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ABSTRACT Although to a lesser extent than diagnostic bacteriology, matrix-assisted
laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) has re-
cently revolutionized the diagnostic mycology workflow. With regard to filamentous
fungi (or molds), the precise recognition of pathogenic species is important for rapid
diagnosis and appropriate treatment, especially for invasive diseases. This review
summarizes the current experience with MALDI-TOF MS-based identification of com-
mon and uncommon mold species of Aspergillus, Fusarium, Mucorales, dimorphic
fungi, and dermatophytes. This experience clearly shows that MALDI-TOF MS holds
promise as a fast and accurate identification tool, particularly with common species
or typical strains of filamentous fungi.
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Invasive mold infections continue to occur among immunocompromised patients,
particularly those receiving hematopoietic stem cell or solid-organ transplantation

(1), and are associated with increased health care costs (2). Beyond Aspergillus species,
which remain a major cause of invasive disease, other molds (or filamentous fungi) such
as the ascomycete Fusarium and Scedosporium species and Mucoromycotina (Rhizopus,
Mucor, and Lichtheimia corymbifera) species have emerged as causes of life-threatening
infections (3). The species-level identification of invasive molds is important because it
is widely accepted that rapid diagnosis of infection coupled with the timely onset of
appropriate antifungal therapy are key determinants of disease outcome (1). In addi-
tion, other clinically relevant filamentous fungi, such as dermatophytes, deserve con-
sideration for emerging diagnostic technologies (4) because phenotypic identification
of these fungi is particularly challenging.

Matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS) has recently revolutionized the diagnostic mycology workflow (5, 6) and, albeit
to a lesser extent than diagnostic bacteriology, is gradually replacing conventional
identification methods. Four different MALDI-TOF MS benchtop platforms are now
commercialized for the routine identification of fungi in clinical microbiology
laboratories. Together with the Andromas (Andromas SAS, Paris, France) and the
Axima@Saramis (Shimadzu/AnagnosTec, Duisburg, Germany) systems, the Bruker
Biotyper (Bruker Daltonics, Bremen, Germany) and the Vitek MS (bioMérieux, Marcy
l’Etoile, France) systems are currently employed in Europe (5, 6), whereas only the latter
two systems are approved by the U.S. Food and Drug Administration for clinical
diagnostic use (albeit limited to bacteria and yeasts). In particular, the Bruker Daltonics
instrument provides its own solution (i.e., MALDI Biotyper), which is comprised of
software and a database, whereas the Vitek MS system integrates the SARAMIS (Spec-
tral Archiving and Microbial Identification System) database (i.e., an open database
made by AnagnosTec) with its own closed database (7). Biotyper software generates
(log) score values ranging from 0 to 3, with scores of !2 and !1.7 being recom-
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TABLE 1 Studies evaluating the performance of MALDI-TOF MS for species identification of clinically relevant moldsa

MALDI systemb Genus or group Species studied (no. of species)

Acceptance
criterion for
IDc

No. of isolates with ID
result/total no. of isolates
identifiable in DBd DB used for identification of isolates

Accuracy
(%)

Comparator
method(s)e Reference

Vitek MS Aspergillus A. flavus !60% 3/9 Vitek MS IVD 33.0 MB, MO 23
6/9 SARAMIS 66.0

A. nomius !60% 0/3 Vitek MS IVD 0.0 MB, MO
0/3 SARAMIS 0.0

A. tamarii !60% 0/2 Vitek MS IVD 0.0 MB, MO
0/2 SARAMIS 0.0

Bruker Daltonics Aspergillus Aspergillus spp. (23)f !2.0 20/21 Biotyper 95.2 MB, MO 24
24/24 In-house 100

Bruker Daltonics Fusarium Fusarium spp. (19)g !2.0 222/268 In-house 82.8 MB, MO 25

Bruker Daltonics Rhizopus R. arrhizus NR 25/25 In-house 100 MB 27
R. microsporus NR 13/13 In-house 100 MB

Bruker Daltonics Talaromyces T. marneffei !2.0 39/39 In-house 100 MB 28

Bruker Daltonics Talaromyces T. marneffei !2.0 23/28 In-house (NTUH-3370) 82.1 MB, MO 29
Paecilomyces Paecilomyces spp. (3) !2.0 0/12 Biotyper (general library and Filamentous

Fungi Library 1.0)
0.0 MB, MO

Fusarium Fusarium solani !2.0 1/6 Biotyper (general library and Filamentous
Fungi Library 1.0)

16.6 MB, MO

Rhizopus Rhizopus spp. (3) !2.0 0/3 Biotyper (general library and Filamentous
Fungi Library 1.0)

0.0 MB, MO

Bruker Daltonics Paecilomyces Paecilomyces spp. (4) !2.0, !1.8 67/71 Original Biotyper library, supplemented 94.3 MB, MO 30

Vitek MS Dermatophytes Trichophyton spp. (7), Arthroderma
benhamiae, Microsporum spp. (4),
Epidermophyton floccosum

!60% 125/131 In-house Vitek MS knowledge base 95.4 MB, MO 31

Bruker Daltonics Dermatophytes Trichophyton spp. (6), Microsporum
spp. (4), Epidermophyton
floccosum

!2.0, 1.7–2.0 64/64 In-house 100 MB, MO 32

Bruker Daltonics Dermatophytes Trichophyton spp. (7), Microsporum
spp. (3), Epidermophyton
floccosum

!2.0 17/126 Original Biotyper library 13.5 MO 33

"2.0 113/126 Original Biotyper library, supplemented 89.7
aData obtained from previously reported articles selected for this review. Abbreviations: DB, database; ID, identification; MB, molecular biology; MO, morphology; MS, mass spectrometry; NR, not reported.
bPrior to MALDI-TOF MS analysis, samples were prepared by using the complete protein extraction method, as recommended by the vendors of both systems.
cIn-house databases are self-made spectral libraries that were initially constructed and validated and then challenged alone or in combination with the commercial databases of the respective systems. Otherwise,
databases were supplemented with spectral entries corresponding to species not (or not well) represented in the original databases.

dThe values reported indicate confidence or score values used as identification cutoffs with the Vitek MS and Bruker Daltonics systems, respectively.
eTo assess the rate of correct identifications by MALDI-TOF MS, results were compared with identifications obtained by molecular biology (i.e., DNA sequencing of single or multiple gene regions) and/or morphology
methods. Discrepancies between MALDI-TOF MS identification results and morphology identification results were resolved by molecular biology analyses; if the last results confirmed those of MALDI-TOF MS, the isolates
were considered correctly identified by MALDI-TOF MS, regardless of the morphology identification results.

fAmong the Aspergillus species included in the study, only rare species were considered for review purposes.
gAmong the Fusarium species included in the study, only those species represented by more than one strain in the data set were selected for review purposes.M
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• 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. 

Direct Analysis and Identification of Pathogenic Lichtheimia Species
by Matrix-Assisted Laser Desorption Ionization–Time of Flight
Analyzer-Mediated Mass Spectrometry

Wieland Schrödl,a Tilo Heydel,a Volker U. Schwartze,b,c Kerstin Hoffmann,b Anke Große-Herrenthey,a Grit Walther,b,d

Ana Alastruey-Izquierdo,e Juan Luis Rodriguez-Tudela,e Philipp Olias,f Ilse D. Jacobsen,c G. Sybren de Hoog,d and Kerstin Voigtb,c

University of Leipzig, Faculty of Veterinary Medicine, Institute of Bacteriology and Mycology, Leipzig, Germanya; University of Jena, School of Biology and Pharmacy,
Institute of Microbiology, Department of Microbiology and Molecular Biology, Jena, Germanyb; Leibniz Institute for Natural Product Research and Infection Biology—
Hans-Knöll-Institute, Jena, Germanyc; CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlandsd; Instituto de Salud Carlos III National Centre of Microbiology,
Majadahonda (Madrid), Spaine; and Freie Universität Berlin, Department of Veterinary Pathology, Berlin, Germanyf

Zygomycetes of the order Mucorales can cause life-threatening infections in humans. These mucormycoses are emerging and
associated with a rapid tissue destruction and high mortality. The resistance of Mucorales to antimycotic substances varies be-
tween and within clinically important genera such as Mucor, Rhizopus, and Lichtheimia. Thus, an accurate diagnosis before on-
set of antimycotic therapy is recommended. Matrix-assisted laser desorption ionization (MALDI)–time of flight (TOF) mass
spectrometry (MS) is a potentially powerful tool to rapidly identify infectious agents on the species level. We investigated the
potential of MALDI-TOF MS to differentiate Lichtheimia species, one of the most important agents of mucormycoses. Using the
Bruker Daltonics FlexAnalysis (version 3.0) software package, a spectral database library with m/z ratios of 2,000 to 20,000 Da
was created for 19 type and reference strains of clinically relevant Zygomycetes of the order Mucorales (12 species in 7 genera).
The database was tested for accuracy by use of 34 clinical and environmental isolates of Lichtheimia comprising a total of five
species. Our data demonstrate that MALDI-TOF MS can be used to clearly discriminate Lichtheimia species from other patho-
genic species of the Mucorales. Furthermore, the method is suitable to discriminate species within the genus. The reliability and
robustness of the MALDI-TOF-based identification are evidenced by high score values (above 2.3) for the designation to a cer-
tain species and by moderate score values (below 2.0) for the discrimination between clinically relevant (Lichtheimia corymb-
ifera, L. ramosa, and L. ornata) and irrelevant (L. hyalospora and L. sphaerocystis) species. In total, all 34 strains were unequivo-
cally identified by MALDI-TOF MS with score values of >1.8 down to the generic level, 32 out of 34 of the Lichtheimia isolates
(except CNM-CM 5399 and FSU 10566) 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 mini-
mal preparation time.

Among the basal lineages of terrestrial fungi (formerly Zygo-
mycetes), the Entomophthorales and Mucorales are known

to cause infections in humans which are named entomophthoro-
mycoses and mucormycoses, respectively. Whereas entomoph-
thoromycoses are characterized by local infections of the skin and
the gastrointestinal tract, mucormycoses comprise deep and sys-
temic infections of the rhinocerebral and bronchorespiratory tract
(20). Although both types of mycoses (formerly summarized as
zygomycoses) are regarded to be comparatively uncommon, the
number of patients with mucormycoses has increased during the
last decades (21). These infections are associated with rapid infarct
of the blood vessels and high mortality (13). Mucormycosis-
inducing pathogens belong to the Mucorales, e.g., Rhizopus,
Apophysomyces, Mucor, Cunninghamella, and Lichtheimia (for-
merly, Mycocladus, Absidia) (13, 20, 26).

Susceptibility of different zygomycetes to antifungal drugs var-
ies considerably (2, 3, 4, 8). Therefore, fast and accurate identifi-
cation of the pathogen is crucial for estimation of the incidence for
mucormycoses caused by Lichtheimia species in monitoring sur-
veys (e.g., the survey of Skiada et al. [23]) and to enrich reposito-
ries (e.g., Fungiscope) with clinical specimens. The conventional
diagnosis includes the identification based on the morphology of
the cultivated strains or on histopathology (7, 16). Both methods

require considerable experience for correct identification of gen-
era and species. Alternatively, molecular identification based on
PCR using universal or taxon-specific primers can be used (7, 26).
However, the purification of DNA followed by PCR-mediated de-
tection is labor- and time-consuming, is highly dependent on the
specificity of the oligonucleotide primers, and often requires sub-
sequent sequencing of the PCR amplicons. Thus, identification by
PCR is not easily adaptable to routine analysis in diagnostic labo-
ratories. The requirements for a fast and accurate identification
increasingly necessitate the development of more rapid, broad-
spectrum identification strategies for clinical use. Diagnostic
methodologies based on matrix-assisted laser desorption ioniza-
tion (MALDI)–time of flight (TOF) mass spectrometry (MS) have
successfully been used in recent years to discriminate clinically
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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%

Basso PPV
Alto NPV



10% IFI prevalence
PPV 21%
NPV 94%



16% IFI prevalence
PPV 72,2%
NPV 98,7%



• 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%



• The aim of this study was to evaluate the sensitivity and the levels of 1,3-beta-D-
glucan (BDG) among patients with candidaemia due to different Candida species

• Retrospective study of all (107) patients who had a single-species candidaemia and 
BDG testing performed within 48 h from the onset of candidaemia during 2009-2015 
was performed. 

• Factors influencing the sensitivity of BDG (presence of a central venous catheter, 
antifungal therapy and Candida species) were analysed in univariate and multivariate 
models. 

• BDG sensitivity and levels were the highest in C. albicans candidaemia and lowest for 
C. parapsilosis

• In multivariate analysis, Candida species (parapsilosis versus others) was the only 
factor influencing the sensitivity of BDG (OR 0.3, 95% CI 0.1-0.7, p 0.006).

• The sensitivity of BDG in candidaemia seems highly dependent on the fungal 
species, with the lowest being for C. parapsilosis.

Research note

Lower sensitivity of serum (1,3)-b-D-glucan for the diagnosis of candidaemia due
to Candida parapsilosis

M. Mikulska 1, 2, *, 4, D.R. Giacobbe 1, 2, 4, E. Furfaro 1, A. Mesini 1, A. Marchese 3, V. Del Bono 2, C. Viscoli 1, 2
1) Division of Infectious Diseases, Department of Health Sciences, University of Genoa, Genoa, Italy
2) Division of Infectious Diseases, IRCCS San Martino University Hospital-IST, Genoa, Italy
3) Microbiology Unit, University of Genoa (DISC) and IRCCS San Martino-IST, Genoa, Italy
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a b s t r a c t

The aim of this study was to evaluate the sensitivity and the levels of 1,3-b-D-glucan (BDG) among pa-
tients with candidaemia due to different Candida species. Retrospective study of all patients who had a
single-species candidaemia and BDG testing performed within 48 h from the onset of candidaemia
during 2009e2015 was performed. Factors influencing the sensitivity of BDG, including the presence of a
central venous catheter, antifungal therapy and Candida species, were analysed in univariate and
multivariate models. In all, 107 patients with the following Candida distribution were included: 46 (43%)
Candida albicans, 37 (35%) Candida parapsilosis, and 24 (22%) other species. BDG sensitivity and levels
were the highest in C. albicans candidaemia and lowest for C. parapsilosis (respectively, 72% and 410 pg/
mL for C. albicans, 41% and 39 pg/mL for C. parapsilosis, and 63% and 149 pg/mL for other species; p 0.015
and p 0.003). In multivariate analysis, Candida species (parapsilosis versus others) was the only factor
influencing the sensitivity of BDG (OR 0.3, 95% CI 0.1e0.7, p 0.006). The sensitivity of BDG in candidaemia
seems highly dependent on the fungal species, with the lowest being for C. parapsilosis. M. Mikulska,
CMI 2016;▪:1
© 2016 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.

(1,3)-b-D-Glucan (BDG) is a useful serological marker of invasive
fungal infections, and it is recommended by international guide-
lines for the diagnosis of invasive candidiasis [1]. Although all
Candida species contain BDG within the fungal cell wall, some
species may have lower concentrations than others. For example,
an in vitro study reported lower levels of BDG in non-albicans
species such as Candida lusitaniae when compared with other
species [2]. In addition, two studies with a low number of Candida
parapsilosis isolates suggested a lower sensitivity of BDG in the case
of C. parapsilosis candidaemia compared with infections caused by
other species [3e5].

Candida parapsilosis is being isolated with increasing frequency
and is currently the second or third most frequent species isolated
in patients with candidaemia [6,7]. Therefore, understanding the
performance of BDG in this infection is of utmost importance. The

aim of this study was to evaluate the differences in the sensitivity of
BDG and in BDG levels among patients with candidaemia caused by
different Candida species, with particular attention to candidaemia
due to C. parapsilosis.

All patients who had a single-species candidaemia between 1
January 2009 and 30 June 2015 and sampling for BDG testing
performed within (before or after) 48 h from the onset of candi-
daemia were included in the study. The onset of candidaemia was
defined as the day on which the first blood culture, which later
resulted positive for Candida, was drawn. The patients were
retrospectively identified by cross-checking the central laboratory
database of all cases of candidaemia and the database of BDG
testing.

The following demographic and clinical data were collected:
age, gender, baseline co-morbidities (chronic renal failure, diabetes
mellitus, solid or haematological malignancy), haematopoietic
stem-cell transplantation, recent major surgery or chemotherapy
(within 3 months), ward of stay at the time of candidaemia
(intensive care unit/surgical versus haematological/medical),
Candida colonization of non-sterile sites, presence of a central
venous catheter, haemodialysis, receipt of albumin or
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Prospective Evaluation of Serum β-Glucan Testing
in Patients With Probable or Proven Fungal Diseases
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Background. Early diagnosis and treatment are crucial in invasive fungal diseases (IFD). Serum (1-3)-β-D-glucan (BG) is be-
lieved to be an early IFD marker, but its diagnostic performance has been ambiguous, with insufficient data regarding sensitivity at
the time of IFD diagnosis (TOD) and according to outcome. Whether its clinical utility is equivalent for all types of IFD remains
unknown.

Methods. We included 143 patients with proven or probable IFD (49 invasive candidiasis, 45 invasive aspergillosis [IA], and 49
rare IFD) and analyzed serum BG (Fungitell) at TOD and during treatment.

Results. (1-3)-β-D-glucan was undetectable at TOD in 36% and 48% of patients with candidemia and IA, respectively; there was
no correlation between negative BG results at TOD and patients’ characteristics, localization of infection, or prior antifungal use.
Nevertheless, patients with candidemia due to Candida albicans were more likely to test positive for BG at TOD (odds ratio = 25.4,
P = .01) than patients infected with other Candida species. In 70% of the patients with a follow-up, BG negativation occurred in >1
month for candidemia and >3 months for IA. A slower BG decrease in patients with candidemia was associated with deep-seated
localizations (P = .04). Thirty-nine percent of patients with rare IFD had undetectable BG at TOD; nonetheless, all patients with
chronic subcutaneous IFD tested positive at TOD.

Conclusions. Undetectable serum BG does not rule out an early IFD, when the clinical suspicion is high. After IFD diagnostic,
kinetics of serum BG are difficult to relate to clinical outcome.

Keywords. (1-3)-β-D-glucan; diagnostic tool; invasive fungal diseases; kinetics.

The incidence of invasive fungal diseases (IFDs) has increased in
the past decades as a consequence of the ever-growing population
of immunocompromised patients (with a solid organ transplant
[SOT] or hematopoietic stem cell transplant) or patients receiv-
ing advanced critical care [1–4]. Aside from Pneumocystis jirove-
cii, the most common threats are Candida spp and Aspergillus
spp, but a large variety of other opportunistic fungal pathogens
can cause severe diseases in vulnerable patients. A key to a favor-
able prognosis of these deadly infections is early initiation of an
accurate antifungal therapy, which itself relies on early diagnosis.
Nonetheless, diagnosis of both common and rare IFD remains

challenging, partly due to the limited availability of sensitive
early diagnostic markers.

Among possible markers, (1-3)-β-D-glucan (BG), an abundant
cell wall polysaccharide found in a majority of fungi [5], has been
used more and more frequently in the last 5 years [6, 7]. It has
been proposed as an early biomarker of IFD and is included in
diagnostic criteria of IFD in the 2008 version of European Orga-
nization for Research and Treatment of Cancer/Mycoses Study
Group (EORTC/MSG) [6]. However, this marker cannot discrim-
inate the various fungi that can cause IFD.

Different studies have evaluated clinical performance of the BG
assay. Some focused on specific target populations (ie, hematolog-
ical patients [8], intensive care unit [ICU] patients [9, 10], or the
pediatric population [11]) or on specific IFD types (candidemia
[10, 12] or invasive aspergillosis [IA] [8]), whereas others included
all kinds of patients with all kinds of IFD [13, 14]. They reported
wide discrepancies on sensitivity (40%–100%) and specificity
(45%–99%) of the assay [7, 15, 16], probably due to the heteroge-
neity of their designs. Other studies have analyzed diagnostic util-
ity of serial BG sampling before diagnosis of IFD [17–20], with
some of them emphasizing its value as an early IFD marker, espe-
cially in invasive candidiasis (IC) [10, 17, 18, 20]. Finally, a few
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Table 1. Demographics, Clinical Characteristics, and Mycological Data of the Patients With Invasive Candidiasis at the Time of Diagnosis

Patient
ID Age Gender

Category of
Patient

Sample
Providing
Diagnosis

Candida Species/
Diagnostic Element

Location of
Candidiasis

Duration of
Candidemia

(Days)

BG at TOD

Time Interval
Between Sample

Providing Diagnosis
and BG Sample

(Days)

BG
Value

(pg/mL)

1 23 M Hematology Blood culture Candida lusitaniae Blood 3 2 267
2 72 M Hematology Blood culture Candida krusei Blood 1 −1 >523
3 41 F Hematology Blood culture Candida glabrata Blood 3 3 <80
4 46 M Hematology Blood culture Candida tropicalis Blood 1 2 >523

5 59 M Hematology Blood culture C. glabrata Blood 4 3 <80
6 61 M Hematology Blood culture Candida guilliermondii Blood 5 −1 <80
7 76 M Hematology Blood culture C. glabrata Blood 2 0 471
8 64 F Hematology Blood culture Candida albicans Blood 1 0 156
9 62 F Hematology Blood culture C. guilliermondii Blood 1 −1 <80
10 51 F Hematology Blood culture C. krusei Blood 6 3 116
11 46 M Hematology Blood culture C. guilliermondii Blood 2 2 <80
12 68 M Hematology Blood culture Candida norvegensis Blood 5 −1 <80
13 74 M Hematology Blood culture C. albicans Blood 4 1 278
14 61 F Hematology Blood culture C. norvegensis Blood 3 2 <80
15 75 M Hematology Blood culture C. albicans Blood 1 3 <80
16 77 M Hematology Blood culture C. albicans Blood 1 2 233
17 30 M Hematology Blood culture C. albicans Blood 4 1 >523
18 56 M SOT Blood culture Candida parapsilosis Blood 1 2 131
19 65 M SOT Blood culture C. parapsilosis Blood 4 3 >523
20 70 F SOT Blood culture C. parapsilosis Blood 1 5 87
21 44 F SOT Blood culture C. tropicalis Blood 1 0 260
22 14 F Pediatric ICU Blood culture Kodamaea ohmeri Blood 3 6 <80
23 0 M Pediatric ICU Blood culture C. albicans Blood 1 2 372
24 17 F Pediatric ICU Blood culture C. albicans Blood 1 4 100
25 2 M Pediatric ICU Blood culture C. albicans Blood 2 5 >523
26 2 M Pediatric ICU Blood culture C. parapsilosis Blood 1 3 <80
27 6 F Pediatric ICU Blood culture Hyphopichia burtonii Blood 2 2 <80
28 1 F Pediatric ICU Blood culture C. lusitaniae Blood 2 7 <80
29 1 F Pediatric ICU Blood culture C. tropicalis Blood 1 3 216
30 2 M Pediatric ICU Blood culture C. guilliermondii Blood 1 2 <80
31 75 M Hematology Blood culture C. albicans Blood, Urine 1 2 428
32 12 M Pediatric ICU Blood culture C. lusitaniae Blood, Urine 1 3 <80
33 2 M Pediatric ICU Blood culture C. albicans Blood, Urine 4 2 179
34 7 M Pediatric ICU Blood culture C. krusei Blood, Ascites 1 7 <80
35 64 F Hematology Blood culture C. glabrata; C. krusei Blood, Abdominal

abscess
11 −1 367

36 4 F Pediatric ICU Blood culture,
Pericardial
fluid

C. albicans Blood, Sternum,
Mediastinum,

3 7 97

37 42 F Hematology Blood culture C. albicans Blood, Brain 6 2 >523
38 66 M Hematology Blood culture C. albicans Blood, Brain 5 0 411
39 63 F Hematology Blood culture C. albicans; Candida

kefyr
Blood, Intestine 3 4 >523

40 34 M Hematology Blood culture C. albicans Blood, Liver,
Spleen, Kidney

1 2 >523

41 31 M Hematology Blood culture C. albicans Blood, Liver,
Spleen, Kidney

1 0 460

42 0 F Preterm
neonate

Joint fluid
aspiration

C. albicans Multifocal
osteoarthritis,
Eye

na 7 >523

43 81 M Auto-immune
disorder

Bone biopsy C. albicans Spondylodiscitis na 4 274

44 27 M Sickle Cell
Anemia

Heart valve C. albicans Heart na −6a 117

45 55 M Hematology CT scanb Microabscesses Liver, Spleen na 1 260
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Patients with C. albicans
candidemia were 
significantly more likely 
to have a positive BG 
result at the TOD (15 of 
16) than did patients
with candidemia due to 
another Candida species 
(9 of 25; multivariate 
odds ratio = 25.4; 95% 
confidence interval, 3.6–
560.3; P <.01)
The most difficult 
Candida species to be 
detected were C. 
guilliermondii, C. 
norvegensis and C. 
parapsilosis







Population Intention Intervention SoR QoE Comment

Mixed population: adult ICU, 
haematological disorders, 
SOT

To 
diagnose 
IFD

Diagnostic 
assay

C II 5 different assays. Fungitell FDA approved and available in US 
and Europe, others only available in Japan
Overall sensitivity of 77% and specificity of 85%
Specificity limits its value in this setting

Screening 
assays

C II Two or more consecutive samples: sensitivity: 65%
Specificity: 93%
Studies included once to twice weekly

Adult haematological 
malignancy and HSCT

To diagnose 
IFD

Diagnostic 
assay

C II Overall sensitivity: 50-70%, specificity : 91-99%

ICU – mixed adult 
immunocompromised 
patients (haematology, SOT, 
cancer, immunosuppressive 
therapy, HIV)

To 
diagnose IA

Diagnostic 
assay

C II Overall sensitivity: 78 -85%, specificity: 36-75%, NPV: 85-92%
Specificity increased at higher cut-off values

ICU – mixed adult population: 
SOT, liver failure, 
immunosuppressed

Screening 
assays

C III Sensitivity: 91%, specificity: 58%, PPV: 25%, NPV: 98%.
Positive mean of 5.6 days before positive mould culture
High false positive rate in early ICU admission

Adult haematological 
malignancy and HSCT

To 
diagnose IA

Diagnostic 
assay

C II Overall sensitivity: 57-76%, specificity: 95-97%

Screening 
assays

C II Overall sensitivity: 46%, specificity: 97%
Confirmation with GM increases specificity

ß-D-glucan assay in diagnosing invasive aspergillosis
(ESCMID & ECMM joint recommendations for the laboratory diagnosis of invasive aspergillosis)

ICU, intensive care unit; SOT solid organ transplantation; IFD, invasive fungal disease; IA, invasive aspergillosis; PPV, positive predictive value; 
NPV, negative predictive value; GM, galactomannan; BDG, beta-D-glucan test. 

From: Lagrou et al, in preparation



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











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



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%.



• 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.)

Cortesy of A. Busca





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







• We examined changes over time in triazole MICs of 290 sequential 
Aspergillus isolates recovered from respiratory sources from 1999-2002 
(before introduction of the Aspergillus-potent triazoles voriconazole and 
posaconazole) and 2003-2015 at MD Anderson Cancer Center. 

• For the 107 patients with hematologic cancer and/or HSCT with invasive 
pulmonary aspergillosis, we correlated in vitro susceptibility with 42 day 
mortality. 

• n-WT MICs were found in 37 (13%) isolates and was only low level 
(MIC< 8 mg/l) in all isolates. 

• There was no correlation between in vitro MIC with 42 day mortality in 
patients with IPA, irrespective of antifungal treatment. 

• Asian race (OR = 20.9; 95% CI = 2.5-173.5; P = .005) and azole 
exposure in the prior 3 months (OR = 9.6; 95% CI = 1.9-48.5; P = .006) 
were associated with azole resistance.

Survival	curves	for	patients	who	had	either	
azole-wild	type	or	azole-non-wild	 type	
invasive	pulmonary	 aspergillosis	(IPA).	A,	
Kaplan-Meier	survival	curves.	B,	Adjusted	
survival	curves	(adjusted	for	history	of	
neutropenia,	lymphopenia,	 intensive	care	
unit	admission,	and	time	period	of	IPA	
diagnosis).



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. 

ImmunoPET/MR imaging allows specific detection of
Aspergillus fumigatus lung infection in vivo
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Invasive pulmonary aspergillosis (IPA) is a life-threatening lung disease
caused by the fungus Aspergillus fumigatus, and is a leading cause of
invasive fungal infection-related mortality and morbidity in patients
with hematological malignancies and bone marrow transplants. We
developed and tested a novel probe for noninvasive detection of
A. fumigatus lung infection based on antibody-guided positron emis-
sion tomography and magnetic resonance (immunoPET/MR) imaging.
Administration of a [64Cu]DOTA-labeledA. fumigatus-specific monoclo-
nal antibody (mAb), JF5, to neutrophil-depleted A. fumigatus-infected
mice allowed specific localization of lung infection when combined
with PET. Optical imaging with a fluorochrome-labeled version of
the mAb showed colocalization with invasive hyphae. 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 as-
sociated with lung inflammation. To our knowledge, this is the first
time that antibody-guided in vivo imaging has been used for non-
invasive diagnosis of a fungal lung disease (IPA) of humans, an
approach with enormous potential for diagnosis of infectious dis-
eases and with potential for clinical translation.

Aspergillus fumigatus | aspergillosis | immunoPET/MR | PET | imaging

Despite the success of therapeutics fighting against especially
bacteria and fungi, infectious diseases still remain one of the

main causes of death worldwide (1). Beside effective therapeu-
tics, the early and reliable differential diagnosis of infectious
diseases is of utmost importance; here noninvasive imaging can
have a huge impact. Imaging of infectious diseases is an emerging
field still in its infancy, but is nevertheless attracting considerable
attention from many disciplines in biomedical research, as well as
in patient care. There are several challenging aspects of imaging
infectious diseases, not at least the clear and reliable differentia-
tion between bacterial, fungal, and viral infection needed for the
best treatment options. Furthermore, infection is typically linked
to inflammation, which makes it mandatory to use pathogen
specific imaging probes to definitively and rapidly diagnose the
causative agent of the infectious disease.
Invasive pulmonary aspergillosis (IPA) is a frequently fatal lung

disease of neutropenic patients caused by the ubiquitous airborne
fungus Aspergillus fumigatus. As a leading cause of death in he-
matological malignancy and hematopoietic stem cell transplant
patients, the fungus accounts for the majority of the >200,000 life-
threatening infections annually with an associated mortality rate of
30–90% (2). Diagnosis of IPA is a major challenge as clinical
manifestations of the disease (febrile episodes unresponsive to

antibiotics, pulmonary infiltrates and radiological abnormalities)
are nonspecific, and methods for the detection of circulating
biomarkers such as β-D-glucan or galactomannan (GM) in the
bloodstream lack specificity or sensitivity (3). For this reason,
culture of the fungus from lung biopsy tissues remains the gold
standard test for IPA diagnosis (4), but this invasive procedure
lacks sensitivity, delays diagnosis, and is frequently not possible in
neutropenic patients. Recently, detection of A. fumigatus GM or
mannoprotein antigens in bronchoalveolar lavage (BAL) has
shown enormous promise for the early detection of the disease
especially when combined with point-of-care diagnostics (5).
However, BAL recovery is similarly intrusive and so a sensitive,
specific, and minimally invasive test that is amenable to repeated
application is needed to allow diagnostic-driven treatment with
antifungal drugs. Such a test should be able to discriminate be-
tween active lung infection caused by hyphal proliferation of the

Significance

Invasive pulmonary aspergillosis (IPA) is a frequently fatal lung
disease of immunocompromised patients, and is being in-
creasingly reported in individuals with underlying respiratory
diseases. Proven diagnosis of IPA currently relies on lung bi-
opsy and detection of diagnostic biomarkers in serum, or in
bronchoalveolar lavage fluids. This study supports the use of
immunoPET/MR imaging for the diagnosis of IPA, which is
so far not used for diagnosis. The antibody-guided imaging
technique allows accurate, noninvasive and rapid detection of
fungal lung infection and discrimination of IPA from bacterial
lung infections and general inflammatory responses. This work
demonstrates the applicability of molecular imaging for IPA
detection and its potential for aiding clinical diagnosis and
management of the disease in the neutropenic host.
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Invasive pulmonary aspergillosis (IPA) is a life-threatening lung disease
caused by the fungus Aspergillus fumigatus, and is a leading cause of
invasive fungal infection-related mortality and morbidity in patients
with hematological malignancies and bone marrow transplants. We
developed and tested a novel probe for noninvasive detection of
A. fumigatus lung infection based on antibody-guided positron emis-
sion tomography and magnetic resonance (immunoPET/MR) imaging.
Administration of a [64Cu]DOTA-labeledA. fumigatus-specific monoclo-
nal antibody (mAb), JF5, to neutrophil-depleted A. fumigatus-infected
mice allowed specific localization of lung infection when combined
with PET. Optical imaging with a fluorochrome-labeled version of
the mAb showed colocalization with invasive hyphae. 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 as-
sociated with lung inflammation. To our knowledge, this is the first
time that antibody-guided in vivo imaging has been used for non-
invasive diagnosis of a fungal lung disease (IPA) of humans, an
approach with enormous potential for diagnosis of infectious dis-
eases and with potential for clinical translation.

Aspergillus fumigatus | aspergillosis | immunoPET/MR | PET | imaging

Despite the success of therapeutics fighting against especially
bacteria and fungi, infectious diseases still remain one of the

main causes of death worldwide (1). Beside effective therapeu-
tics, the early and reliable differential diagnosis of infectious
diseases is of utmost importance; here noninvasive imaging can
have a huge impact. Imaging of infectious diseases is an emerging
field still in its infancy, but is nevertheless attracting considerable
attention from many disciplines in biomedical research, as well as
in patient care. There are several challenging aspects of imaging
infectious diseases, not at least the clear and reliable differentia-
tion between bacterial, fungal, and viral infection needed for the
best treatment options. Furthermore, infection is typically linked
to inflammation, which makes it mandatory to use pathogen
specific imaging probes to definitively and rapidly diagnose the
causative agent of the infectious disease.
Invasive pulmonary aspergillosis (IPA) is a frequently fatal lung

disease of neutropenic patients caused by the ubiquitous airborne
fungus Aspergillus fumigatus. As a leading cause of death in he-
matological malignancy and hematopoietic stem cell transplant
patients, the fungus accounts for the majority of the >200,000 life-
threatening infections annually with an associated mortality rate of
30–90% (2). Diagnosis of IPA is a major challenge as clinical
manifestations of the disease (febrile episodes unresponsive to

antibiotics, pulmonary infiltrates and radiological abnormalities)
are nonspecific, and methods for the detection of circulating
biomarkers such as β-D-glucan or galactomannan (GM) in the
bloodstream lack specificity or sensitivity (3). For this reason,
culture of the fungus from lung biopsy tissues remains the gold
standard test for IPA diagnosis (4), but this invasive procedure
lacks sensitivity, delays diagnosis, and is frequently not possible in
neutropenic patients. Recently, detection of A. fumigatus GM or
mannoprotein antigens in bronchoalveolar lavage (BAL) has
shown enormous promise for the early detection of the disease
especially when combined with point-of-care diagnostics (5).
However, BAL recovery is similarly intrusive and so a sensitive,
specific, and minimally invasive test that is amenable to repeated
application is needed to allow diagnostic-driven treatment with
antifungal drugs. Such a test should be able to discriminate be-
tween active lung infection caused by hyphal proliferation of the
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Examples of the autoradiography and the corresponding H&E
staining are depicted in Fig. 3A, Lower.

[18F]FDG Does Not Allow Identification of A. fumigatus Infection.
The clinical standard for PET-based diagnosis in oncology is
[18F]FDG-PET. To study whether this tracer was able to dis-
criminate between inflammatory processes and infections caused
by fungal and bacterial pathogens, we performed [18F]FDG-PET
in animals infected with A. fumigatus and S. pneumoniae.
[18F]FDG-PET-imaging showed strong lung uptake of the tracer,
irrespective of whether animals were infected with A. fumigatus
or S. pneumoniae. Even animals that only received an i.t. ad-
ministration of sterile PBS showed a clear uptake of [18F]FDG
24 and 48 h after treatment (Fig. 4A). The %ID/cc in the lungs of
A. fumigatus-infected animals between 3 and 48 h after infection
rose from 4.7 ± 1.6 to 12.3 ± 1.8, whereas the %ID/cc in the
lungs of the PBS-treated control animals increased from 3.1 ±
0.4 to 11.7 ± 3.1 (Fig. 4B). Likewise an increasing [18F]FDG
uptake was observed in the S. pneumoniae infected cohort with
3.4 ± 0.5%ID/cc (3 h) to 13.3 ± 4.6%ID/cc (48 h; Fig. 4B). The
ex vivo biodistribution further confirmed the in vivo PET
quantification, also showing no significant differences in the

[18F]FDG uptake of the various groups (Fig. 4C). These data
demonstrated that the metabolism-sensitive tracer [18F]FDG
lacks specificity and thus is unable to distinguish between in-
flammation, sterile irritation and pathogen-induced infection
and is incapable of identifying etiological agents of infection.

Discussion
IPA is a leading cause of death in immunocompromised patients
caused by the ubiquitous fungus A. fumigatus (2). The high rates
of morbidity and mortality associated with this disease are due,
to a large extent, to the paucity of diagnostic tests that allow
accurate and rapid diagnosis followed by early treatment with
mold-active drugs in patients presenting with fever of unknown
origin (3). Currently, IPA is diagnosed based on clinical symp-
toms, radiology, and laboratory tests such as mycological culture,
PCR, GM antigen tests, and microscopy (4, 10). However, most
of these methods are unspecific and time consuming, impeding
an early and accurate diagnosis. Radiology enables noninvasive
identification of lung abnormalities, but technologies such as
high-resolution CT, though able to visualize lung infections, are
considered nonspecific and so are unable to discriminate be-
tween different fungal pathogens or to differentiate fungal
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Fig. 2. [64Cu]DOTA-JF5 as disease-specific PET-tracer for A. fumigatus lung infection. (A) Sagittal maximum intensity projections (MIP), MRI, and fused PET/MRI
images of PBS-treated mice and S. pneumoniae-, Y. enterocolitica-, and A. fumigatus-infected mice injected with [64Cu]DOTA-JF5 (48 h after infection). Tracer
injection demonstrates highly specific accumulation in A. fumigatus-infected lung tissue compared with bacterial-infected or sham-treated animals. (A, Lower) Lungs
of the respective animals. (B) Quantification of the in vivo PET images showed a significantly higher uptake of [64Cu]DOTA-JF5 in the lungs of A. fumigatus-infected
animals compared with the lungs of the control groups. (C) The ex vivo biodistribution confirmed the in vivo PET results with significantly higher uptake of
[64Cu]DOTA-JF5 in the lungs of A. fumigatus-infected animals compared with the lungs of control animals 48 hpi. The systemic infection at the late stage of the
disease in neutropenic and A. fumigatus-infected animals is reflected by higher tracer accumulation in lymphatic and other organs. Black bars, PBS-treated controls
(n = 8); blue bars, S. pneumoniae-infected mice (n = 5); orange bars, Y. enterocolitica-infected mice (n = 5); red bars, A. fumigatus-infected mice (n = 5). Data are
expressed as the average ± SD (%ID/cc: PET; %ID/g: ex vivo biodistribution), one-way ANOVA, post hoc Tukey–Kramer corrected for multiple comparisons, *P < 0.05.
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Improving	microbiology	 diagnostic	
methods	 is	also	a	means	of	AFS!!


