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Abstract 

Background Patients with advanced cancer are prone to develop different opportunistic oral infection due to 
anti-cancer treatment or the malignancies themselves. Studies of oral fungal samples show an increased prevalence 
of non-Candida albicans species in mixed oral infections with Candida albicans. Non-C. albicans and C. albicans are 
associated with varying degrees of resistance to azoles, which may have implications for treatment. This study aimed 
to assess the diversity and antifungal susceptibility of Candida species detected in the oral cavity.

Methods An observational study with microbiological analysis was conducted. Clinical fungal isolates were col-
lected from patients in a hospice unit in 2014–2016. Isolates were re-grown on chromID® Candida plates in 2020. 
Single colony of each species was re-cultivated and prepared for biochemical identification with a VITEK2® system 
and verified by gene sequencing. Etest was performed on RPMI agar, and the antifungals fluconazole, amphotericin B, 
anidulafungin and nystatin were applied.

Results Fifty-six isolates from 45 patients were identified. Seven different Candida species and one Saccharomyces 
species were detected. The results of biochemical identification were confirmed with sequencing analysis. Thirty-six 
patients had mono infection, and nine out of 45 patients had 2–3 different species detected. Of C. albicans strains, 39 
out of 40 were susceptible to fluconazole. Two non-C. albicans species were resistant to fluconazole, one to ampho-
tericin B and three to anidulafungin.

Conclusion C. albicans was the predominant species, with a high susceptibility to antifungal agents. Different Can-
dida species occur in both mono and mixed infections. Identification and susceptibility testing may therefore lead to 
more effective treatment and may prevent the development of resistance among patients with advanced cancer.

Trail registration The study Oral Health in Advanced Cancer was registered at ClinicalTrials.gov (#NCT02067572) in 
20/02/2014.
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Background
The oral cavity supports a diverse microbial commu-
nity that co-exists in symbiosis and equilibrium with the 
host in healthy individuals. Candida species, and pre-
dominantly Candida albicans, are part of the commensal 
microbiota in the oral cavity, and normally harmless to 
the host [1]. In healthy individuals, C. albicans accounts 
for 35% to 55% of the incidence of oral colonization [2]. 
However, if the immune system is impaired, commen-
sal fungal species can become opportunistic and cause 
superficial mucosal infections, which may develop into 
systemic and invasive infections with high morbidity and 
mortality [3, 4]. Oral mucosal candidiasis commonly pre-
sents as a mild infection, but severe and relapsing coloni-
zation has been observed in patients receiving antibiotic 
or corticosteroid treatment [5]. Furthermore, anti-cancer 
treatment, such as cytotoxic chemotherapy, radiotherapy, 
drugs or the malignancies themselves, can also make can-
cer patients prone to different opportunistic oral infec-
tions [6, 7]. The prevalence of oral fungal colonization in 
patients with malignancy has been reported to be more 
than 70% during and after cancer treatment [6]. Oral 
fungal infections may lead to local discomfort, thrush/
plaque, burning pain, altered taste sensation, poor nutri-
tion, and prolonged hospitalization [8]. In this respect, 
the symptoms of severe oral candidiasis may strongly 
impact patients’ quality of life [6].

Several Candida species are frequently found in the 
oral cavity in patients suffering from advanced cancer. 
According to a number of cohort studies in this patient 
group, different Candida species may have a prevalence 
of 36%-86% [9–13]. In the same populations, the preva-
lence of mixed Candida infections has been reported to 
be 10%-47% [9, 10, 13–15].

C. albicans is considered to be the most pathogenic of 
the Candida species, whereas Candida tropicalis, Can-
dida glabrata, Candida parapsilosis, Candida krusei 
and others may contribute significantly to morbidity and 
mortality [16, 17]. The increasing prevalence of non-C. 
albicans species in oral mixed infections may create a 
more complex clinical picture and have implications for 
treatment [18], as species such as C. glabrata and C. kru-
sei harbour inherently less susceptibility to the antifungal 
agent group of azoles [19]. Insufficient microbiological 
identification and susceptibility testing of Candida spe-
cies in the oral cavity can result in untreated and recur-
rent fungal infections, with the potential to spread to 
esophagus [20] and other parts of the body. This may 
contribute to increased resistance to antifungal agents.

To address this gap in knowledge in a clinical context, 
we conducted a microbiological study to extend the 
understanding of fungal variation and antifungal suscep-
tibility in patients prone to develop oral fungal infections. 

Therefore, the aims of this study were to explore the 
diversity of Candida species detected in the oral cavity of 
patients with advanced cancer and to test their suscepti-
bility to available antifungal medications.

Methods
This was an observational study with a multidisciplinary 
approach between Lovisenberg Diaconal Hospital and 
the Faculty of Dentistry, University of Oslo. The study 
was part of the Oral Health in Advanced Cancer (Oral-
HAC) (NCT02067572) project [21]. Microbiological 
samples were collected at Lovisenberg Diaconal Hospital 
between February 2014 and September 2016.

Patients and setting
Patients in a hospice unit were recruited. Study inclu-
sion criteria were: ≥ 18  years of age and able to provide 
written informed consent, diagnosis of advanced cancer 
and patient report of current oral discomfort (i.e., dry 
mouth, sourness, pain, altered taste). Patients currently 
or recently treated with antifungal medication were 
excluded. Patient demographic and medical characteris-
tics were obtained from their medical records.

Clinical evaluation
Dentists performed an oral examination on each patient, 
which included an assessment of oral dryness (i.e. slid-
ing mirror test, scored yes/no) [22], clinical signs of fun-
gal infection (i.e. erythema and white plaque on buccal 
mucosal, scored yes/no), dental plaque scored accord-
ing to Mucosal-Plaque Score (MPS) [23], white mucosal 
plaques on the tongue, and registration of the total 
number of teeth and remaining root remnants and the 
use of dentures. Oral mucosal inflammation was scored 
using the Oral Mucositis Assessment Scale (OMAS) [24] 
(Table 1).

Oral fungal sampling
Oral swabs sampled from the tongue were immediately 
inoculated onto chromID® Candida plates (bioMérieux, 
France) and cultured for 48  h at 37  °C. The chromID® 
plates from each patient were inspected for the presence 
of fungal colonies [25], collected and stored at -76  °C. 
Oral fungal samples from 45 of 88 OralHAC patients 
were made available for analysis in 2020.

Biochemical identification
The available samples were re-cultured on a chromID® 
Candida and incubated aerobically at 37  °C for 72  h. 
After visual inspection, one colony of each phenotypical 
type from each sample was selected for further analysis, 
re-cultured aerobically for 24 h at 37 °C on a Sabouraud 
Glucose agar (bioMérieux, France), and prepared for 
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biochemical identification by the VITEK®2 (bioMérieux, 
France) system, according to the manufacturer’s manual.

DNA sequencing
DNA extractions of fungal colonies were performed 
by the MasterPure DNA isolation kit from Epicentre 
(MCD85201, Epicentre Biotechnologies, WI). The inter-
nal transcribed spacer (ITS) region between the 18S and 
28S rRNA genes was amplified with polymerase chain 
reaction (PCR) using ITS1, 5’TCC GTA GGT GAA CCT 
GCG G’3 forward primer, and ITS4, 5’TCC TCC GCT 
TAT TGA TAT GC’3, reverse primer [26]. PCR analysis 
was performed in a 20 µl mixture of OneTaq Mastermix 
(M048S, New England Biolabs) and DNA template (10–
20 ng) in an Applied Biosystem PCR cycler. The reaction 
includes a denaturation step at 96 °C and 30 amplification 

cycles: 96  °C for 30 s, 57  °C for 25 s, 72  °C for 30 s. All 
PCR products were verified by gel electrophoresis and 
purified using Agencourt Ampure beads (Beckman Coul-
ter). The PCR products were sequenced using BigDye 
Terminator v1.1 (Applied Biosystems), and ITS4 sequenc-
ing primer on ABI 3730 (Applied Biosystems) after being 
purified with an iX-Pure™ DyeTerminator Cleanup kit 
from NimaGen (6500 AB Nijmegen, The Netherlands). 
All sequences were analyzed by Sequencher 5.3 (Gene 
Codes Corporation, MI) and blasted by NCBI Basic Local 
Alignment Search Tool (BLAST) [27].

Susceptibility testing
Antifungal susceptibility testing was performed with an 
ETEST® (bioMérieux, France) and Ezy MIC™ (HiMedia 
Laboratories, India). These Etest strips were applied to 
the inoculated Roswell Park Memorial Institute (RPMI) 
agar plates (bioMérieux, France) and incubated at 37 °C. 
Each isolate was tested against four different antifun-
gal agents: fluconazole (FL) 0.016–256  µg/ml, ampho-
tericin B (AB) 0.002–32  µg/ml, anidulafungin (AND) 
0.002–32  µg/ml, and nystatin Ezy MIC™ strip (NYT) 
0.002–32 µg/ml. The minimum inhibitory concentration 
(MIC) of the antifungal agents was visually measured for 
each Etest strip after 48 h. The MIC registration in each 
analysis was correlated according to the breakpoint rec-
ommendations by the European Committee on Antimi-
crobial Susceptibility Testing (EUCAST) [28].

Nystatin susceptibility was also supplemented with a 
disk diffusion test, where sterile paper disks were soaked 
in a 20  µl Nystatin Orifarm 100  000  IU/ml mixture, 
ordered from the Lovisenberg Diaconal Hospital phar-
macy. The concentration of 20 µl of nystatin 100 000 IU/
ml corresponds to 2000  IU on each disk diffusion [29]. 
According to the Regional Medicine Information and 
Pharmacovigilance Center in Norway (RELIS), nystatin 
100 000  IU/ml is compatible with 20 000 µg/ml (20 µg/
µl), and 20 µl with 2000 IU corresponds to approximately 
400 µg nystatin on each disk diffusion [30]. The inhibition 
zone diameter for nystatin disk diffusion was measured 
after 48 h with a digital caliper 0–150 mm. For nystatin, 
the supplementary susceptibility testing was categorized 
according to the inhibition zone diameters from the Clin-
ical and Laboratory Standards Institutes: ≥ 15 mm = sus-
ceptible; 14–10  mm = susceptible dose-dependent; 
and < 10 mm = resistance [31, 32].

Results
Of the 88 patients in the OralHAC Study, 45 had oral 
fungal swabs available for analysis and were included 
in this study. Demographic and medical data for the 45 
included patients are summarized in Table  1. Clinical 
evaluation indicated that 19 (48%) of the patients had 

Table 1 Patient characteristics (N = 45)

The 43 excluded patients did not differ from the 45 included patients on any of 
the variables above

Characteristics Total N Mean (SD) [min, 
max] or n (%)

Sociodemographic variables

 Age in years 45 65.3 (9.7) [45, 84]

 Female sex 45 31 (69)

Data from medical records

 Smoking 44 10 (23)

 Cancer Diagnosis 45

  Gastro-intestinal 13 (29)

  Lung 8 (18)

  Gynecologic 7 (16)

  Prostate 2 (4)

  Breast 2 (4)

  Other 13 (29)

 Metastases 44 35 (80)

 Number of medical treatments 44 12.2 (4.0) [6,26]

 Karnofsky score 43 51.2 (18.2) [20, 80]

Observations and screening by dentists

 Dental status

  Number of teeth 44 24.7 (4.9) [9,31]

  Number of prostheses 42 0.4 (2.0) [0, 13]

  Number of tooth remnants 43 0.2 (0.7) [0, 4]

 Oral Mucositis (OMAS)

  Ulceration score (range 0–3) 44 0.15 (0.32) [0, 1.67]

  Erythema score (range 0–2) 44 0.39 (0.33) [0, 1.11]

 Clinical Evaluation

  MPS—plaque on tongue (range 1–4) 43 1.9 (0.9) [1,4]

  MPS—plaque on teeth (range 1–4) 44 1.9 (0.9) [1,4]

  Clinical sign of dry mouth (yes/no) 40 19 (48)

  Clinical sign of fungal infection (yes/
no)

43 26 (60)
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clinical signs of dry mouth, and 26 (60%) had clinical 
signs of oral fungal infection. The OMAS mean scores 
were 0.15 and 0.39 for ulceration and erythema, respec-
tively. The 45 included patients did not differ from the 
43 excluded patients on any measured demographic or 
medical characteristics.

Identification
Biochemical identification
Samples from 45 patients resulted in 56 detected isolates. 
Seven different Candida species and one Saccharomy-
ces species were identified. In the 56 isolates, C. albicans 
comprised 71%, C. glabrata 9%, C. parapsilosis 5%, and 
C. tropicalis 4%. Furthermore, C. krusei, Candida guil-
liermondii and Candida dubliniensis accounted for 2% 
each, and Saccharomyces cerevisiae for 5%. In 36 patients, 
only one species was detected, with C. albicans account-
ing for 32 (89%). Colonies of each species, C. glabrata, C. 
tropicalis, C. dubliniensis and Saccharomyces cerevisiae 
were detected in four different patients, respectively. A 
summary is presented in Table 2. In nine patients, two or 
three different species were found. The combination of C. 
albicans and C. glabrata was most frequent, and was reg-
istered in four of nine patients (Fig. 1). The results of the 
VITEK®2 identifications had a ‘confidence of probability’ 
that ranged from “Good” to “Excellent”.

Genetic identification
The biochemical identification was confirmed for all 
56 isolates by gene sequencing of the interspace region 

Table 2 Detected oral fungal species in 45 patients, and the 
number of species distributed in the group of 56 isolates

Species Number (%) 
of patients
N = 45

Number (%) of 
patients with mono 
colony
N = 36

Number 
(%) of 
isolates
N = 56

C. albicans 40 (89) 32 (89) 40 (71)

C. glabrata 5 (11) 1 (3) 5 (9)

C. parapsilosis 3 (7) 0 3 (5)

C. tropicalis 2 (4) 1 (3) 2 (4)

C. krusei 1 (2) 0 1 (2)

C. guillermondii 1 (2) 0 1 (2)

C. dubliniensis 1 (2) 1(3) 1 (2)

Saccharomyces 
cerevisiae

3 (7) 1(3) 3 (5)

Fig. 1 Photos of polyfungal infections grown on chromID® Candida from nine patients, and identified visually. Each picture (a—f) represents the 
different combinations of species. Picture a) One patient with the combination C. albicans (1/blue-green) and Saccharomyces cerevisiae (2/white); 
b) One patient with C. tropicalis (3/pink), C. glabrata (4/white) and C. albicans (1/ blue-green); c) One patient with C. albicans (1/blue-green), C. krusei 
(5/white, flat, irregular) and Saccharomyces cerevisiae (2/white, convex, regular); d) Three patients with C. albicans (1/blue-green) and C. glabrata (4/
white); e) Two patients with C. albicans (1/blue-green) and C. parapsilosis (6/white); f) One patient with C. guilliermondii (7/white-slightly pink) and C. 
parapsilosis (6/white)
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between 18 and 28S rRNA with the universal ITS1 + ITS4 
primers [26].

Susceptibility testing
Etest
C. albicans was susceptible to fluconazole (MIC ≤ 4  µg/
ml) in 39 of 40 isolates (98%), with only one isolate resist-
ant to fluconazole (MIC of 6  µg/ml). Furthermore, C. 
albicans was susceptible to both amphotericin B and 
anidulafungin in all 40 isolates. Four of five C. glabrata 
were susceptible to fluconazole with MIC values of 0.5, 
1.5, 2 and 16 µg/ml (Table 3). The one C. glabrata resist-
ant to fluconazole had a MIC value of 24 µg/ml.

All isolates tested, except one C. tropicalis isolate (MIC 
of 1.5  µg/ml), were susceptible to amphotericin B. Two 
C. parapsilosis (MIC of 6 and > 32  µg/ml) and one C. 
tropicalis (MIC of 0.125 µg/ml) were resistant to anidu-
lafungin. The third C. parapsilosis had a MIC of 4 µg/ml, 
just below the threshold for resistance.

The C. albicans isolate with the fluconazole MIC value 
of 4 µg/ml, which is close to resistance (MIC > 4 µg/ml), 
occurred in combination with C. glabrata (MIC flu-
conazole < 2  µg/ml). In another patient with the same 
combination, both species C. albicans and C. glabrata 
were susceptible to fluconazole. The patient with the flu-
conazole resistant C. albicans (MIC of 6 µg/ml) was also 
detected in combination with C. glabrata and C. tropica-
lis. Furthermore, susceptibility was present in this patient 
for fluconazole in C. glabrata (MIC of 2  µg/ml) and C. 
tropicalis (MIC of 0.5  µg/ml), while C. tropicalis was 
resistant to amphotericin B (MIC of 1.5 µg/ml) (Table 3).

Disk diffusion test
When using Etest for nystatin (Ezy MIC™) with a con-
centration range 0.002–32  µg/ml, no inhibition zone 
appeared for any of the Candida isolates, and the results 
are therefore not included in Table 3. Due to these insuf-
ficient results, we had to conduct a supplementary test 
with nystatin mixture 100 000 IU/ml (20 µl) by disk dif-
fusion for those 30 isolates that were available at that 
time. The results verified a clear inhibition zone (Fig. 2). 
Twenty-six isolates had values in the intermediate 
range (I = 14–10 mm), and three C. albicans and one C. 
glabrata had a resistance profile (R < 10 mm) (Table 4).

Discussion
The present study was part of the OralHAC project and 
investigated the diversity of oral yeasts in patients with 
advanced cancer. Few studies include microbiological 
identification and susceptibility testing of samples from 
oral infections in this patient group [33]. The microbio-
logical analysis in our study verified oral fungal cultures 
in all 45 patients, and 56 fungal isolates were collected. 
However, 19 (40%) of the patients did not have clinical 
signs of fungal infection (i.e., white confluent plaques, 
bleeding surfaces, erythematous or ulcerated fissures) 
[34]. Additionally, the OMAS scores showed a low bur-
den of erythema and ulceration, and could support the 
asymptomatic feature that oral fungal infections may 
express.

Among the 56 isolates, C. albicans dominated with a 
prevalence of 71%. This number is higher than reported 
in other studies of advanced cancer patients with 

Table 3 Susceptibility of antifungal agents on Candida isolates

S Susceptible, R Resistant
a Notes from EUCAST: “The entire C. glabrata is in the Intermediate category. MICs against C. glabrata should be interpreted as resistant when above 16 mg/L. 
Susceptible category (≤ 0.001 mg/L) is simply to avoid misclassification of "I" strains as "S" strains”
b IE Insufficient evidence that the organism or group is a good target for therapy with the agent Fluconazole according to EUCAST
c EUCAST: Anidulafungin not recommended for this species
d EUCAST: Not determined

Species Number isolates
N = 56

Fluconazole
0.016–256 µm/ml

Amphotericin B
0.002–32 µg/ml

Anidulafungin
0.002–32 µg/ml

S R S R S R

n (%) n (%) n (%) n (%) n (%) n (%)

C. albicans 40 39 (98) 1 (2) 40 (100) 0 40 (100) 0

C. glabrata 5 4a (80) 1 (20) 5 (100) 0 5 (100) 0

C. parapsilosis 3 3 (100) 0 3 (100) 0 1 (33) 2 (67)

C. tropicalis 2 2 (100) 0 1 (50) 1(50) 1 (50) 1 (50)

C. krusei 1 - - 1 (100) 0 1 (100) 0

C. guilliermondiib 1 IE IE IE IE IE IE

C. dubliniensisc 1 1 (100) 0 1 (100) 0 NR NR

Saccharomyces cerevisiaed 3 ND ND ND ND ND ND
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fungal infection, where the prevalence of C. albicans was 
reported to be 43%—56% [9, 10, 14, 35]. In our study, two 
or three different species were detected in 20% of the 
patients. This number is slightly lower than prior stud-
ies where the same number of species were detected in 
23% to 47% [9, 10, 14, 15]. C. albicans with C. glabrata 
is the most common combination of species, detected in 
approximately 70% of patients with oral candidiasis [18, 
31]. In the current study, this combination occurred in 
only 44% of patients. This variation in results across stud-
ies may be explained by epidemiological factors, differing 
methods of species identification, and variation in sample 
size and patient characteristics, including previous anti-
fungal treatment [19, 36].

Mixed infection with C. albicans and non-C. albicans 
may lead to more complex infections, which could result 
in poor treatment response, as well as drug resistance 

[37]. C. albicans’ ability to change from yeast form to 
the state of hyphae formation makes it highly patho-
logical with host tissue invasion and local infection as a 
result [37]. The morphological switch is controlled by the 
host’s immune system, and makes patients with advanced 
cancer prone to C. albicans proliferation [38]. In their 
mouse study, Tati et al. (2016) described how C. albicans 
formation of hyphae create conditions for C. glabrata´s 
co-adherence to the hyphae, and spread of the infection 
to oropharyngeal candidiasis. Furthermore, the authors 
describe how different C. albicans stocks, with incon-
sistent susceptibility to the azole agents, may affect C. 
glabrata’s susceptibility to the same agents [39]. Though 
we cannot compare their study to our results, due to dif-
ferent methodologies, the study by Tati et  al. highlights 
the complexity of polyfungal infections. Although C. 
glabrata is inherently less susceptible to the azoles, we 

Fig. 2 Photos of susceptibility testing of nystatin Etest and paper disk, with suspension on RPMI agar plates. Picture a) Etest anidulafungin 
(AND) 0.002-32µg/ml with clear inhibition zone and Etest nystatin Ezy MIC™ strip 0.002-32 µg/ml with no inhibition zone. Picture b) A 
supplementary test with nystatin mixture 100 000 IU/ml, 20 µl applied to sterile paper disks. All 30 isolates had clear inhibition zones

Table 4 Supplementary analysis of susceptibility using paper disks with nystatin mixture 100 000 IU/ml

S Susceptible, I Intermediate, R Resistance

Species Number of isolates
n = 30

Nystatin mix 100 000 IU/ml (20 µl) Sterile paper disk 48 h

S (S > 15 mm)
n (%)

I (I = 14–10 mm)
n (%)

R (R < 10 mm)
n (%)

C. albicans 23 0 20 (87) 3 (13)

C. glabrata 3 0 2 (67) 1 (33)

C. parapsilosis 2 0 2 (100) 0

C. tropicalis 1 0 1 (100) 0

C. krusei 0 0 0 0

C. guillermondii 0 0 0 0

C. dubliniensis 1 0 1 (100) 0

Saccharomyces cerevisiae 0 0 0 0
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observed susceptibility to fluconazole in three C. glabrata 
isolates in combination with C. albicans, with MIC values 
ranging 0.5–2  µg/ml. It is worth noticing that, accord-
ing to EUCAST, these values are considered to be in 
the intermediate category (MIC > 0.001–16  µg/ml), and 
therefore dose-dependent for therapeutic success.

In the present study, 98% of C. albicans isolates were 
susceptible to fluconazole. This result corresponds with 
a study from Denmark, where no acquired azole resist-
ance was detected for C. albicans [10]. There was only 
one resistant C. albicans isolate in this study (flucona-
zole MIC of 6  µg/ml), and it was detected in a mixed 
combination with C. glabrata and C. tropicalis. In the 
same patient, the C. tropicalis isolate was resistant to 
amphotericin B. C. tropicalis is not frequently detected in 
mucosal infections, and it is only able to invade the oral 
epithelium in hyphae/pseudo-hyphae form [18]. How-
ever, when C. tropicalis enters the blood stream, it is 
considered to be a significant pathogen in patients with 
neutropenia and malignancies [19], with a high predic-
tive value for invasiveness in neutropenic patients [6]. 
In the other patient with C. tropicalis, the isolate was a 
mono colony, susceptible to amphotericin B.

Three C. parapsilosis species were detected in this 
study. Two isolates, both in combination with C. albi-
cans, were resistant to anidulafungin. C. parapsilosis is 
known to be intrinsically less susceptible to the echino-
candins [18, 19, 40], but is far less virulent and poorly 
invasive compared to C. albicans. Nevertheless, C. par-
apsilosis may induce significant tissue damage, related to 
specific protein expression when growing in contact with 
the epithelium [18].

There was no observed susceptibility to the tested 
concentrations of nystatin in the Etest in this study. 
Therefore, we performed a supplementary analysis with 
nystatin mixture used in clinical treatment. The mixture 
concentration was ten times higher than the nystatin 
Etest. A clear susceptibility zone was observed and meas-
ured for all 30 isolates (Fig.  2). Most of the fungal iso-
lates were found to be in the intermediate group, where 
there is a likelihood of therapeutic success by adjusting 
the dose regime. However, topical treatment with poly-
ene agents, such as nystatin and amphotericin B, is not 
recommended in the Norwegian guidelines for pallia-
tive care in cancer, based on little evidence of success. 
The recommendation is for antifungal agent fluconazole 
[41], although nystatin mixture agents are frequently 
prescribed to manage uncomplicated oral candidiasis 
[5]. Resistance to polyenes by Candida is rare [17], and 
insignificant resistance to the polyenes is also reported 
in studies in cancer patients [32, 42]. However, in one 
study, almost half of the isolates were detected to be in 
the intermediate sensitivity group [42]. The nystatin 

concentrations used in this study (nystatin dilution 
0.125–64 µg/ml and disk diffusion 50 µg) were low com-
pared to our supplementary analysis with the nystatin 
mixture.

Candida species are extremely heterogeneous, both 
pheno- and genotypically, and the pathogenicity of each 
species is mediated by virulence factors such as adhesins, 
morphological switching, biofilm formation and secre-
tion of enzymes to invade and damage the epithelium 
[43]. The feature of virulence and susceptibility in the 
Candida organisms, in combination with changes in the 
host’s status, may impact the clinical outcome of anti-
fungal treatment [19]. Oral fungal treatment in patients 
with advanced cancer is often prescribed without con-
firmation of species and antifungal susceptibility [44]. 
In immunocompromised patients, this may cause severe 
and recurrent fungal infections and increase the levels of 
distressing symptoms and reduce quality of life.

Limitations and future directions’
A limitation of this study was the small patient sample 
size that prevents us from comparing clinical subjective 
and objective features with the microbiological results. 
Our study was only descriptive and outlines features of 
oral yeasts in patients with advanced cancer. A future 
prospective study, with an expanded sample size and 
incorporating comparisons of microbiological diagnoses 
with clinical subjective and objective symptoms, could 
yield further knowledge for establishing guidelines for 
diagnostics and treatment of oral fungal infections in this 
patient group.

Conclusion
This study showed that different Candida species may 
occur in both mono and mixed yeast infections. C. 
albicans was the predominant species, with a high sus-
ceptibility to antifungal agents. However, identifying pol-
yfungal infections is important, as they may contribute to 
treatment failure. Microbiological sampling and analysis 
with regard to identification and susceptibility testing 
need to be considered as a supplementary diagnostic 
option for some patients with advanced cancer.
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