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Dermatophytosis is a globally important disease caused 
by pathogenic keratinolytic fungi in humans and ani-

mals, affecting approximately 20-25% of the world popula-
tion and 30-70% of adults are asymptomatic carriers.[1,2] In 
the last two decades, there has been a dramatic increase 
in the incidence of dermatophytosis in humans as a result 
of increased socioeconomic problems, international travel 
and migration, and contact with animals (especially pets).[3] 
Epidemics and self-limiting outbreaks with dermatophytes 

have occasionally been reported in the literature.[4] The 
source of the infection can be soil (geophilic species), ani-
mals (zoophilic species) or human (anthropophilic species).
[5] While pathogenic dermatophytes used to include Micros-
porum, Trichophyton and Epidermophyton genera; with the 
recent taxonomic studies, new genera such as Nannizzia, 
Lophophyton, Arthroderma and Paraphyton have been 
added to the group.[6]

Objectives: We aimed to evaluate the identification of dermatophytes with Matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry(MALDI-TOF MS).
Methods: 138 dermatophytes were identified by applying ethanol-formic acid-acetonitrile extraction protocol to 
mold subcultures on solid and broth media, using fungal library of MALDI Biotyper(Bruker Daltonics,Germany) system. 
Scores of ≥1.7 and ≥2.0 were used as identification threshold scores. Morphology-based techniques were used as the 
diagnostic standard methods.
Results: With the threshold score of ≥2.0; 17.6% of 136 isolates extracted from solid media and 59% of 61 isolates 
extracted from liquid media could be identified correctly. When the threshold is reduced to 1.7; 61.8% of 136 isolates 
extreacted from solid media and all of 61 isolates extracted from liquid media could be identified correctly. Regardless 
of the extraction method, 38.4% and 82.6% of the isolates could be identified at the species level when the threshold 
score was accepted as ≥2.0 and ≥1.7, respectively(p<0.001).
Conclusion: The MALDI-TOF-MS system is a quite useful complement to conventional methods for dermatophyte di-
agnosis, particularly when the threshold score was accepted as ≥1.7. Primarily extraction from solid media, and if iden-
tification cannot be made, subsequent subculture to liquid medium will provide benefits in terms of workload, time, 
and cost.
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The treatment process can be uncertain in dermatophy-
tosis infections due to the appearance of clinical features 
such as circular lesions, scaling and multifocal alopecia, 
which are similar to some other skin diseases. Unless infec-
tions are detected and treated in time, they can cause irre-
versible damage to skin, hair and nails. Isolation and deter-
mination of the agent are also effective on the regulation 
of the species-specific treatment regimen. Rapid identifica-
tion of etiologic agents and source of infection has also a 
great importance to prevent further spread to human and/
or animals.[2] 

Identification of dermatophytes is traditionally based on 
the examination of microbiological and biochemical fea-
tures.[1] Conventional methods require special protocols, 
expertise, experience, and are time-consuming.[2] On the 
other hand, DNA -sequence -based identification, the rec-
ommended gold standard, is expensive and time -con-
suming for a routine microbiology laboratory.[7] Another 
promising technique for the identification of microorgan-
isms is the fingerprint analysis of protein extract using 
the matrix -assisted laser desorption/ionization time -of-
flight mass spectrometry (MALDI -TOF MS) method.[1] In 
last decade, MALDI -TOF MS has been widely used in clini-
cal diagnostic laboratories for the rapid, simple and reli-
able identification of pathogen microorganisms, such as 
bacteria, yeasts and filamentous fungi.[7,8] The aim of this 
study is to evaluate the identification of dermatophytes 
with the MALDI TOF MS system in a routine microbiology 
laboratory.

Methods
In our study, dermatophytosis agents isolated from superfi-
cial body surfaces (scalp, nails, skin scrapings) that are sent 
to microbiology laboratory between 01 January 2015- 31 
December 2020 with suspicion of dermatophytosis were 
included. Only the first isolate of the patients was included 
in the study, and repetitive samples were excluded. The 
samples were inoculated into two BBL™ Sabouraud Dex-
trose Agars with Chloramphenicol (Becton Dickinson, USA) 
and a BD Mycosel Agar with cycloheximide and chloram-
phenicol (Becton Dickinson, USA) plates. Direct microscop-
ic examination was performed with 10-30% KOH for each 
sample. Species identification was made with conventional 
methods and accepted as reference method by examining 
colony morphology, microscopic features, characteristic 
features such as the ability to grow at different tempera-
tures (28°C, 37°C) on potato dextrose agar (Becton Dickin-
son, USA), corn meal agar (Oxoid,), Sabouraud dextroz agar 
(Becton Dickinson, USA) and urease agar (Becton Dickin-
son, USA) for some isolates. 

Species Identification by MALDI-TOF MS
The analysis of mass spectra were performed by a MALDI 
Biotyper Microflex LT (Bruker Daltonics GmbH, Bremen, 
Germany) mass spectrometer using the MALDI Biotyper 
FlexControl software package (version 3.1, Bruker Dalton-
ik, GmbH), and the Filamentous Fungi Library 1.0 (Bruker 
Daltonik, GmbH) was used as the analysis database. In the 
MALDI-TOF system, protein extraction as a preliminary step 
was recommended for identification of microorganisms 
such as fungi, mycobacteria whose cell wall structures are 
different from bacteria. Ethanol formic acid extraction pro-
tocol were prepared according to the standart operating 
procedure (SOP) of the manufacturer. Mold colony in solid 
medium, was applied in our laboratory between 2015-
2018. After 2019, the method of extraction from liquid me-
dium has also been used in routine identification. Firstly, 
the solid medium was extracted and the results with score 
values above 2.0 were reported. For the isolates with an 
identification score below 2.0, the liquid medium was sub-
cultured and the extraction method was applied two days 
later. Protein extraction was performed on 136 of the iso-
lates from solid medium, and on 61 isolates by subculture 
to liquid medium. In 59 of these isolates, both extraction 
methods were applied simultaneously. For identification, 
the highest score obtained by spotted to the target plate 
at least four times was accepted for each isolate.[9] Accord-
ing to the manufacturer’s recommendation, the results ob-
tained with scores of ≥2.0 were accepted as 'reliable spe-
cies identification', while the results obtained with scores 
between 1.7-2.0 were admitted as 'reliable identification at 
the genus level'. In our study, besides the manufacturer’s 
recommendation, a threshold score of ≥1.7 was also evalu-
ated. In the performance evaluation of the MALDI-TOF-MS 
system in all isolates, regardless of the protein extraction 
method, the highest score was accepted as the identifica-
tion score. 

Six dermatophyte isolates sent to the laboratory for myco-
logical evaluation from the College of American Patholo-
gist (CAP), an external quality control program, were used 
for quality control.

Protein Extraction from Solid Medium:
İsolates were inoculated on SDA medium at 28 °C for 2–5 
days until the colonies reached a size of about 2 cm diam-
eter. The mycelia were gently collected with a sterile inoc-
ulating loop, and the fungal material (approximately 2–3 
mm in diameter) was suspended in a microtube containing 
900 μL of anhydrous ethyl alcohol and 300 μL of HPLC ster-
ile water. After a 10-min centrifugation step at 13,000 rpm, 
the pellet was resuspended in 50 μL of 70% formic acid. 
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After shortly vortexed, 50 μL of acetonitrile was added. 
The suspension was then centrifuged at 13,000 rpm for 2 
min, and four spots of 1 μL of supernatant per isolate were 
deposited on the steel target plate. Last, the samples were 
covered with 1 μL of HCCA (α-cyano-4-hydroxycinnamic 
acid) matrix solution. The target was subsequently loaded 
into the MALDI Biotyper instrument and measurements 
were carried out in linear positive-ion mode within a mass 
range of 2-20 kDa. 

Protein Extraction from Liqiud Medium 
A small amount was inoculated from the mould colony 
on the agar surface into the tube containing 10 ml of Sab-
ouraud dextrose broth (SDB). The liquid medium was rotat-
ed at room temperature at a constant speed of 20 rpm for 
two days in a rotator device (Rotator SB2 (Carl Roth GmbH 
& Co KG, Germany) until sufficient colonies were grown. At 
the end of the period, the tubes taken from the rotator were 
allowed to settle for 10 minutes. 1.5 mL was taken from the 
precipitate and transferred to the eppendorf tube. It was 
centrifuged at 13,000 rpm for 2 minutes. 1.2 ml of sterile 
distilled water was added to the pellet and centrifuged at 
13,000 rpm for 2 minutes. The supernatant was removed 
and the same procedure was repeated. The standard etha-
nol formic acid extraction method mentioned above was 
applied by adding 300 µL of HPLC distilled water and 900 
µL of EtOH on the pellet. 

Statistical Analysis
SPSS 15.0 for Windows program was used for statistical 
analysis. Descriptive statistics were given as numbers and 
percentages for categorical variables, and mean, standard 
deviation, minimum and maximum for numerical variables. 
Rates in dependent groups were compared with the Mc 
Nemar Test. Statistical alpha significance level was accept-
ed as p<0.05.

Results
Of the 138 isolates included in the study, 75 (54.3%) were 
obtained from female patients and 63 (45.7%) from male 
patients. The mean age of the patients was 43.0±21.9 (4-
94). In the distribution of patients according to dermato-
phyte isolated body regions; 51 tinea unguium (nail), 26 
tinea corporis (trunk), 21 tinea pedis (foot), 16 tinea ca-
pitis (scalp), 14 tinea cruris (inguinal), six tinea manum 
(hand), and three tinea facei (face) infections were deter-
mined. The species distribution of 138 isolates in the iden-
tification made with the conventional method is shown in 
Table 1.

When the threshold score of MALDI Biotyper system identi-
fication rates at the species level is ≥2.0; 17.6% were identi-

fied correctly by extraction from solid media and 59% by 
extraction from liquid media. When the threshold score 
value is reduced to 1.7; 61.8% of the isolates could be iden-
tified correctly by extraction from solid media, and all 61 
isolates could be identified correctly by extraction from 
liquid media. When the performance of the system in all 
isolates was evaluated regardless of the extraction method, 
38.4% of the isolates could be identified at the species level 
when the threshold score was accepted as ≥2.0, and 82.6% 
when the threshold score was reduced to ≥1.7 (p<0.001) 
(Tables 2, 3).

In the evaluation of extraction methods based on the refer-
ence method, the rate of correct identification by extrac-
tion from broth was found to be statistically significantly 
higher at both threshold scores than identification by ex-
traction from solid medium. (p<0.001) (Tables 3-5).

In both extraction methods and in the collective evalua-
tion of all isolates, when a score of ≥1.7 was accepted as the 
threshold value for identification at the species level, the 
correct identification rates were found to be significantly 
higher than the correct identification rates at the threshold 
score of ≥2.0 (Tables 3, 5).

Table 1. Species distribution of the isolates identified by 
conventional method

Species n (%)

Trichophyton rubrum 100 (72.5)
Microsporum canis 27 (19.6)
Trichophyton tonsurans 5 (3.6)
Trichophyton spp. 3 (2.2)
Nannizzia gypsea (formerly Microsporum gypseum) 2 (1.4)
Trichophyton mentagrophytes 1 (0.7)
Total 138 (100)

Table 2. Distribution of isolates according to applied protein 
extraction method and MALDI-TOF MS threshold scores

Protein Extraction Method  The Number of
  Isolates Described to
  MALDI-TOF-MS Score

 <1.7 1.7-2.0 ≥2.0

Extraction from solid 54 58 24
medium (n=136)
Extraction from broth (n=61) 0 25 36
All MALDI TOF MS 24 61 53
identification (n=138)*

*The evaluation when the highest score is accepted, regardless of the 
extraction method.
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Discussion
In this study, by MALDI-TOF MS system, 82.6% of the iso-
lates could be identified at the species level when the 
threshold score was accepted as ≥1.7. the rate of correct 
identification by extraction from broth was higher than 
identification by extraction from solid medium.

Clinical course in the dermatophyte infections can differ 
according to ecological source of agents. Moderate and 
chronic infection develops with anthropophilic species, 
whereas severe inflammation occurs in zoophilic and geo-
philic species.[5] Rapid and accurate identification of etio-
logic agents and route of infection is of great importance 
for providing specific antifungal therapy and preventing 
further spread to humans and/or other animals.[2] Derma-
tophytes are conventionally identified by examining mor-
phological and microscopic features.[1] In this technique, 
colony formation, sporulation and additional physiological 
tests last approximately six weeks. Evaluation requires ex-
perienced personnel. This technic requires sufficient incu-

bation time to ensure the development of fruiting bodies.
[10] Some limitations due to lack of sporulation, intraspecies 
morphological variability, and interspecies morphological 
similarity makes the identification of the dermatophytes 
difficult by coventional methods.[1,11] 

Over the past few years, matrix -assisted laser desorption/
ionization time -of-flight mass spectrometry (MALDI -TOF 
MS) has been widely used in clinical diagnostic laboratories 
for the rapid, simple and reliable identification of microbial 
pathogens.[7,8] The success rate of the MALDI-TOF MS system 
for species identification of dermatophytes ranges from 
13.5% to 100% in the literature.[12] The factors that cause 
this  wide range of distribution are cultural characteristics 
(medium, incubation time), sample preparation (extraction 
method) and the system used (device, spectrum library).
[9,12-15] Commercially, two systems (Bruker Biotyper (Bruker 
Daltonics, Bremen, Germany), and Vitek MS (bioMérieux, 
Marcy l'Etoile, France) systems) have been approved by the 
US Food and Drug Administration for the identification of 
bacteria and yeasts.[13]

Several identification techniques have been described in 
the MALDI TOF MS system, including simple direct transfer, 
with or without formic acid extraction, complate protein 
extraction with ethanol-formic acid and acetonitrile.[7,12,13] 
Methods used for the identification of bacteria and yeasts 
as simple direct transfer method to the target plate are un-
successful in dermatophyte identification.[7] Fungi require 
additional processing steps to break the cell wall, extract 
proteins and inactivate the isolate.[1] 

Species identification in MALDI-TOF MS systems is based 

Table 3. The performance evaluation of isolates according to applied protein extraction method and threshold score values

   Score ≥1.7   Score ≥2.0

Method n no   correct no  correct p
  identification  identification identification  identification

Extraction from solid medium 136 52 (38.2)  84 (61.8) 112 (82.4)  24 (17.6) <0.001
Extraction from broth medium 61 -  61 (100) 25 (41.0)  36 (59.0) <0.001
All MALDI TOF MS * 138 24 (17.4)  114 (82.6) 85 (61.6)  53 (38.4) <0.001

*The evaluation when the highest score is accepted, regardless of extration method.

Table 4. Score distributions of isolates in which two protein 
extraction methods were applied simultaneously

Protein Extraction Method  Distribution according to
  MALDI-TOF-MS Score (n)

 <1.7 1.7-2.0 ≥2.0

Extraction from solid 28 22 9
medium (n=59)
Extraction from broth 0 24 35
medium (n=59)

Tablo 5. Evaluation of the performance when two extraction methods were applied simultaneously

  Score ≥1.7   Score ≥2.0 

 no   correct no  correct
 identification  identification identification  identification
Method n (%)  n (%) n (%)  n (%) p*

Extraction from solid medium (n=59) 28 (47.46)  31 (52.54) 50 (84.75)  9 (15.25) <0.001
Extraction from broth medium (n=59) -  59 (100) 24 (40.68)  35 (59.32) <0.001
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on the analysis of an isolate-specific peptide spectrum 
comparable to a microorganisms protein fingerprint. An 
unknown microorganism is identified by comparing its 
spectrum with reference spectra in a library.[12] Spectra in 
the filamentous fungi database of the MALDI Biotyper sys-
tem are prepared by protein extraction from subcultures 
in broth.[13,16] In a study comparing solid and liquid media 
for the identification of non-Aspergillus mold in the same 
system, 15.4% of the isolates were identified at the species 
level, 57% at the genus level by extraction from solid me-
dia, while 57% and 34% were identified by extraction from 
broth, respectively.[15] In parallel, in our study, 17% of the 
136 isolates extracted from solid media were identified at 
the species level and 42% at the genus level, while 59% of 
the 61 isolates subcultured to the broth were identified at 
the species level and 41% at the genus level. The difference 
in the two culture methods may be due to the change in 
the density of spore and hyphae structures due to colony 
growth in solid media, while mycelia develops with short-
term incubation in liquid media.[15,16] 

Since the species identification is strictly dependent on the 
number and quality of the spectra present in the library, 
the number of species in the databases can be increased 
by adding the spectra of standard strains to the data li-
brary in system. It has been reported in the studies that the 
identification rates made with in house expanded libraries 
are quite high compared to the identification made with 
commercial libraries.[12,14,17,18] Our analyses were performed 
without any library supplementation since in clinical man-
agement species identification.

Biotyper software generates a log score value range of 0-3 
and recommends the scores of ³ 2.0 and ≥1.7 for species-
level or genus-level identification, respectively.[13] Use of 
manufacturer-recommended spectral threshold scores re-
sults in relatively poor identification of fungi at the genus 
and species levels.[19] Hedayati et al.[19] reported that, of the 
94 clinical isolates containing three genera and five species 
identified by the molecular method, 47% were able to be 
identified, assuming a threshold score of ≥2.0 in the MALDI 
Biotyper system. Recently, some researchers reported that 
lowering the threshold score value from 2.0 to 1.7 sig-
nificantly increased the identification rates at the species 
level.[9,15-17,20] Schulthess et al.,[21] using the liquid broth and 
manufacturer-recommended interpretation criteria, genus 
and species identification rates were 78.3% and 54.2%, re-
spectively. Reducing the species cutoff from 2.0 to 1.7 sig-
nificantly increased species identification to 71.1%. Theel 
et al.[20] correctly identified 36.8 and 59.6 % of 171 isolates 
using the manufacturer’s log score threshold 2.0 and a re-
duced log score threshold of 1.7, respectively. Karabicak et 
al.[17] improved the species level of identification from 31 

to 89.7 % by lowering the log score threshold from 2.0 to 
1.7. In our study, 38.4% of 138 dermatophte  isolates were 
identified at the species level at a threshold score of 2.0 us-
ing the commercial library in the MALDI Biotyper system, 
while 82.6% were identified when the threshold score was 
reduced to 1.7. Our result supports the findings of the au-
thors.[16,17,18,20,21] suggesting that lowering the identification 
threshold score will increase the efficiency of MALDI-TOF 
MS-based fungal identification.

There are some limitations in the species identification of 
dermatophytes with MALDI TOF MS systems. The most im-
portant of these is the inadequacy of existing commercial 
reference spectrum libraries. Another problem is that due 
to the similarity of molecular components it may be diffi-
cult to distinguish some species (such as T mentagrophytes, 
T interdigitale,T tonsurans and T. rubrum, T. violaceum).[1,17,22] 
In our study, due to similar morphology in three isolates, 
species identification could not be made with the conven-
tional method, but identification could be made at the ge-
nus level. These three isolates; It could not be identified in 
a reliable score with the MALDI Biotyper system by extract-
ing it from solid media.(one was as T. rubrum with a score of 
1.72, and the other two were defined as T. interdigitale with 
the highest log scores of 1.3 and 1.6) Considering these 
throughputs, it seems that manufacturers should regular-
ly update their data libraries to include more species and 
intraspecies variations for routine diagnosis of dermato-
phytes with the MALDI TOF MS system.[10]

The strengths of our study are the evaluation of high number 
of isolates compared to other publications in the literatüre 
and comparison of both solid and liquid media extractions. 
The fact that ITS sequencing was not available as the gold 
standard method could be considered as a limitation of our 
study. Besides, investigation of dermatophyte isolates with 
wider species diversity can produce more significant data.

Conclusion
In conclusion, we think that in the routine laboratory iden-
tification of dermatophytes, the application of a flow chart 
that includes protein extraction from solid media as the 
first step and performing protein extraction by subculture 
to liquid medium when the identification is not successful 
will be beneficial in terms of time and cost. In summary, the 
MALDI-TOF MS system is a fast, easy and inexpensive meth-
od and is an  quite useful complement to the conventional 
methods.
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