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Abstract

Background: The classification of invasive pulmonary aspergillosis (IPA) issued by the European Organization for the
Research and Treatment of Cancer/Mycoses Study Group Education and Research Consortium (EORTC/MSGERC) is
used forimmunocompromised patients. An alternative algorithm adapted to the intensive care unit (ICU) population
has been proposed (AsplCU), but this algorithm did not include microbial biomarkers such as the galactomannan
antigen and the Aspergillus quantitative PCR. The objective of the present pilot study was to evaluate a new algorithm
that includes fungal biomarkers (BM-AsplCU) for the diagnosis of probable IPA in an ICU population.

Patients and methods: Data from 35 patients with pathology-proven IPA according to European Organization for
the Research and Treatment of Cancer/Mycosis Study Group (EORTC/MSGERC)-2008 criteria were extracted from

the French multicenter database of the Invasive Fungal Infections Surveillance Network (RESSIF). The patients were
investigated according to the AsplCU algorithm, and the BM-AspICU algorithm in analyzing the clinical, imaging, and
biomarker data available in the records, without taking into account the pathology findings.

Results: Eight patients had to be excluded because no imaging data were recorded in the database. Among the 27
proven IPAs with complete data, 16 would have been considered as putative IPA with the AspICU algorithm and 24
would have been considered as probable IPA using the new algorithm BM-AsplCU. Seven out of the 8 patients with
probable BM-AsplCU IPA (and not classified with the AsplCU algorithm) had no host factors and no Aspergillus-positive
broncho-alveolar lavage fluid (BALF) culture. Three patients were non-classifiable with any of the two algorithms,
because they did not have any microbial criteria during the course of the infection, and diagnosis of proven aspergil-
losis was done using autopsy samples.

Conclusion: Inclusion of biomarkers could be effective to identify probable IPA in the ICU population. A prospective
study is needed to validate the routine application of the BM-AsplCU algorithm in the ICU population.

Keywords: Invasive aspergillosis, Intensive care unit, Clinical algorithm, Fungal biomarkers, Galactomannan antigen,
Aspergillus gPCR

Background
The diagnosis of invasive pulmonary aspergillosis (IPA)
in intensive care unit (ICU) remains a challenge. Defini-
tions of invasive fungal diseases were proposed in 2002,
: then updated in 2008 and in 2019, by a consensus group
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The EORTC/MSGERC classification is not suitable for
ICU population, as immunocompetent patients admitted
to the ICU for severe acute illness, while at risk for IPA,
do not have the host factors described in the EORTC/
MSGERC definitions [1]. This EORTC/MSGERC defini-
tions were first created in order to homogenize immu-
nocompromised population included in clinical trials.
Proven cases were defined by positive histological exami-
nation with visible hyphae or positive culture on sterile
material. Possible cases were defined by the presence
of host factors and radiological criteria, probable cases
were defined by host factors, radiological and microbio-
logical criteria (culture, galactomannan (GM) antigen)
[1]. Aspergillus quantitative polymerase chain reaction
(qPCR) has been included as microbiological criterion in
the 2019 update [2].

Because data are lacking for IPA diagnosis in ICU
population, an alternative clinical algorithm, AspICU,
more adapted to critically ill patients, was validated by
a prospective multicenter study [3]. The objective of the
AspICU algorithm aimed at discriminating Aspergillus
colonized patients from patients with a probable IPA.
In order to avoid confusion with the “probable” term
described in the EORTC/MSGERC-2008, the term used
in the AspICU algorithm was “putative”. Recently, new
case definitions have been proposed for influenza-asso-
ciated invasive aspergillosis (IAPA) and Covid-19-as-
sociated invasive aspergillosis (CAPA), which include
fungal culture and biomarkers as requirement for puta-
tive/probable cases [4—6].

Unlike the EORTC/MSGERC classification, the
AspICU algorithm used clinical signs, less restrictive
host factors, and Aspergillus-positive culture from respir-
atory tract to define “putative” aspergillosis. However, the
AspICU algorithm did not use the GM antigen detection
because it was shown to be less reliable in non-neutro-
penic patients [7]. Moreover, the AspICU classification
did not consider the detection of Aspergillus DNA using
qPCR in blood samples or broncho-alveolar lavage fluid
(BALF) for the diagnosis of IPA.

The EORTC/MSGERC classifications are used to enroll
patients into clinical trials/diagnostic evaluations and not
to direct or guide patient care. By contrast, the AspICU
algorithm was developed to discriminate colonization
from probable IPA in ICU patient with Aspergillus-posi-
tive endotracheal aspirate culture and help in therapeutic
decision-making.

We hypothesized that the strategy to diagnose prob-
able IPA in the ICU population could be improved, so
that the patients could be treated earlier, especially if they
do not have immunosuppression criteria. We propose
here a new algorithm, entitled BM-AspICU, based on our
experience and on the literature, mixing both EORTC/
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MSGERC and AspICU criteria and including fungal
biomarkers, such as the GM antigen and the Aspergillus
qPCR [8].

The objective of this pilot study was to evaluate mycol-
ogy assay positivity that would allow different classifica-
tions in the absence of a proven diagnosis. The patients
with proven cases collected by the French Invasive Fun-
gal Infections Surveillance (RESSIF) network were inves-
tigated according to the AspICU algorithm, and the
BM-AspICU algorithm in analyzing the clinical, imaging,
and biomarker data available in the records, without tak-
ing into account the pathology findings.

Methods

Collection of EORTC/MSGERC-proven IA cases

The RESSIF network was launched in 2012 by the
National Reference Center of Invasive Mycoses and
Antifungals to collect cases of invasive fungal infections
associating microbiological and clinical data. The RESSIF
network includes 29 collaborating centers who declare
the proven and probable cases according to EORTC/
MSGERC-2008. For the present study, only the proven
IPAs occurring in ICU were considered for homogeni-
zation purpose and also because the diagnosis of asper-
gillosis was undisputable. Indeed, ICU patients do not
generally have host factors necessary for defining prob-
able IPA, and are therefore not recorded in the network
unless they present host factors, which create biases with
ICU patients without host factors. Moreover, the diagno-
sis of probable cases often relies on biomarkers and not
on culture, which would have interfered with the present
evaluation of the added value of biomarkers. Therefore,
probable cases were not considered.

The analysis of the aspergillosis records between Jan-
uary 2012 and December 2017 retrieved 35 patients
over 18 years old with proven IPA and admitted to the
ICU. Additional data were obtained after the analysis of
anonymized hospitalization records of the 35 patients
to create the BM-AspICU database. Radiological data
were analyzed from hospitalization records. The items
collected and taken into account for each algorithm are
listed in Table 1.

The RESSIF network was approved by the Institut Pas-
teur institutional review board (IRB #2009-34). Approval
of the "Commission Nationale de I'Informatique et des
Libertés" was obtained, ensuring that patient’s data were
kept and used according to French regulation. The BM-
AspICU substudy was approved by the coordinating
committee of RESSIF in April 2019. All patients’ medical
data analyzed in this study were anonymized.
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Table 1 Diagnostic criteria for invasive pulmonary aspergillosis according to EORTC/MSGERC-2008, EORTC/MSGERC-2019, AsplCU and

BM-AsplCU
Criteria EORTC/ EORTC/ AsplCU BM-AsplCU
MSGERC-2008 MSGERC-2019
Host risk factors (immunosuppression)
Neutropenia (< 500 neutrophils/mm? for > 10 days) X X X X
Receipt of an allogenic stem cell transplant X X X X
Corticosteroids > 0.3 mg/kg/day for> 3 weeks X X X X
Treatment with recognized T-cell immunosuppressant for more than 90 days X X X X
Inherited severe deficiency X X X X
Underlying hematological or oncological malignancy treated with cytotoxic agents X X X X
lbrutinib treatment X X X
Other risk factors
Chronic obstructive pulmonary disease X X
Viral respiratory diseases (influenza infection, SARS-CoV?2 infection, etc.) X X
Cirrhosis, hepatic insufficiency X X
Other (diabetes, chronic alcohol abuse, chronic diseases, cardiac surgery, etc.) X X
Clinical features
Fever refractory to> 3 days of antibiotherapy X X
Pleuritic chest pain X X
Dyspnea X X
Hemoptysis X X
Respiratory insufficiency despite ventilation support X X
Imaging
CT scan of the lung X X X X
Chest X-ray X X
Air-crescent sign X X X X
Cavity X X X X
Dense, well-circumscribed lesion(s) with or without halo sign X X X X
Diffuse reticular and alveolar opacities X X X
Nonspecific infiltrates and consolidation X X X
Pleural fluid X X
Wedge-shaped infiltrate X X X
Tree-in-bud pattern X X
Mycological culture
Positive direct examination showing hyphae X X X X
Positive Aspergillus culture in BALF X X X X
Positive Aspergillus culture in lower respiratory tract specimen X X X X
Fungal biomarkers
BALF galactomannan X X X
BALF Aspergillus gPCR X* X
Serum/plasma galactomannan X X X
Serum/plasma Aspergillus qPCR X* X

" Two consecutive gPCR tests positive in blood, or one gPCR test positive in blood and one qPCR test positive in BALF

Classification using the different algorithms
All patients with proven IPA were classified according to
the AspICU algorithm and the BM-AspICU algorithm,
without taking into account the pathology findings.

The AspICU algorithm aimed at discriminating Asper-
gillus colonized patients from patients with a putative

IPA. Putative cases were defined by positive Aspergillus
culture in lower respiratory tract, host factors (neutro-
penia, underlying hematological or oncological malig-
nancy treated with cytotoxic agents, glucocorticoid
treatment (>20 mg/day), congenital or acquired immu-
nodeficiency), clinical, and radiological criteria; a second
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mycological criterion (semiquantitative Aspergillus-pos-
itive culture of BALF (+or++) with a positive direct
examination showing branching hyphae was necessary if
host risk factor was lacking [3].

The new BM-AspICU algorithm proposed in this
study was based on our experience and data from litera-
ture (Fig. 1). In the BM-AspICU algorithm, we take into
account fungal biomarkers such as the GM antigen and
the Aspergillus qPCR for the classification. Risk factors
were not considered as entry criteria, and BM-AspICU
has been designed to be applied to any patient requiring
ICU admission for respiratory distress, regardless of risk
factors.

The entry criterion could be either a positive A. fumig-
atus culture in the lower respiratory tract, or imaging
signs, or a clinical sign (respiratory worsening, or fever
after antibiotics > 3 days) (Fig. 1). Then, the second step
was to look for any host factor, including those described
in the EORTC/MSGERC-2008 classification, and other
risk factors as listed in Table 1. If the patient had any
EORTC/MSGERC-2008 host factor, only one radiologi-
cal criterion and one mycological criterion were needed
to categorize the patient as probable IPA. On the other
hand, if the patient did not have any host factor according
to the EORTC/MSGERC-2008 criteria, but presented at
least one other risk factor, one clinical criterion, one radi-
ological criterion and two mycological criteria (including
GM antigen and Aspergillus qPCR in serum and BALF)
were needed to categorize the patient as probable IPA.

The patient has :

= Positive Aspergillus in the lower respiratory tract
~  ORimaging sign

= ORclinical sign

Is there any host or risk factor?

2 1 EORTC/MSG host factor 2 1 other risk factor

Needed criterion Needed criterion

Imaging >1 Clinical >1

Mycological >1 Imaging >1
Mycological >2

Probable IPA ?

YES YES YES

NO NO NO
Aspergillus colonisation,
L__Possible IPA, orno IPA_ |

Fig. 1 BM-AspICU algorithm to discriminate probable invasive
pulmonary aspergillosis (IPA)
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Results

Data for 35 patients with EORTC/MSGERC-proven IPA
and having been hospitalized in ICU were analyzed.
The patients had a median age of 59 years [25-72] and
were mostly men (74%). Among these 35 proven IPAs,
eight had to be excluded because imaging was not avail-
able (not done or not described in details in the medical
file). Among the 27 EORTC/MSGERC-2008 proven IPA
patients included, 11 had an EORTC/MSGERC-2008
host factor: five solid organ transplant, and 6 hemato-
logical diseases (Table 2). The 16 other patients had other
condition such as chronic alcoholism (6), active smok-
ing (4), chronic obstructive pulmonary disease (3), dia-
betes (3), cardiac surgery (1), Basedow disease (1), Still’s
disease (1), gout attack (1), massive exposure to demoli-
tion work (1), idiopathic pulmonary fibrosis (1), vasculi-
tis (1), drowning in mud while in alcohol-induced coma
(1). Several of these conditions were cumulative for some
patients (8 patients with at least two risk factors).

The main clinical sign suggestive of IPA was adverse
respiratory outcome after antibiotic therapy and involved
23 patients. Overall 90-day mortality rate was 74% in
this series. It was higher in non-immunocompromised
patients (13/16 [81%]) than in immunocompromised
patients with EORTC/MSGERC-2008 host criteria (7/11
[63%]), but difference was not significant (Fischer test
p>0.05).

Among the 27 EORTC/MSGERC-2008-proven IPA
patients included, 13 had an EORTC/MSGERC-2008
imaging sign, mostly nodules and micronodules
(Table 2). The 14 other patients had other, less specific
imaging signs, such as condensations (6), ground glass
opacities (7), abscesses (4), opacity (3), and pleural effu-
sion (1) (most of these imaging signs are now included in
the EORTC/MSGERC-2019).

Among the 27 proven IPA patients included, 4 patients
did not have any Aspergillus-positive culture from lower
respiratory tract specimen or BALF during the moni-
toring of patient (P1, P10, P11, P26). Patient P1 had a
positive GM and was identifiable as probable only with
BM-AspICU. The 3 other patients were non-classifiable
with any of the two algorithms, because they did not
have any microbial criteria (negative mycological culture,
negative biomarker or absence of sampling) during the
course of the infection, and diagnosis of proven aspergil-
losis was done using autopsy samples.

Among the 23 other patients, 20 patients had at least
one Aspergillus-positive culture in respiratory tract (5 in
BALF only, and 8 in other lower respiratory tract speci-
mens only such as tracheal or bronchial aspirate, and 7
in both BALF and other respiratory samples). Three
patients had other samples with positive Aspergillus cul-
ture (2 pleural fluids, one pericardial fluid). The strain
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identified was A. fumigatus in 20/22 of patients, Asper-
gillus (Emericella) nidulans was identified in one patient,
and Aspergillus flavus in another patient.

Among the 27 proven IPA patients included, 15 had a
positive GM in serum (median 1.7 [0.98-5]), 4 of them
also positive in BALF (median 3.33 [0.88-9.5]), and only
four had a positive Aspergillus qPCR (3 in serum and one
in BALF). The Aspergillus qPCR was not systematically
performed (only 13/27 patients had at least one serum or
BALF tested for Aspergillus qPCR).

Allin all, out of the 27 patients analyzed, 16 would have
been considered as putative IPA following the AspICU
algorithm: 8 patients with host risk factors (“4a” crite-
rion), and 8 patients without host risk factors, but fulfill-
ing “4b” criterion (Aspergillus-positive culture of BALF
with direct examination of hyphae) (Table 2). Otherwise,
24 patients would have been considered as probable
IPA following the BM-AspICU algorithm. Among the 8
patients that have been identified as probable IPA using
the BM-AspICU algorithm, but not by the AspICU, there
were one patient (P1) with host factor, a serum-posi-
tive GM and a serum-positive Aspergillus gPCR; and 7
patients (P20, P21, P22; P23, P24, P25, P27) without host
factors or positive BALF culture, but with at least 2 other
positive mycological results (at least 2 positive cultures
(other than BALF), or one positive culture and at least
one positive GM in serum or BALF) (Table 2).

Mycological criteria required for putative IAPA include
positive culture from BALF, positive GM in BALF (>1.0)
and positive GM in serum (>0.5) [5]; in the absence of
specific radiologic sign, mycological criteria required
for putative CAPA are 2 or more positives across differ-
ent test types or multiple positives within one test type,
from the following: positive culture from BALF, positive
GM in BALF (> 1.0), positive GM in serum (> 0.5), posi-
tive qPCR in BALF or blood, positive beta-D glucan in
serum/plasma [6]. When applying these criteria in our
series, 19 patients could have been considered as prob-
able IPA. The five additional patients identified as prob-
able by BM-AspICU (P3, P4, P9, P20, P24) had positive
culture in tracheal or bronchial aspirates (which were not
taken into account in the CAPA/IAPA definitions).

Discussion
The present study showed that the new algorithm BM-
AspICU by adding Aspergillus qPCR and GM antigen
detection in the diagnostic strategy of IPA in the ICU
population allowed to identify more patients with prob-
able BM-AspICU IPA (n=24) compared to putative IPAs
of the AspICU algorithm (n=16).

The AspICU algorithm did not include any fungal bio-
markers. In the absence of host risk factors (immuno-
suppression), Aspergillus-positive culture of BALF with
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direct examination of hyphae is the only mycological cri-
terion to classify the case as putative aspergillosis [3]. In
our study, 16 patients did not have any host risk factor,
only 8 of them had a positive BALF and could be classi-
fied as putative aspergillosis using the AspICU classifica-
tion. With the BM-AspICU algorithm, we could identify
8 additional patients as “probable” IPA when considering
positive GM, positive Aspergillus qPCR in serum and/or
BALF or another positive culture of any type of samples,
as a second mycological criterion. The inclusion of these
biomarkers is in agreement with recent recommenda-
tions from the European Society for Clinical Microbiol-
ogy and Infectious Diseases, the European Confederation
of Medical Mycology and the European Respiratory Soci-
ety (ESCMID-ECMM-ERS joint guidelines) [8] and the
American Thoracic Society [9]. The Aspergillus qPCR
was not recognized as microbiological criterion by the
EORTC/MSGERC-2008 classification [1], which could
explain the low number of cases for which the analysis
was performed in this retrospective study. In the mean-
time, revisions of the EORTC/MSGERC criteria were
published in December 2019 and now, two consecutive
positive PCR in blood, or one PCR test positive in blood
and one PCR positive in BALF, are considered as myco-
logical criteria for probable IPA [2]. Performance of GM
and Aspergillus PCR in BALF and serum were also evalu-
ated in COVID-19-associated pulmonary aspergillosis
[10-12], and Aspergillus qPCR was taken into account in
recent definition cases of CAPA [6].

Some similarities between BM-AspICU and CAPA def-
initions can be noted: 1) considering all biomarkers (GM
and Aspergillus qPCR) in serum and BALF as mycologi-
cal criteria and 2) varying the number of required myco-
logical positive tests according to the type of patients.
There are also main differences: 1) in the BM-AspICU,
we considered positive culture from any respiratory spec-
imens (including tracheal and bronchial aspirate), and
not only from BALF or non-directed bronchial lavage,
and 2) in the BM-AspICU, we proposed to outweigh the
lack of host factor by the number of mycological crite-
ria (EORTC/MSGERC host factor: only one mycological
criteria; no host factor: > 2 mycological criteria) while in
CAPA definitions, the lack of specific radiology is out-
weighed by the number of mycological criteria (radiology
typical of IA: only one mycological criteria; nonspecific
radiology: > 2 mycological criteria).

The EORTC/MSGERC-2008 classification relied mostly
upon host factors and specific imaging signs. This diag-
nostic approach is however insufficient in the ICU where
symptoms such as persistent fever, fever recrudescence
under antibiotic, chest pain or acute respiratory distress
syndrome seem essential to evoke an IPA. In our study,
16/27 (59%) patients had positive Aspergillus-positive
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culture in lower respiratory tract specimen (tracheal or
bronchial aspirate) and all the patients had at least one
clinical sign evoking an IPA.

Given the increasing evidence that radiological mani-
festations are more varied than previously described, and
the greater number of abnormalities that could be seen
thanks to the new imaging techniques, imaging crite-
ria for probable IPA were expanded to include wedge-
shaped and segmental or lobular consolidation in the
revised EORTC/MSGERC-2019 classification [2]. In the
BM-AspICU algorithm, we propose to use broader crite-
ria, as proposed in the AspICU algorithm [3]. Indeed, in
our study diffuse or ground glass opacities were the only
radiological feature found in 6 out of the 27 patients with
proven IPA.

The absence of EORTC/MSGERC-2008 host criteria in
60% (16/27) patients had probably contributed to delayed
diagnosis and delayed treatment, which explains in part
the very high mortality rate in this series. Therefore, to
resume our strategy, in the ICU, patients with respiratory
worsening, fever refractory to antibiotic therapy, and a
first Aspergillus-positive culture in tracheal or bronchial
aspirate or a first positive fungal biomarker, should first
be considered for EORTC/MSGERC-2019 host risk fac-
tors. If EORTC/MSGERC-2019 host risk factors are
identified, no additional mycological sign is needed to
immediately start antifungal treatment and continue fun-
gal monitoring. If the patient presents other risk factors,
as listed in Table 1, an active fungal surveillance should
be triggered (culture of respiratory tract specimens, GM
and Aspergillus qPCR in serum or BALF) and as soon as
a second mycological argument is obtained (positive GM,
positive Aspergillus qPCR, positive A. fumigatus culture),
the patient should benefit from an antifungal treatment.

We acknowledge several limitations to our study. First,
the retrospective design of the study, with collection of
data from the RESSIF network: therefore, some rele-
vant data to describe IPA cases in ICU patients, such as
duration of mechanical ventilation before IPA, severity
scores, organ dysfunctions were not recorded and could
not be provided. Second, the low number of proven IPA
obtained from the RESSIF database: 35 recorded between
2012 and 2017. However, in the absence of autopsy to
ascertain the diagnosis, the more reliable criterion to
stay homogeneous was to consider only proven cases. In
doing so, we probably increase the number of patients
with advanced disease, and therefore, more prone to
present positive biomarkers. Third, we were not able to
obtained systematic reliable timing of the positivity of
the biomarkers and the culture compared to the date of
the positive biopsy. To know these elements could have
an interesting clinical impact for initiating a specific
treatment without waiting for a pathology confirmation.
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Fourth, we were not able to perform centralized reading
of the imaging data and relied on the conclusion made
by different radiologists, which introduce biases in the
interpretation. At last, we did not have a control group
to evaluate the specificity of the BM-AspICU algorithm.
However, false-positive biomarker results are always dif-
ficult to assess given the difficulty to exclude the diagno-
sis of invasive aspergillosis. The benefit/risk balance for
the patient is in favor of over diagnosing and treating a
patient wrongly rather than underdiagnosing patients
with IPA.

Conclusions

Strict interpretation of the host factors for invasive fun-
gal infection has contributed in some instances to missed
diagnosis of IPA in ICU [3, 13]. We therefore think the
ICU patients should be considered at risk of IPA inde-
pendently of their immunity status. Since early IPA
diagnosis remains a challenge, biomarkers should be
integrated to consider as many patients as possible to
improve the prognosis. Including biomarkers may help
in decision-making to start antifungal treatment in ICU
patients with hematological malignancies, but also in
ICU patients with other risk factors. The BM-AspICU
algorithm was based on retrospective analysis of the
RESSIF database and needs to be validated on a prospec-
tive study, to determine if fungal biomarkers, such as GM
antigen detection and Aspergillus qPCR, in ICU patients
without EORTC/MSGERC-2019 host factors, should be
systematically part of the IPA diagnostic strategy. In the
future, the BM-AspICU algorithm should be assessed for
CAPA and IAPA.
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