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Presence of candida in the dental plaque and saliva of patients
with severe early childhood caries and early childhood caries:

a pilot study

Purpose

The aim of this study is to evaluate the presence of candida, which is one of the
etiological factors contributing to early childhood caries (ECC) and severe early
childhood caries (S-ECC), in the dental plaque and saliva of children aged 6 years
and younger.

Materials and Methods

Our study involved 60 participants who met the inclusion criteria. Based on clinical
examinations, we divided them into three groups, each consisting of 20 children:
S-ECC, ECC, and caries-free groups. We collected dental plaque and saliva samples
from the children during clinic visits. In the laboratory, we assessed these samples
for the presence of candida using the Liofilchem® — ChromaticTM Candida (Roseto
degli Abruzzi, Italy) medium and identified Candida species.

Results

The presence of Candida in the saliva of children with S-ECC (40%) and ECC
(30%) was statistically significant compared to children without caries (p<0.05).
Observationally, we found a higher presence of candida only in the dental plaque
of children with S-ECC (25%) and ECC (15%) compared to children without caries
(p>0.05). In the S-ECC group, we detected Candida albicans, Candida glabrata,
Candida krusei, and Candida tropicalis in saliva, while Candida albicans was found in
dental plaque. In the ECC group, Candida albicans, Candida glabrata, and Candida
krusei were detected, whereas Candida was not detected in children without caries.

Conclusion

Itisimportant to consider the presence of Candida in both saliva and dental plaque,
as it potentially plays a role in the pathogenesis of ECC. These findings suggest that
identifying and preventing Candida colonization may be valuable for individual risk
assessment and could contribute to reducing ECC.

Keywords: Candida, dental plaque, caries, saliva

Introduction

ECC is a global public health concern (1). Despite preventive strategies
aimed at reducing tooth decay, over 600 million children are affected by
ECC (1, 2). Early childhood caries (ECC) is defined as the presence of one
or more decayed (non-cavitated or cavitated lesions), missing, or filled
(due to caries) surfaces in any primary tooth of a child younger than six
years old (1). Any sign of smooth surface caries in children younger than
three years old indicates severe early childhood caries (S-ECC). Between
ages three and five, one or more cavitated, missing teeth (due to caries) or
filled surfaces in primary maxillary anterior teeth, or a score of >4 (age 3),
>5 (age 4), or =6 (age 5) surfaces, constitutes S-ECC (3).
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The primary risk factors for ECC include substrate, host,
microorganism, and time (4, 5). Streptococcus mutans is the
most significant cariogenic microorganism associated with
ECC, which is a biofilm-dependent disease (1, 4). The ECC flo-
ra also comprises Streptococcus mutans, Lactobacillus spp.,
Bifidobacteria spp., Actinomyces spp., Veillonella spp., Scar-
dovia wiggle, and Candida spp. species (4). Candida spp. is
an opportunistic pathogen that is commonly found in oral
flora (6). Oral and systemic predisposing factors contribute
to the pathogenicity of Candida, including poor oral hygiene
habits, tooth decay, immunosuppression, malnutrition, a
high-carbohydrate diet, long-term antibiotic therapy, cyto-
toxic therapy, and dental prosthesis (7, 8). Virulence factors
such as adhesion, biofilm formation, germ tube formation,
dimorphism, toxin production, enzyme synthesis, phenotyp-
ic switch, and the presence of genes encoding virulence are
significant contributors to the pathogenicity of Candida (9,
10). Candida spp. affects the caries process due to its proper-
ties of carbohydrate fermentation, aciduricity, acidogenicity,
adhesion to tooth surfaces, biofilm formation on hydroxyap-
atite surfaces, penetration of dentin tubules, and extracel-
lular enzyme synthesis (9, 11, 12). Therefore, the increased
levels of Candida in the oral flora of children with S-ECC and
ECC suggest its potential role in ECC etiology (7). Moreover,
considering the high incidence of Candida in dental plaque
among individuals with S-ECC, it has been identified as a risk
factor for S-ECC and has been shown to be a more reliable
indicator of S-ECC than many behavioral factors (13).

Studies have reported a higher presence of Candida in the
dental plaque and saliva of children with ECC compared to
caries-free children (7, 14, 15). However, information regard-
ing its presence in S-ECC s limited. Our study aimed to inves-
tigate the presence of Candida, which is among the etiolog-
ical factors of S-ECC and ECC, in the saliva and dental plaque
of children aged six years and younger. The null hypothesis
is that early childhood caries does not exhibit any significant
differences in relation to the presence of Candida.

Materials and Methods
Ethical statement

This study was conducted with the approval of the Usak
University Faculty of Medicine Non-Interventional Clini-
cal Research Ethics Committee (Approval No. 148-01-16;
17.06.2020). The guardians of the children who participated
in the study were informed about its purpose, and written
consent was obtained.

Participants

The study involved 60 randomly selected children (32
boys, 28 girls) who visited the Usak University Faculty of
Dentistry Department of Pediatrics between June 2020 and
August 2020. Participants were children aged 6 years and
younger who met the following criteria: they were systemi-
cally healthy, had not taken any medication (steroids, antibi-
otics, antifungals, or immunosuppressive drugs) in the past
3 months, had no intraoral pathology, had not undergone
previous dental treatment, did not use intraoral appliances,
were cooperative, and agreed to participate in the study.

We categorized them into three groups, each consisting of
20 children: The S-ECC group, the ECC group, and the car-
ies-free group. The S-ECC and ECC groups were categorized
based on recommended criteria (1, 3), while the caries-free
group comprised children without caries.

Clinical examination

A single dentist conducted a clinical examination under
artificial light using a dental mirror and a periodontal probe
to record the number of caries in all groups. Additionally, we
recorded the gingival index (16) and plaque index (17) based
on predetermined criteria to assess the relationship between
the presence of Candida and both plaque and gingival health.

Dental plaque and saliva collection

Dental plaque from the S-ECC and ECC groups was collect-
ed from carious surfaces using a sterile cotton swab, while
that from the caries-free group was obtained from the labial
surfaces of all teeth near the gingiva. Children were instruct-
ed not to eat for one hour before saliva collection. We col-
lected one milliliter of unstimulated saliva from the children
in the morning, between 10:00 and 11:00 a.m., by having
them directly spit into Eppendorf tubes.

Microbiological assessments

Following the collection of samples from dental plaques, the
cotton swab tips were placed in microcentrifuge tubes contain-
ing 100 L of saline solution. These microcentrifuge tubes, con-
taining dental plaque and saliva samples, were labeled, stored
at -80°C, and transported to the microbiology laboratory fol-
lowing the protocol described by Thomas et al. (6).

Once all the samples had reached room temperature, den-
tal plaque samples with a total volume of 500 pL were dilut-
ed using sterile saline. The diluted dental plaque and saliva
samples were homogenized using a vortex. From each sam-
ple, 100 pL was inoculated onto ChromaticTM Candida chro-
mogenic medium (Liofilchem?®, Italy) and incubated at 35 °C
for 48 hours. Candida colonies were identified according to
the manufacturer’s instructions. Green colonies were identi-
fied as Candida albicans, beige colonies as Candida glabrata,
pink colonies with pale margins as Candida krusei, and blue
colonies as Candida tropicalis (see Figure 1).

Statistical analysis

In this study, descriptive statistics, including numbers,
frequency, standard deviations, means, maximum, and
minimum values, were provided. The Shapiro-Wilk test was
used to assess the normality of the data distribution. The
independent samples t-test was employed to examine dif-
ferences in means between two independent groups with
a normal distribution. The Mann-Whitney U test was used to
compare means between two independent groups without
a normal distribution. The Kruskal-Wallis test was applied
to examine the relationship between the averages of vari-
ables in cases with more than two independent groups and
non-normal distribution. The Pearson chi-squared test was
used for the analysis of categorical variables. In cases where
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Figure 1. Candida species seen on the chromogenic medium.

the sample size assumption was not met, Fisher’s Exact Test
was performed. Data were analyzed using IBM SPSS Statis-
tics 25.0 (IBM SPSS, Inc., NY, Armonk, USA). A p-value below
0.05 was considered statistically significant for the analysis.

Results

A total of sixty participants, comprising 32 boys and 28
girls, underwent examination. Subsequently, three distinct
groups were established: ECC group, S-ECC group, and car-
ies-free group. The characteristics of these groups are pre-
sented in Table 1. Based on our findings, the mean age of
the ECC group was significantly higher than that of both the
caries-free group (p<0.05) and the S-ECC group (p<0.05).

The presence and species of Candida in the children are
detailed in Table 2. We observed significantly higher Can-
dida levels in the saliva of the S-ECC and ECC groups com-
pared to the caries-free group (p<0.05). However, there was
no statistically significant relationship between the groups
in terms of the presence of Candida in dental plaque. The
presence of Candida in the dental plaque of the S-ECC group
was only marginally higher than that in the ECC group, simi-
lar to its presence in saliva. Candida albicans, Candida tropi-
calis, Candida glabrata, and Candida krusei were detected in
saliva, with Candida tropicalis being absent in dental plaque.
Candida albicans was the most commonly identified Candi-
da species in both the S-ECC and ECC groups. In the S-ECC
group, it was found concurrently with Candida albicans in
saliva, Candida krusei in two cases, Candida tropicalis in one
case, and Candida glabrata in one case.

Table 1: Gender, age and caries experience of the groups.

. S-ECC ECC Caries free

Characteristic
group group group

ToFaI number of 20 20 20
children
Boys 10 12 10
Girls 10 8 10
Age in months
Mean = SD 56.35+5.30 63.40+891 50.80+15.13
Median 27.20 (42-63) 4090 (42-71) 23.40 (17-70)
(min-max)
Number of caries
Mean = SD 8.55+2.60 3.30+1.52 0.00 +0.00

Table 2: Comparison of species distribution of Candida among

S-ECC, ECC and caries-free groups

S-ECC ECC Caries free
group group group p value
n (%) n (%) n (%)
Saliva
Presence of 8 (40)2 6 (30)2 ob 0.005*
Candida
Candida albicans 6 (30)? 4(20)2 ob 0.026*
Candida krusei 2(10) 1(5) 0.766
Candida glabrata 1(5) 1(5) 0 1.000
Candida tropicalis 2(10) 0 0.322
Dental plaque
Presence of 5(25) 3(15) 0 0.81
Candida
Candida albicans 5(25) 2(10) 0 0.058
Candida krusei 0 1(5) 0 1.00
Candida glabrata 0 1(5) 0 1.00

Fisher’s Exact test, *p<0.05

When comparing the caries-free group with the ECC and
S-ECC groups, a significant correlation was observed sole-
ly for the presence of Candida albicans in saliva (p=0.026).
However, the distribution of all Candida species identified in
dental plaque among the three groups was determined to
be statistically nonsignificant (p>0.05).

Table 3 shows data on the presence of Candida in relation
to the plaque index and gingival index. The plaque scores
of the S-ECC and ECC groups were significantly higher than
those of the caries-free group (p<0.05). A similar result was
observed for the gingival index (p<0.05). However, just like
the plaque index, there is also no significant relationship be-
tween the gingival index and the presence of Candida. It's
worth noting that we excluded one child from the S-ECC
group with a “3" gingival index code and one child from the
caries-free group with a “2” gingival index code from the
dataset due to an insufficient sample size for analysis.

Discussion
In recent years, evidence has emerged suggesting that Can-

dida may play a role in the development of ECC (Early Child-
hood Caries) (7, 14, 18). Studies support a potential positive



Candida and childhood caries

105

Candida
Presence

ECC Group

Table 3: Comparison of plaque index and gingival index among the groups

Gingival Index

0 (n%) 1(n\%)

2 (n\%) p value

4 (28.60)
2(33.30)

10 (71.40)
4 (66.70)

Dental Plaque S-ECC Group -

0 5(33.30)
0 0

10 (66.70) 0.53
4 (100.00)

Caries Free Group -

ECC Group

7 (36.80)

12 (63.20) 0 -
0 0 0

6(30.00) 14 (70.00)

Candida
Presence

Plaque Index

1 (n\%) 2 (M\%)

3 (n\%) p value

ECC Group 3(21.40)

1(16.70)

11 (78.60)
5(83.30)

Dental Plaque S-ECC Group - 2(13.30) 11(73.30) 2(13.30) 0.554

0 3(60.00) 2 (40.00)

Caries Free Group -
+

ECC Group

17 (85.00)

4 (20.00)

3(15.00) 0 -
0 0 0

16 (80.00) 0(0.00)

Fisher’s Exact test, *p<0.05

correlation between oral Candida carriage and caries expe-
rience in children (19, 20). When Streptococcus mutans and
Candida coexist in the oral biofilms of children with ECC, sev-
eral factors come into play, including an increase in the extra-
cellular polysaccharide matrix, bacterial accumulation, hypha
formation of Candida, and increased biofilm virulence. These
factors contribute to the development of rapid-onset caries,
such as ECC (21). However, the number of studies comparing
the presence of Candida in children with S-ECC (Severe Ear-
ly Childhood Caries) and ECC is limited. Therefore, this study
aimed to investigate the presence of Candida in children with
S-ECC, ECC, and those without caries experience.

Lozano Moraga et al. (14) examined the unstimulated sali-
va of children and found that Candida was present in 35.5%

of children without caries, 50% of children with moderate
caries, and 72.2% of children with severe caries. Their find-
ings indicated that Candida carriage increased with the se-
verity of caries (14). Beena et al. (15) reported that Candida
was detected in 84% of the dental plaque of children with
ECC and 24% of children without caries, with this differ-
ence being statistically significant. In our study, significantly
higher levels of Candida were observed in the saliva of the
S-ECC and ECC groups compared to the caries-free group
(p<0.05). The presence of Candida in dental plaque in the
S-ECC and ECC groups was only marginally higher than that
in the caries-free group (p>0.05). These findings align with
the existing literature, suggesting that children with S-ECC
and ECC tend to have more Candida in their oral flora com-
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pared to children without caries. It has been proposed that
factors such as adhesion, biofilm formation, penetration into
dentinal tubules, and enzyme production may contribute to
the cariogenicity of Candida (9, 11, 12). It should be noted
that our study found Candida presence rates to be lower
than those reported in other studies (14, 15). This difference
might be attributed to various factors influencing Candida
colonization. It is also worth mentioning that, while more
Candida was observed in the saliva and dental plaque of the
S-ECC group compared to the ECC group, this difference was
not statistically significant. In studies with a larger number
of participants, such distinctions between the groups may
become statistically significant.

Under appropriate conditions, dental plaque creates a dif-
fusion-limiting environment, encourages microbial accumu-
lation, and serves as a physical scaffold that facilitates the
adhesion of microorganisms to teeth (22). Saliva contains
proteins that act as receptors for Candida species and play a
role in Candida attachment to enamel and oral bacteria (23).
Several factors have been reported to influence Candida
colonization, including the diversity of molecules in saliva,
saliva pH, saliva flow rate, saliva buffering capacity, high sug-
ar concentration in carious lesions, carbohydrate-rich diets,
oral hygiene practices, the severity of carious lesions, sample
size, and the collection of plaque on the surface (11, 14, 22,
24). Our study has revealed that Candida is more prominent-
ly present in saliva than in dental plaque. Considering po-
tential variations in Candida colonization based on the loca-
tions from which dental plaque is collected, saliva may serve
as a superior marker for Candida detection in future studies.

Xiao et al. (25) reported that Candida albicans were detect-
ed in saliva and dental plaque of children with S-ECC at rates
ranging from 77% to 83%, while in children without caries,
the detection rate was only 12% to 6%. Furthermore, they
identified 6% Candida tropicalis, 6% Candida glabrata, and
17% Candida krusei in the saliva and dental plaque of the
S-ECC group. Similarly, Thomas et al. (6) found significantly
higher levels of Candida albicans in the saliva and dental
plaque of children with S-ECC compared to those without
caries. In our study, Candida albicans were also found to be
statistically significantly higher in the saliva samples of the
S-ECC and ECC groups when compared to the caries-free
group (p<0.05). It is worth noting that statistically signifi-
cant results for other Candida species might be achievable
in studies with larger sample sizes.

Several limitations in our study include the inability to
perform advanced typing of Candida species, a small sam-
ple size, the sensitivity of sampling and laboratory practices.
Further research is required to strengthen the evidence sup-
porting the relationship between oral Candida and S-ECC
and ECC. This research should aim to determine whether the
presence of Candida can serve as a risk factor or risk indica-
tor for the development of S-ECC and ECC and to understand
whether Candida growth is influenced by factors involved
in the caries process. Additionally, exploring differences in
contagiousness among Candida species and understand-
ing potential inter-species relationships is essential. The low
presence of Candida in all groups compared to other studies
and its absence in the non-carious group might be associ-
ated with various factors, including storage and transport
conditions, and further investigation is needed.

Conclusion

The rates of Candida carriage in the S-ECC and ECC groups
were higher than those in the caries-free group. This sug-
gests that Candida may play a role in the initiation and pro-
gression of S-ECC and ECC. Further studies are required to in-
vestigate the potential vertical and horizontal transmission
of Candida infections.

Tiirkce 6zet: Siddetli Erken Cocukluk Clirtigui ve Erken Cocukluk Ciiriigii
Bulunan Hastalarin Dental Plak ve Tiik(iriiklerinde Candida Varligi: Pilot
Calisma. Amag: Bu ¢alismanin amaci, erken ¢ocukluk ¢agi ¢iiriiklerinin
(ECC) ve siddetli erken cocukluk ¢cagr ¢triiklerinin (S-ECC) etyolojik fak-
térleri arasinda yer alan Candida varliginin, ¢cocuklarin dental plaklarin-
da ve tiikiiriiklerinde degerlendirmektir. Gereg ve Yontem: Calismamiz
dahil edilme kriterlerini uygun 60 katilimci ile gerceklestirildi. Klinik
muayeneye gére her biri 20 ¢ocuktan olusan, S-ECC bulunan, ECC bu-
lunan ve dis ¢iirligl bulunmayan Ui¢ grup olusturuldu. Cocuklardan dis
pladi ve tiikiiriik 6rnekleri alindi. Alinan érnekler, laboratuvarda, Candi-
da varligi ve Candida tiirleri agisindan Liofilchem® - ChromaticTM Can-
dida (Roseto degli Abruzzi, italya) besiyeri kullanilarak degerlendirildi.
Bulgular: Candida varhdi, S-ECC (%40) ve ECC (%30) bulunan ¢ocuk-
lanin tiikiirtigtinde, ¢lriik olmayan ¢ocuklara gére istatistiksel olarak
yliksek gériildii (p<0.05). S-ECC (%25) ve ECC (%15) bulunan ¢ocuklarin
dis plaklarinda, ¢tiriik olmayan ¢ocuklara gére gézlemsel olarak daha
fazla Candida belirlendi (p>0,05). S-ECC grubunda tiikiiriikte Candida
albicans, Candida glabrata, Candida krusei ve Candida tropikalis, dis
pladinda ise Candida albicans tespit edildi. ECC grubunda Candida albi-
cans, Candida glabrata ve Candida krusei gézlenirken, ¢iiriik olmayan
cocuklarda Candida gériilmedi. Sonug¢: ECC patogenezinde potansi-
yel rol oynayan, tiikiiriik ve dental plakta Candida varliginin bireysel
risk degerlendirmesi acisindan énemli olabilecegi diisiiniilmektedir.
Calismanin sonuglarina gére, Candida gecis yollarinin tanimlanmasinin
ve Gnlenmesinin ECC'yi azaltmada faydali olabilecegi goriilmiistiir.
Anabhtar kelimeler: Candida, dental plak, dis ¢tirtigu, tikdrik
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