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This report describes a short, on-plate formic acid (FA) extraction method for the identification of clinical yeast isolates using
matrix-assisted laser desorption ionization–time-of-flight mass spectrometry (MALDI-TOF MS). A total of 41.1% (78/190) and
63.7% (121/190) of yeasts were identified using species log score thresholds of >2.0 and >1.9, respectively. Overall, 97.4% (185/
190) of yeasts were identified in combination with conventional FA extraction.

Matrix-assisted laser desorption ionization–time-of-flight
mass spectrometry (MALDI-TOF MS) has been shown to be

a highly successful method for the identification of yeast isolates in
the microbiology setting (1–5). Due to their robust fungal cell
wall, comprised of glucans and chitins, yeasts require formic acid
protein extraction prior to MALDI-TOF MS analysis (2). This
extraction process extends the turnaround time to results by 10
to 15 min. A more time-efficient approach is to apply formic
acid directly on yeast analytes smeared onto the MALDI-TOF
MS target plate prior to the addition of matrix. This study
aimed to evaluate on-plate formic acid (FA) extraction as a
rapid approach for the identification of clinical yeast isolates
using MALDI-TOF MS.

A total of 190 clinical isolates were selected from a library of
isolates stored over an 8-year period by the United Kingdom Clin-
ical Mycology Network (UKCMN) regional laboratory at the
Royal Free London NHS Foundation Trust. Isolates were passaged
twice on CHROMagar Candida to ensure purity. Cultures were
processed using on-plate and conventional FA extraction in par-
allel. Conventional FA extraction was performed per the manu-
facturer’s instruction. For on-plate FA extraction, small amounts
of yeast colony were inoculated in duplicate onto the target plate
in thin smears using a wooden applicator. A 1-�l volume of 100%
FA was added to each spot and allowed to dry, and then 1 �l of
�-cyano-4-hydroxy-cinnamic-acid matrix was immediately
added to each spot. MALDI-TOF MS analysis was performed on a
Microflex LT platform (Bruker Daltonics) with Flex Control soft-
ware (version 3.0) using default settings. Spectra were analyzed
using Biotyper 3.0 software. Species log score thresholds of �2.0
and �1.9 were applied to analyses.

As a gold standard, internal transcribed spacer (ITS) rRNA
sequence-based identification was performed on all isolates. DNA
was extracted from yeast suspensions at a McFarland standard of 4
and lysed mechanically by bead beating in combination with a
Promega Wizard genomic DNA kit per the manufacturer’s in-
struction (omitting the lyticase treatment). Amplification of the
ITS1-5.8S-ITS2 region was performed using previously described
ITS primers ITS1 (5= TCC GTA GGT GAA CCT GCG G 3=) and
ITS4 (5= TCC TCC GCT TAT TGA TAT GC 3=) (6). PCRs con-
sisted of 2 U of HotStar Taq polymerase (Qiagen), 1.5 mM MgCl2,
a 0.3 mM concentration of each deoxynucleoside triphosphate, a

0.5 mM concentration of each primer, and 5 �l of template DNA.
Following enzyme activation at 94°C for 15 min, reactions were
subjected to 40 thermal cycles of 94°C (60 s), 50°C (60 s), and 72°C
(180 s) on a GeneAmp PCR system 9700 thermocycler. DNA am-
plification was detected by gel electrophoresis, and sequence-
based analysis was performed as detailed by Jenkins et al. (7). The
sequences were identified by matching against sequences within
GenBank.

In total, 190 isolates comprised of 19 yeast species were in-
cluded in this study, as detailed in Table S1 in the supplemental
material. Commonly encountered species Candida albicans, C.
parapsilosis, C. krusei, C. glabrata, C. tropicalis, and C. guilliermon-
dii accounted for 87.9% (167/190) of the isolates, while 12.1%
(23/190) consisted of less commonly isolated species. The success
rate of each processing method was calculated from the first at-
tempt at identification along with the overall success rate after
repeat analysis (presented in Table 1). On-plate FA extraction
successfully identified 41.1% (78/190) of yeast isolates to the spe-
cies level with a log score � 2.0 and 33.7% (64/190) to the genus
level only (log score � 1.7), and 25.3% (48/190) remained un-
identified. By reducing the log score species threshold to �1.9, the
success rate for species identification increased to 64% (121/190),
with 11% (21/190) remaining as genus identifications only. Con-
ventional FA extraction successfully identified 83.7% (159/190) of
yeast isolates at the species level with a log score � 2.0 and 13.7%
(26/190) to the genus level only (log score � 1.7), and 2.6% (5/
190) were unidentified on the first attempt. By lowering the spe-
cies log score threshold to �1.9, the success rate for conventional
FA extraction increased to 90% (171/190), with 7.4% (14/190)
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remaining identifications only to the genus level. Repeat analysis
using conventional FA extraction enabled the remaining 7.4%
(14/190) identified only to the genus level to be identified at the
species level. Comparing MALDI-TOF MS results with ITS rRNA
sequencing, 100% (185/185) agreement was observed for isolates
identified by MALDI-TOF MS; 2.6% (5/190) of the isolates re-
turned a result of “no identification” with a log score � 1.7 despite
the fact that high-quality MALDI-TOF MS spectra had been ob-
tained. ITS rRNA sequencing returned identifications of the fol-
lowing rare yeast species: Cyberlindnera fabianii (1/5), Debaryo-
myces nepalensis (1/5), and Meyerozyma caribbica (3/5).

Following the evaluation study, MALDI-TOF MS was imple-
mented for yeast identification in January 2012. Identifications
collected over a 12-month period from 1 January 2012 to 31 De-
cember 2012 for 297 clinical yeast isolates demonstrated that
MALDI-TOF MS successfully identified 99.7% (296/297) of the
isolates from culture. One isolate could not be identified by
MALDI-TOF MS despite the fact that high-quality spectra had
been obtained. That isolate was identified as Cyberlindnera fabia-
nii by ITS rRNA sequence analysis by the PHE Mycology reference
laboratory, Bristol, United Kingdom.

This study demonstrated that on-plate FA extraction com-
bined with a reduced species log score threshold of �1.9 can de-
crease turnaround time to results for a significant proportion of
yeasts in the routine diagnostic setting, as seen for 63.7% (121/
190) of isolates in this study. There was no association between
yeast species and failed identification using on-plate FA extrac-

tion. The 36.3% (69/190) of isolates requiring conventional FA
extraction included 11 of the 19 species. Yeast misidentification
was not observed as a result of the reducing the log score threshold
for species identification. Similar observations have been reported
in three recent studies using 70% FA on-plate extraction and a
species log score threshold of �1.7 (8–10). In two of the studies,
the mean log score thresholds for on-plate FA extraction (1.78 and
1.941) were significantly lower than those obtained using conven-
tional FA extraction (2.0 and 2.223), but all log score values asso-
ciated with misidentification by MALDI-TOF MS were below 1.7
(8, 10). When utilizing on-plate FA extraction, it is necessary to
reduce the species log score threshold to achieve suitable identifi-
cation success rates (11, 12).

The Bruker Biotyper 3.0 database consists of reference spectra
generated using conventional FA extraction. On-plate FA extrac-
tion generates spectra with fewer peaks than conventional FA ex-
traction (11). This contributes to the lower success rate using on-
plate FA extraction, as spectra generated from the two extraction
methods differ. The overall effect is a reduced log score, as fewer
peaks are matched between the analyte and reference spectra. In
this study, identification of 36.3% (69/190) of the isolates to the
species level with on-plate FA extraction failed despite reduction
of the species log score threshold to �1.9. In a recent study using
the Vitek MS system, a success rate of 95.8% was achieved for yeast
identification using the manufacturer’s recommended 25% FA
on-plate extraction method (12, 13). The Vitek MS database is
built from reference spectra obtained using the same 25% FA on-
plate extraction procedure. Improved consistency between MS
spectra obtained from clinical isolates and those contained within
the Vitek MS reference database could explain this improved suc-
cess (11, 13) and is an important consideration in evaluating new
reference databases.

Based on data from this study, our center routinely tests yeast
smears prepared from primary cultures using on-plate FA extrac-
tion, and conventional FA extraction is performed on isolates that
fail to be identified. The overall workflow for yeast identification
in our laboratory is indicated in Fig. 1. Molecular identification is
rarely required and was used only for 0.3% (1/297) of isolates
encountered in our routine practice over a 12-month period, but
it is the most appropriate option when MALDI-TOF MS fails to
identify yeast. The fact that six isolates were not identified by
MALDI-TOF MS in this study demonstrates that not all species or
strains are represented in the Biotyper 3.0 database. This finding

TABLE 1 MALDI-TOF MS identification success rates using on-plate
and conventional formic acid extraction on first attempt and overall
after repeat analysis

Extraction
method

Species
log
score

% (no. of isolates identified to indicated level/
total no. of isolates)

Species Genus No IDa

Conventional �2.0 83.7 (159/190) 13.7 (26/190) 2.6 (5/190)
�1.9 90 (171/190) 7.4 (14/190) 2.6 (5/190)

On plate �2.0 41.1 (78/190) 33.7 (64/190) 25.3 (48/190)
�1.9 63.7 (121/190) 11 (21/190) 25.3 (48/190)

Overall success
rate

97.4 (185/190) 0 2.6 (5/190)

a ID, identification.

FIG 1 Diagrammatic representation of the work flow for yeast identification in our laboratory setting.
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has been replicated in a recent study identifying uncommonly
encountered yeast isolates which reported an overall success rate
of 84.5%, concluding that a result of “no identification” indicated
that the yeast species was not contained within the MALDI-TOF
database (14). For rare yeast species not identified by MALDI-
TOF MS, molecular methods should be utilized to obtain the cor-
rect identification. In this study, 2.6% (5/190) of the isolates in-
cluded in the validation were not identified by MALDI-TOF MS.
Molecular identification confirmed that the original identifica-
tions obtained using biochemical profiling were incorrect (un-
published data), a recognized concern when using biochemical
identification methods to identify rare yeast species (11, 12, 15).
One example, a Cyberlindnera fabianii isolate, was originally iden-
tified as C. pelliculosa using biochemical profiling. During the
12-month prospective evaluation of MALDI-TOF MS, a second
Cyberlindnera fabianii isolate was identified by ITS rRNA se-
quencing after failing to be identified by the use of MALDI-TOF
MS. This highlights that the isolation of rare yeast species was not
detected in past years due to misidentification by biochemical
methods. Using MALDI-TOF MS, it is now possible to detect the
isolation of rare species, as they will not be misidentified.

In summary, this report supports previous findings that
MALDI-TOF MS using Bruker Biotyper 3.0 software is a highly
accurate and successful method for the identification of clinical
yeast isolates. Maintaining a streamlined diagnostic service is es-
sential in modern-day microbiology, and any intervention that
can reduce sample processing time has obvious benefits. On-plate
FA extraction contributes to this and in our setting has optimized
workflow.
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