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Abstract

Streptococcus pneumoniae is a common bacterial pathogen that causes acute otitis media (AOM) in children. In this study, we
investigated nasopharyngeal carriage rates and serotype distributions of S. pneumoniae among school children with AOM in
Banyumas Regency, Central Java, Indonesia, from 2018 to 2019. Nasopharyngeal swab specimens and demographic data were
collected from 122 children between the ages of 6 and 12. The specimens were cultured for the identification of S. pneumoniae,
and serotyping was performed using a sequential multiplex PCR assay. We found that the S. pneumoniae carriage rate was 73%
(89/122) among children with AOM. Serotypes 23A (11%) and 6A/6B (10%) were the most common serotypes among the 91 cul-
tured S. pneumoniae strains, followed by 3 (8%), 14 (7%), 6C/6D (7%), 11A/11D (6%), 15B/15C (4%) and 35 B (4%). Moreover, 41
% of the strains could be covered by the 13-valent pneumococcal conjugate vaccine, PCV13. In conclusion, high nasopharyngeal
carriage rates of S. pneumoniae were found in school children with AOM, with almost half of the strains being the vaccine-type.
This finding provides a baseline for nasopharyngeal carriage of S. pneumoniae in school children with AOM and supports the
implementation of pneumococcal conjugate vaccines in Indonesia.

INTRODUCTION

Otitis media, an infection of the middle ear, is a spectrum of
diseases, including acute otitis media (AOM), chronic suppu-
rative otitis media and otitis media with effusion [1, 2]. Otitis
media is correlated with hearing impairment and long-term
sequelae, especially in patients from low-income countries
[1]. AOM is one of the most common infections in infancy
and childhood, being the third main reason for antibiotic
prescription in this age group [2]. The disease is characterized
by purulent tympanic discharge and bulging of the tympanic
membrane [3]. Streptococcus pneumoniae and Haemophilus
influenzae are the predominant otopathogens associated with
otitis media [4, 5]. S. pneumoniae causes acute AOM, which
accounts for 30-50% of all cases worldwide [6]. This bacte-
rium is also the main cause of recurrent infections of otitis
media [6]. Being an opportunistic pathogen, S. pneumoniae
colonizes the mucosal surface of the human upper respiratory

tract as normal human flora [7]. However, dissemination
of this pathogen from the nasopharynx niche can lead to
invasive diseases, such as pneumonia, meningitis and otitis
media [7]. Colonization in the nasopharynx is associated with
an increased risk of AOM [6, 8, 9]. Pneumococcal disease
is preceded by bacterial invasion of the nasopharynx, which
usually occurs without any noticeable symptoms. After estab-
lishing themselves in the nasopharynx of the host, the bacteria
may spread via aerosolized droplets and colonize themselves
in a new host. As a result, the data on nasopharyngeal carriage
are also essential when developing prevention strategies
against pneumococcal disease in the population [10].

The persistence of nasopharyngeal carriage of S. pneumoniae
has been suggested as a risk factor for subsequent recur-
rent infections [8]. The S. pneumoniae strains isolated from
middle-ear fluid specimens exhibit significant concordance
with the strains isolated from nasopharyngeal/oropharyngeal
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specimens of children with acute otitis media, thereby indi-
cating the high risk of persistent colonization of the bacteria
in the affected individuals even after treatment [8]. It has
been reported that aboriginal children vaccinated with the
13-valent pneumococcal conjugate vaccine, PCV13, had
less nasopharyngeal carriage of combined S. pneumoniae
and non-typeable H. influenzae (NTHi), but exhibited more
polymicrobial (S. pneumoniae and NTHi) infections, which
were identified from the middle-ear cultures [11]. Syrjanen
et al. reported that the S. pneumoniae AOM occurred 3.5
times more frequently with newly acquired S. pneumoniae
carriage [12]. The proportion of nasopharyngeal carriage of S.
pneumoniae was high in the presence of AOM, particularly in
S. pneumoniae AOM, with the most frequent nasopharyngeal
serotypes among Finnish children being 6B, 6A, 11, 19F and
23F [13]. The majority of S. pneumoniae strains isolated from
nasopharyngeal specimens obtained at the time of diagnosis
of subsequent episodes of AOM were serotype identical at
the completion of successful antibiotic treatment [14]. It is
important to note that not all serotypes of S. pneumoniae
cause AOM. There is an association between certain sero-
types and nasopharyngeal colonization and their tendency
to cause AOM. Therefore, it is crucial to understand the
serotype distribution of S. pneumoniae in the affected regions.
Furthermore, serotypes 3, 6A, 6B, 9V, 14, 19A, 19F and 23F
are the most common pneumococcal serotypes that cause
AOM worldwide [10]. However, non-vaccine serotypes, such
as 11A and 15B/15C, are also known to frequently cause AOM
worldwide [15]. Recently, it was reported that non-PCV13
serotypes (23A and 15B/C) were common in children under
5 years old with otitis media and those without in Taiwan
[16]. Meanwhile, 19A remained the second most comment
serotype among children with otitis media in Taiwan [16].

In Indonesia, the prevalence of chronic suppurative otitis
media among school children was reported to be higher in
rural areas (2.7%) than urban (0.7%) [17]. Recently, Anggraeni
et al. reported that otitis media contributed to 57% of all
cases of hearing loss in school children in urban and rural
sub-districts of Indonesia [18]. Our previous studies revealed
a high prevalence rate (4.64%) of AOM in the Banyumas
Regency of Indonesia, where rates of household firewood
use, low nutritional status and a family history of ear infec-
tions further increased the risk of acquiring AOM [19]. This
demonstrates the importance of addressing AOM-related
health issues. Currently, there are limited data on nasopharyn-
geal carriage of S. pneumoniae in children with AOM in
Indonesia. Since 2017, Indonesia has implemented a regional
PCV immunization programme in selected regions [20]. In
general, the nasopharyngeal carriage rate of S. pneumoniae
is approximately 43-55 % in Indonesian children [20-25].
In this study, we investigated nasopharyngeal carriage rates
and serotype distributions of S. prneumoniae among school
children with AOM in the Banyumas Regency, Central Java,
Indonesia during the period of 2018-2019, prior to the intro-
duction of PCV. This provides baseline data on the prevalence
and serotype distribution of S. pneumoniae for pneumococcal
vaccine implementation in the Indonesia population.

METHODS
Study design and specimen collection

We conducted a cross-sectional study from 2018 to 2019 in
the Banyumas Regency, Southwest of Central Java Province,
Indonesia. This study was conducted at primary schools in six
different regions of Indonesia, with more than 200 students in
each school [19]. In total, 3574 school children were screened
for AOM by medical doctors and otolaryngologists; 166 chil-
dren were diagnosed with positive cases of AOM (4.64%), as
previously reported [19]. Nasopharyngeal swab specimens
were collected from 122 school children with AOM using
flocked nylon swabs (Cat. No. 503CS01), placed into 1 ml
skim milk-tryptone-glucose-glycerol (STGG) medium, and
stored in an icebox [22]. In study, the nasopharyngeal swab
specimens were not available from 44 children with AOM.
Then, the nasopharyngeal swab specimens were transported
to the Faculty of Biology, Jenderal Soedirman University
(Purwokerto, Central Java, Indonesia). The specimens were
vortexed and stored at —80 °C within 4 h after collection.
The specimens were also regularly shipped to the Eijkman
Institute for Molecular Biology (Jakarta, Indonesia) on dry ice
for the identification of S. pneumoniae. The detailed protocols
are available at protocol.io (dx.doi.org/10.17504/protocols.io.
bkuakwse).

S. pneumoniae culture and identification

The swab specimens were enriched by transferring 100 pl of
swab-STGG medium into 6 ml enrichment media consisting
of 5 ml Todd-Hewitt broth with 0.5 % yeast extract and 1 ml
rabbit serum, and then incubated in 5 % carbon dioxide (CO,)
atmosphere at 37 °C for 5-6 h [26]. Then, 10 ul of enriched
specimens were plated onto a blood agar plate and incubated
in 5% CO, at 37 °C for 18-20 h. The plates were then exam-
ined to identify colonies exhibiting alpha-haemolysis and
having a capsulated appearance. Suspected colonies were then
sub-cultured on a blood agar plate for optochin susceptibility
testing by placing an optochin disc (30 pg) on streaked agar.
A bile solubility test was also performed to confirm optochin
susceptibility. All isolates were stored in STGG media at
—80 °C for further analysis. DNA extraction was performed
as described previously [27]. Briefly, the S. pneumoniae cell
suspension was heated at 100 °C for 5 min and immediately
incubated at —20 °C for 5 min. The lysates were centrifuged
at 1300 g for 10 min. The extracted DNA was stored at
—20 °C until further use.

Serotype determination was performed by sequential multi-
plex conventional PCR, targeting the wzy gene (a component
of the pneumococcal capsular locus) and consisted of eight
reactions as described previously [27, 28]. A master mix for
each reaction (25 pl) was made by adding PCR H,0, 0.5 pl of
5xPCR buffer (Promega), 3.5 ul of 25 mm magnesium chlo-
ride (MgCl,), 1 ul of 5mm dNTPs (Promega), varied volumes
of 25 um forward primer and 25 pm reverse primer, 0.2 pl
Taq Polymerase 2U, and 2.5 pl DNA template into a 1.5 ml
microcentrifuge tube. For serotyping, conventional PCR was
run under the following conditions: pre-denaturation at 94 °C
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Table 1. Participants characteristics related to pneumococcal carriage

Variable No. tested (n) No. with S. pneumoniae detected (n) Prevalence (%)
Overall 122 89 73
Age (year)
6-7 33 26 79
8-9 49 38 78
10-12 40 25 63
Sex
Male 59 47 80
Female 63 42 67
BMI profile
Under weight 26 19 73
Healthy weight 72 52 72
Over weight 12 10 83
Obesity 12 8 67
Source of cooking
Gas 92 71 77
Wood 26 20 77
Gasoline 3 3 100
No. of family members
1-5 104 81 78
>5 18 14 78
Income status
Low income 74 61 82
High income 48 31 65

*BMI (Body Mass Index) profile was calculated based on BMI Percentile Calculator for Child and Teen (https://www.cdc.gov/healthyweight/bmi/

calculator.html).

for 4 min, followed by 30 cycles of denaturation at 94 °C for
45 s, annealing at 54 °C for 45 s and extension at 65 °C for 2.5
h. The DNA fragments were separated by electrophoresis and
the DNA bands were visualized using a GelDoc machine. The
serotype-negative isolates were confirmed by real-time PCR
targeting lytA to confirm that the isolates were S. pneumoniae.
Isolates with positive lytA were assigned as non-typeable S.
pneumoniae by PCR [28, 29].

RESULTS

In this study, S. pneumoniae isolates were cultured and identi-
fied from 89 of 122 nasopharyngeal specimens (73 %) collected
from primary school children with AOM between the ages of
6 and 12 in the Banyumas Regency, Central Java, Indonesia.
We confirmed that all the S. pneumoniae strains were suscep-
tible to optochin and positive for the lytA gene by PCR. The
participant characteristics are shown in Table 1. We observed

that the nasopharyngeal carriage rate of S. pneumoniae was
higher in males (80%) than in females (67%) (Table 1). We
found that the carriage rate of S. pneumoniae was higher
in children from the family with lower income status than
normal/high income status (85% vs 65%). We also observed
that children aged 6 to 7 exhibited higher colonization by S.
pneumoniae (79%) than those older than 7 (Table 1).

In this study, we found multiple serotypes of pneumococcal
isolates from two children, one having serotype 3 with sero-
type 23A and the other having serotype 23F with serotype
6C/6D. Among the 24 identified S. pneumoniae serotypes,
we found that the most frequent serotypes were 23A (n=10,
11%) and 6A/6B (n=9, 10%), followed by 3 (n=7, 8%), 14
(n=6, 7%), 6C/6D (n=6, 7%), 11A/11D (n=5, 6%), 15B/15C
(n=4, 4%), 35 B (n=4, 4%), 4 (n=3, 3%), 20 (n=3, 3%), 19A
(n=3,3%), 19F (n=3, 3%), 23F (n=3, 3%), 38/25F/25A (n=3,
3%), 15A/15F (n=2,2%), sg18 (n=2,2%), 22F/22A (n=2,2%),
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Fig. 1. Serotype distribution of S. pneumoniae isolates among 91 S. pneumoniae carriage isolates of school children in Banyumas regency,

Central Java, Indonesia.

35A/35C/42 (n=2, 2%), 13 (n=1, 1%), 34 (n=1, 1%), 35F/47F
(n=1,1%),7C/7B/40 (n=1, 1%) and 9V/9A (n=1, 1%) (Fig. 1).
We determined nine S. pneumoniae isolates (10%) to be non-
typeable with cpsA gene positivity using PCR. Among the 91
S. pneumoniae isolates, 41 % (n=37) were serotypes included
in the PCV13 vaccine with 6A/6B (n=9) being the most
common serotype, followed by 3 (n=3), 14 (n=6), 4 (n=3),
19A(n=3), 19F (n=3), sg18 (n=2) and 23F (n=3) serotypes.
In this study, we identified that 23A (n=10) was the most
common serotype not included in the current pneumococcal
conjugate vaccine, followed by the 6C/6D (n=6) and 11A/11D
(n=5) serotypes.

DISCUSSION

Nasopharyngeal carriage of S. pneumoniae has been associ-
ated with an increased risk of otitis media [6]. Previously,
there was significant concordance between S. pneumoniae
isolated from middle-ear fluid specimens and the naso-
pharynx/oropharynx colonization in children with AOM
between 1 and 16 years of age [8]. Otitis-prone children
were reported to have greater colonization of S. pneumo-
niae in the nasopharynx than non-otitis-prone children,
indicating that colonization by S. pneumoniae might lead
to the development of otitis media. Furthermore, the pres-
ence of other bacteria, such as H. influenzae, Moraxella
catharralis and S. pyogenes, as well as other viral respiratory
pathogens causing microenvironment changes, including
fever and immune response suppression, have also been
reported as risk factors for AOM [30]. In this study, we
found that nasopharyngeal carriage rates of S. pneumoniae

were high in primary school children with AOM (73%),
between the ages of 6 and 12, in Indonesia. In general, the
incidence of nasopharyngeal carriage among Indonesian
children is 55% (ranging from 31.2-84.5%) [20]. Another
study in aboriginal children vaccinated with pneumococcal
vaccines showed that nasopharyngeal carriage rates were
high (approximately 77.9%) in them, with more than half
of the children exhibiting otitis media symptoms [11].

The high rate of S. pneumoniae nasopharyngeal carriage
in children with AOM might be due to the disease being
mostly caused by S. pneumoniae. Nasopharyngeal carriage
is a prerequisite for pneumococcal diseases, such as AOM
[31]. Bacterial AOM, which is more symptomatic, is gener-
ally predisposed to viral infections, such as those caused
by the influenza viruses (A and B), rhinoviruses, respira-
tory syncytial virus and adenovirus [32]. Pneumococcus,
which colonizes the nasopharynx asymptomatically, can
sense nasopharyngeal environmental changes caused by
viral infections by upregulating specific genes involved
in the formation of biofilms, dissemination to other sites,
and evasion of the host immune system [33]. One study
found that almost 70% of S. pneumoniae isolated from the
nasopharynx of children with AOM produced biofilms and
33.5% of them were strong biofilm producers [34]. Bacteria
in biofilms are more resistant to the action of antimicrobials
than planktonic forms [35].

The nasopharynx of children with AOM had significantly
lower microbial diversity than the nasopharynx of healthy
children, with the dominant species belonging to the genera
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Haemophilus, Moraxella, Streptococcus, Corynebacterium
and Alloicoccus. The microbiome during AOM was similar
to that of the middle-ear fluid microbiome at the onset of
AOM. Haemophilus, Moraxella and Streptococcus consti-
tute the most abundant microbiota in both healthy and
AOM-affected children [36]. This indicates that AOM is
a consequence of the otopathogens ascending from the
nasopharynx to the middle ear. Moreover, bacterial rich-
ness increased with age in children with AOM between the
ages of 0 and 6. Members of the Moraxellaceae family were
found to be the most abundant during the first year of life.
Meanwhile, the abundance of Streptococcaceae peaked at
around 2-3 years of age [37].

In this study, we discovered that PCV13 provided a vaccine
coverage of 40.7%, with 6A/6B being the most common
serotype, followed by 3, 14, 4, 19A, 19F, sg18 and 23F sero-
types. We also found that 23A was the most common sero-
type not included in the current pneumococcal conjugate
vaccine, followed by the 6C/6D and 11A/11D serotypes.
Serotype distribution may vary across different regions in
Indonesia [21, 24, 38]. Another study in Iceland showed
that the proportion of vaccine-type pneumococcal strains
recovered from the middle-ear specimens was significantly
decreased, while the proportion of non-vaccine serotype
(6C, 15B/C, 23A and 23 B) strains was increased post-PCV
introduction, with most of the serotype 6 C S. pneumoniae
strains being reported as multidrug-resistant strains [39].
PCV13 lowered the carriage rate of S. pneumoniae due to the
significant reduction in the prevalence of vaccine serotypes,
except for serotype 3. However, non-PCV13 serotypes 11,
15 and 23 (excluding 23F) were frequently found after
PCV13 implementation [40]. In addition, another study
involving Chilean children with otitis media showed that
the serotype distribution among children with otitis media
changed over time, with vaccine serotypes being the most
prevalent [41]. In a report from Spain, a PCV7 vaccine was
reported to decrease the prevalence of vaccine serotypes
causing otitis media. However, there was an increase in the
prevalence of otitis media caused by non-PCV7 serotypes
that were not included in PCV10/13 (serotype 1, 5 7F, 3, 6A
and 19A), with serotype 19A being the predominant sero-
type. The frequency of otitis media caused by non-vaccine
serotypes has also been reported to increase over time after
PCV7 vaccination [42].

One limitation of our study was that we could only collect
nasopharyngeal specimens from children with AOM.
We did not collect middle-ear fluid specimens due to the
limited facilities available for the collection of middle-ear
fluid. Therefore, we could not compare the bacteria from
nasopharyngeal specimens with those from middle-ear
fluid specimens. Therefore, similar carriage studies should
be conducted across different regions in Indonesia to
monitor the impact of the pneumococcal conjugate vaccine
implementation. In conclusion, nasopharyngeal carriage
rates of S. pneumoniae were reported to be high among
Indonesian school children with AOM, with almost half of
the identified strains being vaccine-serotype. The serotype

distribution and prevalence of S. pneumoniae found in
this study are important baseline data that could aid in the
implementation of pneumococcal vaccine programmes in
Indonesia. Furthermore, the results of our study will be
important to monitor the impact of pneumococcal vaccines
in Indonesian population.
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