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ABSTRACT
Streptococcus pneumoniae (S. pneumoniae) is one of the main causative agents of pneumo-
coccal diseases. To date, more than 90 distinct serotypes have been identified. Implementation
of vaccines has caused a drastic reduction in vaccine-serotype pneumococcal diseases but
increase in cases due to non-vaccine serotype has been observed in Malaysia. However, further
investigation on different serotype incidence in Malaysia is needed and the rate of pneumo-
coccal vaccination for new-born babies in Malaysia remains low. The recent emergence of
drug-resistant S. pneumoniae (DRSP) has also been a global concern, especially penicillin
resistance. This study determined the serotypes of S. pneumoniae strains (n = 95) isolated
from nasopharyngeal specimens from children admitted to UMMC from 2013 to 2015. In
accordance with previous studies, PCR result showed 40% of NT isolates were successfully
typed as 3 less common serotypes, namely 9N/L, 17A, and 23B. The repetitive-element PCR
(REP-PCR) result revealed genetic variations among the strains whereby five major clusters
were observed at the similarity of 80% by clustering analysis based on fingerprint data.
Penicillin-binding proteins (pbps) of selected isolates were studied by PCR and sequencing.
Three strains with ≤19-mm diameter zone for Oxacillin Disc Diffusion (ODD) test previously
were recorded to have mutation on all pbp1a, pbp2b, and pbp2x with MIC of 4 µg/ml, which
were penicillin-intermediate resistance according to the CLSI breakpoints.
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Introduction

Streptococcus pneumoniae (S. pneumoniae) is one of the
leading causes of bacterial infections, ranging from self-
limiting respiratory tract infections to severe invasive
infections such as meningitis. It causes more than half a
million of morbidity and mortality in children worldwide,
particularly in developing countries and the majority of
death incidences were reported from Africa and Asia [1].
Pneumococcal diseases are common among children <5
years of age and the elderly, who have weakened or
impaired immune system.

Among the many infections caused by S. pneumo-
niae, the pneumococcal pneumonia remains one of the
major problems that plagued immunocompromised
individuals. Pneumonia is an acute lower respiratory
tract infection (LRTI) that could lead to fatal disease
outcome if not treated in time [2]. Pneumonia occurs
when the lungs are infected by bacteria, viruses, or
fungi, causing the alveoli to inflame and filled up with
fluid or pus, decreasing the oxygen supply to the blood-
stream. S. pneumoniae is commonly existing as an
‘asymptomatic’ colonizer in human hosts, i.e. the carrier
state [3]. This organism is usually transmitted through

respiratory droplets or direct contact, colonizing the
nasopharynx. Although mostly remained as colonizers,
S. pneumoniae is capable of causing disease, or even
severe invasive infection, through the expression of
virulence factors [3]. Moreover, the ability of the pneu-
mococcus to acquire and disseminate antimicrobial
resistance determinants not only complicates the treat-
ment of pneumococcal infection but also aids the per-
sistence of this bacterium in the environment and
human hosts.

Currently, more than 90 distinct serotypes of S.
pneumoniae have been identified based on its capsular
polysaccharide (CPS) with distinct chemical structures
and patterns [4]. CPS is also one of the virulence factors
which shield pneumococci from host immune system
and increase their pathogenicity. Due to its immuno-
genicity, CPS is being used as the target to develop
pneumococcal vaccines.

To date, there are four different types of S. pneumo-
niae vaccines available in the market. The polysacchar-
ide vaccine, Pneumovax™ 23 (PPSV23) was introduced
since the mid-1980s for patients above 65 years of age,
whereas 3 types of pneumococcal conjugate vaccines
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(PCV) were also developed, i.e. 7-valent (PCV7), 10-
valent (PCV10), and 13-valent (PCV13). The most com-
monly used vaccines are PPSV23 and PCV13. PCV13
was introduced back in 2010 and it covers the most
common pneumococcal serotypes that cause invasive
diseases. These vaccines are remarkably effective and
they contribute to the reduction in PCV-serotype
pneumococcal diseases as demonstrated in previous
studies [5–7]. Moreover, the widespread vaccination
also results in significant herd immunity, hence indir-
ectly diminishing the incidence in non-vaccinated indi-
viduals [8]. In Malaysia, pneumonia was reported to be
the third leading cause of death in children under five
in 2016 according to Department of Statistics [9].
However, less than 20% of the new-born babies
receive the pneumococcal vaccine, which is not an
ideal situation [10].

Penicillin resistant S. pneumoniae (PRSP) was first
detected in the 1960s and the emergence of multi-
drug resistant strains has become a global concern.
This is probably due to the altered antibiotic affinities
within penicillin-binding proteins (pbps) [11–13].
Resistance to other classes of antibiotics such as
macrolides and sulfonamides has also been recorded
[14–16]. The recent vaccine-induced serotype replace-
ment phenomenon has also caused obvious changes
in the antibiotic resistance patterns of pneumococci in
the community [17].

The emergence of PRSP and increase of pneumococ-
cal incidence are an alarming issue in Malaysia [18].
However, the lack of information and surveillance data
about serotypes of disease-causing S. pneumoniae causes
difficulty in appropriate antibiotic prescription and vac-
cine use. Hence, it is important to determine the local
serotypes and antibiotic resistance patterns of S. pneu-
moniae isolates in children. This study determined the
serotype distribution, genetic relatedness, and antibiotic
susceptibility profiles in S. pneumoniae isolated from
nasopharyngeal swabs/secretion of patients <12 years
of age, who were admitted to University Malaya
Medical Center (UMMC) from 2013 to 2015, showing
symptoms of infection and signs of LRTI.

Materials and methods

Bacterial isolates

S. pneumoniae (n = 95) were obtained from the collec-
tion of cultures from University of Malaya Medical
Center (UMMC). These isolates were previously isolated
from respiratory specimens (nasopharyngeal swab/
secretion) from pediatric patients <12 years of age
with LRTI, between the years of 2013 to 2015. Patient’s
data showed that childrenwere admitted to UMMCwith
symptoms of infection (fever, cough and/or runny nose)
and signs of LRTI (shortness of breath, tachypnea, reces-
sions, crepitations, and/or rhonchi). Nonetheless, not all

patients had the strict definition of pneumonia which is
signs of a LRTI with focal or diffuse infiltrates, silhouette
sign, pleural effusion, or air bronchogram. All the iso-
lates were recovered on Columbia agar supplemented
with 5% horse blood and incubated for 24 h at 37°C,
with 5% CO2. This study was approved by the University
of Malaya Research Ethics Committee (UMREC) (MECID:
20146–336).

DNA extraction and identification

Heat lysis extraction method was employed as pre-
viously described with modification [19]. Briefly, colony
sweeps from overnight cultures from blood agar that
suspended in 1 ml of saline water were centrifuged.
The supernatant was discarded and 100 µl of ultra-
pure water was added into the tube thereafter heated
at 95°C for 10 min and snapped cooled on ice for 5 min.
It was then centrifuged and stored at −20°C. All the
isolates were then confirmed as S. pneumoniae by
amplifying the internal fragments of a house-keeping
gene, recP via specific primer (recP-S, 5ʹ – GCC AAC TCA
GGT CAT CCA GG – 3ʹ and recP-AS, 5ʹ – TGC AAC CGT
AGC ATT GTA AC – 3ʹ). The PCR was performed as
previously described [20].

Serotyping of S. pneumoniae isolates

The serotypes of part of the isolates have been deter-
mined bymultiplex-PCR assays in a previous study [21]. In
the present study, the serotyping of strains was con-
ducted usingmultiple-PCR assays as described previously
[21,22]. Additional primer sequences that are specific to
the less common serotypes, namely 9N/L, 13, 16A, 17A,
21, 23A, 23B, 24A/F, 28A/F, 29F, and 41A/F were added in
this study to type the non-typeable (NT) strains and the
primer sequences are listed in Table 1 [22–25]. The NT
isolates were first tested by using multiplex-PCR scheme
with modifications. The additional multiplex reaction set
was performed with the incorporation of four additional
primer pairs that target serotypes 9N/L, 21, 24A/F, and 29.
The primer concentrations for all four additional primers
were 1.5 mM, respectively, and in all reactions, a concen-
tration of 2-mM MgCl2 was used. The remaining NT iso-
lates after multiplex-PCR were further tested by
conventional singleplex PCR with serotype-specific pri-
mers. A primer pair that targets the highly conserved cpsA
locus was included in each assay as internal positive
control (Table 1) and synthetic positive control has been
used for each serotype. The amplifiedDNAproductswere
resolved by gel electrophoresis in 0.5X TAE buffer using
1.5% agarose gels (Sigma-Aldrich, Germany) at 100 V for
80 min. The sizes of the PCR products were compared
with 100bp DNA ladder (Promega, USA) as molecular size
standard. The strain was classified as non-typeable (NT) if
no amplification from the multiplex-PCRs was observed.
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Repetitive-element PCR fingerprinting (REP-PCR)

REP-PCR was performed using the primer (5′-GCG CCG
ICA TGC GGC ATT-3′) as described previously [26].
Amplification was performed in 1X PCR buffer, 2.5mM
of MgCl2, 125 µM of each dNTP, 1 µM of primer, 1.5 U of
Taq DNA polymerase (Promega, USA) and 10 µl of DNA
template to a total of 25-µl reaction volume. PCR was
performed at initial denaturation of 94°C for 4 min fol-
lowed by 35 cycles of 94°C for 4 min, 42°C for 1 min, and
68°C for 8 min, with final extension of 72°C for 8 min. The
PCR products were electrophoresed on a 2% agarose gel
for 5 h at 100 V. The banding patterns of amplified DNA
were analyzed using BioNumerics 7.0 (Applied Math,
Kortrijk, Belgium). All the PCR fingerprint profiles were
assigned arbitrary designations and the quantitative dif-
ferences among the profiles were defined by the Dice
coefficient; F. Cluster analysis was carried out according
to the unweighted pair group with arithmetic averages
(UPGMA) using a position tolerance of 0.15.

Antimicrobial susceptibility testing

Minimum inhibitory concentration (MIC) of the S. pneu-
moniae isolates were tested by broth microdilution
tests according to CLSI guidelines [27]. In brief, the
isolates were grown overnight on blood agar plates
and suspended in cation-adjusted Mueller-Hinton
broth (CAMHB) supplemented with 5% lysed horse
blood to a 0.5 McFarland density, representing
approximately 1 × 108 CFU/ml. The suspension was
diluted to the final cell concentration of 1 × 106 CFU/
ml. Subsequently, 1:1 ratio of cell suspension and peni-
cillin was prepared, with the final concentration of 1 ×
105 CFU/ml, in each well. The plate was incubated
overnight before MIC determination. S. pneumoniae

ATCC® 49619™ strain was used as QC strain and the
breakpoint of penicillin was interpreted according to
CLSI guideline.

DNA sequencing of pbp1a, pbp2b, and pbp2x
genes

Ten strains of S. pneumoniae (three strains with oxacillin
zone diameter ≤19 mm and seven randomly selected
bacterial isolates which were susceptible to penicillin)
were subjected to PCR and DNA sequencing for identifi-
cation of mutations in pbp1a, pbp2b, and pbp2x genes.
Three sets of primers were used to amplify pbp1a (1197
bp), pbp2b (1317bp), and pbp2x (1148 bp) genes as
described by Zhou et al. [13]. The 25 µl PCR reaction
mixture contained 1X PCR buffer, 1.5 mM of MgCl2, 50
µM of each dNTP, 0.4 µM of each primer, 1.25 U of Taq
DNA polymerase (Promega, USA) and 8 µl of DNA tem-
plate. PCR reaction was programmed to initial denatura-
tion of 94°C for 5min, 30 cycles of 94°C for 30 sec, 57°C for
30 sec, and 72°C for 1min, with the final extension of 72°C
for 7 min. The PCR products were then purified using
MEGAquick-spinTM Total Fragment DNA Purification Kit
(Intron Biotechnology) and sequenced by Integrated
DNA Technologies, Inc. (Coralville, IA, USA). Sequence
results were analyzed by the Basic Local Alignment
Search Tool (BLAST) online with R6 as reference strain
(GenBank accession no.: NC_003098).

Results

Serotyping of S. pneumoniae isolates

In accordance with the previous study, the serotyping
revealed 13 S. pneumoniae serotypes among the iso-
lates, with predominantly serotypes 19 F (26.3%), 6A/B

Table 1. Oligonucleotide primers and amplified fragment length in molecular serotyping of S. pneumoniae isolates.
Serotype Primer sequence (5ʹ–3ʹ) Amplicon size (bp)

9N/L F – GAA CTG AAT AAG TCA GAT TTA ATC AGC
R – ACC AAG ATC TGA CGG GCT AAT CAA T

516

13 F – GAT GGG AAA ATA CGA TAT GCT C
R – AAC TCC ATG ACA AAA CTC CAG C

309

16A F – GAT CCG CTC ACG GTA TGG ACT A
R – AAT TTT GCT GTC AGC CAA TAA G

320

17A F – TAG ACT TCT TAG AGC CTA TTG TGG
R – ATA ACA GTT TGC GCT ATT GGT C

318

21 F – TTC TTA AAA ATT ACG CCT ATA ATC TCT CTT
R – GGT ACA TTT TCT TCA CAG ACT TAT AAT CAC

831

23A F – TAT TCT AGC AAG TGA CGA AGA TGC G
R – CCA ACA TGC TTA AAA ACG CTG CTT TAC

722

23B F – TTG TTA GTG GTA TTA AAT TGG GGA CTA CTA GG
R – ATA CCT ATC TGA AGT GTT ATT AAC CCA CCA AC

216

24A/F F – TCT CAA CCA AGA TAC AGA TTT TGA TTT TAC TC
R – TAT AAA CCT TTA GTA AAC ACT CTG CTT GAT CG

686

28A/F F- CAG AGT TTG GTC GAG GTT CCT A
R – GTG ATT TCC GTC GTT GAT TGA G

327

29 F – CTA GCG CAA AGT TGG GAG TT
R – AAG CGA GAA TCA GTT TGT CCA

217

41A/F F- GTA GTT ACT GGC CCT TTC TTA TTC C
R – TAG CGA GAA ACT ATC TGC ATC TTG

317

cpsA F- GCA GTA CAG CAG TTT GTT GGA CTG ACC
R – GAA TAT TTT CAT TAT CAG TCC CAG TC

160
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(23.2%), and 23F (10.5%) (Table 2) [21]. Additional multi-
plex PCR assays and conventional PCR were performed
on all NT isolates. According to the results obtained,
40% (6/15) of the NT isolates were successfully typed
as 3 less common serotypes. Using the previously
described scheme with modifications, serotypes 9N/L
(n = 1), 17A (n = 4), and 23B (n = 1) were detected.

REP-PCR

The REP-PCR generated profiles with 8 to 12 bands
with sizes ranging from 0.2 kb to 0.8 kb. For all the
types obtained, the genetic similarity coefficient ran-
ged from 70% to 100% as shown in Figure 1. REP-PCR
had typed the 95 S. pneumoniae strains into 51 profiles
and were coded REP-1 to REP-51. A total of five major
clusters were observed (C1–C5) at the similarity of 80%.
Cluster C1 had grouped 10 strains of serotype 19F
together whereas all other clusters consisted a mixture
of all the serotypes detected in this study.

Although the isolates were closely related based on
the dendrogram generated, several lineages were
identified. For instance, serotype 19F was further sub-
typed into 12 profiles, with 3 clusters based on 80%
similarity (Figure 2). The REP-PCR subtypes within ser-
otype 19F differed from one another by minor bands in
the high-molecular-weight region of the image (not
shown). On the other hand, serotype 6A/B was further
classified into two clusters with nine subtypes (Figure 3
(a)) while for 23F, it was further profiled into two major
clusters with six subtypes (Figure 3(b)).

Antimicrobial susceptibility testing and gene
sequencing

The susceptibility data of the isolates were obtained
from the Microbiology Diagnostic laboratory, UMMC.
All but three isolates of S. pneumoniae were

susceptible to penicillin based on ODD test. The sus-
ceptibility of three isolates, SP2, SP3, and SP47, were
further confirmed using broth microdilution and all
three strains were recorded to have MIC of 4 µg/ml,
which represents penicillin-intermediate based on CLSI
breakpoints (Table 3).

Sequence analysis of pbp1a, pbp2b, and pbp2x were
performed on the three isolates and seven randomly
selected susceptible strains (Table 4). Compared to the
R6 reference strain, in pbp1a, two out of three inter-
mediate isolates had a mutation at Thr371 in the STMK
motif and Pro432→Thr. No mutations were observed in
557KTG motif for all three isolates. In pbp2b, no muta-
tions were observed in the 385SVVK motif and 614KTG
motif. However, all three isolates contained a
Thr338→Ala mutation in the SSN motif. For pbp2x, all
three strains contained a Thr338→Ala alteration in the
STMK motif and Leu546→Val substitution in the KSG
motif, while no mutations were found in the HSSN
motif. All other seven representative strains had highly
similar sequence the R6 strain.

Discussion

In Malaysia, pneumonia is the third leading cause of
mortality in infant and ranked the second in toddler in
2016. However, surveillance data of pneumococcal dis-
ease in Malaysia is scarce and most of the study was
performed before the implementation of PVC13 con-
jugate vaccine. There is an urgent need to study the
pneumococcal serotype distribution in children in
Malaysia. Our study has included S. pneumoniae iso-
lates obtained from pediatric patients showing signs of
LRTI. The limitation that we encountered during the
study was the inability to confirm the colonizing or
invasive state of the S. pneumoniae isolates, as the
isolates were only obtained from nasopharyngeal spe-
cimens. Further, not all of the pediatric patients ful-
filled the strict definition of pneumonia, despite
showing signs of LRTI. Nonetheless, the serotype,
genetic, and antimicrobial resistance data that we
report are worth a note to the health-care providers,
as colonizers may turn pathogenic and cause disease
in susceptible individuals. Although our study repre-
sents a single-center based study, the data obtained
may provide the first insight into current trend of S.
pneumoniae serotypes causing LRTI or colonizing hos-
pitalized children with respiratory diseases in our local
community.

In this study, surprisingly, we found that the serotypes
that included in PCV7 and PCV13 vaccines (Table 2)
remain persistent despite of the introduction of the vac-
cines and this phenomenon is consistent with the pre-
vious study [28]. Elimination of disease-causing serotypes
might not be achieved as the vaccine is not included in
the routine national childhood immunization schedule in
most of the Asian region. This may also be due to the

Table 2. Serotype distribution of S. pneumoniae isolates
obtained from UMMC, Malaysia, 2013 to 2015.
Serotype No. of isolates, n % of Total

3a,b 2 2.1
6A/Ba,b,c 22 23.2
19Aa,b 4 4.2
19Fa,b 25 26.3
23Fa,b 10 10.5
6C 6 6.3
9N/Lb,c 1 1.1
11A/D/Fb,c 4 4.2
15A/F 1 1.1
17A 4 4.2
23A 4 4.2
23B 1 1.1
34 2 2.1
NTd 9 9.5
Total 95 100

aSerotypes that have been included in PCV13.
bSerotypes that have been included in PPSV23 (conly serotypes 6B, 9N,
and 11A are included)

dNT, non-typeable.
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high cost of conjugate vaccines that are available in
private markets [28,29].

Furthermore, there was also slight increase of new
serotypes observed for the non-vaccine serotypes

Figure 1. Genotypic relatedness of 95 S. pneumoniae isolates from 2013 to 2015, based on REP profile.
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Figure 2. Genotypic relatedness of 25 serotype 19F S. pneumoniae isolates from 2013 to 2015 based on REP profile.

Figure 3. Genotypic relatedness of serotypes 6A/B, 6C, and 23F S. pneumoniae isolates from 2013 to 2015 based on REP
profile. (a) Twenty-two serotypes 6A/B & 6C S. pneumoniae isolates; (b) 10 serotype 23F S. pneumoniae isolates.
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(NVTs), namely 9N/L and 23B, whereby serotype 9N
was first reported in Malaysia in 2014 [30]. This finding
is somehow consistent with the post-PCV surveillance
studies reported [31,32] and one serotype 9N/L were
detected in this study. Furthermore, a healthy cohort
study in Hong Kong revealed that 89.3% of the isolates
from nasopharyngeal carriage were non-PCV13 sero-
types [33]. Similar phenomenon was observed in the
Netherlands, where serotypes 6C and 23B are currently
prevalent, followed by serotypes 11A, 15B, and 23A,
which are less invasive [34].

Capsular switching is a common occurrence in S.
pneumoniae isolates whereby it involves a horizontal
recombination of capsular DNAs via transformation, for
instance, change of a serotype of a single clone hap-
pens by alteration or exchange of its cps locus.
Genotyping is vital to closely monitor the clonal dis-
tribution of the pneumococcal population in Malaysia
and to predict the impact of pneumococcal vaccine in
Malaysia. As for most of the genotyping method, REP-
PCR fingerprinting has been reported to have high
discriminatory power, reliable, rapid, and reproducible
[35,36].

As shown in Figure 1, cluster analysis based on REP
data showed genetic diversity in 95 S. pneumoniae
strains and closely related strains were able to be
differentiated. This study reflected the pneumococcal
causing strains isolated in UMMC were less likely to be
related. Referring to the predominant serotypes, iso-
lates were heterogeneous, only few variants account-
ing for most or all of the isolates within the same
serotype (Figures 2 and 3). Strains that belonged to
the same clone having the same fingerprint pattern,
possibly indicating strong clonal spread is happening
among children within the community. Similar finding
was reported in Hungary in 2015 whereby most of the

19A strains collected from 40 nurseries were clonal
with only a few small clusters, providing evidence of
clonal spread in the community [37].

Interestingly, some REP clusters shared similar iso-
lated years. For instance, the serotype 23F isolates
which isolated in 2013 formed a distinct cluster (D1,
Figure 3(b)) while isolates from 2014 formed another
cluster (D2, Figure 3(b)). For serotype 6A/B, B1 cluster
comprised isolates obtained from the isolation year
2014 while another larger cluster (B2) comprised of
isolates from 2013 and 2015 (Figure 3(a)). These results
suggesting that an endemic persistence is happening
whereby a clone can reappear at different times and is
in agreement with a previous study [38]. We also found
a similar REP profile for REP-36 and REP-37 which
represents serotype 9N/L and 23F, respectively. This
could be attributed to the capsular switching phenom-
enon occurred which is parallel to the previous finding
in 2013 whereby serotype change was observed from
9N to 23F, possibly due to a potential recombination
import within dexB and aliA gene [39].

Based on the cluster analysis, three penicillin-inter-
mediate strains, SP2, SP3, and SP47, were grouped into
three different clusters, which reported to be serotype
6A/B, NT, and 19F, respectively. These findings are in
agreement with the previous finding by Yu et al. in
2019 whereby penicillin-resistance strains mostly
belonged to serotype 19F and 6A/B. In addition to that,
Nguyen et al. also reported serotype 19F strains that were
resistant to beta-lactam antimicrobials were commonly
found in children in Vietnam [40,41]. Another previous
study based on global populations in 2013 also revealed
penicillin resistance strains have been shown to associate
with specific pneumococcal serotypes, particularly 6A, 6B,
9V, 14, 15A, 19F, and 23F and the highest rate of penicillin
resistance were in Africa [42].

Previous literature has suggested that pbp1a,
pbp2b, and pbp2x are the major contributing factors
of penicillin resistance. The conserved motifs, SXXK,
SXN, and KTSG were altered, hence lowering the
binding affinity toward penicillin [12,13]. In our
study, most of the mutations found in all three
pbp1a, pbp2b, and pbp2x genes are globally similar

Table 3. Antimicrobial susceptibility of 3 S. pneumoniae
isolates.
Strain no. Serotypes Penicillin MIC, µg/ml

SP2 6A/B 4
SP3 NT 4
SP47 19F 4

Table 4. Amino acid alterations of three conserved motifs of pbp1a, pbp2b, and pbp2x in 11 S. pneumoniae isolates.

Strain no.

No. (%) of altered amino acids Changes in amino acids of conserved motifs forming or surrounding active pbp binding site

pbp1a
314–608

pbp2b
277–625

pbp2x
254–608 pbp1a pbp2b pbp2x

R6 ─ ─ ─ STMK SRNVP KTG SVVK SSNT KTG STMK HSSN LKSG
20 1 (0.3) 3 (0.9) 1 (0.3) ─ ─ ─ ─ ─ ─ ─ ─ ─
36 1 (0.3) 1 (0.3) 0 (0.0) ─ ─ ─ ─ ─ ─ ─ ─ ─
46 1 (0.3) 3 (0.9) 2 (0.6) ─ ─ ─ ─ ─ ─ ─ ─ ─
69 16 (5.6) 33 (9.5) 32 (9.0) ─ ─ ─ ─ —A ─ ─ L— V—
87 1 (0.3) 3 (0.9) 1 (0.3) ─ ─ ─ ─ ─ ─ ─ ─ ─
95 3 (1.0) 3 (0.9) 0 (0.0) ─ ─ ─ ─ ─ ─ ─ ─ ─
102 1 (0.3) 1 (0.3) 1 (0.3) ─ ─ ─ ─ ─ ─ ─ ─ ─
2a 16 (5.6) 29 (8.3) 46 (13.0) ─ ─ ─ ─ —A ─ -A– ─ V—
3a 40 (13.9) 56 (16.1) 40 (11.3) -A– —T ─ ─ —A ─ -A– ─ V—
47a 40 (13.9) 18 (5.2) 39 (11.2) -A– —T ─ ─ —A ─ -A– ─ V—

aPenicillin-intermediate according to CLSI breakpoints.
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to those described previously, namely single substitu-
tion in conserved SSN motif of pbp2b as well as sub-
stitution of STMK motif and LKSG motif in pbp2x. As
published, these substitutions have been the predo-
minant motifs in causing intermediate penicillin resis-
tance [43]. Based on the sequencing result of pbp1a,
pbp2b, and pbp2x, two out of three intermediate
strains shared a similar pattern of amino acid altera-
tion closed to the conserved motifs. Identical muta-
tion patterns were published by Diawara et al.
previously. The absence of amino acid substitution
in the conserved SVVK and KTG motif in this study is
identical to previous report, hence suggesting that
these two motifs are not involved in penicillin resis-
tance development [44]. On the other hand, no muta-
tions were observed in pbp1a gene of SP2 isolate, and
this probably due to pbp1a only involves in develop-
ing high penicillin-resistance and it can only be
mediated by the presence of mutation on pbp2b
and pbp2x [43].

None of the strains in this study were resistant
toward penicillin, which is consistent with recent find-
ings in Malaysia [30]. The rate is lower than that reported
by the Malaysian National Surveillance of Antimicrobial
Resistance (NSAR). In fact, NSAR reported an average of
1.3% of PRSP in Malaysia from 2013 to 2015 [45]. The
lower resistance rate obtained might be possibly due to
the sample collection area that only focused on one
medical center and the sample size of the study was
relatively small, within a limited time frame.

In conclusion, this study provides an insight into the
genotypic and phenotypic features of the respiratory
isolates of S. pneumoniae in Malaysia. The use of vac-
cine in the country is highly recommended as the VTs
are among the most dominant serotypes in our study.
It is believed to be able to provide significant protec-
tion toward children <2 years of age and creates a herd
immunity for the community. However, continued sur-
veillance with larger geographical area is necessary in
order to monitor the NVT trends caused by vaccine-
induced selection pressure in the future.
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