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Salivary Factors, Candidal
Colonization and Strain Diversity in

Type Il Diabetics

ABSTRACT

Introduction: Diabetes mellitus is one of the most common
metabolic disorders of 21t century, occurring due to defect in
insulin secretion or action resulting in chronic hyperglycemia.
It is associated with altered salivary composition and function
due to potential of insulin to alter metabolism in acinar cells.
Diabetes, being an immunodeficient state is susceptible
infections of which Candida is very frequent.

Aim: To correlate salivary glucose, total protein and amylase
levels, oral candidal carriage and strain diversity in type Il
diabetics.

Materials and Methods: Salivary parameters, candidal
carriage and strain diversity were assessed in 30 controlled
and 30 uncontrolled type Il diabetic individuals and 30
healthy controls. Glucose, total protein and amylase levels of
unstimulated whole saliva were estimated by Glucose oxidase,
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dye binding and direct substrate kinase methods respectively;
Candidal carriage and species identification by oral rinse and
CHROMagar culture methods.

Results: Uncontrolled diabetics showed significant increase
of all salivary parameters and candidal carriage (p < 0.001)
compared to other groups. Non Candida albicans species were
isolated in higher frequency (78.88%) in uncontrolled diabetics,
with C. tropicalis (47/90) dominating. Significant correlation
existed between all the salivary parameters and candidal
carriage from healthy to diabetic states.

Conclusion: The consistent and significant increase of salivary
parameters, candidal carriage and Non albicans Candida
species in uncontrolled diabetics reflected the severity of the
diabetic status implicating their diagnostic and prognostic
merits. The correlation observed substantiated the role of
salivary parameters in increasing candidal adherence.

Keywords: Candida species, Oral candidal carriage, Salivary glucose,

Salivary total protein, Salivary amylase

INTRODUCTION

Diabetes mellitus (DM) is a common metabolic disorder as a
result of absolute or relative lack of insulin. It is characterized
by constant hyperglycemia with associated alterations in
carbohydrate, protein and lipid metabolism [1]. According to
International Diabetes Federation (IDF), type Il diabetes is the
most common type, currently afflicting 366 million population
worldwide [2] and 50.8 million in India [3].

Being a systemic disorder, it is associated with altered salivary
composition and function, disrupting the homeostasis of
the oral cavity. Increased basement membrane permeability
of salivary glands and vasculature, results in increased
percolation of components from blood into saliva [4]. Of all the
components salivary glucose, total protein and amylase levels
appear to be more altered significantly in diabetes [5].

Oral candidal carriage rate is reported to be increased
among the diabetic individuals predisposing them to candidal
infections. Non-Candida albicans Candida species (NCAC's),
despite their low virulence, are also commonly isolated in
higher frequency in immunodeficient conditions and DM is
one of them [6]. Additionally elevated salivary glucose, total

protein and amylase are known to favor the growth and
adhesion of these yeasts by promoting co - aggregation and
co - adhesion with bacteria [7].

An extensive search using “Google Scholar” and “Pub Med”
showed controversial observations pertaining to salivary
amylase and total protein levels in type Il diabetics, with
only a few studies correlating salivary glucose, total protein
levels and oral candidal carriage rate but hardly any in the
Indian context. Further search failed to retrieve any reports
of Candida albicans (CA) and non-Candida albicans Candida
species (NCAC) studied in the context of the diabetic state, as
reflected by the HbA1c levels.

The aim of our study was to assess and correlate the salivary
levels of glucose, total protein and amylase and oral candidal
carriage with strain diversity in type Il diabetics; the diabetic
state assessed by HbA1c levels and categorized further.

MATERIALS AND METHODS

Study Population: Individuals pertaining to this case control
study were recruited from the outpatient departments of
Narayana Dental and Medical Hospitals, Nellore, Andhra
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Pradesh, India during the period of one year i.e., 2013 - 2014.
Sample was selected from the population by stratified random
sampling method. Informed consent was obtained from each
individual of the study and the protocol was approved by the
Institutional Ethical Committee of Narayana Dental College
and Hospital, Nellore, India.

A total of 60 age and sex matched diabetic individuals of age
ranging between 35 — 60 years were included in the study,
who were further grouped, based on HbA1c percentage
(Precipitation Method) into 2 groups of 30 each: controlled
diabetics (HbA1c; 6 — 6.5%); uncontrolled diabetics (HbA1c: >
6.5%). Individuals for the control group constituted 30 healthy
non diabetic individuals, confirmed with HbA1c percentage
of < 6%.

The following selection criteria were included in the study:
(@) Diabetic (Non-insulin dependent, Type Il) individuals,
diagnosed by the medical faculty as per the criteria established
by the Committee on Diagnosis and Classification of Diabetes
Mellitus (1998), with 2 — 5 years duration of diabetes; and (b)
All individuals belonging to the same race, ethnicity, socio-
economic status and living standards.

The patients with the following criteria were excluded from the
study: (a) Diabetic individuals with complications (retinopathy,
peripheral neuropathy and nephropathy etc) / oral lesions
other than periodontitis and dental caries / other systemic
complications / on medications other than those prescribed
for diabetes (especially on NSAIDs, antifungal, antibiotics and
Immuno suppressants); (b) Individuals with either partial or full
removable or fixed prostheses; and (c) Individuals habituated
to smoking / smokeless forms of tobacco.

Saliva Collection: Unstimulated whole saliva samples were
collected 2 hours after breakfast, from the study individuals
sitting in upright position. Samples were collected by spitting,
into a wide mouthed sterile graduated plastic container which
was then transferred immediately to sterile cuvettes and
transported to the laboratory, within 2 hours of sampling.

Estimation Of Salivary Glucose, Total Protein And
Amylase Levels: Saliva samples were centrifuged at 3000
rom for 20 minutes and the clear supernatants obtained
were processed further for the salivary parameters. Salivary
glucose, total protein and amylase levels were estimated by
GOD -POD, Dye binding and direct substrate kinase methods
respectively (Human GM BH Henry Kits, Germany).

1000ul of the corresponding reagent solution was pipetted
out into each of the 3 test tubes labeled as Blank, Standard
and Test. Then 10yl of the corresponding standard solution
was added to the test tube marked as ‘Standard’, followed
by adding 10yl of the test sample to the test tube labelled as
‘Test’. All the test tubes were vortexed manually and were kept
in the incubator at 37°C for 10 minutes. The solutions from all
the test tubes were analyzed by a semi automatic analyzer
(Humalyzer 3000, Germany) for salivary glucose, total protein
and amylase levels and the reading were recorded.
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Assessment of Candida: Saliva samples for candidal culture
were obtained using oral rinse technique with phosphate
buffer solution (pH - 7.2; 0.1mol/L). The rinse was collected in
sterile plastic containers, then transferred to centrifuge tubes
and concentrated by centrifuging at 1700 rpm for 10 minutes.
The supernatants were discarded. An inoculation loop (4mm)
full of the sedimented sample was taken and spread on
CHROMagar Candida culture plates (Hichrome CHROMagar
Candida). The plates were then labelled and incubated at
37°C. Growth of candida species was observed after 24 -
48 hours of incubation. Colonies were quantified based on
calibrated loop method of Myers and Koshi (1986). They were
scored as O - absent (no colonies), 1 - very sparse (< 101
CFU/ml), 2 - sparse (101 — 102 CFU/ml), 3 - moderate (102
—108) and 4 - rich (> 103). Species were recognized based
on color index chart given in the manufacturer’s manual and
classified as C. albicans — green, C. dubliniensis — dark green,
C. tropicalis — dark blue green with purple halo, C. parapsilosis
— pale pink, C. glabrata — dark pink and C. krusei — pale pink
center with rough spreading colonies [Table/Fig-1].

A. C. albicans

B. C. tropicalis
C. C. parapsilosis

D. C krusei

[Table/Fig-1]: CHROMagar Candida medium showing various
Candida species
(C. albicans, C. tropicalis, C. parapsilosis and C. krusei)

STATISTICAL ANALYSIS

All the study variables were statistically analyzed using
SPSS 20.00 software version. All the values were expressed
as mean + standard deviation (SD). Diabetic groups were
compared with healthy controls using Student’s t — Test.
Intergroup comparisons were done by Post Hoc test (Tukey
HSD). Relationship between the variables, such as salivary
parameters and candidal carriage rate, was evaluated by



Spearman rank order correlation coefficient (rho). p-values of
<0.05 and <£0.01 were considered to be significant and highly
significant respectively.

RESULTS

The age and sex demographics are shown in [Table/Fig-2].
The mean HbA1c percentage for uncontrolled diabetics
(UCD) was 8.29 %, 6.24% for controlled diabetics (CD) and
5.32% in healthy controls (HC), which suggested that UCD
had relatively poor metabolic control of the disease.

Salivary Parameters: We observed higher mean values
of salivary glucose, total protein and amylase levels in UCD
(8.26 mg/ml, 6 mg/ml and 4416.6 ug/L respectively), followed
by CD and HC, which yielded a high statistical significance
(p<0.001) on intergroup comparison, excepting for salivary
amylase on comparing between CD and HC [Table/Fig-3,4].
Diabetics (CD and UCD combined) showed significantly
higher (p<0.001) mean salivary glucose, total protein and
amylase levels (5.747 mg/ml, 5.015 mg/ml and 3378.87 ug/L
respectively) compared to HC [Table / Fig-5].

Oral Yeast Counts: We observed higher mean score of
candidal CFU’s in UCD (3.87), followed by CD and HC. A high
statistical significance (p<0.001) on intergroup comparison
was observed excepting between CD and HC groups [Table/
Fig-3, 4]. Candidal carriage rate was higher in diabetics (3.35)
compared to HC, which was highly statistically significant
(p<0.001) [Table/Fig -5].

Isolation Of Oral Candida Species: C. albicans was isolated
from all the individuals (100%) of the study population.
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Study Intergroup Comparision p-value
parameters
CD & UCD ***0.001
Salivary Glucose UCD & HC ***0.001
CD &HC ***0.001
CD & UCD ***0.001
Sahvgry Total UCD & HC 50 001
Protein
CD & HC ***0.001
CD & UCD ***0.001
Salivary Amylase UCD & HC ***0.001
CD & HC 0.17
CD & UCD ***0.001
OraI'Cand|daI UCD & HC “+0.001
Carriage Rate
CD & HC 0.15

[Table/Fig-4]: Intergroup comparisons of mean levels of salivary

parameters and candidal carriage rate
***p value < 0.001 - high statistical significance

Study Diabetics Healthy p - value
Parameters (Mean = SD) Controls
(Mean = SD)
Salivary 5747 £3.61 | 0.83+0317 |  **0.001
Glucose
Salvary Total | 5 515 1144 | 15+ 0.742 40,001
Protein
Salivary 3378.87 1730. 3 = 40001
Amylase 1893.21 415.78 '
Oral Candidal | g 35 77 | 233+0.022 | *0.001
Carriage Rate

Study groups Age Number | Gender | HbA1c
range | of cases | distri (%)
(years) bution | levels
Controlled 40 - 60 30 M -15
Diabetics 6-6.5
F-15
Diabetic | (CD)
Group | Uncontrolled | 38-60 | 30 M -15
Diabetics >6.5
UCD) F-15
Healthy Controls 36 - 60 30 M-15 <6
(HC) F-15
[Table/Fig-2]: Age and sex demographics
Study | T glucose | Total protein | Amylase Candidal
Groups Mean mean (mg/ | Mean (pg/l) carriage
(mg/ml) ml) + SD rate (+CFU/
= SD = SD ml)
CD 2.68+ 4.02+ 2343.14 + 2.87 +
0.646 0.563 459. 25 0.776
ucb 8.26 + 6+ 4416.6 + 3.87
3.16 0.562 220.49 0.346
HC 0.83 + 1.5+0.74 1730.3 + 2.33 +
0.317 415.78 0.922

[Table/Fig-3]: Mean values of salivary parameters and candidal
carriage rate

1SD: Standard Deviation; £ CFU/ml: Colony forming units/ml

[Table/Fig-5]: Mean values of salivary parameters and candidal

carriage rate in diabetic and healthy control groups
1SD: Standard Deviation; *** p < 0.001 - highly significant

However non-Candida albicans Candida species (NCAC's)
were isolated in higher frequency in UCD (100%), followed
by CD (90%) and HC (46.6%), but was not statistically
significant only between UCD and HC. Statistical significance
was observed between diabetics as a whole and HC [Table/
Fig -6, 7]. C. tropicalis (62.2%) was the predominant species
isolated in all the groups, followed by C. glabrata (36.7%),
C. parapsilosis (31.1%) and C. dubliniensis (23.3%). C. krusei
(5.6%) was noted only in diabetics [Table /Fig-7].

Correlation Between Individual Salivary Parameters
And Candidal Carriage Rate: A significant positive (0.001)
correlation was observed on correlating candidal carriage rate
with all the salivary parameters (glucose, total protein and
amylase) (rho: 0.530, 0.577 and 0.374 respectively) with the
worsening of diabetes state (HC CD UCD) [Table/Fig- 8-10].

DISCUSSION

The present study was carried out to investigate the effect of
type 2 diabetes on few relevant salivary parameters and oral
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Study Groups | C. albicans NCAC NCAC candidal carriage rate, both in the context of controlled and
n (% = n/30) species species in uncontrolled diabetic states, as assessed by HbA1c levels.
n (% =n/30) | diabetics n Very few studies in this regard have been done with conflicting

(% =n/30) results.
CD (30) 30 (100%) 27 (90%) 57 (95%) Our observations high mean salivary glucose levels in
UCD (30) 30 (100%) 30 (100%) Uncountrolled diabetes (UCD) compared to Controued
HC (30) 30 (100%) 14 (46.6%) 14 (46.6%) diabetes (CD) and Healthy Controls (HC), were similar to very

[Table/Fig-6]: Percentage distribution of Candida albicans and

Non Candida albicans Candida Species (NCAC’s) amongst study

groups

few observations of significantly [5, 8-10]. However, Shukria
M. et al.,[9] and Arati S Panchbhai et al., [5] did not observe
statistically significant differences between UCD and CD. The
diabetic status in these studies were categorized based on
HbA1c [9] and random blood glucose levels [5]. Diabetics

Study C.albicans Non Candida Albicans Candida Species (NCAC’s)
iz i (= ) C. glabrata C. tropicalis C. parapsilosis n C. dubliniensis C. krusei
n (%= n/30) n (%= n/30) (%= n/30) n (%= n/30) n (%= n/30)
CD (30) 30 (100%) 13 (43.3%) 17(56.7%) 10 (33.3%) 7 (23.3%) 2 (6.7%)
UCD (30) 30 (100%) 17 (56.7%) 23 (76.7%) 15 (60%) 12 (40%) 3 (10%)
HC (30) 30 (100%) 3 (10%) 7 (23.3%) 3 (10%) 2 (6.7%) 0 (0%)
Total (90) 90 (100%) 33 (36.7%) 47 (562.2%) 28 (31.1%) 21 (23.3%) 5 (5.6%)

[Table/Fig-7]: Percentage distribution of individual candidal species amongst study groups

[Table/Fig-8]: Correlation between salivary glucose levels and

candidal carriage

# Total Protein

—— Linear (Total Protein)

> rho: 0577
p<0.001

Total Protein
ORI = - T -

-
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[Table/Fig-9]: Correlation between salivary total protein levels and

candidal carriage
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p<0.001

[Table/Fig-10]: Correlation between salivary amylase levels and
candidal carriage

showed significantly higher mean salivary glucose levels than
healthy controls, similar to many previous findings [2, 11-16],
except that of Anupama Hegde et al., [17], Bakianian Vaziri et
al ., [18], Peiro Marchetti et al., [19] and Andelski Biljana et al.,
[20]. Variations in mean values of salivary glucose observed in
the above studies could be due to difficulty in standardizing
the procedures of time and type of saliva collection, blood
and salivary glucose estimation methods, the difference in
duration of diabetes, glycemic control status, life style and
socioeconomic status of the patients [9, 17, 21]. High mean
salivary glucose levels observed in HC could be due to the
carbohydrate rich diet pattern of Indian population [10].

Statistically high mean salivary total protein levels in UCD,
followed by CD and HC (i.e. UCD > CD > HC) observed in
our study, stood in contrast to the only two studies of Shukria
M. et al.,, [9] (CD > UCD > HC) and Arati. S. Panchbhai et
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al., [5] (HC > UCD > CD). However significantly high levels of
total protein observed in diabetics as a whole than in controls,
were similar to the very few studies by Ezel Yavuzyiimaz et
al., [22], Praveen Kumar Shetty et al., [23] and Dodds et al.,
[24]. Though many other studies observed high salivary total
protein levels in diabetics [13,14,16,25,26] the results were
statistically insignificant. On the contrary Kumar et al., [27]
and Streckfus et al., [28] noted lower total protein levels in
diabetics than in non diabetics. Thus only few studies correlate
with our observation in diabetics and none of the two studies
categorizing the diabetic state. Variations in saliva sampling
(either whole unstimulated/stimulated saliva), salivary flow
rate, methods of determination of total proteins and diurnal
variations could have perhaps played a role [19].

Mean salivary amylase levels were observed to be higher
in UCD, followed by CD and HC, vyielding a high statistical
significance, excepting between CD and HC. This was in
accordance to the only two studies of Sathya Priya et al., [29]
and Shankariah et al., [30] but conflicted with that of Shukria M.
Al. Zahawi et al., [9] observation (HC > UCD > CD). Diabetics
as a whole showed significantly higher values compared to
HC, which was similar to Suleyman Aydin et al., [13] and
Dodds et al., [24] findings. Though Carmen Carda et al., [14]
and Newrick et al., [31] recorded high salivary amylase levels,
the difference was not apparent statistically. Contrastingly
Ezel Yavuzyilmaz et al., [22] observed significantly lower levels
in diabetics, which was attributed to other hormonal and
metabolic changes, affecting the salivary composition.

Increase in levels of salivary glucose, total protein and
amylase in diabetics follows basement membrane structural
alterations of the parenchymatous component of salivary
glands and stromal microvasculature of both salivary glands
and gingiva, resulting in increased percolation of salivary and
serum components [2]. Salivary samples collected in the
present study represented complete mouth fluid, reflecting
the components derived from both the salivary glands and
the gingival crevicular fluid. Unstimulated salivary samples are
preferred for evaluating salivary components, as it is known
that stimulation affects both the quantity and quality i.e. pH
and concentration of certain salivary constituents particularly
total protein [32]. Xerostomia, being one of the complications
of diabetics definitely concentrates the salivary components
[1]. Very few studies [5,14] have assessed salivary flow rate
in diabetics but have not attempted to correlate it with salivary
glucose, total protein and amylase levels. It is always better
to study the salivary parameters in context of flow rate which
was one of the shortcomings of our study.

Mean candidal carriage rate was higher in UCD followed by
CD and HC, similar to Radhika Sashikumar et al., [10] and
Suarez et al., [33] observations. We noted a high statistical
difference on intergroup comparison excepting between CD
and HC, while Radhika Sashikumar et al., [10] observed
between all the three groups and Suarez et al., [33] ] failed to
note between UCD and CD. Diabetics as an entirety showed
significantly higher candidal carriage rate than HC, which was

in accordance with the studies of Safia A et al., [34], Kumar et
al., [35] and Willis et al., [36], but Darwazeh et al., [37], Lamey
et al., [38] and Fischer et al., [39] didn’t observe any statistical
significance. Flavia Cristina Volpato et al., [40], on the contrary
noted higher candidal carriage rate in HC. Differences in
mean candidal carriage rate among various studies could be
due to slight variations in the oral rinse sample method itself
and oral hygiene status as reflected by the local factors like
periodontitis, presence of dentures, smoking etc [24]. Our
study was standardized to certain extent by excluding denture
wearers and smokers. However the contribution of tenaciously
adherent plaque to candidal carriage rate needs to be studied
further. Concentrated oral rinse technique is considered as the
best method compared to other methods and also dislodges
the plaque to some extent [41]. Several studies using methods
like imprint / whole saliva / impression / swab / smear cultures
have shown a high candidal carriage rate in diabetics, but with
varying statistical significance indicating that methodology
also influences the candidal carriage rate [42,43].

Candida being an opportunistic pathogen, frequently colonizes
multiple sites in the oral cavity and requires the commensal
bacteria for adherence. Glycation induced alteration in T —
cell functions, impaired intracellular killing and opsonization
of granulocytes, all which help in extensive proliferation of
oral bacteria which in turn participate in co - aggregation
and co - adhesion of candida, thus increasing the candidal
carriage rate in diabetics [24, 44]. Further in diabetics, the
enzyme transglutaminase which gets elevated concomitantly
with increased levels of advanced glycation end products
(AGE’s), enhances the binding of candidal hyphal proteins
with the surface of epithelial cells [45]. Additionally reduced
salivary flow rate and impaired flushing action of saliva further
promotes candidal colonization in diabetics [24, 44].

C. albicans was isolated in all the individuals of the study
irrespective of diabetes, which was in contrast to many
previous studies, where higher percentage of isolation was
noted only in diabetics. C. albicans is a known commensal of
the oral cavity and oral hygiene status could have attributed,
which was not considered in our study.

NCAC’s with C. tropicalis being the predominant species
was observed in higher frequency in UCD followed by CD
and HC. Many studies have noted NCAC’s, but none of
them have studied them in the context of the diabetic state
and variations among predominant NCAC’s too have been
observed. Contrary to our observation of high NCAC isolation
in diabetics (UCD and CD combined) Manfredi et al., [46] and
M. Bharazhi et al., [47] observed it in HC. Despite their lower
adherence capability to buccal epithelial cells and secretion
of lesser amounts of proteinases, NCAC’s are considered as
potential oral colonizers probably due to growing population
with immunocompromised conditions like diabetes mellitus,
who are more prone to colonization or infection by these
atypical species [6].
One of the main objectives of our study was to correlate the
salivary parameters with the candidal carriage rate in diabetics.
National Journal of Laboratory Medicine. 2015 Oct, Vol 4(4): 52-58
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On correlating salivary glucose levels and candidal carriage
rate, we observed a significant positive correlation similar to
the observations of the only two studies of Darwazeh et al.,
[37] and Radhika Sashikumar et al., [10] in diabetics. High
salivary glucose levels increase candidal adherence to buccal
epithelial cells by forming reversible glycosylation end products
with tissue proteins, which in turn leads to accumulation of
glycosylation products, thus increasing the receptors for
Candida [10]. Neutrophils produce less free oxygen radicals,
particularly in presence of glucose thereby leading to defective
candidacidal activity which thus helps in increased candidal
colonization [48].

Similarly, significant positive correlation between salivary
total protein levels and candidal carriage rate was observed.
No studies in English literature (search in “Google Scholar’
and “PubMed”) have attempted such a correlation. Salivary
total protein levels though get elevated in diabetics; their
antimicrobial effectiveness gets impaired by glycation [24],
allowing excess proliferation of bacteria which act as primary
colonizers / receptors. These along with other salivary
proteins like lysozyme, lactoferrin, salivary peroxidase, mucins
and glycoproteins, enable increased candidal co - adhesion
and co — aggregation. Further, candidal proteinases also
bring down the antimicrobial effectiveness of salivary proteins
through their proteolytic action [49]. Thus all the above factors
act indirectly in influencing the candidal carriage except for
transglutaminase protein.

Salivary amylase though not related to any specific anti candida
cidal action, on combining with other antimicrobial proteins
such as proline rich proteins, IgA and alpha amylase, function
as receptors on precipitation to the oral tissues, promoting
microbial and fungal adhesion [7]. Interestingly we did observe
a significantly positive correlation between salivary amylase
levels and candidal carriage rate.

CONCLUSION

The clinical significance of this study is that significant rise in the
salivary glucose, total protein and amylase levels in uncontrolled
diabetics, followed by controlled diabetics and healthy controls
indicate that the levels of these salivary parameters increase
parallely with glycemic status of the diabetic individuals.
Further studies abiding by the standardization protocols could
make these as useful adjuncts for diagnosing and monitoring
the diabetic status. But the role of the salivary parameters,
mainly total protein on candidal carriage rate as observed in
our study needs to be further explored. Further studies with
larger sample size are required to confirm the finding, which is
the drawback of this study.
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