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Abstract
Objective: Diabetes mellitis, when chronic and uncontrolled, is undeniably associated with
myriad health complications, most importantly immune dysfunction and healing abnormalities. The ensuing tissue injury and the ineffective healing, particularly in the foot, is often compounded by bacterial and fungal infections, which predispose to the development of infected
diabetic foot ulcer (DFU) – a grave complication ending up in foot amputation in significant
number of patients. This study assesses the prevalence and pattern of dermatophytes in diabetic foot ulcer.
Material and Methods: In this study we included a total of 298 diabetic patients with diabetic
foot ulcers who presented to JPMC from June 2019 till June 2020. We recorded their demographic features and blood glucose level at the time of sample taking. The foot ulcers were
graded according to Wagner/ Meggit ulcer grading scale. Taking aseptic measures, samples
were taken from the ulcers and skin at the ulcers edge and, processed and interpreted according to standard guidelines.
Results: Fungal positivity was more in men (61%) than women (39%). Overall mean age (±
SD) was 50.0(± 8.1) years. On fungal culture, total fungus positive cases were 92 (30.9%) out
of which 49 (53%) were dermatophytes (p<0.01). Prevalence of dermatophytes in the DFU
(tinea pedis) of population studied was found to be 16.44%. The most frequently isolated species was Tinea rubrum (43%) followed by Tinea mentagrophytes (29%).
Conclusion: This study showed that dermatophytes are associated with Diabetic Foot Ulcer
in significant number of cases. Specific antifungals must be prescribed to treat dermatophyte
infection (tinea pedis) and prevent its most horrendous complication, foot amputation. This is
only possible when a high clinical suspicion is supported by timely and appropriate screening
for fungi, such as dermatophytes, especially, when lesions are refractory to repeated anti-bacterial therapy.
Keywords: Diabetic complications, diabetic foot ulcer, Wagner/ Meggit ulcer grading scale
tinea pedis, dermatophytoses
Introduction:
Diabetes mellitis is the most common endocrine disorder5 characterized by persistent hyperglycemia due to decreased release or action
of insulin.6 The population of diabetics is on the
rise globally and is expected to exceed 640 million by the year 2040.16 In 2016, Pakistan has
been ranked 7th by World Health Organization
in the list of most diabetics-inhabiting countries

and is estimated to reach 4th position by 2030 if
the same trend persisted.12 The second National
Diabetic Survey of Pakistan (2016-17) revealed
the prevalence of diabetes to be 26.3%.3
The chronic metabolic derangements associated
with persistent hyperglycemia of diabetes mellitis produce complications which may be microvascular such as neuropathy, nephropathy and
retinopathy and macrovascular such as coronary
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artery disease, stroke and peripheral artery disease.9,18 Immune mechanisms as well as wound
healing processes are also compromised in
chronic diabetes mellitis.7 These neuro-vascular
and immune system problems produce diabetic
foot, which, in the presence of repetitive injury
to feet and inadequate healing, predisposes to
diabetic foot ulcers.26

Table 1: Socio-demographic characteristics of studied subjects (N=298)
Characteristics
Age Group

Gender

N

%

35 - 50 Years

183

61.4

51 - 60 Years

80

26.8

61 - 70 Years

35

11.7

Mean ±SD (overall)

50.0±8.1

Mean ±SD (Male)

51.48±9.0

Mean ±SD (Female)

48.41±6.64

Male

169

56.7

Female

129

43.3

Table 2: Duration of diabetes mellitus and diabetic foot ulcer (N=298)
Duration

N

Diabetes Mellitus (years)

Diabetes Foot Ulcer (Months)

%

1–5

153

51.3

6 – 10

98

32.9

>10

47

15.8

Mean ±SD

6.7±4.6

1–5

206

69.1

6 – 10

44

14.8

>10

48

16.1

Mean±SD

5.8±3.3

The dysfunction of immune system allows foot
ulcer infection.2 Bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa are the
most common pathogens involved,5,25 however,
patients with chronic uncontrolled diabetes are
also prone to develop superficial fungal foot infections (SFFIs).27 Duff et al., in 2015; and Akcaglar et al., in 2011, in their study mention the
most common types of SFFIs in diabetics are
tinea pedis, and onychomycosis including tinea
unguium). The SFFIs can form entry points and
fistulas facilitating repeated bacterial infections.2
About 14% to 24% of DFUs ultimately require
partial or total amputation of foot.14

Table 3: Frequency of dermatophytes, non-dermatophytes and yeasts in relation to diabetes control status (N=298)
Parameters

Diabetes status*
Controlled (n=70)

Uncontrolled (n=228)

N

%

N

%

Dermatophyte

Yes

12

17.1

37

16.2

No

58

82.9

191

83.8

Non Dermatophyte moulds

Yes

01

1.4

10

4.4

No

69

98.6

218

95.6

Yes

05

7

27

11.8

No

65

93

201

88.2

Yeasts

* Glycemic recommendations for non-pregnant adults with diabetes (American Diabetic Association, 2018)

Table 4: Association of dermatophyte positivity with fungus identification techniques used (n=49)
Parameters

Dermatophytes positivity
Yes

On Microscopy
On Culture

p-value

No

N

%

N

%

Positive

47

95.9

40

16.1

Negative

2

4.1

209

83.9

Positive

49

100.0

43

17.3

Negative

0

0.0

206

82.7

<0.01*
<0.01*

*p<0.05 was considered significant while p≥ 0.05 was considered non-significant using Pearson Chi Square
test

In this study, an attempt is made to determine
the prevalence of dermatophytes (tinea pedis)
in diabetic foot ulcers in our population and
the most common species of dermatophytes involved.
Material and Methods:
This study included 298 known diabetic patients, including 169 males and 129 females
with foot ulcers, reporting in diabetic clinic of
Jinnah Postgraduate Medical Center, Karachi.
The samples size was calculated using online
open Epi software as described by Hickey et al.,
2018. After taking written informed consent,
demographic data of each patient was recorded
on a printed questionnaire at the outset of evaluation. Information related to type and duration
of diabetes, daily feet washing frequency as well
as related to neuropathy and peripheral vascular
system diseases were recorded. Blood glucose
levels were checked. Diabetic foot ulcers were
assessed according to Wagner-Meggitt ulcer
classification which classifies diabetic foot ulcer
into six grades.14
Pak J Surg 2021; 37(4):259-64
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Figure 1: Prevalence of fungus (all types) in diabetic foot ulcer (N-298))

Figure 2: Frequency of different fungal groups isolated (n=92)

Figure 3: Frequency of dermatophyte positivity in relation to age group
(N=298)

Figure 3: Frequency of dermatophyte positivity in relation to gender (N=298)
Following standard protocols, specimens were
collected from the suspicious lesions (such as
Pak J Surg 2021; 37(4):259-64

intense squamous hyperkeratotic, or macerated
area) from the ulcer and adjacent skin and were
safely secured in sterile filter paper. The scrapping were examined microscopically under 40X
magnification, using 10-20% potassium hydroxide (KOH) for clearing of tissue and Lacto-phenol cotton blue (LPCB) for staining, to identify
fungal components such as hyphae and/or conidia. Specimens were labelled as “fungus positive” when these fungal components were identified. In case of absence of fungal components,
this procedure was repeated using another
sample from the same area before labelling the
specimen as “fungus negative”. Fungus positive
samples were further processed by inoculating
onto Sabouraud dextrose agar and dermatophyte test medium and observed grossly and microscopically for fungal growth. The results were
recorded as yeasts, non dermatophyte molds
and species of dermatophytes.
Statistical analysis of data was performed by using Statistical Package for Social Sciences (IBM,
SPSS) software version 23.0. Descriptive assessments and frequency analysis were performed.
Value of p<0.05 was accepted as statistically
significant while p≥ 0.05 was considered insignificant.
Discussion:
Fungi are usually not duly considered to be
significant pathogens in diabetic foot ulcers by
both caregivers and patients as is indicated by
the few number of such cases undergoing mycological investigations. This study was therefore
conducted to find out such association in our diabetic community. The mean age of diabetics in
our study was 50±8.1 years (Table 1). The mean
age of diabetics reporting for diabetes related
foot complications in other studies in Pakistan
is similar to our findings. Maryam et al.15 has
mentioned mean age of 47.34±6.11 years while
Iqbal et al.,13 reported 54.50±10.89.
We observed that adult diabetics of younger
age group with outdoor activities were more affected with fungal infection of their foot ulcers
(figure 3). This is in concordance with the findings of Akkus G. et al.2 who mentioned similar
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of 46.7% and both Raza et al.,22 in 2017 and Sanniyasi et al.24 in 2015 has shown prevalence that
is lower than our finding. This could be due to a
much smaller sample size used in these studies.

Figure 5: Species and frequency of dermatophytes isolated (n=49)
findings in people with active lifestyle.
The frequency of males with fungal foot infection was found by us to be higher than that of
females (figure 4). This is possibly because male
are more involved in outdoor laborious jobs
and other activities and therefore more exposed
to trauma and unhygienic conditions as well
as they have less time to care about their foot
health. Similar male gender predominance is
mentioned by Mishra and Pratap,17 in 2017 and
by Akkus et al,2 in 2016.
In our study, we observed no significant relationship between the frequency of fungal positivity and blood glucose levels taken at the time
of sample acquiring (Table 3). Akkus et al.,2 in
2016 are of the opinion that there is a significant
relationship between hyperglycemia and tinea
pedis. On the other hand, Romano et al.,23 in
2001 have also observed no significant relationship between hyperglycemia and tinea pedis
which is similar to our findings. The relationship
between hyperglycemia and tinea pedis could
have been better assessed by measuring HbA1c
levels which shows glycemic status of preceding
2-3 months.
This research showed that 92 out of the total 298
subjects were positive for different types of fungi, thus the prevalence of fungi in diabetic foot
ulcer is calculated to be 30.9% (Figure 1). This
is in conformity with study by Chellan et al.,4 in
2010 who noted a prevalence of 27.2%. Papini
et al.,19 in 2013 has shown a higher prevalence

In this study, it was observed that very few participants had known about fungal pathogens and
their role in causing and sustaining foot ulcer.
None of them were advised test for fungi or were
prescribed any anti-fungal treatment on clinical
suspicion. Wijesuria et al.,27 in 2014 showed 142
(37%) patients having the idea of possible fungal involvement in their DFUs. The large difference is due to the low level of education and lack
of knowledge regarding fungal infectious agents
in our population. This is an important factor in
delaying the diagnosis and treatment of fungal
infections.
Simple microscopy, using 10% KOH and LPCB,
for the identification of dermatophytes was observed to be significant (p<0.01) in our study
(table 3). A study by Ahmed et al.,1 in 2012 has
also observed KOH microscopy to be a reliable bedside technique in identifying fungi in
onychomychosis. Ponka et al.,20 in 2014 has regarded it as an important examination-based diagnostic procedure. However, fungus positivity
may be confirmed and further studied by fungal
culture.
Among the 49 dermatophyte isolated, Trichophyton rubrum emerged as the commonest species seen in 21 (43%) patients (figure 5) followed
by Trichophyton mentagrophytes 14(29%),
Trichophyton tonsuran 6(12%), Trichophyton
soudanese 6(12%) and Epidermophyton floccosum 2(4%). Trichophyton rubrum is also
mentioned as the commonest dermatophyte
species isolated from DFU by Prada et al.,21 in
2013, Papini et al.,19 in 2013 and Eckhard et al.,8
in 2007. T. soudanese was also isolated in our
study which usually causes tinea capitis but Farina et al.,10 in 2014 reported T. soudanese as a
cause of tinea unguium in Pakistani and Senegalese immigrants to Italy.
Isolating fungi, particularly dermatophytes, in a
significant number of diabetic foot ulcer cases,
Pak J Surg 2021; 37(4):259-64
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is an important finding because even the use of
broadest spectrum antibacterial agents do not
eradicate them and thus worsening of ulcer and
development of associated complications are
imminent. Therefore, it is suggested to the concerned health professionals to consider testing
for fungus particularly in case of non-healing or
refractory diabetic foot ulcers. In this manner,
early detection and treatment of fungus-infected
diabetic foot ulcer could save a limb otherwise
at the risk of amputation.
Ethical approval for this study was taken from
Institutional Review Board of Jinnah Postgraduate Medical Center, Karachi.
Conclusion:
We conclude that fungi, particularly dermatophytes, are isolated in a significant number of
diabetic foot ulcer cases, this is an important
finding because even the use of broad spectrum
anti-bacterial agents do not eradicate them and
thus worsening of ulcer and development of
associated complications. Therefore, it is suggested to the concerned health professionals to
consider testing for fungus particularly in case
of non-healing or refractory diabetic foot ulcers.
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