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ABSTRACT 

Background: Diabetic Foot Ulcer (DFU) bears several problems in clinical practice. The nature of the ulcer is usually polymicrobial, 

and the common pathogen is the S. aureus. Objective: To study the prevalence of methicillin-resistant S. aureus (MRSA) and 

antimicrobial resistance dissimilarity among biofilm-producing and non producing microorganisms isolated from DFU patients. 

Methodology: The current study was on 30 DFU patients admitted in King Fahad Specialist Hospital in Tabuk, KSA during April 2018 

and January 2019. Standard methods of sample collection and identification of microorganism were adopted. An antibiotic 

sensitivity test was investigated using Kirby Bauer discdiffusion method. The colonies of S. aureus were screened for MRSA on 

Mueller–Hinton agar with oxacillin (1μg) and cefoxitin (30µg). Identification of biofilm activity was performed by tissue culture plate 

method. Results: Among the S. aureus isolates screened, the majority of them showed resistance to sparfloxacin and cefotaxime 

clavulanic acid. MRSA activity was 56.7% using cefoxitin disk and 40 % by oxacillin disk, only 12 isolates were classified as true MRSA 

based on minimum inhibitory concentration results using oxacillin (>4µg/ml)) and cefoxitin (>8 µg/ml). The overall antibiotic 

resistance was high in biofilm positive isolates compared to non-biofilm activity. In an univariate analysis, significant factors which 

were more likely to have a biofilm activity was resistance to Oxacillin [OR 1.14, RR 1.22], resistance cefoxitin [OR1.20, RR1.30] and 

resistance to both oxacillin & cefoxitin [OR 1.33, RR 1.11]. Conclusion: Based on preliminary data, our recommendation is to shift the 

approach of treating DFU to biofilm model from classical planktonic model. The model shifting can be done with a new scientific 

approach in mutual coordination between clinical lab and clinics, continuous education and comprehensive data-based research. 
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1. INTRODUCTION 

Diabetes mellitus (DM) is one out of the four predominance non-contagious diseases. It is observed to be an increasing health issue 

all over the world. Or being well assessed to be a vital fact for disability and premature fatal cases, diabetes is an extremely chronic 

disease containing many complications like DFUs i.e. “Diabetic Foot Ulcers” (Spichler et al., 2015), the infection of ulcers most 

common (40-80%) which subsequently leads the patient to get hospitalized (Mottola et al., 2016). Based on the report done by 

(Murugan, Mani and Uma, 2008); at present diabetes affects around 194 million patients or more all over the world. Along with that, 

there is also another report that states that the figure is anticipated to be attaining around 333 million people by the year 2025 with 

the majority of the burden belonging to the developing nations. In terms of Saudi Arabia; it is noted to be ranking the 2nd highest 

number of diabetes in the Middle East and 7th all over the world. The estimation says that nearly seven million people are affected 

with diabetes and about 3 million people are having pre-diabetes (Al-Dawish et al., 2016). The rising stage/pattern of diabetes 

observed in the country of Saudi Arabia during recent times may be a greater matter of concern. Diabetes has recorded around the 

10-fold rise in approximate; since three eras in the country of Saudi Arabia. Diabetes Mellitus has been detected to be associated 

with high morbidity, mortality and vascular problems. These complications are often accompanied by lesser life quality and poor 

health.   

People who had infection in their foot ulcer, is inviting the complications of diabetes mellitus which may extend the hospital stay 

and increase the treatment cost. This in turn leads to gangrene and necessity of amputations. The risk of a patient who is affected by 

diabetes who is developing an ulcer in the foot was calculated of being near ~25% (Singh, Armstrong and Lipsky, 2005). Diabetic 

foot infections can be managed through following certain things, the infection needs identification and segregation of bacterial 

flora. Along with this, antibiotic treatment is needed as per the testing results of antimicrobial susceptibility (Grayson, 1995). The 

observations prove that majority of the foot infections due to diabetes are poly-microbial flora which is been influenced by 

metabolic elements, low foot hygiene and prior antibiotic usage in the recent years (Brodsky and Schneidler, 1991). 

S. aureus is one of the most commonly isolated pathogen in the foot infection of diabetes and nearly 50% of the S. aureus 

isolates are (MRSA) methicillin-resistant (Lipsky et al., 2004; Tentolouris et al., 2006; Diso et al. 2018). A crucial part is been played by 

MRSA strains since it's a vital pathogen in the foot infection of diabetes and has turned into a great concern regarding public health. 

This is because of the high resistance and modified virulence of an extensive antibiotics spectrum (Feng et al., 2013). MRSA might be 

leading to extended hospitalization and increasing prices in terms of the health system (Game and Jeffcoate, 2004; Hartemann-

Heurtier et al., 2004).  

The objective of this research is to evaluate the MRSA prevalence and also the difference in the sensitivity profile among biofilm-

producing and nonproducing microorganisms from DFU patients.  

 

2. MATERIALS AND METHODS 

Study Design and Examination 

This prospective cohort research includes 72 patients having diabetic foot ulcer who got admitted in King Fahad Specialist Hospital, 

Tabuk, Saudi Arabia during April 2018 to January 2019. Thirty (30) patients who got infected with S. aureus were chosen for this 

research. Multiple ulcers in an individual had been regarded as being one episode of ulcer, apart from this the most catastrophe 

impact of various ulcers were registered as the last result. The ulcer was classified using Meggitt-Wagner method. Committee of 

Research Ethics, Faculty of Medicine, University of Tabuk, Tabuk has approved this research. 

 

Microbiological methods 

The culture sample was collected instantly post-admission from DFU patients. The wound was cleaned / washed using 

distilled/saline water and then by sterile swab stick the sample was taken (Johnson, 2011).  

 

Antibiotic sensitivity testing 

Kirby-Bauer method is been used to do the Antibiotic sensitivity on Mueller-Hinton agar (Khanal and Jha, 2010). The study includes 

Cefotaxime/clavulanic acid (30/10µg), gentamicin (10 μg), oxacillin (1 μg), Cefotaxime (30µg), levofloxacin (5μg), sparfloxacin (5 μg), 

Amikacin (30µg), piperacillin/tazobactam (100/10 μg), gentamicin (10 μg), clindamycin (2 μg) and cefixime (2 μg). The interpretation 

of the disk output is been recommended by the manufacturer (Hi-Media labs, Mumbai, India).  

 

MRSA detection 

By using 1 µg oxacillin disk and 30 µg of cefoxitin disk, S. aureus was subjected to methicillin resistance. In brief; the test inoculation 

(0.5 McFarland opacity) was spread on Mueller Hinton agar plate was done alongside control organism S. aureus (ATCC 25923). 
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Determination of Minimum inhibitory concentration (MIC) 

The broth microdilution guidelines of (Andrews, 2001)and CLSI MO7-A9 was applied to determine every isolate in terms of YYY's 

MICs of Staphylococcus aureus (CLSI, 2018). As per the guidelines of CLSI; the interpretation of the results was performed (CLSI, 

2014). 

 

Biofilm assay 

The biofilm assay was adopted from previous publish article (Zubair et al., 2011).  

 

Statistical analysis 

Risk ratio (the association's probability) and odds ratios (strength of association) with CI i.e. confidence interval of about 95% was 

calculated for MRSA positivity effect with biofilm negative and biofilm positive. Every single experiment is performed based on 

triplicates; along with that the mean values are presented as data. 

 

3. RESULTS 

Regarding the awareness about the problems of diabetes; every single patient were checked-up; a majority of the patients (52%) are 

surprising zero knowledge or unawareness of the seriousness and complications of diabetes, after this, 32% of people were seemed 

to be having little knowledge and surprisingly just 14% of the people were aware of the actual complications of the disease. The 

polymicrobial infection (S aureus with other gram-positive or gram-negative) was found only in nine patients (28.1%), whereas a 

majority of 71.8% had mono microbial infections. 

 

Antibiotic sensitivity and MRSA 

Out of 30 wound samples from diabetic foot ulcer patients, a majority (73.3%) were resistant to sparfloxacin followed by 

cefotaxime+clavulanic acid (63.3%) and least resistant with gentamycin, amikacin and cefotaxime (23.3% respectively) (Table 1).The 

MRSA was reported in 56.7 % of S. aureus using by 30 µg cefoxitin disk and 40% by 1mcg oxacillin disk. We have reported no 

vancomycin-resistant (VRSA) in S. aureus including those which are resistant to oxacillin and cefoxitin antibiotics. A total of 12 

S.aureus strains which demonstrate MRSA positivity by both antibiotics (30 µg cefoxitin disk & 1µg oxacillin disk) was considered as 

true positive and selected for Logistic Regression analysis (Table 1). The MICs of these 12 MRSA positive strains were performed by 

broth microplate dilution method to reassure of its true MRSA positivity. It is noted that the average MIC of cefoxitin (µg/ml) was 

12.533 µg/ml and 4.75 µg/ml for Oxacillin MIC which corresponds to its disk results. 

 

Table 1 Antibiotic resistance pattern of isolates 

Resistance pattern 
S. aureus 

 n(30) 

Amikacin 7(23.3) 

Cefotaxime 7(23.3) 

Cefotaxime Clavulanic Acid 19(63.3) 

Cefixime 15(50) 

Gentamycin 7(23.3) 

Levofloxacin 14(46.7) 

Sparfloxacin 22(73.3) 

Clindamycin 8(26.7) 

MRSA Test   

Oxacillin 12(40) 

Cefoxitin 17(56.7) 

Biofilm activity  

Biofilm formation among S aureus was studied spectrophotometrically by using the crystal violet assay and noted the strong to 

weak biofilm formation. Out of the 30 strains screened, seventeen (56.6%) strains were biofilm producers, while 13 (43.3%) did not 

form biofilm on the walls of the microtiter plate (Table 2). 
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Table 2 Classification of S aureus (n=30) for biofilm activity as strong, moderate and weak (data are n (%) unless otherwise 

indicated). 

Biofilm producers 17(56.6) Non-biofilm producers 

Strong    

n(%) 

Moderate 

n(%) 

Weak 

n(%) 

Negative 

n(%) 

6(35.2) 4(23.5) 7(41.1) 13(43.3) 

 

Among the 17 positive isolates,  6 shows strong biofilm activity, 4 as moderate and 7 strains form weak biofilm activity. The 

overall resistance pattern of biofilm positive (strong+moderate) was high when compared with biofilm negative isolates (negative 

+weak) (figure 1). 

 

 

Figure 1 Resistance pattern Biofilm positive and negative isolates 

 

Correlation analysis 

The odds ratio and risk ratio were calculated between biofilm activity and MRSA results (positive and negative isolates). The most 

significant factor is to have an association for oxacillin resistance [OR 1.30, RR1.20] and cefoxitin [OR 1.24, RR 1.22]. The probability 

of MRSA positivity (both oxacillin and cefoxitin) to express biofilm activity was OR: 1.33 (0.15-11.49) and RR: 1.11(0.48-2.56). This 

indicates that the probability and risk of biofilm activity in the MRSA positive strains are very high (Table 3, Figure 2). 

 

Table 3 Logistic Regression analysis (Relative Risk [RR], Odds Ratio [OR], CI, confidence interval) of biofilm producer activity in S 

aureus for MRSA positivity  

 RR(95% CI) OR (95%CI) 

Cefoxitin and oxacillin both 1.11(0.48-2.52) 
1.33(0.15-

11.49) 

Cefoxitin only 1.2(0.40-3.58) 1.3(0.26-6.32) 

Oxacillin only 1.22(0.26-5.73) 1.14(0.40-3.24) 

 

4. DISCUSSION  

The present study aimed to show the resistance pattern of S.aureus among diabetic foot ulcer patients in King Fahad Specialist 

Hospital, Saudi Arabia. Hence the study conducted antibiotic sensitivity testing, MRSA detection, MIC determination and biofilm 

assay. To obtain this, a significant number of antibiotics were used which includes amikacin, cefotaxime, cefotaxime, clavulanic acid, 

cefixime, gentamycin, levofloxacin, sparfloxacin, clindamycin, oxacillin and cefoxitin. Despite several therapies of antimicrobial 

availability, the bacterial wound infection's management is still complex (Schierle et al., 2009). Hence this research would be more 

significant for future researchers to understand the resistance pattern of MRSA strains isolates from DFU patients. Based on which, 

they may formulate antibiotics to increase resistance among patients of diabetic foot ulcers in Saudi Arabia and outside the country. 

The major health care issue globally is high antibiotic resistance and sudden outbreak by the microbes due to point mutation or 

shift (Prestinaci, Pezzotti and Pantosti, 2015). MRSA has been the main cause of nosocomial infections worldwide since the 1970s 
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including the sudden emergence of resistance against methicillin and vancomycin (Joshi et al., 2013), has made the treatment accost 

for clinicians, although the antibiotics were available for nearly more than 70 years.  

 

 

Figure 2 Log 10 graph of Relative Risk [RR] & Odds Ratio[OR] of biofilm activity in S aureus for MRSA positivity 

 

S. aureus was the predominant bacteria isolated among 30 diabetic foot ulcer patients which is consistent with previous studies 

like (Mendes et al., 2012) and (Chiţă et al., 2013). These studies also found that S. aureus was the most common isolated bacteria 

that were highly found in most of the diabetes wound patients (30 strains at 51%). We have reported 42.2% MRSA, which is major 

complication of DFU, results in a higher risk of lower extremity amputation and hospitalization (Spichler et al., 2015). During the last 

decade, several studies recorded that MRSA alone emerged as a single most serious problem because of the epidemiological 

changes effect on MRSA genotype (Dang et al., 2003). 

In this study, majority of the patients of 52% are zero knowledge or awareness regarding the seriousness and complications of 

diabetes. According to the previous study associated with the awareness of complications of the disease, Goie and Naidoo (2016) 

showed the awareness level among patients was suboptimal as per the diabetic foot ulcer guidelines. Contradictorily, few earlier 

studies found that the awareness of patients towards their complications of diabetic foot ulcer was high (Ekore et al., 2010; Dixit et 

al., 2011). Good foot care knowledge among T2DM and among the health care providers to reduce the extent of this dreaded 

disease. Awareness involves the ability to know and understand those factors that will further develop beliefs, and dictates attitudes 

and practices toward responsibility, improvement and success (Pourkazemi et al., 2020).  

In the present study, two-third of the patients had monomicrobial infections, were gram-positive pathogens significantly 

S.aureus act as a dominant causative role. MRSA is present in 40-60% of diabetic infections and is related to a higher rate of 

treatment failure of diabetic foot ulcer patients. S.aureus  is the most common causative agent in DFUs, and among these 23.7% 

were reported as MRSA in one study (Saseedharan et al., 2018). The rising resistances of microbes against the MRSA strains have 

confined the clinicians with limited available options for MRSA treatments. With the help of certain antibiotics, the resistance pattern 

was examined against S.aureus. Findings showed that S. aureus was sensitive to Sparfloxacin as majorly than other antibiotics. The 
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increasing resistance rate in biofilm-producing Gram-positive bacteria toward erythromycin, ciprofloxacin and cotrimoxazole was 

reported by (Hassan et al., 2011). Ansari et al. (2014) also described that resistance toward cotrimoxazole and erythromycin was 

higher because of the increasing utilisation of those drugs for the treatment of both minor and major infections caused by 

Staphylococcus species. Different antibiotics are available to treat DFUs. Only 3 have FDA-approved labelling for DFIs: 

piperacillin/tazobactam, linezolid, and ertapenem (Bergman and Shah, 2016).  

The biofilm-forming activity was detected using polyvinyl chloride microtiter plate method. Out of 30 S. aureus isolates, 17 

isolates are biofilm positive and 13 isolates are biofilm negative detected by applying polyvinyl microtiter plate method. However, 

the study examined that 3 out of 11 biofilm positive isolates collected from indwelling medical devices were MRSA (Mishra et al., 

2015). The finding difference between the two researchers may be varying because of the restricted number of samples or distinct 

specimen sources. The formation of biofilm acts as important factors for enhancing resistance towards generally utilized antibiotics.   

  

5. CONCLUSION  

Diabetes and its associated complications, particularly DFU, are one of the major health care burdens in Saudi Arabia. Diabetic foot 

ulcers are predominantly polymicrobial, however, the patients participated in the present research majorly have monomicrobial 

infections, including MRSA, isolated from admitted DFU patients. The highest percentage of antimicrobial resistance was recorded to 

Sparfloxacin. Most S. aureus strains were tested for methicillin resistance. 

Systemic anti-microbials are the foundation within the administration of DFU. Be that as it may, the expanding multidrug 

resistance and restricted anti-MRSA drugs have constrained clinicians to reevaluate treatment choices. Subsequently, a 

overwhelming exertion is persistently required to not as it were to create a strict antimicrobial stewardship program, but too novel 

antimicrobial specialists that seem combat the expanding multidrug-resistant MRSA in DFU. A snag of this research is that the 

microbial investigation was performed by swab tests, whereas tissue biopsies and sections are considered the standard for 

diagnosing wound contaminations (Bowler, Duerden and Armstrong, 2001). 
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