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ABSTRACT

Background: Coronavirus disease 2019 (COVID-19) is often accompanied by secondary
infections, such as invasive aspergillosis. In this study, risk factors for developing COVID-19-
associated pulmonary aspergillosis (CAPA) and their clinical outcomes were evaluated.
Methods: This multicenter retrospective cohort study included critically ill COVID-19 patients
from July 2020 through March 2021. Critically ill patients were defined as patients requiring
high-flow respiratory support or mechanical ventilation. CAPA was defined based on the
2020 European Confederation of Medical Mycology and the International Society for Human
and Animal Mycology consensus criteria. Factors associated with CAPA were analyzed, and
their clinical outcomes were adjusted by a propensity score-matched model.

1/12

ssaadyuljwix §=§ Aq pejeseuen


http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2022.37.e134&domain=pdf&date_stamp=2022-04-21
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-7763-8940
https://orcid.org/0000-0002-0175-0175
https://orcid.org/0000-0001-6375-3657
https://orcid.org/0000-0002-2750-6285
https://orcid.org/0000-0003-3625-3328
https://orcid.org/0000-0002-9490-6609
https://orcid.org/0000-0002-2197-642X
https://orcid.org/0000-0003-4741-4406
https://orcid.org/0000-0002-2032-9538
https://orcid.org/0000-0002-7571-8485
https://orcid.org/0000-0002-5488-7925
https://orcid.org/0000-0003-0062-342X
https://orcid.org/0000-0002-9125-7156
https://orcid.org/0000-0003-4783-8110
https://orcid.org/0000-0002-4496-6734
https://orcid.org/0000-0002-0694-1579
https://orcid.org/0000-0003-4410-5608
https://orcid.org/0000-0003-3881-9073
https://orcid.org/0000-0002-6596-8253
https://orcid.org/0000-0002-7464-9780

Risk Factors for CAPA in Critically-1ll COVID-19 Patients

JKMS

which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
properly cited.

ORCID iDs

Si-Ho Kim
https://orcid.org/0000-0001-7763-8940
Jin Yeong Hong
https://orcid.org/0000-0002-0175-0175
Seongman Bae
https://orcid.org/0000-0001-6375-3657
Hojin Lee
https://orcid.org/0000-0002-2750-6285
Yu Mi Wi
https://orcid.org/0000-0003-3625-3328
Jae-Hoon Ko
https://orcid.org/0000-0002-9490-6609
Bomi Kim
https://orcid.org/0000-0002-2197-642X
Eun-Jeong Joo
https://orcid.org/0000-0003-4741-4406
Hyeri Seok
https://orcid.org/0000-0002-2032-9538
Hye Jin Shi
https://orcid.org/0000-0002-7571-8485
Jeong Rae Yoo
https://orcid.org/0000-0002-5488-7925
Miri Hyun
https://orcid.org/0000-0003-0062-342X
Hyun ah Kim
https://orcid.org/0000-0002-9125-7156
Sukbin Jang
https://orcid.org/0000-0003-4783-8110
Seok Jun Mun
https://orcid.org/0000-0002-4496-6734
Jungok Kim
https://orcid.org/0000-0002-0694-1579
Min-Chul Kim
https://orcid.org/0000-0003-4410-5608
Dong-Sik Jung
https://orcid.org/0000-0003-3881-9073
Sung-Han Kim
https://orcid.org/0000-0002-6596-8253
Kyong Ran Peck
https://orcid.org/0000-0002-7464-9780

Disclosure
The authors have no potential conflicts of
interest to disclose.

Author Contributions
Conceptualization: Kim SH, Hong JY, Kim SH,
Peck KR. Data curation: Kim SH, Hong JY, Bae

S, Lee H, Wi YM, Ko JH, Kim B, Joo EJ, Seok H,

Shi HJ, Yoo JR, Hyun M, Kim Ha, Jang S, Mun
SJ, Kim J, Kim MC, Jung DS, Kim SH. Formal
analysis: Kim SH, Hong JY, Bae S, Lee H, Wi

https://jkms.org

Results: Among 187 eligible patients, 17 (9.1%) developed CAPA, which is equal to 33.10 per
10,000 patient-days. Sixteen patients received voriconazole-based antifungal treatment. In
addition, 82.4% and 53.5% of patients with CAPA and without CAPA, respectively, received early
high-dose corticosteroids (P=0.022). In multivariable analysis, initial 10-day cumulative steroid
dose > 60 mg of dexamethasone or dexamethasone equivalent dose) (adjusted odds ratio [OR],
3.77; 95% confidence interval [CI], 1.03-13.79) and chronic pulmonary disease (adjusted OR,
4.20; 95% CI, 1.26-14.02) were independently associated with CAPA. Tendencies of higher 90-
day overall mortality (54.3% vs. 35.2%, P=0.346) and lower respiratory support-free rate were
observed in patients with CAPA (76.3% vs. 54.9%, P=0.089).

Conclusion: Our study showed that the dose of corticosteroid use might be a risk factor for
CAPA development and the possibility of CAPA contributing to adverse outcomes in critically
ill COVID-19 patients.

Keywords: Aspergillosis; COVID-19; SARS-CoV-2; Steroid

INTRODUCTION

Since the first case of coronavirus disease 2019 (COVID-19) was reported from Wuhan, China,
more than 450 million confirmed COVID-19 cases have been reported worldwide on 12
March 2022.1 A significant number of patients were reported to experience COVID-19-related
complications,? and secondary infection is one of the most common complications.34

The association between respiratory virus infections and subsequent invasive fungal
infections, such as pulmonary aspergillosis, has been raised.5¢ The risk of pulmonary
aspergillosis among influenza patients was relatively well-documented in serial studies.>7 A
similar association has been observed in critically ill COVID-19 patients.38'11 Several factors
associated with COVID-19-associated pulmonary aspergillosis (CAPA) have been reported,
including old age, invasive respiratory support, chronic pulmonary disease, and receiving
tocilizumab.913 Meanwhile, a corticosteroid is one of the most important treatments for
COVID-19 patients requiring oxygen therapy.14 Corticosteroids could suppress the hyper-
inflammation syndrome caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection; however, concerns for the risk of secondary infections are also expected due
to possible over-immunosuppression.!5 The usual recommended dose for COVID-19 patients
requiring oxygen therapy is 6 mg of dexamethasone daily for 10 days or until discharge.14-16
However, a longer and/or higher-dose corticosteroid regimen has been prescribed for
refractory COVID-19-related acute respiratory distress syndrome.1718

In this regard, we evaluated risk factors for CAPA among critically ill COVID-19 patients and
compared their clinical outcomes with those of patients without CAPA.

METHODS

Study design and population

This was a nationwide, multicenter, retrospective cohort study in patients with laboratory-
confirmed SARS-CoV-2 virus infection from the Republic of Korea. A total of 13 academic
hospitals (11 tertiary hospitals and 2 secondary hospitals, ranging from 300 to 2715 beds)
participated in this study. Among 13 participating hospitals, 5 hospitals reported patients
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YM, Ko JH, Kim B, Joo EJ, Seok H, Shi HJ, Yoo with CAPA (Supplementary Table 1). Patients who were admitted to an intensive care unit
JR, Hyun M, Kim Ha, Jang S, Mun SJ, Kim J, (ICU) between July 2020 and March 2021 and satisfied the following criteria were collected:
Kim MC, Jung DS. Investigation: Kim SH, Hong 1) adult (> 18 years old) patients, 2) patients requiring respiratory support, and 3) patients

JY, Bae S, Lee H, Wi YM, Ko JH, Kim B, Joo EJ, h ived and dmitted =10 d frer ICU admissi Bv includi Iv th h
>
Seok H, Shi HJ, Yoo JR, Hyun M, Kim Ha, Jang who survived and were admitted > ays arter admission. By including only those who
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S, Mun SJ, Kim J, Kim MC, Jung DS, Kim SH, survived and were admitted more than 10 days, the effects of early corticosteroid treatment
Peck KR. Methodology: Kim SH, Bae S, Lee H, and initial ICU treatment factors could be uniformly applied to all patients. Also, the
Kim MC, Jung DS. Validation: Ko JH. Writing confounding effect that early mortality cases might be associated with insufficient survival

- original draft: Kim SH, Peck KR. Writing -

review & editing: Kim SH, Hong JY, Bae S, Lee . e . . . . .
, e 6 , mechanical ventilation or high-flow oxygen therapy (> FiO2 0.4 with a setting > 30 L/min
H, Wi YM, Ko JH, Kim B, Joo EJ, Seok H, Shi

HJ, Yoo JR, Hyun M, Kim Ha, Jang $, Mun S, flow rate). Because a prior study reported that mortality for patients with CAPA not receiving
Kim J, Kim MC, Jung DS, Kim SH, Peck KR. appropriate antifungal treatment was 100%,19 we excluded patients who satisfied the CAPA

time for the development of CAPA could be excluded. Respiratory support was defined as

definition but improved with short-term antifungal therapy (< 10 days) or without antifungal
therapy. In addition, we excluded those who did not meet the CAPA definition but were
treated as CAPA cases.

Definition, outcome, and data collection

CAPA was diagnosed by the 2020 European Confederation for Medical Mycology and

the International Society for Human and Animal Mycology (ECMM/ISHAM) consensus
criteria, which define CAPA as three classifications (proven, probable, and possible) based
on histological, microbiological, imaging, and clinical factors (Supplementary Table 2).3
Two infectious disease physicians evaluated by consensus whether the patient satisfied the
ECMM/ISHAM consensus criteria and whether the diagnosed patient was clinically false
positive for ECMM/ISHAM criteria. In this study, we included possible CAPA, because of
the difficulty of invasive study to diagnose CAPA - which was resulted from transmission
risk, and could be a factor for false-negative diagnosis for CAPA rather than false-positive.
Galactomannan of serum or respiratory tract specimen was measured using an enzyme-
linked immunosorbent assay kit (Platelia Aspergillus; Bio-Rad Laboratories, Hercules, CA,
USA), following the manufacturer’s instructions. Fungus cultures were implemented in
Sabouraud dextrose agar at 25°C for 5 days

The primary objective of our study was to evaluate risk factors related to development of
CAPA. The secondary objectives of our study were comparing clinical outcomes between
patients with CAPA (CAPA group) and those without CAPA (non-CAPA group). Two clinical
outcomes were compared: 90-day overall mortality and respiratory support-free rates among
surviving patients. For example, when a COVID-19 patient was extubated and was stable

on low-flow oxygen therapy, that patient was recorded as free from respiratory support. If
patients were continuously supported by mechanical ventilation, ECMO, or high flow oxygen
therapy during the observation period, that patient was recorded as not free from respiratory
support. Patients were observed until death, discharge from the admitted medical center,
transfer to other medical institutions, or for 90 days after at least 10-day ICU admission.

Since results of dexamethasone use for COVID-19 patients from the RECOVERY trial were
published in July 2020, corticosteroids have become a standardized treatment for severe
COVID-19.16 Considering the dexamethasone dose of the RECOVERY study protocol (6 mg
once daily for up to 10 days or until hospital discharge), we collected the following data of
steroid dose: 1) Cumulative dose for initial 10 days, 2) Peak dose, and 3) Total cumulative
dose (Supplementary Fig. 1). In addition, we divided patients into two groups whether
the patient received more than 60mg of dexamethasone or a dexamethasone equivalent
dose based on the steroid dose suggested from the RECOVERY study protocol. To evaluate
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additional risk factors for CAPA and adjust clinical factors related to clinical outcomes,
patient demographics, underlying disease (myocardial infarction and chronic heart failure for
chronic heart disease; chronic obstructive pulmonary disease, asthma, and bronchiectasis
for chronic lung disease), COVID-19 disease severity, and concomitant COVID-19 treatments
were collected from electronic medical records.

Statistical analysis

All statistical analyses were performed using Stata 15.1 (StataCorp., College Station, TX,
USA). To compare patient characteristics between the CAPA and non-CAPA groups, Student’s
t-test or Mann-Whitney U test was used to compare continuous variables, and the Chi-square
test or Fisher’s exact test was used to compare categorical variables. Variables with statistical
significance in the univariate analysis along with variables considered potential clinically
meaningful were included in the binary logistic regression model.

To compare clinical outcomes between the CAPA and the non-CAPA groups, matched
propensity score (PS) modeling of 1:5 was used to reduce the risk of bias for exposure. PS was
calculated based on the logistic regression method including the following variates: mechanical
ventilation, inotrope or vasopressor use, early high-dose corticosteroid administration,
diabetes, chronic lung disease, glycopeptide use, and carbapenem use. If patients in the CAPA
group could not be matched with five patients in the non-CAPA group, they were matched
with one to four patients in the non-CAPA group. Because not all pairs were matched equally, a
weighted-matching analysis was implemented. Covariate balance after weighting was assessed
using the absolute standardized mean difference. A standard difference > 20% was considered
a meaningful imbalance. A Cox proportional hazard regression model was used to compare in-
hospital mortality and respiratory support-free rates.

All Pvalues were two-tailed, and Pvalues < 0.05 were considered statistically significant.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of each participating hospital
with a waiver of consent (IRB number of Samsung Medical Center: SMC 2020-03-113).

RESULTS

Study population

There were 227 critically ill COVID-19 patients during the study period. Of these, 33 patients
were deceased within 10 days after ICU admission. Five patients fulfilling the CAPA definition
were excluded because they spontaneously recovered without antifungal treatment. One
patient did not meet CAPA criteria but was treated as a CAPA case. One patient with
incomplete clinical data was excluded. Thus, 187 patients who survived > 10 days after ICU
admission were further analyzed (Fig. 1). Of these, 17 (9.1%) patients developed CAPA,

an incidence o0f 33.10 (95% CI, 19.93-51.92) per 10,000 patient-day units. Fifteen and two
cases were defined as probable and possible CAPA, respectively. Computed tomography

was performed in 58.8% (10/17) of patients with CAPA. There were three patients with
multiple pulmonary nodules, two with lung cavitation, and three with newly developed focal
consolidation. The others had aggravating pulmonary infiltration. The median interval
between symptom onset and CAPA diagnosis was 25 days (range: 2-77 days). Voriconazole,
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Critically ill adult patients with COVID-19
from July 2020 through March 2021 (N = 227)

Excluded Patients deceased, transferred, or
discharged within 10 days after ICU
admisson (n = 33)

Critically ill adult patients survived and
were admitted more than 10 days Patient(s)
after ICU admission (n =194) 1) were satisfied for CAPA definition but
improved only short-term fungal therapy
Excluded (<10 days) or spontaneously (n = 5)

2) were not satisfied for CAPA definition
but treated as CAPA (n =1)

| Eligible study population (n =187) |
| 3) had incomplete data (n =1)

| |

Patients with Patients without
CAPA (n =17) CAPA (n =170)

Fig. 1. Study population.
COVID-19 = coronavirus disease 2019, CAPA = COVID-19-associated pulmonary aspergillosis.

which was administrated to 94.1% (16/17) of CAPA patients, was the most favored antifungal
agent for CAPA patients (Supplementary Table 3).

Risk factors associated with CAPA

There was no difference in the age distribution (median: 73 vs. 72 years old in CAPA vs.
non-CAPA groups, P=0.533) or sex ratio (64.7% and 59.4% male for CAPA and non-CAPA
groups, respectively; P=0.671). Chronic lung disease, cumulative dose for the initial 10 days
> 60 mg of dexamethasone or dexamethasone equivalent dose, and glycopeptide use were
more common in the CAPA group compared to the non-CAPA group (all P < 0.05). The total
cumulative corticosteroid dose was tended to be higher in the CAPA group without statistical
significance. Although there was no statistical significance, patients with CAPA experienced
more frequent mechanical ventilation and inotrope/vasopressor use (Table 1).

In multivariable analysis, cumulative dose for the initial 10 days > 60 mg of dexamethasone
or dexamethasone equivalent dose was associated with the CAPA group (adjusted odds
ratio [OR], 3.77; 95% confidence interval [CI], 1.03-13.79, P = 0.045). In addition, chronic
pulmonary disease was also associated with the CAPA group (adjusted OR, 4.20; 95% CI,
1.26-14.02; P=0.020; Table 2).

Clinical outcomes

The 30-day and 90-day all-cause mortality rates in the CAPA group were 36.3% and 54.3%,
and those in the non-CAPA group were 23.6% and 35.2%, respectively (P> 0.05). The 90-day
mortality of CAPA patients tended to be higher than that of non-CAPA patients, without
statistical significance (hazard ratio [HR], 1.48; 95% CI, 0.65-3.37; P=0.3406; Fig. 2A). In
the PS-matched model, the absolute standardized differences of all covariates included in
the model were less than 20% (Supplementary Fig. 2). After matching, there was still no
statistical significance in 90-day overall mortality difference between the CAPA and non-
CAPA groups (54.3% vs. 41.7%, HR, 1.28; 95% CI, 0.49-3.31; P = 0.613; Fig. 2B).

https://doi.org/10.3346/jkms.2022.37.e134 5/12



JKMS

Risk Factors for CAPA in Critically-1ll COVID-19 Patients

Table 1. Clinical characteristics of patients with or without coronavirus disease 2019-associated pulmonary aspergillosis

Variables All patients (N = 187) Patients with CAPA (n = 17) Patients without CAPA (n = 170) P value
Sex, male 112 (59.9) 11 (64.7) 101 (59.4) 0.671
Age, yr 72 (64-78) 73 (70-77) 72 (64-78) 0.533
Body mass index 24.5 (22.1-27.0) 23.5 (21.0-25.6) 24,5 (22.2-27.1) 0.248
COVID-19 severity
Mechanical ventilation 107 (57.2) 13 (76.5) 94 (55.3) 0.092
Tracheostomy 39(20.9) 5(29.4) 34 (20.0) 0.357
Inotrope or vasopressor 101 (54.0) 13 (76.5) 88 (51.8) 0.051*
Worst PaO,/FiO, ratio <= 100 mmHg 123 (68.0) 14 (82.4) 109 (66.5) 0.181
Underlying disease
Diabetes mellitus 81 (43.3) 4(23.5) 77 (45.3) 0.084
Hypertension 105 (56.1) 11 (64.7) 94 (55.3) 0.456
Chronic heart disease 22 (11.8) 2(11.8) 20 (11.8) >0.999
Chronic lung disease 19(10.2) 5(29.4) 14 (8.2) 0.018*
Chronic kidney disease 11 (5.9) 0(0.0) 11(6.5) 0.603
Malignancy 13 (7.0) 1(5.9) 12(7.1) >0.999
Chronic hepatitis 9 (4.8) 0(0.0) 9(5.3) >0.999
Neurologic disease 24 (12.8) 1(5.9) 23 (13.5) 0.702
Laboratory findings
White blood cells, /pL 7,860 (5,540-10,910) 7,160 (6,000-10,200) 7,870 (5,450-10,970) 0.912
Neutrophil count, /pL 6,881 (4,343-9,603) 6,061 (4,904-8,700) 6,957 (4,265-9,635) 0.834
Lymphocyte count, /pL 680 (460-924) 820 (637-1,066) 656 (443-910) 0.128
Hemoglobin, g/dL 12.7 (11.3-13.7) 12.7 (11.2-13.3) 12.7 (11.3-13.7) 0.925
Platelets, K/mm 195 (147-256) 208 (126-293) 195 (149-254) 0.816
CRP, mg/dL 8.5 (4.8-15.9) 8.5 (4.7-16.3) 8.5 (4.8-14.5) 0.979
Total bilirubin, mg/dL 0.6 (0.4-0.8) 0.6 (0.5-0.7) 0.6 (0.4-0.8) 0.735
Aspartate transaminase, IU/L 49 (31-58) 54 (34-62) 42 (31-46) 0.279
Alanine transaminase, IU/L 27 (18-45) 31 (20-36) 31 (24-60) 0.571
Acute kidney injury 30 (16.0) 4(23.5) 26 (15.3) 0.484
Steroids (dexamethasone equivalent dose)
Corticosteroid administration 182(97.3) 16 (94.1) 166 (97.6) 0.382
Cumulative dose for initial 10 days, mg 70 (60-93) 75 (70-109) 68 (60-92) 0.114
Cumulative dose for initial 10 days > 60 mg of 105 (56.1) 14 (82.4) 91 (53.5) 0.022*
dexamethasone equivalent dose
Total cumulative dose, mg 96 (60-198) 124 (66-213) 93 (60-191) 0.491
Peak dose, mg 8 (6-15) 8 (7.5-15) 7.75 (4.5-15) 0.459
Concomitant treatment
Remdesivir 126 (67.4) 14 (82.4) 112 (65.9) 0.277
Casmostat/Nafamostat 36 (19.3) 4(23.5) 32(18.8) 0.639
Convalescent plasma 3(1.6) 0(0.0) 3(1.8) >0.999
Concomitant antibiotics 177 (94.7) 17 (100.0) 160 (94.1) 0.603
Carbapenem use 96 (51.3) 12 (70.6) 84 (49.4) 0.096
Glycopeptide use 76 (40.6) 11 (64.7) 65 (38.2) 0.041*

Values are presented as median (IQR) or number (%) for descriptive analyses or frequency analyses, respectively.
CAPA = coronavirus disease 2019-associated pulmonary aspergillosis, COVID-19 = coronavirus disease 2019, IQR = interquartile range.
2variables included in the binary logistic regression model.

Table 2. The factors associated with coronavirus disease 2019-associated pulmonary aspergillosis

Variables Univariate analysis Multivariate analysis

OR (95% Cl) Pvalue Adjusted OR (95% Cl)  95% Cl
Inotropes or vasopressors 3.03 (0.95-9.66) 0.061
Chronic lung disease 4.64 (1.43-15.08) 0.011 4.20 (1.26-14.02) 0.020
Cumulative dose for the initial 10 days > 60 mg of dexamethasone equivalent dose 4.05 (1.12-14.61) 0.033 3.77 (1.03-13.79) 0.045
Glycopeptide use 2.96 (1.05-8.39) 0.041

OR = odds ratio, CI = confidence interval.
In the analysis of respiratory support-free rates in the study population, only patients who

needed respiratory support on the starting day of the observation period (10 days after ICU
admission) were included. Therefore, 15 and 109 patients in the CAPA and non-CAPA groups,
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Fig. 2. Cumulative incidence curve of primary and secondary outcomes. (A) 90-day overall mortality (raw data), (B) 90-day overall mortality (propensity score
[PS]-matched model), (C) respiratory support-free rates among surviving patients (raw data), and (D) respiratory support-free rates among surviving patients

(PS-matched model).

CAPA = COVID-19-associated pulmonary aspergillosis.
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respectively, were included in this analysis. The CAPA group showed a lower respiratory
support-free rate among surviving patients compared to the non-CAPA group (54.9% vs.

76.3%, HR, 2.07; 95% CI, 0.90-4.79; P=0.089, Fig. 2C). A similar difference was observed in
the PS-matched model (54.9% and 84.1%, HR, 1.71; 95% CI, 0.69-4.25; P = 0.248; Fig. 2D).

DISCUSSION

In the present study, early high-dose steroid administration and chronic pulmonary disease
were associated with CAPA in the setting where steroids and remdesivir were considered

as standard COVID-19 treatments. In addition, patients with CAPA seemed to have higher
mortality and delayed recovery from respiratory support.

Since the 2010s, invasive pulmonary aspergillosis has been frequently observed among
patients admitted to ICU or infected with a respiratory virus such as influenza.520 These
patients did not have typical host factors for invasive fungal infection defined by the EORTC/
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MSG criteria.2! Several prospective and retrospective cohort studies have shown risk factors
and clinical outcomes of CAPA. A prospective multicenter study from Italy showed that 27.7%
of patients were diagnosed with CAPA among patients receiving mechanical ventilation
therapy, and the 30-day mortality of CAPA patients was significantly higher than that of
non-CAPA patients (44% vs. 19%, P= 0.002). Corticosteroids were administered to 60%
and 46.6% of CAPA and non-CAPA patients, respectively (P=0.29), and the cumulative dose
did not differ significantly between the groups (100 mg and 107 mg of median prednisone
equivalent doses in CAPA patients and non-CAPA patients, respectively, P=0.89).11 In
contrast, another multicenter CAPA study from five Johns Hopkins hospitals reported that
corticosteroid exposure during index admission was associated with CAPA. In that study,
patients with CAPA required a longer time to improve and a longer hospital length of stay.10

In our study, the incidence of CAPA among critically ill patients who needed respiratory
support was 9.1% or 33.10 (95% CI, 19.93-51.92) per 10,000 patient days. One systematic
review and meta-analysis of CAPA cohort studies reported that the incidence of CAPA

from eight serial studies was 14.9% (between 3.3 and 34.4%), and all of these studies were
conducted during the first wave of the COVID-19 pandemic (January to July 2020).22 The CAPA
incidence in our study was similar or slightly lower than those of the previous cohort studies.
This might be associated with regional and temporal differences in COVID-19 epidemiology.

The prior meta-analysis, which included 64.7% of patients receiving corticosteroids after
COVID-19 diagnosis, reported that initial corticosteroid treatment was not associated with
CAPA in pooled data (OR, 0.69; 95% CI, 0.19-2.58).22 Qur study included 97.3% of patients
receiving corticosteroids, but the incidence of CAPA was similar to those of prior studies.
These findings support that steroid exposure itself is not associated with CAPA. One
retrospective cohort study from France reported a trend between high-dose dexamethasone
(cumulative dose > 100 mg) and IPA.13 Our study showed that COVID-19 patients with
CAPA were tended to be receiving the higher dose of corticosteroids, especially for initial
periods for steroid administration. Patients with CAPA statistically more received > 60

mg of dexamethasone or equivalent dose of corticosteroid during the initial 10 days. The
total cumulative dose or peak dose of corticosteroid was higher in patients with CAPA, but
no significance was observed. It might be because 1) CAPA patients had a relatively short
observation period resulting from high mortality and 2) dose of steroid administrated after
CAPA diagnosis should not be included.

Traditionally, invasive fungal infection was associated with corticosteroids in a dose-
dependent manner 23. In addition, the pathogenesis of severe COVID-19 was associated

with both immunosuppression and hyper-inflammation.24 Patients with severe COVID-19
frequently show lymphopenia, which was presumed to be the result of direct viral invasion of
lymphocytes, redistribution of chemokines, and apoptosis enhancement.2425 In contrast, a
significant increase of pro-inflammatory cytokines such as IL-6 and IL-18 due to overreaction
to viral stimulation is frequently observed in severe COVID-19 patients and leads to tissue
damage and multiple organ failure.2426 Dexamethasone was administered to adjust hyper-
inflammation during COVID-19 disease progressionl’; however, our study suggested that a
high dose of corticosteroids could be contributed to the occurrence of invasive aspergillosis
accompanied by immunosuppression and tissue damage during COVID-19 pathogenesis.
Therefore, an appropriate dose of steroid administration to suppress hyper-inflammation
without causing excessive immunosuppression might be important, especially for the early
phase when patients experienced disease progression. Although the COVID STEROID
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2 Randomized trial suggested that there was no difference of invasive fungal infection
between patients with COVID-19 and severe hypoxemia receiving 12 mg/day and 6 mg/day of
dexamethasone up to 10days (3.0% versus 4.3%, relative risk 0.85 [95% CI, 0.50-1.43]), this
study observed occurrence of invasive fungal infection for only 28 days after randomization.18
In our study, the median interval between symptom onset and CAPA diagnosis was 25

days. In addition, 72.7% of patients received corticosteroid more than 10-days. Therefore,
observation periods of COVID STEROID 2 Randomized trial might be not enough to include
late-onset invasive fungal infection, and our study might have a higher late-onset CAPA rate
because of longer corticosteroids administration.

Our study showed that chronic pulmonary disease was also associated with CAPA. This
finding was in line with prior studies. One systematic review for 186 patients with CAPA

from March to August 2020 reported that 21.5% of patients had chronic pulmonary disease.8
The meta-analysis reported that patients with COPD had a 2.75-fold higher risk of CAPA
occurrence than did those without COPD.12 Direct damage of the airway epithelium and
ciliary dysfunction due to a respiratory virus promote tissue invasion by aspergillus.2?
Therefore, patients with existing structural or functional chronic pulmonary disease could be
more vulnerable to CAPA than patients with normal respiratory systems. In this regard, close
monitoring for CAPA occurrence should be needed for critically ill COVID-19 patients with
underlying chronic pulmonary diseases receiving high-dose of corticosteroids.

There were some discrepancies; several studies reported that CAPA patients had higher
mortality or delayed recovery.9:10:13.22 Although statistical significance was not observed,
possibly because of the small number of included patients, our study showed that CAPA
patients had higher 90-day mortality and less frequent recovery from respiratory organ
support. Compared to prior studies reporting the more apparent poor outcomes of
patients with CAPA, our study included only COVID-19 patients after the introduction of
remdesivir and corticosteroids. In addition, health care services in the Republic of Korea
were well maintained across the pandemic period.28 This might lead to timely and standard
management for critically ill COVID-19 patients and could attenuate the adverse effects

of CAPA in COVID-19 outcomes. Furthermore, the CA PA onset of COVID-19 patients was
relatively delayed compared to a prior study (median of 22 days after symptom onset in our
study vs. 10 days in the prior meta-analysis), and CAPA seems to be associated with delayed
mortality and poor outcomes in the late period of ICU admission.

There are several limitations to this study. First, no definitive CAPA cases were observed.

In this study, elevated serum galactomannan index was the most common microbiological
evidence of CAPA. This reflected the attempts of most clinicians to diagnose CAPA with

a non-invasive method because of transmission risk in invasive diagnostic procedures.
However, it has been established that the sensitivity of serum galactomannan is not high in
diagnosing CAPA .3 False-negative CAPA cases could be included in this study. Second, this
study was implemented before the Delta variant of the SARS-CoV-2 outbreak in the Republic
of Korea.29 In addition, no patients with completed vaccinations were included in this study.
Because of the increased virulence of the Delta variant and the preventive effect of COVID-19
vaccination for severe disease,30:31 the epidemiology and clinical characteristics of CAPA in
the more recent period might be different from those in this study.

In conclusion, our study suggests that patients receiving corticosteroids at a higher dose
than recommended in the early period and patients with chronic pulmonary disease might
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be at high risk for CAPA, which could affect the adverse outcomes for critically ill COVID-19
patients in the late period of disease progression. Further studies are warranted to prevent
CAPA, such as prophylactic antifungal treatment for critically ill COVID-19 patients with risk
factors for CAPA development.
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