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MALDI-TOF Mass Spectrometry: Any Use for Aspergilli?
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Abstract Recently, relentless efforts to develop
rapid, cost-effective, and reliable laboratory methods
for daily diagnosis of fungal diseases such as asper-
gillosis appear to be materialized in the relatively new,
but revolutionary matrix-assisted laser desorption
ionization-time-of-flight (MALDI-TOF) mass spec-
trometry (MS) technology. As for Aspergilli, MALDI-
TOF MS profiling of isolates growing in culture—
characteristic protein spectra are obtainable by means
of simple and reproducible preanalytical and analyt-
ical procedures—ensures that single species within the
different sections or complexes can be easily and
accurately identified, including species that are mor-
phologically and phylogenetically similar to each
other. Thus, resort to longer and more onerous
molecular biology techniques is restricted to those
cases for which no spectra in the reference fungal
database or library are available at the time of analysis.
However, it is necessary to interrogate reference
libraries composed of spectra that have been obtained
using procedures similar to those used to obtain the
test isolate’s mass spectrum, as well as to continuously
update these libraries for enriching them with fungal
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strains/species not (or not well) represented in their
current versions. Compared to mold identification,
very limited work was reported on the use of MALDI-
TOF MS to perform strain typing or antifungal
susceptibility testing for Aspergilli. If these comple-
menting areas will be potentiated in the near future,
MALDI-TOF MS could effectively support the clin-
ical microbiology/mycology laboratory in its primary
role of assisting either infection control specialists or
physicians for the diagnosis and treatment of
aspergillosis.
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Introduction

The clinical microbiology/mycology laboratory abil-
ity to diagnose fungal infections has been compli-
cated over the recent years by the evolving and
widening “spectrum” of human fungal pathogens,
including those belonging to the genus Aspergillus
[1]. By relying on the analysis of colony morphology
and microscopic characteristics, phenotypic identifi-
cation of filamentous fungi or molds is typically
time-expensive and labor-consuming [2], and erro-
neous results may be produced even in experienced
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reference laboratories [3]. By contrast, new genomic
and proteomic approaches are showing great poten-
tial for the identification of fungal pathogens, in
addition to be more rapid and to need less skills in
traditional identification techniques [4]. However,
strict regulations severely limit the routine use of
DNA-based molecular platforms for identification of
filamentous fungi in many diagnostic laboratories [5],
whereas mass spectrometry (MS) and specifically
matrix-assisted laser desorption ionization-time-of-
flight (MALDI-TOF) seems to meet all of key
requirements for an efficient microbial diagnostic,
including high throughput, specificity, and speed of
analysis [6].

The genus Aspergillus comprises a large number of
clinically relevant species, originally separated into
various groups or sections (also called complexes)
based on overlapping morphological features [7]. This
makes the identification of different species within
each of the Aspergillus species complexes very
problematic by means of traditional macroscopic and
microscopic analyses [8]. Thus, while clinical mycol-
ogists can still establish a species complex-level
classification of Aspergillus isolates solely by mor-
phological methods [9], the Aspergillus species delin-
eation currently relies on phenotypic (morphology and
extrolite profiles) and molecular (e.g., ITS, calmodu-
lin, B-tubulin, actin) characters in a polyphasic
approach [10]. However, partial B-tubulin or calmod-
ulin sequences are now the most promising loci for
robust species discrimination within a given Asper-
gillus species complex [9]. This is because of
conventional loci—the nuclear ribosomal ITS regions
(ITS1, 5.8S rRNA, and ITS2)—not variable enough to
allow resolution of closely related species of filamen-
tous fungi [4]. Using these additional loci, the number
of species within Aspergillus section Fumigati now
approaches 50 [11], and some of novel cryptic (or
sibling) species—morphologically indistinguishable
from each other but separable with only DNA-based
molecular methods [12]—exhibit in vitro antifungal
susceptibility profiles which differ significantly from
that of Aspergillus fumigatus sensu stricto [13].
Accordingly, over 10 % of the isolates associated
with invasive aspergillosis in transplant recipients—
available from the US transplant-associated infection
surveillance network—were found to be cryptic
species, and several of these species, including
Aspergillus  lentulus  (section  Fumigati) and
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Aspergillus calidoustus (section Usti), had high
in vitro minimum inhibitory concentrations (MICs)
to antifungal agents [14].

As the precise recognition of individual species
within the Aspergillus sections is a cornerstone of
therapeutic decision making and disease outcome
[15], clinical microbiology/mycology laboratories
should routinely perform sequence-based identifica-
tion on clinically relevant Aspergillus isolates [13].
However, this process needs to be overseen by a
skilled molecular biologist to avoid potential errors in
the species identification [16]. In addition, molecular
biology techniques are able to separate the Aspergillus
Sflavus/Aspergillus oryzae group from the Aspergillus
parasiticus/Aspergillus sojae group within the Asper-
gillus section Flavi, but do not distinguish A. flavus—
the second leading cause of human aspergillosis
[17]—from A. oryzae, because of high-degree genetic
identity between the two species [18]. Again in the
section Flavi, it is not infrequent that Aspergillus
nomius and Aspergillus tamarii—reported as causes of
human infections in the last decade—are misidentified
as A. flavus by conventional phenotypic methods [19],
as well as it is not surprising that B-tubulin or the
calmodulin gene are the gene target of choice for
differentiating clinical isolates of A. flavus, A. nomius,
and A. tamarii [20].

MALDI-TOF Mass Spectrometry in Clinical
Mycology

Since fungal cultures remain integral also in a modern
clinical mycology laboratory, the identification of
colony-growing Aspergilli from patients’ specimens
can be accelerated using the new proteomic technol-
ogy MALDI-TOF MS, which has merited in 2009 the
“revolutionary technique” designation [21] and is
today perceived as a “fundamental shift” in the
routine clinical microbiology practice [22]. Currently,
two MALDI-TOF MS instruments are available in
Europe for routine clinical microbiology, commer-
cialized by Bruker Daltonics (Germany) and bio-
Mérieux (France); while the first provides the MALDI
Biotyper (software and database), the second includes
the Vitek MS, and the SARAMIS (AnagnosTec,
Germany) databases—referred to as Vitek MS IVD
system. A third system, the Andromas SAS (France),
provides a different type of database and software, but,
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at present, neither system is approved by the US Food
and Drug Administration [23]. Theoretically, it is
possible for users to create and/or supplement their
own libraries of reference mass spectra by including
locally important strains or species/strains not (or not
well) represented in the commercial libraries, but this
is actually more practicable with the Biotyper software
[24].

The MALDI-TOF mass spectrum, generated from a
given fungal isolate following a simple preparatory
process, never matches a “main spectrum profile”
(MSP) in the reference database with absolute identity.
So, the result of mass spectral comparison is expressed
by a value which represents the degree of similarity
against a list of species matches. The Biotyper
software—the most represented in the literature [25]
—generates a “score value” ranging from O to 3, with
log(scores) of >2 and >1.7 recorded as species-level
or genus-level identifications, respectively; the SAR-
AMIS software generates a “confidence value”
expressed as percentage of identity with the MSP,
with >90 % recommended for species-level identifi-
cation and >70 % for genus-level identification; the
Andromas software reports percentages as identifica-
tion criteria [24]. In general, a 70 % is & comparable
to a Bruker log(score) of 1.7 [25], although a precise
equivalence of the two values needs to be defined. The
spectra obtainable from microbial cells with a basic
sample preparation—in “intact-cell” (IC) or “whole-
cell” MS—are protein fingerprints showing high
similarity within a species and high reproducibility
for individual bacterial and fungal strains, which seem
to be only minimally influenced by growth conditions
[26].

However, MALDI-TOF MS—already considered
as a revolution of the clinical bacteriology—was
acquired slowly by the clinical mycology laboratory,
particularly with respect to molds [24], essentially
because of the intrinsic difficulty of studying fungi as a
whole due to their biological complexity, as well as the
different (hyphal or conidial) phenotypes coexisting in
the same fungal isolate [27]. Another possible reason
for this slow acquisition should be sought in the doubt
whether differences and similarities in mass spectral
patterns are completely consistent with the established
taxonomy, or in the lack of comprehensive databases
covering all clinically relevant species [26]. Nonethe-
less, further development in sample preparation pro-
tocols [28] and in fungus-specific databases [29]

allowed to fill the gap between laboratory research and
routine clinical use with respect to the MALDI-TOF
MS-based identification of filamentous fungi. It was
noted that highest concordance between acquired
(experimental) spectra and those included in each
system’s reference library (e.g., MALDI Biotyper) is
achievable only if the sample preparatory procedure
used for the MALDI-TOF MS system at hand is not
dissimilar from that used to construct the system’s
reference library [24, 30]. Also, increasing the number
of mass spectra originated from distinct subcultures of
fungal strains, representing each species in the refer-
ence library, yields a remarkable improvement in the
MALDI-TOF MS-based mold identification, partly
compensating for the relatively low number of specific
strains available to construct effective reference
spectra libraries [29].

Identification of Aspergilli by MALDI-TOF Mass
Spectrometry

In a systematic review of recent studies reporting
MALDI-TOF MS performance for identification of
clinical isolates of filamentous fungi, a clear-cut
separation between studies that use an IC
approach—a single colony is smeared directly onto a
MALDI target plate and covered by an acidic organic
MALDI matrix solution—and studies that use a cell
lysis (CL) approach—an ethanol-formic acid proce-
dure for complete protein extraction, consisting of
short incubation and centrifugation steps prior to
depositing supernatant onto the target—was put into
evidence [25]. According to the manufacturers’ rec-
ommendations, “fast formic acid”—the smeared
colony is lysed onto the target with a 25-70 % formic
acid solution—is the ideal procedure with the SAR-
AMIS, Andromas, and Vitek MS systems, as the
complete extraction method is with Biotyper [24].
Except than in a few studies, mold isolates were
identified by comparing their own spectra with those
included in an in-house reference library, and notably
identification failures mainly involved fungal species
with no entries in the reference databases used therein
[25]. Table 1 summarizes the characteristics of studies
mainly focusing on the identification of clinically
relevant Aspergillus species by MALDI-TOF MS.

In one of these studies that use commercial
databases, the Andromas software was able to
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Table 1 Studies evaluating the performance of MALDI-TOF MS for species identification of Aspergillus isolates

References Origin MALDI system  Species Acceptance  Isolates with Accuracy  Comments Reference
of isolates  (database®) studied criteria for positive IDs (4 not (%)b method(s)b
(+ not ID in DB)
in DB)
Bille [31]  France Andromas (v. 6 >65 % 63/64 98.4 - MB*¢
2010)
Iriart [32]  France Vitek MS (v. 1) 3 (4+6) - 36/44 (+8) 81.8 8/44 isolates MB
excluded
Cassagne France Biotyper 6(+4) =17 119/119 (+5) 100 5/124 isolates MO/MB!
[28] (in-house) excluded
Lau [33] USA Biotyper 18° >2.0 125/127 98.4 2/127 isolates MO/MB¢
(in-house) scored between
1.7 and 1.99
Alanio France Andromas 24 >66 % 138/140 98.6 - MB
[34] (in-house)
De Carolis Italy Biotyper 14 >2.0 78/81 96.3 3/81 isolates MB
[35] (in-house) scored between
1.7 and 1.99

All studies, except for the Alanio et al.’s study [34] that also included 16 hospital environmental isolates, were conducted prospectively by
testing clinical isolates and are listed based on the order by which they are mentioned in the text

ID identification, DB database, MB molecular biology, MO morphology

? “In-house” denotes those studies where own self-made libraries were initially constructed and validated, and then challenged alone or in
combination with the respective system’s commercial database. Otherwise, the commercial library version was specified

® To assess the rate of correct identifications by MALDI-TOF MS, reference identification methods, such as sequencing of B-tubulin and/or
calmodulin gene regions (MB) [9] and morphological analyses (MO) [8], were used

¢ For one isolate that yielded no “good identification” after two runs of MALDI-TOF MS, proper identification was achieved using MB

analysis

4 Discrepancies between MALDI-TOF MS results and MO identifications were resolved by MB analyses; if the last results confirmed those of
MALDI-TOF MS, the isolates were considered correctly identified by MALDI-TOF MS, regardless of the MO identification results

¢ Of 127 isolates (from a total of 421 molds tested), one was identified as Aspergillus species by MO analysis alone

differentiate Aspergillus species into the sections
Fumigati (55 A. fumigatus, 1 Neosartorya pseudofi-
sheri, and 1 A. lentulus), Flavi (3 A. flavus and 1 A.
tamarii), and Terrei (2 Aspergillus terreus), with an
overall identification rate of 98.4 % (63 of 64 isolates);
9 isolates, at the first run, yielded no “good identifi-
cation” (4 were “identification to be confirmed”, and
5 were “no identification”), but only one remaining
isolate, at the second run, required to be identified by
multilocus sequencing [31]. In a similar study, the
Vitek MS system was evaluated utilizing a single-
deposit strategy without prior protein extraction [32];
a limited number of Aspergillus isolates (44 isolates of
which 33 were A. fumigatus, 2 A. flavus, and 1 A.
niger) were studied, but none of 8 isolates belonging to
species absent from the database (Aspergillus sydowi,
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A. terreus, Aspergillus tubingensis, A. calidoustus,
Aspergillus nidulans, and Aspergillus puniceus) were
misidentified—showing the good specificity of the
method—whereas no identification occurred primarily
because of the restricted number of Aspergillus
species (A. fumigatus, A. flavus, A. niger, and A.
versicolor) present in the current Vitek MS database.

To validate a standardized procedure for MALDI-
TOF MS-based identification of filamentous fungi,
Cassagne et al. [28] analyzed prospectively mold
isolates obtained from sequential clinical samples, by
using a chemical (acid formic and acetonitrile)
extraction of the fungal colonies and a database built
with the reference spectra from 146 mold strains.
Eighty-seven percent (154/177) of isolates, including
86 A. fumigatus, 38 other Aspergilli (9 species), and 53
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other molds (23 species), were identified to the species
level, whereas the MALDI-TOF MS-based approach
failed in 12 % (21/177) of isolates from species not
represented in the 146-strain library. The last named
isolates included 2 Aspergillus alliaceus, 1 Aspergillus
clavatus, 1 Aspergillus melleus, and 1 A. oryzae [28].
Later, Lau et al. [33] using a mechanical lysis method
challenged a own self-constructed mold database
(named the NIH mold database) for MALDI-TOF
MS fungal identification against 421 clinical isolates.
A total of 294 reference spectra from individual
isolates of 152 clinically relevant fungal species,
which comprise 63 Aspergillus species, were included
in the database. As compared to the Bruker BioTyper
library (version 3.1), a stronger performance was
shown by the NIH mold database, with correct
species-level identification for 370 (88.9 %) isolates
and a further 18 (4.3 %) isolates identified to the genus
level. Confirming earlier observations, no isolates
were misidentified and importantly, the Bruker’s
original cutoff scores of >2.0 for species- and >1.7
for genus-level identifications could be retained with-
out compromising sensitivity; those 33 (7.8 %) iso-
lates failing identification—their scores were <1.7—
were species not represented in the database [33].
Nonetheless, a simple and rapid IC method that
involves depositing the superficial material of a fungal
colony (a water mixture of spores, conidiophores, and
mycelium) directly onto the MALDI target plate can
enable the protein biomarker desorption to generate a
MALDI-TOF mass spectrum [27]. By means of this
method, Alanio et al. [34] used the Andromas software
to engineer a database including species-specific
spectral fingerprints of young and mature colonies of
28 reference strains, corresponding to 28 Aspergillus
species from 7 sections—to cover common and
uncommon species currently described as being
responsible for human infection. The performance of
this database was evaluated on 124 clinical and 16
environmental isolates of Aspergillus, resulting in
98.6 % correct identification. Two isolates, one with
absent conidiogenesis and the other with atypical
sporulation, could not be identified—127 isolates were
identified after a single run, 11 were identified after
two runs—but no isolate was misidentified, leading to
100 % specificity [34]. In a similar analysis, using
water suspensions of fungal mycelia and/or conidia
and the BioTyper 2.0 software, we constructed a

reference MALDI-TOF MS database with the spectra
of 109 culture collection strains—representing 55
species of Aspergillus (33), Fusarium (12), and
Mucorales (10)—and challenged it with 103 blind-
coded clinical isolates, 81 from 14 Aspergillus species
and 22 from other 15 species [35]. Excluding isolates
that were not contained in the database, MALDI-TOF
MS identified 91 of 94 isolates (96.8 %) of Aspergil-
lus, Fusarium, and Mucorales, according to their
designated species. Interestingly, the log(score) values
of 91 isolates with correct results were all higher than
2.0; the remaining 3 isolates (1 Emericella nidulans, 1
A. niger, and 1 Aspergillus versicolor) could be
identified only to the genus level, as their log(score)
value was of <2.0 (1.817, 1.874, and 1.796, respec-
tively), but had concordant species designations as
compared with the multilocus sequencing results. By
contrast, isolates belonging to the species not included
in our database had all log(score) values of <1.7,
confirming the specificity of MALDI-TOF MS iden-
tification [35].

Extended Use of MALDI-TOF Mass Spectrometry
for Aspergilli

Closely Related Species Differentiation

As mass spectra of different fungal species are distinct
from one another, specific mass peaks can be identified
in a typical spectral range of 2,000-20,000 m/z
leading to discriminate between closely related spe-
cies and to classify organisms at the subspecies level
[26]. As above mentioned, A. flavus and A. oryzae are
difficult to separate by means of B-tubulin sequence
analysis, thereby requiring a labor-intensive DNA-
based technique for their final species designation
(discussed in [35]). In our study, MALDI-TOF MS
was shown to easily differentiate A. flavus and A.
oryzae on the species level, and interestingly, clinical
isolates of A. oryzae and A. flavus formed separate
clusters with their corresponding reference strains, and
both the clusters could be distinguished from those of
A. parasiticus and A. alliaceus, respectively [35].
Although A. flavus produces harmful aflatoxins while
A. oryzae does not, nonaflatoxigenic isolates of A.
flavus are highly related to A. oryzae, and this is
consistent with the hypothesis that an atoxigenic
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lineage of A. flavus has gradually evolved into a
domesticated A. oryzae through selection by humans
[36]. As several non(afla)toxigenic A. flavus isolates
are phenotypically more similar to A. oryzae than to
other A. flavus isolates, a molecular-phenotypic
approach such as MALDI-TOF MS could be very
useful for discriminating toxigenic from atoxigenic
strains within the A. flavus species [24].

By analyzing with MALDI-TOF MS intact conidia
of isolates from the species A. flavus, A. oryzae, A.
parasiticus, and A. sojae, Li et al. previously showed
that aflatoxigenic strains and nonaflatoxigenic strains
have different mass peak profiles, although nonafla-
toxigenic A. flavus and A. parasiticus conidia were
very similar to those of the closely related A. oryzae
and A. sojae [37]. Consistent with these findings,
highly reproducible mass spectral fingerprints were
obtained with 12 species of Aspergillus and 5 different
strains of A. flavus, leading the authors to classify each
species and strain of Aspergillus tested with 100 %
accuracy in their MALDI-TOF MS analysis [38].
Indeed, while the mass spectra of 2 strains of A. flavus
and A. parasiticus slightly differed from each other, a
canonical discriminant analysis was able to resolve the
spectra from 8 replicate cultures for each of 5 A. flavus
strains tested—4 from geographically distinct areas
and 1 reference strain—despite the high degree of
similarity between strains [38].

In the aforementioned study by Tam et al. [20], only
6 and 3 of the 9 A. flavus strains analyzed—=8 clinical
isolates and 1 reference strain—were identified cor-
rectly using the SARAMIS (Vitek MS RUO system)
and Vitek MS (Vitek MS IVD system) databases with
confidence levels of 78.5-99.9 and 73.7-97.5 %,
respectively. Notably, none of the strains of A.
nomius—2 clinical isolates and 1 reference strain—
and A. tamarii—]1 clinical isolate and 1 reference
strain—was correctly identified by MALDI-TOF MS.
However, hierarchical clustering of the MALDI-TOF
MS spectra from the 11 clinical isolates—reported as
A. flavus by phenotypic methods—and the 3 reference
strains showed that the 9 strains of A. flavus, 3 strains
of A. nomius, and 2 strains of A. tamarii were separated
into three clusters. Therefore, A. flavus, A. nomius, and
A. tamarii could confidently be identified to the
species level using MALDI-TOF MS, provided that
the MALDI-TOF MS database is enhanced to include
adequate spectra of different strains from each species
[20].
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Antifungal Susceptibility Testing

It has become important to perform antifungal
susceptibility testing (AFST) in daily routine practice
[39], particularly for those fungal species exhibiting
resistance to commonly prescribed antifungal drugs
[40, 41]. Despite the recent advances in reference
methods and the availability of commercial tests,
novel AFST assays based on short-time drug exposure
of patients’ isolates may represent upcoming tools to
closely survey antifungal resistance in many clinical
settings [42], and MALDI-TOF MS offers in this sense
an exciting possibility, although in its infancy [43].
By relying on previous findings showing that
proteomic profile changes are induced by exposure
of fungal cells to fluconazole [44], we developed a
MALDI-TOF MS-based assay for testing susceptibil-
ity of fungal species to the echinocandin caspofungin
[45]. The echinocandins exert their antifungal effects
by noncompetitively inhibiting B-1,3-glucan synthase,
an enzyme required for cell wall components of
medically important fungi, including Candida and
Aspergillus. In Candida albicans exposure to caspo-
fungin was shown to alter the abundance of several
proteins, including enzymes involved in cell wall
biosynthesis and integrity, as well as the regulator of
B-1,3-glucan synthase, Rholp [46]. In our assay, after
a 15-h incubation of fungal cells with serial antifungal
drug concentrations, the fungal pellets were suspended
in 10 % formic acid and analyzed on MALDI-TOF
MS, using a composite correlation index (CCI)-based
approach. This allowed to determine the minimal
profile change concentration (MPCC), an endpoint
alternative to the classical MIC [44], that was defined
as the CCI value at which a fungal spectrum is more
similar to the spectrum observed at maximal (32 pg/ml)
caspofungin concentration than the fungal spectrum
observed at null (0 pg/ml) caspofungin concentration
[45]. Using a set of wild-type and fks mutant isolates—
mutations in fks genes confer reduced susceptibility/
resistance to echinocandin antifungals—of Candida
(34 isolates) and Aspergillus (10 isolates) species, we
then showed that the MPCC was in full essential
agreement with the MIC or the minimum effective
concentration (MEC) for 100 % of the isolates tested.
In particular, MPCCs of 0.5 and 0.25 pg/ml were able
to capture, respectively, all of 6 A. fumigatus and 4 A.
flavus isolates tested, according to the MEC values.
Although the endpoint readings achieved with the
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version of assay presented there—we later proposed a
more rapid simplification of the assay [47]—provide
only a slight time saving compared to the AFST
reference methods (15 h versus 24 h) at least for
Candida species, our MALDI-TOF MS-based AFST
method has the great advantage of eliminating
subjective readouts, especially when Aspergillus spe-
cies and other filamentous fungi are tested for
echinocandin (caspofungin) susceptibility. In this
case, it would allow to avoid the microscopic assess-
ment of the MEC, which remains technically difficult
to determine [48].

Limits and Potentials of MALDI-TOF Mass
Spectrometry for Aspergilli

In the face of accuracy, rapidity, and superiority over
conventional phenotypic methods, MALDI-TOF MS
has limitations (discussed in [23]). Whereas the
instrument cost remains comparable to that of other
common laboratory equipment, however, the low
operating costs—minimal consumables and hands-on
time are required for sample processing and ana-
lysis—are counterbalanced by the frequent instrumen-
tal maintenance and the short lifetime of the laser
necessitating an appropriate service plan. Another
drawback concerns the mold databases that may be
updated by user addition of mass spectral entries to
expand their identification capability or constructed ad
hoc in specialized mycology laboratories, but these
databases are not publicly available unlike sequence
databases such as GenBank. In addition, there is the
disadvantage that antimicrobial susceptibility is not
directly determined with the current MALDI-TOF
MS-based diagnostic strategy.

Apart from, and partly related to, these limits, the
future work will have to face other very promising
issues in medical mycology, such as the AFST or the
epidemiological typing of fungal isolates. Although
encouraging results are obtained in proof-of-concept
studies [44, 45, 47], it is necessary to better define
reproducibility and standardization of the MALDI-
TOF MS-based AFST assays, as well as to extend the
applicability to all antifungal drugs in order to
facilitate the adoption of these assays by clinical
microbiology laboratories in the next future. These
studies will also have to regard the correlation of
MALDI-TOF MS results with the clinically derived

breakpoints for Aspergilli, which are currently used to
interpret the MIC values for identifying potentially
resistant isolates [49]. As local surveillance MIC data,
derived from a routine microbiology laboratory
workflow, can aid to develop treatment strategies,
studies will have to prove, ultimately, the impact of the
MALDI-TOF MS results on the appropriate antifungal
treatment and the clinical course of aspergillosis.

Concerning the potential for MALDI-TOF MS to
provide epidemiological data, aforementioned studies
have shown the ability of MALDI-TOF MS to
discriminate highly related microbial organisms,
including fungi. Unfortunately, to the authors’ knowl-
edge, use of MALDI-TOF MS has never been reported
to establish the extent of an outbreak and to elucidate
the sources and the spread of fungal infections, as well
as sporadic are MALDI-TOF MS data about the strain
typing or genetic relatedness of fungal isolates [S0—
53]. By contrast, several strain typing methods, based
on molecular techniques, can be used for fungal
epidemiological investigations, but these analyses are
not routinely performed in many clinical laboratories,
resulting in delayed times to detection of hospital-
associated infections and outbreaks [22]. Thus, having
this type of data readily available, through the use of
MALDI-TOF MS, could be advantageous, particu-
larly in the context of A. fumigatus infections. This
considering that ever more patients are at risk of azole-
resistant aspergillosis, due to the presence of resistant
strains in the environment [41], the emergence and
geographical migration of highly resistant strains [54]
and the evolving of new mechanisms for azole
resistance in this species [41]. If performing rapid
susceptibility testing of Aspergillus isolates before and
during antifungal treatment can be clinically relevant
[39, 42], both patients’ specimens and hospital’s
environmental samples could be analyzed in “real
time” for the presence of azole-resistant A. fumigatus
isolates, as more experience is gained in MALDI-TOF
MS fungal databases to be used for the species- and
strain-specific identification.

Conclusion
Despite ever-increasing utility of MALDI-TOF MS
for fungal species identification, there is still contro-

versy as to whether the extraction protein or the direct
colony deposition has to be used for the sample
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preparation prior to MALDI-TOF MS analysis.
Although the methods employed by investigators at
each single center proved to work well in their own
evaluations, multicenter studies are needed to stan-
dardize the MALDI-TOF MS-based mold identifica-
tion in the clinical microbiology/mycology laboratory.
At the time, to our and other clinical laboratory
scientists’ opinion, it is important to interrogate the
database libraries composed of spectra that have been
obtained under the same experimental conditions [24,
30]. Also, while continuous enrichment of the existing
(in-house or commercial) databases with rare, new, or
emerging strains/species is imperative [22, 55], the
practice of database expansion/improvement should
be the prerogative of centralized reference laborato-
ries, particularly in those environments not subjects to
regulatory body restrictions [56]. With regards to less
explored applications of MALDI-TOF MS, further
studies are warranted prior to using this technology for
epidemiological investigations or rapid detection of
antifungal resistance in pathogenic fungi. Thus, we
expect that these areas will be potentiated in the near
future, in order to enhance and diversify the clinical
diagnostic usefulness of MALDI-TOF MS. As
delayed and incorrect diagnoses potentially lead to
high mortality and morbidity for invasive fungal
infection, implementing a rapid, accurate, and cost-
effective MALDI-TOF MS-based mold analysis could
result in drastically shortened diagnosis times and in
significant benefits for the patients’ care.
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