
Medical Mycology, 2016, 54, 80–88
doi: 10.1093/mmy/myv085

Advance Access Publication Date: 21 November 2015
Original Article

Original Article

Rapid identification of 6328 isolates of

pathogenic yeasts using MALDI-ToF MS and a

simplified, rapid extraction procedure that is

compatible with the Bruker Biotyper platform

and database

Mark Fraser∗, Zoe Brown, Marian Houldsworth, Andrew M. Borman

and Elizabeth M. Johnson

UK National Mycology Reference Laboratory, Public Health England, Bristol, United Kingdom

*To whom correspondence should be addressed. Mark Fraser, UK National Mycology Reference Laboratory, Public Health
England South-West Regional Laboratory, Myrtle Road, Kingsdown, Bristol BS34 5AW. Tel: +01173425028;
E-mail: Mark.Fraser@uhBristol.nhs.uk

Received 27 May 2015; Revised 27 July 2015; Accepted 11 August 2015

Abstract

Rapid and accurate identification of yeast isolates from clinical samples is essential, given
their innately variable antifungal susceptibility profiles, and the proposal of species-
specific antifungal susceptibility interpretive breakpoints. Here we have evaluated the
utility of MALDI-ToF MS analysis for the identification of clinical isolates of pathogenic
yeasts. A simplified, rapid extraction method, developed in our laboratory, was applied
to 6343 isolates encompassing 71 different yeast species, which were then subjected
to MALDI-ToF MS analysis using a Bruker Microflex and the resulting spectra were as-
sessed using the supplied Bruker database. In total, 6328/6343 (99.8%) of isolates were
correctly identified by MALDI-ToF MS. Our simplified extraction protocol allowed the cor-
rect identification of 93.6% of isolates, without the need for laborious full extraction, and
a further 394 (6.2%) of isolates could be identified after full extraction. Clinically relevant
identifications with both extraction methods were achieved using the supplied Bruker
database and did not require the generation of bespoke, in-house databases created us-
ing profiles obtained with the adapted extraction method. In fact, the mean LogScores
obtained using our method were as robust as those obtained using the recommended,
published full extraction procedures. However, an in-house database can provide a use-
ful additional identification tool for unusual or rarely encountered organisms. Finally, the
proposed methodology allowed the correct identification of over 75% of isolates directly
from the initial cultures referred to our laboratory, without the requirement for additional
sub-culture on standardised mycological media.
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Introduction

Invasive fungal infections caused by Candida spp. continue
to be a significant cause of morbidity and mortality in im-
munocompromised patients, and those undergoing inva-
sive procedures.1–6 Although most studies agree that Can-
dida albicans is the principal agent of nosocomial yeast
infections, more than 150 yeast spp. from Candida and
other genera have now been reported from mammalian
infections7–9 (MRL unpublished data), with C. glabrata,
C. parapsilosis, C. tropicalis, C. lusitaniae, and C. kru-
sei emerging over recent years as significant opportunistic
pathogens.1,2,4,10–12

A wealth of evidence underscores the importance of
early and appropriate antifungal therapy in improving clin-
ical outcome for patients with candidiasis.13–16 Since the
patterns of antifungal susceptibilities vary substantially be-
tween different Candida species,17–19 informed therapeu-
tic decisions require the accurate and rapid identification
of the yeast isolate. The need for robust identification
to species level has further been emphasised by the in-
stitution of species-specific breakpoints for the interpre-
tation of yeast antifungal drug susceptibility testing in-
volving the echinocandins (caspofungin, micafungin and
anidulafungin)20 and the azoles fluconazole and voricona-
zole.21–23 These species-specific breakpoints include many
of the more common pathogenic yeast species, including
C. albicans, C. glabrata, C. parapsilosis (together with C.
orthopsilosis and C. metapsilosis), C. krusei, C. guillier-
mondii, and C. lusitaniae and are likely to be expanded
to encompass less commonly encountered yeast species
once sufficient clinical and epidemiological data are avail-
able.24 Thus, erroneous identification of yeast isolates will
now potentially have detrimental effects on the interpreta-
tion of MIC data and the appropriateness of therapeutic
decisions.

Over recent years, molecular and proteomic approaches
have largely overtaken commercial, biochemical systems for
the conventional identification of pathogenic yeasts, since
the latter are time-consuming and have been shown to fail
to identify the less common pathogens and those common
organisms that are displaying uncharacteristic profiles,8,25

or to discriminate between closely related species.8,17,26,27

Molecular identification, employing polymerase chain re-
action (PCR) amplification and conventional sequencing of
genomic regions has been shown to be a robust alternative
to conventional identification for yeasts and is essential for
the establishment of phylogenetic relationships.8 Similarly,
Pyrosequencing R© of short regions of conserved genomic
DNA was proven to allow the identification of most med-
ically important yeasts.17,26–30 However, such approaches
are still relatively labor-intensive.

More recently, matrix-assisted laser desorp-
tion/ionisation time-of-flight mass spectrometry (MALDI-
ToF MS) has been shown to be a reliable and rapid
method for the identification of clinical yeast isolates.31–36

However, although the Bruker Biotyper MALDI-ToF MS
assay itself is rapid, the manufacturer’s recommended
protocols require extensive pre-analytical steps, including
culture of the test isolate for 24–72 h, and a complex
protein preparation step involving several extractions
with solvents and multiple centrifugations. Several studies
have tried to address these pre-analytical stages, by either
simplifying the extraction stages, or directly applying
yeast cells to the MALDI-ToF MS plate and perform-
ing a crude on-plate extraction.36–40 In general, such
approaches have resulted in lower identification success
rates and less reliable identifications (as indicated by
LogScore values below 1.9) as compared to the results
obtained with full extraction protocols, and results were
only improved when mass spectra were compared with
bespoke, in-house databases generated using the same ex-
traction methods that were employed for the identification
assays.33,36–38,40,41

In the current study, we have developed a rapid, sim-
plified extraction method for the Bruker Biotyper platform
that allows robust identification of clinically relevant yeast
isolates directly from initial cultures, and applied it to 6343
isolates referred to the UK National Mycology Reference
Laboratory (MRL). The spectra obtained using this method
allowed the accurate identification of 93.6% of isolates us-
ing commercially available databases, without the need for
in-house database generation. When isolates that failed to
identify using the simplified method were subjected to full
extraction, MALDI-ToF MS with the Bruker Biotyper cor-
rectly identified 99.8% of all isolates.

Materials and methods

Test isolates

A total of 6343 isolates were included (Table 1). These
had been submitted for identification to the MRL on a
variety of microbiological media. Isolates were subjected
directly to MALDI-ToF MS without further subculture.
Where necessary, isolates were subcultured once onto plates
of Oxoid Sabouraud dextrose agar containing 0.5% w/v
chloramphenicol (Unipath Limited, Basingstoke, England)
and incubated for 24 h at 30oC prior to testing. All iso-
lates were also cultured on Dalmau plates (Oxoid corn-
meal agar, supplemented with 1% Tween 80, with a sterile
coverslip over a single streak of the organism) to verify
that the morphological characteristics of the isolate were
compatible with MALDI-ToF MS identifications and on
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Table 1. List of species included in the study.

Total Number Mis-ID
Identified by MALDI Partial Extraction Full Extraction Partial and

ORGANISM (MLS) N MLS % Failures N MLS Full N (%)

Candida albicans 3063 (2.09) 2943 (2.10) 3.6 112 (2.08) 8 (0.2)a

Candida glabrata 1278 (2.08) 1244 (2.08) 2.7 34 (2.02) 0.0
Candida parapsilosis 577 (2.02) 552 (2.03) 4.3 25 (1.98) 0.0
Candida tropicalis 254 (2.03) 239 (2.04) 5.9 15 (1.99) 0.0
Saccharomyces cerevisiae 144 (1.99) 127 (2.00) 11.8 17 (1.94) 0.0
Candida krusei 135 (2.06) 132 (2.07) 2.2 3 (2.04) 0.0
Candida lusitaniae 99 (2.03) 94 (2.04) 5.1 5 (2.02) 0.0
Candida guilliermondii 85 (2.03) 82 (2.07) 3.5 3 (1.95) 0.0
Cryptococcus neoformans 70 (1.91) 52 (1.90) 25.7 18 (1.93) 0.0
Rhodotorula mucilaginosa 59 (1.94) 50 (1.92) 15.3 9 (1.96) 0.0
Candida kefyr 27 (2.01) 23 (2.05) 14.8 3 (1.96) 1 (0.4)
Candida lipolytica 23 (1.99) 22 (2.01) 4.3 1 (1.82) 0.0
Magnusiomyces capitatus 21 (1.91) 13 (1.94) 38.1 8 (1.90) 0.0
Cryptococcus diffluens 13 (1.90) 7 (1.94) 46.1 6 (1.88) 0.0
Candida fabianii 10 (1.96) 7 (2.08) 30.0 3 (1.73) 0.0
Candida nivariensis 10 (2.02) 7 (2.02) 30.0 3 (2.02) 0.0
Candida haemulonii 10 (2.09) 10 (2.09) 0.0 0 N/A 0.0
Pichia cactophila 9 (1.93) 3 (1.93) 50.0 3 (0.93) 3 (33.3)b

Candida inconspicua 8 (2.02) 5 (2.06) 37.5 3 (1.94) 0.0
Candida utilis 9 (1.99) 7 (1.97) 22.2 2 (2.01) 0.0
Lodderomyces elongisporus 8 (1.97) 5 (1.99) 37.5 3 (1.95) 0.0
Candida africana 0 N/A 0 0 8 (100)a

Malassezia pachydermatis 8 (2.02) 8 (2.02) 0.0 0 N/A 0.0
Candida pararugosa 8 (1.99) 8 (1.99) 0.0 0 N/A 0.0
Trichosporon mucoides 7 (2.09) 6 (2.05) 14.3 1 (2.32) 0.0
Trich. mycotoxinivorans 6 (2.02) 6 (2.02) 0.0 0 N/A 0.0
Candida auris∗ 6 (1.98) 6 (1.98) 0.0 0 N/A 0.0
Rhodotorula dairenensis∗ 6 (2.08) 6 (2.08) 0.0 0 N/A 0.0
Candida pelliculosa 5 (1.96) 4 (1.96) 20.0 1 (1.97) 0.0
Kodamaea ohmeri 5 (2.01) 5 (2.01) 0.0 0 N/A 0.0
Candida norvegensis 4 (2.04) 2 (1.96) 50.0 2 (2.08) 0.0
Cryptococcus uniguttulatus 4 (2.26) 4 (2.26) 0.0 0 N/A 0.0
Candida lambica 4 (2.05) 3 (2.05) 25.0 1 (2.05) 0.0
Arthrographis kalrae 3 (2.16) 3 (2.16) 0.0 0 N/A 0.0
Malasezzia furfur∗ 3 (1.94) 3 (1.94) 0.0 0 N/A 0.0
Pichia manshurica 3 (1.99) 3 (1.99) 0.0 0 N/A 0.0
Candida bracarensis∗ 2 (2.04) 2 (2.04) 0.0 0 N/A 0.0
Candida duobushaemulonii 2 (2.13) 2 (2.13) 0.0 0 N/A 0.0
Candida intermedia 2 (2.01) 2 (2.01) 0.0 0 N/A 0.0
Candida sojae 2 (2.12) 2 (2.12) 0.0 0 N/A 0.0
Hanseniaspora opuntiae 2 (2.01) 1 (1.95) 50.0 1 (2.06) 0.0
Kloekera apiculata 2 (2.03) 2 (2.03) 0.0 0 N/A 0.0
Pichia kluyveri 2 (2.13) 2 (2.13) 0.0 0 N/A 0.0
Saprochaete capitata 2 (2.15) 2 (2.15) 0.0 0 N/A 0.0
Trichosporon japonicum 1 (2.14) 1 (2.14) 0.0 0 N/A 0.0
Candida boidinii 1 (1.92) 1 (1.92) 0.0 0 N/A 0.0
Candida ciferii 1 (2.05) 1 (2.05) 0.0 0 N/A 0.0
Candida colliculosa 1 (2.22) 1 (2.22) 0.0 0 N/A 0.0
Candida famata 1 (2.24) 1 (2.24) 0.0 0 N/A 0.0
C. haemulonii v. vulnera 1 (2.04) 1 (2.04) 0.0 0 N/A 0.0
Candida membranifaciens 1 (2.04) 1 (2.04) 0.0 0 N/A 0.0
Candida zeylanoides 1 (2.03) 1 (2.03) 0.0 0 N/A 0.0
Cryptococcus curvatus∗ 1 (1.95) 1 (1.95) 0.0 0 N/A 0.0
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Table 1. (Continued)

Total Number Mis-ID
Identified by MALDI Partial Extraction Full Extraction Partial and

ORGANISM (MLS) N MLS % Failures N MLS Full N (%)

Cryptococcus liquefaciens 1 (2.18) 1 (2.18) 0.0 0 N/A 0.0
Pichia barkeri∗ 1 (2.21) 1 (2.21) 0.0 0 N/A 0.0
Pichia onychis 1 (1.99) 1 (1.99) 0.0 0 N/A 0.0
Trichosporon dohaense 1 (2.12) 1 (2.12) 0.0 0 N/A 0.0

Candida dubliniensis 231 (1.84) 155 (1.90) 32.9 76 (1.73) 0.0
Candida metapsilosis 35 (1.79) 19 (1.89) 45.7 16 (1.67) 0.0
Candida fermentati 16 (1.83) 8 (1.80) 50.0 8 (1.86) 0.0
Geotrichum silvicola 15 (1.89) 7 (1.89) 53.3 8 (1.89) 0.0
Candida orthopsilosis 13 (1.73) 13 (1.73) 0.0 0 N/A 0.0
Candida pulcherrima 6 (1.85) 3 (1.85) 50.0 3 (1.85) 0.0
Geotrichum candidum 5 (1.82) 3 (1.75) 20.0 1 (2.03) 1 (20.0)
Candida catenulata 2 (1.89) 2 (1.89) 0.0 0 N/A 0.0
Kazachstania telluris 2 (1.51) 1 (1.51) 0.0 0 N/A 1 (50.0)
Candida rugosa 1 (1.85) 1 (1.85) 0.0 0 N/A 0.0
Sporopachydermia cereana 1 (1.72) 1 (1.72) 0.0 0 N/A 0.0
Candida magnoliae 1 (1.64) 1 (1.64) 0.0 0 N/A 0.0
Debaromyces hansenii 1 (1.81) 1 (1.81) 0.0 0 N/A 0.0
Saccharomyces servazzii 0 N/A 0/1 N/A 0/1 N/A 1 (100.0)

Total N (%) 6342 (99.99) 5934 (93.6) 394 (6.2) 15 (0.2)

Note: Included are the number tested, the number identified correctly by partial extraction, the number of isolates that produced no reliable spectra after partial
extraction (% failures), the number of isolates correctly identified after full extraction, and the number of isolates that were incorrectly identified (Mis-ID) even
after partial and full extraction. The mean LogScores (MLS) were calculated from all of the isolates of each species tested and are indicated for each method.
Asterisks indicate organisms that were not represented in the version of the Bruker MSP database that was available at the time of testing but which can be reliably
identified when in-house MSP profiles were generated, or with later versions of the Bruker database.
aEight isolates of C. africana were always identified as C. albicans regardless of extraction method.
bThree isolates of P. cactophila were reproducibly identified by both extraction methods as C. inconspicua, with which it is thought to be synonymous.

MAST-ID CHROMagar R© Candida plates to establish the
purity of isolates.

Protein extraction

For partial extraction, a single colony of test isolate was
emulsified in 50 μl of sterile water to give an opacity equiv-
alent to 2 McFarland standard, to which was added 50 μl
of 96% ethanol followed by mixing by vortex for 30 s. One
microliter of the resulting suspension was then spotted in
duplicate onto a 96-spot reusable stainless steel target plate
(Bruker Daltonics, Bremen, Germany), which was then al-
lowed to air-dry for 2 min. Dried spots were then overlaid
with 1 μl of 70% formic acid and again allowed to air-dry
for 2 min. As soon as spots were dry, they were overlaid
with 1 μl of HCCA matrix (Bruker Daltonics). Fully dried
plates were then directly subjected to MALDI-ToF MS anal-
ysis. Full protein extraction employing sequential ethanol,
formic acid, and acetonitrile precipitative steps was per-
formed exactly as described by the manufacturer (Bruker
Daltonics).

MALDI-ToF MS analysis

Dried, loaded plates were introduced into a Bruker Mi-
croFlex LT according to the manufacturer’s instructions
and analysed using FlexControl software (version 3.3) and
resulting spectra were analysed using MALDI Biotyper Re-
alTime Classification software (version 3.0) and compared
against the MBT-BDAL-5627 MSP Library (Bruker Dal-
tonics). Identification was accepted if both spots for a given
organism yielded the same identification, with at least one
of the duplicate spots producing spectra giving a LogScore
>1.9. For species that were not present in the latest MSP
library database but which gave good spectra, new MSP en-
tries were created as suggested by the manufacturer. Briefly,
fresh 24–48-h cultures of the organisms were subjected to
full protein extraction according to the manufacturer’s pro-
tocol and spotted eight times onto a fresh target plate. Each
spot was then analyzed in triplicate (24 spectra in total),
and FlexAnalysis software (version 3.3) was employed to
analyse spectral quality and peak concordance. Outlying
spectra were removed (maximum of 4), and the remaining
>20 spectra were analyzed against the current database to
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exclude cross-matching, prior to creation of a new MSP
using the Biotyper 3 software.

DNA isolation and sequencing

The molecular identity of the panel of yeast isolates
was confirmed by Pyrosequencing R©, exactly as described
previously.7 For organisms that had not been encoun-
tered previously in the current study, and for those that
are not represented in our Pyrosequencing database,7

the identity of isolates was verified by subjecting them
to PCR amplification-sequencing of the D1-D2 por-
tion of the 28S rRNA gene exactly as described previ-
ously,8 using fungal genomic DNA that had been pre-
pared using pre-punched Whatman FTA papers as de-
scribed.42 The sequences obtained were compared with
data available in the public synchronised databases using
the nucleotide basic local alignment search tool (BlastN;
http://ncbi.nlm.nih-gov/BLAST/Blast.cgi?).

Results

In the current study, MALDI-ToF MS produced an identi-
fication for a total of 6342/6343 (99.99%) of clinical yeast
isolates (70/71 species) (Table 1). One isolate of Saccha-
romyces servazzii was initially identified as a bacterium,
Delftia sp., although the MSP for Delftia sp. has since been
removed from later versions of the Bruker MSP library.
As judged by concordance with the results of Pyrosequenc-
ing or sequencing of the D1D2 region of the 28S rRNA
gene, 6328/6343 (99.8%) of the isolates were correctly
identified by MALDI-ToF MS. Importantly, 5934/6343
(93.6%) of all isolates were correctly identified using our
rapid, simplified extraction method, and a further 394/6343
(6.2%) of isolates were correctly identified when they were
subsequently subjected to full extraction (Table 1). Mean
LogScores by MALDI-ToF MS for the vast majority of
species were very robust regardless of the extraction method
employed and approached or exceeded 1.9–2.0, despite
large numbers of isolates of the more common species hav-
ing being subjected to analysis. For isolates of C. dublin-
iensis, C. fermentati, C. magnoliae, C. metapsilosis. C. or-
thopsilosis, C. pulcherrima, C. rugosa, and Sporopachy-
dermia cereana, mean LogScores were lower (range 1.51–
1.89), but sequencing revealed that these organisms had
also been correctly identified. Isolates of Candida auris
(n = 6), Rhodotorula dairienensis (n = 6), C. bracarensis
(n = 2), Cryptococcus curvatus (n = 1), and Pichia barkeri
(n = 1) were initially not identified due to the lack of refer-
ence spectra in the original Bruker MSP Library database.
However, all of these isolates gave good quality spectra and
could be identified once appropriate reference MSP profiles
had first been generated from an independent sequenced ref-

erence isolate of each species and included in the extended
database.

True mis-identifications included eight isolates of Can-
dida africana that were identified as C. albicans, three iso-
lates of Pichia cactophila that were identified as C. in-
conspicua, one isolate of Kazachstania telluris that was
identified as K. slooffiae, one isolate of Geotrichum can-
didum that was identified as G. silvicola, and one isolate
of C. kefyr that was identified as C. sphaerica. In this re-
spect, it should be noted that the same erroneous identifi-
cations were achieved when the isolates in question were
subjected to either partial or full extraction (Table 1). With
these mis-identifications in mind, it should be noted that
the Bruker MSP library and software contain a caveat re-
garding the inability of the Bruker MALDI-ToF MS appa-
ratus and software to distinguish between C. albicans/C.
africana.27 In addition, a number of recent studies have
presented evidence that P. cactophila and C. inconspicua
are indistinguishable by biochemical and molecular ap-
proaches, supporting the proposal that these organisms are
conspecific.43–44 Similarly, Geotrichum silvicola is an ac-
cepted synonym based on phylogenetic and mating studies
for Galactomyces candidus, the teleomorph of Geotrichum
candidum.45

For a subset of 3250 of the test isolates, we directly com-
pared the identification success and robustness (as judged
by the LogScore) obtained using the initial referred cultures
as opposed to 24h subcultures on standardised Sabouraud’s
agar (Table 2). A total of 2462 (75.8%) isolates were suc-
cessfully identified after only partial extraction from cul-
tures referred directly to the MRL, and indeed the mean
LogScores were not significantly improved when full as op-
posed to partial protein extraction was employed (data not
shown). Similarly, no significant difference in the quality of
identifications (mean LogScores) was observed when com-
paring subcultures and referred cultures as starting material
for extraction (Table 2). However, approximately 25% of
isolates failed to give meaningful spectra when using re-
ferred cultures, principally due to the poor growth present
on the starting cultures and the fact that cultures were tested
directly upon receipt without further incubation at the MRL
(Table 2; data not shown).

For a small subset of species tested, mean LogScores
were somewhat lower than for the majority of other species
when spectra were compared to the Bruker MSP Library,
even with spectra generated after full protein extraction
(see, e.g., Tables 1 and 2). For these species, and for two
additional species that gave acceptable scores, new refer-
ence MSP profiles were generated using full extraction, as
described in Materials and Methods. A selection of iso-
lates corresponding to these species was then subjected to
partial extraction, directly from referred cultures, and the
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Table 2. Evaluation of the effects of starting culture quality (referred culture or subculture) on MALDI-ToF identification success

using the partial extraction method.

Initial referred culture Sub-culture

ORGANISM (N) N (%) MLS N (%) MLS

C. albicans (1682) 1309 (77.8) 2.083 373 (22.2) 2.088
C. glabrata (723) 561 (77.6) 2.089 162 (22.4) 2.032
C. parapsilosis (306) 224 (73.2) 1.992 82 (26.8) 1.993
C. tropicalis (142) 98 (69.0) 2.008 44 (31.0) 2.024
C. dubliniensis (86) 59 (68.6) 1.844 27 (31.4) 1.815
S. cerevisiae (78) 48 (61.5) 2.000 30 (38.5) 1.917
C. krusei (62) 45 (72.6) 2.044 17 (27.4) 2.047
C. lusitaniae (58) 46 (79.3) 2.020 12 (20.7) 2.028
C. guilliermondii (45) 29 (64.4) 1.981 16 (35.6) 2.077
Cryp. neoformans (43) 24 (55.8) 1.957 19 (44.2) 1.845
R. mucilaginosa (25) 19 (76.0) 1.911 6 (24.0) 1.933

Totals (3250) 2462 (75.8) 788 (24.2)

Note: The average MLS (mean LogScore) and success rates (%) are given for a subset of 3250 isolates of the more commonly encountered yeast species.

Table 3. Comparison of mean LogScore when comparing

MALDI-ToF spectra produced after partial extraction against

Bruker and MRL in-house MSP entries.

Bruker database MRL database

Mean Mean LogScore
ORGANISM N LogScore N LogScore Increase

C. dubliniensis 81 1.835 64 2.133 0.298
C. fermentati 8 1.827 8 2.077 0.250
C. metapsilosis 11 1.791 10 2.036 0.245
C. orthopsilosis 7 1.729 6 2.052 0.323
C. pulcherrima 3 1.852 2 1.942 0.090
Cryp. diffluens 6 1.904 4 2.109 0.205
L. elongisporus 4 1.973 2 2.178 0.205
K. ohmeri 2 1.883 2 2.096 0.213
R. mucilaginosa 31 1.972 3 2.105 0.133

MALDI-ToF MS spectral profiles were compared against
the MSP entries in the Bruker and MRL databases
(Table 3). For most species tested, the mean LogScores of
the resulting spectra were considerably higher when com-
pared to the MRL MSP entries as opposed to the Bruker
equivalents (Table 3), with the result that robust identifica-
tions were now achieved for most isolates of these species.

Discussion

The current study has evaluated the utility of MALDI-ToF
MS analysis using the Bruker Daltonics MicroFlex LT Bio-
typer for the rapid identification of yeasts isolates cultured
from clinical specimens. A total of 6343 test isolates, en-

compassing 71 yeast species were subjected to MALDI-ToF
MS analysis. All isolates were unambiguously identified in
parallel using either conventional sequencing of the D1-
D2 portion of the 28S rRNA gene, or Pyrosequencing in
a blinded manner. Species were included in this study due
to their occurrence in clinical specimens. The organisms
included therefore do not in any way reflect an epidemio-
logical analysis of Candida infections.

Numerous previous reports have shown that Bruker Bio-
typer MALDI-ToF MS analysis demonstrates potential for
the identification of clinical yeast isolates.33–41 However,
those previous studies highlighted several important short-
falls, including the need for elaborate full protein extraction
techniques33,38,40,41 on isolates that have undergone ex-
tended pre-culture to obtain adequate quality MALDI-ToF
MS spectra,39 and the requirement for very extensive spec-
tral databases to allow identification of the less common
yeast species.33,46,48 Attempts to simplify the pre-analytical
protein extraction stages have resulted in reduced identifi-
cation success and less robust identifications as determined
by mean LogScores,38,40 principally due to discrepancies
between the methods used for clinical isolate preparation
and MSP database construction.37,48 Thus, simplification
of pre-analytical preparation of samples was confounded
by the requirement to generate full spectral databases using
the same extraction methodology.

In the current study, Bruker Biotyper MALDI-ToF MS
successfully identified 6328/6343 clinical yeast isolates
(99.8%; 69/71 species), using either full protein extraction
or a rapid, partial extraction technique developed in-house
(Table 1). The only species which consistently evaded iden-
tification was C. africana, which is a very close genetic
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relative of C. albicans. Although C. africana has been pro-
posed to be synonymous with C. albicans, we have pre-
viously demonstrated that it is genetically distinguishable,
exhibits reduced pathogenicity in insect models of infection
and has been isolated almost exclusively in the setting of
vaginal candidosis.27 Importantly, the present data demon-
strated that our rapid extraction technique could identify
over 93% of isolates, yielding spectra with mean LogScores
that were as robust as when full extraction was employed
for the same isolates, when compared against the commer-
cially available Bruker MSP database (Table 2). To our
knowledge, this is the first abridged extraction method to
be published that produces MALDI-ToF MS spectra that
are compatible with existing Bruker Biotyper MS databases
constructed from strains that had been subjected to full pro-
tein extraction. However, in this context it should be noted
that other commercially available MS platforms have previ-
ously been shown to successfully identify pathogenic yeasts
using exclusively on-plate extraction,49,50 implying that this
limitation was exclusive to the Bruker MS platform.

Similarly, we also demonstrated that >75% of isolates
referred to the MRL for identification could be successfully
subjected to MALDI-ToF MS (using either extraction tech-
nique) without further culture/subculture. Again, the spec-
tra obtained using referred cultures yielded mean LogScores
that were consistently as high as when those same strains
had first been subcultured onto standardized mycological
media for 24 h (Table 2). Invariably, the isolates that could
not be identified directly from referred samples were cul-
tures on which there was very limited growth of the or-
ganism (data not shown). Indeed, the only utility we have
found in generating in-house MSP reference spectra was
for a limited subset of organisms that gave persistently low
LogScores against the Bruker MSP library, regardless of the
extraction technique employed (Table 3). In this scenario,
LogScores were significantly increased when spectra were
compared with MSP entries generated by the MRL using
the full extraction procedure (even when using test isolates
that were prepared using our partial extraction approach).
We believe, as suggested elsewhere,33,36,46 that this might
be a result of an insufficient number of independent isolates
being used for the generation of reference spectra in the
commercial MSP databases, thus failing to capture local,
geographical strain-specific differences that are present or
exaggerated for some species. This highlights the utility of
an adjunctive in-house database to support those databases
that are provided commercially and may only be updated
periodically (Table 3).

A number of isolates/cultures were excluded from the
current analysis, as parallel subculture on chromagenic me-
dia revealed them to be mixtures (data not shown). As we
have previously shown, approximately 2–3% of cultures

referred to us for identification contain mixtures of two or
more yeast species,47 and we would encourage the use of
chromagenic media and Dalmau cultures in parallel with
MALDI-ToF MS to ensure purity of test isolates and allow
the investigation of microscopic morphology to help cor-
roborate the results of identification. In the current study,
we used an initial LogScore cut-off of 1.9 as an indicator
of a robust identification. None of the accepted identifica-
tions with scores >2.0 indicated multiple species in the list
of top ten proposed identifications, and indeed the same
was true when a reduced LogScore of >1.9 was used as
cut-off (data not shown). Other authors have proposed
the acceptance of lower LogScores for the identification
of pathogenic yeasts.36,38 In our experience, identifications
with LogScores <1.9 should be regarded with suspicion in
the absence of corroborating additional data such as chro-
magenic or Dalmau culture, as spectra that produce lower
scores are often of insufficient quality to distinguish be-
tween closely related species (for example C. parapsilosis/C.
orthopsilosis/C. metapsilosis, and C. albicans/C. dublinien-
sis).

An additional 19 yeast species (one example each of
Blastobotrys adeninovirans, C. blankii, C. boidinii, C.
ethanolicola, C. gallii, C. palmioleophila, C. pseudoglae-
bosa, C. sake, C. sobosivorans, C. subhashii, Galactomyces
citri-aurantii, Metschnikowia koreensis, Pichia membran-
ifaciens, P. onychis, Rhodotorula slooffiae, Sporopachy-
dermia lactativora, Trichosporon faecale, T. inkin, and T.
ovoides) were also subjected to MALDI-ToF MS analysis
and gave good quality spectra with no cross-matches in the
current Bruker MSP libraries. However, to date, we have
not encountered independent subsequent isolates for these
species so are unable to judge whether the MSP profiles
we have generated for these organisms would allow their
robust identification.

In conclusion, we have demonstrated that MALDI-ToF
MS analysis using the Bruker Biotyper platform is suffi-
cient to reliably identify the vast majority of pathogenic
yeast species, using an in-house, rapid partial extraction
pre-analytical stage. The MALDI-ToF MS spectra produced
using this approach are compatible with commercial MSP
reference libraries, without the need for construction of
bespoke libraries with spectra generated using the same
extraction technique. However, we highlight the impor-
tance of an adjunctive in-house database to support those
databases that are provided commercially and therefore
may be updated infrequently.
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