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Abstract

Objective: Candida auris (C. auris) is an emerging multidrug-resistant yeast associated with
healthcare-associated outbreaks, particularly in intensive care units (ICUs), and is linked to
high mortality. This study aimed to evaluate the incidence of C. auris colonization and infection,
clinical outcomes, and risk factors in ICU patients at a tertiary hospital in TUrkiye.

Methods: This retrospective single-center study was conducted at Kartal Dr. Lutfi Kirdar
City Hospital (Istanbul, Turkiye) between March 1 and August 31, 2025. Weekly surveillance
screening was performed using combined axilla and groin swabs. Clinical specimens were col-
lected in suspected infections. Identification was performed by MALDI-TOF MS. Demographic
and clinical variables were analyzed, and logistic regression was used to identify predictors of
30-day mortality.

Results: A total of 38 ICU patients with C. auris detection were included. The mean age
was 68.8+15.4 years, and 55.3% were male. Colonization was detected in 60.5% of patients,
while 39.5% had infection. The overall incidence of C. auris was 1.6%. Bloodstream infection
was the most common infection type (31.6%). The overall 30-day mortality rate was 55.3%.
Azole resistance was observed in 80.0% of isolates, amphotericin B resistance in 73.3%, and
echinocandin resistance in 13.3%. In multivariable analysis, mechanical ventilation was inde-
pendently associated with 30-day mortality (OR=19.27,95% Cl:1.02-363.48; p=0.04).

Conclusions: C. auris infections have become a serious threat in ICUs in recent years. The
mortality rate is quite high in this study. Advanced age, high comorbidity scores, mechanical
ventilation, central venous catheterization, and broad-spectrum antibiotic use were highlighted
as risk factors for C. auris. From a cost-effectiveness perspective, early diagnosis of high-risk
patients and targeted preventive strategies may be more appropriate than routine weekly C.
auris screening. Early detection of C. auris, implementation of contact isolation, strengthening
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and groin, and is primarily transmitted through direct
contact. Importantly, C. auris can persist on inanimate
surfaces for more than seven days, facilitating nosoco-
mial transmission and prolonged environmental con-
tamination.®

The growing global burden of C. auris has drawn con-
siderable attention, largely due to challenges in accurate
microbiological identification and its wide spectrum of
clinical manifestations. Among these, bloodstream in-
fections represent the most severe form, with mortality
rates reported to reach up to 40%.* A major challenge in
the management of C. auris infections is its unfavorable
antifungal susceptibility profile. Approximately 90% of
isolates are resistant to fluconazole, 35% to amphotericin
B, and over 40% exhibit resistance to two or more anti-
fungal classes.>® This multidrug resistance significantly
complicates the treatment of invasive infections, particu-
larly candidemia, and contributes to high mortality rates.
el Overall mortality associated with C. auris ranges from
30% to 60%, especially among critically ill patients./*!

Accordingly, the Centers for Disease Control and Preven-
tion (CDC) has classified C. auris among critical priority
pathogens, underscoring the urgent need for effective in-
fection prevention strategies and antifungal stewardship
programs.”! Recent outbreaks worldwide have further
highlighted its substantial potential for healthcare-asso-
ciated transmission. However, most available epidemio-
logical data derive from outbreak investigations or pas-
sive surveillance systems, with incidence rates varying
widely, ranging from 5-10% to as high as 40%./"1]

According to a 2024 report by the European Centre for
Disease Prevention and Control (ECDC), the first case of
C. auris in Tiirkiye was reported in 2020. Since then, the
number of cases has increased rapidly, with a total of 114
cases reported between 2013 and 2023.12!

A comprehensive understanding of the epidemiological
characteristics and risk factors associated with C. auris is
essential to inform targeted preventive strategies. There-
fore, this study was designed to determine the incidence
of C. auris colonization and infection in the intensive care
units (ICUs) of our hospital, evaluate clinical outcomes,
and identify associated risk factors.

Materials and Methods

Study Design and Setting
This retrospective, single-center study was conducted
at a tertiary care teaching hospital in Istanbul, Tiirkiye.
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The study period spanned from March 1, 2025, to Au-
gust 31, 2025 and conducted according to Declaration of
Helsinki. Ethical approval was obtained from the Insti-
tutional Scientific Research Ethics Committee of Kartal
Dr. Liitfi Kirdar City Hospital (Date: 29/09/2025, No:
2025/010.99/20/16).

Patient data were retrieved from the hospital’s electronic
medical records system.

Infection Control Protocol and Screening Strategy
Following an increase in C. auris cases in our institution,
an infection prevention and control protocol was im-
plemented. This protocol included weekly surveillance
screening using swab specimens and strict contact isola-
tion precautions.

In accordance with this protocol, ICU patients underwent
weekly screening for skin colonization using combined
axilla and groin swabs. For patients with clinical signs or
symptoms of infection, culture specimens were obtained
from blood, urine, wounds, and tracheal aspirates.

Patient Population

The hospital has a total of 121 ICU beds, including 95
tertiary-level and 26 secondary-level beds. All ICU pa-
tients with C. auris detected either as a pathogen in clini-
cal specimens (blood, urine, wound, or tracheal aspirate
cultures) or as colonization in screening swab samples
were included.

Repeated isolates from the same patient were excluded,
and only the first isolate was included in the analysis.

Definitions

Colonization was defined as the isolation of C. auris from
combined axilla and groin screening swabs in the ab-
sence of clinical signs or symptoms of infection.

Infection was defined as the isolation of C. auris from
urine, wound, or tracheal aspirate cultures and/or from
at least one blood culture.

Microbiological Identification and Antifungal
Susceptibility Testing

For colonization screening, combined swab samples
were collected from the axillary and inguinal regions us-
ing a single swab. Sampling was performed sequentially,
first from the axilla and then from the groin, and swabs
were transported in Stuart transport medium.

Samples were inoculated onto chromogenic Candida
agar (bioMérieux, France). Yeast colonies were identi-
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fied to the species level using matrix-assisted laser des-
orption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS; bioMérieux, France). Plates were eval-
uated at 48 and 72 hours of incubation, and newly grown
colonies were processed similarly.

Data Collection

The following variables were collected: Age, sex, comor-
bidities, history of nursing home residence, hospitaliza-
tion within the previous 6 months, abdominal surgery
within the last 30 days, prior antibiotic and antifungal
use, steroid and immunosuppressive therapy, neu-
tropenia prior to C. auris detection, co-isolation of other
microorganisms, mechanical ventilation, central venous
catheter use, total parenteral nutrition, continuous renal
replacement therapy, colonization or infection status, site
of infection, antifungal susceptibility profiles, antifungal
treatments, ICU length of stay, total hospital length of
stay, and 30-day mortality following C. auris detection.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY, USA).
Normality of continuous variables was assessed us-
ing the Shapiro-Wilk test and graphical methods (his-
tograms and Q-Q plots).

Normally distributed variables were expressed as mean
+ standard deviation (SD), while non-normally distrib-
uted variables were reported as median and interquartile
range (IQR). Categorical variables were presented as fre-
quencies and percentages.

For group comparisons, Student’s t-test or the Mann—
Whitney U test was used for continuous variables, as
appropriate. Categorical variables were compared using
the chi-square test or Fisher’s exact test.

To identify independent predictors of 30-day mortality,
logistic regression analysis was performed. Variables
with p<0.20 in univariate analysis, along with clini-
cally relevant factors, were included in the multivari-
able model. Results were reported as odds ratios (ORs)
with 95% confidence intervals (Cls). A two-sided p-value
<0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics
A total of 38 patients were included in the analysis. The
mean age was 68.8+15.4 years, and 55.3% were male. The
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most frequently observed comorbidities were diabetes
mellitus (28.9%), solid malignancy (39.5%), and myocar-
dial infarction (15.8%). The median Charlson Comorbid-
ity Index (CCI) score was 5.5 (IQR: 3.0) (Table 1).

Treatment Characteristics and Clinical Course

Most patients (97.4%) received p-lactam antibiotics prior
to C. auris detection. Azole exposure was present in
21.1%, steroid use in 44.7%, and echinocandin exposure
in 7.9% of patients. Mechanical ventilation was required
in 86.8% of patients, central venous catheter use was ob-
served in 78.9%, and total parenteral nutrition was ad-
ministered in 42.1%.

A total of 2360 patients were admitted to all intensive care
units during the study period. The overall incidence of
C. auris was 1.6%. When colonized and infected patients
were evaluated separately, the incidence of colonization
with C. auris was found to be 0.97%, and the incidence of
C. auris infection was 0.63%. Infection developed in 17%
(n=4) of the 23 colonized patients.

The median ICU length of stay was 25.5 days (IQR: 20),
while the median total hospital length of stay was 36.5
days (IQR: 36). The overall 30-day mortality rate was
55.3%. The 30-day mortality rate was found to be 43%
for colonized patients and 73% for infected patients. At
the end of the study period, 26.3% of patients remained
hospitalized in the ICU (Table 2).

Table 1. Demographic and clinical characteristics of the study
population

Variables Data (n=38)
Age, years, mean + SD 68.8+15.4
Sex, n (%)

Male 21 (55.3)

Female 17 (44.7)
DM, n (%) 11 (28.9)
COPD, n (%) 4 (10.5)
CKD, n (%) 4 (10.5)
MI, n (%) 6 (15.8)
Solid malignancy, n (%) 15 (39.5)
Hematological malignancy, n (%) 2 (5.3)
Nursing home residence, n (%) 4 (10.5)
Hospitalization within the last 6 months, n (%) 27 (71.1)
Abdominal surgery within the last 30 days, n (%) 6 (15.8)
CCl, median (IQR) 5.5 (3.0)

SD: Standard deviation; IQR: Interquartile range; DM: Diabetes Mellitus; COPD:
Chronic obstructive pulmonary disease; CKD: Chronic kidney disease; MI:
Myocardial infarction; CCl:Charlson Comorbidity Index.
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Table 2. Medications and ICU-related clinical characteristics prior to
detection of C.auris

Variables Data (n=38)
B-lactam antibiotics, n (%) 37 (97.4)
Quinolones, n (%) 2(5.3)
Polymyxins, n (%) 5(13.2)
Azoles, n (%) 8 (21.1)
Amphotericin B, n (%) 1(2.6)
Echinocandins, n (%) 3(7.9)
Steroid use, n (%) 17 (44.7)
Immunosuppressive therapy, n (%) 3(79)
Neutropenia, n (%) 2(5.3)
MV, n (%) 33 (86.8)
CRRT, n (%) 3(79)
CVC, n (%) 30 (78.9)
PN, n (%) 16 (42.1)
ICU length of stay, days, median (IQR) 25.5 (20)
Total hospital length of stay, days, median (IQR) 36.5 (36.0)
Overall incidence of C. auris n (%) 38 (1.6)
The incidence of C. auris colonization n (%) 23 (0.97)
The incidence of C. auris infection 15 (0.63)
30-day mortality, n (%) 21 (55.3)
30-day mortality of C. auris colonization 10 (43)
30-day mortality of C. auris infection 11 (73)
Patient status at study end, n (%)
Discharged 7 (18.4)
Ex 21 (55.3)
Still hospitalized in ICU 10 (26.3)

MV: Mechanical ventilation; CRRT: Continuous renal replacement therapy; CVC:
Central venous catheter; PN: Parenteral nutrition; ICU: Intensive care unit; IQR:
Interquartile range; Ex: Exitus.

Microbiological Findings

Growth of microorganisms other than C. auris was de-
tected in 63.2% of patients. Among all cases, 60.5% were
classified as colonization and 39.5% as infection. Among
infected patients, the most frequent site of isolation was
blood culture (31.6%).

Among patients who received antifungal treatment,
91.7% were treated with caspofungin and 8.3% with flu-
conazole. The mean duration of antifungal therapy was
16.0+11.6 days. Resistance rates were highest against
azoles (80.0%), followed by amphotericin B (73.3%).
Echinocandin resistance was detected in two patients
(13.3%) (Table 3).

Factors Associated With 30-Day Mortality
When patients with and without 30-day mortality were
compared, the mortality group had a higher mean age
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Table 3. Microbiological findings and antifungal susceptibility results

Variables Data (n=38)
Microorganisms other than C.auris, n (%) 24 (63.2)
C. auris status, n (%)
Colonization 23 (60.5)
Infection 15 (39.5)
Site of isolation, n (%)
Colonization screening swab 23 (60.5)
Urine culture 3(79)
Blood culture 12 (31.6)
Antifungal treatment, n (%) 12 (31.6)
Caspofungin 11 (91.7)
Fluconazole 1(8.3)
Duration of antifungal therapy, days, mean + SD 16.0+11.6
Azole resistance, n (%)* 12 (80.0)
Amphotericin B resistance, n (%)* 11 (73.3)
Echinocandin resistance, n (%)* 2(13.3)

*Resistance analysis was performed among patients enfected with C. auris. SD:
Standard deviation.

(72.8+14.0 years vs. 63.8£16.0 years; p=0.07). The median
CCI score was significantly higher among patients who
died [6 (IQR: 3) vs. 4 (IQR: 5); p=0.02] (Table 4).

Regarding clinical variables, hospitalization within the
previous 6 months (81.0% vs. 58.8%; p=0.135) and me-
chanical ventilation use (95.2% vs. 76.5%; p=0.152) were
more frequent in the mortality group, although these dif-
ferences did not reach statistical significance. Similarly,
C. auris infection was more common among patients
who died (47.6% vs. 29.4%; p=0.254), but the difference
was not statistically significant.

In microbiological evaluation, blood culture positiv-
ity was higher in the mortality group (33.3% vs. 23.5%;
p=0.213); however, no significant association was found
between mortality and infection type or site. Antifungal
treatment initiation was more frequent in the mortality
group (38.1% vs. 23.5%; p=0.337), likely reflecting in-
creased disease severity. Antifungal resistance rates were
similarly high in both groups (azole resistance 80%, am-
photericin B resistance 70-80%, echinocandin resistance
10-20) and did not significantly differ between groups
(p>0.05) (Table 4).

Logistic Regression Analysis

In multivariable logistic regression analysis, mechanical
ventilation was independently associated with 30-day
mortality (OR=19.27, 95% CI: 1.02-363.48, p=0.04). Other
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Table 4. Comparison of patients with and without 30-day mortality

Variables Survivors (n=17) Non-survivors (n=21) p-value
Age, years, mean + SD 63.8+16.0 72.8+14.0 0.07
Sex, n (%) 0.796

Male 9 (52.9) 12 (57.1)

Female 8 (471) 9 (42.9)
Nursing home residence, n (%) 2 (11.8) 2(9.5) 1.000
Hospitalization within the last 6 months, n (%) 10 (58.8) 17 (81.0) 0.135
Abdominal surgery within the last 30 days, n (%) 2 (11.8) 4 (19.0) 0.540
CClI, median (IQR) 4 (5) 6 (3) 0.02
Immunosuppressive therapy, n (%) 1(5.9) 2(9.5) 1.000
Neutropenia, n (%) 1(5.9) 1(4.8) 1.000
MV, n (%) 13 (76.5) 20 (95.2) 0.152
CRRT, n (%) 1(5.9) 2(9.5) 1.000
Growth of microorganisms other than C. auris, n (%) 12 (70.6) 12 (57.1) 0.393
C. auris status, n (%) 0.254

Colonization 12 (70.6) 11 (52.4)

Infection 5(29.4) 10 (47.6)
Site of isolation, n (%) 0.213

Colonization screening swab 12 (70.6) 11 (52.4)

Urine culture 0(0) 3(14.3)

Blood culture 4 (23.5) 7 (33.3)

Catheter culture 1(5.9) 0(0)
Antifungal treatment administered, n (%) 4 (23.5) 8 (38.1) 0.337
Azole resistance, n (%)* 4 (80.0) 8 (80.0) 1.000
Amphotericin B resistance, n (%)* 4 (80.0) 7 (70.0) 1.000
Echinocandin resistance, n (%)* 1(20.0) 1(10.0) 1.000

*Resistance analysis was performed among patients with C. auris infection. SD: Standard deviation; CCI: Charlson Comorbidity Index; IQR: Interquartile range; MV:
Mechanical ventilation; CRRT: Continuous renal replacement therapy.

Table 5. Multivariable logistic regression analysis for predictors of 30-day mortality

Variables OR 95% CI p-value
Age (per 1-year increase) 1.036 0.980-1.094 0.211
Hospitalization within the last 6 months 3.849 0.540-27.440 0.179
CClI (per 1-point increase) 1.210 0.886-1.653 0.231
MV 19.267 1.021-363.482 0.04
C. auris colonization (vs infection) 0.327 0.050-2.145 0.244

OR: Odds ratio; Cl: Confidence interval; CCl: Charlson comorbidity index; MV: Mechanical ventilation.

variables, including age, CCI score, hospitalization his- characteristics and outcomes of ICU patients with C.
tory, and C. auris status, were not independently associ- auris colonization and/or infection in a single tertiary

ated with mortality (Table 5). care center in Istanbul, Tiirkiye. Consistent with global
trends, an increasing number of C. auris cases has been
Discussion observed in our institution. In response, routine sur-

veillance screening was implemented to facilitate early
In this retrospective study, we evaluated the clinical detection of colonized patients and timely initiation of
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infection control measures. In the present analysis, pa-
tients identified through active surveillance (colonized)
and those diagnosed through clinical cultures (infected)
were evaluated together.

Among the 38 patients included, 60.5% were colonized
and 39.5% were infected. Candidemia was the most
common type of infection, followed by urinary tract in-
fections. Compared with previous reports, the spectrum
of infection types observed in our cohort was relatively
narrow,"*'*l which may be related to the limited duration
of the retrospective study period.

Mortality rates associated with C. auris candidemia have
been reported to range from 30% to 70%,141¢l with most
studies focusing on in-hospital mortality. In our cohort,
the overall 30-day mortality rate among both colonized
and infected patients was 55.3%, exceeding rates re-
ported in studies from Italy and Spain (27% and 23.4%,
respectively).l'”8l When colonized and infected patients
were evaluated separately, the incidence of colonization
with C. auris was found to be 0.97%, and the incidence of
C. auris infection was 0.63% in our study.

The mean age of the cohort was 68.8 years, and 55.3%
were male. Although not statistically significant, pa-
tients who died were older, in line with previous studies
identifying advanced age and male sex as common risk
factors.l'”!”! The most frequent comorbidities in our co-
hort were diabetes mellitus, solid malignancy, and prior
myocardial infarction. Diabetes mellitus has consistently
been reported as a major risk factor,!"*!”! whereas a recent
systematic meta-analysis identified hypertension as the
most prevalent comorbidity.!

A previous study evaluating predictors of candidemia
among C. auris-colonized patients identified central
venous catheterization, arterial catheterization, total
parenteral nutrition, diabetes mellitus, chronic kidney
disease, continuous renal replacement therapy, and
mechanical ventilation as independent risk factors.?!
Although subgroup analyses were limited by the small
sample size in our study, most patients had a history
of prior hospitalization, mechanical ventilation, central
venous catheterization, and total parenteral nutrition.
While prior hospitalization and mechanical ventilation
were more frequent among non-survivors, these differ-
ences did not reach statistical significance. However, in
multivariable regression analysis, mechanical ventilation
emerged as an independent predictor of mortality.
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In our cohort, 63.2% of patients had concomitant growth
of microorganisms other than C. auris, and 97.4% had re-
ceived P-lactam antibiotics. These findings support the
role of broad-spectrum antibiotic exposure as a key risk
factor for C. auris colonization and infection, consistent
with previous studies.['”)

The high prevalence of antifungal resistance among C.
auris isolates remains a major clinical concern. In our
study, resistance was most commonly observed to flu-
conazole (80.0%), followed by amphotericin B (73.3%),
while echinocandin resistance was detected in 13.3%
of isolates. Similarly, a large retrospective meta-anal-
ysis (2009-2020) reported resistance rates of 79.6% for
fluconazole, 34.8% for amphotericin B, and 23.3% for
voriconazole among 544 isolates.'”! Several studies
have reported fluconazole resistance rates approaching
100%, suggesting that it should not be used empirically.
13171 Although earlier reports indicated no resistance to
echinocandins,'*' emerging resistance has increasingly
been documented, including in our cohort.'”?2! More-
over, multidrug-resistant C. auris strains are being re-
ported with increasing frequency.'>?) Current guidelines
recommend echinocandins as first-line therapy;®®! how-
ever, rising resistance to this class may further compro-
mise clinical outcomes. Therefore, the development of
novel antifungal agents effective against resistant strains
remains a critical need.!"!

Both the CDC and ECDC have issued comprehensive
recommendations for the management of C. auris cases
and outbreaks.?"! Additionally, the World Health Orga-
nization (WHO) launched the Global Antimicrobial Re-
sistance Surveillance System (GLASS) in 2016.[25] Given
that outbreaks may follow exponential increases in case
numbers,? strict infection prevention and control mea-
sures are essential. Contact precautions, active surveil-
lance screening, and cohorting of colonized patients play
a central role in preventing transmission. Hand hygiene
remains the most effective intervention. Furthermore,
appropriate disinfection of medical equipment and early
removal of unnecessary invasive devices, such as cen-
tral venous catheters, are key components of prevention
strategies.

In line with these principles, weekly surveillance screen-
ing was implemented for all ICU patients in our institu-
tion due to the rising incidence of C. auris. In addition,
targeted environmental cleaning protocols were estab-
lished. Despite the availability of single-patient ICU
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rooms and adherence to appropriate treatment strate-
gies, mortality remained high, underscoring the impor-
tance of prioritizing prevention.

However, the incidence of C. auris we found in our study
was 1.6%. From a cost-effectiveness perspective, screen-
ing patients with risk factors may be more appropriate
than weekly routine screenings.

The findings of this study highlight key risk factors asso-
ciated with C. auris colonization and infection and sup-
port the implementation of targeted screening strategies
in high-risk ICU populations. Future prospective, multi-
center studies are needed to better elucidate transmission
dynamics, host—-pathogen interactions, and the impact of
early antifungal therapy on clinical outcomes.

The main limitations of this study include its retrospec-
tive design and relatively small sample size, which may
have limited the statistical power of some analyses.

Conclusion

In conclusion, C. auris represents a significant clinical
challenge due to its multidrug-resistant profile and its
association with high mortality, particularly among criti-
cally ill patients. In our cohort, a high mortality rate and
frequent exposure to known risk factors, such as me-
chanical ventilation and broad-spectrum antibiotic use,
underscore the clinical impact of this pathogen in ICU
settings.

Infection prevention and control measures remain the
most effective strategies to limit the spread of C. auris.
Strict adherence to hand hygiene, contact precautions,
active surveillance for early identification of colonized
patients, and cohorting strategies are essential compo-
nents of outbreak prevention. Instead of routine screen-
ing for C. auris, from a cost-effectiveness perspective,
early identification of high-risk patients and implemen-
tation of targeted preventive strategies are critical to im-
proving clinical outcomes.
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