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A draft proposal for definitions was developed and sent out by the president of the ECMM to
all ECMM council-members for critical revision, comments and suggestions, which were
implemented into the final draft.

3. Consensus Recommendations
3.1. Diagnosis of Breakthrough Infections Caused by Yeasts

3.1.1. Conventional Diagnostics

Clinical samples analyzed when an invasive yeast infection is suspected depends on the
suspected location(s) of fungal infections and typically include blood, urine, cerebrospinal fluid, or
tissue biopsies for deep or systemic infections. Skin scrapings, shaved nail or hair, vaginal secretions,
and swabs allow the detection of superficial infections [12].

Fungal culture is one of the primary lab-tests used to diagnose blIFI as it allows the identification
of the fungal pathogen and supports antifungal susceptibility testing. Species identification and
antifungal susceptibility profiles can help guide antifungal treatment. The most commonly used
culture media are Sabouraud dextrose and malt extract agar plates. Additional specialized media
such as chromogenic agar allow the separation of similar-looking colonies in cultures with mixed
growth of more than one yeast genus or species and the direct identification of some
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studies evaluating these assays is limited, and whether performance of mannan/anti-mannan is
impacted by antifungal agents remains unknown.
The presence of 1,3-
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(BioMérieux, Marcy-I'Etoile, France) (C. albicans, C. auris, C. glabrata, C. krusei, C. parapsilosis, C.
tropicalis and Cryptococcus neoformans/gattii) [40].

Metagenomic next-generation sequencing (MNGS), which analyzes the nucleic acids from a
broad spectrum of mixed populations of microorganisms simultaneously, is a strategy that can
potentially identify the causative pathogen when other strategies have failed, and has been used to
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patients are not proven by EORTC/MSGERC criteria (i.e., culture from a sterile site or biopsy evidence
of invasion): for example, in one large survey of HSCT recipients, only 11.5% of patients with A met
the criteria for proven infection [53]. The sensitivity of culture is imperfect, ranging from 30-60% from
bronchoalveolar lavage fluid (BALF) [54], and is lower for diagnosing bIFI in patients taking
antifungals. In a study of 53 patients with diagnosed IFI, of which 34/53 (64%) were on mold-active
antifungal prophylaxis, 16/53 (30%) were diagnosed with “proven” infection, with a sensitivity of
culture from BALF of only 3/16 (18.8%) [8]. Similar low sensitivities of culture have been described
in other studies for patients on mold-active antifungals [8, 55-57]. Thus, the diagnosis of bIFI in many
cases may be missed if diagnosis is relied on conventional diagnostics such as culture-based methods
or microscopy alone. In addition to limited sensitivity, culture-based diagnostics involving non-
sterile samples suffer from limited specificity: Positive culture results can represent fungal
colonization which can lead to misdiagnosis and overtreatment [58]. Nevertheless, fungal culture and
microscopy (from sterile sample) are essential for detecting rare mold infections, such as
mucormyecosis, fusariosis, scedosporiosis, lomentosporosis, and infections caused by other rare
molds, such as Microascus (formerly Scopulariopsis), Rasamsonia, or basidiomycetes. These pathogens
are normally only detected by fungal culture (or microscopy) with subsequent ITS sequencing or
MALDI-TOF MS [59] of the isolate for species identification.

3.2.2. Antigen-Based Diagnostics

Although galactomannan (GM) detection plays a crucial role for the diagnosis of 1A, several
studies have shown that systematically screening for GM in blood for the detection of bIFI in patients
receiving either posaconazole or micafungin during high-risk episodes is not useful due to the low
prevalence of infection and the associated low positive predictive value of a positive test result
[60,61]. As a consequence, the 2017 ESCMID-ECMM-European Respiratory Society (ERS) guidelines
for the diagnosis and management of Aspergillus disease provides a recommendation against the use
of serum GM
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common entities such as fusariosis. In a retrospective cohort (2004-2017) from a tertiary hospital in
Madrid, Spain, all (n = 7) cases of breakthrough invasive fusariosis were characterized by positive
BDG tests in blood [76], and GM testing has also been shown to be useful for diagnosing fusariosis
[77]. Lastly, a combination of multiple antigen-based diagnostics, conventional diagnostics, PCR-
based assays, and novel diagnostic markers can help to diagnose breakthrough mold infections.
Particularly, combination of GM with one or more other tests, such as the LFA, LFD, or PCR-based
assays, shows promise for diagnosis of breakthrough IA in case of clinical suspicion, with positivity
of one of those tests indicating breakthrough IA, even when others result negative.

3.2.3. Nucleic Acid-Based Assays/Others

Aspergillus PCR has demonstrated high sensitivity and high negative predictive value in severely
immunocompromised patients in settings where antifungal prophylaxis is not used [78-81]. PCR is
also an important diagnostic test for mucormycosis [82,83]. However, the performance of PCR from
blood is impacted significantly in patients receiving mold-active antifungal agents as shown in a
recent review [8,55,81,84]. While mold-active prophylaxis seems to affect Aspergillus PCR on BALF
less than blood, reduced diagnostic performance has also been described from BALF [85]. Given the
reduced sensitivity of all diagnostic tests in the presence of mold-active antifungal prophylaxis or
treatment, the combination of multiple diagnostic tests is warranted [8,55,56,69,86]. Immunological
markers may also be utilized as combination partners, and particularly high serum IL-8 levels (>300
pg/mL) have been shown to be highly specific for IA [56,87-89], and have shown high sensitivity and
specificity when combined with BALF LFD or BALF Aspergillus PCR [56]. Larger multicenter studies
are currently in progress to validate these findings. The most secreted siderophore of A. fumigatus is
triacetylfusarinine C (TAFC), which is produced only by actively growing cells, is not present in
conidia, and can be detected in urine, BALF and blood [90-92]. TAFC can be detected by mass
spectrometry and has shown excellent performance as a biomarker for breakthrough IA in urine
samples, when normalized to urine creatinine, with similar performance to those reported for GM
determination in serum and BALF [90]. In BALF, TAFC was shown to be an independent biomarker
for 1A, improving the performance of BALF GM for detection of IA when used in combination [91].
These results warrant further exploration of this promising new biomarker. Other potential
approaches for mycological detection of IA include the detection of volatile organic compounds in
exhaled air [93], and Bis (methylthio) gliotoxin, an inactive derivative of gliotoxin [94].

3.2.4. Consensus Recommendation

The diagnosis of breakthrough mold infections is challenging, as all diagnostic tests have
reduced sensitivity in samples obtained during treatment or prophylaxis with mold-active
antifungals.

- Culture, microscopy, and antifungal susceptibility testing are essential for the diagnosis of
breakthrough mold infections, particularly for infections other than invasive aspergillosis.
Cultures of the lower respiratory tract are mostly preferred, although blood cultures may be
positive in some cases. If necessary, and susceptibility testing, particularly for mold infections
other than IA. Blood invasive procedures to obtain a biopsy and definite proof of bIFI should be
considered. Importantly, a negative fungal culture does not rule out a breakthrough invasive
mold infection, given the low sensitivity of culture in this setting.

- Despite reduced sensitivities, antigen-based diagnostics, such as GM (in BALF and serum) and
BDG (in serum only), or newer assays, such as LFA and LFD (both in BALF or serum), have
important roles for diagnosing breakthrough IA when the degree of clinical suspicion is high,
because the sensitivity of fungal culture may be even further reduced.

- While we do not recommend using these tests for screening in patients on mold-active
prophylaxis or treatment, a combination of multiple antigen-based diagnostics, conventional
diagnostics, PCR-based assays, and novel diagnostic markers can help to diagnose breakthrough
mold infections.
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- Many of the available antigen-based diagnostics such as GM or the LFA and the LFD tests are
specific for 1A and very few other mold infections such as fusariosis, therefore, negative test
results do not automatically rule out a breakthrough mold infection, but instead should raise the
suspicion for mucormyecosis or another rare mold as a potential causative pathogen.

3.3. Diagnosis of Breakthrough Infections due to Endemic Mycoses

3.3.1. Conventional Diagnostics

Diagnosis of the endemic mycoses (Blastomyces, Coccidioides, Emergomyces, Histoplasma,
Paracoccidioides, Sporothrix spp., and Talaromyces marneffei (formerly Penicillium marneffei) is confirmed
by histopathologic or direct microscopy of specimens from an affected site. Samples obtained by
bronchoscopy are most frequently examined following pneumonia or when suspicious lesions are
identified on radiographic imaging. However, biopsy results of affected sites or cerebrospinal fluid
are also frequently helpful if cultures or typical in vivo findings of these fungi are observed [44].

Culture provides confirmation of infection and allows for susceptibility testing or identification
to the species level, although the clinical correlation of susceptibility results to clinical outcomes has
not been definitively demonstrated for the endemic mycoses. However, in vitro MICs do suggest
resistance likely occurs [95,96], may develop on therapy [97], and may be increasing in frequency
[98,99]. With attempts at culture isolation, biosafety is an important consideration when handling
these organisms, and laboratories should incorporate national guidance and regulations into their
processes and practices to ensure the safety of laboratory staff.

3.3.2. Serology

Serologic testing is widely used for the diagnosis and care of patients with coccidioidomycosis.
In this group, serology has been found to be helpful diagnostically, but also correlates with patient
symptoms and is useful to follow prognostically as a biomarker of infection. For example, relapse of
infection in patients with coccidioidomyecosis is typically accompanied by a rise in the complement
fixation (CF) antibody titer [100]. Serology of blastomycosis is less helpful due to the lower sensitivity
and specificity of testing [101-103]. Serologic testing for histoplasmosis utilizing antigen testing is
most useful for patients with chronic pulmonary disease and may not be helpful in those with severe
immunosuppression [104-107]. Still, in the right patient quantitative antigen methods with
monitoring of Histoplasma antigen titers can allow for monitoring response during treatment [54]. In
contrast, paracoccidioidomycosis serologies exhibit high sensitivity and specificity [108-110].
Sporotrichosis serologic testing is infrequently used due to the lack of a commercial assay, while the
sensitivity of antibody testing for talaromycosis ranges from 30-80% likely due to the highly
immunosuppressed state (e.g., advanced HIV disease) of most affected patients [111,112].

It is important to recall that in the immunosuppressed patient population the endemic mycoses,
particularly Coccidioides or Histoplasma, may recur years after initial infection, and serology may not
be positive or may have aberrant kinetics compared to immunocompetent hosts [100,113,114].

Prior to initiating immunosuppressive therapy, it is often prudent to evaluate a patient’s past
travel history to determine the individual risk for endemic mycoses. For those with a suggestive
history, serologic testing can be performed to ascertain the potential need or to guide
prophylaxis/treatment practices to avoid potential breakthrough infection later.

Antigen testing for Blastomyces spp. is commercially available and has a reported sensitivity of
85-93% and a specificity of 79-99% [115-119]. Test positivity in Coccidioides depends upon the degree
of host immunosuppression and is largely unhelpful in the immunocompetent. In highly
immunosuppressed patients, antigenuria has been detected in up to 70% of patients [120]. Histoplasma
antigen assays are most useful in patients who have disseminated histoplasmosis and acute
pulmonary histoplasmaosis, but are less useful in localized pulmonary infection and chronic cavitary
pulmonary histoplasmosis [121,122]. Antigen detection for paracoccidioidomycosis has been
investigated although is not commercially available [123], and has not been evaluated for
sporotrichosis. Antigen detection in talaromyecosis is highly accurate and is well suited for patients
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with advanced immunosuppression and a high blood fungal burden [124]. However, it is not widely
available.

3.3.3. Nucleic Acid Based Assays/Others

Nucleic acid amplification using polymerase chain reaction (PCR) tests are not commercially
available for the endemic mycoses, but detection of DNA in clinical specimens has been evaluated
for: Blastomyces (sensitivity 60-86%) [125-127], Coccidioides (~50%) [128,129], Histoplasma (18-65%)
[106,130], Paracoccidioides (91-100%) [114,131] Sporothrix (83-92%) [132-134], and Talaromyces (70-
86%) [135].

The use of BDG for the diagnosis of endemic mycosis is problematic due to the lack of specificity
and the poor positive predictive value and although have been evaluated in limited fashion, are
generally unhelpful in the diagnosis or management of endemic mycoses [136,137].

3.3.4. Consensus Recommendation
Specific recommendations for diagnosis of breakthrough endemic mycoses include:

- Whenever possible, diagnosis of bIFl caused by endemic mycoses should be confirmed by
obtaining affected tissue for examination by direct microscopy, histopathology, and fungal
culture.

- More nuanced approaches are required for individual diseases that are suspected based on the
relevant clinical picture and exposure history. In acute disease in immunocompromised patients,
histoplasmosis and talaromycosis can both be diagnosed with antigen tests, although the latter
assay is not widely available.

- Antibody tests for coccidioidomycosis, paracoccidioidomycosis, and acute and chronic
histoplasmosis should be considered, but antibody tests for histoplasmosis are not
recommended in patients with immunosuppression or those with cystic fibrosis. Serology for
other endemic mycoses (i.e., blastomycosis, sporotrichosis, emergomycosis) have limited
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infections should be initiated before initiation of antifungal treatment, however in the real world this
is often not possible.

More effective, simpler, and cheaper diagnostic tests are needed with more rapid turnaround
time to diagnose blFls, particularly non-Aspergillus mold infections and endemic mycosis. Given that
antifungal therapy can decrease the diagnostic yield of conventional culture and several serologic
and PCR-based assays discussed, improved diagnostics, particularly for blFls, are needed. While
these definitions represent the status of published literature, future studies are needed to fill
important gaps.
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