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Clonal identity of Candida
albicans in the oral cavity and
the gastrointestinal tract of
pre-school children
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The clonal relationship between oral and fecal Candida albicans isolated from
children of pre-school age was examined using RAPD analysis. Significantly higher
levels of C. albicans were found in saliva, dental plaque, carious specimens and
stools of 56 patients with severe caries as compared to 52 healthy control subjects. The
highest prevalence was found in carious specimens and a strong correlation was
observed between its presence in saliva, dental plaque, carious specimen and feces.
RAPD analysis of isolates from 23 patients with simultaneous oral and fecal C. albicans
revealed clonal counterparts present in both oral and stool samples in 15 cases;

five patients harbored closely related strains; and three patients harbored unrelated
strains. Our results demonstrate a strong correlation between oral and gastrointestinal
C. albicans colonization. We assume that carious teeth may constitute an ecologic niche
for C. albicans potentially responsible for recurrent oral and non-oral candidiasis.
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Inflammatory periodontal diseases and
dental caries are two of the most prevalent
diseases worldwide. Childhood caries
results in a considerable direct burden of
pain and suffering as well as poorer general
health (1, 18, 33). The overall prevalence
of childhood caries in the United States is
estimated at 1-5%, although among high-
risk populations the prevalence has been
reported to be as high as 60% (26). Treat-
ment of children with caries can be expen-
sive, often requiring extensive restorative
treatment under general anesthesia.

It is now well established that caries is
an infectious disease associated with the
resident microorganisms of the dental pla-
que, and the demineralization of teeth is
caused by organic acid produced by the
bacterial fermentation of dietary carbohy-
drates. The frequent ingestion of carbohy-

drates may lead to the selection of bacteria
that are acidogenic and aciduric, and con-
currently to a low-pH environment. There
is considerable evidence that mutans strep-
tococcli, particularly Streptococcus mutans
and Streptococcus sobrinus, and lactoba-
cilli are involved in the initiation and pro-
gress of dental caries (17). However, other
species such as Actinomyces spp., Strepto-
coccus mitis, and Veillonella spp. have also
been associated with enamel caries (21).
Apart from bacteria, the importance of the
presence of yeasts in the oral cavity (21) and
the incidence of dental caries have been
demonstrated for adults (28) and for children
(23). Our own studies revealed that the oral
cavity of children with healthy teeth is almost
devoid of Candida. Candida species from
healthy control subjects have been detected
only in 2% of salival specimens examined.

However, in children with carious teeth,
yeasts were presentin67% ofcollected saliva
and in 82% of carious specimens (32). The
highest concentrations of yeasts were found
in the carious cavity, providing a significant
ecologic niche for the dissemination of the
yeasts which occasionally result in serious
medical diseases (17, 32).

Among members of the genus Candida,
Candida albicans is the prevalent causa-
tive agent of candidiasis and constitutes the
fourth most common nosocomial blood-
stream isolate in industrial countries (25).
It is generally believed that candidiasis
arises from endogenous commensal strains
inhabiting the oral cavity, gastrointestinal
tract and genitourinary system (15, 29).
Cannon and colleagues have proposed that
Candida colonization of oral surfaces,
including the denture-fitting surface, can



serve as a reservoir for disseminated in-
fections such as aspirative pneumonia and
gastrointestinal infections (7).

In this study, we have examined for the
presence of C. albicans in carious lesions
and provide evidence for clonal identity/
relatedness between strains deriving from
the oral cavity of children with carious teeth
and from their feces. The clonal identity of
C.albicans strains isolated from distant
parts of the body permits the hypothesis
that carious lesions may provide an eco-
logic niche for the release of planktonic
C. albicans to distal sites of the body, occa-
sionally causing non-oral candidiasis.

Material and methods
Study design

In 1999-2000, pre-school children were
investigated with respect to the presence
of Candida species in their oral cavities
and feces. A total of 108 children compris-
ing 52 control subjects with healthy teeth
and 56 patients with carious teeth were
selected on their DMF(T)/dmf{(t) values.
Diagnosis and evaluation of caries were
performed according to general principles
and nomenclature using DMF(T)/dmf{(t)
values defined for an international standar-
dization of caries (5). Briefly, the DMF(T)
value is calculated as the sum of decayed
(D), missing (M) and filled (F) permanent
teeth, corresponding to values with lower-
case letters (dmfi(t)) denoting primary den-
tition. The carious status of children with
mixed dentition is described by the com-
bined DMF(T)/dmf(t) value as a summa-
tion of the DMF(T) and the dmf(t) value
and is a criterion for the carious status of
the oral cavity depending on the age group.
Thus, combined DMF(T)/dmf(t) values
were determined and radiographs were
performed to demonstrate osteolysis of
the jawbones. Children with healthy teeth
had a DMF(T)/dmf(t) value of zero and
children with carious teeth a DMF(T)/
dmf{t) value between 4.0 and 11.0. The
control group consisted of 27 girls and 25
boys from nursery schools in the area of
Giessen, Germany, with an average age of
53.3 months. The patient group consisted
of 23 girls and 33 boys with an average age
of 61.4 months, all visiting the Department
of Paediatric Dentistry, University of Gies-
sen, Germany. Participation in the study
was voluntary.

General health status and dental treatment

Approximately 50% of the patients suf-
fered from pain caused by abscesses and
fistulae in the oral cavity. Most of the
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parents complained about a poor health
status of their children exhibiting sub-feb-
rile temperatures, fatigue and crotchety
tempers. Severe or other chronic diseases
were not reported. Neither the patients nor
the healthy individuals were treated with
antibiotics or antimycotics prior to or dur-
ing the study. Pus in jaw bones was elimi-
nated by trepanation of carious teeth.
Complete dental treatment of carious teeth,
including fillings, extractions and the seal-
ing of fissures, was performed in regular
settings or under general anesthesia.

Sample collection and processing

Saliva, dental plaque and a carious speci-
men, a mixture of carious dentin and
debris, were collected simultaneously at
the Department of Pediatric Dentistry,
whereas the fecal specimen were collected
by the parents themselves the day after the
visit. Two hundred pl of nonstimulated
saliva was collected using a pipette and
immediately transferred into a sterile plas-
tic cap. Dental plaque and carious speci-
mens were collected with a spoon
excavator. In general, 0.03 mg were col-
lected, homogenized using a sterile mortar,
diluted in 100 .l of PBS and stored in a
sterile plastic cap. Two hundred milli-
grams of the provided stool specimen
was diluted with 200 pl of PBS and homo-
genized. The collected samples were
stored at 4°C until the end of the session
at the Department of Pediatric Dentistry
and inoculated at the proximate Institute
for Medical Microbiology on the same day.

Identification of Candida species

One hundred microliters of each sample
were plated on CHROMagar Candida
(CHROMagar, Paris, France) and on
Sabouraud agar (Merck KgaA, Darmstadt,
Germany) and incubated at 37°C for 48 h.
CHROMagar Candida is a differential
medium used for isolation and presumptive
identification of clinically important Can-
dida species. After 2448 h of incubation,
contrasting colored colonies result from
the cleavage of chromogenic substrates
by species-characteristic enzymes (2, 4).
Candida species were identified addition-
ally according to their ability to produce
germ tubes and by using Auxacolor Test
(Sanofi Diagnostics Pasteur, Marnes-La
Coquette, France) following protocols pro-
vided by the vendor. The yeast isolates
were stored in 20% glycerine-Brain Heart
Infusion (BHI) broth at —20°C. The quan-
tity of yeasts was calculated as colony
forming units (CFU) per sample and
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classified into the categories 0 = absent,
1 = very sparse (<10CFU), 2 = sparse
(10-10*> CFU), 3 = moderate (10*-10°
CFU), and 4 = numerous (>10° CFU).

Randomly Amplified Polymorphic DNA
(RAPD) analysis

Only isolates of patients with Candida
albicans in both the oral cavity and feces
were subjected to RAPD analysis. Strains
obtained from stock cultures stored at —
20°C were subcultured on Sabouraud agar
and incubated as described above. Chro-
mosomal DNA was extracted using the
QIAamp tissue kit (Qiagen, Hilden,
Germany) according to the manufacturer’s
recommendations.

The clonality of the isolates was inves-
tigated using Ready-To-Go RAPD Analy-
sis Beads (Amersham Pharmacia Biotech,
Freiburg, Germany). The custom-synthe-
sized primers used in the study were Pri-
mer 1 (5’-d[GGTGCGGGAA]-3’), Primer
2 (5’-d[GTTTCGCTCC]-3") and Primer 5
(5’-d[AACGCGCAAC]-3’). A 5pl tem-
plate containing 50 ng of yeast chromoso-
mal DNA, 2.5 ul of one primer (20 pmol)
and 17.5 ul pure water were mixed with
the Ready-To-Go RAPD Analysis Bead
containing PCR-buffer (30 mMm KCl,
10mM Tris-HCl pH 8.3, 2.5ug BSA,
3mM MgCl,, 0.4 mM dNTP’s) and 1 unit
Amplitaqg DNA polymerase for the ampli-
fication. The samples were covered with
mineral oil (Sigma-Aldrich, Taufkirchen,
Germany) to avoid evaporation. Thermo-
cycling was performed in a PCR-Express
cycler with tube control (Hybaid Limited,
Ashford, UK) with initial denaturation at
95°C for 5 min, followed by 45 cycles of
denaturation at 95°C for 1 min, annealing
at 36°C for 1 min and extension at 72°C for
2 min with a final extension step at 72°C
for 5 min.

The amplification products were ana-
lyzed by gel electrophoresis on a horizon-
tal 2% agarose gel for 2.5h at 150V at
room temperature in TBE running buffer.
All experiments were carried out in dupli-
cate to assess reproducibility.

Data analysis

All gels were stained with SYBR-Gold
(Molecular Probes; Mo Bi Tec, Goettin-
gen, Germany) and, in order to standardize
the quality of images, documented under
UV light using the Image Master VDS
System (Amersham Pharmacia Biotech).
Strain differentiation was achieved by
comparison of band patterns using soft-
ware program Gelcompar 4.0 (Applied
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Maths, Kortrijk, Belgium). Patterns were
normalized on the basis of the molecular
weight marker to compensate for the dif-
ferences in the run length of the gels. The
similarity coefficients, Saps (equivalent to
percentage similarities divided by 100), of
DNA profiles were computed based on
band positions by using the DICE coeffi-
cient. Similarity values were then clustered
by the unweighted pair group method
using arithmetic averages (UPGMA). Den-
dograms were generated to visualize rela-
tionships among the isolates. The cut-off in
the dendrogram was calculated at a Syp of
0.73 as a threshold for defining clusters of
genetically similar isolates. The discrimi-
natory power of the applied RAPD method
was determined by the discriminatory
index based on application of Simpson’s
index of diversity as described previously
(13, 14).

Statistics

The differences in C. albicans colonization
between patients and control group were
evaluated using the Chi-squared test for
qualitative and quantitative analysis. The
Chi-squared test was also applied for
demonstrating a correlation between
C. albicans colonization of oral cavity
and intestinal tract. The levels of signifi-
cance were fixed at P <0.05 (significant),
P <0.01 (very significant) and P <0.001
(most significant). Statistical analysis of
the data was accomplished in association
with the Department of Medical Infor-
matics at the University of Giessen, Ger-
many, using the software package
SPSSWin, version 8.0 (6).

Results
Clinical status of carious teeth and
jawbones

A DMF(T)/dmf(t) value of O could be
determined for all control subjects. Clin-
ical assessment of the patients showed a
combined DMF(T)/dmf{t) value of 10.84
with strong contribution from the decayed
teeth which had a D(T)/d(t) ratio of 10.27.
Only a few teeth were extracted (M/m) or
filled (F/f). The DMF(T)/dmf/t) value is a
criterion for the carious status of the oral
cavity depending on the age group. For the
examined population of children, the
DMF(T) value can range from 0 to 28
and the dmf{(t) value from 0 to 20. Apart
from the carious teeth, 10 of the 23 patients
with C. albicans simultaneously in their
oral cavity and feces exhibited additional
lesions such as fistulae (patient numbers 16
and 18), abscess (patient numbers 5, 14 and

Fig. 1. Severe caries presented in patient eight
providing an ecologic niche for Candida albi-
cans able to release planktonic counterparts. (A)
Photograph showing caries and gingival swel-
ling. (B) Radiograph showing osteolyses.

20) and radiographic osteolysis (patient
numbers 2, 3, 4, 5, 8, 14, 20 and 21).
Figure 1(A,B) shows the clinical status
and the radiograph of patient number 8
prior to treatment.

Simultaneous colonization of C. albicans in
the oro-intestinal tract

In all cases, the fungal differentiation of
Candida isolates derived from saliva, den-
tal plaque, carious specimen and feces
revealed only C. albicans, other Candida
species were not detected. To assess the
level of colonization, the amounts of
C. albicans in saliva, dental plaque, carious
specimen, and feces were classified into
five scores using quantity as a criterion

(Table 1). C.albicans was absent (score
0) in 90.4% of saliva specimens, in
92.3% of dental plaque and in 98.1% of
feces from control subjects and in 44.6%,
33.9% and 14.3% of the patients, respec-
tively. On the other hand, the highest level
of C. albicans (score 4) was found in 1.8%
of feces, in 8.9% of dental plaque and in
41.1% of carious specimen derived from
patients, whereas no control subject
showed such high levels of colonization
in any specimen. The qualitative and quan-
titative differences in C. albicans coloniza-
tion of saliva, dental plaque and stool
between patients and control group were
statistically significant (P < 0.001). For all
108 subjects, a strong significant correla-
tion between C.albicans colonization of
saliva and feces as well as dental plaque
and feces (P <0.001) was observed. Only
2% of the fecal samples of healthy control
subjects were contaminated with C. albi-
cans, whereas the feces of the patients
showed a very high contamination of
59%. The latter result correlates signifi-
cantly with the high prevalence of C. albi-
cans (85.7%) in the carious specimen of
the patients.

Discrimination of C. albicans isolates by
RAPD analysis

A total of 55 C. albicans isolates recovered
from 23 patients with simultaneous colo-
nization of oral cavity and intestinal tract
were subjected to RAPD analysis using the
three different primers 1, 2 and 5 (see
Materials and methods). Reproducibility
of RAPD-PCR patterns was assessed by
carrying out the experiments in duplicate;
no significant differences in profiles were
observed. For a number of isolates, inde-
pendent profiling experiments were carried
out. All profiles had a Sxp of 1, indicating
the robustness of the conditions used (data

Table 1. Quantities of C. albicans isolated from control subjects and patients

Saliva Dental Plaque Carious specimen Feces
Score % (abs.) % (abs.) % (abs.) % (abs.)
Control subjects (n=152)
0 90.4 47) 92.3 (48) - - 98.1 (51)
1 1.9 (1) 0 (0) - - 0 (0)
2 38 2) 7.7 4 - - 1.9 (1)
3 38 2) 0 (0) - - 0 (0)
4 0 (0) 0 (0) - - 0 (0)
Patients (n=156)
0 44.6 (25) 339 (19) 14.3 8) 41.0 (23)
1 304 (17) 214 (12) 1.8 1) 16.1 )
2 214 (12) 16.1 9) 8.9 (5) 26.8 (15)
3 3.6 2) 19.6 (11) 339 (19) 14.3 ®)
4 0 (0) 8.9 5) 41.1 (23) 1.8 1)

Quantities are given in percentage whereas absolute numbers (abs.) are in parentheses.
Score: 0: absent, 1: very sparse (<10 CFU), 2: sparse (10-10% CFU), 3: moderate (10>~10* CFU), 4:

numerous (>10° CFU).
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Fig. 2. UPGMA dendrogram generated from the similarity values (S,p) showing intraindividual and
interindividual similarities. Sygs were determined by the DICE coefficient according to the RAPD
profiles of 56 C. albicans strains isolated from saliva (A), dental plaque (B), carious specimen (C) and
feces (D) of 23 examined patients. Identical strains are given in bold font. Dashed line at Sy 0f 0.73
subdivides the dendrogram in three major clusters (indicated with bold vertical bars) comprising 28

strains.

not shown). The results of molecular typ-

ing of these subjects are given in Fig. 2.
The criterion used for genotyping was

the difference in banding positions of each

isolate in the RAPD assays. All three pri-
mers used in this study were successful in
eliciting banding profiles for each isolate,
although some were more discriminatory
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than others. In Fig.3, the electrophoretic
separation of RAPD analysis primer 1, 2
and 5 of C. albicans strains isolated from
saliva and feces of patient number one is
depicted, indicating identical amplicon
patterns. The highest discriminatory power
was encountered with primer 1, which
produced up to 17 bands as demonstrated
in RAPD profiles of isolates 22C and 22D
in Fig. 2. Application of primer 1 resolved
55 isolates into 31 genotypes, whereby
isolates with identical banding profiles
(Sap of 1) were pooled into a single geno-
type. For instance, the four strains isolated
from saliva, dental plaque, carious speci-
men and feces of patient number 4 (Fig. 2,
profiles 4A-D) show an identical band
pattern and are considered as one single
genotype. Determination of the discrimi-
natory index revealed 0.977 for the applied
RAPD method using primer 1. Primer 2
and 5 produced fewer bands, revealing a
low discriminatory power, and were there-
fore not used for further analysis. Conti-
nuative data analyses were performed
using only band patterns of primer 1.
The genetic relatedness of the isolates
determined by RAPD is illustrated by
the dendrogram in Fig. 2.

Fifteen of the 23 patients (65.2%) with
simultaneous colonization of oral cavity
and intestinal tract harbored identical
strains (Sap of 1) in their oral cavity and
feces. These included isolates 1B, C and D,
2C and D, 3C and D, 4A-D, 6C and D, 7C
and D, 9C and D, 12C and D, 13A and D,
15A,Cand D, 16Band D, 17A-D, 18 A, B
and D, 19C and D, 22 C and D, which
clearly exhibited identical profiles (see
Fig.2). Additionally, five patients har-
bored strains in their oral cavity and feces
exhibiting strong similarities with Sags
ranging from 0.75-0.89. These strains
(strains 10C and D, 11C and D, 14B and
D, 20 C and D and 21 C and D) showed
differences either in number (e.g. strains
20C and D) or size of bands (e.g. strains
21C and D) or both number and size (e.g.
strains 10C and D) (Fig.2). Nonidentical
strains isolated from oral cavity and feces
were found in three patients (13%): patient
numbers 5, 8 and 23. The corresponding
fecal isolates comprising strains 5B and D,
8C and D and 23A-C and D showed expli-
citly different banding profiles, indicating
distant relationships between these strains.
Cluster analysis with the Gelcompar soft-
ware showed that 28 of the 55 strains could
be placed into three major clusters when a
similarity level of Sy of 0.73 was used as
a calculated threshold (see dashed line in
Fig. 2). The remaining strains could not be
assigned to any of the three major clusters
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Fig. 3. Representative RAPD profiles of C. albicans using primers 1, 2 and 5 (see Materials and
methods). Strains were isolated from dental plaque (B) and feces (D) of patient number one. Lane M,
molecular weight standard: 1 kb Plus DNA Ladder (Invitrogen, Karlsruhe, Germany). Sizes (in base
pairs) are indicated by arrowheads on the lefthand side.

but fell within the similarity index of Sap
of 0.58-0.7.

Discussion

Facultative pathogenic fungi are common
residents of mucosal surfaces of the human
oral cavity, the gastrointestinal and the
urogenital tract. As a result of increasing
numbers of immunocompromised indivi-
duals within the human population, the
incidence of Candida infections (candidia-
sis) has increased dramatically in the last
decade (10). Furthermore, Candida species
are capable of biofilm formation, thus creat-
ing a protected niche for these opportunistic
pathogens. Biofilms represent a safe haven
against antibiotic/antimycotic treatment and
can create a source of persistent infection
by releasing planktonic clonal counterparts
(8,24). Among the known Candida species,
C. albicans is the predominant causative
agent of candidiasis (25).

In this study, we sought to obtain evi-
dence that carious teeth constitute an eco-
logic niche for C.albicans, releasing
genetically identical counterparts that
colonize other mucosal surfaces within
the body before finally emerging in fecal
samples of infected patients. ‘‘Randomly
Amplified Polymorphic DNA’’ (RAPD)
analysis was used for molecular typing
of Candida isolates since it is simple and
robust, and provides a reliable discrimina-
tory method for clinical epidemiologic
studies of Candida infections (9, 22, 34).

Using this method we compared
C. albicans isolates from the oral cavity

and feces of 23 patients. A total of 55
isolates recovered from 23 patients could
be differentiated into 31 genotypes by
using primer 1, which showed the highest
discriminatory power with a discrimina-
tory index of 0.977. Our data support pre-
vious findings that the discriminatory
power of RAPD analysis rests upon the
primer used (11).

Of 23 patients, 65.2% had identical
strains in their oral cavity and feces, indi-
cating gastrointestinal colonization with
C.albicans initiating from the carious
lesion via saliva. Also, 21.4% of the
patients had highly similar but nonidenti-
cal strains in their oral cavity and feces.
These results suggest that such strains from
different anatomic locations of the same
individual may have evolved from a single
progenitor strain that has adapted to the
disparate ecologic conditions and is in the
process of diverging genetically (12, 16).
Interestingly, 28 of the 55 isolates could be
placed into three major clusters with a
similarity index higher than Ssp of 0.73.
These 28 strains could be assigned to 12
patients who were neither related nor geo-
graphically located at a specific place but
nevertheless harbored closely related
C.albicans strains in their oral cavity
and feces. This finding is consistent with
earlier studies where genetic relatedness of
C.albicans strains colonizing different
body environments has been described
(30). We assume that patients harboring
closely related orotropic strains probably
have a growth-specific advantage at this
body location. Dissemination of single

strains of Candida from one site to multi-
ple body locations has also been described
previously for Candida lusitaniae (19).

Screening of saliva, dental plaque, car-
ious specimen and feces for C.albicans
revealed that the carious specimen har-
bored the highest concentration of yeasts,
which was in agreement with previous
studies (Table 1) (32, 35). The ability of
C.albicans to adhere to the surface of
teeth, to form biofilms and to ferment
carbohydrates enables this yeast to reside
autonomously from resident bacteria. Our
studies showed that the genetically iden-
tical counterparts apparently survived the
acidic environment of the stomach, emer-
ging viable in the feces of the patients. A
recent study showed that C. albicans can
colonize the gastric mucosa, where it is
involved in gastric ulcer and chronic gas-
tritis and that the yeast is able to survive
and even divide at pH values of around 2.0
(20). Other Candida species require pH
values above 3.0 for proliferation, indicat-
ing that adaptation to extreme acidic envir-
onments is part of the survival repertoire of
C.albicans in the infected host (36).
Indeed, a molecular basis for this pheno-
type has been postulated for the pH-regu-
lated genes PHRI and PHR2. PHRI/2
knock-out mutants exhibited pH-indepen-
dent, constitutive growth and morphologic
defects, indicating that the PHR1/2 repre-
sents a pH-regulating system required for
C. albicans to adapt to environments of
diverse pH (27).

We found that only 2% of the feces of
healthy control subjects harbored C. albi-
cans, whereas 59% of the feces of the
patients were contaminated with C. albi-
cans. Statistical analysis of our results
revealed a significant correlation between
C. albicans colonization of saliva/dental
plaque/carious specimen and feces. Thus,
it can be assumed that if C. albicans is
present in the lesions of carious teeth, there
is a high probability that it will also be
detectable in feces.

In 18 patients no C. albicans were found
in feces despite intensive colonization of
the oral cavity. Miscellaneous factors
could affect transit of C.albicans into
the gastrointestinal tract, explaining its
absence in feces. The most likely assump-
tion is that yeasts are not constantly
emitted from carious lesions into saliva.
The discontinuous contamination and
deglutition of the saliva can also result
in day-to-day variations in the detection
of C. albicans in feces.

German children at the age of the exam-
ined group show usually a combined DMF
(T)/dmf(t) value ranging between 0 and 4,



with an average of 0.2 (31). Patients in the
present study had an overall poor oral
health status comprising fistulae, abscesses
and even osteolysis. The spectacular des-
truction of the teeth present in the oral
cavity of these patients is indicated by a
50-fold increased DMF(T)/dmf{(t) value of
10.84. Our patient group was therefore not
representative of other patients with car-
ious teeth. However, the patient group was
suitable for the study design since we
expected that patients with severe caries
would harbor yeasts simultaneously in
their oral cavity and feces more frequently
than patients with mild carious.

To avoid overwhelming the body with
C. albicans initiating from carious teeth a
proper therapy is indispensable. Previous
studies showed that antimycotic treatment
transiently eradicates the yeasts from sal-
iva but such treatment was unable to elim-
inate C. albicans permanently from within
the carious lesions. Only thorough mecha-
nical and surgical treatment of carious
teeth resulted in a consistent elimination
of fungi from the oral cavity in 90% of all
cases. Mechanical dental treatment supple-
mented with antimycotic drug therapy era-
dicated C. albicans permanently from the
oral cavity (32).

Recapitulating, we show that a large
percentage of cariogenic patients harbor
identical or closely related C. albicans
strains in their oral cavity and feces. Our
results indicate that carious teeth provide
an ecologic niche for C.albicans that
releases planktonic counterparts to occa-
sionally cause infections and reinfections
even of non-oral diseases and emphasize
the multitudinousness of the colonization
patterns of C. albicans. Orally located
C. albicans strains are able to cause non-
oral diseases by disseminating into various
parts of the body (lung, stomach, intestine,
vaginal and skin candidiasis) (3, 17). We
recommend that a thorough dental treat-
ment and oral hygiene are indispensable
for the prevention of candidiasis, espe-
cially in patients at risk.
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