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ABSTRACT Background: The objective of this study is to determine the prevalence of fungal infection in diabetic foot ulcers 
and to study the factors influencing fungal positivity. 

Methods: A total of 100 diabetic foot ulcer patients admitted or who visited on outpatient basis to our hospital over a period of 1 year 
from May 2014 to April 2015. Fungal isolation from the ulcer was done by 10% KOH study, Gram stain, SDA culture and slide culture 
methods. The outcome of the disease was studied based on ulcer progression; wound healing & tissue loss/ amputation.
Results: In present study polymicrobial flora in diabetic foot ulcer was seen (137 organisms in 100 subjects), predominantly with entero-
bacteriaceae and pseudomonas. Prevalence of coexisting fungal infection in the present study was 19% of which candida species was the 
commonest. Fungal infection was more commonly seen in long standing (4-5 months) non-healing ulcer on antibiotic therapy.
Conclusion: The present study signifies the need of mycological evaluation of a non-healing diabetic ulcer of a longer duration, with poor 
progression despite antibacterial therapy and foot care, and introduction of prudent antifungal treatment for proved fungal infection in 
diabetic foot ulcer and thus, to consider fungal infection as a significant risk factor in diabetic foot ulcer. 

INTRODUCTION
Diabetes is one of the major problems of this generation 
with worldwide distribution. It is a disease that involves 
many organs and systems of the body, notably the eyes, 
the kidney, the blood vessels and peripheral nerves. The 
worldwide prevalence of DM has risen dramatically over 
the past 2 decades, from 30 million cases in 1985 to 177 
million in 2000. Based on current trends, > 360 million will 
have diabetes by 20302.

India today leads the world with the largest number of dia-
betic patients in any given country. It is said that presently 
33 million Indians are diabetic and these numbers are likely 
to increase to 57.2 million by the year 20253. This will be 
1/6th of the world’s total diabetic. Current prevalence rate is 
12.1% in the urban Indian adult population. There is evi-
dence that the prevalence is increasing in rural population 
also. India is already the Diabetic capital of the world.

Out of the 2 types, the incidence of type-2 DM is very high 
amongst Indians with 94-98% of Indians diabetics belong-
ing to this group3. The number of detected cases of DM 
reflects only the tip of the iceberg, because of the large 
number of undiagnosed patients. The morbidity and mor-
tality increases each year due to its complications, which 
are common in age group of 40-50 years affecting both 
sexes equally. The complications are more prevalent among 
the lower socioeconomic status because of negligence, illit-
eracy, poverty and many other concomitant factors. 

Foot ulcer is one of the several chronic complications of un-
controlled diabetes. Approximately 15% of individuals with 
DM develop a foot ulcer (great toe or meta-tarso phalan-
geal area are more common) 4. Diabetes is the leading cause 
of non-traumatic lower extremity amputation in developing 
countries5. The risk of lower limb amputation is 15-46 times 

higher in diabetics than who are not. Almost 20 out of 100 
uncontrolled diabetic Indians undergo lower limb amputa-
tion6.

The reason for foot being the commonest site for complica-
tions in diabetics, are that foot is the most vulnerable part 
of the body for injury and also the most neglected, second-
ly it is the site of preference for neuropathy and ischemia6. 
Diabetic ulcers occur due to 3 factors:

Trophic changes resulting from peripheral neuritis

Atheroma of the arteries resulting in ischemia.

Excess of sugar in the tissues, which lower resistance to in-
fection, including fungi7, 8.

The present study aims at determining the prevalence of 
fungal infection in diabetic foot ulcers and to study the fac-
tors influencing fungal positivity. It also aims to study the 
outcome of therapy with respect to response to anti-fungal 
therapy, wound healing process, tissue loss/amputation 
and patient satisfaction.

METHODS
A total of 100 cases attending outdoor clinics or admitted to 
Bhagat Phool Singh (BPS) Government medical college for 
women, Khanpur Kalan, Sonipat (Haryana), for the treat-
ment of diabetic foot ulcer during the period of study from 
May 2014 to April 2015 were included in the study. This 
was an observational descriptive study.

Inclusion criteria included: 
All patients admitted in our hospital and patients attending 
outdoor clinics for diabetic foot ulcer management.
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Non-healing ulcer of duration > 2 months on antibiotic and 
wound care.

Exclusion criteria:
Ulcer on foot other than diabetic like secondary to venous 
disorders, arterial diseases.

Severely infected diabetic ulcer with systemic infection and 
septicemia.

Patient already on antifungal treatment for a diagnosed 
fungal infection

Patient allergic/contraindicated for antifungal treatment.

Pregnant and lactating women.

Written informed consent was taken from all the subjects 
along with clearance from the ethics committee. A Perfor-
ma was developed to record the medical history, examina-
tion details and investigations reports. Medical history was 
taken for all subjects. Details regarding type for diabetes, 
its duration, its treatment, compliance and personal habits 
were recorded. Meticulous examination was done includ-
ing description of ulcers (site, size, shape, grade, classifica-
tion) as per the Performa of the study and tests performed 
to check for neuropathy and ischemia. Necessary investi-
gation reports required for the study were documented in 
the performa. Investigation required were recent fasting 
and post prandial plasma glucose levels, serum creatinine, 
HbA1c, PUS c/S, X ray foot to rule out osteomyelitis, Arte-
rial / Venous Doppler if vascular pathology is suspected.

Sample collection: ulcer was cleaned with povidone io-
dine solution and sterile normal saline before collecting the 
samples. Tissue sample for the study was taken from the 
depth of the ulcer including the edges, consisting mostly 
the granulation tissue and the necrotic slough from the ul-
cer bed. Average size of the tissue block collected measured 
around 0.5*0.5 cm9.

Tissue samples were collected in plastic bottles (autoclav-
able) containing approx. 4-5 ml of normal saline. Tissue 
samples were collected from the ulcers under aseptic pre-
cautions.

The tissue blocks were triturated and processed as per 
standard protocols.10, 11,12

Preliminary examination

KOH 10% Preparation

Gram’s staining

Cultural procedure: 

Triturated tissue sample are inoculated on to 4 tubes con-
taining SDA agar with antibiotics – chloramphenicol. One 
pair of culture tubes is then incubated at room temp. And 
other pair at 37 deg. Growth on culture is examined twice 
in a week up to 4-6 weeks before it      was declared nega-
tive. Sensitivity for anti-fungal agents was done in present 
study.

Lacto phenol cotton blue (LPCB) mounting: the growth 
seen on the culture media are mounted using this LPCB 
mount it helps in the microscopic identification of the fun-
gal elements  

Slide culture: following LPCB mount slide culture is done 
to confirm the intact morphology of the fungal isolate.

RESULTS AND DISCUSSION
The results of the study showed that the majority of the pa-
tients were in age group of 51-70 consisting of 56% of the 
study cases.71% were male and 29% were females. 44% 
had history of spontaneous onset while 56% had history of 
trauma. The mean duration of the ulcers in the study was 
3.45 months. The Duration of ulcer in various patients was 
shown in Table 1. 

TABLE 1: Duration of Ulcer in Months in patients.

D u r a t i o n 
of ulcer 
(Months)

Number of 
pt. 

No. Of patient 
with positive 
fungal isolation 

% P value

2-3 43 5 11.63 0.618

3-4 34 5 14.71 0.523

4-5 11 6 54.55 0.003
5-6 9 3 33.33 0.273
>6 3 0 0 -
Total 100 19 19 -

The mean duration of diabetes in patients in our study was 7.65 
years. The Duration of diabetes in various patients was shown in 
Table 2. 

TABLE 2: Duration of Diabetes in patients
Duration of diabetes(year) Number of pt. %
<5 42 42
5-10 36 36
10-15 14 14
15-20  5 5
>20  3 3
Total 100 100

In 100 patients studied 137 organisms (118 aerobic bacteria 
and 19 fungi) were isolated. This represents an average of 
1.37 organisms per case. Specimen from 8 ulcers was ster-
ile. Among 92 specimen showing some growth, only bacte-
ria were isolated in 73 cases, whereas mixed infections of 
both bacteria and fungi was found in 13 cases. More than 1 
bacterium was grown in 18 specimens. Poly microbial flora 
was seen in 31 specimens, whereas mono microbial flora in 
61 cases. Pus cells were seen with all bacterial isolates. Dis-
tribution of various microbes in ulcer was shown in Table 
3.

TABLE 3: Distribution of various microbes in the ul-
cers.	

Bacterial isolation Total no. Of 
patients %

Pseudomonas 29 27.88
Staph aureus 19 18.27
Enterococcus 15 14.42
Klebsiella 11 10.58
E. coli 7 6.7
Enterobacter 7 6.7
Proteus 6 5.77
Acinetobacter 5 4.8
Citrobacter 5 4.8
>1 bacteria 18 17.3
No growth 14 14
 
Out of 100 subjects 19 of them had fungus grown in the tissue 
specimen obtained from their foot ulcers. Out of 19, 6 (31.58%) 
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of them were isolated growths as proved by pus c/s. The remain-
ing 13 (68.42%) were co-existed with at least 1 bacterium in the 
ulcer. Pseudomonas (53.85%) was the commonest bacteria co 
existing with fungal infection in diabetic ulcers includes in our 
study. Second commonest was staph aureus accounting for 30.77 
% of mixed infection.

Table 4:  Bacterial isolation in patient studies and fungal 
positive patients

Bacterial 
isolation 

Total no. 
Of patients

No. Of pa-
tients with 
positive 
isolation 

% P value

Pseu-
domonas 29 7 24.14 0.481
Staphaures 19 4 21.05 0.819
Enterococ-
cus 15 1 6.67 0.223
Citrobactor 5 - - -
Protues 6 - - -
Klebsiella 11 1 9.09 0.402
E. coli 7 - - -
Actinobac-
tor 5 - - -
Enteroc-
bactor 7 - - -
No growth 14 6 42.86 0.023
>1 bacte-
rium 18 - - -
Total 100 19 19 -

Table 5: Intervention on follow up in patients studied 
and fungal isolation

Intervention 
required on fol-
low up

Total 
no. Of 
patients

Number 
of pt. With 
positive fun-
gal isolation 

% P 
value

Only dressing         28           6 21.43 0.743
Sec. Suturing         24           4 16 0.702
SSG        24           8 33.33 0.074
Disarticulation or 
amputation        23           1 4.35 0.073
      Total      100          19     - -
 
List of all fungus isolated in our study:
Candida: 5 no. 

Trichosporon: 1 no. 

Aspergillus: 4 no. 

Fusarium spp.: 3 no. 

Trichophyton spp :3 no. 

Penicillium: 2 no. 

Acr emonium: 1 no. 

Out of the 19 fungi isolated in our study the commonest 
fungal growth was candida species, accounting for 26.32% 
of total growth. This was followed secondly by Aspergillus 
species. Accounting for 21.05% of total growth.  Based on 
morphology, all the fungal isolates obtained in our study 
were classified as yeasts and molds. Yeast were 6 in no. 
(31.58%) and molds were 13(68.42).

CONCLUSION:
In the present study, randomly 100 cases of diabetic foot 
ulcers were studied for the prevalence of fungal infection 
and the factors influencing its co-existence in the ulcer. Ma-
jority of patients in present study were males (71%) with 
the mean age of 58.2 yrs. All cases were of type 2 DM on 
treatment, with majority of them having DM for more than 

5 years. In present study the ulcers included were of chron-
ic non healing type, of more than 2 months’ duration.19 
cases showed positive for fungal infection, commonest 
fungi isolated were candida (26.3), followed by aspergillus 
(21.1).

The results obtained in the study were analyzed the vari-
ous factors influencing fungal infection in diabetic foot ul-
cers were studied. Fungal isolation was more common in 
traumatic ulcers at 23.21% compared to 13.64% in ulcers 
with history of spontaneous onset. On comparing the grad-
ing of ulcers with fungal isolation higher grade ulcers did 
not show any predisposition to fungal isolation. The fun-
gal isolation rate was 20.51% in Grade 2 ulcers, 20.93% in 
Grade 3 Ulcers and 11.11% in Grade 4ulcers. There was no 
statistically significant difference.

Depending on duration of ulcer long standing ulcers (>4 
months) had more frequent isolation of fungal elements 
with a P value of 0.003, which is statistically significant. Ta-
ble 1 shows correlation of ulcer duration and fungal isola-
tion.

However, the duration of diabetes seems to have no statis-
tically significant role in determining the incidence of fun-
gal infection as analysis of the results revealed that 19.05% 
of fungal isolates was from patients with diabetes <5 years, 
19.44 % of fungal isolates was from patients with diabetes 
5-10 years.  21.43% of fungal isolates was from patients 
with diabetes 10-15 years and 20% of fungal isolates was 
from patients with diabetes >15 years. These were not sta-
tistically significant. Long Term blood sugar control also 
did not have any statistically significant difference in deter-
mining the incidence of fungal infection as interpreted by 
comparing incidence of fungal infection in patients with 
varying HbA1c Levels.  

However, on detailed study of the microbiological flora 
in each ulcer and correlating it with fungal isolation it re-
vealed that there was significant association between fungal 
infection and ulcers having no growth on pus c/s. This was 
statistically significant with a P value of 0.023. Thus it can 
be assumed that isolated fungal infection is more common 
owing to the long term antibiotic therapy inhibiting any 
bacterial growth in the ulcer. This data is depicted in Table 
4. Amongst bacteria pseudomonas and staph aureus com-
monly existed with fungal infection in diabetic ulcer. The 
pattern of Microbiological flora isolated was comparable to 
other studies13, 14.

The response of the fungal ulcers to various modalities of 
treatment is depicted in Table 5. Anti-fungal therapy was 
started in these patients and progression of each ulcer was 
studied from time of inclusion, both during hospital stay 
and after discharge and was analyzed based on the healing 
of ulcer. In present study, it was noticed that ulcers with 
fungal infection on anti-fungal therapy had a good progno-
sis with significantly less amount of tissue loss. Our results 
were comparable to other studies15. Hence treating fungal 
infection in diabetic foot ulcers significantly lead to limb 
salvage.

Thus the present study throws light on various aspects of 
fungal infections in diabetic ulcers. The clinical implications 
of the study are:

All long term Diabetic foot ulcers need to be investigated 
for fungal elements.  

Diabetic Ulcers with no bacterial growth need to be investi-
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gated for fungal growth.

Unnecessary use of antibiotics should be restricted. 

Prompt treatment of fungal ulcers with antifungals will im-
prove limb salvage rates.			 
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