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ABSTRACT

Diabetes mellitusis group of metabolic disorder characterised by the high
blood glucose level over a prolonged period. Patients with diabetes are
prone for fungal infection compared with general population. This study
aimed to investigate the prevalence and risk factors of fungal infection in
diabetic and non diabetic individuals. This prospective observational
study was conducted in department of microbiology in a tertiary care
center, India. A total of 600 participants (300 diabetics and 300 non
diabetics) were enrolled in this study. All samples were collected from
various sites and cultured on Sabouraud dextrose agar. Gram stain was
used to observe yeast cells and lacto phenol cotton blue stain was used
for hyphae. The prevalence of fungal infection was more in type Il
diabetes (26%) than non diabetics (11%). Majority of the participants
were 61-70 years age group, predominantly female. Most of them was
obese category and belong to middle socio-economic class. The duration
of diabetes and insulin therapy was significantly associated with the
fungalinfection (p<0.05).Candida species were the most common isolates
followed by Aspergillus. Fungal infection was more prevalent in type 2
Diabetes mellitus patients. Hyperglycaemic state and duration of diabetes
was significantly associated with fungal infection.
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INTRODUCTION

Diabetes mellitus (DM), a non-communicable
metabolic condition, has been linked to a broad
spectrum of opportunistic bacterial and fungal
infections™. According to the American Diabetes
Association (A.D.A.), diabetes mellitus (DM) can be
classified into the following categories: (i) Type 1
diabetes mellitus (TLDM), characterized by the loss of
pancreatic b-cells induced by an autoimmune
response, (i) Type 2 diabetes mellitus (T2DM),
identified by the gradual loss of insulin secretion
and/or the development of insulin resistance, (iii)
Gestational DM, developed in some pregnant women;
and (iv) Other types of DM that are due to
miscellaneous causes™?. Fungal infections are taken
less seriously but these are present as silent killers.
Globally, more than 300 million people are at
extremely high risk and 25 million people are at high
risk of dying due to fungal infections™. Diabetes
patients are vulnerable to fungal infection. The risk of
mycoses increases 1.38-fold in patients with diabetes
6 and diabetes is widely recognized as a risk factor
for invasive pulmonary aspergillosis. Uncontrolled
hyperglycemia contributes to a poor prognosis of type
2 diabetes patients with Cryptococcosis™®. The main
determinants of burden of fungal infections are linked
to socio-economic, geographical characteristics and
increasing number of at-risk populations. Individuals
susceptible to fungal infections include those with
immunosuppressive illnesses such as HIV/AIDS,
tuberculosis, chronic pulmonary diseases (COPD),
cancer and diabetes”®. Uncontrolled hyperglycemic
condition leads to infection due to dysfunction of the
immune system by the reduction of T-lymphocyte,

neutrophil activity, reduction of secretion of
inflammatory cytokines, disorders of antibody
mediated immunity along with angiopathy,

neuropathy, glycosuria and increased apoptosis of
polymorph nuclear leukocytes®®. The diabetic
patients, due to their condition, lack adequate
immunity to defend the body system against invading
pathogenicfungal organisms thus they can be exposed
to these agents either by inhalation of the spores of
these fungal agents from the environment or by close
contacts.

Aims and objectives: The aim of this study was to
determine the prevalence of systemic fungal infections
in diabetic and non diabetic patients and also
evaluated the risk factors and association of insulin
therapy on outcome of systemic fungal infection.

MATERIALS AND METHODS

This is a cross-sectional survey carried out at
department of microbiology in a tertiary care hospital,
India. The participants were recruited during normal

routine check-up (out-patients) or those admitted into
the hospital wards (in-patients) during the study
period. All suspected patients of fungal infections were
enrolled and analysed.

Inclusion criteria:

Patients aged 18 years and above

Participants diagnosed type Il diabetes mellitus
and age matched control

Participants who provides consent for the study

Exclusion criteria:

Participants below 18 years of age

The diabetic patients with co-infections of human
immunodeficiency virus and pregnant women
Patients who received antifungal therapy before
or at the time of admission

Participants who not willing for the study

All participants underwent a detailed history, age,
gender, body mass index, socio-economic status,
residential areas, education, duration of diabetes,
clinical examination and investigations which included
complete blood counts, Blood sugar fasting, Blood
sugar post prandial, HbAlc, KOH mount, Urine R/M,
LFT, RFT and Lipid Profile

The samples were collected from the all
participants from various sites of each individual. The
samples included oral wash, foot swab from inter
digital space, midstream urine, hair shaft and nail
scrapings.

All samples were inoculated in Sabouraud
dextrose agar (SDA) containing chloramphenicol
50 mg L' concentration, incubated at 370°C and at
250°C for 7-14 days under aerobic conditions. Fungal
colonies morphology was recorded. Each isolates were
stained by Gram stain for the detection of yeast cells.
Colony growth which showed hyphae spreading on the
media was identi ed by using lactophenol cotton blue
mount

Data analysis: Data was entered and analyzed by using
SPSS software version 21. Independent t-test and
linear regression analysis were applied and p<0.05 was
taken as statistically significant

RESULTS

A total of 600 participants (300 were diagnosed
diabetic patients and 300 non diabetic healthy
persons) were enrolled for the study. Majority of the
participants (59%) were females than male, although
the difference was not statistically significant, most of
them were 61-75 years age group, the mean age of the
subjects was 55.29+9.35 (range of 18-80 years-old).
48.3% of diabetic patients was obese and 51.6%
belongs to middle socio-economic class (Table 1).
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Table 1: Distribution of socio-demographic characteristics among study participants

Characteristics

Diabetic group (n = 300) Non diabetic group (n = 300) p-value
Age in years
18-30 35 45 0.444
31-45 65 55
46-60 85 90
61-75 105 95
>75 10 15
Gender
Male 123 137 0.148
Female 177 163
Body mass index (BMI)
Underweight (<18.5) 25 30 0.252
Normal (18.5-24.9) 130 145
Obese (>24.9) 145 125
Socio-economic class
Lower 52 56 0.333
Middle 142 155
Upper 106 89
Table 2: Prevalence of fungal infection among diabetic and non diabetic individual

Diabetic individuals Non diabetic individuals p-value

Fungal infection present 78 (26%) 33 (11%) <0.0001
Fungal infection absent 222 267
Table 3: Association of fungal infection with diabetic therapy and complications
Variables Total no. Fungal infection p-value
Duration of diabetes
<5years 122 42 0.036
>5 years 178 36
Insulin therapy
Yes 138 50 0.001
No 153 21
No response 9 7
Family history of diabetes
Present 80 22 0.785
Absent 220 56
Previous antibiotic therapy
Yes 67 20 0.526
No 233 58
HbA1c level
<7 162 45 0.559
>7 138 33

The prevalence of fungal infection among diabetic
patients was 78 (26%) whereas among non diabetic
individuals it was only 11%. Statistically significantly
higher prevalence of fungal infection was observed in
diabetic patients as compared to non diabetic
participants (Table 2).

The risk factors that were assessed indicated that
duration of diabetes and insulin therapy was
statistically significant for systemic fungal infection in
diabetics, with a p<0.05. The diabetic patients with less
than 5 years duration had 53.8% fungal isolates than
those with greater than 5-years, 46.2%. The other
parameters assessed, like family history of diabetics,
HbA1c level and previous antibiotic therapy were not
statistically (p>0.05) (Table 3).

It was observed that there was no multiple fungal
growths in each of the patients thus the colonization of
the fungal isolates were specific for each participant.
The frequency of the fungal isolates indicates that
Candida species was 38 (48.7%) while Aspergillus
species accounted for 36 (46.2%). The dimorphic fungi,
Blastomyces dermatitidis and Coccidioides immitis
wereisolated 8.9 and 5.1%, respectively. Details shown
in Fig. 1.
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Fig. 1: Distribution of fungal isolates among diabetic
patients

DISCUSSIONS

Diabetic patients are prone to suppressed
immunity due to excessive accumulation of sugar
resulting from decreased insulin secretion due to this
the diabetic patients are exposed to opportunistic
fungal infections™. Thus the goal of this study was to
assess systemic fungal infections in diabetic patients.
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This is important because in undiagnosed cases,
pulmonary pneumonia may present a serious clinical
problem in the affected diabetics.

The prevalence rate of fungal infection was
significantly higher among diabetic patients as
compared to healthy individuals. In a similar study in
South Africa, Moore et al™ and Saud et al.™
reported that fungal infections in diabetics are twice
higher than non-diabetics. The key risk factor for this
high prevalence is increase in blood sugar level. High
blood sugar promotes the binding of fungus to the host
cell surface and high glucose in salivary secretions with
low pH, poor oral hygiene and very low salivary
secretions also allow the growth of more than 50
Candida species colonies in the oral cavity™".

In our study it has been reported that women are
more infected with fungal infections, concordance
finding reported by Kachi et al.™.

Majority of the participants were older age
group seen in current study, correlate with the
Nigotia et al.™®. Thus the age difference among the
diabetic remains a factor in systemic fungal infections.
This may be due to interaction between aging and
suppressed immunity due to diabetes™.

In this study the duration of diabetes and insulin
therapy were significantly associated with the fungal
infection, similar to other studies like: Santosh et al.*®,
Stoeckle et al.” and Unnikrishnan et al.'*”.

It was indicates that the patients that were newly
diagnosed of diabetes had a greater prevalence of than
those that were diagnosed of diabetes for more than
5 years. Patients before knowing their diabetic status
blood sugar levels of the diabetic patients were higher
and most of them cannot be controlled by the use of
insulin therapy, hence higher prevalence of fungal
infections among this group.

Another important risk factor for systemic fungal
infection in diabetes is the family history of
diabetes but in present study it was not significantly
associated with the fungal infection, accordance to
Khanam et al.*".

The frequency of fungal infection indicates that
Candida species was predominant isolates followed by
Aspergillus species, our results comparable with the
Luque et al.”” and Rodrigues et al.!*".

Aspergillus flavus constitutes the majority 25.6%
of the fungal isolates. In contrast Santhosh et al.™®
reported that Aspergillus fumigatusis the predominant
species followed by Aspergillus flavus but it has been
noticed thatin certain locales and hospitals, Aspergillus
flavus is more common in air than Aspergillus
fumigates for unclear reasons Hedayati et al.**. Those
with severe liver disease are at high risk for Aspergillus
infection, which agreed with Panasiuk et al.” that
suggested that invasive Aspergillosis is a potential fatal
complication of severe liver disease.

In our study, the isolation of Candida species was
higher than other fungal isolates which is in
agreement in a review by Richardson and Lass-Flor]®®
and Lao et al™, reported the rising incidence of
Candida species can attributed to several risk-factors
that are prevalent in critically ill patients.

The occurrence of Blastomyces dermatitidis and
Coccidioides immitis are of public concern because
these dimorphic fungi are not common in this
environment because of its weather and lack of soil
salinity but can be as a result of occupational hazards
or occupational exposure to endemic regions with
archeology and high dust exposure®®,

CONCLUSION

Diabetics are more prone to fungal infections then
non diabetics. Glycemic status and duration of the
diabetes has a significant relationship with the
prevalence of fungal infection and well controlled
blood sugar is beneficial for avoiding fungal infection
in such patient. Fungal agents like Blastomyces
dermatitidis and Coccidioides immitis are of public
health challenge due to high transmission rate. Early
screening of the patients is important in the control
and management of the infection
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