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Antifungal Susceptibilities of Candida Species Isolated to Clinical
Samples

Klinik Orneklerden Izole Edilen Candida Tirlerinin Antifungal Duyarliliklari
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15cml/u1fa Siverek State Hospital, Clinic of Dermatology and Venerology, Sanliurfa, Tiirkiye
“Dicle University Faculty of Medicine, Department of Medical Microbiology, Diyarbakir, Tiirkiye

Background: Candidiasis is a skin, mucosal, and organ infection caused by Candida fungi, with Candida albicans being the most
common. These infections pose significant morbidity and mortality risks, necessitating rapid identification and characterization
methods for diagnosis and personalized antifungal therapy based on Candida’s pathogenic properties.

Materials and Methods: Candida species isolated from diverse clinical samples from patients were included in this study. A total of
86 isolates were analyzed at the genus and species levels using mass spectrometry, while susceptibility profiles to amphotericin B
(AmB), anidulafungin (AND), fluconazole (FLC),and voriconazole were regulated using the gradient test method.

Results: Candida spp. were detected in 1254 clinical samples obtained from 736 patients. Antifungal susceptibility was tested
on 86 isolated samples, including C. albicans, Candida glabrata, Candida tropicalis, Candida parapsilosis, Candida kefyr, Candida
guilliermondii, and Candida krusei. The corresponding rates of resistance to AmB and FLC in C. albicans isolates were 2.2% and
13.3%. No resistance to AND was determined.

ABSTRACT

Conclusion: Candida species C. albicans is the most regularly isolated, but infections from other Candida species have increased. No
resistance to AND was observed, but species-specific resistance to other antifungal agents was identified, emphasizing the need for
continuous monitoring.
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Amagc: Kandidiyaz, Candida mantarlarinin neden oldugu bir tir cilt, mukoza ve organ enfeksiyonudur; en yaygin olani Candida
albicans’tir. Bu enfeksiyonlar 6nemli morbidite ve mortalite riskleri olusturmakta, tani icin hizli tanimlama ve karakterizasyon
yontemleri ve Candida’nin patojenik 6zelliklerine dayali olarak kisisellestirilmis antifungal tedaviyi gerektirmektedir.

Gereg ve Yontemler: Hastalardan alinan gesitli klinik drneklerden izole edilen Candida tirleri bu ¢alismaya dahil edildi. Kiitle
spektrometresi kullanilarak cins ve tur duzeyinde toplam 86 izolat tanimlanirken, gradyan test yontemi kullanilarak amfoterisin B
(AmB), anidulafungin (AND), flukonazol (FLC) ve vorikonazole duyarlilik profilleri belirlendi.

Bulgular: Candida spp. 736 hastadan alinan 1254 klinik 6rnekte treme tespit edildi. C. albicans, Candida glabrata, Candida tropicalis,
Candida parapsilosis, Candida kefyr, Candida guilliermondii ve Candida kruseinin de aralarinda bulundugu 86 izolat lzerinde
antifungal duyarlilik testi yapildi. C. albicans izolatlarinda AmB ve FLC'ye direng oranlari sirasiyla %2,2 ve %13,3’tlir. AND'ye karsi
direng tespit edilmedi.

Sonug: Candida tiiri C. albicans en sik izole edilen turdlr ancak diger Candida turlerinden kaynaklanan enfeksiyonlar da artis
gostermistir. AND'ye karsi herhangi bir direng gozlenmedi ancak diger antifungal ajanlara karsi ture 6zgl direng belirlendi ve bu da
surekli izleme ihtiyacini vurguladi.
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Introduction

Candidiasis is a prevalent infection caused by Candida
fungi, and it affects the skin, mucosal membranes, and
internal organs (1). These infections can occur at any age
and are frequently linked to particular risk factors. Candida
albicans is the predominant pathogen causing candidiasis
globally, followed by Candida parapsilosis, Candida
tropicalis, and Candida glabrata (1-3). Invasive candidiasis
is a highly prevalent condition and is associated with high
morbidity and mortality. Hence, it is imperative to develop
effective methods for immediately detecting and classifying
the condition to ensure precise diagnosis and appropriate
antifungal therapy (4,5).

Several studies have examined the clinical significance
and therapeutic consequences of different Candida species,
highlighting the need to understand their separation,
identification, and resistance to antifungal drugs (1,3).
Candida species, particularly C. albicans, are frequently
found in clinical samples. However, there has been a rise
in infections caused by non-albicans species, such as C.
parapsilosis, C. tropicalis, and C. glabrata (2,3,6,7). These
non-albicans species possess unique characteristics that
contribute to their ability to cause disease and respond
to antifungal treatment. This highlights the importance of
accurately identifying species and developing customized
therapeutic strategies (1,2,8-10).

Multiple methodologies,including phenotypic,genotypic,
and proteomic techniques, have been devised to precisely
determine Candida species (11). Conventional phenotypic
approaches have drawbacks in terms of precision and
speed, but molecular techniques including polymerase
chain reaction, DNA sequencing, and matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) have significantly transformed the area
of Candida species identification (11-13). MALDI-TOF MS is
a method that involves comparing databases of reference
spectra to identify the protein fingerprints of different
microorganisms. MALDI-TOF MS exhibits a sensitivity and
specificity of up to 100%, enabling rapid and accurate
detection and identification of Candida species (11,14,15).
The utilization of modern techniques has improved our
understanding of the dispersion and frequency of distinct
Candida species in diverse clinical environments (16).

The management of candidiasis is increasingly
influenced by the development of antifungal resistance.
Candida species exhibit different levels of resistance to
commonly prescribed antifungal drugs, such as azoles [e.g.,
itraconazole, voriconazole, fluconazole (FLC)], echinocandin
[e.g., anidulafungin (AND), caspofungin], and polyenes [e.g.,
amphotericin B (AmB)] (9,13,17-19). Comprehending the

resistance patterns exhibited by various Candida species is
crucial for selecting the most suitable antifungal treatment
and avoiding treatment ineffectiveness (1,6,10). Resistance
mechanisms, including changes in drug targets, increased
production of efflux pumps, and genetic mutations, have
been discovered and are associated with decreased
susceptibility to antifungal drugs (17,20,21). Candida species
play a key role in human illness because of their capacity
to create drug-resistant biofilms, which are highly resistant
to antifungal treatments (22-24). Treatment options are
complicated by Candida isolates that are resistant to
many drugs, requiring the improvement of new antifungal
techniques. The global prevalence of intrinsic resistance
in Candida species, except for C. albicans, is increasing
(18,25). Non-albicans have been rising regularly in the last
decade. The major cause of therapy failure is the presence
of Candida species that exhibit limited sensitivity, collected
resistance, or inherent resistance to existing antifungal
drugs (16). Overall, candidiasis poses a substantial
therapeutic obstacle because of its varied symptoms and
the development of resistance to antifungal treatments
(19,26,27). To address these challenges, this study aimed to
enhance our understanding of the isolation, identification,
and antifungal resistance profiles of Candida species.

Materials and Methods

In this study, yeast isolates classified as members of
Candida genus, which were obtained from various clinical
samples submitted to the Central Laboratory Bacteriology
Unit of Dicle University Hospital between 22.12.2019 and
22.10.2020,were included. Only the first isolate of duplicate
yeast fungi isolated from the same patient was included in
the study, and the isolated samples were stored at -80 °C
until the time of analysis in a nutrient medium containing
16% glycerol.

This study was approved by the Dicle University Faculty
of Medicine Non-Interventional Clinical Research Ethics
Committee (approval number: 157, date: 20.06.2019) and
informed consent was obtained from the participants.

Sample Cultivation and Selection Criteria of Subcultures

Cerebrospinal fluid, pleural and joint fluid,and peripheral
and catheter blood samples were collected from adult
and pediatric patients in Bactec Plus aerobic/F or Becton
Dickinson Bactec Peds Plus/F tubes and incubated in the
BACTEC FX system (Becton Dickinson, USA). Subcultures
were performed on solid culture media including 5% Sheep
Blood Agar (RTA, Turkiye), Eosin Methylene Blue Agar (RTA,
Turkiye), or Sabouraud Dextrose Agar (SDA) (Oxford, UK)
from bottles displaying growth. The study used quantitative
methods for cultivating tracheal aspirates, bronchoalveolar
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lavage,urine,and nephrostomy samples,with dilution for the
other samples. Colonization was determined by the presence
of yeast in respiratory samples, whereas pathogenic growth
was detected by Gram staining of wound culture samples.
Vaginal samples were stained using the Gram method and
were assessed using the Nugent scoring system.For catheter-
related bloodstream infections, simultaneous cultures were
performed from the catheter tip, blood, and peripheral vein
blood. If growth was observed in both cultures, the isolate
was considered the causative agent. Colonies suspected of
being infectious agents were identified via Gram staining
and subcultures on SDA culture media.

Gram Staining

Candida species are identified as gram-positive budding
yeast cells or pseudo-hyphae with regular constrictions
when stained using the Gram method. Clinical samples or
colony suspensions are fixed, stained with crystal violet,
iodine solution, or fuchsin, and examined under a light
microscope. The yeasts are then stained with a dark or light
purple. The process involves spreading, drying, and fixing
the samples before examination.

Identification of Fungal Species using MALDI-TOF MS

After 24-48 hours of incubation, the identification of the
growing fungal species on subculture plates was performed
using mass spectrometry. MALDI-TOF MS was used for the
identification of yeast. Samples were prepared in accordance
with the MALDI Biotyper standard protocol. Initially,a clean
wooden stick was used to transfer the sample collected from
the colony onto the circular area of the target plate. The
MALDI-TOF MS target plate is a recyclable stainless steel
plate with 96 circular areas for testing different colonies,
each of which can be used. The sample cells were treated
with 70% formic acid on the target plate for application as
yeast and then dried. Subsequently,1-2 uL of matrix solution
was applied to the spot and dried. The plate was then placed
in the ionization chamber of the mass spectrometer.

The MALDI-TOF MS system, using positive linear mode
and 337 nm nitrogen laser ionization,generated data spectra
in the mass range of 2-20 kDa to identify Candida species.
Using Bruker Biotyper 3.1 software (Bruker Daltonics,
Bremen, Germany), these data spectra were identified.

Antifungal Susceptibility Testing Using Gradient Tests

The antifungal susceptibility of the identified yeast
species was determined using the gradient test (e-test).
The agar-based gradient test is a quantitative method used
to identify the minimum inhibitory concentration (MIC) of
antifungal agents that inhibit the growth of Candida species,
expressed in ug/mL (Table 1).

The e-tests consisted of a narrow and non-porous plastic
strip.On one side of the strip (A),there is a MICreading scale
in pg/mL to indicate the identity of the antifungal agent,
along with a two- or three-letter code. Four antifungal
agents included in our study (FLC, voriconazole, AmB,
AND) and their e-test codes are presented in Table 1. The
other side of the strip (B) was affixed with a dried and
stabilized antifungal agent, which was previously defined
with an increasing gradient ranging from the maximum
concentration to the minimum concentration (Figure 1).

Four antifungal agents were used in this study, and the
MICs were determined for identified Candida spp. Prior to
the study, each isolate was subcultured on an SDA plate.
Purified isolates were suspended in physiological saline,
homogenized using a vortex mixer, and adjusted to a
McFarland of 0.5 using a nephelometer.

The prepared suspensions were poured onto RPMI 1640
agar plates (RPMI 1640 Agar w/MOPS and 2% Glucose) with
a diameter of 90 mm, ensuring even distribution across the
entire surface of the agar. The agar plates were dried, and
the gradient test strips (FLC, voriconazole, AmB, AND) were
maintained at room temperature until equilibrium was
reached. The antifungal gradient was then placed on agar
plates at increasing concentrations in a consistent pattern.
The plates were then incubated at 37 °C after the process.

Statistical Analysis

The test was conducted following manufacturer’s
instructions, with areas of inhibition around the gradient
test strips assessed after incubation. The MIC of the isolate
for a specific antifungal agent was determined by comparing
the strip with areas where growth was 80% inhibited. If the
culture appeared mixed or faint, the test was repeated. The
MICs were analyzed according to European Committee on
Antimicrobial Susceptibility Testing (EUCAST) standards.
Culture and quality control for the test of antifungal
resistance were performed using the C. albicans American
Type Culture Collection 10231 standard strain. Table 1
presents the MIC values of the antifungal drugs used in the
study according to EUCAST standards (28).

The study recorded patient information, clinical
specimens, yeast species, and antifungal susceptibility
results. The isolates were compared with four tested
antifungal agents based on specimen type, patient settings,
and fungal species. The data were evaluated to determine
the effectiveness of the antifungal agents. One-Way analysis
of variance was applied to data that is showing a normal
distribution among the groups, whereas the Kruskal-Wallis
is analysis of variance test was applied to data not showing
a normal distribution. Additionally, descriptive statistical
calculations were employed in the data analysis.
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Table 1. The antifungal drugs used in this study and their characteristics. The EUCAST MIC breakpoint values for susceptibility (S) and

resistance (R) of the specified Candida species are expressed

Candida spp. Antifungal agents and EUCAST MIC breakpoints (mg/L)
AmB AND FLC VRC
S< 1 0.03 2 0.06
Candida albicans | 4 0.125-0.25
R> 1 0.03 4 0.25
S< 1 0.06 0.001
Candida glabrata | <16
R> 1 0.06 16
S< - - -
Candida kefyr | - - -
R> - - -
S< 1 0.06 =
Candida krusei | =
R> 1 0.06 =
S< 1 4 2 0.125
Candida parapsilosis | 4 0.25
R> 1 4 4 0.25
S< 1 0.06 2 0.125
Candida tropicalis | 4 0.25
R> 1 0.06 4 0.25
S< 1 0.03 2 0.06
Candida gulliermondii |
R> 1 4 4 0.25
AmB: Amphotericin B, EUCAST: European Committee on Antimicrobial Susceptibility Testing, AND: Anidulafungin, FLC: Flukonazol, VRC: Vorikonazol, MIC: Minimal
inhibitory concentration

Results

Between December 2019 and November 2020, a total
of 1254 Candida spp. isolates were obtained from various
clinical samples from 736 patients (477 females, 269
males) from the clinics and outpatient departments of
Dicle University Hospital. The clinic-specific distribution of
samples collected from patients with positive Candida spp.
cultures is presented in Table 2.

A total of 1254 samples were found to exhibit Candida
spp. growth, with 756 (60.29%) obtained from patients in
intensive care units, 269 (21.45%) from patients in regular
hospital wards, and 229 (18.26%) from outpatient clinic
patients. The superiority of Candida spp. isolates was
determined from urine, vaginal,and blood samples.

In total, 270 clinical samples exhibiting Candida spp.
growth were isolated from blood cultures. The number
of blood culture samples was 13,213, with 2,094 cultures
suspected of being causative agents.Among these suspected

cultures, 12.9% were identified as Candida species. C.
albicans was the most regularly isolated Candida species
from blood cultures, accounting for 37.41%, followed by C.
parapsilosis at 32.22%. Other Candida species isolated from
blood samples included C. tropicalis (14.07%), C. glabrata
(8.15%), Candida kefyr (5.18%), Candida lusitaniae (1.48%),
Candida krusei (1.11%),and Candida guilliermondii (0.37%).

The number of urine samples was 11,391, with a total
of 3,037 (26.7%) urine cultures yielding positive results,
regardless of pathogenicity or colonization. Among the 669
isolates obtained, C. albicans was found in 324 samples
(48.43%), making it the most identified Candida species in
urine samples. C. tropicalis was the second most frequently
isolated species,found in 192 samples (28.7%).C.parapsilosis
was detected in 48 samples (7.17%), C. kefyr in 38 samples
(5.68%), C. glabrata in 32 samples (3.78%), Cyberlindhera
fabiani in 10 samples (1.5%), C. krusei in 8 samples (1.2%),
C. lusitaniae in 4 samples (0.6%), and C. dubliniensis in 4
samples (0.6%). The yeast species in 9 samples could not
be classified.

151



152

Hamidiye Med J 2024;5(3):148-156
Kalkanli et al. Antifungal Susceptibility Species of Candida

Out of 352 vaginal swab cultures performed, Candida
species were isolated in 227 (64.5%) samples. C. albicans
and C.glabrata accounted for more than 90% of the Candida
species isolated from vaginal cultures. C. albicans was
isolated in over half of the samples (144 samples, 63.44%),
followed by C. glabrata (68 samples, 29.96%). Rarely
isolated species in vaginal samples included C. krusei (4
samples, 1.76%), C. tropicalis (3 samples, 1.32%), C. kefyr (3
samples, 1.32%),and C. parapsilosis (1 sample, 0.44%), while
4 samples could not be classified.
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Figure 1. E-test strip for the antifungal agent gradient test used
in this study. A) Front side of the strip containing the MIC reading
scale. B) Backside of the strip containing an exponential antifungal
gradient. Where a represents the maximum and b represents the
minimum concentration of the antifungal agent MIC: Minimum
inhibitory concentration

Antifungal Susceptibility Test

Out of the 86 Candida spp., the distribution of clinical
samples in which isolated Candida species were tested for
antifungal susceptibility is shown in Table 3.

From female patients, a total of 59 clinical samples
were isolated, whereas a total of 27 samples were obtained
from male patients with a mean age of 44.82. Significant
differences were observed in terms of patient age and
gender distribution among Candida species (p<0.05).

The Candida spp. isolates included in this study were
obtained from different units, including clinical, intensive
care, and outpatient departments. It was statistically
significant that C. glabrata was more frequently isolated
from outpatients, and C. tropicalis and C. parapsilosis were
more frequently isolated from intensive care and clinical
patients (p<0.05). Among the 45 C. albicans isolates in
our study, 7 were derived from clinical samples, 13 from
intensive care samples,and 25 were from outpatient sources.
Of the C. glabrata isolates, 5 were from clinical samples, 2

Table 2. Distribution of samples obtained from patients with

positive Candida spp. culture according to clinics. The number
of isolates was determined according to the clinical sample type

Clinical sample type Number of isolates %
Urine 669 59.77
Blood 270 18.57
Vagina 227 15.61
Respiratory tract 35 241
Catheter 19 1.31
Wound 11 0.76
Abscess 8 0.55
Ear 5 0.34
Peritoneum 4 0.28
Pleura 3 0.21
Cerebrospinal fluid 3 0.24
Total 1254 100

Table 3. Clinical sample distribution for candida antifungal susceptibility testing. Distribution of clinical samples for antifungal

susceptibility testing of isolated Candida species

Agent Vagina Blood Urine Abscess Wound Cerebrospinal fluid Total
Candida albicans 25 14 3 1 1 1 45
Candida glabrata 15 3 1 1 = = 20
Candida tropicalis - 7 1 - 1 - 9
Candida parapsilosis - 6 - - - - 6
Candida kefyr - 1 3 - - - 4
Candida guilliermondi - 1 - - - - 1
Candida krusei = 1 - - - - 1
Total 40 33 8 2 2 1 86
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Table 4. Candida spp. MIC values and resistance profiles for antifungal agents. MIC values and resistance profiles of Candida spp. isolates

based on gradient test results for antifungal agents

Candida spp. (n) Antifungal drugs | MIC range (mg/L) | Susceptible (S) n (%) | Moderately susceptible (I) n (%) | Resistant (R) n (%)
Candida albicans AmB <0.002-1.5 44 (%97.8) - 1(2.2%)

AND <0.002-0.125 45 (100%) = =

FLC <0.016-> 56 39 (86.7%) = 6 (13.3%)

VRC <0.002-0.25 39 (86.7%) 6 (13.3%) =
Candida glabrata (20) AmB 0.002-1 20 (100%) - -

AND <0.002-0.064 20 (100%) - -

FLC 1-32 - 12 (60%) 8 (40%)

VRC 0.5-8 = = =
Candida tropicalis (9) AmB 0.25-3 8 (88.9%) = 1(11.1%)

AND <0.002 9 (100%) - -

FLC <0.016-8 8 (88.9%) = 1(11.1%)

VRC 0.032-0.38 8 (88.9%) = 1(11.1%)
Candida parapsilosis (6) AmB <0.002-1 6 (100%) - -

AND <0.002-0.5 6 (100%) = =

FLC 0.016-256 5 (83.3%) = 1(16.7%)

VRC <0.002-0.75 5 (83.3%) 1 (16.7%) -
Candida kefyr (4) AmB 0.12-1.5 - - -

AND <0.002-1 = = =

FLC 0.125-1 4 (100%) - -

VRC 0.032-0.125 = = =
Candida guilliermondi (1) | AmB 1 = = =

AND 0.5 = = =

FLC 2 1 (100%) = =

VRC 0.125 = = =
Candida krusei (1) AmB 0.5 1 (100%) = -

AND 0.064 1 (100%) - -

FLC >256 = = 1 (100%)

VRC 0.094 - - -
AmB: Amphotericin B, AND: Anidulafungin, FLC: Flukonazol, VRC: Vorikonazol, MIC: Minimal inhibitory concentration

from intensive care samples,and 13 from outpatients. Four
C. tropicalis isolates were obtained, 4 from clinical and 5
from intensive care patients. One C. parapsilosis isolate
was derived from clinical samples, while 5 were from
intensive care sources. Four isolates were examined for C.
kefyr, including 2 clinical and 2 intensive care samples. One
isolate was clinically confirmed as C. guilliermondii, while
one isolate of C. krusei was obtained from the intensive care
unit.

EUCAST reported susceptibility breakpoints for seven
antifungals against C. albicans isolates, including AmB,
AND, FLC, vorikonazol (VRC), itraconazole, posaconazole, and
micafungin. The MICs of the isolates and the distribution of

resistance profiles among Candida spp. based on gradient
test results are shown in Table 4.

In this study, a total of 45 isolates were obtained,
including one isolate from a burn intensive care unit
patient. Among the 6 isolates showing resistance to AmB
from the C. albicans species, it was determined that 4 were
obtained from patients in the intensive care units and
2 were obtained from outpatient clinic patients. The test
of antifungal susceptibility was shown that 8 out of 8 C.
glabrata isolates tested had MIC values above 16 for FLC.
Among these isolates, 1 was obtained from an intensive
care unit patient and 4 were obtained from outpatient clinic
patients, with 3 isolates identified as clinical isolates. One
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C.tropicalis isolate showing resistance to AmP was isolated
from an 81-year-old male patient in the internal medicine
intensive care unit. This isolate also showed resistance to
FLC and VRC agents. It was observed that the resistant C.
krusei isolates identified in the antifungal susceptibility
testing also showed resistance to VRC and were obtained
from patients infected with C. parapsilosis in intensive care
units. Intensive care units are noteworthy for being where
both fungal infections and resistant isolates are detected.

Discussion

Candidiasis refers to various infections caused by C.
fungi that affect the skin, mucous membranes, and deep-
seated organs. Commonly caused by C. albicans, these
invasive infections pose significant morbidity and mortality
risks (6,19). The symptoms of candidiasis include oral
lesions, redness, burning, bleeding, cracking, loss of taste,
and spread into the esophagus in patients with weakened
immune systems (28,29). Treatment for candidiasis depends
on the type of infection. Antifungal medications such as FLC
(oral antifungals), clotrimazole (antifungal lozenges), and
nystatin (antifungal mouth wash) are used to treat fungal
infections (28). Candida species can develop resistance to
antifungal medications through efflux pump and biofilm
formation, which protect cells against azoles. Candida
biofilms, which are resistant to azoles, can also protect
cells against antifungal medications by altering ergosterol
(17,18,22).

Analysis of the clinical samples revealed the presence
of Candida species in a substantial number of cases, with
1254 clinical samples yielding positive growth for Candida
spp. Among the Candida isolates, C. albicans was the most
frequently identified species, accounting for 46.8% of the
isolates.However,infections caused by other Candida species
demonstrated an increasing trend. Studies conducted
worldwide have demonstrated variations in Candida species
occurrence across regions. While C. albicans is frequently
isolated as a pathogen in Northern and Central Europe as
well as the United States, non-albicans Candida species are
predominant in Asia, Southern Europe, and South America.
The highest rate of C. glabrata isolates has been reported
in Northern and Central Europe, whereas C. parapsilosis is
most commonly found in Slovakia, Southern Europe, South
America, and Asia. C. tropicalis, on the other hand, exhibits
dominance in Eastern Asia and Argentina. In contrast, the
prevalence of C.krusei is relatively low across all geographic
regions. The underlying medical conditions of patients can
also have an impact on the frequency of Candida species,
in addition to regional variance, the administration of
antifungal agents, and local factors related to the hospital
environment (30).

When comparing the conducted studies, it was observed
that the decreasing order of Candida species in the
American population generally consisted of C. albicans,
C. glabrata, C. parapsilosis, and C. tropicalis. In our study,
the most commonly encountered Candida species was C.
albicans (46.8%). On the other hand, when our study was
compared with other studies, C. glabrata was not identified
as the most frequently encountered non-albicans Candida
species. The frequency of C. tropicalis and C. parapsilosis
was higher than that of C. glabrata. The discrepancy in the
ranking between C.glabrata, C. tropicalis,and C. parapsilosis
in our study can be attributed to population differences.
The epidemiology of candidemia varies according to region.
As observed in the study conducted by Horn et al. (31) in
2009, our study also demonstrated a higher isolation rate of
non-albicans Candida species from blood cultures (62.59%)
(32,33).

As observed, different populations influence the
frequency of Candida species occurrence. In a study
conducted in Singapore, it was found that the most
commonly encountered Candida species differed from
our study, as C. albicans was not predominant (33). The
frequency of non-C. albicans Candida species, particularly
C. tropicalis and C. parapsilosis, appeared to be consistent
with our findings.

In accordance with nearly all studies, C. albicans, C.
tropicalis, C. parapsilosis, and C. glabrata, which exhibit
variable rankings, were the most commonly encountered
Candida species in our investigation, occupying the top four
positions (34). Consistent with the prevalent Candida species
observed in our study population, C.albicans emerged as the
predominant species. Some studies conducted in Tuirkiye
have demonstrated the occasional inclusion of C. krusei
among the four most frequently isolated Candida species
(35). However, contrary to these findings, C. krusei (1.29%)
was the least regularly isolated species in our study.

In our study, consistent with previous studies, C.
parapsilosis was found to be the third most frequently
isolated species. C. parapsilosis has been reported as
the third most common Candida species obtained from
blood cultures in North America. However, in our study, C.
parapsilosis was the second most common species isolated
from blood cultures, despite ranking third overall. Growth
of C. parapsilosis was observed in isolates obtained from
blood cultures of intensive care unit patients, accounting
for 90% of cases, and was suggested to be associated
with catheter usage (33). Antifungal drug resistance
can be categorized microbiologically or clinically, with
microbiological resistance referring to a fungal pathogen’s
in vitro susceptibility to an antifungal agent (30). According
to the Infectious Diseases Society of America guidelines,
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FLC is recommended for less severe infections, whereas
echinocandin are the first-line treatment for systemic
candidiasis in patients with moderate-to-severe infections
and those who have previously been exposed to azoles. The
European Society of Clinical Microbiology and Infectious
Diseases in Europe recommends echinocandin for all cases
(30). Different varieties of Candida exhibit different levels
of susceptibility to widely used antifungal medications. For
instance, C. krusei is naturally resistant to FLC with a global
resistance rate of 78.3%, whereas C. glabrata exhibits dose-
dependent low susceptibility with a global resistance rate
of 15.7% compared to other Candida species (30).

Fundamental resistance to FLC is known to be
extraordinary in C. albicans (1.4%), C. parapsilosis (3.6%),
and C. tropicalis (4.1%). In our study, the FLC resistance
rates of C. albicans, C. parapsilosis, and C. tropicalis isolates
were 13.3%, 16.7%, and 11.1%, respectively. This resistance
profile may be attributed to the frequent use of FLC as a
prophylactic treatment, particularly in hospitalized patients.
Echinocandins have strong antifungal properties against
most Candida species, except for C. parapsilosis, which has
been reported to have higher MICs (30). None of the tested
isolates in our study showed resistance to echinocandin.
This finding is consistent with the existing literature.
As observed in other studies (35), we did not observe
resistance to echinocandin in our study. The most common
resistance was found against FLC, both in C. albicans and
non-albicans Candida species. The isolates from clinical
samples showed an increasing prevalence of non-albicans
Candida species, including C. parapsilosis, C. tropicalis,
and C. glabrata. The observed increase is attributed to
invasive procedures, prolonged stays, and long-term use
of antibiotics. Prophylactic antifungal therapy may also
contribute to antifungal resistance. Monitoring antifungal
resistance profiles will help guide empirical fungal
infections treatment, highlighting the need for more
effective treatment strategies.

Conclusion

Candida species C. albicans is the most frequently
isolated, but infections from other Candida species have
increased. No resistance to AND was observed, but species-
specific resistance to other antifungal agents was identified,
emphasizing the need for continuous monitoring.
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