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Isolation of Fungi from Diabetic Foot Ulcer
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Abstract: 

Among all of diabetes complications, foot ulcers are at higher risk to 

occur, and it is estimated that 20% of hospital admissions among DM 

patients result from diabetic foot ulcers (DFUs). DFUs can lead to 

infection, gangrene, amputation, and if proper treatment is not provided, 

can even cause death. In fact, once a DFU is developed there is a greater 

risk of amputation, and it is estimated that 50–70% of all lower limb 

amputations (LLAs) are due to DFUs. It is predicted that in the general 

population (≥45 years), the incidence of vascular LLA in the diabetic is 

eight times higher than in non-diabetic individuals, and when it comes to 

the age group ≥ 85 years, the incidence in men increases to 15 times 

higher and 12 times higher in women than the mean incidence rates of 

all population groups. Most fungus like to live in a warm, moist area, 

and particularly on the foot they like to live in the interdigital web 

spaces, which lead to maceration and fungal infection between the toes. 

If this is left untreated it inevitably leads to breakdown in the skin 

leading to ulceration, allowing other pathogens a portal to set up 

infection. There is very little risk of pathogens infecting the superficial 

skin and can easily be dealt with topical antifungals, however when the 

fungal infection invades the deeper structures through repeated trauma it 

takes a whole new angle and can lead to some devastating results. 

Diabetic patients are a 10-fold greater risk of being admitted as a result 

of soft tissue or bone infection. 
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Introduction: 

Diabetes mellitus (DM) is one of the most prevalent 

endocrine diseases worldwide, characterised by an 

increase in blood glucose levels caused by defective 

insulin secretion, action or both [1].  Officially, 

diabetes is classified into three major groups,  

namely, Type 1, Type 2 and gestational [2]. Type 1 

DM or insulin-dependent DM (IDDM) is the result of 

a failure of the body to produce insulin, due to 

destruction of pancreatic β-cells [3]. This type 

represents only 5–10% of all diabetes cases and is 

mostly associated to genetic factors [2]. Type 2 DM, 

also known as non-insulin dependent DM (NIDDM), 
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represents the most common type comprising 85% of 

all cases [2]. This Type results from insulin 

resistance or insufficient insulin production, 

essentially associated with multihormonal disorders 

[4]. Gestational DM (GDM) is mainly caused by a 

blockage of insulin action by the pregnancy 

hormones, causing insulin resistance and 

hyperglycaemia [5]. Women with a history of GDM 

are more likely to develop Type 2 diabetes later in 

their lives [5]. The global prevalence of diabetes 

increases every year. In fact, the number of people 

with diabetes between 1980 and 2014 quadrupled, 

from 108 million to 422 million, and the numbers 

continue to escalate [6]. This increase is so fast that 

diabetes is now considered by the World Health 

Organization (WHO) as a global fast-growing 

epidemic [6]. According to epidemiological studies, 

if the current trend continues, by 2045, 700 million 

adults will suffer from the disease, which represents 

a 51% increase [7,8]. In addition to this global public 

health threat, there is a huge economic burden 

associated. The related annual global health 

expenditure will rise 11% from USD 760 billion in 

2019 to USD 845 billion by 2045 [8]. 

In addition to the economic impact associated with 

this disease, there are other multifaceted 

complications that account for more than 50% of 

these direct costs, such as nephropathy, neuropathy, 

retinopathy, atherosclerosis and foot ulcers 

[9,10,11,12,13]. These secondary pathophysiological 

outcomes are a result of a deficiency in the vascular 

system, causing inefficient circulation [14-16]. 

Unfortunately, the COVID-19 outbreak has had a 

negative impact on healthcare delivery to patients 

with DFUs [17,18]. In fact, a study in Naples 

reported that patients with diabetes admitted to a 

Tertiary Care Center for DFU management had a 

threefold risk of amputation compared to 2019 

numbers [19]. LLA has a greater negative impact on 

the patient’s quality of life than any other 

complication of diabetes, such as renal failure or 

blindness, with depression and anxiety highly 

associated [12,20]. The diabetic foot is a major 

medical, social and economic problem, affecting 40 

to 60 million people globally [21]. The main risk 

factors for diabetic foot ulceration are older age, 

male sex, Type 2 diabetes, lower body mass index, 

longer diabetic duration, hypertension, diabetic 

retinopathy and a history of smoking [9.22]. DFUs, 

especially chronic ulcers, can lead to amputations 

which can cause a significant decrease in life quality 

and an increase in early mortality [8]. The five-year 

relative mortality after a DFU is 48%, which is a 

higher value than that of many types of cancers [23]. 

However, the reported frequency of ulceration varies 

considerably. For example, the prevalence of active 

DFUs ranges from 3% in Oceania to 13% in North 

America, with a global mean prevalence of 6.3% 

[22]. This difference is even greater when comparing 

DFU prevalence among countries [22].  

For example, Belgium has the highest prevalence of 

DFUs with 16.6%, whereas Australia presents the 

lowest value: 1.5% [22]. These disparities are 

justified by some differences in the healthcare 

systems. For instance, in Belgium, the state supports 

the treatment costs, but not the expenses related to 

preventive treatments, whereas in Australia, fewer 

than 50% of diabetic patients have regular foot 

examinations [24,25]. 

Aims of study:  

1. Diagnosis of the main cause of diabetic 

foot ulcers. 

2. Identify fungi and some types of bacteria 

that cause ulcers. 

3. Obtaining pure cultures from the causative 

fungi. 

4. Knowledge of isolation and cultivation 

methods. 

5. Identify the possible causes of the injury. 

6. How to protect and treat ulcers. 

Literature review 

Fungi  

Fungi (singular: fungus) are a kingdom of usually 

multicellular eukaryotic organisms that are 

heterotrophs (cannot make their own food) and 

have important roles in nutrient cycling in an 

ecosystem. Fungi reproduce both sexually and 

asexually, and they also have symbiotic 

associations with plants and bacteria. However, 

they are also responsible for some diseases in 

plants and animals. The study of fungi is known 

as mycology. 
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Figure(1): These are hyphae of a Penicillium 

fungus. 

 

Importance of fungi 

Humans have been indirectly aware of fungi since 

the first loaf of leavened bread was baked and the 

first tub of grape must was turned into wine. 

Fungi are everywhere in very large numbers in the 

soil and the air, in lakes, rivers, and seas, on and 

within plants and animals, in food and clothing, 

and in the human body. Together with bacteria, 

fungi are responsible for breaking down organic 

matter and releasing carbon, oxygen, nitrogen, and 

phosphorus into the soil and the atmosphere. 

Fungi are essential to many household and 

industrial processes, notably the making of bread, 

wine, beer, and certain cheeses. The medical 

relevance of fungi was discovered in 1928, when 

Scottish bacteriologist Alexander Fleming noticed 

the green mold Penicillium notatum growing in a 

culture dish of Staphylococcus bacteria. Around 

the spot of mold was a clear ring in which no 

bacteria grew. Fleming successfully isolated the 

substance from the mold that inhibited the growth 

of bacteria. In 1929 he published a scientific 

report announcing the discovery of penicillin, the 

first of a series of antibiotics many of them 

derived from fungi that have revolutionized 

medical practice. 

Fungi cause diabetic foot ulcers 

Most fungus like to live in a warm, moist area, 

and particularly on the foot they like to live in the 

interdigital web spaces, which lead to maceration 

and fungal infection between the toes. If this is left 

untreated it inevitably leads to breakdown in the 

skin leading to ulceration, allowing other 

pathogens a portal to set up infection. There is 

very little risk of pathogens infecting the 

superficial skin and can easily be dealt with 

topical antifungals, however when the fungal 

infection invades the deeper structures through 

repeated trauma it takes a whole new angle and 

can lead to some devastating results.Diabetic 

patients are a 10-fold greater risk [26] of being 

admitted as a result of soft tissue or bone infection 

Bacteria  

Bacteria microbes with a cell structure simpler 

than that of many other organisms. Their control 

centre, containing the genetic information, is 

contained in a single loop of DNA. Some bacteria 

have an extra circle of genetic material called a 

plasmid rather than a nucleus. The plasmid often 

contains genes that give the bacterium some 

advantage over other bacteria. For example it may 

contain a gene that makes the bacterium resistant 

to a certain antibiotic. Bacteria reproduce by 

binary fission. In this process the bacterium, 

which is a single cell, divides into two identical 

daughter cells. 

 

 

Figure (2): Escherichia coli 

Importance Bacteria  

Bacteria play important roles in many natural 

processes, including nutrient cycling and 

decomposition. They are also used in 

biotechnology, such as in the production of 

antibiotics, vaccines, and other medicines. 

However, some bacteria are harmful and can 

cause diseases, such as pneumonia, strep throat, 

and food poisoning. 

Bacteria Cases diabetic foot ulcer  
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DFUs are mainly exposed to skin commensal 

bacteria that can colonize the wound as multi-

layered microbial communities surrounded by a 

self-produced protective extracellular 

biofilm [27]. Biofilm makes wound healing and 

infections very difficult to resolve, as local access 

for antimicrobial agents and the host’s immune 

system is hampered [28]. Colonization is defined 

as the presence of multiplying bacteria with no 

overt host immunological reaction [29]. In 

contrast, infection results when invading 

organisms overwhelm the host’s defenses. Several 

factors are thought to be involved, including 

the bacterial load within the wwound [30]. It has 

been suggested that bacterial concentration 

greater than 105 colony-forming units (CFUs) per 

gram of tissue [31] indicates the presence of a 

“critical” degree of colonization at which the host 

defenses are no longer able to contain it [29]. 

However, many individuals with diabetes mellitus 

have an impaired inflammatory response and may 

not show the classical signs of infection in a 

wound with a high bacterial load [32]. Another 

important factor that correlates with the likelihood 

of infection is the virulence of the colonizing 

microorganism, as demonstrated by the toxin 

secreting β-haemolytic streptococci that were able 

to induce tissue damage at 102 CFUs per gram of 

tissue [31]. Recent works have reported that 

toxigenic Staphylococcus aureus strains 

(harboring exfoliatin-, EDIN-, PVL- or TSST-

encoding genes) are rarely isolated from DFUs but 

are often present in infections with a more severe 

grade and systemic impact, whereas non-toxigenic 

strains seem to remain localized in deep structures 

and bone with diabetic foot osteomyelitis [33]. 

Diabetic foot ulcers  

Approximately 15% of persons with diabetes will 

have foot ulcer in their lifetime [34]. The 

pathogenesis of diabetic foot is highly complex, 

including polyneuropathy, peripheral vascular 

disease, and compromised immunity, slower 

wound healing, trauma and infection [35,36]. 

Complications associated with the development of 

infection and diabetic foot syndrome are the main 

cause of morbidity, nontraumatic lower extremity 

amputations, and diabetic patient 

mortality [35,36]. As shown by epidemiologic 

data, in 85% of diabetic patients foot ulcers 

preceded amputations of the same extremity; they 

also increase by as much as 20-fold the risk of 

minor or major amputation of the same 

extremity [37,38]. Bacterial infections of diabetic 

foot ulcers are polymicrobial and mixed aerobic-

anaerobi [35,36]. While Staphylococcus spp., 

Streptococcus spp., Enterococcus spp., species of 

Enterobacteriaceae and Pseudomonas spp. Are 

the most common aerobic isolates, 

Peptostreptococcus spp. and Bacteroides spp. are 

the most common anaerobic isolates  [35,36]. 

Literature data on the frequency of fungal 

isolation from the diabetic foot ulcer differ 

significantly. Candida spp. is the most commonly 

isolated yeast from these ulcers (less than 5%-

21%). Given the conditions prevailing in diabetic 

foot, even low pathogenic yeasts may cause an 

infection of foot ulcers. These types of yeasts 

often belong to the normal mycobiota of the skin 

around ulcers, or may colonize diabetic foot ulcers 

secondarily, hindering the assessment of the real 

role of fungal isolates from the ulcer. Because of 

their typical form and size, fungal elements can be 

visualized in histopathologic preparations of ulcer 

biopsy using different staining procedures [39,40]. 

Microscopic demonstration of tissue invasion and 

host reaction confirms the existence of fungal 

infection. There have been some reports of an 

increased incidence of fungal infections 

(dermatophytosis and candidiasis) of interdigital 

spaces and nails in the toes of diabetic patients, as 

well as of the association of these infections with 

the development of severe and deep inflammatory 

processes in feet [39,40] . 

 
Figure (3): Diabetic foot ulcer 

 

https://www.sciencedirect.com/science/article/pii/S2452231717300076#b0035
https://www.sciencedirect.com/topics/immunology-and-microbiology/bacterial-load
https://www.sciencedirect.com/science/article/pii/S2452231717300076#b0090
https://www.sciencedirect.com/topics/medicine-and-dentistry/staphylococcus-aureus
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Previous studies on DFU 

was over one hundred years ago that Pryce, a 

surgeon working in Nottingham, England, 

recognised the connection between diabetes and 

foot ulceration: “Diabetes itself may play an 

active part in the causation of perforating ulcers” 

he wrote in the Lancet, and further “it is 

abundantly evident that the actual cause of the 

perforating ulcers was a peripheral nerve 

degeneration” [41,42]. However, it was Paul 

Brand (1914–2003) who added science to the art 

of foot care   [43,44,45]. When he spoke at a US 

Department of Health conference and was asked 

to make a recommendation on reducing 

amputation in diabetes, most listeners expected an 

answer promoting vascular surgery or modern 

medications. They were surprised to hear that his 

key recommendation was a national campaign to 

encourage physicians to remove patients’ shoes 

and socks and to examine the feet  [43]. Although 

always emphasising the art of clinical medicine in 

his work, Brand also performed pioneering 

research looking at abnormal foot pressures 

during walking, and he described the use of 

thermography in assessing areas at risk of 

imminent breakdown [44.45]. Progress in our 

understanding of the pathogenesis and 

management of the diabetic foot has been made in 

the last 20 years. This has been matched by an 

increasing number of publications in peer-

reviewed journals. Taken as a percentage of all 

Pub-Med listed papers on diabetes, papers on the 

diabetic foot have increased from 0.7% in the 

1980–88 period to more than 2.7% in the last 6 

years. During the same time period, foot councils 

and study groups have been formed in the EASD 

and the ADA, and the International Working 

Group has published an international consensus 

booklet on the diabetic foot [46]. 

Diagnosis  

Method of isolating fungi from diabetic foot ulcer. 

A review of previous studies conducted from 

April 2018 to March 2020. 

Sample collection  

Before taking a culture from the depth of the ulcer 

the wound surrounding was cleaned thoroughly 

with 10% povidone-iodine followed by sterile 

normal saline. Culture swabs were taken from the 

depth of the ulcers by a cotton-tipped applicator 

measuring around 0.5 cm x 0.5 cm and kept in 

routinely used normal saliva-containing sterile 

containers. Punch biopsy forcep was used to 

take tissue from the depth of a particular ulcer 

under the aseptic technique. A tissue sample was 

collected, sealed, labeled, and sent to the 

microbiology lab within 1 h to detect the strains of 

fungal pathogens. 

Laboratory procedures: 

The tissue sample was subjected to the following 

microscopic examination before the inoculation in 

culture media. 

1) Microscopic examination of the KOH prepared 

tissue sample: tissue was kept on a slide with the 

addition of 10% KOH at 37°C for 2 h and then 

examined under the microscope. 

2) Microscopic examination of Gram-stained 

tissue smear: a smear was obtained on a clean and 

dry slide from the crushed tissue sample and was 

dried, fixed by heating, and stained with Gram 

stain. After proper staining, it was examined under 

oil immersion for identification of Gram-positive 

budding cells and pseudohyphae,  

specific for Candida infection.  

 

Figure (4): 1. KOH mount for fungal 

identification. 2. Gram staining of fungal 

organism 

Method of the culture of tissue sample  

A culture media of Sabouraud’s dextrose agar 

(SDA) with chloramphenicol antibiotic was used 
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for culturing the tissue sample. Four such culture 

tubes were prepared and tissue samples were 

inoculated. Cycloheximide (actidione) was added 

to two tubes out of four tubes. Culture tubes 

containing both chloramphenicol and 

cycloheximide were incubated at 25°C-30°C. The 

addition of chloramphenicol inhibits the growth of 

bacteria whereas cycloheximide inhibits the 

growth of contaminant saprophytic fungi. Cultures 

were examined twice a week for 4-6 weeks. 

 

Figure (5): Candida and Penicillium species 

growth in SDA medium. 

1 – Candida tropicalis; 2 – Candida glabrata; 3 

– Candida       parapsilosis; 4 – Penicillium 

species. 

2.5.4 Mounting of fungal growth: 

Once the growth was identified on the culture 

medium it was mounted using lactophenol cotton 

blue (LPCB) for staining filaments and spores of 

the fungus. Sometimes LPCB mounting disturbs 

fungal morphology during the process, so slide 

culture was added in most of the cases to protect 

the intact morphology of the isolated fungi. 
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