
Oropharyngeal candidosis is a common
infection among the immunocompromised
and elderly, resulting in significant mor-
bidity including oral pain and burning,
altered taste sensation, and nutritional
compromise (13, 41, 48). Immunosuppres-
sion as a result of various diseases and
their treatments, xerostomia secondary to

autoimmune diseases, radiation therapy for
head and neck cancer, and antibiotic
therapies all predispose to the development
of these infections as a result of changes in
the local immune defenses and oral eco-
logy (12, 14, 24, 31, 37, 39, 40). There are
a variety of clinical presentations of oro-
pharyngeal candidosis, including pseudo-

membranous candidosis (thrush) and
erythematous forms such as denture-
induced stomatitis, which are often
recurrent (6, 28).
The wearing of prosthetic appliances is

commonly associated with denture stoma-
titis, which is characterized by an inflamed
mucosa, particularly under the upper
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Introduction: Oral yeasts are an important component of the resident microbial
ecology of the oral cavity, but they are also associated with various forms of oral
candidosis, such as denture stomatitis. Although Candida albicans is the predominant
oral fungal pathogen, other species may also play an integral role in pathogenesis. The
aim of this study was to examine the mycological ecology in patients with denture
stomatitis, using an improved sampling technique, to determine whether species diversity
and species quantity were related to oral pathology.
Methods: Thirty-seven patients attending the Glasgow Dental Hospital were
enrolled in this study following informed consent. A full clinical history was
obtained, including details of their oral hygiene practices and the levels of erythema
based on Newton’s classification scale. Oral rinse, denture sonicate, and swab
samples were taken, which were processed for quantitative and qualitative analysis
of oral yeasts.
Results: The proportion of patients with no inflammation or Newton’s Types I, II,
and III were 31, 33, 25, and 14%, respectively. Denture sonication was a superior
sampling procedure, with statistically greater quantities of yeasts isolated using this
methodology (P < 0.01). The predominant oral yeasts isolated were C. albicans (75%)
and Candida glabrata (30%), which were isolated in higher proportions in patients with
the highest grades of inflammation (100 and 80%), and in combination from 80% of these
patients.
Conclusions: This study has demonstrated that mixed C. albicans and C. glabrata
biofilms may play an important role in the pathogenesis associated with severe
inflammation in denture wearers.
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denture (47). Patients may complain of a
burning sensation, discomfort, or bad taste,
but in the majority of cases they are
unaware of the problem. There are many
factors that influence the onset and severity
of denture stomatitis, including salivary
flow, denture cleanliness, denture base
material, age of denture, denture trauma,
continuous denture wearing, smoking, die-
tary factors, and pH of denture plaque (29,
43–45). Denture stomatitis is a disease of
fungal and bacterial origin, with Candida
albicans the most frequently isolated yeast
from the oral cavities of these patients (2,
26). In recent years, various studies have
isolated other Candida species alongside
C. albicans, which may be involved in the
pathogenesis of patients with oropharyn-
geal candidosis (3, 8, 21, 39). A wide
variety of organisms have been shown to
cause infection, with Candida glabrata,
Candida dubliniensis, Candida parapsilo-
sis, Candida krusei, and Candida tropicalis
being the most commonly described (23).
The emergence of other Candida species
is significant because they are frequently
resistant to the commonly used antifungal
agents (3, 21, 38). In a recent study by
Bagg et al. it was reported that C. glabrata
was isolated from the mouths of 22.7%
of patients with advanced cancer, and that
72% of these strains were resistant to both
fluconazole and itraconazole (3).
Nonetheless, C. albicans remains the

most important and predominant oral fun-
gal pathogen. It has the ability to adhere
and proliferate upon both soft and hard
tissue surfaces within the oral cavity, a
growth modality referred to as biofilms
(32, 33). C. albicans biofilms are hetero-
geneous, complex communities of cells
that grow as a consortium on both bio-
logical and inanimate surfaces. Hyphae
and extrapolymeric material are funda-
mental to the biofilm growth modality
because of their maintenance of structural
integrity, adhesive capacity, and contribu-
tion to antifungal resistance (1, 7, 35). The
adhesive capacity of Candida spp. biofilms
plays a key role in our ability to sample the
oral cavity accurately in terms of qualita-
tive and quantitative data. Conventional
sampling techniques include oral rinses,
imprint cultures, and swabbing of specific
oral tissue sites (3). These techniques may
provide qualitative information but they
may not provide accurate quantitative data.
Samaranayake et al. reported that con-
centrated oral rinse samples were more
sensitive than neat rinse samples and
imprint cultures (42). However, it is not
clear whether adherent biofilm cells are
removed during these procedures, nor

whether they are simply loosely adherent
cells residing at the outer peripheries of the
biofilm, which has important implications
for subsequent in vitro studies because of
the phenotypic variations exhibited within
complex monospecies biofilms (15). Fur-
thermore, the denture remains the most
prominent source and protective environ-
ment for fungal biofilm, but sampling of
the denture is generally confined to swab
cultures (33). This raises the question of
whether these current sampling techniques
provide a sufficient reflection of the com-
plex oral mycological ecology developing
in both immunocompetent and immuno-
compromised patient cohorts, and whether
the data generated enable differentiation
between colonization and infection. These
issues are critical because of the increasing
incidence of resistant species of Candida,
such as C. glabrata, which will direct
subsequent patient management through
antifungal treatment.
The aim of this study was to examine

the mycological ecology from a cohort of
patients with denture stomatitis, using
novel sampling procedures to determine
if species diversity and species quantity are
related to oral pathology.

Materials and methods

Patients

The protocol for the study was approved
by the local ethical review committee
(West Glasgow Ethics Committee; NHS
Greater Glasgow), and all patients gave
informed consent to their participation in
the study. The study group comprised 37
wearers of complete dentures who were
assessed for clinical evidence of denture
stomatitis. They were recruited from the
Oral Medicine and Prosthodontic Depart-
ments of Glasgow Dental Hospital and
School. Each of the patients received
standard dental hygiene advice during
their assessment and was later provided
with replacement dentures.

Clinical assessment

All patients were examined by one expe-
rienced investigator (L.J.C.), who col-
lected a full medical and dental history
and undertook a comprehensive oral exam-
ination. The age and fit of dentures,
together with existing denture hygiene
practices, were recorded. Denture stomati-
tis, if present, was classified as Newton’s
Type I (localized erythematous), Newton’s
Type II (diffuse erythematous), or New-
ton’s Type III (hyperplastic granular) (27).
Those patients with no evidence of denture

stomatitis, exhibiting pink, healthy palatal
mucosa (9), comprised the control group.
Asymptomatic carriage was recorded for
our uninfected control group (score of 0),
represented by pink, healthy tissue (9).

Denture sonication

During clinical assessment the upper den-
ture was removed from the mouth of the
patient. The denture was subsequently
placed inside a sterile polythene bag and
immersed in 50 ml phosphate-buffered
saline solution (PBS; Sigma, Gillingham,
UK). Adherent microorganisms were re-
moved from the denture by mild sonication
at 35 kHz for 5 min (Fisherbrand�; Ther-
mo Fisher Scientific Inc., Loughborough,
UK). This has been shown previously to
have no detrimental effect on microbial
viability (46). The sonicate solution was
then aseptically transferred into a sterile
polypropylene centrifuge tube (Corning
Incorporated - Life Sciences, Oneonta,
NY) and retained for mycological analysis.

Conventional sampling

An oral rinse sample was collected while
the dentures were being processed. Pa-
tients were asked to swish 9 ml sterile PBS
solution in their mouths for 1 min, which
was expectorated back into the bottle for
collection and subsequent mycological
processing. Oral swabs were also taken
from the entire fitting surface of the
denture before sonication, and from the
palate, avoiding any relief areas if present.
These samples were then processed as
described below.

Mycological processing and identification

Oral rinse, swab, and sonicate samples
were transported to the laboratory from the
clinic and processed within 30 min of
collection. Serial decimal dilutions from
100 to 10)2 of both the oral rinse and
denture sonicate samples were prepared in
PBS. These were vortexed vigorously for
30 s between dilutions to maximize the
homogeneity of the suspensions. Each
dilution (100 ll) was spread plated on
both CHROMAgar TM medium and Sab-
ouraud agar (Life Technologies, Paisley,
UK). These were incubated at 37�C for
48 h. Quantitative and qualitative micro-
biological assessments were performed,
recording the total numbers of colonies,
their color and their morphological char-
acteristics. A tentative identification of
specific Candida species was determined
by colony color on the CHROMAgarTM
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medium, but all identifications were con-
firmed by biochemical tests. Distinct col-
onies were chosen for each species: three
from the oral rinse sample, three from the
denture sonicate sample, and one colony
from the swab where appropriate. These
were subcultured onto Sabouraud agar
and incubated for 24 h at 37�C. Single
morphotypes were identified using the
API 32 C biochemical testing panel,
following the manufacturer’s instruc-
tions (bioMérieux UK Ltd, Basingstoke,
UK). Each isolate was also subjected
to identification validation using the
Vitek� 2 automated identification system
(bioMérieux UK Ltd). Subsequently, the
colonies were subcultured and transferred
to MicroBead storage tubes (ProLab
Diagnostics, Neston, Cheshire, UK) and
stored at )80�C for future analysis.

Statistical analysis

The quantities of Candida spp. isolated
from each denture were compared by one-
way analysis of variance and using Bart-
lett’s test for homogeneity of variances and
Bonferroni’s multiple comparison post-
test. A value of P < 0.05 was considered
significant. The analyses were performed
using SPSS 13.0 for Windows (SPSS
Incorporated, Chicago, IL).

Results

Clinical assessment of denture stomatitis

Full patient histories, oral swabs, and oral
rinse and denture sonicate samples were
obtained for 37 patients at the Glasgow
Dental Hospital and School. Eleven (31%)
of the study participants comprised an
uninfected control group (Type 0, healthy
tissue). Twelve (33%) presented with
Newton’s Type I localized erythema
(slightly red or swollen tissue), nine
(25%) presented with Newton’s Type II
diffuse erythema (moderately red or swol-
len), and five (14%) presented with New-
ton’s Type III severe erythema (severely
red, swollen upper palate tissue). Table 1
provides a comprehensive description of
the various species of oral yeast and the
relative quantities isolated from specific
oral sample sites.

Specimen collection

Aswab from the denture, an oral rinse, and a
denture sonicate were taken from each
patient in the study. Of the samples pro-
cessed, 14 swabs (39%), 29 oral rinses
(81%), and 27 denture sonicates (75%)
produced visible yeast growth on CHRO-

MAgarTM. Growth of yeasts from the same
species was observed on both the swab and
oral rinse in 83% of the study participants,
from the swab and denture sonicate in 81%
of the study participants, and for the oral
rinse and denture sonicate in 72% of the
study participants.When yeast growth upon
the swabs, oral rinses, and denture sonicates
was compared, the same species grew from
all samples in 69% of the study participants
examined. The sampling efficiency in the
Newton’s Type III patient group was supe-
rior, as 80%of the study participants had the
same species identified from each clinical
sample, whereas this figure in the Newton’s
Type II, I, and 0 groups was 78, 50, and
63%, respectively. In addition, there were
more individual yeast species isolated from
the oral rinsing procedure (43) than by
denture sonication (37).

Identification of oral yeasts

C. albicans was the predominant oral
yeast; it was isolated from 75% (28
patients) of the 37 study participants
(Table 1). C. glabrata was the next most
common yeast (29.73%; 11 patients), fol-
lowed by Saccharomyces cerevisiae
(10.81%, four patients), C. krusei
(5.40%, two patients), C. parapsilosis
(2.70%, one patient), C. tropicalis
(2.70%, one patient), and C. famata
(2.70%, one patient). When the distribu-
tion of the oral yeasts was analyzed in
relation to Newton’s classification, the
proportion of patients from whom C. albi-
cans was isolated increased relative to the
highest grades of inflammation, i.e. New-
ton’s Type 0, 54.45% (five patients); New-
ton’s Type I, 66.67% (eight patients);
Newton’s Type II 100% (all nine patients);
and Newton’s Type III 100% (all five
patients). Figure 1 illustrates the relative
proportion of oral yeasts isolated from
the study participants per Newton’s type.
The proportion of patients from whom
C. glabrata was isolated was as follows:
Newton’s Type 0, 27.27% (three
patients); Newton’s Type I, 25% (three
patients); Newton’s Type II, 11.11%
(one patient); and Newton’s Type III,
80% (four patients); and for the other oral
yeasts the proportions were: Newton’s
Type 0, 36.36% (four patients); Newton’s
Type I, 16.66% (three patients); New-
ton’s Type II, 11.11% (one patient); and
Newton’s Type III, 20% (one patient).
Several study participants had more than

one species of yeast within the oral cavity
(35.10%, 13 patients). Mixed species
populations were observed in each group
of study participants: in 27.27% (three

patients) of the control group, 33.33%
(four patients) for Newton’s Type I,
22.22% (two patients) for Newton’s Type
II, and 80% (four patients) for Newton’s
type III erythema. The combination of
C. albicans and C. glabrata was the most
prevalent of all yeast mixtures, isolated
from 25% of all study participants. When
placed into groups by Newton type this
combination was greatest in patients with
Type III disease (80%, four patients). In
the other groups this was much less
pronounced, i.e. Type 0, 9.09% (one
patient); Type I, 25% (three patients); and
Type II, 11.11% (one patient).

Quantitative analysis

Table 2 shows the mean total colony
numbers grouped into the three Newton’s
Types, including the asymptomatic con-
trol. When the denture sonicates were
compared to the oral rinses from each
corresponding Newton Type there were at
least 10-fold more total colonies isolated
form the sonicates. Interestingly, compar-
ison of the oral rinse samples for all groups
showed no significant differences in the
quantities of yeasts grown, whereas when
each group was compared to the asymp-
tomatic control samples for the denture
sonicates, only Type II and Type III were
significantly greater than the control
(P < 0.01). There was no statistical differ-
ence between Type I and any of the other
groups.

Oral hygiene

A detailed patient history was taken during
sample collection, including details of each
patient’s age, smoking habits, age of
denture, and denture fit, as well as the
patient’s brushing and oral hygiene habits,
which are listed in Table 3. The average
participant age in this study was 73 years
(range 49–89 years), with dentures of an
average age of 8.6 years (range 1–
44 years). Seventy-two per cent of the
asymptomatic control group removed their
dentures overnight and 91% exercised at
least a minimal level of oral hygiene. At
least 63% of these participants soaked their
denture for 8 h in denture cleansing prod-
ucts on at least 2 days of the week, and an
equal proportion cleansed their denture by
brushing. Overall, this group displayed
good oral hygiene, with only 15% defined
as smokers. Study participants with low
level inflammation (Type I) exhibited
generally poor oral hygiene, with 17% of
these being smokers. Only 33% removed
their denture overnight and 17% soaked
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their denture for up to 8 h in recognized
cleansing products. Nevertheless, a total of
58% did soak their denture infrequently,
and 83% chose to brush their denture and
occasionally their palate. Patients with
Newton’s Type II denture stomatitis also
exhibited poor oral hygiene, with 33% of
these being smokers. Dentures were

removed overnight from 45% of the
patients in this group, and 33% did not
undertake any oral hygiene. Although
soaking the denture in a cleansing product
was reported, only 22% of the patients did
so on a regular basis. Those with the
highest grade of oral inflammation showed
the poorest oral hygiene, with 60% being

smokers. None of these patients removed
their dentures at night, and only one
patient regularly cleansed his/her dentures.
Sixty per cent reported that they soaked
their dentures in cleansing agents for short
periods of time, or brushed their dentures.
The remaining 40% did not undertake any
oral hygiene.

Table 1. Mycological ecology for Newton’s Type 0 to Type III

Patient Swab

Oral rinse Denture sonicate

Species Total CFU Species Total CFU

Newton’s Type 0
GDS 4 C. albicans C. albicans 9.00 · 104 C. albicans 8.00 · 105

GDS 8 C. albicans C. albicans 1.44 · 105 No growth 0
C. glabrata C. glabrata 4.32 · 105 No growth 0

GDS 10 C. krusei C. krusei 1.89 · 105 C. krusei 5.75 · 103

GDS 12 No growth C. parapsilosis 5.54 · 103 No growth 0
GDS 14 No growth C. albicans 3.78 · 105 No growth 0
GDS 16 No growth No growth 0 C. albicans 2.10 · 106

GDS 22 C. glabrata C. glabrata 1.31 · 104 C. glabrata 2.15 · 106

C. famata C. famata 3.06 · 104 C. famata 1.70 · 107

GDS 23 C. glabrata
S. cerevisiae

S. cerevisiae 7.20 · 104 C. glabrata 7.00 · 105

GDS 25 C. albicans C. albicans 5.85 · 103 C. albicans 2.70 · 106

GDS 34 No growth No growth 0 No growth 0
GDS 35 No growth No growth 0 No growth 0

Newton’s Type I
GDS 5 No growth No growth 0 C. albicans 1.50 · 105

GDS 6 No growth C. albicans 9.90 · 103 No growth 0
GDS 9 C. albicans C. albicans 2.7 · 103 No growth 0
GDS 11 C. krusei C. krusei 2.88 · 104 C. krusei 3.00 · 104

S. cerevisiae S. cerevisiae 1.26 · 105 S. cerevisiae 1.00 · 104

GDS 13 No growth C. albicans 6.75 · 105 No growth 0
No growth C. glabrata 7.56 · 104 No growth 0

GDS 15 No growth C. albicans 5.40 · 102 C. albicans 3.50 · 105

GDS 18 C. albicans C. albicans 2.61 · 103 C. albicans 1.90 · 106

GDS 24 No growth S. cerevisiae 2.34 · 103 No growth 0
GDS 26 C. albicans C. albicans 2.79 · 105 C. albicans 2.70 · 106

C. glabrata C. glabrata 2.34 · 106 C. glabrata 2.50 · 108

GDS 29 C. albicans C. albicans 5.76 · 105 C. albicans 1.04 · 108

C. glabrata C. glabrata 6.3 · 103 C. glabrata 2.5 · 108

GDS 36 No growth No growth 0 No growth 0
GDS 37 No growth No growth 0 No growth 0

Newton’s Type II
GDS 2 No growth C. albicans 1.23 · 104 C. albicans 3.10 · 106

GDS 3 No growth No growth 0 C. albicans 1.96 · 108

GDS 17 C. albicans C. albicans 5.21 · 105 C. albicans 2.06 · 108

GDS 19 C. albicans C. albicans 4.72 · 104 C. albicans 5.80 · 106

C. tropicalis C. tropicalis 9.45 · 102 C. tropicalis 5.00 · 104

GDS 20 C. albicans C. albicans 2.43 · 104 C. albicans 3.41 · 106

GDS 27 C. albicans C. albicans 9.36 · 104 C. albicans 1.80 · 107

GDS 28 C. albicans C. albicans 1.05 · 106 C. albicans 3.00 · 108

C. glabrata C. glabrata 4.28 · 105 C. glabrata 3.00 · 108

GDS 30 C. albicans C. albicans 1.07 · 105 C. albicans 1.00 · 104

GDS 33 C. albicans C. albicans 7.25 · 105 C. albicans 7.00 · 107

Newton’s Type III
GDS 1 No growth C. albicans 1.13 · 104 C. albicans 7.00 · 106

C. glabrata 1.22 · 104 C. glabrata 1.18 · 106

GDS 7 C. albicans C. albicans 5.77 · 105 C. albicans 1.75 · 106

C. glabrata C. glabrata 8.99 · 105 C. glabrata 4.05 · 107

GDS 21 C. albicans C. albicans 6.35 · 104 C. albicans 3.50 · 107

GDS 31 C. albicans C. albicans 9.00 · 103 C. albicans 4.50 · 105

C. glabrata C. glabrata 1.71 · 104 C. glabrata 1.05 · 108

GDS 32 C. albicans C. albicans 3.65 · 105 C. albicans 1.91 · 108

C. glabrata 1.39 · 105 C. glabrata 1.13 · 107

S. cerevisiae 6.30 · 104 S. cerevisiae 7.45 · 106

CFU, colony-forming units; C., Candida; S., Saccharomyces.
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Discussion

Denture stomatitis is a debilitating oral
disease that can drastically reduce the
quality of life for some individuals. Many
denture wearers are also unaware that they
have oral candidosis, and this could
potentially lead to long-term complications
if their immune status were to alter. In this
study we have shown that C. albicans is
the predominant oral yeast, isolated from
75% of the participants in this study, which
was elevated to 81% in those with clini-
cally defined denture stomatitis. This rate
is similar to that reported by a study by
Dar-Odeh and Shehabi who showed that
C. albicans was isolated from 73% of
patients with denture stomatitis (11). In
another study, the rate of C. albicans
colonization of denture wearers was 67%
(10). Although C. albicans remains the

predominant yeast associated with denture
stomatitis, the levels of inflammation,
especially on the palate, cannot be ac-
counted for simply by the presence of this
opportunistic yeast. Other factors must
account for the severity of disease, such
as the mycological ecology (i.e. species
diversity), the quantities of yeast cells
present, and the overall growth character-
istics. In addition, oral hygiene practices
play an important role.
One of the most significant findings

from this study is the continued emergence
of the yeast pathogen, C. glabrata, which
is of growing cause for concern (21). In
this study C. glabrata was isolated from
31% of those with clinically defined
denture stomatitis, and from 31% of all
study participants. These rates of coloni-
zation are similar to other studies of oral
candidosis. For example, Bagg et al. iso-

lated C. glabrata from 22.7% of the oral
flora of patients with advanced cancer, and
similarly Lockhart et al. demonstrated an
isolation rate of 29% from elderly denture
wearers (3, 22). However, Masia Cunuto
et al. reported a lower isolation rate of
10% from the oropharyngeal flora of
patients who were positive for human
immunodeficiency virus (25). Neverthe-
less, there is an emerging trend developing
that suggests that C. glabrata is much
more than the innocent bystander that was
once suspected. Studies by Pfaller et al.
have shown that the mycological ecology
and presence of C. glabrata is a function
of age rather than of drug selection, which
may account for the elevated rates we
report herein (30). However, in this study
C. glabrata was isolated from 80% of
patients with the highest grade of inflam-
mation, compared to 27% from the asymp-
tomatic control groups.
Whether C. glabrata is able to contrib-

ute fully towards disease is not clear. Like
C. albicans, it has the ability to adhere and
colonize, produce extracellular enzymes,
form filaments, and phenotypically switch,
which is the subject of a recent review
(21). Li and Dongari-Bagtzoglou recently
demonstrated that C. glabrata exhibited
the ability to induce proinflammatory
cytokines within an oral epithelial cell
line, but was overall less cytotoxic than
C. albicans (19). Interestingly, C. glabrata
was never isolated as a single species from
any sample, and was instead found in
combination with C. albicans on 83% of
occasions. The complex interactions be-
tween these two species are not well
defined, but these findings suggest that a
synergistic relationship may be involved in
the enhanced pathogenic potential of this
combination. However, this has not been
shown to be the case in limited in vitro
investigations (20). Nevertheless, it has
been shown that C. albicans and C. glab-
rata are able to form biofilms on inanimate
substrates (7, 17, 36), and this may form
the foundation for their coaggregation,
colonization, and potential pathogenic
relationship.
The formation of biofilms on the surface

of the denture protects these organisms
from detachment and removal by salivary
flow and physical forces (33). As part of
our rigorous study criteria we followed the
assumption that the organisms associated
with inflammation of the palate were
attached to the denture as biofilm commu-
nities. To our knowledge, we are the first
group to adopt an enhanced sampling
technique to obtain an accurate quantita-
tive and qualitative assessment of the fitted
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Fig. 1. Distribution of yeast species from the oral cavities of patients. Graph illustrating the
relationship between yeast species isolated and Newton’s type of erythema. Each group (Type 0, 11
patients; Type I, 12 patients; Type II, 9 patients; and Type III, 5 patients) represents the proportion of
patients from whom Candida albicans, Candida glabrata, Candida sp., and mixed Candida sp. were
isolated.

Table 2. Collective quantitative analysis of patients with denture stomatitis

Newton type

Total CFU/type

Rinse Sonicate

0 1.24 · 105 2.31 · 106

I 4.12 · 105 5.08 · 107

II 3.35 · 105 6.59 · 107

III 4.31 · 105 8.01 · 107

CFU, colony-forming units.

Table 3. Summary of the oral hygiene of patients with denture stomatitis

Newton
type

Mean age of denture
(years)

Poor fitting denture
(%)

Smoker
(%)

Basic oral hygiene
(%)

Overnight removal
and cleansing (%)

0 10 63 9 91 72
I 7 58 17 83 33
II 4 67 33 67 44
III 21 60 60 60 0
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denture, i.e. mild sonication of the denture,
as opposed to crude swabbing techniques.
Qualitatively there is an association be-
tween the species isolated during swab-
bing, oral rinsing, and denture sonication
(72%), which was strongest in the Type III
group (80%). Not surprisingly, the quan-
titative data obtained through this addi-
tional procedure produced a dramatic
minimum 10-fold increase in the numbers
of yeasts isolated. Oral rinse samples from
each group showed no significant quanti-
tative differences from one another, and
could therefore not be used in isolation to
diagnose denture stomatitis based on col-
ony counts. Interestingly, denture sonicates
from the two most inflamed cohorts had
statistically greater quantities of yeast cells
upon their dentures than those with asymp-
tomatic carriage or low-level inflammation
(P < 0.01), suggesting that this quantita-
tive methodology could be used to differ-
entiate colonization from infection.
Other factors may account for the dra-

matic quantitative differences reported
here. For example, oral hygiene plays a
strong role in the overall oral health of
denture stomatitis patients, such as denture
cleansing frequency and the age of the
denture. Kanli et al. reported that only
16.7% of dentures worn by the elderly
were regularly cleaned (16). It is clear
from our analysis that those in the asymp-
tomatic control group exhibited good gen-
eral oral hygiene procedures (Table 2),
whereas there was a gradual regression of
oral hygiene in the patients with denture
stomatitis, particularly those with New-
ton’s Type III erythema. None of this
group removed their denture overnight,
which may reveal why greater quantities of
yeasts were isolated. In addition, it is likely
that those with better oral hygiene would
clean their denture before arriving at the
dental clinic. This may also explain why in
some instances more individual yeast
strains were isolated from oral rinses
compared to denture sonicates. These
factors cannot be controlled for during
the study design. However, previous stud-
ies by Ramage et al. have shown that cells
within the biofilm tend to be found in
cracks and crevices upon the denture
acrylic, which mechanical brushing and
denture disinfectants are unable to remove
(33). Therefore, although possible, it is
unlikely that the higher yeast counts relate
purely to oral hygiene. Microscopic exam-
ination of the denture sonicates revealed
that large clumps of yeast and hyphal cells
were present, in masses greater than 100
cells, whereas the oral rinse samples
contained a homogeneous suspension of

ovoid yeast cells and debris (results not
presented). This indicates that the total
colony counts reported for the denture
sonicates are an underestimate. This is in
agreement with other studies that have
shown that hyphal formation is a requisite
for biofilm formation (35). It is likely that
these hyphal forms help to maintain the
structural integrity of the denture-associ-
ated biofilm, and act as a sanctuary for the
smaller C. glabrata cells. Interestingly,
there were no statistically significant quan-
titative differences between the denture
sonicates from Type II and Type III
erythema, which suggests that the patho-
genic process is not a sole function of
yeast numbers, but of the specific organ-
isms present. Although the number in the
cohort of patients with Newton’s Type III
erythema examined was low (five),
C. glabrata was isolated in significant
numbers from all but one of these patients.
Several studies have shown that C. glab-
rata is able to form pseudohyphae under
certain environmental conditions, such as
during nitrogen starvation (4, 5, 18). This
morphology has been shown previously to
support adhesion and biofilm formation by
non-C. albicans species, which may en-
hance the pathogenicity of C. glabrata in
the oral cavity (34).
Overall, we have shown that C. glabrata

may be associated with denture stomatitis,
particularly when in combination with
C. albicans. Whether this relationship
contributes to enhanced pathogenicity
remains to be elucidated. An association
with higher levels of inflammation sug-
gests that this is indeed worth pursuing.
This study is the first to use enhanced
sampling techniques of the denture, which
provided detailed quantitative and qualita-
tive data that were invaluable for inter-
preting the mycology associated with
denture stomatitis. Li et al. recently dem-
onstrated no synergy between C. albicans
and C. glabrata in terms of cytokine
induction using an oral epithelial cell
model (20). However, these observations
were strain-specific, and whether the
organisms isolated within this study from
the higher grades of erythema exhibited
similar effects remains to be elucidated.
Further studies are currently ongoing to
examine C. albicans and C. glabrata
mixed biofilms in terms of antifungal
therapy and pathogenicity.
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