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Abstract
Background: Recent reports of coronavirus disease 2019 (COVID-19)-associated pulmonary aspergillosis (CAPA) have raised 

concerns about fungal super-infections in critically ill patients with COVID-19. However, true incidence of CAPA is difficult to estimate 
given the challenges of diagnosing invasive pulmonary aspergillosis as well as the heterogeneity in case definitions.

Methods: We conducted a systematic review of literature (through 31st December 2021) for relevant studies reporting on the CAPA 
incidence in critically ill COVID-19 patients. Random effects meta-analyses were conducted. Risk of bias and certainty of evidence were 
assessed using the appropriate Joanna Briggs Institute checklists and the Grading of Recommendations, Assessment, Development, and 
Evaluations (GRADE) approach respectively. The primary outcome was the overall incidence of CAPA. Secondary outcomes included 
CAPA-associated mortality, ICU length of stay, duration of invasive mechanical ventilation, and the time between COVID-19 symptoms 
and CAPA diagnosis.

Results: Of 53 observational studies (11,013 adult COVID-19 patients), 1097 patients had CAPA; the pooled incidence of CAPA was 
13.0% (95%-CI: 8.7%-18.0%), albeit with publication bias (pegger=0.002) and the pooled mortality was 63.4% (95%-CI: 56.2%-70.4%). 
Patients with CAPA were older (+3.1 years (95%-CI: 1.3-4.9, p=0.0006) with significantly increased mortality (Risk Ratio: 2.13 (95%-
CI: 1.80-2.52, p<0.0001) compared to COVID-19 patients without CAPA. Meta-regression analysis found that corticosteroids and/or 
hypertension were potential risk factors for CAPA .

Conclusion: Critically ill patients with COVID-19 are vulnerable to develop CAPA with considerably high mortality rates; patients with 
hypertension and those treated with corticosteroids as an adjuvant therapy appear to be at higher risk of CAPA.
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Introduction
With the increasing global burden of coronavirus disease 2019 

(COVID-19) cases; there has been a concomitant rise in incidence of 
secondary bacterial and fungal co-infections [1]. Viral pneumonia, 
in general, is associated with an increased incidence of secondary co-
infections, and this is estimated to be between 6%-16% in critically 
ill patients with COVID-19 [2]. COVID-19 associated pulmonary 
aspergillosis (CAPA) has being increasingly reported worldwide, 
which is associated with increased mortality and morbidity [3]. It has 
been postulated that these co-infections are secondary to dysregulated 
immune responses associated with COVID-19 itself or due to the use 
of adjunctive therapies such as corticosteroids or interleukin-6 (IL-6) 

antagonists [2,4,5,6]. Prior reviews reported that the CAPA incidence 
varies between 10-13% [6-8,9]. However, the true incidence of CAPA 
in critically ill hospitalized patients is still undetermined due to 
diagnostic challenges involved as well as the observational nature of 
the published studies. With new studies being published, we conducted 
this systematic review and meta-analysis to explore the incidence, risk 
factors and outcomes associated with invasive pulmonary aspergillosis 
(IPA) in critically ill patients with COVID-19 [4,6,10].

Methodology
Search strategy and selection criteria

This review was registered with PROSPERO (CRD42021227821) 
and was conducted in adherence with the Preferred Reporting Items 
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for Systematic Reviews and Meta-analyses (PRISMA) statement. We 
searched Medline, Embase, Cochrane, Scopus, medRxiv databases from 
1st December 2019 through 31st December 2021 using the following 
keywords and their variations: “COVID-19” and “aspergillosis” 
(Supplementary Table 1) [11]. We assessed all the relevant studies, and 

their citation lists to identify articles for inclusion. All studies reporting 
on at least 10 critically ill adult patients (≥ 18 years) with COVID-19 
were included. We excluded any non-human studies, and any case 
reports to avoid publication bias. In the case of overlapping patient data 
across two or more studies, we included the larger study.

Table 1:  Pooled incidence of COVID-19 associated pulmonary aspergillosis among critically ill patients with COVID-19.

Volume 10 • Is sue S2 • 1000001

Study CAPA Total Incidence of CAPA (%) Incidence (%) 95% CI Weight
Autier 2021 67 239

 

28.0 [22.4; 34.2] 2.0%
Bartoletti 2020 30 185 16.2 [11.2; 22.3] 2.0%
Borman 2020 15 719 2.1 [ 1.2; 3.4] 2.0%
Boyd 2021 0 55 0.0 [ 0.0; 6.5] 1.9%
Bretange 2021 154 244 63.1 [56.7; 69.2] 2.0%
Chauvet 2020 6 46 13.0 [ 4.9; 26.3] 1.8%
Delliere 2020 21 366 5.7 [ 3.6; 8.6] 2.0%
Dupont 2020 19 106 17.9 [11.2; 26.6] 1.9%
Ergun 2021 58 219 26.5 [20.8; 32.9] 2.0%
Fekkar 2021 7 145 4.8 [ 2.0; 9.7] 1.9%
Ghazanfari 2021 22 105 21.0 [13.6; 30.0] 1.9%
Gregoire 2021 9 141 6.4 [ 3.0; 11.8] 1.9%
Hatzl 2021 10 132 7.6 [ 3.7; 13.5] 1.9%
Hoenigl 2021 28 59 47.5 [34.3; 60.9] 1.9%
Iqbal 2021 61 307 19.9 [15.6; 24.8] 2.0%
Janssen 2021 cohort 1 42 519 8.1 [ 5.9; 10.8] 2.0%
Janssen 2021 cohort 2 21 304 6.9 [ 4.3; 10.4] 2.0%
Jasim 2021 11 102 10.8 [ 5.5; 18.5] 1.9%
Kluzik 2021 7 19 36.8 [16.3; 61.6] 1.6%
Koehler 2020 5 19 26.3 [ 9.1; 51.2] 1.6%
Lahmer 2021 11 32 34.4 [18.6; 53.2] 1.8%
Lamoth 2020 3 118 2.5 [ 0.5; 7.3] 1.9%
Machado 2020 8 239 3.3 [ 1.5; 6.5] 2.0%
Maes 2021 3 81 3.7 [ 0.8; 10.4] 1.9%
Martin 2021 3 19 15.8 [ 3.4; 39.6] 1.6%
Meijer 2021 13 66 19.7 [10.9; 31.3] 1.9%
Nasir 2020 5 23 21.7 [ 7.5; 43.7] 1.7%
Nebreda−Mayoral 
2021 3 113 2.7 [ 0.6; 7.6] 1.9%

Oliva 2021 0 55 0.0 [ 0.0; 6.5] 1.9%
Paramythiotou 2021 6 179 3.4 [ 1.2; 7.2] 2.0%
Prattes 2021 109 592 18.4 [15.4; 21.8] 2.0%
Rabagliati 2021 13 146 8.9 [ 4.8; 14.7] 1.9%
Ranhel 2021 10 248 4.0 [ 2.0; 7.3] 2.0%
Razazi 2020 13 90 14.4 [ 7.9; 23.4] 1.9%
Ripa 2020 11 731 1.5 [ 0.8; 2.7] 2.0%
Roman-Montes 2020 14 144 9.7 [ 5.4; 15.8] 1.9%
Rutsaert 2020 4 34 11.8 [ 3.3; 27.5] 1.8%
Segrelles-Calvo 2020 7 215 3.3 [ 1.3; 6.6] 2.0%
Sivasubramanian 2021 48 970 4.9 [ 3.7; 6.5] 2.0%
Sogaard 2021 2 41 4.9 [ 0.6; 16.5] 1.8%
Szabo 2021 20 20 100.0 [83.2; 100.0] 1.7%
Takazono 2021 10 10 100.0 [69.2; 100.0] 1.4%
Tio 2021 4 50 8.0 [ 2.2; 19.2] 1.8%
van Arkel 2020 6 31 19.4 [ 7.5; 37.5] 1.8%
van Grootveld 2021 11 63 17.5 [ 9.1; 29.1] 1.9%
Velez 2021 16 83 19.3 [11.4; 29.4] 1.9%
Versyck 2021 2 54 3.7 [ 0.5; 12.7] 1.9%
Wang 2020 0 26 0.0 [ 0.0; 13.2] 1.7%
Wasylyshyn 2021 3 256 1.2 [ 0.2; 3.4] 2.0%
White 2021 25 135 18.5 [12.4; 26.1] 1.9%
Xu 2021 78 393 19.8 [16.0; 24.1] 2.0%
Yusuf 2021 10 92 10.9 [ 5.3; 19.1] 1.9%
Zhang 2021 33 1633 2.0 [ 1.4; 2.8] 2.0%
Random effects model
Heterogeneity: I2= 
96.3%

11013 4 13.0 [8.7; 18.0] 100.0%
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Data collection

Data were collected using a prespecified data extraction form, and 
covered study characteristics (study design, study duration, name and 
country of study centre), patient demographics (sample size, number 
of male/female patients, age, comorbidities), Intensive Care Unit (ICU) 
characteristics (time to CAPA from onset of COVID-19 symptoms, 
classification system for CAPA, methods used to diagnose CAPA 
(bronchoscopic and non-bronchoscopic techniques), PaO2/FiO2 
ratio, use of IL-6 antagonists and corticosteroids), patient outcomes 
(incidence of proven, probable, putative, and possible CAPA, incidence 
of Aspergillus colonisation, CAPA-associated mortality) and other 
relevant clinical outcomes (ICU length of stay [LOS] and duration of 
Invasive Mechanical Ventilation [IMV]).

CAPA is defined as IPA in temporal proximity to severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in 
patients requiring ICU admission due to respiratory failure. We 
defined proven, probable, putative and possible CAPA for this review 
as per the: Influenza-Associated Pulmonary Aspergillosis (IAPA) case 
definition, 2) the European Organization for Research and Treatment 
of Cancer Mycoses Study Group (EORTC-MSG), 3) crude or modified 
Aspergillosis in ICU (crude/mAsp-ICU) criteria or 4) 2020 European 
Confederation for Medical Mycology and the International Society 
for Human and Animal Mycology (ECMM/ISHAM) consensus 
criteria.2,12-14 In cases where both the crude Asp-ICU and mAsp-ICU 
criteria were used, we chose the mAsp-ICU criteria to define CAPA 
[2,12-14].

Risk of bias assessment

We used the appropriate Joanna Briggs Institute (JBI) critical 
appraisal checklists (Supplementary Table 2) to assess the eligibility of 
studies. The possibility of publication bias was assessed using Egger’s 
test. Two sensitivity analyses were performed for our meta-analysis: 
One where we excluded studies which had comparatively higher risks 
of bias (JBI score<8). The screening of articles, data collection, and 
risk of bias assessment were conducted independently by at least two 
reviewers (RRL, SAM, MRL, and SM), any conflicts were resolved by 
KR. 

Statistical analysis

Statistical analyses were performed on R4.0.2. For continuous 
variables, we pooled the means and standard deviations from the 
aggregate data presented in each study as per Wan, et al. [15] The 
primary outcome was the overall incidence of CAPA. Secondary 
outcomes included CAPA-associated mortality, ICU LOS, duration 
of IMV, and the time between the onset of COVID-19 symptoms 
and diagnosis of CAPA. We anticipated significant inter-study 
heterogeneity given variations in the demographics of patients with 
CAPA and its subsequent management in different countries. As 
such, random-effects meta-analyses (DerSimonian and Laird) were 
conducted, and 95% confidence intervals (CIs) were computed using 
the Clopper-Pearson method. Survival outcomes are presented as 
pooled proportions, dichotomous outcomes as pooled risk ratios (RR), 
and continuous outcomes as pooled means or mean differences (MD), 
each with their respective 95%-CIs [16,17]. Planned subgroup analyses 
were conducted with continuity correction to include studies with 
zero events, and included: The definition of CAPA (proven, probable, 
putative, and possible), study type (cohort studies, case control studies, 
case series), geographical region (Europe, Asia-Pacific, South America, 
North America, or International), the consensus definitions that were 
used in each study (EORTC-MSG, Asp-ICU [crude and/or modified], 

IAPA, 2020 ECMM/ISHAM, or mixed), and the methods of diagnosis 
{bronchoalveolar lavage (BAL), or no BAL}. Post-hoc subgroup analyses 
include timing of patient enrolment (before and after the publication of 
the Randomised Evaluation of COVID-19 Therapy (RECOVERY) trial 
final report in February 2021. Univariable study-level meta-regression 
was conducted when at least 6 data points were collected to explore 
potential sources of heterogeneity or prognostically-relevant study-level 
covariates [18]. As inter-study heterogeneity can be misleadingly large 
when assessed using I2 statistics for observational studies, we used the 
Grading of Recommendations [19,20], Assessments, Developments and 
Evaluations (GRADE) approach to assess the inter-study heterogeneity 
[21,22].

Results
 Of the 832 references screened; our search yielded 127 potentially 

relevant studies across the four databases (Supplementary Figure 1: 
PRISMA chart). 53 retrospective observational studies reporting on 
11,013 adult patients with COVID-19 admitted to the ICU were included 
[23-74]. There were 24 cohort studies, 2 case control studies and 24 
case series; 38 studies were from Europe, 7 from Asia, 5 from North 
America, 1 from South America, and 2 were conducted internationally. 
44 studies reported the criteria that they used to diagnose CAPA: 7 
studies diagnosed patients with CAPA using the EORTC-MSG criteria, 
8 studies used either the crude Asp-ICU or mAsp-ICU criteria, 3 study 
used the IAPA case definition, 16 studies used the ECMM/ISHAM 
criteria, and 9 studies reported CAPA using two or more of the above 
criteria. All studies except for 6 employed BAL to diagnose CAPA. Only 
one study employed histopathological examination to diagnose CAPA. 

Baseline demographics

The pooled age of patients with COVID-19 patients in the ICU 
was 62.5 years (95%-CI: 60.8-64.3). They were predominantly male 
(63.2% (95%-CI: 56.0-70.1%, 30 studies) with moderate-to-severe 
ARDS (PaO2/FiO2 ratio: 130.9, 95%-CI: 86.1-175.7, 8 studies). Patients 
with CAPA were older (+3.1 years, 95%-CI: 1.3-4.9, p=0.0006, 14 
studies) and predominantly comprising males (RR: 1.14, 95%-CI: 1.0-
1.21, p<0.0001, 14 studies) when compared to COVID-19 patients 
without CAPA. The pooled prevalence of hypertension (HTN, 30 
studies), obesity (17 studies), diabetes mellitus (DM, 39 studies) and 
chronic obstructive pulmonary disease (COPD, 15 studies) were 27.2% 
(95%-CI: 17.2%-38.5%), 19.1% (95%-CI: 9.6%-30.7%), 18.4% (95%-
CI: 13.8%-23.4%) and 9.7% (95%-CI: 4.8%-16.1%) respectively. The 
prevalence of IL-6 antagonists and corticosteroid therapy were 8.2% 
(95%-CI: 3.6%-14.3%, 21 studies) and 26.3% (95%-CI: 15.7%-38.4%, 
29 studies) respectively. All the included patients were admitted in 
intensive care unit (ICU). 

Primary outcomes

Of 53 observational studies (11,013 critically ill patients with 
COVID-19), 1097 patients had CAPA; the pooled overall CAPA 
incidence was 13.0% (95%-CI: 8.7%-18.0%, moderate certainty, Table 
1), with significant publication bias (pegger=0.002, Supplementary 
Figure 2). After excluding studies with a JBI score of <8, the pooled 
overall incidence of CAPA was 12.7% (95%-CI: 8.0% to 18.3%). The 
incidence of CAPA changed significantly {4.1% (95%-CI: 1.1% to 
8.4%)} after correcting for small study effects using the random-effects 
(R0 estimator) trim-and-fill procedure.

Subgroup analysis

The pooled incidence of colonisers (11 studies), possible (16 
studies), probable (29 studies), putative (18 studies) and proven CAPA 
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(11 studies), was 3.9% (95%-CI: 1.2%-7.8%), 2.3% (95%-CI: 1.1%-
3.8%),8.6% (95%-CI: 4.9%-13.2%), 9.3% (95%-CI: 3.7%-16.8%) and 
2.4% (95%-CI: 0.3%-6.0%) respectively (Table 2). The pooled incidence 
of CAPA among studies from Europe (38 studies), Asia (7 studies), 
North America (5 studies), International (2 studies) and South America 
(1 study) was 12.2% (95%-CI: 7.5%-17.9%), 22.0% (95%-CI: 3.0%-
50.2%), 5.8% (95%-CI:1.4%-12.6%), 31.4% (95%-CI:7.6%-62.1%) and 
8.9% (95%-CI:4.8% to 14.1%) respectively. The CAPA incidence based 
on ECMM/ISHAM (16 studies), Asp-ICU (8 studies), EORTC-MSG 
(7 studies), IAPA (3 studies) and mixed (9 studies) consensus criteria 
was 12.2% (95%-CI: 8.3%-16.8%), 9.1% (95%-CI:2.4%-18.9%), 7.9% 

(95%-CI:4.3% to 12.4%), 6.8% (95%-CI: 0.9%-16.8%) and 19.6% (95%-
CI: 4.3%-41.8%) respectively found no significant difference (p=0.16). 
CAPA incidence was estimated to be 15.5% (95%-CI:9.5%-22.5%) when 
BAL was used for diagnosis compared to 9.9% (95%-CI:4.4%-17.1%) 
when non-bronchoscopic techniques were advocated for diagnosis 
(p>0.05). No significant difference ( p=0.44) in CAPA incidence was 
noted between pre-RECOVERY (43 studies, 14.1%, 95%-CI: 8.8-20.3%) 
and post RECOVERY trials (9 studies, 10.7%, 95%-CI: 5.1%-17.8%). 
There was no significant difference in the pooled incidence reported 
between study types (p=0.81). The details of the subgroup analysis are 
summarised in Table 3.

Meta-analysis Number of studies Incidence of CAPA (%) CAPA 95%-CI

Colonisation
Heterogeneity: I2=89%, 𝜏2=0.0158, p<0.01 11 3.9  [1.2; 7.8]

Possible
Heterogeneity: I2=88%, 𝜏2=0.0061, p<0.01 16 2.3 [1.1; 3.8]

Probable
Heterogeneity: I2=97%, 𝜏2=0.0376, p<0.01 29 8.6 [4.9; 13.2]

Putative
Heterogeneity: I2=91%, 𝜏2=0.0506, p<0.01 18 9.3  [3.7; 16.8]

Proven
Heterogeneity: I2=91%, 𝜏2=0.0188, p<0.01 11 2.4  [0.3; 6.0]

Table 2: Pooled incidence of COVID-19 associated pulmonary aspergillosis among critically   ill patients with COVID-19 stratified by definition.

Subgroup analysis Pooled estimate (95%-CI) 4

Definition of CAPA

Colonisers 3.9% (1.2% to 7.8%)

Possible 2.3% (1.1% to 3.8%)

Probable 8.6% (4.9% to 13.2%)

Putative 9.3% (3.7% to 16.8%)

Proven 2.4% (0.3% to 6.0%)

Consensus criteria

AspICU 9.1% (2.4% to 18.9%)

ECMM/ISHAM 12.2% (8.3% to 16.8%)

EORTC-MSG 7.9% (4.3% to 12.4%)

IAPA 6.8% (0.9% to 16.8%)

Mixed 19.6% (4.3% to 41.8%)

Geographical region

Europe 12.2% (7.5% to 17.9%)

International 31.4% (7.6% to 62.1%)

Asia-Pacific 22.0% (3.0% to 50.2%)

South America 8.9% (4.8% to 14.1%)

North America 5.8% (1.4% to 12.6^)

Diagnostic methods
Bronchoalveolar lavage 15.5% (9.5% to 22.5%)

No bronchoalveolar lavage 9.9% (4.4% to 17.1%)

Table 3: Pooled incidence of COVID-19 associated pulmonary aspergillosis among critically ill patients with COVID-19.
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Meta-regression analyses

Univariable meta-regression found that the prevalence of HTN 
(Regression co-efficient [B]: 0.559, 95%-CI: 0.212-0.905, p=0.002, 
Supplementary Figure 3) and corticosteroids (B:0.506, 95%-CI: 
0.097-0.915, p=0.015, Supplementary Figure 4) use were significantly 
associated with increased CAPA incidence, while overall sample size 
was negatively associated with the incidence of CAPA (B:-0.002, 
95%-CI:-0.005 to-0.000, p=0.037, Supplementary Figure 5). Other 
demographic factors such as age, prevalence of male patients, use of 
IL-6 antagonists and other comorbidities were not associated with the 
incidence of CAPA. The details of the meta-regression analyses are 
summarised in Table 4.The availability of simplified analytic modeling 
tools that can help decision makers determines when and how to 
reopen certain congregate settings, like schools, is an absolute necessity. 
In this research, we offer a strategic analytic tool for utilization of 
low-cost antigen tests in a comprehensive, targeted testing strategy, 
which in our perspective as academics specializing in business and 
biotechnology management is critical and allows for effective use of 
the various planning and execution protocols. Furthermore, strategic 
deployments have the potential to improve dramatically the production, 
procurement, and distribution of test kits, and can be of critical help to 
control and mitigate the spread of the SARS-CoV-2 virus in the U.S., 
and around the globe.

Secondary outcomes

Overall CAPA-associated mortality (42 studies, 814 patients with 
CAPA) was 63.4% (95%-CI: 56.2%-70.4%, moderate certainty, Table 5). 
CAPA was associated with increased risk of mortality in critically ill 
patients (18 studies, RR: 2.13 (95%-CI: 1.80-2.52, p<0.0001) compared 
to critically ill patients without CAPA. The pooled mean time for 
diagnosis of CAPA (19 studies, 353 patients with CAPA) was made 
12.8 days (95%-CI: 10.5-15.1, moderate certainty) after the onset of 
COVID-19 symptoms. The pooled ICU LOS among patients with 
CAPA (13 studies, 287 patients) was 18.4 days (95%-CI: 13.7-23.1, 
moderate certainty), but there was no significant mean difference 
(MD) in ICU LOS between patients with and without CAPA (8 studies, 
0.22 days, 95%-CI:-4.23 to 4.68, p=0.92). The mean duration of IMV 
among patients with CAPA was 17.2 days (5 studies, 95%-CI:15.5-19.0, 
moderate certainty).

Assessment of study quality

Based on the JBI critical appraisal checklists for cohort studies, 
case control studies, and case series, the majority studies included for 
this review were of high quality according to the appropriate checklist 
(Supplementary Table 2). There was moderate certainty on the level of 
evidence for the primary outcome. A summary of the assessment of 
certainty using the GRADE approach is presented in Table 6.

Covariate Studies B LCI UCI P-value

Sample size 53 -0.0024 -0.0047 -0.0001 0.037

Age 34 0.0091 -0.0072 0.0255 0.27

PaO2-to-FiO2 ratio 8 -0.0007 -0.0015 0.0002 0.15

Proportion of male patients 30 -0.0562 -0.5464 0.4341 0.82

Proportion of patients 
receiving IL-6A 22 0.6738 -0.2636 1.6112 0.16

Proportion of patients with 
HTN 30 0.5587 0.2124 0.905 0.0016

Proportion of patients 
with DM 39 0.3742 -0.1999 0.9484 0.2

Proportion of patients 
receiving steroids 29 0.5059 0.0967 0.915 0.015

Proportion of patients 
receiving RRT 17 0.5818 -0.6568 1.8203 0.36

Note: B: Regression coefficient, LCI: Lower 95% Confidence Interval, UCI: Upper 95% Confidence Interval, IL-6A: Interleukin 6 Antagonists, DM: Type 2 Diabetes 
Mellitus, HTN: Hypertension., RRT: Renal Replacement Therapy,
*Values in bold indicate p<0.05.

Table 4: Pooled incidence of COVID-19 associated pulmonary aspergillosis among critically ill patients with COVID-19 stratified by definition.
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Study Mortality CAPA Mortality (%) Mortality (%) 95% CI Weight

Maes 2021 1 3 33.3 [ 0.8; 90.6] 1.1%

Martin 2021 1 3 33.3 [ 0.8; 90.6] 1.1%

Lamoth 2020 1 3 33.3 [ 0.8; 90.6] 1.1%

Wasylyshyn 2021 1 3 33.3 [ 0.8; 90.6] 1.1%

Nebreda-Mayoral 2021 2 3 66.7 [ 9.4; 99.2] 1.1%

Versyck 2021 2 2 100.0 [15.8; 100.0] 0.9%

Koehler 2020 3 5 60.0 [14.7; 94.7] 1.6%

Ranhel 2021 3 10 30.0 [ 6.7; 65.2] 2.3%

Nasir 2020 3 5 60.0 [14.7; 94.7] 1.6%

Tio 2021 3 4 75.0 [19.4; 99.4] 1.4%

Lahmer 2021 4 11 36.4 [10.9; 69.2] 2.4%

Rutsaert 2020 4 4 100.0 [39.8; 100.0] 1.4%

Paramythiotou 2021 4 6 66.7 [22.3; 95.7] 1.7%

Fekkar 2021 4 7 57.1 [18.4; 90.1] 1.9%

Chauvet 2020 4 6 66.7 [22.3; 95.7] 1.7%

Rabagliati 2021 4 13 30.8 [ 9.1; 61.4] 2.5%

van Arkel 2020 4 6 66.7 [22.3; 95.7] 1.7%

Gregoire 2021 5 9 55.6 [21.2; 86.3] 2.1%

Segrelles-Calvo 2020 5 7 71.4 [29.0; 96.3] 1.9%

Takazono 2021 5 10 50.0 [18.7; 81.3] 2.3%

Velez 2021 5 16 31.2 [11.0; 58.7] 2.7%

Meijer 2021 6 13 46.2 [19.2; 74.9] 2.5%

Kluzik 2021 7 7 100.0 [59.0; 100.0] 1.9%

Dupont 2020 7 19 36.8 [16.3; 61.6] 2.9%

Hatzl 2021 8 10 80.0 [44.4; 97.5] 2.3%

Machado 2020 8 8 100.0 [63.1; 100.0] 2.0%

Roman-Montes 2020 8 14 57.1 [28.9; 82.3] 2.6%

Janssen 2021 cohort 2 9 21 42.9 [21.8; 66.0] 3.0%

van Grootveld 2021 10 11 90.9 [58.7; 99.8] 2.4%

Szabo 2021 12 20 60.0 [36.1; 80.9] 3.0%

White 2021 13 25 52.0 [31.3; 72.2] 3.2%

Delliere 2020 15 21 71.4 [47.8; 88.7] 3.0%

Bartoletti 2020 16 30 53.3 [34.3; 71.7] 3.3%

Hoenigl 2021 18 28 64.3 [44.1; 81.4] 3.2%

Ghazanfari 2021 20 22 90.9 [70.8; 98.9] 3.0%

Janssen 2021 cohort 1 22 42 52.4 [36.4; 68.0] 3.5%

Zhang 2021 22 33 66.7 [48.2; 82.0] 3.4%

Ergun 2021 29 58 50.0 [36.6; 63.4] 3.7%

Sivasubramanian 2021 40 48 83.3 [69.8; 92.5] 3.6%

Xu 2021 51 78 65.4 [53.8; 75.8] 3.9%

Iqbal 2021 56 61 91.8 [81.9; 97.3] 3.8%

Prattes 2021 62 109 56.9 [47.0; 66.3] 4.0%

Random effects model
Heterogeneity: I2 = 65.7% 814 17 63.4 [56.2; 70.4] 100.0%

Table 5: Pooled proportion of non-survivors among critically ill patients with COVID-19 associated pulmonary aspergillosis.
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№ of 
studies

Certainty assessment Effect
Certainty Importance

Study design Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations
No of 
events

No of 
individuals

Rate
(95% CI)

Incidence of COVID-19 associated pulmonary aspergillosis (CAPA)

53 Observational 
studies

Not 
serious Not seriousa not serious not seriousb

publication 
bias strongly 
suspected

- 11013 mean 13.0 % 
(8.7 to 18)

⨁⨁⨁◯
Moderate Critical

Mortality among patients with CAPA

42 Observational 
studies

Not 
serious Not seriousc not serious seriousd none - 814 mean 63.4 % 

(56.2 to 70.4)
⨁⨁⨁◯
Moderate Critical

Intensive care unit length of stay for patients with CAPA

13 Observational 
studies

Not 
serious Not seriousc not serious seriousd none - 287 mean 18.4 days 

(13.7 to 23.1)
⨁⨁⨁◯
Moderate Important

Duration of invasive mechanical ventilation for all patients with COVID-19

5 Observational 
studies

Not 
serious Not serious not serious seriousd none - 178 mean 17.2 days 

(15.5 to 19)
⨁⨁⨁◯
Moderate Important

Time from onset of COVID-19 symptoms to diagnosis of CAPA

19 Observational 
studies

Not 
serious Not seriousc not serious seriousd none - 353 mean 12.8 days 

(10.5 to 15.1)
⨁⨁⨁◯
Moderate Important

Note: *High certainty: We are very confident that the true incidence of CAPA lies close to that of the estimate. ⨁⨁⨁◯ Moderate certainty: We are moderately confident 
that the true incidence of CAPA is likely to be close to the estimate, but there is a possibility that it is substantially different. Low certainty: Our confidence in the estimate 
is limited: The true incidence of CAPA may be substantially different from the estimate. Very low: We have very little confidence in the estimate: the true incidence of 
CAPA is likely to be substantially different from the estimate.

Table 6: Pooled proportion of non-survivors among critically ill patients with COVID-19 associated pulmonary aspergillosis.

Discussion
This review highlighted the incidence, characteristics and 

outcomes of critically ill patients with CAPA in the first two years 
of the COVID-19 pandemic. Around 13% of critically ill older and 
mostly male patients with COVID-19 in ICU developed CAPA, with 
a significant publication bias in the incidence of CAPA. Our meta-
analysis found a high mortality rate (63.4%) in patients with CAPA. We 
noted that patients with hypertension and those received

corticosteroids were at higher risk of contracting CAPA. However, 
we failed to note any significant difference in CAPA incidence between 
pre-and post-RECOVERY trial. 

Immune dysregulation is commonly observed in critically ill 
patients with COVID-19, predisposing them to potentially fatal 
invasive fungal infections. Also, COVID-19 results in impaired ciliary 
function and decreased lymphocytes count that predispose these 
patients to IPA [75]. We observed the pooled incidence of CAPA in 
our critically ill cohort was 13%. Similarly, Mitaka, et al. [6,76]. and 
Chong, et al. reported overall CAPA incidence of 10.2% and 13.5% 
respectively. Our analysis demonstrated that observational studies with 
a large sample size had a lower incidence of CAPA, thereby pointing 
towards reporting bias in studies with smaller sample size [6,9]. We 
noted that corticosteroids usage was significantly associated with an 
increased incidence of CAPA in ICU patients; this could be potentially 
attributable to their immunomodulatory properties which increase 
host susceptibility to invasive Aspergillus infection. Our subgroup 
analysis failed to demonstrate any such increase in CAPA incidence 
between pre-and post-RECOVERY trials. We were somewhat surprised 
that IL-6 antagonists were not found to be a risk factor for CAPA in 
this meta-analysis, but there were only 8% of patients in the published 
studies who were on IL-6 antagonists [19,20]. 

There are multiple challenges in diagnosing the true incidence of 
CAPA in critically ill patients. Rather than a standardised definition to 
classify CAPA, [2] various criteria like IAPA case definition, EORTC-
MSG, crude/mAsp-ICU or ECMM/ISHAM consensus criteria were 
used to individually define CAPA. In addition to this, typical host factors 
or radiological features described in these classification systems might 

not apply to patients with CAPA [2,12-14]. However, while mycological 
evidence is pivotal in diagnosing CAPA, [2,10] it is hampered by the 
difficulties in distinguishing colonisation from angio-invasive disease 
[2]. Interestingly, oursubgroup analysis demonstrated that the various 
case definitions were not significantly different in estimating the CAPA 
incidence in this cohort [2]. Another reason for heterogeneity in 
estimating the incidence may be due to differences in CAPA screening 
in intensive care unit. Galactomannan testing from BAL fluid is the 
most sensitive test for diagnosing IPA in ICU patients; [77,78] however, 
BAL is infrequently carried out in critically ill patients with COVID-19 
due to aerosol generation and risk of disease transmission. Up to 80% of 
positive respiratory samples without biopsies from critically ill immune 
competent hosts are colonised samples and not IPA, [79-82] it may be 
plausible that colonised samples were falsely reported as CAPA because 
consensus criteria was not clearly defined until recently. Along with 
the abovementioned points, using diagnostic bronchoscopy without 
employing histological or cytological examinations to diagnose CAPA 
routinely could potentially lead to over-diagnosis of CAPA among 
critically ill patients [2]. Our subgroup analysis failed to note any 
significant difference in estimating CAPA incidence based on various 
methods of diagnosis. 

Well known studies on IPA and recent literature on CAPA both 
suggest that Aspergillus co-infection may contribute to increased 
mortality. High mortality rates (35% to 70%) have been reported 
among critically ill patients with IPA [2,6]. Prior reviews noted pooled 
mortality from CAPA was 48% to 55% [14,83]. In contrast to these 
findings, the pooled mortality among patients with CAPA in our review 
was 63.4% [6,9,84]. The increased mortality among patients with CAPA 
can potentially be explained by the severity of COVID-19. Previous 
reviews have shown that age is a risk factor for disease severity and 
mortality. In line with previous single-centre observational studies, 
our review found that patients with CAPA were older than patients 
without CAPA, and possibly experience more severe disease, leading to 
higher mortality rates [85]. From this perspective, we believe that there 
is reasonable justification to routinely screen critically ill patients with 
COVID-19 for CAPA if they remain without improvement, or rapidly 
deteriorate after initial improvement from COVID-19, and especially 
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if the patients have received immunomodulatory treatments such as 
corticosteroids either alone or with IL-6 antagonists. Consideration can 
be given for clinical trials to determine whether antifungal prophylaxis 
early screening and preemptive treatment will safely reduce the 
incidence and overall mortality in critically ill COVID-19 patients. 

 The strengths of this review include robust inclusion and exclusion 
criteria. Our review included more than 50 studies encompassing 
11,000 critically ill patients with COVID-19 across the globe. In 
contrast to the previous reviews’ which reported CAPA incidence in 
the general population, this is the first study to highlight incidence 
of CAPA in critically ill patients with COVID-19. We reduced 
confounding and accounted for heterogeneity by elucidating factors 
correlating with CAPA incidence via subgroup analysis and meta 
regression. Nonetheless, we recognize several limitations of this study. 
The significant publication bias, inverse relationship with sample 
size along and lack of granularity in diagnosis criteria make the true 
estimation of CAPA incidence difficult. This could also be attributed to 
the inability to collect respiratory specimens from all eligible patients in 
the context of overstretched resources due to the pandemic. 

The results should be interpreted with caution as this could 
potentially point to a significant overestimation of CAPA among critically 
ill patients with COVID-19. Searches for unpublished manuscripts and 
pre-print texts to reduce publication bias did not yield any articles for 
inclusion. Data related to the duration of IMV was scarce, so it is difficult 
to assess whether this is also a risk factor for CAPA. Also, the patients 
were not stratified based on age, which could be a plausible risk factor 
for CAPA. Owing to the paucity of data, it was difficult to determine 
whether patients received corticosteroids specifically for COVID-19 
or were on long-term therapy for any underlying illness. Finally, our 
analysis is based mainly on retrospective studies with significant 
heterogeneity, which can introduce confounding factors given the lack 
of risk-adjustment or propensity-score techniques. However, JBI critical 
appraisal of the included studies suggests that most of the articles are of 
high quality, and GRADE assessment suggested moderate certainty of 
the evidence in our review.

Conclusion
Clinicians should be cognizant that critically ill patients with 

COVID-19 may acquire CAPA, especially in those who are receiving 
corticosteroids. The outcomes for patients with CAPA are poor; an 
earlier diagnosis with multimodal diagnostic workup and management 
with pre-emptive antifungal agents should be considered on a case-
by-case basis. With numerous diagnostic challenges involved, future 
studies should use a standardized definition to stratify patients at risk 
of or with CAPA, increase suspicion and early diagnosis of  CAPA, and 
ideally  improve overall patient outcomes. This may be even more necessary 
in the post-RECOVERY trial era, where corticosteroids often with IL-6 
inhibitors are being routinely used to treat hypoxaemic patients with 
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