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Invasive pulmonary aspergillosis (IPA) is increasingly recognized as a life-threatening superinfection of severe respiratory viral
infections, such as influenza. The pandemic of Coronavirus Disease 2019 (COVID-19) due to emerging SARS-CoV-2 rose con-
cern about the eventuality of IPA complicating COVID-19 in intensive care unit patients. A variable incidence of such complica-
tion has been reported, which can be partly attributed to differences in diagnostic strategy and IPA definitions, and possibly local
environmental/epidemiological factors. In this article, we discuss the similarities and differences between influenza-associated
pulmonary aspergillosis (IAPA) and COVID-19-associated pulmonary aspergillosis (CAPA). Compared to IAPA, the majority of
CAPA cases have been classified as putative rather than proven/probable IPA. Distinct physiopathology of influenza and COVID-
19 may explain these discrepancies. Whether CAPA represents a distinct entity is still debatable and many questions remain un-
answered, such as its actual incidence, the predisposing role of corticosteroids or immunomodulatory drugs, and the indications

for antifungal therapy.
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Invasive pulmonary aspergillosis (IPA) has long been con-
sidered as the prototypic opportunistic mold infection af-
fecting severely immunocompromised populations, especially
those with active hematological malignancies and transplant
recipients. However, IPA has been increasingly reported
among nonimmunocompromised critically ill patients [1]. In
particular, IPA has emerged as a frequently reported compli-
cation in patients with severe influenza requiring intensive
care unit (ICU) admission and mechanical ventilation [2-4].
Not surprisingly, influenza-associated pulmonary aspergil-
losis (IAPA) has a significant impact on mortality of these pa-
tients [3].

In the setting of the coronavirus disease 2019 (COVID-19)
pandemic, new attention has been shed on the possible asso-
ciation between severe respiratory infection caused by severe
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acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus and IPA. Several case series of COVID-19-associated
invasive pulmonary aspergillosis (CAPA) have been reported
across the globe with variable incidence rates [5-10]. Multiple
factors may account for this wide range of CAPA incidence.
These typically small, monocentric, retrospective series had
different definitions and diagnostic workup, and were con-
ducted at different stages of the pandemic with likely referral
and reporting biases. Indeed, there has been significant heter-
ogeneity in clinical data, patients’ underlying comorbidities,
screening strategies, and management procedures of COVID-
19. Moreover, variable local epidemiological or geoclimatic
settings may have influenced this data heterogeneity.
Importantly, the lack of a contemporaneous comparative con-
trol group and the paucity of postmortem histopathological
evidence of IPA in these studies precludes the assessment of
a pathogenetic link between the SARS-COV-2 infection and
Aspergillus superinfection.

The concept of severe respiratory viral infections as
predisposing factors to IPA is relatively recent and the patho-
genesis of this phenomenon depends upon several variables,
including the virus, host factors, and localization of the infec-
tion within the lower respiratory tract. Moreover, the recovery
of Aspergillus in respiratory samples of intubated patients may
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reflect a wide spectrum of clinical entities, from simple colo-
nization to tracheobronchitis or IPA. While excess IPA risk
following severe influenza is reasonably well documented
[3, 4, 11], it remains uncertain whether severe COVID-19 pre-
disposes in a unique and specific fashion to IPA. Herein we dis-
cuss the differences and similarities between IAPA and CAPA
by comparing these 2 entities on 3 levels of consideration: (1)
epidemiology, (2) clinical characteristics, and (3) pathogenesis
(summarized in Table 1).

EPIDEMIOLOGY

Influenza-Associated Pulmonary Aspergillosis

Although the recognition of IPA as a rare superinfection fol-
lowing influenza in immunocompetent patients has been de-
scribed since 1952 [17], the 2009 influenza A HIN1 pandemic
brought this association into sharp focus [2]. IAPA has been
described not only following HIN1 infection, but also in all in-
fluenza seasons and subtypes including influenza B, typically
in patients requiring ICU admission and mechanical ventila-
tion [3, 4, 18]. Remarkably, IAPA was observed not only among
patients with classic host factors predisposing to IPA [12], but
also among apparently immunocompetent patients [3, 11]. The
incidence of IPA within this category of patients was signifi-
cantly higher compared to that in patients with other severe
community-acquired pneumonias (14% vs 5%, respectively,
P =.0001) [3], which suggests a pathophysiological link be-
tween influenza and Aspergillus superinfection. However, such

high rates of IAPA incidence have not been universally ob-
served, with some local or nationwide studies reporting rates
below 5% [13, 19]. Notably, a 5-year survey in a Canadian hos-
pital reported IAPA in 7.2% of ICU influenza patients, with
significant variations across seasons [18]. Such variations are
difficult to explain and may be related to multiple factors, in-
cluding the type of seasonal influenza virus, differences in di-
agnostic approaches, or geoclimatic changes. Of note, similar
variations have also been observed regarding the rate of IPA
among noninfluenza ICU patients [3, 20, 21].

COVID-19-Associated Pulmonary Aspergillosis

Regarding CAPA, the reported incidence in the literature has
varied from 4% to 35% among ICU COVID-19 cases [5-8,
22-27]. In fact, some reports suggest that the incidence of
IPA among severe COVID-19 is less than 5%-10% [7, 8, 25],
which actually does not exceed its incidence among ICU pa-
tients with other respiratory infections [1, 3]. Different diag-
nostic approaches and definitions may account for the varied
estimates. For instance, incidence may be impacted by different
practices regarding the monitoring of serum galactomannan
(GM; periodic screening vs use as an adjunct diagnostic tool)
or the timing/performance of bronchoscopy for detection of
Aspergillus spp. in respiratory samples. Because of the concern
of aerosol transmission of SARS-CoV-2, ICU practitioners
may be reluctant to perform bronchoscopy, which results in
low availability of bronchoalveolar lavage (BAL) samples in
some studies [6, 8, 26]. Different diagnostic approaches and

Table 1. Comparison of IAPA and CAPA in ICUs

Characteristic IAPA

CAPA

Incidence Variable (10%-30%)

Baseline characteristics of patients

Timing Early (usually within 3-7 d from ICU admission)

Mycological findings

Bronchoscopy and BAL findings in most cases

Type of IPA classification®

Important proportion of tracheobronchitis (30%)
Inflammatory response to viral infection Potential deleterious role of high IL-10

Bacterial superinfections
pathogens

Nosocomial pneumonia in 10%-20% of influenza

ICU cases
Role of corticosteroids
and IAPA incidence

Impact on outcome Overall mortality 50%—-60%

Association of IAPA with increased mortality in some

studies [3, 13]

Approximately 25%-30% immunocompromised?

Positive serum galactomannan in 50%-70% of cases

Majority of probable/proven cases (>60%)

Frequent pneumonia due to community-acquired

Variable (4%-35%)

<10% immnunocompromised®

Predominantly male

Obesity, hypertension, diabetes

Variable (from 3 to >14 d from ICU admission)
Positive serum galactomannan in <10% of cases

Infrequent use of bronchoscopy, diagnosis relying on non-
BAL respiratory samples in some cases

Majority of putative cases (>90%)

Unknown proportion of tracheobronchitis

Potential protective role of high TNF-o/IFN-y

Rare pneumonia due to community-acquired pathogens

Nosocomial pneumonia in 10%-20% of COVID-19 ICU cases

Deleterious impact on both overall influenza mortality ~ Benefit for overall COVID-19 survival, unknown impact on

CAPA incidence
Overall mortality 60%-70%

Association of CAPA with increased mortality demonstrated
in some but not all studies [5, 16]

Abbreviations: BAL, bronchoalveolar lavage; CAPA, COVID-19-associated pulmonary aspergillosis; COVID-19, coronavirus disease 2019; EORTC-MSG, European Organization for Research
and Treatment of Cancer and Mycoses Study Group; IAPA, influenza-associated pulmonary aspergillosis; ICU, intensive care unit; IFN-y, interferon-y; IL-10, interleukin 10; IPA, invasive pul-

monary aspergillosis; TNF-a, tumor necrosis factora.
“Presence of host factors according to the definitions of the EORTC-MSG [12].

®According to the EORTC-MSG definitions for immunocompromised patients [12] and to various definitions for immunocompetent ICU patients [3, 14, 15].
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interpretation of IPA markers may also affect the estimation of
IPA incidence, including: the use of non-BAL respiratory sam-
ples (eg, bronchial aspirates), the availability of Aspergillus pol-
ymerase chain reaction (PCR), the cutoff used to define GM
positivity in BAL, and the possible artifact of false-positive GM
secondary to other therapeutic interventions of COVID-19 (eg,
use of broad-spectrum beta-lactams, convalescent serum, or
antibody-based therapy, as previously reported in other settings)
[28, 29]. However, these differences in management are not suf-
ficient to explain such important geographical disparities in re-
ported CAPA incidences. Other factors, notably environmental,
should be suspected. The great immediate impact of COVID-
19 on overwhelmed hospitals, especially early in the pandemic,
could explain some of the local variations. One example is the
opening of new COVID-19 units in hospital areas that were not
initially designed for the management of patients on ventilators
and have a different air handling system. Therefore, assessment
of the association between IPA and COVID-19 in the absence of
control groups of non-COVID-19 mechanically ventilated pa-
tients from the same ICU units and same periods is not feasible.
It is also interesting to note that IPA has been rarely reported
in the setting of other severe coronavirus respiratory infections,
such as severe acute respiratory syndrome (SARS) or Middle-
East respiratory syndrome (MERS) [30, 31]. However, these
cases could have been underrecognized as the awareness about
the occurrence of IPA among nonimmunocompromised ICU
patients was low at that time. Moreover, the pathophysiology of
COVID-19 substantially differs from that of SARS/MERS.

Baseline Characteristics

Although both viral infections share some common risk fac-
tors for severe disease such as advanced age or frailty, there are
distinct differences in relative frequency of other comorbidities.
Notably, the proportion of patients with immunosuppressive
host factors predisposing to IPA appears to be higher among se-
vere influenza patients compared to severe COVID-19 patients
(approximately 25%-30% vs <10%, respectively) [3, 5, 11]. Also,
acute respiratory distress syndrome (ARDS) in COVID-19 is
predominantly observed among a specific category of patients
with no particular risk of IPA, especially those with hyperten-
sion, diabetes mellitus, and obesity.

CLINICAL COURSE

The clinical characteristics of IAPA and CAPA also exhibit no-
table differences.

Influenza-Associated Pulmonary Aspergillosis

IAPA cases share some common features. First, IPA occurs
within a very short time after ICU admission (median of
3 days and usually <7 days) [3, 4, 32]. The early onset of IPA
following influenza has also been described in immunocom-
promised patients with hematological malignancy and/or stem

cell transplantation [33]. Second, Aspergillus tracheobronchitis
is reported in up to 28% of patients in a recent case series, sug-
gesting that it could be an underrecognized IAPA entity associ-
ated with particularly high mortality rates [34, 35]. Third, the
rate of positivity of serum GM is particularly high (>50%) in
IAPA despite the absence of neutropenia or other immunosup-
pressive conditions [3, 11, 32, 36]. Moreover, tissue-proven IPA
is commonly observed in IAPA, being documented in 31% of
cases in a meta-analysis of all published cases and in up to 61%
in a pooled analysis limited to immunocompetent IAPA cases
[11, 36]. Despite the inherent bias of case reports, these data
strongly support the evidence of the rapidly invasive nature and
high burden of IAPA even in the absence of host predisposing
criteria. Not surprisingly, mortality in IAPA is high (40%-60%)
and was shown to be significantly greater than that of severe
influenza without IPA in some studies [3, 11, 13]. The impact
of antifungal prophylaxis on IAPA incidence is currently under
investigation (eg, NCT03378479, www.clinicaltrials.gov).

COVID-19-Associated Pulmonary Aspergillosis

For CAPA, the clinical observations are different and more
heterogeneous. In contrast to severe influenza, where ICU ad-
mission typically occurs early after the onset of symptoms [11],
most COVID-19 patients are admitted to ICU beyond the first
week of symptoms and the time between ICU admission and
IPA is variable with late diagnosis (>7-14 days) not uncommon
[8, 24, 26]. While some cases of Aspergillus tracheobronchitis
have been reported among CAPA [24], this entity seems to be
uncommon although its actual incidence is unknown. Most no-
tably, the rate of positive serum GM is low in CAPA (<10% in
most series) [5, 6, 22, 24, 26, 37]. Indeed, the majority of re-
ported CAPA cases were only probable or putative IPA [5, 10,
26, 37]. In the absence of conventional host factors and spe-
cific clinical/radiological signs, it is not possible to distinguish
colonization from angioinvasive disease among putative CAPA
cases. Moreover, the chest computed tomography scan pattern
of COVID-19 pneumonia is characterized by patchy ground-
glass opacities [38], which may mimic the nodules and halo
sign of IPA making the consensus criteria [12] inapplicable in
this case, even among patients with host factors. The limited use
of bronchoscopy (to avoid aerosolization of SARS-CoV-2) and
therefore lack of BAL specimens, is partly responsible of this di-
agnostic uncertainty for CAPA. Indeed, adapted criteria for IPA
in ICU or TAPA mostly rely on GM or culture results in BAL
[3, 14, 15]. This limitation was acknowledged in a recent ex-
perts’ consensus proposing adapted definitions for CAPA,
which admits a possible category when mycological evidence
relies only on non-BAL respiratory samples [39]. While the in-
formation provided by culture or PCR in tracheal or bronchial
aspirates might be useful, the use of adapted interpretive GM
cutoff in such samples in still controversial and has not been
validated [27, 39].
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The answer in whether CAPA is a true entity, albeit more
uncommon that IAPA, could come from postmortem results.
However, autopsy data are scarce due to the contagious-
ness issue of COVID-19. Flikweert et al did not observe any
sign of hyphal invasion in postmortem lung biopsies of 6
COVID-19 patients who had positive BAL GM antemortem
[40]. Underscoring the disparity between the clinical diag-
nosis of CAPA and postmortem histological evidence of IPA,
Schurink et al found that among 21 COVID-19 patients with
postmortem examinations, 8 patients (38%) were diagnosed
with CAPA during life, while only 1 patient (5%) was iden-
tified at autopsy to have IPA [41]. A recent meta-analysis of
702 COVID-19 autopsy reports identified 11 proven invasive
mold infections (including 6 CAPA, 4 unspecified mold in-
fections, and 1 mucormycosis), which suggests a CAPA in-
cidence <2% [42]. However, it should be noted that hyphal
angioinvasion is not a histological sine qua non criterion for
IPA, as nonneutropenic patients instead may demonstrate an
inflammatory bronchopneumonia [43].

Finally, the major argument to support the relevance of CAPA
would be the demonstration of its actual impact on outcomes.
Mortality among putative CAPA cases is high (60%-70%) [10].
However, whether there is excess mortality attributed to IPA is
controversial. One study demonstrated an association between
CAPA and increased mortality, which was confirmed after ad-
justment for confounding factors [5]. Similar associations be-
tween CAPA and mortality have been reported in 2 other studies
[27, 44]. However, 1 recent large US cohort found no significant
impact on mortality despite worse outcomes among CAPA cases
in terms of disease score severity, time to improvement, dura-
tion of mechanical ventilation, and hospital stay [16]. To date,
1 study reported better outcomes among COVID-19 patients
with fungal superinfections (including both molds and yeasts)
receiving appropriate antifungal therapy versus not (38.5% vs
90% mortality, P = .008) [27]. In another study with high re-
ported CAPA incidence, there was a trend towards improved
outcome among CAPA patients having received voriconazole
versus not (46% vs 59% mortality, P = .3). In contrast, 1 case
series reported a favorable outcome in most COVID-19 patients
with putative IPA in the absence of any antifungal therapy, sug-
gesting colonization instead of invasion [22]. Limited data are
available regarding the impact of antifungal prophylaxis on
CAPA incidence. In a small monocentric study, Rutsaert et al
implemented prophylactic nebulization of low-dose liposomal
amphotericin B in mechanically ventilated COVID-19 patients
and reported no new CAPA cases after the intervention [24].

PATHOGENESIS

Comparing the pathogenesis of IAPA and CAPA could be in-
structive for a better understanding of the link between the viral
infection and the fungal superinfection (Figure 1).

Influenza-Associated Pulmonary Aspergillosis

Extensive destruction of the respiratory epithelium by influ-
enza favors the invasion of A. fumigatus by disruption of this
natural barrier, which could explain the high proportion of
tracheobronchitis [35].

The local and systemic immune paralysis caused by the
virus is supposed to favor IPA and subsequent angioinvasion.
Profound lymphopenia has been reported in 86% of IAPA cases
[45]. In a murine model of IAPA, influenza also induced strong
inhibition of neutrophil recruitment, which was shown to result
from induction of the STAT1 signaling pathway [46]. Increased
level of interferon (IFN) and decreased levels of the chemokine
ligands CXCL1 and CXCL2 were also observed in the lungs of
superinfected mice [46]. Regarding the cytokine profile, pan-
demic HINT influenza has been associated with elevated levels
of interleukin 10 (IL-10) and IL-6 in severe cases [47]. IL-10
downregulates the expression of T helper 1 (Th1) cytokines and
blocks nuclear factor-kB (NF-xB), which has been shown to
play a detrimental role by favoring IPA [48, 49]. Overexpression
of IL-10 resulting from a single nucleotide polymorphism was
associated with an increased risk of IPA [50].

Considering the pathogenesis of influenza, it has long been
recognized that lung superinfections, notably with community-
acquired bacterial pathogens such as Streptococcus pneumoniae,
other streptococci, Staphylococcus aureus, and Haemophilus
influenzae, are common features of the disease, and are con-
sidered a major cause of influenza-related mortality [51].
Hospital-acquired pneumonia is also observed [52, 53].

COVID-19-Associated Pulmonary Aspergillosis

While SARS-CoV-2 enters within alveolar epithelial cells and
type II pneumocytes via the angiotensin-converting enzyme
2 (ACE2) receptors, its devastating effect is mainly related to
endothelial cell damage, alteration of the renin-angiotensin
system, and resulting ARDS, rather than destruction and ne-
crosis of the respiratory tracheobronchial epithelium as ob-
served in influenza [54].

Similar to influenza, lymphopenia is a common feature
of severe COVID-19 (observed in about 80% of cases) [55].
However, the impact of the viral disease on neutrophil re-
cruitment, the major host defense barrier against Aspergillus,
seems quite different. A pulmonary transfection model with
the human ACE2 receptor showed that SARS-CoV-2, in con-
trast to influenza, induced an intense neutrophil recruitment
via CXCL5 [56]. Abundant neutrophilic plugs and neutrophil
extracellular traps (NETs) have also been documented in autop-
sies of COVID-19 cases [41]. Thrombopenia and coagulopathy
are also typical features of severe COVID-19 with the presence
of pulmonary megakaryocytes contributing to extensive lung
alveolar damage [57]. Whether these platelet alterations might
favor IPA is unknown.
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Influenza-associated
pulmonary
aspergillosis (IAPA)

Baseline immunocompromising
condition in 20%-30% of patients

Influenzatargets sialic-acid expression
in tracheobronchial epithelium

Panbronchiolitis ~ microthrombosis (< 25%)

- diffuse alveolar damage

Underlying viral
pathology

COVID-19-associated
pulmonary
aspergillosis (CAPA)

Baseline immunocompromising
condition in <10% of patients

SARS CoV-2 targets ACE2 expression in type 2
pneumocytes and pulmonary endothelial cells

Inflammation - microthrombosis (>50%)

- diffuse alveolar damage

Viral pneumonia
treatment

® Antiviral therapy (oseltamivir)

® Corticosteroids: not standard of care
(discouraged )

o Antiviral therapy (remdesivir)
e Corticosteroids: standard of care

® Other immunomodulatory drugs eg,
tocilizumab, anakinra (occasionally used)

Inflamatory and airway-
Invasive aspergillosis

Serum galactomannan positive
in 50%-70% of patients

Angioinvasive disease at time of
pulmonary aspergillosis diagnosis

Serum galactomannan positive
in <10% of patients

Figure 1. Comparative pathophysiological features of influenza-associated pulmonary aspergillosis (IAPA) and coronavirus disease 2019 (COVID-19)-associated pulmonary

aspergillosis (CAPA).

While “cytokine storm” is a major factor contributing to the
severity of ARDS-related injury, the cytokine profile in COVID-
19 is also distinct compared to that of influenza. SARS-CoV-2
induces a cytokine profile characterized by important tumor
necrosis factor (TNF)/IL-1p response, as well as IFN I response
[58]. However, TNF-a and IFN-y seem to be protective against
IPA [59]. Activation of the complement and mannose binding
lectin (MBL) pathway were also shown to play a role in the de-
velopment of ARDS and proinflammatory conditions in severe
COVID-19 [60, 61]. However, complement activation via the

MBL represents a defense barrier against Aspergillus and MBL
deficiency was shown to increase the risk of IPA [62, 63].

These distinct host responses suggest that influenza and
COVID-19 may result in different host-pathogen interactions
and risks for IPA. Similarly, the association between COVID-19
and other superinfections, such as bacterial pneumonia, is un-
clear. Indeed, community-acquired pneumonia is uncommon
in this setting, and the incidence of hospital-acquired pneu-
monia is comparable to that observed among intubated patients
in general [64-66].
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IMPACT OF TREATMENT OF VIRAL PNEUMONIA

Differences in the therapeutic approach may also account for
the distinct pathogenesis of IAPA and CAPA.

Influenza-Associated Pulmonary Aspergillosis

Corticosteroids are a well-known risk factor of IPA and could
also increase IPA mortality rates [67, 68]. Corticosteroid therapy
within the last weeks or months preceding ICU admission was
shown to be a significant risk factor for IAPA [3, 4]. A trend to-
wards higher incidence of IAPA has also been observed among
immunocompetent patients who received short courses of low-
dose corticosteroid therapy [3, 69]. Use of corticosteroids for
severe influenza is currently discouraged because of their asso-
ciation with increased mortality [70].

Animal models have suggested that the antiviral drug
oseltamivir, a standard of care of influenza, may impair host
immune responses against Aspergillus through yet undefined
mechanisms [71]. Immunomodulatory effects of antifungals
also remain unclear. For instance, liposomes, acting as drug
carriers of amphotericin B, were shown to reduce dysregulated
polymorphonuclear neutrophils-mediated inflammation asso-
ciated with IPA in a murine model [72].

COVID-19-Associated Pulmonary Aspergillosis

Use of corticosteroids in the management of severe COVID-
19, which was controversial during the initial period of the
pandemic, has become a standard of care after publication
of pivotal randomized trials [73, 74]. While prolonged cor-
ticosteroid treatment preceding COVID-19 could increase
the risk of CAPA [7], there are sparse data for the impact of

short-course dexamethasone for the treatment of COVID-
19. One study found a trend towards an association between
high-dose dexamethasone treatment (>1000 mg) and the oc-
currence of CAPA [44]. However, cumulative dexamethasone
doses recommended for COVID-19 are lower (ie, 6 mg/day
for 10 days) [73]. One recent study found an association be-
tween corticosteroid exposure during index hospital admis-
sion and CAPA, which was significant for hydrocortisone
but not dexamethasone [16]. Whether short-course corticoid
therapy could affect CAPA incidence is still uncertain but
should be carefully monitored.

Other immunomodulatory drugs, such as IL-6 inhibitor
(tocilizumab) or IL-1 inhibitor (anakinra), have been tested
to reduce COVID-19 inflammatory injury and could impact
the immune response against fungi. Experience from the rheu-
matology literature indicates that long-term tocilizumab, espe-
cially in combination with corticosteroids, increases the risk for
bacterial and occasionally opportunistic fungal infections [75].
However, the incidence of CAPA was particularly low (3.8%) in
one series in which most patients had received tocilizumab [8].
While data about tocilizumab benefit in COVID-19 are still
controversial [76], incidence of CAPA in this setting should be
monitored.

Whether antivirals currently used against COVID-19, such
as remdesivir, could affect Aspergillus virulence or antifungal
immune response is unknown. The antibacterial drug
azithromycin has been occasionally used for COVID-19 for its
immunomodulatory effect despite lack of evidence for a benefit
[77]. Interestingly, one study found a significantly increased risk
of CAPA in association with this drug [44].

Table 2. Argument For and Against a Specific Association of COVID-19 and IPA

Pros Cons Issues to be Answered
Clinical data High incidence reported in some series Low incidence reported in some series (<5%) Uncertainties and heterogeneity about
(25%-30%) Lack of proven/probable cases (majority of definitions
CAPA associated with excess mortality in cases are considered putative IPA) Difficulty in distinguishing IPA from
some studies Low rate of positive serum GM colonization
Possible impact of prophylaxis (nebulized Lack of standard diagnostic approach
AMB) on decreased CAPA incidence Low use of bronchoscopy and BAL in
case-series
Unknown significance of Aspergillus
recovered in non-BAL respiratory samples
Lack of autopsy data
Absence of case-control studies
(comparative group)
Pathophysiology ~ Previous data supporting a link between Absence of association between other Absence of murine infection models of CAPA

severe viral respiratory infections (mainly
influenza) and IPA

Role of corticosteroids (or other
immunomodulators) in predisposing for

Oseltamivir possibly as a predisposing
factor for IPA

coronaviruses-caused severe respiratory
syndromes (SARS/MERS) and IPA

Distinct pathophysiology of COVID-19
compared to influenza including:

IPA No or limited destruction of respiratory
epithelium

High neutrophil recruitment (protective?)

Impact of increased corticosteroid use still
unknown

Impact of IFN autoantibodies in severe
COVID-19 on CAPA incidence

Impact of antiviral therapy (remdesivir)
unknown

Predominant TNF/IFN response (protective?)

Abbreviations: AMB, amphotericin B; BAL, bronchoalveolar lavage fluid; CAPA, COVID-19-associated pulmonary aspergillosis; COVID-19, coronavirus disease 2019; GM, galactomannan;
IFN, interferon; IPA, invasive pulmonary aspergillosis; MERS, Middle-East respiratory syndrome; SARS, severe acute respiratory syndrome; TNF, tumor necrosis factor.
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CONCLUSIONS

Despite the growing evidence that IPA can develop in pa-
tients with severe COVID-19, many questions remain. The
terminology of CAPA, as a novel and distinct entity, is still a
vague concept [39], unless one demonstrates a specific asso-
ciation between COVID-19 and the Aspergillus superinfec-
tion, as it is the case for influenza. In Table 2, we summarize
the arguments in favor or against the recognition of this dis-
tinct CAPA entity, with a listing of the key questions that re-
main to be answered. In particular, comparative studies with
a control group (concomitant ICU intubated patients with
non-COVID-19 pneumonia) are needed. Ongoing efforts
for more standardized diagnostic approaches and IPA def-
initions in ICU should be continued. Such approaches have
been recently proposed for both IAPA and CAPA [15, 39],
but should be prospectively validated, as the significance of
Aspergillus recovery or GM positivity in BAL or non-BAL
respiratory samples, and thus the distinction of proven/
probable versus putative IPA or colonization is difficult to
assess. An effort to increase the frequency of autopsy studies
in patients with COVID-19 will bring clarity to the incidence
of CAPA. Special attention should be paid to the impact of
corticosteroids and/or immunobiologicals on the incidence
and mortality of CAPA. Important elements of COVID-19
pathobiology need to be explored for their potential link with
IPA. In particular, the IFN response could be a link, as these
cytokines have a pivotal role in both COVID-19 pathogen-
esis and antifungal innate immunity [58, 78]. The association
between CAPA risk with the development of IFN autoanti-
bodies and severe COVID-19 patients could merit further
investigation [79].

Besides the virus-fungus interactions, other factors may
influence the risk of IPA in the ICU setting, as suggested by
the variable incidence reported for both IAPA and CAPA
across different countries or centers. Environmental fac-
tors, such as isolation conditions, ventilation systems, and
building renovation works, especially in units converted to
manage a large influx of COVID-19 patients, may be under-
estimated. Importantly, IAPA remains an underrecognized
entity, as illustrated by a recent US survey showing that <10%
of infectious diseases specialists routinely used GM testing
in patients with severe influenza [80]. Constant monitoring
efforts and standardized diagnostic approaches are therefore
important for better recognition of IPA among influenza,
COVID-19, and ICU patients in general.

Finally, the role of antifungal prophylaxis, preemptive strat-
egies, or antifungal treatment on the incidence and mortality of
IAPA and CAPA should be assessed in prospective trials. While
preemptive antifungal treatment seems reasonable in case of a
positive Aspergillus culture or biomarker in respiratory sam-
ples in this very frail population, identification of outcome

predictors and risk stratification would be helpful for the man-
agement of such cases.
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