
Several antifungal agents (azoles and
polyenes), with different modes of action,
are available for the treatment of oral
Candida infection (7, 9). The increasing
availability and clinical application of
these antifungal agents has led to a rise
in the frequency of reports of in vitro and
in vivo antifungal resistance of Candida
spp. (11, 12, 24). Several yeast species
(Candida glabrata, Candida krusei,

Candida guilliermondii, Candida lusitani-
ae) have a higher prevalence of primary
resistance to amphotericin B, and
C. glabrata and C. krusei are intrinsically
less susceptible to triazoles than Candida
albicans itself. Furthermore, Candida du-
bliniensis has been shown, in vitro, to
rapidly develop stable resistance to fluc-
onazole (20, 31, 37). In addition to these
intrinsically resistant species, there are

intrinsically resistant strains of C. albicans
which may be part of a commensal
microflora or may be acquired from the
environment or other individuals (37).
Epidemiological changes in the suscep-

tibility of pathogenic fungi to antifungal
drugs have led to the standardisation of
antifungal resistance assays in vitro and
resistance breakpoint definitions, first
reported in 1992 and then in 1997 (21)
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The most common antifungal drugs in current clinical use for the treatment of oral
candidosis are polyenes and azoles, mainly used topically. Poor glycaemic control in
association with other local factors, such as the presence of oral dental prostheses,
salivary pH, salivary flow rate and tobacco habits, may lead to the development of oral
candidosis. Topical antifungal agents are frequently used to prevent the development of
candidal infections in patients with poor metabolic control, particularly in the elderly
wearing dentures. The aim of this study was to assess the antifungal susceptibility of
Candida isolates to six antifungal agents using a commercially available kit, Fungitest�.
The isolated were collected from patients affected by diabetes mellitus from two different
geographic localities (London, UK, and Parma, Italy) and from a group of healthy non-
diabetic subjects. No differences in antifungal susceptibility to the six agents tested were
observed between Candida isolates from diabetic and non-diabetic subjects. However,
differences were observed between the two geographically different diabetes mellitus
populations. Oral yeast isolates from diabetes mellitus patients in the UK more often
displayed resistance or intermediate resistance to fluconazole (P ¼ 0.02), miconazole
(P < 0.0001), and ketoconazole (P ¼ 0.01) than did isolates from diabetes mellitus
patients in Italy. In addition, more C. albicans isolates were found in diabetic and non-
diabetic subjects that were susceptible to fluconazole (P ¼ 0.0008 and P ¼ 0.01,
respectively) than non-albicans isolates. The difference in the antifungal resistance of
isolates from the two populations of diabetes mellitus patients may be related to
differences in the therapeutic management of candidal infections between the two centres.
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Parma, Italy
E-mail: maddalena.manfredi@unipr.it
Accepted for publication October 21, 2005



by the US National Committee for Clinical
Laboratory Standards (NCCLS) as a ref-
erence method, named M27-A, for anti-
fungal susceptibility testing. A second
edition of the method, M27-A2, was
released in 2002 (22). However, the
NCCLS committee accepts that M27-A/
M27-A2 have limitations in terms of their
ability to distinguish between isolates
susceptible and resistant to amphotericin
B, newer azoles and echinocandins and the
time-consuming nature of the methods.
Many clinical laboratories therefore prefer
to use commercially available products
that have previously shown correlations
with M27-A (31, 37). Three recent studies
compared one or more of these commer-
cial products with the NCCLS methodo-
logy (3, 19, 27). Fungitest� (Bio-Rad,
Marnes-La-Coquette, France) was evalu-
ated in the largest of these three studies
(19). This multicentre evaluation of six
commercial systems and the NCCLS
microdilution method M27-A compared
the susceptibility of 800 Candida isolates
to fluconazole (19). The results of the
study indicated that Fungitest� together
with E-test (AB Biodisk, Slovna, Sweden)
and Sensititre Yeast One can be considered
useful for the in vitro evaluation of fluc-
onazole susceptibility among Candida spp.
isolates (19).
It has been reported that poor glycaemic

control in association with other local
factors, such as the presence of oral dental
prostheses, salivary pH, salivary flow rate
and tobacco habits, may lead to the
development of oral candidosis (6). Top-
ical antifungal agents are frequently used
to prevent the development of candidal
infections in patients with poor metabolic
control, particularly in the elderly wearing
dentures. Elderly people frequently suffer
from an unpleasant sensation in the mouth
that may give rise to intolerable distress
(4). If the elderly are diabetic, typically
type 2 DM, with poor glycaemic control,
diabetologists and general practitioners
tend to prescribe topical antifungal agents
to prevent oral candidosis, even if signs of
the disease are not present. The indiscrim-
inate use of antifungal agents, even in
diabetic populations, could change the
prevalence of the Candida spp. causing
the disease, resulting in increased antifun-
gal resistance. Treatment of superficial oral
Candida infections, both in diabetes and
non-diabetic subjects, is mainly based on
the use of topical antifungal agents, such
as azoles (mainly miconazole and flucon-
azole, but also ketoconazole and itracon-
azole) or polyenes (amphotericin B and
nystatin) (2, 7, 8, 29, 38). In this study, we

evaluated the antifungal susceptibility of
Candida isolates from diabetic patients to
the most commonly used antifungal agents
for the treatment of oral candidosis.

Material and methods

Oral Candida isolates

A total of 229 oral Candida yeasts 177 C.
albicans and 52 non-albicans spp.) were
isolated in Parma, Italy (DP group, 71
strains) and in the UK, London (DL group,
83 strains) from adult diabetes mellitus
patients (both type 1 and type 2) and non-
diabetic subjects (ND group, 75 strains),
and identified by conventional and
molecular methods (1, 15, 16). None of
the diabetic patients or non-diabetic sub-
jects evaluated in the present study was
affected by oral candidosis at the time of
the oral examination. Oral yeast load was
expressed as colony forming units (cfu)/ml
of mouth rinse. The medical history of
each patient was recorded at the time of
examination, as well as the characteristics
of their disease (time since diagnosis, type
of diabetic mellitus, haemoglobin glyco-
sylation control and the most common
long-term diabetes complications), as pre-
viously reported (15).

In vitro antifungal susceptibility test

Oral Candida yeasts isolated from diabetes
mellitus patients and from the control
population were evaluated in vitro for their
antifungal susceptibility to six different
antifungal agents using the commercial kit
Fungitest� (Bio-Rad). The susceptibility
of the individual isolates to commercially
available antifungal agents was assessed
by a broth microdilution assay using
Alamar blue in an in vitro assay supplied
by the manufacturer (Bio-Rad) and based
on the NCCLS broth macrodilution assay.
A single colony from a 48-h, 37�C SDA
culture of each isolate was diluted into
3 ml of distilled water to give a turbidity
reading of McFarland number 1 (equal to
approximately 3 · 106 cells/ml). One hun-
dred microlitres of this suspension was
diluted into 1.9 ml of sterile distilled water
and 20 ll were added to 3 ml of a
suspension medium (supplied by the
manufacturer, Bio-Rad). One hundred
microlitres (approximately 1 · 103 cells/
ml) of the yeast suspension were added to
each of the 16 wells of a Fungitest� (Bio-
Rad). This 16-well microplate contained
two different concentrations of six differ-
ent antifungal agents (fluconazole 8 and
64 lg/ml, itraconazole 0.5 and 4 lg/ml,
miconazole 0.5 and 8 lg/ml, ketoconazole

0.5 and 4 lg/ml, amphotericin B 2 and
8 lg/ml and 5-FC 2 and 32 lg/ml), in
modified RPMI 1640 buffered medium,
with the presence of a redox indicator
(Alamar blue). Two growth control wells
and two negative control wells were also
present in each microplate. After incuba-
tion at 37�C for 48 h, growth was assessed
by colorimetric means as outlined by the
manufacturer. Results were expressed in
terms of resistance, intermediate resistance
or susceptibility to each antifungal agent.

Statistical analysis

Fisher’s exact test and Chi-squared test
were used for the statistical analysis of
categorical data, numeric data were ana-
lysed by Student’s t-test or anova accord-
ing to the postulates of each test, and
differences among or between groups were
considered significant when the probability
(P) was less than or equal to 0.05.
Although there are interesting variations
in the number of isolates fully resistant to
certain antifungal agents, it was not poss-
ible to undertake meaningful statistical
analyses with all antifungal agents, as the
number of resistant isolates in the other
patient populations for the other antifungal
agents was either too low or nonexistent.
Furthermore, the intention of this analysis
was to determine the changes in antifungal
sensitivity over a large number of geo-
graphically dispersed isolates from specific
patient populations utilising a rapid screen-
ing method. The intention of this study
was not to report accurate and clinically
significant antifungal susceptibility on spe-
cific strains to a limited number of anti-
fungal agents. Therefore, isolates with any
enhanced resistance to the antifungal
agents tested were grouped together for
statistical analysis.

Results

Antifungal susceptibility of all Candida

isolates

The resistance rates of all C. albicans
isolates (177/229) tested were 9% (flucon-
azole), 17% (itraconazole and miconazole),
15% (ketoconazole), 7% (amphotericin B)
and 5%(5-FC). For non-albicans isolates
(52/229), the resistance rates for these
antifungals were 29% (fluconazole and
itraconazole), 35% (miconazole), 23%
(ketoconazole), 6% (amphotericin B) and
13% (5-FC).
Interestingly, Candida isolates that

expressed resistance or intermediate resist-
ance to fluconazole were also found to
exhibit resistance to at least one other
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antifungal agent. This finding of fluconaz-
ole cross-resistance with other antifungals
was not encountered with any other com-
bination of antifungals.
No relationship was evident between

oral candidal load and the rates of anti-
fungal resistance for the drugs tested
(P > 0.05) (Table 1). It was, however,
found that the non-albicans isolates exhib-
ited higher or intermediate resistance rates
to fluconazole (P ¼ 0.0008) and miconaz-
ole (P ¼ 0.01) than did C. albicans iso-
lates (Table 1). There was no equivalent
relationship to susceptibility with any
other antifungal agents tested (Table 1).
There was no association between

patient age or gender and the antifungal
susceptibility of Candida spp. (P > 0.05).
Fewer of the oral yeasts isolated from
patients without dentures were resistant or
intermediately resistant to miconazole
(P ¼ 0.02) and 5-FC (P ¼ 0.02)
(Table 1). Furthermore, isolates from
non-tobacco users had a higher resistance
or intermediate resistance to miconazole
(P ¼ 0.05) or amphotericin B (P ¼ 0.05)
(Table 1).

Comparison of antifungal susceptibility

between Candida from diabetic and

non-diabetic subjects

No difference in the antifungal suscepti-
bility to the six agents tested were
observed between Candida isolates from
diabetic and non-diabetic subjects
(Table 2). However, significant differences

were observed in the antifungal suscepti-
bility when the two diabetic populations
from London and Parma were compared
(Table 3).
Oral yeasts from London diabetic pa-

tients had a higher (or intermediate)
resistance to fluconazole (P ¼ 0.02), mic-
onazole (P < 0.0001), and ketoconazole

(P ¼ 0.01) than the isolates from Parma
diabetic patients. There was also a trend in
London diabetic patients of an increased
resistance of isolates to itraconazole and
5-FC (P ¼ 0.08) (Table 3).
No statistically relevant associations

could be found when antifungal suscepti-
bility was compared against type of dia-

Table 1. Analysis of the susceptibility of the Candida strains isolated from the oral cavity of all the Candida carriers to six different antifungal agents

Total
patients F S

F
IR P-value M S

M
IR P-value KS

K
IR P-value I S

I
IR P-value A S

A
IR P-value

5FC
S

5FC
IR P-value

< 100 cfu 105 14 P > 0.05 98 21 P > 0.05 99 20 P > 0.05 95 24 P > 0.05 113 6 P > 0.05 113 6 P > 0.05
> 100 cfu 93 17 82 28 91 19 89 21 101 9 100 10
C. albicans 161 16 P ¼ 0.0008 147 30 P ¼ 0.01 150 27 P > 0.05 147 30 P > 0.05 165 12 P > 0.05 168 9 P > 0.05
Non-albicans 37 15 34 18 40 12 37 15 49 3 45 7
C. albicans A 130 15 P > 0.05 121 24 P > 0.05 122 23 P > 0.05 119 26 P > 0.05 135 10 P > 0.05 137 8 P > 0.05
C. albicans B 24 1 21 4 21 4 22 3 23 2 25 0
C. albicans C 7 0 5 2 7 0 6 1 7 0 6 1
Male 99 17 P > 0.05 95 21 P > 0.05 91 25 P > 0.05 89 27 P > 0.05 109 7 P > 0.05 108 8 P > 0.05
Female 99 14 85 28 97 16 95 18 105 8 105 8
< 60 years old* 99 12 P > 0.05 89 22 P > 0.05 93 18 P > 0.05 92 19 P > 0.05 106 5 P > 0.05 108 3 P > 0.05
> 60 years old* 91 16 82 25 89 18 84 23 101 6 98 9
Dentate 108 14 P > 0.05 103 19 P ¼ 0.02 98 24 P > 0.05 99 23 P > 0.05 113 9 P > 0.05 118 4 P ¼ 0.02
Dentures 90 17 77 30 92 15 85 22 101 6 95 12
Tobacco users 43 5 P > 0.05 43 5 P ¼ 0.05 41 7 P > 0.05 38 10 P > 0.05 48 0 P ¼ 0.05 45 3 P > 0.05
Non-tobacco
users

155 26 137 44 149 32 146 35 166 15 168 13

Data was subdivided according to patient Candida colonisation (cfu/ml), species and C. albicans genotype subgroups.
Statistical analysis was performed using Fisher’s exact and Chi-squared parametric tests.
FS, fluconazole susceptible; F IR, fluconazole intermediately resistant/resistant; MS, miconazole susceptible; M IR, miconazole intermediately resistant/
resistant; KS, ketoconazole susceptible; K IR, ketoconazole intermediately resistant/resistant; I S, itraconazole susceptible; I IR, itraconazole
intermediately resistant/resistant; A S: amphotericin B susceptible; A IR, amphotericin B intermediately resistant/resistant; 5-FC S, 5-FC susceptible; 5FC
IR, 5-FC intermediately resistant/resistant.
*Of the 12 non-DM control subjects who did not give their date of birth (special needs patients), 10 harboured oral yeasts. Of these 10, nine yielded one
Candida strain each and one additional non-diabetic subject yielded two Candida strains.

Table 2. In vitro susceptibility to six different antifungal agents of oral Candida isolates from
patients with and without diabetes mellitus

Antifungal
agents

Diabetic
patients

Non-Diabetic
subjects P-value

Fluconazole
S 132/154(86%) 66/75(88%) P ¼ 0.57
I 16/154(10%) 8/75(11%)
R 6/154(4%) 1/75(1%)

Miconazole
S 122/154(79%) 59/75(79%)
I 32/154(21%) 16/75(21%)
R 0/154 0/75 P ¼ 1.00

Ketoconazole
S 123/154(80%) 67/75(89%)
I 20/154(13%) 5/75(7%)
R 11/154(7%) 3/75(4%) P ¼ 0.20

Itraconazole
S 120/154(78%) 64/75(85%)
I 20/154(13%) 7/75(9%)
R 14/154(9%) 4/75(5%) P ¼ 0.40

Amphotericin B
S 147/154(95%) 67/75(89%)
I 7/154(5%) 8/75(11%)
R 0/154 0/75 P ¼ 0.09

5-FC
S 146/154(95%) 67/75(89%)
I 6/154(4%) 8/75(11%)
R 2/154(1%) 0/154 P ¼ 0.08

Statistical analysis was performed using Fisher’s exact and Chi square parametric tests.
S, susceptible; I, intermediately resistant; R, resistant.
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betes mellitus, the duration of the diabetes
and haemoglobin glycosylation levels.
However, it was apparent that Candida
isolated from diabetic patients with neur-
opathy and retinopathy were more sus-
ceptible to miconazole (P ¼ 0.05) than
those strains from patients who had nephr-
opathy.
No statistically significant (P > 0.05)

association was found between antifungal
susceptibility and patient age, gender,
tobacco usage or denture wearing between
the two diabetes populations.
No significant associations were found

between resistance to any tested antifungal
agent and the level of oral yeast colonisa-
tion (cfu/ml) or C. albicans genotype in
diabetic patients from London and Parma.

Discussion

The objective of this study was to establish
whether increased in vitro antifungal
resistance occurs in isolates from diabetes
mellitus patients that might lead to prob-
lems in the management of patients prone
to oral candidal infections. As reported in
the Results section, no differences in the
antifungal susceptibility were observed
between Candida isolates from diabetic
and non-diabetic subjects. However, dif-
ferences were observed between the two
geographically different diabetic popula-
tions.
The higher incidence of intermediate

resistance to certain antifungals in the UK
diabetes mellitus isolates was probably not
related to recent exposure to antifungal
treatment, as none of these patients had

received antifungal drugs in the preceding
6 months. However, their exposure to
antifungal agents prior to this time was
unknown. Therefore, there may well be a
significant variation in lifetime antifungal
exposure between the two diabetes melli-
tus populations, explaining the elevated
antifungal resistance rates observed in the
UK diabetes mellitus population.
Interestingly, one of the most common

antifungal agents used to treat patients
with dentures suffering from oral candido-
sis is miconazole (5). Although patients in
the present study had not taken any
antifungal agents in the preceding
6 months, those patients with dentures
likely had increased exposure to this
antifungal agent during their lifetime,
which may well be more significant than
antifungal exposure in the preceding
6-month period.
The difference in the antifungal resist-

ance of isolates from the two populations
of diabetes mellitus patients may be related
to differences in the therapeutic manage-
ment of candidal infections between the
two centres in Italy and the UK since the
introduction of these antifungal agents in
the two countries. However, no available
long-term data were available to support
this. Although no association could be
observed in the diabetes mellitus status of
the patients in the UK and Italy, it could be
assumed that as the UK group had more
long-standing diabetes mellitus with more
complications (data not shown), they
would be more likely to have received or
taken the antifungal agents themselves. As
has been reported in literature (29, 31), it is

more likely that intermittent rather than
long-term antifungal therapy leads to the
development of azole resistance, as may be
the case with the present group of diabetes
mellitus patients in the UK. The Candida
isolated from the oral cavities of the
diabetes mellitus patients resident in the
UK may have acquired resistance as a
consequence of the selective pressure of
azole treatment (31). The most important
clinical consequence of antifungal resist-
ance is usually a failure to successfully
treat patients affected by candidosis as
well as changes in the prevalence of the
Candida spp. causing the disease (31).
Interestingly, none of the patients with
resistant Candida species had signs or
symptoms of oral Candida infections,
indicating that a patient’s own immune
system can control the yeast pathogenicity.
Although some of the yeasts isolated

from the diabetes mellitus population from
the UK (6/83, 7.2%) and from the control
group (8/75, 10.6%) showed an in vitro
intermediate resistance to amphotericin B,
none of the Candida isolates from the
three groups of patients enrolled in the
study was completely resistant to ampho-
tericin B. This antifungal drug (10, 14) is
the most widely used in the UK as a
topical agent (lozenges, suspensions) for
the treatment of oral candidosis, and as
some of these topical formulations are not
available in Italy, it is possible that this
geographical variation might explain the
trends for increased amphotericin resist-
ance in UK isolates. In any case, secon-
dary resistance to amphotericin B
generally seems to be an infrequent devel-
opment (37). However, the methodologies
and results of the present study do not
clarify whether the antifungal resistance of
examined isolates is intrinsic or acquired.
In addition, because diabetes mellitus had
little effect on the presence of antifungal
resistance of oral yeast isolates, there
remains the possibility that any resistance
shown has been acquired from family
members (or indeed other hospital pa-
tients) (30–32). It is well known that
wearing acrylic dentures is an important
predisposing factor for the development of
oral candidosis, as these prostheses, when
not kept clean, act as a reservoir for
infection (8, 9). Furthermore, increased
oral candidal load is much more common
in full-denture wearers than dentate indi-
viduals (15, 23). In vitro biofilms, likely to
show denture-associated stomatitis, have
increased resistance to azoles (13). In this
study, isolates from denture wearers were
less susceptible in vitro to miconazole and
5-FC than isolates collected from dentate

Table 3. Analysis of the antifungal susceptibility of the Candida species isolated from the oral
cavities of London and Parma patients with diabetes mellitus

Antifungal
agents

Diabetic London
patients

Diabetic Parma
patients P-value

Fluconazole
S 66/83(79.5%) 66/71(93%)
IR 17/83(20.5%) 5/71(7%) P ¼ 0.02

Miconazole
S 55/83(66.3%) 67/71(94.4%)
IR 28/83(33.7%) 4/71(5.6%) P < 0.0001

Ketoconazole
S 60/83(72.3%) 63/71(88.7%)
IR 23/83(27.7%) 8/71(11.3%) P ¼ 0.01

Itraconazole
S 60/83(72.3%) 60/71(84.5%)
IR 23/83(27.7%) 11/71(15.5%) P ¼ 0.08

Amphotericin B
S 77/83(92.8%) 70/71(98.6%)
IR 6/83(7.2%) 1/71(1.4%) P ¼ 0.08

5-FC
S 78/83(94%) 68/71(95.8%)
IR 5/83(6%) 3/71(4.2%) P ¼ 0.72

Statistical analysis was performed using Fisher’s exact and Chi-squared parametric tests.
S, susceptible; IR, intermediately resistant/resistant.
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patients. It could be hypothesised that the
in vitro resistance of these Candida iso-
lates is a consequence of the past wide-
spread topical use of miconazole for the
treatment of Candida-induced denture sto-
matitis. Alternatively, it may be that some
of the resistance of Candida within bio-
films of denture-associated stomatitis re-
flects inherent change within the fungi
(rather than simply reflecting the inhibition
of diffusion of antifungals within biofilms)
(13). The analysis of the susceptibility of
all the oral Candida isolates (i.e. from the
three groups of patients) to the different
antifungal agents has shown that C. albi-
cans strains were more susceptible to
fluconazole and miconazole than non-alb-
icans strains. It has been demonstrated that
C. albicans is usually susceptible to all
major antifungal agents (29), and other
Candida spp., such as C. glabrata and C.
krusei, are intrinsically less susceptible to
triazole and amphotericin B (31). How-
ever, C. albicans resistance to different
antifungal agents, such as triazoles and
particularly fluconazole, has recently been
reported among different groups of immu-
nocompromised patients in whom this
agent is frequently used in prophylaxis
and the treatment of fungal infections (28,
29, 34). Furthermore, although the suscep-
tibility of Candida spp. to the available
antifungal agents can be predicted if the
species of the infecting isolate is known,
individual isolates do not necessarily fol-
low the general pattern (25, 26, 29).
The findings in this study confirm the

results of others indicating that the previ-
ously reported emergence of C. albicans
fluconazole and, more generally, triazole
resistance, was probably mainly due to the
non-standardised susceptibility methods
rather than a real increase in the resistance
of C. albicans species (30). However, the
issue is still controversial. The commercial
method (Fungitest�) used in the present
study is considered a useful kit for the in
vitro evaluation of fluconazole sensitivity
among Candida spp. isolates in clinical
laboratories, with a positive agreement
among laboratories regarding its reproduc-
ibility. Although this method provides a
limited number of drug concentrations and
has some limitations as a commercial kit
compared to the NCCLS reference meth-
ods, it is regarded as one of the easiest and
most rapid commercial kits available (19).
Furthermore, the NCCLS M27-A antifun-
gal concentration breakpoints are only
available for three of the most common
drugs used (21).
The results obtained in this study would

appear to confirm that the rates of triazole

resistance in Candida spp. are low and
possibly overestimated (31), perhaps sug-
gesting that the associated clinical problem
could be less serious than hypothesised.
However, because the present non-albi-
cans Candida spp. isolates were less
susceptible to fluconazole and miconazole
(Table 1) than the C. albicans isolates, the
increased use of ‘over the counter’ azole
formulations could result in increased oral
carriage of non-albicans Candida and thus
the possibility of acquisition by, and
infection of, immunocompromised groups
(31, 37).
Finally, it has been reported (18) that

C. albicans genotype B (which harbours a
379-nucleotide (Group I intron) in the 25S
rDNA) and C. albicans genotype C (a
mixture of intron-containing and intronless
25S rDNA) both showed a greater suscep-
tibility to 5-FC than the intronless strain
C. albicans genotype A. This observation
was further confirmed by other studies
(17): the different levels of susceptibility to
this agent by these subgroups of
C. albicans seemed to be due to the
inhibitory effect of biosynthetic incorpor-
ation of this base analogue into the group I
intron ribozymes (18). However, in this
study no differences were observed in the
susceptibility to 5-FC of the C. albicans
subgroup B isolates from all the patients
evaluated in the study, and only one isolate
from the C. albicans subgroup C ex-
pressed intermediate resistance to the same
agent. This finding is in agreement with
others (33) and suggests that the contribu-
tion of the group I intron to the suscepti-
bility of Candida spp. to 5-FC may only
be one factor, and that other factors (35,
36) may play more important roles in the
5-FC susceptibility of Candida spp.
In conclusion, diabetes mellitus does

not appear to influence the frequency or
nature of antifungal resistance of Can-
dida isolates of the mouth. Antifungal
resistance of oral isolates may indeed be
more influenced by the geographical
locale of patients and perhaps local
practices for the prescribing of antifungal
agents. Denture wearing may likewise
increase the possibility of antifungal
resistance in patients with or without
diabetes mellitus. It would seem that the
emergence of antifungal resistance within
many oral Candida isolates has an
iatrogenic basis.
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