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Abstract 

Diabetic foot ulcer (DFU) is one of the most common complications of diabetes 

mellitus caused by uncontrolled hyperglycemia and typically begins with minor 

cuts that lead to skin ulceration. Untreated ulcers may develop an infection 

over time and may persist despite rigorous treatment strategies, and could be 

due to the presence of biofilms. A biofilm is a layer of bacteria attached 

strongly to a surface and encased in a tough and slimy substance called 

extracellular polymeric substance (EPS). This highly virulent bacterial layer 

contributes to antimicrobial resistance and wound chronicity among DFU 

patients. This project aims to isolate and identify the bacteria in wounds of 

DFU patients in Orthopedic Clinic in Serdang Hospital and to investigate their 

antibiotic sensitivity and their biofilm-forming capabilities. Majority of the 

patients were Malay of 56-65 years, presenting with Wagner Grade 2 ulcer and 

had the ulcer for over 4 weeks. Bacteria were isolated from the wound samples 

and had a high prevalence of Gram-positive bacteria (60.76%). Majority of 

the bacterial species were able to form biofilms and were most sensitive to 

imipenem and most resistant to penicillin G. In conclusion, we found that DFU 

is persistent in elderly male diabetic patients, most of whom only began seeking 

medical attention for their wound one month from its onset. Bacterial isolation 

performed on the samples showed that DFU wounds tend to be polymicrobial. 

The isolates also demonstrate increasing resistance against commonly used 

antibiotics for treating DFU, which can be worrisome for both clinicians and 

patients. 
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1. INTRODUCTION

Diabetes mellitus, as defined by the World Health Organization 

(WHO), is a chronic and debilitating metabolic illness primarily caused by 

increased blood glucose level that, when left untreated, causes major damage 

to the heart, kidneys, nerves, eyes and blood vessels (1). It is the 7th leading 

cause of death worldwide in 2016, and the world has been experiencing a 

staggering increase in its diabetic population. WHO describes that from 1980 

to 2014, there was nearly a two-fold increase in diabetics globally from 4.7% 

to 8.5% respectively (2). In the more recent years, it is reported that 463 million 

(9.3%) of the adult population are currently suffering from diabetes, and this 

figure is expected to rise to 578 million (10.2%) by 2030 and 700 million 

(10.9%) by 2045. More shockingly, half of the current diabetic population 

(50.1%) – 84.3% of which belong to the middle- and low-income countries – 

are completely oblivious of their illness (3). In Malaysia alone, the 2019 

National Health and Morbidity Survey (NHMS) revealed that 18.3% of 

Malaysians are diabetics, of which 9.4% are known diabetics while the other 

8.9% are undiagnosed diabetics. The prevalence was also noted to increase 

with age. Adults aged 65-69 years contributed to an overwhelming 34.3% of 

Malaysian diabetics as compared to the 4.5% of those aged between 35-39 

years. Aside from that, diabetes was also found to be more prevalent in females 

(9.8%) than males (9.0%) and that Indians (18.6%) were more likely to 

contract the disease, followed by Malays (11.0%), Chinese (8.5%) and 

Bumiputera Sarawak (7.7%) (4). 
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These increasing figures can be contributed by several factors, with obesity 

being the main culprit. A study done on fishing communities in Malaysia 

found that one of the main risk factors of diabetes was increased abdominal 

obesity that resulted from the lack of physical activity. Aside from that, having a 

family history of diabetes and hypertension also largely contributes to 

acquiring the disease (5). Similarly, another study done in Canada also 

reported an increased prevalence of obesity, hypertension and alcohol 

consumption among its diabetic population. They found that urbanization was the 

primary cause of the rise in their figures, along with the immigration of people 

from areas with a high rate of diabetics to areas with low rate of documented 

diabetics, the increasing aging population and the decline in vegetable and 

fruits consumption (6). 

Hyperglycemia in diabetes often brings about a multitude of complications in 

the body. Studies are showing that an incline of sugar level in the blood is 

mainly causing the overproduction of reactive oxygen species (ROS) and 

impairing the signal transduction pathways for insulin, consequently resulting in 

three of the most commonly observed conditions: diabetic nephropathy, which 

causes end-stage renal disease; diabetic retinopathy that causes blindness; 

and diabetic neuropathy which causes diabetic foot ulcers (DFU), among others 

(7). In fact, DFU affects 6.3% of the diabetic population worldwide (8), and in 

Malaysia an estimated 15-20% of diabetics face this incapacitating condition (9). 

DFU is generally described 
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as the foot affected by ulceration that is associated with neuropathy and/or 

peripheral arterial disease of the lower limb in a patient with diabetes (10). 
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As ulcers are open wounds, the probability of them getting infected is quite 

high, and they are described to be the precursors to 80% of lower limb 

amputations. Infected ulcers also contribute to an increased risk of death within 

18 months (11). In Malaysia, however, the National Diabetes Registry (NDR) 

reports a decline in the rate of amputation among diabetes from 2006 to 2011, 

from 4.3% to 0.9% (12). Amputations are often required in cases where 

antibiotics are no longer effective to curb the infection, which is primarily 

caused by the presence of biofilms. A biofilm is essentially the formation of a 

structurally complex matrix of both pathogenic and commensal bacteria that 

forms on the surface of the wound as a protective mechanism against the 

immune system and antibiotics. It is mainly responsible for maintaining a 

chronic infection and delayed wound healing (11, 13). It is hypothesized that 

DFU is highly associated with bacteria and that bacteria isolated from the 

wounds are resistant to antibiotics and are able to form biofilms. Therefore, this 

research aims to investigate the implications and effects of bacteria in DFU in 

terms of its prevalence, antibiotic sensitivity pattern and biofilm-forming 

capabilities. The objectives of this study include isolating and characterizing 

the bacteria from DFU wounds and investigating their antibiotic sensitivity 

profile as well as their capabilities in forming biofilms.  



 
 

2. LITERATURE REVIEW 

2.1. Socio-demographic data of DFU patients 

Diabetic foot ulcer is typically found in elderly patients who are overweight/obese 

with poor glycemic control and affected by one or more co-morbidities. In Malaysia, 

several studies have reported abnormally high HbA1c values among their DFU 

patients, with one study reporting that as high as 93.1% of DFU patients had an HbA1c 

value of more or equal to 6.5%. (14) A reduction in HbA1c levels in DFU patients, 

however, has been shown to significantly improve the healing rate of DFU through 

glycemic intervention, as presented by a Putrajaya study. (15) In terms of co- 

morbidities in Malaysian DFU patients, hypertension was the most frequently 

reported. Other co-morbidities include ischemic heart disease (IHD), hyperlipidemia, 

hypercholesterolemia, dyslipidemia, stroke and cardiovascular disease. 

Complications that have arisen from diabetes, aside from DFU, include nephropathy, 

neuropathy, peripheral vascular disease and retinopathy. (15, 16, 17) Furthermore, one 

study demonstrated that 67.1% of their study participants with diabetes were either 

overweight or obese and were 2.1 and 2.65 times more likely to develop DFU, 

respectively, than patients who are underweight or have normal body mass index 

(BMI). (18) Their findings, however, were different than that of another local study 

which reported 12.1% of their DFU patients had normal BMI and only 7.9% were 

obese. (17) Interestingly, they observed that non-obese patients developed DFU earlier 

than obese patients. This could be because obese patients are more aware of their 

increased risk of developing DFU, thus taking extra precautionary measures to avoid 

the occurrence. 
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Very similar findings have been reported in other Asian countries as well. 

China, for instance, showed that 76.9% of the 452 DFU patients in their study had 

an HbA1c level of more than 7%. A majority of these patients also had 

hypertension (58.6%), coronary heart disease (22.6%) and cardiovascular disease 

(14.6%), along with peripheral neuropathy (PN) (73.7%), peripheral vascular 

disease (PVD) (48.9%), nephropathy (43.1%) and retinopathy (40.9%) as 

complications. (19) Interestingly, however, more of the DFU patients had normal 

BMI (93.5%) as compared to being overweight or obese (6.5%). An Indian study, 

on the other hand, also reported a poor glycemic control among their DFU 

patients, with a mean of 8.8% and ranging from 7.5-10.2%. The co-morbidities 

reported were also hypertension (55.6%) and a prior coronary artery disease 

(20%), as well as neuropathy (100%), retinopathy (56.8%) and nephropathy 

(40.7%). (20) Another study performed on 290 DFU patients in Thailand reported 

their mean BMI to be in the normal range (25.3 ± 4.8) and their mean HbA1c level 

to be high (8.6% ± 2.3). Furthermore, 18.3% of these patients had congestive heart 

failure, 78.3% had IHD, 57.6 % had chronic kidney disease (CKD), 30.6% had 

IHD, 18.3% had end-stage renal disease (ESRD), 18.3% had congestive heart 

failure and 8.6% had stroke, with complications such as retinopathy and Charcot’s 

foot being reported. (21) Similarly, a study done in Singapore also reported a 

median HbA1c of 9.9%, with hypertension, dyslipidemia, CKD, ESRD, IHD and 

stroke to be the most common co-morbidities, along with neuropathy, retinopathy 

and PAD reported as complications. (22) 

18



 
 

In Middle Eastern countries like Sudan, for example, abnormal HbA1c 

level (>7%) were reported in 54% of their 108 respondents with chronic DFU for 

more than 6 months. However, only a small number of their patients presented 

with retinopathy, nephropathy and cardiovascular disease and no significant 

association with the wound outcome was reported. (23) A Palestinian study on 208 

DFU patients revealed that 95.2% of them had HbA1c level of more than 7%, and 

only 4.8% had less than 7% with a mean BMI of 30.9 ± 5.5. Additionally, 53.4% 

of their patients had hypertension, and the complications reported includes 82.7% 

neuropathy, 53.8% retinopathy and 36.5% nephropathy. (24) Another Middle 

Eastern cross-sectional study also reported that 2,071 DFU patients had a mean 

HbA1c level of 9.91% ± 2.23% with a mean BMI of 29.28 ± 6.28. Hypertension 

and hyperlipidemia were reported among 56.78% and 30.95% of their patients, 

respectively, and 99.32% had PN as a complication, followed by 46.64% 

retinopathy, 33.12% vasculopathy and 29.36% nephropathy. (25) 

Studies have also reported increased HbA1c and BMI values as well as the 

presence of many co-morbidities that leads to DFU development. In one cohort 

study on DFU patients in America, which comprised of 62.7% black, 30.4% white, 

1.4% Asian patients and 5.5% patients of unknown ethnicity, their baseline HbA1c 

level was 8.7% ± 0.2%, with the lowest mean being 8.1% ± 0.2%. Most of their 

patients also presented with hypertension (81.6%), dyslipidemia (48.9%), PAD 
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(37.3%), coronary arterial disease (23.5%), chronic kidney disease (18.0%), 

congestive heart failure (13.8%) and cardiovascular disease (7.8%). (26) Another 

American study comprising of 92.5% white respondents, 2.9% black and 4.6% of 

other ethnicities also reported that 60% of their patients had hypertension, 25.4% 

had hyperlipidemia, 14.4% had obesity, 13.2% had cardiovascular disease, 10.6% 

had IHD, 9.2% had chronic obstructive pulmonary disorder (COPD) and 7.9% had 

congestive heart failure and chronic renal failure, respectively. (27) In Norway, 

32% of 127 DFU patients in a study were underweight or had normal BMI, while 

37% were overweight. They also reportedly had poor glycemic control, with only 

6% of them having an HbA1c level of below 6.5%. (28) 

These findings demonstrate that DFU is actually the manifestation of an 

underlying complex of multiple co-morbidities occurring simultaneously. Multiple 

reports have shown that patients with impaired heart and renal functions such as 

CKD and ESRD, especially those who undergo dialysis, have worse outcomes in 

terms of limb salvation and survival rate than diabetics without co-morbidities. 

And as evident in numerous studies, those with microvascular complications – 

mainly neuropathy and PAD – are especially at risk for developing DFU. (29, 30) 
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2.2 The pathophysiology of DFU 

2.2.1 Peripheral neuropathy 

The excessive glucose level in blood has been proven to be detrimental, 

as it is largely implicated in the destruction of peripheral nerves in the foot. 

(31) This condition is known as peripheral neuropathy, caused by the 

deregulation of various mechanisms that ultimately leads to the progressive 

loss of sensation in the foot. Such mechanisms include the polyol pathway 

hyperactivation, the accumulation of intracellular advanced glycation end 

products (AGE), the hexokinase pathway shunt and activation of protein 

kinase C. (32) 

PN often manifests itself as sensory, motor and autonomic neuropathy. 

In sensory neuropathy, the loss of sensation, decreased pain threshold and 

reduced temperature perception renders the patient unaware of the existence of 

minor injuries, which can be exacerbated by repetitive and continuous pressure 

exerted on the affected limb. (33) On the other hand, motor neuropathy 

involves leg muscle atrophy and formation of foot deformities such as 

hammerhead toes that resulted from damaged leg muscle innervation caused 

by hyperglycemia. This creates an imbalance between the leg flexion and 

extension that subsequently alters the foot’s pressure points, leaving it 

susceptible to injuries. (34) In autonomic neuropathy, the foot loses its 

protective moisture due to dysfunctional oil and sweat glands that leads to the 

21



 

formation of cracks and fissures, thereby increasing the vulnerability of the 

foot to trauma. (32) 

2.2.2 Peripheral arterial disease (PAD) 

The occurrence of PAD has been extensively linked to the development 

of DFU. PAD is typically described as the occlusion or stenosis occurring in 

lower limb arteries and is actually secondary to atherosclerosis, another 

defining characteristics of DM. (35) PAD is twice to four times more likely to 

occur in diabetics than non-diabetics; it is documented in at least 50% of all 

DFU cases and has been associated with higher risk for morbidity and 

amputation. (36) The hallmark features of PAD include atherothrombosis 

caused by inflammation, endothelial dysfunction, thickening of basement 

membrane and inadequate tissue perfusion. (37) 

Inflammation is a precursor to the development of PAD in diabetics. 

Hyperglycemia causes a prolonged inflammation due to the high levels of 

pro-inflammatory cytokines such as tumor necrosis factor (TNF-α) and 

interleukin 6 (IL-6) circulating in the blood. Their binding to the endothelial 

cell receptors causes thrombogenesis to occur through increased binding of 
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leucocytes and platelets to the endothelial surface. Additionally, 

hyperglycemia also induces endothelial dysfunction through the reduction of 

nitric oxide (NO) bioavailability in the blood. This is followed by the 

production of ROS to promote oxidative stress, which ultimately inhibits 

vasodilation. (38) These alterations to the microvasculature system leads to its 

decreased compliance and decline in tissue perfusion. Moreover, in healthy 

subjects, collateral formation of vessels is the adaptive response to large vessel 

occlusion, which is severely impaired in diabetics and consequently leads to 

tissue ischemia. (37) 

2.2.3 Delayed wound healing 

Wound healing processes in chronic wounds like DFU are irregular as 

compared to its normal physiology. Under normal circumstances, an injury is 

followed immediately by an acute wound healing process, which typically 

includes hemostasis, inflammation, proliferation and remodeling. 

Hemostasis, characterized by vasoconstriction and clotting, usually occurs 

within an hour after the injury is inflicted. This is then followed by the 

inflammatory phase, where the innate immune system responds to the injury 

by recruiting leucocytes to the affected site. Neutrophils and macrophages 

clean out the wound from debris and contaminants, while the latter releases 

various growth factors that are required to initiate angiogenesis in the next 

phase. Next, the proliferation phase involves the formation of granulation 

tissue and angiogenesis and is soon followed by the remodeling phase, where 
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the granulation tissue is gradually replaced with a scar tissue that is less 

vascularized. (39–41) 

In the case of DFU, however, the normal wound healing cascade is 

disrupted, particularly in the inflammatory phase. Prolonged exposure to 

glucose in the blood mitigates the immune system, leading to the decline in 

chemotaxis, phagocytosis and decreased expression of heat shock proteins 

involved in the beginning of wound healing process. Additionally, altered 

leucocyte infiltration and increased IL-6 levels in wound fluid is observed in 

the late inflammatory phase. (42) Phenotypic changes to macrophages is 

another major contributor to delayed wound healing in DFU, as the alterations 

negatively impact its ability to stimulate wound repair. (43) Histological 

examination of DFU ulcers demonstrated the infiltration of chronic wounds by 

T cells and macrophages that triggers cytokines, proteases and free oxygen 

radicals produced by leucocytes to cause local oxidative stress or tissue 

toxicity. In addition, elevated levels of proteolytic enzymes in the hypoxic 

wound bed causes the degradation of growth factors and, along with decreased 

cytokine bioavailability, prevents the effective progression of wound healing 

process. (42, 44) 
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2.2.4 Infection of DFU 

An infected DFU is common and can be very difficult to treat. In fact, 

40-80% of DFU cases are known to be infected. (45) Several studies done on 

DFU cases have demonstrated the presence of a myriad of Gram-positive, 

Gram-negative and anaerobic bacteria. The most predominant bacteria found 

in DFU include Staphylococcus aureus, Streptococcus sp., Escherichia coli 

and Pseudomonas aeruginosa. (46–49) Interestingly, the bacteria isolated 

from DFU cases differ geographically, perhaps due to different climate and 

environmental settings and lifestyle conditions. For example, Western studies 

often find Gram-positive bacteria – specifically S. aureus– to predominate 

DFU cases, (50–52) while Eastern studies have established Gram-negative 

bacteria such as Enterobacteriaceae (E. coli, K. pneumonia, Proteus sp. and P. 

aeruginosa) as the main wound colonizer. (53–55) Aside from that, the wound 

depth can also determine the microbial diversity and abundance of pathogens. 

Gardner et. al. reported that mild and superficial ulcers of shorter duration are 

often associated with mono-microbial infections, being specifically abundant 

with Staphylococcus sp., whereas deep and chronic ulcers of a longer duration 

are associated with a poly-microbial growth consisting of high number of 

anaerobes and Proteobacteria. (42) 
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The SAgs are a family of exotoxins consisting of TSS toxin-1 (TSST- 

1), staphylococcal enterotoxins A-E (SEA-SEE) and SEG, staphyl 

enterotoxin-like (SEl) H-X. Essentially, their mode of mechanism involves the 

over induction of cytokine production from T lymphocytes and macrophages. 

This, in turn, causes a cytokine storm that deregulate the immune system that 

leads to several diseases such atopic dermatitis and endocarditis, as S. aureus 

carrying genes that encode for SAgs are found in 70% of human mucosal 

surfaces. A study found that S. aureus isolated from DFU are capable of 
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S. aureus is a Gram-positive, cocci-shaped bacteria that is most 

commonly isolated from DFU. S. aureus is able to penetrate the wound and 

circumvent inflammatory processes to cause and maintain a chronic infection 

and delay wound healing. DFU patients with S. aureus infection have been 

shown to have a mortality rate of 2.6 times more than that of uninfected 

patients, and 6 times more than diabetic patients without DFU. (56) 

2.2.4.1 Virulence of Staphylococcus aureus in DFU

S. aureus has several virulence factors that ensure their survival within 

the host, which consists of superantigen (Sag) exotoxins, microRNA, 

epidermal cell differentiation inhibitors (EDIN) and EDIN-like factors, pore- 

forming toxins and exfoliative toxins. 



 

producing large quantities of SAgs. In fact, the researchers discovered that the 

gene profile of SAgs found in DFU are very similar to the ones found in atopic 

dermatitis, which indicates that S. aureus most likely originated from the skin 

rather than the mucosae. Additionally, the production of SAgs in copious 

amounts activates more T cells to produce larger amounts of pro-inflammatory 

cytokines, thereby leading to delayed wound healing and chronic 

inflammation. (57) 

S. aureus also utilizes microRNA to establish and maintain a chronic 

infection in DFU. The overexpression of the host microRNA, specifically miR- 

15b-5p, is induced by S. aureus to cause the suppression and eventual 

deregulation of DNA damage repair mechanisms and inflammatory response 

in DFU, resulting in aberrant wound repair. (58) EDIN, on the other hand, are 

a family of exotoxins that inhibit the RhoA, a small host protein which 

regulates the actin cytoskeleton. This inhibition leads to the impaired epithelial 

and endothelial barrier cohesion, as well as impairing complement-mediated 

phagocytosis, therefore conferring virulence to S. aureus. (59) 
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Pore-forming toxins (PFT) and exfoliative toxins are other virulence 

factors that S. aureus utilizes for survival. PFTs essentially work by lysing host 

cells through pore formation and pro-inflammatory activities. PFTs include α- 

toxins (or α-hemolysins), which mainly target red blood cells and leucocytes 

except for neutrophils, phenol soluble modulins (PSM) which are membrane- 

injuring toxins causing the lysis of human neutrophils after phagocytosis, and 

bi-component leukotoxins (including Panton-Valentine leukocidin (PVL), γ- 

hemolysins and leukocidin D and E) which cause the lysis of the phagocytes 

by inducing the activation and permeability of target cells to facilitate S. aureus 

invasion. Lastly, exfoliative toxins, a type of serine proteases, confer virulence 

to S. aureus by facilitating bacterial skin invasion. (59) 

2.2.4.2 Virulence of Pseudomonas aeruginosa in DFU 

P. aeruginosa is a Gram-negative, rod-shaped, flagellated bacterium 

that is responsible for many serious illnesses – including infection of diabetic 

foot wounds – due to their ubiquity in nature and complex antibiotic resistance 

mechanisms. (61) 
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The pathogenicity of P. aeruginosa is dependent on three factors: its 

physical structure, the production and secretion of virulence factors by 

secretion systems and biofilm formation. Gram-negative bacteria are 

characterized by the presence of a lipopolysaccharide (LPS) layer, which 

differentiates them from Gram-positive bacteria. The presence of LPS also 

makes the bacterial nearly impenetrable, therefore increasing its resistance 

against antibiotics. Furthermore, diffusion channels called porins are present 

within the LPS layer and their main function is to facilitate the uptake of 

different but specific nutrients for their survival, such as glucose, phosphate 

and/or pyrophosphate. These porins also play a role in the structural, signaling 

and adhesion functions of the bacteria. (62) The presence of flagella also 

contributes significantly to the pathogenicity of P. aeruginosa. One study 

found a higher prevalence of the fliC gene, which is responsible for the 

synthesis of a flagellar filament structural protein called flagellin. This 

component is crucial for P. aeruginosa to translocate and adhere to the wound 

surface, as it enables the bacteria to transverse the whole wound bed by either 

swimming, twitching or swarming. (63) 

P. aeruginosa is also capable of producing a multitude of toxins 

through six types of secretion systems, namely T1SS-T6SS. Essentially, Type 

1 secretion system (T1SS) involves the exportation of alkaline protease AprA, 

T2SS involves the secretion of exotoxin A (ToxA), elastases lasA and lasB as 

well as the hemolytic phospholipase C (PIcH). (64) T3SS is responsible for 

29



 

the delivery of toxic effectors ExoS, ExoT, ExoU and ExoY into the host cell 

through a needle-like structure which is associated with the flagellar system. 

These toxic effectors are responsible for cellular apoptosis and the inhibition 

of cytokinesis in epithelial cells, among other functions. (65) Interestingly, one 

study found the highly detrimental effects the T3SS can have on diabetic 

wounds, where they observed that diabetic wounds have significantly more P. 

aeruginosa bacteria that failed to heal quickly as normal, non-diabetic wounds. 

Additionally, the researchers also reported increased apoptosis in the diabetic 

wounds, which is highly associated with the chronic inflammatory state a 

diabetic wound is usually in. This could be due to the ExoS and ExoT toxic 

effectors that are known as potent apoptosis inducers. (66) Next, T5SS 

facilitates the secretion of exolysin ExlA originating from T3SS-deficient P. 

aeruginosa strains to cause hemorrhagic pneumonia. (64) Lastly, T6SS is 

known as a protein nanomachine that is responsible for the translocation of 

effector proteins into target cells. It is used by Gram-negative bacteria to 

destroy rival bacterial cells by delivering toxic effectors into the organism. (67) 

2.3. Management of DFU 

2.3.1 Current DFU treatment and management strategies 

First and foremost, DFUs have to be characterized and classified 

accordingly in order to determine the progress of treatments and duration and 

mode of antibiotic administration. There are several classification systems 
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used to classify DFUs, namely the Wagner-Meggit Classification System, 

University of Texas Classification, Brodksy Depth-Ischemic Classification 

and International Working Group Classification. These classification systems 

grade and stage the wounds based on their appearance, depth, size, location, 

infection, ischemia and neuropathy. (32) Once the ulcer grade is established, 

the treatment and management of DFU can be commenced. The success of 

wound healing is often predicted by the presence of granulation tissue, wound 

size decrease and even complete re-epithelisation. (38) In order to achieve 

these, basic treatment strategies such as wound debridement, off-loading of 

ulcers and appropriate antibiotic therapies are applied. 

Wound debridement can be done in several ways: surgical debridement 

is the most commonly used method when dealing with DFU, as it involves the 

removal of all non-viable, necrotic and infected tissues or bones until a healthy 

bleeding is achieved. It is crucial for surgical interventions to be timely and 

adequate to avoid extensive tissue and bone necrosis and decrease likelihood 

of amputation. (68, 69) Aside from that, mechanical debridement can also be 

performed. It involves a wet-to-dry dressing technique, in which a wet dressing 

is placed on the wound and left to dry. The removal of the dressing will 

therefore debride the wound by pulling along the non-viable tissues. Next, 

enzymatic debridement involves the use of topical proteolytic enzymes as 

adjuvants to remove necrotic tissues without causing extensive damage to 

nearby healthy tissue. This technique is recommended for patients with 
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ischemic ulcers, as surgical debridement can be very excruciating. Lastly, 

autolytic debridement involves keeping the wound healthy in a moist 

environment with adequate circulation by using dressings like hydrocolloids 

or hydrogels in order to promote the host immune system to clear out 

devitalized tissue and encourage the wound to self-heal. (70) For patients with 

ischemic DFU, re-vascularization and good pain management are required to 

facilitate wound healing. (43) 

Off-loading of ulcers, on the other hand, involves the alleviation of 

pressure from the foot by preventing contact between the foot and the ground. 

This is important as high plantar pressure in diabetic patients with peripheral 

neuropathy and existing foot deformities can lead to the development of 

plantar ulcers and contribute to delayed wound healing. In fact, several studies 

have shown the efficacy of off-loading in restoration of wound healing 

processes, which can be achieved through the use of foot casts, specialized 

socks or assistive devices such as crutches or wheelchairs. (71) 

On the other hand, antibiotic regimen and its mode of administration 

relies on the severity of infection. Patients with ulcers that received no prior 

antibiotic treatment and mild to moderate cases are treated with narrow- 
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spectrum antibiotics that cover Gram-positive bacteria through oral means for 

a duration of 1-2 weeks. Conversely, severe to life-threatening infections are 

treated with broad-spectrum antibiotics that target both Gram-positive and 

Gram-negative aerobes, with an inclusion of obligate anaerobes, for a duration 

of more than 2 weeks or 6-8 weeks if osteomyelitis is present. These antibiotics 

are given empirically before microbiological results can be obtained, after 

which selective antibiotics corresponding to the results are used. (70, 71) 

2.4. Emergence of antibiotic resistant organisms 

Multi-drug resistant organisms (MDRO) have been of a global concern 

over the last few decades and have been making a regular appearance in 

chronically infected wounds like DFU. Currently, the world is experiencing a 

shortage of effective drugs and unsuccessful pre-emptive measures against 

infections, which – coupled with the inadequate development of novel 

antibiotics – have led to the rise of MDROs. (72) The occurrence of antibiotic 

resistant organisms can be explained by the unnecessary and incorrect use of 

broad-spectrum antibiotics, improper duration of antibiotic administration, 

frequent hospitalizations and chronicity and persistence of infections. (73–75) 
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The prevalence of MDROs in Malaysia, particularly, has been 

increasing in general. Bacterial strains commonly isolated from DFUs such as 

E. coli, Klebsiella pneumonia and P. aeruginosa have been shown to 

increasingly resist numerous antibiotics that are regularly utilized for 

treatment. According to the National Antimicrobial Resistance Surveillance 

report conducted in 2017, over the last 5 years E. coli has shown increased 

resistance against amoxicillin/clavulanic acid, piperacillin/tazobactam, 

cefotaxime, gentamicin, cefepime, amikacin, trimethoprim/sulfamethoxazole, 

imipenem and meropenem. Similarly, K. pneumonia is increasingly resistant 

to amoxicillin/clavulanic acid, cefuroxime, ampicillin/sulbactam, 

cefoperazone/sulbactam, cefepime, amikacin, imipenem and meropenem. P. 

aeruginosa, on the other hand, experienced an increased resistance against 

piperacillin/tazobactam, ceftazidime, cefepime, imipenem and amikacin. S. 

aureus, however, has had a decline in antibiotic resistance, being less resistant 

to antibiotics such as gentamicin, clindamycin, penicillin G and erythromycin. 

(76) 

Studies conducted on the prevalence of MDROs in DFU worldwide 

have also produced similar results. For instance, a study done in China reported 

the presence of S. aureus that showed high resistance against penicillin 

(92.3%) and tetracycline (64.1%) but also highly susceptible to 

amoxicillin/clavulanate (12.8%) and ampicillin/sulbactam (0.0%). Similarly, 

the study also showed high antibiotic resistance in Enterobacteriaceae, with 
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nearly all isolates being resistant to ampicillin (85.4%), cefazolin (72.0%) and 

cefuroxime (64.6%). Conversely, low resistance rates were observed against 

carbapenem (1.2%), cefoperazone/sulbactam (7.3%), tobramycin (8.5%) and 

fourth generation cephalosporins (8.5%). The study suggested that increased 

antibiotic resistance was parallel to the severity of the ulcer. (35) In another 

study conducted in Brazil, researchers demonstrated that Gram-negative 

bacteria such as E. coli, Enterobacter spp. and Pseudomonas spp. isolated from 

chronic DFU wounds had >50% resistance against amoxicillin/clavulanic acid, 

aztreonam, amoxicillin, ampicillin, cefotaxime, cefoxitin, polymyxin, 

norfloxacin and tetracycline and high sensitivity against gentamicin. 

Additionally, Gram-positive bacteria such as S. aureus, S. epidermidis, and S. 

pneumonia were highly resistant against azithromycin, amoxicillin/clavulanic 

acid, erythromycin and cephalexin/cefalotin, but completely susceptible to 

imipenem. (50) 

2.5. Presence of bacterial biofilms in DFU 

2.5.1 Formation of biofilms 

The increasing trend of antibiotic resistance seen in DFU has been 

linked to the concept of biofilms. Biofilms are described as a population of 

microbes that are attached to a surface while being enclosed in a layer of self- 

produced substance called extracellular polymeric substance (EPS). (77) The 

formation of biofilms begins with quorum sensing, a coordinated chemical 
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signaling process that involves planktonic bacteria producing signaling 

molecules called autoinducers. These autoinducers then diffuse through the 

bacterial cell membrane to interact with receptors or activator sequences on a 

nearby bacteria to induce phenotypic changes. After a certain threshold is 

reached, they will then begin to aggregate into colonies and produce EPS, 

which is equipped with aquatic channels for nutrients to enter and waste 

products to be removed. (78) 

Biofilms exist in two states: non-pathogenic biofilms and pathogenic 

biofilms. The former can be found on the skin and mucous membranes such as 

gastrointestinal GI tract and teeth and functions as a protective layer against 

the attack of potentially pathogenic microorganisms. The latter, however, are 

frequently implicated in chronic wounds like DFU and is believed to contribute 

to wound chronicity and delayed wound healing. (78, 79) Necrotic tissues and 

debris in chronic wounds provide a stable environment for bacterial 

attachment, while purulent discharge provide nutrients for bacterial growth. 

(80) 

Biofilms are ubiquitous and often poly-microbial in nature; they consist 

of multiple bacterial species working synergistically with one another to 
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contribute to its high pathogenicity. (81) In fact, studies have shown that 60% 

of DFU specimens consisted of polymicrobial biofilms. (77, 80) Research done 

on chronic DFU cases have demonstrated the presence of these biofilms, often 

described as a slimy, translucent layer seen across a non-healing wound surface 

with the presence of slough, fibrin and a gelatinous material that quickly 

reforms after debridement. Additionally, microscopic analysis of this slimy 

layer showed the presence of densely aggregated, large micro-colonies 

comprised mainly of coccoid cells that are coated in a thick, continuous layer 

of EPS and arranged non-uniformly across the wound bed. (82) The severity 

of the wound plays a role in determining the presence of biofilms. Biofilms 

consisting of large aggregates of Gram-positive cocci were mainly observed in 

chronic wounds, while acute wounds had biofilms composed of individual 

bacteria and several small micro-colonies, therefore suggesting that biofilms 

were prevalent in chronic wounds but were rare in acute wounds. (83) 

Microbiological analysis of biofilms revealed S. aureus as the most 

commonly observed bacteria, with other bacterial species such as P. 

aeruginosa, E. coli, Klebsiella sp., Proteus vulgaris, Streptococcus sp., and 

anaerobes such as Anaerococcus sp., Peptoniphilus sp. and Fingoldia sp., 

making their appearance. (47, 50, 79, 84) Although S. aureus is widely 

accepted by researchers as the predominant biofilm former, another study 

demonstrated that Corynebacterium sp. was just as prevalent as S. aureus in 

biofilms. In this study, Dowd et. al. suggested that S. aureus was more 
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commonly seen than Corynebacterium sp. because the former was less 

fastidious to culture in vitro as compared to the latter, which results in 

Corynebacterium sp. being overlooked in biofilm studies. (84) 

2.5.2 How biofilms contribute to increasing antibiotic resistance 

Pathogenic biofilms are considered as an upgraded version of the 

relatively benign, non-pathogenic biofilms; the former are more vicious and 

are up regulated both genetically and biochemically, allowing them to be more 

resistant against various antimicrobial therapies. Reportedly, bacteria existing 

within a biofilm are 1000 times more resistant to antimicrobials than their 

planktonic counterparts. (43) The phenotypic changes experienced by bacterial 

species within the biofilm causes an up-regulation of genes that lead to the 

excessive production of degrading enzymes, an enhanced development of EPS, 

improved generation of quorum sensing molecules and faster microbial 

proliferation and dissemination. (79) 

Once these pathogenic biofilms are allowed to be established, they can 

be terribly difficult to eradicate due to their unique mechanisms that allow 

them to bypass the host immune system and elimination by antimicrobial 
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agents. For instance, the bacteria within a biofilm has an advantageously close 

contact with one another that allows the seamless and effective transfer of 

extracellular DNA encoding for antibacterial resistance between one bacterium 

to another, as compared to planktonic state bacteria. (85) Moreover, the 

process of quorum sensing forces the bacteria into a slow-growing mode and 

influences the biofilm architecture to regulate the synthesis of degrading 

enzymes, therefore decreasing their susceptibility against antimicrobial agents. 

(78) Biofilms are also capable or alternating their activity status to cause 

antibiotic resistance. The lack of nutrient and oxygen availability reduces the 

metabolic activity of bacteria and turning them quiescent. This dormant state 

of growth therefore effectively allows the bacteria to avoid the biocidal actions 

of antibiotics, which, traditionally, eliminates active bacteria by targeting their 

metabolic activities and proliferation. (86) 

In addition, the tenacious EPS layer confers immunity to the bacterial 

species within the biofilm against antimicrobial action and host immune 

responses. EPS is primarily made up of polysaccharides, nucleic acids, 

extracellular DNA, polysaccharides, proteins and more. (87, 88) This tough 

barrier disallows the penetration of any antimicrobial agents into the biofilm, 

which is likely caused by the inactivation of antimicrobial components by the 

constituents of EPS. (89) A study conducted on murine cutaneous wound 

model revealed that treatment of biofilms with traditional topical antibiotics 

led to no significant decrease in bacterial bio-burden, as compared to the 
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treatment on planktonic bacteria. (90) Aside from that, EPS also displays anti- 

phagocytic properties. Reportedly, a component within the polysaccharide is 

able to trap antibodies and complement factors and render them ineffective. 

Consequently, these factors will begin to accumulate and eventually result in 

tissue damage and chronic inflammation. (78, 79) However, the removal of 

bacteria from a biofilm causes it to revert to its planktonic state and resume its 

susceptibility, suggesting that the bacteria more likely acquired adaptive 

responses rather than genetic modifications. (75, 91) 

2.5.3. How biofilms deter wound healing in DFU 

Currently, there is a growing body of evidence that supports the 

biofilms’ contribution to delayed wound healing in DFU. In fact, the use of 

antibiotics aimed for the eradication of these biofilms might just be the culprit 

in delayed wound healing. Dressings that contain high amounts of antibacterial 

agents may have been proven to be bactericidal but also cytotoxic to 

surrounding healthy dermal cells, therefore causing further damage to host 

tissues and delaying wound closure. (81) Schierle et. al has also reported that 

treating biofilms in chronic wounds with traditional antibiotics did not even 

positively impact wound healing processes. However, the same study has 

proven that a significantly rapid re-epithelisation can be achieved through 

disruption of the biofilm by means of exogenous and endogenous genetic 

signals, thus suggesting that biofilms really do play a part in impairing wound 

healing. (90) Biofilm studies conducted on animal models have also reported 
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the failure of wound closure. (92) On the other hand, the administration of 

insulin in diabetics should, theoretically, reverse the effects of diabetes and 

restore wound healing capabilities. However, Watters et. al. have shown 

otherwise. The study conducted on P. aeruginosa-infected biofilms 

demonstrated that not only does insulin administration failed to restore wound 

healing, but more shockingly, it increased the prevalence of P. aeruginosa 

biofilms within the wound and its resistance against the antibiotic gentamicin, 

therefore signifying that biofilms may survive and even thrive under stressful 

conditions like starvation. (93) 

Not only do biofilms disrupt normal cellular functions, inflammatory 

cellular responses and wound repair processes, it can also cause the cells – 

especially host immune cells – to undergo phenotypic changes that may cause 

aberrant wound healing. Researchers have found the presence of impaired 

fibroblasts derived from edges of non-healing ulcers which, upon microscopic 

observation, were misshaped and inflated, with large nuclei and clumped 

together, unlike their normal counterparts. These abnormal fibroblasts also had 

a decreased migration rate when compared to healthy fibroblasts. (94) 

Moreover, fibroblasts derived from DFU were only able to produce a thin layer 

of ECM as compared to the thick ECM layer produced by normal, healthy 

fibroblasts. A closer inspection of the thin ECM matrix revealed a high amount 

of fibronectin – the main constituent of provisional matrix that is replaced for 

a sturdier and more mature matrix by ECM deposition during wound 
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remodeling – implying that increased fibronectin might account for limited 

wound healing progression in DFU. (95) 

Additionally, hyperproliferation and hyperkeratosis were also observed 

on the non-healing wound edges, thus reflecting the inability of keratinocytes 

to activate and differentiate. Hyperkeratosis observed in this study could be 

explained by the genes implicated in DNA synthesis and keratinocyte 

activation were highly induced, leading to the aberrant keratinocyte activation. 

On top of that, the down regulation of epidermal growth factor receptors 

(EGFR) disables keratinocytes to respond to epidermal growth factor (EGF), 

thereby leading to disrupted wound healing. (94) Similarly, another study 

reported the capability of biofilms in reducing or inhibiting keratinocyte 

proliferation and migration. Biofilm conditioned medium (BCM) with S. 

aureus and P. aeruginosa subjected to human epidermal keratinocytes were 

highly toxic and killed the cells at 10% dilution. Upon lowering the dilution to 

5%, a significant decline in proliferation was observed. Similarly, planktonic 

conditioned medium (PCM) from S. aureus also showed reduced proliferation 

but is less potent than its biofilm counterparts, and that PCM from P. 

aeruginosa had no significant effects on both processes. This implies that 

planktonic state bacteria are unable to induce impaired wound healing like 

biofilm state bacteria could. However, migration rate could not be established, 

as the keratinocytes were too susceptible to the toxic effects of both S. aureus 

and P. aeruginosa conditioned media. (96) 
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Certain bacterial species like P. aeruginosa are also capable of 

producing proteases that render wound healing factors ineffective. Matrix 

metalloproteinases (MMP) is a type of protease most commonly implicated in 

delayed wound healing. MMPs are produced by a number of cells that include 

inflammatory cytokines, keratinocytes, fibroblasts and endothelial cells. Under 

a controlled expression, the main functions of MMPs include the degradation 

of ECM, growth factors and angiogenic factors responsible for wound 

remodeling and regulate various wound healing mechanisms such as 

clearance of damaged proteins and destruction of provisional matrix in order 

to facilitate the regeneration of wounds. However, the presence of bacteria 

within the wounds can lead to a prolonged expression of MMPs, resulting in 

the excessive ECM breakdown that consequently impairs the progression of 

wound healing cascade. (97) Furthermore, wounds are kept in a vicious, 

inflammatory state by biofilms, and this causes neutrophils to be highly 

abundant in the wound. The prolonged presence of neutrophils will 

subsequently release inflammatory factors, reactive oxygen species and 

proteinases to cause further damage to nearby healthy tissues and ultimately 

contribute to delay in wound healing. (85) 
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3. MATERIALS AND METHODS

3.1 Ethics approval 

Ethics approval was obtained from the National Medical Research 

Register (NMRR) (Reference no.: KKM/NIHSEC/P18-2188(R)) for the study 

to be carried out. The study was also approved by the International Medical 

University (IMU) Joint Committee on Research Ethics (MMHS 1/2018 (01)). 

3.2 Sample population 

The sample size of this study was derived based on the incidence rate 

obtained from the National Diabetes Registry Report (Volume 1) and was 

calculated using an equation based on the online calculation website OpenEpi. 

The equation is as the following: 

n = [DEFF*Np(1-p)]/ [(d2/Z2
1-α/2*(N-1)+p*(1-p) 

where, n = sample size 

N = total population size (1527) 

p = probability of disease or exposure in the population (0.5) 

cl = confidence level (95%) 

d = Absolute precision on either side of the proportion (0.05) 

The sample size calculated was 306. It was then divided by 2 to 

achieve a smaller cohort of 153 subjects. 
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3.2.1 Inclusion and exclusion criteria 

The inclusion and exclusion criteria for the assessment of subjects for 

their suitability to be included in the study is as follows: 

Inclusion criteria 

Patients with diabetes 

Patients ≥ 18 years old 

Foot/leg ulcer ≥ 1 month 

Exclusion criteria 

Patients ≤ 18 years old 

Pregnant women 

Patients with unrelated skin diseases 

around the wound 

3.3 Sample collection 

The subjects of this study included 153 patients with an active diabetic 

foot ulcer presenting to the Orthopedic Clinic in Serdang Hospital for wound 

dressing. After assessing the suitability of the subject to be included in the 

study, the sample collection began with obtaining an informed consent from 

the patient or their next-of-kin. Two versions of the form (Malay and English) 

were used and are as found in Appendix 1. Next, the wound was assessed 

according to the guidelines obtained from the Clinical Practice Guidelines: 

Management of Diabetic Foot by Ministry of Health. A swab sample was then 

collected from the active wound site on the affected foot or leg using a 

transport swab, which involved a simple and gentle rubbing of the wound using 

the sterile cotton tip applicator. If the wound was dry or bleeding or slough 

was present, the wound was cleaned with sterile saline water before swabbing. 

The cotton swab was then placed into the transport medium, labelled 

45



 
 

accordingly and transported to the laboratory, where it was stored in -20°C 

before bacterial characterization is performed. 

Patients who return to the clinic within 15 days was subjected to 

another swab sample collection from the same wound site. Aside from that, 

any past or active infections and presence of neuropathy were noted, and 

additional participant information were obtained from the electronic medical 

records. 

3.4 Bacterial characterization 

The sample obtained using the cotton swab was cultured on Columbia 

sheep blood agar (Oxoid, UK), MacConkey agar (CRITERIONTM, USA) and 

nutrient agar (CRITERIONTM, USA) and incubated in a standard incubator 

(Binder GmbH) for 18 hours at 37°C. If a mixed colony growth was observed 

on the plates, each organism was isolated in order to obtain a pure colony. The 

pure colony was then identified using biochemical tests, namely catalase, 

oxidase and coagulase test, as well as Gram staining and colony morphology 

in order to establish the basic identity of the bacteria. The bacteria was also 

then made into a glycerol stock culture and kept in -80°C for further usage. 

3.4.1 Catalase test 
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A drop of 3% hydrogen peroxide is placed on the surface of a clean and 

dry glass slide. Using a sterile wire loop, 2-3 colonies of bacteria grown on the 

culture plate was transferred to the drop of hydrogen peroxide and observed 

for the formation of bubbles. The presence of rapid-forming bubbles indicate 

a positive result, while the lack or absence of bubble formation indicates a 

negative result. 

3.4.2 Oxidase test 

Oxidase strips purchased from Oxoid, UK were used in this procedure. 

1-2 colonies of different bacteria were picked up by a sterile wire loop and 

placed on the strip. A positive result is denoted by a color change from 

colorless to dark blue, whereas a negative result is denoted by no color 

change. 

3.4.3 Gram staining 

For this step, bacterial smears are firstly prepared. A clean and dry 

frosted glass slide was labelled on the frosted edge. A drop of sterile ultrapure 

water was then placed on the glass slide using a sterile cooled wire loop. After 

the wire loop has been sterilized and cooled again, a tiny sample of bacteria on 

the bacterial plate culture was picked up and mixed with the drop of water to 
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create an emulsion and spread thinly across the center of the glass slide using 

a circular motion. The glass slide was then left to air-dry and then heat-fixed 

by passing the slide through the flame of a Bunsen burner a few times. 

The Gram stain kit used in this step was purchased from HiMedia 

Laboratories®, India. The kit consisted of Gram’s crystal violet, Gram’s 

iodine, Gram’s decolourizer and safranin O stain. The bacterial smear was 

firstly stained with Gram’s crystal violet and let stand for 1 minute. Using a 

running tap water, the slide was tilted slightly and gently rinsed, with care 

taken as to not rinse directly onto the smear. Next, Gram’s iodine was added 

to the slide for 1 minute and rinsed gently afterwards. The bacterial smear was 

then decolorized using a few drops of Gram’s decolourizer for 5-6 seconds 

and immediately washed off. Lastly, the slide was counter-stained by gently 

flooding it with safranin O stain for 1 minute and rinsed off. The slide was then 

left to dry on a tissue paper before viewing under a light microscope. 

3.4.4 Coagulase test (tube method) 

This test was performed to distinguish between coagulase-positive S. 

aureus and other coagulase negative Staphylococcus species. The coagulase 
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reagent (Bactident coagulase rabbit plasma with EDTA, lyophilized) was 

purchased from Merck, USA. Using a sterile wire loop, 2-3 colonies of 

catalase-positive, oxidase-negative, Gram-positive staphylococci bacteria 

were inoculated in Brain Heart Infusion (BHI) broth (HiMedia Laboratories, 

India) and incubated overnight. Next, 300 µl of the coagulase reagent was 

placed in a 1.5ml tube (Eppendorf, Germany) and 100 µl of the inoculum was 

added to the tube, mixed well and incubated in 37°C for 4 hours, with the 

presence of coagulation checked every 30 minutes. The presence of 

coagulation indicates that the bacteria is coagulase positive, while the absence 

of coagulation indicates that the bacteria is coagulase negative. 

3.4.5 Glycerol stock preparation 

A glycerol stock was prepared for each bacterial colony for further 

testing or future use. A colony of bacteria was inoculated in 1 ml of TSB and 

incubated overnight in 37°C. A 100 ml, 50% glycerol solution was prepared 

by adding 62.5ml of 80% glycerol stock solution to 37.5ml of distilled 

ultrapure water and then sterilized by autoclaving the solution. 

To prepare the glycerol stock for the bacteria, 500 µl of 50% glycerol 

stock was added into a 2 ml cryogenic tube using a micropipette. Next, 500 µl 

of the inoculum was added into the tube, mixed well and immediately stored 

in -80°C. 
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3.5. Antibiotic susceptibility test

Each colony was tested for its antibiotic susceptibility using the disc 

diffusion method on Tryptic Soy Agar (TSA) (CRITERIONTM). The antibiotic 

discs used were purchased from HiMedia Laboratories®, India, which 

included amikacin (30 µg), amoxicillin (10 µg), ampicillin (25 µg), aztreonam 

(30 µg), chloramphenicol (30 µg), clindamycin (2 µg), cefepime (30 µg), 

cefazolin (30 µg), ciprofloxacin (5 µg), co-trimoxazole (25 µg), doxycycline 

(10 µg), erythromycin (15 µg), gentamicin (10 µg), methicillin (10 µg), 

oxacillin (1 µg), imipenem (10 µg), linezolid (30 µg), penicillin G (10 units), 

sulphamethoxazole (25 µg), tetracycline (30 µg), tobramycin (10 µg) and 

vancomycin (30 µg). 

1 ml of Tryptone Soy Broth (TSB) (CRITERIONTM, USA) was 

inoculated with 1-2 similar colonies using a sterile wire loop and incubated in 

37°C overnight. The inoculum was then compared and adjusted accordingly to 

0.5 McFarland Standard by dilution in order to obtain the comparative 

turbidity. 

Next, a sterile cotton swab was dipped in the standardized inoculum 

and pressed firmly against the inside wall of the tube to remove excess liquid. 
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The cotton swab was then streaked on the entire surface of the agar thrice, 

rotating the plate at 60° angle after every streak. The inoculum was allowed to 

dry for 5 minutes, after which the antibacterial discs were carefully placed on 

the medium using sterile forceps. The plates were then immediately incubated 

at 37°C for 18-24 hours and the zones of inhibition were measured and 

recorded the next day. 

3.6 Detection of biofilm by crystal violet biofilm assay 

3.6.1. Growth conditions for biofilm production 

1 ml of TSB was inoculated with 1-2 colonies of different bacteria 

using a sterile wire loop and incubated overnight. The turbidity of the inoculum 

was then adjusted to 0.5 McFarland Standard using plain TSB mixed with 1% 

glucose. Next, using a 96-well flat-bottomed plate (Eppendorf, Germany), 100 

µl of the suspension was added per well in triplicates, covered with aluminum 

foil and incubated in a shaking incubator at 37°C at 150 rpm for 24 hours. 

3.6.2. Crystal violet assay for biofilm detection 

After incubation, the planktonic bacteria were gently removed from the 

wells using a micropipette. The wells were then gently washed with ultrapure 

water thrice without disrupting the biofilms formed. Afterwards, the biofilms 

51



 
 

were stained by adding 0.1% crystal violet solution to each well and incubated 

at 25°C for 15 minutes. The crystal violet solution was removed, and the wells 

were washed thrice in a container filled with ultrapure water. The excess liquid 

was thoroughly removed by gently tapping the plate and dabbing off the excess 

liquid using a tissue paper, taking care not to allow it to fall back into the wells. 

Absolute ethanol was then added into the wells in order to release the crystal 

violet solution. The biofilm production by different bacteria was then 

compared by measuring the optical density at 595 nm using a microplate 

reader. 

3.7 Congo red agar method of detecting biofilm production 

The medium consisted of BHI agar (52g/L), sucrose (36g/L) and 

Congo red dye (0.8g/L). Congo red stain was prepared separately as 1% 

aqueous solution and autoclaved at 121°C for 15 minutes. It was then added to 

autoclaved BHI agar with sucrose at 55°C before being poured into disposable 

petri dishes and let solidified. Next, every isolate obtained from the patient 

samples was revived from the -80°C stock on nutrient and MacConkey plates. 

The colonies that were grown overnight at 37°C were then inoculated in sterile 

TSB and again incubated overnight. Next, a drop (20 µl) of the inoculated 

broth was transferred onto the Congo Red agar using a micropipette and 

incubated for 24 hours at 37°C. Positive biofilm formation was then identified 
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by the presence of black or dark red colonies with dry or crystalline 

consistency, whereas negative biofilm production was identified by red 

colonies with smooth or darkened appearance in the center. 

3.8 Statistical analysis 

The SPSS software was used for the statistical analyses in this study. 

Descriptive statistics for the patient demographic data were calculated as 

means, standard deviation and percentages. The association between 

categories of patients’ ages, race, gender, ulcer duration, diabetes duration, 

ulcer severity and presence of neuropathy were tested using the chi-square 

method and independent t-test. The correlation between patients’ ages and 

ulcer and diabetes duration as well as diabetes duration and ulcer duration were 

calculated using the Spearman’s correlation coefficient method. The test of 

analysis of variance (ANOVA) was used to investigate the relationship 

between patients’ ages, race, ulcer duration, diabetes duration and ulcer 

severity. ANOVA was also used to investigate the correlation between ulcer 

severity, presence of neuropathy, ulcer duration, diabetes duration and 

antibiotic sensitivity test results with the biofilm formation strengths. 
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4. RESULTS 

4.1 Patient demographic data 

From January 2019 to October 2020, 153 subjects presenting with 

DFU to the Orthopedic clinic were assessed for study eligibility and 

sample collection was performed with consent. 

Characteristics N = 153 % 
Age 

25-35 years 
36-45 years 
46-55 years 
56-65 years 
66-75 years 
76-85 years 

7 4.6 
11.9 
22.5 
37.8 
17.9 
5.3 

18 
34 
57 
27 
8 

Gender 

Race 

Female 
Male 

48 
105 

31.4 
68.6 

Malay 
Indian 
Chinese 

98 
37 
18 

64.1 
24.2 
11.8 

Diabetes type 
Type 1 4 2.8 
Type 2 141 97.2 

Duration of diabetes 
< 1 year 6 

24 
40 
9 

25 
16 
5 

4.8 
19.2 
32.0 
7.2 

20.0 
12.8 
4.0 

1-5 years 
6-10 years 
11-15 years 
16-20 years 
21-30 years 
31-40 years 

Ulcer duration 
1 - 4 weeks 78 

25 
12 
9 
1 

18 

54.5 
17.5 
8.4 
6.3 
0.7 

5 – 8 weeks 
9 – 12 weeks 
13 – 16 weeks 
17 – 20 weeks 
≥ 21 weeks 12.6 
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Wagner’s Grade 
1 
2 
3 
4 

15 
93 
35 
8 

9.9 
61.6 
23.2 
5.3 

Presence of neuropathy 
Yes 
No 

140 
11 

97.2 
7.3 

Table 1: Demographic data of DFU patients presenting to 
Orthopedic Clinic and wards in Serdang Hospital. 

DFU was more prevalent in male patients than female patients, 

accounting for more than half the study population. Adults between the ages 

of 56-65 years (M = 56.85, SD = 12.06) were most frequently reported to 

acquire DFU as compared to other age groups. Additionally, there was a 

statistically significant association between age and gender, t (149) = 2.098, p 

= .038, which confirms that elderly men are more likely to acquire DFU than 

elderly women. We found that Malays were more predominant followed by 

Chinese and Indians in developing DFU, although this might be due to the 

locality of the hospital, where more Malays come for treatment at the clinic. 

4.2 Clinical features of DFU 

Nearly all the subjects had acquired type 2 diabetes at a later age in their 

lives; only a small fraction of the subjects had type 1 diabetes. Most of the 

patients have had diabetes for approximately 6-10 years (M = 13.37) and an 

ulcer duration of between 1-4 weeks (M = 20.98). The relationship between 
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the ulcer duration and duration of diabetes was investigated and we found no 

correlation between the variables, r (117) = -.039, p = .674. In regards to 

neuropathy, more than 90% of DFU patients in this study was afflicted by it. 

These patients reported feeling a decreased sensation upon light touch in the 

ulcer or the area surrounding it or entirely lack thereof. In this study, 

neuropathy did not have any significant relationship with the patients’ age, t 

(149) = -.614, p = .540. No significant association was also found between 

neuropathy and diabetes duration, t (123) = .828, p = .519. Ulcer duration also 

did not have any significant relationship with neuropathy, t (141) = .890, p = 

.375. 

4.3 Ulcer severity 

The grade of the ulcers was assessed based on the Wagner’s 

Classification System for assessing DFU wounds. The details on this 

classification system is as the following table: 

Ulcer grade 

Grade 0 

Grade 1 

Grade 2 

Description 

No ulcer but at high risk for ulceration 

Superficial ulcer 

Deep ulcer with no bone involvement or 

abscess present 

Grade 3 

Grade 4 

Grade 5 

Abscess with bone involvement 

Localized gangrene 

Extensive gangrene of whole foot 

Table 2: Wagner’s classification system for assessing 
DFU wounds. 
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We found that a majority of the patients had Grade 2 ulcers, followed 

by Grade 3, Grade 1 and only a small portion of the patients had Grade 4 ulcers. 

In this study we hypothesized that ulcer severity (denoted by Wagner’s grades) 

is dependent on age, i.e., the older the patient, the worse the ulcer. We 

investigated this relationship and found no significant association between the 

two, [F (3, 145) = 1.137, p = .336]. Next, we investigated the relationship 

between ulcer severity and patients’ gender and found no statistical 

significance between the variables, X2 (3, N = 151) = 2.703, p = .440. 

The relationship between ulcer severity and patients’ race, however, 

yielded a degree of statistical significance at 10% significance level, X2 (6, N 

= 151) = 11.87, p = .065. Aside from that, the correlation between diabetes 

duration and ulcer severity was also statistically significant, [F (3, 119) = 

3.231, p = .025]. However, as depicted in Figure 1, there were more patients 

with a longer diabetes duration that had mild ulcers (Grades 1 and 2) as 

compared to patients with a shorter diabetes duration that had moderate to 

severe ulcers (Grades 3 and 4). 
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Frequency of ulcer duration in regards to Wagner's grades 

50 
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0 
1 2 3 4 

Wagner's Grade 

Figure 1: The frequency of ulcer duration in relation to Wagner’s 
Grades. 

We investigated the relationship between ulcer severity and ulcer 

duration and hypothesized that the longer the ulcer, the higher the Wagner’s 

grade, [F (3, 137) = .475, p = .700]. However, no statistical significance was 

found. In addition to that, no significant association was observed between 

ulcer severity and presence of neuropathy, X2 (3, N = 140) = 1.595, p = .661. 

4.4 Bacterial characterization 

From the 153 wound samples collected from DFU patients, 395 

bacterial isolates were obtained. Bacterial characterization performed on the 

samples revealed the presence of several bacterial species. 

58



 
 

Gram's staining of bacterial isolates 
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Gram's staining results 

Figure 2: Gram’s staining of isolates from DFU patients. 

The identification of the isolates that were performed based on their 

growth features and morphological characteristics on specific agar media, 

Gram’s staining and several biochemical tests found 395 aerobic bacteria 

belonging to 12 species as well as the presence of one fungal species in one 

wound. However, only 265 isolates were considered for this study as some 

species were found to be repeated in the same patient. Of this, 167 (63.01%) 

were Gram-positive, 97 (33.96%) were Gram-negative and one (0.377%) was 

a fungal species (Figure 2). 

The most common bacteria found in DFU in this study was the Gram- 

positive Staphylococcus aureus (27.07%), followed by the coagulase-negative 

S. aureus (CoNS) (22.56%), the Gram-negative Klebsiella spp. (12.03%) and 

P. aeruginosa (11.65%). Streptococcus spp., particularly S. pneumonia 
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(3.38%) and S. pyogenes (6.77%) were found in the wounds, along with 

Escherichia coli (6.02%), and Proteus spp (4.14%). Other bacterial species 

such as Bacillus spp. (1.50%), Enterococcus faecalis (1.13%), 

Corynebacterium diptheriae (0.38%) and Candida spp. (0.38%) were found in 

minority of the swab samples (Table 3 and Figure 3). However, for 7 isolates 

(2.642%), their species could not be identified through biochemical tests and 

their morphological characteristics on the agar plates. No anaerobic bacteria 

were isolated. 

Bacteria species n (%) 
S. aureus 72 (27.1) 

Coagulase-negative S. aureus (CoNS) 

Klebsiella spp. 

P. aeruginosa 

S. pyogenes 

60 (22.6) 

32 (12.0) 

31 (11.7) 

18 (6.8) 

16 (6.0) 

11 (4.1) 

9 (3.4) 

E. coli 

Proteus spp. 

S. pneumonia 

OTHERS 

Unidentified 7 (2.6) 

4 (1.5) 

3 (1.1) 

1 (0.4) 

1 (0.4) 

Bacillus spp. 

E. faecalis 

Candida spp. 

C. diphtheriae 

Table 3: The bacterial species obtained from the DFU wound 

samples. 
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Frequency of bacteria species isolated from DFU patients 

0.3 27.07% 

0.25 22.56% 

0.2 

0.15 

0.1 

12.03%11.65% 

6.77% 6.02% 6.02% 
4.14% 3.38% 0.05 

0 

Bacteria species 

Figure 3: The bacterial species obtained from the DFU wound 

samples. 

The mean number of bacterial species obtained from each sample was 

1.73 (SD = 1.24), which shows evidence of the polymicrobial nature of DFU 

wounds. In this study, 77 patients (28.9%) had a polymicrobial growth in their 

wounds, whereas 54 patients (20.3%) had a mono-microbial growth. No 

growth was reported in 22 patients (8.27%). 

Next, we investigated the relationship between ulcer duration and the 

number of isolates found to observe whether the length of ulcer duration had a 

significant correlation with the polymicrobial or mono-microbial growth in the 

wound and found a weakly positive but non-significant correlation between 

the two variables, rs (123) = .347, p < .361. Similarly, the duration of diabetes 
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neither increased nor decreased the patients’ chances in having a mixed growth 

in their wound, rs (125) = -.111, p = .220. 

Aside from that, we also hypothesized that the more severe the ulcer, 

the higher the number of bacterial species that can be obtained. We tested out 

this claim by comparing the Wagner’s grades and number of isolates obtained 

using the Chi square test but did not find any statistical significance between 

the two variables, X2 (15, N = 151) = 15.53, p = .414. Next, we investigated 

the influence of ulcer severity on the type of bacteria based on their Gram’s 

staining (Figure 4) as previous studies have reported the abundance of Gram- 

positive bacteria in mild to moderate grades of the ulcer and Gram-negative 

bacteria in the more severe grades. However, our results showed no statistical 

significance between ulcer severity and Gram-positive isolates, X2 (9, N = 151) 

= 9.167, p = .422, or Gram-negative isolates, X2 (6, N = 151) = 2.780, p = .836. 
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Bacteria isolates according to Wagner's Grades 
classification 
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Figure 4: The bacterial species reported in different 

Wagner’s grades. 

We also looked further into the types of bacteria found in different 

Wagner’s grades (Table 4 and Figure 5) In Wagner’s grade 1 ulcers, S. aureus 

was the most prevalent (35.0%), followed by CoNS (30.0%), S. pyogenes 

(10.0%), S. pneumonia (10.0%), Klebsiella spp. (5.0%), Proteus (5.0%) and 

Bacillus spp. (5.0%). 

In Wagner’s grade 2 ulcers, S. aureus was also the most prevalent 

(30.9%), followed by CoNS (19.1%), Klebsiella spp. (11.8%), P. aeruginosa 

(10.5%), E. coli (5.9%), S. pyogenes (5.3%), Proteus spp. (5.3%), S. 

pneumonia (3.3%), E. faecalis (1.8%), Bacillus spp. (1.3%), Candida spp. 

(0.7%) and C. diphtheriae (0.7%). 

63



 
 

In Wagner’s grade 3 ulcers, however, CoNS take the lead at 23.8%, 

followed by S. aureus (23.0%), P. aeruginosa (14.3%), Klebsiella spp. 

(14.3%), S. pyogenes (9.5%), E. coli (6.3%), Proteus spp. (3.2%), S. 

pneumonia (3.2%), and Bacillus spp. (1.6%). 

In Wagner’s grade 4 ulcers, CoNS was the most predominant bacterial 

species (27.3%), followed by S. aureus (18.2%), P. aeruginosa (18.2%), 

Klebsiella spp. (13.6%), E. coli (9.1%) and S. pyogenes (4.5%). 

Wagner’s Grade (n, %) 
Bacterial species 

1 2 3 4 
S. aureus 

CoNS 
P. aeruginosa 
Klebsiella spp. 

S. pyogenes 
E. coli 

Proteus spp. 
S. pneumonia 
Bacillus spp. 
E. faecalis 

Candida spp. 
C. diphtheriae 

Others 

7 (35.0) 
6 (30.0) 
0 (0.0) 
1 (5.0) 
2 (10.0) 
0 (0.0) 
1 (5.0) 
2 (10.0) 
1 (5.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

47 (30.9) 
29 (19.1) 
16 (10.5) 
18 (11.8) 
8 (5.3) 
9 (5.9) 
8 (5.3) 
5 (3.3) 
2 (1.3) 
2 (1.8) 
1 (0.7) 
1 (0.7) 
6 (3.9) 

15 (23.0) 
15 (23.8) 
9 (14.3) 
9 (14.3) 
6 (9.5) 
4 (6.3) 
2 (3.2) 
2 (3.2) 
1 (1.6) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

4 (18.2) 
6 (27.3) 
4 (18.2) 
3 (13.6) 
1 (4.5) 
2 (9.1) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
1 (4.5) 

Table 4: The bacterial species isolated from each Wagner’s grade of patients’ 
wounds. 
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Bacterial species in different Wagner's Grades 
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Figure 5: The bacterial isolates reported in four grades of DFU. 

4.5 Antibiotic sensitivity test 

All 265 isolates were subjected to antibiotic sensitivity test to 

investigate their resistance or sensitivity against 22 antibiotics from 12 

different classes. Our results showed that 95.09% of the isolates were sensitive 

towards the carbapenem class antibiotic imipenem, whereas 89.43% of isolates 

were resistant to penicillin G. As for the other antibiotics used in this study, 

the isolates were resistant to most of the antibiotics that include penicillin G 

(89.43%), methicillin (87.92%), oxacillin (83.77%), tetracycline (83.40%), 

clindamycin (80.00%), gentamicin (76.98%), erythromycin (75.85%), 

amoxicillin (66.42%), sulfamethoxazole-trimethoprim (63.40%), ampicillin 
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(61.51%), aztreonam (53.96%), linezolid (52.83%), vancomycin (52.08%) and 

chloramphenicol (44.53%). On the other hand, sensitivity of isolates were 

noted for tobramycin (80.75%), ciprofloxacin (73.58%), amikacin (71.32%), 

cefepime (70.19%), co-trimoxazole (57.36%), cefazolin (51.70%) and 

doxycycline (46.04%) (Table 5). 

We investigated the antibiotic sensitivity and resistant profiles for 

Gram-positive and Gram-negative bacteria. According to Table 6 and 7, all the 

Gram-positive bacteria were resistant against clindamycin, erythromycin, 

gentamicin, methicillin, oxacillin, penicillin G, sulfamethoxazole- 

trimethoprim and tetracycline, while being sensitive towards cefazolin, 

ciprofloxacin, co-trimoxazole, imipenem and tobramycin. Upon further 

inspection, CoNS were resistant against 15 out of 22 antibiotics tested, making 

it the most resistant Gram-positive bacterial species than the rest. It was only 

sensitive against amikacin, cefazolin, cefepime, ciprofloxacin, co-trimoxazole, 

imipenem and tobramycin. S. aureus, on the other hand, were sensitive to 11 

out of 22 antibiotics. They were sensitive towards the same antibiotics that 

CoNS were sensitive to, with the addition of chloramphenicol, doxycycline, 

linezolid and vancomycin. S. pneumonia and S. pyogenes were both sensitive 

towards 11 out of 22 antibiotics: amikacin, amoxicillin, ampicillin, aztreonam, 

cefazolin, cefepime, ciprofloxacin, co-trimoxazole, imipenem and tobramycin 

for the former and amoxicillin, ampicillin, cefazolin, chloramphenicol, 
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ciprofloxacin, co-trimoxazole, doxycycline, imipenem, linezolid, tobramycin 

and vancomycin for the latter species. 

According to Table 8 and 9, the Gram-negative bacteria in this study 

are mostly resistant against the antibiotics used, specifically against 

amoxicillin, ampicillin, cefazolin, clindamycin, erythromycin, gentamicin, 

linezolid, methicillin, oxacillin, penicillin G, sulfamethoxazole-trimethoprim, 

tetracycline, tobramycin and vancomycin. Species-wise, P. aeruginosa was the 

most resistant species among the Gram-negative bacteria, being resistant to 15 

out of 22 antibiotics and only being sensitive towards amikacin, aztreonam, 

cefepime, ciprofloxacin, doxycycline, imipenem and tobramycin. Klebsiella 

spp., E coli and Proteus spp. were resistant against amoxicillin, ampicillin, 

cefazolin, chloramphenicol, clindamycin, co-trimoxazole, doxycycline, 

erythromycin, gentamicin, linezolid, methicillin, oxacillin, penicillin G, 

sulfamethoxazole-trimethoprim, tetracycline and vancomycin. It is interesting 

to note that the Gram-negative bacteria were resistant against more antibiotics 

than Gram-positive bacteria, including cefazolin and tobramycin, of which 

Gram-positive bacteria were sensitive to. 
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Antibiotic Sensitive, n (%) Intermediate, n (%) Resistant, n 
(%) 

Amikacin 
Amoxicillin 
Ampicillin 
Aztreonam 
Cefazolin 

189 (71.32) 
57 (21.51) 
87 (32.83) 

103 (38.87) 
137 (51.70) 
186 (70.19) 
103 (38.87) 
195 (73.58) 
47 (17.74) 

152 (57.36) 
122 (46.04) 
52 (19.62) 
25 (9.43) 

252 (95.09) 
125 (47.17) 
22 (8.30) 
4 (1.51) 

28 (10.57) 
74 (27.92) 

21 (7.92) 
32 (12.08) 
15 (5.66) 
19 (7.17) 
24 (9.06) 
19 (7.17) 
44 (16.60) 
20 (7.55) 
6 (2.26) 

10 (3.77) 
28 (10.57) 
12 (4.53) 
36 (13.58) 
0 (0.00) 

55 (20.75) 
176 (66.42) 
163 (61.51) 
143 (53.96) 
104 (39.25) 
60 (22.64) 

118 (44.53) 
50 (18.87) 

212 (80.00) 
103 (38.87) 
115 (43.40) 
201 (75.85) 
204 (76.98) 
13 (4.91) 

Cefepime 
Chloramphenicol 

Ciprofloxacin 
Clindamycin 

Co-trimoxazole 
Doxycycline 
Erythromycin 
Gentamicin 
Imipenem 
Linezolid 

Methicillin 
Oxacillin 

0 (0.00) 140 (52.83) 
233 (87.92) 
222 (83.77) 
237 (89.43) 
168 (63.40) 

10 (3.77) 
39 (14.72) 
0 (0.00) Penicillin G 

Sulfamethoxazole- 
trimethoprim 
Tetracycline 
Tobramycin 
Vancomycin 

23 (8.68) 

35 (13.21) 
214 (80.75) 
122 (46.04) 

9 (3.40) 
0 (0.00) 
5 (1.89) 

221 (83.40) 
51 (19.25) 

138 (52.08) 

Table 5: The resistance and sensitivity patterns of bacteria isolates 

against 22 different antibiotics. 
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Antibiotic Resistance pattern 
CoNS S. 

pneumonia pyogenes 
S. 

aureus 
- 

S. 

Amikacin 
Amoxicillin 
Ampicillin 
Aztreonam 
Cefazolin 

66.67% - 50.00% 
70.83% 66.67% 
69.44% 58.33% 
79.17% 56.67% 

- 
- 
- 

- 
- 

88.89% 
- 
- 
- 
- 

- - - 
Cefepime - - 61.11% 

Chloramphenicol 
Ciprofloxacin 
Clindamycin 

Co-trimoxazole 
Doxycycline 
Erythromycin 
Gentamicin 
Imipenem 

46.67% 
- 

44.44% 
- 

- 
- 

54.17% 90.00% 88.89% 
- 

83.33% 
- - 

- 
- 

50.00% 
62.50% 71.67% 
62.50% 86.67% 

44.44% 
66.67% 
88.89% 

- 

- 
66.67% 
83.33% 

- - 
- 

- 
Linezolid 

Methicillin 
Oxacillin 

55.00% 55.56% 
88.89% 
77.78% 
77.78% 
44.44% 

- 
72.22% 90.00% 
70.83% 83.33% 
91.67% 91.67% 

83.33% 
66.67% 
50.00% 
50.00% 

Penicillin G 
Sulfamethoxazole- 62.50% 65.00% 

trimethoprim 
Tetracycline 
Tobramycin 
Vancomycin 

62.50% 90.00% 77.78% 
- 

55.56% 

83.33% 
- 
- 

- - 
- 56.67% 

Table 6: The resistance pattern of Gram-positive bacteria 

against the antibiotics used. 
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Antibiotic Sensitivity pattern 
CoNS S. S. S. 

aureus pneumoni pyogenes 
ae 

Amikacin 
Amoxicillin 
Ampicillin 
Aztreonam 
Cefazolin 

80.56% 66.67% 55.56% 
33.33% 
77.78% 
55.56% 
88.89% 
88.89% 
44.44% 
77.78% 

- 

- 
- 
- 
- 

- 
- 
- 

66.67% 
72.22% 

- 
68.06% 60.00% 
68.06% 70.00% 
47.22% 

83.33% 
Cefepime - 

Chloramphenicol 
Ciprofloxacin 
Clindamycin 

Co-trimoxazole 
Doxycycline 
Erythromycin 
Gentamicin 
Imipenem 

50.00% 
94.44% 62.50% 73.33% 

- - - 
72.22% 51.67% 77.78% 

44.44% 
- 

77.78% 
50.00% 55.56% - 

- 
- 

- 
- 

- 
- - 

95.83% 95.00% 100.00% 100.00% 
Linezolid 

Methicillin 
Oxacillin 

70.83% - 
- 
- 
- 
- 

- 
- 
- 
- 

88.89% 
- 
- 
- 
- 

- 
- 

Penicillin G 
Sulfamethoxazole- 

trimethoprim 
Tetracycline 
Tobramycin 
Vancomycin 

50.00% 
50.00% 44.44% 

- - - - 
88.89% 70.00% 
65.28% 

88.89% 
- 

61.11% 
77.78% - 

Table 7: The sensitivity pattern of Gram-positive bacteria 

against the antibiotics used. 
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Antibiotic Resistance pattern 
Klebsiella E. coli 

spp. 
P. Proteus 

spp. aeruginosa 
Amikacin 

Amoxicillin 
Ampicillin 

- - - - 
80.65% 
77.42% 

- 

84.38% 
75.00% 

56.25% 63.64% 
56.25% 54.55% 

Aztreonam - - - 
Cefazolin 
Cefepime 

67.74% 
- 

54.84% 
- 

100.00% 
61.29% 

- 
93.55% 
64.52% 

- 

78.13% 50.00% 63.64% 
- 
- 
- 

- - 
- 
- 

Chloramphenicol 
Ciprofloxacin 
Clindamycin 

Co-trimoxazole 
Doxycycline 
Erythromycin 
Gentamicin 
Imipenem 

75.00% 
- 

93.75% 
46.88% 

- 
90.63% 
84.38% 

- 

87.50% 100.00% 
- 
- 

- 
54.55% 

87.50% 100.00% 
81.25% 90.91% 

- - 
Linezolid 

Methicillin 
Oxacillin 

96.77% 
100.00% 
93.55% 
96.77% 
70.97% 

78.13% 62.50% 81.82% 
100.00% 100.00% 100.00% 
100.00% 100.00% 90.91% 
93.75% 100.00% 90.91% Penicillin G 

Sulfamethoxazole- 
trimethoprim 
Tetracycline 
Tobramycin 
Vancomycin 

78.13% 50.00% 45.45% 

100.00% 
- 

70.97% 

93.75% 
- 

75.00% 

93.75% 90.91% 
- - 

56.25% 81.82% 

Table 8: The resistance pattern of Gram-negative bacteria against 

the antibiotics used. 
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Antibiotic Sensitivity pattern 
P. Klebsiella E. coli Proteus 

aeruginosa spp. spp. 
Amikacin 

Amoxicillin 
Ampicillin 

87.10% 75.00% 56.25% 72.73% 
- 
- 

- 
- 

- 
- 

- 
- 

Aztreonam 
Cefazolin 

80.65% 
- 

53.13% 56.25% 81.82% 
- - - 

Cefepime 87.10% 81.25% 
40.63% 
81.25% 

75.00% 90.91% 
54.55% 

68.75% 72.73% 
Chloramphenicol 

Ciprofloxacin 
Clindamycin 

Co-trimoxazole 
Doxycycline 
Erythromycin 
Gentamicin 
Imipenem 

80.65% 
- 
- 

- 
- 

- - 
50.00% 54.55% 

64.52% 50.00% 50.00% - 
- 
- 

- 
- 

- 
- 

- 
- 

89.66% 96.88% 100.00% 81.82% 
Linezolid 

Methicillin 
Oxacillin 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

Penicillin G 
Sulfamethoxazole- 

trimethoprim 
Tetracycline 
Tobramycin 
Vancomycin 

- - - - 
93.55% 

- 
81.25% 

- 
81.25% 81.82% 

- - 

Table 9: The sensitivity pattern of Gram-negative bacteria 

against the antibiotics used. 
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Antibiotic Resistance pattern Sensitivity 
pattern 

Others Others 

Amikacin 
Amoxicillin 
Ampicillin 
Aztreonam 
Cefazolin 

- 68.75% 
62.50% 
62.50% 
75.00% 

- 
43.75% 
50.00% 

- 

- 
- 

43.75% 
- Cefepime 

Chloramphenicol 
Ciprofloxacin 
Clindamycin 

Co-trimoxazole 
Doxycycline 
Erythromycin 
Gentamicin 
Imipenem 

75.00% 
62.50% 

- 
- 

50.00% 
50.00% - 

75.00% 
87.50% 

- 

- 
- 

93.75% 
Linezolid - 68.75% 

Methicillin 
Oxacillin 

87.50% 
93.75% 
87.50% 
68.75% 

- 
- 
- 
- 

Penicillin G 
Sulfamethoxazole- 

trimethoprim 
Tetracycline 
Tobramycin 
Vancomycin 

87.50% - 
- 
- 

75.00% 
62.50% 

Table 10: The resistance and sensitivity patterns of other bacterial 

species against the antibiotics used. 
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4.6. Biofilm formation – Crystal violet assay

The presence of a polymicrobial growth is one of the main 

characteristics of DFU wounds. These microorganisms can interact with each 

other to form a complex biofilm that enables the bacterial virulence to be 

enhanced and causes severe infections. In this study, we investigated the 

capabilities of each bacterial species in forming biofilms (Table 11), detected 

by the crystal violet assay. The absorbance values of each sample (not 

included) were calculated accordingly to obtain the cut-off values for each 

category as follows: i) No biofilm formation: ≤ OD 0.078; ii) weak biofilm 

formation: OD 0.079 – 0.0155; iii) moderate biofilm formation: OD 0.156 – 

0.311 and iv) strong biofilm formation: ≥ OD 0.312. 

Bacterial 
species 

Biofilm formation strengths, n (%) 

No Weak Moderate 

27 (33.8) 

19 (23.8) 

Strong 

12 (23.5) 

9 (17.6) 

S. aureus 

CONS 

17 (23.9) 

15 (21.1) 

16 (25.4) 

17 (26.9) 

Klebsiella spp. 10 (14.1) 8 (12.7) 

10 (15.9) 

5 (7.93) 

2 (3.17) 

1 (1.59) 

0 (0.00) 

3 (4.76) 

1 (1.58) 

0 (0.00) 

0 (0.00) 

0 (0.00) 

7 (8.75) 

5 (6.25) 

3 (3.75) 

2 (2.50) 

6 (7.50) 

1 (1.25) 

3 (3.75) 

6 (7.50) 

1 (1.25) 

0 (0.00) 

0 (0.00) 

7 (13.7) 

4 (7.84) 

2 (3.92) 

0 (0.00) 

8 (15.7) 

0 (0.00) 

3 (5.9) 

P. aeruginosa 

E. coli 

12 (16.9) 

6 (8.45) 

3 (4.22) 

3 (4.22) 

3 (4.22) 

2 (2.82) 

0 (0.00) 

0 (0.00) 

0 (0.00) 

0 (0.00) 

Others 

S. pyogenes 

Bacillus spp. 

Proteus spp. 

S. pneumonia 

E. faecalis 

2 (3.9) 

2 (3.9) 

C. diptheriae 

Candida spp 

1 (1.96) 

1 (1.96) 

Table 11: The biofilm formation strengths of each species in four 
categories: non-formers, weak, moderate and strong biofilm formers. 
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In summary, Gram-positive bacteria – especially S. aureus – were 

mostly moderate to strong biofilm formers, whereas the Gram-negative P. 

aeruginosa and Klebsiella spp. were non- to weak biofilm formers. Proteus 

spp., on the other hand, were moderately to strongly able to form biofilms. The 

only fungal species, Candida spp., formed a strong biofilm, along with C. 

diphtheriae and E. faecalis. 

Based on our observations, we found that each species within samples 

with a polymicrobial growth are able to form biofilms, albeit at different 

strengths. It has been reported in previous studies that the tenacity of biofilms 

is due to the complex interactions between each bacterial species present in the 

biofilm, and that certain bacteria can actually positively or negatively influence 

the behavior of other bacterial species. However, such relationship could not 

be established in this study, as the conducive environment for a polymicrobial 

biofilm growth was not emulated. 

We assessed the relationship between ulcer severity and biofilm 

formation but found no significant association; no biofilm formation, [F (3, 49) 

= .325, p = .807], weak biofilm formation, [F (3, 44) = .849, p = .475], 

moderate biofilm formation, [F (3, 58) = 3.231, p = .627], except for strong 
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biofilm formation, [F (3, 36) = 3.334, p = .003] (Table 12), which suggests 

that biofilm-forming bacteria is found in ulcers of all stages and therefore 

correlating with the abundance of biofilm-forming S. aureus and P. aeruginosa 

found in every Wagner’s grade. 

Sum of 
squares 
0.439 
22.014 
22.453 
0.737 
12.742 
13.479 
0.408 
13.463 
13.871 
1.517 
5.458 
6.975 

df Mean 
square 
0.146 0.325 0.807 
0.449 

F Sig 

No 
biofilm 
formation Total 
Weak 
biofilm 
formation Total 
Moderate Between groups 
biofilm 
formation Total 

Between groups 
Within groups 

3 
49 
52 
3 
44 
47 
3 
58 
61 
3 
36 
39 

Between groups 
Within groups 

0.246 0.849 0.475 
0.290 

0.136 0.586 0.627 
0.232 Within groups 

Strong 
biofilm 
formation Total 

Between groups 
Within groups 

0.506 3.334 0.030 
0.152 

Table 12: The ANOVA test results stating the significance of the 
relationship between ulcer severity and biofilm formation strengths. 

Next, we investigated the relationship between biofilm formation and 

the presence of neuropathy and found that neuropathy does not affect the 

biofilm forming capabilities of bacterial species; no biofilm formation, [F (1, 

51) = 1.898, p = .174], weak biofilm formation, [F (1, 47) = .515, p = .477], 

moderate biofilm formation, [F (1, 61) = .902, p = .346], strong biofilm 

formation, [F (1, 39) = .886, p = .352] (Table 13). 
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Sum of 
squares 

Between groups 0.806 
21.647 
22.453 

Between groups 0.147 

df Mean 
square 
0.806 
0.424 

F Sig 

No 
biofilm 
formation Total 
Weak 
biofilm 
formation Total 

1 1.898 0.174 

0.515 0.477 

0.902 0.346 

0.886 0.352 

Within groups 51 
52 
1 
47 
48 
1 
61 
62 
1 
39 
40 

0.147 
0.285 Within groups 13.404 

13.551 
Moderate Between groups 0.203 0.203 

0.225 biofilm 
formation Total 
Strong 
biofilm 
formation Total 

Within groups 13.733 
13.937 

Between groups 0.156 0.156 
0.176 Within groups 6.868 

7.024 

Table 13: The ANOVA test results stating the significance of the 
relationship between presence of neuropathy and biofilm formation 

strengths. 

The duration of ulcer duration and no biofilm formation, ([F (4, 46) = 

.663, p = .621], weak biofilm formation, [F (5, 40) = .528, p = .754], moderate 

biofilm formation, [F (5, 53) = 1.171, p = .336], and strong biofilm formation, 

[F (5, 33) = 1.764, p = .148]) (Table 14) did not show any significant 

correlation. There was also no significant relationship between diabetes 

duration and no biofilm formation, [F (3, 38) = .568, p = .639], weak biofilm 

formation, [F (3, 38) = .767, p = .520], moderate biofilm formation, [F (3, 50) 

= .563, p = .642] and strong biofilm formation, [F (2, 34) = .605, p = .552]) 

(Table 15). 
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Sum of df 
squares 

Mean 
square 
0.229 
0.451 

F Sig 

No 
biofilm 

Between groups 
Within groups 

1.194 4 0.663 0.621 

0.528 0.754 

1.171 0.336 

1.764 0.148 

20.727 46 
21.922 50 formation Total 

Weak 
biofilm 

Between groups 
Within groups 

0.825 5 0.165 
0.313 12.502 40 

13.326 45 formation Total 
Moderate Between groups 
biofilm Within groups 
formation Total 

1.359 5 0.272 
0.232 12.302 53 

13.661 58 
Strong 
biofilm 

Between groups 
Within groups 

1.460 
5.463 
6.923 

5 
33 
38 

0.292 
0.166 

formation Total 

Table 14: The ANOVA test results stating the significance of the relationship 
between ulcer duration and biofilm formation strengths. 

Sum of df 
squares 

Mean 
square 

F Sig 

No 
biofilm 
formation 

Between groups 
Within groups 
Total 

0.643 
14.333 
14.976 

3 
38 
41 

0.214 
0.377 

0.568 0.639 

0.767 0.520 

0.563 0.642 

0.605 0.552 

Weak 
biofilm 
formation Total 
Moderate Between groups 
biofilm 
formation 

Between groups 
Within groups 

0.717 
11.854 
12.571 
0.404 
11.966 
12.370 

3 
38 
41 
3 
50 
53 

0.239 
0.312 

0.135 
0.239 Within groups 

Total 
Strong 
biofilm 
formation 

Between groups 
Within groups 
Total 

0.216 
6.055 
6.270 

2 
34 
36 

0.108 
0.178 

Table 15: The ANOVA test results stating the significance of the relationship 
between diabetes duration and biofilm formation strengths. 

The relationship between antibiotic susceptibility results and biofilm 

formation were investigated using the ANOVA test. We found a significant 
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relationship between biofilm formation strengths and amikacin [F (3, 261) = 

4.641, p = .004], amoxicillin [F (3, 261) = 3.647, p = .013], ampicillin [F (3, 

261) = 3.607, p = .014] and aztreonam [F (3, 261) = 3.230, p = .0.23]. Post- 

hoc analysis revealed that amikacin-sensitive isolates were more likely to not 

form biofilms than form moderate or strong biofilms. Amoxicillin- and 

ampicillin-resistant isolates, on the other hand, were more likely to not form 

biofilms than form moderate to strong biofilms. Aztreonam-resistant isolates, 

however, were more likely to form moderate biofilms than not forming 

biofilms. The susceptibility results of the remaining antibiotics did not show 

any statistically significant relationship with biofilm formation strengths 

(Table 16). We also investigated the association between antibiotic sensitivity 

patterns and biofilm formation in each bacterial species but found no 

significant association. 

Antibiotic 

AK 

Sum of 
squares 
8.925 

df 

3 

Mean 
square 
2.975 

F Sig 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

4.641 0.004 

3.647 0.013 

3.607 0.014 

3.230 0.023 

167.316 261 0.641 

176.242 264 
7.225 AML 

AMP 

AT 

3 2.408 

0.660 172.337 261 

179.562 264 
9.083 3 3.028 

0.840 219.120 261 

228.204 264 
8.589 Between 

Groups 
3 2.863 
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Within 
Groups 
Total 

231.373 261 

239.962 264 

0.886 

CZ 

CPM 

C 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

4.428 3 1.476 

0.891 

1.657 0.177 

0.299 0.826 

0.344 0.794 

0.285 0.836 

0.863 0.461 

0.749 0.524 

2.356 0.072 

0.993 0.396 

0.473 0.701 

232.462 261 

236.891 264 
0.637 3 0.212 

0.711 185.454 261 

186.091 264 
0.867 3 0.289 

0.840 219.284 261 

220.151 264 
CIP 

CD 

COT 

DO 

E 

0.542 3 0.181 

0.633 165.119 261 

165.660 264 
1.535 3 0.512 

0.593 154.729 261 

156.264 264 
2.099 3 0.700 

0.934 243.840 261 

245.940 264 
6.244 3 2.081 

0.883 230.571 261 

236.815 264 
1.910 3 0.637 

0.641 167.312 261 

169.223 264 
0.584 GEN Between 

Groups 
Within 
Groups 
Total 

3 0.195 

0.412 107.506 261 

108.091 264 
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IPM 

LZ 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

Between 
Groups 
Within 
Groups 
Total 

0.074 3 0.025 

0.189 

0.131 0.942 

2.551 0.056 

1.188 0.315 

0.701 0.552 

1.034 0.378 

1.132 0.337 

0.175 0.914 

1.636 0.181 

1.854 0.138 

49.375 261 

49.449 
7.524 

264 
3 2.508 

0.983 256.627 261 

264.151 264 
1.172 MET 

OX 

P 

3 0.391 

0.329 85.825 261 

86.996 
0.373 

264 
3 0.124 

0.177 46.291 261 

46.664 
1.177 

264 
3 0.392 

0.379 98.989 261 

100.166 264 
2.679 SX 3 0.893 

0.789 205.977 261 

208.657 264 
TE 0.257 3 0.086 

0.490 127.985 261 

128.242 264 
TOB 

VA 

3.041 3 1.014 

0.620 161.698 261 

164.740 264 
Between 
Groups 
Within 
Groups 
Total 

5.405 3 1.802 

0.972 253.629 261 

259.034 264 

Table 16: The ANOVA test results of biofilm formation against 
antibiotic sensitivity patterns of isolates 
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4.7. Biofilm formation – Congo Red agar method

The detection of biofilm of all isolates were further confirmed by the 

Congo Red agar method. The presence of dry, black or dark red colonies 

indicated positive biofilm formation whereas smooth, very red colonies 

indicated negative biofilm formation. The results were then compared with the 

readings obtained from the crystal violet assay procedure (Table 17). 

Congo 

Red agar 

results 

Crystal violet biofilm formation 

strengths (n, %) 

No Weak Moderate Strong 

Negative 

biofilm 57 54 35 (43.75) 

45 (56.25) 

24 
(47.06) formation (80.28) (85.71) 

Positive 

biofilm 14 9 27 
formation (19.72) (14.29) (52.94) 

Table 17: The Congo Red agar results for biofilm 
formation of all isolates. 

However, there were a few bacterial isolates whose Congo Red agar 

results did not match their crystal violet assay counterpart. Out of all the non- 

biofilm forming isolates, 80.28% showed negative biofilm formation on the 

agar, while 19.72% showed a positive biofilm formation. Likewise, a high 

percentage of the weak biofilm forming isolates (85.71%) showed negative 

biofilm formation, while only 14.29% of them showed positive biofilm 
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formation. On the other hand, 56.25% of the moderate biofilm forming isolates 

showed positive biofilm formation, whereas 43.75% did not form biofilms on 

the agar. Lastly, a seemingly equal percentage for strong biofilm forming 

isolates were reported, with 52.94% of isolates showing positive biofilm 

formation, while 47.06% showed negative biofilm formation. 

5. DISCUSSION 

5.1 Demographic data of DFU patients 

The study revealed that DFU was most prevalent among male patients 

between the ages of 55-65 years with Type 2 diabetes. This finding is similar 

to the findings of several other studies, therefore concluding that DFU typically 

occurs to individuals of ≥ 55 years old. (98, 99, 100) This could be explained 

by several factors such as people the increasing risk of angiopathy increases 

that occurs with old age, which causes damage to the vessels that can lead to 

impaired and delayed wound healing and therefore increasing the risk of 

wound infections. (101) The increasing lack of self-care due to vision problems 

and impaired mobility that comes with old age or other underlying co- 

morbidities can also contribute to the inclined risk of DFU. (100) However, 

despite several reports confirming the evidence, a study from Western 

Australia has reported that their younger participants have more tendency to 

develop DFU. They claimed that younger patients are more physically active 
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for a longer period than the elderly, therefore causing more exposure to 

bacteria that cause infections. (102) 

Our study shows that men are at a higher risk of developing DFU than 

women, which is comparable to studies done in Kuwait, Bangladesh and Iran, 

as well as a local study done that reported the preponderance of males in 

acquiring DFU. (103, 104, 105, 106) This could be due to several reasons such 

as men being less likely concerned about their health and well-being. Women 

are generally more health-conscious and are quick to seek for medical attention 

than men, which plausibly suggests why less females are reported to have 

DFU. Men, on the other hand, are more likely to ignore minor wounds and 

only seek for treatment when the wound is already severe and disabling. (107, 

108) Aside from that, men tend to be more physically active than women, often 

working in harsh environments which puts them at a higher risk for foot or leg 

trauma and subsequently developing DFU. (100, 105) Differences in foot 

anatomy between male and female could also explain the prevalence of males 

acquiring DFU than females, as males tend to have higher plantar foot 

pressures and decreased joint mobility. (110) 
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The current study found that Malays were the most likely race to acquire DFU, 

followed by Indians and Chinese. This corroborates other local findings that 

reported Malays having the highest risk of acquiring DFU. (111, 112) 

According to the National Diabetes Registry 2009-2012, Malays were the most 

prevalent at acquiring type 2 DM, and in the Selangor state alone, 52.1% of 

Malays were the most at risk for type 2 DM, followed by Indians at 27.9%, 

Chinese at 18.5%, 1.0% of other ethnicities and 0.5% of foreigners/unknown 

ethnicities. (113) This, incidentally, increases the exposure of Malays to DFU. 

A study done in Kuantan on DFU reported that 85.1% of its respondents were 

Malays, (114) and 98.1% of DFU respondents in another study in Kuala 

Terengganu were also Malays. (115) The increased risk for Malays developing 

DFU could be explained by their lifestyle factors and the incline in obesity 

trends among the ethnic groups. Interestingly, in this study, when the Malay 

patients were inquired about their diet prior to developing DFU, most of them 

mentioned that they have consumed drinks and food with sugar and 

carbohydrate content in excessive amounts. In addition to that, type 2 DM were 

more prevalent in Asians than people of the Western countries due to Asians 

being at a higher risk for obesity and low muscle mass with an increased 

resistance to insulin and higher waist circumference that accounts for central 

obesity. (116) However, two local studies has demonstrated otherwise, 

reporting that Indians and Chinese were the most at risk for DFU instead of 

Malays. (18, 117) This discrepancy in results may be due to the locality of the 

current study, as well as the Kuantan and Kuala Terengganu studies mentioned 

previously, where more Malays are residing in these states as compared to 

other races. 
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5.2 Clinical features of DFU

Diabetes, especially Type 2 diabetes, is a slow-progressing disease where 

symptoms are similar to Type 1 diabetes but are less pronounced and only 

diagnosed years after its onset when complications arise. (118) This explains 

the findings of this study where our DFU patients have had diabetes for 

approximately 6-10 years. Similar findings were reported by Azmi NH et. al., 

where 79.8% of their participants have had diabetes for less than 10 years. 

(114) Another local study done in Terengganu, Malaysia, found that 53.5% of 

their DFU patients had diabetes for less than or equal to 10 years, (119) and 

another done in Kuala Lumpur, Malaysia, found the mean duration of diabetes 

among their patients to be 6.9 years. (120) Studies from other countries have 

also reported the same: an Indian study reported the mean duration of diabetes 

in their DFU group to be 7.08 5± 4.48 years and an Iranian study reported their 

mean diabetes duration was 6 years. (121, 122) Thus, since diabetes takes years 

to develop, along with other risk factors such as genetic predisposition, 

declining insulin production, increased insulin resistance and lifestyle and 

environmental factors contributing to obesity, (21, 123, 124, 125) it comes as 

no surprise for Type 2 diabetes to be prevalent among the elderly as compared 

to the younger generations. 
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Our study showed that majority of the patients had a Wagner’s grade 2 

ulcer and only a small fraction of them had Wagner’s grade 4 ulcer. None of 

our patients had a Wagner’s grade 5 ulcer. Similar findings were found from a 

Pakistan study, where among their 200 participants, 129 of them had Wagner’s 

grade 2 ulcer. (126) On the other hand, studies from Thailand, USA and 

Pakistan reported the preponderance of Wagner’s Grade 3 ulcers among 

62.6%, 37% and 30% of their patients, respectively. (119, 127, 128) 

Since old age plays a significant role in the development of DFU, it 

would be logical to assume that ulcer severity increases with older age. This 

correlation was reported by a Pakistan study where they reported a strong, 

significantly positive correlation between Wagner’s grades and older age, 

along with glycated hemoglobin (Hba1c) and diabetes duration. (129) 

However, our results suggest that age is not a dependent factor in predicting 

ulcer severity, as younger patients are also able to be afflicted with moderate 

to severe ulcers. Although the gender difference in this study is quite 

noticeable, it however did not play a role in determining the ulcer severity in 

our study. This demonstrates that the development of DFU, regardless of its 

severity, is not solely exclusive to male patients but female patients as well. 

Additionally, since females are more aware of their body image and are more 

fearful of amputations (130), these could contribute to the lower number of 

DFU cases reported among females in this study. Therefore, female diabetic 

patients should be educated and made aware that they are also at risk of 
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developing serious ulcers like their male counterparts. In contrast, we found 

the patients’ race plays a role in determining the ulcer severity. There is, 

however, a scarcity in this specific data pertaining to DFU, therefore this 

interesting finding could be studied more extensively in the future. 

In this study we also found a significant correlation between ulcer 

severity and diabetes duration. This was also demonstrated in an Indonesian 

study, where a significant correlation between Wagner’s grades of DFU and 

diabetes duration was observed. (131) It is interesting to note, however, that 

we found patients with shorter diabetes duration to have more severe ulcers as 

compared to patients with longer diabetes duration who have mild ulcers. This 

could be due to those with longer diabetic years are more adept in diabetes 

management as compared to those with shorter diabetes duration, who might 

be struggling to keep their glucose level under control. In regards to ulcer 

duration, no significant relationship was found with ulcer severity. This could 

be due to patients delaying medical treatment due to lack of awareness of 

complications of DFU or long-standing ulcers, leading to inaccurate 

measurement of ulcer duration. (132) This finding therefore suggests that DFU 

wounds can get worse quickly, regardless of its duration and it should not be 

taken lightly by patients. It has been demonstrated in studies that ulcers 

managed in its early stages significantly increased its healing time, (133, 134) 

and these studies should be used as a way to educate patients on the seriousness 

of a DFU ulcer and how it can be reversed with prompt care. 
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Neuropathy, specifically chronic diabetic sensorimotor peripheral 

neuropathy (DPN), is one of the most common complications of diabetes found 

in up to 50% of diabetics and is also very prevalent among DFU patients. (135) 

One DFU study done in Manchester, UK and Seattle, USA reported that 46 out 

of 73 DFU patients had neuropathic symptoms, of which 27 patients were 

diagnosed with neuropathic DFU, 6 with ischemic DFU and 13 with neuro- 

ischemic DFU. These neuropathic symptoms include pain, paresthesia, 

tingling numbness and discomfort. (136) In another study, 78% of their 

patients with diabetic ulcers had neuropathy, along with minor foot trauma and 

foot deformities. (137) Dörr et. al. also reported that 41.6% of their type 2 

diabetes patients had neuropathy, out of which 48% reported neuropathic 

symptoms. Alterations to plantar pressure due to motor, sensory and cutaneous 

changes brought upon by neuropathy increasingly compromises the plantar 

skin, and together with gait abnormalities causing a shift in load bearing of the 

foot, leading to the abnormal plantar pressure. These factors also interact with 

external triggers such as ill-fitting shoes or foot trauma, which eventually leads 

to foot ulceration (138), which explains why neuropathy is very prevalent 

among DFU patients. 

According to our study, neuropathy was reported in 97.2% of our 

participants, but we found no statistical significance between neuropathy and 

ulcer severity, patients’ age, diabetes duration and ulcer duration. This could 

be due to the apparent weakness in the measurement of neuropathy, including 
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monofilament tests, nerve conduction studies, electrodiagnostic tests, 

quantitative sensory testing and neuropathy scoring systems. (139, 140, 141) 

Therefore, future studies on the association of neuropathy and the risk factors 

for DFU in a Malaysian healthcare setting should be carried out. 

5.3 Bacterial characterization 

Chronic wounds like DFU can be home to a myriad of bacteria, both 

pathogenic and commensal. In this study, microbiological samples were 

collected by the non-invasive technique of wound swabbing, where a sterile 

cotton tip was used to superficially swab the wound surface after cleansing 

with saline solution. Our findings are concurrent with several studies done in 

Western countries, where a preponderance of Gram-positive S. aureus were 

reported. (142, 143, 144, 145) Other studies conducted in the East and 

Southeast Asian countries including Malaysia, however, have reported a 

higher amount of Gram-negative bacteria in the DFU wound. (146, 147, 148) 

The discrepancy observed could be due to several reasons: method of 

sample collection, ulcer grades, previous antibiotic usage, patients’ personal 

hygiene practices and quite possibly the nature of their career that exposes 

them to a higher risk of contracting Gram-positive bacteria in their wounds. 

There have been studies that showed that the more invasive method of sample 

collection such as tissue curettage yielded more precise results in terms of 
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finding the causative agent of DFU infection. (140) This method was therefore 

used by Goh et. al. for more accurate results. (149) 

However, other studies have also reported that there is no significant 

difference between the bacteria found in wound swabs and deep tissue 

samples, therefore the less traumatic sample collection method was used in this 

study. Aside from that, the localization of bacteria in the wound are different 

in superficial wound swabs than deep tissue samples; Gram-negative bacteria 

are more likely to be found in deeper structures of the wound as compared to 

Gram-positive bacteria that are often isolated in wound swabs. (150) 

Interestingly, we observed the presence of Candida spp. in one of our 

patient’s wound samples. Similar findings were obtained from previous of 

DFU research that suggest Candida spp. plays a major role in wound infection, 

albeit literature sources on the isolation of fungal species are scarce. Infection 

by Candida spp. are often found in more severe DFU grades, as they are able 

to invade deep into the wounds and cause severe infections. This highlights the 

importance of identifying fungal species in DFU and the administration of 
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appropriate anti-fungal medications by clinicians to manage fungal infections. 

(151, 152, 153) 

One of the most notable characteristics of DFU is that it is often 

polymicrobial. This was demonstrated in this study, where most patients had 

more polymicrobial growth in their wound than mono-microbial growth or a 

sterile wound. Several other studies have reported similar findings (52, 55, 

154, 155, 156) although there is evidence that a mono-microbial growth was 

more prevalent than a polymicrobial growth. (11, 55, 157) We also 

investigated the correlation between the duration of ulcer and the number of 

isolates obtained and found no relationship between the variables. However, 

other studies have reported a positive correlation between ulcer duration and 

high bacterial diversity, where they reported the predominance of anaerobes 

and Gram-negative bacteria in ulcers of longer duration and increased levels 

of Gram-positive bacteria in ulcers with shorter duration. (158, 159, 160) Our 

findings could possibly be explained by the fact that the wounds were collected 

without knowledge of its initial onset or if the amputation of the affected limb 

might have altered the original microbiology of the wound. Additionally, the 

limitation of this study was that we did not investigate the presence of 

anaerobes in the wound, therefore the lack of this data deters us from making 

such a comparison. 
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It has been reported that the more severe the wound (i.e., the higher the 

Wagner’s grades), the higher the number of isolates obtained. (160) A 

Malaysian DFU study reported that bacteria isolated from milder wounds were 

lesser than the moderate to severe wounds. (161) Increased DFU grades are 

also positively correlated with the increase of ulcer depth and wound 

chronicity, which could contribute to the polymicrobial infection of the wound. 

(159, 162) Furthermore, the impaired host adaptive immune response, the 

presence of peripheral arterial disease and/or peripheral neuropathy and 

impaired wound healing processes may also serve as a platform for a 

polymicrobial growth. (162, 163) This finding, however, was not reflected in 

our study. 

The diabetic foot in this study showed a high frequency of S. aureus 

and CoNS. Although Staphylococcus spp. are considered as commensals in a 

healthy foot and play a beneficial role in regulating a host’s adaptive immune 

response and inhibiting growth of pathogens, their prevalence is significantly 

affected under diabetic conditions. (157) DFUs are generally comprised of a 

wide array of commensals from different niches that can even turn pathogenic 

and contribute to the chronicity of the wound. (157, 162, 165) When compared 

to a healthy, non-diabetic foot, Pouget et. al. demonstrated that those with 
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diabetic foot had decreased population of Staphylococcus spp. but increased 

populations of S. aureus and a higher bacterial diversity. Furthermore, when 

the diabetic foot is compared to the contralateral healthy skin, the wound was 

found to have a lower bacterial diversity with an increased level of 

opportunistic pathogens. (165) 

CoNS have also been demonstrated to contribute to the severity and 

progression of the wound. Their nature as a normal skin flora may explain their 

high prevalence in this study. Although they are typically identified as culture 

contaminants or wound colonizers and often overlooked in clinical settings, 

CoNS – especially S. epidermidis and S. saprophyticus – have been linked to 

a pathogenic role in tissue or bone necrosis in DFU. (166) In fact, several 

studies have reported that their pathogenicity is on par with that of S. aureus 

with an increased tendency to antibiotic resistance and have been linked to play 

a protective role for S. aureus infection in the wound. (165) Aside from that, 

the polymicrobial nature of DFU may also influence the pathogenic potential 

of commensals. These non-pathogenic bacterial species that are otherwise 

incapable of maintaining a chronic infection may collaborate and interact with 

pathogenic bacteria within the wound to create a functionally equivalent 

pathogroup (FEP) within a pathogenic biofilm to cause a chronic infection, 

which largely contributes to delayed wound healing. (166, 167) 
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5.4 Antibiotic resistance

Antibiotic resistance is a challenge faced by hospitals worldwide that 

is increasingly threatening to hamper the treatment and prevention of bacterial 

infections. The misuse, over-prescription, self-administration and 

inappropriate prescribing of antibiotics are the causes of the emergence of 

antibiotic resistant strains. 

Overall, all the isolates obtained in our study were sensitive towards 

the carbapenem antibiotic imipenem. Carbapenems are a member of the β- 

lactams and are highly effective against Gram-positive and Gram-negative 

bacteria by binding to the penicillin-binding proteins (PBP) and therefore 

inhibiting bacterial cell wall synthesis. (168) Cefepime and cefazolin, which 

are cephalosporin antibiotics with high sensitivity rates shown in this study, 

has the same mechanism of action as carbapenems. High sensitivity rates 

towards tobramycin and amikacin were also reported in this study. These two 

antibiotics are known as aminoglycosides, which work by binding to the 

ribosomal decoding unit of the bacteria, leading to aberrant protein synthesis. 

(167, 168). The tetracycline antibiotic doxycycline acts similarly as 

aminoglycosides by inhibiting bacterial protein synthesis. (169) Our isolates 

are also sensitive to ciprofloxacin, – a fluoroquinolone that kills bacteria by 

inhibiting DNA replication – and co-trimoxazole – a sulphonamide that 

prevents the synthesis of folic acid by inhibiting the incorporation of para- 

amino benzoic acid (PABA) into folic acid. (155, 170) We therefore suggest 
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that clinicians dealing with infected DFU to use these antibiotics, which have 

been proven by this and several other studies of its efficacy in eradicating 

wound infection. 

According to our results, S. aureus showed high sensitivity rates 

towards vancomycin, imipenem, ciprofloxacin and linezolid. This is widely 

reported by other studies done on antibiotic susceptibility on DFU isolates. 

Chiţă et. al. reported 100% sensitivity towards linezolid and vancomycin, 

78.78% sensitivity towards ciprofloxacin and 66.66% sensitivity towards 

imipenem. They, however, reported that their S. aureus isolates were highly 

susceptible to oxacillin, tetracycline, gentamicin, clindamycin and 

sulfamethoxazole-trimethoprim, all of which were found resistant in our study. 

(171) Another study reported that S. aureus demonstrated high resistance 

against penicillin and tetracycline, which is also indicated in the results of this 

study. Furthermore, they explained that most of their S. aureus isolates were 

sensitive against β-lactamase inhibitors amoxicillin/clavulanate and 

ampicillin/sulbactam, (172) and our study showed that S. aureus is resistant 

against the β-lactam antibiotics aztreonam, methicillin and oxacillin, therefore 

confirming that S. aureus isolates are typically resistant against β-lactams. 

Anvarinejad et. al. also confirmed that S. aureus, especially MRSA, were 

mostly sensitive towards vancomycin and linezolid, and were resistant against 

gentamicin, penicillin G, oxacillin, ciprofloxacin, co-trimoxazole, cefepime, 

erythromycin and clindamycin. (50) This is slightly different to our results 
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because our S. aureus isolates were resistant towards co-trimoxazole, cefepime 

and ciprofloxacin. 

For our CoNS isolates, high resistance rates were shown against many 

of the antibiotics including clindamycin, gentamicin and erythromycin, but 

were very sensitive towards imipenem, ciprofloxacin, amikacin. This was also 

reported in a study done in Iraq, where they reported 100% sensitivity towards 

imipenem, 70% sensitivity towards clindamycin, erythromycin and gentamicin 

and 20% sensitivity towards vancomycin, ciprofloxacin and amikacin. (50) 

Imipenem sensitivity was also noted by Saleh and Hadi for CoNS, along with 

resistance against oxacillin, sulfamethoxazole-trimethoprim and gentamicin. 

They, however reported higher sensitivity rates for vancomycin and 

erythromycin and a higher resistance rate against ciprofloxacin than in our 

study. (73) 100% imipenem sensitivity was also reported among CoNS isolates 

in another study. (50) 

On the other hand, S. pyogenes and S. pneumonia isolates in our study 

were 100% sensitive towards imipenem and 83.33% and 88.89% resistance to 

gentamicin, respectively. This is concurrent with a study done in Iraq, where 

majority of their S. pyogenes bacteria were sensitive towards imipenem and 
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gentamicin but sensitive towards amikacin, which was not reported in our 

study. (73) Similar results were reported in another study where S. pneumonia 

were 100% sensitive towards imipenem, sulfamethoxazole-trimethoprim, 

oxacillin, penicillin and vancomycin. (73) Sensitivity towards vancomycin 

was also reported by Benwan et. al. (50) Their results differed from ours, 

where it was reported that S. pneumonia was equally resistant and sensitive 

to sulfamethoxazole-trimethoprim and resistant against oxacillin, penicillin 

and vancomycin. One study reported resistance against penicillin, 

cephalosporin, aminoglycoside, chloramphenicol, quinolone and 

fluoroquinolone and macrolide antibiotics, while being sensitive towards β- 

lactam inhibitors, lincosamides and glycopeptides among their S. pyogenes 

isolates. (173) The S. pyogenes isolates in our study demonstrated similar 

results, being resistant against aminoglycosides (amikacin and gentamicin), 

cephalosporins (cefepime) and macrolides (erythromycin) while being 

sensitive towards carbapenems (imipenem) and glycopeptides (vancomycin). 

As for our Gram-negative isolates, they were mostly highly resistant to 

the antibiotics used in this study, especially the β-lactams methicillin and 

oxacillin. This can be explained by the fact that some bacteria within the 

Enterobacteriaceae family are capable of producing β-lactamase, which 

contributes to their insusceptibility towards β-lactam antibiotics. (55) 

Gentamicin resistance was noted among our P. aeruginosa isolates, as was in 

several other studies (173, 174) Results for amikacin sensitivity varied in 
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several studies: our results showed that P. aeruginosa was sensitive towards 

amikacin, and this was also reported by Sangan et. al. and Tiwari et. al. (161, 

175), while another study reported amikacin to be resistant in P. aeruginosa 

isolates. (170) However, the high sensitivity rates towards imipenem, 

ciprofloxacin, aztreonam and cefepime in this study were similar to the ones 

obtained by several other studies. The high resistance rates against 

clindamycin and vancomycin in our study was also reported by Amjad et.al., 

where 28.5% of their P. aeruginosa isolates were sensitive towards 

clindamycin and 43% against vancomycin. (176) 

Klebsiella spp. isolates isolated in the present study were sensitive 

towards imipenem, ciprofloxacin and amikacin, and this was also reported by 

Goh et. al., where the K. pneumonia isolates were sensitive to amikacin, 

imipenem, ciprofloxacin and gentamicin, (161) although gentamicin resistance 

was recorded in the present study. However, one study noted amikacin 

sensitivity among Klebsiella spp., along with Enterobacter spp. and P. 

vulgaris. (170) Imipenem sensitivity among Klebsiella spp. was also reported 

in two other studies, (161, 175) but its resistance was reported by Amjad et.al., 

where they reported 75% resistance against imipenem and amikacin, but, like 

our results, were resistant towards vancomycin, clindamycin and cefazolin. 

(174) 
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E. coli in this study was reported to be resistant against most antibiotics 

including ampicillin and gentamicin. This was also reported in a study done by 

Shahi et. al., where their E. coli isolates were 75% resistant against ampicillin 

and 50% resistant against cefazolin. The same study also reported a 100% 

sensitivity against clindamycin, (176) which was not reflected in our study. 

Aside from that, resistance against cefepime varied in two studies: Chaudhry 

et. al. reported a 50% resistance against cefepime (177) and Shahi et. al. 

reported a much lower rate at 31.25% (176). However, our results showed 

cefepime sensitivity among E. coli isolates. These isolates were also sensitive 

towards amikacin, aztreonam, ciprofloxacin, co-trimoxazole and imipenem. 

This was true in a study done in Indonesia, where E. coli were sensitive 

towards ciprofloxacin, imipenem, amikacin and gentamicin. (178) 

Additionally, the Gram-negative isolates – including E. coli – in another study 

reported high sensitivity towards co-trimoxazole, cefepime, ciprofloxacin, 

imipenem, amikacin and gentamicin. (179) Gentamicin, however, was widely 

resistant among our E. coli isolates. However, a Tanzanian study reported 

resistance of E. coli isolates against amikacin, ciprofloxacin and gentamicin. 

(180) 

The last Gram-negative bacteria on our list is Proteus spp., and we 

recorded resistance against ampicillin, gentamicin and sulfamethoxazole- 

trimethoprim. This is in accordance with a Mexican study where they reported 

high resistance rates towards ampicillin and sulfamethoxazole-trimethoprim, 
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and a slightly lower resistance rate for gentamicin. The same study also 

demonstrated low resistance against cefepime and chloramphenicol, (179) 

both of which were found to be sensitive in our study. A 72.73% sensitivity 

towards amikacin, 81.82% sensitivity towards imipenem and 72.73% 

sensitivity towards ciprofloxacin were shown in our study, which is in 

agreement with several other studies as well. (181, 182, 183, 184) 

We evaluated the relationship between multidrug resistance and 

biofilm formation in each bacterial species but found no statistically significant 

association, which suggests that biofilm forming capabilities is not influenced 

by multidrug resistance of bacteria. This was demonstrated in another study, 

where the researchers found no relationship between the multidrug resistance 

of Gram-negative strains and biofilm formation, but rather found both their 

multidrug and non-multidrug resistance strains to have comparable levels of 

biofilm formation. (185) There have also been reports indicating the 

relationship between specific antibiotic resistance and biofilm formation. One 

study found that their P. aeruginosa isolates that were susceptible to 

quinolones were more likely to form biofilm than the resistant strains. 

Additionally, their gentamicin-resistant E. coli strains were found to be more 

capable of forming biofilms, as well as their piperacillin/tazobactam and 

colistin-resistant K. pneumonia strains. (186) This was also demonstrated in 

our study, albeit not at the species level. Interestingly, we found that isolates 

sensitive to the aminoglycoside antibiotic amikacin did not form biofilms. 

However, a different study suggested that the sub-inhibitory concentration of 
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aminoglycosides can induce the production P. aeruginosa and E. coli biofilms 

through genetic responses. (187) Although there have been numerous studies 

demonstrating the genetic factors of biofilm formation against specific 

antibiotics (188, 189), its mechanism in delayed healing of chronic wounds 

remains unknown. 

5.5 Biofilm formation 

DFU wounds have been widely reported to be polymicrobial in nature due to 

the diverse microbiota found in the wound that form a complex community in 

which the species communicate with each other to ensure their survival. This 

complex composition of both pathogenic and non-pathogenic bacteria is able 

to form biofilms, which is another one of the classic characteristics of DFU. 

S. aureus biofilms are often found on medical implants. However, it is also 

commonly found in wounds, especially in DFU. In fact, S. aureus biofilms are 

one of the major contributors to treatment failure in diabetic wounds. (190) In 

this study, we found that most S. aureus strains formed biofilms in Wagner’s

grade 2 ulcers. This may have a simple explanation: S. aureus is one of the 

normal skin flora and can be found in copious amounts on the skin but may 

turn pathogenic and form biofilms when it enters a wound. Additionally, most 

patients were presented with Wagner’s grade 2 ulcer, which may contribute to
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the increased amount of S. aureus biofilms across this grade. Similar results 

were reported in a study from Egypt, where 46% of their S. aureus isolates 

obtained from DFU samples showed strong to moderate biofilm forming 

capabilities. (191) The ubiquity of S. aureus in DFU wounds have also been 

reported in many other studies. For example, one study found that non- 

infecting S. aureus biofilms isolated from Wagner’s grade 1 DFU wounds are

less virulent than the infecting strains found in Wagner’s grade 2-4 wounds, 

and that S. aureus biofilms found in DFU require very high concentrations of 

commonly used antibiotics to inhibit its production. (189) 

Another strong biofilm former associated with delayed wound healing in DFU 

is P. aeruginosa. Like S. aureus, P. aeruginosa is also a skin commensal that 

can cause severe tissue damage in diabetic wounds. (188) However, unlike S. 

aureus that can be found in the superficial structures of the wound, P. 

aeruginosa is often localized deep inside the wound, which explains why this 

species is more commonly found in chronic DFU grades. (165, 190) In this 

study, we found that P. aeruginosa are able to form biofilms, albeit at a weaker 

strength. This is an intriguing finding because according to previous published 

papers, P. aeruginosa are strong biofilm producers (191, 192), but that was 

somehow not reflected in this study. The most probable cause is due to P. 

aeruginosa biofilms forming on the air-liquid interface, instead of forming on 

the bottom of the 96-well plate used for the biofilm detection procedure. This 
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biofilm layer gets inevitably washed off and all that was left is the remnants 

sticking to the sides of the wells, therefore contributing to the results obtained. 

A confirmatory test for the biofilm formation of all isolates were done 

using the Congo Red agar method. Based on our results, 82.9% of our non- 

and weak-biofilm formers did not form biofilm on the agar, while 54.6% of 

our moderate- and strong-biofilm formers formed positive biofilm on the agar, 

which was slightly lower than expected. One possible explanation for such 

occurrence is the presence or absence of genes that encode for slime 

production, which is what gives the biofilm-forming bacterial colonies their 

characteristic black appearance. Every species has their own unique expression 

of these genes. For example, studies have shown that the presence of icaA and 

icaD genes in Staphylococcus spp., especially S. aureus and S. epidermidis, 

are responsible for their ability to form biofilms. The activation of these genes 

triggers the production of a main component of the slime called polysaccharide 

intracellular adhesion (PIA), leading to formation of a biofilm. (193, 194, 195) 

In E. coli strains, the presence of csgD gene is responsible for the formation of 

curli, an amyloid protein that is produced by certain enterobacteria species that 

plays a major role in biofilm formation. The function of the Congo red dye in 

the agar is to stain amyloid fibers, which is why E. coli strains with the csgD 

gene present are able to form black colonies. (196, 197, 198). Likewise, the 

expression of pel gene in P. aeruginosa strains are responsible for the 
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production of the glucose-rich EPS matrix that binds to the Congo red dye to 

form the black coloration of positive biofilm formers. (199, 200) 

6. CONCLUSION 

As established in this study, the prevalence of DFU among Malaysian 

diabetics is increasingly worrying, especially among elderly men with long- 

term diabetes, most of whom presented with Wagner’s grade 2 ulcers of at least

one month old with neuropathy. Most of the study patients were Malay, 

although that could be due to the locality of this study, where less Chinese and 

Indians presented to the hospital for wound dressing. Upon further 

investigation, these ulcers were found to have various bacterial species, 

especially S. aureus, CoNS, P. aeruginosa and Klebsiella spp., among others, 

suggesting that DFU is highly associated with the presence of bacteria. 

Majority of these bacterial isolates were also sensitive to carbapenem, 

doxycycline, fluoroquinolone, sulphonamide and aminoglycoside types of 

antibiotics, in which clinicians can consider administering these antibiotics for 

a more targeted approach towards the main causative organisms of infections 

in DFU and in order to lower the chances of antibiotic resistance. The 

capability of these bacterial isolates in forming biofilms was also demonstrated 

in this study where majority of the isolates were able to form biofilms albeit at 

different strengths, therefore indicating the prevalence and significance of 

biofilms in DFU. Additionally, the biofilm formation was also found to be 
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influenced by specific antibiotics in our study and this calls for a more in-depth 

study on the mechanisms of biofilm formation in regard to antibiotic resistance 

in diabetic wounds. Based on the key findings of this study, further research 

are recommended on how the patients’ races can significantly affect an

individual’s chances of acquiring DFU, as there is a scarcity of research in this

area in Malaysia. Additionally, the presence of neuropathy in DFU and how it 

affects the development and progression of DFU could also be looked into. 

Another interesting potential research area is to establish the synergism 

between multiple bacterial species, both aerobic and anaerobic, in biofilms in 

DFU in order to present a solution on how to effectively eradicate biofilms, 

prevent them from redeveloping in wounds and ultimately facilitate wound 

healing and limb salvation in the future. 
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Appendices 

Appendix A (1): Participant Information Sheet and Informed Consent Form 

(English Version) 

PARTICIPANT INFORMATION SHEET AND INFORMED CONSENT 
FORM 

(for adult subjects and interventional studies) 

1. Title of study: Characterisation of antibiotic resistance in bacterial biofilms 
associated with diabetic foot ulcers and their cytopathic effect on fibroblast cell 
line in vitro 

2. Name of investigators and institutions: 

Dr Ebenezer Chitra, International Medical University 
Dr. Fabian Davamani, International Medical University 
A/P Dr. Vasantha Kumari Neela, UPM 
Dr. Ashraf Hakim bin Ab Halim, UPM 
Prof. Stephen Ambu, International Medical University 
Ms. Natasha Nabila Mohammed Shoaib, International Medical University 

3. Name of sponsor: International Medical University 

4. Introduction: 

You are invited to participate in a research study because you have diabetic foot 
ulcer (DFU) that requires swab sample collection. The details of the research trial 
are described in this document. It is important that you understand why the 
research is being done and what it will involve. Please take your time to read 
through and consider this information carefully before you decide if you are 
willing to participate. Ask the study staff if anything is unclear or if you like more 
information. After you are properly satisfied that you understand this study, and 
that you wish to participate, you must sign this informed consent form. To 
participate in this study, you may be required to provide your doctor with 
information on your health history. 

Your participation in this study is voluntary. You do not have to be in this study if 
you do not want to. You may also refuse to answer any questions you do not want 
to answer. If you volunteer to be in this study, you may withdraw from it at any 
time. If you withdraw, any data collected from you up to your withdrawal will still 
be used for the study. Your refusal to participate or withdrawal will not affect any 
medical or health benefits to which you are otherwise entitled. 

This study has been approved by the Medical Research and Ethics Committee, 
Ministry of Health Malaysia. 

5. What is the purpose of the study? 
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The purpose of this study is to study the bacteria associated with diabetic foot 
ulcer, their interaction with one another in forming layers of bacteria (biofilms), 
their resistance to medicines (antibiotics) and the effect on cells grown in the lab 
(fibroblast cell line) for the treatment of DFU. This research is necessary because 
it will enable the clinician to come up with appropriate treatment. The results 
shall be conveyed to the clinician, but not the subject because it is too technical. 

A total of 153 subjects like you in Malaysia will be participating in this study. The 
whole study will last for about 2 years and your participation will be for about 6 
months. 

6. What kind of study procedure will I receive? 

If you agree to participate in the study, the doctor may need to perform some tests 
and examinations to determine if you are suitable for the study. If you are deemed 
suitable, you will be selected to participate in the study. The procedure will involve 
a gentle swabbing of the surface of the wound to collect bacteria. 

7. What will happen if I decide to take part? 

a) If you agree to participate in the study, the doctor will assess the condition of 
your foot ulcer to ensure that you fit the inclusion criteria. Next, a gentle 
swabbing on the surface of the wound using a cotton swab will be done in 
order to collect bacterial sample, which is then placed into a transport 
medium and taken immediately to the laboratory to process. This procedure 
will be done during the dressing procedure and will not cause any pain or 
discomfort to the subjects. 

b) The sample collection and measurements will be performed twice if the 
subject’s visit to the clinic for dressings falls within 15 days.

c) A swab sample will be taken from each subject at a maximum frequency of 
once per visit. 

d) The samples will be stored at the Microbiology Lab in Universiti Putra 
Malaysia (UPM) for a duration of 7 years for potential use in future further 
investigations. You will be provided with an additional optional consent form 
if you consent to the use of your samples for future projects related to this 
study. 

8. When will I receive the trial product and how should it be kept? 

There is no trial product. 

9. What are my responsibilities when taking part in this study? 

It is important that you answer all of the questions asked by the study staff honestly 
and completely. If your condition or circumstances change during the study, you 
must tell the study doctor. You must inform your study doctor immediately if you 
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make any changes to any of your current treatments, even those which you have 
been taking for a long time. 

It is very important that your study doctor be informed very rapidly of any eventual 
changes to your health during your participation in the study. For your own 
security, it is important that you follow your study doctor’s instructions throughout
the entire duration of the study. 

10. What kind of treatment will I receive after my participation in the trial? 

This study does not affect the treatment procedure. 

11. What are the potential risks and side effects of being in this study? 

The risk of participation in this study is very low. The project will also pose no risks 
to an unborn child. 

12. What are the benefits of being in this study? 

There may or may not be any benefits to you. Information obtained from this study 
will help improve the treatment or management of other participants with the same 
disease or condition. 

13. What if I am injured during this study? 

The study involves only a gentle swabbing on the surface of the wound using a 
cotton swab. It does not affect your treatment and does not involve any procedure 
to cause injury. 

14. What are my alternatives if I do not participate in this study? 

You do not have to participate in this study to get treatment for your disease or 
condition. 

15. Who is funding the research? 

This study is sponsored by International Medical University who will pay for all 
study procedures. All other procedures that are not required by the study but are 
part of your routine medical care will have to be paid by you or your insurance. 
You will not be financially reimbursed for your participation in the study as the 
swab sample collection procedure will take place during your routine visit to the 
clinic for dressing. 

16. Can the research or my participation be terminated early? 

The study doctor or the sponsor may due to concerns for your safety, stop the study 
or your participation at any time. If the study is stopped early for any reason you 
will be informed and arrangements made for your future care. You may be asked 
to attend a final follow-up visit. 
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17. Will my medical information be kept private? 

All your information obtained in this study will be kept and handled in a 
confidential manner, in accordance with applicable laws and/or regulations. When 
publishing or presenting the study results, your identity will not be revealed 
without your expressed consent. Individuals involved in this study and in your 
medical care, qualified monitors and auditors, the sponsor or its affiliates and 
governmental or regulatory authorities may inspect and copy your medical 
records, where appropriate and necessary. 

With your permission your family doctor will be informed of your participation in 
the study. 

18. Who should I call if I have questions? 

If you have any questions about the study or if you think you have a study related 
injury and you want information about treatment, please contact the study doctor, 
Dr Ebenezer Chitra at telephone number 03-2731 7519. 

If you have any questions about your rights as a participant in this study, please 
contact: The Secretary, Medical Research & Ethics Committee, Ministry of Health 
Malaysia, at telephone number 03-2287 4032. 
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INFORMED CONSENT FORM 

Title of Study: Characterisation of antibiotic resistance in bacterial biofilms associated 
with diabetic foot ulcers and their cytopathic effect on fibroblast cell line in vitro. 

By signing below I confirm the following: 
 I have been given oral and written information for the above study and have 

read and understood the information given. 
 I have had sufficient time to consider participation in the study and have had 

the opportunity to ask questions and all my questions have been answered 
satisfactorily. 

 I understand that my participation is voluntary and I can at anytime free 
withdraw from the study without giving a reason and this will in no way affect 
my future treatment. I am not taking part in any other research study at this 
time. I understand the risks and benefits, and I freely give my informed consent 
to participate under the conditions stated. I understand that I must follow the 
study doctor’s (investigator’s) instructions related to my participation in the 
study. 

 I understand that study staff, qualified monitors and auditors, the sponsor or its 
affiliates, and governmental or regulatory authorities, have direct access to my 
medical record in order to make sure that the study is conducted correctly and 
the data are recorded correctly. All personal details will be treated as 
STRICTLY CONFIDENTIAL 

 I will receive a copy of this subject information/informed consent form signed 
and dated to bring home. 

 I agree/disagree* for my family doctor to be informed of my participation in 
this study. (*delete which is not applicable) 

Subject: 

Signature: 

Name: 

I/C number: 

Date: 

Investigator conducting informed consent: 

Signature: 

Name 

I/C number: 

Date: 
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Impartial witness:  (Required if subject is illiterate and contents of participant 
information sheet is orally communicated to subject) 

Signature: 

Name: 

I/C number: 

Date: 
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Appendix A (2): Participant Information Sheet and Informed Consent Form 

(Malay Version) 

RISALAH MAKLUMAT PESAKIT 
DAN BORANG PERSETUJUAN atau 

KEIZINAN PESAKIT 

(untuk subjek dewasa dan penyelidikan 
intervensi) 

1. Tajuk penyelidikan: Pencirian rintangan antibiotik dalam biofilm bakteria 
yang berkaitan dengan ulser kaki diabetik dan kesan sitopatik pada sel 
fibroblast in vitro. 

2. Nama Institusi and nama penyelidik: 

Dr Ebenezer Chitra, International Medical University 
Dr. Fabian Davamani, International Medical University 
A/P Dr. Vasantha Kumari Neela, UPM 
Dr. Ashraf Hakim bin Ab Halim, UPM 
Prof. Stephen Ambu, International Medical University 
Ms. Natasha Nabila Mohammed Shoaib, International Medical University 

3. Nama penaja: International Medical University 

4. Pengenalan: 

Anda telah dijemput untuk menyertai penyelidikan ini kerana anda 
mempunyai ulser kaki diabetik yang memerlukan pengumpulan sampel swab. 
Risalah ini akan menjelaskan hal-hal berkenaan penyelidikan tersebut dengan 
lebih terperinci. Ianya amat penting untuk anda memahami tujuan 
penyelidikan dan apa yang akan terlibat dalam penyelidikan ini. Sila ambil 
masa yang secukupnya untuk membaca dan mempertimbangkan dengan teliti 
penerangan yang diberi sebelum anda bersetuju untuk menyertai penyelidikan 
ini. Jika anda mempunyai sebarang kemusykilan atau ingin mengetahui 
maklumat lanjut, anda boleh bertanya dengan mana-mana kakitangan yang 
terlibat dalam penyelidikan ini. Setelah anda pasti bahawa anda memahami 
penyelidikan ini dan anda berminat untuk turut serta, anda dikehendaki untuk 
menandatangani Borang Persetujuan atau Keizinan Pesakit pada muka surat 
akhir risalah ini. Untuk menyertai penyelidikan ini, anda perlu memberi doktor 
anda maklumat sejarah kesihatan ataupun penyakit anda yang lalu; jika 
anda tidak berterus-terang anda mungkin boleh menimbulkan masalah pada 
diri anda di kemudian hari. 

Penyertaan anda dalam penyelidikan ini adalah secara sukarela. Anda tidak 
perlu menyertai penyelidikan ini jika anda tidak mahu. Anda juga mempunyai 
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hak untuk tidak menjawab sebarang soalan yang anda tidak mahu jawab. Anda 
juga boleh menarik diri daripada penyelidikan ini pada bila-bila masa. Jika 
anda menarik diri, segala maklumat yang telah diperolehi sebelum anda 
menarik diri tetap akan digunakan dalam penyelidikan ini. Jika anda tidak 
mahu menyertai ataupun menarik diri dari penyelidikan ini, tindakan anda 
tidak akan menjejaskan segala hak dan keistimewaan perkhidmatan perubatan 
dan kesihatan yang selayaknya anda terima. 

Penyelidikan ini telah mendapat kelulusan Jawatankuasa Etika dan 
Penyelidikan Perubatan, Kementerian Kesihatan Malaysia. 

5. Apakah tujuan penyelidikan ini dilakukan? 

Tujuan penyelidikan ini adalah untuk mengkaji jenis-jenis bakteria yang 
dikaitkan dengan ulser kaki diabetik, cara-cara mereka berinteraksi antara satu 
sama lain untuk membentuk lapisan bakteria yang dipanggil biofilm, 
perintangan terhadap antibiotik dan kesan pada sel-sel yang dikultur di 
makmal iaitu sel fibroblast untuk merawat ulser kaki diabetik. Penyelidikan 
ini diperlukan untuk membantu doktor untuk menghasilkan rawatan yang 
sesuai. Hasil penyelidikan ini akan disampaikan kepada doktor tetapi bukan 
kepada subjek kerana ianya adalah terlalu teknikal untuk para subjek. 

Sejumlah 153 pesakit seperti anda di Malaysia akan turut serta. Penyelidikan 
ini akan berlangsung selama 2 tahun dan tempoh pembabitan anda 
dianggarkan selama 6 bulan. 

6. Apakah prosedur penyelidikan yang akan saya terima? 

Sekiranya anda bersetuju untuk menyertai penyelidikan ini, doktor mungkin 
akan perlu menjalankan beberapa ujian dan pemeriksaan terhadap diri anda 
bagi menentukan sama ada anda sesuai untuk menyertai penyelidikan ini 
ataupun tidak. Sekiranya anda didapati sesuai, anda akan dipilih untuk 
menyertai penyelidikan ini. Penyelidikan ini akan melibatkan sapuan lembut 
pada permukaan ulser untuk memperolehi bakteria. 

7. Apakah yang terjadi kepada saya sekiranya saya bersetuju 
untuk menyertai penyelidikan ini? 

a) Jika anda bersetuju untuk mengambil bahagian dalam kajian ini, doktor 
akan menilai keadaan ulser kaki anda untuk memastikan anda memenuhi 
kriteria pemilihan. Seterusnya, sapuan lembut pada permukaan luka akan 
dilakukan menggunakan putik kapas untuk mengumpul sampel bakteria 
yang kemudiannya dimasukkan ke dalam medium pengangkutan dan 
dihantar segera ke makmal untuk diproses. Prosedur ini akan dilakukan 
semasa prosedur pembalutan dan tidak akan menyebabkan kesakitan atau 
ketidakselesaan kepada subjek. 

b) Secara umumnya, pengumpulan sampel dan butiran-butiran kesihatan 
akan dilakukan sebanyak sekali, tetapi sekiranya subjek membuat 
lawatan ke klinik untuk prosedur pembalutan dalam masa 15 hari, 
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pengumpulan sampel akan dilakukan sebanyak dua kali secara 
maksimum. 

c) Sampel swab akan diambil hanya sekali secara maksimum dari setiap 
subjek bagi setiap lawatan. 

d) Sampel-sampel akan disimpan di Makmal Mikrobiologi di Universiti 
Putra Malaysia (UPM) selama 7 tahun sekiranya ia perlu digunakan 
untuk penyasiatan lanjut pada masa akan datang. Anda akan diberi 
borang persetujuan tambahan sekiranya anda memilih untuk bersetuju 
dengan penggunaan sampel anda untuk kajian-kajian yang berkaitan 
dengan kajian ini yang akan dilakukan pada masa akan datang. 

8. Bilakah saya akan menerima produk penyelidikan dan 
bagaimana cara menyimpannya? 

Tiada produk penyelidikan yang terlibat. 

9. Apakah tanggungjawab saya sewaktu menyertai penyelidikan ini? 

Ianya amat penting bagi anda untuk menjawab kesemua soalan yang 
dikemukakan oleh kakitangan penyelidikan secara jujur dan lengkap. Jika 
keadaan atau kesihatan anda berubah sepanjang penyelidikan ini, anda harus 
memberitahu doktor penyelidikan anda. S e kiranya anda telah melakukan 
sebarang perubahan dalam rawatan yang sedia ada (atau yang sedang anda 
ambil), walaupun anda telah lama mengambil ubat tersebut, anda harus 
memberitahu doktor penyelidikan anda dengan segera. 

ika ada sebarang perubahan terhadap tahap kesihatan anda sepanjang 
penyertaan anda dalam penyelidikan ini, anda harus memberitahu doktor 
penyelidikan anda dengan segera. Demi keselamatan anda, anda dikehendaki 
untuk mengikuti semua arahan yang diberikan oleh doktor penyelidikan anda 
sepanjang penyelidikan ini dijalankan. 

10. Apakah jenis rawatan yang akan saya terima selepas menyertai 
penyelidikan ini? 

Kajian ini tidak akan menjejaskan prosedur rawatan. 

11. Apakah risiko dan kesan-kesan sampingan menyertai penyelidikan ini? 

Penyelidikan ini akan melibatkan risiko yang sangat rendah. Penyelidikan ini 
juga tidak akan menimbulkan risiko kepada kandungan. 

12. Apakah manfaatnya saya menyertai kajian ini? 
Penyelidikan ini mungkin akan mendatangkan manfaat kepada anda ataupun 
tidak. Segala maklumat yang diperolehi daripada penyelidikan ini akan dapat 
membantu menambah baik kaedah rawatan atau pengurusan pesakit lain yang 
menghidap penyakit atau masalah kesihatan yang sama dengan anda. 
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13. Apakah yang akan terjadi sekiranya saya tercedera semasa menyertai 
kajian ini? 

Kajian ini hanya melibatkan sapuan lembut pada permukaan luka 
menggunakan putik kapas. Ia tidak menjejaskan rawatan anda dan tidak akan 
melibatkan sebarang prosedur untuk mendatangkan kecederaan. 

14. Apakah rawatan alternatif lain sekiranya saya tidak menyertai 
penyelidikan ini? 

Anda tidak perlu menyertai kajian ini untuk mendapatkan rawatan bagi 
penyakit atau masalah kesihatan anda. 

15. Siapakah yang membiayai penyelidikan ini? 

Kajian ini ditaja oleh International Medical University (IMU) yang akan 
membiayai semua prosedur pengajian. Segala prosedur lain yang tidak 
diperlukan oleh kajian tetapi merupakan sebahagian daripada rawatan 
perubatan rutin anda perlu ditanggung oleh anda sendiri atau insurans anda. 
Anda tidak akan dibayar untuk penyertaan anda dalam penyelidikan ini 
kerana pengumpulan sampel swab akan dilakukan semasa lawatan rutin anda 
ke klinik untuk sesi pembalutan. 

16. Bolehkah penyelidikan ataupun penyertaan saya ditamatkan lebih awal 
daripada yang dirancang? 

Doktor penyelidikan boleh menamatkan penyelidikan ini atau menamatkan 
penyertaan anda dalam penyelidikan ini pada bila-bila masa jika diperlukan 
demi keselamatan anda. Jika penyelidikan ini dihentikan terlebih awal di atas 
sebab-sebab tertentu, anda akan dimaklumkan dan rawatan yang bakal anda 
terima selepas itu akan diuruskan. Anda mungkin akan diminta menghadiri 
satu lawatan susulan terakhir untuk penyelidikan ini. 

17. Adakah maklumat perubatan saya akan dirahsiakan? 

Segala maklumat anda yang diperolehi dalam penyelidikan ini akan disimpan 
dan dikendalikan secara sulit, bersesuaian dengan peraturan-peraturan 
dan/atau undang-undang yang berkenaan. Sekiranya hasil penyelidikan ini 
diterbitkan atau dibentangkan kepada orang ramai, identiti anda tidak akan 
didedahkan tanpa kebenaran anda terlebih dahulu. Pihak- pihak tertentu 
seperti individu yang terlibat dalam penyelidikan dan rawatan perubatan anda, 
juruaudit dan pemantau yang terlatih, pihak penaja atau pihak gabungannya, 
pihak berkuasa kerajaan atau undang-undang boleh memeriksa dan membuat 
salinan laporan perubatan anda jika berkenaan dan diperlukan. 

Dengan izin anda, doktor yang biasa merawat anda akan dimaklumkan 
mengenai penyertaan anda dalam penyelidikan ini. 
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18. Siapakah yang perlu saya hubungi sekiranya saya mempunyai sebarang 
pertanyaan? 

Anda boleh menghubungi doktor penyelidikan ini iaitu Dr. Ebenezer Chitra di 
talian 03-2731 7519 sekiranya anda mempunyai sebarang pertanyaan 
mengenai penyelidikan ini atau jika anda mengesyaki anda mengalami 
kecederaan yang terhasil daripada penyelidikan ini dan anda mahukan 
maklumat tentang rawatannya. 

Jika anda mempunyai sebarang pertanyaan berkaitan dengan hak-hak anda 
sebagai pesakit dalam penyelidikan ini, sila hubungi: Setiausaha, 
Jawatankuasa Etika & Penyelidikan Perubatan, Kementrian Kesihatan 
Malaysia, melalui telefon 03-2287 4032. 

BORANG PERSETUJUAN/ KEIZINAN PESAKIT 

Tajuk Penyelidikan: Pencirian rintangan antibiotik dalam biofilm bakteria yang 
berkaitan dengan ulser kaki diabetik dan kesan sitopatik pada sel fibroblast in 
vitro. 

Dengan menandatangani di bawah, saya mengesahkan bahawa: 
- Saya telah diberi maklumat tentang penyelidikan di atas secara lisan 

dan bertulis and saya telah membaca dan memahami segala 
maklumat yang diberikan dalam risalah ini. 

- Saya telah diberikan masa yang secukupnya untuk 
mempertimbangkan penyertaan saya dalam penyelidikan ini dan 
telah diberi peluang untuk bertanyakan soalan dan semua persoalan 
saya telah dijawab dengan sempurna dan memuaskan. 

- Saya juga faham bahawa penyertaan saya adalah secara sukarela 
dan pada bila-bila masa saya bebas menarik diri daripada 
penyelidikan ini tanpa harus memberi sebarang alasan dan ianya 
sama sekali tidak akan menjejaskan rawatan perubatan saya pada 
masa akan datang. Saya tidak mengambil bahagian dalam mana- 
mana penyelidikan lain pada masa ini. Saya juga memahami 
tentang risiko dan manfaat penyelidikan ini dan saya secara 
sukarela memberi persetujuan untuk menyertai penyelidikan ini di 
bawah syarat-syarat yang telah dinyatakan di atas. Saya faham saya 
harus mematuhi nasihat dan arahan yang berkaitan dengan 
penyertaan saya dalam penyelidikan ini daripada doktor 
penyelidikan (penyelidik). 

- Saya faham bahawa kakitangan penyelidikan, pemantau dan 
juruaudit terlatih , pihak penaja atau gabungannya, dan pihak 
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berkuasa kerajaan atau undang-undang, mempunyai akses langsung 
dan boleh menyemak laporan perubatan saya bagi memastikan 
penyelidikan ini dijalankan dengan betul dan data direkodkan dengan 
betul. Segala maklumat dan data peribadi akan dianggap sebagai 
SULIT. 

- 

- 

Saya akan menerima satu salinan ‘Risalah Maklumat Pesakit dan 
Borang Persetujuan atau Keizinan Pesakit’ yang telah lengkap dengan 
tarikh dan tandatangan untuk dibawa pulang ke rumah. 
Saya bersetuju/ tidak bersetuju* untuk doktor yang biasa merawat 
saya diberitahu tentang penyertaan saya dalam penyelidikan ini. 
(*Potong mana yang tidak berkenaan) 

Subjek: 

Tandatangan: 

Nama: 

Nombor K/P: 

Tarikh : 

Penyelidik yang mengendalikan proses menandatangani borang keizinan: 

Tandatangan: 

Nama: 

Nombor K/P: 

Tarikh : 

Saksi tidak-berpihak/adil: (Diperlukan; jika subjek adalah buta huruf dan 
kandungan risalah maklumat pesakit disampaikan secara lisan kepada subjek) 

Tandatangan: 

Nama: 

Nombor K/P: 

Tarikh : 

136



 
 

Biodata of author 

Natasha Nabila Mohammed Shoaib is a 26 year old Master’s candidate in

International Medical University who also completed her Bachelor’s degree in

Biomedical Science in the same university. She lives in Dengkil, Selangor, 

with her husband and 2 cats. She has previously published a review article on 

Alzheimer’s in 2016, and have went on to present her undergraduate and

postgraduate theses at a few local scientific conferences. She has a keen 

interest in clinical research and hopes to further her career in the field in order 

to help the medical community make many more discoveries in the treatment 

of diseases and perhaps make the world a better place to live in. 

137



 
 

Certificate of Completion of Research Methodology Module 

138



 

139




