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. ABSTRACT

1

The presence of mecA gene in methicillin-resistant Staphylococcus aureus and methicillin-
resistant Staphylococcus epidermidis is the main reason for their resistance towards antibiotics
derived from penicillin such as methicillin and cefoxitin. This gene encodes for penicillin-
binding protein (PBP2a) which reduces the binding affinity of the bacteria towards f-lactam
antibiotics. Previous studies show the isolation of numerous possible MRSA and MRSE
isolates from healthy individuals in Nilai, as well as, from toilet door handles and handphones.
However, only one isolate A/2016M/14 was identified to be mecA positive and of SCCmec
type II. The other isolates were not investigated for mecA and SCCmec typing. Thus, this study
was aimed to complete the molecular characterization of the remaining isolates through mecA
amplification and SCCmec typing. Twenty-two out of thirty-two isolates were confirmed to be
gram positive, clustered cocci with catalase production. Thes;: isolates were confirmed to be S.
aureus and S. epidermidis by their growth on MSA. Eleven isolates of S. aureus and one S.
epidermidis were found to be resistant to cefoxitin. Hence, these WCI‘C' confirmed as MRSA and
MRSE isolates respectively. The DNA of these isolates was extracted using the cell lysis buffer
and was subjected to mecA amplification using the MECA P4 and MECA P7 primers. Seven
out of 12 isolates have thejmecA gene and out of this, 6 were of SCCmec type II. This indicates
the possible spread of a HA-MRSA clone within the community, as type Il SCCmec is found
in Hospital-acquired’M_RSA.
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CHAPTER 1

Ll

INTRODUCTION

Methicillin-resistant Staphylococcus aureus has been indicated to be one of the primary causes
of skin infections. MRSA has also been reported to cause more severe infections such as sepsis
and pneumonia (CDC, 2016). Methicillin-resistant Staphylococcus epidermidis (MRSE)
causesl bacteraemia and hospital-acquired infections (Huebner & Goldmann, 1999). Almost
700, 000 cases involving antimicrobial-resistant microbes like MRSA and MRSE are reported

each year (Wooller, 2017).

The presence of mecA gene has been identified to be th;: main reason for the resistance
of MRSA and MRSE because, this gene encodes for penicillin-binding protein (PBP2A) that
reduces the binding affinity of bacteria towards p-lactam antibiotics (Mackenzie, Richardson,
Missett, Wood & Groves, 1993) (Aklilu, Nurhardy, Mokhtat, Zahirul & Siti Rokiah, 2016).
The staphylococcal cassette chromosome mec (SCCmec) element contains genetic components
that are transmissible between similar or distinct species (Hanssen & Sollid, 2006). Thus far,
11 types of SCGmec eleiments (Types I to XI) have been identified in MRSA and MRSE (Liu,
Chen, Peters, Li, Li, Xu & Shirliff, 2016). Types L, II and III are found in hospital-acquired
MRSA (HA-MRSA) whereas, types IV and V are found in the community-acquired (CA-
MRSA) isolates. Types I, 1T and III have large SCCmec elements comprising of multiple
resistant genes thus, making these isolates to be resistant against a wide range of antibiotics
compared to types V and IV which are only resistant against B-lactam antibiotics (Oliveira,

Tomsz & Lencastre, 2004).

MRSA infections have resulted in high fatality rates globally (Chambers, 1988). Thus,
rapid and accurate diagnosis is essential to save lives. Many ways are being used to identify
the types of SCCmec element for the treatment of related-diseases. One of such way is through
molecular characterization. SCCmec typing for instance, uses established sets of primers that
amplifies specific regions in the SCCmec element eventually determining the types of the

SCCmec element. Knowing the types of the SCCmec enables one to know the resistant trait

1




and helps the treating doctor to determine the appropriate antibiotics for the affected patients

In addition, the information obtained is also used to study the current spread of resistant traits

within communities.

Chuah L. (2016) isolated MRSA from the axillae region of an healthy individual in
Nilai, in which, Chia (2017) has identified the isolate, A /2016 / M to have a Type Il SCCmec
clement. Since it is of type II, isolate A /2016 / M is a HA-MRSA. However, not all of the
MRSA isolated from the axillae and nasal samples obtained by Chuah (2016) were amplified
and c?ltggorized. In addition, more MRSA and MRSE were isolated from studies conducted by
Himashi (2017{, Erlies (2018), Margaret (2018) and Smyrna (2018). Thus, this study was
aimed to complete the molecular characterization of all the remaining MRSA and MRSE

isolates through mecA gene and SCCmec typing.




CHAPTER 2

LITERATURE REVIEW

2.1 ANTIBIOTIC RESISTANT STAPHYLOCOCCI

5.1.1. Methicillin-Resistant Staphylococcus aureus (MRSA)

Staphylococcus aureus is usually found in the nasal cavity, on the skin and axillae but it
generally does not pose any harm (Baron, 1996). However, some strains are gaining attention
due to their resistance towards antibiotics (Lowy, 2000). One such pathogen is methicillin-
resistant Staphylococcus aureus (MRSA) which {s resistant towards several antibiotics

including methicillin and penicillin (Coughlan et al., 2013) (Lowy, 2003).

MRSA is transmissible via direct contact with an infected individual, or an object that was
handled by an infected person (Lights and Solan, 2017). A MRSA-infected individual can be
identified by primary symptoms such as high fever, swollen and painful boils and an infected
area filled with pus (Figure 1). Infections caused by MRSA can also lead to sepsis and
pneumonia, if not detected early or not treated effectively (Wendt et al,'2014).

Healthcare facilities, day-care units and schools that practice poor sanitary habits are at
risk of MRSA outbreaks (DeNoon, 2007) since the bacteria can thrive among people
harbouring this pathogen. In addition, the people associated in these places might be the ideal
carriers for the pathogen to be transmitted from one to another. The estimated MRSA infections
throughout United States has increased to more than 80 000 cases of severe infections, in 2017,
where 45% of the reported cases have resulted in death (National Healthcare Safety Network
at the Centers for Disease Control and Prevention, 2018). CDC (2016) also stated that healthy
individuals may not know that they are carriers of MRSA and MRSE. Hence, they could spread
these pathogens to others, as well as, to the environment. A recent study conducted by CDC
(2017) has concluded that one in three healthy individuals who carry MRSA do not exhibit any
symptoms. A study by both Chuah (2016) and Chia (2017) also supported this finding as
MRSA was isolated from the skin of healthy individuals.
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Figure 1. Cutaneous abscess on the foot (A) and hip (B) caused by MRSA (CDC, 2016).

2.1.1.1: Hospital-acquired MRSA (HA-MRSA)

MRSA’ can be ca;ttegorized into two main classes; hospital-acquired MRSA and community-
acquired MRSA (CA-MRSA) (Cunha, 2009). Hospital-acquired MRSA causes severe health
issues such as pneumonia and skin infections (Leiber et al., 2017; Hidron et al., 2008). Lights
and Solan (2017) has stated that poorly maintained hospital linen and surgical tools causes the
outbreak of HA-MRSA in hospitals. Apart from that, individualé who have undergone invasive
surgery or have implantation of medical devices are also at risk of acquiring HA-MRSA
infections that cause bacteremia (Nichols, 2017). According to the studies conducted by the
American Academy of Family of Physicians (2014), healthcare workers were found to have
improper hand sanitization and poor hygiene habits leading to numerous accounts of

bacteremia and urinary tract infections caused by MRSA (Light & Soldn, 2017).

2.1.1.2 Community-acquired MRSA (CA-MRSA)

CA-MRSA have been frequently isolated from healthcare facilities (Fukukawa et al., 2017)
and recent studies have shown that infections caused by such bacteria are prevalent in these
settings (Chua et al., 2014). Generally, CA-MRSA causes soft tissue infections and skin
infections among children, as well as, in adults (Maree ef al., 2007). Like HA-MRSA, poor
hygiene has been the reason for the spread of CA-MRSA (American Academy of Family
Physicians, 2014). CA-MRSA infections were also found to be prevalent in overcrowded
settings such as, like in, army recruits training institutes, universities, gyms and prisons (Maree
et al., 2007). This is because, increased direct contact with unsanitized objects and sub
environments such as gym equipments (Lights & Solan, 2017). A statistical study conducted
by Statista (2017) in United States has mentioned that the number of individuals who opt to
workout in the gym has increased from 32. 8 million in 2000 to 57.25 million in 2016.

Therefore, more individuals end up sharing the same space and equipment in a gym. Thus, the

4
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MRSA carriers may spread the pathogens unknowingly across the room, increasing the chances
1]

of infection among more individuals (Lights & Solan, 2017).-

2.1.2 Methicillin-resistant Staphylococcus gpidermidis (MRSE)

Staphylococcus epidermidis is normally found on the mucosa and skin regions (Otto, 2013).
They are also able to form biofilms on synthetic surfaces such as orthopaedic implants and
intravascular catheters causing device;associated infections (Costa et al, 2018; Oliveira et al,

2018) and hospital-acquired infections (Zameer, Kreft & Gopal, 2008).

A study conducted by Li et al (2009), showed that most strains of S. epidermidis obtained
from hospitals ;vere resistant towards methicillin (Li et al., 2009) while some were resistant
towards antibiotics like oxacillin, erythromyci;n,.cefoxitin, penicillin and etc (Krishnaveni et
al., 2013). Similar to MRSA, methicillin-resistant in S. epidermidis is caused by the presence

of mecA gene (Cherifi et al., 2013). -

In addition, S. epidermidis have higher resistance rates, thus making it more strenuous to
eliminate (Cherifi et al., 2013). As according to Hussein & Rasheed (2016), almost 90% of S.
epidermidis harbor the mecA gene which results in the high rate of methicillin-resistance

among them.

A

2.2 THE RESI'STAN:I: FACTORS

According to Mackenzie et al (1993), the mecA gene is encoded by penicillin-binding protein
(PBP)2a which leads to the resistance of MRSA and MRSE towards methicillin and B-lactam
antibiotics. This protein reduces the binding affinity of the bacteria towards B-lactam
antibiotics (Mackenzie et al., 1993). Regulation of mecA gene nonetheless is transcribed via
mecRI, mecl, transmembrane (-lactam signal transduser respectively. The mecRI gene is
activated in the presence of B-lactam antibiotics by the metallo-protease domain, facilitating
the binding of PBP2A with mecA gene. Therefore, production of PBP2a increases and leads to
the transcription of mecA (Deurenberg et al., 2007). The mecC is highly similar to mecA and
is found to be encoded by a homolog of PBP2a (Ballhausen et al., 2014). Furthermore, five

classes of mec complexes have been discovered thus far (Deurenberg et al., 2007).

Hanssen and Sollid (2016) stated that the SCCmec element contains genetic components

that are transmissible between similar or distinct species and mecA gene. The gene is also
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highly conserved (Ballhausen et al., 2Q14). Wisplinghoff et al, (2003) has distinguished major
SCCmec types, for instance, types I to V that ranges from sizes 21kb to 67kb. However, types
II and III are large in size (52kb and 68kb) explaining the resistance towards a wide range of
antibiotics (Ma et al., 2002), whereas, types I, IV and V are relatively smaller (34kb, 21kb-
24kb and 27kb) (Ma et al., 2002) and are resistant more specifically towards B-lactam

antibiotics.

According to International Working Group of Staphylococcal Cassette Chromosome (n.d),
S. epidermidis have been identified to have several new types of SCCmec (Types VII, IX, X
and XI) (Tto et al., 2013). All eleven types of SCCmec elements present in MRSA (Appendix
D). SCCinec type X1 contains mecC gene conferring resistance towards heavy metals, B-lactam
and non B-lactam antibiotics (Shore et al., 2011). SCCmec element types 1, 11, III and VIII are
detected in HA-MRSA, whilst types IV, V, VI and VII are detected in CA-MRSA (Namvar et
al., 2015). Even so, only types I to V are often times ampliﬁéd in SCCmec typing of MRSA
since they are acknowledged worldwide. The latter types are usually not amplified as the
isolates with these genes Qave only been isolated from localized regions of the world and are
not found globally (Vitali et al., 2014). However, the predominant strains in MRSE were
identified to be SCCmec type III/ST2 and type IV/ST23 (Du et al., 2013). Both types have the
ability to form biofilms and are resistant towards many antibiotics.” A study conducted by
Nomura et al, '(2016);;has identified that MRSE is not resistant towards antibiotics like
minocycline, clindamyc;in and cephalosporin. Therefore, they can still be used to treat MRSE-

related infections.

2.3 MOLECULAR CHARACTERIZATION OF MRSA AND MRSE

Molecular characterization studies are conducted to study the molecular basis of an organism
(Mao, Hedrick & Chinchar, 1997). Furthermore, molecular characterization of MRSA and
MRSE is done to identify chromosomal and DNA divergence that has occurred in these species
by amplifying the mecA gene. Staphylococcal cassette chromosome mec (SCCmec) typing is
vital to understand the molecular characterization of MRSA. 1t is inevitable that molecular
characterization has been very useful in the medical field. Reason being, it enables us to
understand the existing widespread of certain diseases and thus, provide ways to treat the
diseases with suitable drugs (World Health Organization, 2014). For instance, it has been
identified that HA-MRSA carries SCCmec types I, Il and 111, and are resistant towards most
antibiotics (Deurenberg et al., 2007).



