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새로운 MALDI-TOF 시스템 ASTA MicroIDSys를 이용한
Candida auris 및 연관 균종의 동정
Identification of Candida auris and Closely Related Species Using a New Matrix-Assisted
Laser Desorption/Ionization Time-of-Flight Mass Spectrometry, the ASTA MicroIDSys
System
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Candida auris is a multidrug-resistant fungal pathogen emerging worldwide that is closely related to the C. haemulonii species complex. The ASTA
MicroIDSys (ASTA, Korea) is a new matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) system developed for species-level identification of microorganisms. However, prior to the current study, the reference database of ASTA MicroIDSys did not
include C. auris . We expanded the database by adding 20 reference strains of C. auris and three closely related species belonging to C. haemulonii
species complex. Further, we compared the performance of the ASTA system using an expanded database (coreDB v1.27.02) to that of the Biotyper system (Bruker Daltonics, USA) using 91 well-characterized Candida isolates from a Korean collection. In addition, we evaluated the ability of
the ASTA system to differentiate between clade II and non-clade II isolates of C. auris . The results revealed that both ASTA and Biotyper systems
accurately identified all 73 C. auris isolates. Of the 18 isolates of closely related species (nine C. pseudohaemulonii , seven C. haemulonii , and two
C. haemulonii var. vulnera ), the ASTA and Biotyper systems correctly identified 16 and 14 isolates, respectively, to the species level. Neither system
misidentified any of the 91 isolates. Cluster analyses of the ASTA spectra distinctly discriminated clade II Korean C. auris isolates from the nonclade II isolates obtained from other countries. Our results show that the ASTA system with an expanded database is a reliable platform for the
identification of C. auris and closely related species.
Key Words: Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry, ASTA MicroIDSys, Biotyper, Candida auris , Candida haemulonii, Candida pseudohaemulonii

Corresponding author: Jong Hee Shin, M.D., Ph.D.
https://orcid.org/0000-0001-9593-476X

Department of Laboratory Medicine, Chonnam National University Medical
School, 42 Jebong-ro, Dong-gu, Gwangju 61469, Korea
Tel: +82-62-220-5342, Fax: +82-62-224-2518, E-mail: shinjh@chonnam.ac.kr

A new matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS)-based ASTA MicroIDSys
system (ASTA Inc, Suwon, Korea; hereafter, ASTA) has been developed and is being used for the identification of clinically im-
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portant pathogens in microbiology laboratories [1-4]. The current
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ASTA MicroIDSys database (coreDB ver 1.27; hereafter, AMDB)
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trum database of Candida auris. C. auris was first reported in
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contains 428 yeast species but does not include a reference spec2009 after isolation from ear cultures of a single Japanese patient
and 15 Korean patients [5, 6]. Since then, C. auris has emerged as
a multidrug-resistant healthcare-associated fungal pathogen glob-
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ally [7-10]. C. auris can be grouped into four distinct clades, which

frequently existing peaks in every replicate of the mass spectrum.

are named in accordance with the locations wherein C. auris was

Reference spectra were imported into the database for further

initially isolated: South Asian (clade I), East Asian (clade II), Afri-

analyses.

can (clade III), and South American (clade IV) [9-11]. A recent Ko-

To compare the ASTA system after database expansion (coreDB

rean study found that C. auris isolates from Korean hospitals be-

v1.27.02) and the Biotyper system with library version 4.0, we tested

long to clade II, which appear to have a propensity to affect the

a panel of molecularly identified Candida strains from a Korean

ear that is uncharacteristic of the other clades; other clades typi-

collection. The Biotyper library version 4.0 has a database of only

cally cause invasive infections and large-scale outbreaks [11, 12].

three strains of C. auris, two from Korea (KCTC 17809 and KCTC

Therefore, in addition to accurate identification of C. auris, it may

17810) and one from Japan (DSM 21092T). The Korean collection

be essential to differentiate between clade II and non-clade II iso-

consisted of 91 patient isolates including 73 C. auris, nine C. pseu-

lates of C. auris to ensure proper antifungal therapy and infection

dohaemulonii, seven C. haemulonii, and two C. haemulonii

control measures. In this study, we expanded the AMDB using in-

var. vulnera isolates, which were submitted from 1996 to 2018 to

ternational reference strains of C. auris and closely related spe-

the Chonnam National University Hospital, Gwangju, Korea, from

cies; we also evaluated the effectiveness of the ASTA system after

16 Korean hospitals [6, 12]. All isolates were identified via sequenc-

database expansion for identifying clinical isolates of C. auris and

ing of the internal transcribed spacer (ITS) region and/or D1/D2

closely related species, compared to the Bruker Biotyper MS sys-

regions of the 26S ribosomal DNA of rRNA genes [6, 13]. Multilo-

tem (Bruker Daltonics, Billerica, MA, USA; hereafter, Biotyper).

cus sequencing typing (MLST) of 73 isolates of C. auris was per-

Further, we examined whether the ASTA system can differentiate

formed using a previously described method using four house-

clade II Korean isolates of C. auris from non-clade II strains from

keeping genes (RPB1, RPB2, ITS, and D1/D2) [12]. For all 91 iso-

other countries.

lates, on-plate FA extraction was performed for identification us-

The AMDB was expanded using 20 reference strains, including

ing the ASTA system, whereas both on-plate FA extraction and in-

15 strains from the U.S. Food and Drug Administration-Centers for

tube FA plus acetonitrile (FA/ACN) extraction were performed for

Disease Control and Prevention (CDC) Antibiotic Resistance (AR)

identification using the Biotyper system [2, 14]. The results from

Isolate Bank (10 isolates from all four clades of C. auris [AR0381–

the two MALDI-TOF MS systems were compared to those of se-

AR0390], two C. haemulonii strains [AR0393 and AR0395], and

quence-based identification and assigned to one of four catego-

three C. duobushaemulonii strains [AR0391, AR0392, and AR0394]),

ries: i) correct identification (identical to sequence-based identifi-

and five strains from the Korean Collection for Type Cultures (KCTC;

cation with a cutoff score ≥140 [ASTA] or ≥1.7 [Biotyper]), ii) in-

two C. auris [KCTC 17809 and KCTC 17810], two C. pseudohae-

complete identification, iii) misidentification (either one incorrect

mulonii strains [KCTC 17806 and KCTC 17807], and one C. haem-

species was identified or two or three incorrect species were pro-

ulonii [KCTC 17808] strains). All strains were inoculated onto po-

posed), or iv) no identification. Identification scores ≥1.7 of the

tato dextrose agar plates and incubated at 20–25˚C for 48 hours

Biotyper system were interpreted as acceptable identification at

prior to spectra acquisition. The ASTA protocol was used for data-

the species complex or species level, according to the findings of

base expansion. Further, the on-plate formic acid (FA) extraction

several previous reports [14-16], whereas cutoff scores ≥140 of

method was used for target preparation [2]. For each sample, colo-

the ASTA system were considered acceptable for species identifi-

nies were prepared on 20 individual spots as technical replicates,

cation, according to the manufacturer’s recommendations [1, 2].

and consequently 20 MALDI-TOF mass spectra were acquired.

The ‘incomplete’ category was defined as a case in which two

Each mass spectrum was obtained using 1,200 laser pulses. Peaks

different species were proposed, and one was correct, or the iso-

were introduced, ranging from 3,000 to 20,000 m/z. Further, the

late was correctly identified, but only to the C. haemulonii com-

qualities of mass spectra were confirmed and each group of spec-

plex level (C. haemulonii, C. duobushaemulonii, and C. haemu-

tra was combined into a single mass spectrum for each group of

lonii var. vulnera). The ‘no identification’ category included cases

replicates, called the reference spectrum. The reference spectrum

with a score below the cutoff levels of 140 (ASTA) or 1.7 (Biotyper).

is standardized data wherein m/z and intensities were averaged for

Table 1 shows the identification results and extraction methods

https://doi.org/10.47429/lmo.2022.12.1.40
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Table 1. Identification results of 91 isolates of Candida auris and three closely related species using two MALDI-TOF MS systems
System (database)

Extraction method*

ASTA
(CoreDB v1.27.02)

On-plate FA

Biotyper
(library version 4.0)

In-tube FA/ACN

Biotyper
(library version 4.0)

On-plate FA

Species
(N of isolates tested)
C. auris (73)
C. pseudohaemulonii (9)
C. haemulonii (7)
C. haemulonii var. vulnera (2)
Total (91)
C. auris (73)
C. pseudohaemulonii (9)
C. haemulonii (7)
C. haemulonii var. vulnera (2)
Total (91)
C. auris (73)
C. pseudohaemulonii (9)
C. haemulonii (7)
C. haemulonii var. vulnera (2)
Total (91)

No. (%) of isolates †
Correct ID
73 (100)
9 (100)
7 (100)
0 (0)
89 (97.8)
73 (100)
8 (88.9)
6 (85.7)
0 (0)
87 (95.6)
61 (83.6)
7 (77.8)
4 (57.1)
0 (0)
72 (79.1)

Incomplete ID
0 (0)
0 (0)
0 (0)
2 (100)
2 (2.2)
0 (0)
1 (11.1)
1 (14.3)
2 (100)
4 (4.4)
0 (0)
2 (22.2)
2 (28.6)
2 (100)
6 (6.6)

No ID
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
12 (16.4)
0 (0)
1 (14.3)
0 (0)
13 (14.3)

Mis-ID
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

*The on-plate formic acid (FA) extraction was performed for identification using the ASTA and Biotyper systems, whereas in-tube formic acid plus acetonitrile (FA/ACN) extraction was performed for identification using the Biotyper system; † The category includes correct ID (identical to sequence-based identification) to species level with cutoff
scores ≥ 140 by the ASTA system and ≥ 1.7 by the Biotyper system. The “incomplete ID” category includes i) a “low level of discrimination” (two species were proposed, and
one was correct), ii) correct ID to the C. haemulonii species complex level.
Abbreviations: ASTA, ASTA MicroIDSys; Biotyper, Bruker Biotyper; MALDI-TOF MS, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; DB, database;
ID, identification.

for the two MALDI-TOF MS systems. Of the 91 isolates tested, 97.8%

[17], did not resolve any incomplete identification results.

were correctly identified by the ASTA system to the species level

In-tube FA/ACN extraction generates best-quality mass spectra,

after on-plate FA extraction and 95.6% were identified by the Bio-

but on-plate FA extraction is a simpler method that may be gener-

typer system after in-tube FA/ACN extraction. The results indicated

ally useful for clinical purposes [18]. Only 79.1% (72/91) were cor-

that the ASTA system has a comparable identification performance

rectly identified when we attempted to identify all isolates using

to the Biotyper system for isolates of C. auris and closely related

the Biotyper system after on-plate FA extraction. Of the 19 isolates

species. The ASTA system correctly identified all 73 C. auris, nine

that were not correctly identified after on-plate FA extraction, only

C. pseudohaemulonii, and seven C. haemulonii isolates from

two isolates of C. pseudohaemulonii were correctly identified

the Korean collection to the species level after on-plate FA extrac-

with the use of the “10% rule.” This indicated that the Biotyper

tion. Two isolates of C. haemulonii var. vulnera, a strain that was

system tends to have better results following the in-tube FA/ACN

not included in the AMDB, were incompletely identified as C. hae-

method for C. auris and closely related species, in agreement with

mulonii. After in-tube FA/ACN extraction, the Biotyper system

a previous report [19]. There were no misidentification results when

correctly identified all 73 isolates of C. auris; however, it correctly

the Biotyper system was used after on-plate FA extraction, sug-

identified 77.8% (14/18) isolates of three closely related species.

gesting that repeat Biotyper testing with additive in-tube FA/ACN

Two isolates of C. haemulonii var. vulnera and one isolate of C.

extraction for isolates with “incomplete or no identification” re-

haemulonii were not identified completely because two species

sults after initial on-plate FA extraction may provide a cost-effec-

(C. haemulonii or C. haemulonii var. vulnera) were proposed

tive and reliable method to identify these isolates. The reasons for

by the Biotyper system. Further, one isolate of C. pseudohaemu-

the low rate of correct C. auris identification by the Biotyper after

lonii was not identified completely because two speci es (C. pseu-

on-plate FA extraction are poorly understood, but may be due to

dohaemulonii or C. duobushaemulonii) were proposed by the

the characteristics of this pathogen, which renders solubilization

Biotyper system. Even the additional use of the “10% rule”, which

of proteins difficult by simple extraction on the plate, or due to in-

excluded the result scoring >10% below the top-scoring match

sufficient database entries to enable spectral matches, as the C.
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auris database is designed for isolates after in-tube FA/ACN ex-

system returned any misidentification results, enabling these closely

traction [12].

related species to be distinguished by sequence-based identifica-

The recent emergence of C. auris has drawn attention to closely

tion.

related species, including the C. haemulonii complex and C. pseu-

In a previous study, we showed that MLST analyses can differ-

dohaemulonii [9]. Despite these closely related species being con-

entiate C. auris reference isolates of the four clades (Clade I–IV)

sidered rare human pathogens, the increasing rate of incidence

into four clusters (ST clusters 1–4); we also found that all Korean

and antifungal resistance associated with these species present a

isolates of C. auris have the same MLST type as ST cluster 2 (clade

cause for concern worldwide [13]. The present study demonstrates

II) [12]. In the present study, 72 out of 73 isolates tested also showed

that although excellent results were obtained with the use of ASTA

identical MLST type, ST cluster 2 (profile of four alleles ITS-RPB1-

and Biotyper systems for the identification of C. auris, the systems

RPB2-D1/D2, a - a - a - a), whereas one isolate that was discov-

are somewhat limited in their abilities to differentiate between C.

ered in 2018 was classified as ST cluster 1 (profile of four alleles

haemulonii and C. haemulonii var. vulnera. However, neither

ITS-RPB1-RPB2-D1/D2, b - b - a - b). Fig. 1 depicts the result of

A

B

Fig. 1. Heat map (A) and dendrogram (B) of mass spectrometry (MS) profiles generated by the ASTA system for 17 representative C. auris isolates
(K1 to K17) from Korean hospitals and 20 internationally collected reference strains of C. auris and closely related species used for database expansion of the ASTA system (AR0381–AR0395, KCTC 17806–17810). The isolation year, source, and MLST type of the Korean isolates (K1 to K17)
are shown following the species name (C. auris) of each isolate. (A) Columns show each strain of the species, rows indicate clustered m/z, and heat
represents the degree of intensity. (B) The dendrogram is constructed by hierarchical clustering and is labeled with strain names. Strains were clustered by species, and strains of C. auris were clustered into clade II and non-clade II groups.
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cluster analyses of the MS profiles, based on peak similarity, gen-

typer 두 시스템에 의해 모두 정확하게 동정되었고, 연관 균종 18

erated from the 17 C. auris (K1 to K17) isolates from Korean hos-

주(Candida pseudohaemulonii 9주, Candida haemulonii 7주

pitals and the 20 international reference strains used to expand

및 Candida haemulonii var. vulnera 2주)는 ASTA와 Biotyper에

the AMDB. A dendrogram shows the clear discrimination of C.

의해 각각 16주 및 14주가 정확히 동정되었다. 두 시스템에 의해 다

auris from the other three related species. Notably, 16 Korean iso-

른 균종으로 잘못 동정된 예는 한 주도 없었다. C. auris 균주들에

lates of C. auris (K1 to K16, ST cluster 2) and one reference isolate

대한 ASTA의 스펙트럼을 이용하여 군집분석을 시행한 결과, 국내

of clade II (C. auris AR0381) were clustered with C. auris clade II.

분리 clade II C. auris 균주는 다른 나라에서 분리된 non-clade II

One Korean isolate of C. auris (K17), which belonged to ST clus-

균주와 명확하게 구분되었다. 본 연구에서는 확장된 데이터베이스

ter 1, was clustered with the non-clade II group isolates of C. au-

를 이용한 ASTA MALDI-TOF 시스템이 C. auris와 연관 균종을 동

ris consisting of nine CDC isolates of C. auris from three different

정하는 데 있어 신뢰할 만한 성능을 보여줌을 확인하였다.

geographic clades (clades I, III, and IV). Therefore, to the best of
our knowledge, this is the first study to prove the potential of a
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