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Purpose of review

Invasive pulmonary aspergillosis (IPA) can affect patients with severe coronavirus disease 2019 (COVID-
19), but many questions remain open about its very variable incidence across the world, the actual link
between the viral infection and the fungal superinfection, the significance of Aspergillus recovery in a
respiratory sample, and the management of such cases. This review addresses these questions and aims at
providing some clues for the practical diagnostic and therapeutic approaches of COVID-19-associated
pulmonary aspergillosis (CAPA) in a clinical perspective.

Recent findings

Definitions have been proposed for possible/probable/proven CAPA, but distinction between colonization
and invasive fungal infection is difficult and not possible in most cases in the absence of histopathological
proof or positive galactomannan in serum. Most importantly, the recovery of an Aspergillus by a direct
(culture, PCR) or indirect (galactomannan) test in a respiratory sample is an indicator of worse outcome,
which justifies a screening for early detection and initiation of preemptive antifungal therapy in such cases.

Summary

The COVID-19 pandemic has increased our awareness of IPA among ICU patients. Although current
recommendations are mainly based on experts’ opinions, prospective studies are needed to get more
evidence-based support for the diagnostic approach and management of CAPA.
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Invasive mold infections, such as invasive pulmo-
nary aspergillosis (IPA), mainly affect patients with
severe immune defects, such as those with hemato-
logic cancer and chemotherapy-induced neutrope-
nia or transplant recipients. However, the clinical
spectrum of IPA has expanded over the two last
decades with the emergence of new categories of
patients ‘at risk’. Notably, IPA has been recognized
as a life-threatening complication among ICU
patients without preexisting immunosuppressive
conditions [1,2]. The influenza H1N1 pandemic of
2009–2010 has highlighted the high risk of IPA
among patients with severe influenza requiring
ICU admission and mechanical ventilation [3,4].
More recently, the devastating pandemic of the
novel coronavirus disease 2019 (COVID-19) led to
a similar concern about IPA complicating the course
of patients with the severe respiratory form of the
disease [5,6]. Diagnosis of IPA in the ICU is chal-
lenging, as the current definitions of the European
Organization for Research and Treatment of Cancer
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appropriate in this setting [7]. Several consensus
definitions have been proposed for IPA in the
ICU, including specific definitions for influenza-
associated pulmonary aspergillosis (IAPA) and
COVID-19-associated pulmonary aspergillosis
(CAPA) [4,8,9

&

,10]. This approach implicitly recog-
nizes that IPA in the ICU is a complex topic with
possibly distinct entities.

The aim of this review is to discuss the important
questions that remain open regarding CAPA and to
provide some clues for its diagnostic approach
and management.
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KEY POINTS

� CAPA has been reported with very variable incidences
across the world.

� Diagnosis of CAPA is challenging as there are no
reliable mycological tests to clearly distinguish
Aspergillus colonization from invasive fungal infection,
which may actually represent a continuum.

� In severe COVID-19, recovery of an Aspergillus in a
respiratory sample is a marker of bad prognosis, which
warrants introduction of a screening strategy and early
initiation of preemptive antifungal therapy in
such cases.

Respiratory infections
What is the actual prevalence of coronavirus
disease 2019-associated pulmonary
aspergillosis?

Although the eventuality of IPA complicating
COVID-19 has been recognized early during the
pandemic, a very variable prevalence of CAPA (rang-
ing from 2 to 30%) has been reported since that time
[11,12

&&

]. This large heterogeneity could be attrib-
uted to differences in the local epidemiological con-
text, definitions of IPA (i.e. distinction between
‘true’ IPA and lung colonization) or strategies of
screening. However, these factors are probably not
sufficient to explain such variability. The impact of
the pandemic on healthcare systems may have a
predominant role in these variations. For instance,
the opening of new dedicated COVID-19 units in
overwhelming situations, as well as the implemen-
tation of negative air room pressure to protect the
medical staff, can result in higher risk of air con-
tamination with molds [13]. This could explain the
high incidence of CAPA in geographical regions (e.g.
Northern Italy) that were strongly affected by the
first COVID-19 wave [14

&&

]. Finally, it should be
reminded that such geographical or seasonal varia-
tions of incidence has also been reported for IAPA,
irrespective of the influenza type or any other iden-
tified parameter [15].
Is there a specific association between
coronavirus disease 2019 and invasive
pulmonary aspergillosis?

There are a lot of data showing that IPA can com-
plicate the course of severe COVID-19. However, it
is not clear whether the severe acute respiratory
syndrome - coronavirus - 2 infection per se is a
distinct predisposing factor to IPA. Indeed, pro-
longed ICU stay and mechanical ventilation may
constitute the major predisposing underlying con-
dition. The hypothesis of an association between
 Copyright © 2022 Wolters Kluwer H
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COVID-19 and IPA originates from previous obser-
vations demonstrating a direct causal link between
severe influenza and IPA [4]. Such comparative
study is currently lacking for CAPA. Moreover, an
important proportion of CAPA cases are classified
as putative/possible rather than proven/probable
IPA [11]. Indeed, Kula et al. [16

&&

] found proven
CAPA in only 2% of COVID-19 autopsies, while
such histopathological proof is much more fre-
quent in IAPA [17]. Similarly, the rate of positive
serum galactomannan, a marker of angio-invasion,
is low (<15%) in COVID-19 compared with influ-
enza (about 60%) [5].

Although there are similarities between the
physiopathology of Influenza and COVID-19, some
notable differences should be outlined [5]. Influenza
pneumonia is characterized by important destruc-
tion of the respiratory epithelium, which favors the
development of Aspergillus tracheobronchitis and
subsequent lung invasion [18]. Although epithelial
cell damage is also observed in COVID-19, acute
respiratory distress syndrome (ARDS) seems mainly
related to endothelial cell damage leading to
increase permeability and edema [19]. Indeed, Asper-
gillus tracheobronchitis is less commonly observed
in COVID-19 compared with influenza (10–20%
versus 50–60%, respectively), although it could be
underreported [20]. Most importantly, the inflam-
matory responses of Influenza and COVID-19 are
relatively distinct [5]. Influenza is associated with
important immune paralysis and increased levels of
IL-10, which is supposed to favor IPA, while the
cytokine profile of COVID-19 is not the same
[21,22].
Which are the risk factors for coronavirus
disease 2019-associated pulmonary
aspergillosis?

CAPA almost exclusively happens among ICU
patients under mechanical ventilation [12

&&

,23
&

].
Patients with CAPA tend to be older [12

&&

,24
&

] and
more likely to have underlying pulmonary diseases
[24

&

,25
&

]. Some immunosuppressive or debilitating
conditions, such as solid organ transplantation, mul-
tiple myeloma, solid tumors or liver disease were
identified as a risk factor of CAPA in some studies
[25

&

,26]. However, most patients with a diagnosis of
presumed CAPA have no underlying immunosuppres-
sive conditions according to the EORTC-MSG criteria
[5,7,14

&&

,23
&

]. Previousexposure tocorticosteroids (>3
weeks), even at lower doses than those defined by the
EORTC-MSG criteria [7], appears to be a significant
predisposing condition [14

&&

,24
&

,26]. However, there
is currently no evidence of an increased risk of CAPA
among patients treated with short-course (10 days)
ealth, Inc. All rights reserved.
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corticosteroids as recommended for the management
of severe COVID-19 [14

&&

,24
&

,27]. Regarding the
impact of immunodulatory therapies of COVID-19,
a significant association between the use of tocilizu-
mab and CAPA has been reported in some studies
[12

&&

,27], but not all [14
&&

,24
&

]. Surprisingly, one study
suggested an association with azithromycin [28], but
this treatment is no longer recommended for the
treatment of COVID-19.
Are there specific clinical patterns of
coronavirus disease 2019-associated
pulmonary aspergillosis?

IPA in ICU is characterized by the nonspecificity of
clinical and radiological signs. The imaging of IPA in
nonneutropenic patients includes a wide spectrum of
radiological patterns that can mimic bacterial super-
infection (e.g. lobar or segmental consolidation) or
the viral infection (e.g. ground-glass opacities, tree-
in-bud pattern). Patients with severe COVID-19 typi-
cally exhibit patchy areas of ground-glass opacities,
which can also be observed in IPA. The presence of a
cavitation should increase the suspicion of IPA [10],
but is observedat later stages.Aspergillus tracheobron-
chitis is characterized by the presence of plaques and
pseudomembranes, but is not a common manifesta-
tion of CAPA [20]. As a consequence, the eventuality
of CAPA should be considered in any intubated
COVID-19 patient with worsening respiratory con-
ditions or lack of improvement despite antibacterial
therapy.
How to distinguish coronavirus disease 2019-
associated pulmonary aspergillosis from
Aspergillus airway colonization?

The diagnosis of IPA is usually graded on a scale of
probability (i.e. possible, probable, proven) accord-
ing to the EORTC-MSG criteria [7]. These definitions
rely on the presence of host factors as the entry
criterion and therefore do not apply for ICU patients
[8]. In this later setting, the direct or indirect micro-
biological documentation of an Aspergillus repre-
sents the unique criterion of IPA in the absence of
any reliable clinical or radiological hint. Because
these patients are less immunocompromised com-
pared with neutropenic or transplant patients, the
interpretation of a positive microbiological test for
Aspergillus is more difficult, as it may reflect either
colonization or true infection. Several definitions
have been proposed for the distinction between
colonization and putative/possible or probable IPA
in the ICU, including adapted definitions for IAPA
and CAPA [4,8,9

&

,10]. Some important points
should be outlined about this approach. First, the
 Copyright © 2022 Wolters Kluwe
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pathophysiology of IPA in the ICU (including IAPA
and CAPA) should be regarded as a continuum and a
dynamic situation, which can evolve gradually and
more or less rapidly from colonization toward infec-
tion. Second, with the exception of serum galacto-
mannan, there is no reliable microbiological marker
for the distinction between colonization and IPA. In
CAPA, a positive serum galactomannan is present in
a minority of cases [5,23

&

] and the diagnosis only
relies on the interpretation of mycological tests from
respiratory samples [9

&

]. Albeit not discriminative
per se, deep samples obtained by bronchoscopy [e.g.
bronchoalveolar lavage (BAL) fluid] represent the
cornerstones of IPA diagnosis in ICU [4,8,10]. Dur-
ing the COVID-19 pandemic, a more restrictive
approach was applied regarding the use of bronchos-
copy because of the concern about contagiousness
from aerosolization [29]. As a consequence, the
CAPA definitions have been adapted to consider
results of nonbronchoscopic samples (e.g. nondi-
rected BAL or tracheal aspirates) for the diagnosis
of possible IPA [9

&

,10]. However, there is little expe-
rience to support the reliability of this approach
[30,31]. In particular, the cut-offs for galacto-
mannan in non-BAL samples are debated [9

&

].
Finally, it should be emphasized that there is a near
complete lack of data about the performance (i.e.
sensitivity and specificity) of these mycological tests
(culture, PCR, galactomannan) in both broncho-
scopic or nonbronchoscopic samples for nonimmu-
nocompromised patients in the ICU. In the absence
of a reliable gold standard of CAPA, these criteria
based on experts’ recommendations remain specu-
lative and have the major interest to propose a
standardized approach for defining CAPA in clinical
trials and epidemiological surveys [9

&

].
What is the impact of Aspergillus recovery in
a respiratory sample of a coronavirus
disease 2019 patient?

Although there is virtually no reliable marker for the
distinction between CAPA and colonization, we can
question the actual impact of the recovery of an
Aspergillus spp. (by culture, PCR or galactomannan)
in a respiratory sample on patients’ outcome. The
largest studies or meta-analysis reaching sufficient
statistical power to address this question found an
association between presumed CAPA and mortality,
which remained significant after adjustment for
other predictors of mortality [12

&&

,14
&&

,24
&

]. An
impact of CAPA on the overall morbidity and the
course of COVID-19 (i.e. higher severity scores, lon-
ger time to improvement, duration of mechanical
ventilation and hospital stay) was also demon-
strated in some studies [12

&&

,25
&

]. It should be
r Health, Inc. All rights reserved.
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emphasized that a meta-analysis showed that
patients who subsequently developed CAPA had
higher sequential organ failure assessment score at
ICU admission [24

&

]. Therefore, it is unclear whether
this worse outcome in presumed CAPA is a direct
consequence of true IPA or whether Aspergillus col-
onization may actually represent an index of disease
severity occurring among the most critically ill
patients. It might be that both cause-effect hypoth-
eses play a role in a vicious circle with the most
severe patients being predisposed to Aspergillus col-
onization and further evolution toward CAPA
and death.
Which should be the diagnostic approach of
coronavirus disease 2019-associated
pulmonary aspergillosis?

In the absence of suggestive clinical or radiological
signs, CAPA should be suspected in any COVID-19
patient under mechanical ventilation whose condi-
tions are not improving or deteriorating. Therefore,
there is a rationale to consider a systematic screening
approach for such patients, as proposed in Table 1.
Monitoring of fungal biomarkers (galactomannan or
beta-glucan) in serum (e.g. twice weekly) has been
implemented in some centers [25

&

,32]. However,
because of the low rate of positive serum galacto-
mannan (<15%) in CAPA and the lack of specificity
of beta-glucan positivity in ICU, this strategy cannot
be firmly recommended except for patients with
EORTC-MSG host criteria [7] or in centers/regions
with high CAPA incidence. Importantly, respiratory
samples that are regularly collected via the orotracheal
tube for the detection of ventilator-associated pneu-
monia should be processed for specific fungal cultures
(and Aspergillus PCR if available) in addition to stan-
dard bacterial cultures. Although the diagnostic value
of fungal cultures or PCR in nonbronchoscopic
 Copyright © 2022 Wolters Kluwer H

Table 1. Proposed diagnostic approach for COVID-19-associ

ventilated patients

Serum samples Non-bronchoscopica

GM screening (e.g. 2/week) if:
high local CAPA incidence
(>10%) OR
EORTC-MSG host criteria present

Punctual GM testing if:
clinical suspicion or positive fungal

marker in respiratory sample

Fungal culture and/or Af PCR
(e.g. 2/week)

(GM possible in non-directed
but lack of reliable interpre

aTracheal aspirates or non-directed BAL samples.
Af PCR: Aspergillus fumigatus specific polymerase chain reaction, BAL, bronchoalve
aspergillosis; EORTC-MSG, European Organization for Research and Treatment of C
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samples is questionable, these samples are easy to
collect for a screening and a positive result may trigger
further diagnostic work-up by bronchoscopy with
BAL. Although the use of bronchoscopy has been
restricted during the early COVID-19 pandemic,
physicians should not refrain from performing this
procedure when clinically indicated, as preventive
measures have been standardized and improved over
time. Indeed, experts currently recommend that man-
agement of ARDS should be the same among ICU
patients, regardless of a COVID-19 diagnosis [33].
Which patients should receive antifungal
therapy?

Although the diagnosis of putative/possible or even
probable CAPA remains uncertain, the threshold to
start antifungal therapy in these very frail patients
should be low. Indeed, antifungal therapy should be
considered not only as a targeted therapy (e.g.
proven or probable IPA), but also as a preemptive
approach in patients with possible CAPA or even
colonization, since we admit that these patterns can
evolve toward true CAPA and/or represent per se a
factor of overall bad prognosis. Figure 1 shows a
proposed algorithm for the management of CAPA,
where we can distinguish three clinical scenarios,
according to the first positive microbiological index
of IPA (i.e. galactomannan/PCR in serum, culture/
PCR/galactomannan in nonbronchoscopic or bron-
choscopic respiratory samples).

A positive galactomannan in serum (scenario 1) is
an index of angio-invasive disease and should
prompt immediate initiation of antifungal therapy.
However, such result should be confirmed by a sec-
ond serum sample (collected just before the start of
antifungal therapy) and trigger further investigations
by bronchoscopy. Indeed, considering the low rate of
positive serum galactomannan in CAPA and the
ealth, Inc. All rights reserved.

ated pulmonary aspergillosis (CAPA) in ICU mechanically-

Respiratory samples

Bronchoscopic (BAL)

screening

BAL samples,
tive criteria)

Bronchoscopy with fungal culture, Af PCR
and GM in BAL if:

Deteriorating respiratory conditions
OR
In case of positive fungal marker in a non-

bronchoscopic sample or serum

olar lavage fluid; CAPA, coronavirus disease 2019-associated pulmonary
ancer and Mycoses Study Group; GM, galactomannan.
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Positive GM (or PCR) 
in serum Start AF therapy 

Repeat GM (or PCR) in 
serum 

Do bronchoscopy and 
BAL (culture, GM, PCR) 

Continue AF therapy 

Any positive 

All negative Consider stop AF 
therapy 

Scenario 1 

Positive culture or PCR (or 
GM) in a non-bronchoscopic 
respiratory sample 

Do bronchoscopy and 
BAL (culture, GM, PCR) 

If bronchoscopy not 
feasible, repeat non-
bronchoscopic sample 
(culture, PCR +/- GM) 

Any positive 

All negative 

Start AF therapy 

No AF therapy 
(continue screening) 

Scenario 2 

Positive culture or PCR or 
GM in a bronchoscopic  
sample (BAL) 

Start AF therapy 

Scenario 3 

False positive GM ? 

FIGURE 1. Proposed therapeutic approach for coronavirus disease 2019-associated pulmonary aspergillosis. AF, antifungal;
BAL, bronchoalveolar lavage fluid; GM, galactomannan.
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limited specificity of the test, especially in the ICU,
the probability of a false positive result on a single test
is relatively high. In case of a negative second serum
galactomannan test and negative fungal markers in
BAL, discontinuation of antifungal therapy can
be considered.

A positive fungal marker (culture, PCR or possibly
galactomannan) in a nonbronchoscopic sample (sce-
nario 2) should prompt further investigations by
bronchoscopy. These nonbronchoscopic samples
are more prone to reflect colonization or contamina-
tion compared with bronchoscopic samples, but they
can be used for screening because of their noninva-
sive procedure. In situations where bronchoscopy is
not feasible, repeated isolation of Aspergillus by cul-
ture or PCR (especially when the quantitative burden
is high) in nonbronchoscopic samples should trigger
initiation of antifungal therapy.

Finally, a positive fungal marker (culture, PCR or
galactomannan) in a BAL obtained by bronchoscopy
is representative of the presence of the pathogen in
the distal airways with a high probability of infec-
tion. Such finding should trigger initiation of anti-
fungal therapy in all cases since several studies have
demonstrated that it was an indicator of worse
prognosis [14

&&

,24
&

,25
&

,27,28].
A role for antifungalprophylaxis in severe COVID-

19 is also under consideration. This approach has been
recently assessed for patients with severe influenza in a
 Copyright © 2022 Wolters Kluwe
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randomized open-label trial, which failed to demon-
strate a significant benefit of posaconazole prophy-
laxis in preventing IPA in this setting [34]. These
nonconclusive results can be explained by the low
number of inclusions and the high incidence of early
IPA (i.e. occurring during the first 48 h from ICU
admission) in this study. In COVID-19, the time-win-
dow of IPA diagnosis is more variable with a substan-
tial proportion of late cases (i.e. beyond 7 days) [5],
which may be a rationale for a role of antifungal
prophylaxis. Two single-center observational studies
reported a significantly lower CAPA incidence among
ICU COVID-19 patients having received prophylaxis
with intravenous posaconazole or inhaled amphoter-
icin B versus those without prophylaxis [35,36]. These
results should be interpreted cautiously as they were
biased by the nonrandomized assignment of patients
and/or comparison between different periods. None-
theless, and not surprisingly, antifungal prophylaxis
seems to result in a decrease of CAPA incidence and/or
Aspergillus lung colonization, although its impact on
mortality is not demonstrated. As for other popula-
tions at risk of IPA, the choice between antifungal
prophylaxis versus a preemptive strategy should be
assessed on the basis of the local epidemiology [37],
which is extremely variable for CAPA. A more than
10% CAPA incidence may be considered as the thresh-
old, at which this measure may result in some signifi-
cant benefit and cost-effectiveness.
r Health, Inc. All rights reserved.
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How and how long should we treat
coronavirus disease 2019-associated
pulmonary aspergillosis?

The choice of antifungal therapy of CAPA should
not basically differ from that of IPA in other setting,
but can be influenced by specific characteristics of
the ICU population, including pharmacokinetic
alterations (e.g. volume of distribution, clearance),
drug-drug interactions, and mainly toxicity issues
related to the high occurrence of liver or renal
dysfunction among severe COVID-19 patients
[38]. The local prevalence of azole resistance among
Aspergillus fumigatus should also be taken into
account. Although there is no comparative study
about efficacy, both triazoles (voriconazole, isavu-
conazole or posaconazole) and liposomal ampho-
tericin B seem to be valid options and therapeutic
choices should be assessed individually.

Despite abundant literature on the topic, the
question of the duration of antifungal therapy has
been rarely addressed for CAPA and IPA in ICU in
general. As above mentioned, IPA in ICU represents a
distinct pathophysiological and clinical entity com-
pared with IPA in classical immunocompromised
populations. Moreover, the dysregulated immune
response (e.g. ‘cytokine storm’) in CAPA occurs
within a short time-window compared with the
chronic stagesof immunosuppression following anti-
cancer chemotherapy or transplantation. Although
there is no evidence-based recommendations, the
following pragmatic approach could be proposed.
In patients with Aspergillus recovered in respiratory
samples who do not have clear evidence of CAPA (i.e.
possible or putative IPA), antifungal therapy may be
considered as mostly preemptive and could be inter-
rupted following extubation and ICU discharge, pro-
vided that a control chest CT-scan does not show any
specific abnormality (e.g. cavitation or well circum-
scribed mass). For other patients with higher suspi-
cion of CAPA (i.e. probable or proven CAPA),
antifungal therapy should be continued for at least
4–6 weeks (or even longer in case of cavitation),
according to evolution in radiological follow-up.
CONCLUSION

CAPA has emerged as a novel form of IPA, for which
several questions remain open regarding the actual
association with the viral disease, the unexplained
variations of incidence, the pathophysiology, the
diagnosis and management. Although there is some
controversy about this entity, notably about the
case definitions, there is sufficient evidence to sup-
port the fact that Aspergillus recovery in a respiratory
sample of a severe COVID-19 patient may affect its
prognosis and should be considered seriously. The
 Copyright © 2022 Wolters Kluwer H
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aim of this article was to provide some practical
hints for the diagnostic approach and management
of such cases, which should be adapted for each
individual center on the basis of their local epide-
miology. Prospective studies focusing on the above
discussed questions should be undertaken to pro-
vide higher level of evidence-based support to the
current diagnostic and therapeutic recommenda-
tions of CAPA.
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