantee the generally healthy or
well-controlled systemic disease status of participants. We col-
lected the demographic and clinical information of participants,
including age, sex, underlying disorders, facility visit frequency,
family composition, care-need level and PPV23/PCV13 vaccination
history. The care-need level was recorded in accordance with the
Japanese long-term care insurance system classification as
‘‘Independent,” ‘‘Support required” or ‘‘Care required” according
to disablement (from the least to most disabled) [18,19].

2.3. Sample collection

NP, oropharyngeal (OP) and saliva samples were collected from
each participant by researchers or trained research nurses. The
details are as follows.

Two swab samples for culture were collected from each patient:
one sample from the nasopharynx using a flocked swab
(Opti-Swab LA-116, Puritan Medical Products Company, USA) and
another sample from the oropharynx using a flocked swab
(Opti-Swab LA-106, Puritan Medical Products Company, USA).
We used LA-116, which is thinner than LA-106, for nasopharyngeal
sampling to promote participant comfort. The flocked swabs were
immediately individually placed in 1 ml of modified Amies media.
Similarly, two swab samples for molecular analyses were collected
from each patient: one sample from the nasopharynx using a flex-
ible aluminum shaft swab with a rayon tip (Eiken Chemical Co.,
Tokyo, Japan) and another sample from the oropharynx using a
wooden shaft swab with a rayon tip (Eiken Chemical Co., Tokyo,
Japan). These flexible aluminum and wooden shaft swabs were
immediately individually placed in 1 ml skim milk-tryptone-
glucose-glycerol (STGG) media. Saliva was collected with a sterile
screw sputum processor (Eiken Chemical Co., Tokyo, Japan) and
divided for culture and molecular analyses. NP swabbing tech-
niques were performed in accordance with the World Health Orga-
nization (WHO) standard procedure [20]. OP swab samples were
collected from the posterior pharyngeal wall. Collected sample
media and saliva were transported to the laboratory within 5 h
on ice and stored in a refrigerator for 3 h at most.

2.4. Laboratory procedure

Samples from the nasopharynx and oropharynx in Amies
medium and saliva were examined by semiquantitative culture
methods. Samples were plated on sheep blood agar (Nissui
Pharmaceutical Co., Tokyo, Japan) with Isodisk CN (Alfresa Pharma
Corporation, Osaka, Japan), which contained 35 mg/disk of colistin
and 60 mg/disk of nalidixic acid. Agar plates were incubated over-
night at 35 ± 0.5℃ in 5% CO2. Moreover, to verify the culture
results, one additional oropharynx sample was consecutively col-
lected from each last-quarter participant (n = 133) and tested with
the culture method by another researcher separately.

NP and OP samples in STGG medium and residual saliva were
further tested by quantitative PCR for the pneumococcal autolysin
gene (lytA-qPCR). The details of the method have been described
previously [21]. In brief, DNA was extracted from all the samples
using a QIAamp DNA minikit (Qiagen GmbH, Hilden, Germany)
according to the manufacturer’s instructions. The pneumococcal
autolysin gene (lytA) was screened in all the samples by
lytA-qPCR, and samples were considered positive for S. pneumoniae
when the detected lytA-specific signal with a �30 cycle threshold
(CT); specificity was confirmed by a melting curve analysis. All
lytA-positive samples underwent an in-house nanofluidic real-
time PCR assay to detect a total of 50 serotypes, including all the
PCV13 and PPV23 serotypes [22,23]. Serogroup 18 was listed as a
PCV13 vaccine type because this serogroup included all
18F/18A/18B/18C; 18C is a vaccine serotype, and our assay did
not differentiate them.

2.5. Endpoint

The primary endpoint was the pneumococcal carriage
prevalence.

2.6. Statistical analysis

Considering an estimated 5% pneumococcal carriage prevalence
among older people according to previous studies, a sample of size
n = 457 would ensure that a 95% confidence interval (95% CI) esti-
mate of the prevalence was within ±2%, with 80% power.

All clinical, epidemiological and microbiological data were
entered into an electronic database and analyzed by the
investigator group. ‘‘Carriage prevalence” was defined as the total
prevalence demonstrated from at least one NP and/or OP and/or
saliva sample. One saliva sample from one participant could not
be collected due to difficulty in collection, and the saliva result
was considered negative in calculating the carriage prevalence.



Table 1
Characteristics of the participants.

All participants (n = 504)

Sex
Male 247 (49.0%)
Female 257 (51.0%)
Age group (years)
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The carriage prevalence of pneumococcus was demonstrated with
95% CIs by sampling site and detection method. The association
between carriage and baseline characteristics was assessed by esti-
mating odds ratios (ORs) with 95% CIs using logistic regression
models and were compared using Fisher’s exact tests or v2 tests
when appropriate. We used Stata version 14.2 for all analyses
(Stata Corp., College Station, TX, USA).
65–74 214 (42.5%)
�75 290 (57.5%)
Residency
Home 497 (98.6%)
Supportive housing 7 (1.4%)
Underlying disorders
Any disorders 488 (96.8%)
None 16 (3.2%)
Chronic respiratory disease 68 (13.5%)
No chronic respiratory disease 436 (86.5%)
Cerebrovascular disease 294 (58.3%)
No cerebrovascular disease 210 (41.7%)
2.7. Ethics

This study was approved by the institutional review board of
the Institute of Tropical Medicine, Nagasaki University, Nagasaki,
Japan, and the institutional review boards of each study facility.
The study was fully explained to all participants, and written
informed consent was obtained from all participants or their fam-
ilies. We used anonymized data for the study analysis.
Other disorders 280 (55.6%)
No other disorders 224 (44.4%)
Facility visit frequency (per month)
<1 142 (28.2%)
1–5 190 (37.7%)
>5 172 (34.1%)
No. of people per household
1 89 (17.7%)
2 267 (53.0%)
�3 148 (29.4%)
No. of children � 5 y.o.
0 500 (99.2%)
1 3 (0.6%)
2 1 (0.2%)
Care-need level
Independent 245 (48.6%)
Support required 72 (14.3%)
Care required 187 (37.1%)
PPV23 vaccination within 5 years
Not vaccinated 258 (51.2%)
Vaccinated 217 (43.1%)
No record 29 (5.8%)
PCV13 vaccination
Not vaccinated 488 (96.8%)
Vaccinated 2 (0.4%)
No record 14 (2.8%)
3. Results

3.1. Baseline characteristics

During the study period, a total of 504 participants aged
�65 years were enrolled. All sample collection was completed
except one saliva sample from one participant.

The characteristics of the 504 enrolled subjects are summarized
in Table 1. The mean and median age were 77.5 and 77.0 years old,
respectively (range: 65.0 to 98.5), and 257 (51.0%) were female. A
total of 488 (96.8%) had any underlying disorders, and the most
common underlying disorder was cerebrovascular disease (294,
58.3%). A total of 89 (17.7%) reported living alone, 267 (53.0%) lived
with one other person, and 4 (0.8%) lived with children �5 years
old in the same household. Regarding the care-need level, 245
(48.6%) were independent, 72 (14.3%) required support, and 187
(37.1%) required care. A total of 217 (43.1%) participants reported
having received the PPV23 within 5 years, and 2 (0.4%) had
received the PCV13. The accompanying persons accounted for less
than 6.0% of all participants.
Data are presented as n (%). PPV23: 23-valent pneumococcal polysaccharide vac-
cine, PCV13: 13-valent pneumococcal conjugate vaccine.
3.2. Carriage prevalence of S. Pneumoniae

The carriage prevalence of S. pneumoniae is summarized in
Table 2. All NP, OP and saliva samples collected from the 504 par-
ticipants were negative for S. pneumoniae by culture; therefore, the
carriage prevalence of S. pneumoniae by culture method was 0.0%
(95% CI: 0.0–0.7%). The lytA-qPCR assays revealed a total of 23 pos-
itive samples for S. pneumoniae in 22 participants: 1 NP sample
(0.2%, 95% CI: 0.0–1.1%), 2 OP samples (0.4%, 95% CI: 0.0–1.4%)
and 20 saliva samples (4.0%, 95% CI: 2.4–6.1%). Therefore, the
carriage prevalence of S. pneumoniae by molecular analysis was
4.4% (95% CI: 2.8–6.5%). There was monthly variation in carriage
prevalence (2.1–10.0%); however, clear seasonality was not
observed.
3.3. Serotypes of detected S. Pneumoniae

Each serotype of the 23 lytA-positive samples from 22 partici-
pants was identified by nanofluidic real-time PCR, and the results
are summarized in Table 3. Serotype 23F was detected in both
NP and saliva samples from the same participant. Four (18.2%) of
the 22 participants carried a pneumococcal serotype included in
the PCV13, indicating a PCV13 vaccine-type carriage prevalence
of 0.8% in the total participants. Multiple serotypes were identified
in 11 (50.0%) out of 22 lytA-positive participants.
3.4. Risk factors associated with carriage

Risk factors for carriage of S. pneumoniae are summarized in a
supplementary table. None of the studied variables, such as sex,
age group, residency, number of people per household and number
of children �5 years old, were significantly associated with pneu-
mococcal carriage.
4. Discussion

In this study, we identified a low carriage prevalence of
S. pneumoniae among community-dwelling older people in Japan.
To our knowledge, this is the first study to investigate the preva-
lence of pneumococcal carriage, focusing on community-dwelling
older people in Japan. The data observed in this study are clinically
and epidemiologically important because Japan has the highest
aging rate in the world, and the experiences of Japan can serve as
a precedent for other aging and aged societies that are experienc-
ing a trend toward rapid aging.

The carriage prevalence of S. pneumoniae by molecular methods
was 4.4% in this study. Although a significant risk factor for pneu-
mococcal carriage was not identified in this study because of the
sample size and low carriage prevalence, some implications can



Table 2
Carriage prevalence of S. pneumoniae by sampling site and detection method.

Nasopharyngeal
(n = 504)

Oropharyngeal
(n = 504)

Saliva (n = 503) Carriage prevalence
(n = 504)

n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI)

Streptococcus pneumoniae (lytA-qPCR) 1 0.2 (0.0–1.1) 2 0.4 (0.0–1.4) 20 4.0 (2.4–6.1) 22 4.4 (2.8–6.5)
Streptococcus pneumoniae (culture) 0 0.0 (0.0–0.7) 0 0.0 (0.0–0.7) 0 0.0 (0.0–0.7) 0 0.0 (0.0–0.7)

Data are presented as n, % (95% CI). ‘‘Carriage prevalence” is the total prevalence demonstrated from at least one NP and/or OP and/or saliva sample. One saliva sample from
one participant could not be collected due to difficulty in collection, and the saliva result was considered negative in calculating the carriage prevalence. lytA-qPCR:
quantitative PCR for the pneumococcal autolysin gene.
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be observed. The child contact was low in this population because
only 0.8% of our participants reported children �5 years old in the
same household, which may suggest reduced exposure to
S. pneumoniae. According to previous research, the exposure to col-
onized children, who form the main reservoir of pneumococcus, is
commonly assumed to be risk factor of carriage in adults [24–26].
Additionally, a reduction in vaccine-type carriage prevalence
among nontarget populations was demonstrated after PCV intro-
duction in a wide range of countries [27,28]. The PCV for children
was introduced in 2010 in Japan, and the PCV13 vaccine type
accounted for only a small proportion of the pneumococcal car-
riage prevalence in this study: 0.8% out of 4.4%. Pediatric PCV
immunization programs may have indirectly affected the carriage
Table 3
Pneumococcal serotypes/group detected by molecular method (nanofluidic real-time PCR)

Serotypes/group Nasoph

(a)
Single serotype 10A 0

12F/12A/12B/44/46 0
35F 0
23F 1*
33F/33A/37 0
35B 0
Nontypable 0

Multiple serotypes 9 N/9L + 10A 0
2 + 17F 0
5 + 10A + 35B 0
6A/6B + 17F 0
6C/6D + 35F 0
9 N/9L + 10A + 23A 0
9 N/9L + 15B/15C 0
10A + 12F/12A/12B/44/46 0
10A + 18** 0
10A + 34 0

(b)
PCV13 vaccine type 5 0

6A/6B 0
18** 0
23F 1*

Non-PCV13 vaccine type 10A 0
9 N/9L 0
12F/12A/12B/44/46 0
35F 0
17F 0
35B 0
2 0
6C/6D 0
15B/15C 0
23A 0
33F/33A/37 0
34 0
Nontypable 0

Data are presented as n. n is the number of carriers positive for each serotype/group by s
serotype/group is individually shown in (b). ‘‘Total” is the total number of carriers positive
sample, and % is the rate among the 22 carriers. Nontypable: The samples were not typ
participant. Because some participants had multiple serotypes, the total number of carri
PCV13 vaccine type because this serogroup includes all 18F/18A/18B/18C; 18C is a vacc
prevalence among the unvaccinated population. In other devel-
oped countries, a wide range of pneumococcal carriage prevalence
rates have been reported in recent years. Two large-scale studies
from Portugal and the U.S., respectively, suggested low carriage
prevalence, consistent with our results among a similar population.
In a study from Portugal, the carriage prevalence among adults
aged �60 years was 2.3% in 2010–2012 [29]. A study from the U.
S. reported a 1.8% carriage prevalence among noninstitutionalized
adults aged �65 years in 2015–2016 [30]. On the other hand, a
large-scale study from the Netherlands reported a much higher
carriage prevalence than those in the aforementioned studies, with
the prevalence reaching 17.8–17.9% among community-dwelling
older adults aged �65 years in 2008–2009, shortly after the intro-
in 22 pneumococcal carriers identified by lytA-qPCR.

aryngeal Oropharyngeal Saliva Total

0 2 2 (9.1%)
0 2 2 (9.1%)
0 2 2 (9.1%)
0 1* 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
1 1 2 (9.1%)
1 1 2 (9.1%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)

0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1* 1 (4.5%)
1 8 9 (40.9%)
1 3 4 (18.2%)
0 3 3 (13.6%)
0 3 3 (13.6%)
0 2 2 (9.1%)
0 2 2 (9.1%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
0 1 1 (4.5%)
1 1 2 (9.1%)

ampling site. The distribution of single/multiple serotypes is shown in (a), and each
for each serotype/group demonstrated from at least one NP and/or OP and/or saliva

able by our assay. *23F was detected in both NP and saliva samples from the same
ers by serotype/group in Table (b) does not add up to 22. **Serogroup 18 is listed as
ine serotype, and our assay did not differentiate them.
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duction of the PCV7 for use in all newborns in 2006 [31,32]. These
three studies used similar methodology, culture and molecular
methods for NP and OP samples; hence, they are basically mutually
comparable. Although the applied methods differed from those
used in these three studies, the following two studies also reported
informative carriage prevalence. A study from Germany conducted
culture-based screening for nasal samples taken from both anterior
nares and OP samples and detected no pneumococci among com-
munity dwellers aged �65 years in 2012–2013 [33]. A study from
Italy reported a relatively high rate of 9.8% among generally
healthy adults aged �65 years using solely a molecular method
for OP samples in 2015 [34]. This wide range of percentages may
indicate that pneumococcal carriage prevalence has social and geo-
graphical diversity; however, fair comparison is difficult because of
inconsistent methodologies among studies, including the sampling
site (NP and/or OP and/or saliva), detection method (culture-based
detection and/or molecular detection), and target genes of molec-
ular detection.

This study elucidated the pneumococcal carriage prevalence
according to sampling site and detection method. S. pneumoniae
was detected most frequently in saliva (4.0%), followed by OP
(0.4%) and NP (0.2%) samples using the molecular method, but it
was not detected in any sampling sites using the culture method.
Although the current gold standard recommended by the WHO
basically in line with the recommended methodology for children,
namely, the isolation of live S. pneumoniae by culture for NP spec-
imens and additional OP specimens from adults if possible [20], the
most appropriate methodology for carriage studies among adults is
still controversial. Unlike children, anatomical changes in the adult
URT can cause difficulty in accessing the NP niche, and low pneu-
mococcal density or bacterial cocolonization makes pneumococcal
identification by culture laborious and likely to result in low sensi-
tivity [35]. Adoption of alternative sampling sites, such as the
oropharynx and saliva, or detection methods, such as molecular
methods to compensate for the low sensitivity of the current gold
standard may prompt other concerns for further investigation. Sal-
iva sampling was reported to significantly increase pneumococcal
detection [35,36]. The microbially rich characteristics of saliva
and OP samples, however, make pneumococcal detection on
culture plates difficult or sometimes nearly impossible [37].
Additionally, applying molecular methods to saliva or OP samples
may cause overestimation because of nonpneumococcal strepto-
cocci, such as S. mitis, S. oralis, and S. pseudopneumoniae in the
oropharynx, which are not only morphologically highly similar to
S. pneumoniae but even carry S. pneumoniae homolog genes
[30,38]. Compared to nasopharyngeal carriage, the clinical signifi-
cance of saliva carriage has yet to be determined, especially in
terms of transmissibility and potentiality to cause disease [39],
though there are a few reports about the clinical significance of sal-
iva carriage: a high saliva carriage rate, the same as that of
nasopharyngeal carriage, has been reported among schoolchildren
based on a PCR-based method [40], and pneumococcal transmis-
sion via saliva has also been reported among young adults [41].
It is urgent to establish a standard methodology for the assessment
of pneumococcal carriage prevalence in adults and older people.
The clinical significance of each carriage location and the carriage
density, such as transmissibility and potentiality to cause disease,
should be considered.

Although older people are at high risk of pneumococcal diseases
[2,42], pneumococcal carriage was shown to be less common
among older people in this and other studies, suggesting increasing
disease susceptibility with reduced carriage prevalence. Possible
hypotheses for this obvious discrepancy have been proposed:
Age-associated inflammation contributes to bacterial invasion into
host cells [43], infrequent colonization in older people is insuffi-
cient for boosting colonization-induced antibodies [39,44], and a
mouse model suggested that ageing impairs innate mucosal
immune response in the URT [45]. These age-related changes in
immune function may cause pneumococcal acquisition to directly
lead to disease progression with a relatively short carriage duration
[46].

This study identified multiple serotypes in 11 (50.0%) out of 22
lytA-positive participants. Cocolonization of more than one
pneumococcal strain is considered to promote the acquisition of
antibiotic resistance and capsule switch via horizontal gene trans-
fer [47]. Although there are several reports regarding multiple ser-
otype carriage among children [48], few reports are available on
the situation of older people, and further investigations are needed
[35,30].

The strength of our study design is that we identified the car-
riage prevalence according to the sampling site (nasopharynx,
oropharynx or saliva) and detection method (culture-based detec-
tion or molecular detection), which permits mutual comparisons
with previous studies. However, there are several limitations of
our study. This cross-sectional study lacked longitudinal data and
could not document the incidence of pneumococcal acquisition.
The sample size was calculated for estimation of pneumococcal
prevalence, and as a result, it was insufficient for the risk factor
analysis combined with low pneumococcal carriage prevalence.
The participants who were enrolled at regular clinic visits or outpa-
tient rehabilitation visits could induce selection bias because this
population tends to have a greater need for care and more
comorbidities, especially cerebrovascular disease, than healthy
individuals. Recruiting accompanying persons may also introduce
overestimation when they are living with other participants
because their samples are not mutually independent. Nevertheless,
the carriage prevalence determined by molecular methods was as
low as 4.4%, and we assume that the true carriage prevalence
might be lower. Although we set 30 days as the antibiotics wash-
out period, given the low carriage prevalence and limited exposure
to pneumococcus, a longer antibiotics washout period might be
appropriate in older people.
5. Conclusions

Our data demonstrate a low carriage prevalence of
S. pneumoniae in the URT in community-dwelling older people in
Japan. Further investigations are needed to elucidate the clinical
and epidemiological significance of the low carriage prevalence.
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