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Purpose of review

Coronavirus disease (COVID-19)-associated pulmonary aspergillosis (CAPA) may concern up to one third
of intensive care unit (ICU) patients. The purpose of this review is to discuss the diagnostic criteria, the
pathogenesis, the risk factors, the incidence, the impact on outcome, and the diagnostic and therapeutic
management of CAPA in critically ill patients.

Recent findings

The incidence of CAPA ranges 3--28% of critically ill patients, depending on the definition used, study
design, and systematic or triggered screening. COVID-19 is associated with direct damage of the
respiratory epithelium, immune dysregulation, and common use of immunosuppressive drugs which might
promote Aspergillus respiratory tract colonization and invasion. Positive Aspergillus tests among COVID-19
critically patients might reflect colonization rather than invasive disease. CAPA usually appears during the
second week after starting invasive mechanical ventilation and is independently associated with ICU
mortality.

Summary

Further studies are needed to validate CAPA case definitions, to determine the accurate incidence of CAPA
in comparison to adequate controls, and its evolution during the pandemic. A pro-active diagnostic
strategy, based on risk stratification, clinical assessment, and bronchoalveolar lavage could be
recommended to provide early antifungal treatment in patients with high probability of CAPA and clinical
deterioration.
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INTRODUCTION

Over the past 20 years, incidence of invasive pulmo-
nary aspergillosis (IPA) has markedly decreased in
critically ill patients with classical host factors, i.e.,
severely immunosuppressed, mainly thanks to anti-
fungal prophylaxis [1]. IPA in patients with hema-
tological malignancies now mostly affects patients
with prolonged neutropenia and allogeneic stem
cell transplant recipient, particularly those with
active graft versus host disease [2]. Further, a shift
towards less immunocompromised intensive care
unit (ICU) populations has been widely reported.
New well established risk factors include chronic
obstructive pulmonary disease (COPD) [3], severe
alcoholic hepatitis, cirrhosis [4], acquired postsepsis
immunoparalysis, prolonged corticosteroid ther-
apy, acute respiratory distress syndrome (ARDS)
[5] and severe influenza [6]. Since the start of the
coronavirus disease 2019 (COVID-19) pandemic,
caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), more and more studies
 2022 Wolters Kluwer H
have reported cases of COVID-19-associated pulmo-
nary aspergillosis (CAPA), raising the question of the
burden of this secondary infection among critically
ill patients. This review aims to discuss the gradual
adaptation of IPA case definitions for critically ill
patients, recent data on mycological diagnostic,
pathogenesis, risk factors, incidence, and outcome
of CAPA, that support current diagnostic and ther-
apeutic management strategies.
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KEY POINTS

� The incidence of CAPA ranges 3--28% of critically
ill patients.

� CAPA is an independent risk factor for mortality.

� CAPA diagnosis is challenging and should be based on
risk stratification, clinical assessment, and
bronchoalveolar lavage in this at high-risk population.

� Empirical antifungal treatment should probably be
started in patients with clinical deterioration and
suspected CAPA.

COVID-19-associated pulmonary aspergillosis Rouz�e et al.
INVASIVE PULMONARY ASPERGILLOSIS
CASE DEFINITIONS FOR INTENSIVE CARE
UNIT PATIENTS

The histopathological, clinical, and radiological
features of IPA, as well as diagnostic accuracy of
mycological tests, highly depend on the severity of
the underlying immune deficiency. Neutropenic
patients will present typical computed tomography
patterns, such as the halo sign, the air crescent or
a cavity, due to significant Aspergillus hyphae inva-
sion and necrosis. The diagnosis of IPA is generally
more challenging in nonneutropenic patients, in
whom tissue invasion is less extensive, clinical
picture and computed tomography lesions are
not specific, and respiratory mycological tests
hardly distinguish between Aspergillus colonization
and invasive infection.

Current IPA case definitions for critically ill
patientsare showninTable1.EuropeanOrganization
for Research and Treatment of Cancer / Mycoses
Study Group Education and Research Consortium
(EORTC/MSGERC) criteria, updated in 2020, fail to
classifymost cases of IPA among critically ill patients
[7

&

]. Lungbiopsy,whichdefinesprovencases, is rarely
performed, and ICUpatientsdonotmeet theclassical
host factors.

TheAspICU algorithmhas been first proposed as
an alternative to address this issue [8]. Putative IPA
combines a positive culture of any lower respiratory
tract specimen, compatible clinical signs, any infil-
trate on chest X-ray or computed tomography scan,
and in the absence of a host risk factor, a positive
culture of bronchoalveolar lavage (BAL). If one cri-
terion is not met, the case is classified as Aspergillus
colonization. Importantly, AspICU is the only clas-
sification for IPA cases that has been validated using
a histopathological gold standard in a large interna-
tional study. BAL is therefore considered, in all
subsequent case definitions, as a cornerstone for
IPA diagnosis among ICU nonneutropenic patients.
1070-5295 Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2022 Wolters Kluwe
Galactomannanhas been previously described as
avaluable tool for IPAdiagnosisamongimmunocom-
promised critically ill patients [9]. As a significant rate
of BAL culture are negative for Aspergillus spp. in IPA
complicating viral pneumonia in particular, galacto-
mannanhasbeen included inmycologicaldiagnostic
criteria for further IPAcasedefinitions, sincemodified
AspICU [6]. Galactomannan can be measured in
serum and BAL, and shows high specificity for the
diagnosis of IPA. BAL galactomannan is more sensi-
tive than serum galactomannan among nonneutro-
penic critically ill patients [10]. False negative results
of serum galactomannan are frequent, maybe except
for patients with influenza-associated pulmonary
aspergillosis (IAPA) [6].

More recently, anexpertpanelproposedaspecific
case definition for IAPAorCAPA among ICUpatients
[11

&&

]. Probable IPA are defined as any pulmonary
infiltrate with a positive culture of BAL, or a positive
galactomannan inBALor serum.Apositive culture of
tracheal aspirate or sputum is enough, in case of
cavitating infiltrate. However, some strongly sugges-
tive computed tomography features for IPA, such as
multiple nodules or lung cavitation, can be seen in
COVID-19 patients with extensive lung destruction,
without CAPA. The expert panel also defined Asper-
gillus tracheobronchitis, notably reported in ICU
patients with severe influenza [12

&

], which requires
a bronchoscopic evidence for airway plaque, pseudo-
membrane or ulcer, with any positive mycological
test.

Last, 2020 European Confederation of Medical
Mycology and International Society for Human and
Animal Mycology (ECMM/ISHAM) case definitions
for CAPA were specifically designed for critically ill
covid-19 patients [13

&&

]. Probable CAPA are defined,
in addition to previous mycological criteria, by two
positive Aspergillus polymerase chain reaction (PCR)
test in serum or one in BAL with a cycle threshold
cut-off of 36, or a combination of positive PCR in
serum and BAL. However, although Aspergillus PCR,
particularly in BAL, shows high diagnostic accuracy
in severe immunocompromised patients such as
those with hematological malignancy or recipients
of hematological stem cell or solid organ transplants
with suspected IPA, data are insufficient to recom-
mend their use among critically ill patients without
those conditions [10,14]. In addition, nonbroncho-
scopic lavage (NBL), a blind application of 10–20mL
saline recovered by aspiration via a closed suction
system in a patient who is intubated, is suggested to
define possible CAPA cases. NBL has been used as a
substitute to BAL, at a time when intensivists were
reluctant to perform bronchoscopy in patients
infected with SARS-CoV-2, due to the risk of aerosol
generation and virus exposure [15]. However,
rved. www.co-criticalcare.com 471
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Severe infections
positive mycological tests in NBL may reflect Asper-
gillus upper airway colonization, and their diagnos-
tic accuracy for IPA has never been evaluated.
PATHOPHYSIOLOGY OF CORONAVIRUS
DISEASE (COVID-19)-ASSOCIATED
PULMONARY ASPERGILLOSIS

Multiple factors contribute to Aspergillus respiratory
tract colonization and further invasion in critically ill
patients infected with SARS-CoV-2 [16

&

]. Underlying
immunocompromised conditions or structural lung
disease, direct lytic effects of the virus on respiratory
epithelium resulting in defective muco-ciliary clear-
ance and further lung and tracheobronchial injury,
additional virus-related immune dysregulation
increasing susceptibility to fungal infections [17],
and effects of immunomodulatory drugs suppressing
antifungal host defense pathways, are all aggregated
factors that promote the occurrence of CAPA (Fig. 1).

Host factors of immunosuppression (including
long-term corticosteroids), older age, COPD, longer
duration of mechanical ventilation, extracorporeal
membrane oxygenation, and treatment with inter-
leukin (IL)-6 inhibitors or a combination of cortico-
steroids and IL-6 inhibitors were reported as
independent risk factor for CAPA in several cohorts
(Table 2) [18

&&

,19,20,21
&

]. Further, implementation
of negative air pressure in ICU rooms, recommended
FIGURE 1. Pathogenesis of COVID-19-associated pulmonary a
colonization and invasion in critically ill patients infected with SA
chronic obstructive pulmonary disease; EORTC/MSGERC, Europe
Mycoses Study Group Education and Research Consortium; ICU,

474 www.co-criticalcare.com
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at the beginning of the COVID-19 pandemic to pro-
tect caregivers and other patients from SARS-CoV-2
transmission, could be the source of contamination
of room air by Aspergillus spp. and increase the risk of
IPA among patients at high risk [22].

Interestingly,Aspergillusmayexhibit ahigher abil-
ity to reach the angioinvasion threshold in patients
with influenza, rather than in patients with COVID-
19, due to more severe influenza-related epithelial
damage and immune dysregulation, via NADPH oxi-
dase complex suppression [16

&

]. Conversely, COVID-
19 is characterized by early endothelial injury, with
delayed and less extensive airway epithelium destruc-
tion [23]. CAPA occurrence may be mostly promoted
by an additional effect of corticosteroids and IL-6
inhibitors used in critically ill patients. These patho-
physiological hypotheses are supported by a higher
incidence of IPA, a more frequent positivity of serum
GM, and earlier occurrence after ICU admission in
critically ill patients with influenza compared to
patients with COVID-19 [6,24

&

].
INCIDENCE OF CORONAVIRUS DISEASE
(COVID-19)-ASSOCIATED PULMONARY
ASPERGILLOSIS AMONG CRITICALLY ILL
PATIENTS

Table 2 summarizes the main results of the multi-
center cohorts, mostly retrospective, specifically
spergillosis. Factors promoting Aspergillus respiratory tract
RS-CoV-2. ARDS, acute respiratory distress syndrome; COPD,
an Organization for Research and Treatment of Cancer /
intensive care unit; IL-6, interleukin-6.
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Severe infections
addressing CAPA and including more than 100 crit-
ically ill patients. The reported incidence of proven
or probable/putative CAPA is highly variable, with
rates ranging from 3 to 28%. The Frenchmulticenter
Mycovid study, which is the largest published
cohort of mechanically ventilated patients with
systematic respiratory screening for IPA, reports a
15% rate of proven and probable CAPA, based on
ECMM/ISHAM case definitions [13

&&

]. The median
time from ICU admission to CAPA diagnosis varies
between 4 and 13days, the shortest time being
reported in a study with a systematic screening
including BAL immediately upon admission [25

&

].
The real incidence of CAPA is difficult to deter-

mine in the face of such wide ranges in the literature
and may be significantly impacted by publication
bias. Firstofall, anoverlapof includedpatientsamong
themain cohorts in the field has to be acknowledged,
which interfereswithour interpretationof thedisease
burden. The prospective or retrospective design also
impacts the reported incidences.Besides, several stud-
ies included nonintubated patients, which might
underestimate the incidence of CAPA. On the oppo-
site, six studies excluded patients who had no or
incomplete mycological testing, leading to an over-
estimation of reported rates of CAPA. Further, differ-
entcasedefinitionsandscreeningmethodswereused,
with heterogeneous ability to differentiate invasive
aspergillosis from Aspergillus colonization. In a same
study, the choice of ECMM/ISHAM or IAPA expert
case definitions, as compared to AspICU algorithm,
can increase the incidence of CAPA from single to
double [25

&

,26]. Studies with systematic respiratory
screening of COVID-19 critically ill patients, includ-
ing BAL, are likely to minimize the risk of missed
cases [18

&&

,25
&

,26],but real-life scenariodesigns,with-
out any standardized protocol for mycological sam-
ples, are more relevant for detecting patients with
compatible clinical presentation, i.e., respiratory
deterioration.

Misclassification of CAPA cases is supported by
further surprising findings. First, detection of Asper-
gillus by any mycological test in BAL does not prove
tissue invasion, and the likelihood of invasive infec-
tion is increased if circulating galactomannan is
detected. However, serum galactomannan is rarely
positive in reported cases of CAPA (in less than 20%
of cases), which reflects, at least, the absence of
angioinvasion [19,25

&

,27]. Moreover, probability
of survival significantly decreases with number of
positive mycological tests [27], which indicates dif-
ferent levels of severity, or diagnostic certainty,
associated with CAPA. In addition, there is a dis-
crepancy between high rates of CAPA reported in
several studies and the lack of histopathological
evidence found in the literature. CAPA is,
476 www.co-criticalcare.com
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surprisingly, an uncommon autopsy-finding in
COVID-19. In a systematic review of autopsy series,
autopsy-proven CAPA occurred in 8 (1.2%) of 677
decedents with COVID-19 [28]. In another small
case series of six patients with ARDS diagnosed with
probable CAPA, none of them were confirmed by
histologic examination of ultrasound and com-
puted tomography-guided postmortem needle core
biopsy of both lungs [29

&

].
Finally, almost all the published cohorts are

coming from Europe and USA, and report first waves
data, when corticosteroid therapy was not yet the
standard of care [30]. Geographical location and
current practice of immunomodulation may signif-
icantly impact rates of CAPA.
CORONAVIRUS DISEASE (COVID-19)-
ASSOCIATED PULMONARY
ASPERGILLOSIS VERSUS INFLUENZA-
ASSOCIATED PULMONARY
ASPERGILLOSIS

Very few studies have compared the incidence of IPA
among critically ill COVID-19 patients to an
adequate control group, which is essential to further
assess the risk of IPA in this population. For example,
IPA has been reported to be independently associ-
ated with influenza in a large retrospective multi-
center cohort of ICU nonimmunocompromised
patients with influenza or noninfluenza related
community-acquired pneumonia (control group)
(14 versus 5%, adjusted odds ratio (OR) 5.2, 95%
confidence interval (CI) 2.6–10.3) [6]. However, the
association between severe influenza and IPA
remains controversial. A recent French retrospective
multicenter cohort reports much lower rate of IPA
among 524 critically ill patients admitted for severe
influenza (1.9%), based on the validated AspICU
algorithm [31], which again underlines the impor-
tant issue of the case definitions choice.

In a single-center retrospective study including
172patients, fewer cases of putative IPA, according to
AspICU algorithm, were observed in patients with
COVID-19-relatedARDSascomparedtopatientswith
non-SARS-CoV-2 viral ARDS (2% versus 15%,
P¼0.003) [32]. In a planned ancillary analysis of
the coVAPid European retrospective cohort, includ-
ing 1047 patients who needed invasive mechanical
ventilation for at least 48h, the 28-day cumulative
incidence of putative IPA was significantly lower in
patients with SARS-CoV-2 (2.5%) compared with
patients with influenza pneumonia (6%), even after
adjusting for unbalanced risk factors for IPA, such as
COPD and immunosuppression (adjusted cause-spe-
cific hazard ratio (HR) 3.29, 95% CI 1.53–7.02). As
previouslymentioned,median time from intubation
Volume 28 � Number 5 � October 2022
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COVID-19-associated pulmonary aspergillosis Rouz�e et al.
to IPA diagnosis was longer (11 versus 6days), and
serum galactomannanwas less frequently positive
(50% versus 77%) in COVID-19 patients as compared
to influenza patients, which supports the hypothesis
of a late angioinvasion in cases of CAPA, as compared
to IAPA. However, the evaluation of the two diseases
was not done simultaneously because of the absence
of influenza during COVID-19 pandemic.
IMPACT OF CORONAVIRUS DISEASE
(COVID-19)-ASSOCIATED PULMONARY
ASPERGILLOSIS ON MORTALITY

Mortality is high among critically ill patients with
CAPA, ranging from 36 to 74% (Table 2). In multi-
variate analyses, three out of seven multicenter
cohorts have identified CAPA as an independent
risk factor for death, with different effect size
[18

&&

,19,25
&

]. After adjustment for confounders
with a logistic regression model, highest OR for
30-day mortality (11.6, 95% CI 3.2–41.3) was seen
in patients with putative IPA, based on AspICU
algorithm, as compared to patients without CAPA
[25

&

].
Surprisingly, appropriate antifungal treatment

does not improve survival in critically ill COVID-19
patients with CAPA, even early diagnosed with a
systematic screening protocol [18

&&

,25
&

,27].
Systema�c screening

Risk stra�fi
MV > 5 days
Host/risk factor: - EOR

- Stru
- an�

� Serum GM x3/w? 
� Tracheal aspirate x1/w?

Direct micr
Cultu

Aspergillus P
GM (B

SARS-CoV-2

FIGURE 2. Diagnostic strategy for COVID-19-associated
recommendations. Systematic screening is suggested by the 2020
triggered by clinical assessment or specific computed tomography
experts in the field [33&&]. ARDS, acute respiratory distress syndro
tomography; EORTC/MSGERC, European Organization for Rese
Education and Research Consortium; GM, galactomannan; IL-6, i
chain reaction; SARS-CoV-2, severe acute respiratory syndrome c
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Although no study was designed to evaluate the
efficacy of early antifungal treatment among
patients with CAPA, these data raise the double
question of the relevance of diagnostic criteria that
were used, and of the real impact of IPA on the
course of the COVID-19, as a nonmodifiable marker
of severity for mechanically ventilated patients.
STRATEGY FOR DIAGNOSIS AND
TREATMENT AT THE BEDSIDE

The 2020ECMM/ISHAM guidelines suggest system-
atic screening for CAPA, using serum GM thrice a
week, accompanied by respiratory samples, such as
tracheal aspirate or NBL weekly [13

&&

]. They recom-
mend starting antifungal treatment in possible
CAPA while performing further investigations,
using BAL to confirm the diagnosis. However, as
discussed above, routine screening for CAPA is prob-
ably not justified and might result in overdiagnoses
and inappropriate treatment. Risk factors, other
than SARS-CoV-2 infection, should be taken into
account for CAPA suspicion (Fig. 2). In a recent
taskforce, experts in the field suggest searching for
CAPA in patients with respiratory deterioration, lack
of improvement, or cavitary or nodular lesions on
computed tomography scan [33

&&

]. Empirical anti-
fungal treatment should be started in patients with
Diagnos�c inves�ga�ons triggered by 
respiratory deteriora�on / lack of 
improvement
Or cavitary/nodular lesions on CT scan

ca�on 

TC/MSGERC
ctural lung disease
-IL6 + cor�costeroids

� Bronchoscopy with BAL ±
mucosal biopsy (if plaques)

� Serum GM

oscopy
re
CR (BAL)

AL)

CT scan + ARDS

pulmonary aspergillosis in the ICU, based on recent
ECMM/ISHAM guidelines [13&&]. Diagnostic procedure
lesions is recommended by an international taskforce of
me; BAL, bronchoalveolar lavage; CT, computed
arch and Treatment of Cancer / Mycoses Study Group
nterleukin-6; MV, mechanical ventilation; PCR, polymerase
oronavirus 2.
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high probability of CAPA and a compatible clinical
presentation, basedon recentguidelines [34,35].Vor-
iconazole or isavuconazole are first-line treatments if
no azole resistance is suspected. Further, decision to
stop or taper concomitant corticosteroids has to be
individualized, considering previous dose and dura-
tion, hyperinflammatory status, evidence for
angioinvasiveCAPAand response to antifungal treat-
ment. Recent studies suggested beneficial effects of
prophylactic antifungal treatment in COVID-19
patients [36,37]. However, these studies were obser-
vational, performed in single-centers, and a small
number of patients were included.
CONCLUSION

CAPA is reported in 3–28%of critically ill COVID-19
patients and has been identified as an independent
risk factor for death in several cohorts. Positive
Aspergillus tests might reflect colonization rather
than invasive disease in this population. Classifica-
tion of CAPA cases is complex, and identification of
patients in whom antifungal therapy would be ben-
eficial is challenging. Further studies should validate
the new case definitions, determine the impact of
routine corticosteroid use on CAPA incidence, and
evaluate the interest of prophylactic antifungal
treatment. Finally, a pro-active diagnostic strategy
based on risk stratification, clinical assessment, and
BAL, triggering early empirical treatment in patients
with high probability of IPA might be helpful to
improve outcomes and should be further evaluated
in critically ill COVID-19 patients.
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