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Abstract: Staphylococcus aureus is a pathogen that resides in the skin and nasal membranes and can cause a broad
spectrum of hospital-acquired infections. These diseases are becoming more common, and treating them has become much
more complicated. The pathogen's capacity to secret a variety of host-damaging virulence factors contributes to its
pathogenicity. S. aureus destroys and supersedes immune cells throughout infection via toxins and virulence proteins,
yielding non-neutralizing infective antibodies which already impede adaptive immunity. S. aureus has different biofilm-
forming mechanisms on devices, necrotic bone tissue, bone marrow, and finally within the osteocyte lacuno-canicular
networks of living bone (OLCN).This review focuses on gaining a better understanding of S. aureus toxin-based

pathogenesis and its effects on infectious diseases.
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1.1 Pathogenicity in S. aureus

1. Introduction S. aureus causes several forms of human

As a commensal and a human pathogen, infections and  syndromes, especially

- - - - 5
Staphylococcus aureus, S. aureus colonized infections of the skin and soft tissue °.S.

by around 30% of the human population *. aureus nasal carriage in children s
Around the same time, bacterial endocarditis considerably larger, varying from 45 percent
(IE), osteoarticular, muscle and, soft tissue to 70 percent’, although colonization is not
infections, pleuropulmonary, and device- normally dangerous to the host, S aureus may
related infections are leading causes 2°. get through the host's natural defences and
Clinical S. aureus infections are expected to into underlying tissue, resulting in a variety
remain both frequent and serious, not only of topical and invasive infectious agent ©. S.

have waves of increased antimicrobial aureus often causes minor skin and soft

tolerance existed. but the clinical disease tissue infections such as impetigo, folliculitis,

continuum still tends to change®. and cutaneous abscesses in healthy people in
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the community, more uncommon but serious
community infections include pyomyositis *,
necrotizing fasciitis 4, and necrotizing
pneumonia "%, In nosocomial conditions, S.
aureus can lead to infection at implant site or
by inserted surgical devices such as artificial
heart valves, catheters, prosthetic joints, and
orthopedic implants %%, Throughout sepsis,
S. aureus circulates in the bloodstream and
can propagate internal organs®!, endocarditis,
UTI are

examples of distributed illnessest. With the

osteomyelitis, and  developing
pathogen's ability to live in a variety of skin-
related hosting niche areas !?, to abiotic
devices 3, it is impossible to remove deep-
tissues, in  recurrent

seated resulting

infections S.

1.2. Pathogenicity and Effects on Response

to Treatment

S. aureus infection and multidrug-resistant

strains are becoming more common,
rendering therapeutic anti-infective care more
A

permeability causes S. aureus tolerance to

complex!4. decline in  membrane
aminoglycosides, which contributes to a
depletion in drug consumption®. Antibiotic
tolerance in S. aureus is caused by a variety
of mechanisms, including pharmaceutical
outflow upregulation, and modification of
specific proteins, this has compelled the use

of novel treatment strategies, which has
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required the use of revolutionary approaches.
16 Several investigations have centered on
developing innovative therapeutic methods to
combat-proven S. aureus biofilm-associated
in the creation of

infections, resulting

phytochemicals, enzymes, sulfhydryl

compounds nanoparticles, phage

combinations, antibodies, and metal

chelators. In addition to standard approaches,

the medicinal effects of ultrasound, shock

waves, and photodynamic treatment for
treating S. aureus biofilms are being
researched®’.

1.3.Virulence Factors Secreted By S.

aureus

For pathogenesis, the bacteria can be retained in
the host by a peptidoglycan layer that inhibits
complement opsonization and thereby escapes
phagocytosis 8. Cytolytic toxins, tissue-
cleaving enzymes can also be secreted *°, S.
aureus could exhibit a variety of adherence
agents which facilitate host cell and extracellular
matrix (ECM) interfaces, making colonization
more efficient®. S. aureus has evolved
mechanisms to combat antimicrobial peptides,
the complement system, and phagocyte
recruiting efforts and behaviour. 2!, Most of
these are counter-measures to the host's natural

immune system??.

Enzymes, toxins, adherence proteins, cell

surface proteins, influences which really help
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bacteria avoid an innate immune system, and
drug tolerance all lead to S. aureus' capacity to
infection??,

cause a group of membrane-

damaging toxic substances incapable of

generating gaps in the cell membranes of host

24 These virulence

cells, resulting in lysis
factors include: 1) “panton valentine leukocidin”
(PVL) is a cytotoxin which attach to the
complementary receptors “C5aR and C5L2” on
neutrophils surface and had formed pore .
PVL-positive S. aureus is often linked to
chronic infections, delayed diagnoses, and
ultimately an elevated risk of spread, resulting in
clusters of infected patients living in close
areas?®.

2) “Bi-component leukocidins” form an
octameric assembly of overlapping S and F
subunits which really form a pore surrounding
the host cytoplasmic membrane's lipid bi-layer,
resulting in transfection?”. Human neutrophils
are vulnerable to PVL's cytolytic action 28,
While distilled “LUkED”, “LukAD”, and PVL
induce inflammation, “LukAB” and “LukED”
had identified different host cell receptors than
PVL29’30.

In the same manner as leukocidins, 3)
the heptameric B-barrel forming alpha-toxin
(Hla), attaches to target sites and forms a
heptamer to coat the -barrel pore with a lipid bi-
layer, Hla is involved many types of host cells®!,
“Disintegrin” and “metalloproteasel0” are both

Hla receptors 32, many cells possess this protein
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on leukocytes, but it is also found in the liver,
heart, kidney, lung, and lymphoid tissue3:.
When Hla-ADAM10 host

membranes become destroyed, which leads to

interacts, cell

epidermal cells and dermal layer necrosis
throughout skin diseases®*.

4) PSMs (phenol-soluble modulins) are
thin, amphipathic, alpha-helical peptides that are
divided into two categories: alpha-type PSMs
with 20-25 a.a. and -type PSMs with only about
44 amino acids®. In contrast to -barrel-forming
toxins, their capability to denature cells is
assumed to have been non-specific and receptor-
PSMs had high

propensity for lysing human neutrophils, with

independent®®, therefore
PSM lysis occurring after S. aureus had already
been phagocytosed®”*8. Human neutrophils can
be easily lysed and the stability of the neutrophil
plasma membrane has been weakened after just
5 minutes of exposure to PSM alpha *. During
skin infection, the primary function of PSMs is
to Kill leukocytes and thereby promote the
escape of S. aureus from host immune defense
systems, unlike S. aureus, which is nearly
exclusively induced by extracted toxins through
SSTls,

inflammation, that might also escalate to ever

dermonecrosis  causes  extreme
more skin damage®. Besides that, certain
secretory proteins' cytolytic role on leukocytes
acts as an immune easy escape for S. aureus,

facilitating infection persistence*.
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5) “Clumping Factor A” is a large
fibrinogen-binding protein found in S. aureus
that links to the fibrinogen gamma-chain's C-
terminal  region*!, which cause platelet
accumulation or bacteria clustering in the blood,
“CIfA” is a major S. aureus virulence factor and
has been shown to lead to pathogenesis,
including endocarditis, arthritis, and sepsis #, 6)
By forming greater connections with the

keratinized envelope CIfB, clumping factor B

encourages respiratory settlement in
individuals®®.  CIfB  link with  plasma
fibrinogen*,  “cytokeratin10”*®  (the  most

prevalent protein in the cornified squamous
membrane), and “loricrin” (widely available
protein in the squamous cell interior). *.

7) S. aureus can attach to and penetrate a
specific cells, including epithelial, endothelial,
fibroblast, and osteoblast cells, according to the
A and B fibronectin-binding proteins (FnBPs)*°.
Incursion is assisted by the host cell's
fibronectin receptor, integrin alpha5 betal*’.

8) SpA is a multi - functional membrane
protein that has been preserved in S. aureus. The
N-terminus comprises five triple-helical bond
residues which are essential for connecting to
IgG and other receptors including TNF receptor
1 and von Willebrand factor?®. The SpA seems
of

properties and has become one of S. aureus’

to have a number immunoregulatory

another very effective immune avoidance

processes, SpA connects to the Fc portion of
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IgG, causing the bacteria to become covered in
IgG in the wrong orientation, leading to a
reduction identification by neutrophils and, as a
consequence, phagocytosis elusion*. It is indeed
a B cell superantigen that binds to Heavy
chain' immunoglobulins on the BCR, inducing
clonal

death?®.

9) Comparison for enzymatic function

proliferation and programmed cell

impact as a host virulence factor, i) catalase
expels H2O2, which would also be needed for
nasal colonization %, ii) coagulase connects to
prothrombin while becoming enzymatically
effective, facilitating the transformation of
fibrinogen to fibrin and trapping bacteria into
fibrin, rendering them prone to opsonins and
iii)

hyaluronidase diminishes hyaluronic acid and

phagocytes®, in  connective tissue,
metabolised the tissue's intra-cellular matrices
with mucopolysaccharide acids, encouraging
pathogens to spread to nearby tissue sites and
converting localized tissue into vital nutrition
supporting  bacterial development®?, iv)
Nuclease activity aids in the escape of extra-
cellular neutrophil tricks, which could also
transform  host  tissue into  nutritional
requirements for bacterial development. 3, v)
protease destroy human fibronectin, fibrinogen,
and kininogen offenders of human alpha-1, and
elastin can lead to S. aureus' tendency to
propagate in host helps in tissue penetration 4,

vi) more than 67 percent of S. aureus strains
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have the staphylokinase gene, which forms an
alpha-defensin structure to repel the bactericidal
activity, can cleave complement factor C3
regulates fibrinolysis, bacteria take advantage of
plasmin’s proteolytic activity to degrade ECM

components, as well as fibrinogen components
55,23

10) Exfoliative toxins glutamate-specific
serine proteases digesting desmogleinl, ETs are
keratinocyte ligand binding molecules that
function as "molecular scissors,” facilitating
bacterial skin aggression, The two main
linked
impetigo and staphylococcal
ETA
staphylococcal bullous impetigo is not linked to
ETC, ETD

Ags activity®5:°72,

isoforms to staphylococcal bullous
scalded skin
and ETB, whereas

syndrome are

is involved in  super

11) Cytolytic action of hemolysin pore-
forming toxin on RBCs and monocytes,
neutrophil and monocyte binding (6-hemolysin),
hemolytic alpha-toxin has pro-inflammatory

properties on host hemolysins %23,

12) Gastroenteric of

staphylococcal enterotoxins; food intoxication

toxicity

had been induced by immunomodulation by

sAgs action. At least 20 serologically

References

distinguished staphylococcal sAgs have been
identified® 2,

13) Superantigen function is regulated by
the toxic shock syndrome toxin (TSST), which
is toxic to the endothelium and has been
regulated by cytokines, toxicity causes the rare
condition toxic shock syndrome (TSS). A rapid
occurrence of elevated fever, rash, vomiting,
diarrhea, and

multiorgan deficiency

characterizes such infections 212359,

2. Conclusion
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S. aureus is a human pathogen with techniques
for evading host cell antimicrobial defenses
following internalization. It could survive by
gaining the hidden feature of small-colony
variants, secreting membrane-active toxins that
free bacteria from their phagosomal envelope, or
allowing bacteria to expand within phagosomes.
Intracellular S. aureus leads to cell and tissue
degradation by inducing host cell death, while
intracellular persistence can lead to infection
spread across the host or chronicity. Many S.
aureus strains have high pathogenicity and
antibiotic resistance, which is wreaking havoc

on health-care programs around the world.

1. Wertheim H F, Melles D C, Vos MC,
van Leeuwen W, van Belkum A,
Verbrugh H A, Nouwen,J.L.,2005, The



MJPS, VOL.(8), NO.(1), 2021

role of nasal carriage in Staphylococcus
aureus infections. The Lancet infectious
diseases. 5(12): 751-762.

. Coates R, Moran J, Horsburgh M. J.
Staphylococci: colonizers and pathogens
skin. Future
microbiology, 2014; 9(1): 75-91.

. Verhoeven PO, Gagnaire J, Botelho-
Nevers E, Grattard F, Carricajo A, Lucht
F,Berthelot P.,2014,

relevance of Staphylococcus

of human

Detection and
clinical
aureus nasal carriage: an update. Expert
review of anti-infective therapy. 12(1):
75-89.

. Tong S Y, Davis J S, Eichenberger E,
Holland T L, Fowler V G.,2015,
Staphylococcus  aureus  infections:
epidemiology, pathophysiology, clinical
manifestations, and
management. Clinical
reviews. 28(3): 603-661.
Kobayashi S D, Malachowa N, DelLeo F

R.,2015, Pathogenesis of Staphylococcus

microbiology

aureus abscesses. The American journal
of pathology. 185(6): 1518-1527.

Balasubramanian D, Harper L, Shopsin
B, Torres VJ.,2017, Staphylococcus
aureus pathogenesis in diverse host
environments. Pathogens and

disease. 75(1): ftx005.

. Sader H S, Mendes R E, Jones R N,

Flamm R K.,2016, Antimicrobial

114

10.

11.

12.

susceptibility patterns of community-and
hospital-acquired ~ methicillin-resistant
Staphylococcus aureus from United
States Hospitals: the
AWARE
Program. Diagnostic Microbiology and
Infectious Disease. 86(1): 76-79.

Kale P, Dhawan B.,2016, The changing

face of community-acquired methicillin-

results from

Ceftaroline Surveillance

resistant Staphylococcus aureus. Indian
journal of medical microbiology. 34(3):
275.
Brooks JL, Jefferson K K.,2012,
Staphylococcal biofilms: quest for the
magic bullet. In Advances in applied
microbiology .81; 63-87.

Hogan S, Stevens N T, Humphreys H,
O'Gara J P, O'Neill E.,2015, Current and
future approaches to the prevention and
treatment of staphylococcal medical
infections. Current
pharmaceutical design. 21(1): 100-113.
Archer N K, Mazaitis M J, Costerton
JW, Leid J G, Powers M E, Shirtliff, M
E.,2011,

biofilms: properties, regulation, and roles

device-related

Staphylococcus aureus
in human disease. Virulence. 2(5): 445-
459.

Montgomery C P, David M Z, Daum R
S.,2015, Host factors that contribute to
skin

recurrent staphylococcal



MJPS, VOL.(8), NO.(1), 2021

13.

14.

15.

16.

17.

18.

infection. Current opinion in infectious
diseases. 28(3): 253.

Scherr T D, Heim C E, Morrison J M,
Kielian T.,2014, Hiding in plain sight:
interplay between staphylococcal
biofilms and host immunity. Frontiers in
immunology. 5:37.

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.

Andrade JC, Morais-Braga MF, Guedes
GM, Tintino SR, Freitas MA, Menezes
IR, Coutinho HD.,2014, Enhancement of
the antibiotic activity of aminoglycosides
by
cholesterol
Pharmacotherapy. 68(8):1065-9.

LM, Nedeljkovic M, Dessen

alpha-tocopherol and  other

derivates. Biomedicine &
Assis
A.,2017, New strategies for targeting and
treatment of  multi-drug  resistant
Staphylococcus aureus. Drug Resistance
Updates. 31:1-4.

Suresh MK, Biswas R, Biswas L.,2019,

An update on recent developments in the

prevention and treatment of
Staphylococcus aureus biofilms.
International ~ Journal of  Medical
Microbiology. 309(1):1-2.

ORiordan K, Lee J C.,2004,
Staphylococcus aureus capsular

115

19.

20.

21.

22.

23.

24.

polysaccharides. Clinical
reviews. 17(1): 218-234.
Dinges M M, Orwin, P M, Schlievert P
M.,2000, Exotoxins of Staphylococcus

microbiology

aureus. Clinical

reviews. 13(1): 16-34.
Foster T J, Geoghegan J A, Ganesh VK,
HOook M.,2014, Adhesion, invasion and

evasion: the many functions of the

microbiology

surface proteins of Staphylococcus

aureus. Nature Reviews Microbiology.

12(1): 49-62.

Chavakis T, Preissner KT,Herrmann
M.,2007, The anti-inflammatory
activities of Staphylococcus
aureus. Trends in immunology.

28(9):408-418.

Rooijakkers S H, Ruyken M, Roos A,
Daha MR, Presanis, JS, Sim R B,Van
Strijp J A.,2005, Immune evasion by a

staphylococcal complement inhibitor that

acts on C3 convertases. Nature
immunology. 6(9): 920-927.
Zecconi A, Scali F.,2013,

Staphylococcus aureus virulence factors
in evasion from innate immune defenses
in human and animal
diseases. Immunology letters. 150(1-2);
12-22.

Lacey K A,
McLoughlin R M.,2016, The role of

Staphylococcus aureus virulence factors

Geoghegand A,



MJPS, VOL.(8), NO.(1), 2021

25.

26.

27.

28.

29.

in skin infection and their potential as
vaccine antigens. Pathogens. 5(1): 22.
Nawrotek P, Karakulska J, Fijatkowski
K.,2018, The Staphylococcal Panton-
Valentine leukocidin (PVL). In Pet-To-
Man Travelling Staphylococci . 117-125.
Hanitsch LG, Kriger R, Hoppe PA,
Humme D, Pokrywka A, Niebank M,
Stegemann M, Kola A, Leistner R.,2020,
Outpatient decolonization after recurrent
skin infection with Panton-Valentine
leukocidin (PVL)-producing S. aureus—
The importance of treatment repetition.
PloS one. 15(4):e0231772.

Spaan A N, Henry T, Van Rooijen W J,

Perret M, Badiou C, Aerts P C, Lina

G.,2013, The staphylococcal toxin
Panton-Valentine  Leukocidin targets
human Cba receptors. Cell host &

microbe. 13(5): 584-594.

Loffler B, Hussain M, Grundmeier M,
Brick M, Holzinger D, Varga G, Peters
G.,2010, Staphylococcus aureus panton-

valentine leukocidin is a very potent

cytotoxic factor for human
neutrophils. PLoS Pathog. 6(1):
e1000715.

Malachowa N, Kobayashi S D,

Braughton K R, Whitney A R, Parnell M
J, Gardner D J, DelLeo F R.,2012,

Staphylococcus aureus leukotoxin GH

116

30.

31.

32.

33.

34.

promotes inflammation. The Journal of
infectious diseases. 206(8): 1185-1193.
Nagy E, Badarau A, Rouha H, Stulik L,
Nagy G, Mirkina I, Dolezilkova I.,2018,
U.S. Patent No. 9(914):767.

Hocke A C, Temmesfeld-Wollbrueck B,
Schmeck B, Berger K, Frisch E M,
S.,2006,

junction

Witzenrath M, Hippenstiel
Perturbation of endothelial
proteins by Staphylococcus aureus a-
gap
by
adrenomedullin. Histochemistry and cell
biology. 126(3): 305-316.

Wilke G A,Wardenburg J B.,2010, Role

of a disintegrin and metalloprotease 10

toxin: inhibition of endothelial

formation

in Staphylococcus aureus o-hemolysin—
mediated cellular injury. Proceedings of
the National
107(30): 13473-13478.

Ebsen H, Schroder A, Kabelitz D,
Janssen 0.,2013, Differential
expression of ADAM10 and ADAM17
on human T lymphocytes and tumor
cells. PloS one. 8(10): e76853.

Kennedy A D, Wardenburg J B,
Gardner D J, Long D, Whitney A R,
Braughton K R, DelLeo F R.,2012,

Targeting of alpha-hemolysin by active

Academy of Sciences.

surface

or passive immunization decreases

severity of USA300 skin infection in a



MJPS, VOL.(8), NO.(1), 2021

35.

36.

37.

38.

39.

mouse model. The Journal of infectious
diseases. 202(7): 1050-1058.

Cheung G Y, Kretschmer D, Queck S 'Y,
Joo H S, Wang R, Duong A C, Peschel
A.,2014, Insight into structure-function
relationship in phenol-soluble modulins
using an alanine screen of the phenol-
soluble modulin (PSM) a3 peptide. The
FASEB Journal. 28(1): 153-161.

Otto M.,2014,
modulins. International
Medical Microbiology. 304(2): 164-169.
Geiger T, Francois P, Liebeke M,
Fraunholz M, Goerke C, Krismer B,

Phenol-soluble

Journal of

Wolz C.,2012, The stringent response of
Staphylococcus aureus and its impact on
survival after phagocytosis through the
PSMs
8(11):

induction  of intracellular
expression. PL0S
e1003016.

Surewaard B G J, De Haas C J C,
Vervoort F, Rigby K M, DelLeo F R,

Otto M, Nijland R.,2013, Staphylococcal

Pathog.

alpha-phenol soluble modulins
contribute to neutrophil lysis after
phagocytosis. Cellular microbiology.

15(8): 1427-1437.
Wang R, Braughton K R, Kretschmer D,
BachT HL, Queck S Y, Li M,DelLeo
FR.,2007,
cytolytic peptides as

Identification of novel
key virulence

determinants for community-associated

117

40.

41.

42.

43.

44,

MRSA. Nature medicine. 13(12): 1510-
1514.

Thammavongsa V, Kim H K, Missiakas
0.,2015,

manipulation of host

D, Schneewind
Staphylococcal
immune Reviews
Microbiology. 13(9): 529-543.

Ganesh V K, Liang X, Geoghegan J A,
Cohen A L V, Venugopalan N, Foster T

J, Hook M.,2016, Lessons from the

responses. Nature

crystal structure of the S. aureus surface
protein clumping factor A in complex
with  tefibazumab, an inhibiting
monoclonal antibody. EBioMedicine. 13:
328-338.

McAdow M, Kim H K, DeDent A C,
A P,
D M.,2011,

Staphylococcus aureus sepsis through

Hendrickx Schneewind O,

Missiakas Preventing
the inhibition of its agglutination in
blood. PLoS Pathog. 7(10): e1002307.

Mulcahy M E, Geoghegan J A, Monk |
R, O'Keeffe K M, Walsh E J, Foster T
J,McLoughlin, R. M.,,2012,

colonisation by Staphylococcus aureus

Nasal

depends upon clumping factor B binding

to the squamous epithelial cell envelope

protein loricrin. PLoS Pathog. 8(12):
e1003092.
Walsh E J, Miajlovic H, Gorkun, O V,

Identification of the
MSCRAMM

FosterTJ.,2008,

Staphylococcus — aureus



MJPS, VOL.(8), NO.(1), 2021

45.

46.

47.

48.

49,

clumping factor B (CIfB) binding site in
the
fibrinogen. Microbiology. 154( 2): 550.

Walsh EJ, O'brien L M, Liang X, Hook
M, Foster T J.,2004, Clumping factor B,
MSCRAMM

components

aC-domain of human

a  fibrinogen-binding
(microbial surface
recognizing adhesive matrix molecules)
adhesin of Staphylococcus aureus, also
binds to the tail region of type I
cytokeratin  10. Journal
Chemistry. 279(49): 50691-50699.

Palmqgvist N, Foster T, Fitzgerald J R,
A.,2005,

proteins

of Biological

Josefsson E, Tarkowski

Fibronectin-binding and
fibrinogen-binding clumping factors play
distinct roles in staphylococcal arthritis
and systemic inflammation. The Journal
of infectious diseases. 191(5): 791-798.

A.,2017,

Staphylococcal adhesion and host cell

Josse J, Laurent F, Diot

invasion: fibronectin-binding and other
mechanisms. Frontiers in microbiology.
8:2433.

Foster T J.,2005, Immune evasion by
staphylococci. Nature reviews
microbiology. 3(12): 948-958.
Ulloa-Morales A J, Goodyear C S,
Silverman G J.,2018, Essential domain-
dependent roles within soluble IgG for in
Vivo

superantigen  properties  of

staphylococcal Protein A: Resolving the

118

50.

51.

52.

53.

B-Cell Superantigen paradox. Frontiers
in immunology. 9: 2011.

Cosgrove K, Coutts G, Jonsson M,
Tarkowski A, Kokai-Kun J F, Mond, J
J, Foster S J.,2007, Catalase (KatA) and
alkyl hydroperoxide reductase (AhpC)
have compensatory roles in peroxide
stress resistance and are required for
and  nasal

survival,  persistence,

colonization in Staphylococcus
aureus. Journal of bacteriology. 189(3):

1025-1035.

Crosby H A, Kwiecinski J, Horswill A
R.,2016, Staphylococcus aureus
aggregation and coagulation

mechanisms, and their function in host—
pathogen interactions. In Advances in
applied microbiology. Vol. 96: 1-41.
Winn Washington C, Allen S D, Janda
W M, Koneman E W, Procop G W,
Schreckenberger P C, Woods G L.,20086,
Koneman's Color Atlas and Textbook of
Diagnostic
Williams & Wilkins.

Berends E T, Horswill A R, Haste N M,
Monestier M, Nizet V, von Kockritz-
M.,2010,

expression by Staphylococcus aureus

Microbiolgy.  Lippincott,

Blickwede Nuclease

facilitates escape from neutrophil

extracellular traps. Journal of innate

immunity. 2(6): 576-586.



MJPS, VOL.(8), NO.(1), 2021

54,

55.

56.

S7.

58.

59.

Stark L.,2013, Staphylococcus aureus:
aspects of pathogenesis and molecular
epidemiology.

Koch T K, Reuter M, Barthel D, B6hm
S, Van Den Elsen J, Kraiczy P, Skerka
C.,2012, Staphylococcus aureus proteins
Shi and Efb recruit human plasmin to
degrade complement C3 and C3b. PloS
one. 7(10): e47638.

Sila J, Sauer P, Kolar
M.,2009,Comparison of the prevalence
of genes coding for enterotoxins,
exfoliatins, panton-valentine leukocidin
and tsst-1 between methicillin-resistant
and methicillin-susceptible isolates of
Staphylococcus aureus at the university
hospital in olomouc. Biomed Pap Med
Fac Univ Palacky Olomouc Czech
Repub. 153(3): 215-8.

Kato F, Kadomoto N, Iwamoto Y,
Bunai K, Komatsuzawa H,  Sugai
M.,2011, Regulatory mechanism for
exfoliative ~ toxin  production  in
Staphylococcus aureus. Infection and
immunity. 79(4): 1660-1670.

Pinchuk 1 V, Beswick E J, Reyes
VE.,2010,Staphylococcal

enterotoxins. Toxins. 2(8): 2177-2197.
AL-Turaihi T S A D.2016, Some
cytokines, IgE and genetic study of
Staphylococcus aureus superantigens in

patients of Allergic rhinitis.

119



