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Support for the role of Candida spp. in extensive
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SUMMARY

Candida spp. are frequently detected in the mouths of children with extensive caries lesions compared with caries-free
subjects. In this study we evaluated the presence of Candida spp. in association with mutans streptococci and lacto-
bacilli in the saliva of children with dental decay, before and after anti-caries treatment.

Samples of saliva from 14 children with caries lesions and from 13 caries-free subjects were evaluated for the pres-
ence of mutans streptococci, lactobacilli and Candida spp. by culture. Eleven of 14 carious subjects hosted Candida
spp. in their saliva as against only 2 out of 13 subjects without caries lesions. Carious subjects were treated by adopt-
ing a conventional protocol for caries disease (rinses with a mouthwash containing 0.2% chlorhexidine and fluorine).
After treatment, the salivary bacterial counts decreased for mutans streptococci and in some cases for lactobacilli, but
large numbers of Candida spp. remained in the saliva of several children. The latter were treated with the antifungal
drug nystatin (oral rinses) and evaluation of the level of yeasts in the saliva showed disappearance of the microorganism
in several cases. The results indicate that antiseptic treatment alone for dental decay is not sufficient for the eradica-
tion of microorganisms potentially responsible for caries lesions, in particular when yeasts are present. We hypothe-
size that the oral cavity of children could act as a reservoir of fungi, and eradication could be needed to prevent both

exacerbation of caries lesions, and colonization by Candida spp. of other host sites.
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INTRODUCTION

Although mutans streptococci and lactobacilli are
considered the main aetiological agents of human
dental caries, fungal oral microflora has been
found to be involved by numerous studies of den-
tal decay, however its actual role as a risk factor
has yet to be completely clarified. A certain body
of clinical and microbiological evidence has sug-
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gested a correlation between high prevalence of
yeast Candida spp. in dental plaque and saliva
and the development of active carious lesions
(Russel et al., 1991; Sedgley et al.,1997; Jacob et
al., 1998; Marchant et al., 2001; Moalic et al., 2001;
Nikawa et al., 2003; Ersin et al., 2006, Galbiatti
de Carvalho et al., 2006).

Yeasts are microorganisms normally present in
the oral cavity of healthy individuals, and accord-
ing to several studies, the percentage of Candida
spp. colonization ranges from 20% to 40% of
healthy individuals (Odds, 1998) and become pre-
dominant flora in more than 60% of immuno-
compromised subjects (Moore et al., 1993).
Candida spp. are able to colonize several surfaces
of the oral cavity including the tongue, palate,
cheek and hard surfaces of teeth so much as to be
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included among the components of dental
plaque, and, finally, are present in saliva as a con-
sequence of oral surface colonization (Russel et
al., 1991; Coulter er al.,1993; Cannon and
Chalffin,1999; Radford et al., 2000; Moalic et al.,
2001; Wall-Manning et al., 2002).

More than one hundred species of Candida spp.
have been identified and characterized to date,
but the pathogenetic effects of only 22 of them
have been recognized in humans and include
Candida albicans, Candida tropicalis, Candida kru-
sei, Candida parakrusei, Candida parapsilosis,
Candida pseudotropicalis, Candida zeylanoides,
Candida glabrata and Candida guilliermondii
(Hazen 1995; de Hooq el al., 2000).

C. albicans is the fungal species most frequently
isolated in humans; it is included among the nor-
mal inhabitants of the human mucosa, but, under
particular predisposing physiological or patho-
logical conditions, it is capable of provoking
pathologies via an endogenous infectious mech-
anism. It is endowed with dimorphism, i.e. is able
to exist both as a yeast and in pseudohyphal and
hyphal form, and this property is referred to as
the major virulence determinant (Berman and
Sudbery, 2002). The presence of hyphal forms has
often been associated with active symptomatic
infections while the budding shape has been asso-
ciated with a saprophytic condition. C. albicans
displays many pathogenetic factors, in that it is
capable of adhering to various surfaces, interfer-
ing with the immunological system of the host
organism as a dimorphic yeast, and producing
several catabolytes (Yang , 2003). Based on the
fact that this yeast is able to colonize hard tooth
surfaces, invade the dentinal tubules (Sen et al.,
1997), produce a large amount of acids provoking
demineralization of the dental enamel
(Samarayake et al., 1986) and dissolution of
hydroxyapatite (Nikawa et al. 2003), it has been
hypothesized that C. albicans is a relevant
pathogen involved in the progression of caries
(Maijala et al., 2007). Akdeniz and co-workers
(2002) have shown that the prevalence of Candida
spp- was 69.2% in children with more than 4
decayed teeth and 5% in caries-free subjects. In
addition, as far as carious destructive vestibular
lesions in children are concerned - the so-called
“feeding-bottle syndrome” - the incidence of
Candida spp. is again elevated (Hodson and Craig,
1972; Boyd and Gregg, 1995).

In this study we examined the presence of
Candida spp. in association with mutans strepto-
cocci and lactobacilli in the saliva of children with
extensive caries lesions, before and after anti-
caries treatment.

We hypothesize that the oral cavity of these chil-
dren could act as a reservoir of these fungi and
eradication could be needed for preventing both
exacerbation of caries lesion and colonization of
other human sites by Candida spp.

MATERIALS AND METHODS

Patient selection

Twenty-seven young patients (13 males and 14
females, aged 3-10 years) were enrolled among
those attending the Pedodontics Outpatient Unit
of the Dental Clinic of the University of Verona.
Exclusion criteria were antibiotic and/or antimy-
cotic treatment in the previous 3 months at least
and the presence of chronic diseases such as aller-
gies and diabetes. The parents of all enrolled chil-
dren were aware of the experimental design and
gave their written informed consent.

The young subjects were divided into two groups:
Group 1 was composed of 14 subjects with caries
lesions, 8 of them with feeding-bottle syndrome
and 6 with multiple caries lesions. Group 2 was
composed of 13 caries-free subjects.

Experimental design

The study was divided into three steps. In the first
step all the patients selected were enrolled (group
1 and group 2), while in the second step only
patients with caries lesions participated (group
1). In the third step only selected patients belong-
ing to group 1 (caries lesions) with high levels of
Candida spp. after anti-caries treatment were
enrolled.

In the first step patients underwent clinical exam-
ination and collection of saliva; in the second step
the patients in group 1 were treated according to
the protocol for caries disease consisting in twice-
daily rinses with a mouthwash containing 0.2%
chlorhexidine and fluorine for 2 weeks. In the
third step, the patients that maintained Candida
spp. in their saliva after anti-caries treatment
were treated with an antifungal drug (nystatin)
consisting in thrice-daily administration by oral
rinse for 10 days.
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Collection of saliva

At least 2 ml of stimulated saliva were collected
from each subject in a sterile container, stored in
melting ice, and immediately transferred to the
microbiology laboratory for microbiological eval-
uation. The maximum time between sample col-
lection and laboratory processing was 1 hour.

Microbiological procedures

Samples of saliva, prior to microbiological pro-
cedures, were thoroughly shaken for 30 s in a
Vortex mixer and exposed for 30 s to an ultra-
sonic bath (Branson mod. 1210). This treatment
was the minimum needed to obtain the highest
disgregation and dispersion of microorganisms
in the sample without interference with their cul-
turability (data not shown).

Suitable sample dilutions (10-fold) of saliva were
plated on Gold agar [Mitis-Salivarius agar (Difco)
containing 15% sucrose and 0.2 U/l bacitracine]
to evaluate mutans streptococci (Schaeken et al.,
1986), on Rogosa agar (Difco) to evaluate the
presence of lactobacilli and on Sabouroud agar to
evaluate the presence of yeasts (Difco).

Plates of Rogosa agar were incubated at 37°C for
72 hours in an anaerobic atmosphere in an MK3
anaerobic work station and incubator (du
Scientific), plates of Gold agar were incubated in
a 5% CO, enriched atmosphere at 37°C for 72
hours in a Haereus incubator and plates of
Sabouroud agar were incubated at 37°C for 72
hours in an aerobic incubator. The colonies which

appeared were counted and numbers referred to
one ml of saliva.

RESULTS

Evaluation of microbial counts in saliva

Tables 1 and 2 show pH values and microbial
counts in the saliva of each subject with caries
lesions and of each caries-free subject, respec-
tively. Table 3 summarizes the mean values of sali-
va pH and microbial counts of all the subjects
enrolled and divided into caries and caries-free.

As far as the salivary pH is concerned, significant
differences appeared between the two groups,
with lower values in subjects affected by carious
pathology in comparison with caries-free subjects
(mean values 6.2 vs. 7.3, respectively, P<0.001).
Subjects with caries lesions (Table 1) displayed
higher counts of all three microbial species eval-
uated when compared with the caries-free sub-
jects (Table 2). In detail, all the samples of saliva
from subjects in group 1 had elevated counts of
S. mutans (mean value 2.1x10* CFU/ml), high lev-
els of lactobacilli, except for sample E (mean val-
ue 1.4x10* CFU/ml), and only three samples
(namely A, E and F) were negative for the pres-
ence of Candida spp. In this case the mean value
was 3.35x103 CFU/ml. Table 2, on the contrary,
shows that caries-free subjects had lower levels
of S. mutans counts (mean value 2.4x103 UFC/ml)
than carious subjects, and low levels of lacto-

TABLE 1 - pH and counts of specific microorganisms in the saliva of 14 subjects with caries lesions.

CFU/ml of saliva
Subject pH
S. mutans Lactobacilli Candida spp.

A 6.5 2.8x102 5.0x102 0

B 6.0 1.6x10* 3.0x104 6.0x103
C 6.5 3.2x104 5.0x104 1.1x103
D 6.0 5.1x10* 4.0x103 7.0x10!
E 7.0 6.3x103 0 0

F 7.0 4.1x10* 1.0x102 0

G 5.5 1.6x10* 8.2x10* 8.8x103
H 6.0 3.0x104 4.7x103 9.1x10!
1 6.0 6.0x104 1.0x103 2.3x10!
L 6.0 1.0x10* 1.0x103 2.0x103
M 6.0 7.1x103 2.1x103 2.0x103
N 6.0 4.2x103 1.0x103 8.0x103
(0] 5.5 1.6x103 1.0x10* 8.0x103
P 6.5 2.4x104 1.4x10* 3.9x103
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TABLE 2 - pH and counts of specific microorganisms in the saliva of 13 caries-free subjects.

CFU/ml of saliva
Subject pH
S. mutans Lactobacilli Candida spp.

1 7.5 3.1x102 0 0

2 8.0 5.1x103 2.4x102 0

3 7.5 3.5x102 2.5x103 0

4 7.5 4.2x103 0 0

5 7.5 4.0x103 8.0x102 0

6 7.5 6.1x103 0 0

7 7.5 1.0x103 1.5x102 0

8 6.5 7.0x103 1.2x10? 0

9 6.5 2.1x103 3.7x102 0

10 7.5 8.0x102 3.0x102 1.0x10?
11 7.0 6.1x10! 8.0x102 1.5x10?
12 7.5 4.2x10! 6.5x102 0

13 6.5 2.0x102 0 0

bacilli counts, whereas only two samples were
positive for Candida spp.

Evaluation of microbial counts in saliva after
anti-caries treatment

Table 4 shows saliva pH values and microbial sali-
va counts of each subject with caries lesions
(group 1) after anti-caries treatment. Comparing

TABLE 3 - Mean values (+SD) of both pH and
counts of specific microorganisms in saliva of the
subjects with and without caries lesions.

Mean values (+SD) in subjects

Parameter
With caries Caries-free

pH 6.2+0.4 7.3+0.4 (P<0.001)

S. mutans 2.1x10*+2.53x103 2.4x103+1.9x103
(P=0.00149)

Lactobacilli 1.4x10%+2.4x10* 4.6x10%2+6.8x10?
(P=0.04962)

Candida spp.  3.35x103+3.4x10° 2.2x10'+4.7x10!

(P=0.00208)

Data are from Tables 1 and 2. Microorganism counts are expressed as CFU/
ml of saliva. P values in brackets were determined by comparing caries-free
subjects with those affected by caries lesions.

data from Table 1 (before anti-caries treatment)
and those of Table 4 (after anti-caries treatment),
we observed that the level of S. mutans decreased
in all samples of saliva and that, in many of them
(50%) the value was reduced to zero. The lacto-
bacilli count also decreased for almost all the sam-
ples, whereas the level of Candida spp. was slight-
ly reduced in about 50% of the samples, while a
substantial decrease was observed in 4 subjects
(namely C, D, G and H). pH values changed and
increased in the majority of samples.

Evaluation of Candida spp. counts in saliva after
antimycotic treatment

The young subjects in group 1, who were still pos-
itive for the presence of Candida spp. in the sali-
va after anti-caries treatment (10 patients corre-
sponding to 71% of the total) were locally treat-
ed with nystatin. Data reported in Table 5 show
that only three patients (30%), were negative for
Candida spp. after the antifungal treatment,
although the Candida spp. load greatly decreased
in many samples of saliva. Only after a second
treatment did Candida spp. counts decrease in all
the samples of saliva and in many of them were
reduced to zero. Finally, in order to evaluate the
efficacy of the antimycotic therapy over time, we
re-evaluated saliva load of Candida spp. in those
patients with initial higher loads. Results have
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TABLE 4 - pH and counts of specific microorganisms in the saliva of subjects with caries lesions after
anticaries treatment consisting in twice-daily rinses with a mouthwash containing 0.2% chlorhexidine
and fluorine for 2 weeks.

CFU/ml of saliva
Subject pH®
S. mutans Lactobacilli Candida spp.

A 6.5 0 50 0

B 7.5 0 1.0x10* 3.0x103
C 7.5 0 3.1x102 70

D 6.5 50 1.0x103 0

E 7.5 26 0 0

F 7.0 1.0x10? 0 0

G 6.5 1.0x10? 3.2x10? 15

H 6.0 1.0x10? 4.7x103 10

1 6.5 0 30 2.0x102
L 6.5 0 8.0x103 2.4x103
M 6.5 40 8.0x102 1.4x103
N 6.5 3.2x102 1.0x103 6.3x102
(0] 6.0 0 1.0x10* 1.6x103
P 7.5 0 4.0x103 3.8x102

aThe mean pH value is 6.8+0.6.

shown that patients I, L, N, and P were still can-
dida-free 3 months later (data not shown).

DISCUSSION

In this work the saliva loads of S. mutans, lacto-
bacilli and Candida spp. in children suffering

TABLE 5 - Values of Candida spp in saliva of selec-
ted subjects after treatment with nystatin consisting
in thrice-daily oral administrations for 10 days.
Subjects are part of those in Tables 1 and 4.

UFC/ml of Candida spp
Subject
Prior to After 1™ After 2d

treatment treatment treatment
B 8.0x103 5.3x10? 80
C 70 0 NT
G 15 0 NT
H 10 10 0
1 2.0x102 0 NT
L 2.0x103 10 0
M 1.4x103 8.5x102 50
N 6.3x102 92 0
(0] 1.6x103 8.4x10? 5.1x10?
P 3.8x103 3.0x10? 0

NT = not treated

from extensive open dental decay (in many
instances the feeding-bottle syndrome) has been
analyzed and compared with those of caries-free
children. Remarkable differences were observed
with higher microbial loads in subjects with open
caries lesions than in caries-free subjects.
Children affected by caries were treated for 2
weeks with an anti-caries mouthwash consisting
in a twice-daily rinse with a solution mainly com-
posed of 0.2% chlorhexidine and fluorine. It is
worth noting that chlorhexidine has been shown
to be active both in vitro and in vivo against
Candida spp. (Ellepola and Samaranayake, 1999;
Barasch et al., 2004). At the end of the anti-caries
treatment, the salivary pH mean value increased
slightly, i.e. from 6.2 to 6.8. It is worth noting that
the salivary pH was 7.3 (mean value) in the caries-
free subjects. The evaluation of the salivary
microbial load after anti-caries treatment showed
a marked reduction in S. mutans counts, a slight
decrease in lactobacilli, but a reduction in the
Candida spp. load was observed in a few samples
only. This probably reflects the fact that the treat-
ed subjects still had open carious lesions, in
which high levels of lactobacilli could still be pres-
ent. Therefore, with treatment with mouthwash
alone and without adequate conservative therapy,
as in the case for these very young subjects, this
result would be expected. Lactobacilli and
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Candida spp. were present in high loads and this
means that dental decay is active and also the
prognosis should be regarded as negative. The
subjects that still showed high loads of lactobacilli
and Candida spp. after anti-caries treatment were
topically treated with an antifungal drug (nys-
tatin). In some cases the treatment was repeated
to obtain a drastic reduction or elimination of the
yeast load. The absence of Candida spp. was con-
firmed 3 months later for several patients.
Taking into consideration the fact that Candida
spp. are capable of colonizing the hard surface
of the teeth, invading the dentinal tubules, par-
ticipating in the formation of microbial biofilm
(Sen et al., 1997) and producing large amounts
of acids that are responsible for demineralization
of tooth enamel (Samaranayeke et al., 1986;
Peltroche-Llaesahuanga et al., 2001), and disso-
lution of hydroxyapatite (Nikawa et al., 2002;
Maijala et al. 2007) it has been hypothesized that
Candida spp. play a crucial role in the pathogen-
esis and, especially, in the progression of caries
lesions. Our results support the active role of
Candida spp. in dental caries.

At present, the relationship between Candida spp.
and colonization and initiation or progression of
caries lesions is still not clear. In other words, it
is not clear whether and how the disease process
precedes the adhesion of yeasts.

Our current knowledge suggests that high sugar
consumption, together with inefficient oral
hygiene, open caries lesions and, as in the case
of babies, the extensive intake of sweet substances
via the feeding-bottle are the factors mainly
responsible for the high prevalence of this
microorganism in the mouths of children
(Galbiatti de Carvalho et al., 2006). The oral cav-
ity of children therefore becomes one of the main
sources of transmission of this fungus and its
eradication should start with a reduction in the
concentration of this microorganism in the
mouth (Akdeniz et al., 2002). It seems, moreover,
that approximately 50% of the subjects colonized
by the yeast maintain it up to 36 months later in
spite of regular dental care. It has been observed
that children colonized by Candida spp. were
twice as likely as uncolonized subjects to host lac-
tobacilli with which a positive association is
established (Starr et al., 2002; see also subject O
in this study).

The phenomenon of dental decay is a well known

process and this is widely documented in the lit-
erature. This aspect, however, is quite different
in paediatric patients. Often their mouths are
found to be in a very bad state, with multiple
destructive dental decay and, possibly, abscesses
(Milnes and Boweden, 1985). Prevention plays a
crucial role in order to maintain the good health
of the oral cavity of children and adolescents. In
particular, the period of mixed dentitions consti-
tutes a crucial phase because large lesions of the
deciduous dentition can be transferred as cari-
ous lesions of permanent teeth.

The data obtained in this study allow us to con-
clude by saying that in many cases anti-caries
therapy alone is not sufficient for resolving tooth
decay in children, above all in those with exten-
sive open decay, but need additional therapy with
an antifungal mouthwash to eliminate any
Candida spp. reservoir in order to prevent re-
infection.
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