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Abstract
Background: Dental caries is the most common infectious disease affecting humans and
is the predominant cause of tooth loss in children. Although Candida’s role in dental
caries has been studied extensively, limited homogenous studies have been conducted and
none have been found, that associate Candida with dental caries, while correlating it to
different age groups. Aim: The study aimed to quantify oral Candida in school children
and correlate candidal carriage to the caries index and further analyze an age association.
Subjects and Methods: Decayed-Filled teeth/Decayed‑Missing‑Filled Teeth (dft/DMFT)
index scores of 150 subjects were evaluated, and concentrated oral rinse samples were collected
from each participant for mycologic investigation. Based on the age and caries activity, the
participants were categorized into three groups consisting of 50 each such as Group‑I (caries
active participants of 6–12 years age), Group‑II (caries active participants in 13–18 years age),
and Group‑III (caries‑free participants in 6–18 years age); CHROMagar™ was used as a primary
culture medium for candidal growth. The data was statistically analyzed using Unpaired
t‑test, Chi‑square test and Spearman’s rank order. Results: The results demonstrated that as
age increases, the dft/DMFT scores as well as the candidal growth decreased. In addition,
the oral candidal carriage levels were found to be low in caries‑free group (Group‑III) when
compared to the study groups. Conclusion: The presence of Candida was directly related to
the caries status and inversely proportional to the age.
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Introduction
Over 400 microbial species inhabit the oral cavity and cause
various oral lesions.[1] According to the 1996 bulletin from
the Centre for Disease Control and Prevention, dental caries
is said to be the most prevalent of the infectious diseases
that affect humans.[2] Dental caries is defined as a bacterial
driven, generally chronic, site‑specific, multifactorial,
dynamic disease process that results from the imbalance in
the physiologic equilibrium between tooth mineral and plaque
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fluid, that is, when the pH drops, it results in net mineral loss
over time.[3]
As stated, the origin of dental caries is multifactorial with
acidogenic bacterial biofilm an absolute requirement for
bacterial acid generation. This dynamic status provides an
interactive environment for the multiple bacterial species
and the pH fluctuations results in large ecological changes.
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However, it was shown by Hara and Zero[4] that acidogenic
biofilm is not the only factor which determines caries disease
activity; factors such as saliva, pellicle, diet, location,
morphology, composition, ultrastructure, and posteruptive
age of the tooth are all critical. Research has also challenged
the concept of mutans streptococci and lactobacilli as the
only important microorganisms in caries disease, [3] and
many investigators have shown the association between
Candida species and dental caries.[5‑10] This led to a new
micro‑ecological concept of caries research, isolating
collagenases from Candida albicans that increased the
interest in Candida species and their possible role in the
etiopathogenesis of dental caries.
Oral Candida species can bind to a variety of host cell receptors
via lectin‑like and protein–protein type interactions and can
also coaggregate with bacterial cells of a variety of genera,
particularly with oral streptococci indicating that yeast cells
contribute to the development, stabilization, and maintenance
of oral mixed microbial populations, and play an important role
in maintaining the balance of the oral micro environment.[1]
Candida has been found to metabolize dietary sugars to acid,
which leads to the dissolution of hydroxyapatite crystals in
enamel and dentin.[11] In addition, it has been reported that the
level of oral Candida species could be useful as an indicator
of microbial risk in dental caries.[12,13] Hence, this study
was undertaken to determine the frequency, quantity, and
prevalent species of oral Candida in school going children
aged 6–18 years and correlating with their dental caries index
and age.

Subjects and Methods
The study was a case–control study conducted on 150 healthy
male participants aged 6–18 years, who were randomly selected
from five different government welfare hostels of the district.
Although the subjects belonged to low socioeconomic status,
they were nourished by a similar diet provided by the district
authority. Fifty randomly selected, age‑matched controlled
individuals, consisted of the caries‑free group (CFG), chosen
from the same pool. The minimum sample size was derived
by using the sample size calculator / formula for unmatched
case control studies without continuity correction.[14] With a
two-sided confidence level (1-alpha) of 95%, power of 80%,
ratio of control to cases of 0.5, proportion of controls/cases
with exposure of 42 and 75 percent respectively, where in the
minimum sample size of 50 and 25, for cases and controls
respectively, was required for each group, thus making a total
of 100 cases and 50 controls". Individuals, with adverse habits
or on medication for any oral or systemic manifestations and
intraoral prosthesis, were excluded from the study. Informed
consent for participation was obtained from the legal guardians
of the participants. Approval from the research and Institutional
Ethical Committee was obtained before commencement of
the study.

A purposefully designed form was used to record demographic
data, past medical history, personal history, and caries status of
individuals. Caries index was recorded using the decayed‑filled
teeth/decayed‑missing‑filled teeth (dft/DMFT) score.
Depending on the values of these Indexes, four subgroups
of children were created[6] such as 1 = caries‑free, 2 = low
(1–5 caries lesions), 3 = moderate (6–10 lesions), and 4 = high
(>10 lesions).
The concentrated oral rinse technique was used for the
quantification of Candida species.[12] Samples were collected,
before brushing (5–6 am), in a universal container, with 10 ml
sterile phosphate‑buffered saline (PBS). All the samples were
concentrated (10‑fold) by centrifugation at 1700 g for 10 min.
The residue was resuspended in 1 ml of PBS and vortexed
for 30 s to obtain a concentrated oral rinse. A loop, full of
concentrated oral rinse, was streaked on to a CHROMagar™
Candida medium, and incubated aerobically at 37°C for 48
h. Growth presented as colored colonies: C. albicans – green;
Candida tropicalis – purple halo with a dark blue green color;
Candida krusei‑pale pink center with white edge, rough,
spreading colony; and Candida parapsilosis – pale pink.
Their quantity was categorized as 0 – absent, 1 – very sparse
(<10 CFU/ml), 2 – sparse (10–102 CFU/ml), 3 – moderate
(102–103 CFU/ml), and 4 – rich (>103 CFU/ml).[13] Further
confirmation of C. albicans was done using the germ tube test.

Results
Data pertaining to the size of the sample, the age range, with a
mean (standard deviation) in each group are shown in Table 1.
Table 1: Mean age distribution of subjects
Group
Number of
individuals
Age
Mean

CAG‑I
50

CAG‑II
50

CFG‑I
25

CFG‑II
25

6-12
9.80 (1.80)

13-18
14.16 (1.18)

6-12
10.04 (1.94)

13-18
14.28 (1.40)

Table 2: Comparison of decayed‑filled teeth/decayed‑
missing‑filled teeth values between CAG‑I and CAG‑II
Group
CAG‑I
CAG‑II

Mean*
3.1
2.16

SD*
2.97
1.34

P*<0.05
0.01

SD: Standard deviation

Table 3: Dental caries scores and group distribution
DMFT scores

CAG‑I

CAG‑II

Low (1-5)
Medium (6-10)
High (>10)

44
5
1

49
1
0

Frequency and
percentage (n=100)
93 (93)
06 (6)
01

DMFT: Decayed‑missing‑filled teeth
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The dft/DMFT scores for the caries active group (CAG‑I,
CAG‑II) were recorded with a minimum value of 1 and a
maximum score of 12. An unpaired t‑test compared the means
of the dft/DMFT scores between the two study groups [Table 2]
and found it to be statistically significant (P = 0.01).
Depending on the values of these Indices, three subgroups of
children were created and a frequency distribution plotted,
where a higher score was noted in CAG‑I than CAG‑II [Table 3].
Positive candidal growth was observed in 117 samples while
quantification of Candida revealed that 27.4 percent of subjects
had a score of 4, with the highest candidal carriage seen in
CAG‑I and CAG‑II [Table 4].
To analyze the carriage of oral Candida, the Pearson Chi‑square
test was performed, which revealed a statistical significance of
P < 0.01 and P < 0.001 between the groups and their respective
controls [Table 4].
Data analysis, using Spearman’s rank order for linear
relationship, showed a positive relation, between oral
candidal carriage and DMFT scores (ρ =0.67) in both study
groups (P < 0.001) [Graph 1].
Table 4: Quantification of Candida colonies group‑wise
distribution
Quantification

CAG‑I*,# CAG‑II*,† CFG‑I# CFG‑II† Frequency
and
percentage
(n=150)
0
2
7
10
14
33 (22)
1 ‑ (<10 CFU/ml)
1
6
4
5
16 (10.6)
2 ‑ (10-102 CFU/ml)
6
9
4
2
21 (14)
3 ‑ (102-103 CFU/ml)
15
13
7
4
39 (26)
4 ‑ (>103 CFU/ml)
26
15
0
0
41 (27.4)
Total (CFU/ml)
48
43
15
11
117/150
group distribution
*The association between CAG‑I and CAG‑II, #The association between CAG‑I and CFG‑I,
†
The association between CAG‑II and CFG‑II

While the linear relationship between oral candidal carriage
and age showed a positive correlation between 6 and 10 years
of age, a negative correlation was noted in the 11–18 years of
age group [Graph 2].
Further, on subtyping the species, an increased incidence
of C. albicans (78%), followed by C. tropicalis (20.67%),
C. parapsilosis (5.34%), and C. krusei (1.34%) was observed.
Among the four species, C. albicans and C. tropicalis were
isolated from all the groups studied while C. parapsilosis and
C. krusei were absent in control group [Table 5].
Data analysis in relation to oral candidal species made known
that there was significant difference (P < 0.001) observed for
C. albicans while it was not significant (P > 0.001) for other
Candida species isolated in the present study.

Discussion
Despite the presence of numerous antimicrobial factors in the oral
cavity and saliva being one of the natural defense mechanisms
in monitoring, regulating, and maintaining the integrity of
the hard and soft tissues, the oral cavity is considered to be a
unique environment by offering a variety of ecological niches
for microbial colonization.
Studies[15] have shown that saliva is generally considered
the most suitable sample to provide information on the
microbial population as it represents all the sites of the oral
cavity and is easily obtainable, noninvasive, and patient
compliant.
Although many factors were taken into consideration for
homogeneity between the individuals, it is important to
mention that salivary flow rate, pH, and composition were not
evaluated which may act as other predisposing colonization
factors.
To control the confounding factors of the multifactorial
nature of dental caries, individuals of similar diet, gender,
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Table 5: Candida species isolated from the oral rinse
samples of all the studied groups
Subtypes/groups
Candida albicans
Candida tropicalis
Candida parasilosis
Candida kursei

CAG‑I
(n=50)
48
12
05
02

CAG‑II
(n=50)
43
14
03
00

CFG‑I
(n=25)
15
02
00
00

CFG‑II
(n=25)
11
03
00
00

demography, and socioeconomic status, aged between 6 and
18 years were selected.
Given the criteria for selection of participants, contrary to
the assumption that only a minor variation would exist, the
dft/DMFT showed a large score variation ranging from 1
to 12 among both caries active groups. The Student’s t‑test
revealed a significant P value (0.014) where the younger
participants (CAG‑I) had a higher caries index [Table 2].
Similar to a study by Ugun‑Can et al.,[6] the majority of
participants in our study belonged to the low caries index
group [Table 3]. Between the CFGs, the high and medium index
shared significance, suggesting that a higher index of caries was
present in the 6–12 years group compared to 13–18 years group,
implying caries decreased with increase in age.
Hara and Zero[4] in their study attributed the age factor to the
dynamic environment of repeated episodes of demineralization
and remineralization, which render the enamel resistant to
subsequent acid change over time, therefore suggesting that
caries susceptibility on the enamel surface is greatest after
eruption and tends to decrease with age.
Other probable reasons would be the presence of mixed
dentition, allowing for increased retentive areas. Furthermore,
the erupting teeth are said to be less mature with high levels
of carbonate which renders the enamel less stable, thus, more
prone for demineralization.[16] It has also been suggested that
thickness of enamel in primary tooth is less favoring, resulting
in a higher incidence of caries.
Salivary samples of all the subjects showed a prevalence of
78% of Candida [Table 4], similar to studies by Siahi‑Benlarbi
et al. [17] and Cortelli et al. [18] Further quantification by
counting CFUS showed that 27.4% of the samples had a
score of 4 (>103 CFU/ml) while few other studies had a lower
percentage of distribution (33–60%).[5,6,9] This variation
could be a result of the sample size, age distribution, gender
considerations, sampling techniques, etc.
A group‑wise distribution showed the highest oral candidal
carriage, 96% in CAG I similar to the study by Raja et al.,[9]
and was statistically significant, when compared with the
CAG‑II [Table 4], suggesting that the lower age group had a
higher candidal carriage, with higher caries index too.

The Spearman rank order plotted between caries index
and Candida carriage showed that higher the caries index,
higher is the Candida colony count and vice versa [Graph 1].
Similarly, the Spearman rank order for linear relationship
between Candida carriage and age showed a positive
correlation existing in 6–10 years age group while negative
in between 11 and 18 age group, suggesting a higher
carriage in younger children similar to a study by Martin and
Wilkinson[19] [Graph 2].
In fact, this led to some authors suggesting that Candida
counts can be used as a caries risk indicator as yeasts were
more efficient than lactobacilli in discriminating between
high‑ and low‑risk caries groups,[12,20,21] also the culture and
counting of Candida proved to be more convenient and less
technique sensitive than that of lactobacilli as colonies were
more distinct and less critical.[13]
Subtyping of Candida isolated four strains with a 78%
predominance of C. albicans [Table 5], similar to other
studies[5,22] that found an 80.87% and 93.75% isolation of
C. albicans, respectively. When the strains were correlated
between the study groups and three controls, it was statistically
significant only for C. albicans and not for C. tropicalis,
C. parapsilosis, and C. krusei, thus suggesting that C. albicans
are present in all the individuals irrespective of their caries
status as found by many investigators.[5,9,17,22] The finding of
other strains did not correlate with the caries experience of the
studied population.
The results of the study conclude that the presence of Candida
correlates to the caries status while both Candida and caries are
inversely related to age. Hence, the possibility of multifactorial
organisms, especially Candida, should be borne in mind when
providing or developing dental caries treatment alternatives.
However, more homogenous studies are warranted to have
conclusive evidence as geography plays a role, so also do
habits and cultural characteristics of individuals.
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