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Introduction:  Invasive  pulmonary  aspergillosis  is  a  well-known  complication  of  acute  respiratory  distress
syndrome,  the  most  serious  manifestation  of  COVID-19.  Four  recent  studies  have  reported  its  incidence
among  ICU  COVID-19  patients.  However,  they  do  not  share  the  same  case  definition,  and  have  pro-
vided  conflicting  results.  In this  paper  we  have  aimed  at reported  the incidence  of  invasive  pulmonary
aspergillosis  for  COVID-19  patients  in our ICU,  and  at comparing  the different  definitions  in  order  to
assess  their  respective  relevance.
Methods:  Retrospective  cohort  study of critically  ill  patients  with  severe  COVID-19  requiring  ICU  man-
agement  between  1st  March  and  30th  April  2020.

Results:  Our  results  showed  significantly  lower  incidence  of invasive  pulmonary  aspergillosis  (1.8%;1/53),
compared  to  three  out of four previous  studies,  and  wide  variation  in  the numbers  of  cases  with  regard
to  the  different  definitions.
Conclusion: Large-scale  studies  are  needed  for a  better  definition  and a more  accurate  estimation  of
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1. Introduction

Invasive pulmonary aspergillosis (IPA) is a well-known compli-
cation of acute respiratory distress syndrome (ARDS) in critically
ill patients, particularly as reported with severe influenza [1,2]. In
coronavirus disease 2019 (COVID-19) context, ARDS is the main
manifestation of COVID-19 managed in intensive care units (ICU)
[3,4]. Consequently, a question arises about the burden of IPA
among these patients.

Four recent studies have reported IPA prevalence in COVID-19
patients: in one by Alanio et al. [5], IPA was diagnosed in 9/27 (33%)
patients receiving mechanical ventilation. However, their diagnos-

tic criteria differed from those previously applied in ICUs, namely
the Asp-ICU algorithm and its variant [1,2], the EORTC guidelines
[6], and the recently published expert consensus case definition
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7] for influenza-associated pulmonary aspergillosis (IAPA) in ICU
atients. Two other studies used the modified Asp-ICU criteria [2]
nd found IPA in 9.7% and 26% of COVID-19 patients, respectively
8,9]. Finally, the most recent study [10] used the expert consen-
us case definition for IAPA and identified IPA in 27.7% of COVID-19
atients.

The main objectives of our study were to report the prevalence
f IPA in COVID-19 patients in our ICU, and to compare the differ-
nt definitions used during the SARS-Cov-2 pandemics in order to
iscuss their respective relevance.

. Methods

This retrospective cohort study was approved by the Ethics
ommittee of the Société de Réanimation de Langue Franç aise (IRB
pproval CE SRLF #20-42) and registered with the Institut National
es Données de Sante (MR  4109060520). Informed consent was
btained for all individual participants included in the study.
We  included all successive patients hospitalized in our ICU for
evere COVID-19 (confirmed through RT-PCR assay) between 1st

arch and 30th April 2020 who had been routinely screened for
spergillosis by both serum galactomannan assay (SGA) and myco-

https://doi.org/10.1016/j.idnow.2020.12.008
http://www.sciencedirect.com/science/journal/26669919
http://crossmark.crossref.org/dialog/?doi=10.1016/j.idnow.2020.12.008&domain=pdf
mailto:laura.gouzien@gmail.com
mailto:tcocherie@gmail.com
mailto:oeloy@ch-versailles.fr
mailto:slegriel@ch-versailles.fr
mailto:jpbedos@ch-versailles.fr
mailto:chsimon@ch-versailles.fr
mailto:smarquejuillet@ch-versailles.fr
mailto:aferre@ch-versailles.fr
mailto:fbruneel@ch-versailles.fr
https://doi.org/10.1016/j.idnow.2020.12.008


w
f

3

C
(
O
w
p
a
A
w
e
A
T
o
i
i
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logical culture of respiratory samples. Patients were excluded if
either SGA or mycological culture was missing.

During this study period, all included patients received standard
care for ARDS according to international guidelines, including
invasive ventilation and prone positioning when needed. It was rec-
ommended, but not strictly protocolized, that patients be screened
by both SGA and mycological culture of tracheal aspirate (TA) at
day 4 after admission and subsequently once a week. BAL was
performed when clinically indicated, with mycological culture.

Data were collected prospectively and analysed retrospectively
with a focus on mycological data. We  initially described the tests
used to evaluate the Aspergillus burden in our population, and then
evaluated how many cases of IPA were diagnosed using the five
different definitions; lastly, we compared our results with those
recently published by other teams, (Table 1).

The five definitions we used for diagnosis of to diagnose IPA
during COVID-19 were as follows: the Asp-ICU algorithm and its
variant [1,2], the EORTC criteria [6], the expert consensus case
criteria for IAPA [7], and Alanio’s definition [5]. Patients receiving
antifungal treatment for aspergillosis were also recorded.

For descriptive analysis, categorical variables are presented as

counts and percentages.

Relationships between categorical variables were tested using
the Fisher exact test for group comparison; statistical significance

e

a

Table 1
Comparison of the number of cases of invasive pulmonary aspergillosis, according to Asp

Alanio study n = 27 Ko
n =

Alanio criteria Aspergillus positive culture from BAL
Or 2 of the followings:
Aspergillus positive TA
Positive Aspergillus qPCR in BAL, TA, or
serum
Galactomannan index > 0.8 on BAL
or > 0.5 on serum
�-D-glucan > 80 pg/ml in serum

9 5 

Asp-ICU criteria All 4 criteria (if one missing,
colonisation):
Aspergillus-positive lower respiratory
tract sample (entry criterion)
Compatible clinical signs and symptoms
Abnormal medical imaging
Either host risk factor or
Aspergillus-positive culture from BAL

6 and colonisation
in one case

2 a
in 

Modified Asp-ICU
criteria (used by
Koehler and van
Arkel)

Clinical criteria, radiological criteria and
one or more of the followings:
Aspergillus positive culture from BAL
Galactomannan index ≥ 1 on BAL or ≥ 0.5
on serum

7 4 

EORTC criteria At least one host factora, one clinical
feature and mycologic evidence in the
followings:
Aspergillus positive culture from sputum,
BAL or TA
Positive Aspergillus qPCR on BAL or serum
Galactomannan index > 1 on BAL or
serum

7 5 

Expert consensus
case criteria for
IAPA (used by
Bartolleti)

A: Pulmonary infiltrate and at least one
of the following:
Aspergillus positive culture from BAL
Galactomannan index ≥ 1 on BAL or ≥ 0.5
on serum
OR
B: Cavitating infiltrate (not attributed to
another cause) and at least one of the
following:
Aspergillus positive culture from sputum
or TA

7 4 

Antifungal
Treatment

1  4 

a For the COVID-19 population, COVID-19 with ARDS was considered as a host factor b
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as considered for P-values < 0.05. All statistical analyses were per-
ormed using the R 3.5 software package (http://cran.r-project.org).

. Results

Among the 76 patients admitted to our ICU with confirmed
OVID-19, 53 met  our inclusion criteria, and 23 were excluded
Fig. 1). The main patient characteristics are described in Table 2.
ne patient presented with a positive culture from TA and BAL,
hich was associated with pulmonary cavitating infiltrate. One
atient had positive culture from TA, with both negative BAL
nd SGA, and another had positive SGA without positive culture.
ccording to the criteria used by Alanio, IPA incidence in our study
as then 1/53 (1.9%), significantly lower than in three of the four

arlier studies (Alanio [5], P = 0.0001; Koehler [9], P = 0.004; van
rkel [8], P = 0.14; Bartolleti [10], P = 0.00003, Fisher’s exact tests).
he same incidence was found with the Asp-ICU criteria (plus
ne colonisation), while the three other definitions showed an
ncidence of 2/53 (3.8%), which was still significantly lower than
n three out of four studies (Alanio [5], P = 0.0006; Koehler [9],
xact tests).
In our study, the patient with a diagnosis of COVID-19-

ssociated IPA received antifungal treatment. Comparatively,

-ICU criteria, modified Asp-ICU criteria, EORTC criteria and Alanio study criteria.

ehler study
 19

Van Arkel study
n  = 31

Bartolleti study
n  = 108

Present study
n = 53

3 20 1

nd colonisation
one case

3 and colonisation
in 3 cases

19 and colonisation
in one case

1 and colonisation
in one case

3 30 2

6 36 2

3 30 2

3 16 1

y itself.

http://cran.r-project.org/
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Figure 1. Flow-chart. SGA: serum galactomannan assay; TA: tracheal aspirate; BAL:
broncho-alveolar lavage.

Table 2
Main patient characteristics.

n = 53 n (%) or Median [IQR]

Age (years) 64.0 [55.0–74.0]
Sex, Male 36 (67.9)
Active smokers 2 (3.8)
Comorbidities

Ischemic heart disease 4 (7.5)
Hypertension 23 (43.4)
Diabetes 13 (24.5)
Immunodeficiencya 1 (1.9)
Body Mass Index > 30 kg/m2 18 (34.0)
COPD 7 (13.2)

ICU  management
Time between first symptoms to ICU admission 9.0 [7.0–13.0]
SAPS2 41 [34–50]
High-flow oxygen before intubation 7 (13.2)
Invasive mechanical ventilation 53 (100)
PaO2/FiO2 after intubation 153 [117–192]
Prone position 36 (67.5)
ECMO 4 (7.5)
Tracheotomy 9 (17.0)
Ventilator-associated pneumonia 29 (54.7)
Duration of invasive ventilation (days) 20 [13.0–36.0]
Catecholamine 50 (94.3)
Renal replacement therapy 11 (20.8)
Antibiotherapy at admission 100%
Steroids 12 (22.6)
Antifungal therapy during ICU stay 2
Biology at ICU admission

LDH (UI/L) 803 [660–1149]
Lymphocytes (G/L) 0.8 [0.5–1.0]

Outcome
ICU length of stay (days) 24 [14–45]
ICU mortality 19 (35.8)
Hospital mortality 19 (35.8)
Day-90 mortality 20 (37.7)

a defined as haematological malignancies, allogenic stem cell transplant, solid
organ transplant, prolonged use of steroids at a therapeutic dose of ≥ 0.3 mg/kg/day
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for  more than 3 weeks in the past 60 days, treatment with recognized T-cell or B-cell
immunotherapies during the past 90 days, inherited severe immunodeficiency, or
acute graft versus host disease grade III or IV.

1/9 (Alanio), 4/5 (Koehler), 3/3 (van Arkel) and 16/30 (Bartoletti)
patients in the previous studies received antifungal treatments,
respectively (Table 1).
4. Discussion

We  identified COVID-19-associated IPA in 1.9% of our popula-
tion. According to the various definitions used in previous reports,

w
i
n
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revalence of COVID-19-associated IPA ranged from 1.9% to 33%
Table 1).

Prevalence mismatch might be explained not only by varied
iagnostic criteria, but also by differences in baseline populations.
or example, we included only one patient with underlying immun-
depression, whereas Bartoletti and Alanio included 10 and 20% of
mmunocompromised patients, respectively. Our results might be

ore extendable to the whole COVID-19 ICU patient population,
iven that immunosuppression is not known to be an underlying
actor of COVID-19. It should be noted that similar results were

entioned in a recent letter [11] reporting a prevalence of 3.8%
n a non-immunocompromised population, as was the case in a
reliminary French study [12].

It should also be acknowledged that incidence may  be influ-
nced by the design of mycological testing; too much testing results
n a higher risk of false positive, whereas not enough testing reduces
ensitivity. As we have suggested, when SGA and mycological TA
ulture are carried out at day 4 after admission and subsequently
nce a week, this bias can be reduced.

However, the highest reported incidences might be overes-
imated, as fewer patients receive antifungal treatment for IPA
ompared to the diagnosed cases. Indeed, we believe each IPA
onfirmed case must receive antifungal therapy; if a patient does
ot, we could assume that his practitioner did not believe in IPA
iagnosis.

Furthermore, multiple criteria for IPA diagnostic are available,
nd the most reliable for COVID-19 patient are presently being
etermined, as was recently the case for IAPA [7]. Whereas, as
ecently noted by experts [13], there exists no perfect definition,
e strongly believe the most realistic one should focus on speci-
city, as Asp-ICU, focuses on specificity. Depending on the criteria
sed, the number of cases might support major variations, thereby
nderlining the importance of carefully choosing which definition
o use. That is why we carefully examined the number of IPA cases
n the four studies, using the five previously mentioned definitions
or IPA, and indeed found variation, with different numbers of cases
or each definition of IPA (Table 1). In our study, incidence variation
as  reduced from 3.7% to 1.9%, but the difference was much more
ronounced in other studies, ranging from 33% to 22% (Alanio), from
6% to 10% (Koehler), from 19% to 10% (van Arkel), and from 33% to
8% (Bartolleti).

Even though SGA was seldom positive, it was  included in all
tudies as a diagnostic criteria, suggesting, as previously observed
14], poor sensitivity of this test in COVID-19 patients. On the other
and, while BAL galactomannan was not always available, when
ested it was more relevant to IPA diagnosis, being found positive
n all 30 cases in the Bartolleti study. As it was not routinely avail-
ble for our study population, it could help to explain the incidence
ismatch. While mycological TA cultures may  be more sensitive

nd are widely available, they are insufficiently specific to distin-
uish colonisation from IPA. At this point, the Asp-ICU algorithm
eems to be the most restrictive but also the most accurate and
ealistic way  to identify patients who  need treatment. However,
his algorithm requires BAL, which has not been widely performed
n COVID-19 patients due to the risk of disseminating the virus by
erosolization and thereby infecting the operator. The expert con-
ensus case definition for CAPA seems quite similar to the modified
sp-ICU criteria, with the addition of positive culture from spu-

um or TA in case of pulmonary cavitating infiltrates. Nevertheless,
hey share the same flaw as the Asp-ICU algorithm, namely the
eed for BAL in order to make a diagnosis. Compared to the Asp-

CU algorithm, they seem to be more sensitive and less specific,

hich could lead to overtreatment. The fact that a single patient

n the study by Alanio et al. received treatment suggests overdiag-
osis of IPA using their criteria, and the same can be said for the
ORTC criteria with COVID-19 as a host factor, which rule out these
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two definitions as the best candidates for COVID-19-associated
IPA.

5. Conclusion

Although less common than previously reported, COVID-19-
associated IPA should not be neglected. Standardized investigations
are needed to distinguish Aspergillus colonisation from IPA, and
there is also a need to develop a consensus case definition for
COVID-19-associated IPA. Asp-ICU algorithm and the expert con-
sensus case definition for IAPA applied to COVID-19 seem to be
the best candidates. Large-scale cohort studies in COVID-19 ICU
patients are needed, in view of achieving better understanding,
diagnosis and estimation of the IPA burden in these patients.
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