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ABSTRACT 
 
Aims: Diabetic foot infections (DFIs) represent one of the most important risk factors for lower extremity amputation. 
One of the major infection agents that causes DFIs is Staphylococcus aureus. Staphylococcus aureus is an important 
human pathogen causing variety of clinical manifestations which can lead to invasive infections, sepsis and even death. 
Outcomes of antibiotic treatment of diabetic foot infections may depend not only on the antimicrobial susceptibility of the 
etiological agents, but also their ability to produce diverse virulence factors. This study was aimed to investigate biofilm 
production and the presence of various virulence genes among Methicillin-resistant Staphylococcus aureus (MRSA) and 
Methicillin-susceptible Staphylococcus aureus (MSSA) isolates obtained from patients with DFIs.  
Methodology and results: A total of 48 clinical MRSA and MSSA isolates obtained from diabetic foot patients were 
studied for their biofilm formation and the presence of 29 known virulence genes. The biofilm formation was observed, 
analyzed and quantified using the microtiter plate method. Biofilm production was observed as 95.50% and 92.00% in 
the MRSA and MSSA isolates, respectively. Among the 29 virulence genes tested on the 48 clinical isolates, 19 
virulence genes were detected. It was found that aap (62.50%), etd (54.17%), icaD (50.00%), aae (50.00%), seh 
(31.25%) and icaADB (22.92%) were the most prevalent genes. A total of 10 virulence genes (etb, gehD, icaB, icaC, 
seb, hla_haem, hld_epid, altE, fbe and sesI) were absent in all the isolates used. 
Conclusion, significance and impact of study: Virulence genes play important role in clinical infections. Our results 
showed the presence rates of biofilm formation and accumulation-associated factors that are high among MRSA as well 
as MSSA isolates from DFIs. These results confirmed the importance of biofilm formation as regarded for DFIs.  
 
Keywords: MRSA (Methicillin-resistant Staphylococcus aureus), MSSA (Methicillin-susceptible Staphylococcus aureus), 
Diabetic foot infections (DFIs), virulence factors 
 

INTRODUCTION 
 
Diabetic foot infections (DFIs) are soft tissue or bone 
infections below the malleoli, representing one of the 
most important risk factors for lower-extremity 
amputation, substantial morbidity and resulting in high 
treatment cost (Lipsky et al., 2016). The pathophysiology 
of DFIs is complicated, relating to both host-disorders like 
neuropathy, arteriopathy and pathogen-related factors like 
virulence and antibiotic resistance (Dunyach-Remy et al., 
2016). Bacteria causing DFIs normally differ based on the 
geographical region in which they are allocated. The 
aerobic Gram-positive cocci like Staphylococcus aureus 
are usually found in the North America and Europe, while 
in Africa and Asia are usually aerobic Gram-negative 
bacilli such as Pseudomonas aeruginosa (Hatipoglu et al., 
2014). Staphylococcus aureus is among the first 

pathogens to be described in the clinical manifestation 
and it is still considered as one of the deadliest pathogens 
of humans. The exceptional level of S. aureus to possess 
various resistance against multiple antibiotic classes 
contributes to clinical complications of this pathogen, 
leading to difficulties in choosing appropriate antibiotics 
(Diekema et al., 2001; Schito, 2006). 

Semisynthetic antibiotic methicillin was discovered in 
the 1950s, with methicillin-resistant S. aureus (MRSA) 
clinically identified in the 1960s (Bergdoll et al., 1981). 
MRSA strains produce penicillin-binding protein (PBP) 
with decreased affinity for most semisynthetic penicillin. 
This protein is encoded by mecA gene, which is carried 
on a mobile genetic element (MGE), designated 
Staphylococcal cassette chromosome mec (SCCmec) 
(Freer and Arbuthnott, 1982). Infections associated with 
MRSA strains results in high mortality rate than infections 
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caused by methicillin-susceptible S. aureus (MSSA) 
strains (Liu et al., 2015). Among the multiple virulence 
factors produced by S. aureus is the production of 
cytotoxins, which includes hemolysins, staphylococcal 
enterotoxins, toxic-shock syndrome toxin-1 (tsst-1) and 
Panton-valentine leukocidin (Mariutti et al., 2017). 

Toxins play important role in the pathogenicity of S. 
aureus by producing lesion directly or indirectly to the 
membrane of the targeted cells (Amagai et al., 2002). 
Staphylococcal enterotoxins (SE) are globular water-
soluble proteins, rich in lysine, aspartic acid and glutamic 
acid with a molecular weight of 26-29 kDa. Enterotoxins 
are relatively resistant to heat and the presence of its 
proteolytic enzyme allows it to breach via gastro-intestinal 
tract during infections (Wolk et al., 2009). Biofilm serve as 
a key barrier interfering antimicrobial agents and host 
immune system during staphylococcal infections. Biofilm 
is a fundamental factor for chronic bacterial infections, 
which is composed of a cell-multilayer embedded in a 
slime matrix. Cell aggregation and biofilm accumulation 
are mediated by the composition of icaADB and icaC 
genes, which is responsible for encoding essential 
proteins for the production of polysaccharide intercellular 
adhesion (PIA) and capsular polysaccharide/adhesion 
in Staphylococcus spp.  (Katayama et al., 2000). Another 
important toxin is the Panton-valentine leukocidin (PVL), a 
pore-forming cytotoxin that causes destruction of human 
and rabbit mononuclear and polymorph nuclear cells 
(Bergdoll et al., 1971). Exfoliative toxins are also known 
as the epidermolytic toxins. They are specific serine 
proteases produced by S. aureus, which recognize and 
hydrolyze desmosome cadherin in the superficial layers of 
epidermis in humans. It causes cleavage of keratinocytes 
junction and cell-to-cell adhesion in the epidermis of the 
host cell, leading to peeling and blistering of the skin 
(Cramton et al., 1999; Prévost et al., 2001). 

The evaluation and correlation between specific 
virulence genotypic markers in S. aureus isolates from 
DFIs has being studied on various dimensions. It is 
reported that Staphylococci is the virulent pathogen that is 
most frequent identified in clinical isolates in DFIs (Lipsky 
et al., 2016). Recently, due to the increase in multi-drug 
resistant (MDR) isolates, the complications of DFIs have 
increased rapidly which makes it difficult to differentiate 
true infectious pathogens from colonizers (Spichler et al., 
2015). The clinical importance of bacterial virulence 
factors is related to whether or not they are expressed, 
and if expression leads to increase virulence. In this 
regard, several molecular studies have been performed to 
detect virulence factors responsible for Staphylococcal 
pathogenicity in relation to wound adherence and 
colonization (Sotto et al., 2008; Liesse Iyamba et al., 
2011; Víquez-Molina et al., 2018). In this study, we aimed 
to investigate the ability of biofilm production and the 
presence of various virulence factor genes among MRSA 
and MSSA isolates cultured from patients with DFIs in 
Turkey. 
 
 
 

MATERIALS AND METHODS 
 
Bacterial isolates 
 
A total of 48 S. aureus isolates from diabetic foot 
infections were included in the present study. The isolates 
were obtained from routine clinical microbiology 
laboratory collection of Aydın Adnan Menderes University 
Hospital, Turkey. All samples were from the debridement 
material of diabetic foot wound infections. MRSA and 
MSSA represent 23 and 25 of the total 48 isolates, 
respectively. The isolates were grown aerobically on 
Tryptic Soy Agar (TSA) for 18-24 h at 37 °C and stored in 
2× skimmed milk at –20 °C.  

For PCR setup, S. aureus G3959 was served as 
positive control to identify hld_epid, gehD, icaA, icaB, 
icaC, icaD, hlb_epid, atlE, fbe, aae, aap, gehC and sesI 
genes. While S. aureus G4005 used to identify she and 
hla_haem genes. These strains were received from 
clinical microbiology laboratory collection, Aydın Adnan 
Menderes University Hospital, Turkey.   
 
Observation of hemolysis  
 
To investigate the ability of the isolates to perform 
hemolysis, all the isolates were streaked on blood agar 
medium composed of Luria Bertani agar: 1.0% tryptone 
(Merck Laboratory), 0.5% yeast extract (Merck 
Laboratory), 1.0% NaCl (Merck Laboratory), 
supplemented with pre-warmed (37 °C) 5% sheep 
erythrocytes (bioMérieux, Ca. No. 55822). The plates 
were incubated at 37 °C overnight and the presence or 
absence of hemolysis was accessed based on the 
hemolytic zones produced (Figure 1). 
 

 
 
Figure 1: Hemolysis on blood agar. Hemolytic reaction of 
four isolates tested on sheep blood agar after 24 h. 
Hemolysis; positive for 3 isolates (B, C and D) and 
negative for 1 isolate (A). 
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Microtiter plate assay for biofilm formation 
 
The microtiter assay was used to evaluate the biofilm 
formation of MRSA and MSSA isolates as described 
previously (Stepanović et al., 2007). Briefly, bacteria were 
inoculated into TSB containing 0.25% glucose and 
incubated at 37 °C overnight. The overnight cultures were 
then diluted in 1:100 TSB with 0.25% glucose. Then, 200 
µL of the overnight culture was transferred to U-shaped 
96 well micro plates and incubated for 48 h at 37 °C. For 
negative control, fresh TSB medium was used. Following 
incubation, the wells were discarded and gently washed 
three times with 200 µL sterile phosphate buffered saline 
(PBS; pH 7.4). Biofilms were fixed dried at 60 °C for 45 
min. Subsequently, plates were stained by adding 125 µL 
of 1% crystal violet and incubated at room temperature for 
15 min. Excess crystal violet was rinsed under running 
water and left to ambient temperature to be dried. To 
dissolve any remaining stain, 150 µL of 80% (v/v) ethanol 
with 20% (v/v) acetone was added.  

The optical density (OD) of each well was measured 
spectrophotometrically at 595nm (A595) using the 
microplate reader (Thermo Multiscan Spectro). The 
negative control containing uninoculated TSB was used to 
determine the background OD. Formation of biofilms by 
MRSA and MSSA were analyzed and categorized 
depending on the absorbance of slime cells attached to 
crystal violet as described previously (Ohadian et al., 
2014). The OD595 values less than 0.125 were grouped as 
non-biofilm producers, those between 0.125-0.250 (2 × 
0.125) as weak biofilm producers; between 0.250-0.5 (4 × 
0.125) as moderate biofilm producers, and values higher 
than 1.0 (8 × 0.125) were considered as strong biofilm 
producers.  
 
Extraction of DNA for Polymerase Chain Reaction 
(PCR) 
 
All isolates were cultured aerobically on Tryptic Soy Agar 
(TSA) at 37 °C overnight. The DNA was extracted using 
DNA4PCR kit (R Tech Aydin, Turkey) protocol as 
recommended by the manufacturer. Briefly, 1 or 2 
bacterial colonies were homogenized in 1 mL distillated 
water and centrifuged for 5 min at 13000 rpm. The 
supernatant was discarded, and pellet was resuspended 
in 100 µL of DNA4PCR solution. The mixture was 
incubated at 56 °C for 20 min, vortexed and incubated at 
100 °C for 10 min. After vortexing for 15 sec and 
centrifugation at 4 °C, 13000 rpm for 5 min, 1 µL of the 
supernatant was used for PCR. The purified DNAs were 
stored at –20 °C until use.  
 
Detection of virulence genes by PCR 
 
The presence of virulence genes: eta, etb, etd, etx, tst, 
luk- pvl, hla_ haem, hlb_epid, hld_ epid, icaA, icaB, icaC, 
icaD, icaADB, gehD, sea, seb, sec, sed, see, seg, seh, 
sei, atlE, fbe, aae, aap, gehC and sesI from the isolates of 
MRSA and MSSA were determined using PCR with the 

oligonucleotide primers as given in Table 1. The PCR was 
performed in a final volume of 50 μL reaction mixture 
containing: 1× Taq buffer with Mg2+, 0.2 mM dNTP, 0.4 
pmol forward primer and 0.4 pmol reverse primer, 1.5 U 
Taq polymerase and 1.0 μL purified DNA. PCR program 
was performed with an initial denaturing step at 95 °C for 
3 min, followed by 35 cycles of denaturing at 95 °C for 30 
sec, annealing at 50 °C for 30 sec, extension at 72 °C for 
1 min and the reaction was finalized with an extension 
step at 72 °C for 5 min. The PCR product (5 μL) were 
mixed with 1 μL of loading dye solution and carefully 
loaded into the 2% agarose gel well. The lambda PstI 
marker (Thermo fisher Scientific, USA) was used to 
approximate the size of the amplicons. The gel was then 
electrophoresed at 100 V for 30 min and visualized under 
UV trans-illuminator device (Vilber Lourmat 08-200229). 
 
RESULTS AND DISCUSSION 
 
Despite the development of diverse control measures, 
bacterial infections remain among the leading causes of 
death among wound patients. Challenges in the treatment 
of staphylococcal infections are accompanied by several 
mechanisms of biofilm formation relating to this bacterium 
(Ohadian et al., 2014). 

A total of 48 S. aureus isolates from DFIs among 
which 23 (48%) MRSA and 25 (52%) MSSA were studied. 
The ability of bacteria to produce biofilm was tested using 
the microtiter plate assay. Based on our results (Table 2), 
16 (69.5%) MRSA isolates were examined as moderate 
biofilm producer. Non-biofilm was formed by 1 (4.3%) of 
MRSA isolates, 2 (8.6%) of the MRSA isolates formed 
weak biofilm and 4 (17.4%) of the MRSA isolates were 
considered as strong biofilm producers. On the other 
hand, among the 25 MSSA isolates, 15 (60.0%) isolates 
were examined as moderate biofilm producer. Non-biofilm 
producer was recorded by 2 (8.0%) of the MSSA isolates, 
1 (4.0%) of MSSA isolates as weak biofilm producer, 
whilst 7 (28.0%) of the MSSA isolates formed strong 
biofilms. Smith et al. (2008) examined the biofilm 
formation of 763 (53.8%) MRSA and 209 (43.5%) MSSA 
isolates and they found that 20.5% of the MRSA and 
28.0% of the MSSA isolates established fully established 
biofilm. O’Neill et al. (2007) documented similar study of 
biofilm formation in 114 clinical isolates of MRSA and 
found that only 9% had the ability to form fully established 
biofilms (strong biofilm producers). These differences in 
biofilm formation may be due to the variation in isolation 
site or the geographical differences in the isolated 
genotypes of the strains included in the study. 

Virulence genes investigation among the isolates of 
MRSA and MSSA is presented in Table 3. From the 29 
virulence genes tested, our results showed the presence 
of 19 virulence genes and absence of 10 virulence genes 
(etb, gehD, icaB, icaC, seb, hla_haem, hld_epid, altE, fbe 
and sesI) in all the isolates with the primers used. The 
virulence genes detected were eta, etd, etx, sea, sec, 
sed, see, seg, seh, sei, icaA, icaD, icaADB, aae, aap, 
luk_pvl, tst, hlb_epid and gehC. The most prevalent 
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Table 1: Primer sequences used in the PCR assays for detecting virulence genes among the MRSA and MSSA isolates. 
 

Gene Primer Nucleotide sequence (5ʹ–3ʹ) Product size 
(bp) 

References 

icaA (intercellular adhesion A) forward ACAGTCGCTACGAAAAGAAA  103  (Arciola et al., 2005) 

 reverse GGAAATGCCATAATGAGAAC   

icaB (intercellular adhesion B) forward CTGATCAAGAATTTAAATCACAAA 302  (Arciola et al., 2005) 

 reverse AAAGTCCCATAAGCATATGTTT   

icaC (intercellular adhesion C) forward TAACTTTAGGCGCATATGTTT 400  (Arciola et al., 2005) 

 reverse TTCCAGTTAGGCTGGTATTG   

icaD (intercellular adhesion D) forward ATGGTCAAGCCCAGAGAG 198  (Arciola et al., 2005) 

 reverse CGTGTTT TCAACATTTAATGCAA   

icaADB (intercellular adhesion ADB) forward TTATCAATGCCGCAGTTGTC 546  (Arciola et al., 2005) 

 reverse GTTTAACGCGAGTGCGCTAT   

aap (accumulation-associated protein) forward ATACAACTGGTGCAGTGGTTG 400  (Vandecasteele et al., 2003) 

 reverse GTAGCCGTCCAAGTTTTACCAG   

aae (surface associated protein and 
autolysin) 

forward GAGGAGGATTTTAAAGTGC 858  (Heilmann et al., 2003) 

 reverse AACATGACCATAGTAACC   

sea (enterotoxin A) forward TTGGAAACGGTTAAAACGAA 120  (Johnson et al., 1991) 

 reverse GAACCTTCCCATCAAAAACA   

seb (enterotoxin B) forward TCGCATCAAACTGACAAACG 478  (Johnson et al., 1991) 

 reverse GCAGGTACTCTATAAGTGCC   

sec (enterotoxin C) forward GACATAAAAGCTAGGAATTT 257  (Johnson et al., 1991) 

 reverse AAATCGGGATTAACATTATCC   

sed (enterotoxin D) forward CTAGTTTGGTAATATCTCCT 317  (Johnson et al., 1991) 

 reverse TAATGCTATATCTTATAGGG   

see (enterotoxin E) forward CAAAGAAATGCTTTAAGCAATCTTAGGCCAC 170  (Mehrotra et al., 2000) 

 reverse CTTACCGCCAAAGCTG   

seg (enterotoxin G) forward AATTATGTTGAATGCTCAACCCGATC 642  (Omoe et al., 2002) 

 reverse AAACTTATATGGAACAAAAGGTACTAGTTC   

seh (enterotoxin H) forward CAATCACATCATATGCGAAAGCAG 376  (Omoe et al., 2002) 

 reverse CATCTACCCAAACATTAGCACC   

sei (enterotoxin I) forward CTCAAGGTGATATTGGTGTAGG 576  (Omoe et al., 2002) 
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(Continued) 
 

 reverse AAAAAACTTACAGGCAGTCCATCTC   

tsst-1 (toxic shock syndrome toxin-1) forward AGCATCTACAAACGATAATATAAAGG 481  (Seier-Petersen et al., 2015) 

 reverse CATTGTTATTTTCCAATAACCACCCG   

eta (exfoliative toxin A) forward CTATTTACTGTAGGAGCTCTCTAT 741  (Amagai et al., 2002) 

 reverse ATTTATTTGATGCTCTCTAT   

etb (exfoliative toxin B) forward ATACACACATTACGGATAAT 629  (Amagai et al., 2002) 

 reverse CAAAGTGTCTCCAAAAGTAT   

etd (exfoliative toxin D) forward AACTATCATGTATCAAGG 376  (Amagai et al., 2002) 

 reverse CAGAATTTCCCGACTCAG   

etx (exfoliative toxin X) forward TACTCATACTGTGGGAACTTCGATACAAGC 403  (Amagai et al., 2002) 

 reverse CTCATCTCCCATAACTGCACTATAATTTCG   

luk_pvl (pore forming toxin, Panton 
valentine leukocidin) 

forward ATCATTAGGTAAAATGTCTGGACATGATCCA 433  (Lina et al., 1999) 

 reverse GCATCAATGTATTGGATAGCAAAAGC   

atlE (attachment to polystyrene and 
vitronectin) 

forward CAACTGCTCAACCGAGAACA 682  (Vandecasteele et al., 2003) 

 reverse TTTGTAGATGTTGTGCCCA   

gehC (Lipase binding to collagen)  forward 
reverse 

CAAAAGATAGCCAATCAACAG 
GCGTACAATCGCTTGTTACC 

700  (Bowden et al., 2002) 

gehD (Triacylglycerol lipase D) forward TTTGAATTCTGCAAGCTCAATATAA 1179  (Bowden et al., 2002) 

 Reverse TTTGCGGCCGCTATCGCTACTTACGTGTAA   

sesI (surface binding protein) forward GCTGATTATGTAAATGACTCAAAT 408  (Johnson et al., 1991) 

 Reverse AGCTTTTGTTGTTTGAGCTTC   

hla_haem (alpha hemolysin ) forward TGGGCCATAAACTTCAATCGC 72  (Rosec and Gigaud, 2002) 

 reverse ACGCCACCTACATGCAGATTT   

hlb_epid (beta hemolysin) forward TGGTGGCGTTGGTAT 335  (Rosec and Gigaud, 2002) 

 reverse ACCCCAAGATTCAC   

hld_epid (delta hemolysin) forward TGGTGGCGTTGGTATTGTGA 541  (Rosec and Gigaud, 2002) 

 reverse ACCCCAAGATTTCACGGACC   

fbe (fibrinogen binding protein) forward TAAACACCGACGATAATAACCAAA 495  (Arciola et al., 2004) 

 reverse GGTCTAGCCTTATTTTCATATTCA   
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Table 2: Results of biofilm formation of MRSA and MSSA isolates in the presence of 0.25% glucose using the microtiter 
plate technique. 
 

 Biofilm formation 

 Non-biofilm 
producerA 

(ODs ≤ 0.125) 
N (%) 

Weak biofilm 
producerB 

(0.125 < ODs ≤ 0.25) 
N (%) 

Moderate biofilm 
producerC 

(0.25 < ODs ≤ 0.50) 
N (%) 

Strong biofilm 
producerD 

(1.0 < ODs) 
N (%) 

MRSA (n=23) 
 

1 (4.3) 2 (8.6) 16 (69.5) 4 (17.4) 

MSSA (n=25) 
 

2 (8.0) 1 (4.0) 15 (60.0) 7 (28.0) 

AODs ≤ ODc; B ODc < ODs ≤ 2× ODc; CODc < ODs ≤ 4× ODc; D 1.0 < ODs 
ODc = Optical density at 595 nm of negative control 
ODs = Optical density at 595 nm of samples 

 
genes among the isolates were aap (62.50%), followed by 
etd (54.17%), icaD (50.00%), aae (50.00%), seh 
(31.25%), icaADB (22.92%), sei (18.75%), gehC 
(16.67%), see (10.42%), icaA (8.33%), sea (6.25%), seg 
(6.25%), sec (4.17%), sed (4.17%), eta (4.17%), etx 
(4.17%), luk_pvl (4.17%), hlb_epid (2.08%) and tst-1 
(2.08%). We also found that among the MRSA isolates; 
aae, aap and icaD genes were significant while etd, 
icaADB and gehC were significantly frequent in the MSSA 
isolates. These results indicate the presence of distinct 
virulence genes among MRSA and MSSA strains. 

Staphylococci devote significant amount of energy to 
the production of virulence factors to protect the bacteria 
from host immune surveillance, and also promote the 
bacterial survive in hostile environment (Richard et al., 
2011). Clinical outcome of S. aureus infections is 
influenced by the presence of various virulence genes. In 
this study, we found that MRSA and MSSA strains 
isolated from DFIs were characterized by a high 
prevalence of biofilm formation (icaD, icaADB), biofilm 
production (aap), autolysin (aae) and exfoliative (etd) 
genes, whereas low frequency of other toxin genes (tsst-
1, luk_pvl and hlb_epid). 

Biofilm formation contributes to the attachment of 
microbial cells to surfaces contributing to the initial stage 
of infections. It is considered as a characteristic virulence 
factor used by microbial organisms in pathogenesis 
enabling it to survive adverse environments within the 
host (Mashouf et al., 2015). Among these virulence genes 
responsible for biofilm is the icaD gene which encodes 
the N-acetylglucosaminyl transferase; an enzyme 
involved in the synthesis of N-acetylglucosamine 
oligomers from UDP-N-acetylglucosamine (Costerton et 
al., 1999). The prevalence of icaD gene in our study was 
50.0% from the total isolates. MRSA and MSSA isolates 
displayed 60.0% and 40.0%, respectively. This result is in 
accordance to the study of Ghasemian et al. (2016), 
which reported the presence of icaD gene with a 
frequency of (69.0%) MRSA and (54.0%) MSSA in 209 
clinical isolates tested. Aggarwal et al. (2019) also 
documented the presence of icaD gene in 109 isolates 
from wound infections with a higher frequency in both 
MRSA (81.3%) and MSSA (84.4%). The activation of 
accumulation associated protein (aap) is controlled by 

bacterial and host-accompanied proteases (Conlon et al., 
2014). In our study, the frequency of aap gene was 
62.5%, which MRSA and MSSA accounted for 69.5% and 
56.0%, respectively. These results emphasized the 
relationship between bio-film formations and adhesive 
mechanism during infections. The relationship between 
biofilm formation and aap gene had been studied largely 
in S. epidermidis (Schaeffer et al., 2015; Salgueiro et al., 
2017; Guo et al., 2019), but not in S. aureus isolates. 

Superantigens play essential role in the inflammations 
that occur in DFIs. Staphylococcal enterotoxins are 
important superantigens causing non-specific activation of 
the immune system especially the T cells. However, they 
do not all involved in food poisoning. The important food 
poisoning toxins are encoded by sea, seb, sec, sed and 
see genes. More recently, it was found enterotoxin genes 
show superantigenic effect but not emetic effect (Omoe et 
al., 2002), except seh gene which is associated with food 
poisoning outbreak with raw milk (Jørgensen et al., 2005). 
In our study, seh gene was more frequently identified in 
(39.10%) MRSA isolates, whereas sei gene was in the 
(32.00%) MSSA isolates. In contrast, Sila et al. (2009) 
reported the absence of seh gene in all the MRSA and 
MSSA isolates from the 200 clinical samples (mostly skin 
and wound) tested. The frequency of seb gene reported 
in Gorgan, Iran (Kamarehei et al., 2013), Canada 
(Mehrotra et al., 2000) and Tehran (Norouzi et al., 2012) 
from the clinical samples were 61.3%, 15.8% and 73.6%, 
respectively. However, none of the MRSA and MSSA 
isolates harbored the seb gene from our study. These 
differences may be due to the existence of different 
genotypes among the strains and the toxin profile of 
specific isolates which are affected by the origins of their 
geographical location (Moore and Lindsay, 2001). 

Another important gene observed in our study was the 
exfoliative genes. Four staphylococcal exfoliative toxins, 
eta, etb, etd and etx were tested in this study. Our result 
showed a high frequency rate of etd gene in MSSA 
(84.00%) isolates. In contrary, the etd gene was not found 
in any of the MSSA clinical isolates tested by (Wu et al., 
2011). The etb gene was not detected in our study. 
Similarly, Peacock et al. (2002) did not detect etb gene in 
all the isolates tested. Moreover, the frequency of eta 
gene (4.17%) was low in our study. Our results coincide 
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Table 3: Number of virulence genes of MRSA (n=23) and MSSA (n=25) isolates from diabetic foot infections (DFIs). 
 

Gene group Virulence 
genes 

Total 
positive 

Positive 
MRSA 

Positive 
MSSA 

Positive MRSA  
(%) 

Positive MSSA  
(%) 

Total positive 
(%) 

 

Biofilm formation icaA 4 0 4 0 16.00 8.33 
 icaB 0 0 0 0 0 0 
 icaC 0 0 0 0 0 0 
 icaD 24 14 10 60.00 40.00 50.00 
 icaADB 11 1 10 4.35 40.00 22.92 

 

Biofilm production aap 30 16 14 69.50 56.00 62.50 
 

Enterotoxins sea 3 3 0 13.00 0 6.25 
 seb 0 0 0 0 0 0 
 sec 2 1 1 4.35 4.00 4.17 
 sed 2 1 1 4.35 4.00 4.17 
 see 5 4 1 17.40 4.00 10.42 
 seg 3 0 3 0 12.00 6.25 
 seh 15 9 6 39.10 24.00 31.25 
 sei 9 1 8 4.35 32.00 18.75 

 

Hemolysin toxins hla_haem 0 0 0 0 0 0 
 hlb_epid 1 0 1 0 4.35 2.08 
 hld_epid 0 0 0 0 0 0 

 

Fibrinogen binding fbe 0 0 0 0 0 0 
 

Lipase binding to collagen gehC 8 0 8 0 32.00 16.67 
 gehD 0 0 0 0 0 0 

 

Autolysin aae 24 15 9 65.20 36.00 50.00 
 altE 0 0 0 0 0 0 

 

Surface protein I 
 

sesI 0 0 0 0 0 0 

Exfoliative toxins  eta 2 1 1 4.35 4.00 4.17 
 etb 0 0 0 0 0 0 
 etd 26 5 21 21.70 84.00 54.17 
 etx 2 1 1 4.35 4.00 4.17 

 

β-pore-forming toxins syndrome toxin-1 luk_pvl 2 2 0 8.70 0 4.17 
 

Toxic-shock syndrome toxin tsst-1 1 0 1 4.35 0 2.08 
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Figure 2: Frequency of virulence genes among MRSA and MSSA isolates. eta, exfoliative toxin A; etd, exfoliative toxin 
D; etx, exfoliative toxin X; tsst-1, toxic shock syndrome toxin-1; luk_pvl, Panton-valentine leukocidin; icaA, intercellular 
adhesion A; icaD, intercellular adhesion D; icaADB, intercellular adhesion ADB; sea, staphylococcal enterotoxin A; sec, 
staphylococcal enterotoxin C; sed,  staphylococcal enterotoxin D; see, staphylococcal enterotoxin E; seg, 
staphylococcal enterotoxin G; seh, staphylococcal enterotoxin H; sei, staphylococcal enterotoxin I;  aae, autolysin A; 
aap, accumulation-association proteins; gehC, triacylglycerol lipase C; hlb_epid, beta hemolysin. 
 
with similar studies from Iran (Alfatemi et al., 2014), 
Germany (Becker et al., 1998) and Columbia (Smyth and 
Kahlmeter, 2005) which reported the frequency rates of 
eta gene as 0.68%, 2% and 3%, respectively. 

The tsst-1 gene was only detected in one MRSA 
isolates (2.08%) in our study. Our result contravenes with 
the study in Iran (Koosha et al., 2016), which reported a 
high frequency of tsst-1 gene among MRSA (69.8%) and 
MSSA (56.0%) in 172 wound isolates. The frequency of 
luk_pvl was reported in Tehran 24.2% (Norouzi et al., 
2012), Isfahan 75% (Ohadian-Moghadam et al., 2012) 
and Columbia 73% (Ertas et al., 2010). The frequency of 
luk_pvl gene in our study was 4.17%. The frequency 
obtained in our study is similar to the study in Iran, which 
reported the frequency of pvl gene to be 5.47% (Alfatemi 
et al., 2014). These differences may be due to the 
geographical differences in the isolated genotypes of the 
MRSA and MSSA strains included in the study. 

Hemolysins are important virulence factors 
contributing to Staphylococcal infections. Phenotypically, 
we accessed the presence or absence of hemolysis 
among the MRSA and MSSA isolates based on the 
hemolytic zone area produced. From the 23 MRSA 
isolates examined, 10 (43.5%) isolates showed 
hemolysis, whilst 13 (56.5%) did not show any hemolysis. 
As for MSSA isolates, 15 (60.0 %) isolates exhibited 
hemolysis, whilst 10 (40.0%) MSSA isolates did not 
produce any hemolysis. However, our results showed the 
absence of hla_haem and hld_epid genes in all the 
isolates tested. The absence of these genes is in contrary 
to the study conducted in Iran (Motamedi et al., 2018), 
which reported the presence of hemolysin genes (hla, hlb, 
hld and hlg) among 389 clinical MRSA isolates as 9.19%, 
8.04%, 13.79% and 3.44% respectively. Although we 
could not find any genetic determinant that we 

investigated by PCR, our results may indicate the 
presence of other hemolysis gene(s) among these 
isolates (Figure 1). 

Despite evaluation of limited number of strains from a 
single center, our study showed the importance of biofilm 
associated virulence genes (icaD, icaADB) in contributing 
to diabetic foot infections. The virulence genes were more 
diverse and abundant in MSSA than in MRSA strains as 
shown in Figure 2. 
 
CONCLUSION 
 
In conclusion, we found that the genes that encode for 
proteins related to the production and formation of 
biofilms (aap) are remarkably significant among MRSA 
and MSSA strains. Interestingly, an exfoliative gene (etd) 
was also found in high frequency among the diabetic 
isolates studied. This may be related to their pro-
inflammatory effects. Despite the importance of 
hemolysins in S. aureus infections, our findings did not 
indicate the presence of hla_haem and hld_epid genes 
among the MRSA and MSSA isolates tested. 
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