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Candida auris, draws attention as a new emerging antifungal resistant pathogen, leading to healthcare-associated
infections and outbreaks. This is the first report of C. auris fungemia in a 81-year-old patient, confirmed by
sequential analysis, from Turkey. Although the source of the isolate could not be identified, its spread in the
hospital has been taken under control by effective infection control measures.
1. Introduction

Candida auris was first isolated from a Japanese patient in 2009 and is
a new emerging antifungal resistant pathogen leading to healthcare-
associated infections (HAI) and outbreaks with variable spreading char-
acteristics [1–3]. Although reported in many countries, C. auris has not
yet been reported in Turkey [2–4]. Here, we present the first C. auris case
and a limited local spread taken under control with infection control
measures in Istanbul, Turkey.

2. Materials

2.1. Index Case

A 81-year-old female patient diagnosed with advanced aortic stenosis
was admitted to the cardiovascular surgery (CVS) intensive care unit
(ICU) after ascending aortic graft þ coronary stent implantation and
aortic valve replacement surgery. The central venous catheter (CVC) was
removed upon isolation of Candida parapsilosis in blood cultures, and a
new catheter was inserted and amphotericin-B was initiated. Blood cul-
tures were repeated one week later because there was no clinical
improvement, and Candida parapsilosis was isolated again. Then
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caspofungin was added to amphotericin-B accordingly. The source of
infection was investigated: imaging modalities did not reveal media-
stinitis, no vegetation was detected in transthoracic echocardiography
(transesophageal echocardiography could not be performed due to the
general condition of the patient) and fundoscopic examination revealed
no pathological findings. The blood cultures remained sterile, and anti-
fungal treatment was discontinued on the 36th day. Three weeks later,
the body temperature increased and the general condition deteriorated.
The blood cultures again revealed Candida spp.; CVC was removed, and
amphotericin-B þ caspofungin was re-initiated. Semiquantitative culture
of the removed catheter tip revealed Candida spp. as well. Repeated
transthoracic echocardiography and fundoscopic examination revealed
no pathological findings. The patient was transferred to the CVS ward.
Candida spp. was identified as C. auris by matrix assisted laser desorption
ionization-time of flight (MALDI-TOF). Cultures of nasal, axillary and
inguinal swab samples revealed very dense growth of C. auris.

Infection control precautions were undertaken according to Centers
for Disease Control and Prevention (CDC) recommendations after isola-
tion of C. auris [4]. The patient was isolated in a single room. The
infection control committee visited the CVS unit for information on
infection control measures. Contact isolation precautions were applied
afterwards in CVS ward and the ICU under the control of the infection
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Table 1
MIC levels of C. auris (microg/mL) with different methods.

CLSI E-test Sensititre

Amphotericin-B 1 2
Fluconazole >32 >256 >256
Voriconazole 0.25 0.19 >8
Posaconazole 0.03 0.064 >8
Anidulafungin 0.06 0.12

MIC: Minimal inhibitory concentration, CLSI: Clinical Laboratory Standards
Institute.
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control committee. Nasal, inguinal, and axillary swabs from three pa-
tients staying in the same ward and of six patients staying in CVS ICU in
the same period with the index case were collected. Swab samples from
the environmental surfaces were also obtained (mechanical ventilator
equipment, patient beds, shared objects, supportive care equipment,
telephones, doorknobs, computers’ keyboards, etc.). C. auriswas isolated
only in the axillary swab sample of another patient in CVS ICU, and this
patient was isolated in a single room as well. No infection developed in
this patient during the follow-up period. C. auris was not isolated from
any environmental surfaces. Alcohol-based hand antiseptics were used
for hand hygiene. Environmental disinfection was achieved with
1000 ppm chlorine bleach. The infection control team visited the unit
daily to monitor the compliance with control precautions for three
months.

The patient was followed for three months. C. auris was detected in
the nasal, inguinal, and axillary swabs of the patient during weekly
controls. A new C.auris fungemia developed after three months and was
re-treated with amphotericin-B þ caspofungin. C. auris was not detected
in any other patient in the institution.

2.2. Microbiological characteristics

The germ tube test was negative, and culture on the BBL CHROMagar
Candida (Becton Dickinson GmbH, Germany) medium revealed pink and
smooth colonies. Yeast cells were not producing hyphae in corn meal
agar and could grow at 42 �C. The isolates were defined as C. tropicalis
with API20CAUX (bioM�erieux, France) method. These isolates were re-
analyzed by MALDI-TOF (Bruker Daltonics, Bremen, Germany) accord-
ing to the manufacturer's recommendations. The resulting spectra were
obtained with the software flexAnalysis 3.4. The mass spectra were
analyzed using the Bruker Biotyper 3.1 software, IVD Version 8 (DB-
7712MSP) library. The isolates were identified as Candida auris with
reliable score values (>2). All Candida species isolated (4 isolates) from
the index patient other than C. auris as well as all Candida species (24
isolates) isolated from various clinical samples in the hospital were re-
evaluated with MALDI-TOF. None of these isolates were identified as
C. auris.

2.3. Antifungal susceptibility tests

Three different methods were performed: Sensititre YeastONE (SYO)
(Trek Diagnostic System, Cleveland; colorimetric liquid microdilution
test), E-test (bioM�erieux, Marcy l'Etoile, France; agar diffusion gradient
test), and the broth microdilution as the gold standard method. Broth
microdilution was performed according to Clinical Laboratory Standards
Institute (CLSI) M27-A3 recommendations [5]. C. krusei ATCC 6258,
C. parapsilosis ATCC 22019, and C. tropicalis ATCC 750 were used as
quality control strains.

In the standard broth microdilution method, amphotericin-B, flu-
conazole, voriconazole, itraconazole, posaconazole, and anidulafungin
(Sigma Aldrich) were used as antifungal agents. Antifungal concentra-
tions were prepared in a range of 32–0.06mg/L for fluconazole,
16–0.03mg/L for amphotericin-B, and 8–0.015mg/L for itraconazole,
and 8–0.015mg/L for voriconazole. The yeast cells were inoculated to
have a final concentration of 1–5x103 cells/ml. The experiment was
repeated three times for each antifungal agent. During the evaluation, no
growth was observed with amphotericin-B. For the other antifungals, the
concentration of the drug at which ~50% of growth was inhibited at the
end of 24 and 48 h relative to the control well was accepted as the
minimal inhibitory concentration (MIC).

Commercial tests were performed according the manufacturer's rec-
ommendations: In the SYO method, a suspension of 0.5 McFarland
turbidity was prepared in demineralized water with colonies obtained
after 24 h culture in sabouraud dextrose agar (SDA). Next, 20 μl of this
suspension was added to Sensititre YeastONE broth fluid and a final
inoculum of 1.5–8 x 103 CFU/mL was obtained. Then, 100 μl of the final
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inoculum was distributed to the SYO plate wells and incubated in
35–37 �C. After 24 h incubation, the color change in the positive control
well was checked, and the well with a color change was considered to be
the lowest antifungal MIC level in which growth was largely inhibited.
For agar diffusion tests, a suspension of 0.5 McFarland turbidity in saline
was prepared from colonies in SDA and was swabbed over the surface of
RPMI 1640 agar medium. E-test strips of posaconazole, voriconazole,
itraconazole, and caspofungin were placed on the agar medium. The
results were evaluated on the 24th and 48th hour of incubation (Table 1).
2.4. Molecular biology

We identified isolates by molecular methods, colonies from fresh cul-
tures (24 h culture in SDA) were initially suspended in 1x PCR buffer
(Fermentas) and 0.5 McFarland turbidity suspension prepared. Ribosomal
RNA ITS1-4 (ITS1 TCCGTAGGTGAACCTGCGG; ITS4 TCCTCCGCTTATT-
GATATGC),D1/D2(NL1 GCATATCAATAAGCGGAGGAAAAG; NL4GG
TCCGTGTTTCAAGACGG) regions, Elongation factor 1a (EF1a-F CATCGA
GAAGTTCGAGAAGG; EF1a-R AACTTGCAGGCAATGTGG) and beta
tubulin (bTUB-FGGTAACCAAATCGGTGCTGCTTTC; bTUB-RACCCTC
AGTGTAGTGACCCTTGGC) gene regions were amplified by direct colony
PCRwith 1 μl of this suspension. PCR amplification was performed in 25 μl
final volume using 2.5 μl 10� PCR buffer, 2.5 μl, 2.5mM dNTPs, 2.0 μl
1.5 μM primer pair, 0.25 μl 5.0 U/μl Taq (Fermentas), 16.75 μl water, and
1.0 μl sample. Following the first denaturation at 94 �C for 4 min, 40 cycles
of PCR was performed at 94 �C for 30 s, 56 �C for 30 s, and 72 �C for 1min.
Final elongation incubation was performed at 72 �C for 5 min. PCR
products were imaged with 2% agarose gel electrophoresis. PCR products
were sequenced by bidirectional DNA sequence analysis. Edited and
aligned sequences were compared with gene bank data and the nucleotide
BLAST method used for the comparison. The strains were confirmed as
C. auris [6].

3. Results & Discussion

C.auris is an emerging fungus. It has been regarded with concern in
recent years due to the troubles in identification at the laboratory level,
resistance to antifungals, and difficulties in infection control [1,7].
C.auris most commonly leads to candidemias, and the most important
risk factors are ICU hospitalization, previous antibiotic or antifungal use,
use of CVC, history of surgery, and immunosuppression [1,3]. Almost all
of these risk factors were present in our patient.

Antifungal resistance is a common feature in C. auris. Kathuria et al.
investigated antifungal susceptibility in 90 C. auris isolates according to
CLSI standards and determined fluconazole resistance in all of the iso-
lates. Increased MIC levels were seen in the other azoles and increased
caspofungin MIC levels were seen in 37% of the isolates. They also
evaluated the compatibility of broth microdilution with VITEK 2 and E-
test methods and found that the compliance for VITEK 2 and E-tests were
as follows: 10% and 81% for amphotericin-B, 90% and 48% for caspo-
fungin, 91% and 79% for voriconazole, respectively (8). In another
multicenter study including 54 C. auris, resistance rates to fluconazole,
amphotericin-B, and caspofungin were 93%, 35%, and 7%, respectively
[3].
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The CLSI and European Committee on Antimicrobial Susceptibility
Testing (EUCAST, http://www.eucast.org/fileadmin/src/media/PDFs/
EUCAST_files/AFST/Clinical_breakpoints/Antifungal_breakpoints
_v_9.0_180212.pdf) suggest different susceptibility criteria for Candida
species [5]. Although there are no standardized breakpoints for C.auris,
cut-off for MIC levels are suggested temporarily. These breakpoints are
�32 μg/mL, �2 μg/mL, and �4 μg/mL for fluconazole, amphotericin-B,
and caspofungin/micafungin, respectively [1]. In the light of these
findings, our isolate was fluconazole resistant and increased MIC levels
for voriconazole were determined. The isolate was susceptible to echi-
nocandins according to CLSI criteria. E-test results were found to be
compatible with broth microdilution method whereas SYO results were
incompatible considering azole susceptibilities.

The percentage agreements between broth microdilution and SYO are
not 100% for C. auris [9]. Ruitz-Gaitan et al. evaluated 73 C. auris isolates
and determined percentage agreement (�2 dilutions) between EUCAST
methodology and SYO as 98% and 95.9% for posaconazole and vor-
iconazole, respectively [10]. Since only one isolate was evaluated in our
study, this may lead to a high level of discrepancy between the two
methods.

Echinocandins are the first choice for treatment. The addition of
liposomal amphotericin-B is recommended in patients unresponsive to
echinocandins [1]. Liposomal amphotericin-B was added to caspofungin
in our patient due to recurrent attacks of candidemia.

C.auris is a yeast that can lead to nosocomial outbreaks. Difficulties in
identification can lead to delays in interventions and the spreading po-
tential in the hospital was determined [8,11]. Previously, an outbreak
lasted 16 months in a cardiothoracic ICU affecting 50 patients. A clonal
pattern of spread was demonstrated but the source could not be deter-
mined. C. auris was isolated from environmental surfaces and apart from
hand hygiene and isolation measures, the authors emphasized the
importance of environmental disinfection with bleach and hydrogen
peroxide vapor and screening cultures from the patients for effective
infection control [11].

Environmental surfaces may be the source of C. auris in outbreaks, but
the source of the first case could not be identified in most reports [12].
Similarly, we could not identify the source although all of the patients
and the environmental surfaces in the ward were screened.

Infection control measures include contact precautions, single room
isolation, cohorts of colonized or infected patients. Close contacts of
index cases should be screened for colonization with axilla and inguinal
swabs. Environmental cleaning and cleaning of medical devices are
among the basic parameters for prevention of transmission in healthcare
settings. The CDC recommends EPA-approved disinfectants effective
against C. difficile spores for environmental disinfection, but other or-
ganizations recommend bleach containing 1000 ppm chlorine or an
disinfectant with antifungal effect. There is generally no recommenda-
tion for decolonization of patients and screening of healthcare workers.
Terminal disinfection after discharge of the patients, no use of quaternary
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ammonium compounds, preference of disposable tools are among other
suggestions [7,13]. During the outbreak at our hospital, we isolated the
index and colonized patient in single rooms and implemented contact
precautions. The screening of environmental surfaces did not reveal
C. auris. Environmental disinfection was achieved with 1000 ppm chlo-
rine bleach. The unit was visited daily by the infection control team for
three months, and the outbreak was controlled.

This is the first report of C. auris fungemia and local spread in Turkey.
Although the source could not be identified, the spread was stopped with
infection control measures.

Conflicts of interest

No conflict of interest in terms of financial and other relationships is
present for any of the authors. The manuscript has been read and
approved by all of the authors.

References

[1] Tsay ST, Kallen A, Jackson BR, Chiller TM, Vallabhaneni S. Approach to the
investigation and management of patients with Candidaauris, an emerging multi
drug-resistant yeast. Clin. Infect. Dis. 2018;66(2):306–11.

[2] Satoh K, Makimura K, Hasumi Y, Nishiyama Y, Uchida K, Yamaguchi H,
Candidaauris sp. nov., a novel ascomycetous yeast isolated from the external ear
canal of an inpatient in a Japanese hospital. Microbiol. Immunol. 2009;53:41–4.

[3] Lockhart SR, Etienne KA, Vallabhaneni S, Farooqi J, Chowdhary A, Govender NP,
et al. Simultaneous emergence of multidrug-resistant Candidaauris on 3 continents
confirmed by whole-genome sequencing and epide miological analyses. Clin. Infect.
Dis. 2017;15:134–40.

[4] https://www.cdc.gov/fungal/candida-auris/tracking-c-auris.html; 2020. Assesed at
08.03.

[5] Clinical and Laboratory Standards Institute. Reference Method for Broth Dilution
Antifungal Susceptibility Testing of Yeasts; Fourth Informational Supplement. CLSI
Document. Clinical and Laboratory Standards Institute; 2012. M27–S4.

[6] Jiatao Xie, Yanping Fu, Daohong Jiang, Guoqing Li, Junbin Huang, Bo Li, et al.
Intergeneric transfer of ribosomalgenes between two fungi. BMC Evol. Biol. 2008;8:
87.

[7] Ku TSN, Walraven CJ, Lee SA. Candidaauris:
disinfectionandimplicationsforinfectioncontrol. Front. Microbiol. 2018;9:726.

[8] Kathuria S, Singh PK, Sharma C, Prakash A, Masih A, Kumar A, et al. Multidrug-
resistant Candidaaurismis is dentified as Candidahaemulonii: characterization by
Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry and
DNA sequencingandıtsantifungalsusceptibility profile variability by VITEK 2, CLSI
Broth Microdilution, and E-test method. J. Clin. Microbiol. 2015;53:1823–30.

[9] Ramamurthi R, Tupaki-Sreepurna A, Kindo AJ. Comparative evaluation of
sensititreyeastone panel against broth micro dilution method fortesting
Candidaauris and Candidahaemulonii susceptibility: a pilot study. J AcadClin
Microbiol 2018;20:19–21.

[10] Ruitz-Gaitan AC, Canton E, Fernandez-Rivero ME, Ramirez P. Peman J.Outbreak of
Candidaauris in Spain: a comparison of antifungal activity by three methods with
published data. Int. J. Antimicrob. Agents 2019;53:541–6.

[11] Schelenz S, Hagen F, Rhodes JL, Abdolrasouli A, Chowdhary A, Hall A, et al. First
hospital outbreak of the globally emerging Candidaauris in a European hospital.
Antimicrob. Resist. Infect. Contr. 2016;5:35.

[12] Ku TSN, Walraven CJ, Lee SA. Candidaauris:
disinfectionandimplicationsforinfectioncontrol. Front. Microbiol. 2018;9:726.

[13] EuropeanCentreforDiseasesPreventionand Control. Candidaauris in
Healthcaresettings-Europe-Firstupdate. Stockholm: ECDC; 2018. 23.April 2018.

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Clinical_breakpoints/Antifungal_breakpoints_v_9.0_180212.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Clinical_breakpoints/Antifungal_breakpoints_v_9.0_180212.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Clinical_breakpoints/Antifungal_breakpoints_v_9.0_180212.pdf
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref1
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref1
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref1
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref1
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref2
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref2
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref2
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref2
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref3
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref3
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref3
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref3
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref3
https://www.cdc.gov/fungal/candida-auris/tracking-c-auris.html
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref5
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref5
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref5
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref5
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref6
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref6
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref6
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref7
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref7
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref8
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref8
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref8
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref8
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref8
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref8
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref9
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref9
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref9
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref9
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref9
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref10
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref10
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref10
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref10
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref11
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref11
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref11
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref12
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref12
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref13
http://refhub.elsevier.com/S0255-0857(21)00037-2/sref13

	Candida auris Fungemia and a local spread taken under control with infection control measures: First report from Turkey
	1. Introduction
	2. Materials
	2.1. Index Case
	2.2. Microbiological characteristics
	2.3. Antifungal susceptibility tests
	2.4. Molecular biology

	3. Results & Discussion
	Conflicts of interest
	References


