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MALDI-TOF



Morbidity and Mortality Weekly Report; November 4 2016: http://www.cdc.gov/mmwr/index.html/ [Accessed November 2017];
Schelenz, et al. Antimicrobial Resistance and Infection Control 2016;5:35.

MALDI-TOF for Candida auris





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



MALDI-TOF: Pros and Cons

• Pros

– Rapid (~ 5 minutes)

– Inexpensive in terms of labour 

and consumables

– High discriminatory power, accuracy, and 

superiority over morphological analysis 

and comparable to molecular identification

– Able to easily differentiate species that are 

morphologically and phylogenetically 

similar to each other 

• Cons

– MALDI-TOF MS equipment is not cheap 

(~ 150,000 €)

– 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 be used 

directly on patient samples

– Also, the system is not able to identify the 

presence of several different pathogens in 

a sample

Posteraro B, et al. Expert Rev Proteomics. 2013;10(2):151-64.



75% 87%

Low PPV
High NPV

NPV: negative predictive value; PPV: positive predictive value.
Hou TY, et al. PLoS One. 2015;10(7):e0131602.

β-d-glucan: A meta-analysis



• Positive predictive value (PPV) and negative predictive value

(NPV) for candidaemia of (1,3)-β-D-glucan (BDG) and

procalcitonin (PCT) considered both separately and in

combination (BDG+PCT)

• The reported PPV for candidaemia (also readable as NPV for

bacteraemia) was obtained when both markers were

concordant in indicating candidaemia (BDG ≥80 pg/ml and

PCT <2 ng/ml), while the reported NPV for candidaemia

(also readable as PPV for bacteraemia) was obtained when

both markers when concordant in indicating bacteraemia

(BDG <80 pg/ml and PCT ≥2 ng/ml)

Giacobbe DR, et al. Crit Care 2017;21(1):176.

β-d-glucan and procalcitonin for early diagnosis



• Prospective, randomised, controlled 

single-center unblinded study, 

performed in a mixed ICU 

• 110 patients were randomly assigned 

to a strategy in which empirical 

antifungal treatment duration was 

determined by (1,3)-β-d-glucan, 

mannan, and anti-mannan serum 

assays, performed on day 0 and day 

4; or to a routine care strategy, based 

on international guidelines, which 

recommend 14 days of treatment

Rouze A, et al. Intensive Care Med 2017 doi: 10.1007/s00134-017-4932-8. [Epub ahead of print].

Biomarker strategy for early detection of empirical 
antifungal therapy



Rouze A, et al. Intensive Care Med, 2017

Biomarker strategy for early detection of empirical 
antifungal therapy

The primary endpoint of this study was the percentage of patients receiving early 

discontinuation of empirical antifungal treatment, defined as a discontinuation, for reasons 

other than death, strictly before day 7 after empirical antifungal treatment initiation.

Biomarker strategy (n=54) Routine care (n=55) P

Primary outcome

Early discontinuation of empirical 
antifungal treatment

29 (54) 1 (2) <0.0001

Secondary outcomes

Total duration of antifungal treatment 6 (4, 13) 13 (12, 14) <0.0001

No significant difference was found in the percentage of patients with subsequent proven 

invasive Candida infection, mechanical ventilation-free days, length of ICU stay, cost, and 

ICU mortality between the two study groups.





• A total of 1296 patients were studied. 

• Of them, 100 patients (candidemic) were in the Group 1 and the remaining 1196 patients (controls) 

in the Group 2. 

• According to the above cutoff values, sensitivity (%) and specificity (%) of the BDG assay ranged 

from 89.8 to 60.7 and 90.0 to 97.8, respectively, whereas the PPV (%) and NPV (%) ranged from 

40.6 to 68.3 and 99.1 to 97.0, respectively

Murri et al. Infect. Drug Resist., 2018, in press





Comparison of plasma and serum beta-D-glucan performance using the 

Wako assay in invasive fungal infections

• 50 serum and plasma paired samples collected from 18 patients with IFIs were tested.

• Using the predefined cut-off value of 11 pg/mL, all samples in the three patient groups studied had a positive

BDG measurement by the Wako assay.

• Although higher plasma median values were found, serum and plasma agreement was generally good.

• This suggests that the Wako assay can be reliably used with the two sample types to detect BDG in patients

with IFI.

Group (no.of patients) No. of paired 

samples

Median BDG values (range) in samples of Pearson’s 

correlation

P-value

Plasma, pg/ml Serum, pg/ml

Candidiasis (10)* 30 70.1 (15.3-1633) 41.4 (12.8-1027) 0.9532 <0.0001

Aspergillosis (5) 13 103.3 (14.8-1215) 97.0 (14.9-1256) 0.9906 <0.0001

Pneumocystosis (3) 7 57.2 (16.3-1215) 50.8 (15.2-1378) 0.9870 0.0003

All groups (18) 50 78.2 (14.8-1633) 54.2 (12.2-1387) 0.9916 <0.0001

De Carolis et al. ECCMID, 2018



Performance evaluation of Fungitell and Wako tests in 

detecting fungal infections

Test (cutoff) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Fungitell (80 pg/ml) 90,5% 95,3% 93,2% 93,3%

Wako serum (7 pg/ml) 86,1% 95,8% 93,7% 90,6%

Wako plasma (7 pg/ml) 90,5% 98,5% 98,9% 87,8%

Wako serum (11 pg/ml) 75,2% 99,5% 99,0% 84,8%

Wako plasma (11 pg/ml) 78,9% 98,5% 98,7% 76,5%

dic. ’18 17

• 328 serum and plasma paired samples collected from single patients were tested.

• Among these patients there are 79 invasive Candida infections, 41 aspergillosis and 17

Pneumocystis jirovecii pneumonia.

• The obtained results demonstrated a substantial similarity among the two methods, even

if the cutoff of 7 pg/ml seems to be able to better capture the studied fungal infections.

Sanguinetti et al. unpublished



BAL: bronchoalveolar lavage; HSCT: haematopoietic stem cell transplant; IA: invasive aspergillosis; 
IPA: invasive pulmonary aspergillosis; PCR: polymerase chain reaction; 

Slide courtesy of A. Busca; Patterson TF, et al. CID 2016;63:433-42.

IDSA Guidelines for the diagnosis and management of 
aspergillosis

• If PCR assays are used, results should be considered with other diagnostic tests and the 

clinical context (strong recommendation; moderate-quality evidence)

• Serum and BAL galactomannan (GM) is recommended as an accurate marker for the diagnosis 

of IA in adult and paediatric patients when used in certain patient subpopulations 

(haematologic malignancy, HSCT) (strong recommendation; high-quality evidence)

• GM is not recommended for routine blood screening in patients receiving mould-active 

antifungal therapy or prophylaxis, but can be applied to bronchoscopy specimens from those 

patients (strong recommendation; high-quality evidence)

• Serum assays for (1->3)-β-D-glucan are recommended for diagnosing IA in high-risk patients 

(haematologic malignancy, allogeneic HSCT), but are not specific for Aspergillus

(strong recommendation; moderate-quality evidence)

• We recommend performing BAL in patients with a suspicion of IPA (strong recommendation; 

moderate quality evidence)



Effect of anti-mould prophylaxis on serum galactomannan

In patients under 

prophylaxis with mould-

active antifungal drugs GM 

test should be used as a 

DIAGNOSTIC TEST and not 

as a SCREENING TEST!!!!

GM: galactomannan.
Duarte RF, et al. Clin Infect Dis. 2014;59(12):1696-702.



New diagnostic approaches in medical mycology

• Antigen detection

– Aspergillus lateral flow assay

– Cryptococcus lateral flow assay

– Histoplasma lateral flow assay (under development)

• Molecular tests

– T2Candida 

– Aspergillus PCR able to detect mutations related to azole resistance

• Imaging diagnosis

– Aspergillus-specific ImmunoPET/MR 

PET/MR: positron emission tomography/magnetic resonance.
Prattes J, et al. Curr Fungal Infect Rep 2016;10:43-50.



The Lateral-Flow Device (LFD) test is a rapid (15 min) single-sample 
point-of-care test that is based on the detection of an Aspergillus

extracellular glycoprotein antigen by monoclonal antibody JF5.

Held J, et al. Infection 2013; 41(6):1163-9.

Aspergillus lateral flow device: A point of care test



Lateral flow device test for invasive aspergillosis (IA)
(ESCMID & ECMM joint recommendations for the laboratory diagnosis of invasive aspergillosis)

BAL: bronchoalveolar lavage; LFD: Lateral Flow Device 
QoE: quality of evidence; SoR: strength of recommendation.

From: Ullmann et al, CMI, 2018



Boulware DR, et al. Emerging Infectious Diseases 2014;20.



T2Dx: Rapid Identification of Sepsis-Causing Pathogens

• As low as 1 CFU/mL LoD

• Easy to operate

• Minimal hands-on time

• Results in hours

Sensitivity: 91.1%2

Specificity: 99.4%2

• Candida albicans

• Candida tropicalis

• Candida krusei

• Candida glabrata

• Candida parapsilosis

Sensitivity: 95.8%1

Specificity: 98.1%1

• Enterococcus faecium

• Staphylococcus aureus

• Klebsiella pneumoniae

• Acinetobacter baumannii

• Pseudomonas aeruginosa

• Escherichia coli

Sensitivity: 95.8%1

Specificity: 98.1%1

Sensitivity: 91.1%2

Specificity: 99.4%2

1.T2Bacteria Pivotal Clinical Study.

2.Mylonakis, E., Clancy, C.J., Ostrosky-Zeichner, L., et al. (2015). T2 Magnetic Resonance assay for the rapid diagnosis of candidemia in whole blood: a clinical trial. Clinical Infectious Diseases, 2015



T2Dx Candida panel

• T2MR demonstrated an overall specificity per assay of 99.4% with a mean time to 

negative result of 4.2 ± 0.9 hours. The overall sensitivity was found to be 91.1% 

(96.6% considering also other studies) with a mean time of 4.4 ± 1.0 hours for 

detection and species identification1,2

• Significant reduction of the time to appropriate therapy (from 20 to 28 hours)3,4,5

• Significant reduction of the time to detection of Candida3

• Significant reduction of the ICU length of stay3

• Significant reduction in antifungal consumption4,5

• Strong indicator of complications and poor outcomes6
1. Mylonakis E, et al. CID, 2018
2. Clancy C, et al. CID, 2018
3. Wilson et al, ID Week 2016
4. Patch et al., JAC, 2018
5. Giannella et al., JAC, 2018
6. Munoz et al., JAC, 2018



• “Assuming sensitivity of 90% and specificity of 98%, anticipated positive and negative predictive values (PPVs/NPVs) of
T2Candida can be calculated”

• Thus, “T2Candida performance characteristics enable clinicians to assign clinical settings in which T2Candida is most
likely to be useful in guiding antifungal treatment decisions”. Indeed, “PPVs may exceed a threshold that justifies
antifungal treatment, while corresponding NPVs render active candidemia extremely unlikely”.





Overview of studies that applied real-time PCR assays directly on clinical specimen to 
detect azole resistance markers in Aspergillus fumigatus

Buil et al. Frontiers Microbiol.,. 2018



• Two hundred and one patients each contributed one BAL sample, of which 88 were positive 

controls and 113 were negative controls. 

• The sensitivity, specificity, positive predictive value and negative predictive value were 84%, 80%, 

76% and 87%, respectively. 

• Azole treatment failure was observed in 6/8 patients with a RAM compared with 12/45 patients 

without RAMs (P=0.01). Six week mortality was 2.7 times higher in patients with RAMs (50.0% 

versus 18.6%; P=0.07).



The absence of any positive test can 

obviate the need for antifungal agents 

with a NPV of 100%, whereas the 

presence of at least 2 positive results is 

highly suggestive of an active infection 

with a PPV of 88%.





• This paper evaluated a novel probe for noninvasive detection of A. fumigatus lung infection 

based on antibody-guided positron emission tomography and magnetic resonance 

(immunoPET/MR) imaging 

• Administration of a [64Cu]DOTA-labeled A. fumigatus-specific monoclonal antibody (mAb), 

JF5, to A. fumigatus-infected mice allowed specific localization of lung infection when 

combined with PET 

• The mAb-based newly developed PET tracer [64Cu]DOTA-JF5 distinguished IPA from 

bacterial lung infections and, in contrast to [18F]FDG-PET, discriminated IPA from a general 

increase in metabolic activity associated with lung inflammation

IPA: invasive pulmonary aspergillosis; PET/MR: positron emission tomography/magnetic resonance.
Rolle A-M, et al. Proc Natl Acad Sci U S A. 2016;113(8):E1026-33.



Rolle A-M, et al. Proc Natl Acad Sci U S A. 2016;113(8):E1026-33.



Improving microbiology 
diagnostic methods is 

also a means of 
antifungal stewardship!!

Munoz P, et al. Mycoses 2015 Jun;58 Suppl 2:14-25.

Effectiveness of the interventions should be measured using predefined indicators
Share the information and every success of your intervention with all members of the team!!!
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