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Abstract 

Background: Staphylococcus aureus causes many human infections, including wound infections, and its pathogenic-
ity is mainly influenced by several virulence factors.

Aim: This study aimed to detect virulence genes (hla, sea, icaA, and fnbA) in S. aureus isolated from different wound 
infections among Egyptian patients admitted to Minia University Hospital. This study also aimed to investigate the 
prevalence of these genes in methicillin-resistant S. aureus (MRSA), methicillin-susceptible S. aureus (MSSA), and 
vancomycin-resistant S. aureus isolates and the resistance and sensitivity to different antibiotic classes.

Methods: A cross-sectional study was carried out from November 2019 to September 2021. Standard biochemical 
and microbiological tests revealed 59 S. aureus isolates. The Kirby-Bauer disc diffusion method was used to determine 
antibiotic susceptibility. DNA was extracted using a DNA extraction kit, and polymerase chain reaction was used to 
amplify all genes.

Results: A total of 59 S. aureus isolates were detected from 51 wound samples. MRSA isolates accounted for 91.5%, 
whereas MSSA isolates accounted for 8.5%. The multidrug resistance (MDR) percentage in S. aureus isolates was 
54.2%. S. aureus showed high sensitivity pattern against vancomycin, linezolid, and chloramphenicol. However, a 
high resistance pattern was observed against oxacillin and piperacillin. sea was the most predominant gene (72.9%), 
followed by icaA (49.2%), hla (37.3%), and fnbA (13.6%). sea was the commonest virulence gene among MRSA isolates 
(72.2%), and a significant difference in the distribution of icaA was found. However, sea and icaA were the commonest 
genes among MSSA isolates (79.9%). The highest distribution of sea was found among ciprofloxacin-resistant isolates 
(95.2%).

Conclusion: The incidence of infections caused by MDR S. aureus significantly increased with MRSA prevalence. sea is 
the most predominant virulence factor among antibiotic-resistant strains with a significant correlation to piperacillin, 
gentamicin, and levofloxacin.

Keywords: S. aureus, Wound infections, Virulence genes, Antibiotic resistance

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
The fundamental goal of the skin is to keep microbial 
populations on its surface under control and prevent 
diseases from colonizing the underlying tissue [1]. A 
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wound is a disruption in the skin’s protective action [2]. 
Staphylococcus aureus is the most frequent opportunis-
tic bacteria, causing many superficial and life-threatening 
infections [3]. It can cause various disorders, including 
skin and soft tissue infections (SSTIs), invasive infections, 

and toxin-mediated disorders [4]. Since it produces sev-
eral virulence factors and acquires multidrug resistance 
(MDR) to various antibacterial agents, it is a major infec-
tious agent in communities and hospitals [5].

Fig. 1 Flow chart of study procedures
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S. aureus has an incredible ability to develop resist-
ance rapidly. Environmental factors and cell membrane 
disruption or DNA damage can influence the fast devel-
opment of antibiotic resistance [6]. More than 90% of S. 
aureus is resistant to penicillin, which remains a global 
issue [7]. Methicillin-resistant S. aureus (MRSA) is a 
common inhabitant of a large part of the healthy popula-
tion and can cause a wide range of illnesses, from minor 
skin infections to life-threatening diseases [8] The MDR 
is defined as acquired non-susceptibility to at least one 
agent in three or more antimicrobial categories [9, 10]. 
The MDR of S. aureus strains has been linked to longer 
hospital stays, higher mortality rates, and concomitant 
costs [11].

The presence of many virulence factors, such as sur-
face proteins, biofilms, exoenzymes, exotoxins, and exfo-
liative toxins, is linked to the ability of S. aureus to cause 
different infections. All these factors allow bacteria to 
attach to tissues, causing pathogenesis, and to penetrate 
the immune system, causing toxicity [12]. One of the 
virulence factors of S. aureus is a cytolytic, pore-form-
ing toxin, such as α-hemolysin, which is involved in the 
pathogenesis of S. aureus [13]. Many S. aureus strains, 
particularly MRSA, release one or more distinct staphy-
lococcal exotoxins, including staphylococcal enterotoxins 
[14], the most important pathogenic components belong-
ing to the superantigen family [15].

The ability of the microorganism to successfully per-
sist within the hospital and community and several cell 
wall-associated adhesive molecules, such as fnb (encod-
ing fibronectin-binding protein) is responsible for the 

possibility of severe animal and human diseases [16, 17]. 
The ability of S. aureus to build biofilms is linked to the 
antimicrobial resistance mechanism. Invasion isolates 
are more likely to form biofilm than healthy individual 
carriage isolates [18] The polysaccharide intercellular 
adhesin (PIA) is the most important component of bio-
film [19, 20]. The N-acetylglucosamyl transferase enzyme 
responsible for PIA synthesis is known to be encoded by 
icaA [21].

S. aureus persists and spreads by acquiring antibiotic 
resistance genes. Identification of S. aureus virulence 
genes is important for evaluation of disease develop-
ment. This study focused on S. aureus virulence genes 
and to detect their correlation to antimicrobial resistance 
patterns.

Materials and methods
Study area, design, and population
A cross-sectional study was carried out from November 
2019 to September 2021 in Minia University Hospital 
(Minia, Egypt). Wound samples were collected from the 
Department of Plastic and Reconstructive Surgery. The 
samples were properly labeled, indicating the source, sex, 
and age of the patient. Ethical clearance for the study was 
granted by Minia University Hospital.

Collection of wound pus samples
Bacterial samples were collected from patients having 
wound infections present on admission to the outpa-
tient clinic and cultured onto nutrient agar, mannitol salt 
agar, and DNase agar. All media were produced by Oxoid 

Table 1 The list of primers sequences

Virulence genes Primer Sequence References

Hemolysin A (hla) F: CTG ATT ACT ATC CAA GAA ATT CGA TTG 
R: CTT TCC AGC CTA CTT TTT TAT CAG T

[48]

Staphylococcal enterotoxin A (sea) F: TTG GAA ACG GTT AAA ACG AA
R: GAA CCT TCC CAT CAA AAA CA

[49]

Intracellular adhesion-A (icaA) F: GAT TAT GTA A TG TGC TTG GA
R:ACT ACT GCT GCG TTA ATA AT

[50]

Fibronectin binding protein-A (fnbA) F: GCG GAG ATC AAA GAC AA
R: CCA TCT ATA GCT GTG TGG 

[51]

Table 2 Conditions of PCR products

Gene Initial Denaturation Denaturation Annealing Extension Final Extension Cycles Product size (bp)

hla 95 °C for 5 min 95 °C for 50 s 58 °C for 30 s 72 °C for 1 min 72 °C for 10 min 40 209 bp

sea 95 °C for 5 min 95 °C for 1 min 55 °C for 45 s 72 °C for 1 min 72 °C for 10 min 40 120 bp

icaA 95 °C for 5 min 95 °C for 1 min 50 °C for 1 min 72 °C for 1.5 min 72 °C for 5 min 40 770 bp

fnbA 95 °C for 5 min 95 °C for 1 min 47 °C for 1 min 72 °C for 1.5 min 72 °C for 5 min 40 1279 bp
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(England) and prepared according to the manufacturer’s 
instructions. The cultures were incubated at 37  °C for 
24 h to be examined the next day.

Isolation and identification of wound bacterial isolates
The primary identification of bacterial isolates was based 
on colonial appearance, pigmentation, morphology, 
Gram staining, and biochemical characteristics. The bio-
chemical tests applied were the standard catalase test, 
coagulase (tube and slide) test, and DNase test (Fig.  1). 
For the extended storage of bacterial isolates, preserva-
tion in 20% glycerol vials at − 70 °C was carried out.

Antibiotic sensitivity testing
Antimicrobial sensitivity was determined by the Kirby-
Bauer agar disc diffusion method according to the Clini-
cal Laboratory Standard Institute (CLSI; 2018). Antibiotic 
discs were used with the following drug concentrations: 
linezolid (30  μg), tetracycline (30  μg), chloramphenicol 
(30 μg), rifampin (5 μg), piperacillin (100 μg), amoxicillin/
clavulanic acid (30 μg), ampicillin/sulbactam (20 μg), lev-
ofloxacin (5 μg), gentamycin (10 μg), vancomycin (30 μg), 
oxacillin (1  μg), and ciprofloxacin (5  μg) were applied 
onto Müller-Hinton agar (Himedia). The plates were aer-
obically incubated at 37 °C for 24 h, and the diameter of 
the inhibition zones was measured (in mm). The results 
were compared to that of the CLSI.

DNA extraction and detection of virulence genes
DNA was extracted using a DNA extraction kit (Qiagen, 
Germany), and the procedures were carried out accord-
ing to the manufacturer’s instructions. The oligonucleo-
tide primers used in this study were for the detection 
of genes encoding α-hemolysin (hla), staphylococcal 
enterotoxin A (sea), intracellular adhesion A (icaA), and 
fibronectin-binding protein A (FnbA). Table  1 lists the 
primer sequences (Metabione, Germany) of this study, 

and Table  2 presents the conditions of the polymer-
ase chain reaction (PCR) products. The PCR products 
were resolved by electrophoresis on 1% agarose gel, and 
electrophoresis was carried out at a constant current of 
50  mA for 30  min. DNA bands were visualized by eth-
idium bromide staining and ultraviolet transillumination 
light. The size of the fragments was determined by com-
paring their migration to a 100 bp ladder as a standard.

Statistical analysis
Statistical analyses were performed using χ2 using SPSS 
version 16 (SPSS, Inc., Chicago, IL, USA). A χ2 test was 
used to test the association between S. aureus virulence 
genes and participant’s gender and age as well as with 
the antibiotic resistance profile. Similarly, the associa-
tion between the antibiotic resistance profile with partici-
pant’s gender and age groups was detected. The results 
were considered statistically significant when P ≤ 0.05.

Results
Prevalence of S. aureus isolates according to gender, age, 
and sample source
A total of 59 S. aureus isolates were detected from 51 dif-
ferent wound samples. The incidence of S. aureus was 
much higher in males [n = 36 (70.6%)] than in females 
[n = 15 (29.4%)]. Patients were classified into different age 
groups from 1 month to 60 years (mean ± standard devi-
ation, 28.98 ± 16.95). The highest prevalence of S. aureus 
was observed in the age group between 1 and 20  years 
(45.1%), followed by patients in the age group between 41 
and 60 years (29.4%) and finally patients in the age group 
from 21 to 40 years (25.5%). Figure 2 shows that the high-
est number of samples was from accidental wounds, such 
as animal bites, occupational injuries, a sharp tool, or car 
accidents (n = 38; 74.5%), followed by seven samples of 
burn infection (burning agents, such as flame, scald, elec-
trical, boiled water, and chemical reagent; 13.7%). Three 
samples were from surgical wounds (5.9%) and three 
samples were from ulcers and abscess discharge (5.9%).

Antimicrobial sensitivity testing
Table  3 shows that MRSA isolates accounted for 91.5%, 
whereas methicillin-susceptible S. aureus (MSSA) iso-
lates accounted for 8.5%. S. aureus had low resistance to 
chloramphenicol (10.2%), vancomycin (13.5%), and lin-
ezolid (16.9%). Moderate (intermediate) resistance was 
recorded against gentamycin (33.9%), levofloxacin and 
ciprofloxacin (both 35.6%), rifampin (37.3%), and tetracy-
cline (62.7%). High resistance was observed against oxa-
cillin, amoxicillin/clavulanic acid, ampicillin/sulbactam 
(all 91.5%), and piperacillin (100%). The MDR in S. aureus 
isolates was 54.2%. S. aureus had R0 = 0%, R1 = 20.3%, 
R2 = 23.7%, R3 = 16.9%, R4 = 13.6%, R5 = 16.9%, 

Fig. 2 Prevalence of S. aureus isolated from patients from different 
types of wound infections
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R6 = 1.7%, R7 = 3.4%, and R8 = 1.7% (R0 represents the 
number of isolates sensitive to all antimicrobial classes 
tested, whereas R = 1, 2, 3, 4, 5, 6, 7, and 8 represent iso-
lates resistant to 1, 2, 3, 4, 5, 6, 7, and 8 antibiotic classes, 
respectively). No statistically significant difference was 
detected between the resistance profile of tested anti-
biotics and participant’s gender or age group (p > 0.05) 
(Tables 4 and 5).

Detection of virulence genes
To test the virulence genes of the isolates in this study, 
hla, sea, icaA, and fnbA were detected by PCR amplifica-
tion. Table  6 shows that sea was the most predominant 
in 72.9% of the isolates. icaA was found in 49.2% of the 
isolates, followed by hla (37.3% of the isolates) and fnbA 
(13.6% of the isolates). Amplicon sizes of 209, 120, 770, 
and 1279 bp were considered positive for the presence of 
hla, sea, icaA, and fnbA, respectively. Figure 3 shows hla, 
sea, icaA, and fnbA PCR amplification products among 
S. aureus isolates, respectively. sea was the commonest 
virulence gene among MRSA and vancomycin-resistant 
S. aureus (VRSA) isolates (72.2% and 62.5%, respec-
tively). However, sea and icaA were the commonest genes 
among MSSA isolates (80%; Table 6).

A significant correlation was observed between viru-
lence genes (hla, sea and icaA) and patients age groups 
(P < 0.05). While no statistically significant difference was 
detected between the tested virulence genes and partici-
pant’s gender (Table 7).

sea was the commonest virulence gene among anti-
biotic-resistant and antibiotic-sensitive isolates, fol-
lowed by icaA, hla, and fnbA. The highest distribution 
of sea was among the ciprofloxacin (95.2%)-, gentamy-
cin (89.9%)-, and tetracycline (75.7%)-resistant isolates. 
At the same time, the highest distribution of sea was 

among oxacillin (79.9%)-, linezolid (75.5%)-, and rifampin 
(73.5%)-sensitive isolates (Table 8).

A statistically significant correlation (P < 0.05) was 
detected between the presence and absence of hla and 
sea and piperacillin, gentamicin, and levofloxacin resist-
ance and sensitivity. However, a significant difference 
in the distribution of icaA was found among β-lactam-
resistant and β-lactam-sensitive isolates. fnbA was sig-
nificantly associated with piperacillin and ciprofloxacin 
resistance and sensitivity (Table 8). Table 9 shows that sea 
and icaA had the highest coexistence (40.7%), followed by 
sea and hla (21.9%).

Discussion
S. aureus is the commonest pathogenic bacteria found 
in different wound specimens [22, 23]. Muluye et  al. 
[24] stated that the prevalence of S. aureus in males and 
females was 38.1% and 28.7%, respectively. The first result 
was much lower than in this study, whereas the second 
was similar to this study. Patients were classified into dif-
ferent age groups from 1 month to 60 years. The highest 
prevalence of S. aureus (45.1%) and examined virulence 
genes were observed in the age group between 1 and 
20  years. In the same time, there is a significant asso-
ciation between tested virulence genes and patients age 
groups. Torpy et al. [25] stated that the high prevalence 
of S. aureus in the age group between 1 and 20 years was 
because most young males (< 20  years) in the country 
have traditionally worked in occupations such as agricul-
ture, construction, transportation, and industries, all of 
which are likely to expose them to trauma and different 
wound infections.

In this study, the highest prevalence of S. aureus was 
found in trauma and accidental wound infections, simi-
lar to other studies [26, 27], suggesting that the rate of S. 

Table 3 Antibiotic sensitivity profile of S. aureus isolates

Antibiotic Concentration
μg /disc

Sensitive
No. (%)

Intermediate
No. (%)

Resistant
No. (%)

Company

Linezolid 30 μg 49 (83.1%) 0 (0%) 10 (16.9%) Bioanalyse limited -Turkey

Tetracycline 30 μg 16 (27.1%) 6 (10.2%) 37 (62.7%) Himedia, India

Chloramphenicol 30 μg 42 (71.2%) 11 (18.6%) 6 (10.2%) Bioanalyse limited -Turkey

Rifampin 5 μg 34 (57.6%) 3 (5.1%) 22 (37.3%) Himedia, India

Piperacillin 100 μg 0 (0%) 0 (0%) 59 (100%) Bioanalyse limited -Turkey

Gentamycin 10 μg 29 (49.2%) 10 (16.9%) 20 (33.9%) Himedia, India

Ampicillin / Sulbactam 20 μg (10/10 μg) 5 (8.5%) 0 (0%) 54 (91.5%) Bioanalyse limited -Turkey

Oxacillin 1 μg 5 (8.5%) 0 (0%) 54 (91.5%) Sigma, USA

Levofloxacin 5 μg 33(55.9%) 5 (8.5%) 21 (35.6%) Himedia, India

Ciprofloxacin 5 μg 31 (52.2%) 7 (11.9%) 21 (35.6%) Bioanalyse limited -Turkey

Amoxicillin/ Clavulanic 30 μg (20/10 μg) 5 (8.5%) 0 (0%) 54 (91.5%) Bioanalyse limited -Turkey

Vancomycin 30 μg 51 (86.4%) 0 (0%) 8 (13.5%) Sigma, USA
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aureus isolates in open wound infection was 76.9%, simi-
lar to these findings.

The predominant isolate S. aureus was sensitive to 
vancomycin (100%) [28], supporting the findings that 
considered vancomycin as one of the drugs with high 
susceptibility pattern against S. aureus. The same study 
revealed that S. aureus showed a high level of resistance 
to penicillin and oxacillin (84.6% and 76.9%, respectively). 

Table 4 Correlation between antibiotic resistance profile and 
patients’ gender

*Chi-square test; P-value was set to 0.05; N/A: not applicable

Antibiotic Resistance profile p*

Sensitive Intermediate Resistant

Linezolid

Male 5 31 0 0.111

Female 5 10 0

Tetracycline

Male 25 7 4 0.888

Female 11 3 1

Chloramphenicol

Male 6 25 5 0.626

Female 1 12 2

Rifampin

Male 14 19 2 0.995

Female 6 8 1

Piperacillin

Male 36 0 0 N/A

Female 15 0 0

Gentamycin

Male 15 17 4 0.321

Female 4 7 4

Amoxicillin/Sulbactam

Male 34 2 0 0.878

Female 14 1 0

Oxacillin

Male 34 2 0 0.878

Female 14 1 0

Levofloxacin

Male 16 19 1 0.579

Female 5 10 0

Ciprofloxacin

Male 15 18 3 0.780

Female 15 8 2

Amoxicillin/Clavulanic acid

Male 34 2 0 0.878

Female 14 1 0

Vancomycin

Male 5 31 0 0.585

Female 3 12 0

Table 5 Correlation between antibiotic resistance profile and 
patients age groups

Antibiotic Resistance profile p*

Sensitive Intermediate Resistant

Linezolid

1 to 20 4 19 0 0.595

21 to 40 4 12 0

41 to 60 4 10 0

Tetracycline

1 to 20 18 4 1 0.617

21 to 40 8 4 2

41 to 60 10 2 2

Chloramphenicol

1 to 20 2 19 2 0.618

21 to 40 3 9 2

41 to 60 2 9 3

Rifampin

1 to 20 12 9 1 0.395

21 to 40 3 10 1

41 to 60 5 8 1

Piperacillin

1 to 20 23 0 0 N/A

21 to 40 14 0 0

41 to 60 14 0 0

Gentamycin

1 to 20 10 10 3 0.851

21 to 40 4 8 2

41 to 60 5 6 3

Amoxicillin/Sulbactam

1 to 20 22 1 0 0.915

21 to 40 13 1 0

41 to 60 13 1 0

Oxacillin

1 to 20 22 1 0 0.915

21 to 40 13 1 0

41 to 60 13 1 0

Levofloxacin

1 to 20 11 12 0 0.450

21 to 40 4 9 1

41 to 60 0 8 0

Ciprofloxacin

1 to 20 11 11 1 0.439

21 to 40 5 8 1

41 to 60 4 7 3

Amoxicillin/Clavulanic acid

1 to 20 22 1 0 0.915

21 to 40 13 1 0

41 to 60 13 1 0

Vancomycin

1 to 20 4 19 0 0.556

21 to 40 1 13 0

41 to 60 3 11 0

*Chi-square test; P-value was set to 0.05; N/A: not applicable
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Although these results were lower, they supported this 
study. They considered piperacillin and oxacillin as drugs 
with high resistance patterns against S. aureus along with 
ampicillin/sulbactam and amoxicillin/clavulanic acid.

Linezolid is an efficient antibiotic for treating S. aureus 
infections among four burn centers [23], in agreement 
with this study. The sensitivity rate of chloramphenicol 
against S. aureus was 71.2%, similar to another study [29] 
that showed a 68.4% sensitivity rate for chloramphenicol. 
The notable sensitivity of S. aureus to vancomycin, lin-
ezolid, and chloramphenicol could be linked to a lower 
use of these antibiotics due to their shortage availability 
in the market, high costs, and toxic side effects [30].

Many studies showed a high MRSA prevalence in 
wound infections [31] and reported a high rate of MRSA 
and VRSA (44.6% and 61.5%, respectively). The finding 
for MRSA was lower than in this study, whereas the find-
ings for VRSA were much higher. Moreover, the MRSA 
results in this study disagreed with Bessa et al. [22], who 
suggested that 21.8% of S. aureus was resistant to oxa-
cillin. This study also revealed a remarkable increase in 
MRSA compared to a previous study by Ahmed et  al. 
[32], who reported a 24% MRSA prevalence in the same 
hospital 10  years ago. This raised the alarm about the 
escalating and noticeable increase in MRSA prevalence 
in Egypt. The increase of MRSA in wound infections has 
contributed to high treatment costs and longer hospital 
stays, which have major implications for infection man-
agement, particularly in developing countries. These 
findings contribute to a worrying situation in the Minia 
Government regarding MRSA expansion. The necessity 
for more detailed molecular epidemiologic surveillance 
studies on MRSA and VRSA in the next years is critical.

The MDR of S. aureus isolates was 54.2%, similar to 
other studies [33, 34], which reported 54.9% and 47.9%, 
respectively. However, another study [28] stated that 
S. aureus showed 94.8%, higher than this study. Low 

Table 6 Frequencies of virulence genes among MRSA, MSSA 
and VRSA strains

Virulence 
genes

Total
No. = 59 (%)

MRSA
No. = 54 (%)

MSSA
No. = 5 (%)

VRSA
No. = 8 (%)

hla 22 (7.3) 20 (36.9) 2 (39.9) 3 (37.5)

sea 43 (72.9) 39 (72.2) 4 (79.9) 5 (62.5)

icaA 29 (49.2) 25 (46.3) 4 (79.9) 4 (49.9)

fnbA 8 (13.6) 6 (11.1) 2 (39.9) 0 (0)

Fig. 3 Detection of amplification product of different virulence genes: A hla gene by PCR; lane 1: negative control, lane 2: positive control and lanes 
3 to 10: positive PCR products (209 bp); B sea gene by PCR; lane 1: positive control, lane 2: negative control and lanes 3 to 11: positive PCR products 
(120 bp); C icaA gene by PCR; lane 1: positive control, lane 2: negative control and lanes 3 to 10: positive PCR products (770 bp); D fnbA gene by PCR; 
lanes 1 to 7: positive PCR products (1279 bp), lane 8: positive control and lane 9: negative control
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activity of commonly used antibiotics, such as amoxicil-
lin/clavulanic acid, ampicillin/sulbactam, oxacillin, and 
piperacillin, may be due to increased consumption of a 
particular class of antibiotics, resulting in resistance due 
to mutation(s) at drug target sites or the disruption of 
drug accumulation in the cytoplasm caused by cell wall 
rearrangement [31–36]. As a result, they are no longer 
effective in treating wound infections.

The incidence of some major virulence indicators of S. 
aureus in wound specimens was examined in this study. 
This study concentrated on a small number of genes 
linked to S. aureus pathogenicity. These genes (hla, sea, 
icaA, and fnbA) were chosen because they were the most 
frequent in aggressive isolates. These targeted genes 
spread across the isolates after PCR amplification. Fur-
thermore, the bulk of the isolates demonstrated a wide 
range of gene combinations, indicating that the study 
sample has a level of genetic diversity.

Antimicrobial resistance and virulence factor genes 
showed significant relationships in this study. This find-
ing could be explained by the proximity location of the 
resistance gene to the virulence gene [31, 37].

The predominant virulence and inducible resistance 
genes in MRSA and MSSA isolates were related to sea [38, 
39]. All previous studies supported this study because sea 
is the commonest among MRSA and MSSA isolates. Cav-
alcante et  al. [40] reported that the prevalence of sea in 
S. aureus isolates collected from infected skin lesions of 
atopic dermatitis children was 76.4% in total S. aureus iso-
lates, 73.9% in MRSA isolates, and 78.1% in MSSA isolates, 
in agreement with this study. Li et al. [41] reported that the 
frequency of sea in S. aureus isolates from SSTIs in children 
was 0%, which was totally opposite to this study.

PCR investigation revealed that hla was found in 30.5% 
of 85 S. aureus isolated from various clinical sources [42], 
close to the present findings. The prevalence of icaA in 

MRSA was 60.3% [43], which was slightly higher than the 
present data. The prevalence of fnbA was 4.9% and 19.9% 
in MRSA and MSSA strains, respectively [44]. The preva-
lence of fnbA in MRSA was close to this study, whereas 
fnbA in MSSA was much lower than in the present data. 
Another study [45] suggested that the incidence of fnbA 
in wound swabs was 28.8%, which was slightly higher 
than the present results. The prevalence of fnbA and icaA 
in burn units was 2.9% and 44.9%, respectively [46]. fnbA 
was slightly lower than in this study, whereas the per-
centage of icaA was similar to the present data. The inci-
dence of fnbA in MRSA and MSSA strains was 15.5% and 
36.9%, respectively. However, the incidence of icaA in 
MRSA and MSSA was 84.5% and 78.3%, respectively [38]. 
The percentages of fnbA were similar to this study. How-
ever, the percentage of icaA was much higher in MRSA 
but was similar to the present data in MSSA. The preva-
lence of sea was 11.8% in amoxicillin/clavulanic acid and 
oxacillin susceptibility samples, 9.2% in rifampin, 0% in 
penicillin, 88.2% in chloramphenicol, and 100% in vanco-
mycin [47]. The first three percentages were much lower 
than in this study. However, the percentages of chloram-
phenicol and vancomycin were slightly higher than in 
this study. The percentage of the coexistence of sea and 
hla was 36.9% [17], which was slightly higher than in this 
study.

The limitation of this study was the inability to detect 
more virulence genes and express the chosen virulence 
factors by molecular typing of the isolates (Additional 
file 1, Additional file 2).

Conclusions
Within the limitations of the current study, it can be 
concluded that the challenging, increasingly difficult, 
and widespread bacterial resistance to antibiotics has 
developed, the incidence of infections caused by MDR 

Table 7 Correlation between virulence genes and patients gender and age groups

The bold values indicate a statisticatly significant difference. The alpha level of siginificance was set to 0.05

*Chi-square test; P-value was set to 0.05

Gene present ( +); gene absent (−)

hla P* sea P* fnb P* icaA P*

 + −  + −  + −  + −

Gender

Male 16 20 0.770 29 7 0.125 6 30 0.766 20 16 0.311

Female 6 9 9 6 2 13 6 9

Age group

1 to 20 10 1 0.002 20 3 0.006 5 18 0.489 16 7 0.041
21 to 40 6 8 12 2 2 12 6 8

41 to 60 6 8 6 8 1 13 4 10
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S. aureus has increased. The prevalence of CA-MRSA 
was high among patients with various wound infections. 
Bacterial resistance profile was the least against vanco-
mycin and linezolid effective antibiotics. The correlation 
between CA-MRSA strain virulence genes distribution 
and antibiotic resistance profile showed high incidence 
of sea and icaA genes. All virulence genes were signifi-
cantly distributed among piperacillin resistant isolates. 
β-lactam resistant isolates showed a significant corre-
lation with IcaA virulence gene. After the emergence of 
high percentage of sea among ciprofloxacin resistant 
isolates, we expect that more genes will appear in future 
studies regarding S. aureus virulence genes. Therefore, 
the spread of bacterial resistance must be monitored in 
hospitals by using antibacterial agents properly to avoid 
more complications and to keep the empirical medica-
tions as effective as they are.
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