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Purpose: Removable denture wearers commonly use their fingers to take out their
prostheses from their mouths and oral Candida, if present, may colonize their fingers and
constitute a source of contamination. The aim of this study was to find out the difference
in oral and fingertips Candida isolation before and after wearing the prostheses, and to
investigate the association between oral and fingertip Candida colonization.
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Methods: Fifty healthy subjects, wearing removable complete or partial dentures for the
first time were included. Oral Candida species were isolated using the concentrated oral
rinse technique while fingertips Candida were isolated by pressing the fingers of both hands
on a plate of Sabouraud’s dextrose agar. Candida species were identified using the VITEK
2® yeast identification system. Three samples were taken from each subject; one at the
insertion of the prosthesis, after one month and after two months of the insertion visit.
Results: The prevalence and density of oral Candida colonization were both higher after one
and two months of the insertion of removable complete and partial dentures but the difference
was not statistically significant (P>0.05). No statistically significant difference was also
found between the complete denture wearers (CDW’s) and partial denture wearers (PDW’s)
regarding the mean candidal count (P>0.05). Oral and fingertips Candida species presence
among the same CDWs or PDWs at the initial, first and second visits was statistically
insignificant.
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Conclusion: There was no association between oral and fingertips Candida species carriage
among healthy CDWs or PDWs.

Introduction
Candida species constitute part of the oral commensal flora in
about 20-60% of the population.1 Oral carriage of Candida organisms
without any noticed signs or symptoms had been recognized for
many years2 and the posterior tongue is considered to be its primary
location. In addition to oral mucosa, the yeast can also colonize dental
plaque.3 Candida albicans can become virulent and responsible for
oral candidiasis depending on the local and systemic factors related
principally to the host conditions.4 Several factors will dictate the
colonization of C. albicans in the oral cavity, their quantity and
pathogenicity. Nutritional disorders, diabetes mellitus, long-term
antibiotic or corticosteroid use, head and neck cancer, radiation
therapy and AIDS are considered important predisposing factors.4,5
It has been shown that dentures can facilitate oral Candida carriage
and predispose their wearers to the onset of oral candidiasis. Both
poor oral and poor denture hygiene, with plaque accumulated on the
denture, contribute to the emergence of oral candidiasis.5
Candida species have been shown to contaminate the hands of
hospital personnel6 and have been isolated simultaneously from the
mouth and hands of some AIDS patients 7. Removable denture wearers
use their fingers frequently to take out their prostheses from their
mouths and theoretically oral Candida, if present, may contaminate
their fingers. The Candida-contaminated fingers could consequently
constitute a source of contamination or/and reinfection. Only one
study investigated the association between oral and fingertip Candida
isolation in a group of complete denture wearers and found that the
hands of patients who had oral candidaisis were significantly more
colonized with Candida species than oral Candida-free subjects.8
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The aforementioned study investigated the association between
oral and fingertip Candida colonization in subjects with denture
associated oral candidiasis. Up to the authors’ knowledge, no previous
studies investigated the significance of hand Candida as a source for
mouth infection and re-infection in healthy patients wearing removable
prosthesis. Therefore, the aim of this study is to find out if there are
differences in oral and fingertips Candida isolation before and after
wearing removable complete or partial dentures and to find out any
possible association between oral and fingertip Candidacolonization.

Material and methods
Study sample
A total of 50 subjects (25 completely edentulous and 25 partially
edentulous) were recruited from the Removable Prosthodontics Clinic
at the Dental Teaching Center/Jordan University of Science and
Technology located in the North of Jordan and enrolled in the study
after obtaining the necessary ethical approval.
Inclusion criteria included apparently healthy subjects who:
1. Reported the absence of any medical history that predispose them
to oral candidiasis, or can promote Candida carriage (such as
diabetes mellitus, anemia, and immune-debilitating disease).
2. Had not used any removable prosthesis before.
3. Had not used any antifungal agents or antiseptic mouthwashes
over the past six months.
4. Had not used any medication known to predispose to oral
candidiasis, e.g. antibiotic or steroid therapy over the last six
months.
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Clinical examination confirmed that none of the included subjects
had signs or symptoms suggestive of oral candidiasis, candidal
paronychia or dermatologic fungal infection. Twenty five subjects
were provided with removable acrylic complete dentures and 25
others with partial dentures. All 50 dentures were constructed by
undergraduate dental students or by the internship dentists at the
Dental Teaching Center following standardized clinical techniques
under the supervision of the academic faculty members in the
Department of Prosthodontics. All dentures were processed by dental
technicians within the same institution.
For each subject, six microbiologic samples were taken in total
over three visits; one pair (mouth rinse and fingerprints) in each visit
with an interval period of one month between the visits. Clinical oral
examination was carried out in each visit.
The subject was considered as a smoker if he/she had smoked
at least ten cigarettes per day for the past year, while a subject who
never had smoked or had stopped smoking for at least one year was
considered to be a non-smoker.9
At the denture insertion visit (initial visit), dentures were checked
and approved by a prosthodontist. All subjects were provided with
routine verbal and written denture hygiene instructions. To attempt
to standardize some of the effect of diurnal variation, meal eating and
tooth brushing,10 samples were always taken between 10:00 am and
3:00 pm and processed on the same day.
The concentrated oral rinse technique was used for
oral Candida isolation.11 The subject was provided with 10 mL of
sterile phosphate-buffered saline (PBS 0.01 M, pH 7.2) in a sterile
disposable universal container and asked to rinse the mouth for a
period of 60 seconds while not wearing any denture. After that, the
rinse was expectorated back into the same container. Samples were
then transported immediately to the microbiology laboratory at the
King Abdullah University Hospital for microbiological processing
and assessments.
Fingertip Candida sampling was performed by asking each subject
to press gently using the fingertips of both hands for one minute each
on a plate of Sabouraud’s dextrose agar (Oxoid Ltd, Basingstoke,
Hampshire, England).8
One month after the initial visit (1st visit), information about
each subject’s denture hygiene frequency, and hand-washing habits
after denture handling was obtained through a structured interview
conducted immediately before the samples were taken.
According to the method of Ambjornsen et al.,12 the denture plaque
index was scored in representative areas of the fitting surface of the
complete and partial dentures. The individual scores were added and
the sum was divided by the number of areas. Denture plaque scoring
was carried out by one investigator who was calibrated before the start
of the study.
Two months after the initial visit (2nd visit), the same sampling
techniques and questions implemented in the first visit were employed.
Isolation, quantification and identification of Candida species
The oral rinse sample was centrifuged at 3000 rpm (Jouan C412,
France) for 10 minutes. The supernatant was discarded and one mL of
sterile PBS was added to the deposit and agitated on a bench vibrator
(VibroFix VF1 electronic, Italy) for 30 seconds for disaggregation
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of microorganisms. Afterwards, 0.5 mL of the processed mixture
was inoculated on a plate of Sabouraud’s dextrose agar (Oxoid Ltd,
Basingstoke, Hampshire, England). The plates of fingerprint and
mouth rinse samples were then incubated aerobically at 37°C for 48
hours and then at room temperature for another 24 hours for optimal
fungal growth. Candida colonies were identified based on the colony
color, texture and morphology, and determination of the purity of
the culture was then performed microscopically by the wet mount
technique using the X40 objective. The number of colonies on the
plates of oral rinse cultures was quantified and multiplied by two
to work out the number of colony forming units per ml of the rinse
(CFU/ml) 11. All the Candida isolates were further identified based
on their carbohydrate assimilation pattern by the VITEK 2® yeast
identification system (bioMérieux, Craponne, France).13

Statistical analyses
The results were analyzed by using the Statistical Package for
Social Sciences (SPSS) software version 11.0 (SPSS®: Inc., Chicago,
IL, USA). Kappa statistics and McNemar tests were produced to
test the agreement and differences between matched readings. The
Pearson chi-square test, Fisher exact test, Mann-Whitney and one way
ANOVA tests were performed for comparisons among sub-groups.
The level of significance was set at P≤0.05.

Results
Of the 50 subjects, 25 were provided for the first time with maxillary
and mandibular complete dentures, and other 25 provided for the
first time with partial dentures (11 maxillary dentures, 9 mandibular
dentures, and 5 cases with both maxillary and mandibular partial
dentures. The mean age (±SD) of the study groups were 52.6±10.34
years for the complete denture wearers (CDW’s) and 45.6±12.66
years for the partial denture wearers (PDW’s). Candida carriage was
not significantly different between age groups, genders or smokers
and non-smokers (Table 1). As shown in Table 2, there was a trend to
an increase in the oral and fingertip Candida carriage rate over the 3
visits although the increase was not statistically significant.
At the initial visit, none of the subjects had a simultaneous positive
oral and fingertips Candidaisolation, while 3 (6.0%) subjects at the
first visit had positive oral and fingertips Candida species, 2 of them
were PDW’s and one was a CDW. At the second visit, only two PDW’s
were found to be carriers of Candida species in their mouths and
fingerprints (Table 3). Oral and fingertips Candida species presence
among the same CDW or PDW at the initial, first and second visits
was statistically not significant (Kappa= 0.042, P=0.384).
The mean count of oral Candida species generally increased over
the three visits, but the increase was statistically not significant (Table
4). Candida albicans, C. dubliniensis and C. parapsilosis were the
three Candida species isolated from the fingertips samples during the
three visits (Table 5).
Three subjects of the group who had reported to not wash their
hands after denture handling were carriers of Candida species at their
fingertips at the first visit, and just one subject a was carrier at the
second visit (P=0.608). There was a significant correlation between
not washing hands and increased oral Candida carriage; however the
relationship with fingertip Candida carriage was not significant (Table
6).
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Table 1 Isolation of oral Candida species in relation to age, gender, and smoking habits among the study subjects (N=50)
Candida Isolation
No. of Subjects (%)

P –Value*

Age (Years)

CFU/mL±SD

0.064

≤40 (n=12)

9(75.0)

73.56±93.4

41-65 (n=33)

14(42.4)

131.72±228.3

>65 (n=5)

1(20.0)

60.0±0.0

Gender

0.423

Male (n=32)

14(43.8)

104.0±202.32

Female (n=18)

10(55.6)

111.0±161.74

Smoking

0.272

Yes (n=17)

10(58.8)

28.6±28.2

No (n=33)

14(42.4)

162.8±224.6

*Pearson Chi-squre test or Fisher’s exact test, **Mann-Whitney test, one way-ANOVA
Table 2 Isolation of Candida species from oral cavity and fingertips samples during the three visits (N=50)
Oral Candida Isolation

P –Value

Initial Visit

1st Visit

2nd Visit

N(%)

N(%)

N(%)

24(48.0)

25(50.0)

27(54.0)

Finger Tips Candida Isolation

(χ2 –Test)
0.830

P –Value

Initial Visit

1st Visit

2nd Visit

N(%)

N(%)

N(%)

2 (4.0)

3(6.0)

4(8.0)

(χ2 –Test)
0.701

Table 3 The relationship between oral and fingertip Candida species isolation according to denture status during the three visits (N=50)
Initial Visit
CDWs N(%)

+ve
MR
-ve
MR

PDWs N(%)

+ve
Fingertips

-ve
Fingertips

0(0.0)

8(32.0)

1(4.0)

16(64.0)

Kappa

-0.077

Total N(%)

+ve
Fingertips

-ve
Fingertips

0(0.0)

16(64.0)

1(4.0)

8(32.0)

2(8.0)

13(52.0)

0(0.0)

10(40.0)

2(8.0)

15(60.0)

0(0.0)

8(32.0)

Kappa

-0.081

+ve
Fingertips

-ve
Fingertips

0(0.0)

24(48.0)

2(4.0)

24(48.0)

3(6.0)

22(44.0)

0(0.0)

25(50.0)

2(4.0)

25(50.0)

2(4.0)

21(42.0)

Kappa

-0.08

1st Visit
+ve
MR
-ve
MR

1(4.0)

9(36.0)

0(0.0)

15(60.0)

0.118

0.110

0.120

2nd Visit
+ve
MR
-ve
MR

0(0.0)

10(40.0)

2(8.0)

13(52.0)

-0.154

0.079

-0.012

MR: Mouth Rinse
Table 4 The mean count of Candida species (SD) isolated from the oral rinse samples of CDWs (N=25) and PDWs (N=25) during the three visits
Mean Count of Candida Species
Initial Visit
Mean(SD)

1st Visit
Mean(SD)

2nd Visit
Mean(SD)

P –Value
(One Way ANOVA)

Total

106.92(182.72)

144.56(208.98)

182.52(227.18)

0.436

CDWs

40.76(41.00)

168.8(214.50)

129.6(177.24)

PDWs

140.0(216.58)

128.4(211.17)

213.64(251.8)

P–Value (Independent t-Test)

0.094

0.646

0.363
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As shown in Table 7, the frequency of denture cleansing has no
significant effect on the oral Candida carriage. However, there was a
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statistically significant relationship between the denture plaque index
and oral Candida carriage and density (P=0.000).

Table 5 Candida species isolated from oral rinse samples of the whole subjects during the three visits (N=50)
Visits

Candida species

Initial Visit

1st Visit

2nd Visit

C. albicans

10

14

11

C. sphaerica

2

1

1

C. kefyr

3

2

5

C. krusei

1

1

0

C. glabarata

2

4

2

C. parapsilosis

0

0

0

C. tropicalis

0

0

1

C. famata

0

0

2

C. lusitanie

1

0

0

C. dubliniensis

5

3

5

Table 6 Relationship of oral and fingertips Candida species with hand washing at the first and second visits (N=50)
Hand Wash
1st visit

P –Value

2nd visit

No
N(%)

Yes
N(%)

No
N(%)

Yes
N(%)

McNemar Test

Oral Candida carriage

16(59.3)

9(39.1)

18(66.7)

9(39.1)

0.000

Fingertips   Candida carriage

3(11.1)

0(0.0)

1(3.7)

3(13.0)

0.608

Table 7 The association between oral Candida species carriage and denture plaque and hygiene frequency for the whole sample (N=50).
Candida Isolation
No. of Subjects (%)
Denture Cleansing (Time /Day)

P –Value*

CFU/mL±SD

0.710

≤1 (n=18)

9(50.0)

298.6±306.6

Two (n=16)

10(62.5)

84.2±104.9

Three (n=16)

8(50.0)

174.8±197.2

Plaque Index

0.000

0 (n=15)

0(0.0)

0±0.0

1 (n=35)

27(77.1)

182.52±227.2

*Pearson Chi-squre test or Fisher’s exact test, **Mann-Whitney test, one way-ANOVA, ***NA: not applicable

Discussion
The removable dental prosthesis has been frequently
considered as an important factor that affects the oral carriage
and infection with Candida.14 Since previous studies have shown
that Candida species are more common in the oral cavity of diabetic
or anemic patients than in those of healthy individuals,15,16 this
study included only apparently healthy subjects who would then be
wearing a removal dental prosthesis for the first time. The number
of females who participated in this study was less than that of males;
however, the results showed that females were more frequent carriers
of Candida species, although the difference was not statistically
significant. This is similar to the results of previous studies which
found that females, in general, have higher oral Candida colonization
rates than males17,18 perhaps due to latent alteration of iron and vitamin
B12 with pregnancies and hormonal changes.18−20

Previous studies reported that smoking significantly increased
oral Candidal carriage rates,3,21 while others have failed to show a
positive correlation between smoking and oral Candidal colonization.19
Alkumru and Beydermir22 demonstrated that cigarette smoking is an
important factor that increased the Candidal growth in removable
partial and complete denture wearers. Darwazeh et al.9 in a recent
study found a significant correlation between the number of cigarettes
smoked and the density of Candida isolates in oral rinse cultures.
The present study showed a higher proportion of Candida carriers
among smokers though not significantly different from non-smokers.
This could be related to the small number of smoking participants
in our study sample. In general, the results of this study found
that Candida species were the most isolated species from the oral
rinse samples.
At the initial visit and before the insertion of the prosthesis; of the
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50 subjects investigated, 48.0% yielded Candida in the oral culture
and 64% of them were partially edentulous. Previous studies have
shown an oral Candida carriage rate of 20-40% in Europe and North
America,23,24 53% in South Africa25 and 43% in the Middle East26
The prevalence reported in the present study falls within this range.
Candida species have the ability to colonize dental plaque3,26 and is
often found in dental carious lesions.27 This could explain the higher
prevalence of oral Candida isolation in PDW’s reported in this study
as good oral hygiene was not one of the inclusion criteria.
At the first and second visits and after the insertion of the prosthesis
at one and two months, the prevalence of oral Candida isolation
increased from 48% to 50% and 54% respectively. Removable
complete or partial dentures have shown to encourage the presence
and growth of Candida, thus increasing the oral carriage rate20 which
was the finding of other studies.28
Our analysis showed that ten different Candida species were
isolated from the cultures of the oral rinse samples and
three Candida species were isolated from the cultures of the fingertips
samples. Candidaalbicans was the dominant yeast species among
the subjects who yielded Candida in their oral cultures during the
three visits; however, other Candida species were isolated too. It was
reported in the literature that C. albicans occurs in about 30%–45%
of healthy adults3,29,30 and 50–65% of people wearing removable
dentures.3 The findings that 42% and 41–56 % of subjects in this study
were carriers of C. albicans at the initial vs. the first and second visits
are similar to the results of the previous studies.
Darwazeh et al.8 have found that the hands of denture wearers
who had oral Candida were significantly more colonized
with Candida species than oral Candida-free subjects, suggesting the
possibility of their hands contamination with the oral microbes during
denture handling. This finding is contrary to the findings of the results
in this study.
None of the subjects in this study were having concomitant positive
oral and fingertips Candida speciescoincident at the same time at the
initial visit and just three and two subjects at the first and second visits
were having positive oral and fingertips Candida species respectively,
which was statistically insignificant. However, the subjects included
in that study8 were wearing removable dentures for at least 1 year, and
about 56% of them were diagnosed with Candida-induced denture
stomatitis. Moreover, they reported that subjects with denture- stomatitis
were found to have a higher rate of fingertip Candida isolation (50%)
compared with those who did not have denture related stomatitis
(36.4%). In the present study, the subjects were wearing the prostheses
for the first time and the samples were taken after just one and two
months after the insertion. In addition, none of them have developed
denture related stomatitis during this study period. The aforementioned
findings may help explain the insignificant simultaneous oral and
fingertips Candida isolation found. The absence of positive oral and
fingertips Candida species carriers at the initial visit may highlight the
role of denture handling in transmitting these microbes to the hands,
but a longer study period is needed to investigate this.
Two subjects at the initial visit (one female CDW & one female
PDW) and another two (male & female CDW’s) at the second visit
were found to have positive fingertips Candida but with negative
oral isolations. One of the CDWs at the second visit was the same
one at the initial visit and was a 70 year old female. The lower part
of the gastrointestinal tract could be a source of Candida, especially
in poor self-hygiene situations.8 Moreover, Candida species have
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been isolated from under the fingernails of women with vaginal
candidiasis.30 Although subjects with skin fungal infections were
excluded from this study, this was dependent on the medical history
taken which was not confirmed by an expert clinical examination
and was reliant on the subject’s knowledge and reliability. Animal or
environmental sources were also possible.19
The results of the current study have found no significant
relationship between fingertips Candida carriage and hand washing.
This is in accordance with the results of the Darwazeh et al. 9 study
and could be attributed to the relatively small size sample.
In the present Study, there was a significant correlation between
not washing hands and increased oral Candida carriage. The clinical
significance of candidal finger contamination should be determined,
and the possibility that contaminated fingers will act as a reservoir
of infection and reinfect the oral cavity that has been treated with
antifungal therapy should be addressed. A recent study showed
that the hands of 29% of hospital personnel were contaminated
with Candida species; the species were not acquired from a common
source.31 The failure of patient care providers in intensive care units
to wash their hands has been linked to the hand carriage of strains
of Candida isolated from the bloodstream of patients in these units.32
Plaque accumulation on the denture surface may create a suitable
environment for Candida growth and infection.4 This study revealed
a strong association between denture plaque and oral Candida and
fungal non-Candida species colonization and growth. However, the
relationship of density of Candidagrowth in saliva to the frequency of
denture cleaning was not statistically significant. These findings are in
agreement with the findings of other studies.4,8 Although the research
has reached its aims, there were unavoidable limitations. First,
because of the time limit, this research was conducted only in small
size population. Therefore, to generalize the results for larger groups,
the study should have involved more participants. Second, because
of the subjects’ awareness about the aims of this study; most of them
had given more attention to their hands and dentures cleanliness,
and this could have an impact on the results we gain. Finally,
Phenotyping has certain limitation in the study of the epidemiology
of human Candidal colonization and infection. Therefore, genotyping
methods should be considered to investigate the epidemiology
of Candida species in future studies. It is recommended that a larger
sample of subjects should be investigated in future studies in longer
follow up periods to precisely clarify the relationship between oral
and fingertips Candida colonization. Further research identifying the
sources of hand contamination is needed.

Conclusion
Within
the
limitations
of
this
study,
the
following
conclusions
can
be
drawn:
The prevalence of oral Candidal carriage and the density of Candidal
colonization were both higher after one and two months of the insertion
of removable complete and partial dentures but the difference was not
statistically significant.
1. There
is
no
association
between
oral
and
fingertips Candida species presence among CDWs and PDWs.
Candida species were isolated more frequently from the
subjects’ oral cavities with Candida albicans being the most
isolated species.
2. A strong association was found between denture plaque and
oral species colonization and growth.
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