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Invasive and life-threatening 

fungal infection

• Candida infections

– Candidaemia occurs at a population rate of 2-26/100,000, so using 5.9 

cases/100,000, ~400,000 cases are predicted worldwide, with a mortality of 30-

55%

– Candida peritonitis both those undergoing long term peritoneal dialysis for renal 

failure (CAPD) and post-surgical patients, usually in intensive care. Some studies 

suggest a ratio of 1 patient with hospital-acquired (almost all post-operative) 

Candida peritonitis for every 2 patients with candidaemia, in ICU. As between 30 

and 50% of candidaemia cases occur in ICU, and there are about 400,000 

episodes of candidaemia globally, this suggests about 60,000 - 100,000 cases of 

Candida peritonitis each year. 

– The mortality of Candida peritonitis was 38%. In those with end stage renal 

disease worldwide (~1.7M) CAPD is used in about 50%. Patients get 1 infection 

per 18 months on average and ~0.05 episodes per patient year are attributable to 

Candida spp., equivalent to ~42,500 cases annually. 

From: LIFE Web Site, 2017



• Invasive aspergillosis

– Over 10 million patients in Europe, USA and Japan are at risk of invasive 

aspergillosis (IA) each year because of corticosteroid or other therapies. Over 

50% of patients with IA die, even with treatment. 

– Over 200,000 patients develop IA annually. Key groups include ~10% of acute 

leukaemia (300,000 new cases annually. 30,000 IA cases) and stem cell and 

other transplants (>75,000 annually in the USA, Europe and Japan, 7,500 IA 

cases) and 1.3% of COPD patients admitted to hospital (7% of the global 

number of moderate and severe COPD = 65M (WHO), 60,000 confirmed and IA 

cases). 

– A recent large survey of IA in liver failure in China documented a 5% rate, with 

a 95% mortality. These patients probably account for 50-65% of patients, with 

those admitted to intensive care, with lymphoma or chronic leukaemia and 

various immunological disorders and treatments accounting for the remainder. 

– Under diagnosis is a major problem in this disease. 

Invasive and life-threatening 

fungal infection

From: LIFE Web Site, 2017



The MALDI-TOF process
From: Patel, Clin. Chem., 2014



From: Posteraro et al., Expert Rev. Proteomics, 2013



MALDI-TOF MS applications

• Clinical isolates identification

• Direct identification of pathogens in clinical

samples

• Subtyping

• Drug susceptibility testing
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a Using a score threshold of ≥1.8. b The percentage in parenthesis was obtained with the Vitek MS system; using
the Bruker Biotyper and an in-house-extended database, the success rate increased from 92.3 (as indicated) to
100%. c According to a protocol based on a simplified extraction procedure and lower identification threshold

MALDI-TOF MS is a powerful tool for clinical laboratory 

identification of human pathogenic yeasts

Study No. isolates/species % isolates identified

Stevenson et al., 2010 194/23 87.1 (99)a

Bader et al., 2011 1192/36 97.6

Dhiman et al., 2011 138/14 92.0 (96.3)a

Goyer et al., 2012 335/17 94.0

Bille et al., 2012 162/20 98.8

Iriart et al., 2012 192/18 81.4

Sendid et al., 2013 1207/28 97.5

Lacroix et al., 2013 1383/20 98.3

Westblade et al., 2013 852/31 96.1

Mancini et al., 2013 157/30 92.3 (87.3)b

Van Herendael et al., 

2013

167/22 97.6c

Reproducible and accurate, with low consumable costs ($ 0.50 per 

sample) and minimal preparation time (5 min of hands-on time per 

identification)

Several closely related species (e.g., Candida ‘psilosis’ or Candida 

glabrata/bracarensis) could be resolved by MALDI-TOF MS, but not by a 

biochemical approach



• We report the first comparative evaluation between the Bruker 

Biotyper MS (BMS) and the Vitek MS (VMS) for the identification of 

yeasts. Correct identification rate at the species level was 

comparable using the commercial databases (89.8% vs. 84.3% 

p=0.712), but higher for BMS using an in-house-extended database 

(100% vs. 84.3% p=0.245)

• Importantly, the rate of misidentification was significantly higher for 

VMS (1% vs. 12.1% p<0.0001), including the rate of major errors 

(0% vs. 4.5% p=0.0036)



Cluster analysis of MALDI-TOF MS spectra of selected reference or 

challenge isolates of C. neoformans and C. gattii



Except for 23 isolates, MALDI results 

were validated without additional 

phenotypic or molecular tests. Thus, we 

feel that our  strategy can enhance the 

rapidity and accuracy of MALDI-TOF 

MS in identifying medically important 

yeast species. 



• In-house protocol extraction: 

detergent plus yeast protocol 

extraction

• Starting material: 6 ml of the blood 

culture fluid

• From specimen extraction to final 

result: 25 min





The GRES (Gestione Rapida Emocolture Sepsi) study

Total
N=743

Study period 1
N=197

Study period 2
N=233

Study period 3
N=313

P-value

Mean time to start antibiotic therapy 
(SD), days 

0.70 (1.4) 0.92 (1.7) 0.71 (1.4) 0.55 (1.1) 0.01

Percentage of effective therapy at the 
start of antibiotic therapy (SD)

92.6 (18.2) 93.9 (19.0) 91.4 (21.1) 92.6 (15.2) 0.37

Percentage of optimal therapy at the 
start of antibiotic therapy (SD)

62.2 (38.9) 59.0 (42.0) 51.9 (43.0) 71.9 (30.6) <0.001

Mean duration of antibiotic therapy 
(SD), days

19.3 (13.3) 21.9 (15.4) 19.3 (13.3) 17.7 (11.5) 0.002

Mean length of hospital stay (SD), 
days 

26.5 (24.5) 29.7 (29.3) 26.8 (24.7) 24.2 (20.7) 0.04

Died at 30 days, n (%) 118 (15.9) 31 (15.7) 39 (16.7) 48 (15.3) 0.90

Study Period 1: the ID physician was called by a ward physician when 

patients had positive blood cultures. 

Study Period 2: the ID physician were called directly by the microbiologist 

immediately after a pathogen was isolated from blood culture. 

Study Period 3: the ID physician was called by the microbiologist 

immediately after a pathogen was identified from the blood culture, and all 

cases were re-evaluated at bedside 72 h after starting antibiotic therapy in 

order to optimize therapy

Murri et al., Diag. Microbiol. Infect. Dis., 2018
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• Reference spectra at different

stages of maturation:

 109 from young colonies

 109 from mature colonies

(diameter >3 cm)

• 67 reference strains of

Eurotiales

• 42 reference strains of

Mucorales and Hypocreales

From: De Carolis E, et al. Clin Microbiol Infect 2013;13:788–799



Cluster analysis of MALDI-TOF spectra of 

selected reference strains and challenge 

isolates (CH15, CH25 and CH51) identified as 

Aspergillus section Flavi species

As several A. flavus isolates are known to be 
non(afla)toxigenic (and more similar to A. 
oryzae than to other A. flavus isolates), our 
findings raise the possibility of using this 
approach for discriminating toxigenic from 
atoxigenic A. flavus strains

From: De Carolis E, et al. Clin Microbiol Infect 2013;13:788–799
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Trend of isolates and mold species

at Policlinico A. Gemelli in the last 10 years

Courtesy A. Vella



Triest et al. developed a user-friendly identification approach relying upon an in-house 
database, which was constructed with spectra from 289 validated strains belonging to 40 
Fusarium species. For 19 species represented by more than one strain, it was found that by 
using MALDI Biotyper 3.0 software and a score value of 2.0 as the cut-off for identification, 
82.8% of MALDI-TOF MS-based identifications were correct at the species level, 3% were 
correct at the species complex level, and the remaining 14.2% were not reliable.  Interestingly, 
the success rate of correct identifications increased to even 97.0% when some Fusarium 
species complexes were taken as a whole; thus, MALDI-TOF MS identification would have 
failed with only 4 Fusarium (1 F. incarnatum, 1 F. equiseti, 1 F. sporotrichioides, and 1 F. 
sacchari) strains in the study.

Representation of the distance matrix dendrogram of Fusarium reference spectra. The different species clades are shown. Most strains of a same 
species fall into a single clade or closely related clades.



• MALDI-TOF MS can be used to clearly discriminate Lichtheimia species

from other pathogenic species of the Mucorales. 

• The reliability and robustness of the MALDI-TOF-based identification are 

evidenced by the ability to discriminate between clinically relevant

(Lichtheimia corymbifera, L. ramosa, and L. ornata) and irrelevant (L. 

hyalospora and L. sphaerocystis) species. 

• In total, all 34 strains were unequivocally identified by MALDI-TOF MS to 

the generic level, 32 out of 34 of the Lichtheimia isolates were identified

accurately with score values of >2 (probable species identification), and 25 

of 34 isolates were identified to the species level with score values of >2.3 

(highly probable species identification). 

• The MALDI-TOF MS-based method reported here was found to be 

reproducible and accurate, with low consumable costs and minimal

preparation time. 



• This study assessed an online identification application based on original 
algorithms and an extensive in-house reference database comprising 11,851 
spectra (938 fungal species and 246 fungal genera). 

• Validation criteria were established using an initial panel of 422 molds, including 
dermatophytes, previously identified via DNA sequencing (126 species). 

• The application was further assessed using a separate panel of 501 cultured 
clinical isolates (88 mold taxa including dermatophytes) derived from five hospital 
laboratories. 

• A total of 438 (87.35%) isolates were correctly identified at the species level, while 
26 (5.22%) were assigned to the correct genus but the wrong species and 37 
(7.43%) were not identified, since the defined threshold of 20 was not reached. 



• The use of the Bruker Daltonics database included in the MALDI Biotyper software 
resulted in a much higher rate of unidentified isolates (39.76 and 74.30% using the 
score thresholds 1.7 and 2.0, respectively). 

• Moreover, the identification delay of the online application remained compatible 
with real-time online queries (0.15 s per spectrum), and the application was faster 
than identifications using the MALDI Biotyper software. 

• This is the first study to assess an online identification system based on MALDI-
TOF spectrum analysis and this approach to identify molds, including 
dermatophytes, for which diversity is insufficiently represented in commercial 
databases. 

• This free-accessapplication is available to medical mycologists to improve fungal 
identification.



The new AFST endpoint—similar to the classical MIC—did not 

allow any acceleration in the time to result because an overnight 

incubation in the presence of the antifungal was still required. 

Posteraro and Sanguinetti, Future Microbiol. 2014



MALDI-ToF MS for determination 

of antimicrobial resistance
 The possibility of using MALDI-ToF MS for determination of 

antimicrobial resistance has been recently investigated to expand 

the landscape of diagnostic applications of this powerful 

technology. 

 In the earlier version of a phenotype-centred (semi-molecular) 

AFST assay that relies upon MALDI-ToF MS—thus reported as 

MS-AFST, we have compared the mass spectra of Candida

species after a 15 h exposure of yeast cells to serial 

concentrations of caspofungin. 

 By applying the composite correlation index (CCI) analysis, we 

have determined the minimal profile change concentration 

(MPCC) as the lowest concentration of drug (i.e. caspofungin) that 

induces a mass spectrum change.
De Carolis et al, JCM. 2012



The future of AFST

MALDI-TOF MS-based assays:

The example of C. albicans and caspofungin.

In 2013, we have proposed a simplified version of the 

MS-AFST assay that allowed successful 

discrimination between susceptible and resistant 

isolates of C. albicans only after 3 h of incubation of 

yeast cells in the presence of three caspofungin

concentrations: no drug (null concentration), 

intermediate (“breakpoint” concentration) and 

maximum (maximal concentration).

Vella et al., JCM. 2013



[0 μg/ml]   [0.06 μg/ml ]   [32 μg/ml] 

ANIDULAFUNGIN

[0 μg/ml]   [16 μg/ml ]   [256 μg/ml] 

FLUCONAZOLE

+

3 h at 37˚C under constant agitation

FLC max

FLC int

FLC min

ANF int

ANF max

ANF min

FIRST STEP: 

YEAST 

PROCESSING

SECOND STEP: 

INCUBATION 

AND SPECTRA 

ACQUISITION

THIRD STEP: 

SPECTRA 

ANALYSIS

formic acid + ethanol protein extraction



Vella et al., JCM. 2013

We have shown that MS-AFST correctly classified 

100% (51/51) and 90.9% (10/11) of WT and FKS1

mutant isolates of C. albicans as caspofungin

susceptible and caspofungin resistant, respectively.



Vella et al., JCM. 2013

 The prospect of a same-day AFST result with a rapid, “on-the-

fly” test for the susceptibility/resistance status in fungi is very 

attractive. Thus, we assessed whether our MS-AFST assay 

can be extended to include other Candida species with 

different growth kinetics and antifungal clinical breakpoints.

 Therefore, C. glabrata was chosen as a model test organism 

for the validation of MS-AFST against anidulafungin and 

fluconazole. The practical applicability of MS-AFST was 

demonstrated with a panel of 80 C. glabrata clinical isolates 

selected to represent phenotypically and 

genotypically/molecularly susceptible or resistant strains. 

The future of AFST



Vella et al., Sci. Rep., 2017

MALDI-TOF MS-based assays:

The example of C. glabrata and two antifungal agents.

 Two novel AFST assays were developed to achieve a reliable 

separation of susceptible and resistant C. glabrata isolates 

against anidulafungin and fluconazole, respectively. 

 We identified the 0.06 µg/mL for anidulafungin and 16 µg/mL for 

fluconazole as the respective concentrations at which the CCI 

values obtained by matching the “breakpoint” spectrum with the 

spectrum at maximal drug concentration (maximum CCIs) were, 

respectively, higher (for all the WT isolates) or lower (for all the 

NWT isolates) than the CCI values obtained when the 

“breakpoint” spectrum was matched with the spectrum at null 

drug concentration (null CCIs). 

The future of AFST



Using MS-AFST assay for discrimination between 

anidulafungin-resistant and anidulafungin-susceptible isolates

MS-AFST assay results for the 80 C. glabrata isolates tested against anidulafungin. Classification of

the isolates as susceptible or resistant to the antifungal drug is shown according to the FKS HS1

genotypes and MIC values.

Vella et al., Sci. Rep., 2017



Using MS-AFST assay for discrimination between fluconazole-

resistant and fluconazole-susceptible isolates

MS-AFST assay results for the 80 C. glabrata isolates tested against

fluconazole. Classification of the isolates as susceptible or resistant to

the antifungal drug is shown according to the CDR expression levels and

MIC values.

Vella et al., Sci. Rep., submitted



Overall Results

 By applying the 3 h MS-AFST assay on a panel of 80 C. 

glabrata isolates, we detected 85.0% (68/80) and 96.2% 

(77/80) of isolates with results of classification for 

anidulafungin and fluconazole, respectively, that were in full 

agreement with those obtained by the antifungal-resistance 

mechanism (FKS1/FKS2 genotype or (Cg)CDR1/CDR2

overexpression) characterization. 

 As many as 11 very major errors occurred when testing 

anidulafungin, whereas only 2 very major errors did when 

testing fluconazole, with the MS-AFST assay.

Vella et al., Sci. Rep., 2017



Resolving the misclassification errors obtained with MS-AFST assay
Isolate MIC

(µg/mL)
CLSI

category
MS-AFST assay result 

at
MPCC at MIC (µg/mL) CLSI

category
MS-AFST assay 

result at
MPCC at

3 h 6 h 9 h 12 h 15 h 3 h 6 h 9 h 15 h

Anidulafungin Fluconazole

DSP33 0.25 I S S R - 0.25

DSP34 1 R S R - - 0.5

DSP155 1 R S S R - 2

DSP180 0.25 I S S S R 0.25

DSP220 1 R S R - - 2 8 S R S - 8

DSP221 1 R S S R - 2 >64 R S S R 64

DSP259 1 R S S S R 0.5 64 R S R - 64

DSP265 2 R S S S R 8

DSP282 0.25 I S S S S 0.25

DSP307 1 R S S S R 1

DSP314 0.25 I S S S S 0.25

However, when MS-AFST assays were performed at 
15 h of incubation with both the antifungal drugs, we 
found 100% essential agreement between the 
MPCCs and MICs for all the 11 isolates. 

Resolution of discrepancies for C. glabrata isolates which were misclassified by the MS-AFST assay performed with a 3-h antifungal 

drug exposure. To attempt to give an explanation for discrepancies with the CLSI susceptible (S)/nonsusceptible (intermediate, I; resistant, R) 

category, MS-AFST assays were performed with the 11 isolates at the indicated times of incubation with anidulafungin or fluconazole. As 

shown, all the isolates except for DSP282 and DSP314 were classified as R to anidulafungin at a 6-h (2 isolates), 9-h (3 isolates) or 12-h (4 

isolates) drug exposure, whereas all (3 of the 11) isolates were classified as S (1 isolate) or R (2 isolates) to fluconazole at a 6-h (2 isolates) or 

9-h (1 isolate) drug exposure. The correct MS-AFST classification results achieved following prolonged drug-exposure times are marked in 

bold. In the meanwhile, MPCC values were determined, using the previously developed version of MS-AFST assay, for all the isolates and 

showed excellent (100%) categorical agreement with the CLSI MIC values.

Vella et al., Sci. Rep., 2017



Cell growth parameters determined by an 

algorithm-based automatic calculation for C. 

glabrata isolates exposed to anidulafungin

A total of 24 isolates, 2 with WT FKS genes, 6 with 

NWT FKS1 genes and 16 with NWT FKS2 genes 

were compared. 

For each group, growth parameters were evaluated in 

the isolates exposed to 0.06-µg/mL anidulafungin

(AND) in comparison to the same isolates that were 

not exposed to the antifungal drug. 

Two subgroups of FKS2-NWTfast and FKS2-NWTslow

isolates, i.e. identified within the FKS2-NWT isolates 

based on marked differences in their cell growth 

profiles, were also compared. The cell doubling times 

(in h; a) are measured at the maximal growth rate. 

The lag times (in h; b) represent the mean ± SD of 

three independent growth curves of cells exposed

Vella et al., Sci. Rep., 2017



	

Exposure of C. glabrata cells to 

anidulafungin. 

Cells from the DSP186 (FKS2-S663P; 

FKS2-Fast) and DSP34 (FKS2-P667T; 

FKS2-Slow) isolates were treated with 

0.06 µg/mL of anidulafungin (AND). 

4 x 104 cells were deposited in 

triplicate in the wells of 96-well plates 

and ODs were measured every 15 min 

for 48 h. 

Growth curves were derived from the 

raw OD curves and are shown as 

logarithmic curves, i.e. Ln (OD/ODi), 

where ODi is the initial OD.

Vella et al., Sci. Rep., submitted



Concluding remarks

Vella et al., Sci. Rep., submitted

 The presented data show the potential of our assay to become a 

clinically useful tool for rapid detection of antifungal resistance, 

although MS-AFST results at 3 h of the in vitro antifungal 

exposure were not always available, particularly for C. glabrata

isolates with echinocandin-associated FKS2 mutations.

 For poor growing isolates such as the isolates with altered FKS2

gene sequences, the difference between the set-ups is 

insufficient to allow a reliable comparability of the MALDI-ToF

MS data which could lead to a misinterpretation. In these cases, 

prolonged run times with the MS-AFST assay are required.



MALDI-TOF fungal MS (Pros)

• Rapidity

• Inexpensiveness in terms of labor and 

consumables

• High discriminatory power, accuracy, and 

superiority over morphological analysis and 

comparable to molecular identification

• Ability to easily differentiate species that are 

morphologically and phylogenetically similar to 

each other 



MALDI-TOF fungal MS (Cons)

• MALDI-TOF MS equipment is not cheap

• Molecular diagnostic techniques are still required in 

cases for which no reference spectra are present in 

the MALDI-TOF MS databases at the time of analysis

• Apart from positive blood cultures and urine, MALDI-

TOF cannot yet used directly on patient samples

• Also, the system have some difficulties to identify the 

presence of several different pathogens in a sample
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