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Introduction

Fungal infections pose an increasing risk for human

health, especially in immunocompromised and critically ill

patients. The most common fungal pathogens are Candida

species, and up to 40 distinct Candida species have been

shown to infect humans [16]. In general, Candida albicans is

the most common species, followed by C. glabrata,

C. tropicalis, and C. parapilosis [13, 17]. There has been an

increase in invasive candidiasis caused by non-albicans

Candida species over the last three decades [4]. Several non-

albicans Candida species have presented different antifungal

drug susceptibility patterns. Therefore, there is a need

to accurately identify Candida species for the proper

management of patients [17]. 

Technologies for the identification of Candida species

have improved continuously over the past several decades,

with methods ranging from conventional biochemical

methods (manual and automated) to nucleic acid-based

methods [12, 15]. In recent years, matrix-assisted laser

desorption ionization-time of flight mass spectrometry

(MALDI-TOF MS)-based methods have presented a

promising alternative for routine identification of clinically

relevant Candida species [1, 6, 11, 19]. 

Several studies have revealed that commercial microbial

identification systems do not accurately identify the

uncommon causative species of candidiasis, including

C. famata (formerly Torulopsis candida, telemorph Debrayomyces

hansenii), Meyerozyma guilliermondii (Pichia guilliermondii),

and C. auris [1, 3, 7-9]. Some reports have suggested that
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Recently, several studies have revealed that commercial microbial identification systems do

not accurately identify the uncommon causative species of candidiasis, including Candida

famata, Meyerozyma guilliermondii, and C. auris. We investigated the accuracy of species-level

identification in a collection of clinical isolates previously identified as C. famata (N = 38),

C. lusitaniae (N = 12), and M. guilliermondii (N = 5) by the Vitek 2 system. All 55 isolates were

re-analyzed by the Phoenix system (Becton Dickinson Diagnostics), two matrix-assisted laser

desorption ionization-time of flight mass spectrometry analyzers (a Vitek MS and a Bruker

Biotyper), and by sequencing of internal transcribed spacer (ITS) regions or 26S rRNA gene

D1/D2 domains. Among 38 isolates previously identified as C. famata by the Vitek 2 system,

the majority (27/38 isolates, 71.1%) were identified as C. tropicalis (20 isolates) or C. albicans (7

isolates) by ITS sequencing, and none was identified as C. famata. Among 20 isolates that were

identified as C. tropicalis, 17 (85%) were isolated from urine. The two isolates that were

identified as C. auris by ITS sequencing originated from ear discharge. The Phoenix system did

not accurately identify C. lusitaniae, C. krusei, or C. auris. The correct identification rate for 55

isolates was 92.7% (51/55 isolates) for the Vitek MS and 94.6% (52/55 isolates) for the Bruker

Biotyper, as compared with results from ITS sequencing. These results suggest that C. famata is

very rare in Korea, and that the possibility of misidentification should be noted when an

uncommon Candida species is identified.
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isolates initially identified as C. famata by conventional

phenotypic methods were based on molecular identification

methods [1, 3, 8]. Indeed, C. famata and M. guilliermondii

are extremely difficult to differentiate by phenotypic

characterization [3].

In this study, we investigated the accuracy of species-

level identification in a collection of clinical isolates previously

identified as C. famata, M. guilliermondii, and C. lusitaniae by

the Vitek 2 system. We used another conventional phenotypic

method (the Phoenix system), sequencing of the internal

transcribed spacer (ITS) regions or 26S rRNA gene D1/D2

domains, and two commercially available MALDI-TOF MS

systems (Vitek MS and Bruker Biotyper) for our identifications.

Materials and Methods

Yeast Isolates

A total of 55 clinical isolates from individual patients were

included. These isolates were previously identified as C. famata

(N = 38), C. lusitaniae (N = 12), and M. guilliermondii (N = 5) by the

Vitek 2 system (bioMérieux Inc., USA) using a YST card in a single

tertiary care hospital in Seoul, South Korea, from 2010 to 2013. The

isolates were obtained from urine (N = 35), blood (N = 7), sputum

(N = 4), ear discharge (N = 2), vaginal discharge (N = 2), or other

areas (N = 5). All isolates were stored in 50% glycerol at -70ºC

until testing. Prior to testing, the isolates were subcultured twice

on Sabouraud dextrose agar plates at 35ºC. The study was

reviewed and approved by the institutional review board of

Chung-Ang University Hospital.

Identification by BD Phoenix

All 55 isolates of Candida species were identified by the Phoenix

system (Becton Dickinson Diagnostics, USA) using the BD Phoenix

Yeast ID panel according to the manufacturer’s instructions [18].

MALDI-TOF MS

We analyzed the 55 isolates using two MALDI-TOF MS systems,

the Vitek MS (bioMérieux) and the Bruker Biotyper (Bruker

Germany). The formic acid extraction procedure was followed

according to the manufacturer’s instructions for the identification

of yeast isolates. Briefly, a single colony was transferred to a target

plate and overlaid with 1 µl of formic acid and matrix solution,

respectively. Once air dried, the loaded plate was applied to the

instrument and analyzed. We repeated the test with the ethanol-

formic acid extraction method if no result was obtained. Yeast

identification was achieved by analyzing the spectra with those

on the MALDI-TOF MS database. The peaks from these spectra

were compared with the characteristic pattern for the species or

genus of yeast, leading to identification. 

DNA Sequencing

Sequencing analysis of the ITS and D1/D2 regions was

performed to obtain accurate identifications. After lyticase-based

cell lysis, DNA of isolates was extracted using the Viral Gene-spin

Viral DNA/RNA Extraction Kit (Intron, Korea). DNA from all

isolates was amplified and sequenced directly with the ABI

PRISM 3130 genetic analyzer (Applied Biosystems, USA) using the

ITS-1 (forward, 5’-TCCGTAGGTGAACCTGCGG-3’) and ITS-4

(reverse, 5’-TCCTCCGCTTATTGATATGC-3’) primers, which

amplify the ITS region [5]. The D1/D2 sequencing was performed

using the NL-1 (forward, 5’-GCATATCAATAAGCGGAGGAAAAG-

3’) and NL-4 (everse, 5’-GGTCCGTGTTTCAAGACGG-3’) primers

for assisting in the identification of two isolates from ear

discharge [5]. Sequence similarity searches were performed using

the BLAST tool in the NCBI database. 

Results

Isolates Previously Identified as C. famata by the Vitek 2

System

None of the 38 isolates that had previously been identified

as C. famata by the Vitek 2 system was identified as

C. famata by ITS or D1/D2 sequencing. The 38 isolates were

instead identified as C. tropicalis (20/38 isolates, 52.6%),

C. albicans (7/38 isolates, 18.4%), C. parapsilosis (4/38 isolates,

10.5%), M. guilliermondii (2/38 isolates, 5.3%), C. auris (2/38

isolates, 5.3%), or others (3 isolates, including one strain

each of C. lusitaniae, C. krusei, and Pichia fabianii). Two isolates

from ear discharge that were identified by additional D1/

D2 sequencing were C. auris. Among the 20 isolates that

were identified as C. tropicalis by ITS sequencing, 17 (85%)

were isolated from urine (Table 1). 

Among the 38 isolates previously identified as C. famata

by the Vitek 2 system, 31 (81.6%) were correctly identified

by the Phoenix system compared with results from ITS

sequencing. The remaining five isolates (2 C. auris,

M. guilliermondii, C. krusei, and P. fabianii) were misidentified,

and two isolates (C. lusitaniae and C. tropicalis) were

unidentified (Table 1). 

The correct identification rate for the 38 isolates was

89.5% (34/38 isolates) for the Vitek MS and 92.1% (35/38

isolates) for the Bruker Biotyper, as compared with results

from ITS sequencing. The Vitek MS and the Bruker

Biotyper misidentified two isolates and one isolate of

C. tropicalis from urine, respectively. Both systems failed to

correctly identify the two isolates of C. auris from ear

discharge (Tables 1 and 2).

Isolates Previously Identified as C. lusitaniae by the

Vitek 2 System

The 12 isolates that had been previously identified as

C. lusitaniae by the Vitek 2 system were identified as
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C. lusitaniae (6 isolates), C. tropicalis (3 isolates), C. albicans

(2 isolates), and C. krusei (1 isolate) by ITS sequencing

(Table 1). 

Using the Phoenix system, 5 isolates (41.7%) were correctly

identified, whereas 7 isolates (6 C. lusitaniae and 1 C. krusei)

were unidentified or misidentified compared with results

Table 1. Identification results by DNA sequencing, the Phoenix system, and two MALDI-TOF MS systems (Vitek MS and Bruker

Biotyper) for 55 clinical isolates previously identified as Candida famata, C. lusitaniae, and Meyerozyma guilliermondii by the Vitek 2

system.

Species (number of isolates)

Vitek 2 Specimen type Sequencing Phoenix ID Vitek MS Bruker Biotyper

C. famata (38) Urine (28) C. tropicalis (17) C. tropicalis (14) C. tropicalis (14) C. tropicalis (14)

C. tropicalis (2) C. albicans (2) C. tropicalis (2)

C. tropicalis (1) C. tropicalis (1) C. parapsilosis (1)

C. albicans (6) C. albicans (6) C. albicans (6) C. albicans (6)

C. parapsilosis (2) C. parapsilosis (2) C. parapsilosis (2) C. parapsilosis (2)

C. lusitaniae (1) No IDa (1) C. lusitaniae (1) C. lusitaniae (1)

M. guilliermondii (1) M. guilliermondii (1) M. guilliermondii (1) M. guilliermondii (1)

P. fabianii (1) C. melibiosica (1) P. fabianii (1) P. fabianii (1)

Blood (4) C. tropicalis (2) C. tropicalis (2) C. tropicalis (2) C. tropicalis (2)

C. parapsilosis (1) C. parapsilosis (1) C. parapsilosis (1) C. parapsilosis (1)

M. guilliermondii (1) C. parapsilosis (1) M. guilliermondii (1) M. guilliermondii (1)

Ear discharge (2) C. auris (2) C. catenulata (1) C. albicans (1) N. meningitidisb 

Serogroup A (1) 

C. haemulonii (1) C. haemulonii (1) P. rhizosphaeraec (1) 

Vaginal discharge (1) C. albicans (1) C. albicans (1) C. albicans (1) C. albicans (1)

Bile (1) C. parapsilosis (1) C. parapsilosis (1) C. parapsilosis (1) C. parapsilosis (1)

Hemo vac (1) C. tropicalis (1) No ID (1) C. tropicalis (1) C. tropicalis (1)

Sputum (1) C. krusei (1) C. neoformans (1) C. krusei (1) C. krusei (1)

C. lusitaniae (12) Urine (7) C. lusitaniae (3) No ID (2) C. lusitaniae (2) C. lusitaniae (2)

C. melibiosica (1) C. lusitaniae (1) C. lusitaniae (1)

C. albicans (2) C. albicans (2) C. albicans (2) C. albicans (2)

C. tropicalis (2) C. tropicalis (2) C. tropicalis (2) C. tropicalis (2)

Blood (3) C. lusitaniae (2) No ID (1) C. lusitaniae (1) C. lusitaniae (1)

C. melibiosica (1) C. lusitaniae (1) C. lusitaniae (1)

C. tropicalis (1) C. tropicalis (1) C. tropicalis (1) C. tropicalis (1)

Joint fluid (1) C. lusitaniae (1) No ID (1) C. lusitaniae (1) C. lusitaniae (1)

Pus (1) C. krusei (1) Z. baillid (1) C. krusei (1) C. krusei (1)

M. guilliermondii (5) Sputum (3) M. guilliermondii (2) M. guilliermondii (1) M. guilliermondii (1) M. guilliermondii (1)

No ID (1) M. guilliermondii (1) M. guilliermondii (1)

C. glabrata (1) C. glabrata (1) C. glabrata (1) C. glabrata (1)

Central cath tip (1) C. parapsilosis (1) C. parapsilosis (1) C. parapsilosis (1) C. parapsilosis (1)

Vaginal discharge (1) C. glabrata (1) C. glabrata (1) C. glabrata (1) C. glabrata (1)

a
No identification.

b
Neisseria meningitidis.

c
Pseudomonas rhizosphaerae.

d
Zygosaccharomyces bailli.

Misidentified results are depicted in bold letters.
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Table 2. Identification results for 55 clinical isolates according to two MALDI-TOF MS systems (Vitek MS and Bruker Biotyper).

Sequencing Vitek MS Bruker Biotyper

Species Species Confidence value Species Score value

C. albicans C. albicans 99.9 C. albicans 2.14

C. albicans C. albicans 99.9 C. albicans 2.40

C. albicans C. albicans 99.9 C. albicans 2.28

C. albicans C. albicans 98.1 C. albicans 2.20

C. albicans C. albicans 99.9 C. albicans 2.17

C. albicans C. albicans 99.9 C. albicans 2.05

C. albicans C. albicans 99.9 C. albicans 2.02

C. albicans C. albicans 99.9 C. albicans 2.22

C. albicans C. albicans 99.9 C. albicans 2.24

C. auris C. albicans 86.0 N. meningitidis Serogroup A 1.06

C. auris C. haemulonii 99.9 P. rhizosphaerae 1.41

C. glabrata C. glabrata 99.9 C. glabrata 2.28

C. glabrata C. glabrata 99.9 C. glabrata 2.32

M. guilliermondii M. guilliermondii 99.9 M. guilliermondii 1.82

M. guilliermondii M. guilliermondii 99.9 M. guilliermondii 2.16

M. guilliermondii M. guilliermondii 99.9 M. guilliermondii 2.12

M. guilliermondii M. guilliermondii 99.9 M. guilliermondii 1.99

C. krusei C. krusei 99.9 C. krusei 2.01

C. krusei C. krusei 99.9 C. krusei 2.21

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 2.11

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 2.11

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 2.16

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 2.05

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 2.07

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 2.07

C. lusitaniae C. lusitaniae 99.9 C. lusitaniae 1.90

C. parapsilosis C. parapsilosis 99.9 C. parapsilosis 1.76

C. parapsilosis C. parapsilosis 99.9 C. parapsilosis 1.91

C. parapsilosis C. parapsilosis 99.9 C. parapsilosis 1.87

C. parapsilosis C. parapsilosis 99.9 C. parapsilosis 1.98

C. parapsilosis C. parapsilosis 99.9 C. parapsilosis 1.90

C. tropicalis C. albicans 99.9 C. tropicalis 2.00

C. tropicalis C. albicans 81.4 C. tropicalis 1.85

C. tropicalis C. tropicalis 99.9 C. parapsilosis 1.89

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.06

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.77

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.83

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.20

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.01

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.90

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.88

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.07
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from ITS sequencing (Table 1). 

The Vitek MS and the Bruker Biotyper correctly identified

all isolates that had been previously identified as C. lusitaniae

by the Vitek 2 system (Tables 1 and 2). 

Isolates Previously Identified as M. guilliermondii by the

Vitek 2 System

Among the five isolates previously identified as

M. guilliermondii by the Vitek 2 system, two were identified

as M. guilliermondii, and the remaining three isolates were

identified as C. glabrata (2 isolates) and C. parapsilosis (1

isolate) by ITS sequencing (Table 1). 

Using the Phoenix system, four of the five isolates

(80.0%) were correctly identified (with no identification for

M. guilliermondii) compared with the results from ITS

sequencing (Table 1).

The Vitek MS and the Bruker Biotyper correctly

identified all isolates that previously had been identified as

M. guilliermondii by the Vitek 2 system (Tables 1 and 2). 

Discussion

C. famata is a rare human pathogen, previously reported as

the ninth-ranking among 31 different Candida species [17].

Recent reports suggest that C. famata is easily misidentified

and might be much less common than previously reported

[1, 3, 7-9]. In this study, among 38 isolates initially identified

as C. famata by the Vitek 2 system, none was identified as C.

famata. The majority (27/38 isolates, 71.1%) were identified

as C. tropicalis (20 isolates) or C. albicans (7 isolates) by ITS

sequencing (Table 1). Among 20 isolates that were identified

as C. tropicalis, 17 (85%) were isolated from urine. In a

previous report three of the 26 isolates initially identified as

C. famata, only were confirmed as such; 10 were identified

as M. guilliermondii [3]. In two other studies, among 27

isolates identified as C. famata by the Vitek 2 system, all

were eventually identified as M. guilliermondii by ITS

sequencing [1, 9]. In our study, only two isolates (2/38,

5.3%) were ultimately identified as M. guilliermondii by ITS

sequencing. In Korea, the most frequently recovered Candida

species from urine samples are C. albicans and C. tropicalis

[10, 21]. M. guilliermondii is also a common isolate, ranking

fifth in the blood and 10th in the urine [21]. Two isolates in

our study that were ultimately identified as C. auris by ITS

sequencing were obtained from ear discharge. C. auris,

isolated from the external ear canal, was described as a new

species in 2009 and was recently recognized as an emerging

multidrug-resistant yeast that can cause a wide spectrum

of infections [7, 20]. C. auris is reported to be misidentified

as C. haemulonii and C. famata by the Vitek 2 system. Because

of its reduced susceptibility to fluconazole, voriconazole,

and caspofungin, correct identification of C. auris is important

[7, 14]. In contrast, 50% (6/12 isolates) and 40% (2/5 isolates)

of C. lusitaniae and M. guilliermondii, respectively, were

correctly identified by the Vitek 2 system, and the remaining

isolates were confirmed to be more common Candida

species (C. albicans, C. tropicalis, C. glabrata, C. parapsilosis,

and C. krusei) by ITS sequencing. These results suggest that

Table 2. Continued.

Sequencing Vitek MS Bruker Biotyper

Species Species Confidence value Species Score value

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.80

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.90

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.15

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.16

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.69

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.86

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.84

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.82

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.99

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.01

C. tropicalis C. tropicalis 99.9 C. tropicalis 1.71

C. tropicalis C. tropicalis 99.9 C. tropicalis 2.00

P. fabianii P. fabianii 99.9 P. fabianii 2.01

Misidentified results are depicted in bold letters.
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Fig. 1. Spectra of Candida species generated by MALDI-TOF MS, the Vitek MS (bioMérieux). 

(A) C. albicans; (B) C. glabrata; (C) C. tropicalis; (D) C. parapsilosis; (E) C. krusei; (F) C. lusitaniae; (G) Meyerozyma guilliermondii. 
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C. famata is less common in Korea than previously thought.

Of 55 total isolates, the Phoenix system correctly identified

40 (72.7%), whereas 15 (27.3%) were misidentified or not

identified (Table 1). The Phoenix system did not accurately

identify all isolates of C. lusitaniae (7 isolates), C. krusei (2

isolates), C. auris (2 isolates), and P. fabianii (1 isolate). Some

isolates of M. guilliermondii (2/4) and C. tropicalis (1/23)

were misidentified or not identified by the Phoenix system.

Despite previous reports that the Phoenix system is superior

to the Vitek 2 system for species-level identification of

yeasts [2,18], the Phoenix system could not accurately

identify uncommon Candida species. 

Table 2 shows the species identifications by two MALDI-

TOF MS systems (the Vitek MS and the Bruker Biotyper)

for the 55 clinical isolates studied. As previously reported

[11], the Bruker Biotyper requires an additional tube-based

extraction step (ethanol/formic acid extraction), whereas

the Vitek MS does not. Previous studies have reported

identification rates of 87.3-93.0% for the Vitek MS [2,6] and

81.1-98.6% for the Bruker Biotyper [1,2,6,11]. In this study,

the correct identification rate for 55 isolates was 92.7% (51/

55 isolates) for the Vitek MS and 94.6% (52/55 isolates) for

the Bruker Biotyper compared with results from ITS or D1/

D2 sequencing. The Vitek MS and Bruker Biotyper failed to

identify four isolates (2 C. auris and 2 C. tropicalis) and three

isolates (2 C. auris and 1 C. tropicalis), respectively (Tables 1

and 2). Two C. auris isolates were misidentified as C. albicans

(confidence value 86.0) and C. haemulonii (confidence value

99.9) by the Vitek MS and as Neisseria meningitidis Serogroup

A (score value 1.06) and Pseudomonas rhizosphaerae (score

value 1.41) by the Bruker Biotyper. Kathuria et al. [7] reported

that all of 90 C. auris isolates were identified as C. auris with

score values >2.00 (for 77/90 isolates) and 1.70-1.99 (for

13/90 isolates) by the Bruker Biotyper. 

Some uncommon species of Candida are highly virulent

and show reduced antifungal drug susceptibility. Thus,

accurate identification of these species is critical. The

performance of MALDI-TOF MS was superior to that of

conventional automated identification systems such as

Vitek 2 and Phoenix, in particular regarding performance

with Candida species uncommonly isolated in clinical settings.

However, MALDI-TOF MS still could not accurately

identify some uncommon Candida species. It seems that the

specific spectra of most of the uncommon Candida species

were not included in the databases or had insufficient and

phenotypic variation. Currently, MALDI-TOF MS is optimized

for use, but many clinical microbiology laboratories still

rely on conventional automated identification systems for

routine identification of Candida isolates. The present study

indicates that C. famata is less common in Korea than

previously thought, and that the possibility of misidentification

should be noted when an uncommon Candida species is

identified. 
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