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As the coronavirus disease 2019 (COVID-19) pandemic continues, a new disease, COVID-19-associated pulmonary
aspergillosis (CAPA), is on the rise. CAPA is a secondary fungal infection in patients with critical COVID-19 receiving
mechanical ventilation in intensive care units (ICUs). Although the incidence rate of CAPA is estimated to be 10.2%
in ICU patients, CAPA appears to be associated with an increase in overall mortality. CAPA is like classical invasive
pulmonary aspergillosis (IPA) but has an ambiguous clinical manifestation and occurs without typical host factors.
It is also like influenza-associated pulmonary aspergillosis but differs in clinical characteristics. For research and
clinical practice, the European Confederation for Medical Mycology and the International Society for Human and
Animal Mycology proposed novel case definition criteria for CAPA. Although CAPA management is not much
different from typical IPA, areas of uncertainty remain that require further investigation.
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INTRODUCTION

ondary infection is a severe complication. A recent metaanalysis showed that the prevalence of coinfection and

Severe acute respiratory syndrome coronavirus 2 (SARS-

superinfection in COVID-19 patients was 19% and 24%,

CoV-2) causes coronavirus disease 2019 (COVID-19), eliciting

respectively, and both are associated with increased mortality .

a diverse spectrum of respiratory illnesses. The infection

Bacteria are the common cause of secondary infection in

causes flu-like symptoms in most cases. However, some high-

COVID-19 patients, but the superinfection of fungi has also

risk patients develop acute diseases characterized by acute

been reported in 8% of patients . In previous studies on critical

respiratory failure. In a study conducted at the beginning of

influenza infection, invasive pulmonary aspergillosis (IPA) is

the pandemic, the mortality rate of critical COVID-19 cases

reportedly a fatal secondary infection in patients receiving

was 49.0%, significantly higher than the overall mortality

mechanical ventilation . Similarly, IPA in critical COVID-19

1

rate of COVID-19 patients (2.3%) .

3

3

4

patients, named COVID-19-associated pulmonary aspergillosis

With the development of vaccines and advances in treat2

ment strategies, the mortality rate of COVID-19 has decreased .

(CAPA), has received increasing attention, especially in in5-8

tensive care units (ICUs) .
9

However, the mortality rate remains high in the high-risk

CAPA has different clinical characteristics from classical IPA .

group of patients who may progress to acute respiratory

The significant difference is the absence of long-term immu-

distress syndrome. Among critical COVID-19 patients, sec-

nocompromised host status in CAPA patients described in the
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diagnostic criteria of the European Organization for Research

function of adaptive immune cells are also seen . This im-

and Treatment of Cancer and the Mycoses Study Group

balance in innate and adaptive immunity causes immune

10

Education and Research Consortium (EORTC/MSGERC) . In

dysregulation, providing a possible explanation for the pre-

addition, simultaneous pulmonary involvement of COVID-19

disposition of COVID-19 patients to secondary infection.

9

makes it difficult to diagnose CAPA . In the early disease stage,

Anatomical and immunologic alterations caused by SARS-

it is hard to tell if clinical deterioration is due to an ongoing

CoV-2 make patients prone to CAPA. However, not all patients

disease course of COVID-19 or superinfection of Aspergillus.

with aspergillosis present with invasive fungal infection. In a

Although cavitary lesions and well-described nodules are still

review article, experts suggested the angioinvasion threshold

useful diagnostic signs of IPA in ICU patients, atypical signs

model and placed CAPA on the spectra of colonization, tissue

of COVID-19 can mimic imaging signs of aspergillosis and

invasion, angioinvasion, and disseminated fungal infection .

8,11

12

. Tracheobronchitis form of invasive aspergillosis

The degree of invasion of Aspergillus in COVID-19 patients

without lung parenchymal lesion is also a diagnostic chal-

and the angioinvasion threshold are determined by complex

vice versa
9,12

lenge

, and diagnostic delay in CAPA makes its management

interplay between the virus, host, and fungus, a concept

difficult. In this review, we discuss the clinical characteristics

shared with IAPA. However, IAPA is associated with more

of CAPA and the recent approach for its diagnosis and

severe and earlier airway damage by viruses before asper-

management.

gillosis than CAPA. Moreover, the influenza virus invades
monocytes and macrophages, resulting in the impairment
of NADPH oxidase, which contributes to interrupting fungal

PATHOPHYSIOLOGY OF CAPA

invasion. In addition, an anti-influenza drug, a neuraminidase
19

inhibitor, impairs the fungicidal ability of myeloid cells . Due

Aspergillus is an ubiquitous fungal organism, and IPA is

to these influenza virus infection characteristics, IAPA patients

an opportunistic infection that mainly occurs in immuno-

are more prone to develop early angioinvasive diseases than

13

compromised hosts . However, a series of cases of invasive

CAPA patients. In other words, diagnostic time is delayed for

Aspergillus infection without a classical host factor has been

CAPA patients than for IAPA patients . Active use of immuno-

14

12

reported among patients with severe influenza in ICUs .

therapeutic agents, such as corticosteroids and anti-interleukin

Experts named this influenza-associated pulmonary asper-

(IL)-6 drugs, in COVID-19 patients may affect the disease

gillosis (IAPA). Early studies on CAPA were inferred from IAPA

course of secondary Aspergillus infection. There is a need

research due to pathophysiological similarities between CAPA

for this concept to be further researched.

12

and IAPA. There were 30~78% of IAPA patients

and 86%

12

of CAPA patients who presented without typical host factors.
Virus-related anatomical factors, such as airway damage
due to lytic infection and immunologic factors related to the

EPIDEMIOLOGY AND RISK FACTORS
FOR CAPA

host response to infection, are crucial for the pathogenesis
12

of both IAPA and CAPA .

The incidence rate of CAPA is 3~33%. However, according

As reported for SARS-CoV-1 in the 2003 pandemic, SARS-

to a systematic review and meta-analysis published in

CoV-2 binds to the angiotensin-converting enzyme-II receptor

September 2021, which included 28 studies and 3,148

through a spike protein and thus invades airway epithelial

patients until April 2021, the pooled estimate of its incidence

15,16

cells and type II pneumocytes

20

, thereby leading to cell

was 10.2% (95% confidence interval [CI], 8.0~12.5%) .

damage. An autopsy study of COVID-19 patients reported

Studies conducted in the early stages of the pandemic in

plaques in the large airway and mucosal ulceration with

Europe, most of which were case series, reported a relatively

inflammatory cell infiltration . This deterioration of barrier

17

high incidence of CAPA (20~35%). Recent studies, which

function makes hosts prone to secondary infection. Further-

included more cases than earlier ones, reported a lower

more, danger-associated molecular patterns from damaged

incidence of CAPA (approximately 3%) .

tissue induce a hyperinflammatory response and accelerate
18

lung damage .
Hyperinflammation is one of the main pathogeneses of

20

One reason for the variation in CAPA incidence is inconsistent diagnostic criteria for case definition. Studies included
20

in the meta-analysis

adopted at least five different entry
10

respiratory failure in critical COVID-19 patients. While hyper-

criteria, including the EORTC/MSGERC definition commonly

inflammation due to a sustained innate immune response

used for IPA diagnosis in immunocompromised hosts, AspICU

persists in COVID-19 patients, defects in the number and

algorithm , an alternative algorithm adopted for the ICU

2

21
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population for discriminating colonized patients from patients

itional host factor for IPA, as defined by EORTC/MSGERC .

with IPA, and its modified version (modified-AspICU algo-

Recent studies revealed that potential risk factors are old

14

4

11

23

6,7,25

rithm) . In addition, they adopted the IAPA case definition

age , use of corticosteroids

and 2020 European Confederation of Medical Mycology/

ease

International Society for Human and Animal Mycology (ECMM
9

, underlying pulmonary dis-

25,26

7

, use of azithromycin (cumulative dose ≥ 1,500 mg) ,
23

and anti-IL-6 therapy . In the case of corticosteroids, long-

/ISHAM) consensus criteria , the first consensus criteria for

term use (≥16 mg/day prednisolone equivalent dose for at

CAPA diagnosis. Other experts argued that this inconsistency

least 15 days) and use of a high or high cumulative dose

22

6

7,25,26

in diagnostic criteria affects the estimation of CAPA incidence .

(≥100 mg dexamethasone equivalent dose)

For example, according to a literature review of 17 articles

gested to be risk factors. However, the use of steroids was

were sug-

published from May 2020 to December 2020, the estimated

not associated with CAPA when the dose was unspecified

6,23

.

incidence of CAPA reported by the authors was 10.9%.
However, the incidence of proven or probable CAPA was
only 6.1% when the ECMM/ISHAM consensus criteria were

CAPA DIAGNOSIS

consistently applied to the same articles.
Another major limitation of epidemiological studies of

There was no consensus regarding the case definition of

CAPA is that it is difficult to distinguish between fungal colo-

CAPA until the ECMM/ISHAM criteria were published in

nization and invasive infections. In a prospective multicenter

December 2020. The EORTC/MSGERC definition could not

cohort study from four ICUs in Italy, laboratory-confirmed

be applied to most patients due to the absence of host factors

COVID-19 patients with acute respiratory distress syndrome

or atypical radiologic findings. Regarding invasive aspergillosis

were assigned to routine bronchoscopy for screening fungal

in ICU patients, the AspICU algorithm

6

10

21

was designed to dis-

infection at days 0 and 7 of ICU admission . The AspICU

tinguish IPA (proven or putative) from Aspergillus colonization

algorithm and IAPA case definition were adopted for CAPA

in patients whose lower respiratory specimens are positive

diagnosis. In total, 27.8% of patients showed galactomannan

for Aspergillus culture. The modified-AspICU criteria

positivity (index > 1) in bronchoalveolar lavage (BAL) speci-

putative IPA if all clinical, radiological, and mycological criteria

mens and were diagnosed with probable CAPA. However,

are satisfied. The modified-AspICU algorithm adopts a cutoff

59 of 108 subjects had both BAL and serum galactomannan

value for galactomannan in serum (optical index ≥0.5) or

results, and among patients diagnosed with probable CAPA,

BAL fluid (optical index ≥1) as mycological criterion, which

only one showed serum galactomannan positivity. The higher

is not emphasized in the AspICU algorithm.

14

define

incidence of CAPA in the routine screening group and their

In 2020, an international team of experts proposed the

low serum galactomannan positivity reflects angioinvasion,

case definition of IAPA for clinical studies . They suggested

and many of these patients present with colonization or

that the case definition could be applied to CAPA diagnosis.

subclinical invasive disease.

The entry criterion of the case definition was ICU admission

The mortality of CAPA also varies between studies. Accord20

4

for respiratory distress with confirmed influenza (or COVID-

ing to meta-analysis , the pooled estimate of CAPA mortality

19). The case definition categorizes invasive aspergillosis into

was 54.9% (95% CI, 45.6~64.2%). This is far higher than

two groups: Aspergillus tracheobronchitis and IAPA without

the overall 90-day mortality of COVID-19 patients in ICUs of

documented tracheobronchitis. Tracheobronchial manifest-

31%, as reported in a multicenter, prospective cohort study

ation with airway damage caused by virus seemed to be one

2

in Europe . A large, multicenter, prospective cohort study by

of the main pathophysiologic features, which is distinct from

the ECMM enrolled 592 patients from 20 centers in 9 coun-

typical IPA; therefore, the case definition could encompass

23

tries from March 2020 to May 2021 . The median prevalence

more atypical aspergillosis cases in influenza patients. Cases

of CAPA per center was 10.7% (range, 1.7~26.8%), and the

could be defined as proven or probable according to the

90-day survival of patients with CAPA (29%; 95% CI, 19~

degree of evidence of infection. Like other diagnostic criteria,

39%) was significantly lower than that of patients without

patients with mycological evidence of invasive aspergillosis

CAPA (57%; 95% CI, 52~62%; p < 0.001).

from appropriate biopsy specimens were defined as proven

The classical risk factors for IPA listed in the EORTC/MSGERC

cases. Probable cases are defined by clinical and mycological

definition apply to CAPA. Pulmonary mold infection was more

factors, including a positive result for respiratory specimen

common in COVID-19 patients with an EORTC/MSCGERC

culture and an elevated galactomannan index in serum (≥0.5)

24

host factor (20% vs. 2.4%, p = 0.007) . However, according
to a published case series, only a few patients have a trad-
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or BAL (≥1) specimens.
9

ECMM/ISHAM proposed the first consensus criteria for

3
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CAPA in December 2020. The entry criteria were COVID-19

between SARS-CoV-2 infection and ICU admission. CAPA

patients needing intensive care and a temporal relationship

was classified as tracheobronchitis or other pulmonary forms

Table 1. 2020 ECMM/ISHAM consensus criteria for diagnosis of CAPA
Case definition

Clinical factor

Mycological evidence

Proven

Patients with
COVID-19 needing
treatment in an
ICU and with a
temporal
relationship
(entry criterion)

-

At least one of the following (≥1 findings):
1. Histological or direct microscopic detection of
fungal hyphae plus invasive growth with tissue
damage
2. Sterile aspiration or biopsy from pulmonary site
- Recovery of Aspergillus in culture
- Microscopy, histology, or PCR showing the
infectious disease process

Probable

Patients with
COVID-19 needing
treatment in an
ICU and with a
temporal
relationship
(entry criterion)

Bronchoscopic
findings:
tracheobronchial
ulceration, nodule,
pseudomembrane,
plaque, or eschar

At least one of the following (≥1 findings):
1. BAL: microscopic detection of fungal elements
indicating mold
2. BAL: culture (+) or PCR (+)
3. BAL GM or LFA index ≥1.0
4. Serum GM or LFA index >0.5

Proven

Patients with
COVID-19 needing
treatment in an
ICU and with a
temporal
relationship
(entry criterion)

-

At least one of the following (≥1 findings):
1. Histological or direct microscopic detection of
fungal hyphae plus invasive growth with tissue
damage
2. Sterile aspiration or biopsy from pulmonary site
- Recovery of Aspergillus in culture
- Microscopy, histology, or PCR showing the
infectious disease process

Probable

Patients with
COVID-19 needing
treatment in an
ICU and with a
temporal
relationship
(entry criterion)

Possible

Patients with
COVID-19 needing
treatment in an
ICU and with a
temporal
relationship
(entry criterion)

Tracheobronchitis

Other
pulmonary
*
forms

Host factor

Radiologic findings:
pulmonary infiltrate or
cavitating infiltrate
(not attributed to
another cause)

At least one of the following (≥1 findings):
1. BAL: microscopic detection of fungal elements
indicating mold
2. BAL: culture (+)
3. BAL: GM or LFA index ≥1.0
4. Serum GM or LFA index >0.5
5. Blood†: two or more PCR (+)
6. BAL: single PCR (+) (threshold <36 cycles)
7. Single blood† PCR (+) plus single BAL PCR (+)
(any threshold)

Radiologic findings:
pulmonary infiltrate or
cavitating infiltrate
(not attributed to
another cause)

At least one of the following (≥1 findings):
1. NBL: microscopic detection of fungal elements
indicating mold
2. NBL: culture (+)
3. NBL: single GM index >4.5
4. NBL: two or more GM index >1.2
5. Single NBL GM index >1.2 plus another NBL
mycology test (+) (PCR or LFA)

Abbreviations: BAL, bronchoalveolar lavage; CAPA, COVID-19-associated pulmonary aspergillosis; COVID-19, coronavirus
disease-19, ECMM/ISHAM, European Confederation for Medical Mycology and the International Society for Human and
Animal Mycology; GM, galactomannan; ICU, intensive care unit; LFA, lateral flow assay; NBL, non-bronchoscopic lavage; PCR,
polymerase chain reaction
*In patients with chronic obstructive pulmonary disease or chronic respiratory disease, PCR or culture results should be
confirmed by GM testing to rule out colonization or chronic infection.
†Plasma, serum, or whole blood
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with proven, probable, or possible diagnosis. The diagnosis

from that of pulmonary aspergillosis in patients without

of tracheobronchitis requires direct bronchoscopic evidence

COVID-19. Although it is difficult to distinguish between

of tracheobronchial ulceration, nodules, pseudomembranes,

colonization and invasive disease, some studies suggest that

plaques, or eschars as clinical factors. The diagnosis of other

patients with CAPA have excess mortality

pulmonary forms requires clinical suspicion when a patient

experts recommend antifungal treatment in patients with

has a refractory fever, pleural rub, chest pain, or hemoptysis,

CAPA

20,23

. Therefore,

9,11

.

which could be ambiguous in the ICU setting. In addition,

The ECMM/ISHAM guideline and international taskforce

the diagnosis of other pulmonary forms requires suspected

report on CAPA recommend voriconazole or isavuconazole

imaging findings with pulmonary or cavitating infiltrates.

as the first-line antifungal medication for treating CAPA

Typical radiologic findings of IPA, such as the halo sign, the

Although voriconazole has been the conventional drug of

air-crescent sign, cavitating lung lesions, and well-defined

choice for treating IPA since 2002 , a new drug, isavucona-

intrapulmonary nodules, are also useful for CAPA diagnosis.

zole, is receiving attention due to its comparable outcome

However, it is difficult to diagnose or rule CAPA out by imaging

with fewer toxicities . However, voriconazole has a narrow

because radiologic findings of COVID-19 in the late phase

therapeutic window, and its potential side effects, including

9

9,11

.

31

32

can be atypical and mimic or hide signs of CAPA . Therefore,

hepatotoxicity, neurotoxicity, and risk of QT-interval pro-

mycological evidence is required to diagnose probable or

longation, require therapeutic drug monitoring . In addition

possible (only for the pulmonary form) CAPA in conjunction

to their toxicity profile, drug-drug interactions of triazole

with host and clinical factors (Table 1).

antifungals are problematic in the ICU setting . Voriconazole

33

9

9

In the ECMM/ISHAM criteria , direct evidence of tissue

is metabolized via CYP2C19, CYP2C9, and CYP3A4. Isavu-

invasion by Aspergillus in sterile aspiration or biopsy specimens

conazole, which is metabolized via CYP3A4, tends to have

is required for proven diagnosis; therefore, mycological evi-

less pronounced drug-drug interactions than voriconazole.

dence in BAL specimens play a critical role for probable

In addition, posaconazole could be a first-line option since

diagnosis. Direct fungal detection by microscopy or culture

a randomized, controlled trial in 2021 supported the non-

of BAL specimens, galactomannan assay, and Aspergillus

inferiority of posaconazole to voriconazole as a first-line

PCR of BAL or blood samples provide mycological evidence

treatment of invasive aspergillosis .

for probable diagnosis. Regarding galactomannan assay, not

34

Liposomal amphotericin B is a second-line treatment option
9,11

only a conventional enzyme immunoassay but also a lateral

recommended for CAPA

flow assay, which provides a rapid point-of-care test, can

line drug when the level of azole resistance exceeds 10%. A

9,27

contribute to CAPA diagnosis

. In addition, nonbroncho-

. It can also be considered a first-

combination of echinocandins and voriconazole or isavu-

scopic lavage, a blind lavage technique with a closed suction

conazole can be an option for suspected azole-resistant cases,

system in an intubated patient, is a new sampling method

along with a concomitant test for azole resistance. However,

9,28

for possible diagnosis of other pulmonary CAPA forms

.

echinocandins monotherapy is not recommended. Some

According to the ECMM/ISHAM criteria, a possible diag-

experts propose that addition of nebulized liposomal ampho-

nosis has been proposed to select subjects for early empirical

tericin B helps to control fungal growth in patients with

treatment. However, there is insufficient evidence, and the

invasive Aspergillus tracheobronchitis . Although there is

threshold values of galactomannan in nonbronchoscopic

a case report

25

12

35

of successful treatment of post-influenza

lavage specimens have only been verified in few studies .

pseudomembranous necrotizing bronchial aspergillosis with

The Society for Advanced Bronchoscopy guideline suggests

nebulized liposomal amphotericin, benefit of antifungal nebu-

that evaluation of coinfection in COVID-19 patients can be

lizer in CAPA patients is uncertain due to lack of evidence.

29

an indication for bronchoscopy , and there is a report that
bronchoscopy can be safely performed using personal pro30

Two observational studies have evaluated the efficacy of
36,37

antifungal prophylaxis in ICU to prevent CAPA

. In one

36

tective equipment . Therefore, it is best to perform broncho-

study , mold-active antifungal prophylaxis, mainly through

scopy, if possible; otherwise, further validation is required

intravenous posaconazole, resulted in significant CAPA re-

for nonbronchoscopic lavage.

duction. One patient was diagnosed with CAPA among 75
patients in the prophylaxis group, while 9 were recorded

CAPA MANAGEMENT

among 57 patients in the nonprophylaxis group. However,
there was no survival benefit of antifungal prophylaxis. In
37

another study , patients who received prophylactic therapy
There is no evidence that CAPA treatment should differ

www.e-jmi.org

twice-weekly inhaled liposomal amphotericin B, showing
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a lower incidence of CAPA (9%; 3 of 32) than the nonprophylaxis group (16%; 11 of 18). Although these two
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