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Background: Diabetic foot infection (DFI) is a common and costly complication of 
diabetes that may be caused by various bacteria with multi-resistant genes. The aim of this 
study is to evaluate the efficacy of phenotypic methods for identification of methicillin- 
resistant Staphylococcus aureus (MRSA) with genotypic detection of MRSA-related genes.
Methods: In this cross-sectional study, swab samples were collected from patients with DFI 
from hospitals in Sulaimani/Iraq in April–July 2019. All the samples were processed for 
microbiological assessment and further MRSA phenotypic and genotypic testing.
Results: A total of 46 swab samples were collected from diabetic foot ulcers of 29 males 
and 17 females. Most samples (93.5%) showed positive growth, with higher proportions of 
monomicrobial (23; 53.5%) than mixed-bacterial infections (20; 46.5%) and S. aureus as the 
predominant pathogen. Conventional methods of MRSA detection, such as cefoxitin disc 
diffusion, can predict methicillin resistance in 45.8% of the cases. Real-time/conventional 
PCR showed that 41.6% of Staphylococcus aureus were positive for the mecA gene, while 
none of the isolates was positive for PVL.
Conclusion: Staphylococcus aureus was the predominant pathogen in DFI. Although 
cefoxitin and oxacillin disc diffusion methods can help in the prediction of MRSA, real- 
time PCR is a reliable method for MRSA detection and confirmation.
Keywords: diabetic foot, infection, MRSA, genotypic detection

Introduction
Diabetes mellitus is a common chronic disease, characterized by persistent hyper-
glycemia. One of the most serious complications of this disease is diabetic foot 
infection (DFI),1 which is caused by single or multiple microorganisms.2 Aerobic 
Gram-positive cocci, such as Staphylococcus aureus, are the predominant organism 
responsible for acute DFI. However, polymicrobial isolates are mostly observed in 
chronic wound infections. Numerous studies have reported that DFI was caused by 
multidrug-resistant organisms, such as extended-spectrum β-lactamase producing 
Gram-negative rods and Methicillin-resistant Staphylococcus aureus (MRSA).3,4

The presence of MRSA strains is focused on the presence of mecA, which 
determines the synthesis of abnormal penicillin-binding proteins (PBPs). These 
PBPs normally have a strong affinity for the β-lactam ring5; however, in the strains 
of MRSA, another PBP2a has a very low affinity for binding to the β-lactam 
antibiotics. This leads to the methicillin antibiotics failing to destroy the bacterial 
cell wall.6
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MRSA detection commonly depends on a combination 
of disc diffusion and molecular methods. The phenotypic 
(cefoxitin and oxacillin disc diffusion) method is com-
monly used, whereas the genotypic method for detecting 
mecA is highly conserved to MRSA. Additionally, Panton– 
Valentine leukocidin (PVL), which is a cytolytic toxin 
produced by less than 5% of S. aureus strains, is regarded 
as a virulence factor; however, its role in DFI remains 
controversial.7 Since the phenotypic method is widely 
available, it remains the method of choice, but phenotypic 
method is time-consuming, and the strain detection can be 
affected by environmental factors. Therefore, detection of 
the mecA gene and penicillin-binding proteins by molecu-
lar techniques is considered for MRSA confirmation.8

Treatment of MRSA infections is a global challenge. 
Nowadays, MRSA provides resistance to the previously 
effective β-lactam antibiotics.9 Glycopeptides inhibit 
bacterial cell wall synthesis using a different mechanism 
to that of the β-lactams, so they are potentially active 
against all S. aureus strains, including MRSA.10 

Vancomycin and teicoplanin are highly effective in 
treatment of serious MRSA infections; however, the 
suboptimal response often necessitates the addition of 
a second or third antimicrobial agent, such as rifampicin 
and aminoglycosides.11,12 Reasonable empirical antibio-
tic treatments in limb-threatening infections include 
a combination of an anti-anaerobic agent like clindamy-
cin and an anti-aerobic antibiotic.13 Over the past few 
years, new cephalosporins with improved activity 
against Staphylococcus aureus have been discovered; 
however, their antimicrobial activities are insufficient 
to eradicate MRSA infection,14 except for the fourth 
generation parenteral cephalosporin, which has shown 
good antibacterial activity against MRSA.

In our locality, data on DFI are lacking, and there is 
neither a sufficiency of published studies nor consistent 
practical, evidence-based guidance to suggest appropriate 
antibiotic choices based on local data. The aim of this study 
is to evaluate the efficacy of phenotypic methods for identi-
fication of MRSA. An additional aim was genotypic detec-
tion of MRSA-related genes (mecA and PVL).

Methodology
This study was conducted in different hospitals in Sulaimani 
and ethical approval was obtained from the Directorate of 
Health in Sulaimani. This cross-sectional study included 46 
patients with type II diabetes mellitus presented with DFI in 
Diabet Center, Shar Hospital and Surgical Teaching Hospital 

in Sulaimani from April to July 2019. This study was con-
ducted in accordance with the Declaration of Helsinki and 
signed informed consent was obtained from all patients 
before enrollment. The swab samples were selected accord-
ing to the presence of signs and symptoms of foot infection.13 

The subjects were classified into two groups (“hospitalized” 
and “community”), based on admission time to the hospital: 
patients who had been seen in outpatient clinics and admitted 
to hospitals within 48 hours were classified as non- 
hospitalized (community group) patients, while those who 
stayed in hospital for more than 48 hours were recorded as 
hospitalized patients.15 From each patient, random blood 
sugar, HbA1c, and demographic data such as age, gender, 
smoking, and alcoholic status were obtained.

All DFI wounds were selected to be tested by taking 
swabs.16 The swabs were promptly delivered to the micro-
biology laboratory in Emergency and Plastic Surgery 
Hospital in Sulaimani within 2 hours from collection or 
stored at 4°C for 4 hours; subsequently, the samples were 
processed17 by routine standard culture techniques and 
prompt identification and freezing of the samples for mole-
cular work.18 Antibiotic susceptibility testing was done by 
the Kirby–Bauer disc diffusion method, in accordance 
with the guidelines of the National Committee for the 
Clinical Laboratory Standards Institute (CLSI).19

Phenotypic Detection of MRSA
All isolated S. aureus strains were tested by oxacillin and 
cefoxitin disc diffusion methods, according to what was 
described previously.19

Genotypic Detection of MRSA
Two genes (mecA and PVL) were selected in this study to 
be analyzed by molecular techniques. Bacterial 
reactivation18 and DNA extraction were performed on 
all isolated coagulase-positive S. aureus strains (MRSA 
and MSSA) according to the recommendation of the 
manufacturers of the Automated DNA extraction kit 
(MagCore® Nucleic Acid Extraction Kit RBC bioscience- 
Taiwan).

Two sets of primers were used in this study, designed 
by Macrogen/Korea, both forward and reverse (Table 1), 
according to what was previously tested by Bhatta et al 
(2016). Main stock primers (100 pmol/µL) were prepared 
by suspending each primer (forward and reverse) in free 
DNA and RNA injection water (for mecA1 and mecA2 
oligonucleotide by adding 300 µL, for LUK-PV-1270 µL, 
and for LUK-PV-2290 µL), according to what was 
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performed.20 Table 2 illustrates the base pair sequences of 
both primers.

Polymerase Chain Reaction 
(Real-Time PCR)
The presence of mecA and PVL was determined among all 
isolated strains of S. aureus; mecA and PVL genes were 
analyzed by real-time PCR according to a specific condi-
tion (Table 2) that was programmed in the protocol by 
Bhatta et al, and PCR amplification and real-time hybridi-
zation were conducted using the Promega GoTaq® Probe 
qPCR Master Mix Kit (USA). Mastermix contains 
GoTaq® Hot Start Polymerase, SYBR green dye, MgCl2, 
dNTPs, and a proprietary reaction buffer. DNA samples to 
be run in PCR were diluted to10 ng/µL.20

Multiplex conventional PCR was used for detection of 
mecA and PVL for all isolated S. aureus strains (24) by 
using the same primer as in Table 1, but with different 
PCR conditions, programmed in the protocol by Bhatta 
et al (2016) and illustrated in Table 3.

Gel Electrophoresis
Agarose gel electrophoresis was prepared according to 
what was prepared previously.21 All PCR products were 
run on 1% agarose gel electrophoresis for 30 minutes and 
100 bp DNA ladder or marker was used for the validation 
of the length of the amplified PCR product. The gel image 
was visualized using UV light and photographed.

Statistical Analysis
All the data were analyzed using Microsoft Excel for 
statistical analysis. Mean, standard deviation, and chi- 
square tests were used to correlate different parameters, 
and Fischer exact tests were used to find significant values; 
p < 0.05 was used as a level of significance in this study.

Results
In this study, 46 swab samples from DFI were investi-
gated. The participants were 29 males (63%) and 17 
females (37%), with a male-to-female ratio of 1.7:1. The 
participant’s age ranged from 41 to 82 years, with a mean 
of 57.4 (±SD8.6). A majority of the samples were col-
lected from outpatient clinics (33; 71.7%), and the rest 
(13; 28.3%) were from hospitalized patients.

Glucose control status was assessed; the mean HbA1c 
was 8.4% (±SD 1.9), while the mean random blood sugar 
was 236.2 mg/dl (±SD 102.3). According to the American 
Diabetes Association’s general glycemic target, 34 patients 
(74%) had HbA1c above the target (7%), while 12 (26%) 
had last HbA1c of ≤7%.1

Lower limb or foot amputation was observed in six 
participants (13%), and 14 patients (30.5%) had foot 
deformities. Smoking status, alcohol consumption, and 
previous antibiotic intake were illustrated in Table 4, and 
it is obvious that current smoking and alcohol consump-
tion was less prevalent among participants.

Out of 46 swab samples, 43 (93.5%) showed positive 
bacterial growth, while only three samples (6.5%) were 

Table 1 Primer (mecA, PVL) Gene Oligonucleotide Sequence

Gene Name Nucleotides Base Pair Size References

mecA-1 5-GTA GAA ATG ACT GAA CGT CCG ATA A-3 310 bp 26
mecA-2 5- CCA ATT CCA CAT TGT TTC GGT CTA-3

LUK-PV-1 ATC ATT AGG TAA AAT GTC TGG ACA TGA TCC A 433 bp 21

LUK-PV-2 GCA TCA AGT GTA TTG GAT AGC AAA AGC

Table 2 Real-Time PCR Conditions

Gene Cycles Initial Denaturation Denaturation Annealing Extension Final Extension

Time and temperature mecA 94 °C/4 minutes 94°C/30 seconds 60°C/30 seconds 72°C/30 seconds 72°C/5 minutes 30

Time and temperature PVL 94 °C/4 minutes 94°C/40 seconds 58°C/30 seconds 72°C/30 seconds 72°C/5 minutes 30

Table 3 Multiplex PCR Conditions for Amplification of mecA and PVL

Gene Cycles Initial Denaturation Denaturation Annealing Extension Final Extension

Time and temperature mecA and PVL gene 95 °C/5 minutes 94°C/45 seconds 58°C/45 seconds 72°C/30 seconds 72°C/5 minutes 30
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found to be negative for bacterial growth. The relation 
between HbA1c and positive culture result was analyzed 
and found to be statistically insignificant.

Of 43 positive cultures, 31 samples (72%) were from 
outpatient clinics and 12 (28%) were from hospitalized 
patients. Of positive culture results, 23 patients (53.5%) 
had monomicrobial growth and 20 (46.5%) had more than 
one organism isolated from their lesions. Table 5 shows 
that most of the hospital isolates were monomicrobial and 
most of the community-based results were polymicrobial, 
but the difference was statistically insignificant.

A total of 62 bacteria were isolated according to colonial 
morphology from 43 growth-positive diabetic patients, 
resulting in an average of 1.4 organisms per sample. The 
results showed that Gram-positive organisms (36; 58%) were 
more prevalent than Gram-negative organisms (26; 42%).

The most common isolated species among Gram- 
positive bacteria was Staphylococcus aureus (24; 38.7%), 
based on colonial morphology on blood agar and mannitol 
salt agar. Among all 24 isolated Staphylococcus aureus 

strains, mixed infection was observed in nine (37.5%), 
while 15 (62.5%) were monomicrobial. The majority of 
S. aureus isolates were from outpatients (17; 70.8%), 
while seven (29.2%) were reported from hospitalized 
patients (p value: 0.0223). Table 6 illustrates the relation 
of this distribution to the culture result.

Antimicrobial susceptibility pattern was tested for all the 
24 isolated S. aureus strains using the Kirby–Bauer disc 
diffusion method. The sensitivity was interpreted according 
to CLSI.19 The results were tested against 14 antimicrobial 
agents and expressed as a percentage of resistance or sensi-
tivity to antimicrobial agents. Penicillin showed the highest 
resistance (100%) among all the antimicrobial agents, fol-
lowed by trimethoprim (66.6%), azithromycin (58.3%), and 
ciprofloxacin and tetracycline (54.2% for each). The sensi-
tivity was highest (100%) to vancomycin, followed by rifam-
picin (87.5%), gentamicin (83.3%), and chloramphenicol 
(70.8%). Table 7 illustrates all resistance and sensitivity 
patterns for all antimicrobial tests.

Phenotypic Detection of MRSA
Two tests were performed for MRSA detection: cefoxitin and 
oxacillin disc tests. The results showed that among all iso-
lated S. aureus strains, 11 (45.8%) were cefoxitin-resistant, 
while nine (37.5%) were oxacillin-resistant, which was sta-
tistically significant (p value: 0.00). Table 8 demonstrates the 
distribution of cefoxitin and oxacillin disc diffusion tests 
among all isolated S. aureus strains.

Genotypic Detection for mecA Gene 
and PVL Gene
The MRSA gene (mecA) and virulence gene (PVL) were 
tested by q-PCR, and the results were read by the micro-
software mic PCR program.

mecA Gene Detection
mecA was analyzed by q-PCR for all S. aureus isolates (24). 
Among all isolated strains, 10 (41.6%) were positive for mecA; 
Figure 1 illustrates positive results in the Amplification plot 

Table 4 Characteristics of the Study Participants

Parameters Number (%)

Sex Male 29 (63)
Female 17 (37)

Smoking and alcoholic status Smoker 10 (21.7)
Non-smoker 36 (78.3)

Alcohol intake 2 (4.3)
Non-alcoholic 44 (95.7)

Amputations and deformed 

foot appearance

Amputation 6 (13)
Deformed foot 14 (30.5)

Normal foot 26 (56.5)

Previous antibiotic treatment Yes 14 (30.4)
No 32 (69.6)

Sample source Outpatient clinic 33 (71.7)
Hospitalized 

patients

13 (28.3)

HbA1c HbA1c ≤7% 12 (26)

HbA1c >7% 34 (74)

Table 5 Distribution of Positive Growth Culture Among Community-Acquired Patients and Hospitalized Patients

Source of Samples Polymicrobial Infections Monomicrobial Infection Total

Hospital-based 2 (16.6%) 10 (83.4%) 12 (28%)

Outpatients (community) 18 (58%) 13 (42%) 31 (72%)

Total 20 (46.5%) 23 (53.5%) 43 (100%)

Notes: Chi square: 5.95; p-value: 0.146.
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(green cycle). A majority of the mecA-positive isolates were 
obtained from community patients (60%), while the remaining 
mecA-positive strains (40%) were from hospitalized patients.

The sources of samples (hospitalized and community) 
among diabetic patients in relation to three methods used in 
diagnoses of MRSA were analyzed, and there was no relation 
between the test type and the source of the samples (Table 9).

PVL Gene Detection
PVL was analyzed by q-PCR for all isolated strains of 
S. aureus (24), and none of the strains was found to be 
positive for this gene.

Multiplex PCR for mecA and PVL 
Gene
Both genes (mecA and PVL) were run in a multiplex PCR 
for all 24 isolated S. aureus strains. An amplification of the 
mecA gene showed a 310 bp fragment in 10 (41.6%) 
samples; no positive results for PVL were observed 
(Figure 2).

Discussion
DFI contributes significantly to morbidity and mortality, 
which can arise from uncontrolled blood sugar and poor 
self-care.22 Proper glycemic control is important for infec-
tion eradication and ulcer healing.23 Although our partici-
pants’ mean glycemia, expressed as HbA1c, was not very 
high (8.4%), a majority of participants with DFI had 
HbA1c above the general target level (>7%). In line with 
previously conducted studies, the mean age of participants 
was 57.4, and most of the patients were men.24,25 The 
participants’ lifestyles, professional activities, and jobs 
might lead to males being more prone to ulcer infection 
than females.

The microbiological profile of DFI is variable, and it 
depends on the acute or chronic character of the wound, 
duration of hospitalization, and previous antibiotic therapy. 
In this study, most of the diabetic foot ulcers were 
infected. Although history of antibiotic use was reported 
for all patients, some patients might not have remembered 
what medication they took, as there is no medical record in 
our locality. Similar to Akhi et al (2017),26 the mean 
number of isolates in this study was 1.4 aerobic bacteria 
per sample. Our results revealed that more than half of 
specimens yielded a single isolate, which is in line with 
Viquez-Molina et al (2018)27 but differs from studies that 
observed a greater proportion of polymicrobial 
infection.28,29 The polymicrobial etiology of DFI may be 
due to depressed immunity in individuals, and poor vas-
cular supply to the feet and chronicity of the wound, which 
may be contaminated by community-type bacteria and 
microbial flora. The high prevalence of monomicrobial 
infections and relatively low rate of isolated pathogens 
per lesion in this study may be attributable to less severe 
wound infections.

In agreement with numerous studies, Staphylococcus 
aureus is the main causative pathogen in diabetic foot 
ulcer, as we observed S. aureus in 38.7% of the partici-
pants. Many studies have exhibited a high prevalence of 
Gram-positive bacteria in DFI.25,30 Indeed, S. aureus is 

Table 6 Distribution of S. aureus Among Hospitalized Patients 
and Community Patients

S. aureus Hospitalized 
Patient

Outpatient 
(Non- 
Hospitalized)

Total

Polymicrobial infections 0 (0%) 9 (37.5%) 9 (37.5%)

Monomicrobial infections 7 (29%) 8 (33.3%) 15 (62.5%)

Total 7 (29%) 17 (71%) 24 (100%)

Note: P value: 0.0223.

Table 7 Antimicrobial Susceptibility Pattern of Clinical 
Staphylococcus aureus Isolated from Diabetic Foot Infections

Antimicrobial Agent 

(µg)

Susceptible 

n (%)

Intermediate 

n (%)

Resistant 

n (%)

Vancomycin (30) 24 (100) 0 (0) 0 (0)

Penicillin (10) 0 (0) 0 (0) 24 (100)

Ciprofloxacin (10) 8 (33.3) 3 (12.5) 13 (54.2)

Rifampicin (5) 21 (87.5) 0 (0) 3 (12.5)

Clindamycin (10) 12 (50) 1 (4.16) 11 (45.8)

Gentamicin (10) 20 (83.3) 1 (4.16) 3 (12.5)

Azithromycin (15) 8 (33.3) 2 (8.33) 14 (58.3)

Erythromycin (10) 10 (41.6) 5 (20.8) 9 (37.5)

Tetracycline (10) 11 (45.8) 0 (0) 13 (54.2)

Chloramphenicol (30) 17 (70.8) 1 (4.16) 6 (25)

Trimethoprim (5) 8 (33.3) 0 (0) 16 (66.6)

Cefoxitin (30) 13 (54.2) 0 (0) 11 (45.8)

Oxacillin (5) 15 (62.5) 0 (0) 9 (37.5)

Amoxicillin-clave acid (30) 16 (66.6) 0 (0) 8 (33.3)

Table 8 Cefoxitin and Oxacillin Disc Diffusion Tests

Phenotypic Disc 
Test

Cefoxitin 
Susceptible

Cefoxitin 
Resistant

Total

Oxacillin susceptible 13 (54.2%) 2 (8.3%) 15 (62.5%)

Oxacillin resistant 0 (0%) 9 (37.5%) 9 (37.5%)
Total 13 (54.2%) 11 (45.8%) 24 (100%)

Note: P value: <0.001.
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normal flora of the skin and is the most important true 
pathogen of skin infections in general. By contrast, other 
studies have recovered Gram-negative bacteria, 
Enterobacteriaceae such as E. coli, Proteus spp., and anae-
robic bacteria.28,31

The antimicrobial susceptibility test is a useful guide for 
prescribing appropriate antibiotics for DFI. Resistance to anti-
biotics is associated with an increased period of hospitaliza-
tion, high mortality, and increased treatment costs, including 
a need for alternative medications.32 The initial management 
of DFI comprises empirical antimicrobial treatment based on 
the susceptibility data.13 In this study, antibiotic susceptibility 
was investigated for all the isolated S. aureus using the Kirby– 
Bauer disc diffusion method; all S. aureus strains were sus-
ceptible to vancomycin, which is in agreement with previous 
studies.26,29,31–33 Undeniably, vancomycin-resistant S. aureus 
strain was rarely reported.34 Thus, the antibiotic vancomycin 
was found to be highly effective against Gram-positive organ-
isms, and it still remains the drug of choice for serious 
infections.

In the current study, the susceptibility of S. aureus to 
rifampicin, gentamicin, and chloramphenicol was 87.5%, 
83.3%, and 70.8%, respectively, meaning that these 

antibiotics are effective in vitro against S. aureus isolates, 
as observed by previous studies.26,31,32 Consistently with 
other studies, we noticed that more than half of the iso-
lated S. aureus were found to be resistant to tetracycline.31 

We also noticed that all isolated S. aureus were resistant to 
penicillin; however, penicillin-sensitive S. aureus was 
infrequently reported.34 Our results further justified the 
inappropriateness of penicillin as a treatment option for 
Staphylococcus aureus infection. It has been revealed that 
more than 40% of the isolated Staphylococcus aureus from 
DFI were MRSA; therefore, rapid and accurate detection 
of MRSA is of major importance for the appropriate 
clinical management of DFI, including both hospital- and 
community-based types.26

In the last decade, there have been many attempts by 
international guidelines such as CLSI to improve and 
standardize specific phenotypic methods (cefoxitin and 
oxacillin disc diffusion) for the detection of MRSA.35 

However, these two tests are less popularly used by med-
ical laboratories in this region due to less experienced 
medical staff. In the current study, 45.8% of the isolated 
S. aureus strains were cefoxitin-resistant, while 37.5% 
were resistant to oxacillin disc. All the oxacillin-resistant 

Figure 1 Amplification plot of mecA gene (green cycle).

Table 9 MRSA Among Hospitalized and Community Patient 
Comparison of Phenotypic and Genotypic Methods for the 
Detection of MRSA

S. aureus mecA Gene 
Positive

Oxacillin 
Positive

Cefoxitin 
Positive

Hospitalized patient 4 (40%) 3 (33.3%) 4 (36.4%)

Community patient 6 (60%) 6 (66.7%) 7 (63.6%)

Total 10 (100%) 9 (100%) 11 (100%)

Notes: Chi-square test: 0.0913; P value: 0.955.

Figure 2 Multiplex PCR of mecA and PVL genes. 
Notes: 100bp DNA ladder; NC, negative control; Lane 1, negative sample for mecA and 
PVL genes; Lane 2–11, samples with positive for mecA gene and negative for PVL gene.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                  

International Journal of General Medicine 2020:13 1354

Anwar et al                                                                                                                                                           Dovepress

 
In

te
rn

at
io

na
l J

ou
rn

al
 o

f G
en

er
al

 M
ed

ic
in

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

45
.6

6.
20

8.
17

0 
on

 1
4-

D
ec

-2
02

0
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com


strains were resistant to cefoxitin. These observations were 
comparable to studies that recorded the same effectiveness 
of the cefoxitin disc test as a standard phenotypic 
method.34

In spite of phenotypic diagnosis, nowadays detection of 
mecA also plays an important role in confirming MRSA. 
Detection of mecA by real-time PCR to determine MRSA 
has been considered the standard method because of its 
accuracy and reproducibility.36 In this study, 41.6% of the 
isolated S. aureus strains were positive for mecA. 
Although a single isolate was phenotypically resistant to 
cefoxitin, it did not show amplification of mecA that might 
carry another gene, such as mecC, instead of mecA.37 In 
contrast to this result, mecA was reported among cefoxitin- 
sensitive strains.33 This variation between the phenotypic 
and genotypic methods may be related to culture settings, 
temperature, configuration of culture medium, size of 
inocula, time of incubation, and manual skill of medical 
staff.38

According to the oxacillin disc test, two oxacillin- 
susceptible strains carried mecA and one oxacillin- 
resistant strain was negative for mecA. This finding may 
suggest that it is better to use the cefoxitin disc rather than 
the oxacillin disc test. It has been suggested that the 
efficacy of the cefoxitin test is superior to that of the 
oxacillin test and that it sometimes can be used as an 
alternative to PCR.39 The phenotypic methods of MRSA 
identification are time-consuming and have their limita-
tions in terms of generating false-positive and false- 
negative results leading to delay or ineffective antibiotic 
prescriptions; however, they are still commonly used 
because of the unavailability and high cost of PCR materi-
als and few experienced staff to carry out PCR techniques.

One of the factors that plays a role in the pathogenicity of 
Staphylococcus aureus and leads to excess inflammatory 
responses, tissue damage, and eventually overcoming the 
host immune response is the presence of PVL.40 However, 
PVL is less frequently prevalent globally with significant 
variation in its prevalence among geographical areas (5% in 
France; 4.9% in the UK).7 In this study, the analysis of PVL 
was negative, even using conventional and real-time PCR 
procedure. PVL-negative results were consistently recorded 
in Poland and Portugal.33,41 It has also been suggested that 
PVL-positive strains are less frequently detected among DFI.7 

Another reason may be the small sample size in our study, 
and some specimens were obtained from hospital sources, as 
this gene is mostly prevalent in community species.

We reached the conclusion that accurate detection of 
the causative agents of DFI is the key step in prescribing 
effective antibiotics so as to encourage wound healing and 
minimize subsequent complications. Staphylococcus aur-
eus is the predominant pathogen in DFI. Cefoxitin disc 
diffusion appears to be a widely available and accurate 
phenotypic method for MRSA detection and can be help-
ful in addressing the popularity of resistance pathogens. 
Indeed, genotypic methods can accurately identify MRSA 
and its potentially responsible virulent genes; however, 
PCR is costly, and its use requires special skills. We 
could not find significant differences between conventional 
PCR and real-time PCR for mecA detection.

Further studies are recommended and should include 
samples from different levels of skin lesions in large 
numbers of patients and analyze virulent factors. It is 
suggested that the SCCmecA gene be specified, both in 
community- and hospital-acquired MRSA strains. 
Analysis of further genes, such as mecC, is needed for 
strains with positive phenotypic MRSA.

Abbreviations
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