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Abstract
Purpose Invasive pulmonary aspergillosis has been increasingly recognized in COVID-19 patients, termed COVID-19-asso-
ciate pulmonary aspergillosis (CAPA). Our meta-analysis aims to assess the clinical characteristics and outcomes of patients 
diagnosed with CAPA compared to those without CAPA.
Methods We searched the Pubmed, Cochrane Library, SCOPUS, and Web of Science databases for studies published between 
January 1, 2020 and August 1, 2021, containing comparative data of patients diagnosed with CAPA and those without CAPA.
Results Eight cohort studies involving 729 critically ill COVID-19 patients with comparative data were included. CAPA 
patients were older (mean age 66.58 vs. 59.25 years; P = 0.007) and had underlying chronic obstructive pulmonary disease 
(COPD) (13.7 vs. 6.1%; OR 2.75; P = 0.05). No differences in gender, body mass index (BMI), and comorbidities of diabetes 
and cancer were observed. CAPA patients were more likely to receive long-term corticosteroid treatment (15.0 vs. 5.3%; OR 
3.53; P = 0.03). CAPA patients had greater severity of illness based on sequential organ failure assessment (SOFA) score 
with a higher all-cause in-hospital mortality rate (42.6 vs. 26.5%; OR 3.39; P < 0.001) and earlier ICU admission from illness 
onset (mean 11.00 vs. 12.00 days; P = 0.003). ICU length of stay (LOS), invasive mechanical ventilation (IMV) duration, the 
requirement of inotropic support and renal replacement therapy were comparable between the two groups.
Conclusions CAPA patients are typically older with underlying COPD and received long-term corticosteroid treatment. 
Furthermore, CAPA is associated with higher SOFA scores, mortality, and earlier onset of ICU admission from illness onset.

Keywords Coronavirus disease 2019 · COVID-19 · COVID-19-associated pulmonary aspergillosis · CAPA · Invasive 
pulmonary aspergillosis · Risk factors · Outcomes

Introduction

Since coronavirus disease 2019 (COVID-19) was first rec-
ognized in early December 2019, it has resulted in the ongo-
ing worldwide pandemic. COVID-19 is known to have a 
wide variety of clinical manifestations, from a mild flu-like 

illness to severe respiratory failure in the setting of COVID-
19 pneumonia-induced acute respiratory distress syndrome 
(ARDS). As the wave of COVID-19 continues to spread 
across the globe, secondary pulmonary infections from bac-
terial and fungal microorganisms have been increasingly 
recognized in hospitalized COVID-19 patients, associated 
with poor outcomes of increased mechanical ventilation 
requirement, multi-organ dysfunction, and mortality [1, 2]. 
The diagnosis of invasive pulmonary aspergillosis is made 
based on the positive results of lower respiratory tract (LRT) 
cultures or polymerase chain reaction (PCR) for Aspergillus 
species, or using galactomannan (GM) biomarker obtained 
from serum or bronchoalveolar lavage (BAL) in COVID-19 
patients, termed COVID-19-associated pulmonary aspergil-
losis (CAPA) [3–6]. Multiple diagnostic criteria have been 
used to define and identify patients with CAPA across many 
observational studies [7]. Although the incidence of fungal 
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infection is 6.3% in hospitalized COVID-19 patients and is 
frequently seen in those who are critically ill, the actual risk 
factors and outcomes of CAPA remain unknown [1]. Our 
systematic review and meta-analysis aim to examine and 
discuss the clinical characteristics, risk factors, and outcome 
of COVID-19 patients diagnosed with CAPA compared to 
those without CAPA.

Methods

This systematic review was conducted and presented in 
accordance with Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. Ethi-
cal approval and informed consent were not required for 
this study as it was a systematic review of previously pub-
lished studies. The protocol for this review was registered 
and published in the International Prospective Register of 
Systematic Reviews (PROSPERO) under reference number 
CRD42021247177.

Search criteria and selection

A literature search was performed through Pubmed, 
Cochrane Library, SCOPUS, and Web of Science databases 
for articles published, using the keywords and respective 
Medical Subjects Headings (MeSH) terms: (“coronavirus 
disease 2019” OR “COVID-19” OR “severe acute respira-
tory syndrome coronavirus 2” OR “SARS-CoV-2”) AND 
(“COVID-19-associated pulmonary aspergillosis” OR 
“CAPA” OR “fungal infections” OR “secondary infections” 
OR “fungal pneumonia” OR “mycosis” OR “Aspergillosis” 
OR “Aspergillus” OR “invasive pulmonary aspergillosis” 
OR “IPA”) OR (“risk factors” OR “prognostic factors” OR 
“mortality factors”) OR (“mortality” OR “Outcomes”). 
Moreover, to detect additional studies, any cited references 
were reviewed to identify relevant literature that met our 
inclusion criteria.

Inclusion criteria

We included studies that: (1) contains comparative data 
describing the clinical characteristics, risk factors, and out-
comes of hospitalized COVID-19 adults with CAPA and 
those without CAPA; (2) the diagnosis of COVID-19 was 
made by reverse transcriptase-polymerase chain reaction 
(RT-PCR) in all cases from respiratory tract specimens that 
include nasal and pharyngeal swabs, sputum, tracheal aspi-
rate (TA), non-directed bronchial lavage (NBL), and BAL; 
(3) were published between January 1, 2020 and August 
1, 2021 in peer-review journals; and (4) in which CAPA 
diagnosis was made using recognized invasive pulmonary 
aspergillus classifications such as: (1) Modified AspICU[8], 

(2) CAPA Consensus definition[9], (3) European Organiza-
tion for Research and Treatment of Cancer and Mycoses 
Study Group Education and Research Consortium (EORTC/
MSG)[10], and (4) European Excellence Center for Medical 
Mycology and International Society of Human and Animal 
Mycology (ECMM/ISHAM) consensus criteria[5].

Exclusion criteria

We excluded studies that: (1) describe Aspergillus coloniza-
tion from the LRT specimens (defined as BAL or NBL) or if 
Aspergillus species was isolated from LRT specimens, but 
the authors did not specify whether these represented inva-
sive pulmonary aspergillosis or colonization, and the data 
provided was inadequate to make any distinction. Aspergil-
lus species identified on sputum or TA will be classified 
as colonization; (2) systematic reviews, literature reviews, 
editorials, conference abstracts, opinion articles, meta-anal-
ysis, case reports, or studies containing less than 30 patients 
(defined as case series); (3) studies involving non-adult 
COVID-19 patients (less than 18 years of age); (4) stud-
ies that did not have comparative data between CAPA and 
non-CAPA patients (controls); (5) studies where pulmonary 
aspergillosis was concurrently diagnosed with other micro-
organisms such as bacterial, viral, or non-Aspergillus fungal 
microorganisms from similar respiratory tract cultures; (6) 
articles describing aspergillosis obtained from non-respira-
tory tract cultures; (7) studies published in languages other 
than English were excluded if no translated version of the 
manuscript was available; and (8) studies in which the diag-
nosis of CAPA was made during postmortem examination.

Data collection and synthesis

Two researchers (W.C. and B.S.) independently screened the 
titles and abstracts, and reviewed the full texts of articles to 
identify studies that compare the clinical characteristics, risk 
factors, and outcomes of hospitalized COVID-19 patients 
diagnosed with CAPA. Any disagreements were resolved 
by discussion or third researcher (K.N.). The extracted data 
from full texts of included studies was added into a stand-
ardized Excel (Microsoft Corporation) form. The following 
information was collected and summarized in Tables 1 and 
2 for each group of patients involving study characteristics, 
clinical characteristics, risk factors, and associated out-
comes. The definitions of CAPA.

Outcomes

The primary outcome was the clinical characteristics and 
risk factors for developing CAPA in COVID-19 patients 
compared to those without CAPA diagnosis. The secondary 
outcome was the outcomes of all-cause in-hospital mortality, 
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ICU length of stay (LOS), invasive mechanical ventilation 
(IMV) duration, inotropic and renal replacement therapy 
(RRT) requirement among COVID-19 patients with CAPA.

Quality assessment

Two researchers (W.C. and B.S.) performed quality assess-
ments using the Newcastle–Ottawa Scale (NOS), containing 
nine items, for the cohort studies. Briefly, the NOS scale 
assesses three important features of the study such as: ade-
quacy of the selection of exposed and non-exposed cohorts, 
the comparability of groups, and the adequacy of outcomes 
assessment with a total score ranging from 0 to 9 [11]. The 
study quality can be divided into three groups: Low qual-
ity “0–3”, moderate quality “4–6”, and high quality “7–9” 
(Table 3). During the quality assessment of the included 
studies, any disagreements were resolved by discussion.

Statistical analysis

A meta-analysis was performed for the primary and sec-
ondary outcomes using the Review Manager (RevMan) 
software, Version 5.4, The Cochrane Collaboration, 2020. 
Dichotomous outcomes were assessed using Mantel–Haen-
szel statistical method and measured in odds ratios (ORs) 
and their 95% confidence intervals (CIs). Continuous out-
comes were evaluated by inverse variance method and meas-
ured in mean difference (MDs). Using DerSimonian and 
Laird’s random-effects model, pooled ORs, MDs, and 95% 
CIs were calculated, and extracted outcomes were pooled 
by weighted averages [12]. The random-effects model was 
preferred over the fixed-effects model as we suspected that 
clinical heterogeneity might be present due to the vari-
ability across the included studies regarding differences in 
clinical practices, patient population characteristics, and 

Table 2  Comparative data on the clinical characteristics, risk factors, and outcomes of COVID-19 patient diagnosed with and without CAPA 
diagnosis

BMI body mass index, CAPA covid-19-associated pulmonary aspergillosis, CI confidence intervals, COPD chronic obstructive pulmonary dis-
ease, D days, IMV invasive mechanical ventilation, LOS length of stay, N number of patients, MD mean difference, NR not reported, OR odd 
ratio, RRT  renal replacement therapy, SD standard deviation, SOFA sequential organ failure assessment, Y years

Variables Studies (N) CAPA No CAPA OR/MD 95% CI P value Hetero-
geneity 
 (I2)

Clinical characteristics
 Age (Y) Mean ± S.D 8 66.58 ± 4.55 59.25 ± 3.42 MD 7.52 2.02–13.03 0.007 74%
 Male 7 72.5% (74/102) 70.6% (291/412) OR 0.82 0.43–1.55 0.54 27%
 BMI (kg/m2) Mean ± S.D 4 27.80 ± 1.71 27.88 ± 0.74 MD  − 0.46 [− 1.93, 1.02] 0.54 46%

Comorbidities
 COPD 7 13.7% (14/102) 6.1% (25/412) OR 2.75 1.00–7.52 0.05 38%
 Diabetes 7 26.5% (27/102) 23.3% (94/404) OR 1.20 0.71–2.01 0.49 0%
 Cancer 4 8.2% (5/61) 3.7% (10/271) OR 2.25 0.68–5.07 0.14 0%

Long-term medications
 Long-term corticosteroid 3 15.0% (9/60) 5.3% (10/190) OR 3.53 1.16–10.69 0.03 9%
 Long-term immunosuppressants 2 10.0% (3/30) 7.1% (8/112) OR 1.87 0.28–12.29 0.52 25%

COVID-19 therapies
 Initial antibiotic treatment 5 82.5% (52/63) 81.6% (391/479) OR 0.88 0.39–1.97 0.75 12%
 Initial corticosteroid treatment 4 49.2% (30/61) 66.8% (300/449) OR 0.69 0.19–2.58 0.58 73%
 Tocilizumab 4 55.4% (41/74) 38.9% (171/440) OR 1.85 0.88–3.89 0.10 18%
 Hydroxychloroquine 4 70.3% (52/74) 81.6% (359/440) OR 0.43 0.07–2.68 0.36 84%

ICU A = admission
 Illness onset to ICU admission 

(D) mean ± S.D
2 11.00 ± 2.50 12.00 ± 3.00 MD − 1.00 [− 1.66, − 0.34] 0.003 0%

 SOFA Score mean ± S.D 3 9.37 ± 2.02 7.27 ± 1.32 MD 2.57 1.46–3.68  < 0.001 0%
Outcomes
 Mortality 7 42.6% (43/101) 26.5% (139/524) OR 3.39 1.97–5.86  < 0.001 0%
 ICU LOS (D) mean ± S.D 6 25.72 ± 7.19 18.44 ± 4.06 MD 6.85 [− 2.08, 15.79] 0.13 84%
 IMV duration (D) mean ± S.D 3 17.00 ± 2.94 16.00 ± 0.82 MD − 1.66 [− 5.49, 2.16] 0.39 0%
 RRT 4 37.1% (26/70) 19.1% (54/282) OR 2.30 0.95–5.57 0.06 42%
 Inotropic support 3 79.0% (49/62) 75.8% (141/186) OR 1.19 0.56–2.56 0.65 0%
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diagnostic criteria for CAPA diagnosis. Furthermore, we 
aimed to assess the mean distribution of results across the 
eight studies with various sample sizes without disregarding 
the results of small studies and giving extra weightage to 
results from larger studies. Statistical heterogeneity among 
studies was assessed by the  I2 statistic. High heterogeneity 
being classified as  I2 statistics of 50 and greater, and low 
was with  I2 statistics less than 50% [13]. A P value of < 0.05 
was considered statistically significant. Publication bias was 
assessed by visual inspection of the funnel plot.

Results

Study selection and characteristics

565 studies were identified during the initial search. After 
removing duplicates and those not meeting the inclusion 
criteria (by title, abstract, and full text), 8 eligible observa-
tional studies were included in this meta-analysis (Fig. 1). 
The study characteristics of the 8 studies included were 
described in Table 1. All observational studies were cohort 
studies. Among the 8 cohorts, 62.5% (5/8) were retrospec-
tive, and the remainder were prospectively designed stud-
ies. 62.5% (5/8) were single-center studies, and 37.5% (3/8) 
were multi-center studies. The majority (75%[6/8]) of the 
studies were published from Europe (France, Greece, Italy, 
Netherlands, and Spain), and the remainder from China and 
Mexico. The summary of the study qualities was shown in 
Table 3. 87.5% (7/8) of the studies had the maximum scores 

of nine [14–20], and the remaining study by Segrelles-Calvo 
et al. had a score of eight [21].

A total of 729 COVID-19 patients were included, in 
which 14.9% (109/729) were diagnosed with CAPA, with 
incidence ranging between 3.3 and 34.4%. All observa-
tional studies were conducted during the first wave of the 
COVID-19 pandemic ranging from January 2020 to July 
2020. An overwhelming majority of COVID-19 patients 
with and without CAPA diagnosis (Table 1) were critically 
ill and required IMV. The mycological evidence for CAPA 
were based on LRT cultures in 67.8% (74/109) of patients 
followed by BAL GM [52.3% (57/109)], LRT PCR [38.5% 
(42/109)], and serum GM [17.4% (19/109)].

Clinical characteristics

COVID-19 patients diagnosed with CAPA were typically 
older (mean age 66.58 vs. 59.25 years; MD 7.52; 95% CI 
2.02–13.03;  I2 = 74%; P = 0.007) than those without CAPA 
(Table 2 and Fig. 2). No gender (male 72.5 vs. 70.6%; OR 
0.82; 95% CI 0.43–1.55;  I2 = 27%; P = 0.54) and body mass 
index (BMI) (mean 27.80 vs. 27.88 kg/m2; MD  − 0.46; 
95% CI [ − 1.93, 1.02];  I2 = 46%; P = 0.54) difference was 
observed in patients with and without CAPA diagnosis 
(Figs. 2 and 3).

Comorbidities

CAPA patients were more likely to have chronic obstruc-
tive pulmonary disease (COPD) (13.7 vs. 6.1%; OR 2.75; 

Table 3  The table shows the 
results of the Newcastle–Ottawa 
Scale (NOS) [11] performed for 
eight cohort studies

(1) Representatives of the exposed cohorts
(2) Selection of the non-exposed cohorts
(3) Ascertainment of exposure
(4) The outcome of interest was not present at the start of the study
Comparability: study controls were compared for the most important factor and additional factors
(a) Assessment of the outcome
(b) Enough follow-up for the outcome
(c) Adequacy of follow-up
* Positive variable

Author(s) Cohort studies Selection Comparability Outcome/
exposure

Total of 
9 scores

1 2 3 4 (**) a b c

Bartoletti et al. [14] Prospective cohort * * * * ** * * * 9
Delliere et al. [15] Retrospective cohort * * * * ** * * * 9
Gangneux et al. [16] Prospective cohort * * * * ** * * * 9
Lahmer et al.[17] Prospective cohort * * * * ** * * * 9
Segrelles-Calvo et al. [21] Retrospective cohort * * * * * * * * 8
Van Biesen et al. [18] Retrospective cohort * * * * ** * * * 9
Velez Pintado et al. [19] Retrospective cohort * * * * ** * * * 9
Wang et al. [20] Retrospective cohort * * * * ** * * * 9
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95% CI 1.00–7.52;  I2 = 38%; P = 0.05) than those without 
CAPA (Table 2 and Fig. 3). Other comorbidities such as 
diabetes (26.5 vs. 23.3%; OR 1.20; 95% CI 0.71–2.01; 
 I2 = 0%; P = 0.49) and cancer (8.2 vs. 3.7%; OR 2.25; 95% 
CI 0.68–5.07;  I2 = 0%; P = 0.14) were similar between the 
two groups (Fig. 3).

Long‑term medications and COVID‑19 therapies

A greater proportion of CAPA patients were requiring long-
term corticosteroid treatment (15.0 vs. 5.3%; OR 3.53; 95% 
CI 1.16–10.69;  I2 = 9%; P = 0.03) than those without CAPA 
(Table 2 and Fig. 3). However, the type, doses, frequency, 
and duration of corticosteroids administration were not well 
described among the three studies included. Two studies 
described COVID-19 patients requiring long-term immuno-
suppressants other than corticosteroids but no difference in 
the risk of developing CAPA (10.0 vs. 7.1%; OR 1.87; 95% 
CI 0.28–12.29;  I2 = 25%; P = 0.52) was observed (Fig. 3) 
[15, 18]. Furthermore, the type, frequency, and duration of 
immunosuppressants were not well described.

In terms of COVID-19 therapies, initial corticosteroids 
(49.2 vs. 66.8%; OR 0.69; 95% CI 0.19–2.58;  I2 = 73%; 
P = 0.58) and tocilizumab (55.4 vs. 38.9%; OR 1.85; 95% 
CI 0.88–3.89;  I2 = 18%; P = 0.10) therapies were not dem-
onstrated to increase the likelihood of developing CAPA 
(Table  2 and Fig.  4). Similar results were seen when 
antibiotic (82.5 vs. 81.6%; OR 0.88; 95% CI 0.39–1.97; 

 I2 = 12%; P = 0.75) and hydroxychloroquine (70.3 vs. 
81.6%; OR 0.43; 95% CI 0.07–2.68;  I2 = 84%; P = 0.36) 
therapies were initially given (Fig. 4).

Severity of illness and outcomes

COVID-19 patient with CAPA diagnosis were likely to 
have a higher severity of illness based on sequential organ 
failure assessment (SOFA) score (mean 9.37 vs. 7.27; 
MD 2.57; 95% CI 1.46–3.68;  I2 = 0%; P < 0.001) with 
rapid deterioration of clinical status requiring earlier ICU 
admission from illness onset (mean 11.00 vs. 12.00 days; 
MD  − 1.00; 95% CI [ − 1.66,  − 0.34];  I2 = 0%; P = 0.003) 
(Table 2 and Fig. 2).

The all-cause in-hospital mortality rate is greater 
in CAPA patients (42.6 vs. 26.5%; OR 3.39; 95% CI 
1.97–5.86;  I2 = 0%; P < 0.001) compared to those with-
out CAPA (Table 2 and Fig. 4). However, ICU length of 
stay (LOS) (mean 25.72 vs. 18.44 days; MD 6.85; 95% CI 
[ − 2.08, 15.79];  I2 = 84%; P = 0.13) and IMV duration 
(mean 17.00 vs. 16.00 days; MD -1.66; 95% CI [ − 5.49, 
2.16];  I2 = 0%; P = 0.39) were comparable between the two 
groups (Fig. 2). The requirement of inotropic support (79.0 
vs. 75.8%; OR 1.19; 95% CI 0.56–2.56;  I2 = 0%; P = 0.65) 
and renal replacement therapy (RRT) (37.1 vs. 19.1%; OR 
2.30; 95% CI 0.95–5.57;  I2 = 42%; P = 0.06) were equal in 
those with and without CAPA diagnosis (Fig. 4).

Fig. 1  Flow diagram of study selection
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Discussion

Among the eight cohorts conducted during the first wave of 
the pandemic involving 729 COVID-19 patients, 14.9% were 

diagnosed with CAPA. The majority of patients were criti-
cally ill and required IMV. COVID-19 patients with CAPA 
diagnosis were typically older and had underlying COPD. 
No differences in gender, BMI, and other comorbidities of 

Fig. 2  Forrest plot of COVID-19 patients divided into CAPA ver-
sus non-CAPA. Clinical characteristics and risk factors of age, BMI, 
SOFA score, illness onset to ICU admission, ICU LOS, and IMV 
duration were assessed. Mean differences were calculated by the 
inverse variance statistical method with a random-effects model. CI 

confidence intervals, D days, df degree of freedom, ICU intensive 
care unit, IMV invasive mechanical ventilation, IV inverse variance, 
LOS length of stay, SD standard deviation, SOFA sequential organ 
failure assessment, Y years
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diabetes and cancer were observed. COVID-19 patients 
were more likely to require long-term corticosteroid treat-
ment before CAPA diagnosis. Long-term use of immuno-
suppressants and COVID-19 therapies provided during the 
acute illness, such as corticosteroids, tocilizumab, antibiot-
ics, and hydroxychloroquine, did not predispose to CAPA. 
COVID-19 patients diagnosed with CAPA were likely to 
have significant severity of illness based on SOFA score 
and earlier onset of ICU admission from illness onset with 
a higher all-cause in-hospital mortality rate. ICU LOS, IMV 
duration, the requirement of inotropic support and RRT were 
comparable between the two groups.

It is important to differentiate between colonization and 
true infection when diagnosing CAPA, as positive Aspergil-
lus species identified on TA does not necessarily indicate 
CAPA and has not been shown to alter the clinical course 
and outcomes among critically ill COVID-19 patients 
[22–24]. In the setting of a compatible clinical presentation, 
positive TA should be an indication to perform a confirma-
tory test involving serum biomarkers or BAL for cultures, 
PCR, and GM when appropriate. In our meta-analysis, we 
only included studies in which we defined LRT samples as 
either BAL or NBL. Furthermore, LRT PCR together with 
serum and BAL GM were used to supplant the diagnosis of 
CAPA over colonization (Table 1). The pathophysiology in 
which patients develop CAPA is not clear. The damage to 
the respiratory epithelial lining directly by SARS-CoV-2 or 
as a consequence of the pro-inflammatory cytokine storm 
phase will lead to mucociliary clearance dysfunction that 
facilitates the attachment of Aspergillus spores and subse-
quent invasion [25]. Moreover, COVID-19-induced ARDS, 
hypoxia, and sepsis may trigger immune paralysis of both 
the innate and adaptive immune systems, further promoting 
invasive pulmonary aspergillosis [3, 26, 27].

Recent and prolonged use of corticosteroids within two 
months at doses greater than 0.3 mg/kg for three weeks 
and more are recognized host factors predisposing to inva-
sive pulmonary aspergillosis, as per the EORTC/MSG and 
AspICU criteria [10, 28]. However, many studies included 
did not specify the actual doses or total duration of cor-
ticosteroids received on a long-term basis by COVID-19 
patients. Corticosteroid, in particular dexamethasone, has 
emerged as the cornerstone therapy for treating COVID-19 
patients with acute respiratory failure [29, 30]. No associa-
tion was observed in critically ill COVID-19 patients who 
were diagnosed with CAPA than those without CAPA when 

treated with high-dose corticosteroids in our meta-analysis 
(Table 2). In critically ill non-COVID-19 patients, stress 
doses of hydrocortisone are not associated with a high risk 
of invasive pulmonary aspergillosis [28]. However, concerns 
exist that even a short course of corticosteroid may predis-
pose to the development of CAPA. Several randomized con-
trolled trials (RCTs) assessing the benefits of corticosteroids 
had excluded COVID-19 patients at risk or in whom second-
ary infections were suspected [29, 31]. In those RCTs that 
evaluated the risk of secondary infections involving ventila-
tor-associated pneumonia, bacteremia, and catheter-related 
bloodstream or urinary tract infections, no difference was 
demonstrated in COVID-19 patients receiving high doses 
of corticosteroids for 14 days or until ICU discharged [32, 
33]. Nevertheless, further studies are required to confirm 
these findings as most studies included were conducted dur-
ing the first wave of the COVID-19 pandemic before the 
publication of multiple RCTs demonstrating the benefits of 
corticosteroids, which explains the inconsistent and infre-
quent use of corticosteroids in the treatment of COVID-19 
patients (Table 2).

Additionally, COPD was identified as a risk factor for 
developing CAPA in COVID-19 patients (Table 2). This 
is likely due to the severity of underlying COPD instead 
of long-term use of inhalational corticosteroids [28, 34]. 
Aspergillus spores are typically cleared from the lungs by 
the ciliary action of the bronchial epithelium, but similarly 
to COVID-19, the ciliary activity in COPD patients is often 
impaired and inflamed from tobacco smoke, multiple epi-
sodes of infection, and repeated epithelial destruction. This 
allows Aspergillus spores to bind to the epithelial layer and 
invade the bronchial mucosa and pulmonary parenchyma, 
eventually the vasculature, and cause pulmonary infarction 
[35]. Conversely, several studies observed that comorbidities 
of COPD and diabetes alone were not associated with inva-
sive pulmonary aspergillosis diagnosis in critically ill non-
COVID-19 patients [28]. The risk of developing invasive 
pulmonary aspergillosis in COPD patients is hypothesized to 
be from underlying long-term use of high-dose corticoster-
oid, over 700 mg within three months that impairs immune 
function, especially macrophages and T-cell activity, respon-
sible for monocyte-mediated damage to Aspergillus spores 
and hyphae, and promote in-vitro growth of Aspergillus 
species [34–36]. In our meta-analysis, the number of stud-
ies assessing the association of COPD and long-term cor-
ticosteroid treatment was limited to three [14, 15, 18] and 
seven studies[14–20], respectively. However, a “two-hit” 
hypothesis might exist in which COPD and long-term use 
of corticosteroid treatment, especially in high doses, syner-
gistically predispose to CAPA.

According to EORTC/MSG and AspICU criteria, other 
host factors that predispose to invasive pulmonary asper-
gillosis development are hematological malignancy, but 

Fig. 3  Forrest plot of COVID-19 patients divided into CAPA versus 
non-CAPA. Clinical characteristics and risk factors of male, COPD, 
diabetes, cancer, long-term corticosteroid treatment and immunosup-
pressants were assessed. The odds ratio was calculated by the Man-
tel–Haenszel method with a random-effects model. CI confidence 
intervals, COPD chronic obstructive pulmonary disease, df degree of 
freedom, M–H Mantel–Haenszel
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not solid tumors, and the recent use within three months 
of immunosuppressants, specifically those that suppressed 
T and B cells [10, 28]. In our meta-analysis, no association 
between the risk of developing CAPA in COVID-19 patients 
among those with a history of cancers, although the type of 
cancers, whether solid or hematologic, was not described 
in the majority of studies included (Table 2). Moreover, we 
demonstrated no association between the long-term use of 
immunosuppressants or COVID-19 therapies of hydroxy-
chloroquine and tocilizumab in developing CAPA diagnosis. 
Tocilizumab, a recombinant humanized monoclonal anti-
body against interleukin-6 (IL-6) receptor, has been shown 
to predispose to invasive fungal infections in animal studies 
[37]. An early observational study involving 544 COVID-19 
patients revealed an increased risk of secondary infections 
(13 vs. 4%; P < 0.01) in those receiving tocilizumab [38]. 
Conversely, a large retrospective study of 4,485 COVID-
19 patients demonstrated no association in the frequency of 
developing secondary infections among those receiving toci-
lizumab therapy [39]. Similar findings were noted in a recent 
RCT of 389 COVID-19 patients comparing tocilizumab with 
placebo [40]. Nevertheless, a large, well-designed observa-
tional study that focuses explicitly on the type of immuno-
suppressants, dosing, and duration of administration with 
the risk of developing CAPA is required to confirm these 
findings.

Critically ill non-COVD-19 patients diagnosed with inva-
sive pulmonary aspergillosis have a higher SOFA score with 
greater requirement of IMV (100 vs. 82.4%; P < 0.01), RRT 
(44.3 vs. 23.0%; P < 0.01), and higher death rate (39.5 vs. 
23.6%; P < 0.01) despite antifungal therapy [28]. Similar 
findings were noted in our meta-analysis where many criti-
cally ill COVID-19 patients with CAPA were mechanically 
ventilated and had greater disease severity based on their 
initial SOFA score, quicker time to ICU admission from 
illness onset, and higher all-cause in-hospital mortality rate 
than those without CAPA (Table 2). However, the require-
ment of inotropic support, RRT, and duration of IMV were 
similar. Compared to influenza patients, a retrospective 
multi-center cohort study of 81 influenza patients observed 
an increase in morbidity and mortality among those with 
invasive pulmonary aspergillosis diagnosis with prolonged 
hospital LOS and higher requirement of IMV, vasopressors, 
RRT, and extracorporeal membrane oxygenation, despite 
receiving antifungal therapy [41]. A larger retrospective 

multi-center cohort study of 432 influenza patients revealed 
that those diagnosed with invasive pulmonary aspergillosis 
were more likely to have comorbidities of diabetes, hema-
tological malignancy, neutropenia, solid organ transplant, 
exposure to high-dose prolonged corticosteroids before 
admission, and greater severity of illness with longer ICU 
LOS, the higher requirement of vasopressors and RRT with 
poor mortality rate [8]. The lack of awareness of invasive 
pulmonary aspergillosis in influenza patients resulting in the 
delayed initiation of antifungal therapy is an independent 
risk factor for increased mortality [42].

Our meta-analysis's strength is that it is the only meta-
analysis that assesses the risk factors of developing CAPA 
and associated outcomes in COVID-19 patients using high-
quality studies with comparative data (Tables 2 and 3). We 
employed stringent inclusion and exclusion criteria while 
using recognized invasive pulmonary aspergillus classifica-
tions and accepting only BAL and NBL as LRT specimens. 
Multiple studies from various countries involving COVID-
19 patients of different ethnicities (Table 1) ensured that the 
pragmatic results of our study are relevant and represent 
all populations. We excluded patients with non-Aspergillus 
microorganisms identified on LRT specimens as we recog-
nized that non-Aspergillus microorganisms-associated pneu-
monia, which is common in COVID-19 patients, especially 
in those requiring mechanical ventilation, are associated 
with higher morbidity and mortality that might confound 
the outcomes of our meta-analysis [43]. Furthermore, dis-
tinguishing between CAPA and non-Aspergillus-associated 
pneumonia in COVID-19 patients are challenging due to the 
overlapping clinical and radiological features [44, 45]. The 
pathophysiology of COVID-19 in the development of lung 
injury and the role played in enhancing ongoing infection 
need to be investigated in further studies. The low hetero-
geneity among studies describing the in-hospital mortality 
in CAPA patients prevents underestimating ICU LOS, IMV 
duration, and the need for inotropic and RRT (Table 2). The 
funnel plot demonstrated symmetry in patients' clinical char-
acteristics, indicating a low likelihood of publication bias 
(Fig. 5).

There are several limitations to our meta-analysis. The 
heterogeneity among studies with a varying incidence of 
CAPA between 3.3 and 34.4% and clinical characteristics 
(Tables 1 and 2) described may limit the ability to perform 
an accurate meta-analysis. This could be attributed to the 
difference in clinical and mycological evidence varied in 
clinical centers from different parts of the world, lack of 
clinical awareness, and standardized diagnostic approach 
for evaluating CAPA, particularly when clinical features 
and radiological findings in CAPA resemble those of severe 
COVID-19 pneumonia [10, 14, 46]. The use of the random-
effects model as a solution towards clinical heterogeneity in 
results may have resulted in a more conservative treatment 

Fig. 4  Forrest plot of COVID-19 patients divided into CAPA versus 
non-CAPA. Risk factors of initial COVID-19 therapies (antibiotic, 
corticosteroid, tocilizumab, and hydroxychloroquine, and outcomes 
of all-cause in-hospital mortality, inotropic support, and RRT were 
assessed. The odds ratio was calculated by the Mantel–Haenszel 
method with a random-effects model. CI confidence intervals, df 
degree of freedom, M–H Mantel–Haenszel, RRT  renal replacement 
therapy
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effect and wider CIs. Furthermore, the reluctance to per-
form aerosol-generating procedures of bronchoscopies in 
critically ill COVID-19 patients is due to concerns of trans-
mission and the risk of triggering hemodynamic instability 
that limits respiratory tract samples to sputum and TA [46]. 
These likely explain the low number of studies available 
in the current literature. Although TAs are potentially safer 
alternative investigative options, they cannot effectively dis-
tinguish between colonization and true infection, leading to 
overdiagnosis of CAPA and unnecessary treatments. The 
low yield of serum GM will further complicate the screening 
process for invasive pulmonary aspergillosis in COVID-19 
patients due to its poor sensitivity at 21%, especially in non-
immunocompromised patients [46]. Despite BAL GM being 
a superior diagnostic test to confirm CAPA, as an aerosol-
generating procedure, it is rarely performed. Certain studies 
even reported that the variability in diagnostic criteria used 
for CAPA diagnosis might lead to overdiagnosis, overtreat-
ment, and overestimating the true risk factors and associ-
ated outcomes [14, 16, 22]. Therefore, significant predictors 
and prognostic factors associated with outcomes may have 
been missed due to a lack of analyzable data. Autopsy find-
ings among 677 deceased COVID-19 patients during the 
first wave of pandemic demonstrated that the incidence of 
tissue-proven invasive fungal diseases was up to 2% [47]. 
Important environmental factors such as temporary facili-
ties/medical centers that were rapidly assembled in many 
countries to accommodate the increase in healthcare capac-
ity during the pandemic that does not adhere to rigorous 

ventilation protocols present within permanent hospitals 
might contribute to the spread of COVID-19 among the 
critically ill patients from increased exposure to dust and 
ambient air containing Aspergillus spores [48]. In general, 
the duration of patient enrollment and follow-up for all the 
included studies (Table 1) were performed during the first 
wave of the COVID-19 pandemic and might not accurately 
represent the actual risk factors and outcomes due to the 
ever-evolving improvement in the management and treat-
ment of COVID-19 patients.

Conclusion

COVID-19 patients diagnosed with CAPA are likely to 
be older with underlying COPD. Long-term use of corti-
costeroids may predispose to CAPA. Patients with CAPA 
diagnosis have more significant disease severity based on 
SOFA scores, earlier onset of ICU admission, and higher all-
cause in-hospital mortality rate than those without CAPA. 
Nevertheless, the results of our meta-analysis represent the 
patient population during the first wave of the COVID-19 
pandemic, and better studies are required with the advance-
ment of COVID-19 therapies to determine if the same risk 
factors and outcomes are observed during the second wave 
of the pandemic and beyond. Although early CAPA diagno-
sis likely improves the morbidity and all-cause in-hospital 
mortality in COVID-19 patients, the benefit of timely ini-
tiation of appropriate antifungals is unclear. Furthermore, 

Fig. 5  Funnel plot
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whether antifungal prophylaxis is superior to a standard-
ized diagnostic approach combined with prompt initiation 
of antifungal therapy for managing CAPA patients remains 
to be examined. In the absence of antifungal prophylaxis, 
adequate screening for CAPA, recognition of its risk factors, 
and exclusion of colonization are essential.
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