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Abstract

Diagnosis of invasive aspergillosis (IA) is challenging, particularly in high-risk patients with lung lesions
other than typical according to 2008-EORTC/MSG criteria. Even if microbiology is positive, they still re-
main unclassified according to 2008-EORTC/MSG. Quantitative polymerase chain reaction (qPCR) provides
new mycological documentation of IA. This retrospective study assessed Aspergillus fumigatus real time
qPCR (MycoGENIE R©) in BAL to diagnose IA and identify azole-resistant strains. Clinical, radiological, and
microbiological data from 114 hematology patients (69% HSCT recipients; 29% on mould active agents)
from years 2012-2017 were collected; and 123 BAL samples were tested with qPCR (cutoff: Ct < 40) and
galactomannan (GM, Platelia R©, cutoff: 0.5 ODI). Patients were classified as proven/probable, possible, and
no-IA. “Atypical-IA” referred to patients with lesions other than typical according to 2008-EORTC/MSG and
positive mycology. Proven IA was diagnosed in two cases (1.6%), probable in 28 (22.8%), possible in 27
(22%), atypical in 14 (11.4%). qPCR was positive in 39 samples (31.7%). Sensitivity and specificity of qPCR
for proven/probable IA (vs no-IA; atypical-IA excluded) were 40% (95% confidence interval [CI]: 23–59) and
69% (95%CI: 55–81), respectively. Sensitivity of qPCR was higher when combined with GM (83%, 95%CI:
65–94) and in those receiving mould-active agents at BAL (61%, 95%CI: 32–86). One sample had TR34/L98H
mutation. In conclusion, in high-risk hematology patients with various lung lesions, A. fumigatus qPCR in
BAL contributes to diagnosing IA, particularly if combined with GM and in patients receiving mould-active
agents might allow detecting azole-resistant mutations in culture negative samples.

C© The Author(s) 2019. Published by Oxford University Press on behalf of The International Society for Human and Animal Mycology.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

987

mailto:m.mikulska@unige.it
mailto:journals.permissions@oup.com


988 Medical Mycology, 2019, Vol. 57, No. 8

Key words: invasive aspergillosis, galactomannan, Aspergillus fumigatus PCR, BAL, HSCT.

Introduction

Invasive fungal disease (IFD), and particularly invasive as-
pergillosis (IA), is an infectious complication affecting mainly
patients with haematological disorders and prolonged neutrope-
nia, long-term high dose corticosteroid treatment or allogeneic
stem cell transplantation (SCT).1–3 IA in this setting is associ-
ated with high morbidity and mortality, particularly when not
promptly diagnosed and treated.4 Unfortunately, the diagnosis
of IA in hematology patients is challenging because of nonspe-
cific clinical manifestations, low yield of fungal cultures, and
difficulty in performing invasive diagnostic procedures due to
thrombocytopenia or poor general conditions. In addition, azole
resistant A. fumigatus strains have been increasingly frequent in
several geographical regions, and given low rate of positive cul-
tures, these cases risk to remain undetected, compromising the
outcome of IA.5

Diagnostic criteria for IFD in the immunocompromised pa-
tients have been developed by EORTC/MSG in 2002 and sub-
sequently revised in 2008.6 They established three levels of cer-
tainty of diagnosis: proven, probable, and possible. In particular,
for probable IA, a combination of a host factor (presence of a pre-
disposing condition) plus a clinical criterion plus a mycological
criterion are required. Clinical criteria in cases of pulmonary IA
include one of the following typical radiological lesions in lung
computed tomography (CT) scan: (1) dense, well-circumscribed
lesions(s) with or without a halo sign, (2) air-crescent sign, or
(3) cavity. Mycological criteria for pulmonary aspergillosis are
detection of galactomannan (GM) in serum or bronchoalveolar
lavage fluid (BAL) or direct tests positive in sputum or BAL.6

Possible IA is diagnosed in the presence of host and clinical cri-
teria but in the absence of mycological documentation.

Although these criteria revolutionized the clinical research
and epidemiological studies in IA, they do not cover numerous
possible clinical situations.7 Among them, the most frequent is
the presence of host criteria with positive mycological criteria
and lung lesions, which are different from the aforementioned
typical ones. These patients remain “unclassified” according to
EORTC/MSG criteria, but they are usually treated for IA, and
several studies showed that they truly have IA.8 In fact, in a re-
cent observational EORTC study, they were classified as those
in whom IFD cannot be excluded, thus not suitable for being
considered certain negative controls (European prospective in-
vasive mould disease audit [PIMDA] protocol).9 Additionally,
the performance of GM might be suboptimal in certain settings,
for example, in patients receiving mould active agents, in whom
breakthrough IA is suspected.

Molecular methods such as polymerase chain reaction (PCR)
are able to detect Aspergillus DNA in BAL samples with good

sensitivity (77.2%) and specificity (93.5%).10 Although in recent
years many publications11–13 focused on the diagnostic role of
Aspergillus PCR, its use is not yet recommended in the 2016
update of IDSA Guidelines on the diagnosis and management
of Aspergillosis, mostly because of the lack of standardised and
validated assays.2,3 Their advantages include the possibility to
detect fungal DNA also if it is no longer viable, such as after an-
tifungal treatment has been started, and to confirm the presence
of Aspergillus with higher sensitivity than culture, similarly to
GM. Additionally, certain molecular methods offer the possibil-
ity to detect resistance mutations in Aspergillus fumigatus even
in the absence of strain’s growth.

The aim of the study is to evaluate the performance of a com-
mercially available Aspergillus fumigatus real-time quantitative
PCR (qPCR), alone and in combination with GM, in BAL sam-
ples form patients at high risk of IA, and with various radiolog-
ical lesions, including those receiving mould active antifungals.
Additionally, the rate of mutations conferring azole resistance in
high risk patients in our center was also evaluated.

Methods

Samples and patients

The study was conducted in Ospedale Policlinico San Mar-
tino, a tertiary care center in Genoa, Italy, with active allo-
geneic SCT center. We retrospectively identified all available BAL
samples from years 2012–2017 from patients with SCT and/or
haematological malignancies. All patients had pulmonary lesions
reported on CT scan. BAL samples from the same patient were
excluded if performed within 4 weeks.

All patients underwent at least two determinations of
GM (PlateliaTM Bio-Rad-Inc.) and 1,3-beta-d-glucan (BDG)
(Fungitell R© Assay) in serum, with cutoff values for positivity
of 0.5 optical density index (ODI) and 80 pg/ml, respectively,
according to manufactures’ recommendations.

All BAL samples were subject to the following
analyses: culture for bacteria, filamentous fungi and my-
cobacteria, GM, molecular testing for pneumocystosis,
Mycobacterium tuberculosis, cytomegalovirus, herpes simplex
virus, and respiratory viruses (influenza, parainfluenza, respira-
tory syncytial virus, metapneumovirus, enterovirus, rhinovirus,
coronavirus) and bacteria (Legionella, Bordetella, Streptococcus
pneumoniae, Haemophilus influenzae, Chlamydia, Mycoplasma
pneumoniae). Direct research for hyphae and antifungal
susceptibility testing were not performed routinely.

For BAL GM testing, samples were centrifuged and 300 μl
of supernatant was further treated according to manufacturer’s
instruction. Residual sample after GM testing was stored at
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−20◦C. for GM the cutoff value of 0.5 ODI was considered
positive according to manufacturer’s instruction.

For each patient, general data, clinical characteristics, data on
the underlying disease, including SCT, administration of mould
active antifungals, and outcome were collected.

All patients gave informed consent for data collection and re-
search purposes at the hospital admission and BAL performance.
The study was approved by local ethics committees under the
reference number PR001REG2016.

Classifications and definitions

For all patients, microbiological results and full medical records
were reviewed. CT lesions were revalued by two radiologists (I.P.
and G.C.) with an expertise in pulmonary fungal infections and
classified as typical IFD lesions according to 2008 EORTC/MSG
revised criteria,6 or other (atypical) lesions.

Considering also mycological criteria, patients were stratified
according to 2008 EORTC/MSG criteria into four groups: (1)
proven/probable IA, (2) possible IA, (3) atypical lung lesions but
positive mycological criteria, considered as atypical IA, (4) no
IA with atypical lung lesions and negative mycological criteria.
These groups were mutually exclusive but grouped together for
the purposes of analyses.

The evaluations of qPCR performance were carried out
considering as cases patients with proven/probable/possible
IA (group 1 and 2) or proven/probable IA (group 1) or
proven/probable IA/atypical IA (atypical lesions with mycology
positive, group 1 and 3), and considering as controls patients
from group 4.

The performance of qPCR was evaluated separately for those
receiving and not receiving mould active antifungals (either as
prophylaxis or treatment) at the time of BAL.

Molecular analyses of BAL

BAL samples were stored at −20◦C and subsequently sent to In-
stitute of Microbiology at Università Cattolica del Sacro Cuore
in Rome where molecular diagnostic methods have been per-
formed.

They were tested with Aspergillus fumigatus real-time qPCR
assay MycoGENIE R© (AdemTech, Pessac, France). This is a mul-
tiplex commercially available CE-IVD marked assay approved
for testing respiratory samples which detects DNA by target-
ing the 28S rRNA multicopy gene and specific TR34/L98H
mutations in the cyp51A single copy gene of A. fumigatus.14

DNA was extracted with a MycoGENIE R© DNA extraction kit
Automag solution indicated for the isolation and purification of
fungal DNA. An amount of 500 microliters of stored BAL fluid
was centrifugated at 12,000 rpm for 10 min, after removing

400 microliters of the supernatant, the pellet was resuspended
with 125 microliters of Tissue Lysis Buffer and 200 microliters
were used to perform the DNA extraction in an AutoMag Solu-
tion Instrument equipped with a magnetic particle processor for
DNA purification kits (Ademtech). Samples were eluted in 60
microliters. An internal extraction control was added together
with the samples during the extraction process as indicated in
the manufacturer procedure assay. Positive and negative PCR
controls were added for each PCR experiment.

The kit performance data fixed the limit of detection (LOD) of
monocopy sequences (TR34 and L98H cyp51A mutations) was
determined at six copies. For multicopy genes (aspergillus rRNA
gene), the LOD is below one copy. The specificity of primers and
probes was verified by the manufacturer and indicated as highly
specific (100%).

The cutoff for positivity was considered as < 40 (Cycle thresh-
old) Ct. The performance of cutoff ≤ 35 Ct was also evaluated.

Statistical analyses of BAL

The variables were reported as median value with range. Sensi-
tivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated where applicable and re-
ported with 95% confidence intervals (95% CI). Distribution
of continuous and categorical variables were evaluated with,
respectively, Mann-Whitney and χ2 test or Fisher exact test if
applicable.

Statistical analysis was performed using MedCalc’s Diagnos-
tic test evaluation calculator ( C© 2018 MedCalc Software bvba).

Results

Patients

A total of 123 BAL samples from 114 patients were collected.
In 9 patients, data from a second BAL procedures, performed
in median 123 days after the first one (range, 28–406 days),
were also included in the study. The patients’ characteristics are
reported in Table 1. Briefly, 82 (66.7%) of them were male, me-
dian age was 54 years (range, 20–81 years) and the most frequent
underlying disease was acute myeloid leukaemia (37.4%). In 85
(69.7%) cases, BAL was performed after SCT, allogeneic in 94%
of cases, in median 165 days after SCT (range, 15–8543 days);
and in 12 cases as diagnostic work up in pre-SCT evaluation, in
median 17 days before SCT.

At the time of BAL, 15 patients (12.2%) were neutropenic
and 36 (29.3%) were receiving mould active agents. CT scan
was performed in median 2 days before BAL.

Diagnosis of IA

According to 2008 EORTC/MSG criteria, proven IA was di-
agnosed in two cases (1.6%), probable IA in 28 (22.8%), and
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Table 1. Main characteristics of baseline and outcome data of patients undergoing 123 BAL procedures.

Characteristics N = 123 (%)

Baseline variables
Sex, male 82 (66.7)
Median age, years (range) 54 (20–81)
Underlying disease

Acute myeloid leukaemia 46 (37.4)
Non-Hodgkin lymphoma 16 (13.0)
Acute lymphoblastic leukaemia 13 (10.6)
Hodgkin’s lymphoma 11 (8.9)
Myelodysplastic syndromes 10 (8.1)
Idiopathic myelofibrosis 9 (7.3)
Multiple myeloma 6 (4.9)
Chronic lymphocytic leukaemia 4 (3.3)
Severe aplastic anaemia 4 (3.3)
Chronic myeloid leukaemia 2 (1.6)
Others 2 (1.6)

SCT
No 38 (30.9)

BAL performed as pre-SCT evaluation 12 (9.8)
Yes 85 (69.1)

Autologous 5 (5.8)
Allogeneic 81 (94.2)

HLA-identical 16 (18.8)
Matched unrelated 12 (14.1)
Haploidentical 49 (57.6)
Cord blood 3 (3.5)

Time from SCT to BAL, days, median (range) 165 (15–8543)

Neutropenia at BAL, neutrophils < 500 15 (12.2)
Neutropenia at BAL, neutrophils < 1000 28 (22.8)

Radiological findings of lung computed tomography
Compatible with IA (according to EORTC/MSG) 57 (46.3)
Atypical lesions 66 (53.7)

Mycology
GM serum > 0.5 6 (4.9)
BDG serum > 80 pg/mL 15 (12.2)
Culture BAL positive for filamentous fungi 7 (5.7)∗
GM BAL > 0.5 35 (28.5)
GM BAL > 1.0 26 (21.1)
GM positivity in BAL, ODI, median (range) 2,497 (0.519–9.386)
Aspergillus fumigatus qPCR positive 39 (31.7)
Cycles of positivity. Median (range) 35.5 (26.0–38.3)

Diagnosis of IA according to 2008 EORTC/MSG criteria
Proven 2 (1.6)
Probable 28 (22.8)
Possible 27 (22.0)

No IA according to 2008 EORTC/MSG criteria 66 (53.7)
Atypical lesions and mycology positive = atypical IA 14 (11.4)
Atypical lesions and mycology negative = controls 52 (42.3)

Not receiving mould-active agents at BAL 87 (70.7)
Diagnosis of IA according to 2008 EORTC/MSG criteria

Proven 1 (1.1)
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Table 1. (Continued).

Characteristics N = 123 (%)

Probable 16 (18.4)
Possible 18 (20.7)

No IA according to 2008 EORTC/MSG criteria
Atypical lesions and mycology positive = atypical IA 11 (12.6)
Atypical lesions and mycology negative = controls 41 (47.1)

Receiving mould-active agents at BAL 36 (29.3)
Diagnosis of IA according to 2008 EORTC/MSG criteria

Proven 1 (2.8)
Probable 12 (33.3)
Possible 9 (25)

No IA according to 2008 EORTC/MSG criteria
Atypical lesions and mycology positive = atypical IA 3 (8.3)
Atypical lesions and mycology negative = controls 11 (30.6)

Other microbiological results
Bacterial growth detected 28
Pneumocystis PCR positive 8
CMV DNA positive 9
Respiratory viruses detected 27
HSV DNA detected 9

Outcome variables
Mould active treatment after BAL 80 (65.0)
Alive at 12 weeks after BAL 104 (84.6)
Alive at the last follow-up 66 (53.7)
Median follow up after BAL, days (range) 386 (10–1843)

∗3 A. flavus, 1 A. fumigatus, 1 A. niger, 1 Fusarium spp., 1 Paecilomyces spp.
BAL, broncoalveolar lavage; BDG, beta-d-glucan; GM, galactomannan; IA, invasive aspergillosis; SCT, stem cell transplant.

possible in 27 (22%). Overall, 21/28 probable cases had positive
GM in BAL, while in seven cases, all receiving antifungal ther-
apy, the diagnosis of IA was made with serum GM in median 30
days before BAL, which was performed mainly due to suspected
failure or breakthrough infection.

Among the remaining 66 patients without 2008
EORTC/MSG typical lesions, 14 had a positive mycologi-
cal result: GM in BAL in 13 cases, with median ODI of 1.9
(range, 0.7–8.3) and serum GM in one case, and were considered
cases of atypical IA.

In seven cases (5.7%) BAL cultures were positive for filamen-
tous fungi: five Aspergillus (three A. flavus, one A. fumigatus, one
A. niger), one Fusarium spp., and one Paecilomyces spp. Patients
with growing Aspergillus were diagnosed with proven/probable
IA in four cases, and atypical IA in one.

In 35 BAL samples GM was positive, with median ODI of
2.50 (range, 0.52–9.39).

Aspergillus fumigatus qPCR was positive in 39 samples with
median cycle to positive of 35.4 (range, 26–38).

The concordance between typical radiological lesions, GM
positivity in BAL and qPCR positivity was limited, as shown in

Figure 1, both in patients receiving mould active agents and in
patients without ongoing therapy. Also irrespective of radiolog-
ical lesions, there was poor concordance between BAL GM and
qPCR, even if BAL cutoff for positivity of 1 was applied (Sup-
plement Fig. S1). There was no correlation between BAL GM
positivity and qPCR Ct values and between PCR positivity and
BAL GM ODI values (data not shown).

The classification of IA in those receiving and not antifungal
agents is outlined in Table 1.

Performance of Aspergillus fumigatus qPCR

The prevalence of positive and negative results of BAL GM and
Aspergillus fumigatus qPCR in four different IA diagnostic cate-
gories, divided also into patients receiving and not mould active
agents at the time of BAL, is reported as supplement in Table S1.

The performance of A. fumigatus qPCR is reported in Table 2.
The sensitivity was 33% (95%CI: 21–47) and specificity of 69%
(95%CI: 55–81) when patients with proven/probable/possible
IA were considered as cases, and, respectively, 40% (95%CI: 23–
59) and 69% (95%CI: 55–81) considering as cases only those
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Figure 1. Number of patients with results positive for invasive aspergillosis according to radiological criteria, BAL galactomannan (GM) and BAL Aspergillus
fumigatus qPCR.

with proven/probable IA. Sensitivity and specificity were similar
also when patients with atypical IA were considered together
with proven/probable IA as cases (Table 2).

When considering the influence of antifungal treatment, the
sensitivity of qPCR was higher in those receiving mould active
agents at the time of BAL (61%, 95%CI: 32–86) compared to

those not receiving antifungals (24%, 95%CI: 7–50), while the
specificity was similar (respectively, 64%, 95%CI: 31–89 and
71%, 95%CI: 55–84) (Table 2). Among 36 patients receiving
mould active agents, nine had positive BAL GM, and qPCR was
positive in seven of them, compared to five among 26 of those
not receiving antifungals (P < .05).
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Table 2. Diagnostic performance of A. fumigatus qPCR in all cases, divided into those receiving and not receiving mould active agents at

the time of broncoalveolar lavage (value with 95% CI).

Sensitivity Specificity PPV NPV

All cases, n = 123
Proven/probable/possible vs no IA (mycology negative). Atypical IA excluded

PCR 33 (21–47) 69 (55–81) 54 (41–67) 49 (42–55)
PCR or GM 54 (41–68) 69 (55–81) 66 (55–76) 58 (50–66)
PCR and GM 14 (6–26) 100 (93–100) 100 51 (49–54)

Proven/probable vs no IA (mycology negative). Atypical IA excluded
PCR 40 (23–59) 69 (55–81) 43 (29–58) 67 (59–74)
PCR or GM 83 (65–94) 69 (55–81) 61 (50–71) 88 (76–94)
PCR and GM 27 (12–46) 100 (93–100) 100 70 (66–75)

Proven/probable/atypical IA vs no IA (mycology negative)
PCR 36 (22–52) 69 (55–81) 50 (36–54) 56 (49–63)
PCR or GM 89 (75–96) 69 (55–81) 71 (62–79) 88 (76–94)
PCR and GM 25 (13–40) 100 (93–100) 100 61 (57–65)

Not receiving mould active agents, n = 87
Proven/probable/possible vs no IA (mycology negative). Atypical IA excluded

PCR 17 (7–34) 71 (55–84) 33 (17–54) 50 (44–56)
PCR or GM 54 (37–71) 71 (54–84) 61 (47–74) 64 (55–73)
PCR and GM 9 (2–23) 100 (91–100) 100 56 (54–59)

Proven/probable vs no IA (mycology negative). Atypical IA excluded
PCR 24 (7–50) 71 (55–84) 25 (11–47) 69 (62–76)
PCR or GM 100 (81–100) 71 (54–84) 59 (47–70) 100
PCR and GM 18 (4–43) 100 (91–100) 100 75 (70–78)

Proven/probable/atypical IA vs no IA (mycology negative)
PCR 25 (11–45) 71 (54–84) 37 (21–56) 58 (51–65)
PCR or GM 100 (88–100) 71 (54–84) 70 (59–79) 100
PCR and GM 18 (6–37) 100 (91–100) 100 64 (60–68)

Receiving mould active agents, n = 36
Proven/probable/possible vs no IA (mycology negative). Atypical IA excluded

PCR 59 (36–79) 64 (31–89) 76 (58–88) 44 (28–60)
PCR or GM 55 (32–76) 64 (31–89) 75 (56–88) 41 (27–57)
PCR and GM 27 (11–50) 100 (72–100) 100 41 (35–47)

Proven/probable vs no IA (mycology negative). Atypical IA excluded
PCR 61 (32–86) 64 (31–89) 67 (45–83) 58 (38–76)
PCR or GM 61 (32–86) 64 (31–89) 67 (45–83) 58 (38–76)
PCR and GM 46 (19–75) 100 (72–100) 100 61 (49–72)

Proven/probable/atypical IA vs no IA (mycology negative)
PCR 56 (30–80) 64 (3189) 69 (48–85) 50 (33–67)
PCR or GM 69 (41–89) 64 (31–89) 73 (54–87) 58 (37–77)
PCR and GM 44 (20–70) 100 (72–100) 100 55 (44–65)

GM, galactomannan; ODI for GM in BAL and serum 0.5 ODI.

In all cases, the performance was much better when qPCR
was used together with GM, and was worse if positivity of both
qPCR and GM was required. The sensitivity values were simi-
lar irrespective of the definition used for cases (only those with
proven/probable IA, those with proven/probable/possible IA, or
those with proven/probable/atypical), being only slightly higher
in case for proven/probable IA cases (Table 2).

If a cutoff for qPCR of ≤ 35 Ct was used, sensitivity was
lower and specificity higher than for the cutoff of < 40 Ct.
For proven/probable IA, the sensitivity was 23% (95%CI: 10–
42) and the specificity was 88% (95%CI: 76–96), with higher
sensitivity in those receiving mould active agents compared to
those not in treatment, respectively, 31% (95%CI: 9–61) versus
18% (95%CI: 4–43).
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qPCR was positive in three of five BAL samples with culture
growth of Aspergillus with Ct of 25.88 and 37.10 for A. flavus
(respectively, probable IA, BAL GM ODI 8.2, and proven resis-
tant IA under treatment with BAL GM ODI 7.6) and 36.83 for
A. niger (probable IA under treatment, BAL GM ODI 0.08) and
in case of growth of Fusarium (35.30 Ct, BAL GM ODI 0.1)
and Paecilomyces (33.33 Ct, BAL GM ODI 0.44), while it was
negative in one case of A. flavus (BAL GM ODI 2.5) and one
case of A. fumigatus (BAL GM ODI 0.99).

Overall, 16 out of 52 patients with negative mycology and
atypical lesions had a positive A. fumigatus qPCR (31%); eight of
them received mould active drugs after BAL (either as treatment
or prophylaxis, including four patients who started mould-active
agents before BAL), while eight patients did not received any
mould active agents within 3 months after BAL, and they were
all alive at 12 weeks follow-up. Thus, considering high mortality
of IA in patients with hematological malignancy if untreated,
they were considered as false positives for qPCR or colonized.

Antifungal resistance

TR34/L98H mutation was detected in one case, in a SCT re-
cipient previously exposed to azoles for prolonged treatment of
IA after the first SCT. After the second SCT, GM in BAL was
positive but culture negative. Initially after BAL, azole therapy
was started but after a clinical diagnosis of treatment failure, the
therapy was changed to liposomal amphotericin B. GM became
negative and radiological lesions improved, but the patient de-
ceased 3 months after the transplant due to a relapse of acute
leukemia.

Discussion

This retrospective study showed a poor sensitivity of this qPCR
for A. fumigatus, with better results in patients receiving mould
active agents at the time of BAL (sensitivity 61% vs 24%, respec-
tively) and moderate specificity (64% and 71%, respectively).
The combined performance of qPCR and GM was significantly
better than the use of qPCR alone.

Our cohort included very selected patients, all at high risk
for IA, with various radiological lesions, in whom BAL was per-
formed mainly because non-invasive results were negative for IA
and diagnosis was not reached with other tests. Moreover, 12%
of them had lung lesions atypical according to EORTC/MSG
criteria and positive mycological results. These patients are “un-
classified” according to EORTC, and they are usually consid-
ered as having IA and treated.8 Therefore, they could not be
included as controls for the assessment of diagnostic perfor-
mance. However, even patients included in the control group
(with non-typical lesions and negative mycology), belonged to a
high risk population, and the positivity of PCR cannot be easily
interpreted as false positive results. Indeed, 50% of patients in

this group with a positive PCR did receive empirically mould
active agents, so only in remaining 50% of them, positive PCR
could be confidently considered as false positive results or coloni-
sation. Moreover, even the presence of an alternative diagnosis
should not serve a criterion for the absence of IA, since fungal
and bacterial or viral co-infections are frequent in this setting.15

Good diagnostic performances have reported in meta-
analyses, which included mainly studies of in-house methods,
with sensitivity and specificity reported of >75% and >93%,
respectively.16 However, in some recent studies, the sensitivity
was markedly lower (approximately 30%).11,17 The commer-
cial assays allow standardization, high reproducibility and have
a validated quality control. However, they do not contain a con-
trol of DNA extraction, which may differ for hyphae and for
free DNA, and quality control for the BAL itself. Additionally,
their performance depends on the assay used and the clinical
setting. The low value obtained in our study is not comparable
with most of the performances described to date in the litera-
ture using MycoGenie R©. However, most other studies included
patients with high rate of culture-positive respiratory samples.
Indeed, the sensitivity was 92.9% in a cohort with 59 of 88
respiratory samples positive in culture for Aspergillus,14 71%
in 31 cases of probable IA with 45% of positive BAL culture
rate,18 and 77.4% in case of fungal rhinosinusitis in which a
high concentration of fungus DNA is present.19 Also a recent
study comparing various diagnostic methods, which reported
the sensitivity of MycoGenie R© of 73.7% in 38 patients with
proven/probable IA, had a very high (22/38, 58%) rate of posi-
tivity of culture for Aspergillus.12 In addition, in that cohort, the
sensitivity was lower in 41 hematological patients than in those
from intensive care unit (ICU) suggesting a lower fungal burden
sufficient to cause IFD in highly immunocompromised hosts.12

Indeed, also the low yield of fungal cultures and rather low me-
dian BAL GM ODI confirm the low burden of viable moulds
in this study. Therefore, the performance of MycoGenie R© in
a cohort of with low fungal burden remains to be established.
Another explanation for low sensitivity of this qPCR, even in a
subgroup of BAL GM positive patients with probable IA, might
be the infection with species other than A. fumigatus which are
not detected by this assay.

A very interesting factor which influenced sensitivity in our
cohort was the presence of mould active treatment at the time
of BAL, which increased the sensitivity from 24% to 61%. One
possible explanation is that mould active agents caused lysis of
the fungal wall with a higher percentage of free DNA detectable
in the respiratory tree, particularly in the supernatant of a cen-
trifuged BAL sample, which was the part used in this study.20

The availability of free fungal DNA would result in much better
sensitivity of DNA extraction, which is a critical process for the
performance of fungal PCR.16 This observation is indirectly con-
firmed by cohorts reporting higher performance of PCR, both in
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BAL and serum, in those receiving mould active agents.21–23 Also
in our study, the rate of qPCR positivity in GM positive BAL
samples was higher form patients receiving mould active drugs
compared to those not treated. Better specification which portion
of BAL fluid should be used might be warranted, since by testing
supernatant, DNA still within the organism or phagocytic host
cells might not be detected.

The specificity of qPCR in our study was 70% which is lower
than in the abovementioned meta-analyses16 and other studies
using the same assay.14,18 However, in this study there were no
heathy controls, as all the patients were at high risk of IA and
had lung lesions, which are referred to in a recent prospective
EORTC study as those in whom IA cannot be excluded.9

When considering the cases in which PCR represented the
only positive mycological criterion, that is, with BDG and GM
negative, half of these patients (8/16) survived > 3 months with-
out antifungal treatment and without developing IA, confirming
that these were either false positives or cases of colonization.
Obviously, this could be established only due to a retrospective
nature of our study in which PCR results were not available at
the time of diagnosis, but it documents a high rate of clinically
irrelevant false positive results.

Furthermore, considering the cross-reactivity with other
species, in our study the qPCR, which should be specific for A.
fumigatus, was positive in four cases in which different species
grew in culture (two A. flavus, both with BAL GM > 7.5 ODI;
one Fusarium spp.; one Paecilomyces). Although in case of fungi
other than Aspergillus co-infection might be present, it is un-
likely based on negative BAL GM. On the contrary, cases of
cross-reactivity of the method with strains of A. flavus have al-
ready been described in the literature,23 and such a false positive
result might be particularly likely in case of high fungal bur-
den, as demonstrated in our two cases. From the clinical point
of view, a qPCR should detect all species of Aspergilllus, since
species other than A. fumigatus might be more prevalent, par-
ticularity in some geographical zones, for example, A. flavus in
Mediterranean.24

Although triazole-resistant strains of A. fumigatus are increas-
ing in several geographical regions, fortunately in our cohort
only one patient had the TR34/L98H mutation, accounting for
2.6% rate among PCR positive samples. Such a low incidence is
in line with what reported for Italy;25 however, it should be con-
sidered with caution given overall poor sensitivity of this qPCR
assay. Although molecular methods are important tools, in ad-
dition to culture, to monitor the changes in resistance patters,
also in this case, detection of more than one resistance muta-
tion might be useful. Finally, the absence of detected mutations
does not exclude antifungal resistance in case of clinical failure
since various mutation patterns can occur, particularly in case
of previous azole exposure.

The possibility of overestimating the performance of BAL
GM, which was the most frequent mycological criterion in this

cohort, should be acknowledged. However, it could not be
avoided in a population with mostly negative serum GM and
BDG results, low culture yield, and lung biopsy frequently not
feasible.

In conclusion, our study demonstrated that the Aspergillus
fumigatus qPCR in BAL should be performed together with GM,
and it may offer clinical contribution particularly in patients
receiving mould active agents, in whom GM is usually negative
but PCR had better sensitivity. However, assays detecting most
of the common species should be preferred and testing materials
other than supernatant might result in higher sensitivity. PCR
might be a valuable tool for detecting antifungal resistance both
in case of infection or colonization, which may have significant
implications for treatment and prophylaxis of IA.
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Supplementary data are available at MMYCOL online.
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