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Oral candidiasis is a common occurrence in diabetic patients. Species of Candida isolated from these infections and their virulence
pattern undergo changes over time and require periodic assessments. Objective of this study was to determine changes in the
spectrum of Candida species colonizing oral cavity, their antifungal susceptibility patterns, and virulence attributes, in adult diabetic
patients. Oral swabs were collected from 100 patients with diabetes mellitus (DM) and an equal number of healthy controls.
Specimens were cultured for Candida and species were identified, according to standard protocols. Of 100 diabetic patients, 42
were colonized by yeasts with C. albicans as the predominant species (51%). Non-Candida albicans Candida (NCAC) species
accounted for 47% of the specimens, with C. tropicalis being the commonest. Among healthy controls, 23 were colonized by
Candida species, of which C. albicans was predominant. Results obtained indicate that C. albicans continues to be the predominant
species in oral cavities of diabetic patients. Candidal carriage was significantly associated with duration of diabetes and fasting
blood sugar levels. Virulence attributes, proteinase and phospholipase secretion, and biofilm formation were significantly higher
in DM group.

1. Introduction
Diabetes mellitus (DM) is a growing public health concern
and a common chronic metabolic disease worldwide, and
India is identified as the diabetes capital of the world [1].
World Health Organization considers diabetes as one of the
major noncommunicable disease [2]. Among the 10 countries
estimated to have the largest number of cases with diabetes,
India is leading the list at present [3]. Of the two types
of diabetes, type 1 (also known as insulin dependent) and
type 2 (also known as insulin independent), type 2 is more
prevalent. DM is associated with various inflammatory diseases and soft tissue pathologies in the oral cavity; however,

awareness of these complications is lacking worldwide [4].
The frequent occurrence of Candida infections has been
recognized for many years and oral candidiasis in particular
is thought to be more prevalent among these individuals [5–
7].
Studies on the relationship between DM and Candida
are often contradictory [8]. There is a paucity of data on
carriage rate of Candida species in DM patients, along with its
virulent attributes and antifungal resistance patterns. Hence,
the present study was designed to evaluate spectrum of yeast
species in oral cavity of Type 2 DM patients on various
antidiabetic treatment modalities, in relation to duration of
diabetes. The study was also conceived to investigate the
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antifungal resistance patterns, hydrolytic enzyme production,
and biofilm formation, on the isolates to get a baseline data.

3. Assay for Extracellular Proteinase and
Phospholipase

2. Subjects and Methods

3.1. Preparation of the Inoculum. A single colony was inoculated in 10 mL of yeast extract peptone dextrose broth and
incubated at 37∘ C for 18 h; the inoculum was then transferred
to a centrifuge tube and centrifuged at 3000 rpm for 5 min.
The supernatant was discarded and the pellet obtained was
washed with sterile distilled water. The pellet was resuspended in sterile normal saline and centrifuged to remove
any residual media. Suspension containing 1 × 106 yeast cells
(1.25 OD550 /mL) was prepared in sterile normal saline and
processed further.
Proteinase production by the isolates was determined
on a medium containing bovine serum albumin (BSA)
according to standard method. Nine hundred millilitres of
media was prepared which contained yeast nitrogen base
without amino acid: 2 g; ammonium sulphate: 1.45 g; glucose:
20 g; agar: 20 g. The media was autoclaved at 121∘ C for 20 min.
Two grams BSA was dissolved in 100 mL of distilled water
and sterilized by filtration. Sterilized BSA was slowly added
to the autoclaved and cooled media and poured into petri
dish. On this media 1 𝜇L of the inoculum was deposited at
equidistant points and allowed to dry at room temperature.
The plates were incubated at 37∘ C for 3-4 d [13, 14]. Each
isolate was inoculated in triplicate. C. albicans ATCC 10231
and ATCC 10261 were used as positive controls. Candida
parapsilosis ATCC 22019 was used as a negative control.
Proteinase activity was determined by calculating the zone of
digestion (𝑃𝑧 ) using the formula-ratio of the diameter of the
colony to the sum of diameter of the colony and the zone (in
mm) [13, 14].
Candida isolates were screened for production of extracellular phospholipase activity by growing them on egg
yolk agar and measuring the size of the zone of digestion
[13, 14]. Briefly, the egg yolk medium consisting of agar:
20 g; peptone: 10 g; glucose: 30 g; NaCl: 57.3 g; Cacl2 : 0.55 g;
distilled water added to 900 mL, was autoclaved at 121∘ C
for 20 min. One hundred millilitres of egg yolk was slowly
added to the autoclaved and cooled media and poured into
sterile petridish. On this media 2 𝜇L of the inoculum was
deposited at equidistant points and allowed to dry at room
temperature. The plates were incubated at 37∘ C for 3-4 d
[13, 14]. Candida albicans ATCC 10231 and ATCC 10261 were
used as positive controls. Candida glabrata ATCC 90030 was
used as a negative control. 𝑃𝑧 was measured by dividing the
diameter of the colony by the sum of diameter of the colony
and the zone [13, 14], as shown in Figure 4.
Biofilm formation was determined spectrophotometrically by one of the methods described by Tumbarello et al.
[15], with minor modifications. Briefly, Sabouraud dextrose
broth (SDB) was prepared with a final concentration of 8%
glucose. Candida isolates were grown on SDA for 24 h and
saline washed suspensions of each isolate were prepared. The
turbidity of each suspension was adjusted to a concentration
of 3 × 107 CFU/mL by spectrophotometer. To each well of
the microtitre plate containing 180 𝜇L of SDB, 20 𝜇L of the
suspension was added. After incubating at 37∘ C for 90 min
(adhesion phase), medium containing planktonic cells was

One hundred diabetic patients, aged between 30 and 73 years,
registered in the diabetic clinic of Safdarjung Hospital, New
Delhi, were included in the study. Oral swabs were collected
from consecutive type 2 diabetic patients attending the clinic
on the particular day of sample collection. Specimens were
collected once in a week, for a duration of six months
(September 2011 to March 2012). The control group included
100 healthy volunteers who were age and sex matched,
without history of diabetes. Subjects excluded were those
with pregnancy, on oral contraceptives, on antibiotics, and
with history of treatment with antifungals during previous
six months. All subjects included in the study were informed
about the procedures and possible outcomes and their
samples were collected after an informed written consent.
The study protocol was approved by the Institutional Ethics
Committee of Safdarjung Hospital (no. 26-11-EC (21/31)).
Clinical and demographic data collected at the time of
sample collection from each patient included age, gender,
blood glucose profile, duration of diabetes, and treatment
status. The subjects were divided into three groups based on
their antidiabetic treatment (Group-1: those controlled solely
on oral antidiabetics such as sulfonyureas or metformin;
Group-2: those controlled on insulin regimen; Group 3: those
controlled on oral antidiabetics + insulin regimen).
Two swabs were collected from each subject by depressing
the tongue and gently rubbing the surface of gum, tooth,
tonsils, and tongue using sterile cotton swabs. Swabs were
transported to the lab immediately and processed further
without any delay. First swab was inoculated on Sabouraud’s
Dextrose Agar (SDA) and was incubated at 37∘ C for up to 7 d
and was observed daily for growth, while the second swab was
used to prepare a smear for Gram staining. In case of positive
growth, yeast identification was done by conventional and
standard methods [9]. Nonidentical colonies obtained from
a single patient were subcultured separately. To differentiate
Candida albicans from C. dubliniensis, all C. albicans isolates
(confirmed by conventional methods) were subjected to
growth at 45∘ C and Tween 80 hydrolysis test along with the
ATCC control strains [10]. When conventional method failed
to identify unusual isolates, they were verified by the use of
automated Vitek 2 YST system (bioMerieux, France).
Subsequent to species identification, antifungal susceptibility testing was performed on all the isolates using antifungal agents including Fluconazole (FL), Ketoconazole (KE),
Voriconazole (VO), and Amphotericin B (AP) by E-Test strip
method. This was performed by inoculating a portion of the
isolated colony in normal saline, adjusting its turbidity to 0.5
McFarland standard. The suspension was then spread over
the surface of a predried RPMI+ 2% glucose agar media,
using a sterile cotton swab. E test strips were applied using a
sterile forceps and MICs were determined after 24 and 48 h of
incubation at 37∘ C [11]. The MIC breakpoints recommended
by Clinical Laboratory Standards Institute (CLSI) M27-A3
were followed (Table 4) [12].
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3.2. Data Analysis. Data analysis was performed by Student’s
𝑡-test, Chi square test, and Pearson correlation test, using
GraphPad prism software. A 𝑃 value of <0.05 was considered
significant.

30

C. albicans

discarded and each well was gently washed with PBS. For
biofilm formation, fresh medium was added and the plates
were incubated at 37∘ C for 48 h. After incubation, the wells
were washed twice with PBS to remove any planktonic cells
and 200 𝜇L of PBS was added. The biofilm was measured
directly by the spectrophotometric reading at 405 nm with
a microtitre plate reader. The percent transmission (%𝑇)
was calculated subtracting the %𝑇 value of each test sample
from the %𝑇 of the reagent blank to obtain %𝑇bloc . Biofilm
formation was scored based on their %𝑇 values as either
negative (%𝑇bloc < 10) or graded as 1+ (%𝑇bloc 10−20), 2+
(%𝑇bloc 20−35), 3+ (%𝑇bloc 35−50), and 4+ (%𝑇bloc ≥ 50). The
isolates were further classified into low biofilm producers (1+)
and high biofilm producers (2+, 3+, or 4+) [15].
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Figure 1: Species distribution of yeasts in the oral cavity of diabetic
patients (𝑛 = 51).

4. Results
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Figure 2: Oral yeast carriage in relation to antidiabetic treatment.
Group-1: controlled solely on oral antidiabetics; Group-2: controlled
on insulin regimen; Group 3: controlled on oral antidiabetics +
insulin regimen.

60
Patients with oral yeast carriage (%)

Out of 100 oral swabs obtained from the diabetic patients,
42 yielded different yeasts (42%), of which 35 swabs yielded
single species and seven yielded two or more species, giving
a total of 51 isolates. Candida albicans (51%) was the predominant species isolated. NCAC species accounted for 47%. C.
tropicalis (15%) and C. krusei (14%) showed predominance
over the other NCAC isolates, whereas out of 100 samples
from the healthy controls only 23 yielded the growth of
Candida, with a predominance of C. albicans (18) followed
by C. glabrata (3), C. parapsilosis (1), and C. tropicalis (1)
(Figure 1).
Out of 50 subjects who were only on oral antidiabetic
drugs (Group 1), 20 yielded different Candida species (40%),
of which 19 yielded single species and one yielded more than
one species, giving a total of 21 isolates. In 29 diabetic patients
who were on insulin regimen (Group 2), growth was observed
in 12 cases (41.38%), with eight yielding single isolates and
four yielding multiple isolates, giving a total of 16 isolates.
In the third group (Group 3), 10 (47.61%) yielded different
species of Candida, out of 21 subjects investigated for its
carriage. Of these seven yielded only single isolates and three
yielded multiple isolates, giving a total of 14 isolates (Figure 2),
(Table 1).
Among patients with duration of diabetes one to 10 years,
27 yielded growth, of which 21 yielded single isolates and
six yielded multiple isolates, giving a total of 34. A total of
13 isolates were obtained from 11 patients having diabetes
history of 11–20 years. Four out of seven patients with diabetes
history of more than 20 years yielded growth (Figure 3).
The present study revealed a positive correlation between
oral yeast carriage in relation with fasting blood sugar level
(Table 2). But no such correlation was observed in relation
with age of diabetic patients (Table 3).
The in vitro antifungal susceptibility of the isolates
revealed that none of the C. albicans isolated from both the
control and the diabetic group showed resistance to any of the
agents tested. NCAC isolated from control group also yielded
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Figure 3: Oral yeast carriage in relation to duration of diabetes.
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Table 1: Spectrum of yeast species isolated in the diabetic and control groups.
Group 1
(only on oral
antidiabetics)

Yeast species
C. albicans
C. tropicalis
C. krusei
C. parapsilosis
C. glabrata
C. rugosa
C. kefyr
C. magnoliae
Trichosporon asahi

15
02
02
02
—
—
—
—
—

Number of isolates in each Group

21

Group 3
Group 2
(on both antidiabetics Control Group Number of Candida species
(only on insulin)
and insulin)
18
44
07
04
01
09
02
04
—
07
02
03
01
05
01
01
03
05
01
01
—
01
01
—
—
01
01
—
—
01
—
01
—
01
01
—
16

(a)

23

14

TOTAL = 74

(b)

Figure 4: Production of proteinase (a) and phospholipase (b) by different Candida isolates.

similar findings. While, in DM group, fluconazole resistance
was observed in 100% of C. krusei isolates, one isolate each
of C. magnoliae, C. rugosa, and C. glabrata showed dose
dependent susceptibility (Table 4).
In the present study 𝑃𝑧 value for proteinase ranged
from 0.162 to 0.389 in diabetic group and 0.222 to 0.375 in
control group (𝑃 = 0.034). Similar details for phospholipase
producing isolates (only C. albicans) were found to be ranging
from 0.346 to 0.455 in diabetic group and 0.400 to 0.478 in the
control group (𝑃 = 0.018) (Table 5).
Of the 26 C. albicans and 24 NCAC species, isolated from
diabetic patients and tested for biofilm formation, positive
findings were observed in 8 (31%) C. albicans and 14 (58%)
NCAC species, as shown in Table 6. Among the isolates from
control group, only 4 (17.39%) were found to be positive for
biofilm formation, which included 3 isolates of C. albicans
and one C. parapsilosis (𝑃 = 0.027).

5. Discussion
Diabetes mellitus alters the cellular microenvironment in
multiple organ systems including oral cavity. It is also known

that oral candidiasis is a common opportunistic fungal
infection in uncontrolled DM [4, 6]. For complications like
oropharyngeal candidiasis (OPC) in DM, source of infection
is quantum of particular yeast residing as commensal in the
oral cavity. In the present study though there was no clinical
sign of OPC, 42% of diabetic patients had asymptomatic oral
yeast carriage; this value is comparable to values reported in
some of the earlier studies [5, 7, 16]. However, as expected, the
carriage rate of yeast in the oral cavity of diabetic patients was
found to be higher than that of control group corroborating
with the earlier reports around the globe [5, 7, 16], indicating
that the oral microenvironment of DM patients supports the
growth of opportunistic pathogens.
The present study yielded 47% NCAC species, which is
higher than the values in earlier studies, which reported a
range of 17–32% [7, 16]. A study conducted by Gonçalves
et al. [17] on Brazilian population also reported a similar
finding, with the carriage rate of NCAC as high as 39.8%,
compared to an earlier report in similar population. This
difference in the percentage of isolation may be due to the
difference in distribution of Candida in various geographical
areas, the time of sampling, or the use of different methods
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Table 2: Oral carriage of Candida species in relation to fasting blood sugar.

Fasting blood sugar level
<110 mg/dL
110–150 mg/dL
151–200 mg/dL
>200 mg/dL

Total number of patients
11
42
27
20

Table 3: Oral carriage of Candida species in relation to age of
diabetic patients.
Age group
(years)
30–40
41–50
51–60
61–70
>70

Total number
of patients

Number of
patients yielded
growth (%)

17
44
27
11
01

07 (41.17)
24 (54.55)
09 (33.33)
02 (18.18)
00

for yeast recovery [18]. Interestingly, even now C. albicans
is the predominant species isolated, accounting for 51% in
diabetic patients, in concordance with earlier studies [5,
7, 16]. Another interesting point to note in the present
study is the isolation of some rare species like C. magnoliae
and Trichosporon asahii. Besides, by conventional methods,
identity of these isolates was also confirmed by Vitek 2 YST
system (bioMerieux, France).
The NCAC species are a heterogeneous group of yeasts
that differ from each other and from C. albicans. Earlier, it
was considered that C. albicans was the only species, causing
infection [19]. However in recent years a shift towards NCAC
has been reported, especially in haematological, transplanted,
and intensive care unit (ICU) patients, often showing resistance to commonly used antifungal agents [20]. Also, study
conducted at a major medical and research centre in New
Delhi, India (including one of the present author, UB), on
vulvovaginal candidiasis (VVC) in diabetic patients revealed
an interesting scenario, where C. glabrata emerged as the
primary NCAC species responsible for VVC in this group of
patients [21–23]. Other NCAC species such as C. parapsilosis,
C. krusei, C. dubliniensis, C. guilliermondii, C. lusitaniae,
and C. rugosa, also have been reported as important emerging pathogens causing various clinical outcomes mainly in
immunosuppressed patients [19].
While there are studies to show that candidal carriage
is more in the oral cavity of diabetic patients, not many
have investigated its relation to the duration of diabetes. The
present study made an effort in this regard to understand
the carriage rate of different yeast species in relation to the
duration of diabetes. Interestingly, our study revealed that
the presence of yeast in the oral cavity was directly related
to the duration of DM. This may be due to the fact that
prolonged diabetes leads to the impaired function of salivary
glands causing a reduction of salivary flow and changes in
salivary composition. This in turn leads to the rapid growth

Number of patients yielded growth
03
17
12
10

Percentage (%)
27.3
40.5
44.4
50.0

of Candida in these groups of patients [24]. But, more studies
with larger number of patients are required to strengthen this
fact further.
The present study also revealed a direct relation between
oral candidal carriage and fasting blood sugar level, among
diabetic patients (correlation coefficient, 0.970). Similar
observation was reported by Khazal et al. [25] and LotfiKamran et al. [26]. The plausible explanation for this is the
higher concentration of glucose in the blood and saliva,
which in turn may enhance the adherence of yeast to buccal
epithelial surface [27]. Also, in concurrence with previous
reports, the present study could not establish a direct correlation between oral yeast carriage and the therapeutic modality
or age of diabetic patients [5, 7].
Though emergence of drug resistance in C. albicans was
reported [28], most of the studies revealed either nil or very
low percentage of resistance in C. albicans isolated from
different clinical specimens [29, 30]. Hence, though none of
the subjects in the study groups (patients with DM as also
control group) in our study developed any clinical lesion in
the oral cavity, despite carrying opportunistic pathogens, an
in vitro antifungal susceptibility test of the isolates was still
performed to obtain data on the susceptibility patterns and
to determine an emerging trend, if any. The susceptibility
testing revealed that the C. albicans and NCAC isolated from
control group did not show resistance to any of the antifungal
agents tested. C. albicans isolated from the diabetic group also
yielded a similar finding (Table 2). Absence of drug resistance
in these isolates can be attributed to the lack of several factors
including degree of immunosuppression and prior exposure
to a particular drug, acquiring of resistance gene, changes in
the membrane lipid fluidity and asymmetry, the contribution
of other chemotherapeutic drugs, and the intrinsic resistance
of Candida species [31].
As is common among the NCAC species, resistance to
Fluconazole was observed in all C. krusei isolates. One isolate
each of C. magnoliae, C. rugosa, and C. glabrata showed
dose dependent susceptibility. These resistant isolates can
be described as primarily or intrinsically resistant strains
[32–34]. It is to be noted here that none of the isolates
showed resistance to other antifungal agents tested. However,
this is only a one-time testing; the study should ideally be
repeated with isolates from the same patients at different time
intervals to observe any changes in the pattern of carriage and
sensitivity to different antifungal agents [30], but here, as the
patients were from outpatient department and did not have
any clinical symptoms, they were lost to follow up.
The proteinase activity of Candida isolates from patients
with DM and healthy controls often varies [35, 36]. The result
in the present study was found to be in agreement with that of
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Table 4: Antifungal susceptibility pattern of the isolates.

Species
C. albicans (𝑛 = 44)

Amphotericin B

Ketoconazole

Fluconazole

Voriconazole

S-26
R-0
S-18
R-0

S-26
R-0
S-18
R-0

S-26
R-0
S-18
R-0

S-26
R-0
S-18
R-0

S-8
R-0
S-1
R-0

S-8
R-0
S-1
R-0

S-8
R-0
S-1
R-0

S-8
R-0
S-1
R-0

S-7
R-0
—

S-7
R-0
—

S-0
R-7
—

S-7
R-0
—

S-4
R-0
S-1
R-0

S-4
R-0
S-1
R-0

S-4
R-0
S-1
R-0

S-4
R-0
S-1
R-0

S-2

S-2

S-2

R-0
S-3
R-0

R-0
S-3
R-0

S-1
SDD-1
R-0
S-3
R-0

R-0
S-3
R-0

S-1
R-0
—

S-1
R-0
—

SDD-1
R-0
—

S-1
R-0
—

S-1
R-0
—

S-1
R-0
—

S-1
R-0
—

S-1
R-0
—

S-1
R-0
—

S-1
R-0
—

SDD-1
R-0
—

S-1
R-0
—

S-1
R-0
—

S-1
R-0
—

SDD-1
R-0
—

S-1
R-0
—

Diabetes: 26
Healthy: 18
C. tropicalis (𝑛 = 9)
Diabetes: 8
Healthy: 1
C. krusei (𝑛 = 7)
Diabetes: 7
Healthy: 0
C. parapsilosis (𝑛 = 5)
Diabetes: 4
Healthy: 1
C. glabrata (𝑛 = 5)
Diabetes: 2
Healthy: 3
C. magnoliae (𝑛 = 1)
Diabetes: 1
Healthy: 0
C. kefyr (𝑛 = 1)
Diabetes: 1
Healthy: 0
C. rugosa (𝑛 = 1)
Diabetes: 1
Healthy: 0
Others
Trichosporon asahii (𝑛 = 1)
Diabetes: 1
Healthy: 0

S: sensitive; R: resistant; SDD: susceptible dose dependent; Amphotericin B: sensitive (S) ≤ 0.5 𝜇g/mL, resistant (R) ≥ 1 𝜇g/mL; Fluconazole: sensitive (S) ≤
8 𝜇g/mL, SDD 16–32 𝜇g/mL, resistant (R) ≥ 64 𝜇g/mL; Ketaconazole: resistant (R) ≥ 1 𝜇g/mL; Itraconazole (S) ≤ 0.125 𝜇g/mL, SDD 0.25–0.5, Resistant (R) ≥
1 𝜇g/mL; Voriconazole (S) ≤ 1.

Table 5: Proteinase and phosopholipase activity of Candida species isolated from healthy controls and diabetic group.
Hydrolytic enzyme activity
Proteinase (Pz )
Phospholipase (Pz )
Values expressed as mean ± standard deviation (SD).

Healthy controls
0.302 ± 0.040
0.436 ± 0.025

Diabetic group
0.271 ± 0.063
0.409 ± 0.033

P value
0.034
0.018
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Table 6: Biofilm positive Candida isolates from diabetic patients.

Species
(No. of isolates)
C. albicans (26)
C. tropicalis (8)
C. krusei (7)
C. parapsilosis (4)
C. glabrata (2)

Biofilm positive
(22)
8
4
4
4
2

Manfredi et al. [35], as the authors found that the proteinase
activity was significantly higher in Candida species isolated
from DM group than the control group (P value: <0.05).
All C. albicans isolated from both DM and control group
were positive for phospholipase production. Earlier report
on similar aspect did not show any significant difference in
the phospholipase production among the isolates from DM
and control group [36]. However, we observed an increased
secretion of phospholipase enzyme in the isolates from the
DM group (P value: <0.05). This difference in observation
may be due to strain to strain variation [37].
Reports on biofilm formation by Candida are available
in literature [38] and it is known that there is a direct
relationship between the ability to produce biofilm and its
pathogenicity [39]. However, studies on biofilm formation
on Candida isolates from type 2 diabetic patients are scanty.
The present study showed that 58.33% NCAC species were
capable of producing biofilm, whereas only 30% of C. albicans
was capable of the same. Study conducted by Meurman et al.
[19] on ICU patients also reported similar finding. Biofilm
formation was found to be higher in isolates from diabetic
group than the control group (𝑃 = 0.027).
Increased expression of these virulence factors in Candida isolated from diabetic group may be attributed to
the process strain selection. This phenomenon has been
reported as a reason for increased proteinase secretion in
isolates from HIV seropositive individuals [40]. Due to strain
selection original commensal strains get replaced by Candida
populations that have more ability to cause disease. These
strains can cause overt infection depending on the degree of
immunosuppression of the patient.
Although it is a known fact that DM imposes an increased
risk of oral candidiasis and that all C. albicans isolated
from both the study groups in present study produced both
proteinase and phospholipase enzymes, which is considered
to be an important factor for the development of candidiasis,
none of the subjects had clinical symptoms of oral candidiasis. The mechanism that limited proliferation in these
cases cannot be explained by any single factor. One reason
for this may be due to the fact that these patients were
on appropriate therapeutic regimen and were on regular
follow-up, which might have protected them from overt
infection. Many other causes for the nondevelopment of
overt infection by Candida species include blood group
secretor status, salivary flow rates, antimicrobial constituents
of saliva, lysozyme and lactoferrin release, 𝛽-defensins, presence of normal bacterial flora, and local immune system

Grade
4+
2
0
0
0
1

3+
0
0
2
2
1

2+
1
2
1
2
0

1+
5
2
1
0
0

[41]. Secretory immunoglobulin A (Ig A) and free secretory
component (SC) in saliva also help in inhibiting the epithelial
cell adhesion by Candida species [8]. Mucosal epithelium
is considered as the first line of defence against invading
pathogens [42]. Advanced research in immunology brought
forth the active role played by epithelial cells in triggering
immune response. It was reported that, upon recognition of
the invading Candida species, epithelial cells secrete various
antimicrobial peptides for the clearance or control of fungal
infection directly. In addition to this, other immunological
factors such as phagocytic cells, polymorphonuclear neutrophils, macrophages and dendritic cells, and several blood
soluble factors like complement and antibody, also play an
important role in the contribution of mucosal immunity to
Candida infections [42].
To conclude, though C. albicans was the predominant
species in the oral cavities of diabetic patients, the NCAC
species seemed to be gaining significance, as some of these
subjects also harboured fluconazole resistant species. Majority of these NCAC species were capable of producing biofilm.
Also, secretion of hydrolytic enzymes and formation of
biofilm were higher in Candida isolates from DM group
than the control group. This is an alarming observation due
to the fact that colonisation is an important fore-runner to
the development of oral candidiasis eventually. The study
highlights the importance of periodic monitoring of the
spectrum of Candida species, especially NCAC species, in
diabetic patients, their resistance patterns to frequently used
antifungal agents, and their virulence attributes, as this will
be of immense value in reducing the complications in this
high-risk patient populations and also for the institution of
appropriate control measures and treatment strategies.
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