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Abstract

Investigation of Staphylococcal Toxic Shock Syndrome Toxin-1 in Methicillin-
Resistant Staphylococcus aureus

Osaid Abdallah Abedalqader Momani
M.Sc., Department of Medical Microbiology and Clinical Microbiology
Supervisor: Assoc. Prof. Buket Baddal

October, 2021, 66 pages

Staphylococcus aureus is a Gram-positive opportunistic bacterium that causes infections
in humans and animals. It can asymptomatically colonize healthy people, giving it the ability
to transmit between individuals. S. aureus is able to cause a broad range of mild to severe
infections. Resistance to the antimicrobials being used has risen and has become a global
problem as therapeutic alternatives are rapidly running out. Resistance to commonly used
antibiotics such as methicillin, oxacillin, penicillin and vancomycin has resulted in the
emergence of resistant pathogens such as methicillin-resistant S. aureus (MRSA) and
vancomycin-resistant S. aureus (VRSA). Virulence factors are the primary pathogenicity
factors of S. aureus inducing innate and adaptive immunological responses in the host. S.
aureus produces a diverse range of pathogenic virulence factors, including enterotoxins,
exfoliative toxins, superantigens, phenol-soluble modulins, and cytolysins. The aim of this
thesis project was to investigate the presence of tsst-1 gene in MRSA clinical isolates at Near
East University Hospital. Seventy-six MRSA isolates were identified using coagulase tube
test, cefoxitin disc diffusion test, and zss#-1 gene amplification by polymerase chain reaction
(PCR). The presence of tsst-1 gene was detected only in two (2.63 %) of 76 MRSA isolates
screened. One of the TSST-1 positive isolates was from a tracheal aspirate from a female
patient. The other TSST-1 positive isolate was from a blood sample from a male patient. This
is the first study to investigate presence of toxic shock syndrome toxin 1 carriage in MRSA in
Northern Cyprus, and it is another step towards a better understanding of the molecular

properties of S. aureus strains present in hospitals in Cyprus.

Keywords: Staphylococcus aureus; MRSA; molecular typing; virulence factor, toxic shock

syndrome toxin-1



Ozet

Metisilin Direncli Staphylococcus aureus Klinik izolatlarinda Stafilokokal

Toksik Sok Sendromu Toksin-1’in Arastirilmasi

Osaid Abdallah Abedalqader Momani

Yiiksek Lisans, Tibbi Mikrobiyoloji ve Klinik Mikrobiyoloji Anabilim Dal
Damisman: Dog¢. Dr. Buket Baddal
Ekim, 2021, 66 sayfa

Staphylococcus aureus, insanlarda ve hayvanlarda enfeksiyonlara neden olan Gram pozitif
firsat¢1 bir bakteridir. Saglikli bireylerde asemptomatik olarak kolonize olabilmesi nedemn ile
bireyler arasinda bulas kapasitesi bulunmaktadir. S. aureus, hafif seyirli veya siddetli
enfeksiyonlara neden olabilir. Kullanilan antimikrobiyallere karsi direng artigi kiiresel bir
sorun haline gelmistir. Metisilin, oksasilin, penisilin ve vankomisin gibi yaygin olarak
kullanilan antibiyotiklere karsi gelisen diren¢ mekanizmalari, metisilin-direngli S. aureus
(MRSA) ve vankomisin-direngli S. aureus (VRSA) gibi direngli patojenlerin ortaya ¢ikmasina
neden olmustur. Salgilanan viriilans faktorleri, konakta dogal ve edinsel immiinolojik tepkileri
indiikleyen S. aureus'un birincil patojenite faktorleridir. S. aureus enterotoksinler, eksfolyatif
toksinler, siiperantijenler, fenol ¢ozlinlir modiilinler ve sitolizinler dahil olmak iizere gesitli
patojenik viriilans faktorleri iiretmektedir. Bu tez projesinin amaci, Yakin Dogu Universitesi
Hastanesi'ndeki MRSA klinik izolatlarinda toksik sok sendromu toksin-1 (#ssz-7) gen
varligiin aragtirilmasidir. Koagiilaz tiip testi, sefoksitin disk difiizyon testi ve polimeraz zincir
reaksiyonu (PZR) ile #sst-1 gen amplifikasyonu kullanilarak 76 MRSA izolat1 tanimlanmugtir.
PZR ile yapilan taramada #sst-1 gen varligi 76 izolatinin sadece ikisinde (%2.63) saptanmistir.
TSST-1 pozitif izolatlardan biri, bir kadin hastadan alinan trakeal aspirat 6rneginden elde
edilmistir. Diger TSST-1 pozitif izolat ise, erkek bir hastadan alinan kan &rneginden izole
edilmistir. Bu ¢aligma, Kuzey Kibris'ta MRSA izolatlarinda toksik sok sendromu toksin-1
varligini arastiran ilk calisma olmakla birlikte, Kibris'taki hastanelerde bulunan S. aureus

suslarmin molekiiler 6zelliklerinin incelenmesine yonelik dnemli bir adim teskil etmektedir.

Anahtar Kelimeler: Staphylococcus aureus; MRSA; molekiiler tiplendirme; viriilans faktorii,

toksik sok sendromu toksin-1
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CHAPTER1

INTRODUCTIONS AND AIMS

The human body is the host of diverse bacterial communities with potentially
harmful and healthy qualities. For this cause, the strains associated with different
regions of the body under different health circumstances have been thoroughly
characterized in recent decades. The harmless commensal bacterium Staphylococcus
aureus is now recognized to be a key opportunistic pathogen responsible for many

diseases throughout the world (Chessa et al., 2015; Abernethy et al., 2017).

S. aureus is a commensal bacterium often found asymptomatically in healthy
individuals, including the nose, intestines, on the skin, skin glands, and mucous. It can
also be a key opportunistic pathogen associated with various human diseases. Studies
indicate that up to 20% of S. aureus is persistent in general population and
approximately 30% are intermittent carriers, while approximately 50% are non-
carriers (Lakhundi & Zhang, 2018). In humans, anterior nares are the most common
site of colonization, which increases the chance of infection when the host defenses

are compromised (Pinchuk et al., 2010).

Several signal transduction pathways as well as virulence genes encoded in the
genome of S. aureus, gives the bacterium the ability to cause disease in a broad range
of metabolic niches. Studying bacterial virulence factors and their role in human
disease has made significant progress in recent years (Campbell et al., 2021). S. aureus
has been proven to be a successful pathogen during colonization as well as in disease.
It harbors a wide range of virulence factors including hemolytic enzymes, exfoliative
toxins, and superantigen proteins comprising toxic shock syndrome toxin-1 (TSST-1),
staphylococcal enterotoxin-like proteins (SEls), and staphylococcal enterotoxins
(SEs), which are usually located on mobile genetic elements (MGEs). MGEs aid
pathogenicity by carrying various virulence and resistance genes through horizontal

gene transfer. Due to the plethora of virulence characteristics, S. aureus has the ability



to cause a variety of infections ranging; from skin and soft tissue infections to life-
threatening conditions such as pneumonia and endocarditis (Tuffs et al., 2019; Rai &

Khairnar, 2021; Benkerroum, 2018).

Medically, S. aureus poses a significant challenge due to its unusual ability to
develop resistance to multiple antibiotic classes which complicates antibiotic
treatment. 94% of S. aureus strains are resistant to penicillin and its derivatives because
of the release of the penicillinase enzyme, beta-lactamase, which inhibits penicillin by
hydrolyzing the beta-lactam ring (Algammal et al., 2020; El Feghaly et al., 2012). One
of the most common types of S. aureus is methicillin-resistant S. aureus, or MRSA,
which can be diagnosed clinically by using polymerase chain reaction (PCR) to detect
the mecA gene and cefoxitin resistance (Gajdacs, 2019). Methicillin resistance results
from the mutation of the mecA gene, in which the transcription is triggered by the
synthesis of a unique penicillin-binding protein known as PBP2a. PBP2a has a low-
affinity for beta-lactam antibiotics in comparison to other PBPs. (Moosavian et al.,
2018; Taylor and Unakal 2021). Healthcare-associated MRSA (HA-MRSA),
community-associated MRSA (CA-MRSA), and livestock-MRSA (LA-MRSA) are
the three types of MRSA infection documented in literature (Kumar, 2020). In the late
1980s, vancomycin became the preferred antibiotic for treating MRSA infections in
hospitals. Vancomycin resistant S. aureus (VRSA) isolates were first reported in the

United States in 2002 (McGuinness et al., 2017).

As aresult of the proliferation of new antibacterial drugs, bacteria that are resistant
to these agents have increased the number. This has become a global concern as
therapeutic alternatives are rapidly running out. Antimicrobial resistance is a problem
in both the healthcare and community settings, requiring a broad approach with joined
efforts to overcome the associated problems. Infections with MRSA occur in 8-33%
of patients who are colonized with the bacterium. Additionally, the number of HA-
MRSA infections caused by CA-MRSA is increasing. According to the Centers for
Disease Control and Prevention (CDC), over 2 million cases of diseases and 23
thousand deaths per year are attributed to antibiotic resistance in the United States (U.

Okwu et al., 2019).



Recently, MRSA has become the main focus of infection prevention and control
practices in hospital settings. MRSA infections also represent a major cost and
monetary pressure to the healthcare system worldwide. Therefore, there is a need for
further understanding of its transmission, prevalence, risk factors, associated diseases

and pathogenicity as well as treatment of MRSA (Chukwunonso et al., 2018).

There is limited data on the virulence characteristics of MRSA clinical isolates in
Northern Cyprus. The current study aims to investigate the presence and the
prevalence of TSST-1 in MRSA clinical isolates collected at Near East University
Hospital, and to evaluate the potential relationship between toxin presence level and

disease outcome.



CHAPTER 11

LITERATURE REVIEW

Staphylococcus is a genus named after the Greek word staphyle (grape) and
Kokkos (berry) (Gnanamani et al., 2017). Sir Alexander Ogston, a Scottish surgeon,
defined staphylococci in the pus of a surgical abscess in a knee joint in 1880. Friedrich
Julius Rosenbach, a German physician, differentiated bacteria by the colour of their
colonies in 1884: S. aureus (from the Latin aurum, gold). The genus Staphylococcus

is a member of the phylum Actinobacteria's tamily Micrococcaceae (Liu et al. 2005).

Some staphylococcal species can cause infections in the human body and termed
‘pathogenic’ by clinical microbiologists. There are more than 37 species and 8
subspecies in the genus Staphylococcus, many of which preferentially colonize the

human body (Aryal, 2020).

2. Staphylococcus aureus

2.1. Bacterial characteristics

S. aureus are Gram-positive and spherical in shape with a low genomic G + C
content (Figure 1). They are frequently found in clusters resembling a cluster of grapes
when observed under a light microscope after Gram staining with a diameter varying
between 0.5 and 1.0 pM. These species can grow aerobically or anaerobically
(facultative anaerobe) and can grow up to 10% of salt. These organisms are non-spore-
forming, produce catalase and have the ability to ferment mannitol (Gajdacs, 2019). S.
aureus cells are coagulase-positive which distinguishes it from other staphylococcus
species. The colonies are often golden or yellow with smooth, round, raised and
glistening colonies (Figure 2). It grows most rapidly at 37°C. Due to the synthesis of
four forms of hemolysins, the organism is often hemolytic (alpha, beta, gamma, and

delta) on blood agar (Ta and Cg 2017).



Figure 1: S. aureus observed under the light microscope after Gram's staining

(Paudyal et al., 2014)

Figure 2: S. aureus colonies on the blood agar



2.2. Bacterial Structural Components

2.2.1 Cell wall components

S. aureus produces a capsular polysaccharide (CP), which acts as a pathogenic
factor and aid in the bacterial resistance to phagocytosis. CP serotypes are numerous
and the most notable of which are CP5 and CP8. Most clinical S. aureus isolates form
either CP5 or CP8, allowing the bacterium to attach to a surface or host cell (Nanra et
al., 2012). After host cell invasion, the bacterium is able to grow within it, where it can
easily avoid detection by host immune system components (PMNs) (Batte et al., 2016).
The serotype of CP8 appears less virulent than the serotype of CP5, showing CP5's
capability to cause bacteremia more than the CP8 serotype. S. aureus related strains
that produce the CP5 capsule have significantly enhanced mortality rates as well as

higher occurrence and severity of arthritis inducing sepsis (Watts et al., 2005).

S. aureus cell wall consists of a thick peptidoglycan (PG) layer which is 20-30 nm
and extracellular polymers that are structurally supported by teichoic acids (Ultee et
al., 2020). The peptidoglycan is also called a murein layer, which consists of glycan
chains composed of the alternating amino sugars N-acetylglucosamine and N-
acetylmuramic acid. Trunk pentapeptides (L-Ala-D-iso-GIn-L-Lys-D-Ala-D-Ala) are
attached to the carboxyl group of each N-acetylmuramic acid, and interpeptide bridges
link the lysine component of a trunk peptide to the penultimate D-alanine of an
adjacent trunk peptide where the glycan strands are being cross-linked with short

peptide motifs (Szweda et al., 2012).

Teichoic acids (TAs) are a second part of the cell wall of S. aureus, however, can
be found in a variety of gram positives and can be defined as lipo-TAs (LTA). TA
anchored in the membrane cytoplasm and cell wall TAs (WTAs) that are within the
bacterial cell wall are covalently connected to peptidoglycan. WTAs help
staphylococcal adhesion and colonization and play an important role in cell division,

and biofilm formation (Mistretta et al., 2019).



2.2.2 Surface proteins

S. aureus expresses multiple surface proteins that play a critical role in the
adherence of the bacterium to host cells, supporting bacterial invasion and evasion of
host's immune response. Therefore, cell wall connected proteins are critical factors for
S. aureus survival under commensal and invasive conditions, and could combat

staphylococcal disease if targeted by vaccination (Foster et al., 2014).

Microbial surface components recognizing adhesive matrix molecules
"MSCRAMMs" are several exposed proteins which are involved in the colonization,
invasion, and proliferation of S. aureus in host cells. These MSCRAMMs link S.
aureus and the host cells directly or indirectly. Direct method involves the proteins
anchoring in the cell wall binding directly to the ligands which form an infection in
tissue areas, however, subsequent development of toxins aid in infection
dissemination, such as endovascular infections, bone, joint infections, and prosthetic
device infections (Ashraf et al., 2017). MSCRAMMs include protein A and B (FnBPA
and FnBPB), the adhesive of collagen (Cna), staphylococcal protein A (SpA), and
clumping factor A and B (CIfA and CIfB) (Jin et al., 2021).

2.2.2.1 Fibronectin-binding proteins

The fibronectin-binding proteins (FnBPs), FnBPA and FnBPB, have structural
resemblances to the surface proteins of other Gram-positive bacteria, which are also
fibronectin-binding proteins found in S. aureus (Massey et al., 2001). For host cell
adhesion, FN mainly forms a bridge between cell-side a5B1-integrin and bacterial
binding protein FN, followed by an A-dome similar to Clot Factor A, and a fibrinogen-
binding protein that contains an amino-terminal secretion signal sequence. This
domain is FN active and can tie fibrinogen and elastin to the other domain
(MSCRAMMs). Only 40% of the sequences of the A domain of FnBPA and FnBPB
are identical (Josse et al., 2017).



2.2.2.2 Protein A

The protein A (spa) is a 45-kD surface-bound and secreted protein expressed by a
large number of clinical isolates. It has been shown to bind to Fc portion of
immunoglobulins (Goldmann & Medina, 2018). It can also prevent destruction by
neutrophil granulocytes through opsonophagocytosis (OP). The spa can inhibit
phagocytosis via the prevention of antibody binding to bacterial cell surface
components and consequent complement-dependent uptake of bacteria by phagocytic

cells (Nanra et al., 2012).

2.2.2.3 Clumping factor A

Clumping factor A (CIfA) is a staphylococcal fibrinogen (Fg) binding protein
which is responsible for clumping of the blood plasma (Ghasemian et al., 2015). It is
an important virulence factor of S. aureus involved in various infections including

arthritis and endocarditis.

2.3 Extracellular Enzymes

Catalase, proteases, hyaluronidase, lipases, nucleases and staphylokinase are
enzymes produced by S. aureus (Figure 3). In addition to harvesting and transforming
host tissues into bacterial nutrition, S. aureus enzymes can also help to invade and

evade the immune system (Jin et al., 2021).

2.3.1 Coagulase

Coagulase is the main criteria utilized for S. aureus identification in the clinical
microbiology laboratory. Several publications have shown that site-specific coagulase
inactivation does not decrease microbial endocarditis pathogenicity, subcutaneous or

mammalian infections (Arvidson, 2014).



2.3.2 Staphylokinase

Staphylokinase (Sak) is a cofactor that masks plasmin for the activation of
plasminogen to disintegrate fibrin clots and hence promotes the spread of bacteria. Sak
is generated from staphylococci's lysogenic strains; prophage encoding Sak usually
has other genes that encode virulence such factors as enterotoxin A and inhibitory

proteins of chemotaxis (Tam and Torres 2019).

2.3.3 Nucleases

The first detection of staphylococcal nuclease (DNase) in S. aureus culture filtrates
was in 1956. Staphylococcal nuclease is a Ca>*-dependent enzyme that is heat stable
(Algammal et al., 2020). The purpose of staphylococcal nuclease is to break down the
DNA and RNA substrates, as well as to affect the cleavage of the 5-phosphorylester
bond (Tam and Torres, 2019).

2.3.4 Hyaluronidase

Hyaluronic acid (HA) is A linear polysaccharide consisting of recurring units of
N-acetylglucosamine and glucuronic acid, connected by alternate 1,3 and p—1,4
glycoside linkages. The enzymes which degrade HA are called hyaluronate lyase or

hyaluronidase respectively (Tam and Torres, 2019).

2.3.5 Lipases

S. aureus contains two lipases: lipase 1 and S. aureus lipase 2 (SAL1 & SAL2).
SAL1 and SAL2 genes are often labeled as gehA and fehB for glycerol ester hydrolase,

respectively. Lipase pro-peptides were proven to be essential for lipase transport to the
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extracellular environment as well as protein stabilization to avoid degradation (Tam &

Torres, 2019).
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Figure 3: S. aureus fundamental structure and capacity to express different

determinants of pathogenicity (Jin et al., 2021).

2.4 Staphylococcal diseases

Staphylococcal infections may vary from mild conditions of the skin to
endocarditis and can lead to life threatening heart infections such as endocarditis. As
a result, the indications of staphylococcal infections and their symptoms may vary

greatly according to the location and severity of disease (Table 1).
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Table 1: An overview of S. aureus infections (Zurita et al., 2010)

Source of infection Disease

Impetigo, boils, carbuncles, abscesses, cellulitis,
Skin and soft tissue fasciitis,

pyomyositis, surgical and traumatic wound

infections
Foreign body-associated Intravascular catheter, urinary catheter
Intravascular Bacteremia.  sepsis, septic thrombophlebitis,

infective carditis

Bone and joints Septic osteomyelitis, septic arthritis

Respiratory Pneumonia, empyema. sinusitis, otitis media

Other invasive infections Meningitis, surgical space infection
Toxin-mediated disease Staphyiococcal toxic shock, food poisoning,

siaphyvlococcal scalded skin syndrome. bullous

2.5 Epidemiology

2.5.1. Carriage

To understand S. aureus biology and how it causes disease, it is necessary to
comprehend the bacterial mechanism of transmission, colonization, and preferred
habitat. S. aureus is a major opportunistic pathogen associated with numerous
conditions in humans, a commensal that is frequently present asymptomatically on the
skin, skin glands, and mucous membranes of healthy persons. S. aureus colonizes a
variety of human body niches, but the major colonization site is the anterior nares.
Bacterial carriage rate can be divided into three categories: 20-30% of people are

persistent carriers of S. aureus, 30-35% are intermittent carriers, and 40-50% are
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noncarriers (Emaneini et al.,, 2017). Furthermore, in addition to the nares,

oropharyngeal, axillary, perineal, rectal, perirectal, and even intestinal samples have

also been shown to have MRSA colonization (Figure 4) (Turner et al., 2019).

Hospital:

* Preoperative screening and decolonization are
associated with decreased transmission and
surgical site infections

* Majority of infecting strains are concordant to
colonizing strains, supporting that nasal
colonization precedes infection

¢ ~20-fold higher chance of MRSA bacteraemia in
patients colonized with MRSA

Community:

* Prevalence of MRSA colonization estimated at
0.2-7.4%

* Almost two-thirds of household contacts of
individuals with recent MRSA SSTIs are
subsequently MRSA colonized

Nares:

® 0.9-1.5% of healthy individuals are persistently
colonized with MRSA

* Anterior nares are the main MRSA reservoir, and
nares screening detects 60-80% of carriers

* MRSA nasal colonization has increased

* Differences in nasal colonization status are
dependent on host and microbial factors

* Duration of nasal carriage following
decolonization is highly variable

Oropharynx:

* Emerging as a distinct independent MRSA
colonization site

* Represents >60% of exclusive extranasal
colonization sites

* Screening more sensitive and shows increases in
colonization status by 21% over nares

* Colonization associated with prolonged MRSA
carriage

Axilla:

* Compared with other extranasal screening, axilla
screening has lower detection

* Use of deodorant or antiperspirant inhibits
PCR-based detection

Inguinal region:

* Commonly positive in community settings
compared with hospital settings and higher in
males

* More common MRSA reservoir than nares for
individuals with cutaneous abscesses

* Pooled sampling increased MRSA carriage
detection in populations with both high and low
prevalence

Intestinal and rectal regions:

* Specific strains shown to have predilection for
rectal colonization with strong association with
SSTls in children

* Frequency and clinical impact of exclusive
intestinal carriage is not well understood

Figure 4: Methicillin-resistant S. aureus colonization (Turner et al., 2019).
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2.5.2. Transmission

S. aureus is mostly transmitted by nasal carriage among healthcare workers
(HCWs). Moreover, S. aureus can be transmitted by the respiratory system, which
comes into direct contact with that of healthy individuals, newborn, nasopharynx or
open wounds. Bacteria from healthy carriers can be transmitted to the
immunocompromised population. As a result, the transfer must take a more indirect
path that includes (1) exit from the respiratory tract, (2) transit to the recipient, and (3)
entry into tissues (Emaneini et al., 2017; Hare & Thomas, 1956).

Hospitals take significant measures to avoid direct patient-to-patient transmission
as well as transmission via personnel and the environment. Transmission may happen
even with effective infection control practices, colonized healthcare personnel have
been identified as potential sources of transmission in outbreaks, although the utility
of healthcare worker screening and S. aureus eradication as regular control strategies

is debatable (Price et al., 2017).

2.5.3. Risk factor

Children, the elderly, athletes, military personnel, people who inject drugs, people
with indigenous backgrounds or who live in urban, underserved areas, individuals with
underlying conditions, people who have frequent healthcare contact, and people in
institutionalized populations, including prisoners, are more exposed to the risk of S.
aureus (Long et al., 2014). In American women age > 60 years, diabetes and poor
household income were risk factors for colonization of MRSA, however, in United
States exposure to healthcare was identified as the sole important risk factor (Hassoun

etal., 2017).

Infections of S. aureus are common in children. The greatest infection risk is

observed in this category, with annual incidences around 452 instances per 100 000
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newborns of the general population, and death of 4.5% compared to the highest number

among infants between 1 and 17 years old in the USA (Schaumburg et al., 2014).

The highest risk of infection was among newborns in hospitals under the age of 1
year. The risk factors of early post-natal baby colonization have been discovered by
maternal S. aureus carriage and breastfeeding. Between 53% and 80% of newborn
mother-dyads were simultaneously colonized with the same S. aureus isolate

(Schaumburg et al., 2014).

However, the MRSA isolates show that increased indiscriminate and uncontrolled
use of antimicrobials in the community is a substantial determinant of risk for
community-related infection with extremely limited treatment options. This situation
requires efforts to avoid the indiscriminate use of antimicrobials and to ensure good
personal hand hygiene to avoid the expansion of these multi-drug resistant (MDR)
strains into other communities of immunocompromised population (Onanuga et al.,

2021).

2.6 Antibiotic resistance in S. aureus

S. aureus infections can be extremely hard to treat due to the acquired resistance
to antimicrobial agents. A variety of resistance mechanisms, including horizontal gene
transmission transfer via plasmids or other mobile genetic elements, mutations and
selection of drug resistance can be observed in S. aureus. This has resulted in several
strains that are resistant to one or more antibiotics, such as penicillin-resistant S. aureus
(PRSA), methicillin- resistant S. aureus (MRSA), and vancomycin-resistant S. aureus

(VRSA) and multidrug-resistant S. aureus (MDRSA) (Haddad Kashani et al., 2018).
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2.6.1 Penicillin-resistant S. aureus

Scottish microbiologist Fleming discovered penicillin in 1928, which was used in
clinical practice by the early 1940s. Penicillin-resistant S. aureus (PRSA) has been
documented in the early 1942s after few years of the initial treatment of human
infections with penicillin. There were more than 80% PRSA infections in both
hospitals and the community between 1950 and the late 1960s (Szweda et al., 2012).
At this time, significant numbers of clinical isolates were classified as 80/81 phage-
type and subsequently as multi-locus sequence type (MLST or ST) 30 and clonal
complex 30 (CC30). Penicillin resistance is conferred by two pathways in S. aureus
(McGuinness et al., 2017). Beta-lactamase synthesis promotes the gene blaZ and
inhibits penicillin by hydrolyzing the beta-lactam ring. blaZ is an 846-bp gene that is
regulated by two consecutive regulatory genes, the anti-repressor blaR1 and the
repressor blal. It has been observed that after beta-lactam is exposed, blaRl1, a
transmembrane sensor—transducer, undergoes autocatalytic cleavage that induces
slicing of the repressor gene, blal, and thereby enabling transcription of blaZ. Serotype
analysis distinguishes four categories of blaZ; three of them (A, C, and D) are
frequently found on plasmids, whereas B is typically located on the chromosome (EI
Feghaly et al., 2012). The second type of penicillin resistance is caused by a mutated
penicillin-binding protein, PBP2a, which is encoded by mecA (Makgotlho et al., 2009).

2.6.2 Methicillin-resistant S. aureus

Methicillin was developed in the late 1950s as a treatment for PRSA infections.
Although methicillin is effective in treating PRSA infections, the first methicillin-
resistant S. aureus (MRSA) strains have been reported within two years of clinical use.
In 1961, the first case of methicillin-resistant MRSA was discovered in a British
hospital (Henderson & Nimmo, 2018). Over the decades, the prevalence of MRSA has
risen worldwide. There is a large proportion of S. aureus infections in hospitals caused

by MRSA, which is associated with high mortality rate (McGuinness et al., 2017).
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MRSA is currently the most prevalent resistant pathogen discovered in many parts
of the world, such as Europe, the US, North Africa, the Middle East, or East Asia (Guo
et al., 2020). In a 2013 study by the Center for Disease Control and Prevention (CDC),
MRSA was stated to be a major concern in the US for antibiotic resistance. Although
the MRSA isolation rates have declined over the years, according to recent studies,
additional observation and prevention measures may be needed to further reduce the
spread of this pathogen. Between 2005 and 2008, the international rates for MRSA
were 44.2 %. In 2014, parts of Southeast Asia, the Western Pacific, and other parts of
the world observed that more than 80% of S. aureus infections were caused by MRSA.
By 2016, this percentage had dropped to 39.0% and there was a noticeable change in
MRSA rates (Schulte & Munson, 2019).

MRSA can cause a variety of illnesses, including skin and soft tissue infections,
pneumonia, osteoarticular infections, toxic shock syndrome, and bacteremia. In the
United States, MRSA is the second most common type of infection in children under
the age of five. Clinical manifestations and infection risk factors differ between
hospital acquired-MRSA (HA-MRSA), community acquired-MRSA (CA-MRSA),
and livestock acquired-MRSA (LA-MRSA) strains (Chukwuma's et al., 2018).

2.6.2.1 Hospital-acquired MRSA

HA-MRSA stands for hospital-acquired MRSA isolates, which are increasing over
time around the world. In the late 1970s, the majority of cases had been HA-MRSA
(Khokhlova et al., 2015). There are high rates of HA-MRSA infections in the United
States, Asia, and Malta (>50%). HA-MRSA infections are more common in Asian
countries such as South Korea (77.6%), Vietnam (74.1%), Taiwan (65%) and Hong
Kong (56.8%), The prevalence rate in Africa, China, and Europe ranges from 25 to 50
percent while in some parts of Europe, it is less than 50 percent (Kumar, 2020; Grema,
2015). Dermatitis, septicemias, and heart and lung diseases are the most common HA-

MRSA complications reported (Lee et al., 2018; Bennett & Thomsen, 2020).
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2.6.2.2 Community-acquired MRSA

It was unlikely for MRSA to cause infections among members of the community
or hospitals until the beginning of the 20th century. The first epidemic of CA-MRSA
infections was documented in 1991 which resulted in necrotic pneumonia, lung
abscess, and sepsis; however, aggressive MRSA infections was reportable in the late
1990s. MRSA isolates accounted for more than half of S. aureus infections in US
intensive care units by the mid-1990s (Dukic et al., 2013). First documented cases of
MRSA infection in a community occurred in 1997 in otherwise healthy children in the
US. Despite the fact that none of these children had any risk factors for developing
MRSA, they all died from severe infections, suggesting that these CA-MRSA strains
were particularly virulent (Szweda et al., 2012). CA-MRSA was recognized as a
distinct clinical organization in 1999 after an investigation of four infant deaths in the
Midwestern United States. In Detroit and Western Australia, CA-MRSA cases had
previously been linked to intravenous drug users. The CDC established a new case
definition for MRSA infections among healthy people: any infection diagnosed in
patients without health care-associated MRSA risk factors such as hospitalization,
hemodialysis, surgery and presence of indwelling catheters and other medical devices.
(Kong et al., 2016). The most common clinical manifestation associated with CA-

MRSA is skin and soft tissue infection (Otto, 2013).

In 2008, the CDC confirmed that around 12% of MRSA infections were linked
with the community (Choi et al., 2014). According to the CDC, CA-MRSA refers to
cases where MRSA is isolated less than 48 hours after hospital admission without a
history of hospitalization or surgery in the previous 12 months, permanent indwelling
catheters or percutaneous medical devices, residence in a long-term-care facility,

dialysis, or previous culture of MRSA (Henderson & Nimmo, 2018).



18

2.6.2.3 Livestock-acquired MRSA

LA-MRSA is related to locally-assigned infections, such as skin and soft tissue
infections and otitis media along with critical and invasive infections including
bacteremia. Members of households with animals are more likely to be colonized by
LA-MRSA, which can be transmitted to other members of the household through
direct contact with the livestock including cows, horses, chickens, and mainly pigs.
Cases of LA-MRSA also occurred in people who had no relationship with livestock
and in these situations, the infection was spread by contamination or by food

transmission (Lee et al., 2018).

2.6.3 Vancomycin resistance

In 1958, vancomycin was used for treating S. aureus which was resistant to
penicillin, but soon methicillin was displaced. With the growth of MRSA, vancomycin
has become popular and has been the basis for MRSA since then. It is a glycopeptide
with antibacterial and inhibition of gram-positive diseases by the production of cell
walls. Although vancomycin was used for over 50 years, the best way to use this drug
is still discussed (Holmes et al., 2015). S. aureus isolates are divided into three
categories by Clinical and Laboratory Standards Institute (CLSI) with reduced
susceptibility to vancomycin. Vancomycin-susceptible S. aureus (VSSA) has a MIC <
2 g/ml, vancomycin-intermediate S. aureus (VISA) has a MIC of 4-8 g/ml, and VRSA
has a MIC > 16 g/ml. The presence of vanA or other vancomycin resistance factors
must be verified by molecular techniques to determine whether an isolate belongs to

VRSA (Cong et al., 2020).

2.7 Mechanisms of antibiotic resistance in S. aureus

Resistance to B-lactams in S. aureus is usually described in a diverse manner within
a particular population. The vast majority of cells in a diverse population are

susceptible or borderline sensitive to B-lactams. A subpopulation of around 0.1% may
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tolerate antibiotics, and when exposed to the antibiotic again, a homogeneously
resistant population form. The processes behind this transition from heterogeneous
resistance (HeR) to homogeneous resistance (HoR) are linked to accessory alterations
outside of mecA. High-level B-lactam resistance is associated with substantial energy
demands, which impose a selection penalty on the cell (Campbell et al., 2021). The
resistance of P-lactam was identified in S. aureus via two major mechanisms, [3-
lactamases, and more crucially by utilizing penicillin-binding protein (PBP2a) with a

low affinity.

2.7.1 B-lactamases

The first known resistance mechanism of S. aureus to B-lactams was due to the
formation of a B-lactamase (penicillinase), a stimulated extracellular enzyme produced
in response to lactam exposure that hydrolyzes the B-lactam ring, producing inert
derivatives. The functional gene blaZ encodes B-lactamases, which are regulated by
two regulatory genes, blal and blaR 1. In the existence of penicillin, the sensor protein
BlaR1 initiates a signaling cascade that results in the cleavage of the transcriptional
repressor Blal, allowing for the high-level synthesis of B-lactamase. Semisynthetic-
lactamase-resistant penicillin such as methicillin and oxacillin were introduced in

early 1960 to tackle the resistance problem (Chin et al., 2021).

2.7.2 Penicillin-binding proteins

Penicillin-binding proteins (PBPs) are membrane-bound proteins found in
methicillin-susceptible S. aureus (MSSA). A disruption of peptidoglycan occurs as a
result of beta-lactam antibiotics binding to PBPs. PBP2a or PBP2’ are other names of
PBPs which encoded by the mecA gene that is found in the staphylococcal cassette
chromosome mec (SCCmec) element of MRSA. [B-lactam antibiotics such as

methicillin and oxacillin have a low affinity for the alternative protein. Since the
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peptidoglycan is unaffected, the MRSA can continue to survive (Rai & Khairnar,

2021).

Often, MRSA strains are labeled as multidrug-resistant (MDR) due to the
integration of many other resistance determinants into the sequence of SCCmec, which
allows it to act as a hotspot of integration for genetic mobile elements such as plasmids

and transposons (Szweda et al., 2012; Lv et al., 2021).

2.8 Staphylococcal cassette chromosome

Staphylococcal cassette chromosome (SCC) components are a distinct class of
mobile genetic elements (MGEs) found in staphylococci, including SCCmec, which
contains the mec genes that encode resistance to methicillin and almost all f-lactam
antibiotics such as methicillin and oxacillin (Shore & Coleman, 2013). SCCmec
consist of 3 basic structural components: 1- mec gene complex, which include (mec4,
mecB, mecC, and mecD) with regulatory elements control (mecR1 and mecl which are
encoding a signal transducer and repressor protein respectively); 2-cassette
chromosome recombinase (ccr) gene complex encoding the site-specific recombinases
(ccrAB and ccrC); 3- joining region (J regions) (Figure 5) (Lakhundi & Zhang, 2018;
Baig et al., 2018).

1S431 mecA mecRl  mecl
DR
\ J \ )
|

mecA gene cer gene
complex complex

Figure 5: Schematic illustration of the structure of SCCmec (Abbreviations: IR,
inverted repeat; DR, direct repeat) (Gill et al., 2019)
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The genotypic characteristics of the isolates were used to classify them as CA-
MRSA or HA-MRSA. In other words, SCCmec types I, II, and III are typically
restricted to HA-MRSA and not found in healthy populations, whereas SCCmec types
IV and V are primarily associated with CA-MRSA (Kateete et al., 2019).

Both HA- and CA-MRSA possess the staphylococcal cassette chromosome mec
(SCCmec) and exhibit a variety of genetic courses, typically classified by multilocal
sequence types (ST -types), protein A gene|(spa) types, and SCCmec types (Khokhlova
etal., 2015).

3.Virulence factors of S. aureus pathogenesis

Innate immunity plays an important role in the host's protection against infections
triggered by S. aureus. Many virulence factors of S. aureus are remarkable, and can
cause a variety of infections of the skin, wounds, and deep tissues, as well as life-
threatening illnesses such as pneumonia, endocarditis, septic arthritis, and septicemia.
S. aureus also secretes multiple toxins, and can result in food poisoning, scalds, and

toxic shock syndrome (Stark, 2013).

3.1 Extracellular toxins

Unlike other bacterial pathogens that depend on only one or a few toxins resulting
in diseases, S. aureus develops a staggering number of virulence factors. During
infection, a variety of toxins, immune evasion factors, a variety of protein and non-
protein factors can allow host colonization. The toxins of S. aureus can be divided into
three main groups - the pore-forming toxins (PFTs), the exfoliative toxins (ETs) and

the superantigens (Cheung et al., 2021).



22

3.1.1 Pore-forming toxins

Pore-forming toxins (PFT) is responsible to impede complement activation,
neutralize antimicrobial resistance peptides, suppress neutrophil chemotaxis or lyse
neutrophils. PFTs cause numerous cellular host responses, including macrophage
recruitment, and play a key role in host cell membrane damage, that includes
hemolysins (alpha, beta, delta and gamma) and leukocidin Panton Valentine

Leukocidin (PVL) (Jordan et al., 2020).

3.1.1.1 a-Hemolysin

a-hemolysin or a-toxin (Hla) is a polypeptide of 33 kDa that is released by 95% of
S. aureus clinical strains. Hla is a B-barrel tissue barrier that facilitates bacterial
penetration. Moreover, it produces water-soluble a-toxin monomers in the target cell
membrane producing heptameric -barrel holes that lead to cell lysis (Oliveira et al.,
2018). The a-toxin heptamer is like a mushroom and has 3 key areas: an extracellular
cap domain, a B-barrel-polar stem domain, and a rim domain which provides recipient
specificities (Tam & Torres, 2019). Even at sub-lytic concentrations, Hla was shown
to impair effector cells of the innate immune system, enhance a hyperinflammatory
response characteristic of bacterial pneumonia, in addition, it impacts cells,
monocytes, macrophages, epithelial and endothelial cells (Wang et al., 2021). His-35
mutation, which disrupts interprotomer stabilization and prevents pore formation
while inactivating the toxin, is an example of how important the amino latch is in
forming B-barrel pores. a-toxin is secreted in monomer form. Hla adheres to ADAM-
10 and forms a heptameric prepore on the surface of the target cell. The preparation of
pre-stem domains can then expand to create a B-barrel pore, penetrating the target cell

(Figure 6) (Tam & Torres, 2019).
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Figure 6: a-toxin secretion (Tam & Torres, 2019)

3.1.1.2 Panton-Valentine leucocidin

Panton-valentine leukocidin (PVL) is a leukocyte-destroying exotoxin produced
by 2-5% of S. aureus strains (Castellazzi et al., 2021). PVL-positive MRSA infections
usually affect individuals living in the community (CA-MRSA) and are most common
in healthy young adults and children. The prevalence of MSSA and HA -MRSA is
often in the low 2% (Ahmad et al., 2020). In 1932, PVL was identified as a virulence
factor in the family of synergohymenotropic toxins. It is responsible for a number of
necrotizing illnesses, including pneumonia and skin and soft tissue infections (Ayepola
et al., 2018). The toxin is encoded by a prophage and consists of two protein subunits,
LukF-PV with a molecular mass of 38 kDa and LukS-PV with a molecular mass of 32
kDa (toxin components), acting as sub-units in the cell membrane of the host cell that
results in cells leakage and mortality. The genes /ukS-PV and lukF-PV are found in the
chromosome, respectively (Zhang et al., 2018) (Mazzoleni et al., 2021).

3.1.3 Superantigens

S. aureus superantigens (SAgs) are a unique family of non-glycosylated low-
molecular-weight exoproteins that are distinctly resistant to heat, acids (stomach acid),
proteolysis (trypsin and pepsin) and desiccation. In addition, the ability to produce

excessive and non-conventional T-cell activation and cytokine release, that will cause
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interference with immune system function systemically (Zhao et al., 2019; Spaulding

etal., 2013).

Superantigen toxins have a molecular weight of 19-30 kDa with proteins, which
are made up of 168-261 amino acids. Related to the resistance to methicillin, the toxin
genes are found in mobile genetic elements such as vSa genomes islands, pathogenic
islands as well as phage genomes, plasmids, and SCC. (Hu et al., 2021). There are three
types of SAgs: staphylococcal enterotoxins (SEs), exfoliative toxins (ETs) and toxic

shock syndrome toxin-1(TSST-1) (Andrey et al., 2010).

3.1.3.1 Staphylococcal enterotoxins

SEA to SEE and SEG are the seven distinct SEs. Additionally, SEB and SEC
variants were identified. Staphylococci were originally named for their ability to
stimulate vomiting and diarrhea. Both of these are common side effects of SE ingestion
as they contain 9-19 amino acids from the disulfide loop, which is found in the protein.

However, the disease is self-limiting (Tam & Torres, 2019; Zhao et al., 2017; Grumann

etal., 2014).

3.1.3.2 Exfoliative toxins

Exfoliative toxin (ET) is a superantigen, and also known as epidermolytic toxins,
are highly selective serine proteases produced by S. aureus. The proteases identify and
hydrolyze cadherins in the skin's surface layers. ETs are exotoxins that cause
keratinocyte junction rupture and cell-cell adhesion in the host's epidermis, causing
skin peeling and blister production (Bukowski et al., 2010; Imanishi et al., 2019).
There are also three different S. aureus ET serotypes (ETA, ETB and ETD) found and
related to human staphylococcal skin infections such as staphylococcal scalded skin

syndrome (SSSS) or bull impetigo (Imanishi et al., 2019). This blistering skin
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condition is classified into two clinical forms: localized and generalized. The
generalized type, known as Ritter's disease, is common in newborns and children.
Nevertheless, the localized type, known as bullous impetigo, can affect people of all

ages (Staiman et al., 2018).

3.2 Regulation of toxin production in S. aureus

S. aureus virulence and toxin genes are regulated, which determines the course of
the disease. “Accessory gene regulator (Agr)" is considered a major S. aureus
virulence regulator in terms of global virulence (Derakhshan et al., 2021). According
to a recent study on the HA-MRSA strain USA 100, the agr-11 gene regulates virulence-
associated genes and the expression of toxins that cause skin disease. Furthermore, the
Agr-II system of USA 100 MRSA was correlated with the optimal bacterium that
could survive sublethal antibiotic doses (Rai & Khairnar, 2021).

The Agr loci are recognizably polymorphic in a significant sequence. Four
variations have been recognized (Agr types [ to IV). These S. aureus strains are marked
by mutations in the histidine kinase AgrC sensor domain and by polymorphisms in
sequences that influence the three agr-specific determinants of the autoinduction
peptides (AgrB, AgrD, and the sensor domain of AgrC). Since agr is an integrated
system, various variants must be developed in conjunction, in order to maintain agr
functioning, so that bacteria may escape host defenses, spread to host cells and tissues

(Painter et al., 2014).

Agr system components are coordinated by the cross-activated P2 and P3 devices,
which produce RNAII and RNAIII. The transcription of the agr system's core
machinery (RNAII), which is an operon of 4 genes AgrBDCA is controlled by P2,
whereas transcription of RNAIII is made by P3, which is a regulatory RNA of the Agr
system (Figure 6) (Butrico and Cassat 2020). AIP is synthesized by the
transmembrane endopeptidase AgrB and SpsB, which cyclizes AgrD, the peptide

precursor of the autoinducer peptide, AIP, into an octapeptide, which is then exported
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by AgrB. Histidine protein kinase sensors and response regulators, AgrC and AgrA,
are homologs in bacteria. Regarding AgrC's extracellular receptor, AIP is capable of
binding to it at a threshold concentration of AIP. The autophosphorylation of AgrC
leads to AgrA becoming active, which in turn triggers P2 and P3-driven transcription,
followed by RNAIII translation, which results in an up-regulation of toxins and
enzymes like hemolysins, proteases, lipases, enterotoxins, and TSST-1. Additionally,
AgrA binds to the transcriptional promoter and increases the production and activity
the transcription of RNAII, which in turn feeds into the agrBDCA operon. There's also
a possibility that AgrA can turn on phenol-soluble modules (PSM) transcription
without the need for RNAIII. RNAIII regulates transcriptional and translational
expression of virulence factors. A hemolysin-encoded gene (hld) is located within

RNAIII (Kong et al., 2016) (Andrey et al., 2010).
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Figure 7: Accessory gene regulation (Agr) signals through self-control and interaction

with other systems of two components (Butrico and Cassat 2020).
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4. Toxic shock syndrome toxin-1

4.1 Overview

TSST-1 is a member of the staphylococcal group I SAgs family and exotoxin
formed by 5-25% of the S. aureus strains of samples from various origins (Brudzinski
et al., 2021). TSST-1 was renamed in 1984 to highlight the absence of emetic action
and its connection with toxic shock syndrome (TSS). TSS is a toxin-mediated illness
that occurs 1-2 weeks after the start of hypotension, fever, rash and desquamation.
Furthermore, TSS is most often caused by invasion of Group A streptococcal and
staphylococcal infections, which induce immunological response and large cytokine
production. TSS covers at least three organ systems: gastrointestinal, musculoskeletal,
or central nervous system as described by the CDC (Suga et al., 2016; Tam & Torres,
2019).

Historically, pyrogenic toxin superantigen (PTSAg) TSST-1 led in the tragedy of
1928 to the loss of 50 % of children. This cause was not identified at that time, but the
epidemic led to staphylococcal alpha-toxin (alpha-hemolysin and alpha-cytotoxin)
being identified as the most common reason. There was a minimal alpha-toxin
production by S. aureus strain but high quantities of TSST-1 were observed. All
children afflicted showed defining clinical characteristics of TSS, including fever,
hypotension, and multiorgan modifications typical of staphylococcal TSS.
Regrettably, it was not until 1981 that TSST-1 was discovered. In 1987, a series of
TSS instances of influenza infection, called the post-influenza TSS in the Minneapolis
Paul region, was brought to the attention of the Minnesota Department of Health and
colleagues. The 8 children mentioned in the research died following influenza
infection to S. aureus superinfection caused by TSST-1. However, the surviving child
had §. aureus infection caused by staphylococcal enterotoxin B (SEB) (Schlievert and
Davis 2020).

TSS has a high death rate and is considered to progress through three stages. It has

a fast start of action and symptoms such as high temperature, hypotension, multi-organ



28

failure, and an erythematous rash. In the first stage, the symptoms are vague and non-
specific, making the diagnosis difficult. In the diagnostic laboratory, there is a definite
entry point for infection, such as cutting or wound aid and during this period, TSS can
be treated with the use of antibiotics. The second stage has notable symptoms and
indicators, including vomiting, fever, diarrhea, hepatitis, nausea, cardiovascular
stability, and hypotension. At this stage, a cytokine storm will be produced, so broad-
spectrum antibiotics are needed. The third stage is distinguished by extensive
bacteremia, sepsis, systemic shock, and multiple organ failure. There is also
desquamation, apparent ecchymosis, bullae, and edema. At this stage, treatment
consists of providing palliative care for the failing organs. Dialysis, mechanical
ventilation, and extensive surgical debridement are required, in addition to the current
therapy of broad-spectrum antibiotics and intravenous immunoglobulins (IVIG)

(Amreen et al., 2021).

Staphylococcal TSS was originally identified in 1978 in conjunction with a .
aureus disease in children and was followed by an outbreak in the 1980s associated
with tampon use. However, improvements in tampon production and utilization have
resulted in a considerable reduction in the number of menstrual-related staphylococcal
infection (mTSS) with 95%prevalence, while non-menstrual staphylococcal infection
(TSS)with 50% prevalence. TSS caused by non-menstrual staphylococci has been
linked to postoperative, postpartum, postabortion, intrauterine device insertion, burns,
soft tissue injuries, and localized infections (Gottlieb et al., 2018). TSS-like neonatal
exanthematous lesions, sudden infant death syndrome, and Kawasaki syndrome are all
increased when TSST-1 is secreted into the blood (Sultan & Nabiel, 2019). In the
United States, the rate of menstruation and non-menstrual TSS is estimated to be

between 0.8 and 3.4 per 100,000 women (Ross & Shoff, 2020).

The tst-encoded 21.9 kDa superantigen TSST-1 toxin is not widespread. S. aureus
chromosome contains mobile genetic elements (MGE) called staphylococcal
pathogenicity islands (SaPIs). Known as lineages, SaPIs are linked to specific S.
aureus genetic families, known as lineages. Tst is carried by SaPIl1, SaPI2, and

SaP68111 in human S. aureus strains (Sharma et al., 2018). In healthy carriers, there
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is a 13-25 % prevalence of TST-encoding strains, indicating a large disease potential.
However, the case rate is relatively low (1-4/100,000) (Andrey et al., 2015; Zarei
Koosha et al., 2016). TSST-1 toxin production is influenced by a variety of factors,
including glucose (by the ccpA catabolite repressor), O2 (via the srrAB two-
component system), pH, CO», NaCl, magnesium concentration, o and  of hemoglobin
(Andrey et al., 2010). The toxin is chemical-stable, heat- and dry-resistant. Induced
transcriptional TSST-1 expression was identified as sub-inhibited by nafcillin levels
although the expression TSST-1 was reduced by clindamycin, linezolid, and

tigecycline (Andrey et al., 2015).

4.2 Structure of TSST-1

There have been many structural and mutational analyses that have revealed
important information about the 3D structures and the interactions between
superantigens in the host cells. Researchers have explored the crystal structuring of
superantigens have dictated that superantigens contain a conservated general structure
consisting of 2 key protein domains: The N-terminal domain is an oligosaccharide/
oligonucleotide link layer (O/B) like B-barrel (domain B) (Spaulding et al., 2013). The
bigger C-terminals (domain A) are made up of a twisted B-sheet and B-grasp. These

two domains are separated by a-helix (Figure 8) (Proft & Fraser, 2016).

Superantigens can be classified into five major groups based on small variations in
the common core structure. TSST-1 identifies superantigens in group I. The primary
amino acid sequences of Group I superantigens are different from those of the other
superantigens. These superantigens lack the emetic cystine loop of SEs and the extra
15 amino acid loop of group V SE-I superantigens, and only have the core structure
(Spaulding et al., 2013). There is only one MHC II binding site in the O/B folds of
superantigens group I, which reacts with the B-chains on MHC II molecules. TSST-1
associate with the antigenic peptide in the peptide-binding groove of MHC II of the
molecule. In the orthodox view of the molecule, the V-TCR binding site of TSST-1
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can be seen in a groove formed by the O/B fold and the -grasp domains (Figure 9)
(Zeng et al., 2019; Schlievert et al., 2019).

TSST-1
{_'_I'CR Binding

<

Low

ty
MHCII
MHCII gy
Binding) Binding
Domain A Domain B

Figure 8: Structure of TSST-1: designated A and B, as well as MHC II molecules is
listed as the low-affinity interaction sit (Schlievert, 2001)
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Figure 9: TSST-1, a group I superantigen, is shown in three dimensions (Spaulding

et al., 2013)

4.3 Mechanism of action

The capacity of TSST-1 and other SAgs to activate T-cells and APCs is the key
mechanism of action. With TSST-1, this is accomplished by non-specifically cross-
linking VB-chains of TCRs with a-chains on APCs. The antigenic peptide in the
MHCII peptide-binding region interacts with TSST-1 that is coupled to the MHCII.
This results in substantial T cell activation and proliferation, as well as APC activation.
A normal antigen activates 0.01% of T cells, but SAgs activate up to 50% of T cells
(Figure 10) (Herrera, 2016; Krakauer, 2019). Therefore, when MHC II connect to T-
cell receptors will cytokines and chemokines storm, interleukin-1 (IL-1) and IL-2 are

examples of cytokines, as are interferon- y (IFN-y), tumor necrosis factors TNF-o and
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TNF-B. TNF-a and IL-1 are activated early in the process and are direct agents of
fever, hypotension, and shock. IFN-y generated by activated T-cells simultaneously
works with TNF-a and IL-1 to improve innate immunity by creating an inflammatory

milieu for T-cell activation and differentiation (Amreen et al., 2021).

Figure 10: Superantigen interaction with TCR-MHC-II (Proft & Fraser, 2016).
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CHAPTER III

MATERIALS AND METHODS

3.1 Bacterial isolates and identification

94 samples of S. aureus were collected between 2012 and 2021 from a variety of
sites including wound, blood, tracheal aspirate, urine, nasal, and sputum at Near East

University Hospital Microbiology Laboratory in Northern Cyprus.

74 samples were isolated and identified as MRSA with Beckton-Dickinson®
Phoenix 100 susceptibility system. S. aureus isolates were cultured on 5% blood agar
from the glycerol stocks and stored at - 80°C. All isolates were initially screened with
the coagulase test tube. Departmental and patient demographic data was retrieved from

the hospital Nucleus system.

3.2 Coagulase tube test

Individual colonies per isolate and 1 mL of human plasma were mixed in a tube.
The samples were then incubated for 4 hours at 37°C. After the incubation, if
coagulation was observed, samples were reported to be positive for coagulase and thus
indicated the presence of S. aureus. The samples were reported negative for coagulase

due to the lack of clots after the incubation period.

3.3 Antibiotic susceptibility testing

Susceptibility testing was performed by the disc-diffusion method. Mueller-Hinton

agar plates were prepared in accordance with the manufacturer instructions. A bacterial
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suspension was prepared by inoculating each isolate in saline to reach at 0.5 McFarland
turbidity. Agar plates were then inoculated with the bacterial suspension using a sterile
cotton swab. The cefoxitin-containing antimicrobial disc (30 pg) was then placed onto
each agar plate and plates were aerobically incubated at 35 °C for 24 hours.
Interpretation of susceptibility according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines was made following incubation
(EUCAST, 2020). S. aureus isolates were reported as methicillin sensitive if the
diameter of the zone was >22mm; as methicillin resistant when the diameter of the

zone was <22mm (Figure 11).

Figure 11: Cefoxitin susceptibility testing on Mueller-Hinton agar.

3.4 Bacterial DNA extraction

DNA extraction was performed by the boiling method. In brief, a suspension of
each isolate was prepared in sterile eppendorf tubes containing 500 pl of sterile
deionized water. The mixture was heated for 15 minutes in a dry bath at 95°C. The

tubes were centrifuged for 5 minutes at 13000 rpm, and the supernatants containing
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bacterial DNA were collected in fresh tubes. Supernatants were stored at 4°C for direct

use or -20°C for long-term keeping. 4 pl of the supernatant was used as a template for

PCR amplification (Socohou et al., 2021).

3.5 PCR amplification of #sst-1 gene

For all isolates identified as MRSA, PCR amplification of the #sst-1gene was
performed. For the first step, 25 ul of the reaction mixture was prepared which
consisted of: 12.5ul of 2x PCR master mix (Thermo Scientific); 1 pl of forward
primers, 1 pl of reverse primer (at a final concentration of 10pmol/ul) (Table 2), 6.5

ul of nuclease free PCR grade water (Thermo Scientific) and 4 pl of DNA template.

Table 2: S. aureus gene-specific oligonucleotide primers used in this study

Gene Prime sequence (5' to 3’) Amplified size (bp)
tst-F ACCCCTGTTCCCTTATCATC

326-bp
tst-R TTTTCAGTATTTGTAACGCC

DNA amplification was performed in a BIO-RAD thermal cycler (Figure 12) with
the following thermal cycling profile: An initial denaturation at 94°C for 5 min, 35
cycles of amplification (denaturation at 94°C for 2 min, annealing at 57°C for 2 min,
and extension at 72°C for 1 min), and a final extension at 72°C for 7 min (Mehrotra et

al., 2000).
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Figure 12: BIO-RAD thermal cycler

3.6 Gel electrophoresis

The concentration of agarose in a gel depends on the size of the DNA fragments
to be separated. For this study, 2% agarose gel was used. In the first step, TBE (45 mM
Tris-borate, | mM EDTA) was added as a buffer to the agarose, then the agarose/buffer
mixture was heated in the microwave, followed by the addition ethidium bromide
(EtBr) at a concentration of 0.5 ug/ml and the agarose was allowed to cool down on
the work surface. The comb was removed and the gel was placed in the gel tank
containing TBE buffer the loading dye was added to the DNA samples to be separated.
The gel loading dye (Hibrigen) was typically prepared at 6X concentration (Figure
13). A 50 bp DNA ladder (Hibrigen) was used as DNA molecular weight marker. The
DNA bands were separated at 120V for 45 minutes. Finally, the gel was exposed to
UV light using a transilluminator (DNA MiniBIS Pro Gel Imaging System.).

Figure 13: Sample loading and gel electrophoresis
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CHAPTER IV

RESULTS

4.1 Patient and sample distribution

In this investigation, 76 samples collected from patients admitted to Near East
University Hospital were identified as MRSA. Of these isolates, forty-four (57.9%)
were isolated from male patients, and thirty-two (42.1%) were isolated from
female patients as shown in Figure 14. The mean age of patients included in this

study was 60.16 with age groups ranging from 1 to 99.

Emale
BEremale

Figure 14: Distribution of patient gender

Most MRSA infections occurred in hospitalized patients (n=57, 75%), with the
remaining (n=19; 25%) occurring in outpatients. Figure 16 shows the distribution of

MRSA cases in inpatient and outpatient groups based on gender Figure 15.
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Figure 15: Distribution of inpatient and outpatient cases based on gender

According to the age categories of the patients, patients over the age of 50 had
the highest incidence (n= 58, 76.3%) of MRSA infections, followed by the 18-35
and 36-50 age groups. The distribution of patient age groups is shown in Table 3.

Table 3. Distribution of age category

Age Group Frequency | Percent (%)
1-17 9 2.6
18-35 10 13.2
36-50 6 7.9
>51 59 76.3
Total 76 100.0
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According to the types of specimens that were collected from several different
body sites, the majority of MRSA was isolated from the abscess-wound (n=19, 25%)),
followed by blood (n=17; 22.4%) and tracheal aspirate (n=13; 17.1%). The distribution
of MRSA according to body sites is shown in Figure 16.

B Abcess-wound

m Blood

m Bronchioalveolar lavage
Catheter tip

M Nasal swab

M Sputum

W Tracheal aspirate

W Urethral

H Urine

Figure 16: Distribution of the collected specimen types

When the departments where clinical samples were collected was investigated, it
was found that the highest number of MRSA were collected from Cardiology
department (n=14; 18.4 %) followed by the Pulmonary Infections department (n=10;
13.2%), as shown in Table 4.
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Table 4. The distribution of clinical specimens among different hospital

departments

Department Frequency Percent

Cardiology 14 18.4
Pulmonary Infections 10 13.2
Anesthesiology 7 9.2
Laboratory 7 9.2
Neurosurgery 6 7.9
Orthopedics and traumatology 6 7.9
Cardiovascular surgery 5 6.6
General surgery 5 6.6
Dermatology 4 53
Gastroenterology 2 2.6
Intensive Care Unit 2 2.6
Dialysis 1 1.3
Emergency 1 1.3
Geriatrics 1 1.3
Infectious Diseases 1 1.3
Neurology 1 1.3
Pediatrics 1 1.3
Plastic surgery 1 1.3
Urology 1 1.3

Total 76 100.0

4.2 Phenotypic characterization

In this study, out of 94 S. aureus isolates, 76 isolates were confirmed to be MRSA
with coagulase tube test and cefoxitin disc diffusion assays (Table 5). 18 isolates
which were found to be coagulase negative and cefoxitin susceptible were excluded

from this study.



Table 5: Collective data for all MRSA isolates used in this study

41

Sample No Gender Age Clinical sample / Service C I fi (mm) [MRSA (TSST-1
1 Female 85 Tracheal aspirate inpatient Brain Surgery Positive 14 positive
2 Female 59 Abcess-wound inpatient Orthopedicsand Ti logy | Positive 17 Negative
3 male 76 Blood inpatient Cardiology Positive 9 Negative
4 male 75 Blood inpatient Cardiology Positive 19 Negative
5 male 20 Abcess-wound outpatient Orthopedics and Traumatology [ Positive 15 Negative
6 male 55 Abcess-wound outpatient Dermatology Positive 15 Negative
7 male 57 Blood inpatient Cardiology Positive 14 Negative
8 female 99 Tracheal aspirate inpatient Pulmonary Infections Positive 16 Negative
9 female 25 Urine outpatient Infectious Diseases Positive 19 Negative
10 male 65 Blood inpatient Neurosurgery Positive 15 Negative
11 male 65 Blood inpatient Neurosurgery Positive 12 Negative
12 male 87 Tracheal aspirate outpatient Anesthesia Positive 13 Negative
13 female 1 Urine outpatient Pediatrics Positive 15 Negative
14 female 63 Nasal swab inpatient Cardiovascular surgery Positive 15 Negative
15 male 41 Tracheal aspirate inpatient Pulmonary Infections Positive 16 Negative
16 male 62 Tracheal aspirate inpatient Neurology positive 10 Negative
17 male 53 Urine inpatient Cardiology Positive 13 Negative
18 male 66 Catheter tip inpatient Cardiology Positive 10 Negative
19 male 55 Nasal swab inpatient Cardiology Positive 18 Negative

20 male 75 Blood inpatient Emergency Positive 16 Negative
21 female 58 Bronchioalveolar lavage inpatient Pulmonary Infections Positive 11 Negative
22 female 80 Tracheal aspirate inpatient Pulmonary Infections Positive 15 Negative
23 female 80 Tracheal aspirate inpatient Pulmonary Infections Positive 14 Negative
24 female 77 Nasal swab inpatient cardiovascular surgery Positive 15 Negative
25 female 58 Sputum inpatient Pulmonary Infections Positive 8 Negative
26 female 80 Sputum inpatient Pulmonary Infections Positive 13 Negative
27 male 88 Abcess-wound inpatient General surgery Positive 11 Negative
28 male 88 Blood inpatient General surgery positive 11 Negative
29 male 88 Blood inpatient General Surgery Positive 8 Negative
30 male 27 Catheter tip inpatient Neurosurgery Positive 15 Negative
31 male 27 Nasal swab outpatient Laboratory positive 22 Negative
32 male 60 Blood inpatient Pulmonary Infections Positive 7 Negative
33 male 63 Blood inpatient Laboratory Positive 13 Negative
34 female 51 Abcess-wound inpatient Laboratory Positive 14 Negative
35 female 65 Nasal swab inpatient Cardiovascular surgery positive 14 Negative
36 male 63 Nasal swab outpatient Pulmonary Infections Positive 15 Negative
37 male 67 Blood inpatient Geriatrics Positive 17 Negative
38 male 61 Abcess-wound outpatient Orthopedicsand ti logy | Positive 12 Negative
39 male 61 Abcess-wound outpatient Orthopedicsand ti logy | Positive 17 Negative
40 male 63 Abcess-wound outpatient Orthopedicsand t logy | Positive 18 Negative
41 male 55 Blood outpatient Laboratory Positive 14 Negative
42 male 88 Blood inpatient General Surgery Positive 19 Negative
43 male 25 Nasal swab outpatient Laboratory Positive 20 Negative
44 female 76 Nasal swab inpatient Laboratory Positive 14 Negative
45 male 39 Nasal swab inpatient Cardiology Positive 16 Negative
46 male 63 Blood outpatient Gastroenterology Positive 15 Negative
47 female 80 Sputum inpatient Cardiology Positive 14 Negative
48 male 41 Blood inpatient Pulmonary Infections Positive 18 positive
49 male 19 Tracheal aspirate inpatient Neurosurgery Positive 16 Negative
50 male 74 Catheter tip inpatient Cardiology Positive 17 Negative
51 female 76 Abcess-wound inpatient Dialysis Positive 16 Negative
52 male 70 Abcess-wound inpatient Cardiology Positive 16 Negative
53 female 69 Abcess-wound inpatient Gastroenterology Positive 15 Negative
54 female 74 Nasal swab inpatient Cardiovascular surgery Positive 17 Negative
55 male 73 Nasal swab inpatient Cardiovascular surgery Positive 18 Negative
56 female 79 Nasal swab inpatient Cardiology Positive 17 Negative
57 female 56 Blood inpatient Anesthesiology Positive 15 Negative
58 female 2 Abcess-wound inpatient Plastic surgery positive 20 Negative
59 female 29 Abcess-wound inpatient General surgery positive 12 Negative
60 male 70 Tracheal aspirate inpatient Anesthesiology positive 19 Negative
61 male 95 Abcess-wound inpatient Cardiology positive 17 Negative
62 female 28 Abcess-wound outpatient Dermatology positive 9 Negative
63 male 39 Nasal swab outpatient Cardiology positive 13 Negative
64 female 71 Sputum inpatient Anesthesiology positive 15 Negative
65 female 42 Sputum inpatient Anesthesiology positive 14 Negative
66 female 54 Tracheal aspirate inpatient Intensive Care Unit positive 5 Negative
67 male 80 Tracheal aspirate inpatient Anesthesiology Positive 16 Negative
68 female 96 Tracheal aspirate inpatient Anesthesiology Positive 16 Negative
69 female 36 Urine outpatient Laboratory Positive 15 Negative
70 female 20 Abcess-wound outpatient Dermatology Positive 13 Negative
71 male 23 Urethral outpatient Urology Positive 13 Negative
72 female 85 Tracheal aspirate inpatient Brain Surgery Positive 16 Negative
73 female 59 Abcess-wound inpatient Orthopedicsand ti logy | Positive 20 Negative
74 male 76 Blood inpatient Cardiology Positive 17 Negative
75 male 55 Abcess-wound outpatient Dermatology Positive 19 Negative
76 male 66 Abcess-wound inpatient Intensive Care Unit Positive 12 Negative
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4.3 Amplification of zss7-1gene

Based on the PCR results, the zsst-1 gene was identified as a 326 bp band using a
DNA molecular marker (50 bp ladder) (Figure 17). The presence of tsst-1 gene was
detected only in two (2.63 %) of 76 MRSA isolates screened.

Figure 17: Results of PCR amplification of TSST-1 gene fragment by specific primers

as a single band of 326 bp upon electrophoresis

One of the TSST-1 positive isolates (sample no. 1) was from a tracheal aspirate
from a female patient. The patient was admitted to NEU Hospital Department of Brain
Surgery on 05/08/2018 with a subdural hematoma diagnosis, and was later admitted
to the Intensive Care Unit. Patient has high serum CRP levels (11.59 mg/L) and
elevated neutrophil count (11.09x10%/ul) on 01/10/2018 for over a week. She was
diagnosed with MRSA infection on 03/11/2018. The patient was hospitalized for 2
months and 11 days in total and died on 16/10/2018.

The other TSST-1 positive isolate (sample no. 48) was from a blood sample from
a male patient. The patient was initially admitted to NEU Hospital for a femoral
fracture on 31.01.2016 and was discharged on 18.02.2016. Patient returned to NEU
Hospital with high fever (40°C) on 22.02.2016 and was diagnosed with MRSA
infection in blood. Patient was hospitalized for over a month with positive MRSA
blood culture and elevated neutrophil counts (10.10x10%/ul) and was successfully

discharged post treatment on 18/04/2016.
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CHAPTER V

DISCUSSION

Multidrug-resistant bacterial pathogens are currently considered as a global public
health concern. As of 2019, the CDC has announced that the human race is now in the
"post antibiotic era," and the World Health Organization (WHO) has declared that the
antibiotic resistance crisis is becoming a major healthcare problem. One of the most
common commensal microorganisms and a major pathogen responsible for hospital-
and community-acquired infections is S. aureus. Equipped with an arsenal of virulence
factors for increased pathogenicity, infections with MRSA lead to longer hospital stays
and higher health care costs (Lakhundi & Zhang, 2018). Therefore, new antimicrobial
agents with diverse bactericidal mechanisms are urgently required to foster alternative
therapeutic strategies for combating MRSA infections (Ovchinnikov et al., 2020;
Hutzschenreuter et al., 2018). Unraveling of the mechanisms behind pathogenicity of

MRSA also represents a critical area of research to be addressed.

In this study, virulence characteristics of MRSA isolates collected from patients at
Near East University Hospital was investigated. 76 isolates were identified as MRSA
strains using both phenotypic and genotypic methods. Men were the most severely
affected group of patients, accounting for the majority of those who were hospitalized.
The highest cases of MRSA (n= 44; 57.89%) was observed in inpatient group and the
highest percentage of male patients (n=34; 44.73%) were those > 51 years of age.
According to previous studies, there was no correlation between gender, clinical
specimens, and methicillin resistance (Omidi et al., 2020). However, data from the
large National Health and Nutrition Examination Survey (NHANES) study suggests
an interplay between gender and race/ethnicity, male gender was a notable risk factor
for S. aureus carriage in non-Hispanic white and Mexican American populations but
not in the non-Hispanic black population (Sollid et al., 2014). In another study, on the

contrary females in the 51-60 age group were identified to be more susceptible to
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MRSA infection compared to males in Dhaka, Bangladesh (Parvez et al., 2018).
Further study results revealed a link between female hormones and differences in
bacterial virulence and adaptive immune response (Ali & Seiffein, 2021). In terms of
the distribution of MRSA infections observed in this study, the inpatient group was
more than three times affected compared to the outpatient group (n=57, n=19
respectively), with a median age of 66. A similar pattern of outcomes had been
observed in a previous study (Changchien et al., 2016). Increased exposure to medical
procedures such as antibiotic therapy and invasive surgeries and devices have been
associated a longer hospital stay comes, which elevates the risk of developing a
hospital-acquired infection, particularly MRSA infection, and adds to the overall cost

of care (Hutzschenreuter et al., 2018; Efa et al., 2019).

In the current study, most of the MRSA isolates were from a wound abscess (n=19;
25%) of skin foci. This may be explained as a consequence of skin commensalism by
S. aureus. A previous study reported that 68.3% of SSTIs were caused by MRSA in
Colombia (Valderrama-Beltran et al., 2019). Bacteremia is prevalent in individuals
who have a skin and skin structure infection (SSSI) that severely necessitates
hospitalization (Lipsky et al., 2010). In the United States, SSSIs continue to be among
the most common HAIs, accounting for approximately 21.8% of all HAIs, resulting in
increased morbidity and mortality, as well as increased costs because utilization of

health care resources (Barry, 2021).

Blood samples were the second most common source of MRSA in this study,
accounting for 22.4% ((n=17) of the total samples collected. In addition, it was
reported 15 of the MRSA bacteremia infections were diagnosed in the inpatient group,
and the mean age was 65. A similar study for the same age group has been previously
published (Lee et al., 2016). Persistence of bacteremia was documented more
frequently in HCA bacteremia, resulting in a higher rate of bacteriologic failure
(Bishara et al., 2012). The presence of MRSA bacteremia in elderly patients is
concerning. It has a high mortality rate, particularly in patients with co-morbidities

such as malignancies, cardiovascular disease, and an increased risk of developing
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complications (Pastagia et al., 2012). S. aureus bacteremia management entails
identifying the infecting strain and source of infection as soon as possible,
then selecting an appropriate antibiotic treatment, and implementing effective
prevention strategies (Hassoun et al., 2017). MRSA infections were mostly found in
the cardiology department (n=14; 18.4%) and the pulmonary infection department
(n=10; 13.2%).

TSS is caused by superantigens from staphylococci and streptococci, which cause
a rapid hyperinflammatory response and are characterized by a cytokine storm. Todd
et al. first described this syndrome in 1978 as a rare side effect of S. aureus infection.
MRSA infections in the postpartum period frequently result in TSS and other serious
illnesses. Toxic shock syndrome is recognized to occur in the early postoperative
period after various types of surgery (Komuro et al., 2017). The CDC developed a case
definition for toxic shock syndrome 40 years ago. Significant criteria hold a 38.8°C
fever, a diffuse, macular erythrodermic rash, skin desquamation 1-2 weeks after
illness onset, and hypotension. The involvement of three or more organ systems is

considered a minor criterion (Poudel et al., 2021).

In this investigation, molecular techniques were used to detect the prevalence of
toxin gene carriage in MRSA. This study was focused on the staphylococcal
superantigens, particularly TSST-1. Only two (2.63%) of the MRSA isolates tested in
the current study have been found positive for the zssz-1 gene. Both samples were
isolated from inpatients. One of the TSST-1 positive isolates was from a tracheal
aspirate from a 85 year-old female patient. The female patient had a severe MRSA
infection which was hospital-acquired. Patient was hospitalized for over 2 months and
later died. The virulent characteristic of the MRSA isolate may have had a negative
impact on the condition of this patient. The other TSST-1 positive isolate was from a
blood sample from a 41 year-old male patient. Although this patient was also
hospitalized for a long period of time, upon treatment the patient was successfully
discharged. According to a recent review conducted in Iran, the overall prevalence of

clinical S. aureus isolates infected with TSST-1 was 21.3%. TSST-1 levels in clinical
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S. aureus isolates ranged from 0% to 68%. However, tsst-carrying MRSA strains were
found in high numbers in studies from Japan (75.7%) and Taiwan (75%) (Goudarzi et
al., 2020). In Turkey, the tsst-1 gene was detected in 3.3% of nasal MRSA isolates
(Dincer et al., 2021). A prior study conducted in Turkey reported the prevalence of
MRSA infection with zssz-1 genes to be 14.2% (Motamedifar et al., 2015).

This study had a few limitations. Firstly, the small number of MRSA isolates
studied suggests that the differences noted could be due to low genotype frequencies
recorded. Secondly, the patients were drawn from a single hospital therefore may not
represent the overall virulence characteristics of isolates of entire country. Thirdly, this
work was also limited by lack of susceptibility testing for other antibiotics. If
antibiotics are used appropriately, it can help reduce hospitalization time as well as the
cost of care. Further studies that compare virulence characteristics of MSSA and

MRSA isolates can be beneficial.
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

S. aureus is a major public health concern in both high- and low-income countries
worldwide. The emergence of new antibiotic resistance mechanisms, as well as an
increase in the occurrence of unusually severe infections further complicates the
situation. Molecular biology techniques were used in this study to characterize patterns
of toxin carriage in clinical MRSA isolates obtained from patients at Near East
University Hospital over an eight-year period. The result of the experimental study has
led to the conclusion that the MRSA strains circulating in the hospital carry the zsst-1
gene at a low prevalence. Moreover, the study results indicated that hospitalized
patients are the most affected subgroup, necessitating the development of an effective

surveillance strategy.

Forthcoming research is needed to validate the conclusions presented in this study.
Thus, researchers should attempt to address this question to develop a better
understanding of the virulence patterns of S. aureus strains present in the Turkish
Republic of Northern Cyprus (TRNC). The use of whole genome sequencing for
genome comparison between different strains and screening of toxin genes and

antibiotic resistance patterns are other areas that need to be explored.

Collectively, this is the first study to investigate presence of toxic shock syndrome
toxin 1, and it is another step toward a better understanding of the molecular properties
of S. aureus strains found in TRNC hospitals. As a result, this research could aid in

the development of better strategies for infection prevention and control treatment.



48

REFERENCES

Abernethy, J., Sharland, M., Johnson, A. P., & Hope, R. 2017. (n.d.). How do the
epidemiology of paediatric methicillin-resistant Staphylococcus aureus and
methicillin-susceptible Staphylococcus aureus bacteraemia differ? Journal of
Medical Microbiology, 66(6), 737-743. https://doi.org/10.1099/jmm.0.000489

Algammal, A. M., Hetta, H. F., Elkelish, A., Alkhalifah, D. H. H., Hozzein, W. N.,
Batiha, G. E.-S., El Nahhas, N., & Mabrok, M. A. (2020). Methicillin-Resistant
Staphylococcus aureus (MRSA): One Health Perspective Approach to the
Bacterium Epidemiology, Virulence Factors, Antibiotic-Resistance, and
Zoonotic Impact. Infection and Drug Resistance, Volume 13, 3255-3265.
https://doi.org/10.2147/IDR.S272733

Ali, G. H., & Seiffein, N. L. (2021). Association of some virulence genes in Methicillin
resistant and Methicillin sensitive Staphylococcus aureus infections isolated in
community with special emphasis on pvl/mecA genes profiles in Alexandria,
Egypt. Gene Reports, 25, 101334.
https://doi.org/10.1016/j.genrep.2021.101334

Amreen, S., Brar, S. K., Perveen, S., Chaudhry, M. R., AlBabtain, S., & Khan, S.
(2021). Clinical Efficacy of Intravenous Immunoglobulins in Management of
Toxic Shock Syndrome: An Updated Literature Review. Cureus.
https://doi.org/10.7759/cureus. 12836

Andrey, D. O., Jousselin, A., Villanueva, M., Renzoni, A., Monod, A., Barras, C.,
Rodriguez, N., & Kelley, W. L. (2015a). Impact of the Regulators SigB, Rot,
SarA and sarS on the Toxic Shock Tst Promoter and TSST-1 Expression in
Staphylococcus aureus. PLOS ONE, 10(8), e0135579.
https://doi.org/10.1371/journal.pone.0135579

Andrey, D. O., Jousselin, A., Villanueva, M., Renzoni, A., Monod, A., Barras, C.,
Rodriguez, N., & Kelley, W. L. (2015b). Impact of the Regulators SigB, Rot,
SarA and sarS on the Toxic Shock Tst Promoter and TSST-1 Expression in
Staphylococcus aureus. PLOS ONE, 10(8), e0135579.
https://doi.org/10.1371/journal.pone.0135579



49

Andrey, D. O., Jousselin, A., Villanueva, M., Renzoni, A., Monod, A., Barras, C.,
Rodriguez, N., & Kelley, W. L. (2015). Impact of the Regulators SigB, Rot,
SarA and sarS on the Toxic Shock Tst Promoter and TSST-1 Expression in
Staphylococcus aureus. PLOS ONE, 10(8), e0135579.
https://doi.org/10.1371/journal.pone.0135579

Andrey, D. O., Renzoni, A., Monod, A., Lew, D. P., Cheung, A. L., & Kelley, W. L.
(2010). Control of the Staphylococcus aureus Toxic Shock tst Promoter by the
Global Regulator SarA. Journal of Bacteriology, 192(22), 6077-6085.
https://doi.org/10.1128/JB.00146-10

Arvidson, S. (2014). Extracellular Enzymes. In Gram-Positive Pathogens (pp. 478—
485). John Wiley & Sons, Ltd. https://doi.org/10.1128/9781555816513.ch39

Aryal, S. (2020, December 23). Staphylococcus aureus- An Overview. Microbe Notes.
https://microbenotes.com/staphylococcus-aureus/

Asli, A., Brouillette, E., Krause, K. M., Nichols, W. W., & Malouin, F. (2016).
Distinctive Binding of Avibactam to Penicillin-Binding Proteins of Gram-
Negative and Gram-Positive Bacteria. Antimicrobial Agents and
Chemotherapy, 60(2), 752—756. https://doi.org/10.1128/AAC.02102-15

Baig, S., Johannesen, T. B., Overballe-Petersen, S., Larsen, J., Larsen, A. R., &
Stegger, M. (2018). Novel SCC mec type XIII (9A) identified in an ST152
methicillin-resistant Staphylococcus aureus. Infection, Genetics and Evolution,
61, 74-76. https://doi.org/10.1016/j.meegid.2018.03.013

Baroja, Miren L. et al. 2016. “The SaeRS Two-Component System Is a Direct and
Dominant Transcriptional Activator of Toxic Shock Syndrome Toxin 1 in
Staphylococcus Aureus” ed. A. M. Stock. Journal of Bacteriology 198(19):
2732-42.

Barry, C. L. (2021). Surgical Wound Infections. Physician Assistant Clinics, 6(2),
295-307. https://doi.org/10.1016/j.cpha.2020.11.003

Benkerroum, N. (2018). Staphylococcal enterotoxins and enterotoxin-like toxins with
special reference to dairy products: An overview. Critical Reviews in Food
Science and Nutrition, 58(12), 1943-1970.
https://doi.org/10.1080/10408398.2017.1289149



50

Bishara, J., Goldberg, E., Leibovici, L., Samra, Z., Shaked, H., Mansur, N., & Paul,
M. (2012). Healthcare-associated vs. Hospital-acquired Staphylococcus aureus
bacteremia. International Journal of Infectious Diseases, 16(6), e457—e463.
https://doi.org/10.1016/5.1jid.2012.02.009

Budzynska, A., Skowron, K., Kaczmarek, A., Wietlicka-Piszcz, M., & Gospodarek-
Komkowska, E. (2021). Virulence Factor Genes and Antimicrobial
Susceptibility of Staphylococcus aureus Strains Isolated from Blood and
Chronic Wounds. Toxins, 13(7), 491. https://doi.org/10.3390/toxins 13070491

Bukowski, M., Wladyka, B., & Dubin, G. (2010). Exfoliative Toxins of
Staphylococcus aureus. Toxins, 2(5), 1148-1165.
https://doi.org/10.3390/toxins2051148

Butrico, Casey E., and James E. Cassat. 2020. “Quorum Sensing and Toxin Production
in Staphylococcus Aureus Osteomyelitis: Pathogenesis and Paradox.” Toxins
12(8): 516.

Campbell, C., Fingleton, C., Zeden, M. S., Bueno, E., Gallagher, L. A., Shinde, D.,
Ahn, J., Olson, H. M., Fillmore, T. L., Adkins, J. N., Razvi, F., Bayles, K. W.,
Fey, P. D., Thomas, V. C., Cava, F., Clair, G. C., & O’Gara, J. P. (2021).
Accumulation of Succinyl Coenzyme A Perturbs the Methicillin-Resistant
Staphylococcus aureus (MRSA) Succinylome and Is Associated with
Increased Susceptibility to Beta-Lactam Antibiotics. MBio, 12(3).
https://doi.org/10.1128/mBi0.00530-21

Changchien, C.-H., Chen, S.-W., Chen, Y.-Y., & Chu, C. (2016). Antibiotic
susceptibility and genomic variations in Staphylococcus aureus associated with
Skin and Soft Tissue Infection (SSTI) disease groups. BMC Infectious
Diseases, 16(1), 276. https://doi.org/10.1186/s12879-016-1630-z

Chessa, D., Ganau, G., & Mazzarello, V. (2015). An overview of Staphylococcus
epidermidis and Staphylococcus aureus with a focus on developing countries.
The Journal of Infection in Developing Countries, 9(06), 547-550.
https://doi.org/10.3855/jidc.6923



51

Cheung, G. Y. C, Bae, J. S., & Otto, M. (2021). Pathogenicity and virulence of
Staphylococcus aureus. Virulence.
https://www.tandfonline.com/doi/abs/10.1080/21505594.2021.1878688

Chin, D., Goncheva, M. L., Flannagan, R. S., Deecker, S. R., Guariglia-Oropeza, V.,
Ensminger, A. W., & Heinrichs, D. E. (2021). Coagulase-negative
staphylococci release a purine analog that inhibits Staphylococcus aureus
virulence. Nature Communications, 12(1), 1-12.
https://doi.org/10.1038/s41467-021-22175-3

Choi, J. H., Seo, H. S., Lim, S. Y., & Park, K. (2014). Cutancous Immune Defenses
Against Staphylococcus aureus Infections. Journal of Lifestyle Medicine, 4(1),
39-46. https://doi.org/10.15280/j1m.2014.4.1.39

Chukwunonso, E., Veronica, B., Chiagozie, E., Amadi, C., Otohinoyi, D., Olunu, E.
0., & Omotuyi, A. (2018). Methicillin-Resistant Staphylococcus aureus: A
Mini Review.

Cong, Y., Yang, S., & Rao, X. (2020). Vancomycin resistant Staphylococcus aureus
infections: A review of case updating and clinical features. Journal of
Advanced Research, 21, 169—176. https://doi.org/10.1016/j.jare.2019.10.005

Derakhshan, S., Navidinia, M., & Haghi, F. (2021). Antibiotic susceptibility of human-
associated Staphylococcus aureus and its relation to agr typing, virulence
genes, and biofilm formation. BMC Infectious Diseases, 21(1), 627.
https://doi.org/10.1186/512879-021-06307-0

Dincer, S. D., Demirci, M., Celepler, Y., Namal, N., Aksaray, S., Aktepe, O. C., &
Torun, M. M. (2021). Molecular characterization and antimicrobial
susceptibility of methicillin-resistant staphylococcus aureus isolates from
clinical samples and asymptomatic nasal carriers in Istanbul (Turkey).
Nigerian Journal of Clinical Practice, 24(7), 997.
https://doi.org/10.4103/njcp.njcp_ 615 19

Efa, F., Alemu, Y., Beyene, G., Gudina, E. K., & Kebede, W. (2019). Methicillin-
resistant Staphylococcus aureus carriage among medical students of Jimma
University, Southwest Ethiopia. Heliyon, 5(1), e01191.
https://doi.org/10.1016/j.heliyon.2019.e01191



52

El Feghaly, R. E., Stamm, J. E., Fritz, S. A., & Burnham, C.-A. D. (2012). Presence
of the blaZ beta-lactamase gene in isolates of Staphylococcus aureus that
appear penicillin susceptible by conventional phenotypic methods. Diagnostic
Microbiology and Infectious Disease, 74(4), 388-393.
https://doi.org/10.1016/j.diagmicrobio.2012.07.013

Emaneini, M., Jabalameli, F., Rahdar, H., Leeuwen, W. B. van, & Beigverdi, R.
(2017). Nasal carriage rate of methicillin resistant Staphylococcus aureus
among Iranian healthcare workers: A systematic review and meta-analysis.
Revista Da Sociedade Brasileira de Medicina Tropical, 50, 590-597.
https://doi.org/10.1590/0037-8682-0534-2016

Fluit, A. C. (2012). Livestock-associated Staphylococcus aureus. Clinical
Microbiology and Infection, 18(8), 735—744. https://doi.org/10.1111/.1469-
0691.2012.03846.x

Foster, T. J., Geoghegan, J. A., Ganesh, V. K., & Ho0k, M. (2014). Adhesion, invasion
and evasion: The many functions of the surface proteins of Staphylococcus
aureus. Nature Reviews Microbiology, 12(1), 49-62.
https://doi.org/10.1038/nrmicro3161

Gajdacs, M. (2019). The Continuing Threat of Methicillin-Resistant Staphylococcus
aureus. Antibiotics, 8(2), 52. https://doi.org/10.3390/antibiotics8020052

Ghasemian, A., Najar Peerayeh, S., Bakhshi, B., & Mirzaee, M. (2015). The Microbial
Surface  Components  Recognizing  Adhesive Matrix = Molecules
(MSCRAMMs) Genes among Clinical Isolates of Staphylococcus aureus from
Hospitalized Children. Iranian Journal of Pathology, 10(4), 258-264.

Gill, A. A. S., Singh, S., Thapliyal, N., & Karpoormath, R. (2019). Nanomaterial-
based optical and electrochemical techniques for detection of methicillin-
resistant Staphylococcus aureus: A review. Microchimica Acta, 186(2), 114.
https://doi.org/10.1007/s00604-018-3186-7

Gnanamani, Arumugam, Periasamy Hariharan, and Maneesh Paul-Satyaseela. 2017.
Frontiers in Staphylococcus aureus Staphylococcus Aureus: Overview of
Bacteriology, Clinical Diseases, Epidemiology, Antibiotic Resistance and

Therapeutic Approach. IntechOpen.



53

https://www.intechopen.com/books/frontiers-in-i-staphylococcus-aureus-i-
/staphylococcus-aureus-overview-of-bacteriology-clinical-diseases-
epidemiology-antibiotic-resistance- (June 21, 2021).

Gordon, R. J., & Lowy, F. D. (2008). Pathogenesis of Methicillin-Resistant
Staphylococcus  aureus  Infection.  Clinical  Infectious  Diseases,
46(Supplement_5), S350—S359. https://doi.org/10.1086/533591

Gottlieb, M., Long, B., & Koyfman, A. (2018). The Evaluation and Management of
Toxic Shock Syndrome in the Emergency Department: A Review of the
Literature. The Journal of FEmergency Medicine, 54(6), 807-814.
https://doi.org/10.1016/j.jemermed.2017.12.048

Goudarzi, M., Razeghi, M., Chirani, A. S., Fazeli, M., Tayebi, Z., & Pouriran, R.
(2020). Characteristics of methicillin-resistant Staphylococcus aureus carrying
the toxic shock syndrome toxin gene: High prevalence of clonal complex 22
strains and the emergence of new spa types t223 and t605 in Iran. New
Microbes and New Infections, 36, 100695.
https://doi.org/10.1016/j.nmni.2020.100695

Grema, H. A. (2015). Methicillin Resistant Staphylococcus aureus (MRSA): A
Review. Advances in Animal and Veterinary Sciences, 3(2), 79-98.
https://doi.org/10.14737/journal.aavs/2015/3.2.79.98

Guo, Y., Song, G., Sun, M., Wang, J., & Wang, Y. (2020). Prevalence and Therapies
of Antibiotic-Resistance in Staphylococcus aureus. Frontiers in Cellular and
Infection Microbiology, 10, 107. https://doi.org/10.3389/fcimb.2020.00107

Haddad Kashani, H., Schmelcher, M., Sabzalipoor, H., Seyed Hosseini, E., & Moniri,
R. (2018). Recombinant Endolysins as Potential Therapeutics against
Antibiotic-Resistant Staphylococcus aureus: Current Status of Research and
Novel Delivery Strategies. Clinical Microbiology Reviews, 31(1).
https://doi.org/10.1128/CMR.00071-17

Hare, R., & Thomas, C. G. A. (1956). The Transmission of Staphylococcus Aureus.
British Medical Journal, 2(4997), 840—844.

Hassoun, A., Linden, P. K., & Friedman, B. (2017). Incidence, prevalence, and

management of MRSA bacteremia across patient populations—A review of



54

recent developments in MRSA management and treatment. Critical Care,
21(1), 1-10. https://doi.org/10.1186/s13054-017-1801-3

Henderson, A., & Nimmo, G. R. (2018). Control of healthcare- and community-
associated MRSA: Recent progress and persisting challenges. British Medical
Bulletin, 125(1), 25-41. https://doi.org/10.1093/bmb/1dx046

Herrera, A. (2016). Staphylococcus aureus TSST-1 and Beta-toxin contribute to
infective endocarditis via multiple mechanisms [University of Iowa].
https://doi.org/10.17077/etd.w8n5fxin

Hiramatsu, K., Ito, T., Tsubakishita, S., Sasaki, T., Takeuchi, F., Morimoto, Y.,
Katayama, Y., Matsuo, M., Kuwahara-Arai, K., Hishinuma, T., & Baba, T.
(2013). Genomic Basis for Methicillin Resistance in Staphylococcus aureus.
Infection & Chemotherapy, 45(2), 117.
https://doi.org/10.3947/ic.2013.45.2.117

Hutzschenreuter, L., Flessa, S., Dittmann, K., & Hiibner, N.-O. (2018). Costs of
outpatient and inpatient MRSA screening and treatment strategies for patients
at elective hospital admission—A decision tree analysis. Antimicrobial
Resistance & Infection Control, 7(1), 147. https://doi.org/10.1186/s13756-
018-0442-x

Imanishi, 1., Nicolas, A., Caetano, A.-C. B., Castro, T. L. de P., Tartaglia, N. R.,
Mariutti, R., Guédon, E., Even, S., Berkova, N., Arni, R. K., Seyffert, N.,
Azevedo, V., Nishifuji, K., & Loir, Y. L. (2019). Exfoliative toxin E, a new
Staphylococcus aureus virulence factor with host-specific activity. Scientific
Reports, 9(1), 1-12. https://doi.org/10.1038/s41598-019-52777-3

Jin, T., Mohammad, M., Pullerits, R., & Ali, A. (2021a). Bacteria and Host Interplay
in Staphylococcus aureus Septic Arthritis and Sepsis. Pathogens, 10(2), 158.
https://doi.org/10.3390/pathogens10020158

Jin, T., Mohammad, M., Pullerits, R., & Ali, A. (2021b). Bacteria and Host Interplay
in Staphylococcus aureus Septic Arthritis and Sepsis. Pathogens, 10(2), 158.
https://doi.org/10.3390/pathogens10020158

Jordan, P. M., Gerstmelier, J., Pace, S., Bilancia, R., Rao, Z., Borner, F., Miek, L.,
Gutiérrez-Gutiérrez, O., Arakandy, V., Rossi, A., lalenti, A., Gonzalez-



55

Estévez, C., Loffler, B., Tuchscherr, L., Serhan, C. N., & Werz, O. (2020).
Staphylococcus aureus-Derived o-Hemolysin Evokes Generation of
Specialized Pro-resolving Mediators Promoting Inflammation Resolution. Cell
Reports, 33(2), 108247. https://doi.org/10.1016/j.celrep.2020.108247

Jorgensen, S. C. J., Lagnf, A. M., Bhatia, S., Singh, N. B., Shammout, L. K., Davis, S.
L., & Rybak, M. J. (2019). Diagnostic Stewardship: A Clinical Decision Rule
for Blood Cultures in Community-Onset Methicillin-Resistant Staphylococcus
aureus (MRSA) Skin and Soft Tissue Infections. Infectious Diseases and
Therapy, 8(2), 229-242. https://doi.org/10.1007/s40121-019-0238-1

Josse, J., Laurent, F., & Diot, A. (2017). Staphylococcal Adhesion and Host Cell
Invasion: Fibronectin-Binding and Other Mechanisms. Frontiers in
Microbiology, 8. https://doi.org/10.3389/fmicb.2017.02433

Kateete, D. P., Bwanga, F., Seni, J., Mayanja, R., Kigozi, E., Mujuni, B., Ashaba, F.
K., Baluku, H., Najjuka, C. F., Killander, K., Rutebemberwa, E., Asiimwe, B.
B., & Joloba, M. L. (2019). CA-MRSA and HA-MRSA coexist in community
and hospital settings in Uganda. Antimicrobial Resistance & Infection Control,
8(1), 94. https://doi.org/10.1186/s13756-019-0551-1

Khokhlova, O. E., Hung, W.-C., Wan, T.-W., Iwao, Y., Takano, T., Higuchi, W.,
Yachenko, S. V., Teplyakova, O. V., Kamshilova, V. V., Kotlovsky, Y. V.,
Nishiyama, A., Reva, 1. V., Sidorenko, S. V., Peryanova, O. V., Reva, G. V.,
Teng, L.-J., Salmina, A. B., & Yamamoto, T. (2015). Healthcare- and
Community-Associated Methicillin-Resistant Staphylococcus aureus (MRSA)
and Fatal Pneumonia with Pediatric Deaths in Krasnoyarsk, Siberian Russia:
Unique MRSA’s Multiple Virulence Factors, Genome, and Stepwise
Evolution. PLoS ONE, 10(6). https://doi.org/10.1371/journal.pone.0128017

Komuro, H., Kato, T., Okada, S., Nakatani, K., Matsumoto, R., Nishida, K., Iida, H.,
lida, M., Tsujimoto, S., & Suganuma, T. (2017). Toxic shock syndrome caused
by suture abscess with methicillin-resistant Staphylococcus aureus (MRSA)
with late onset after Caesarean section. I[DCases, 10, 12-14.

https://doi.org/10.1016/j.idcr.2017.07.004



56

Kong, C., Neoh, H., & Nathan, S. (2016). Targeting Staphylococcus aureus Toxins: A
Potential form of Anti-Virulence Therapy. Toxins, 8(3), 72.
https://doi.org/10.3390/toxins8030072

Krakauer, T. (2019). Staphylococcal Superantigens: Pyrogenic Toxins Induce Toxic
Shock. Toxins, 11(3), 178. https://doi.org/10.3390/toxins11030178

Kumar, P. (2020). A review on quinoline derivatives as anti-methicillin resistant
Staphylococcus aureus (MRSA) agents. BMC Chemistry, 14(1), 17.
https://doi.org/10.1186/s13065-020-00669-3

Lakhundi, S., & Zhang, K. (2018). Methicillin-Resistant Staphylococcus aureus:
Molecular Characterization, Evolution, and Epidemiology. Clinical
Microbiology Reviews, 31(4). https://doi.org/10.1128/CMR.00020-18

Lee, A. S., Lencastre, H. de, Garau, J., Kluytmans, J., Malhotra-Kumar, S., Peschel,
A., & Harbarth, S. (2018). Methicillin-resistant Staphylococcus aureus. Nature
Reviews Disease Primers, 4(1), 1-23. https://doi.org/10.1038/nrdp.2018.33

Lee, C.-Y., Kunin, C. M., Chang, C., Lee, S. S.-J., Chen, Y.-S., & Tsai, H.-C. (2016).
Development of a prediction model for bacteremia in hospitalized adults with
cellulitis to aid in the efficient use of blood cultures: A retrospective cohort
study. BMC Infectious Diseases, 16(1), 581. https://doi.org/10.1186/s12879-
016-1907-2

Licitra, G. (n.d.). Etymologia: Staphylococcus - Volume 19, Number 9—September
2013 -  Emerging  Infectious  Diseases  journal -  CDC.
https://doi.org/10.3201/eid1909.et1909

Lipsky, B. A., Kollef, M. H., Miller, L. G., Sun, X., Johannes, R. S., & Tabak, Y. P.
(2010). Predicting Bacteremia among Patients Hospitalized for Skin and Skin-
Structure Infections: Derivation and Validation of a Risk Score. Infection
Control & Hospital Epidemiology, 31(8), 828-837.
https://doi.org/10.1086/654007

Liu, George Y. et al. 2005. “Staphylococcus Aureus Golden Pigment Impairs
Neutrophil Killing and Promotes Virulence through Its Antioxidant Activity.”
Journal of Experimental Medicine 202(2): 209-15.



57

Long, S. W., Beres, S. B., Olsen, R. J., & Musser, J. M. (2014). Absence of Patient-
to-Patient Intrahospital Transmission of Staphylococcus aureus as Determined
by Whole-Genome Sequencing. MBio, 5(5).
https://doi.org/10.1128/mBi0.01692-14

Lv, N., Kong, Q., Zhang, H., & Li, J. (2021). Discovery of novel Staphylococcus
aureus penicillin binding protein 2a inhibitors by multistep virtual screening
and biological evaluation. Bioorganic & Medicinal Chemistry Letters, 41,
128001. https://doi.org/10.1016/j.bmcl.2021.128001

Makgotlho, P. E., Kock, M. M., Hoosen, A., Lekalakala, R., Omar, S., Dove, M., &
Ehlers, M. M. (2009). Molecular identification and genotyping of MRSA
isolates. FEMS Immunology & Medical Microbiology, 57(2), 104-115.
https://doi.org/10.1111/j.1574-695X.2009.00585.x

Matono, T., Nagashima, M., Mezaki, K., Motohashi, A., Kutsuna, S., Hayakawa, K.,
Ohmagari, N., & Kaku, M. (2018). Molecular epidemiology of B-lactamase
production in penicillin-susceptible Staphylococcus aureus under high-
susceptibility conditions. Journal of Infection and Chemotherapy, 24(2), 153—
155. https://doi.org/10.1016/j.jiac.2017.10.014

Matono, T., Nagashima, M., Mezaki, K., Motohashi, A., Kutsuna, S., Hayakawa, K.,
Ohmagari, N., & Kaku, M. (2018). Molecular epidemiology of B-lactamase
production in penicillin-susceptible Staphylococcus aureus under high-
susceptibility conditions. Journal of Infection and Chemotherapy, 24(2), 153—
155. https://doi.org/10.1016/j.jiac.2017.10.014

McGuinness, W. A., Malachowa, N., & DeLeo, F. R. (2017). Vancomycin Resistance
in Staphylococcus aureus. The Yale Journal of Biology and Medicine, 90(2),
269-281.

Moosavian, M., Shahin, M., Navidifar, T., & Torabipour, M. (2018). Typing of
staphylococcal cassette chromosome mec encoding methicillin resistance in
Staphylococcus aureus isolates in Ahvaz, Iran. New Microbes and New
Infections, 21, 90-94. https://doi.org/10.1016/j.nmni.2017.11.006

Motamedifar, M., Ebrahim-Saraie, H. S., Alfatemi, S. M. H., Zalipour, M., Kaveh, M.,
& Khoshkharam-Roodmajani, H. (2015). Frequency of the toxic shock



58

syndrome toxin-1 gene in methicillin-susceptible and -resistant
Staphylococcus aureus isolates from teaching hospitals in Shiraz, Iran. Revista
Da Sociedade Brasileira de Medicina Tropical, 48(1), 90-93.
https://doi.org/10.1590/0037-8682-0142-2014

Omidi, M., Firoozeh, F., Saffari, M., Sedaghat, H., Zibaei, M., & Khaledi, A. (2020).
Ability of biofilm production and molecular analysis of spa and ica genes
among clinical isolates of methicillin-resistant Staphylococcus aureus. BMC
Research Notes, 13(1), 19. https://doi.org/10.1186/s13104-020-4885-9

Onanuga, A., Adamu, O. J., Odetoyin, B., & Hamza, J. A. (2021). NASAL
CARRIAGE OF MULTI-DRUG RESISTANT PANTON VALENTINE
LEUKOCIDIN POSITIVE STAPHYLOCOCCUS AUREUS IN HEALTHY
INDIVIDUALS OF TUDUN-WADA, GOMBE STATE, NIGERIA. African
Journal of Infectious Diseases, 15(1), 24-33.
https://doi.org/10.21010/ajid.v15i1.3

Ovchinnikov, K. V., Kranjec, C., Thorstensen, T., Carlsen, H., & Diep, D. B. (2020).
Successful Development of Bacteriocins into Therapeutic Formulation for
Treatment of MRSA Skin Infection in a Murine Model. Antimicrobial Agents
and Chemotherapy, 64(12). https://doi.org/10.1128/AAC.00829-20

Pandey, R. K., Ojha, R., Aathmanathan, V. S., Krishnan, M., & Prajapati, V. K. (2018).
Immunoinformatics approaches to design a novel multi-epitope subunit
vaccine against HIV  infection. Vaccine, 36(17), 2262-2272.
https://doi.org/10.1016/j.vaccine.2018.03.042

Pastagia, M., Kleinman, L. C., Lacerda de la Cruz, E. G., & Jenkins, S. G. (2012).
Predicting Risk for Death from MRSA Bacteremial. Emerging Infectious
Diseases, 18(7), 1072—1080. https://doi.org/10.3201/eid1807.101371

Paudyal, S., Joshi, L. R., & katiwada, sushil. (2014). Prevalence of Methicillin-
Resistant Staphylococcus aureus (MRSA) in Dairy Farms of Pokhara, Nepal.
International Journal of Veterinary Science, 3, 87-90.

Pinchuk, I. V., Beswick, E. J., & Reyes, V. E. (2010). Staphylococcal Enterotoxins.
Toxins, 2(8), 2177-2197. https://doi.org/10.3390/toxins2082177



59

Poudel, B., Zhang, Q., Trongtorsak, A., Pyakuryal, B., Egoryan, G., Sous, M., Ahmed,
R., Trelles-Garcia, D. P., Yanez-Bello, M. A., Trelles-Garcia, V. P., Stake, J.
J., & Rodriguez-Nava, G. (2021). An overlooked cause of septic shock:
Staphylococcal Toxic Shock Syndrome secondary to an axillary abscess.
IDCases, 23, €01039. https://doi.org/10.1016/j.idcr.2020.e01039

Price, J. R., Cole, K., Bexley, A., Kostiou, V., Eyre, D. W., Golubchik, T., Wilson, D.
J., Crook, D. W., Walker, A. S., Peto, T. E. A., Llewelyn, M. J., & Paul, J.
(2017). Transmission of Staphylococcus aureus between health-care workers,
the environment, and patients in an intensive care unit: A longitudinal cohort
study based on whole-genome sequencing. The Lancet Infectious Diseases,
17(2), 207-214. https://doi.org/10.1016/S1473-3099(16)30413-3

Proft, T., & Fraser, J. (2016). Streptococcal Superantigens: Biological properties and
potential role in disease (pp. 334-351).

Rai, A., & Khairnar, K. (2021). Overview of the risks of Staphylococcus aureus
infections and their control by bacteriophages and bacteriophage-encoded
products. Brazilian Journal of Microbiology. https://doi.org/10.1007/s42770-
021-00566-4

Ross, A., & Shoff, H. W. (2020). Toxic Shock Syndrome. In StatPearls [Internet].
StatPearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK459345/

Schaumburg, F., Alabi, A. S., Mombo-Ngoma, G., Kaba, H., Zoleko, R. M., Diop, D.
A., Mackanga, J.-R., Basra, A., Gonzalez, R., Menendez, C., Grobusch, M. P.,
Kremsner, P. G., Kock, R., Peters, G., Ramharter, M., & Becker, K. (2014).
Transmission of Staphylococcus aureus between mothers and infants in an
African setting. Clinical Microbiology and Infection, 20(6), 0390—0396.
https://doi.org/10.1111/1469-0691.12417

Schlievert, P. M. (2001). Use of intravenous immunoglobulin in the treatment of

staphylococcal and streptococcal toxic shock syndromes and related
illnesses ¥ . Journal of Allergy and Clinical Immunology, 108(4), S107—
S110. https://doi.org/10.1067/mai.2001.117820



60

Schlievert, P. M., Gourronc, F. A., Leung, D. Y. M., & Klingelhutz, A. J. (2020).
Human Keratinocyte Response to Superantigens. MSphere, 5(5).
https://doi.org/10.1128/mSphere.00803-20

Schlievert, Patrick M., and Catherine C. Davis. 2020. “Device-Associated Menstrual
Toxic Shock Syndrome.” Clinical Microbiology Reviews 33(3).
https://journals.asm.org/doi/10.1128/CMR.00032-19 (July 23, 2021).

Schulte, R. H., & Munson, E. (2019). Staphylococcus aureus Resistance Patterns in
Wisconsin: 2018 Surveillance of Wisconsin Organisms for Trends in
Antimicrobial Resistance and Epidemiology (SWOTARE) Program Report.
Clinical Medicine & Research, 17(34), 72-81.
https://doi.org/10.3121/cmr.2019.1503

Sharma, H., Smith, D., Turner, C. E., Game, L., Pichon, B., Hope, R., Hill, R., Kearns,
A., & Sriskandan, S. (2018). Clinical and Molecular Epidemiology of
Staphylococcal Toxic Shock Syndrome in the United Kingdom. Emerging
Infectious Diseases, 24(2). https://doi.org/10.3201/eid2402.170606

Shore, A. C., & Coleman, D. C. (2013). Staphylococcal cassette chromosome mec:
Recent advances and new insights. [International Journal of Medical
Microbiology, 303(6), 350-359. https://doi.org/10.1016/j.ijmm.2013.02.002

Singh, V., & Phukan, U. J. (2019). Interaction of host and Staphylococcus aureus
protease-system regulates virulence and pathogenicity. Medical Microbiology
and Immunology, 208(5), 585-607. https://doi.org/10.1007/s00430-018-0573-
y

Socohou, A., Sina, H., Degbey, C., Adjobimey, T., Sossou, E., Boya, B., N’tcha, C.,
Adoukonou-Sagbadja, H., Adjanohoun, A., & Baba-Moussa, L. (2021).
Pathogenicity and Molecular Characterization of Staphylococcus aureus
Strains Isolated from the Hospital Environment of CHU-Z Abomey-Calavi/So-
Ava  (Benin). BioMed  Research  International, 2021, 1-7.
https://doi.org/10.1155/2021/6637617

Sollid, J. U. E., Furberg, A. S., Hanssen, A. M., & Johannessen, M. (2014).
Staphylococcus aureus: Determinants of human carriage. Infection, Genetics

and Evolution, 21, 531-541. https://doi.org/10.1016/j.meegid.2013.03.020



61

Spaulding, A. R., Salgado-Pabon, W., Kohler, P. L., Horswill, A. R., Leung, D. Y. M.,
& Schlievert, P. M. (2013). Staphylococcal and Streptococcal Superantigen
Exotoxins. Clinical ~ Microbiology ~ Reviews,  26(3), 422-447.
https://doi.org/10.1128/CMR.00104-12

Staiman, A., Hsu, D. Y., & Silverberg, J. I. (2018). Epidemiology of staphylococcal
scalded skin syndrome in U.S. children. British Journal of Dermatology,
178(3), 704—708. https://doi.org/10.1111/bjd.16097

Stark, L. (n.d.). Staphylococcus aureus—Aspects of pathogenesis and molecular
epidemiology. 81.

Suga, Hirotaka, Tomohiro Shiraishi, Akihiko Takushima, and Kiyonori Harii. 2016.
“Toxic Shock Syndrome Caused by Methicillin-Resistant Staphylococcus
Aureus (MRSA) After Expander-Based Breast Reconstruction.” Eplasty 16.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4711340/ (July 30, 2021).

Sultan, A., & Nabiel, Y. (2019). Association of tsst-1 and pvl with mecA Genes among
Clinical Staphylococcus aureus Isolates from a Tertiary Care Hospital. Journal
of  Pure and Applied Microbiology, 13(2), 855-864.
https://doi.org/10.22207/JPAM.13.2.21

Superantigen (SAg): Examples and Roles ¢ Microbe Online. (2019, March 20).
Microbe Online. https://microbeonline.com/superantigen-examples-roles/

Szweda, P., Schielmann, M., Kotlowski, R., Gorczyca, G., Zalewska, M., & Milewski,
S.  (2012). Peptidoglycan  hydrolases-potential ~ weapons  against
Staphylococcus aureus. Applied Microbiology and Biotechnology, 96(5),
1157-1174. https://doi.org/10.1007/s00253-012-4484-3

Tam, K., & Torres, V. J. (2019). Staphylococcus aureus Secreted Toxins &
Extracellular Enzymes. Microbiology Spectrum, 7(2).
https://doi.org/10.1128/microbiolspec. GPP3-0039-2018

Taylor, Tracey A., and Chandrashekhar G. Unakal. 2021. “Staphylococcus Aureus.”
In  StatPearls, Treasure Island (FL): StatPearls  Publishing.
http://www.ncbi.nlm.nih.gov/books/NBK441868/ (April 17, 2021).

Todd, Daniel A. et al. 2017. “Signal Biosynthesis Inhibition with Ambuic Acid as a
Strategy To Target Antibiotic-Resistant Infections.” Antimicrobial Agents and



62

Chemotherapy 61(8). https://journals.asm.org/doi/10.1128/AAC.00263-17
(July 27, 2021).

Tuffs, S. W., Herfst, C. A., Baroja, M. L., Podskalniy, V. A., DeJong, E. N., Coleman,
C. E. M., & McCormick, J. K. (2019). Regulation of toxic shock syndrome
toxin-1 by the accessory gene regulator in Staphylococcus aureus is mediated
by the repressor of toxins. Molecular Microbiology, 112(4), 1163-1177.
https://doi.org/10.1111/mmi.14353

Turner, N. A., Sharma-Kuinkel, B. K., Maskarinec, S. A., Eichenberger, E. M., Shah,
P. P., Carugati, M., Holland, T. L., & Fowler, V. G. (2019). Methicillin-
resistant Staphylococcus aureus: An overview of basic and clinical research.
Nature Reviews Microbiology, 17(4), 203-218.
https://doi.org/10.1038/s41579-018-0147-4

Turner, Nicholas A. et al. 2019. “Methicillin-Resistant Staphylococcus Aureus: An
Overview of Basic and Clinical Research.” Nature Reviews Microbiology
17(4): 203-18.

U. Okwu, M., Olley, M., O. Akpoka, A., E. Izevbuwa, O., 1Department of Biological
Sciences, College of Natural and Applied Sciences, Igbinedion University
Okada, Edo State, Nigeria, & 2 Department of Pathology, Igbinedion
University Teaching Hospital, Okada, Edo State, Nigeria. (2019). Methicillin-
resistant Staphylococcus aureus (MRSA) and anti-MRSA activities of extracts
of some medicinal plants: A brief review. AIMS Microbiology, 5(2), 117-137.
https://doi.org/10.3934/microbiol.2019.2.117

Ultee, E., Aart, L. T. van der, Zhang, L., Dissel, D. van, Diebolder, C. A., Wezel, G.
P. van, Claessen, D., & Briegel, A. (2020). Teichoic acids anchor distinct cell
wall lamellae in an apically growing bacterium. Communications Biology,
3(1), 1-9. https://doi.org/10.1038/s42003-020-1038-6

Valderrama-Beltran, S., Gualtero, S., Alvarez-Moreno, C., Gil, F., Ruiz, A. J.,
Rodriguez, J. Y., Osorio, J., Tenorio, 1., Gomez Quintero, C., Mackenzie, S.,
Caro, M. A., Zhong, A., Arias, G., Berrio, 1., Martinez, E., Cortés, G., De la
Hoz, A., & Arias, C. A. (2019). Risk factors associated with methicillin-

resistant Staphylococcus aureus skin and soft tissue infections in hospitalized



63

patients in Colombia. International Journal of Infectious Diseases, 87, 60—66.
https://doi.org/10.1016/j.1jid.2019.07.007

Wang, X., Koffi, P. F., English, O. F., & Lee, J. C. (2021). Staphylococcus aureus
Extracellular Vesicles: A Story of Toxicity and the Stress of 2020. Toxins,
13(2), 75. https://doi.org/10.3390/toxins 13020075

Zarei Koosha, R., Mahmoodzadeh Hosseini, H., Mehdizadeh Aghdam, E., Ghorbani
Tajandareh, S., & Imani Fooladi, A. A. (2016). Distribution of tsst-1 and mecA
Genes in Staphylococcus aureus Isolated From Clinical Specimens.
Jundishapur Journal of Microbiology, 9(3). https://doi.org/10.5812/jjm.29057

Zeng, Liu, & Han. (2019). Structure of Staphylococcal Enterotoxin N: Implications
for Binding Properties to Its Cellular Proteins. International Journal of
Molecular Sciences, 20(23), 5921. https://doi.org/10.3390/ijms20235921

Zhao, H., Xu, S., Yang, H., He, C., Xu, X., Hu, F., Shu, W., Gong, F., Zhang, C., &
Liu, Q. (2019). Molecular Typing and Variations in Amount of tst Gene
Expression of TSST-1-Producing Clinical Staphylococcus aureus Isolates.
Frontiers in Microbiology, 10, 1388.
https://doi.org/10.3389/fmicb.2019.01388




APPENDICES

Appendix A

Turnitin Similarity Report

Turnitin Originality

Report

Processed on: 16-Oct-2021 12:36 EEST Similarity by Source

ID: 1675400037 imi i

Word .97 Slm”arlty Index Internet Sources: N/A
ord Count: 9783 0/ Publications: 15%

Submitted: 1 15 (0] Student Papers: N/A

thesis By Osaid Osaid

1% match (publications)

Akanksha Rai, Krishna Khairnar. "Overview of the risks of Staphylococcus aureus
infections and their control by bacteriophages and bacteriophage-encoded
products", Brazilian Journal of Microbiology, 2021

1% match (publications)
Kayan Tam, Victor J. Torres. " Secreted Toxins and Extracellular Enzymes ",
American Society for Microbiology, 2019

1% match (publications)

Menna-Allah W. Shalaby, Eman M.E. Dokla, Rabah.A.T. Serya, Khaled A.M. Abouzid.
"Penicillin binding_protein 2a: An overview and a medicinal chemistry perspective",
European Journal of Medicinal Chemistry, 2020

1% match (publications)
Sana Amreen, Simrandeep K Brar, Sumera Perveen, Muhammad Reza Chaudhry,
Sarah AlBabtain, Safeera Khan. "Clinical Efficacy of Intravenous Immunoglobulins in

2021

1% match (publications)

Spaulding, A. R., W. Salgado-Pabon, P. L. Kohler, A. R. Horswill, D. Y. M. Leung, and
P. M. Schlievert. "Staphylococcal and Streptococcal Superantigen Exotoxins”, Clinical
Microbiology Reviews, 2013.

1% match (publications)
Eichenberger et al. "Methicillin-resistant Staphylococcus aureus: an overview of
basic and clinical research", Nature Reviews Microbiology, 2019

1% match (publications)

El Feghaly, Rana E., Jennifer E. Stamm, Stephanie A. Fritz, and Carey-Ann D.
Burnham. "Presence of the blaZ beta-lactamase gene in isolates of Staphylococcus
aureus that appear penicillin susceptible by conventional phenotypic methods",
Diagnostic Microbiology and Infectious Disease, 2012.

1% match (publications)

Asareh zadegan dezfuli. "The Frequency of Classl and 2 and 3 Integrons in
Vancomycin-resistant and Aminoglycoside Resistance Enterococcus Strains Isolated
From Burn Patients in Southwest Iran", Research Square Platform LLC, 2021

64



65

Curriculum Vitae

1. PERSONAL INFORMATION

NAME, SURNAME:
DATE of BIRTH and PLACE:

OSAID MOMANI
10-03-1993/Jordan-Jarash

CURRENT OCCUPATION: Master Student

ADDRESS of CORRESPONDENCE:

TELEPHONE: +962798470331, +962775522502 ,+962775178964
E-MAIL: momani_0993@jicloud.com

2. EDUCATION

YEAR GRADE

UNIVERSITY FIELD

2011 68.4%

Jordan University of Medical Laboratory
Science and Technology (Bachelor)

3. ACADEMIC EXPERIENCE

PERIOD TITLE DEPARTMENT UNIVERSITY
4. FIELD OF INTERESTS
FIELDS OF INTERESTS KEY WORDS

Medical Microbiology

MRSA , Staphylococcus aureus, molecular typing;
toxic shock syndrome toxin-1; virulence factors




66

Ethical Approval

p

_ YAKIN DOGU UNIVERSITESI
BILIMSEL ARASTIRMALAR ETiK KURULU

ARASTIRMA PROJESI DEGERLENDIRME RAPORU

Toplanti Tarihi 127.05.2021
Toplanti No :2021/91
Proje No 11331

Yakin Dogu Universitesi Tip Fakiiltesi Ggretim iiyelerinden Dog. Dr. Buket Baddal’in
sorumlu aragtirmacist oldugu, YDU/2021/91-1331 proje numarali ve “Molecular Detection
of Exfoliative Toxins and Toxic Shock Syndrome Toxin-1 in Methicillin Resistant
Staphylococcus aureus (MRSA) Isolates from Clinical Specimens at Near East University
Hospital” baslikli proje dnerisi kurulumuzca online toplantida degerlendirilmis olup, etik
olarak uygun bulunmustur.

LG ol

Prof. Dr. Sanda Cali
Yakin Dogu Universitesi

Bilimsel Arastirmalar Etik Kurulu Baskan



