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Abstract

Background: The frequency of nosocomial yeast infections has increased dramatically in the recent years. They are considered an
important cause of morbidity and mortality in immunocompromised cancer patients. The majority of yeast infections are caused
by Candida species. However, species like Trichosporon and Rhodotorula should be considered as possible infectious agents as well.
Objectives: This study aimed at determining the prevalence of yeast species, their distribution among patients and the antifungal
susceptibility profile at Oncology Center, Mansoura, Egypt.
Methods: From December 2016 till November 2017, cancer patients who developed infective episodes two days or more following
hospital admission were included in the study. Clinical samples were collected according to the site of infection using standard
sterile procedures. Blood samples were cultured using the BACT-ALERT system. Fungal identification and susceptibility testing were
performed by Vitek 2 system.
Results: Eighty-seven fungal strains were obtained from our patients. A higher isolation rate was observed in urine samples (47.1%)
followed by oropharyngeal (24.1%) and blood (21.8%) samples. The majority of the yeast species were Candida albicans (40.2%), C.
tropicalis (14.9%), C. parapsilosis (9.2%), C. famata (6.9%) and C. guilliermondii (6.9%). Out of the 87 samples, 8 (9.2%) were resistant to
fluconazole, 7 (8.0%) were resistant to flucytosine, 5 (5.7%) were resistant to voriconazole and amphotericin B, and no sample was
resistant to caspofungin or micafungin.
Conclusions: Vitek 2 system offers a novel method for the early identification and susceptibility testing of different yeast species.
It helps to minimize the risk for emergence of resistant species and reduce mortality rates, particularly in cancer patients.
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1. Background

Nosocomial fungal infections are increasingly isolated
from immunocompromised patients. Predisposing risk
factors include hematological malignancy or solid organ
tumors, immunosuppressive drugs and different invasive
medical procedures (1). Full identification of fungi down to
the species level can help to predict antifungal susceptibil-
ity profile; however, in certain cases susceptibility pattern
cannot be determined by only species identification. Anti-
fungal susceptibility is also considered as an epidemiolog-
ical tool to detect the early emergence of resistance (2).

The majority of yeast infections are caused by Candida
species. However, there may be variations in their clinical
severities and outcomes. At least 15 species including Can-
dida can infect humans, and Candida albicans is known to
be the most widely reported cause of nosocomial fungal in-
fections (3). In particular, cases of candidemia caused by

non-albicans Candida species such as C. parapsilosis, C. kru-
sei, C. tropicalis, C. guilliermondii and C. glabrata have been
reported in cancer patients at an increasing rate over the
recent years (4).

Trichosporon is an infrequent yet important yeast
pathogen in patients with poor immunity. There are many
Trichosporon species with variable antifungal susceptibil-
ities. Trichosporon asahii and T. mucoides are among the
most common species and have been linked with fun-
gal blood stream infections and skin sores (5). Another
type of yeast infection caused by Rhodotorula species has
emerged among cancer patients. Members of Rhodotorula
species were considered to be non-pathogenic. However,
Rhodotorula species such as Rhodotorula mucilaginosa, R.
glutinis and R. minuta have been reported as infectious
agents in humans. Most cases of infection were fungemia
associated with central venous catheter (6).
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2. Objectives

The aim of our study was to evaluate the prevalence of
yeast species, their distribution among patients and the
antifungal susceptibility profile at the Oncology Center,
Mansoura, Egypt.

3. Methods

3.1. Type of the Study

A cross-sectional observational study was carried out
over a one-year period from December 2016 to November
2017.

3.2. Eligibility Criteria

Cancer patients who developed infective episodes two
days or more following hospital admission with clinically
suspected fungal infection were included in the study. All
the enrolled patients had one or more of the following
risk factors: Prolonged hospital stay, solid tumor or hema-
tological malignancy, impaired immune status, neutrope-
nia, oral mucositis, intensive care unit (ICU) admission, di-
abetes and empirical antibiotics intake.

The exclusion criteria included systemic antifungal
treatment, incomplete medical records, discharge before
sampling and lack of consent to participate in the study.

3.3. Data Collection

The following data were collected from patients’
records including: Age, sex, duration of hospital stay
and clinical diagnosis, medications received as antimi-
crobial agents, chemotherapy, laboratory investigations
such as complete blood count (CBC) and radiological
investigations.

3.4. Sampling

Clinical samples were collected according to the site
of infection using the standard sterile procedures from
the study population. All the samples were processed at
the Microbiology Laboratory, Oncology Center, Faculty of
Medicine, Mansoura University, Egypt. Urine, drain aspi-
rate, cerebrospinal fluid (CSF) and oropharyngeal samples
were cultured onto Sabouraud Dextrose Agar (Merck, Ger-
many) with cycloheximide at 37°C for 2 - 3 days. Blood sam-
ples were cultured on automated blood culture bottles us-
ing the BACT-ALERT system (bioMérieux, Durham, NC, USA)
to detect early microbial growth. Urine and sputum sam-
ples with insignificant fungal growth and polymicrobial
infections were excluded.

3.5. Fungal Identification

All the isolates were identified using the commercial
Vitek 2 system (bioMérieux, France). Then, 3 ml of ster-
ile saline was added in Vitek 2 polystyrene tubes. Fungal
colonies were suspended in saline with the help of sterile
loop. The desired turbidity of suspension should be kept
between 1.8 and 2.2 McFarland Standard using DensiChek
plus (biomérieux, France).

Vitek YST ID cards were automatically filled with the
standardized suspension, sealed, and incubated at 35.5°C,
and optical density was measured by the device every 15
minutes. Final results were analyzed and reported by Vitek
2 software within 18 hours. Four infrequent C. famata,
C. lusitaniae, C. dubliniensis and C. rugosa samples were
confirmed by the mass spectrometry method (MALDI-TOF,
Vitek MS, bioMérieux, France).

A single yeast colony was directly applied to a dispos-
able polypropylene slide using a 1-µL loop and was lysed by
direct 0.5 µL formic acid (25%) immediately after applica-
tion on the target plate. Afterwards, 1µL of the matrix solu-
tion was applied and allowed to dry at room temperature.
The approximate sample preparation time was 1 min per
isolate. Vitek MS identification system is based on the com-
parison of the characteristics of the spectra obtained with
the stored database. This database was built using spec-
tra for the known strains of each claimed species. Identi-
fication results for yeast isolates were consistent with the
those obtained by Vitek 2 system (bioMérieux, France).

3.6. Antibiotic Susceptibility Testing

Antifungal susceptibility testing was performed by
AST-YS07 cards against fluconazole, voriconazole, ampho-
tericin B, flucytosine, caspofungin and micafungin. The
cards containing serial dilutions of each antifungal agent
were tested. Following loading of the cassette, dilution of
the fungal suspensions and card filling were performed
automatically by the Vitek 2 system. The cards were incu-
bated at 35°C for 18 hrs. Median values for the minimum in-
hibitory concentration (MIC) were calculated and used to
assign isolates into susceptible, intermediate or resistant
categories.

3.7. Statistical Analysis

All the collected data were statistically analyzed using
SPSS version 21.0.

4. Results

Over a period of one year, 87 yeast species were iso-
lated from 1,388 admitted patients with a prevalence rate
of 6.3%. The majority of the species in our study were ob-
tained from female patients (51.7%; 48.3% from males). The
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mean age of male and female patients was 34.93 ± 20.17 y
and 43.36 ± 21.64 y, respectively. Several risk factors were
observed in our patients including chemotherapy/steroid
or empirical antibiotics intake (96.6% for each) followed
by oral mucositis (92%) and neutropenia (88.5%). Yeast in-
fection was more common in patients with hematological
malignancies (56.4%) than those with solid tumors (43.3%;
Table 1).

Table 1. Risk Factors Distribution in the Studied Patients (n = 87)

Risk Factors No. (%)

Use of empirical antibiotics 84 (96.6)

Chemotherapy and/or steroid intake 84 (96.6)

Oral mucositis 80 (92)

Neutropenia 77 (88.5)

Hematological malignancy 49 (56.3)

Prolonged hospital stay ≥ one week 42 (48.3)

Solid tumor 38 (43.7)

ICU admission 39 (44.8)

Mechanical ventilation 16 (18.4)

Diabetes 14 (16.1)

Fungal isolates with significant growth were obtained
from the collected samples using standard sterile proce-
dures. Table 2 presents the species distribution in different
clinical samples. Overall, 95.3% of the samples were Can-
dida species, while Rhodotorula and Trichosporon species
were identified in 4.7% of the samples. Candida albicans
was the most frequently isolated yeast in 35 (40.2%) pa-
tients. Major non-albicans Candida species were C. tropi-
calis (14.9%), C. parapsilosis (9.2%), C. guilliermondii (6.9%)
and C. famata (6.9%). Most of the species were isolated
from urine (47.1%), oropharynx (24.1%) and blood (21.8%).
Few isolates were obtained from surgical drains (5.8%) and
CSF (1.2%). Candida albicans accounted for the majority of
fungal bloodstream infections. However, the overall num-
ber of patients presented with candidemia caused by non-
albicans species was higher (12 out of 19 patients). The most
common species were C. krusei followed by C. tropicalis, C.
parapsilosis and C. guilliermondii.

Breakpoints were developed for different fungal
species and antifungal agents as: (I) Susceptible (this is
the drug of choice), (II) intermediate (means that higher
dosing regimens have better treatment outcomes) and
(III) resistant (drug has no role in treatment) (Table 3).

As regard the antifungal susceptibility of the obtained
fungal isolates, 82 (94.3%) were susceptible to voriconazole,
80 (92%) to flucytosine, 79 (90.8%) to amphotericin B and 75
(86.2%) were susceptible to the fluconazole. All of these iso-
lates were susceptible to caspofungin and micafungin (Fig-

ure 1). Candida albicans was the most sensitive species to all
antifungal agents, whereas C. parapsilosis and C. tropicalis
had the highest sensitivity among non-albicans Candida
species. Trichosporon and Rhodotorula species were equally
sensitive to all antifungal agents. Resistance to flucona-
zole, flucytosine, amphotericin B and voriconazole was ob-
served in 8 (9.2%), 7 (8%), 5 (5.7%) and 5 (5.7%) samples, re-
spectively. Four (4.6%) samples had an intermediate sensi-
tivity to the fluconazole, three (3.4%) to the amphotericin
B and no sample had intermediate sensitivity to voricona-
zole or flucytosine. Among all the fungal isolates, C. krusei,
C. guilliermondii and C. ciferri demonstrated high antifun-
gal resistance (Table 4).

5. Discussion

Fungal infections are an increasing cause of morbid-
ity and mortality among hospitalized patients. There has
been an overall increase in fungal healthcare-associated in-
fections in the last few decades, which is likely a conse-
quence of advances in medical and surgical therapies (7).
In our study, several factors were associated with fungal
infection such as chemotherapy/steroid intake, use of em-
pirical antibiotics, oral mucositis, neutropenia, prolonged
hospital stay and ICU admission. A higher percentage of
fungal infections was observed in patients with hemato-
logical malignancies than those with solid tumors.

Several studies (8-10) have confirmed the importance
of these risk factors. Higher incidence of yeast infec-
tions in patients receiving chemotherapy, corticosteroids
or empirical antibiotics can be explained by markedly sup-
pressed immune system, particularly in cancer patients.
Yeast infection was also observed in patients with oral mu-
cositis following cancer therapy. This can be explained
by mucosal barrier injury that facilitates fungal coloniza-
tion and infection. Reduced ability to maintain oral hy-
giene may also increase the risk for oral candidiasis (11).
Distribution of yeast species is different in various regions
and studies. Candida species are the most common yeast
species causing nosocomial fungal infections, especially in
critically-ill and immunocompromised patients (12). Our
study results are in agreement with the previously pub-
lished studies where the most common yeast species were
C. albicans, C. tropicalis, C. krusei and C. parapsilosis (13-15).

On the contrary, another study found that the majority
of Candida infections (59.8%) were caused by non-albicans
Candida species, whereas C. albicans accounted for 40.2% of
yeast infections, and attributed the cause to some predis-
posing factors (16). Candidemia is a rare finding in healthy
individuals. However, it is commonly found in immuno-
compromised patients, particularly those with several risk
factors such as cancer patients. Candida albicans was the
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Table 2. Frequency of Yeast Isolates in Different Clinical Samplesa

Isolates
Total

No. (%)
Blood Oropharynx Urine Drain CSF

Candida albicans 7 9 18 1 - 35 (40.2)

C. tropicalis 2 3 7 1 - 13 (14.9)

C. parapsilosis 2 1 4 1 - 8 (9.2)

C. guilliermondii 2 - 4 - - 6 (6.9)

C. famata - 4 2 - - 6 (6.9)

C. krusei 3 - - 1 - 4 (4.6)

C. dubliniensis 1 2 - - - 3 (3.4)

C. ciferri 1 - 1 - 1 3 (3.4)

C. spherica - - 2 - - 2 (2.3)

C. lusitaniae 1 - 1 - - 2 (2.3)

C. rugosa - - - 1 - 1 (1.2)

Rhodotorula glutinis - 1 - - - 1 (1.2)

Trichosporonmucoides - - 2 - - 2 (2.3)

T. asahii - 1 - - - 1 (1.2)

Total 19 (21.8) 21 (24.1) 41 (47.1) 5 (5.8) 1 (1.2) 87 (100)

Abbreviation: CSF, cerebrospinal fluid.
aValues are expressed as No. of (%).

Table 3. Antifungal Breakpoints for Vitek 2 YS07 Cardsa ,b

Antifungal Drug Susceptible Resistant

Fluconazole ≤ 1 ≥ 64

Voriconazole ≤ 0.12 ≥ 8

Flucytosine ≤ 1 ≥ 64

Amphotericin B ≤ 0.25 ≥ 16

Caspofungin ≤ 0.25 ≥ 4

Micafungin ≤ 0.06 ≥ 4

aNumerical values are expressed in µg/mL.
bSusceptible-dose dependent (SDD) reports as intermediate (I).

most common causative agent (36.8% of all cases). Non-
albicans Candida species including C. krusei, C. tropicalis, C.
parapsilosis and C. guilliermondii were involved in 63.2% of
the cases. This is considered a serious health problem since
some of these species are known to be intrinsically resis-
tant to azoles. These results are consistent with those of
previous studies, where non-albicans Candida species were
recovered from blood cultures with increased frequency
(17, 18).

Infrequent yeast species including R. glutinis and Tri-
chosporon species were isolated in our study. They are
emergent yeast pathogens capable of causing invasive in-
fections increasingly isolated from immunocompromised

patients (19). Although R. glutinis and T. asahii are infre-
quent causes of yeast infection, they should be put into
consideration in respiratory tract infections among can-
cer patients. Antifungal susceptibility testing by broth mi-
crodilution is very tedious and time consuming, and it is af-
fected by several factors that may cause widely discrepant
results such as pH, inoculum preparation, medium formu-
lation, time of incubation, temperature of incubation and
subjective interpretation of results (2).

In our study, we used Vitek 2 system for antifungal sus-
ceptibility testing. Despite being expensive, this method
is easy to perform and requires minimal handling. The
reading is automatically determined and interpreted by
the system software (20). Candida species differ in their
susceptibility to antifungal agents. Continuous exposure
to azoles, along with infection with Candida strains with
intrinsic resistance to azole drugs such as C. krusei, has an
important role in the acquisition of antifungal resistance.
Resistance rate seen in our study was quite consistent with
the findings of a previous study in which C. krusei was the
most resistant species to many antifungal drugs with the
highest overall mortality (14).

Furthermore, the decreased in vitro susceptibility of C.
guilliermondii and C. krusei to azoles was noted in several
previous studies (21, 22). Resistance to azoles was reported
by Pfaller et al. (2010) in C. krusei and C. guilliermondii infec-
tion in agreement with this study. Candida ciferri is another
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Figure 1. Automated antifungal sensitivity using Vitek YS-07 cards; 8 (9.2) of samples were resistant to fluconazole, 7 (8.0) were resistant to flucytosine, 5 (5.7) were resistant
to voriconazole and amphotericin B. No sample was resistant to caspofungin or micafungin

Table 4. Antifungal Susceptibility Testing of Yeast Isolatesa

Isolate
Fluconazole Voriconazole Amphotericin B Flucytosine Caspofungin Micafungin

S I R S R S I R S R S S

Candida albicans 32
(36.8)

1 (1.1) 2 (2.3) 35
(40.2)

- 33
(37.9)

1 (1.1) 1 (1.1) 35
(40.2)

- 35 (40.2) 35 (40.2)

C. dubliniensis 3 (3.5) - - 3 (3.5) - 3 (3.5) - - 3 (3.5) - 3 (3.5) 3 (3.5)

C. famata 5 (5.7) 1 (1.1) - 6 (6.9) - 6 (6.9) - - 6 (6.9) - 6 (6.9) 6 (6.9)

C. guilliermondii 4 (4.6) - 2 (2.3) 4 (4.6) 2 (2.3) 4 (4.6) - 2 (2.3) 5 (5.7) 1 (1.1) 6 (6.9) 6 (6.9)

C. krusei - 1 (1.1) 3 (3.5) 2 (2.3) 2 (2.3) 2 (2.3) - 2 (2.3) 2 (2.3) 2 (2.3) 4 (4.6) 4 (4.6)

C. lusitaniae 2 (2.3) - - 2 (2.3) - 2 (2.3) - - 1 (1.1) 1 (1.1) 2 (2.3) 2 (2.3)

C. parapsilosis 8 (9.2) - - 8 (9.2) - 8 (9.2) - - 7 (8.0) 1 (1.1) 8 (9.2) 8 (9.2)

C. rugosa 1 (1.1) - - 1 (1.1) - 1 (1.1) - - 1 (1.1) - 1 (1.1) 1 (1.1)

C. spherica 2 (2.3) - - 2 (2.3) - 1 (1.1) 1 (1.1) - 1 (1.1) 1 (1.1) 2 (2.3) 2 (2.3)

C. tropicalis 12 (13.8) 1 (1.1) - 13
(15.0)

- 12 (13.8) 1 (1.1) - 12 (13.8) 1 (1.1) 13 (15.0) 13 (15.0)

C. ciferri 2 (2.3) - 1 (1.1) 2 (2.3) 1 (1.1) 3 (3.5) - - 3 (3.5) - 3 (3.5) 3 (3.5)

Rhodotorula
glutinis

1 (1.1) - - 1 (1.1) - 1 (1.1) - - 1 (1.1) - 1 (1.1) 1 (1.1)

Trichosporon
asahii

1 (1.1) - - 1 (1.1) - 1 (1.1) - - 1 (1.1) - 1 (1.1) 1 (1.1)

T. mucoides 2 (2.3) - - 2 (2.3) - 2 (2.3) - - 2 (2.3) - 2 (2.3) 2 (2.3)

Total 75
(86.2)

4 (4.6) 8 (9.2) 82
(94.3)

5 (5.7) 79
(90.8)

3 (3.5) 5 (5.7) 80 (92) 7 (8.0) 87 (100) 87 (100)

Abbreviations: I, intermediate; R, resistant; S, sensitive.
aValues are expressed as No. (%)

infrequent non-albicans Candida species that exhibits resis-
tance in vitro to all azole compounds tested (23). Resistance
to amphotericin B is a rare finding. Five (5.7%) Candida iso-

lates were resistant to amphotericin B. These data are con-
sistent with the findings of a previously published study
showing that 4.1% of all Candida strains were resistant to
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amphotericin B (4). Caspofungin and other echinocandins
are the most preferred drugs when patients fail to respond
to other antifungals (24). In our study, all the yeast isolates
were susceptible to caspofungin and micafungin.

5.1. Conclusions

Vitek 2 automated system offers a novel method for the
early identification and susceptibility testing of different
yeast species. It helps to minimize the risk for emergence
of resistant species, shorten the duration of hospital stay
and reduce mortality rates, particularly in cancer patients.
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