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Current methods for identification of yeast from blood cultures may take several days after these microor-
ganisms have been observed by Gram stain smears from positive blood cultures. We explored the use of a
matrix-assisted laser desorption ionization (MALDI) Biotyper system in combination with Sepsityper speci-
men processing and Microflex analysis for improved detection and identification of yeast species directly from
positive blood culture specimens demonstrating yeast-like organisms by Gram stain. The limit of detection of
yeast species in blood culture medium was determined to be 5.9 X 10° CFU, with intra- and interstrain
coefficients of variation of 1.8 to 3.6% and 2.9%, respectively. A total of 42 yeast-containing positive blood
culture specimens were processed, and the identification results were compared to those obtained by routinely
used phenotypic methods. Specimens with discrepant results between the Biotyper and phenotypic methods
were identified on the basis of internal transcribed spacer region sequencing. The MALDI Biotyper system
correctly identified the 42 specimens to species level, including 28 (66.7%) Candida albicans, 8 (19.0%) Candida
parapsilosis, and 5 (11.9%) Candida tropicalis isolates and 1 (2.4%) Cryptococcus neoformans isolate. The entire
procedure, from specimen extraction to final result reporting, can be completed within 1 h. Our data indicated
that the Sepsityper specimen processing and Microflex analysis by the MALDI Biotyper system provide a rapid

and reliable tool for yeast species identification directly from positive blood culture media.

Rapid detection and identification of yeast species in blood
specimens have been advocated in order to shorten the turn-
around time for appropriate management of patients suffering
from fungemia (25, 31, 33). While the automated, continuously
monitoring blood culture system has reduced the delay for
detecting the presence of blood-borne fungi, identification of
such organisms still requires microscopic examination of the
organism morphology after Gram staining as well as further
identification after subculturing the organism onto solid me-
dium.

Further identification of yeast-like fungal pathogens to spe-
cies level is clinically important since intrinsic antibiotic resis-
tance profiles vary among different yeast specimens (20). Cur-
rent phenotypic methods for yeast identification, including
colony morphology, germ tube test, urease activity, and the
API 20C AUX strip (bioMeriuex, Durham, NC), take an ad-
ditional 48 to 72 h to complete after the yeast-like fungal
pathogens are observed in the blood culture media (33). Var-
ious molecular techniques, including real-time PCR, fluores-
cent in situ hybridization, and pyrosequencing, have been de-
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veloped to speed the identification of blood-borne fungi (14,
23, 25), but they have not been implemented as routine tech-
niques in the clinical microbiology laboratory.

Matrix-assisted laser desorption ionization—-time of flight
mass spectrometry (MALDI-TOF MS) has emerged as a rapid
and powerful tool for microbial species identification (1, 3, 6,
12, 24). One such system, the MALDI Biotyper system (Bruker
Daltonics Inc., Billerica, MA), has been successfully used to
rapidly identify yeast-like fungal pathogens after they grow on
solid medium as pure colonies (2, 5, 17, 28, 32). Although
direct identification from blood culture media has been suc-
cessfully applied to bacterial pathogens (8, 9, 15, 22, 27), pub-
lished studies are limited and have yielded variable results for
direct identification of yeast-like fungal pathogens directly
from positive blood culture medium (8, 9, 16).

Development and optimization of a protocol for specimen
processing are critical for yeast-like fungal pathogen identifi-
cation directly from positive blood culture medium specimens.
Recently, a blood culture medium processing kit, the MALDI
Sepsityper, has become commercially available (Bruker Dal-
tonics). This kit contains all reagents and materials required
for processing positive blood culture medium. This kit includes
a dedicated lysis solution that disrupts blood cells but not
bacteria and yeast cell walls, as well as a wash solution that
conditions the sample for subsequent mass spectrometric anal-
ysis. In this study, we adapted and optimized it for yeast-
containing positive blood culture medium processing and ap-
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FIG. 1. Flowchart of the MALDI Biotyper system for yeast iden-
tification directly from positive blood culture media.

Collect data and report result |

plied the extract for yeast identification by the Microflex
instrument in the MALDI Biotyper system.

(This study was presented in part at the 3rd Mass Spectrom-
etry Applications to the Clinical Laboratory Annual Confer-
ence & Exhibits [MSACL 2011], San Diego, CA, 5 to 9 Feb-
ruary 2011.)

MATERIALS AND METHODS

Clinical specimen collection and phenotypic identification. Positive blood
culture media randomly collected from the Bactec FX blood culture system
(Becton Dickinson Diagnostic Instrument Systems, Sparks, MD) which demon-
strated yeast-like fungal pathogens by Gram stain in the Clinical Microbiology
Laboratory at the Vanderbilt University Medical Center (VUMC) during the
entire year of 2009 were included in the study. The research project was ap-
proved by the VUMC Institutional Research Board. The positive blood culture
contents were subcultured onto 5% sheep blood agar plates, and the plates were
incubated in a 35°C atmosphere for 24 to 48 h. Phenotypic identification and
differentiation were performed by routine phenotypic methods, including colony
morphology, germ tube test, urease activity, and an API 20C AUX strip (bio-
Mérieux) (21, 26).

Specimen processing for MALDI-TOF MS analysis. Yeast-containing blood
culture medium was processed using a modification of the product of the
MALDI Sepsityper kit (270170; Bruker Daltoniks GmbH). Prior to the Sepsi-
typer procedure, two brief washing/centrifugation steps were done to remove red
blood cells and proteins from the blood culture broths. In brief, 1 ml of the blood
culture fluid was centrifuged at 8,000 X g for 2 min, and the cell pellet was
washed twice with 1 ml of water. The pellet was then resuspended in 1 ml water
by vortexing, and 200 pl Sepsityper lysis solution (solution 1) was added. After
incubation for 2 min at room temperature, the yeast cell pellet was obtained by
centrifugation and resuspended into 1 ml Sepsityper washing solution (solution
2) by vortexing. The cell pellet was obtained by centrifugation and resuspended
into 300 wl water by vortexing. An additional 900 pl absolute ethanol was added
into the suspension, the contents were mixed, and a cell pellet was obtained by
centrifugation. The initial supernatant was discarded completely, and the cell
pellet was air dried and eluted into 50 pl of 70% formic acid and 50 pl of
acetonitrile (Fig. 1). After a second centrifugation, the final supernatant was used
for analysis.

MALDI-TOF mass spectrometry measurement. One microliter of extract was
added to the target plate, and 1 pl of matrix solution (Bruker Daltonics) was then
overlaid on the spot. The mixture was allowed to dry in air at room temperature
and crystallized (Fig. 1). MALDI-TOF MS spectra measurement was performed
on a Microflex LT instrument (Bruker Daltonics) according to the manufactur-
er’s instructions. Spectra were collected using FlexControl (version 3.0) software
in the linear positive mode in the mass range of 2,000 to 20,000 m/z (laser
frequency, 20 Hz; ion source 1 voltage, 20 kV; ion source 2 voltage, 18.4 kV; lens
voltage, 9.1 kV). The standard Biotyper AutoX method was used for automated
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measurement (12, 19). Before the specimens were processed, the Bruker Dal-
tonics bacterial test standard (BTS; no. 255343) was measured for calibration of
the instrument.

MALDI Biotyper identifications. Automated data analysis and identification
of raw spectra were performed by the MALDI Biotyper (version 2.0) software
(Bruker Daltonics) using a library of 3,476 entries and default settings (13, 18,
19). The current database covers 110 different yeast species, of which 66 are
Candida species. An identification log(score) value ranging from 0 to 3 was given
for each specimen. The score indicated the pattern-matching extent, according to
the specifications of the MALDI Biotyper system (12, 17, 28). Score values of 0
to 1.699 generally indicated no reliable identification; score values of 1.7 to 1.999
indicated probable genus identification; score values of 2.0 to 2.299 indicated
secure genus identification, probable species identification; and score values of
2.300 to 3.000 indicated highly probable species identification.

Limit of detection (LOD) and reproducibility. A positive blood culture spec-
imen (specimen 2-4), which was vortexed vigorously until all yeast cells separated
singly, as seen by Gram stain, was 10-fold serially diluted with a pooled negative
blood culture specimen. Each dilution was performed in triplicate for MALDI
Biotyper identification and CFU determination. For MALDI Biotyper identifi-
cation, three scores for each sample were obtained for both intra- and inter-
specimen reproducibility determination. The numbers of CFU were determined
by a quantitative subculture of each diluted sample onto 5% sheep blood agar
plates, which were incubated at 35°C for 48 h. Variations in identification log-
(score) values between three measurement spots and between three preparations
were used to determine the intra- and interspecimen reproducibilities, respec-
tively.

28S rRNA gene sequencing. Specimens with discrepant identification results
between the phenotypic and MALDI Biotyper methods were further identified
by sequencing analysis. A primer set (28S-Haynes-40F [5'-GCA TAT CAA TAA
GCG GAG GA-3'] and 28S-Haynes-654R [5'-GGT CCG TGT TTC AAG
ACG-3']) was used to target the conserved sequences in the V3 region of the 28S
rRNA gene (7). A loopful of the purified yeast isolate was put into 1 ml of
distilled water and heated at 95°C for 10 min, the suspension was centrifuged,
and 1 pl of supernatant was used for PCR amplification. PCR amplification was
carried out as previously described (11, 29). Nucleotide sequences were deter-
mined bidirectionally and were analyzed with BLAST (Basic Local Alignment
Search Tool) on the NCBI website.

RESULTS

Concentrations of yeast cells of five positive blood culture
media ranged from 1.2 X 10° to 8.5 X 10° CFU/ml. Direct
application of the MALDI Sepsityper kit for specimen pro-
cessing failed to yield reliable identification (data not shown).
However, the two additional preprocessing washing steps
added (Fig. 1, step B) prior to using the MALDI Sepsityper kit
resulted in satisfactory extraction results. Sepsityper processing
resulted in reliable satisfactory identification results for all 42
clinical positive blood culture medium specimens, with identi-
fication log(score) values being >1.9 (Tables 1 and 2). The
LOD was determined with one positive clinical specimen
(identified as Candida parapsilosis), which was serially diluted
with pooled negative blood culture medium. The yeast load of
this specimen was determined to be 5.9 X 10° CFU/ml by
quantitative subculture. The LOD of the MALDI Biotyper
system for reliable yeast identification was 5.9 X 10° CFU/ml
when it was used directly on positive blood culture medium.
The intraspecimen coefficients of variation (CVs) of the iden-
tification log(score) values were 1.83 to 3.55%, and the inter-
specimen CV was 2.91% for the original, undiluted specimen
(Table 1).

A total of 42 yeast-containing positive blood culture medium
specimens were collected during the study period. Current
phenotypic methods, including colony morphology, germ tube
test, urease activity analysis, and an API 20C AUX strip, iden-
tified these isolates to two genera and five species, including
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TABLE 1. Limit of detection and reproducibility of MALDI Biotyper system for yeast identification directly from
a positive blood culture specimen

Score
Samaple 2-4 No. of CFU/ml Identification % CV
ilution Specimen 1 Specimen 2 Specimen 3 Mean = SD

Undiluted 5.9 X 10° Reliable identification 2.230 2.112 2211 2.184 = 0.063 2.90
2.234 2.245 2.170 2.216 = 0.041 1.83
2.204 2.354 2.229 2.262 = 0.080 3.55

1:10 5.9 X 10° Reliable identification 1.985 2.087 2.013 2.028 = 0.053 2.60
2.160 2.057 2.079 2.099 = 0.054 2.58
1.942 1.984 2.006 1.977 £ 0.033 1.64

1:100 5.9 x 10* Not reliable identification 1.328 1.230 1.276 1.278 £ 0.049 3.84
1.174 1.381 1.273 1.276 = 0.104 8.11
1.382 1.361 1.370 1.371 £ 0.011 0.77

1:1,000 5.9 x 10° Not reliable identification 1.446 1.540 1.483 1.489 = 0.047 3.18
1.231 1.264 1.245 1.246 = 0.017 1.33
1.212 1.363 1.288 1.288 = 0.076 5.86

Candida albicans (n = 28, 66.7%), C. parapsilosis (n = 8, DISCUSSION

19.0%), Candida tropicalis (n = 4, 9.5%), Cryptococcus neofor-
mans (n = 1, 2.4%), and Candida lusitaniae 1 (2.4%). The
isolate identified as C. lusitaniae (isolate 43-154) had a poor
match, with an identification ratio of 64% by the API 20C
AUX strip. The MALDI Biotyper system was able to provide
reliable identification to the species level for all 42 specimens
(Table 2). The identification results were identical to those of
phenotypic methods for all except one specimen, in which C.
tropicalis was identified by the MALDI Biotyper system and C.
lusitaniae was identified by phenotypic methods. MALDI Bio-
typer analysis on pure isolates obtained by subsequent subcul-
ture gave results identical to those obtained when it was used
directly on positive blood culture media (Table 2).

The specimen with discrepant identification results (speci-
men 43-154) between the conventional methods and the
MALDI Biotyper system was further analyzed by 28S rRNA
gene sequencing. The nucleotide sequence of a partial 603-bp
sequence of the 28S rRNA gene (GenBank accession number
HQ214057) was identical to that of a clinical C. tropicalis iso-
late identified and reported previously (11).

The entire procedure, from specimen extraction to final re-
sult reporting, was completed within 1 h.

TABLE 2. Performance of MALDI Biotyper system for yeast
identification on 42 yeast pathogens in blood

No. of Biotyper identification

isolates Phenotypic
identification Positive blood

tested culture Pure colony
28 C. albicans C. albicans C. albicans
8 C. parapsilosis C. parapsilosis C. parapsilosis
4 C. tropicalis C. tropicalis C. tropicalis

C. neoformans C. neoformans C. neoformans

14 C. lusitaniae C. tropicalis C. tropicalis

“ The isolate was identified to be C. tropicalis by 28S rRNA gene sequencing.

In this pilot study, we explore the use of the MALDI Bio-
typer system, which combines a blood culture medium speci-
men processing kit (MALDI Sepsityper), a MALDI-TOF MS
analyzer (Microflex), and dedicated software (MALDI Bio-
typer, version 2.0), for rapid identification of yeast-like patho-
gens directly from positive blood culture medium. With two
additional preprocessing washing steps, the system reached a
limit of detection of 10° CFU/ml with satisfactory intra- and
interspecimen reproducibilities. The entire procedure, from
specimen extraction to final result reporting, can be completed
within 1 h, providing another reliable tool for rapid yeast iden-
tification directly from positive blood culture media.

Yeast-like fungal pathogens are among the commonest eti-
ological agents of invasive fungal infections and are also seen
in nosocomial bloodstream infections. Invasive fungal infec-
tions and fungal nosocomial bloodstream infections are life-
threatening, with overall and specific mortality rates of 60 and
49%, respectively (20). The selection of an effective treatment
for candidemia depends on the infecting Candida species.
There are more than 20 Candida species, each with different
antifungal susceptibility profiles (20, 30). At present, species
determination requires from 2 to 5 days after collection of
blood specimens for culture from patients. MALDI-TOF MS-
based identification has the potential to shorten the time to
results, thereby providing a substantial reduction in the delay
before initiation of or adjustment to an effective therapy to
improve therapeutic efficacy, minimize adverse effects, reduce
costs, and lessen the risk of resistance development (6, 24).

Previous published efforts on identification of yeast speci-
mens by the MALDI-TOF MS-based procedures directly from
yeast-containing positive blood culture specimens have yielded
different findings (8, 9, 16). In this situation, the yeast-like
fungi grew in liquid medium of complex composition due to
the presence of both medium proteins and blood cells. In
particular, the hemoglobin, proteins and peptides derived from
leukocytes, and serum proteins must be discarded, as those
yield strong signals in the mass spectra which hamper the
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interpretation of specific peaks. Development of a standard-
ized and efficient specimen processing protocol to remove in-
terference materials and yield clear microbial protein compo-
nents is critical (10). In this study, we adapted and optimized a
commercial kit, MALDI Sepsityper, for positive blood culture
medium specimen processing. In our experience, the Sepsi-
typer kit has the following characteristics: (i) identification of
microorganisms directly from positive blood culture bottles is
easy and rapid (less than 30 min); (ii) the sample preparation
protocol is simple and uses only 1 ml sample material, few
centrifugation steps, and only one tube for each analysis; (iii)
identification of yeasts is reliable by the MALDI Biotyper
system; and (iv) all reagents and consumables required for
processing blood culture fluid are supplied in the kit ready to
use. We added two washing steps to the specimen procedure
prior to the MALDI Sepsityper analysis step to remove red
blood cells and proteins. This modification made the MALDI
Sepsityper an efficient tool for processing positive blood cul-
ture media containing yeast-like pathogens.

In contrast to published protocols, which employed differ-
ential centrifugation for the isolation of microorganisms in a
positive blood culture and usually failed in identification of
yeast, this method destroys the human cells (white and red
blood cells) by lysis. The lysis solution used in this study is
designed to lyse only human blood cells and not microorgan-
isms. Therefore, in the high-speed centrifugation steps, only
microorganisms, which are not affected by the lysis step be-
cause of their robust cell walls, are precipitated. Thereby, in-
terference of white blood cells, which are sedimented similarly
to yeast cells and therefore cannot be separated from them by
differential centrifugation, is prevented. We also applied two
additional washing steps prior to the Sepsityper procedure,
which resulted in more reproducible and satisfactory results on
the basis of the identification of organisms in a total of 42
clinical specimens.

The sensitivity of MALDI-TOF MS to identify organisms in
blood clearly depends on the inoculum (9, 10). Spiking exper-
iments with Staphylococcus aureus and Escherichia coli indi-
cated that organisms present at 107 to 10® CFU/ml were cor-
rectly identified, whereas 10° CFU/ml yielded signals that were
indistinguishable from the background for the negative con-
trols, indicating that it was necessary to deposit at least 10* to
10° CFU on the MALDI target plate in order to obtain an
identifying spectrum (4). Additionally, the inoculum must con-
tain sufficient microorganisms to overcome the background
peaks derived from blood during measurement. In our exper-
iment, we reached a limit of detection of 10° CFU/ml on a
clinical specimen with C. parapsilosis, which is more sensitive
than that previously reported. This may be attributed to the
adaptation and employment of the MALDI Sepsityper kit for
processing of 1 ml of a positive blood specimen. The Sepsityper
kit itself is much more effective at removing the interfering
human cells (red and white blood cells) from the complex
mixture and enriches microorganisms in a greater ratio than
other methods. In addition, both intra- and interstrain identi-
fication log(score) value CVs were small, suggesting that the
Sepsityper kit for sample preparation possessed satisfactory
reproducibility results similar to those achieved with bacterial
and yeast pathogen identification methods (18, 28).

In summary, the direct MS fingerprinting method with spec-
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imen processing by the modified MALDI Sepsityper kit offers
a favorable combination of easy sample handling, accuracy,
reproducibility, short turnaround time, and modest reagent
costs. While our pilot study results are promising, more yeast-
containing positive blood culture medium specimens covering
a variety of genera and species need to be tested to fully
evaluate this potentially revolutionary microbial identification
tool.
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