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Risk factors and clinical impact of COVID-19-associated 
pulmonary aspergillosis: multicenter retrospective cohort study

Conclusions

Results

High-dose corticosteroids use after early inflammatory phase should be avoided, and active surveillance 
methods for CAPA are essential for those high-risk patients.
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INTRODUCTION

After the first case of coronavirus disease 2019 (COVID-19) 
was confirmed in Korea in January 2020, the country had 
the second-highest number of COVID-19 patients in the 
world until early February 2020 [1,2]. As of March 11, 2022, 
a cumulative total of 5,539,650 cases of COVID-19 had 
been confirmed in Korea, with a case fatality rate of 0.17% 
[3]. Bacterial and fungal superinfections are life-threatening 
infectious complications in severe respiratory viral infec-
tions [4]. Approximately 5% of patients with COVID-19 are 
critically ill and require intensive care management; there-
fore, concerns about superinfections with COVID-19 have 
persisted. Secondary or co-infection with other respiratory 
pathogens in severe COVID-19 patients has been reported, 
and research on COVID-19-associated pulmonary aspergil-
losis (CAPA) has been documented from the early period of 
the pandemic [4-6]. 

Previous studies have reported that CAPA occurs in ap-
proximately 10% of critically ill COVID-19 patients admit-
ted to the intensive care unit (ICU), with a mortality rate 
of 54% [7,8]. The incidence of CAPA was higher than that 
of invasive pulmonary aspergillosis (IPA) in critically ill pa-
tients without a diagnosis of COVID-19 (1% to 7%), and 

the mortality rate of CAPA was even higher than that of IPA 
in patients with hematologic malignancies [9,10]. Advanced 
age, chronic obstructive pulmonary disease (COPD), high 
Sequential Organ Failure Assessment score, and high Acute 
Physiology and Chronic Health Evaluation II score have been 
suggested as risk factors for CAPA [6,10-12].

However, most studies were case series or retrospec-
tive studies conducted in Europe with a focus on critical 
COVID-19 patients. Therefore, regional differences and the 
varying epidemiology of patients with severe COVID-19 
have not yet been fully elucidated. Systemic corticosteroids 
have been widely used as standard care for severe COVID-19 
patients after the clinical study by Randomized Evaluation of 
COVID-19 Therapy [13], but their impact on the develop-
ment of CAPA has not been thoroughly determined [8,14]. 
Furthermore, it remains controversial whether the high mor-
tality rate of CAPA is due to CAPA itself or other factors 
such as advanced age and comorbidities [10,12]. 

This study aimed to evaluate the epidemiologic trend of 
CAPA in Korea and clarify the importance of diagnostic ef-
forts. In addition, we conducted this study to identify the 
predictors of CAPA and risk factors for mortality in patients 
who were severely to critically ill COVID-19. 

 

Background/Aims: The risk factors and clinical impacts of coronavirus disease 2019 (COVID-19)-associated pulmonary 
aspergillosis (CAPA) remain controversial, and no data have been reported in Korea. This study aimed to investigate the ep-
idemiology and importance of CAPA diagnostic efforts and to identify the predictors of CAPA and the impacts on clinical 
outcomes. 
Methods: Between January 2020 and May 2021, data of severely to critically ill COVID-19 patients were extracted from 
seven hospitals of the Catholic Medical Center through a clinical data warehouse. Corticosteroid use was subcategorized into 
total cumulative dose, early 7-day dose, mean daily dose, and duration of use.
Results: A total of 2,427 patients were screened, and 218 patients were included. CAPA was diagnosed in 4.6% (10/218) 
of all hospitalized and 11.2% (10/89) of intensive care unit patients. Total cumulative dose (over 1,000 mg as methylprednis-
olone) and daily high-dose corticosteroid use (over 60 mg/day) were independent predictors but not early 7-day high-dose 
corticosteroid use (over 420 mg/week) (odds ratio [OR], 1.731; 95% confidence interval [CI], 0.350 to 8.571) nor prolonged 
use (OR, 2.794; 95% CI, 0.635 to 13.928). In-hospital overall mortality was 11.9% (26 of 218). CAPA itself did not affect the 
outcome; rather, daily high-dose steroid use significantly increased the 30-day mortality (hazard ratio, 5.645; 95% CI, 1.225 
to 26.091). 
Conclusions: CAPA was not uncommon, especially in critically ill patients. Daily high-dose corticosteroid use was the pre-
dictor of CAPA and associated with high mortality rates. High-dose corticosteroids use after early inflammatory phase should 
be avoided, and active surveillance methods for CAPA are essential for those high-risk patients.
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METHODS

Study population and clinical data warehouse
This multicenter retrospective study was conducted at seven 
Catholic Medical Center (CMC) hospitals in Korea. Of the 
seven hospitals, three were designated for severely and crit-
ically ill patients, two were designated for moderately and 
severely ill patients during study period. Between January 
2020 and May 2021, data of patients admitted for the first 
time after a diagnosis of COVID-19 were retrospectively an-
alyzed. A clinical data warehouse (CDW) platform was used 
to access and extract information. The CDW, which incor-
porates seven affiliated hospitals under CMC in Korea, is a 
data platform that collects and distributes clinical data to 
researchers [15]. It includes more than 15 million electron-
ic medical records that were completely anonymized. The 
target patients were defined as adult patients (18 years or 
older) with the International Classification of Diseases, 10th 
revision (ICD-10) codes indicating COVID-19 (U071, 072, 
109) and (1) were first hospitalized due to COVID-19; (2) 
excluded patients who received treatment only at the res-
idential treatment center; (3) excluded mild to moderately 
ill patients; and (4) excluded patients who were transferred 
to another hospital immediately after COVID-19 diagnosis 
(Fig. 1). The study protocol was approved by the Institution-
al Review Board of the Catholic University of Korea (No. 
KC21WIDI0484). We used only anonymous clinical data; 
therefore, informed consent was waived. 

 

Study definitions
To define and manage CAPA, the European Confederation 
of Medical Mycology and the International Society for Hu-
man and Animal Mycology (ECMM/ISHAM) proposed prov-
en, probable, and possible CAPA criteria [16]. The ECMM/
ISHAM consensus criteria were applied in this study, and 
proven and probable categories were only included as 
CAPA cases in this study. The European Organization for Re-
search and Treatment of Cancer/Invasive Fungal Infections 
Cooperative Group and the National Institute of Allergy and 
Infectious Diseases Mycoses Study Group criteria were also 
applied in patients with hematologic malignancies. The se-
verity of illness was categorized according to the National 
Institutes of Health guidelines, and severely to critically ill 
patients were included in this study [17]. Critically ill patients 
were defined as patients requiring high-flow oxygen thera-
py (FiO2 ≥ 0.4 with flow rate ≥ 30 L/min) via nasal cannula 
(high-flow nasal cannula [HFNC]) or mechanical ventilation 
(MV).

Chronic liver disease (CLD) was defined as patients with 
chronic hepatitis B or C or liver cirrhosis taking therapeutic 
drugs, and chronic kidney disease was defined as stage 3 or 
higher. Systemic corticosteroid use was analyzed by subcat-
egorized criteria: (1) The total cumulative steroid dose was 
defined as the total usage from admission to discharge; (2) 
Early high-dose corticosteroid use was defined as a total of 
420 mg or more of methylprednisolone or the equivalent 
dose of another corticosteroid use within 7 days; (3) Daily 
high-dose corticosteroid use was defined as 60 mg or more 
of methylprednisolone or the equivalent use on average per 
day during the hospitalization as many institutes are widely 
using corticosteroids up to 60 mg per day [18,19]; (4) Pro-
longed use was defined as the use of systemic corticoste-
roids for more than 14 days.

The agreement rate and appropriateness of the operation-
al definition for CAPA were further analyzed through CDW 
for further nation-wide study. The operational definition 
of CAPA was patients with diagnosis codes for COVID-19 
(under ICD-10; U071, 072, 109) who were prescribed an-
ti-mold active agents for more than 2 weeks during ad-
mission. Anti-mold active agents included voriconazole, 
isavuconazole, posaconazole, itraconazole as triazole, and 
amphotericin B deoxycholate and liposomal amphotericin B 
as polyene. Echinocandins were excluded due to the high 
possibility of overestimation as they were used as first-line 
drugs for invasive candidiasis. Patients who had been pre-

2,427 Patients identi�ed from
CMC CDW

Id
en

ti�
ca

tio
n

Sc
re

en
in

g
Id

en
ti�

ed

2,427 Patients screened

2,411 Eligible assessed patients

218 Included patients

Includes 3 hospitals for severly
and critically ill patients and 2
hospitals for severerly ill patients

16 Transferred patients after
diagnosis were excluded 

2,193 Patients treated only at
residential treatment center or
moderately ill were excluded

Figure 1. Flowchart to identify eligible patients in this study 
from the clinical data warehouse (CDW). CMC, Catholic Medical 
Center.
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scribed anti-mold active agents for more than 2 weeks with-
in the 6 months prior to their diagnosis of COVID-19 and 
patients with diagnosis code for mucormycosis (B46 in ICD-
10) during hospitalization for COVID-19 were excluded. The 
agreement rate was analyzed by comparing this operation 
definition with the consensus definition of CAPA (Supple-
mentary Fig. 1). 

Active surveillance for invasive fungal disease 
in patients with COVID-19 in the ICU
Mycological surveillance of ICU patients with severely or 
critically ill COVID-19 patients who admitted in ICU has 
been performed only at Seoul St. Mary’s Hospital, since 
June 2020. To enhance the sensitivity and specificity, se-
rum galactomannan (GM) antigen, (1-3)-β-D-glucan an-
tigen (BDG), and fungal culture from respiratory samples 
were performed twice a week. Serum GM assay (Platelia 
Aspergillus EIA, Bio-Rad, Hercules, CA, USA) and BDG test 
(Gold Mountain River Tech Development, Beijing, China) 
were performed following the manufacturer’s instructions, 
using a positivity threshold of ≥ 0.5 optical density index in 
serum for GM and ≥ 80 pg/mL for BDG. Surveillance for in-
vasive fungal diseases ended after ICU discharge. Diagnosis 
and treatment of CAPA were determined by an infectious 
disease physician and an intensive care physician based on 
consensus criteria.

Statistical analysis
The baseline characteristics are presented as medians with 
interquartile ranges (IQRs) for continuous variables and as 
frequencies with percentages for categorical variables. 
Normal distribution was checked using the Shapiro–Wilk 
test, and the Wilcoxon rank-sum test was used to compare 
nonparametric continuous variables. Chi-square or Fisher ’s  
exact tests were used for categorical variables. Survival anal-
ysis curves were fitted using the Kaplan–Meier method, and 
the log-rank test was performed to analyze differences. The 
risk of mortality was assessed using a multivariable-adjusted 
proportional hazards model with hazard ratio (HR) and 95% 
confidence interval (CI). The proportional hazards assump-
tion was evaluated by a log-log plot, and there was no sig-
nificant proportionality in hazards over time. A binary logis-
tic regression model was used to identify the predictors of 
CAPA. The degree of agreement between CAPA by ECMM/
ISHAM consensus criteria and operational definition was 
measured using Cohen’s kappa. All statistical analysis were 

performed based on the consensus definition of CAPA. Sta-
tistical significance was set at p < 0.05. Statistical analyses 
were performed using SAS version 9.4 (SAS Institute Inc., 
Cary, NC, USA). 

RESULTS

Baseline characteristics
Over the study period, 2,427 patients were admitted to the 
CMC with COVID-19. After excluding mild to moderately 
ill patients and patients treated only at the resident treat-
ment center, 218 patients were included: 137 patients with 
severe COVID-19 and 81 patients with critical COVID-19. 
Patient demographics, clinical findings, and steroid use are 
shown in Table 1 and Supplementary Table 1. All patients 
received oxygen therapy upon admission. Only 26.6% 
(58/218) of patients had serum GM tests regardless of re-
sults, and bronchoscopy was performed in 2.3% (5/218). In 
total, 126 (57.8%) of 218 patients were administered sys-
temic corticosteroids with a median cumulative dose of 300 
mg methylprednisolone and 9 days as the median duration. 
The incidence of CAPA by consensus definition was 4.6% 
(10/218) of all admitted patients and all the CAPA cases oc-
curred in ICU patients (11.2%, 10/89): nine cases occurred 
in critically ill COVID-19 patients and only one case occurred 
in severe patients. The median time to diagnosis after ad-
mission was 9.5 days with an IQR of 7.0 to 12.0. In the 
patients who developed CAPA, median age, lymphopenia 
(< 1,000/mm3), comorbidities such as COPD, CLD, hemato-
logic malignancy, systemic corticosteroid use (total cumula-
tive dose, early high-dose corticosteroid use, daily high-dose 
corticosteroid use, and duration), and mortality were higher 
than in patients without CAPA (all p < 0.05). CAPA occurred 
only in the systemic corticosteroid use group with median 
mean daily dose 119.3 mg methylprednisolone (range, 
34.3 to 405.7 mg). Of the 218 patients, 32.1% (70/218) 
received over 1,000 mg of methylprednisolone during their 
hospitalization, 37.2% (81/218) received daily high-dose 
corticosteroids, and 38.5% (84/218) received early high-
dose corticosteroids. All the mycological evidence for the 
diagnosis of CAPA was supported by serum GM tests. Nine 
isolates of Aspergillus species were cultured: five isolates of 
Aspergillus niger from deeply expectorated sputum (three 
from adequate specimen and two from inadequate speci-
men), three isolates of Aspergillus fumigatus from tracheal 
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Table 1. Baseline characteristics of the study population

Variable Total (n = 218) CAPA (n = 10) Without CAPA (n = 208) p value

Male sex 116 (53.2) 5 (50.0) 111 (53.4) 1.000
Age, yr 62 (49–72) 71.5 (64–77) 61.0 (49–72) 0.044
BMI, kg/m2     40.1 ± 6.1       40.1 ± 6.3          40.1 ± 6.1 0.974
Lymphocyte count, /mm3 999.9 (691–1672) 691.3 (290–879) 1,025.1 (701–1,680) 0.023
Creatinine, mg/dL 0.7 (0.6–0.9) 1.0 (0.6–2.1) 0.7 (0.6–0.9) 0.057
Chronic kidney disease 9 (4.1) 2 (20.0) 7 (3.4) 0.077
COPD 5 (2.3) 2 (20.0) 3 (1.4) 0.006
History of tuberculosis 5 (2.3) 0 5 (2.4) 1.000
Diabetes 51 (23.4) 5 (50.0) 46 (22.1) 0.098
Chronic liver disease 4 (1.8) 2 (20.0) 2 (1.0) 0.001
Heart failure or CAD 8 (3.7) 1 (10.0) 7 (3.4) 0.819
CVA 9 (4.1) 0 9 (4.3) 1.000
Solid cancer 13 (6.0) 1 (10.0) 12 (5.8) 1.000
Hematologic malignancies 4 (1.8) 2 (20.0) 2 (1.0) 0.001
History of SOT 0 0 0 NA
History of HSCT 1 (0.5) 1 (10.0) 0 0.030
Dementia 5 (2.3) 0 5 (2.4) 1.000
Connective tissue diseases 4 (1.8) 0 4 (1.9) 1.000
ICU admission 89 (40.8) 10 (100.0) 79 (38.0) 0.000
APACHE score 12 (10–15) 13.5 (11–20) 12.0 (10–15) 0.467
Severity of COVID-19 < 0.001

Severe 135 (61.9) 1 (10.0) 134 (64.4)
Critical 83 (38.1) 9 (90.0) 74 (35.6)

Oxygen therapy 0.001
Nasal cannula or HFNC 184 (84.4) 4 (40.0) 180 (86.7)
MV 32 (14.7) 6 (60.0) 26 (12.5)
MV with ECMO 2 (0.9) 0 2 (1.0)

Systemic corticosteroids use 126 (57.8) 10 (100.0) 116 (55.8) 0.015
Early high-dose use 84 (38.5) 7 (70.0) 77 (37.0) 0.032 
Daily high-dose use 81 (37.2) 9 (90.0) 72 (34.6) < 0.001
Prolonged use 66 (30.3) 7 (70.0) 59 (28.4) 0.008
Total cumulative steroid dosage 300 (0–1,540.0) 2,350 (1,781.3–3,520.0) 255.0 (0–1,377.3) < 0.001
Duration of steroid use, day 9 (0–16) 19.5 (12.0–31.0) 5.5 (0–14.5) < 0.001
7-Day cumulative steroid dosage 210 (0–840.0) 920.0 (400.0–1,320.0) 210.0 (0–781.5) 0.015
Mean daily dosage 30 (0–96.9) 119.3 (99.0–168.0) 28.0 (0–89.0) < 0.001
Performing galactomannan test 58 (26.6) 10 (100.0) 48 (23.0) 0.000

Positive result 13 (22.4) 10 (100.0) 3 (6.3)
Performing chest tomography 29 (13.3) 4 (40.0) 25 (12.0) 0.039
Performing bronchoscopy 5 (2.3) 0 5 (2.4) 1.000
Hospitalization, day 16 (12–22) 23 (16–37) 16 (12–22) 0.063

In-hospital mortality 26 (11.9) 5 (50.0) 21 (10.1) 0.001

Values are presented as number (%), median (interquartile range), or mean ± standard deviation. Corticosteroid doses are present-
ed as methylprednisolone.
CAPA, COVID-19-associated pulmonary aspergillosis; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CAD, 
coronary artery disease; CVA, cerebrovascular disease; SOT, solid organ transplantation; HSCT, hematopoietic stem cell transplanta-
tion; ICU, intensive care unit; APACHE, acute physiology and chronic health evaluation; COVID-19, coronavirus disease 2019; HFNC, 
high-flow nasal cannula; MV, mechanical ventilation; ECMO, extracorporeal membrane oxygenation. 
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aspirate (two from adequate specimen and one from inad-
equate specimen), and one Aspergillus flavus from sputum 
(from inadequate specimen).

Predictors of CAPA
In the univariate analysis, the development of CAPA was 
significantly associated with age over 60 years, lymphope-
nia, the presence of underlying comorbidities, undergoing 
MV, and systemic corticosteroid use (Table 2). Systemic cor-
ticosteroid use was the only modifiable predictor of CAPA, 
and its use was further analyzed by categorization: total 
cumulative dose, early high-dose use, daily high-dose use, 
and duration of use. Total cumulative dose, daily high-dose 
use and duration of use were predictors of CAPA in uni-
variate logistic regression analysis but not early high-dose 
use. After adjusting for covariates, total cumulative dose 

and daily high-dose corticosteroid use were still indepen-
dent predictors of CAPA, but early high-dose use (odds ratio 
[OR], 1.731; 95% CI, 0.350 to 8.571 after adjusting oxygen 
therapy) and prolonged use was not (OR, 2.974; 95% CI, 
0.635 to 13.928 after adjusting for oxygen therapy and OR, 
3.661; 95% CI, 0.865 to 15.498 after adjusting for age) 
(Supplementary Table 2).

Outcomes and risk factors for mortality 
The overall in-hospital mortality for COVID-19 patients was 
11.9% (26/218) and the mortality rate was higher in patients 
with diagnosed with CAPA: 50% (5/10) of patients with 
CAPA vs. 10.1% (21/208) of patients without CAPA (OR, 
8.905; 95% CI, 2.308 to 33.305). The 30-day all-cause mor-
tality in patients with CAPA was also significantly lower than 
that in patients without CAPA (30% [3 of 10] of patients 

Table 2. Predictors of COVID-19-associated pulmonary aspergillosis by logistic regression analysis 

Variable Odds ratio 95% Confidence interval

Sex (female vs. male) 1.144 0.322–4.071

Age (> 60 vs. ≤ 60 years) 8.658 1.078–69.552

BMI, kg/m2 1.005 0.888–1.138

Lymphocyte count (≤ 1,000 vs. > 1,000/mm3) 9.716 1.210–78.045

Creatinine, mg/dL 2.739 1.368–5.482

Chronic kidney disease 7.179 1.282–40.210

COPD 17.083 2.496–116.942

Diabetes 3.522 0.977–12.693

Chronic liver disease 25.751 3.206–206.815

Heart failure or CAD 3.191 0.354–28.769

Solid cancer 1.815 0.212–15.528

Hematologic malignancies 25.751 3.206–206.815

APACHE score 1.057 0.943–1.185

Oxygen therapy

Nasal cannula or HFNC Reference

MV ± ECMO 9.644 2.560–36.328

Systemic corticosteroids use

Total cumulative dosage (total cumulative dose over 1,000 mg) 21.688 2.689–174.900

Daily high-dose use (mean daily dose over 60 mg) 17.000 2.112–136.845

Early high-dose use (early 7-day cumulative dose over 420 mg) 3.970 0.997–15.800

Prolonged use (over 14 days) 5.893 1.474–23.557

Corticosteroid doses are presented as methylprednisolone.
COVID-19, coronavirus disease 2019; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CAD, coronary artery 
disease; APACHE, acute physiology and chronic health evaluation; HFNC, high-flow nasal cannula; MV, mechanical ventilation; 
ECMO, extracorporeal membrane oxygenation.
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with CAPA vs. 7.2% [15 of 208] of patients without CAPA), 
as determined by survival analysis using the Kaplan–Meier 
method (log-rank test p = 0.019) (Fig. 2). In the univariate 
proportional hazard model, CAPA was also a significant risk 
factor for mortality (HR, 3.919; 95% CI, 1.134 to 13.540). 
Except for CAPA, age over 60 years, lymphopenia, presence 
of underlying comorbidities, undergoing MV, and systemic 
corticosteroid use were significantly associated with overall 
mortality in the univariate analysis (Table 3). In multivariable 
models, oxygen therapy independently increased mortality, 
while CAPA only showed an increasing trend in mortality 
rather than statistical significance. In the categories of ste-
roid use, only daily high-dose corticosteroid use was signifi-
cantly associated with mortality. Detailed multivariate pro-
portional hazard models are presented in Table 4.

Agreement analysis between operational  
definition and consensus definition
We assessed the consistency between the operational defi-
nition of CAPA and ECMM/ISAHM consensus definition. 
The incidence of CAPA by operational definition was 5.5% 
by operational definition and 4.6% by ECMM/ISHAM con-
sensus definition. The degree of agreement by Cohen’s kap-
pa was 0.713 with 95% CI 0.494 to 0.931 which showed 
substantial level of agreement (Supplementary Fig. 1).

DISCUSSION

In this retrospective multicenter study, the incidence of 
CAPA was 4.6% in all hospitalized patients and 11.2% in 
all ICU patients. We also demonstrated the importance of 
clinical awareness and surveillance methods for CAPA di-
agnosis based on the incidence between study hospitals. 
Systemic use of corticosteroids was the only modifiable pre-
dictor for CAPA development (total cumulative dose over 
1,000 mg and daily high-dose use over 60 mg) and risk fac-
tor (daily high-dose use over 60 mg) for mortality related 
to COVID-19. However, CAPA itself did not independently 
affect the outcome. The results of this study highlighted 
that daily high-dose corticosteroid use for more than 7-day 
may strongly affect the occurrence of CAPA and the overall 
mortality. It is mandate to include the superinfections such 
as CAPA and potential adverse effects of overusing systemic 
corticosteroid based on accumulated data in the guidelines 
for COVID-19. 

IPA following respiratory viral infection has been report-
ed in patients with influenza, severe acute respiratory syn-
drome, and adenoviral pneumonia [20,21]. In previous stud-
ies, the incidence of CAPA in COVID-19 patients admitted 
to the ICU varied from 3%–39% and 0.7%–7.7% in all hos-
pitalized patients [7,10]. This was mainly based on studies 
conducted in Europe, where experienced medical staff and 
equipment are readily available for IPA diagnosis. Therefore, 
it was difficult to estimate the differences according to med-
ical resources and regional differences. The results of this 
study showed that the incidence of CAPA (4.6% among all 
hospitalized COVID-19 patients and 11.2% in the ICU) and 
median time to CAPA diagnosis from admission (9.5 days) 
were consistent with those of previous studies, and it was 
difficult to find significant regional differences [7,10,22]. 
However, the incidence in this study could be underestimat-
ed due to a couple of reasons: First, some of the time period 
included in this study was before the widespread use of im-
munomodulating agents such as corticosteroids, interleukin 
6 (IL-6) monoclonal antibodies, IL-1 receptor antagonists, 
and Janus kinase inhibitors which are known to affect CAPA 
occurrence [7,23]. Second, there was a lack of awareness of 
CAPA in the early period of the COVID-19 pandemic, and 
only one hospital performed a surveillance under high index 
of suspicion for CAPA in ICU patients.

Although the overall incidence was consistent with pre-
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(CAPA) diagnosis. 
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vious studies, there was a notable difference in CAPA in-
cidence between hospitals. In the one hospital that per-
formed active surveillance for CAPA, the incidence was 
similar to that found in previous studies (13.4%, 9/67), but 
in the other hospitals that did not perform active surveil-
lance, the CAPA incidence was substantially lower (0.6%, 
1/151). There are limitations in early diagnosis due to atypi-
cal features of imaging tests and difficulties in defining my-
cological factors such as GM and polymerase chain reaction 
(PCR) tests [6,11,12]. Therefore, active surveillance has been 
emphasized in high-risk patients for early diagnosis and 
treatment of CAPA, but there is no universal surveillance 

protocol [16,22]. In one of the hospitals in this study, active 
surveillance was performed twice a week with serum GM, 
BDG, and culture (sputum or tracheal aspirate) for severe-
ly and critically ill COVID-19 patients in the ICU receiving 
oxygen therapy via HFNC or mechanically ventilated. If the 
test was positive, CAPA was diagnosed after a consultation 
with an infectious disease specialist based on ECMM/ISHAM 
consensus criteria. The incidence of CAPA in the hospital 
that performed active surveillance was similar to that of pre-
vious studies, but it showed a distinct difference in other 
hospitals that did not undergo surveillance, confirming the 
importance and appropriateness of the surveillance method 

Table 3. Risk factors of the mortality by univariate proportional hazard model

Variable
Univariate analysis 

Hazard ratio 95% Confidence interval

CAPA 3.919 1.134–13.540

Sex (female vs. male) 0.772 0.299–1.994

Age (> 60 vs ≤ 60 years) 13.167 1.752–98.957

BMI, kg/m2 0.993 0.900–1.095

Lymphocyte count (> 1,000 vs ≤ 1,000/mm3) 0.144 0.033–0.627

Creatinine, mg/dL 1.872 1.238–2.828

Chronic kidney disease 2.501 0.574–10.895

COPD 6.097 1.398–26.583

Diabetes 0.788 0.259–2.396

Chronic liver disease 10.95 3.154–38.016

Heart failure or CAD 4.877 1.410–16.866

Solid cancer 2.654 0.766–9.189

Hematologic malignancies NA NA

APACHE score 1.068 0.964–1.184

Oxygen supply method

Nasal cannula or HFNC Reference

MV ± ECMO 9.456 3.543–25.240

Systemic corticosteroids use

Total cumulative dosage (total cumulative dose over 1,000 mg) 9.713 2.652–31.723

Daily high-dose use (mean daily dose over 60 mg) 11.882 2.729–51.730

Early high-dose use (early 7-day cumulative dose over 420 mg) 4.702 1.544–13.314

Prolonged use (over 14 days) 2.079 0.817–5.289

Corticosteroid doses are presented as methylprednisolone.
CAPA, coronavirus disease 2019 (COVID-19)-associated pulmonary aspergillosis; BMI, body mass index; COPD, chronic obstructive 
pulmonary disease; CAD, coronary artery disease; NA, not available; APACHE, acute physiology and chronic health evaluation; 
HFNC, high-flow nasal cannula; MV, mechanical ventilation; ECMO, extracorporeal membrane oxygenation.
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using serologic tests and culture in severely or critically ill 
COVID-19 patients [6,11,22,24]. 

The cornerstone of the mycological diagnosis of CAPA 
in the ECMM/ISHAM criteria is culture, GM, and PCR us-
ing bronchoalveolar lavage. However, many institutions in 
this study cannot actively perform bronchoscopy for CAPA 
diagnosis because of safety issues such as aerosol genera-
tion and lack of professional medical staff and equipment 
[16,22]. Bronchoscopy was performed in only 5% of cas-
es in this study, and all mycological evidence for probable 
CAPA was based on serum GM. Serum GM is readily avail-
able in many institutions, and its effectiveness has already 
been confirmed in influenza-associated pulmonary aspergil-
losis diagnosis, similar to CAPA [25,26]. Since low sensitivity 
of serum GM was reported due to the lack of angioinvasion 

of Aspergillus in non-immunocompromised patients, previ-
ous studies suggested the use of serum GM along with se-
rum BDG or PCR results to enhance sensitivity and specificity 
[5,9,27,28]. Thus, diagnostic efforts through high index of 
suspicion with serological tests may be effective supplemen-
tary method for diagnosing CAPA in a resource-limited set-
ting [22,27,29]. 

Monoclonal antibody and remdesivir were widely used in 
mild to moderate COVID-19 patients, whereas systemic cor-
ticosteroids became the standard treatment in severe to crit-
ical COVID-19 patients [14,30,31]. Previous studies reported 
that no significant difference in secondary infections, includ-
ing CAPA, due to systemic corticosteroid use, but there was 
still limitation in the analysis between systemic corticoste-
roid and CAPA development as the type, doses, frequency 

Table 4. Comparison of multivariate proportional hazard models for mortality

Variable
Multivariate analysis 

Hazard ratio 95% Confidence interval

Model 1

CAPA 1.192 0.332–4.273

Age (> 60 vs. ≤ 60 years) 5.197 0.640–42.218

Oxygen supply method

Nasal cannula or HFNC Reference

MV ± ECMO 3.776 1.264–11.279

Total cumulative dosage (total cumulative dose over 1,000 mg) 3.237 0.811–12.917

Model 2

CAPA 1.057 0.294–3.795

Age (> 60 vs. ≤ 60 years) 5.4 0.678–43.010

Oxygen supply method

Nasal cannula or HFNC Reference

MV ± ECMO 3.893 1.366–11.093

Daily high-dose use (mean daily dose over 60 mg) 5.645 1.225–26.091

Model 3

CAPA 1.448 0.405–5.176

Age (> 60 vs. ≤ 60 years) 6.12 0.758–49.424

Oxygen supply method

Nasal cannula or HFNC Reference

MV ± ECMO 4.766 1.596–14.235

Early high-dose use (early 7-day cumulative dose over 420 mg) 1.742 0.518–5.852

Corticosteroid doses are presented as methylprednisolone.
CAPA, coronavirus disease 2019 (COVID-19)-associated pulmonary aspergillosis; HFNC, high-flow nasal cannula; MV, mechanical 
ventilation; ECMO, extracorporeal membrane oxygenation.
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and duration of corticosteroid administration were not well 
described [8]. Furthermore, it was difficult to estimate the 
effect of long-term and high-dose corticosteroid use in re-
al-world as most of these results were derived from studies 
with a low-dose use (100 mg as prednisolone in patients 
with CAPA vs. 107 mg without CAPA in prospective study) 
or short period of use (dexamethasone 6 to 10 mg up to 
10 days in clinical trial) [13,32,33]. In the univariate analy-
sis in this study, age over 60 years, lymphopenia, MV, and 
comorbidities such as COPD, chronic kidney disease, CLD, 
and hematologic malignancy had a statistically significant 
impact on CAPA development, which is consistent with the 
findings of previous studies [5,7,8]. As predictors of CAPA, 
the dose and duration of systemic corticosteroids were the 
only significant and modifiable factors. In multivariate anal-
ysis adjusted for covariates, higher total cumulative doses 
of corticosteroid use and daily high-dose corticosteroid use 
were significant independent predictors and CAPA only 
diagnosed when the mean daily dose exceeded 30 mg as 
methylprednisolone. However, an early high-dose cortico-
steroid use did not independently affect the occurrence 
of CAPA. Previous studies have raised concerns about the 
association between systemic corticosteroid use and the 
incidence of CAPA [27]. In the influenza-associated pulmo-
nary aspergillosis study, similar to CAPA, it was confirmed 
that systemic corticosteroid use is a significant risk factor 
for the occurrence of IPA in patients with severe influen-
za [21]. Therefore, limited use of systemic corticosteroids is 
recommended in patients with severe influenza, and admin-
istration after IPA exclusion through GM is recommended 
for acute respiratory distress syndrome (ARDS) patients who 
need corticosteroid use [21]. In this study, we presented the 
risk of systemic corticosteroid not only by the total cumula-
tive dose, also the cumulative dose over 7 days, mean daily 
dose and duration of use. Early use of high-dose steroids 
due to control hyperinflammatory response with COVID-19 
might have minimal effect on the development of CAPA, 
but high-dose systemic corticosteroid therapy after early 
inflammatory phase is strongly associated with the devel-
opment of CAPA. Although, administration of high-dose 
corticosteroids to control the initial inflammatory response 
is inevitable, efforts to reduce and stop systemic corticoste-
roid is important when treating severe COVID-19 patients 
[34]. As in previous clinical trial [13], we recommend not to 
exceed an mean daily dose of 30 mg/day or less or at least 
60 mg/day to prevent CAPA. Furthermore, rigorous surveil-

lance for CAPA is necessary for the patients with prolonged 
administration of high-dose corticosteroids.

The overall mortality of patients with CAPA was 54.9%, 
and some studies have reported up to 100%, which was 
higher than the mortality of IPA in patients with hematolog-
ic malignancies [10]. Previous studies found that CAPA was 
associated with a 16% to 25% excess in mortality, which is 
similar to that found in patients with influenza-associated 
pulmonary aspergillosis [27,32,35]. However, there was a 
lack of analysis on whether the high mortality rate was the 
impact of CAPA itself, or whether it was due to age and 
underlying diseases that affect the development of CAPA 
[5,7,10]. In this study, the in-hospital overall mortality of pa-
tients with CAPA was 50%, and the occurrence of CAPA 
had a significant impact on 30-day overall survival in univari-
ate analysis. However, the impact of CAPA on mortality only 
showed an increasing trend in multivariate analysis using 
the proportional hazard model. In univariate analysis, age 
over 60 years, COPD, elevated creatinine, CLD, heart failure 
or coronary artery disease, oxygen therapy and systemic cor-
ticosteroid use (total cumulative dose, early high-dose use 
and daily high-dose use) were associated with high mortality 
rates, consistent with previous studies [36-38]. However, ox-
ygen therapy and daily high-dose of systemic corticosteroids 
use were identified as independent risk factors for mortali-
ty in the multivariate analysis. The survival benefit of using 
systemic corticosteroids in severely to critically ill COVID-19 
patients in previous studies was about 6 mg of dexameth-
asone (30 mg of methylprednisolone) for 10 days, but the 
actual use of steroids in clinical practice was higher than 
this [8,13]. This trend seems to be due to results of previous 
studies indicating that the use of high-dose corticosteroids 
has improved mortality in ARDS due to COVID-19 [18]. 
However, the effect of high-dose corticosteroid use on the 
survival rate of COVID-19 remains controversial [19]. In this 
study, daily high-dose systemic corticosteroid use increased 
mortality after adjusting for covariates and this was the only 
modifiable risk factor for mortality but not early high-dose 
use. In this regard, we suggest that it is necessary to re-
duce or stop systemic corticosteroid after early inflamma-
tory phase in patients with severe to critical COVID-19 to 
improve survival.

This study had some limitations. First, although this study 
was performed based on a multicenter design, confounders 
could not be fully adjusted due to a limited number of pa-
tients with CAPA. Second, we did not evaluate the impact 
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of the delta variant of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and immunomodulating agents 
such as IL-6 inhibitors on CAPA development as the delta 
variant was not a dominant strain and immunomodulators 
were not widely used during much of the study period. Fi-
nally, this study was a retrospective study based on a big-da-
ta platform. This makes it difficult to determine whether 
there is a causal relationship between high-dose corticoste-
roid use and excess mortality. In addition, it was not possible 
to analyze the antifungal prescription pattern or the agree-
ment rate of the operational definition by study hospital. 
Despite these limitations, our study has several strengths. 
The results reflect the incidence and predictors of CAPA in 
Korea with a sizable cohort based on clinical data. Second, 
we highlight the importance of active surveillance and clini-
cal suspicion of CAPA for severely and critically ill COVID-19 
patients through comparisons of incidence between study 
hospitals. Lastly, we identified and specified the impact of 
systemic corticosteroids on the occurrence and outcome of 
COVID-19 and CAPA. 

In conclusion, CAPA is not uncommon in Korea, and clin-
ical awareness with active surveillance methods for CAPA 
diagnosis is essential for early diagnosis and treatment es-
pecially in ICU patients. The use of systemic corticosteroids 
is inevitable for the management of severely and critically 
ill COVID-19 patients in the early inflammatory period, and 
early high-dose corticosteroid use may be acceptable as it 
did not significantly influence the occurrence of CAPA and 
the mortality. However, daily high-dose corticosteroids use 
after the early inflammatory phase should be avoided to 
prevent CAPA and reduce mortality. 
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Supplementary Table 2. Multivariable logistic regression analysis by categorized corticosteroid use

Variable Odds ratio 95% Confidence interval

Total cumulative dosage (total cumulative dose over 1,000 mg) 21.688 2.689–174.900
Adjusting sex 23.624 2.888–193.264
Adjusting age 15.028 1.786–126.475
Adjusting lymphocyte 14.736 1.767–122.893
Adjusting creatinine 19.633 2.313–166.680
Adjusting chronic kidney disease 19.934 2.452–162.061
Adjusting COPD 20.320 2.464–167.576
Adjusting chronic liver disease 18.888 2.296–155.357
Adjusting diabetes 18.959 2.320–154.924
Adjusting hematologic malignancy 18.888 2.296–155.357
Adjusting oxygen therapy 12.891 1.414–117.524

Daily high-dose use (mean daily dose over 60 mg) 17.000 2.112–136.845
Adjusting sex 17.945 2.210–145.717
Adjusting age 12.296 1.494–101.218
Adjusting lymphocyte 11.663 1.410–96.467
Adjusting creatinine 16.854 1.924–147.664
Adjusting chronic kidney disease 15.983 1.969–129.748
Adjusting COPD 16.434 1.984–136.152
Adjusting chronic liver disease 15.079 1.832–124.101
Adjusting diabetes 15.461 1.907–125.380
Adjusting hematologic malignancy 15.079 1.832–124.101
Adjusting oxygen therapy 10.194 1.172–88.641

Early 7-day high-dose use (early 7-day cumulative dose over 420 mg) 3.970 0.997–15.800
Adjusting sex 4.129 1.026–16.619
Adjusting age 2.641 0.640–10.901
Adjusting lymphocyte 2.686 0.653–11.043
Adjusting creatinine 3.331 0.794–13.823
Adjusting chronic kidney disease 3.475 0.852–14.169
Adjusting COPD 3.665 0.889–15.110
Adjusting chronic liver disease 3.349 0.805–13.944
Adjusting diabetes 3.306 0.807–13.535
Adjusting hematologic malignancy 5.812 1.164–29.013
Adjusting oxygen therapy 1.731 0.350–8.571

Prolonged use (over 14 days) 5.893 1.474–23.557
Adjusting sex 6.050 1.504–24.342
Adjusting age 3.661 0.865–15.498
Adjusting lymphocyte 4.292 1.047–17.604
Adjusting creatinine 5.612 1.325–23.765
Adjusting chronic kidney disease 5.590 1.375–22.721
Adjusting COPD 6.217 1.457–26.534
Adjusting chronic liver disease 4.842 1.158–20.242
Adjusting diabetes 4.912 1.191–20.252
Adjusting hematologic malignancy 5.844 1.371–24.908

Adjusting oxygen therapy 2.974 0.635–13.928

Corticosteroid doses are presented as methylprednisolone.
COPD, chronic obstructive pulmonary disease.
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Identi�ed patients: 218

CAPA by operational de�nition
Frequency of occurrence: 5.5%

Probable
CAPA: 8

Possible
CAPA: 2

Probable
CAPA: 2

Possible
CAPA: 2

None: 1
None: 

202
CAPA by consensus de�nition
Frequency of occurrence: 4.6%

CAPA by
operational

de�nition: 12

Without CAPA by
operational

de�nition: 206

Supplementary Figure 1. Agreement analysis of coronavirus disease 2019 (COVID-19)-associated pulmonary aspergillosis (CAPA) by 
operational definition and consensus definition by European Confederation of Medical Mycology and the International Society for Human 
and Animal Mycology. 
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