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Identification of Medically Relevant Species of Arthroconidial Yeasts
by Use of Matrix-Assisted Laser Desorption Ionization—Time of Flight
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Matrix-assisted laser desorption ionization—time of flight mass spectrometry (MALDI-TOF MS) was used for an extensive iden-
tification study of arthroconidial yeasts, using 85 reference strains from the CBS-KNAW yeast collection and 134 clinical isolates
collected from medical centers in Qatar, Greece, and Romania. The test set included 72 strains of ascomycetous yeasts (Galacto-
myces, Geotrichum, Saprochaete, and Magnusiomyces spp.) and 147 strains of basidiomycetous yeasts (Trichosporon and Gueho-
myces spp.). With minimal preparation time, MALDI-TOF MS proved to be an excellent diagnostic tool that provided reliable
identification of most (98%) of the tested strains to the species level, with good discriminatory power. The majority of strains
were correctly identified at the species level with good scores (>2.0) and seven of the tested strains with log score values between
1.7 and 2.0. The MALDI-TOF MS results obtained were consistent with validated internal transcribed spacer (ITS) and/or large
subunit (LSU) ribosomal DNA sequencing results. Expanding the mass spectrum database by increasing the number of reference
strains for closely related species, including those of nonclinical origin, should enhance the usefulness of MALDI-TOF MS-based

diagnostic analysis of these arthroconidial fungi in medical and other laboratories.

pecies of the genera Trichosporon and Geotrichum occur widely

in nature (1), and both are characterized by true hyphae that
disarticulate into arthroconidia. Strains of these species are di-
morphic and display yeast-like and/or mold-like morphological
types of colonies. Trichosporon and Guehomyces spp. are asexually
reproducing basidiomycetous fungi. The members of the family
Dipodascaceae are ascomycetous yeasts that are able to persist in
two reproductive stages, namely, asexual (anamorph) and sexual
(teleomorph). These ascomycetous yeasts that form arthroconidia
belong to a number of genera; Galactomyces (anamorph Geotri-
chum) belongs to the same phylogenetic clade as Dipodascus
(anamorph Geotrichum) and is a sister genus to Magnusiomyces
(anamorph Saprochaete) (Table 1) (2). Species of these arthro-
conidium-forming genera are important, although rare, human
pathogens. In healthy humans, they persist as colonizers of the
gastrointestinal tract, the oral cavity and respiratory tract, skin,
and hair (3, 4). Their clinical relevance should not be neglected, as
bloodstream infections caused by species of Trichosporon and
Geotrichum may occur among cancer patients and immunocom-
promised individuals (5-8). The majority of invasive infections
caused by Trichosporon and Geotrichum species are known to be
associated with high mortality rates, particularly invasive mycoses
that develop in immunocompromised patients (9). In cancer pa-
tients, Trichosporon asahii was recognized as one of the important
causative agents of catheter-related fungemia (9, 10). Dissemi-
nated geotrichosis, although rare in humans, can be fatal in neu-
tropenic patients with acute leukemia (11-14).

To date, correct identification to the species level of Tricho-
sporon and Geotrichum yeasts recovered from clinical specimens is
challenging but remains important because different species re-
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spond differently to various antifungal agents (Geotrichum spp.
are azole resistant, while Trichosporon spp. are resistant to echino-
candins), which affects proper disease treatment and patient care
(15). Conclusive identification of pathogens should be fast and
reliable to support the appropriate choice and application of an-
tifungal therapy, adjustment of prophylactic treatment, and mon-
itoring of the effects of treatment and the emergence of drug re-
sistance.

In aroutine clinical laboratory, identification of arthroconidial
yeasts (e.g., Trichosporon and Geotrichum) is performed by inves-
tigating macroscopic and microscopic morphological character-
istics. When arthroconidia are observed, the urease test is recom-
mended to distinguish between Geotrichum spp. and Trichosporon
spp. (16). Especially for uncommon species of Trichosporon and
Geotrichum, identification at the species level is difficult to accom-
plish using commerecially available assimilation tests and kits, such
as the API 20 C AUX (bioMérieux), ID 32C (bioMérieux), and
RapID Yeast Plus (Innovative Diagnostic Systems) systems (15,

Received 27 February 2013 Returned for modification 26 March 2013
Accepted 7 May 2013

Published ahead of print 15 May 2013
Address correspondence to Teun Boekhout, t.boekhout@cbs.knaw.nl.
AK. and KK. contributed equally to this article.

Supplemental material for this article may be found at http://dx.doi.org/10.1128
/JCM.00470-13.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.
doi:10.1128/JCM.00470-13

jcm.asm.org 2491


http://dx.doi.org/10.1128/JCM.00470-13
http://dx.doi.org/10.1128/JCM.00470-13
http://dx.doi.org/10.1128/JCM.00470-13
http://jcm.asm.org

Kolecka et al.

TABLE 1 Relationships between genus names of anamorphs and teleomorphs of ascomycetous and basidiomycetous arthroconidial yeasts used in

this study (2)°

Teleomorph Anamorph

Commonly known synonyms

Galactomyces candidus (2004)" Geotrichum candidum (1832)

Magnusiomyces capitatus (2004)" Saprochaete capitata (2004)

Unknown Saprochaete suaveolens (2004)"
Unknown Saprochaete clavata (2004)"
Unknown Guehomyces pullulans (2004)"
Unknown Trichosporon spp. (1890)*

Geotrichum candidum (1809), Oospora lactis (1931), Geotrichum silvicola
(2012), Geotrichum bryndzae (2012)

Trichosporon capitatum (1942), Geotrichum capitatum (1977),
Blastoschizomyces capitatus (1985), Dipodascus capitatus (1986)

Oidium suaveolens (1913), Oospora fragrans (1923), Geotrichum fragrans
(1964), Geotrichum suaveolens (1966)

Geotrichum clavatum (1986)

Trichosporon pullulans (1942)

@ Currently used names.
b Years of publication are indicated in parentheses.

17). Use of the automated Vitek 1 and 2 systems (bioMérieux) has
increased lately, but the Vitek 2 database includes only three Tri-
chosporon and three Geotrichum species (17-19). Consequently,
identifications usually are unreliable (15, 17, 18, 20).

Since the introduction of molecular methods, a plethora of
advanced techniques (e.g., PCR-high-resolution melting analysis,
real-time PCR, and Luminex xXMAP technology) have been used
for the identification of fungal pathogens; however, they are not
always suitable for routine medical laboratory testing, and their
discriminatory power must be increased to identify rarely occur-
ring species (21-23). Currently, the technique used for the iden-
tification of uncommon yeasts is sequence analysis of universal
bar-coding markers such as internal transcribed spacer (ITS) 1,
ITS 2, and large subunit (LSU) D1 and D2 domains of the ribo-
somal DNA (rDNA) (24).

Recent developments in mass spectrometry-based analysis of
pathogens opened new possibilities in diagnostic microbiology
and may result in rapid detection and differentiation of patho-
genic microorganisms (25). In the present study, the usefulness of
matrix-assisted laser desorption ionization—time of flight mass
spectrometry (MALDI-TOF MS) for the identification and differ-
entiation of ascomycetous and basidiomycetous arthroconidial
yeasts was investigated. In order to determine the taxonomic res-
olution of this method, the capabilities and limitations for the
identification of closely related species were evaluated.

(This work was presented in part at the 18th Congress of the
International Society for Human and Animal Mycology, Berlin,
Germany, 11 to 15 June 2012 [26].)

MATERIALS AND METHODS

Strains and culture conditions. This study included two major represen-
tative sets of arthroconidial yeasts. The first set combined type and refer-
ence strains from the yeast collection of the CBS Fungal Biodiversity Cen-
tre (CBS-KNAW) (Utrecht, the Netherlands) (i.e., the reference CBS set
in Table S1 in the supplemental material). This set consisted of 85 strains
of medically important ascomycetous and basidiomycetous arthro-
conidial yeast species, and their current generic names, as used in this
study, are listed in Table 1. Strains of ascomycetous arthroconidial yeasts
(Geotrichum, Galactomyces, Saprochaete, and Magnusiomyces) were main-
tained on malt extract agar (MEA) plates (10% sugar solution of malt
extract, 2% [wt/vol] agar), while basidiomycetous arthroconidial yeasts
(Trichosporon and Guehomyces) were grown on potato dextrose agar
(PDA) plates (23% [vol/vol] potato extract, 2% [wt/vol] dextrose, 2%
[wt/vol] agar). All strains were cultivated at 30°C for 24 to 48 h. The
second set of strains (i.e., the clinical set) consisted of clinical isolates that
had been obtained from Qatar, Greece, or Romania. The subset from the
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Department of Laboratory Medicine and Pathology, Hamad Medical
Corporation (Doha, Qatar), included 20 isolates of ascomycetous arthro-
conidial yeasts and 51 isolates of basidiomycetous arthroconidial yeasts.
These isolates were identified previously by conventional methods, in-
cluding macroscopic and microscopic morphological investigations and
the urease test. The automated commercially available Vitek 2 system
identified the majority of isolates only to the genus level. Additionally, 27
of 51 isolates of basidiomycetous arthroconidial yeasts were identified
previously by molecular methods (15). The remaining isolates were ana-
lyzed by ITS and LSU bar-coding during this study. The subset from the
Mycology Laboratory, Microbiology Department, Medical School, Uni-
versity of Athens (Athens, Greece), included 4 isolates of Galactomyces
spp. and 44 isolates of Trichosporon spp. These isolates were characterized
previously to the genus and species levels by sequencing analysis, namely,
ITS sequencing for Galactomyces spp. and LSU sequencing (D1/D2 do-
main analyses; GenBank accession no. JX111912 to JX111953 and
KC515399) for Trichosporon spp., according to the protocol reported by
Fell et al. (27). Additionally, the T. asahii strains were characterized by
sequencing of the rDNA intergenic spacer (IGS) region (GenBank acces-
sion no. JX111954 to JX111990 and KC515400), according to a method
described previously (28). The last subset of clinical isolates was collected
from the Department of Mycology and Mycotoxicology, Ion Ionescu de la
Brad University (Iasi, Romania), and included eight isolates of Geotri-
chum spp. and seven isolates of Trichosporon spp. All of these isolates were
identified to the genus level by phenotypic, microscopic, and biochemical
methods, using the ID 32C system (bioMérieux, France). Only T. asahii
isolates were identified to the species level by ID 32C testing.
MALDI-TOF MS identification and data analyses. The strains of the
reference and clinical sets were subcultured on Sabouraud dextrose agar
plates and incubated for 24 h at 30°C. In order to prevent some of the
strains from growing into the agar, sterile polycarbonate track etch
(PCTE) filtration membranes (diameter, 76 mm; pore size, 0.1 mm; GE
Water & Process Technologies) were applied on the agar surface, before
inoculation with fungal material. Identification by MALDI-TOF MS was
carried out using the formic acid (FA)/ethanol (EtOH) protein extraction
method, according to the Bruker Daltonics GmbH protocol (25, 29) with
minor modifications, as reported by Cendejas-Bueno et al. (30). Prior to
EtOH/FA extraction, 2 loops of cells for ascomycetous arthroconidial
yeasts or 3 loops of cells for basidiomycetous arthroconidial yeasts (1-jl
sterile inoculation loop; Greiner Bio-One) were collected and resus-
pended in 300 pl of Milli-Q water. The crucial steps were (i) estimation of
the volume of 70% FA in comparison with the size of pellet and (ii)
accurate dissolution of the fungal material in FA by vortex-mixing. The
optimal volume of FA used ranged between 30 and 50 wl, and an equal
volume of acetonitrile (ACN) was added later. One microliter of the crude
protein extract was pipetted in duplicate on a 96-spot polished steel target
plate (Bruker Daltonics, Bremen, Germany), and 1 .l of bacterial test
standard (Bruker Daltonics) solution was spotted twice as a positive con-
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trol. After air drying, all spots were overlaid with a-cyano-4-hydroxycin-
namic acid (HCCA) matrix solution prepared according to the protocol
of the manufacturer and, after drying, were analyzed in automatic runs
that were operated by FlexControl version 3.3.108.0 (Bruker Daltonics).
The strains from the reference and clinical sets were analyzed and identi-
fied by MALDI-TOF MS Biotyper RTC software 3.0 (Bruker Daltonics).
The identification spectra generated with 240 laser shots for each dupli-
cate of the tested strains were compared with reference main mass spectra
(MSP) data selected simultaneously from the Bruker Daltonics (BDAL)
database and the CBS-KNAW in-house library. Subsequently, recogni-
tion results generated by MALDI-TOF MS (identification spectra versus
MSPs) were scored as log score values according to the manufacturer’s
requirements and were classified as follows: secure genus and species
identification, >2.0; secure genus identification, 1.7 to 2.0; no reliable
identification (NRI), <1.7. The identification mass spectra obtained dur-
ing measurements were visualized by Bruker flexAnalysis version 3.3.75.0
software and investigated by ClinProTools version 3.0 software (Bruker
Daltonics), as described by Cendejas-Bueno et al. (30). The identification
was considered correct if at least one spot from the duplicates gave reliable
identification, with a score of >1.7.

CBS-KNAW in-house library. This research was carried out with two
databases, i.e., the original, commercially available Bruker Daltonics
(BDAL) database and a CBS-KNAW in-house library. The BDAL da-
tabase is regularly updated by the manufacturer and currently contains
4,110 MSPs created between 2007 and 2012, including 10 MSPs of
Geotrichum spp., 4 MSPs of Magnusiomyces spp., and 11 MSPs of Tri-
chosporon spp.

The CBS-KNAW in-house library of 103 MSPs was created by Bruker
Daltonics (Bremen, Germany) for this research project, as indicated in
Table SI in the supplemental material. This library is part of another
database that contains a large number of reference spectra (>600 MSPs)
generated from different fungal strains, which were obtained from the
CBS-KNAW yeast collection and validated previously with ITS and/or
LSU sequence data, but these are not yet available in the Bruker Daltonics
commercial database. Ethanol extracts of the 103 CBS-KNAW strains of
ascomycetous and basidiomycetous arthroconidial yeasts were prepared
and sent to Bruker Daltonics for the creation of BDAL database-quality
main mass spectra, according to their internal database-creation standard
operating procedures. From the protein-rich supernatants that were ob-
tained using the full extraction method (EtOH/FA), 1 wl was pipetted on
eight spots on a polished steel target plate and overlaid with HCCA matrix;
after air drying, each spot was analyzed three times. The reference MSP
was created from at least 20 high-quality spectra generated during these 24
measurements, following the manufacturer’s protocol, and was stored in
the project database. The library generated by Bruker Daltonics was later
uploaded at the MALDI-TOF MS Biotyper 3.0 as the CBS-KNAW in-
house library. This library contained 15 MSPs of Galactomyces spp., 2
MSPs of Geotrichum spp. (now reassigned as Galactomyces candidus), 11
MSPs of Magnusiomyces spp., 7 MSPs of Saprochaete spp., 65 MSPs of
Trichosporon spp., and 3 MSPs of Guehomyces pullulans (see Table S1 in
the supplemental material). The CBS-KNAW in-house library was used in
combination with the commercial BDAL database for identification of the
target isolates by MALDI-TOF MS. However, it also can be used as an
individual source of MSPs.

Sequence analyses. Genomic DNA was extracted from reference CBS-
KNAW strains and clinical isolates grown on MEA (ascomycetous yeasts)
or PDA (basidiomycetous yeasts) plates and incubated at 30°C for 48 h.
DNA extractions were performed following the phenol-chloroform-iso-
amyl alcohol protocol according to Bolano et al. (31), with minor modi-
fications as reported by Cendejas-Bueno et al. (30). The primer set V9-F
(5’-TGC GTT GAT TAC GTC CCT GC-3") and LR3-R (5'-GGT CCG
TGT TTC AAG AC-3') was used to obtain the ITS amplicon that was
subsequently amplified using the primers ITS1 (5'-TCC GTA GGT GAA
CCT GCG G-3') and ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3'), as
reported by White et al. (32). The D1/D2 region was amplified using the
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primers NL1 (5'-GCA TAT CAA TAA GCG GAG GAA AAG-3’) and
RLR3R (5'-GGT CCG TGT TTC AAG AC-3'), as suggested by Vilgalys
and Hester (33). The PCR and sequencing conditions were reported pre-
viously by Cendejas-Bueno et al. (30). Sequence alignments were assem-
bled and edited using SeqMan version 8.0.2 software (DNAStar Inc.,
Madison, WI) and aligned with MEGA version 5. The sequences were
manually corrected. Consensus sequences were compared by the Basic
Local Alignment Search Tool (BLAST) with sequences available from the
CBS-KNAW in-house library and the GenBank database for correct iden-
tification.

RESULTS

MALDI-TOF MS-based identification of reference CBS-KNAW
strains. The clinically relevant arthroconidial fungal species from
the CBS reference set, represented by 40 strains of ascomycetous
yeast, consisted of 2 Geotrichum, 1 Galactomyces, 1 Magnusiomny-
ces, and 2 Saprochaete species together with 45 basidiomycetous
yeast strains of 14 Trichosporon and 1 Guehomyces species. This set
was used to challenge the CBS-KNAW in-house library and the
BDAL database, as the majority of these strains were also used for
creation of MSPs (see Table S1 in the supplemental material). All
40 ascomycetous yeast strains were identified correctly at the spe-
cies level, with 34 strains having log score values above 2.0; five
strains had values between 1.7 and 2.0, and a correct identification
match at the species level was achieved for one strain of Sap-
rochaete clavata (CBS 758.85) with a NRI score value of <1.7
(Table 2). Strains of Geotrichum silvicola CBS 9194 and Geotri-
chum bryndzae CBS 11176" were identified by MALDI-TOF MS as
Geotrichum candidum/Galactomyces candidus with scores of >2.0.
While this research was being conducted, G. silvicola CBS 91947
and G. bryndzae CBS 11176" were reviewed and gained a new
taxonomic status, as they were found to be conspecific with
G. candidus (teleomorph)/G. candidum (anamorph) (for strain
information, see the CBS-KNAW yeast collection at http://www
.cbs.knaw.nl/Collections/BioloMICS.aspx?Table=CBS strain
database&Rec=5644&Fields=All and http://www.cbs.knaw.nl
/Collections/BioloMICS.aspx?Table=CBS strain database&Rec=
7759&Fields=All; for the taxonomic name and synonyms, see
Mycobank at http://www.mycobank.org/BioloMICS.aspx?Table
=Mycobank_Advanced&Rec=431757&Fields=All) (34). The den-
drogram grouping MSPs of CBS strains of ascomycetous arthro-
conidial yeasts (Fig. 1) was used to illustrate the separation of
strains at the genus and species levels. It was observed that strains
of G. candidus (including G. silvicola and G. bryndzae) formed one
cluster, distinct from a cluster containing Magnusiomyces capita-
tus, Saprochaete suaveolens, and S. clavata. The cluster analysis
demonstrated also that S. clavata strain CBS 576.82 deviated from
the S. clavata cluster and was found to be more related to the M.
capitatus cluster (Fig. 1), although it was correctly identified as S.
clavata with a score of >2.0.

MALDI-TOF MS provided correct recognition at the genus
level for all 45 CBS strains of basidiomycetous arthroconidial
yeasts. Accurate species identification with scores of >2.0 was
possible for 41 strains (91.1%) (Table 2). The remaining four
strains (8.9%) showed reliable genus identification (three
strains with scores of >2.0 and one strain with a score between
1.7 and 2.0), but identification at the species level achieved by
MALDI-TOF MS differed from the CBS-KNAW identity. Be-
tween the phylogenetically closely related species Trichosporon
inkin and Trichosporon ovoides, identification of the tested
strains was straightforward with scores of >2.0. A strain of T.
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TABLE 2 Overview of MALDI-TOF MS identification results for arthroconidial yeast species (ascomycetous [Geotrichum-like] or basidiomycetous

[Trichosporon-like])

No. (%) of identifications for:

CBS-KNAW
reference set of
ascomycetous yeast

Set of clinical isolates of
ascomycetous yeast spp.

Set of clinical isolates of
basidiomycetous yeast

CBS-KNAW reference
set of basidiomycetous

Log score value of™: spp. (n = 40) (n = 32) yeast spp. (n = 45) spp. (n = 102)

Spot 1 Spot 2 Correct Other Correct Other Correct Other Correct Other
>2.0 >2.0 26 (65) 0 16 (50.0) 0 34 (75.6) 3(6.7)° 53 (52) 6(5.8)"
>2.0 1.7-2.0 6 (15) 0 4(12.5) 0 1(2.2) 0 11 (10.8) 1(1.0)}
>2.0 NRI (<1.7) 1(2.5) 0 0 0 1(2.2) 0 1(1.0) 1(1.0)°
>2.0 NPF 1(2.5) 0 7 (21.9) 0 5(11.1) 0 28 (27.5) 0
1.7-2.0 1.7-2.0 4(10) 0 1(3.1) 0 0 1(2.2)° 1(1.0) 0
1.7-2.0 NRI (<1.7) 0 0 0 0 0 0 0 0
1.7-2.0 NPF 1(2.5) 0 0 0 0 0 0 0

NRI (<1.7) NRI (<1.7) 1(2.5) 0 0 4(12.5)° 0 0 0 0

NRI (<1.7) NPF 0 0 0 0 0 0 0 0

NPF NPF 0 0 0 0 0 0 0 0

Total 40 (100) 0 28 (87.5) 4 (12.5)¢ 41 (91.1) 4(8.9) 94 (92.2) 8(7.8)

“NRI, no reliable identification; NPF, no peaks found.
¥ Correct identification only at the genus level.
¢ No reliable identification; these isolates may represent a new species.

ovoides (CBS 5581) was identified as T. inkin with a score between
1.7 and 2.0. At the species level, reliable distinction between T.
ovoides and T. inkin was not possible. The results obtained were
validated by sequence analysis of the ITS and LSU domains, which

confirmed the identity of T. ovoides (1-nucleotide [nt] difference
in LSU sequences and 5-nt difference in ITS sequences with T.
ovoides and 4-nt difference in LSU sequences and 6-nt difference
in ITS sequences with T. inkin). Three strains that were identified

S. clavata CBS 576.82
M. capi CBS 579.82
M. cap CBS 573.82
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M. capitatus CBS 207.83
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FIG 1 Dendrogram of the cluster analysis of 35 MSPs for CBS strains of ascomycetous arthroconidial yeasts used for MALDI-TOF MS general identification and
4 MSPs for Geotrichum-like isolates (1610504343, 1608000386, 1611505559, and 1611505560) from Qatar. The G. silvicola CBS 9194" and G. bryndzae CBS
11176" strains are marked with their new taxonomic designations as G. candidus. Distances are displayed in relative units on the x axis.
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T. moniliiforme CBS 5959

T. moniliiforme CBS 24677
T. gracile CBS 8189"
T. gracile CBS 7609

T. gracile CBS 6861
T. gracile CBS 5066

T. myc inivorans CBS 10094
T. loubieri CBS 7691
T. loubieri CBS 8265

T. loubieri CBS 9171
T. loubieri CBS 7132
T. loubieri CBS 7719

T. loubieri CBS 70657
T. laibachii CBS 8246

T. laibachii CBS 8900
T. laibachii CBS 57907

T. laibachii CBS 5791
T. laibachii CBS 5381

T. laibachii CBS 8523

T. dulcitum CBS 8905
T. dulcitum CBS 7608

T. dulcitum CBS 5786
T. terricola CBS 8497_S

T. terricola CBS 8497_R
T. deb i CBS 18967

T. dermatis CBS 9088

T. dermatis CBS 9962
T. dermatis CBS 9085

T. jirovecii CBS 6950

T. jirovecii CBS 6864
T. mucoides CBS 76257
T. mucoides CBS 8667
T. dermatis CBS 20437

T.c CBS 2545
T. cutaneum CBS 2480
T. cutaneum CBS 2466
T. dohaense CBS 107617

T. doh CBS 11017
T. dohaense CBS 10333
T. faecale CBS 10565
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FIG 2 Dendrogram of the cluster analysis of 71 MSPs for CBS strains of basidiomycetous arthroconidial yeasts used for MALDI-TOF MS general identification.
Two strains (CBS 5286 and CBS 7755) labeled previously as T. asahii are marked as T. japonicum, thus confirming correct clustering. Distances are displayed in

relative units on the x axis.

with reliable scores of >2.0 revealed the following. Two strains
deposited in the CBS collection as T. asahii (CBS 5286 and CBS
7755) were identified as Trichosporon asteroides and occurred in
the Trichosporon japonicum/T. asteroides cluster. The molecular
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data indicated closer relationships of both strains to T. japonicum
(no difference in LSU sequences and 0- to 2-nt difference in ITS
sequences) than to T. asahii (2-nt difference in LSU sequences and
3- or 4-nt difference in ITS sequences) and thus confirmed the
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TABLE 3 Validation of identification results for arthroconidial yeasts (ascomycetous [ Geotrichum-like] or basidiomycetous [Trichosporon-like])

No. of isolates for:

Set and ID results? Routine ID method ITS/LSU sequencing MALDI-TOF MS
Reference CBS set of ascomycetous yeast spp. (n = 40)

Correct genus and species ID Not performed 40 40

Minor error (correct genus with incorrect species ID) 0 0

Major error (incorrect genus ID) 0 0

No ID 0 0
Clinical set of ascomycetous yeast spp. (n = 32)

Correct genus and species ID 5 28 28

Minor error (correct genus with incorrect species ID) 22 0 0

Major error (incorrect genus ID) 2 Geotrichum candidum 0 0

isolates were
Magnusiomyces; 3
Geotrichum spp.

were Candida spp.
No ID 0 4 (new species) 4 (new species)
Reference CBS set of basidiomycetous yeast spp. (n = 45)
Correct genus and species ID Not performed 45 41
Minor error (correct genus with incorrect species ID) 0 4 closely related Trichosporon
spp., T. ovoides/T. inkin, T.
japonicum/T. asteroides, T.
dermatis/T. mucoides
Major error (incorrect genus ID) 0 0
No ID 0 0
Clinical set of basidiomycetous yeast spp. (n = 102)
Correct genus and species ID 82 94 94
Minor error (correct genus with incorrect species ID) 18 8 closely related Trichosporon 8 closely related Trichosporon
spp., T. ovoides/T. inkin, T. spp., T. ovoides/T. inkin, T.
japonicum/T. asteroides, T. japonicum/T. asteroides, T.
asahii/T. faecale asahii/T. faecale
Major error (incorrect genus ID) 2t 0 0
No ID 0 0 0

21D, identification.

? The routine identification test results were incorrect, as MALDI-TOF MS and sequencing data are consistent.

correct identification by MALDI-TOF MS as T. asteroides/T. ja-
ponicum.

One strain, CBS 20437, of Trichosporon dermatis was identified
by MALDI-TOF MS as the closely related species Trichosporon
mucoides. This result was considered a minor error, as sequencing
data revealed that it is difficult to distinguish between these closely
related species (1-nt difference in LSU sequences and 4-nt differ-
ence in ITS sequences for T. dermatis in comparison with T. mu-
coides). In the MALDI-TOF MS-based dendrogram of the group-
ing of MSPs of the CBS strains of basidiomycetous arthroconidial
yeasts, diverse clusters occurred (Fig. 2). G. pullulans and Tricho-
sporon species occurred in different clusters with the exception of
T. dermatis (CBS 2043T), which clustered with T mucoides, and T.
japonicum, which clustered with T. asteroides (Fig. 2).

Identification of clinical isolates by MALDI-TOF MS and
ITS/LSU sequencing validation. Isolates of ascomycetous and
basidiomycetous arthroconidial yeasts from Qatar, Greece, and
Romania were used as a test set of clinical isolates. Twenty-
eight (87.5%) of 32 clinical ascomycetous arthroconidial yeasts
isolates were correctly identified at the species level with log
score values above 1.7 (Table 2). Twenty-seven isolates had
scores of >2.0 and one isolate had a score of 1.7 to 2.0. Eleven
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isolates were identified as Geotrichum candidum/Galactomyces
candidus and 14 isolates as Magnusiomyces capitatus, but three
isolates were identified as Candida krusei/Issatchenkia orientalis
with scores of >2.0 (identity confirmed by sequencing of the
ITS and LSU regions). The remaining four isolates from the
clinical set (12.5%) were not identified reliably either by
MALDI-TOF MS or by ITS/LSU domain sequencing (Tables 2
and 3). Three individuals experienced with the MALDI-TOF
MS technique independently prepared EtOH/FA extracts and
performed MALDI-TOF MS Biotyper 3.0 identification runs
(each performed two experiments) and this yielded NRI scores
(scores of <1.7), although the spectra were of good quality with
appropriate peak intensities (Table 2). The only hit close to the
genus level was achieved by MALDI-TOF MS with NRI match-
ing with Geotrichum ingens DSM 70069 (score of 1.429). Mo-
lecular data also showed no reliable identification. ITS and LSU
region sequencing indicated that these isolates are closely re-
lated to Saprochaete suaveolens (99% similarity, based on LSU
domain sequencing) or Saprochaete gigas (97% similarity,
based on ITS domain sequencing) (Fig. 3 and Table 4). Based
on the MALDI-TOF MS dendrogram of MSPs and the phylo-
genetic ITS tree (Fig. 1 and 3), these four strains may represent
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FIG 3 Phylogenetic tree showing the ITS-based relationships of Geotrichum-like strains (1610504343 [343], 1608000386 [386], 1611505559 [559], and
1611505560 [560]) from Qatar, which likely represent a new species. Note that only the last three digits of the strain code for each Geotrichum-like isolate are used
in the figure. Maximum-likelihood analysis of the ITS sequences was used with bootstrap values that are indicated on the branches and that were obtained from

1,000 replicates. Scale bar, 0.01 substitution/site.

a new Geotrichum-like species, which needs further investiga-
tion to confirm the final taxonomic identity.

For all 102 clinical basidiomycetous arthroconidial yeast iso-
lates, MALDI-TOF MS provided identification at the species level
with log score values of >1.7 (Table 2). A total of 101 strains
(99.0%) showed identification scores of >2.0, and one isolate
(1.0%) had a score between 1.7 and 2.0. Based on the MALDI-
TOF MS identification, this set consisted of 10 Trichosporon spe-
cies, namely, 71 isolates of T. asahii, 12 of T. inkin, 4 of Tricho-
sporon faecale, 4 of T. asteroides, 3 of Trichosporon coremiiforme, 2
of Trichosporon dohaense, and 1 each of T. dermatis, Trichosporon
loubierii, Trichosporon moniliiforme, and Trichosporon mycotox-
inivorans. However, one strain was identified as Candida ciferrii/
Stephanoascus ciferrii with a score of >2.0 (identity was confirmed
by sequencing of the ITS and LSU regions). For only 3 of the 102
Trichosporon isolates was species distinction problematic, and that
was between T. inkin, T. ovoides, and Trichosporon cutaneum, al-
though identification scores were between 1.7 and 2.0 (Table 2).
However, freshly prepared extracts of those three isolates yielded
identification as T. inkin with reliable scores of >2.0. ITS and LSU
domain sequencing results were concordant with MALDI-TOF
MS results as T. inkin, with five nucleotide differences from T.
ovoides in the ITS region.

The cumulative percentage of correct scores obtained during
successive runs showed that a correct species match with reliable
identification results (score ranges of >2.0 and 1.7 to 2.0 were
used for calculation of cumulative percentages) was obtained for
78.5% of the tested clinical isolates during the first identification
run, which increased to 91.9% after the second run. Occasionally,
four runs were needed to achieve identification to the species level
for all tested isolates.

The discriminatory power of MALDI-TOF MS was further in-
vestigated using 38 isolates of T. asahii that had been characterized
previously by sequence analysis of the LSU and intergenic spacer
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(IGS) rDNA regions. All of these T. asahii isolates were correctly
identified by MALDI-TOF MS with scores of >2.0 (Table 2). A
Ward clustering dendrogram of the mass spectra (not MSPs) for
these T. asahii isolates was created to investigate whether the
MALDI-TOF MS technique was able to separate and to identify
the known IGS subgroups. Figure S1 in the supplemental material
indicates that MALDI-TOF MS separates four clusters that do not
represent the same grouping as revealed by IGS typing. It can be
observed on the dendrogram that cluster 1 of T. asahii isolates
contains a majority of IGS type III strains, cluster 3 contains a
majority of IGS type IV strains, and the strains of IGS types V and
VII are aligned in cluster 4. Cluster 2, however, includes strains of
different IGS types.

MALDI-TOF MS results versus routine identifications ap-
plied to the clinical set. The clinical laboratories from Qatar,
Greece, and Romania used different routine identification meth-
ods (namely, Vitek 2 analysis, physiological and morphological
analyses, ID 32C testing, or LSU or ITS sequencing). These meth-
ods, with the exception of rDNA sequencing, allowed correct
identification at the species level of only a limited number of iso-
lates (Table 3). Seven of 32 isolates of ascomycetous arthro-
conidial yeasts (21.9%) were incorrectly identified at the genus
and species levels by routine methods. The error rate for conven-
tional identification of Trichosporon was lower, as correct genus
identification was not accomplished for only 2 of the 102 isolates
(2%). Among clinical isolates of Trichosporon spp., correct iden-
tification at the species level was achieved only for T. asahii.

DISCUSSION

Rapid and reliable identification of clinical yeast isolates is crucial
for patient care, particularly for critically ill patients, as this allows
physicians to start proper treatment. The MALDI-TOF MS Bio-
typer 3.0 system is an identification tool that proved to deliver fast
reliable results in the clinical laboratory (25). To date, identifica-
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TABLE 4 Molecular identification of four Geotrichum-like spp. recovered from clinical specimens from Qatar, which may represent a novel taxon
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No. of identical

No. of identical

No. of

nucleotides/total

no. of

nucleotides/total

no. of

nucleotides
in sequence

for closest

No. of gaps/
total no. of
nucleotides

(%)

No. of

No. of

nucleotides in

nucleotides in
ITS sequence
entry

532

534

532

535

No. of gaps/
total no. of
nucleotides

nucleotides in
LSU sequence

nucleotides in
LSU sequence
entry

379

389

379

389

Species of closest hit

(BLAST)

ITS sequence (%
identity)”

Species of closest

hit (BLAST)
S. suaveolens
S. suaveolens
S. suaveolens
S. suaveolens

BLAST hit

(% identity)®
376/379 (99)

Strain code

S. gigas (CBS 126.67)
S. gigas (CBS 126.67)
S. gigas (CBS 126.67)
S. gigas (CBS 126.67)

4/331 (1)

322/331 (97)

1610504343
1608000386
1611505559
1611505560

331
331

4/331 (1)

322/331 (97)

1/389

384/389 (99)

4/331 (1)

322/331 (97)

1/379

374/379 (99)

4/331 (1)

322/331 (97)

384/389 (99)

“ The LSU region sequence entries are based on the NL1 primer only.
b The ITS sequence entries are based on the ITS1 and ITS4 primers.

tion results obtained by using MALDI-TOF MS for arthroconidial
yeasts have not been reported extensively and have been limited to
a small number of Geotrichum and Trichosporon spp. (20, 29, 35—
37). MALDI-TOF MS has been applied successfully to identify
Cryptococcus species, including varieties and hybrids, Candida al-
bicans and non-albicans Candida species, and rare pathogenic
yeasts (29, 30, 38—-44). Non-Candida species isolates, such as
Geotrichum, Galactomyces, Saprochaete, Magnusiomyces, and Tri-
chosporon spp., are underrepresented in the reference library and
thus MALDI-TOF MS identification runs were less successful,
resulting in low identification rates or failure of reliable analy-
sis (36, 45).

Our data showed a high level of discriminatory power for
MALDI-TOF MS, providing reliable identification of both asco-
mycetous and basidiomycetous arthroconidial yeasts. The EtOH/FA
extraction protocol worked well for those yeasts. In general, runs
that were performed by the MALDI-TOF MS Biotyper 3.0 to iden-
tify strains of arthroconidial yeasts species allowed discrimination
among all tested strains and identified most of the strains at the
species level (100% of basidiomycetous and 94.7% of ascomycet-
ous arthroconidial yeast strains), with high accuracy. Correct
identification was provided not only with log score values of >2.0
but also with scores of >1.7. This observation is in agreement with
the results of Van Herendael et al. (46), who considered log score
values of >1.7 as the minimal values for secure species identifica-
tion for yeasts. Importantly, MALDI-TOF MS identification with
scores above 2.0 or between 1.7 and 2.0 never gave erroneous
identification of the genus. Thus, isolates of ascomycetes were
never misidentified as basidiomycetes and vice versa.

Use of the MALDI-TOF MS system resulted in correct recog-
nition of the sister genera Galactomyces, Magnusiomyces, and Sap-
rochaete but also exhibited a high level of discriminatory power
between the various Trichosporon species. For instance, T. myco-
toxinivorans, a newly recognized pathogen associated with cystic
fibrosis (47, 48), was correctly identified. Examination of the rel-
evance, accuracy, and taxonomic resolution of MALDI-TOF MS
also was undertaken, to establish whether the identification results
obtained were consistent with available molecular data from ITS
and LSU bar-coding (15, 24, 27). For most strains of Saprochaete
spp., correct identification was achieved with log score values of
1.7 to 2.0. This minor MALDI-TOF MS difficulty in obtaining
correct identification was supported by sequencing validation,
which also was not straightforward and which revealed the pres-
ence of polymorphic sites with double peaks in the raw sequence
data. It was recently observed that variable copies of multiple in-
tragenomic rDNAs may occur in the genera Geotrichum, Galacto-
myces, Saprochaete, and Dipodascus, thus confirming that the ITS
region is heterogeneous and I'TS-based identification is not readily
possible (49). It may be concluded that the taxonomic resolution
of MALDI-TOF MS is similar to that of rDNA sequencing. Com-
parisons of the overall performance of the MALDI-TOF MS Bio-
typer 3.0 for the identification of arthroconidial yeasts with that of
molecular identification through sequence analyses of the ITS re-
gions or the LSU parts of the rDNA as the standard method for
yeast identification showed that MALDI-TOF MS provided reli-
able and highly accurate identification at the genus and species
levels, which correlated well with the sequencing data (Table 2).

Some minor limitations of the MALDI-TOF MS Biotyper 3.0
deserve attention. Several strains of Trichosporon species, belong-
ing to T. inkin/T. ovoides and T. japonicum/T. asteroides (all four
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belonging to the ovoides clade), as well as T. dermatis/T. mucoides
(from the cutaneum clade), were not distinguished at the species
level by MALDI-TOF MS analysis and usually had log score values
of 1.7 to 2.0. For isolates of T. japonicum and T. asteroides, the first
best match was always T. asteroides and the second best match was
T. japonicum (scores of >2.0). Analogous problems were ob-
served in ITS and LSU sequencing validation, as there were 1- to
4-nt differences in I'TS sequences and 1- to 3-nt differences in LSU
sequences between T. japonicum and T. asteroides. In fact, T. as-
teroides and T. japonicum are closely related species (2) and thus
the MALDI-TOF MS identification might be considered a minor
error. Reliable identification of T. dermatis also might be problem-
atic. It was observed that the MALDI-TOF MS Biotyper 3.0 did
not distinguish between the closely related T. dermatis and T. mu-
coides. All T. dermatis strains tested were initially misidentified as
T. mucoides. This situation was observed for CBS strains as well as
for the clinical isolates from Greece. Probably this relates to the
quality and number of T. dermatis MSPs present in the reference
database. After increasing the number of T. dermatis MSPs (man-
ual entries) in the in-house library from 1 to 4, correct identifica-
tion matches as T. dermatis were made with scores above 2.0.
Sugita et al. (28) reported that, for reliable identification and good
discrimination between those phylogenetically closely related Tri-
chosporon spp., analysis of the rDNA intergenic spacer (IGS) re-
gion should be used instead of ITS sequencing, but this method is
not used in routine laboratory testing.

In conclusion, good discriminatory power of the MALDI-TOF
MS Biotyper 3.0 depends largely on the number of high-quality
MSPs included in the commercial and in-house libraries but also
on the sample preparation and the quality of the raw spectra ob-
tained during general identification runs. High-quality real-time
mass spectra resulted in increased score values. We found it im-
portant to use constant, previously optimized amounts of fresh
fungal material to obtain high-quality spectra. As the ascomycet-
ous and basidiomycetous arthroconidial yeasts vary in their
growth morphology on Sabouraud’s agar (i.e., they can be mold-
like or yeast-like), some experience with sample preparation was
crucial for obtaining high-quality spectra. During the EtOH/FA
extraction procedure, it was important to work with equal, previ-
ously optimized volumes of biological sample material and opti-
cally adjusted volumes of FA/ACN.

In view of the data presented above, the MALDI-TOF MS Bio-
typer 3.0 is a sensitive reliable diagnostic system that is able to
distinguish between arthroconidial yeast isolates to the genus and
species levels with high accuracy comparable to that of ITS and/or
LSU sequence analysis. Thus, MALDI-TOF MS is an easy-to-use,
high-throughput tool for the identification of these arthroconidial
yeasts. In clinical settings, this identification tool should be most
useful for identifying these yeasts with minimal effort and with a
short turnaround time, which would be beneficial for rapid deci-
sion-making regarding treatment and, more generally, optimal
management of patients. Further improvements may be possible
by increasing the number of MSPs and by adding more environ-
mentally occurring arthroconidial yeast species to the database.
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