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Published genomics data regarding CA-MRSA and HA-MRSA isolates from Malaysia
are scarce. Therefore, the aim of this study was to characterise the Malaysian CA-MRSA
and HA-MRSA isolates in depth using molecular typing, as well as whole-genome
sequencing. CA-S. aureus isolates were obtained from the nasal swabs of undergraduate
students whereas HA-S. aureus isolates were archived samples obtained from hospital
laboratories. Out of 168 S. aureus nasal carriage isolates obtained, the occurrence of
MRSA was 8.3% and 15% among undergraduate students of the agriculture
biotechnology and health sciences programmes, respectively, with multidrug resistance
were observed in 15% (26/168) of the isolates. Among the 146 hospital archived samples
of S. aureus, 28% (41/146) were MRSA, out of which 63% (i.e. 26/41) were categorised
as multidrug-resistant (MDR; resistant to three or more classes of antimicrobial
compounds).

The most predominant SCCmec type among both CA- and HA-MRSA was SCCmec-I11,
with the highest occurrences observed among HA-MRSA (68%; 28/41) compared to
CA-MRSA (41%; 9/22) isolates. Other SCCmec types that were found in CA-MRSA
were SCCmec-1V (32%), SCCmec-1 (23%), and SCCmec-1l (4%), while in HA-MRSA
were SCCmec-1V (22%), SCCmec-V (7%), and SCCmec-I (2%). spa type t037 was the
most predominantly found among CA-MRSA (50%) and HA-MRSA (61%). Higher
occurrence of the pvl gene (which encodes the pore-forming Panton-Valentine
leucocidin) at 27% (11/41) among HA-MRSA compared to CA-MRSA at 23% (5/22).
Another virulence factor, the staphylococcal surface protein gene (sasX), was more
prevalent in HA-MRSA at 61% (25/41) compared with CA-MRSA (50%; 11/22).



Nine S. aureus isolates representing HA-MRSA (SAZ_1, SAZ 10, SAZ 16, SAZ 31,
and KT/Y21), hospital-associated methicillin-susceptible S. aureus (HA-MSSA,
M314250), and CA-MRSA (ZS_Z30, ZS_Z37 and ZS_Z46) were subjected to whole-
genome sequence analysis. Genomic content of all isolates were diverse with the
presence of various mobile genetic elements (MGES) such as insertional sequence (1S),
transposons, plasmids, genomic islands (vSAa and vSAP), phages, Staphylococcal
pathogenicity islands (SaPls: SaPl1, SaP12, SaPI3, and SaPI15) as well as both virulence
and resistance determinants. In-silico, MLST and spa type of nine representative isolates
revealed five sequence types (ST)-spa types combinations, i.e. ST1-t127 (M314250),
ST30-t122 (SAZ_31), ST239-t037 (SAZ_10, ZS_Z30, ZS_Z37, and ZS_Z46), ST239-
t421 (SAZ_1), and ST772-t657 (SAZ_16 and KT/Y21). Interestingly, one of the HA-
MRSA isolates, SAZ 10, harboured a novel 35 kb conjugative plasmid designated
pSAZ10A that carried multiple antimicrobial resistance (AMR) determinants (aadD,
ileS, and tcaA) as well as complete conjugative transfer (tra) genes.

Genome analyses showed the presence of multidrug efflux pumps and AMR genes,
which were likely to contribute to the MDR phenotypes in these isolates. Moreover,
various virulence factors were revealed among both CA and HA-MRSA isolates, which
were likely to play essential roles in their pathogenesis. Pan-genome analysis of all
representative isolates and other 49 global reference strains revealed an open genome
with a large accessory genome allowing acquisition of exogenous DNA and facilitating
successful adaptation to the selective hospital and community environment.

Thus, this analysis provided us an insight into the characteristics and adaptability related
to both virulence and resistance of MRSA and MSSA of Malaysian isolates, which will
assist in the surveillance, prevention and control of pathogenic S. aureus particularly in
community- and hospital-associated environment.
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Penerbitan data genomik berkaitan pencilan CA-MRSA and HA-MRSA di Malaysia
adalah terhad. Oleh itu, matlamat utama kajian ini adalah untuk mencirikan CA-MRSA
dan HA-MRSA Malaysia secara mendalam menggunakan penentuan molekular dan juga
penjujukan keseluruhan genom. Pencilan CA-S. aureus diperolehi dari calitan rongga
hidung pelajar sarjana muda, manakala pencilan HA-S. aureus diperolehi dari sampel
arkib makmal hospital. Daripada 168 pencilan bawaan rongga hidung yang diperolehi,
kehadiran MRSA di kalangan pelajar sarjana muda bioteknologi pertanian dan sains
kesihatan masing-masing adalah pada 8.3% dan 15%. Ciri rintang pelbagai ubatan
diperhatikan dalam 15% (26/168) dari pencilan terbabit. Daripada 146 sampel arkib
hospital S. aureus, 28% (41/146) adalah MRSA, di mana 63% (i.e. 26/41) dikategorikan
sebagai rintang pelbagai ubatan (MDR; rintang terhadap tiga atau lebih kelas sebatian
antimikrob).

Jenis SCCmec yang utama di kalangan kedua-dua CA- dan HA-MRSA adalah SCCmec-
111, dengan peratusan yang paling tinggi diperhatikan dalam kalangan HA-MRSA (68%;
28/41) berbanding pencilan CA-MRSA (41%; 9/22). Jenis SCCmec lain yang didapati
dari CA-MRSA adalah SCCmec-1V (32%), SCCmec-1 (23%), dan SCCmec-Il (4%),
manakala dari HA-MRSA adalah SCCmec-1V (22%), SCCmec-V (7%), dan SCCmec-I
(2%). Tambahan pula, 8 dan 10 jenis spa berbeza telah diperolehi dari kalangan pencilan
CA- dan HA-MRSA, dengan jenis spa t037 yang paling utama (CA-MRSA; 50%, HA-
MRSA; 61%). Pencilan HA-MRSA memperlihatkan peratusan tertinggi gen pvl
(mengkodkan pembentuk-liang Panton-Valentine leucocidin) pada 27% (11/41)
berbanding CA-MRSA pada 23% (5/22). Gen protein permukaan staphylococcal (sasX)
merupakan sejenis faktor virulen yang lebih lazim terdapat pada HA-MRSA dengan 61%
(25/41) berbanding CA-MRSA (50%; 11/22).



Sembilan pencilan mewakili HA-MRSA (SAZ_1, SAZ 10, SAZ 16, SAZ 31, dan
KT/Y?21), S. aureus rentan-meticilin berkaitan-hospital (HA-MSSA, M314250) dan CA-
MRSA (ZS_z30, ZS_Z37, dan ZS_Z46) telah dipilih untuk analisis penjujukan
keseluruhan genom. Kandungan genomik kesemua pencilan adalah berbeza dengan
kehadiran pelbagai unsur genetik mudah alih (MGESs) seperti jujukan sisipan (IS),
transposon, plasmid, pulau genom (vSAa dan vSAP), faj, pulau patogenisiti
Staphylococcal (SaPls: SaP11, SaP12, SaPI13, and SaPI5) di samping kedua-dua penentu
virulen dan ketahanan. In-silico, MLST dan jenis spa dari sembilan wakil pencilan
menunjukkan lima jenis kombinasi jujukan (ST)-spa iaitu ST1-t127 (M314250), ST30-
t122 (SAZ_31), ST239-t037 (SAZ_10, ZS_Z30, ZS_Z37, dan ZS_Z46), ST239-t421
(SAZ_1), dan ST772-t657 (SAZ_16 dan KT/Y21). Menariknya, salah satu pencilan HA-
MRSA, SAZ_10, mengandungi suatu plasmid konjugatif baru 35 kb dikenali sebagai
pSAZ10A yang membawa pelbagai penentu (aadD, ileS, dan tcaA) rintangan antimikrob
(AMR) di samping gen pemindahan konjugatif (tra) yang lengkap.

Analisa genom menunjukkan kehadiran pam efluks pelbagai ubatan dan gen AMR, yang
menyumbang kepada fenotip MDR dalam pencilan terbabit. Tambahan pula, pelbagai
faktor virulen dipamerkan oleh kedua-dua pencilan CA dan HA-MRSA, yang
memainkan peranan penting dalam pathogenesis. Analisa pan-genom terhadap kesemua
wakil pencilan dan 49 strain rujukan global mempamerkan genom terbuka dengan
kehadiran aksesori genom yang besar bagi memperolehi DNA eksogenus dan
memudahkan penyesuaian terhadap persekitaran hospital terpilih dan komuniti.

Oleh itu, analisis ini memberi gambaran tentang ciri-ciri dan kebolehsesuaian yang
berkaitan dengan kedua-dua pencilan virulen dan rintangan MRSA dan MSSA dari
Malaysia yang dapat membantu dalam pengawasan, pencegahan dan kawalan patogenik
S. aureus terutamanya dalam persekitaran berkaitan komuniti dan hospital.
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CHAPTER 1

INTRODUCTION

Staphylococcus aureus is known as a leading cause of bacterial infection and
increasingly found to resist almost all antibiotics therapy. The emergence of broad-
spectrum antibiotic-resistant bacteria is a global phenomenon, which poses an imminent
threat to established treatment protocols for infectious diseases agents. Moreover,
methicillin-resistant Staphylococcus aureus (MRSA) has been known to rapidly develop
and acquire multidrug-resistance properties towards a wide range of structurally-related
and unrelated antimicrobial agents due to the uncontrolled antimicrobial usage in
hospitals throughout the world, including Asia (Chen & Huang, 2014). Currently, the
prevalence of MRSA is of growing concern, particularly due to the more recent increased
frequency hospital-associated to community-associated MRSA in the population. Due to
the awareness of these pathogens, more efforts and related research were carried on
community-associated environments (Gesualdo et al., 2013; Mohamed et al., 2016).

The emergence of MRSA in Malaysia was reported since 1970 by Lim and Zulkifli,
(1987). The prevalence of MRSA is also showing an increment from 17% in 1986
(Rohani et al., 1999) to 61.4% in 2004 as reported by the Ministry of Health Malaysia
(2004) in the National Surveillance Antibiotic Resistance reports. The plummeting
number of prevalent isolated MRSA were also observed from 31% in 2005 to 17.7 % in
2013, as reported by the Ministry of Health Malaysia (Ministry of Health Malaysia,
2013). Additionally, the recent prevalence rates of Malaysian MRSA from clinical
isolates recorded for the years 2016 and 2017 were at 18% and 19.8%, respectively
(Ministry of Health Malaysia, 2016, 2017). The most dangerous threat is currently
represented by MRSA strains that generally harbour additional novel mobile genetics
element composing the antibiotic resistance determinant, thus warranting the utilisation
of the last resort glycopeptides antibiotic. The emergence of MRSA with reduced
susceptibility towards vancomycin has initiated a particularly serious concern
(Hiramatsu et al., 2002). Various categories of MRSA based on epidemiologic character
are commonly recognised including hospital-associated MRSA (HA-MRSA),
community-associated MRSA (CA-MRSA), and livestock-associated MRSA (LA-
MRSA). HA-MRSA infections are most commonly reported among
immunocompromised people who have spent time in hospitals or healthcare centres,
while CA-MRSA infections occur among otherwise healthy adults and children in the
community. Meanwhile, livestock-associated MRSA (LA-MRSA) refers to strains of
MRSA in which animals, particularly production animals, serve as the main reservoir of
infections to humans. While the prevalence and molecular diversity of both MSSA and
MRSA within the hospital is very well documented, population-based studies on S.
aureus on nasal colonisation, particularly in Malaysia are scarce. Furthermore, previous
studies were often limited to the west coast of Malaysia, best known as Klang Valley,
focusing on medical-related population (medical students) samples (Azis et al., 2014,
2017).



1.1 Problem Statements

Generally, limited genome sequences of S. aureus have been studied, and most of the
studies reported the draft genome sequences of specific Malaysian strain. Moreover,
limited information on the molecular and genomic comparison of multidrug resistance
of both HA-MRSA and CA-MRSA involve those of the east coast of Malaysia. Most of
the studies were focused on the antimicrobial susceptibility and resistance rates, as well
as the molecular epidemiology using conventional typing methods such as polymerase
chain reaction (PCR)-based genes profiling of the strains within the same locality, which
did not dissect the details of the genomic make-up of the strain (Lim et al., 2012;
Noordin, et al., 2016; Suhaili et al., 2009). Thus, the understanding of molecular
epidemiology of both MSSA and MRSA strains will assist in controlling the spread and
emergence of multidrug resistance clones. Therefore, this study examined a set of strains
isolated sporadically from samples including clinical and community nasal swab to
determine the dynamicity, evolutionary relatedness, and presence of different resistance,
as well as virulence genes among both MSSA and MRSA strains.

1.2 General Objective

To characterise molecular and genomic make-up of CA- and HA-MRSA using
conventional and whole-genome approach.

1.3 Specific Objectives

1. To determine the antimicrobial susceptibility patterns profiles of both MSSA
and MRSA isolated from community and hospital associated samples.

2. To identify the prevalence of virulence and resistance genes determinant
underlying among CA and HA- MRSA isolates.

3. To characterise the genetic relatedness of MRSA by accessory gene regulator
(agr) typing, spa typing, SCCmec typing and whole-genome MLST.

4. To compare and analyse the genetic content and various genes responsible for
virulence factors and multi-drug resistance of both CA-MRSA and HA-MRSA
from WGS data.
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