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Abstract Background: Streptococcus pneumoniae is a bacterial pathogen that colonizes the
human nasopharynx. Colonization is frequently reported to be high in young children. In this
study, we investigated the nasopharyngeal (NP) carriage rate, serotype distribution, and anti-
biotic susceptibility of S. pneumoniae in children under five years of age in Kotabaru, South
Kalimantan, Indonesia.
Methods: NP swab specimens were collected from 399 young children (mean age: 30 months)
who participated in the Rampa Village Community Health Center, with 74% of the participants
being Bajau children. S. pneumoniae was identified using optochin susceptibility and bile sol-
ubility tests. Serotyping was performed by sequential multiplex PCR, and antimicrobial suscep-
tibility profiling was performed by disk diffusion and microdilution methods.
Results: The NP carriage rate of S. pneumoniae was 45% (180/399). The most commonly sero-
types were 6A/6B (18%), followed by 15B/15C (17%), 19F (16%), 34 (8%), and 23F (5%); 46% of
them were identified as strains of the PCV13 vaccine type. Additionally, almost half of the
pneumococcal isolates were non-susceptible to penicillin (40%), whereas non-susceptibility
to tetracycline (36.8%), trimethoprim/sulfamethoxazole (29.7%), erythromycin (16.8%), chlor-
amphenicol (9.7%), and clindamycin (8.6%) was also found. We identified 18% (n Z 34) of S.
pneumoniae isolates as multidrug-resistant (MDR) strains, and serotype 19F was the most com-
mon (74%) among them.
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Conclusions: MDR S. pneumoniae vaccine type strains were dominated by serotype 19F. The
implementation of a pneumococcal conjugate vaccine program in Indonesia might reduce
MDR strains circulating in the community in the future.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Streptococcus pneumoniae is a fastidious bacterium
responsible for millions of deaths worldwide. This bacte-
rium is a common integrant of the human nasopharynx
microbiota, but it can migrate to sterile tissues and organs
and cause infections.1 Globally, S. pneumoniae is the major
cause of lower respiratory infection morbidity and mortal-
ity in children less than five years old.2 Between 2000 and
2015, there were 294,000 pneumococcal deaths among HIV-
uninfected children aged 0e59 months, being pneumonia
the most common disease.3

The nasopharyngeal (NP) carriage of S. pneumoniae
plays an important role in the development and trans-
mission of pneumococcal diseases.4 The collection of
pneumococcal isolates with a nasopharyngeal swab from
young children allows characterization of pneumococcal
strains circulating in the community and describes serotype
distribution and antimicrobial susceptibility profiles.
Moreover, as a lower-middle-income country, Indonesia has
not included 13-pneumococcal conjugate vaccines (PCV13)
in routine child immunization schemes. An understanding of
the PCV13-type strains circulating, through nasopharyngeal
carriage studies, may be useful for recommending the
implementation of pneumococcal vaccination in Indonesia.
Several NP carriage studies of S. pneumoniae have been
conducted among Indonesian children before the imple-
mentation of a pneumococcal conjugate vaccine (PCV)
program. These studies showed that the NP carriage of S.
pneumoniae ranged between 43% and 55% among young
Indonesian children.5 However, currently, there is no
available data on the NP carriage of S. pneumoniae from
Kalimantan Island, Indonesia, prior to PCV implementation.
Therefore, in this study, we investigated the NP carriage
rates, serotype distribution, and antimicrobial susceptibil-
ity of S. pneumoniae in children under 5 years of age in
Kotabaru, South Kalimantan, Indonesia, in 2019.
Methods

Study population

This study was a cross-sectional survey of NP carriage of S.
pneumoniae conducted from February to April 2019 among
young children aged 0e59 months during monthly commu-
nity health services at the Community Health Center (Pos-
yandu) at Terapung and Udang Posyandu, Rampa Village,
Kotabaru, South Kalimantan, Indonesia. The study was
reviewed and approved by the Eijkman Institute Ethical
Committee (Project Number: 118). The children’s parents
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signed informed consent forms and provided clinical and
demographic information.

Specimen collection and bacterial identification

NP swab specimens were collected using a flexible naso-
pharyngeal flocked swab (Copan, Italy; Cat. No. 503CS01) as
described previously.6,7 Swabs were immediately placed
into STGG medium (NP-STGG) and vortexed for 10e20 s.
The specimens were temporarily stored at �20 �C in Kota-
baru, South Kalimantan, shipped on wet ice boxes to the
Eijkman Institute for Molecular Biology in Jakarta for 5e6 h,
and then stored at �80 �C until use.

Each NP-STGG specimen (200 mL) was transferred into
enrichment broth consisting of 5.0 mL Todd Hewitt broth
with 0.5% yeast extract supplemented with 1 mL of rabbit
serum, followed by incubation at 37 �C. After 5e6 h of in-
cubation, one loop of cultured broth (10 mL) was plated on a
blood agar plate and incubated at 37 �C for 18e20 h with 5%
CO2. Plates were then examined for the appearance of
alpha-hemolytic and flat, depressed in the center, colonies.
A single colony was re-cultured and tested by Gram staining
and for susceptibility to optochin and bile solubility.8

Sequential multiplex PCR for serotyping

DNA extraction was performed by heating at 100 �C for
5 min. Samples were then placed in a �20 �C freezer for
5 min, and centrifuged at 13,000�g for 10 min. Bacterial
lysates were stored at �20 �C until further use.9 Serotypes
for the S. pneumoniae isolates were deduced using
sequential multiplex PCR (smPCR) covering 70 serotypes.
The PCR conditions were as follows: pre-denaturation at
94 �C for 4 min, followed by 30 cycles of denaturation at
94 �C for 45 s, annealing at 54 �C for 45 s, and elongation at
65 �C for 2 min 30 s.8 PCR results were visualized by 2%
agarose gel electrophoresis, run at 100 V for 90 min. All
isolates defined as non-typeable (NT) by PCR were
confirmed by lytA gene detection using qPCR.8

Antimicrobial susceptibility test

Antimicrobial susceptibility testing was performed using
disk diffusion and microdilution methods according to the
Clinical Laboratory Standard Institute, 2019.10 The antibi-
otics used in this study were clindamycin (2 mg), chloram-
phenicol (30 mg), oxacillin (1 mg), tetracycline (30 mg),
erythromycin (15 mg), and trimethoprim/sulfamethoxazole
(1.25 or 23.75 mg). Briefly, 5 mL of bacterial suspension
equivalent to 0.5 McFarland was prepared and spread
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Table 1 Children characteristics related to the nasopharyngeal carriage of S. pneumoniae.

Characteristics N Number (%) of children carrying S. pneumoniae p value

Overall carriage rate 399 180 (45.1)
Age (months)

0e12 74 38 (51.4) 0.418
13e24 86 40 (46.5)
25e60 239 102 (42.7)

Sex

Male 184 85 (46.2) 0.762
Female 215 95 (44.2)

Ethnic group

Bajau 297 143 (48.1) 0.005
Banjar 59 16 (27.1)
Others (Bugis, Dayak, Jawa, Mandar) 43 21 (48.8)

No of family member

0-4 230 97 (42.2)
5-8 147 71 (48.3) 0.340
>9 22 12 (54.5)

Current breastfeeding

Yes 148 71 (48.0) 0.406
No 251 109 (43.4)

Exposure to cigarette

Yes 326 156 (47.9) 0.027
No 73 24 (32.9)

Household condition

roof with asbes 347 154 (44.4) 0.832
roof with wood/seng/others 52 26 (50.0)
walls with Bamboo/Brick/Kalsiboard/others 41 14 (34.1)
Walls with wood 358 166 (46.4)

Fuel Type

Gas 287 124 (43.2) 0.246
Kerosene 110 55 (50.0)
Wood 1 0
Solar 1 1 (100)

Health condition

Fever for the last 3 days 94 41 (43.6)
Cough for the past 24 h 119 60 (50.4) 0.293
Congestion for the past 24 h 176 85 (48.3)
Breathing difficulties 119 60 (50.4)

Hospitalization for the last 3 months

No 387 174 (45.0) 0.756
Yes 11 5 (45.5)

Visiting health care facilities for the past 3 months

No 226 101 (44.7) 0.919
Yes 173 79 (45.7)

Antibiotic consumption for the last 1 month

No 349 162 (46.4) 0.124
Yes 24 6 (25.0)
Not know 26 12 (46.2)
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confluently using cotton swabs onto Mueller Hinton agar
plates with 5% sheep blood. The plates were incubated at
37 �C for 20e24 h with 5% CO2.

Multidrug-resistant (MDR) isolates are defined as isolates
that are resistant to three or more classes of antimicro-
bials.11 Microdilution was performed to measure the mini-
mum inhibitory concentration (MIC) of all multidrug-
resistant (MDR) strains defined by the disk diffusion
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method. We used 96-well round bottom plates containing 18
antibiotics at different concentrations (Thermo Fisher Sci-
entific Cat. No. STP6F) for the microdilution assay. Briefly, a
colony suspension equivalent to 0.5 McFarland was freshly
prepared in 5 mL Mueller Hinton Broth; then, 100 mL was
transferred into 11 mL of lysed horse blood medium and
100 mL of the mixture was inoculated into each well, fol-
lowed by sealing and incubation at 37 �C for 20e24 h.
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Data analysis

Data analysis was performed using SPSS software. The chi-
square test was used to determine risk factors contributing
to colonization and to determine antimicrobial suscepti-
bility among non-susceptible PCV13 serotypes and non-
PCV13 serotypes. Besides, Fisher’s exact test was used to
assess risk factors with an expected cell count of less than
5. Statistical significance was set at p < 0.05.
Results

In this study, we collected 399 NP swab specimens from
children under five years of age in Rampa Village, Kotabaru,
South Kalimantan. The majority of children were Bajau
(74%), followed by Banjar (15%), Bugis (10%), and other
ethnic groups (1%). We found that 180 (45%) children carried
S. pneumoniae in their nasopharynxes. The characteristics
of the children are presented in Table 1. The NP carriage of
S. pneumoniae was found to be higher among Bajau children
(143/297; 48%) than in children from other ethnic groups
(36%; 37/102) (p < 0.05). Furthermore, we also observed
that children exposed to cigarette smoke carried more
pneumococcus than non-exposed children (47.9% vs. 32.9%,
p < 0.05) (Table 1). We observed that there were no dif-
ferences in pneumococcal carriage rates according to age,
sex, number of family members, current breastfeeding
status, household condition, use of antibiotics, and fuel
type for cooking at the children’s house (Table 1).

A total of 185 S. pneumoniae strains were isolated, with
five children co-colonized by more than one serotype. The
most commonly identified serotypes were 6A/6B (34 of 185
cultured S. pneumoniae strains; 18%), 15B/15C (31 strains;
17%), and 19F (29 strains; 16%), followed by serotypes 34
(14 strains; 8%), 23F (9 strains; 5%), 35A/35C/42 (8 strains;
4%), 14 (7 strains; 4%), 19A, 13, and 16F (four strains each;
2%), 11A/11D and 7C/7B/40 (3 strains; 2%), and 3, 4, 18C/
18F/18B, 39, 17F, 22F/22A, 23B, 33F/33A/37, and 35B, 6C/
6D (1 strain each; 1%) (Fig. 1). In this study, we identified
five specimens co-colonized by different serotypes as fol-
lows: 1) serotypes 19F and 15B/15C; 2) 6A/6B and non-
typeable; 3) 19F and 17F; 4) 16F and 6A/6B; and 5) 3 and
6A/6B. Whereas, 14% (25/185) of the isolates were non-
typeable by smPCR but lytA positive. In this study, we
found that 46% percent (86/185) of the strains were vaccine
type (PCV13).

The pneumococcal isolates were found to be non-
susceptible to penicillin (40%), tetracycline (36.8%), sulfa-
methoxazole/trimethoprim (29.7%), erythromycin (16.8%),
chloramphenicol (9.7%), and clindamycin (8.6%) (Table 2).
In general, the vaccine type strains were more susceptible
to six different antibiotics than the non-vaccine strains
(Table 2). Penicillin and tetracycline resistance levels be-
tween the PCV13 and non-PCV13 serotype groups were
significantly different (p Z 0.003 and p Z 0.007, respec-
tively) (Table 2). Furthermore, we observed that 18% (34/
185) of the isolates were MDR strains (Table 3), and that
most of them were resistant to tetracycline (91%; 31/34),
trimethoprim/sulfamethoxazole (88%; 30/34), and eryth-
romycin, azithromycin, and cefuroxime (85%; 29/34 each)
(Table 3). Moreover, 32% (11/34) of these strains were
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resistant to meropenem (Table 3). We observed a high MIC
value for tetracycline at concentrations >8 mg/mL. The
highest MIC values for trimethoprim/sulfamethoxazole,
cefuroxime, azithromycin, and erythromycin, among MDR
isolates, were >4/76, >4, >2, and >2 mg/mL, respectively;
whereas those for penicillin and amoxicillin/clavulanic acid
2:1 were >4 and 16/8 mg/mL, respectively. In contrast, the
MICs of moxifloxacin, linezolid, vancomycin, and ertape-
nem were �1 mg/mL among MDR strains. All MDR strains
were vaccine-type, including serotypes 19F (73.5%), 6A/6B
(8.8%), 19A (8.8%), 14 (5.9%), and 23F (2.9%).
Discussion

Almost half of the healthy children under five years of age in
Kotabaru, South Kalimantan, carried S. pneumoniae in their
nasopharynxes. Most of the specimens were collected from
Bajau children (74%). The indigenous Bajau people (Sea
Nomads) have lived an entirely marine-dependent existence
and spread across Indonesia, and are renowned for their
extraordinary breath-holding abilities.12 The prevalence of
NP carriage of S. pneumoniae in this study is almost the
same as the previous NP carriage study done in Lombok in
2016, at 46%.13 In general, the prevalence of NP carriage of
S. pneumoniae ranged between 43% and 55% in Indonesian
healthy young children aged less than 5 years.5 Geograph-
ical differences in NP carriage of S. pneumoniae in Indonesia
may occur due to socio-economic status that varies among
Indonesian regions.5 We also observed that cigarette smoke
contributed to the NP carriage of S. pneumoniae in children
under five years of age in Kotabaru, South Kalimantan.
Cigarette smoke increases the number of S. pneumoniae
colonizations in the upper respiratory tract and increases
the possibility of S. pneumoniae infecting the lungs.14

Understanding the serotypes that circulate in the com-
munity through NP carriage studies will be useful for the
implementation of future pneumococcal vaccine programs
in Indonesia. NP carriage determination is simple, non-
invasive, and requires a small sample size. Therefore, it is a
suitable method for low-income countries.15 In this study,
we found 16 serotypes of S. pneumoniae, and almost half of
them were PCV13 serotypes, and the coverage of PCV10
was slightly lower than that of PCV13 (at 44%). Previously,
46% of PCV13 serotypes were observed among total pneu-
mococcus isolates in healthy children in Bandung, Lombok,
and Padang.16 This finding showed that there was a high
prevalence of already observed PCV13 serotypes in young
Bajau children. PCV13 serotypes are highly associated with
invasive pneumococcal disease (IPD).17 Unfortunately, IPD
data in Indonesia remain limited. However, based on the
Indonesia Health Profile 2019, pneumonia, as one of the
IPDs, is the main cause of death in children aged 0e11
months. Whereas, in children aged 12e59 months, pneu-
monia is a leading cause of death after diarrhea. In 2019,
the prevalence of deaths due to pneumonia in children <5
years of age in South Kalimantan was the highest (5.53%)
among Indonesian provinces.18

In this study, we observed that 18% of the isolates were
MDR. A previous study conducted by the SENTRY Antimi-
crobial Surveillance Program showed that 21% of Latin
American isolates were MDR.19 Moreover, our MDR S.



Figure 1. Serotype distribution and vaccine coverage among 185 S. pneumoniae carriage isolates of children under five years old
in Kotabaru, South Kalimantan.

Table 2 Antimicrobial non-susceptibility of 185 S. pneumoniae carriage isolates of children under five years old in Kotabaru,
South Kalimantan.

Antimicrobial Agent Number (%) of non-susceptible isolates p value

All (n Z 185) PCV-13 serotypes (n Z 86)b Non-PCV13 serotypes (n Z 99)c

Chloramphenicol 18 (9.7) 7 (8.1) 11 (11.1) 0.498
Clindamycin 16 (8.6) 15 (17.4) 1 (1) 1.000
Erythromycin 31 (16.8) 31 (36) 0 N/A
Trimethoprim/Sulfamethoxazole 55 (29.7) 48 (55.8) 7 (7.1) 0.110
Penicillina 74 (40) 56 (65.1) 18 (18.2) 0.003
Tetracycline 68 (36.8) 50 (58.1) 18 (18.2) 0.007

a Susceptibility to penicillin was determined with oxacillin disk. Interpretation followed CLSI 2019 that the clear zone �20 mm should
be reported as susceptible to penicillin. MIC testing should be performed when the clear zone was �19 mm to determine intermediate
and resistant to penicillin.

b PCV-13 serotypes: 14, 3, 4, Sg18, 19A, 19F, 23F, 6A/6B.
c Non-PCV13 serotypes: 13, 34, 39, 11A/11D, 15B/15C, 16F, 17F, 22F/22A, 23B, 33F/33A/37, 35A/35C/42, 35B, 6C/6D, 7C/7B/40, NT.

K. Salsabila, W.T. Paramaiswari, H. Amalia et al.
pneumoniae isolates showed a high resistance level to
tetracycline as well as to trimethoprim/sulfamethoxazole,
cefuroxime, erythromycin, and azithromycin. Noteworthy,
tetracycline and trimethoprim/sulfamethoxazole are com-
mon antibiotics used for the treatment of patients with an
upper respiratory infection.20 We also discovered a high
rate of cefuroxime resistance among MDR isolates. Cefur-
oxime is used to treat Community-Acquired Pneumonia
(CAP) that is caused by intermediately resistant pneumo-
coccus.21 We found that all of the MDR S. pneumoniae
strains were vaccine type (PCV13 serotypes), and that
serotype 19F was the most common serotype among such
MDR strains (74%). Our results are in line with the findings of
the Asian Network for Surveillance of Resistant Pathogens
(ANSORP), done in 11 Asian countries from 2008 to 2009,
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where 19F was the most prevalent serotype (59%) among
MDR Asian pneumococci.22

In addition, we observed that the prevalence of vaccine
and non-vaccine serotypes was significantly different
among non-susceptible penicillin and tetracycline strains
(p Z 0.003 and p Z 0.007, respectively). Serotypes 6A/6B
and 19F, the dominant serotypes, were also frequently
observed among non-susceptible penicillin and tetracycline
strains (61/74 [82%] and 61/68 [90%], respectively). Mean-
while, serotypes 15B/15C and non-typeable, which were
dominant among non-vaccine serotypes, were scarce
among non-susceptible penicillin and tetracycline strains
(15/68 [22%] and 8/68 [12%], respectively). Interestingly,
serotypes 6A/6B and 19F have been commonly reported as
serotypes resistant to penicillin and tetracycline.7,23e25



Table 3 Antibiotic profile for 34 multidrug resistant S. pneumoniae isolates from children under five years old in Kotabaru,
South Kalimantan, Indonesia.

Antibiotics Sussceptible Intermediate Resistant Range MICs

n(%) n(%) n(%)

Penicillina 19 (56) 9 (26) 6 (18) 0.12 - >4
Amoxicilin/Clavulanic Acid 2:1 13 (38) 10 (29) 11 (32) �2/1e8/4
Cefepimea 18 (53) 16 (47) 0 (0) �0.5e2
Cefotaximea 23 (68) 11 (32) 0 (0) �0.12e2
Ceftriaxonea 20 (59) 13 (38) 1 (3) �0.12 - >2
Cefuroxime 5 (15) 0 (0) 29 (85) �0.5 - >4
Moxifloxacin 34 (100) 0 (0) 0 (0) �1
Levofloxacin 28 (82) 0 (0) 6 (18) 1e2
Meropenem 5 (15) 18 (53) 11 (32) �0.25e1
Ertapenem 33 (97) 1 (3) 0 (0) �0.5e2
Vancomycin 34 (100) 0 (0) 0 (0) �0.5e1
Azithromycin 5 (15) 0 (0) 29 (85) �0.25 - >2
Erythromycin 5 (15) 0 (0) 29 (85) �0.25 - >2
Tetracycline 3 (9) 0 (0) 31 (91) �1 - >8
Trimethoprim/Sulfamethoxazole 0 (0) 4 (12) 30 (88) 1/19 - >4/76
Linezolid 34 (100) 0 (0) 0 (0) 0.5e1
Clindamycin 19 (56) 0 (0) 15 (44) �0.12 - >1
Chloramphenicol 33 (97) 0 (0) 1 (3) 2e16

a Penicillin, ceftriaxone, cefotaxime, and cefepime using CLSI 2019 non-meningitis breakpoints. For penicillin 4 mg/mL was inter-
mediate and �8 mg/mL was resistant. While for Cefepime, Cefotaxime, Ceftriaxone, 2 mg/mL was intermediate and �4 mg/mL was
resistant.
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Compared to each other, serotype 19F is more resistant to
tetracycline, whereas serotypes 6A/6B is more resistant to
penicillin.26 Therefore, this study found that the preva-
lence of non-susceptible penicillin and tetracycline strains
among vaccine and non-vaccine serotypes was significantly
different.

In conclusion, almost half of the serotypes circulating in
healthy Bajau children were of the vaccine type. Moreover,
all the MDR isolates were of the vaccine type and domi-
nated by the 19F serotype. Among 185 S. pneumoniae iso-
lates, the vaccine-type strains showed a higher rate of non-
susceptibility to the tested antibiotics. This finding supports
the implementation of pneumococcal vaccines as a national
vaccine program in Indonesia.
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