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ORIGINAL ARTICLE

Prevalence of Candida albicans and carriage of Candida non-albicans in the
saliva of preschool children, according to their caries status

Carla Paola Lozano Moragaa, Gonzalo Andr�es Rodr�ıguez Mart�ınezb, Claudia Andrea Lefimil Puentea,
Irene Cecilia Morales Bozoa and Blanca Regina Urz�ua Orellanaa

aInstitute for Research in Dental Sciences, Faculty of Dentistry, University of Chile, Santiago, Chile; bDepartment of Restorative Dentistry,
Faculty of Dentistry, University of Chile, Santiago, Chile

ABSTRACT
Objective: This study was conducted to establish associations among the Candida carriage rate, the
diversity of Candida species carried and the different caries status of preschool children.
Materials and methods: Sixty-one children between 2 and 5 years of age were examined by a single
expert examiner and were divided into three groups, the caries-free, moderate caries and severe caries
groups, according to the criteria of the International Caries Detection and Assessment System II
(ICDAS). Saliva samples were obtained from the members of each group and were plated on
Sabouraud agar plates to assess the Candida carriage rates. CHROMagar Candida medium was used
for the preliminary screening. Biochemical testing or PCR/sequencing was conducted to identify the
different Candida species in the samples. The differences observed were considered significant if the
p value was <0.05.
Results: The Candida carriage rate and the number of species of this fungus carried were higher in the
group with the highest level of caries severity (p< 0.05). Whereas Candida albicans was the most pre-
dominant Candida species in the saliva of all of the children, C. dubliniensis was identified only in the
most caries-affected group in addition to other rare species of Candida non-albicans.
Conclusions: A high salivary Candida carriage rate and the presence of specific species of this fungus
(such as C. albicans and C. dubliniensis) appear to be related to the severity of caries experienced by
preschool children.
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Introduction

Hundreds of different microbial communities that compose
biofilms can be found in the human oral cavity.[1,2] Only 54%
of the species in these microbial communities have been offi-
cially identified in the Human Oral Microbiome Database
(HOMD; www.homd.org). While much remains to be under-
stood, the species within the biofilms live as commensal
microorganisms or as competitors involved in highly complex
interactions (reviewed in [3]). In addition to bacteria, Candida
species are also common commensal colonizers of the oral
cavity of healthy people, with an �50% Candida carriage rate
observed in this population.[4] Under certain conditions such
as the disturbance of the local microenvironment, which can
result in an imbalance called dysbiosis,[5] this commensal fun-
gus becomes an opportunistic pathogen [6] called a patho-
biont, similar to other microorganisms associated with oral
diseases.[7] In recent years, Candida has been associated with
dental caries in children, and pathogenic Candida spp. have
been isolated at a high frequency from either saliva or supra-
gingival dental plaque samples collected from children with
caries lesions compared to the frequency in caries-free
subjects. However, the role of Candida spp. in the initiation
or progression of a caries lesion remains uncertain.

Candida species, such as Candida albicans (the most frequently
isolated species) and Candida non-albicans have been isolated
from the oral cavities of subjects with and without caries.
[8–10] To date, studies have focused on the presence of this
fungus in individuals with oral diseases (such as periodontal
disease [11] and denture stomatitis,[12] in addition to dental
caries), but less attention has been paid to analyzing the diver-
sity of Candida species in children with different dental caries
experiences. The complement of emerging and poorly known
members of the oral fungal microbiota, including Candida, has
restricted investigations of the interrelations between oral bac-
teria and fungi and the roles that they play in health and dis-
ease.[13]

Candida spp. have several virulence traits that affect caries
development, such as the abilities to adhere to tooth surfa-
ces and degrade proteins and the extracellular matrix,[14] to
colonize the oral mucosa, ferment carbohydrates [15] (contri-
buting to oral acidity) and produce extracellular enzymes, all
of which contribute to their pathogenicity.[14,16]

It would be interesting to analyze the conditions of the
oral cavity microenvironment that affect the dental caries sta-
tus. These conditions might increase the carriage rate and
counts of Candida in individuals with caries, as well as lead
to a change in the contributions of other species, including
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Candida spp., to the oral microbiome. These results obtained
in such a study might provide relevant information for the
development of a novel caries therapy, based not only on
bacterial targets but also on the fungi present in oral bio-
films, which might create conditions allowing the transition
from health to disease. It is a relevant question with very lim-
ited answers to date.[13]

The aim of this study was to evaluate the Candida carriage
rate and the diversity of Candida species, other than C. albi-
cans, present in the saliva and their associations with the dif-
ferent caries status of preschool children.

Materials and methods

Subjects

Our non-probabilistic sample included 61 children (girls and
boys) between 2 and 5 years of age who were selected
based on the presence/absence of carious lesions. Of these
participants, 30 children had caries and 31 children were car-
ies-free. All of the participants (Chileans) were recruited from
a single kindergarten located in the northern area of the
Santiago metropolitan region in Chile. The oral examinations
were performed by a single trained and expert dentist using
a dental mirror, a probe and head-mounted LED light. The
status of the visually evident dental caries was determined
following the ICDAS II criteria.[17] The children in the caries-
free group did not exhibit caries lesions (ICDAS II Code 0).
The children in the group with caries were divided between
those who had moderate caries (ICDAS II Codes 2–3) and
those who had severe caries (ICDAS II Codes 4–6). The study
was performed in accordance with the principles of the
Declaration of Helsinki. The protocol of the study and the
informed consent form were approved by the Ethics
Committee of the Faculty of Dentistry at the University of
Chile (certificate no. 2011/03). The inclusion criteria were an
informed consent form signed by the parents of each child
after they had heard a description of the study. The exclusion
criteria were receiving antibiotic or antifungal treatment
within the previous 6 months, the presence of chronic dis-
eases, such as allergies and diabetes, and the existence of
any condition that affected salivary flow.

Saliva samples

A total of 2mL of unstimulated whole saliva was collected
from each child in the morning between 10–12 AM at least
2 h after breakfast by the child spitting or through direct
sampling using with a soft plastic Pasteur pipette. The chil-
dren were allowed to consume food until 8 AM, that is, up
to 2 h before sampling. The samples were placed in sterile
plastic vials maintained at 4 �C and were immediately trans-
ported to the laboratory for microbiological analysis.

Isolation of Candida

One milliliter of unstimulated whole saliva was homogenized
for 30 s using a vortex mixer (Labnet International, Edison,

New Jersey) and was then diluted using phosphate-buffered
saline (PBS; 137mM NaCl, 2.7mM KCl, 10mM Na2HPO4 and
2mM KH2PO4, pH 7.4). A 100-lL aliquot of the undiluted
unstimulated whole saliva and an equal volume of the 1:10
(v/v) diluted sample were plated in duplicate on Sabouraud
dextrose agar (SDA; BD, BBL, Franklin Lakes, NJ) medium sup-
plemented with tetracycline (50lg/mL) to allow the develop-
ment of Candida colonies. The plates were incubated at 37 �C
for 48–72h under aerobic conditions. After the incubation
period ended, phenotypically different isolates that resembled
Candida genus colonies were randomly selected, sub-cultivated,
and then grown in 5mL of Sabouraud dextrose broth (Oxoid,
Basingstoke, New Hampshire, UK) under the growth conditions
described above. Aliquots of the cultures were stored in 20%
glycerol at �80 �C until further analysis. SDA was used as the
primary isolation medium to allow recognition of the morpho-
logical characteristics of Candida colonies (convex and cream-
colored) and to determine the number of colony-forming units
per milliliter of saliva, although we finally dichotomized the
children based on the presence/absence of salivary Candida.

Identification of Candida species

For the preliminary identification of the Candida species in the
samples, all of the Candida isolates were plated on
CHROMagar Candida medium (CHROMagarTM, Paris, France). To
determine the levels of C. albicans and C. dubliniensis in the
samples, isolated colonies were selected according to their col-
oration on the selective medium (light-green and dark-green
colonies for C. albicans and C. dubliniensis, respectively).[18] To
confirm the presence of both species, the HWP1 gene was
amplified using PCR.[19] Other Candida species distinct from C.
albicans/C. dubliniensis (colonies of other colors) were identified
using the Api ID 32C (bioM�erieux, Marcy-l’Etoile, Lyon, France)
biochemical test according to the manufacturer’s protocol.
When the results of this biochemical Candida spp. identifica-
tion test were ambiguous, the ITS1-5.8S-ITS2 rDNA region of
each clinical isolate was sequenced using the universal fungal
ITS1 and ITS4 primers.[20] The DNA amplicons obtained from
the isolates were sequenced by Macrogen Inc. (Seoul, Republic
of Korea). The sequences obtained and their levels of hom-
ology based on sequence alignment were analyzed using the
web-based program BLASTn (Basic Local Alignment Search
Tool) (http://blast.ncbi.nlm.nih.gov/) provided by the NCBI
(National Center for Biotechnology Information).

Statistical analysis

The Shapiro–Wilk test was used to evaluate the normality of
the distribution of the data. The chi-squared and Kruskal–Wallis
tests were used to compare the groups. The data were ana-
lyzed using Stata SE version 14.0 software (StataCorp LP,
College Station, Texas). Differences were considered significant
when the p value was < 0.05.

Results

The average age of the 61 children enrolled in the study was
3.4 ± 0.12 years, of which 27 were males (44.3%) and 34 were
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females (55.7%). The average age of the individuals with car-
ies was 3.6 years, whereas that of the caries-free individuals
was 3.2 years. There were 12 males (40%) and 18 females
(60%) in the caries groups, and there were 15 males (48.4%)
and 16 females (51.6%) in the caries-free group. A total of 31
individuals were caries-free (ICDAS II Code 0), whereas 30
individuals had caries. Of these, 12 individuals (40%) had
ICDAS II Code 2–3 caries and 18 individuals (60%) had ICDAS
II Code 4–6 caries.

Thirty of the 61 participants carried Candida in their saliva
(49.2%). In the caries-free group, there were 11 individuals
(of 31 total) that carried this fungus (35.5%); in the moderate
caries group, there were six individuals (of 12 total) that car-
ried this fungus (50%); and in the group with severe caries,
there were 13 individuals (of 18 total) that carried this fungus
(72.2%). Thus, analysis of the Candida carriage rates showed
that a higher percentage of individuals in the severe caries
group carried this fungus compared with that of the moder-
ate caries group or the caries-free group (p< 0.05).
Interestingly, the Candida carriage rate was higher in the
group of individuals who had a greater severity of carious
lesions. In contrast, the Candida carriage rate was the lowest
in the group of individuals who were caries-free.

The Candida species that were isolated from the saliva
samples and were identified are listed in Table 1. Candida
albicans was found in all of the groups but was more preva-
lent in the group with severe caries (p< 0.05). Of the 135 col-
onies isolated from the 13 individuals in this group who
carried Candida, 102 (75.6%) were identified as C. albicans
colonies. Additionally, a larger variety of Candida species
were isolated from this group, including C. dubliniensis, C.
pulcherrima, C. lusitaniae, C. parapsilosis, C. tropicalis and C.
rugosa, in addition to C. albicans (for the number of colonies
and the frequency of the species identified, see Table 1). All
of the Candida colonies isolated from the individuals in the
moderate caries group (n¼ 33, corresponding to 100%) were
identified as C. albicans colonies and no Candida non-albicans
colonies were detected. One-hundred Candida colonies were
isolated from the 11 individuals in the caries-free group that
carried Candida, and 46 of these (46%) were C. albicans iso-
lates, 28 were C. lusitaniae isolates (28%) and 26 were C. par-
apsilosis isolates (26%). Therefore, the number of Candida
species identified in the caries-free group (three species) was

lower than that of the severe caries group (seven species),
and one Candida species was identified in the moderate car-
ies group.

Discussion

This study demonstrated a correlation between the presence
of Candida spp., principally C. albicans, and a high prevalence
of Candida carriage in children with dental caries, specifically
children with the highest ICDAS II Code (4–6) caries. It can
be speculated that the prevalence of this fungus would be
increased under this pathological condition.

A diet high in carbohydrates is a rich source of nutrients
for Candida, which generates acidic products through fer-
mentation. Thus, these microorganisms contribute to the
maintenance of a lower than neutral salivary pH,[15] which is
associated with dental caries. Furthermore, this low pH is
optimal for the activity of extracellular enzymes (such as
aspartyl proteinases), which are considered one of the most
important virulence factors of this fungus.[16] Some of these
enzymes are expressed under the following conditions: (i)
when Candida is in biofilms containing streptococci,[21] (ii) in
the oral cavities of healthy individuals carrying Candida and
(iii) in individuals with oral candidiasis.[16]

Our results show that most of the salivary isolates identified
as Candida species were C. albicans, as previously reported. C.
albicans is considered the most pathogenic species of its
genus and it was highly prevalent in the three groups ana-
lyzed in this study. In this study, other species of this genus
were also isolated, with C. dubliniensis only from the group
with severe caries in addition to C. pulcherrima and C. rugosa.
Therefore, this group had the highest level of carriage of
Candida non-albicans species (six species) (Table 1), which
agrees with the results of De la Torre et al.,[22] who identified
11 species of Candida non-albicans in subjects with caries.
Only C. albicans was present in the moderate caries group,
and this species was also found in the caries-free group, in
addition to two Candida non-albicans species.

Our study demonstrated Candida carriage in the oral cav-
ities of approximately half of the subjects, as it has been
found in other studies of similar subjects.[8,10] We can state
that under healthy oral conditions (caries-free), a lower level
of Candida carriage exists and that few species of this genus

Table 1. Identification of Candida species isolated from the saliva of children in the ICDAS II Code 2–3 and 4–6 caries groups and the caries-
free group.

Isolated colonies n (%)

Caries lesions (ICDAS II Codes)

Candida species 2–3 (N¼ 6/12) 4–6 (N¼ 13/18) Caries-free (N¼ 11/31) Total identified isolates

Candida albicans 33 (100) 102 (75.6)� 46 (46) 181
Candida lusitaniae 0 3 (2.2) 28 (28) 31
Candida parapsilosis 0 2 (1.5) 26 (26) 28
Candida dubliniensis 0 15 (11.1) 0 15
Candida tropicalis 0 1 (0.74) 0 1
Candida pulcherrima 0 11 (8.1) 0 11
Candida rugosa 0 1 (0.74) 0 1
Total 33 135 100 268

The composition of Candida species identified is expressed as the number of isolated colonies and their percentage (%). the microbiological
analysis was performed using 1-mL samples of whole unstimulated saliva.�p< 0.05, as determined using the non-parametric Kruskal–Wallis test.
N: number of individuals in each group carrying particular Candida species..
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are present in the oral cavity. However, we isolated only 10%
of the colonies of the fungus from each individual that car-
ried Candida for identification at species level. Therefore,
although this strategy was sufficient for the proposed object-
ive, we believed that more Candida species could have been
detected in all groups, particularly in the moderate caries
group.

Candida dubliniensis is not generally found in the oral
microbiota, being present in approximately 3.5% of healthy
individuals.[23] Surprisingly, this species has been isolated
from the plaque and caries dentine of the primary teeth of
children with early childhood caries [24] and from the saliva
of children with active caries.[25] Thus, this study is most
likely the first in which this Candida species was isolated
from the saliva of children with severe caries lesions. Candida
non-albicans species are known to cause candidiasis of
reduced virulence, which is attributed to their lack of all or
part of the virulence factors that C. albicans possesses.
Therefore, the participation of these species is not known in
dental caries.

Candida parapsilosis and C. tropicalis, have been isolated
from the oral samples [10,22,26] of individuals with or without
oral lesions but always with less frequency compared with
that of C. albicans. Candida lusitaniae is an emerging opportun-
istic nosocomial pathogen, whose presence has been detected
in samples of root-caries lesions [27] and in individuals with
oral candidiasis.[28] This species is of interest because it is
resistant to fluconazole and can develop resistance to ampho-
tericin B and caspofungin during clinical treatment (reviewed
in [29]). The occurrence of C. pulcherrima and C. rugosa in the
participants in this study merits attention because these spe-
cies are rarely detected in the oral cavity.[26,27] The uncom-
mon presence of these species could have been due to the
participants having received long-term antibiotic treatment.

There is sufficient scientific evidence for the presence of
Candida in the oral cavities of subjects with or without dental
caries,[8–10] but these studies did not determine which species
were present under each condition or which of the species
predominated. To date, the role of Candida in the develop-
ment and progression dental caries is not entirely clear,
although some recent analyses have helped to elucidate this
issue. For example, experiments of �OSullivan et al. [30] demon-
strated the presence of basic proline-rich proteins (bPRP) in the
saliva, which acted as receptors for C. albicans, allowing it to
adhere to the enamel pellicle and oral streptococci. Moreover,
it was reported that Candida spp. can dissolve dentine and
consequently cause the release of calcium into the microenvir-
onment at different rates.[31]

Taken together, the above evidence supports the coloniza-
tion and persistence of C. albicans in the oral cavity, but it
has not been determined which factor(s) is (are) the func-
tional contributors of Candida and which factor(s) is (are) dir-
ectly involved in the pathogenesis of dental caries based on
the prevalent metabolic activities performed by the dominant
bacteria associated with this disease. This situation is com-
plex, and a full understanding of it is far from being
achieved. How such different microorganisms interact and
organize in oral biofilms during health or in caries are topics
that deserve further investigation.[13] Research efforts should

be directed toward clarifying whether the increase in the
number of oral C. albicans is a result of factors directly
involved in the onset of the carious process or whether this
fungus plays a direct role in creating the conditions favoring
this disease.

It is important to note that the average numbers of
Candida CFUs observed in the samples from the three test
groups did not accurately represent the counts because there
was a high level of intra-group variability. The samples from
individuals with caries and those carrying Candida has
<100 CFU/mL, with some exceptions in which >500 CFU/mL
were found. In contrast, in samples from the caries-free
group, an average of 26 CFU/mL was found, with some
exceptions in which values between 200 and 600 CFU/mL
were observed. Thus, we cannot state that Candida counts
>400 CFU/mL are characteristic of individuals with caries.[32]
In such individuals, the effects of other factors on oral
Candida colonization cannot be ignored, such as the salivary
pH, salivary flow rate, buffering capacity of the saliva, and
the characteristics of the microenvironment that this fungus
colonizes. These factors could affect the Candida carriage of
individuals with and without caries. Due to the high variabil-
ity in the intra-group Candida colony counts, we decided to
dichotomize the participants into groups according to the
presence and absence of Candida.

Importantly, to obtain representative and similar samples
containing the species present in the oral cavity, we decided
upon the strategy of collecting unstimulated saliva using a
non-invasive, simple method,[33] which is an important con-
sideration for studying preschool children.

In spite of the limitations, the results obtained in this
study demonstrated the rate of Candida carriage, mainly C.
albicans, in the saliva of preschool children with different
severities of caries lesion development. Because C. albicans
was the Candida species most frequently isolated from the
saliva of children with caries lesions, it is important to ana-
lyze the genetic variability of the clinical isolates of this spe-
cies and to evaluate the possible associations of genotypes
of this fungus with the development and promotion of car-
ies. Additionally, more research on the interaction between
Candida non-albicans spp. and bacteria is necessary because
some of the former are emerging species that have been iso-
lated from individuals with caries, although at low frequencies.
More in situ and in vivo caries models must be developed to
determine how and when the virulence and competition fac-
tors of Candida are expressed during the onset and progression
of caries. The use of such models will facilitate understanding
which biotic (such as the prevalence of cariogenic bacteria) or
abiotic (such as a low pH) signals elicit a change in the com-
position and abundance of Candida in the oral microbiota of
individuals with a healthy oral cavity and those with dental car-
ies. Finally, it is also important to characterize the oral myco-
biome in health and disease (such as dental caries) to gain
knowledge about the role of fungi in the oral cavity.

Conclusions

A high Candida carriage rate and the presence of diverse
Candida species in the saliva of preschool children,
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particularly C. albicans and C. dubliniensis, appear to be
related to their caries severity. The results of our study
strongly suggests an ecological contribution of Candida to
the process of caries formation, although this relationship
was not examinated in this investigation.
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