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Abstract
Incidence of pneumococcal disease is disproportionally high in infants and elderly. Naso-

pharyngeal colonisation by Streptococcus pneumoniae is considered a prerequisite for dis-

ease but unlike in children, carriage in elderly is rarely detected. Here, we tested for

S. pneumoniae in nasopharyngeal and saliva samples collected from community-dwelling

elderly with influenza-like-illness (ILI). Trans-nasal nasopharyngeal, trans-oral nasopharyn-

geal and saliva samples (n = 270 per sample type) were collected during winter/spring

2011/2012 from 135 persons aged 60–89 at onset of ILI and 7–9 weeks later following re-

covery. After samples were tested for pneumococci by conventional culture, all plate growth

was collected. DNA extracted from plate harvests was tested by quantitative-PCRs (qPCR)

specific for S. pneumoniae and serotypes included in the 13-valent pneumococcal conjugat-

ed vaccine (PCV13). Pneumococci were cultured from 14 of 135 (10%) elderly with none of

the sampled niches showing superiority in carriage detection. With 76/270 (28%) saliva, 31/

270 (11%) trans-oral and 13/270 (5%) trans-nasal samples positive by qPCR, saliva was

superior to nasopharyngeal swabs (p<0.001) in qPCR-based carriage detection. Overall,

from all methods used in the study, 65 of 135 (48%) elderly carried pneumococci at least

once and 26 (19%) at both study time points. The difference between carriage prevalence

at ILI (n = 49 or 36%) versus recovery (n = 42 or 31%) was not significant (p = 0.38). At least

23 of 91 (25%) carriage events in 19 of 65 (29%) carriers were associated with PCV13-

serotypes. We detected a large reservoir of pneumococci in saliva of elderly, with PCV13-

serotype distribution closely resembling the contemporary carriage of serotypes reported in

the Netherlands for PCV-vaccinated infants.
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Introduction
Streptococcus pneumoniae is a frequent but transient commensal of the human upper respira-
tory tract (URT) that can progress to respiratory and invasive pneumococcal disease (IPD) [1].
Disease disproportionally affects the very young and the elderly [2]. Pneumococcal conjugate
vaccines (PCV), targeting up to 13 (PCV13) from over 90 [3] known pneumococcal serotypes
are now widely available, with vaccination recommended in the first two years of life and in
those deemed to be at risk of IPD [4]. Carriage of S. pneumoniae in the URT is considered a
prerequisite for pneumococcal disease, therefore surveillance studies provide insight into the
prevalence of carriage and serotypes circulating in the population in order to assess direct and
herd effects of vaccine implementation [5]. While vaccination of elderly persons has been con-
sidered [4], it has been assumed that immunisation of infants alone may have already resulted
in herd immunity, protecting adults against disease caused by vaccine serotypes (VTs) [6].
However, studies investigating the herd effects of PCVs on serotype carriage in adults are limit-
ed and even more rare when elderly are considered [7–9].

Currently, the gold standard for pneumococcal carriage detection in children is the isolation
of live S. pneumoniae following conventional culture of deep trans-nasal nasopharyngeal swabs
[10]. In adults, the addition of a trans-orally obtained nasopharyngeal or oropharyngeal swab
significantly increases carriage detection [10,11]. Furthermore, culture-independent diagnostic
methods have largely improved the sensitivity of S. pneumoniae carriage detection in nasopha-
ryngeal samples from both children [12–14] and adults [11,15]. Interestingly, in the early
1900s the consensus was that the pneumococcus was carried in the saliva of 45–60% of all
healthy adults, including elderly [16]. S. pneumoniae was detected in these historical studies
with sensitive animal inoculation methods [16–19]. During the time between the dawn of the
antibiotic era in the mid-20th-century and the introduction of PCVs, carriage studies in adults
and elderly were rarely performed [7]. Moreover, the method of detecting pneumococcus in
the URT moved from saliva to nasopharyngeal swabs, due in part to the highly polymicrobial
nature of saliva, making isolation of S. pneumoniae from culture very difficult [20,21]. In the
scarce recent studies among elderly, the use of swabs usually resulted in carriage being detected
in less than 5% of individuals [8,9,22–25]. Low rates of nasopharyngeal pneumococcal carriage
argue against significant benefits of epidemiological surveillances on colonisation in this age
group [7,8].

We hypothesised that testing nasopharyngeal swabs by conventional culture methods alone
underestimates the prevalence of S. pneumoniae carriage in aged adults. Recent advances in
molecular detection methods prompted us to revisit saliva as a diagnostic specimen in epidemi-
ological studies in an attempt to improve detection of pneumococcal carriage in this age group.
We compared culture and molecular-based methods for the detection of S. pneumoniae in the
elderly on trans-nasal nasopharyngeal, trans-oral nasopharyngeal and saliva samples and in-
vestigated the carriage of PCV13-serotypes within this population. Viral respiratory tract infec-
tions are associated with an increased risk of pneumococcal pneumonia and IPD [26–28],
therefore we hypothesised that rates and density of pneumococcal carriage are higher in elderly
with symptoms of influenza-like-illness (ILI) compared after their recovery from ILI, 7–9
weeks later.

We provide evidence for the superiority of saliva sampling for pneumococcal carriage detec-
tion in aged adults and conclude that current rates of S. pneumoniae carriage in the elderly
might be largely underestimated. Furthermore, we provide evidence of substantial carriage of
PCV13-serotypes and longitudinal carriage of the same serotype in elderly. However, we found
no evidence of higher pneumococcal carriage rates nor density at ILI compared to
after recovery.
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Materials and Methods

Influenza-like-illness in elderly study
To assess the incidence and cause of ILI among elderly in the Netherlands, an open cohort ob-
servational study was performed among community-dwelling adults aged�60 years during au-
tumn/winter 2011/2012. Of 21,000 elderly contacted by open invitation by post, 2,120 consented
to participate. Of these, 146 participants were eligible for first sampling, reporting with ILI symp-
toms defined by Pel [29] as fever>37.8ºC (rectal) in combination with at least one of the follow-
ing: rhinitis, cough, sore throat, headache, myalgia, chest pain. Written informed consent was
obtained from all participants and the study was conducted in compliance with Good Clinical
Practice and the Declaration of Helsinki of theWorld Medical Association. The study was ap-
proved by an acknowledged Dutch medical ethics committee METC Noord Holland (NTR
3386). Demographic information was collected from study participants at the first visit.

Sample collection
Individuals were sampled twice: first at the onset of ILI and then 7–9 weeks later, after recovery.
Trained personnel collected all samples during home visits. Deep trans-nasal nasopharyngeal
samples were obtained using flexible swabs according to the World Health Organisation stan-
dard procedure [10]. Trans-oral nasopharyngeal samples were collected with rigid swabs under
direct observation of the posterior pharynx [11]. Swabs were placed individually in 1 ml Amies
medium (Copan, Brescia, Italy) at room temperature. Saliva was collected with the Oracol Sali-
va Collection System (Malvern Medical Developments Limited, Worcester, UK), immediately
transferred to tubes pre-filled with 100 μl sterile 50% glycerol solution in water and placed on
dry ice for transport. With approximately 400 μl of saliva collected per sample the final glycerol
concentration was around 10%. All samples were transferred within 8 hours to the Regional
Laboratory of Public Health in Haarlem.

Culture of samples
On arrival, 10 μl of the trans-oral sample was cultured on trypticase soy agar supplemented
with 7% defibrinated sheep blood and gentamicin 5 mg/l (SB7-Gent, Oxoid, Badhoevedorp,
Netherlands) and processed for S. pneumoniae detection by the standard culture diagnostic ap-
proach [30]. All bacterial growth was harvested from SB7-Gent plates into 10% glycerol in BHI
(Oxoid) and stored frozen as previously described [11]. Trans-nasal samples were supple-
mented with 10% glycerol and stored frozen. Later, trans-nasal and saliva samples were thawed
and 10 μl of trans-nasal samples and 100 μl of saliva were cultured on SB7-Gent plates and pro-
cessed as for the trans-oral samples. SB7-Gent plate harvests are hereafter considered as cul-
ture-enriched samples [11]. Culture-enriched samples identified as positive for pneumococcus
by molecular methods were re-cultured in an attempt to recover live pneumococci as previously
described [11,21]. All S. pneumoniae strains cultured were stored for serotype determination.

Isolation of DNA
DNA was extracted from 100 μl of raw saliva samples and from 200 μl of all culture-enriched
samples as previously described [21].

Molecular detection of S. pneumoniae
S. pneumoniae-specific DNA was detected by quantitative-PCR (qPCR) targeting pneumococ-
cal genes lytA [31] and piaA [11]. Samples were considered positive for S. pneumoniae when
CT values for both genes were<40 [21].
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Sample serotype determination using molecular methods
Sample serotype composition was determined for all DNA templates using a panel of primers
and probes, targeting PCV13-serotypes 1, 3, 4, 5, 14, 19A, 23F [13] and 19F [32], and ser-
ogroups 6A/B, 7A/F, 9A/V [13] and 18A/B/C/F [32]. Samples were considered positive for the
serotype or serogroup when the serotype/serogroup-specific signal was<40 CT [33]. Only
type-specific qPCR assays that did not generate any positive results for samples negative for
S. pneumoniae were considered reliable for use in the study [21].

Quellung reaction
S. pneumoniae strains were serotyped at the Regional Laboratory of Public Health in Haarlem
using the Quellung method and serotype-specific sera (Staten Serum Institut, Copenhagen,
Denmark).

Statistical methods
Statistical analyses were conducted using GraphPad Prism v5.0 (GraphPad Software, San
Diego, CA, USA). Statistical differences were detected using two-way Fisher’s exact tests for
2×2, or Chi-square for 3×2 contingency tables. The relationship between quantitative data for
lytA and piaA detection was evaluated with non-parametric Spearman correlation. Statistical
significance was defined as P<0.05.

Results
Of 146 elderly who reported with ILI, 135 (92%) persons (59% female, mean age 69 years) and
270 samples per niche were analysed in the study (Fig. 1).

Isolation of S. pneumoniae from cultures
Live S. pneumoniae were isolated from only two (1%) of 270 trans-oral samples by convention-
al culture. After re-culturing of culture-enriched samples determined to be positive for S. pneu-
moniae by the molecular method, live pneumococci were isolated from six (2%) of 270 trans-
nasal, six (2%) of 270 saliva samples and the number of trans-oral samples culture-positive for
S. pneumoniae increased to ten (4%) of 270 (Fig. 2A). Differences between niches were not sig-
nificant (Fisher’s exact, p = 0.45). In total, all cultures combined identified 14 (10%) of 135 el-
derly with pneumococcal carriage; eight only during ILI, five only post-recovery and one at
both sampling events. The difference in the number of carriers culture-positive for S. pneumo-
niae between ILI (n = 9) and after recovery (n = 6) was not significant (p = 0.45).

Molecular detection of S. pneumoniae
Thirteen (5%) of 270 culture-enriched trans-nasal samples, 31 (11%) of 270 culture-enriched
trans-oral samples and 76 (28%) of 270 culture-enriched saliva samples were qPCR-positive
for S. pneumoniae (Chi-square, p<0.0001) (Fig. 2B). Compared to DNA extracted from uncul-
tured saliva samples, culture-enrichment significantly increased the number of samples classi-
fied as positive for S. pneumoniae by the molecular method (S1 Fig.). All samples culture-
positive for pneumococcus were also identified as positive by qPCR.

Optimal niche for detection of pneumococcal carriage in elderly
Altogether, carriage of S. pneumoniae was detected by culture in 15 (6%) and by molecular
method in 91 (34%) of the 270 triads of samples collected from the 135 elderly, at ILI and
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recovery combined (Fig. 3). The number of trans-nasal samples qPCR-positive for S. pneumo-
niae (13 of 270) was not significantly higher compared to the number positive by culture (six
of 270; p = 0.45). For both trans-oral (31 vs. ten of 270; p<0.01) and saliva (76 vs. six of 270;
p<0.0001) the number of samples identified as positive for S. pneumoniae by qPCR was signifi-
cantly higher when compared to culture. Overall, qPCR-based detection of S. pneumoniae in
culture-enriched saliva samples was the most sensitive method of carriage detection in this
study (Table 1). Limiting the detection of pneumococci to the molecular analyses of culture-

Fig 1. Enrolment and samples obtained in this study. In total 810 samples were analysed.

doi:10.1371/journal.pone.0119875.g001
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enriched saliva alone without testing nasopharyngeal samples would decrease the detected car-
riage rate from 34% to 28% (91 vs. 76 of 270, p = 0.16), whereas not including saliva samples in
the study would lower detection from 34% to 14% (91 vs. 38 of 270, p<0.001).

Point and period prevalence of pneumococcal carriage in elderly
We collected samples from individuals at two time points, at the onset of ILI symptoms and
after recovery. Based on the combined results of pneumococcal carriage detection by any meth-
od in the study, the carriage prevalence for ILI onset was 49 (36%) of 135 and for post-recovery
was 42 (31%) of 135. These differences were not statistically significant (p = 0.37). In total, 65
individuals were positive for S. pneumoniae in at least one sample collected during either sam-
pling event, resulting in a period prevalence of 48% in this population of elderly (Table 2).
Twenty-six (19%) elderly were identified as pneumococci-positive at both time points. There
was no difference in density of S. pneumoniae detected with qPCR in DNA extracted from raw
saliva samples collected at ILI versus recovery (Mann-Whitney, p = 0.36; S2 Fig.).

Carriage of S. pneumoniae by age category and by sex
All positive samples were stratified by age and sex. Neither factor significantly affected pneu-
mococcal detection (Table 2).

Fig 2. Detection of Streptococcus pneumoniae in all samples analysed in the study. Figure shows the distribution of samples classified in the study as
positive for S. pneumoniae based on (A) isolation of live S. pneumoniae from cultured samples or (B) detection of S. pneumoniae by qPCR in DNA extracted
from culture-enriched samples of trans-nasal swabs (n = 270), culture-enriched trans-oral swabs (n = 270) and culture-enriched saliva samples (n = 270)
tested. Each circle represents sample type as labelled. Numbers next to sample type depict number (% of 270) of positive samples. Overlapping areas depict
matching positive samples (detection of S. pneumoniae simultaneously in more than one of three samples collected per sampling event).

doi:10.1371/journal.pone.0119875.g002

Fig 3. qPCR-based detection of Streptococcus pneumoniae versus isolation of live pneumococci from trans-nasal (n = 270), trans-oral (n = 270)
and saliva (n = 270) samples analysed in the study. Figure depicts results of qPCR-based detection of S. pneumoniae-specific genes lytA and piaA and
results of live Streptococcus pneumoniae isolation from culture-enriched trans-nasal samples (A), culture-enriched trans-oral samples (B) and culture-
enriched saliva samples (C) from 135 elderly. Each symbol (dot or cross) represents an individual sample. Position of the symbol corresponds to CT values
for lytA- and piaA-specific signals as marked on corresponding axes. Red dots represent samples from which live pneumococci were isolated by
conventional culture at primary diagnostic step or from re-culture of samples qPCR-positive for S. pneumoniae. Open dots represent samples classified with
qPCR as positive yet culture-negative for S. pneumoniae. Crosses represent samples classified as negative for S. pneumoniae in the study. Dotted lines
mark the threshold of sample positivity based on presence of signals for both lytA and piaA CT <40 and the continuous lines represent total number of 45
cycles in each qPCR reaction. Number depicts number of samples identified as positive for S. pneumoniae by culture (in red) and by molecular method (in
black). Spearman’s rank correlation coefficient (rho) and the associated P value (p) are shown.

doi:10.1371/journal.pone.0119875.g003
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Serotype carriage in the elderly
We isolated 22 pneumococcal strains from 22 cultures positive for S. pneumoniae from 14 indi-
viduals in 15 sampling events (Fig. 3). In five (33%) of 15 sampling events strains of the same
serotype were cultured from two different sample types. Strains of different serotypes were cul-
tured in two (13%) of 15 sampling events. Based solely on the serotype of pneumococcal iso-
lates determined using the Quellung method, an overall number of 17 S. pneumoniae strains
were cultured in the study (Fig. 4).

DNA templates from all culture-enriched samples were tested in qPCR for serotypes tar-
geted by PCV13. Following previously described criteria [21], results for qPCR assays specific
for serotype 4 and 5 were excluded from analysis due to the presence of false-positive results.
Of the remaining PCV13-serotypes, no sample was positive for serotypes 7F, 14, 18C, or 19F,
however the presence of serotypes 1, 3, 6A/B, 9A/V, 19A, or 23F was detected in 26 (29%) of 91
carriage events in 21 (32%) of 65 carriers (Fig. 4). This includes 13 (27%) of 49 carriage events
at ILI onset and 13 (31%) of 42 carriage events after recovery. Since the molecular method does
not allow for distinction between VT 9V and NVT 9A the samples positive for 9A/V-specific
signal could contribute to an overestimation of PCV13-serotype presence. On the other hand
exclusion of all results for serotype 4 and 5 could lead to an underestimation of these two VTs
in the study. The molecular method also does not allow for the distinction between 6A (tar-
geted only by PCV13) and VT 6B. Taking these limitations into account, we interpreted the re-
sults from the molecular method for sample serotyping as evidence of at least, nine (10%) of 91
carriage events in seven (11%) of 65 carriers being associated with serotypes targeted by the
10-valent vaccine (PCV10) and at least seven (8%) carriage events in five (8%) carriers with se-
rotypes targeted by 7-valent vaccine (PCV7).

Discussion
The major finding of this study is the high rate of pneumococcal carriage in aged adults. We
found that sampling saliva of elderly significantly increased the detection of S. pneumoniae
compared to trans-nasal and trans-oral sampling when carriage was detected using molecular
methods. Moreover, the period prevalence was 48%, with 19% of the elderly being positive at
both time points. Even in the time of herd immunity in the fifth year after implementation of

Table 1. Sensitivity of methods used to detect Streptococcus pneumoniae carriage in this study.

Method of S. pneumoniae detection Number (%)a of detected carriage
events

Sensitivity of
method b

Conventional culture

trans-nasal swab 6 (2) 0.07

trans-oral swab 10 (4) 0.11

saliva 6 (2) 0.07

Molecular detection in culture-enriched
sample

trans-nasal swab 13 (5) 0.14

trans-oral swab 31 (11) 0.34

either trans-nasal or trans-oral swab 38 (14) 0.42

culture-enriched saliva 76 (28) 0.84

aFraction of 270 samples of particular type processed in the study.
bFraction of 91 S. pneumoniae carriage events identified by any method in the study.

doi:10.1371/journal.pone.0119875.t001
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PCV7 and one year after PCV7 replacement with PCV10 in the national immunisation pro-
gramme (NIP) for children, carriage of PCV13-serotype strains was still present in more than a
quarter of S. pneumoniae carriers among these community-dwelling elderly.

Our data on the high rate of pneumococcal presence in saliva of aged adults are in agree-
ment with early epidemiological studies from the pre-antibiotic era reporting approximately
half of all adults asymptomatically carrying S. pneumoniae in saliva [20,16]. The low sensitivity
of nasopharyngeal swabs in elderly may be due to the lower density of nasopharyngeal carriage
in adulthood as compared to children in which conventional cultures of the nasopharynx iden-
tify carriage rates of 40–90% [7]. Alternatively, changes in the anatomy of the URT in adults
and elderly may cause difficulty in accessing the nasopharyngeal niche. With the presently ob-
served high rates of pneumococcal carriage in aged adults in community settings it seems plau-
sible to link a disappearance of the S. pneumoniae reservoir in elderly carriage in the past half-
century to changes in diagnostic procedures rather than to the improvement of living condi-
tions and public health, especially since pneumococcal pneumonia remains a major disease
burden in elderly [2,20].

We demonstrated that conventional culture detects fewer carriers of S. pneumoniae than
molecular-based methods when applied to any niche sampled by us. This finding of the low
sensitivity of conventional culture is in agreement with surveillance studies performed in the
1930s where culture of swabs yielded the lower rates of detection (sensitivity of 47%) when
compared to the inoculation of mice with the swab transport medium (sensitivity of 93%) [17].
We also observed the advantage of S. pneumoniae detection by qPCR in DNA extracted from
culture-enriched compared to unprocessed saliva (S1 Fig.). This is in concordance with other
studies in middle-aged adults [11] and in children [12,21] reporting an increase in pneumococ-
cal carriage detection in samples from the upper airways tested with molecular methods after
culture-enrichment. Our results suggest that saliva in combination with molecular diagnostic
methods could be considered as the sole specimen for pneumococcal carriage detection in
the elderly.

We did not observe significant differences between rates or density of pneumococcal car-
riage at ILI onset and post-recovery with 19% of elderly positive for S. pneumoniae at both time
points. In animal models, viral respiratory infection increased both duration of pneumococcal
colonisation and density of carriage in the acute phase of infection [34,35], with the peak in
density lagging 3 to 7 days behind infection onset [35,36]. Thus, sampling at ILI onset possibly
preceded shifts in carriage density. In humans, an elevated pneumococcal carriage was reported
to be associated with respiratory virus co-infection in patients hospitalised due to respiratory
tract infection [37,38]. With no hospitalisations in our study, it is also possible that ILI symp-
toms were too mild to affect carriage density. Interestingly, Webster and Hughes [39] reported

Table 2. Patient characteristics related to Streptococcus pneumoniae carriage detected in the study.

Patient groups Number of
persons

Number (%) of persons
positive for S. pneumoniae at
least once in the study

Number (%) of persons positive
for S. pneumoniae at both study
time points

Number of
sampling
events

Number (%) of sampling
events positive for S.
pneumoniae

Total 135 65 (48) 26 (19) 270 91 (34)

Sex Female 80 36 (45) 12 (15) 160 48 (30)

Male 55 29 (53) 14 (25) 110 43 (39)

Age
(years)

81–90 12 5 (42) 2 (17) 24 7 (29)

71–80 37 12 (32) 5 (14) 74 17 (23)

60–70 86 48 (56) 19 (22) 172 67 (39)

doi:10.1371/journal.pone.0119875.t002
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20% of asymptomatic adults to be oropharyngeal carriers of the same S. pneumoniae serotype
for periods of three to 36 months. This suggests that the carriage rate observed in our study is
independent from ILI. Follow-up studies with more sampling moments in asymptomatic com-
munity-dwelling elderly may increase our knowledge regarding carriage duration and period
prevalence in aged adults.

In the current study, frequencies of PCV7, PCV10 and PCV13-serotypes detected among el-
derly carriers closely resemble the frequencies of corresponding pneumococcal serotypes re-
ported in vaccinated infants in the surveillance study conducted in 2010–2011, 4.5 years after
PCV7 implementation, but before PCV10 introduction in the Dutch NIP [40]. In the absence
of data on serotype carriage in elderly prior to this study, it is difficult to determine whether
these similarities represent herd effects of infant immunisation on VT carriage in aged adults
in the Netherlands, or if VT carriage in elderly was substantially lower compared to infants al-
ready, prior to PCV7 introduction. Interestingly, the serotypes of the NVT strains cultured in
the study mirror NVTs observed at the corresponding period of time in carriage in infants [40]
and schoolchildren [21]. More studies are needed to further assess the herd effects of infant
vaccination and to determine if any of the serotypes replacing VTs in the general population
could emerge from the reservoir in the elderly.

A possible limitation of our study is that live S. pneumoniae could not be isolated from the
vast majority of samples that were qPCR-positive. We attribute this to the highly polymicrobial
nature of trans-oral and saliva samples, which show abundant growth on culture plates making
pneumococci hardly detectable [11,21,41]. The discordance between culture- and molecular-
based detection of S. pneumoniae was particularly striking for saliva where over ten times more
samples were identified as qPCR-positive for the presence of pneumococci (n = 76) compared
to culture-confirmed results (n = 6). There have been no reports however, of non-pneumococ-
cal strains testing positive for lytA by the qPCR assay employed in this study, despite it being
widely used [17,21,23,25]. Furthermore, by targeting another pneumococcal gene we increased
the specificity of S. pneumoniae detection, ensuring that any discordance between culture and
molecular methods is not due to false-positive signal in a single molecular test [11,21]. More-
over, all culture-positive carriage events were also confirmed by the molecular method.

Since we and others have reported on the poor specificity of certain molecular assays target-
ing serotype-specific capsular genes in S. pneumoniae [21,41,42], we followed rigorous criteria
when interpreting serotype detection using qPCR in polymicrobial samples in this study. By
testing all samples regardless of positivity for pneumococci we were able to identify assays gen-
erating false-positive results and excluded these from analysis. Here we only report on results
from serotype-specific molecular assays identified as 100% specific. Although we did not cul-
ture S. pneumoniae from the majority of samples classified as positive by molecular methods,
we believe that these results accurately reflect pneumococcal carriage in this study population.

In conclusion, we found a high prevalence of pneumococcal carriage in elderly when molec-
ular-based methods were used. Furthermore, saliva sampling significantly increased detection
of S. pneumoniae in the elderly. We observed longitudinal carriage of the same serotype and si-
multaneous carriage of multiple serotypes in our study population, features described for pneu-
mococcal carriage in young children. As collection of saliva is easy and minimally invasive,
future carriage studies in the elderly could consider using these methods.

Fig 4. Stretococcus pneumoniae serotypes of pneumococcal strains detected in the study. Each row represents one of 31 individual study subjects
either culture-positive for S. pneumoniae in any of the six samples collected in the study, or positive for carriage of PCV13-serotypes detected by qPCR
(results for remaining 34 carriers of S. pneumoniae not shown). Serotype of cultured strain or serotype-specific signal detected depicted. Empty grey squares
depict samples positive for S. pneumoniae by qPCR but negative for any of the serotypes tested for in the study.

doi:10.1371/journal.pone.0119875.g004
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Supporting Information
S1 Fig. Impact of culture-enrichment on Streptococcus pneumoniae gene lytA detection
with qPCR in saliva samples (n = 270) from elderly. Each dot or cross represents an individu-
al sample. The position of symbols corresponds to CT values for lytA-specific signals in DNA
extracted from raw and culture-enriched sample of saliva as marked on corresponding axes.
Dots represent 76 saliva samples classified as positive and crosses represent 194 saliva samples
classified as negative for S. pneumoniae in the study. Open dots represent 32 saliva samples
classified as positive for S. pneumoniae in both raw and culture-enriched samples. Green dots
represent 44 samples classified as positive only after culture-enrichment. Dotted lines mark the
threshold assigned to discriminate between positive (CT<40) and negative samples, and the
total number of 45 cycles in the qPCR reaction. There was a significantly higher number of sali-
va samples classified as positive for S. pneumoniae after culture-enrichment compared to raw
saliva samples (76 or 29% versus 31 or 11%; Fisher’s exact, p<0.001). Culture-enrichment in-
creased the signal strength of the genes targeted by qPCR, with an average overall increase of
2.10 CT for the lytA gene (maximum observed increase of 23.11 CT) and of overall increase of
1.90 CT for the piaA (maximum increase of 21.30 CT). In the subset of 76 saliva samples identi-
fied as positive either in raw or culture-enriched sample an average increase for lytA was 6.92
CT and for piaA was 6.64 CT.
(PDF)

S2 Fig. Absolute abundance of Streptococcus pneumoniae in saliva samples collected at ILI
onset and after recovery from ILI. Each dot represents an individual sample. The position of
symbols corresponds to CT values for lytA-specific signals in DNA extracted from raw sample
of saliva at ILI onset or after recovery, as marked on X-axis. Horizontal lines represent mean
CT value. There was no significant difference between quantities of lytA detected in samples
collected at ILI (n = 135) versus the post-recovery sampling time point (n = 135; Mann-Whit-
ney, p = 0.36), neither for the subset of samples considered in the study as positive for S. pneu-
moniae by qPCR at ILI (n = 42) versus post-recovery (n = 34; p = 0.26).
(PDF)
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