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Introduction 

kin and soft tissue infections (SSTIs) are clinical entities 

of variable presentation, etiology and severity that involve 

microbial invasion of the layers of the skin and underlying soft 

tissues. SSTIs range from mild infections, such as pyoderma, to 

serious life-threatening infections, such as necrotizing fasciitis. 

Breach of the skin from trauma, surgery or primary skin disease 

is often precursor to microbial penetration (Ki and Rotstein, 

2008). 

Among staphylococcal species, Staphylococcus aureus 

(S. aureus) is the most pathogenic organism. It is responsible 

for the vast majority, up to 76%, of all SSTIs including 

superficial infections such as impetigo and infected abrasions 

as well as more invasive infections such as cellulitis, 

folliculitis, subcutaneous abscesses, infected ulcers and wounds 

(Krishna and Miller, 2012 ; McNeil et al., 2014). 

SSTIs in general and S. aureus SSTIs in particular are 

very common in tropical countries (Tong et al., 2011). In 

Egypt, Reported rates of SSTIs caused by S.aureus ranged from 

83% to 96.6% in some settings (Abdel Fattah and Darwish, 

2012; Abdallah et al., 2007). Higher rate of SSTIs in tropical 

countries might be due to overcrowding, poor hygiene, limited 

water availability in addition to the hot and humid weather 

conditions (Sahoo et al., 2014). 

S 
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Resistance to antimicrobials used in the treatment and 

prevention of infectious disease in humans is a rapidly 

increasing worldwide problem. In the past two decades, there 

have been a large number of reports of multi-resistant bacteria 

causing considerable morbidity and mortality (Alsterholm et 

al., 2010). 

The spread of antibiotic resistance among S. aureus strains is 

a major concern in the treatment of staphylococcal infections 

(Sobhy et al., 2012). Furthermore, hospital acquired strains of 

methicillin resistant S. aureus (MRSA) are often multidrug resistant 

(MDR), exhibiting resistance to all -lactam agents, carbapenems, 

aminoglycosides, macrolides, tetracyclines, trimethoprim and 

fluoroquinolones. The emergence of MRSA strains with reduced 

vancomycin susceptibility further reduces treatment options (Jones 

et al., 2010). 

These resistance issues associated with such a virulent and 

prevalent pathogen have spurred the development of new 

antistaphylococcal agents, as well as reconsideration of the role of 

older agents with demonstrated antistaphylococcal activity. Fusidic 

acid (FA), with a favorable pharmacokinetics and 

pharmacodynamics, has the potential to fill this niche and delay the 

inevitable development of resistance to newer agents, such as 

linezolid and daptomycin (Jones et al., 2010; Somily et al., 2012). 

FA is a narrow spectrum antibiotic derived from Fusidium 

coccineum. It is primarily active in vitro against various strains of 
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staphylococci, including methicillin-susceptible S. aureus (MSSA), 

MRSA, MRSA strains with reduced vancomycin susceptibility and 

most coagulase-negative staphylococci. Corynebacteria and Gram-

positive anaerobes, such as clostridia, Peptococcus and 

Peptrostreptococcus species, are susceptible, whereas FA has only 

limited activity against streptococci and enterococci (Howden and 

Grayson, 2006). 

 FA acts by inhibiting protein synthesis at the 

translational stage by binding directly to the elongation factor- 

G (EF-G). This unique mode of action guaranteed the lack of 

cross-resistance with other antimicrobial classes (Laurberg et 

al., 2000). 

FA has been used since the early sixties as a topical 

agent for the treatment of SSTIs caused by S. aureus (Verbist, 

1990) or in combination with agents such as vancomycin or 

rifampicin in the treatment of systemic infections caused by 

MRSA (Chen et al., 2011).  

Topical preparations containing FA have been 

increasingly used worldwide. In some countries as the United 

Kingdom (UK), the use of topical FA almost doubled from 

1995 to 2001 and currently constitutes about two-thirds of the 

total usage (Dobie et al., 2004). 

The prevalence of resistance to FA in S. aureus remained 

low for decades after its clinical introduction, with rates of one 
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to two percent reported at the start of the 1990s from countries 

employing FA extensively, such as the UK and Denmark. More 

recently, a dramatic increase in FA resistance in both MSSA 

and MRSA has been observed in several clinical settings 

worldwide where FA is routinely used (McLaws et al., 2011). 

On the other hand, minimal rates of resistance were reported in 

the United States regarding the fact that Food and Drug 

Administration (FDA) licensure has never been obtained 

(Jones et al., 2010).  

Two major FA resistance mechanisms have been 

described in S. aureus. The first reported mechanism implicates 

the alteration of the drug target site where mutation in the gene 

encoding EF-G (fusA) takes place. The second mechanism 

suggests a plasmid-mediated acquisition of fusB, fusC or fusD 

genes coding for FusB family proteins (fusB, fusC, and fusD) 

that protect the drug target site (Lim et al., 2014). 

FA resistance rate among S.aureus clinical isolates from 

SSTIs has not been reported in Egypt recently. Thus, this study 

aims to detect S. aureus resistance to that widely used antibiotic 

with special focus on the genetic determinants of its resistance. 
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AIM OF THE WORK 

This study was conducted in order to detect: 

1. Fusidic acid (FA) resistant Staphylococcus aureus (S. 

aureus) among methicillin-susceptible and methicillin 

resistant S. aureus (MRSA) causing skin and soft tissue 

infections in patients attending the outpatient clinic or 

admitted to the dermatology department, Ain Shams 

University Hospitals. 

2. The risk factors associated with FA resistance. 

3. The molecular characterization of the genetic determinants 

for FA resistance. 

4. In-vitro susceptibility pattern of MRSA and FA resistant 

isolates to different categories of antimicrobials. 
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THE GENUS STAPHYLOCOCCUS 

he genus Staphylococcus belongs to the family 

Staphylococcaceae of the order Bacillales (phylum 

Firmicutes). The members of the genus are Gram-positive cocci 

that currently include 45 species and 21 subspecies (Kloos and 

Bannerman, 1994). 

The term staphylococcus originates from the Greek 

Staphyle, a bunch of grapes as they occur in irregular grape-like 

clusters, tetrads and short chains (Wilkinson, 1997). 

Staphylococcus spp. form part of the normal flora of 

human and animal skin and mucous membranes. They are 

commonly associated with opportunistic infections (Kloos and 

Bannerman, 1994). 

History: 

Alexander Ogston (1881) was the first to identify 

Staphylococci as a cause of wound infection; he named it for 

the grape-like clusters he observed under the microscope. Later 

Anton Rosenbach (1884) isolates Staphylococcus aureus (S. 

aureus). He described two strains, S. aureus (“golden staph,” 

for the golden colonies it grows on bacterial media) and 

Staphylococcus albus (white colonies) in pure culture.

T 
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Morphology: 

They are Gram positive, non-motile, non-spore forming 

cocci measuring 0.5 to 1.5 µm in diameter. They are facultative 

anaerobes and catalase-positive a feature differentiating them 

from Streptococci (Wilkinson, 1997). 

The characteristic clustering in Gram stained film helps 

to distinguish them from streptococci, which tend to form 

chains of cocci (Kloos and Bannerman, 1994).  

Natural Habitat: 

Staphylococci are widely spread in nature as normal 

bacterial flora. Their major habitat is skin and mucus membrane 

of mammals and birds. In humans, S. aureus generally colonizes 

the anterior nares and the pharynx where it can be transferred to 

skin and other body areas. The vaginal carriage rate in adult 

premenopausal women is about 10 percent, and bacterial counts 

increase at the time of menses.    Forty to 50 percent of 

newborns are colonized shortly after birth but colonization can 

decrease with age (Belkum et al., 2009). 

Persistent carriers (10 to 35 percent) may have one strain 

over prolonged time. Other carriers may harbor S. aureus 

intermittently (Belkum et al., 2009). 
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Growth Requirements: 

Most species need relatively complex nutritional 

requirements, however; in general they require an organic 

source of nitrogen, supplied by 5 to 12 essential amino acids, 

e.g. arginine, valine, and B vitamins, including thiamine and 

nicotinamide (Wilkinson, 1997). 

Classification of Staphylococcus species: 

Staphylococcus species are divided into two groups on the 

basis of their ability to clot blood plasma (the coagulase reaction), 

coagulase negative staphylococci, such as (Staphylococcus 

epidermidis and Staphylococcus haemolyticus) and coagulase 

positive staphylococci, such as (S. aureus and Staphylococcus 

pseudintermedius) (Kloos and Bannerman, 1994). 
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S. aureus: 

Among Staphylococci, S. aureus is the most pathogenic 

species in humans and capable of causing a wide range of 

infections due to its ability to express many virulence factors 

and resistance to multiple antimicrobial agents, often encoded 

on mobile genetic elements (Shore and Coleman, 2013). 

It is identified from other Staphylococcus species on the 

basis of the golden yellow pigmentation of colonies, positive 

coagulase test, mannitol fermentation test and deoxyribonuclease 

test. On blood agar, it causes β-hemolysis (Lowy, 1998). 

Pathogenicity and Virulence Factors 

S. aureus plays a major role in nosocomial infections and 

recently has been acknowledged as an important cause of 

community acquired (CA) infections (O’Riordan and Lee, 

2004). CA S. aureus infections often occur in otherwise healthy 

individuals who lack the expected risk factors for S. aureus 

infections, e.g., recent hospitalization, residence in a long-term-

care facility or use of injected drugs. It is postulated that strains 

causing these CA infections have a high virulence potential 

because of their ability to cause disease in immunocompetent 

hosts (Dufour et al., 2002). 

Virulence factors of S. aureus are extensive, with both 

structural and secreted products. 
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Virulence factors of S. aureus: 

A- Cell wall polymers: 

Peptidoglycan and Teichoic acid: 

Peptidoglycan is important in the pathogenesis of 

infection. It elicits production of interleukin-1 (IL-1) 

(endogenous pyrogen) and opsonic antibodies by monocytes. It 

acts as a chemoattractant for polymorphonuclear leukocytes. It 

has an endotoxin-like activity and activates complement. 

Teichoic acid acts as phage adsorption and a reservoir of bound 

divalent cations (Kessler et al., 1991). 

B- Cell surface proteins:  

1- Protein A: an immunogenic cell wall component and 

a surface protein that has been considered as adhesin which 

recognize adhesive matrix molecules and it mediates bacterial 

attachment to host cells (Patti et al., 1994).  

2- Clumping factor: Most strains of S. aureus have 

coagulase or clumping factor on the cell wall surface. 

Coagulase binds nonenzymatically to fibrinogen, yielding 

aggregation of the bacteria (Lowy, 1998). 

3- Fibronectin-binding protein and collagen-binding 

protein: These proteins bind specifically to fibrinogen, 

fibronectin and collagen respectively. They are important for 

adhesion to tissues (Kayser et al., 2005). 
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C- Capsule: 

More than 90% of S. aureus strains produce capsular 

polysaccharides. Clinical isolates of S. aureus have been classified 

into at least 11 capsular serotypes. Most human infections are due 

to capsular types 5 and 8. The methicillin resistant S. aureus 

(MRSA) isolates are type 5. The capsule is important for protection 

against phagocytic uptake (O’Riordan and Lee, 2004). 

D- Extra cellular proteins: 

S. aureus secretes numerous extra cellular proteins that 

determine the pathogenesis of infections. The most important are: 

1- Enzymes such as protease, coagulase, lipase, 

staphylokinase, hyaluronidase and deoxyribonuclease. These 

enzymes facilitate the spread of infection to adjacent tissues 

(Wilkinson, 1997). 

2- Toxins produced by S. aureus are classified according 

to their mode of action (Walev et al., 1995). 

a - Cytotoxins: 

� Alpha toxin: acts on eukaryotic cell membranes. It is a 

potent hemolysin.  

� Beta-toxin: degrades sphingo-myelin so it is toxic for 

many kinds of cells including human red blood cells. 

� Delta-toxin: disrupts biologic membranes and may have 
a role in S. aureus diarrheal diseases. 
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All of these toxins are capable of efficiently lysing blood 
cells by causing pores in the cellular membranes which increase 
permeability. This leads to massive release of inflammatory 
mediators such as IL-8, leukotriene and histamine which are 
responsible for necrosis and severe inflammation (Low, 1998; 

Brooks et al., 2010). 

b- Exfoliative toxins:  

There are two different proteins.  

� Epidermolytic toxin A: a heat-stable chromosomal gene 
product. 

� Epidermolytic toxin B: a heat-labile plasmid-mediated toxin. 

This epidermolytic toxins cause the generalized 
desquamation of the staphylococcal scalded skin syndrome by 
dissolving the mucopolysaccharide matrix of the epidermis. 
Both toxins are superantigens (Cribier et al., 1992). 

c- Toxic shock syndrome toxin (TSST):  

Most S. aureus strains isolated from patients with TSS 
produce a toxin called TSST-1, which is the prototypical 
superantigen. It binds to MHC class II molecules, yielding T 
cell stimulation, which promotes manifestations of the TSS. 
The toxin released is associated with fever, shock and 
multisystem involvement including a desquamative skin rash. 
The gene for TSST-1 is found in about 20% of S. aureus 
isolates (McCormick et al., 2001). 
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d- Enterotoxins: 

There are multiple (A–E, G–J, K–R and U, V) 
enterotoxins. Approximately 50% of S. aureus strains can 
produce one or more of them. They are superantigens, heat-
stable and resistant to the action of gut enzymes. They are the 
important causes of food poisoning especially in carbohydrate 
and protein foods (Baker and Acharya, 2004). 

e- Panton-Valentine leucocidin (PVL) toxin: 

It damages the membranes of defense host cells through 
the synergistic activity of two separately secreted but non 
associated proteins, LukS (S component of PVL) and LukF (F 
component of PVL), causing tissue necrosis (Lina et al., 1999). 
This toxin is an important virulence factor in CA-MRSA 
infections (Francis et al., 2005). 

 

Figure (1): Pathogenic factors of S. aureus, with structural and secreted 
products both playing roles as virulence factors. A, surface and secreted 
proteins. B and C, Cross-sections of the cell wall (Gordon and Lowy, 2008). 
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E- Resistance to antimicrobial agents: 

Control of S. aureus has become very difficult because of the 

prevalence of antibiotic resistant strains and the emergence of 

clinical isolates resistant to vancomycin (Moran and Mount, 2003). 

β- Lactams resistance in S. aureus: 

A group of antibiotics known as the β-lactams that 

include penicillins, cephalosporins, monobactams and the 

carbapenems has been used to treat S. aureus infections 

(Petrella et al., 2008). 

β-lactams act by inhibiting the synthesis of the 

peptidoglycan layer of bacterial cell wall resulting in 

bactericidal effect (McManus, 1997). 

They target the extracellular steps of peptidoglycan 

biosynthesis by forming a covalent bond with penicillin-

binding proteins (PBPs), which are critical for assembly of the 

cell wall, so the crosslinking of peptidoglycan chains is 

inhibited and the final stages of peptidoglycan synthesis stop 

(Georgopapadakou, 1993; Sauvage et al., 2008). 
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Figure (2): ß-lactam Antibiotics. Chemical structure of (A) Penicillin 
and (B) Methicillin. In (B), the left portion indicates modification of the 
carbonyl group side chain of the penicillin core that facilitates ß-lactamase 
resistance. ß-lactam ring at the left in (A) and middle in (B) (Morell and 

Balkin, 2010). 

Penicillin was the first antibiotic mass produced for use 

in humans. Although initially highly effective for treatment of 

S. aureus infections, by the beginning of this century, over 90% 

of human S. aureus strains became resistant to this antibiotic 

(Olsen et al., 2006). 

Mechanism of Penicillin resistance in S. aureus: 

The resistance is caused by the production of 

extracellular enzyme, β-lactamase (penicillinase), which 

hydrolyzes the β-lactam ring penicillin forming inactive 

penicilloic acid rendering the β-lactam antibiotic inactive 

(Chambers, 2000). The gene encodes the penicillinase enzyme 

is known as blaZ gene (Kerondole, 2000). 

 


