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Background: Invasive mold infections are rising among immunocompromised patients resulting in life-

threatening illnesses. The species-level identification (ID) of molds is essential for rapid diagnosis and 

timely implementation of antifungal therapy. The gold-standard morphological identification methods of 

molds are slow, laborious, and rely on intense training and expertise. The molecular identification of 

molds by ribosomal genes (ITS & D1/D2) PCR and Sanger sequencing followed by BLAST search is an 

excellent technique, but they are both labor and time intensive. Matrix-assisted laser desorption 

ionization-time of flight mass spectrometry (MALDI-TOF MS) has revolutionized the diagnostic mycology 

laboratory by successfully identifying yeasts but not molds to the same extent. The difficulty of mold ID by 

MALDI-TOF MS was attributed to variable growth, pigmentation, and agar penetration. In this 

investigation, we evaluated the use of dialysis membrane on agar surfaces for mold growth, sample 

incubation at -20°C overnight, and bead-beating techniques for library enrichment, followed by MALDI-

TOF MS identification.

Methods: Mold isolates were grown on Sabauraud dextrose agar (SDA) slant implanted with 

SnakeSkin™ dialysis membrane at 30°C. Mold growth on the membrane was removed carefully with a 

needle, added to 75% ethanol, mixed thoroughly, and either processed immediately or stored at -20°C 

overnight. The mold-ethanol mixture was centrifuged at 12,000 rpm, ethanol was removed, and pellet 

was dried for 10 min. The pellet was mixed with a 1:1 ratio of 40 µL each of 70% formic acid (FA) and 

100% acetonitrile (ACN) mixture, vortexed, and centrifuged at 12,000 rpm for 2 min. Additionally, a 

representative of mold pellets were mixed with 70% FA, bead-beating for 15 sec at 4,700 RPM followed 

by ACN addition and rest of the procedures as described above. One µL of supernatant was loaded onto 

the target plate, and after drying, 1 µL of HCCA matrix was added, followed by analysis by MALDI-TOF 

MS (models: Biotyper Microflex LT and Biotyper MBT Smart).

Results: Molds incubated at -20°C in 75% ethanol overnight yielded better spectra with a 75% success 

rate of mold ID compared to 59% without incubation overnight. Mold growth on the snakeskin improved 

mold ID to 93% with no interference from agar. Addition of bead-beating further improved mold spectra to 

100%. In total, 317 mold strains have been added to Wadsworth Center Mycology library database 

including 62 genera and 120 species. 

Conclusions: The growth over snakeskin in SDA slant, incubation overnight in 75% ethanol, bead-

beating in 70% FA, and sufficient representation of each mold species in the database are all crucial for 

the successful identification of molds by MALDI-TOF MS. These results holds promise as a fast and 

accurate identification tool for molds, which can improve patient care. 

Emerging, drug-resistant and invasive mold infections are rising, and they are the leading cause of morbidity 
and mortality in immunocompromised patients. Currently, mold identification relies on the macroscopic and 
microscopic observation of colonies grown on mycological media. Adequate phenotypic identification of 
molds requires highly skilled mycologists, a specialty diminishing slowly. The PCR followed by sequencing of 
the ribosomal genes (ITS & D1/D2) are excellent technologies but are time consuming and require at least 5 
to 7 days in the routine clinical laboratory setting. This delay negatively impacts the patients’ prognosis. 
Finally, only some clinical laboratories routinely use a molecular approach for microorganism identification. 
Therefore, the identification of molds remains problematic, and misidentifications are likely to occur in routine 
settings. The MALDI-TOF MS has revolutionized microbial identification, including bacteria, yeasts, and 
molds. There are few reports of mold library database and its utility in rapid identification of molds by MALDI-
TOF MS. Despite progress made, the mold ID by MALDI-TOF MS remains challenging. In the present 
investigation, we report a few advances made in the accurate identification of common, rare, and dimorphic 
molds. 
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Table 1. Successful Identification of Molds to Species Level by Bruker MALDI-TOF MS
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Conclusions

Add 1 mL of 
extracted protein 
from each mold on 
12 spots. Each plate 
can carry eight mold 
species 

Step 1

Normalize all the 
spectra for a single 
mold isolate by 
performing the 
adjustments for 
signal smoothing 
and baseline 
subtraction

Step 2

Select major peaks 
and eliminate any 
outlier peaks 

Step 3

Add minimum of 18 
selected spectra 
(peaks) as a new 
mass spectrum 
profile (MSP) to the 
database

Step 4

Re-test mold isolate 
to confirm library 
addition success

Step 5

Figure 3. Stepwise Improvement of Mold Spectra following Incubation with 75% Ethanol at    

-20°C Overnight, Growth on Dialysis Membrane, and Bead-beating with a Representative 

Sample Set

*isolates with no ID by MALDI-TOF MS; possible reasons could be different genotype or no peaks (spectra)

• We report successful identification of molds to species level by Bruker MALDI-TOF MS.

• Culturing molds on dialysis membrane, incubation at -20°C overnight in 75% ethanol, and bead-beating in 70% FA 
were some technical advances to get optimal spectra for mold ID.

• Of 344 mold isolates tested prospectively, 319 (93%) produced good spectra upon incubation at -20oC in 75% 
ethanol overnight. Bead-beating in 70% FA further improved the spectra of the remaining 25 molds (7%).  

• There was high agreement between MALDI-TOF MS ID and 18S ribosome gene sequencing. 

• The library creation using molds grown on solid media in the present study was vital to include mold heterogeneity, 
which follows routine clinical mycology processes. 

Inoculate mold on 
SDA slant 
implanted dialysis 
membrane 

Step 1

Pick 3-5 mm mold 
growth from slants 
(2-5 days old).

Step 2

Inoculate two 
tubes containing 
75% ethanol. 
Process one tube 
for protein 
extraction while 
incubating second 
tube at -20oC 
overnight.

Step 3

Remove ethanol 
and mix pellet in 
1:1 ratio of 70% 
FA and 100% 
ACN or bead-
beating with 70% 
FA followed by 
ACN

Step 4

Apply 1 µL  of 
supernatant onto 
target plate, let 
dry, then apply 
1µL  of HCCA 
matrix 

Step 5

Perform MALDI-
TOF MS

Step 6

For BSL3 organisms, after growth, heat killing at  

90°C for 1h, followed by protein extraction as 

described above. 

Category Mold ID # Samples tested

Agreement between ITS 

and MALDI-TOF MS

MALDI-TOF MS 

score range Bruker library

Wadsworth 

library

Dematiaceous fungi

Alternaria alternata 3 3 1.94-2.21 5 -

Alternaria chartarum 1 1 1.9 1 -

Curvularia geniculata 2 2 1.87-2.09 - 4

Epicoccum nigrum 2 2 1.98-2.34 7 1

Exophiala dermatitidis 6 5 1.67-2.18 2 5

Exophiala lecanii-corni 4 3 1.59-2.07 - 4

Exophiala oligosperma 3 2 1.22-2.15 - 3

Scedosporium apiosermum 2 2 1.84-1.95 5 4

Dermatophyte

Microsporum audouinii 1 1 2.04 4 1

Microsporum canis 1 1 2.22 9 4

Trichophyton rubrum 7* 5 1.59-2.23 8 6

Hyaline fungi

Arthrinium arundinis 1 1 2.02 4 -

Aspergillus calidoustus 6 6 1.90-2.27 2 3

Aspergillus flavus 3* 2 1.90-2.0 16 6

Aspergillus fumigatus 55* 50 No Peak-2.30 12 7

Aspergillus nidulans 4 4 1.83-2.30 9 3

Aspergillus niger 8* 3 1.19-2.19 12 2

Aspergillus sydowii 4 4 1.86-2.20 2 5

Aspergillus terreus 4* 2 1.22-2.13 12 4

Aspergillus unguis 5 5 1.74-2.29 2 4

Aspergillus ustus 1 1 2.16 1 -

Fusarium proliferatum 2 1 1.61-1.90 6 -

Fusarium solani 2 2 1.70-2.35 11 3

Magnusiomyces clavatus 1 1 2.87 3 -

Microascus gracilis 1 1 1.95 1 -

Paecilomyces variotii 1 1 2.07 - 5

Penicillium citrinum 2 2 1.85-1.97 4 2

Penicillium corylophilum 2 2 2.12-2.14 5 -

Penicillium digitatum 1 1 2.4 10 -

Penicillium glabrum 2 2 1.94-2.11 3 2

Purpureocillium lilacinum 2 2 2.17-2.34 5 6

Talaromyces diversus 1 1 2.31 2 1

Irpex lacteus 5 5 1.92-2.25 - 5

Peroneutypa scoparia 6 6 1.30-2.11 - 5

Schizophyllum commune 1 1 2.05 4 2

Thanatephorus cucumeris 1 1 2.24 2 1

Trametes versicolor 1 1 2.34 - 4

Mucormycete

Absidia corymbifera 1 1 2.09 8 5

Mucor circinelloides 8 8 1.29-2.45 8 11

Rhizopus microscprus 3 3 1.90-2.09 9 1

Rhizopus oryzae 1 1 2.23 6 7

Dimorphic Fungi (BSL3)

Blastomyces dermatitidis 5 5 2.0-2.78 - 5

Coccidioides immitis 3 3 2.69-2.72 - 3

Coccidioides posadasii 4 4 2.11-2.79 - 4

Histoplasma capsulatum 4 4 2.13-2.77 - 4

Penicillium marneffei 6 6 2.68-2.82 - 6

Figure 1. Mold Protein Extraction Workflow for Bruker MALDI-TOF MS

Figure 2. Library Creation for Molds using Bruker MALDI-TOF MS 

Figure 4. Bead-beating further Improves MALDI Spectra for Mold ID to Species Level 

• Some closely related molds could not be identified to species level by MALDI-TOF MS. Further work is 

currently underway to assess these discrepancies.

• Fresh growth seems to be crucial for MALDI-TOF MS ID, which can hamper patient care, especially for 

slow growing molds
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Mold ID MALDI-TOF MS score 

Before bead-beating After bead-beating

Aspergillus calidoustus no peak 2.27

Aspergillus fumigatus no peak 2.21

Aspergillus nidulans no peak 2.02

Exophiala lecanii-cornii no peak 2.19

Kneiffiella palmae no peak 2.21

Microascus gracilis no peak 1.95

75%

Growth on Dialysis 
Membrane

59%

75% to 93%

Bead-beating 
in 70% FA 93% to 100%
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