K ufa Journal for N ursing Sciences
Open Access Full Text Article

Publisher
University of Kufa, Faculty of Nursing

Received: 29 November, 2022
Accepted: 06 April, 2023
Published: 17 April, 2023
Vol. 13(1), 2023: 62 — 75

https://doi.org/10.36321/kins.vi20231.10656
ORIGINAL RESEARCH

Community-Associated Methicillin-Resistant Staphylococcus Aureus in the
Oral Cavity

Enass A.K. Almkhadhree !, Kawther Algaseer 2, Ohood Ageed Radhi 3, Baleegh A
Kadhim 4, Mansour Abdullah Falah °, Hawraa G. |. Al-Yasseree ¢, Wijdan Dhaidan
Shnain 7, Intisar Jameel Albandar 8, Esraa Shaker °.

T Department of Biology, College of Science, University of Wasit, Wasit, Iraq.

2367 Department of Basic Science, College of Nursing, University of Kufa,AL-Najaf, Iraq.
4 Department of Biology, College of Science, University of Al-Qadisiyah, Aldiwania, Iraq.

5 Department of Community Health, College of Nursing, University of Kufa, AL-Najaf, Iraq.
8 Department of Biology, College of Science, University of Basrah, Basrah, Iraq.

9 Department of Pediatrics, College of Nursing. University of karbala, Karbala, Iraq.

ABSTRACT
The oral cavity is habitat to a wide variety of commensal flora, which may act as a reservoir of

factors that influence drug resistance. Bacteria in the oral cavity create biofilms, which makes it
easier for horizontal gene transfer to result in the accumulation of antibiotic resistance genes.
Methicillin-resistant Staphylococcus aureus (MRSA) carriage rates in the oral cavity are high,
according to recent studies. The widespread use of antibiotic prophylaxis among at-risk dental
procedure applicants may facilitate MRSA establishment in the mouth. These modifications in
the epidemiology of MRSA have significant ramifications for clinical practice, methodological

approaches to MRSA carriage studies, and MRSA prevention efforts.
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INTRODUCTION

Over the course of evolution, the oral micobiota
and oral micro biome have co-evolved in a symbiotic
connection with their human hosts. This population of
microorganisms has an amazing ability to adjust to
each particular host as they grow older. The
availability of nutrients, physicochemical conditions,
and host-related factors including hormonal levels,
immunological status, and age all affect how the
constituent microorganisms grow, function, and adapt
overall in their unique micro environmental niche.
(Belibasakis, 2018).

There are various dental types of infections
that arise in the oral cavity of the patient, such as
periodontal cancer, teeth loss, oral pain, dental
disorder dental abscess, plaque, dental calculus,
dentin hypersensitivity, acid erosion, hyperdontitis,
Malocclusion, ulcerative gingivitis, fluorosis of the oral
cavity, effect on teeth, acute necrotization, etc. Many
oral illnesses, such as mucositis, periodontitis,
endodontic peri-implantitis infections, and even tooth
decay, are thought to be caused by Staphylococcus.
Aureus (passariello et al., 2012)

Staphylococci-positive, the  pathogen is
attributable to invasiveness blend, toxic mediated
virulence blend, and antibiotic resistance (Loir Baron
and Gantier, 2003).

Staph. Aureus is a gram-positive, non-spore-
forming, grape-forming, non-motile such as clusters
and the most important coagulase, Staphylococci
positive pathogen attributable to invasiveness blend,
toxic mediated virulence blend, there are drug-
resistant strains of Aureus (Faden and Saudi, 2019).
Resistant to methicillin the Staph. Aureus (MRSA)
(Rajaduraipand, et al.,2006).

The strains of Staph. Aureus that they were
resistant to antibiotics containing beta-lactam, such
as penicillins, amoxicillin, methicillin, cephalosporins,
oxacillin, etc (David et al., 2010). The inclination of
the acquisition of antibiotic resistance by Staph.
Aureus led to a global clone distribution of distinct
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antimicrobial resistance expressions. It has been
found that there are several bacterial infections of
MRSA strains in the population and clinics (Peters et
al.,2013)

Since have been using the antibiotics in
random way in hospital conditions are inadequate,
and crowding patients and healthcare worker help to
spread the pathogenic bacteria, such as Staph.
Aureus. (AL-Safani et al., 2018).

Theoretically, in tooth infection due to its
resistance to most widely used antibiotics for dental
infection caused by this pathogen (Vellappally et al.,
2017).

To create colonization that is required before
any protopathic or periodontopathic process, the oral
cavity is an open growth environment in which the
bacteria must adhere to the surface (Jevon et al.,
2020).

More than 300-400 species of aerobic and
anaerobic bacteria colonize the oral cavity, but only
low number of these species are involved in dental
infection development (Boykin et al., 2018).

The presence of secreted saliva containing
epithelial debris makes the mouth a favorable habitat
for a large variety of bacteria. Odontogenic infection
is caused by the composition of plaque bacterial
groups (Dye et al., 2008). Saliva micro biota is
influenced by the dislocation of bacteria from
colonization aggregations in various oral cavity sites
(teeth, tongue, cheek, and pharyngeal mucous
membrane) (Maisonneuve et al., 2020).

Streptococci, peptostreptococci, Staphylococci,
Veillonella, Corynebacterium, Neisseria, and other
bacteria are found in roughly 6 (6x109) bacterium/ml
in adult human saliva.

Background

Staph. aureus is a gram-positive coccioccus
aureus that appears under a microscope as blue-
violet clusters, between (1.2-0.4 pm) and has a
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yellow-pigmented colony called (aureus; means
golden) because of their (carotenoid) pigments that
develop during their development (Yan et al, 2016).
Staph. aureus typically functions as a commensal of
the human microbiome, but it can sometimes develop
into an opportunistic pathogen. It is a common cause
of food poisoning, sinusitis, and skin infections like
abscesses. By creating virulence factors including
strong protein toxins and the production of a cell-
surface protein that binds and inactivates antibodies,
pathogenic strains frequently aid in the spread of
diseases. One of the primary causes of antimicrobial
resistance-related mortality is Staph. aureus, and the
rise of antibiotic-resistant strains, such methicillin-
resistant Staph. aureus (MRSA), is an issue that
affects clinical care all over the world. (Al-Talib et al.,
2014; Yilmaz and Aslantas, 2017; Suhaili et al;2018).

Staph aureus grows well under high osmotic
pressure conditions and low humidity (Hau 2017),
and no spores forming and resistant to dry conditions
and high salt concentration, 15% NaCl and readily
develops at fixations up to 10% NaCl and tolerant to
4.2-9.3 of pH range, with an ideal pH 7.0-7.5, It could
grow at temperature between 15 C and 45 C, these
bacteria rapidly multiply at room temperature and
produce toxins that cause disease (Wu et al., 2018;
Hau, 2017).

The response rates of Staph. aureus clinical
isolates to chemical pressures and are relatively
similar in growth rates, there were specific strains that
responded to stresses by changing their lifestyles to
form a biofilm and/or small colony variants in extreme
conditions (but stress levels are still under lethal), it
has been suggested that phenotype alteration
depends on bacterial and host factors, and indicate
that some specific strains may have a unique
pathway that remains at stress (Otto, 2009; Kostakioti
atel., 2013).

One of the important reasons that made Staph.
aureus is more infectious is its ability to survive for
several months on different surfaces (Kramer et al.,
2006). Staph. aureus causes many diseases,
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including minor skin, soft-tissue infections and severe
diseases such as pneumonia, septicemia,
endocarditis, and catheter-related infections through
the formation of biofilm, and it is also one of the most
pathogens cause eye diseases (Hesje et al., 2011;
Suzuki et al.,2012; Hussain, et al., 2019; Farah et al.,
2020).

Interventions such as hospitalization or
episodes of immunosuppression may lead to invasive
Staph. aureus is naturally present in the skin and
mucous membranes and causes skin or respiratory
diseases, or life-threatening bacteremia. (Yang et al.,
2019).

Genetic Diagnostic

The bacterial genome consists of core and
accessory genomes. All genes necessary for cellular
viability, including those that code for chemicals used
in metabolism, DNA and RNA synthesis, and
replication, are found in the core genome. By
encoding the proteins necessary for bacteria to adapt
to various ecological niches, the accessory gene pool
serves as a representation of diversity within bacterial
species. (resistance, virulence factors, etc.).
Accessory genes frequently differ in G + C
composition from those in the core genome because
they are derived from other bacterial species (Hacker
& Kaper, 2000).

Whole genome sequencing (WGS), unlike
sequence-based methods, which determine the exact
arrangement of nucleotides and evaluate DNA
sequence evaluations (for example, Multi-locus
Sequence Typing (MLST), Staph. aureus protein a
(spa) typing, Amplified Fragment Length
Polymorphism  (AFLP),  Random  Amplified
Polymorphic DNA (RAPD), and Multiple Locus
Variable Number of tandem repeat analysis (MLVA),
the sequence-based methods. These typing methods
were created to better understand Staph. aureus'
epidemiology and evolution (Nazareth et al., 2012;
Moore, et al., 2015; Wu, et al., 2018).
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Pathogenesis:

Staph. aureus is one of the most prevalent
pathogenic bacteria because its biology is based on
many virulence factors that cause illness and the
disease's host. (Al Fatemi et al., 2014).

It's also an "ESKAPE" species, which may lead
to a range of severe illnesses. As a result, it is
regarded as a significant and rising worldwide threat
that affects a wide range of individuals and causes
serious nosocomial infections. (Liang et al.,2019). by
immunity, which prevents opsonophagocytic killing by
expressing surface-linked proteins and
polysaccharide capsules.

- The ability of Staph. aureus:

. To infiltrate and cause inflammation. This involves
colonization, and the synthesis of extracellular
structures of molecules that aid in adherence and
help them resist host defenses. (Haghkhah, 2003).

. To produce toxins. Despite Staphylococcus's multiple
resistance, neutrophils are the most important body
defense against in regulating the colonization and
dissemination of Staph. aureus. Induction of
neutrophil cell death is one of these techniques,
which results in inflammation, tissue injury, and a
worsening of the disease (Yang, et al., 2019).
Furthermore, strategies are the induction of neutrophil
cell death, which triggers tissue and inflammation loss
and increased the severity of diseases. Staph. aureus
creates several virulence variables, in addition to the
capacity to generate septic products, enzymes and
toxins. Shock by stimulating the immune system and
communicating with it and with coagulation (Gordon
and lowy, 2008; Rigby and Deleo, 2012).

Staphylococci Virulence Factors

Staph. aureus virulence requires the synthesis
of numerous excessive or superficial compounds,
toxins, and immune evasion mechanisms. Because
neutralization of one molecule does not always
destroy the bacteria's capacity to cause infection, the
exact sequence of these virulence factors varies
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between isolates, and some components are
redundant in their action (Walton,2013).
Staph. aureus toxins

Staph. aureus produces a wide range of
enterotoxins, which have been assigned to the
pyrogenic toxin superantigen family based on their
biological activity and structural similarity, toxic shock
toxin-1 (TSST-1), which induces super antigenic
activity, and exfoliative toxins (ETs), which are
responsible  for  exfoliation.  Staphylococcus
enterotoxins  cause  food  poisoning, and
staphylococcal scarlet fever (a moderate type of
TSS), and both of these toxins share structural and
biological properties, indicating that they are
belonging to the same family (Thomas et al,2006).

Staphylococcal enzymes:

Many of the secreted enzymes of Staph.
aureus will break down certain molecules in the host
or interact with cascades in host metabolism.

Coagulase

Two coagulase forms are produced by Staph.
aureus; staphyloma coagulase and von Willebrand
factor (VWF), which contribute to the formation of a
complex called staphyloma-thrombin (after binding to
fibrin clots prothrombin) and several other proteins
from plasma that contribute to the fibrinogen
conversion causes fibrin to clot fibrin on the surface of
the fibrinogen inhibiting phagocytosis, Staph. aureus
causes abscess and adhesion to Staph. aureus
during infection and biofilm development (McAdow, et
al., 2012; Otto, 2014).

Catalase

In several bacterial species, this enzyme is
present and can influence the survival of bacteria by
removing the superoxide within phagocytosis created
by the response of the respiratory burst. Bacterial
variables that are disrupting hydrogen peroxide allow
bacteria to persist and stay, such as catalase, cells,
and tissues within the host (Das and Bishayi, 2010).
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Hyaluronidase

Hyaluronic acid hydrolysis, hyaluronic acids
intracellular tissue matrix with acidic
mucopolysaccharides, contributing to the propagation
of staphylococci and their invasion of adjacent areas
(Haghkhah, 2003).

Staphylokinase

One of the essential enzymes in host
avoidance is staphylokinase innate immunity, as the
connection between plasminogen and
staphylocinase. It contributes to the development of a
wide proteolytic enzyme spectrum that facilitates
penetration of Staph. aureus into the underlying
tissues (active plasmin) (Bokarewa, et al., 2006).

Lipases

Staph. aureus lipase (also known as glycerol
ester hydrolase), like other microbial lipases, Staph.
aureus lipase can cause human skin diseases due to
its importance in the metabolism of bacterial lipids
and participation in  pathogenic  processes
(Rosenstein and Gotz, 2000; Kitadokoro, et al.,
2020).

B-Lactamase

The B-lactamase was among the first enzymes
that destroy Penicillin; it was produced by several
bacteria including Staph. aureus. The staphylococcal
B-lactamase hydrolyzes the amide-bond of beta-
lactam antibiotics, which helps to acquire the
resistance against all [-lactam antibiotics. f-
lactamase inhibitors can be combined with the old -
lactam antibiotics to restore their activity, and this
phenomenon has been republished as an effective
strategy to overcome the resistance mechanism. The
presence of B-lactamase in the Staph aureus makes
it one of the most antibiotic-resistant bacteria in the
world (Kesharwani and Mishra, 2019).
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Other virulence factor
Capsule

The cellular surface structure of the capsular
polysaccharide, was another Factor in triggering the
pathogenesis of Staph. aureus and bacterial evasion
of immunological protection. The polysaccharide
capsule synthesis is based on a complex regulatory
network that guarantees its manufacturing only in the
case of a proportion of phase-stationary cells
(Keinhorster, et al., 2019).

Protein A

Protein A, located on the surface of bacteria,
has 7% of the essential proteins of cells that contain
the most essential proteins in Staph. aureus. Protein
A of Staph. aureus binds to the portion of
immunoglobulin (Fc). Many mammal forms may be
useful in avoiding phagocytosis (Gao and Stewart,
2004).

The Genome of Staph aureus:

Staph. aureus genomes were sequenced for
the first time in 2001 (Yan, et al., 2016). The Staph
aureus genome is divided into three segments: the
core genome, core variable genes, and mobile
genetic element (MGE). The core genome is strongly
conserved among isolates; however, single
nucleotide polymorphisms (SNPs) that occur as a
result of mutations cause a minor variation. Surface
proteins and their regulatory genes are examples of
core vector genes with established functions. MGEs
are the most altered component of Staph.aureus
genetic material, accounting for around 25% of all
Staph. aureus genetic material (Hau, 2017). The core
genome is mostly intact, and gene similarity between
isolates is about 98-100% (Krmusaolu, 2017). By
horizontal gene transfer, Staph. aureus was rapidly
evolving (Dai, et al., 2019).



67

Staphylococcus aureus pathogenicity islands
(SaPls)

Staph. aureus contained not only (SaPls), but
also (vSa-gene family) variant surface antigens that
encoded about 50% of virulence factors and toxins,
vSa1 included enterotoxin coding genes such as Tst
and Seb, while vSa2 contains genes that encoded
enterotoxin genes such as Sec (HGT). (Krmusaolu,
2017; Lindsay, et al., 1998; Beda, et al., 2003)

Staph. aureus plasmids are divided into three
kinds based on their capacity to conjugate and scale.
Plasmids are classified as class | (the tiniest) less
than 5kb and have the largest copy amount (Shien,
2014). Multiple environmental factors such as ph,
oxygen, and carbon dioxide levels, bacterial cell
density, regulate virulence expression. These factors
all work across various regulatory mechanisms
(Bronner, et al, 2004). In general, various
combinations of virulence genes can lead to different
infection outcomes (Luo, et al.,2018).

MecA Gene

In Staphylococcus genomes, the MecA gene is
available. Most MRSA molecular tests are designed
to detect the presence of the MecA gene in Staph.
aureus. It facilitates virulence of Staph. aureus by
inducing methicillin resistance in the genome region
known as the Staphylococcus cassette chromosome
(SCCmec) (Kirmusaoglu, 2017; Gittens-St, et al.,
2020). The MecA gene is a virulence gene found on
the bacterial chromosome. Its length in MRSA is
about 720bp, and the protein chain that encodes
around 239 amino acids (NCBI, 2019). Penicillin-
binding protein-2a (PBP2a), which is encoded by the
MecA gene, is a mobile protein that binds penicillin. A
genomic island's extrinsic genetic feature (SCCmec)
(Alkharsah, et al., 2018). Since it prevents the active
site from binding B -lactams, PBP-2a has a lower
affinity for -lactams than standard penicillin-binding
protein-2 (PBP2) developed by methicillin-susceptible
Staph. aureus (MSSA) (Hussain, et al.,2019).
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Tst Gene

Diseases lung inflammation, lung abscesses,
urinary tract infections, food poisoning, osteoarthritis,
endocarditis, meningitis, and a variety of other
conditions another class of staphylococci genetic
characteristics is a super-antigen encoded by the
Tsst gene and borne on Mobile Genetic Elements
(MGE) known as (SaPls), around 15 kb of the
genomic regions that denote a variety of virulence
genes, (SaPls) connected to separate S. aureus
genetic families, known as lineages. (Shien, 2014,
Sharma et al.,2018).

Hemolysin

Alpha (a), Beta (B), Gamma (y), and Delta ()
hemolysins rupture red blood cells inside the host,
and many classes of hemolysins vary in terms of the
degree of hemolysis that happens and how it occurs
(Kessel, 2017). The hla, hib, hid, and hlg genes code
for the hemolysins Alpha (a), Beta (B), Delta (), and
Gamma (y). These toxins are more effective in
causing Staph. aureus infections (Hoseini, et al.,
2014).

Enterotoxin

Staphylococcal enterotoxins (SEs) are broadly
classified as super antigens, many types of
staphylococcal enterotoxins have been reported
including: enterotoxins type A is associated with Sea
gene, enterotoxins type B associated with Seb gene ,
enterotoxinstype C is associated with Sec gene,
enterotoxins type D associated with Sed gene,
enterotoxins type E associated with See gene,
enterotoxins type F associated with Sef gene
enterotoxins type G associated with Seg gene,
enterotoxins type H associated with Seh gene,
enterotoxins type | associated with Sei gene,
enterotoxins type associated with Sej gene,
enterotoxins type associated with Sek gene,
enterotoxins type associated with Sel gene,
enterotoxins type associated with Sem gene,
enterotoxins type associated with Sen gene,

Z=Zr X
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enterotoxins type O associated with Seo gene,
enterotoxins type P associated with Sep gene,
enterotoxins type Q associated with Seq gene and
enterotoxins type R associated with Ser gene, most
of SEs genes are portable on (MGE) , the
enterotoxins are similar to each other in terms of
activity and biological structure, but differ in antigen
characteristics Sea, Sed, and See share 70-90%
sequence homology ( Mehrotra, et al., 2000; Pinchuk,
etal., 2010; Zhao, et al., 2020).

Antibiogram Against Staphylococcus:

In human, animal and agriculture, medicine
results in the production of resistance genes in
different bacteria classes (Subbiah, et al., 2020).

Increased risk of multidrug-resistant strains
(MDR) has been a global issue in recent decades,
posing significant health risks. Staph. aureus can
easily respond to changing environmental factors and
become resistant to almost all antibiotics. (Wu et al.,
2018; El- Gohary et al., 2019). Staph. aureus is a
pathogen that can cause both acquired and
contagious infections (Akanbi et al., 2017). Infections
caused by drug-resistant bacteria lengthen recovery
times and keep patients in hospitals longer, resulting
in higher healthcare costs and, most specifically,
higher morbidity and mortality rates (YImaz &
Aslantas, 2017).

Methicillin resistance (MRSA) and vancomycin
resistance (VRSA) are two of the antibiotic
resistances that Staph. aureus has developed
(Hiramatsu et al., 2014). Drug-resistant microbes
arise, and these strains can rapidly spread across
human populations by direct interaction, as shown by
MRSA and vancomycin-resistant Staph. aureus
(VRSA) outbreaks around the world (Bae et al.,2004).

Penicillin resistance was found in Staph.
aureus barely five years after that drug's introduction
in 1943, and it's estimated that more than 90% of
Staph. aureus isolates worldwide are now resistant to
it. In response to benzyl penicillin- resistant Staph.
aureus, a penicillin-resistant lactamase that may
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inactivate -lactam antibiotics was developed in 1959
(Audrey and Lazarus ,2019).

The MecA gene has been linked to resistance
to R-lactamase-resistant penicillins such as methicillin
since the mid-1960s. MRSA's growth in European
hospitals was limited until the 1970s, and it didn't
spread globally until the late 1970s. MRSA strains
first appeared in the early 1980s, displaying a wide
range of resistance to antibiotics, cephalosporins, and
carbapenems, and unrelated chemicals like
antiseptics, and quickly spread throughout the world.

The most recent fourth wave of resistance is
characterized by MRSA's competitively invading the
population and resulting in the development of
community-associated MRSA, (Alharbi, 2013; Shien,
2014). The most effective class of antibiotics to
combat Staph. aureus infection for the last seventy-
five years has been R- lactam. Staph. aureus was
responsible for more than 80% of all deaths in the
pre-antibiotic era (Nazareth, et al., 2012).
Mechanisms for antibiotic resistance

Limiting drug absorption, modifying the drug's
target to avoid binding, destroying the enzymatic
drug, and reducing drug concentration by lowering
drug permeability are some of these pathways.
Bacteria can use one or more of these resistance
mechanisms, in particular, the localization of
resistance genes on (MGEs), which together form
what is known as a "horizontal gene pool," depending
on the antimicrobial involved. These components,
which may travel inside and/or between genomes,
can be transposons, convertible plasmids,
interconnected genomic islands, or phages (Yimaz
and Aslantas 2017; Top and Springael, 2003).
Resistance genes in bacteria result in the
development of genetically similar bacteria that can
survive in the presence of antibiotics (Schinasi,
2012).

Penicillin

Penicillin in bacteria is caused by changes in

the penicillin target enzymes, which cause the ring
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structure of penicillin and other B-lactam antibiotics to
be disrupted (Walton, 2013).
Vancomycin

The other kind of Vancomycin resistance
(VISA) was obtained by adaptive mutations included
in the gene coding regulation of bacterial cell
physiology. Staph. aureus acquired resistance to
Vancomycin (VRSA) by horizontal transport of the
VanA-gene on the plasmid, the other form of
Vancomycin resistance (VISA) was obtained by
adaptive mutations included in the gene coding
regulation of bacterial cell physiology (Hiramatsu, et
al., 2014). The resistance mechanisms for VISA and
VRSA strains are very different; for VISA strains,
bacterial cell wall thickness is the suggested
resistance mechanism, while for VRSA strains,
receiving VanA-gene from Enterococcus spp.
suggested resistance mechanism (Hadadi, et al.,
2018).
Aminoglycosides

Changing the position of the ribosome target is
one of the first pathways of bacterial resistance to
aminoglycosides. Changes in ribosome structures
result from mutations in genes that encode ribosome
receptor proteins, and receptor proteins may not be
present or the antibiotic may no longer bind. A
second resistance mechanism weakens the
antibiotic's absorption, lowering the antibiotic's
effective intracellular concentration. It's obvious that
permeability is caused by factors influencing the cell
membrane's energy, but the precise mechanism is
unclear (Ozgen, 2008).
Macrolides

Tolerance to macrolides is often produced by a
ribosome modification or active efflux of the
antimicrobial drug by an ATP-dependent pump in
Staph. aureus (Adaleti et al., 2010).
Tetracyclines

A broad-spectrum antibiotic is frequently used
in human medicine; there are two types of tolerance
in Staph. aureus active efflux (induced by plasmid
gene acquisition) and passive efflux (caused by
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plasmid gene acquisition). Tetracycline resistance
can also be acquired by Staph. aureus through
ribosome defense, which is mediated by transposon
or chromosomal determinants (Trzcinski and
colleagues, 2000; Schmitz and colleagues, 2001).
Methicillin

Staph. aureus has developed resistance to
methicillin by passing MecA genes between them,
which is regulated by the methicillin resistance gene
(MGE) (Liang et al., 2019; Hiramatsu, et al., 2014).

Resistance to the antibiotic methicillin the
MecA gene, which encodes a modified penicillin-
binding protein 2a, is immune to Staph. aureus (Al-
Talib and colleagues, 2014).
Methicillin-resistant Staph. aureus (MRSA)

Antibiotic resistance is linked to Staph. aureus,
one of the most common ilinesses (MRSA) (Suhaili,
2018). MRSA infections have developed more
common in recent years, accounting for about 90% of
all Staph. aureus infections in humans. (Hussain, et
al., 2019; Garazi et al., 2009). Macrolides,
aminoglycosides, lincosamide, and all lactams are
typically resistant to MRSA. Multidrug resistance
(MDR) renders MRSA untreatable (Mahmoudi et al.,
2019). The colonization of MRSA is usually
asymptomatic in healthy people (Yang et al., 2019).
The prevalence of MRSA varies considerably in
hospitals (Hussain, 2019). Because of the increasing
difficulty in dealing with and treating MRSA, medical
research and practice have become increasingly
concerned (Alkharsah et al., 2018).
Hospitals Acquired Infections

MRSA-associated hospital (AH) infections are
normal, impairing patient conditions and rising the
cost of healthcare, increasing hospital costs, use of
antibiotics and mortality. Nosocomial diseases in
clinics and primary care centers worldwide
particularly  in  immunocompromised  people
(Yarbrough et al., 2018 and Schubert, et al., 2019).
Diseases with HA-MRSA lead to morbidity and
mortality. In patient hospitals that concede as an



70

important reservoir, healthcare jobs (HCWSs), surfaces
of the environment, and even through the air.

In a survey on the percentage (Muto et al.,
2003 and Al-Talib et al., 2014). Staph. aureus was
the bacterial infection of the operating theatres, in
most Iraqi cities.

Acquired Pathogens from the Environment

In the past two decades, a large spread and
worrying expansion of Staph. aureus has been
witnessed the subsequent from society (CA-MRSA).
Those (Junie, et al., 2018 and Copin et al., 2019)
isolates of CA-MRSA have been a worldwide problem
and have been found in the community climate, but
also in health care globally, not only in equipment.
CA-MRSA isolates have been reported by some
hospitals as HA-MRSA isolates, they are dominant
(Hesje, et al., 2011). These two group's differences in
their susceptibility to antimicrobial agents also occur,
creation of the methicillin resistance genetic cassette
code and related cassette code profiles with external
toxins. Since the link to CA-MRSA and HA-MRSA this
knowledge may be about the vulnerability and fertility
properties of microbes, useful in planning possible
infection prevention and management plans (Hesje et
al.,2011). The genetic variations found between HA-
MRSA and CAMRA increased the virulence of CA-
MRSA strains, which are borne by CA-MRSA,
whereas HA-MRSA has SCCmec |, either SCCmec
IV or VPantone - a cellular toxin developed by Staph.
aureus is valentine leukocidin (PVL).

The significance of PVL in CA-MRSA virulence
is fine for, HA MRSA and CAMRSA, produced
particularly in the skin and soft tissues (Singh, et al.,
2018), but is unclear due to the simple transmission
of Staph. aureus epidemiological making, from the
population to hospitals and vice versa, a far more
nuanced interpretation of CA-MRSA (Harastani, et al.,
2014). MRSA is one of the bacterial pathogens
believed to be caused by the disease. MRSA
transmission, especially among healthcare workers
(Huang, et al., 2019).
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Livestock-associated methicillin-  resistant
Staphylococcus aureus (LA-MRSA)

The Staphylococcus aureus LA-MRSA is a
bacterium that is antimicrobial-resistant and affect
humans and wildlife, the ability to be pathogenic. LA-
MRSA involvement in animals originating from bovine
mastitis was first recorded in Belgium in 1972. LA-
MRSA samples have been found in many species in
many European countries, the United States, and
Asia (Krishnamoorthy, et al.,2019).

Methods for Molecular Typing of MRSA

Patterns of susceptibility and molecular typing
methods that include; profile of DNA fragment
restriction, pulsed-field electrophoresis gel (PFGE),
multilocus pattern typing (MLST), and the protein A
(spa-typing) accessory gene regulator (agr), direct
repeat unit determination of the Mec linked area of
hyper- variable (dru locus is strongly located in a
Meca gene (SCCmec) variable region, Mec gene
complexes in SCCmec the portion has been
internationally  standardized (Ho et al., 2015;
Goudarzi et al., 2016; Ho et al., 2016; Rezai et al.,
2020).

The excellent form of molecular typing should
have sufficient discriminatory discrimination strength,
be highly reproducible, have simple analysis and
results, and be unchangeable, cheap, and non-time-
consuming data generation (Nazareth et al; 2012).
CONCLUSION

Given the potential for increased MRSA
transmission, the growing danger to the public health
posed by MRSA in the oral cavity cannot be
understated. Additionally, it adds fresh angles to the
discussions about whether or not to give candidates
for high-risk dental procedures antibiotic prophylaxis.
Probably, each situation calls for a different decision
to be taken. Therefore, the need for newer
therapeutic agents is greater than ever. It's true that
there is very little information on how S. aureus, and
by extension MRSA, engage with the oral microbiota
and how much the oral cavity facilitates the
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development of S. aureus- and MRSA-caused
endocarditis as a result of dental procedures.

REFERENCES:

Abed, N., Couvreur, P. (2014). Nanocarriers for
antibiotics: A promising solution to treat
intracellular bacterial infections. Int. J. Antimic.,
43, 485-496.

Akanbi, O. E., Njom, H. A., Fri, J., Otigbu, A. C., and
Clarke, A. Alharbi, N. S. (2013). SCV'S: Formation
and characterization in Staphylococcus SP.
Doctoral dissertation, Cardiff University.

Adaleti, R., Nakipoglu, Y., Ceran, N., Tasdemir, C.,
Kaya, F., & Tasdemir, S. (2010). Prevalence of
phenotypic resistance of Staphylococcus aureus
isolates to macrolide, lincosamide, streptogramin
B, ketolid and linezolid antibiotics in Turkey.
Brazilian Journal of Infectious Diseases, 14, 11-
14.

Alkharsah, K. R., Rehman, S., Alkhamis, F., Alnimr,
A., Diab, A., and Al-Ali, A. K. (2018). Comparative
and molecular analysis of MRSA isolates from
infection sites and carrier colonization sites.
Annals of Clinical Microbiology and Antimicrobials,
17(1): 1-11. https://doi.org/10.1186/512941-018-
0260-2.

Al-Safani AMA, Al-Shamahy HA, Al-Moyed KA.
(2018) Prevalence, antimicrobial susceptibility
pattern, and risk factors of MRSA isolated from
clinical specimens among military patients at 48
medical compounds in Sana'a city Yemen.
Universal J Pharm Res2018; 3(3): 40- 44.
https://doi.org/10.22270/ujpr.v3i3.165.

Al-Talib, H., Yean, C. Y., Al-Khateeb, A., Hasan, H.,
and Ravichandran, M. (2014). Rapid detection of
methicillin-resistant Staphylococcus aureus by a
newly developed dry reagent-based polymerase
chain reaction assay. Journal of Microbiology,
Immunology and Infection, 47(6): 484- 490.
https://doi.org/10.1016/j.jmii.2013.06.004.

Bae, T., Banger, A. K., Wallace, A., Glass, E. M.,
Aslund, F., Schneewind, O., & Missiakas, D. M.

Kufa Journal for Nursing Sciences, 13(1), 2023

(2004). Staphylococcus aureus virulence genes
identified by bursa aurealis mutagenesis and
nematode Kkilling. Proceedings of the National
Academy of Sciences, 101(33), 12312-12317.

Bokarewa, M. I, Jin, T., & Tarkowski, A. (2006).
Staphylococcus aureus: staphylokinase. The
international journal of biochemistry & cell biology,
38(4), 504-509.

Botelho, A. M. N., Costa, M. O. C., Beltrame, C. O,
Ferreira,F.A.,Cortes,M.F.,Bandeira,P.T.,Vasconcel
0s,A.T. (2016). Complete genome sequence of an
agr-dysfunctional variant of the ST239 lineage of
the methicillin-resistant Staphylococcus aureus
strain GV69 from Brazil. Standards in Genomic
Sciences, 11(1).34.

Boykin, M. J., Gilbert, G. H., Tilashalski, K. R., &
Shelton, B. J. (2003). Incidence of endodontic
treatment: a 48-month prospective study. Journal
of endodontics, 29(12), 806-809.

Bronner, S., Monteil, H., and Prévost, G. (2004).

Regulation  of virulence determinants in
Staphylococcus ~ aureus:  complexity  and
applications. ~ FEMS  microbiology  reviews,

28(2):183-200.

Dai,Y.,Liu,J.,Guo,W.,Meng,H.,Huang,Q.,He,L.,Wang,
(2019). Decreasing methicillin-resistant
Staphylococcus aureus (MRSA) infections is
attributable to the disappearance of predominant
MRSA ST239 clones, Shanghai, 2008-2017.

Das, D., & Bishayi, B. (2010). Contribution of catalase
and superoxide dismutase to the intracellular
survival of clinical isolates of Staphylococcus
aureus in murine macrophages. Indian journal of
microbiology, 50, 375-384.

David MZ, Daum RS. Community-associated
methicillin-resistant Gao, J., and Stewart, G. C.
(2004).  Regulatory  elements  of  the
Staphylococcus aureus protein A (Spa) promoter.
Journal of Bacteriology, 186(12): 3738-3748.

Dye, B. A., Li, X., & Beltran-Aguilar, E. D. (2012).
Selected oral health indicators in the United


https://doi.org/10.1186/s12941-018-0260-2
https://doi.org/10.1186/s12941-018-0260-2
https://doi.org/10.22270/ujpr.v3i3.165
https://doi.org/10.1016/j.jmii.2013.06.004

72

States, 2005-2008, NCHS data brief, no. 96.
Hyattsville, MD. URL accessed on, 8(1), 2013.
Doherty, N., Trzcinski, K., Pickerill, P., Zawadzki, P.,
& Dowson, C. G. (2000). Genetic diversity of the
tet (M) gene in tetracycline-resistant clonal
lineages  of  Streptococcus  pneumoniae.
Antimicrobial agents and chemotherapy, 44(11),

2979-2984.

El-Gohary, A. H., El-Gohary, F. A., Elsayed, M. M., &
ElFateh, M. (2019). In-Vitro Investigation on the
Antiseptic  Efficacy of Commonly  Used
Disinfectants in Dairy Farms Against Methicillin-
Resistant Staphylococcus Aureus. Alexandria
Journal for Veterinary Sciences, 60(1).

Farah Hazigah, M. T. & Khadijah, S. (2020).
Helminthic parasites in indigenous chickens in
Penang Island, Malaysia. Tropical biomedicine,
37(4), 896-902.

Haghkhah, M. (2003). Study of virulence factors of
Staphylococcus aureus (Doctoral dissertation,
University of Glasgow).

Garazi, M., Edwards, B., Caccavale, D., Auerbach,
C., & Wolf-Klein, G. (2009). Nursing homes as
reservoirs of MRSA: myth or reality?. Journal of
the American Medical Directors Association,
10(6), 414-418.

Gittens-St Hilaire, M. V., Chase, E., & Alleyne, D.
(2020). Prevalence, molecular characteristics and
antimicrobial susceptibility patterns of MRSA in
hospitalized and nonhospitalized patients in
Barbados. New Microbes and New Infections, 35,
100659.

Gordon, R. J., & Lowy, F. D. (2008). Pathogenesis of
methicillin-resistant ~ Staphylococcus  aureus
infection. Clinical ~ infectious  diseases,
46(Supplement_5), S350-S359.

Hau, S. J., Frana, T., Sun, J., Davies, P. R., &
Nicholson, T. L. (2017). Zinc resistance within
swine-associated methicillin-resistant
Staphylococcus aureus isolates in the United
States is associated with multilocus sequence

Kufa Journal for Nursing Sciences, 13(1), 2023

type lineage. Applied and environmental
microbiology, 83(15), €00756-17.

Hesje, C.K., Sanfilippo, C.M.,Haas,W.,andMorris, T.
W. (2011). Molecular epidemiology of methicillin-
resistant and methicillin-susceptible
Staphylococcus aureus isolated from the eye.
Current Eye Research, 36(2): 94-102.

Hoseini Alfatemi, S. M., Motamedifar, M., Hadi, N.,
and Ebrahim Saraie, H. S. (2014). Analysis of
virulence genes among methicillin-resistant
Staphylococcus  aureus  (MRSA)  strains.
Jundishapur Journal ~ of Microbiology, 7(6):
e10741. https://doi.org/10.5812/jjm.10741.

Hiramatsu, K., Katayama, Y., Matsuo, M., Sasaki, T.,
Morimoto, Y., Sekiguchi, A., & Baba, T. (2014).
Multi-drug-resistant Staphylococcus aureus and
future chemotherapy. Journal of Infection and
Chemotherapy, 20(10), 593-601.

Hussain, A., Wu, T., Li, H., Fan, L., Li, K., Gao, L., ...
& Qi, X. (2019). Pathogenic characterization and
full length genome sequence of a reassortant
infectious bursal disease virus newly isolated in
Pakistan. Virologica Sinica, 34, 102-105.

Jevon, P., Abdelrahman, A., & Pigadas, N. (2020).
Management of odontogenic infections and
sepsis: an update. British dental journal, 229(6),
363-370.

Kesharwani, A. K., and Mishra, J. (2019). Detection of
B- lactamase and antibiotic susceptibility of clinical
isolates of Staphylococcus aureus. Biocatalysis
and Agricultural Biotechnology, 17): 720-725.

Kessel, C. I. (2017). Molecular subtyping of
staphylococcus aureus isolates from the up
community for the presence of toxin-encoding
genes.

Kirmusaoglu, S., Yurdugil, S., Metin, A., & Vehid, S.
(2017). The effect of urinary catheters on microbial
biofims and catheter associated urinary tract
infections. Urology journal.

Kitadokoro, K., Tanaka, M., Hikima, T., Okuno, Y.,
Yamamoto, M., & Kamitani, S. (2020). Crystal
Structure of pathogenic Staphylococcus aureus



https://doi.org/10.5812/jjm.10741

73

lipase complex with the anti-obesity drug orlistat.
Scientific Reports, 10(1), 5469.

Kostakioti, M., Hadjifrangiskou, M., & Hultgren, S. J.
(2013). Bacterial biofilms: development, dispersal,
and therapeutic strategies in the dawn of the
postantibiotic era.  Cold  Spring  Harbor
perspectives in medicine, 3(4), a010306.

Kramer, A., Schwebke, I., & Kampf, G. (2006). How
long do nosocomial pathogens persist on
inanimate surfaces? A systematic review. BMC
infectious diseases, 6, 130.

Krishnamoorthy, G., Narayana, A. |., Peralam, P. Y.,
& Balkrishanan, D. (2019). To study the effect of
Cocos nucifera oil when incorporated into tissue
conditioner on its tensile strength and antifungal
activity: An in vitro study. The Journal of the Indian
Prosthodontic Society, 19(3), 225.

Lazarus, G., & Audrey, J. (2019). Comprehensive
assessment of risk factors associated with
methicillin-resistant ~ Staphylococcus  aureus
(MRSA) infection in Asia: a systematic review.
Journal of Asian Medical Students' Association,
7(1).

Liang, Y., Tu, C., Tan, C., and El-Sayed, M. A. E.-G.
(2019). Antimicrobial resistance, virulence genes
profiling, and molecular relatedness of methicillin-
resistant Staphylococcus aureus strain isolated
from hospitalized patients in Guangdong Province,
China. Infection and Drug Resistance, (12): 447-
459.

Loir LY, Baron F, Gautier M. Staphylococcus aureus
and food poisoning. Genetics and Molecular
Research J 2003; 2(1):63-76. PMID:12917803.

Luo, K., Shao, F., Kamara, K. N., Chen, S., Zhang,
R., Duan, G., and Yang, H. (2018). Molecular
characteristics of antimicrobial resistance and
virulence determinants of Staphylococcus aureus
isolates derived from clinical infection and food.
Journal of Clinical Laboratory Analysis, 32(7):
€22456.

Mahmoudi, S., Mamishi, S., Mohammadi, M., Banar,
M., Ashtiani, M. T. H., Mahzari, M, .. &

Kufa Journal for Nursing Sciences, 13(1), 2023

Pourakbari, B. (2019). Phenotypic and genotypic
determinants of mupirocin resistance among
Staphylococcus aureus isolates recovered from
clinical samples of children: an Iranian hospital-
based study. Infection and Drug Resistance, 137-
143.

Akanbi, O. E., Njom, H. A., Fri, J., Otigbu, A. C., &
Clarke, A. M. (2017). Antimicrobial Susceptibility
of  Staphylococcus aureus Isolated from
Recreational Waters and Beach Sand in Eastern
Cape Province of South Africa. International
journal of environmental research and public
health, 14(9), 1001.
https://doi.org/10.3390/ijerph14091001.

Maisonneuve, E., Chevrier, J., Dubus, M., Varin, J.,
Sergheraert, J., Gangloff, S. C., ... & Kerdjoudj, H.
(2020). Infection of Human Dental Pulp Stromal
Cells by Streptococcus mutans: Shedding Light on
Bacteria Pathogenicity and Pulp Inflammation.
Frontiers in Cell and Developmental Biology, 8,
785.

McAdow, M., Missiakas, D. M., & Schneewind, O.
(2012).  Staphylococcus  aureus  secretes
coagulase and von Willebrand factor binding
protein to modify the coagulation cascade and
establish host infections. Journal of innate
immunity, 4(2), 141-148.

Mehrotra, M., Wang, G., & Johnson, W. M. (2000).
Multiplex PCR for detection of genes for
Staphylococcus aureus enterotoxins, exfoliative
toxins, toxic shock syndrome toxin 1, and
methicillin  resistance.  Journal  of  clinical
microbiology, 38(3), 1032-1035.

Mohapatra SB, Pattnaik M, Ray P. Microbial
association of dental caries. Asian J Exp Biol Sci
2012; 3(2):360-367.

Moore, G. F., Audrey, S., Barker, M., Bond, L.,
Bonell, C., Hardeman, W., & Baird, J. (2015).
Process evaluation of complex interventions:
Medical Research Council guidance. bmyj, 350.

Nazareth, R., Goncalves-Pereira, J., Tavares, A,
Miragaia, M., De Lencastre, H., Silvestre, J.,



https://doi.org/10.3390/ijerph14091001

74

Mendes, V. (2012). Community-associated
methicillin-resistant ~ Staphylococcus  aureus
infection in Portugal. Revista Portuguesa de
Pneumologia (English Edition), 18(1): 34-38.

Nisa, S., Bercker, C., Midwinter, A. C., Bruce, I.,
Graham, C. F., Venter, P., ... & Wilkinson, D. A.
(2019). Combining MALDI-TOF and genomics in
the study of methicillin resistant and multidrug
resistant  Staphylococcus pseudintermedius in
New Zealand. Scientific Reports, 9(1), 1271.

Otto M. (2009). Staphylococcus epidermidis--the
‘accidental'  pathogen. Nature  reviews.
Microbiology, 7(8), 595- 967.
https://doi.org/10.1038/nrmicro2182.

Ozgen, C. (2008). Antibiotic-resistant Staphylococcus
aureus infection studies in hospitals. Doctoral
dissertation in Biochemistry, Middle East technical
university.

Peters, P. J., Brooks, J. T., McAllister, S. K,
Limbago, B., Lowery, H. K., Fosheim, G., Guest,
J. L., Gorwitz, R. J., Bethea, M., Hageman, J.,
Mindley, R., McDougal, L. K., & Rimland, D.
(2013).  Methicillin-resistant ~ Staphylococcus
aureus colonization of the groin and risk for clinical
infection among HIV-infected adults. Emerging
infectious diseases, 19(4), 623-629.
https://doi.org/10.3201/eid1904.121353.

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

Rajaduraipandi K, Mani KR, Panneerselvam K, et al.
Prevalence and antimicrobial susceptibility pattern
of methicillin resistant Staphylococcus aureus: A
multicentre study. Indian J Med Microbiol 2006;
24(1):34-38.https://doi.org/10.4103/0255-
0857.19892.

Ranghar, S., Sirohi, P., Verma, P., Agarwal, V.
(2014). Nanoparticle-based drug delivery systems:
promising approaches against infections. Braz.
Arch. Biol. Technol., 57(2), 209-222.

Kufa Journal for Nursing Sciences, 13(1), 2023

Rigby, K. M., & DelLeo, F. R. (2012, March).
Neutrophils in innate host defense against
Staphylococcus aureus infections. In Seminars in
immunopathology  (Vol. 34, pp. 237-259).
Springer-Verlag.

Rocchetti, T. T., Martins, K. B., Martins, P. Y. F.,
Oliveira,R.de, Mondelli, A. L., Fortaleza, C. M. C.
B., and Cunha, M. de L. R.de Rosenstein, R., &
Gotz, F. (2000). Staphylococcal lipases:
biochemical and molecular characterization.
Biochimie, 82(11): 1005- 1014.

Rocchetti, T. T., Martins, K. B., Martins, P. Y. F,,
Oliveira,R.de, Mondelli, A. L., Fortaleza, C. M. C.
B., and Cunha, M. de L. R.de Rosenstein, R., &
Gotz, F. (2000). Staphylococcal lipases:
biochemical and molecular characterization.
Biochimie, 82(11): 1005- 1014.

Rosenstein, R., & Gotz, F. (2000). Staphylococcal
lipases: biochemical and molecular
characterization. Biochimie, 82(11), 1005-1014.

Sande, L., Sanchez, M., Montes, J., Wolf, A. J.,
Morgan, M. A., Omri, A., et al. (2012). Liposomal
encapsulation of vancomycin improves the killing
of methicillin-resistant Staphylococcus aureus in a
murine infection model. J. Antimicrob. Chemother.
67, 2191-2194. doi: 10.1093/jac/dks212.

Schmitz, F. J., Hafner, D., Geisel, R., Follmann, P.,
Kirschke, C., Verhoef, J., & Fluit, A. C. (2001).
Increased prevalence of class | integrons in
Escherichia  coli, Klebsiella species, and
Enterobacter species isolates over a 7-year period
in a German university hospital. Journal of Clinical
Microbiology, 39(10), 3724-3726.

Sharma, H., Smith, D., Turner, C. E., Game, L.,
Pichon, B., Hope, R., ... & Sriskandan, S. (2018).
Clinical and molecular epidemiology  of
staphylococcal toxic shock syndrome in the United
Kingdom. Emerging Infectious Diseases, 24(2),
258.

Schubert, M., Kampf, D., Jatzwauk, L., Kynast, F.,
Stein, A., Strasser, R., .& Seidler, A. (2019).
Prevalence and predictors of MRSA carriage


https://doi.org/10.1038/nrmicro2182
https://doi.org/10.3201/eid1904.121353
https://doi.org/10.3390/toxins2082177
https://doi.org/10.4103/0255-0857.19892
https://doi.org/10.4103/0255-0857.19892

75

among employees in a non-outbreak setting: a
cross-sectional study in an acute care hospital.
Journal of Occupational Medicine and Toxicology,
14(1), 1-7.

Shien, L. L. (2014). Comparative Genomic of
Methicillin Resistant Staphylococcus Aureus Pr01
(MRSA PRO1) and Methicillin  Sensitive
Staphylococcus Aureus SA D22901 (MSSA
SAD22901) and Methicillin Resistant Derivatives
of the Latter (Doctoral dissertation, Universiti
Sains Malaysia).

Subbiah, M., Caudell, M. A., Mair, C., Davis, M. A,
Matthews, L., Quinlan, R. J., ... & Call, D. R.
(2020). Antimicrobial resistant enteric bacteria are
widely distributed amongst people, animals and
the  environment in  Tanzania.  Nature
Communications, 11(1), 228.

Suhaili, Z., Azis, N. M., Yeo, C. C., Nordin, S. A,
Rahim, A. R. A., Al-Obaidi, M. M. J., & Desa, M.
N. M. (2018). Characterization of resistance to
selected antibiotics and  Panton-Valentine
leukocidin-positive Staphylococcus aureus in a
healthy student population at a Malaysian
University. Germs, 8(1), 21.

Top, E. M., & Springael, D. (2003). The role of mobile
genetic elements in bacterial adaptation to
xenobiotic organic compounds. Current opinion in
biotechnology, 14(3), 262-269.

Vandenesch, F., Lina, G., & Henry, T. (2012).
Staphylococcus aureus hemolysins, bi-component
leukocidins, and cytolytic peptides: a redundant
arsenal of membrane-damaging  virulence
factors?. Frontiers in cellular and infection
microbiology, 2, 12.

Vellappally S, Divakar DD, Al Kheraif AA, et al.
Occurrence of  vancomycin -resistant
Staphylococcus aureus in the oral cavity of
patients with dental caries. Acta Microbiologica et

Kufa Journal for Nursing Sciences, 13(1), 2023

Immunologica Hungarica 2017; 64(3):343-351.
https://doi.org/10.1556/030.64.2017.033.

Walton, K. D. (2013). Murine models of
Staphylococcus aureus biofilm infections and
therapeutic protein A vaccination Doctoral
dissertation, Colorado State University. Libraries.

Walton, K. D. (2013). Murine models of
Staphylococcus aureus biofilm infections and
therapeutic protein A vaccination Doctoral
dissertation, Colorado State University. Libraries.

Wu, S., Huang, J., Wu, Q., Zhang, J., Zhang, F.,
Yang, X., Xue, L. (2018). Staphylococcus aureus
isolated from retail meat and meat products in
China: Incidence, antibiotic resistance and genetic
diversity. Frontiers in Microbiology, (9).

Yan, X., Schouls, L. M., Pluister, G. N., Tao, X, Yu,
X., Yin, J., Grundmann, H. (2016). The population
structure of Staphylococcus aureus in China and
Europe assessed by multiple-locus variable
number tandem repeat analysis; clues to
geographical  origins of emergence and
dissemination. Clinical Microbiology and Infection,
22 (1): 60.e1-60.e8.

Yang, D., Ho, Y. X., Cowell, L. M., Jilani, ., Foster, S.
J.,, and Prince, L. R. (2019). A Genome-Wide
Screen Identifies Factors Involved in S. aureus-
Induced Human Neutrophil Cell Death and
Pathogenesis. Frontiers in Immunology, (10).45.

Yann, T. D., Jarraud, S., Lemercier, B., Cozon, G., &
Echasserieau, K. et al (2006) Staphylococcal
Enterotoxin-like Toxins U2 and V, Two New
Staphylococcal ~ Superantigens  Arising  from
Recombination within the Enterotoxin Gene
Cluster. Infection and Immunity, 74, 4724-4734.

Yimaz, E. S., & Aslantas, O. (2017). Antimicrobial
resistance and underlying mechanisms in
Staphylococcus aureus isolates. Asian Pacific
journal of tropical medicine, 10(11), 1059-1064



https://doi.org/10.1556/030.64.2017.033

