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ABSTRACT

Objective: To characterise a collection of pili-carrying and none 

pili-carrying pneumococcal isolates of clinical origin for serotypes, 

antibiotic resistance and genotype.

Methods: In total, 42 clinical isolates were collected between 

October 2017 and December 2019. Those isolates were analysed 

for antimicrobial susceptibility, serotype distribution, detection of 

pneumococcal virulence and pilus genes. Multilocus sequence typing 

was performed only for piliated isolates, followed by phylogenetic 

analysis. 

Results: The common isolation sites among the pneumococcal 

isolates were tracheal aspirate (28.6%), blood (26.2%), and sputum 

(23.8%). Fifty percent isolates were resistant to erythromycin, 

tetracycline (50.0%) and trimethoprim-sulfamethoxazole (43.0%). 

The most frequent were serotypes 19F (28.6%), 6A/B (23.8%) and 

19A (14.3%). Piliated isolates were detected in a small proportion 

(33.3%); 64.3% were multidrug-resistant. ST320 was the prevalent 

sequence type among the piliated isolates and genetically related 

to the Pneumococcal Molecular Epidemiology Network clones 

Taiwan19F-14 (CC271). In the phylogenetic analysis, some piliated 

isolates showed a close association having similar ST320, carrying 

serotype 19A and both pilus genes indicating their clonal spread.  

Conclusions: Pneumococcal lineages of piliated isolates have been 

globally disseminated and pili could have played a role in the spread 

of antibiotic resistant clones.

KEYWORDS:  Pneumococci; Pili; Genotype; Malaysia

1. Introduction

  Streptococcus (S.) pneumoniae is a Gram-positive bacterial pathogen 

that may asymptomatically colonise the upper human respiratory 

tract and it has the potential to cause conjunctivitis, otitis media, 
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Significance

This study showed the persistence of ST320, being the most 
common sequence type among piliated isolates and genetically 
related to the global antibiotic-resistant Pneumococcal 
Molecular Epidemiology Network clones Taiwan19F-14 (CC271). 
The phylogenetic analysis also indicated a close genetic lineage 
among piliated isolates indicating their successful spread locally 
and globally.
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lower respiratory tract infection, bacteremia, and meningitis[1,2]. 

According to a World Health Organization (WHO) report, S. 
pneumoniae is the leading cause of mortality and morbidity, killing 

half-a-million children under the age of five each year, with most of 

the deaths having been reported particularly in developing countries, 

including Africa and Asia[3,4]. The incidence of pneumococcal 

diseases varies considerably, depending on the age of patients, 

particularly young children (less than 5 years old) and the elderly 

(over 60 years old)[4]. 

  The polysaccharide capsule in S. pneumoniae is considered to be 

the most important virulence factor, with 100 serotypes having 

been identified thus far[5]. A 7-valent conjugate vaccine (PCV7) 

that offers protection against seven serotypes (4, 6B, 9V, 14, 18C, 

19F, and 23F), was introduced and made available for children in 

2000 in the United States, while the 10-valent (PCV10; 1, 5 and 7F) 

and 13-valent (PCV13; 3, 6A and 19A) were introduced in 2008 

and 2009, respectively, resulting in a greater impact in reducing 

hospitalisations for pneumonia, particularly in young children[6]. 

Recently, the discovery of a long, filamentous, pilus-like structure 

in Gram-positive bacteria, which are uncommonly characterised 

specifically in S. pneumoniae, has added another element to the 

pneumococcal virulence regiment. To date, two pili islets have been 

detected in pneumococci, namely PI-1 and PI-2[7,8].

  Pili have recently been associated with pneumococcal pathogenesis 

in humans. The information regarding piliated isolates in Malaysia 

is scarce. In addition, most studies focused mainly on demographics, 

the antimicrobial susceptibility pattern and serotype distribution[9,10]. 

There were also fewer studies on the molecular genotyping and 

virulence gene profiles, particularly pili gene, especially in piliated 

pneumococcal isolates. Multilocus sequence typing (MLST) which 

serves as a portable approach for tracing global dissemination 

patterns would address the evolutionary genetic lineage of the 

piliated strains. Given the potentially life-threatening effects that pili 

might contribute in terms of disease development, it is important to 

characterise piliated isolates to address the outstanding questions 

related to its epidemiology, population and evolution. Therefore, a 

collection of clinical pneumococcal isolates from a major tertiary 

hospital in the densely populated Klang Valley of Malaysia was 

characterised for their demographic, antibiotic susceptibility, 

serotypes, virulence factors including pilus genes, and MLST on 

piliated isolates. 

2. Subjects and methods

2.1. Ethical considerations

  Ethical approval for this descriptive study was granted by the 

Medical Research and Ethics Committee of the Malaysian Ministry 

of Health, National Medical Research Register (approval no. NMRR 

17-1025-35696). 

2.2. Bacterial isolates 

  Clinical isolates of S. pneumoniae were obtained from the 

Microbiology Laboratory of the Department of Pathology at 

Sungai Buloh Hospital (HSB), Selangor. This is a major tertiary 

hospital with over 600 licensed beds and located in Klang Valley, 

Selangor, west coast of Peninsular Malaysia. A total of 42 clinical 

isolates were collected between October 2017 and December 2019. 

Phenotypic and genotypic analyses were performed on the isolates in 

October 2019 to February 2021. Each clinical isolate was acquired 

from a different individual, from both invasive and non-invasive 

sites. S. pneumoniae ATCC 49619 was used as a positive control 

for the standard confirmatory test. The pneumococcal isolates 

were confirmed as S. pneumoniae by the following characteristics; 

α-haemolysis, bile solubility and susceptibility to ethylhydrocupreine 

disc (optochin).  

2.3. Antimicrobial susceptibility test

  The antibiotic susceptibility testing of all isolates was performed by 

disk diffusion method for erythromycin, tetracycline, trimethoprim-

sulfamethoxazole, and vancomycin (Oxoid, USA). Meanwhile, the 

E-test method (BioMérieux, France) was performed to determine the 

minimal inhibitory concentration (MIC) of penicillin, ceftriaxone, 

and cefotaxime. Both methods and interpretation of the results 

were performed according to the manufacturer’s instruction and the 

Clinical and Laboratory Standard Institute (CLSI) for meningitis 

and non-meningitis[11]. Multidrug-resistance (MDR) was defined as 

resistant to three or more antimicrobial agents of different classes[12]. 

Quality control analysis was performed using S. pneumoniae ATCC 

49619. 

 

2.4. Genomic DNA extraction 

  Genomic DNA was extracted by the GeneAll Exgene kit (GeneAll 

Biotechnology Co. Ltd, Korea) as per the manufacturer’s instructions.

2.5. Detection of S. pneumoniae virulence and pilus genes 

  Commonly virulence-associated genes of S. pneumoniae (ply, lytA, 
cbpA, pavA and pspA) and pilus genes (rlrA, rrgA, rrgC and sipA) 

were screened using PCR with primers and running conditions, 

as previously described[13]. PCR reactions were performed in 

BioRadMyCyclerTM Thermal Cycler (BioRad, USA). 
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2.6. Determination of capsular types 

  Pneumococcal capsular types of pneumococcal isolates were 

performed by sequential multiplex PCR using published primers 

recommended by the Center for Disease Control and Prevention[14]. 

Primers were sorted into six multiplex sets named A, B, C, D, E 

and F, as previously described[15,16]. Four different serotypes and a 

pair of primers targeting a conserved region of the pneumococcal 

capsular polysaccharide synthesis gene (cpsA) to serve as an internal 

positive control were included in each set of primer pairs.

2.7. Multilocus sequence typing (MLST) 
 

  MLST was subjected only to pili-carrying pneumococcal 

isolates in this study. The following seven housekeeping genes, 

namely, aroE, gdh, gki, recP, spi, xpt, and ddl, were amplified by 

PCR, sequenced and analysed as previously described[17]. Allele 

numbers and sequence type (ST) of piliated isolates were assigned 

according to the PubMLST database (https://pubmlst.org/organisms/

streptococcus-pneumoniae). Sequence and STs that could not be 

found in the database were submitted to the curator as new novel 

STs. The PHYLOViZ software was aligned for assigning the isolates 

with clonal complexes (CC), defined as cluster sharing at least five 

out of seven common alleles. The STs of piliated isolates in our 

study were compared to Pneumococcal Molecular Epidemiology 

Network (PMEN) clones in the PMEN database (https://www.

pneumogen.net/gps/pmen.html). 

2.8. Phylogenetic analysis

  Analysis of the sequenced DNA of MLST genes was also 

performed using MEGA software version 7[18], which is available on 

the www.megasoftware.net website. The sequences were trimmed 

and full contiguous sequences were generated from the forward and 

reverse primer sequences. The nucleotide sequences were aligned 

using MUSCLE, which is available through the same software. 

The available reference 49347, 13506, 38581, 8663, 12544, 7083, 

126508 and 38687 for the respective STs were retrieved from the 

MLST database and included in the analysis as the control. The 

phylogenetic tree was constructed by MEGA7 using the concatenated 

sequences (all seven genes were combined) of the products and 

with the reference sequences included. The phylogenetic tree was 

constructed using the maximum-likelihood technique based on the 

Tamura-Nei model, while the reliability of the tree was estimated 

through bootstrap analysis with 1 000 replicates.

2.9. Statistical analysis

  Chi-square was used to compare the demographic characteristics 

of the patients with the phenotypic and genotypic variables of the 

pneumococcal isolates; these included their ages, sex, the sites of 

isolation, vaccine/non-vaccine serotypes, and the piliated isolates. 

Statistical significance was indicated by P<0.05. 

3. Results 

3.1. Demographic data 

  Among the 42 pneumococcal isolates collected within the study 

period, the most frequent site of isolation was tracheal aspirate 

(n=12; 28.6%) followed by blood (n=11; 26.2%), sputum (n=10; 

23.8%) and pus (n=4; 9.5%). The remaining isolates were from 

nasopharynx (n=3; 7.1%), bronchial aspirate (n=1; 2.4%), and 

cerebrospinal fluid (n=1; 2.4%). The ages of patients ranged from 

one month to 90 years old. Demographic analysis showed the 

isolation frequency of pneumococcal isolates was slightly higher in 

male (n=28; 66.7%) compared to female subjects (n=14; 33.3%). 

The common pattern for age group distribution of pneumococcal 

isolates was 13-50 years (n=19; 45.2%); followed by >50 years 

(n=12; 28.6%); and ≤5 years (n=11, 26.2%). Table 1 depicts the 

association of isolation sites; invasive and non-invasive, which 

showed no significant association in relation to sex, age, vaccine 

serotype, multidrug resistance and piliated isolates. 

Table 1. Isolation sites of invasive and non-invasive source among 
pneumococcal isolates in relation to age, sex, vaccine serotypes, multidrug-

resistant (MDR) pattern and pilus genes. 

Site of isolation
aInvasive 
(n=12)

bNon-invasive 
(n=30)

P-value

Age
  ≤ 12 years (n=11) 4 7

0.443
  >12 years (n=31) 8 23
Sex
  Male (n=28) 8 20

0.501
  Female (n=14) 4 10
Vaccine serotypes
  Vaccine serotype (n=32) 9 23

0.13
  Non-vaccine serotype (n=10) 3 7
MDR pattern
  cMDR (n=11) 2 9

0.37
  dNon-MDR (n=31) 10 21
Pilus genes
  Piliated strains (n=14) 3 11

0.468
  Non-piliated strains (n=28) 9 19

aInvasive site (blood, cerebrospinal fluid); bNon-invasive site (tracheal 
aspirate, sputum, pus, bronchial aspirate, nasopharyngeal); cMDR= resistance 
to ≥ 3 antibiotics; dNon-MDR=resistance to < 3 antibiotics.
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3.2. Antimicrobial susceptibility profile 

  Meningitis and non-meningitis susceptibilities of beta lactam 

antibiotics breakpoint were used for penicillin, ceftriaxone, and 

cefotaxime. Only one isolate from cerebrospinal fluid was associated 

with meningitis, while other isolates were assumed as non-

meningitis in this study. Among the 42 pneumococcal isolates, the 

majority were resistant to erythromycin (n=21; 50%), tetracycline 

(n=21; 50%), and trimethoprim-sulfamethoxazole (n=18; 43%). 

Meanwhile, 26.2% (11/42) of the total collection was classified 

as MDR in this study, with only two invasive isolates had MDR 

phenotype (n=2; 18.2%). None of the pneumococcal isolates 

were resistant to penicillin. All isolates were also susceptible 

to vancomycin, ceftriaxone and cefotaxime. The distribution of 

antimicrobial susceptibilities for all isolates in this study is shown in 

Table 2. 

Table 2. Antimicrobial susceptibility pattern among the collection of 42 
isolates.

Susceptible Intermediate Resistant
Penicillin 100% - -
Ceftriaxone 100% - -
Cefotaxime 100% - -
Erythromycin   45% 5% 50%
Tetracycline   43% 7% 50%
Trimethoprim-
sulfamethoxazole

  52% 5% 43%

Vancomycin 100% - -

Susceptibility test by E-test (minimal inhibitory concentration determination) 
for penicillin, ceftriaxone and cefotaxime. Susceptibility test by disk 
diffusion for tetracycline, erythromycin, trimethoprim-sulfamethoxazole and 
vancomycin.

3.3. Distribution of serotypes

  Among the 42 pneumococcal isolates, 39 were successfully 

serotyped, while the other three were classified as non-typeable as 

they were not amplified for any of the molecular targets, including 

cpsA which served as the internal positive control. There were ten 

different serotypes with six different serogroups; the most prevalent 

was serotype 19F (n=12; 28.6%), followed by serotypes 6A/B 

(n=10; 23.8%), 19A (n=6; 14.3%), 15B/C (n=3; 7.1%), 7A/F (n=2; 

4.8%), 23A (n=2; 4.8%), 4 (n=1; 2.4%), 14 (n=1; 2.4%), 23F (n=1; 

2.4%) and 11A/D (n=1; 2.4%). Meanwhile, serotype 19F was the 

most dominant among invasive isolates (n=3, 25.0%).

  For immunisation vaccine coverage, the proportion of isolates 

expressed the serotypes in PCV10 and PCV13 were 64.3% (27/42) 

and 78.6% (33/42), respectively. Serotype 15B/C was predominant 

among non-vaccine serotypes with three isolates (7.1%). Serotype 

distributions varied according to patients’ age group (Table 3). 

Serotype 6A/B (n=6; 31.6%) showed a high percentage in subjects 

of 13-50 years, while among subjects in the >50 years group, the 

most common serotypes was 19F (n=6; 50.0%). 

Table 3. Serotype distribution of pneumococcal isolates in relation to age 
group. 

Serotype 
≤ 5 years 
(n=11)

6-12 years 
(n=0)

13-50 years 
(n=19)

>50 years 
(n=12)

Total 
(n=42)

4 - - 1 -   1
6A/B 2 -  6 2 10
7A/F - - 2 -   2
11A/D 1 - - -   1
14 - - 1 -   1
15B/C 1 - 2 -   3
19A 3 - 1 2   6
19F 3 - 3 6 12
23A - - 2 -   2
23F - - 1 -   1
Non-typeable 1 - - 2   3

3.4. Occurrence of virulence and pilus genes

  Ply, lytA, cpbA, pavA, and pspA were detected in all 42 

pneumococcal isolates. However, only 14 isolates (33.3%) carried 

at least one of the pilus genes. Of these, six isolates (42.9%) were 

detected for PI-1 alone, one isolate (7.1%) for PI-2 alone, and seven 

isolates (50.0%) presented both genes (PI-1+ PI-2). The isolation 

sites among the piliated isolates were from both tracheal aspirate and 

sputum at 28.6% (4/14) and 28.6% (4/14), respectively. The majority 

of PI-1 alone and both PI-1+PI-2 isolates belonged to serotype 19F 

(n=5; 35.7%), followed by serotype 19A (n=4; 28.6%), and 6A/B 

(n=3; 21.4%). PI-2 alone isolate was observed only in serotype 7A/ F. 

  The frequency of piliated pneumococcal isolates targeted by PCV10 

and PCV13 was 64.3% (9/14) and 92.3% (13/14), respectively. 

In relation to antibiotic susceptibility pattern, isolates with PI-1 

alone and both PI-1+PI-2 were frequently resistant to erythromycin 

(n=11; 79%), tetracycline (n=10; 71%), and trimethoprim-

sulfamethoxazole (n=11; 79%). None of the piliated isolates were 

resistant to penicillin, ceftriaxone, cefotaxime and vancomycin. The 

only PI-2 alone-isolate was susceptible to all antibiotics except for 

trimethoprim-sulfamethoxazole. Of this PI-1 alone and both PI-

1+PI-2 isolates, nine (64.3%) were MDR. Meanwhile, our study 

found only three piliated isolates from the invasive site out of 

fourteen isolates carrying pilus genes. The three isolates presented 

both PI-1+PI-2 isolates and had MDR phenotype (Table 4). 

3.5. Multilocus sequence typing (MLST) analysis

  MLST was subjected only to pneumococcal isolates carrying 

pilus genes (n=14). All the respective amplicons from the isolates 

matching the expected DNA band size were successfully sequenced 

yielding distinct nine STs. The most frequently represented genotype 

was ST320 (n=6; 42.9%), followed by ST271 (n=1; 7.1%), ST90 

(n=1; 7.1%), ST3544 (n=1; 7.1%), ST1161 (n=1; 7.1%), ST2040 

(n=1; 7.1%), ST695 (n=1; 7.1%). As shown in Table 4, the three 

piliated isolates from the invasive site had ST320 (n=2), followed by 
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ST695 (n=1), respectively (Table 4). Two new novel sequence types 

ST16499 and ST16430 were identified in this study; both two from 

nasopharynx and sputum, resistant to erythromycin,  tetracycline and 

trimethoprim-sulfamethoxazole, carrying serotype 19F with PI-1 

only and PI-1+PI-2 respectively. 

  Meanwhile, a total of eight piliated isolates belonged to CC271 

which was also the predominant CC, accounting for 80%. One 

piliated isolate belonged to CC90 and one piliated isolate belonged 

to CC695. Piliated isolates presented STs similar to six of the 43 

clones recognised by the PMEN, sharing at least five MLST alleles. 

One isolate was related to Spain6B-2, four were single-locus locus 

variant (SLV) of Taiwan19F-14, Poland6B-20, Denmark12F-34 and 

England14-9 respectively, and seven were double-locus variant (DLV) 

of Taiwan19F-14. A comparison of these piliated isolates with PMEN 

clones showed that 85.7% (n=12) of all isolates were grouped into 

the international antibiotic resistant clones, while the predominant 

PMEN clones were Taiwan19F-14 (Table 4). 

3.6. Phylogenetic analysis 

  All nucleotide sequences of the seven housekeeping genes were 

aligned in the specified order and phylogenetic analysis was 

performed among all the 14 piliated isolates (labelled with S 

followed by numbers) and 8 reference sequences from the MLST 

database (labelled with REF followed by identity number). The 

tree formed two obvious clades栺and栻with 100% bootstrap 

confidence interval values at all branching (Figure 1). The largest 

clade栺consists of ten isolates while clade栻with four isolates. The 

clades also showed a clear segregation among STs where clade栺
predominantly harbours ST320 frequently carrying both pili genes, 

Table 4. Genotypic characteristics of the piliated pneumococcal isolates in relation to serotypes, isolation sites, Pneumococcal Molecular Epidemiology 

Network clones, antibiotic susceptibilities and pilus genes.

ST CC Serotype
Invasive 

site 
Non-

invasive 
PMEN clones

Number of isolates resistant to antibiotics MDR
(n)

PI-1
alone

PI-2
alone

PI-1+
PI-2PENa CROa CTXa TETb ERYb SXTb VANb 

ST320

CC271 19F (n=2) (n=1) (n=1)

DLV of Taiwan 19F-14

S (2) S (2) S (2) R (2) R (2) R (2) S (2) Yes (2) - - 2

CC271 19A (n=3) (n=3) S (3) S (3) S (3) R (3) R (3)
R ( 2 ) , 
S (1)

S (3)
Yes (2), 
No (1)

- - 3

CC271 NT (n=1) (n= 1) S (1) S (1) S (1) R (1) R (1) R (1) S (1) Yes - - 1
ST271 CC271 19F (n=1) (n=1) SLV of Taiwan19F-14 S (1) S (1) S (1) R (1) R (1) R (1) S (1) Yes 1 - -
ST16499 CC271 19F (n=1) (n=1) DLV of Taiwan19F-14 S (1) S (1) S (1) R (1) R (1) R (1) S (1) Yes 1 - -
ST90 CC90 6A/B (n=1) (n=1) Spain6B-2 S (1) S (1) S (1) S (1) R (1) S (1) S (1) No 1 - -
ST695 CC695 19A (n=1) (n=1) - S (1) S (1) S (1) S (1) S (1) S (1) S (1) No 1 - -
ST3544 - 7A/F (n=1) (n=1) SLV Denmark12F-34 S (1) S (1) S (1) S (1) S (1) R (1) S (1) No - 1 -
ST2040 - 6A/B (n=1) (n=1) SLV Poland6B_20 S (1) S (1) S (1) R (1) R (1) R (1) S (1) Yes 1 - -
ST1161 - 6A/B (n=1) (n=1) SLV England14_9 S (1) S (1) S (1) R (1) R (1) R (1) S (1) Yes 1 - -
ST16430 - 19F (n=1) (n=1) - S (1) S (1) S (1)  I (1) S (1) R (1) S (1) No - - 1

ST: sequence type; CC: clonal complex; NT: non-typeable; isolation sites: invasive and non-invasive; PMEN: Pneumococcal Molecular Epidemiology 
Network; SLV: single-locus variant; DLV: double-locus variant; PEN: penicillin; TET: tetracycline; ERY: erythromycin; CRO: ceftriaxone; CTX: cefotaxime; 
SXT: trimethoprim-sulfamethoxazole; VAN: vancomycin.; MDR: multidrug resistance; asusceptibility test by E-test (MIC determination) for penicillin, 
ceftriaxone and cefotaxime; bsusceptibility test by disk diffusion for tetracycline, erythromycin, trimethoprim-sulfamethoxazole and vancomycin.

Figure 1. Phylogenetic analysis formed two major clades among the piliated pneumococcal isolates with clade I being predominant exhibiting mostly serotype 
19A of ST320, and all the both PI-1+PI-2 and some PI-1 alone. Bootstrap sampling at 1 000 replicates showed 100% at all branching. The distribution of 
sources of isolation, sequence type (ST), serotype, pilus genes and multidrug resistance for respective isolates are shown in the right columns. The reference 
sequences were retrieved from the MLST database comprising identity (ID) numbers 49347 (Vietnam), 13506 (Malaysia), 38581 (China), 8663 (Saudi Arabia), 
12544 (China), 7083 (Egypt), 126508 (China), 38687 (China); ID number was preceded by REF indicating reference sequence, and ID labelled with S (Selangor) 
and numbers represent the isolates in this study. S18 and S34 are a newly assigned ST (REF sequence is not available). CSF: cerebrospinal fluid.

0.001

Clade 栺

Clade 栻

S43
S46
S45
S30
S28
S4
REF49347
REF13506

S18

S36

REF38581
S34

S3

REF8863

S32
REF12544

S21
REF7083

S26

REF126508
S35

REF38687

100%

Sources ST Serotype Pilus genes MDR
Sputum 320 19F PI-1+ PI-2 Yes

Blood 320 NT PI-1+ PI-2 Yes

Blood 320 19F PI-1+ PI-2 Yes

Sputum 320 19A PI-1+ PI-2 Yes

Sputum 320 19A PI-1+ PI-2 Yes

Nasopharyngeal 320 19A PI-1+ PI-2 No

CSF 320 19A Not stated Not stated

Blood 320 19A Not stated Not stated

Nasopharyngeal 16499 19F PI-1 Yes

Pus 271 19F PI-1 Yes

Sputum 271 19F Not stated Not stated

Sputum 16430 19F Pl-1+ PI-2 No

Tracheal aspirate 3544 7A/F PI-2 No

Nasopharyngeal 3544 7F Not stated Not stated

Blood 695 19A PI-1 No

Blood 695 19A Not stated Not stated

Tracheal aspirate 2040 6A/B PI-1 Yes

CSF 2040 6B Not stated Not stated

Tracheal aspirate 1161 6A/B PI-1 Yes

- 1161 6B Not stated Not stated

Tracheal aspirate 90 6A/B PI-1 No

Eye 90 6B Not stated Not stated
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followed by ST271, ST3544, ST16430 and ST16499; while clade 

栻for ST695, ST2040, ST1161 and ST90. All reference sequences 

of the different STs were grouped according to their respective 

comparable ST of the isolates in this analysis. 

4. Discussion 

  S. pneumoniae is a well-known opportunistic pathogen carrying 

various virulence factors, including pili. Molecular investigations 

of genetic lineages representing particularly piliated isolates from 

Malaysia are still limited. Hence, S. pneumoniae typing is important 

for providing epidemiological data and facilitating pneumococcal 

disease management. Sungai Buloh Hospital is one of the major 

tertiary hospitals apart from a few other major hospitals in Selangor 

within the Klang Valley, which is the most developed region in 

Malaysia. Based on the 2018 Malaysia economic report, Selangor 

tops the list and highest contributor to the national gross domestic 

product (GDP). Selangor has always been Malaysia's economic 

powerhouse and sustaining a major contribution to the most 

impressive economic performance sector[19]. Thus, the genetic 

background of pneumococcal isolates from this area is of interest 

to observe the dynamics of pneumococcal infection and also 

dissemination.

  For the site of isolation, the current study showed that tracheal 

aspirate (28.6%) was the most common source with certain serotype 

distribution. Meanwhile, a male (66.7%) predominance was noted 

in the study population, which was similar to a recent study in 

Japan[20]. The rates varied substantially with age from a new born 

of one month to adults of 90 years. Our study also revealed the 

variety of age groups of pneumococcal infections, where the highest 

incidence was observed among subjects aged 13-50 years. This is 

an interesting observation as young children and the elderly are 

commonly known as the high-risk group. Nevertheless, the isolation 

sites were not significantly related to the discrete variables.  

  None of the pneumococcal isolates reported resistance to penicillin 

in our study. A previous study from Malaysia reported a low 

prevalence of penicillin resistance at only 5.6%[10]. While resistance 

was observed for erythromycin, tetracycline and trimethoprim-

sulfamethoxazole: 50%, 50% and 43% respectively, with an MDR 

rate of 26.2%. A similar finding was documented in Malaysia with 

resistance to both erythromycin and tetracycline at 42.9%[9]. The 

pattern of antimicrobial susceptibility profile in the present study 

also revealed 100% sensitivity to ceftriaxone, cefotaxime and 

vancomycin. 

  The analysis of the serotype distribution showed serotype 19F at 

the largest proportion (28.6%) followed by serotype 6A/B and 19A. 

This is in concordance with previous studies that showed serotype 

19F as the common serotype among isolates from different sites 

of isolation in various Malaysian hospitals[21,22]. In Malaysia, the 

pneumococcal conjugate vaccine (PCV) has been implemented as 

part of the national immunisation program since December 2020 to 

the toddler which includes serotype 19F. Meanwhile, about 7.1% 

of non-typeable serotypes among pneumococcal isolates were 

identified in our collection. Those isolates were not detected for 

any of the targeted serotypes including the internal positive control 

gene (cpsA). This isolate could be of other serotypes, whereby the 

associated primers were not included since the primers were limited 

only to 48 serotypes available based on the Malaysian setting.  

  Pili have been detected in a small proportion of the pneumococcal 

population in humans. Pili are part of a virulence factor regiment 

in S. pneumoniae and play a significant role in pathogenesis by 

promoting adhesion, colonisation and cellular invasion of the host 

tissue to provide an extra advantage to the isolates[8]. PI-1 has 

been reported to be present in 16.6% to 35%[23,24]; whereas the 

second type of pili, PI-2 was found to occur in approximately 16% 

to 21% of pneumococcal isolates[25,26]. The prevalence of piliated 

isolates in this study was within that range with only 33.3% of 

isolates possessing at least one of the pilus genes. The latest local 

Malaysian finding reported 19% of a pneumococcal collection at a 

major tertiary hospital in the east coast of peninsular Malaysia were 

piliated isolates[13]. The piliated isolates in this current study were 

predominantly collected from sputum and tracheal aspirate. This 

was in concordance with a previous study in Japan that reported that 

sputum was the common source of piliated isolates[27]. 

  In addition, isolates carrying PI-1 alone and both PI-1+PI-2 showed 

a similar frequency of resistance to erythromycin (79%), tetracycline 

(71%), and trimethoprim-sulfamethoxazole (79%), while about 

64.3% of piliated isolates in our study were also MDR. Earlier 

evidence showed that MDR was strongly associated with piliated 

isolates[28]. Serotype 19F was also predominant and linked to the 

presence of PI-1 alone and both PI-1+PI-2, followed by serotype 

19A and 6A/B. Similarly, a recent study in China and Indonesia 

found that serotype 19F was the most frequently associated with 

PI-1 and PI-2 genes[29,30]. Thus, it can be proposed serotype 19F 

is a predominant serotype among piliated isolates. This was also 

consistent with our recent report involving isolates from east coast of 

peninsular Malaysia[13]. 

  Our study showed a diverse genetic lineage among the piliated 

isolates with nine different STs including two newly assigned STs. 

PI-1 and PI-2 are frequently found in pneumococcal lineages that are 

related to international PMEN clones. ST320 was the predominant 

among piliated isolates in our collection and also belonged to 

CC271 (Taiwan19F-14) while the majority of them were 19A and 

MDR. In contrast, our recent findings revealed ST236 as the most 

prominent ST among piliated isolates on the east coast of peninsular 

Malaysia[13]. According to the recent data, ST320 is derived from 

the lineage of Taiwan19F-14 clone (ST236) and has become prevalent 
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and spread throughout Asia including China[31]. The emergence 

of ST320 was the combined result of vaccine selective pressure, 

antimicrobial pressure, and the propensity of pneumococci to 

undergo recombination[32]. 

  This was similar to a previous study that mentioned ST320 was the 

predominant ST among piliated isolates in Russia[33]. The previous 

study mentioned that CC271 was more common in multidrug-

resistant pneumococcal clones (Taiwan19F-14) and at the same time 

carried piliated elements[29]. Apart from ST320, other STs: ST90, 

ST2040, and ST1161 were also related to the widely disseminating 

PMEN clones including Spain6B-2, England14_9 and Poland6B, 

respectively. Meanwhile, only one PI-2 isolate in this present study 

was found in ST3544 and related to SLV Denmark12F-34. Based 

on these observations, it can be suggested that pili genes are often 

associated with successful pneumococcal lineages and antimicrobial 

resistance pattern[34].

  Two major phylogenetic clades were observed among piliated 

isolates in this study indicating the clonal diversity of the isolates. 

The phylogenetic tree indicated a close genetic lineage among 

piliated isolates, notably those expressing both pilus genes. In clade

栺, ST320 was the most prominent ST among vaccine serotype 

(19A) and multidrug resistance supporting the close association 

of the sub-group. Interestingly, the only isolate with PI-2 alone in 

clade栺had serotype 7A/F and non-MDR phenotype, belonging 

to ST3544. Serotype 7F is included in PCV13; a study conducted 

in Portugal showed a strong association of serotype 7F with PI-2 

alone[35]. Meanwhile, the two novel STs ST16499 and ST16430 are 

also represented in clade栺carrying PI-1 alone and both PI-1+PI-2; 

both STs showed a prominent serotype 19F, which was vaccine 

serotype and one of them was MDR. Clade栻was the second major 

clade that represented the diversity of STs including ST90, ST695, 

ST2040, and ST116. Interestingly, this clade consisted of only PI-I 

alone isolates; most of them were vaccine type (serotype 6A/B and 

19A). 

  Overall, the piliated isolates were diverse but linked with certain 

common features. The phylogenetic analysis revealed that piliated 

pneumococcal isolates in this study commonly shared close 

correlation due to being clustered together with some having similar 

serotypes and STs, carrying both pilus genes. Therefore, it is likely 

that they could have clonally originated and were then dispersed 

across the population.

  This study has a limitation, with a low represented number of 

isolates throughout a 2.6 years collection period and the fact that 

these isolates were collected back in 2017 till 2019. The lower 

number of isolates in HSB is probably due to the presence of 

several tertiary hospitals available in the Klang Valley whereby the 

admission with potential pneumococcal infection is segregated in 

the different hospitals. A previous study accumulated 95 strains of 

pneumococcal collection in the Klang Valley setting[22]. Despite the 

limited collection, we managed to collect 42 pneumococcal isolates 

and 14 piliated strains were identified with a total accumulation of 

33.3% in this study. The prevalent serotype of piliated isolates was 

associated with clonal spread involving serotypes of 19F, 19A and 

6A/B, which are mostly covered by PCVs and have been associated 

with a high frequency of MDR. The predominant ST of piliated 

isolates at this setting was ST320 and linked with Taiwan19-14 

(CC271). Based on these findings, it can be suggested that global 

pneumococcal lineages of piliated isolates have been disseminated in 

this area and pili could have played a role in the spread of antibiotic 

resistant clones. 
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