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ABSTRACT

Background: This study aimed to evaluate the diagnostic role of PCR detection of Aspergillus DNA in the
broncho-alveolar lavage (BAL) fluid in a large cohort of patients suspected to have invasive pulmonary
aspergillosis (IPA).
Methods: Consecutive immunocompromised patients who underwent bronchoscopy with BAL sampling
and PCR detection of Aspergillus DNA for the diagnosis of pulmonary infiltrates were included in the
study. Galactomannan (GM) antigen testing in BAL and serum and BAL fungal culture were also
performed. Patients were classified as having IPA (proven/probable/possible) or no-IPA according to the
EORTC/MSG diagnostic criteria.
Results: During 12 years (2005-2016), 1248 bronchoscopies were performed for 1072 patients. 77% had
hematological malignancy, of them 40% had AML and 35.6% underwent HSCT. IPA was diagnosed in 531
patients (42.5%), 7-proven, 280-probable and 244-possible. PCR was positive in 266 cases, of them 213
had IPA, indicating a true positive rate of 80% (213/266) and a false positive rate of 20% (53/266). These
results establish the diagnostic performance of PCR to have sensitivity of 40%, specificity of 93%, PPV- 80%
and NPV-68%. Of 244 patients with possible IPA, 80 had positive PCR. Including PCR in the diagnostic
criteria would move 80 cases from the possible group to the probable one. A combination of positive PCR
and/or BAL-GM increases sensitivity to 74%, while positivity of both tests elevates PPV to 99.4%.
Conclusions: Inclusion PCR for the detection of Aspergillus-DNA in BAL in the mycological criteria of the
EORTC/MSG definitions increases the rate and the certainty of IPA diagnosis.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Summary

patients, and was found to be a valuable aid for early and accurate
diagnosis.

PCR for the detection of aspergillus DNA in broncho-alveolar

lavage fluid for the diagnosis of invasive pulmonary aspergillosis

Introduction

was evaluated retrospectively in 1248 immunocompromised

Invasive aspergillosis (IA) is a common opportunistic fungal
infection, mainly affecting patients with severe and prolonged
neutropenia (Chamilos et al., 2006; Patterson et al., 2000; Cornillet
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et al., 2006; Perkhofer et al.,, 2010; Kontoyiannis et al., 2017;
Kontoyiannis and Bodey, 2002). Early diagnosis of invasive
pulmonary aspergillosis (IPA) is notoriously difficult, but crucial
for prompt treatment initiation required to improve patient
outcome (Cordonnier et al., 2006; Nivoix et al., 2008). The revised
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diagnostic criteria for invasive fungal disease issued by EORTC/
MSG (De Pauw et al., 2008) are still currently used for infection
classification. Proven diagnosis of IPA is rarely established, since
histological confirmation in patients at risk is difficult mainly due
to concomitant thrombocytopenia. The mycological evidence used
for the diagnosis of probable IPA includes traditional microbiolog-
ical microscopy and culture of a respiratory specimen, along with
non-culture-based serological tests, like that of GM antigen in
serum and bronchoalveolar lavage (BAL) fluid, as well as B-p-
Glucan in serum. According to different series, the use of the above
mycological criteria still leaves about 30-70% of all patients treated
for IPA, categorized as possible cases (Johnson et al., 2015; Buess
et al,, 2012; Boch et al., 2016).

Aspergillus DNA detection in BAL fluid using PCR for the
diagnosis of IPA was introduced to the microbiological laboratory
of our medical center in 2002. The aim of the current study was to
evaluate the performance of this test for the diagnosis of IPA, and to
assess its added value to other mycological criteria, in a large
cohort of immunocompromised patients.

Patients and methods

The study was approved by the Institutional Review Board of
the Rambam Health Care Campus, a tertiary care medical center,
with approximately 1000 beds. All consecutive immunocompro-
mised patients with pulmonary infiltrates, who underwent
diagnostic fiber-optic bronchoscopy with BAL (FOB-BAL) for the
evaluation of the etiology of pulmonary infiltrates between 1/
2005-12/2016 and for whom PCR for the detection of aspergillus
DNA was performed, were included in the study.

Bronchoscopies were performed using a fiber-optic broncho-
scope with cardiopulmonary monitoring. The procedure was
conducted under conscious sedation and local anesthesia. The
BAL fluid laboratory analysis included the following: cytological
staining for the detection of fungal elements, Pneumocystis jirovecii
(PJ) bodies and viral inclusion bodies in alveolar cells; bacterial
stains and cultures including specific growth media for Mycobac-
terial spp., Legionella spp.; fungal cultures; viral cultures for herpes
simplex virus (HSV), and cytomegalovirus (CMV); PCR for the
detection of Aspergillus spp., Legionella spp., Mycobacterial spp., PJ,
HSV, CMV and respiratory viruses (influenza, parainfluenza,
respiratory syncytial virus, adenovirus, human metapneumovirus)
nucleic acid.

The GM antigen in serum and BAL fluid was measured using
ELISA according to manufacturer’s instructions (PLATELIA ASPER-
GILLUS Ag: Bio-Rad, Marnes-la-Coquette, France). These tests were
not performed for all cases. The GM antigen test was defined as
positive based on 0.5 ODI cut-off. B-p-Glucan test was not available
at our laboratory.

PCR assay for the detection of Aspergillus sp. DNA

Total DNA was prepared from 5 ml of a BAL fluid sample using
Qiamp DNA mini kit (QIAgen, Hilden. Germany) and was PCR-
amplified using a two-step (nested) PCR assay that specifically
amplifies a highly conserved Aspergillus species-specific region of
the 18S ribosomal RNA gene (Skladny et al., 1999). A 232bp PCR
fragment encoded by the human B-globin gene was amplified in
parallel as a control for the presence of host DNA (Table 1).

Approximately 50-150ng of total DNA were amplified in a
thermal cycler (T3 Thermocycler, Whatman, Biometra) in the
presence of 1.0 U of Tag DNA polymerase (Applied Biosystems,
Roche), 6.25nMol of dNTPs, 20 pMol of each primer in a total
volume of 25 pl. First round PCR conditions were as follows: 2 min
at 94°C followed by 23 cycles of 40s at 94°C, 1 min at 65°C and
1 min at 72°C with a final step of 5min at 72°C. For the second

Table 1
Oligonucleotide primer sequences used for the PCR assay.

Sequence

Forward AFU7S CGGCCCTTAAATAGCCCG
Reverse AFU7AS GACCGGGT TTGACCAA TTT

2nd round PCR primers Forward AFU5S AGGGCCAGCGAGTACATCACCTTG
Reverse AFUSAS TGCCAACTCCCCTGAGCCAG
Forward Gl1 GGT TGGCCAATCTACTCCCAGG
Reverse GI2 TGGTCTCCTTAAACCTGTCTTG

1st round PCR primers

Control PCR

round (nested) PCR, 2 il of the 1st round PCR product were
amplified as follows: 2 min at 94 °C followed by 35 cycles of 40's at
94°C,1 min at 65°C, and 1 min at 72 °C, with a final step at 72 °C for
5min. PCR products were separated on 2% agarose gels, stained
with ethidium bromide, and visualized with UV light. The first PCR
step results in amplification of a 405-bp fragment, and the second
step amplifies an internal fragment of 236bp. To definitely
establish the identity of PCR product, we occasionally sequenced
resulting amplicons.

Definitions

The total study group was divided into two subgroups. The IPA
subgroup included the patients for whom a diagnosis of IPA was
made based on EORTC diagnostic criteria, including proven,
probable and possible cases, and received anti-fungal treatment
based on this diagnosis. The non-IPA subgroup included the rest of
the cohort, for whom other infectious or non-infectious diagnoses
were made, and who did not receive anti-fungal treatment.

Descriptive statistics in terms of mean, STD and percentiles
were performed on the whole parameters in the study. Diagnostic
measurements such as sensitivity, specificity, negative predictive
value (NPV) and positive predictive value (PPV), diagnostic odd
ratio and confidence interval were calculated. SPPS version 25 was
used for statistical analysis.

Results

During the 12-year study period (January 2005 to December
2016), 1072 patients underwent 1248 bronchoscopies with BAL for
a suspected opportunistic lung infection. 630/1072 (59%) of the
study population were males; median age was 55 (1-90) years.

A total of 966 bronchoscopies were performed in patients with
hematological malignancies (77%), the most common one being
acute myeloid leukemia (AML) [382/966 (40%)]. Other hematolog-
ical malignancies in decreasing frequencies were lymphoma, acute
lymphoblastic leukemia (ALL), and multiple myeloma (MM). Thirty
six percent of the patients (344/966) underwent hematopoietic
stem cell transplantation (HSCT), 98/344 (29%) autologous HSCT
and 246/344 (71%) allogeneic. One hundred and four (8%) patients
had a solid tumor.

IPA was diagnosed in 531 cases [(531/1248 (42.5%)]; in the rest
(717/1248 =57.5%) of the cases other infectious or non-infectious
diagnoses were established and these patients constituted the
non-IPA group. Of the 531 IPA cases, 7 were diagnosed as proven
IPA (1%), 280 cases (53%) — probable [mycological criteria: 171/280
(61%) using BAL GM, 27/280(10%) - serum GM, 28/280 (10%) - BAL
culture, 3/280(1%) — BAL cytological staining and 51/280(18%) -
test combination], and 244 (46%) - possible, according to EORTC/
MSG Consensus Group revised criteria (9). Patient characteristics
and underlying immunodeficiency states are presented in Table 2.
Primary anti-fungal prophylaxis with anti-mold active drugs was
not standard of care at our center during the study period, and only
31 patients out of the study cohort received posaconazole
prophylaxis.
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Table 2
Patient's demographic characteristics and underlying immunodeficiencies.

Total IPA group Non IPA group
N=1248 N=531 N=717 (100%)
(100%) (100%)
Gender
Male 728 (58%) 317 (60%) 411 (57%)
Female 520 (42%) 214 (40%) 306 (43%)

Age y, median (range)
Type of immunodeficiency
Hematological malignancy

55 (1-90) 55(1-86) 55 (1-90)

966 (77%) 488 (92%) 478 (67%)

Solid tumor 104 (8%) 22 (4%) 82 (12%)
Steroid treatment 81 (7%) 9 (2%) 72 (10%)
Solid organ transplantation 40 (3%) 6 (1%) 34 (5%)
HIV 17 (1%) 0 17 (2%)
Other 41 (3%) 6 (1%) 35 (5%)
Type of hematological
malignancy
AML 382 (31%) 230 (43%) 152 (21%)
LY 247 (20%) 105 (20%) 142 (20%)
ALL 131 (10%) 68 (13%) 63 (9%)
MM 67 (5%) 28 (5%) 39 (5%)
CLL 50 (4%) 18 (3%) 32 (4%)
CML 6 (0.4%) 1(0.1%) 5 (1%)
Other 83 (7%) 38 (7%) 45 (7%)
Total HSCT 344 (28%) 158 (30%) 186 (26%)
Allo HSCT 246 (20%) 116 (22%) 130 (18%)
Auto HSCT 98 (8%) 42(8%) 56(8%)

Acute myeloid leukemia (AML); lymphoma (LY); acute lymphocytic leukemia (ALL);
multiple myeloma (MM); chronic lymphocytic leukemia (CLL); chronic myeloid
leukemia (CML); hematopoietic stem cell transplantation (HSCT); autologous
hematopoietic stem cell transplantation (Auto HSCT); allogeneic hematopoietic
stem cell transplantation (Allo HSCT); human immunodeficiency virus (HIV).

Diagnostic performance of PCR test for the detection of aspergillus
DNA in BAL

PCR for the detection of aspergillus DNA was performed in all
the 1248 cases and was positive in 266, 213 of them had IPA (2%
proven +60 % probable +38% possible), indicating a true positive
rate of 80% (213/266). Fifty three patients who belonged to the
non-IPA group also had a positive PCR test, indicating a false
positive rate of 20% (53/266). These results establish the diagnostic
performance of the test to have sensitivity of 40%, specificity of
93%, PPV of 80% and NPV of 68%. Assessing PCR performance in the
largest and most common at-risk group (966 patients with
hematological malignancies) revealed lower sensitivity of 37%,
but very high specificity - 96%, leading to PPV of 90% and NPV of
69%. In contrast, in the remaining group, the total cohort excluding
hematological malignancies group (1248-966=282), sensitivity
and NPV were higher (73% and 94%, respectively), but specificity
and PPV were much lower (87% and 51%, respectively).

When considering IPA only as proven and probable cases (with
possible cases considered non-IPA), the performance of PCR would
have a sensitivity of 46%, specificity of 86%, PPV of 50%, and NPV of
84% (Table 3).

IPA was considered possible in 244 patients, meaning with no
positive microbiological criterion. PCR was positive in 80 of them.

Table 3
Diagnostic performance of PCR in BAL for the diagnosis of IPA.
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Including positive PCR as a mycological criterion for the diagnosis
of probable IPA would change the proportions of proven/probable/
possible cases from 1%/53%/46% to 1%/68%/31%.

Diagnostic performance of supplementary mycological tests

In order to compare the accuracy of aspergillus DNA PCR test to
the additional validated tests, we examined the yield of the GM
antigen test in BAL fluid and serum, as well as Aspergillus culture in
BAL fluid (Table 4). As opposed to the PCR tests, GM tests in serum
and BAL were performed in only a fraction out of 1248 patients.
Fungal culture was performed for all.

A total of 665 BAL fluid samples were tested for GM antigen. Of
this subgroup, 376 patients were diagnosed as IPA (proven/
probable/possible), and 289 as non-IPA. Two hundred and forty six
BAL samples were found to be positive for GM antigen. Of them 215
had IPA and 31 did not (13% false positive). Based on these results,
the performance of a GM test in BAL in our cohort showed
sensitivity of 57%, specificity of 89%, PPV of 87% and NPV of 62%.

A total of 670 blood tests were performed for the detection of
GM antigen in serum. Of this subgroup, 379 patients were
diagnosed with IPA (proven/probable/possible), and in 291 the
diagnosis was not confirmed. Seventy-one serum samples were
positive for GM antigen; 61 of them belonged to the IPA group and
10 - to the non-IPA group (14% false positive). Based on these
results, the performance of GM tests in serum in our cohort
showed sensitivity of 16%, specificity of 97%, PPV of 86% and NPV of
47%.

All of the 1248 BAL samples were cultured for Aspergillus. Only
57 of them were found to be positive. Fifty-three positive cultures
belonged to the IPA (proven/probable/possible) group, while 4/57
(7%) patients with positive culture were not diagnosed with IPA
and were considered colonized. Based on these results, the yield of
a positive aspergillus culture in BAL, for the diagnosis of IPA,
showed sensitivity of 10%, specificity of 99.5%, PPV of 93% and NPV
of 60%.

Only 472 patients were evaluated using all four tests, i.e., BAL
GM, BAL PCR, BAL culture and serum GM. Of them, 273 patients
were diagnosed with IPA (proven/probable/possible). Assessment
of test performances in the latter subgroup did not reveal
significant difference from the total cohort.

Table 4
Diagnostic performance of all laboratory tests for IPA (proven/probable/possible)
diagnosis.

Test Performance characteristic (%) Diagnostic odd ratio
confidence
interval
Sensitivity ~ Specificity PPV~ NPV
BAL PCR 40 93 80 68 8.4 (6.0-11.6)
BAL GM 57 89 87 62 10.9 (7.27-17.0)
Serum GM 16 97 86 47 6.049 (2.95-12.3)
Culture 10 99.5 93 60 26.6 (8.28-85.76)

PPV - positive predictive value; NPV - negative predictive value; GM -
galactomannan test; BAL — bronchoalveolar lavage.

Performance characteristic (%)

Sensitivity Specificity PPV NPV
PCR for IPA (ppp) in the total cohort 40 93 80 68
PCR for IPA (PP) in the total cohort 46 86 50 84
PCR for IPA (ppp) in patients with hematological malignancy 37 96 90 69
PCR for IPA (ppp) in other patients 73 87 51 94

ppp = proven/probable/possible; pp = proven/probable.
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Table 5

Diagnostic performance of combinations of laboratory tests for IPA (proven/probable/possible) diagnosis.

Positive test

Performance characteristic (%)

Diagnostic odd ratio

confidence
interval
Sensitivity Specificity PPV NPV

BAL PCR or BAL GM 74 75 81 68 8.7 (6.3-12.2)
BAL PCR or Serum GM 53 82 80 55 4.9 (3.5-6.9)
BAL PCR or culture 43 92 80 68 8.5 (6.2-11.8)
BAL PCR or BAL GM or Serum GM 81 63 81 64 7.5 (5.2-10.7)
BAL PCR or BAL GM or Culture 76 74 81 69 9.0 (6.5-12.5)
BAL PCR or Serum GM or Culture 55 81 80 56 5.1 (3.7-7.1)
BAL GM or Serum GM or Culture 74 79 87 60 10.3 (6.8-15.5)
BAL PCR or BAL GM or Serum GM or Culture 83 62 81 66 7.8 (5.5-11.3)
BAL PCR and BAL GM 20 99.4 96 65 42.7 (15.6-117.1)
BAL PCR and BAL GM and Serum GM and Culture 1 100 100 58

Table 5 presents the diagnostic performance of various
combinations of existing tests. It shows all the combinations of
couplets, triplets and quadruplets of tests, if any of them is positive,
and if all are positive. For instance, if PCR or GM in BAL is positive,
the sensitivity increases from 40% (PCR) and 57% (GM) to 74% at the
expense of decreasing specificity from 93% and 89% to 75%. If any of
the four tests is positive, the sensitivity increases to 83% and the
specificity decreases to 62%. The combination of positive PCR and
positive BAL GM decreases sensitivity to 20% but specificity
increases to 99.4%. Addition of another positive test (either blood
GM or culture) tremendously reduces sensitivity, while increasing
specificity to 100%.

Discussion

The current study has assessed the diagnostic performance of
PCR test for the detection of Aspergillus spp. DNA in BAL fluid,
aiming to improve the diagnosis of IPA in patients at risk.

To the best of our knowledge, this is the largest reported single-
center series of consecutive immunocompromised patients who
underwent FOB with BAL sampling for suspected opportunistic
pulmonary infection. The prevalence of IPA (proven/probable/
possible) in this cohort was 42.5% (531/1248). Since publication of
the diagnostic criteria of the EORTC (Ascioglu et al., 2002) in 2002,
and of the revised criteria in 2008 (De Pauw et al., 2008), great
progress has been made in the diagnosis of IPA, mainly due to the
addition of the serological test results to the mycological criteria.
From this time on, numerous studies have been conducted
evaluating the yield of ASP-DNA detection in the diagnosis of
IPA (Johnson et al., 2015; Buess et al., 2012; Guegan et al., 2018;
Smibert and Slavin, 2017; Eigl et al., 2017; Heng et al., 2014; Hoenigl
et al., 2014; Reinwald et al., 2012a), yet this test has not been
incorporated into the diagnostic criteria so far, mainly due to lack
of standardization.

Our study has demonstrated that the PCR test for the detection
of ASP-DNA in BAL fluid has the sensitivity of 40%, specificity of
93%, PPV of 80% and NPV of 68% for the diagnosis of IPA (proven/
probable/possible). When considering IPA only as proven and
probable cases, the performance of the PCR shows better
sensitivity and NPV (46% and 84%, respectively) at the expense
of lower specificity and PPV (86% and 50%, respectively). For the
group at highest risk, i.e., patients with underlying hematological
malignancies, a positive PCR in BAL had a lower sensitivity (37%)
and NPV (69%), but higher specificity (96%) and PPV (90%). On the
other hand, for non-hematological patients, sensitivity and NPV
were much higher (73% and 94% respectively), while specificity and
PPV were lower (87% and 51% respectively). The cause for these
differences could not be attributed to anti-mold prophylaxis, since
only 31 patients received posaconazole prophylaxis. However,

many hematological patients at risk started anti-aspergillus
treatment based on characteristic CT results 1-3 days before
bronchoscopy was eventually performed, and this could be one of
the reasons for lower levels of aspergillus biomarkers in this group
of patients, as previously described (Reinwald et al, 2012b).
Another explanation of the higher sensitivity in non-hematological
patients could be related to the fact that hematological patients at
risk were vigorously followed for every sign of possible aspergillus
infection. In this cohort, blood GM antigen test was performed
twice weekly, and early chest CT was done after 3-4 days of fever
unresponsive to broad-spectrum antibiotic treatment. In many
cases, CT findings showed only a few small nodular infiltrates. This
practice allowed IPA diagnosis at a very early stage. At the same
time, in non-hematological patients this diagnosis was established
only after investigation for “non-resolving pneumonia”, when
radiographic findings showed progressive infection with large,
sometimes cavitary, infiltrates. One might expect that at this late
stage of infection, the load of aspergillus organisms is higher.

The real contribution of the PCR to the diagnosis of IPA was the
upgrading of 80 cases from the possible IPA category to the
probable one. This would change the distribution of IPA cases in
our series from 1%/53%/46% of proven/probable/possible to 1%/
68%/31%. In multiple published studies in patients at risk of IPA,
those with the possible category constitute the largest group
among IPA patients. Based on our 12-year experience presented
herein, we suggest that incorporating PCR results into the
mycological criteria increases the degree of the diagnosis certainty.

The nested design of the PCR reaction employed in this study
probably accounts for the high specificity of the test. This is despite
the fact that nested PCR is known to increase the probability of
sample contamination. To address this potential caveat, we
recommend using two negative controls: the first is controlling
for PCR contamination, where water is substituted for the DNA
sample; and the second is controlling for contamination during
DNA extraction, where a blank sample is processed in toto up to the
PCR reaction step. Inhibition controls were also included for each
sample and confirmed the reliability of the PCR amplification.

The performance of other already established mycological
criteria in our study showed the detection of GM antigen in BAL to
be the most sensitive one, with sensitivity of 57%, compared to that
of 40% for PCR, although it was associated with lower specificity
equating to 89% vs. 93%, respectively. GM antigen in blood and
culture of BAL demonstrated the lowest sensitivity of 16% and 10%,
respectively, with corresponding highest specificities of 97% and
99.5%. Routine implementation of all four tests (PCR, GM and
culture in BAL and GM in blood) for every suspected case of IPA
increases the sensitivity to 83%, if any of them is positive, and the
specificity rises to >99% for any combination of two or more
positive tests.
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Numerous studies have evaluated the utility of PCR for the
diagnosis of IPA (Johnson et al., 2015; Reinwald et al., 2012b; Avni
et al., 2012; Landlinger et al., 2010; Urabe et al., 2017). Results
varied widely between the studies and revealed sensitivity ranging
from 26% to 100%. The following reasons could potentially account
for such variability. Some studies included only patients with AML
and HSCT recipients, while others included a large variety of
immunocompromised patients. Likewise, some studies incorpo-
rated only patients suspected to have IPA, whereas others included
patients under screening surveillance as well. A number of studies
were limited to PCR testing of BAL fluid only, while certain studies
also included blood PCR. Furthermore, the impact of anti-mold
active treatment or prophylaxis received by some patients at the
time of BAL sampling could not be ruled out. Moreover, different
types of PCR tests and cut-offs of GM antigen positivity were used.
Four meta-analyses were published, providing independent and
statistically sound representation of clinical performance of the
PCR test (Avni et al., 2012; Tuon, 2007; Mengoli et al., 2009; Sun
et al., 2011). Based on the above studies and meta-analyses, White
et al published, on behalf of the Infectious Diseases Society of
America, their recommendation to incorporate PCR in the EORTC/
MSG definitions (White et al., 2015).

Our study included 1248 patients treated in a single center. All
of them were at risk for IPA, underwent chest CT and FOB, and all of
them had their BAL fluid tested by the same PCR assay (which is
compatible with EAPCRI recommendations (White et al., 2010)) for
detection of aspergillus DNA. Indeed, 41.5% of these patients were
diagnosed with IPA. Although the PCR at our center did not reach
the highest accuracy compared to all similar studies, yet, based on
the high prevalence of the disease, the PPV of PCR would be higher.
The most sensitive mycological test for IPA diagnosis in the present
study was the detection of GM antigen in BAL, with PCR being only
second best. Hence, PCR should not replace GM testing, but its
addition to the total mycological test battery increases the
diagnosis rate of IPA. In our study, this approach actually allowed
upgrading 80 patients from the possible IPA category to the
probable one.

Currently, two novel POC (point of care) tests, i.e., aspergillus-
specific lateral flow device and aspergillus GM lateral flow assay,
are being evaluated for their utility for the diagnosis of IPA (Mercier
et al.,, 2019; Heldt et al., 2018). Although their sensitivity is not
highest among all biomarkers, their addition to other mycological
tests will further increase the degree of the diagnosis certainty, and
definitely allow its earlier establishment.

In conclusion, including PCR test for the detection of aspergillus
DNA in BAL in the mycological criteria of the EORTC/MSG
definitions increases the rate and the certainty of IPA diagnosis.
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