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From: Posteraro et al., Expert Rev. Proteomics, 2013
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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., 2017, in press



Unknown mould

Log(score)≥2.0?

Species
identification

YES

Match to fungi database

MALDI-TOF MS processing

H2O

MALDI-TOF spectrum 
profile acqusition

HCCA matrixAbsolute 
ethanol

Molecular
identificationNO

Data entry 
in fungi 

database

Work-flow for mould identification by MALDI-TOF MS





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

other pathogenic species of the Mucorales. 

• 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. 

• 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. 



MALDI-TOF: Pros and Cons

• Pros

– Rapid

– Inexpensive in terms of labor 

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

– 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 is not able to 

identify the presence of several 

different pathogens in a sample



Key reasons underlying the demand for 

noninvasive and reliable fungal diagnostic tools

• Early diagnosis and identification of fungal infection

(to improve the survival of affected patients)

• Accurate estimates of fungal disease burden (to 

sustain long-term surveillance programs for fungal 

diseases)



75% 87%

Low PPV
High NPV



• Objectives:

– To determine the effects of a strategy that uses (1,3)-β-D-glucan (BDG) results for antifungal 
treatment of ICU patients at high risk of invasive candidiasis.

• Methods:

– Patients were included in the analysis if they exhibited sepsis at the time of BDG testing, and they 
met Candida-score components (i.e., severe sepsis, total parenteral nutrition, surgery, or multifocal 
Candida colonization) to reach a ≥3 value.

• Results:

– 198 patients were studied

– Of 63 BDG-positive patients, 47 with candidemia and 16 with probable Candida infection, all 
received antifungal therapy

– Of 135 BDG-negative patients, 110 (55.5%) did not receive antifungal therapy, whereas 25 (12.6%) 
were initially treated. In 14 of these 25 patients antifungals were discontinued as negative BDG 
results were notified. Candidemia was subsequently diagnosed only in one patient who did not 
receive prior antifungal therapy

– The median antifungal therapy duration in candidemic patients differed from that in non-
candidemic patients (14 days [IQR, 6–18 d] vs 4 days [IQR, 3–7 d]; p <0.001)

– Thus, unnecessary antifungal therapy was avoided in ~73% of potentially treatable patients and it 
was shortened in another ~20%



• Toto assess the combined performance of serum (1,3)-β-D-glucan (BDG) and 

procalcitonin (PCT) for the differential diagnosis between candidaemia and 

bacteraemia.

• From June 2014 to December 2015, all adult patients admitted to the ICU who had a 

culture proven candidaemia or bacteraemia, as well as BDG and PCT measured 

closely to the time of the index culture, were included in the study. The diagnostic 

performance of BDG and PCT was assessed either separately or in combination.

• 166 patients were included, 73 with candidaemia (44%) and 93 with bacteraemia 

(56%). 

• When both markers indicated candidaemia (BDG ≥80 pg/ml and PCT <2 ng/ml) they 

showed higher PPV (96%). When both markers indicated bacteraemia (BDG <80 

pg/ml and PCT ≥2 ng/ml), their NPV for candidaemia was similar to that of BDG used 

alone (95% vs. 93%).

• The combined use of PCT and BDG could be helpful in the diagnostic workflow for 

critically ill patients with suspected candidaemia.



• 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)



Prospective randomized controlled single-center 

unblinded study, performed in a mixed ICU. 

A total of 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.



In the biomarker strategy group, the laboratory recommendation

according to the fungal biomarker measurements was to stop

empirical antifungal treatment in 32 patients (59%). The

recommendation to stop empirical antifungal treatment did not

concern any of the patients diagnosed with proven invasive Candida

infection, except one patient with a positive culture for Candida in

peritoneal fluid. This recommendation was followed in 29 out of 32

patients (91%).



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.

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.

Conclusions: The use of a biomarker-based strategy increased the

percentage of early discontinuation of empirical antifungal treatment

among critically ill patients with suspected invasive Candida infection.

These results confirm previous findings suggesting that early

discontinuation of empirical antifungal treatment had no negative impact

on outcome. However, further studies are needed to confirm the safety of

this strategy.



• Serial BDG levels were measured in serum and CSF samples obtained 

from pediatric patients (aged 0–18 years) with a diagnosis of probable or 

proven Candida or Aspergillus CNS infection.

• Nine cases of FICNS were identified in patients aged 1 month to 18 years. 

All the patients at baseline had detectable BDG in their CSF. Among 7 

patients who completed therapy for an FICNS, all elevated CSF BDG 

levels decreased to <31 pg/mL. 

• The BDG assay is useful in diagnosing and therapeutically monitoring 

Candida and Aspergillus CNS infections in pediatric patients.









Population Intention Intervention SoR QoE Comment

Prolonged neutropenic patients 

and allogeneic stem cell 

transplantation recipients not on 

mold-active prophylaxis

Prospective 

screening for 

IA

GM in blood A I Highest test accuracy requiring 2 

consecutive samples with an OD index ≥ 

0.5 or retesting the same sample

Prospective monitoring should be combined 

with HRCT and clinical evaluation

Draw samples 

every 3-4 days

C III

Prolonged neutropenic patients 

and allogeneic stem cell 

transplantation recipients on 

posaconazole prophylaxis

Prospective 

screening for 

iIA

GM in blood D II Low prevalence of invasive aspergillosis in 

this setting with consequently low PPV of 

blood GM test

Prophylaxis may have a negative impact on 

sensitivity of the test

Patients with a haematological 

malignancy

•Neutropenic patients

•Non-neutropenic patients

To diagnose 

IA

GM in blood

A

B

II

II Significant lower sensitivity in non-

neutropenic patients

ICU patients To diagnose 

IA

GM in blood C II Better performance in neutropenic than in 

non-neutropenic patients

Solid organ recipients To diagnose 

IA

GM in blood C II Low sensitivity, good specificity.

Most data for lung TX (few other SOT 

patients with IA included)

Cancer patients To monitor 

treatment

GM in blood A II

Blood GM testing in diagnosing invasive aspergillosis
(ESCMID & ECMM joint recommendations for the laboratory diagnosis of invasive aspergillosis)

From: Lagrou et al, in preparation



• In patients under 

prophylaxis with mold-

active antifungal drugs 

GM test should be used as 

a DIAGNOSTIC TEST and 

not as a SCREENING 

TEST!!!!



Population Intention Intervention SoR QoE Comment

Any To diagnose 

pulmonary

aspergilosis

Galactommanan 

in BAL in 

haematological 

patients 

A II Galactomannan in BAL is a good tool to 

diagnose 

Optimal cut-off-ranging from 0.5 to 1.0

Any To diagnose 

cerebral 

aspergillosis

Galactomannan in 

CSF

B II No validated cut-off

Any To detect 

galactomannan in 

tissue

To apply 

galactomannan 

test on lung 

biopsies

B II Cut-off 0.5;

High sensitivity (90 %) and specificity 

(95%);

Specimens need to be sliced, precondition 

for doing so is that sufficient material is 

available 

Dilution in isotonic saline

GM testing in diagnosing invasive aspergillosis in other clinical samples
(ESCMID & ECMM joint recommendations for the laboratory diagnosis of invasive aspergillosis)

From: Lagrou et al, in preparation



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

tests and the clinical context (strong recomm; moderate-quality evid.)

• Serum and BAL galattomannan (GM) is recommended as an accurate 

marker for the diagnosis of IA in adult and pediatric patients when used in 

certain patient subpopulations (hematologic malignancy, HSCT) (strong 

recomm; high-quality evid.)

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

mold-active antifungal therapy or prophylaxis, but can be applied to 

bronchoscopy specimens from those patients (strong recomm; high-quality 

evid.)

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

high-risk patients (hematologic malignancy, allogeneic HSCT), but are not 

specific for Aspergillus (strong recomm; moderate-quality evid.)

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

recomm; moderate- quality evid.)
Courtesy of A. Busca



New diagnostic approaches in Medical 
Mycology

• Antigen detection

– Aspergillus lateral flow assay

– Cryptococcus lateral flow assay

• Molecular tests

– T2Candida 

– Histoplasma isothermal amplification

– Aspergillus PCR-test to detect resistance-related mutations

• Imaging diagnosis

– Aspergillus-specific ImmunoPET/MR 



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.





From: Prattes et al, Curr. Fungal Infect. Rep., 2016

Aspergillus LFD performance in BALF and serum 
in various patient cohorts 







• This study investigates the feasibility of lay counsellors conducting CrAg LFA 

screening in rural primary care clinics in Lesotho. 

• During the study period, 1,388 people were newly diagnosed with HIV, of 

whom 129 (9%) presented with a CD4 count <100 cells/mm3. 

• Of these, 128 (99%) were screened with CrAg LFA and 14/128 (11%) tested 

positive. 

• Twelve of the 14 (86%) were asymptomatic, and received outpatient 

fluconazole. 

• The two patients with symptomatic cryptococcal meningitis (CM) were 

referred to hospital, where they later died. 

• These early results support the wider use of CrAg LFA screening in remote 

primary care settings where upper cadres of healthcare staff may be in short 

supply. 



T2Candida Panel powered by T2 Magnetic 

Resonance (T2MR)

• T2MR combines proven magnetic resonance with innovative 
nanotechnology to accurately identify Candida pathogens in 
whole blood faster and easier than blood culture-based 
diagnostics



• 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 identification



From: Wilson et al, ID Week 2016

• Significant reduction of the time to appropriate therapy

• Significant reduction of the time to detection of Candida

• Significant reduction of the ICU length stay
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• This study assessed the value of the T2Candida Panel in a multi-hospital community 

health system on time to initiation of antifungal therapy in candidemic patients as 

well as the utilization of micafungin.  

• Outcomes were compared between those patients with candidemia prior to 

T2Candida implementation with those after implementation. 

• Micafungin utilization for patients with suspected candidemia/invasive candidiasis 

was compared with those with a negative T2 Candida Panel post-implementation.  

• There was a significant decrease in time to appropriate therapy in the post 

T2Candida group (34 hours versus 6 hours, P=0.0147). 

• Empiric antifungal therapy was avoided in 58.4% of T2Candida negative patients. 

• These results support the implementation of T2Candida to improve time to 

appropriate therapy for candidemic patients while simultaneously expanding 

antimicrobial stewardship efforts to appropriately utilize antifungals.



• Loop-mediated isothermal amplification (LAMP) assay for the rapid and 

inexpensive molecular diagnosis of histoplasmosis. 

• The LAMP assay was used to evaluate urine specimens (n 6) collected from HIV-

positive individuals with culture- and antigen-proven histoplasmosis 

• In addition, specimens from healthy persons (n 10) without evidence of 

histoplasmosis were used as assay controls. 

• The LAMP assay detected Hcp100 in 67% of antigen-positive urine specimens (4/6 

specimens), and results were negative in all healthy control urine specimens. 

• The Hcp100 LAMP assay is a rapid affordable assay that can be used to expedite 

culture confirmation of H. capsulatum in regions in which PDH is endemic. 

• Further, the results indicate proof of the concept that the assay can be used to 

detect Histoplasma DNA in a “easy” clinical sample, such as urine. 





AsperGenius

• AsperGenius® is a multiplex real-time PCR assay developed 

by PathoNostics. It rapidly diagnoses Aspergillus infections 

and simultaneously identifies azole resistance. 

• Species multiplex

– Aspergillus fumigatus

– Aspergillus terreus

– Aspergillus species

• Resistance multiplex

– L98H

– Tandem repeat 34

– T289A

– Y121F



• 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).



• In this paper was 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. 



Improving microbiology diagnostic 
methods is also a means of AFS!!


