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Abstract 

The diagnostic performance of a prospective, systematic screening strategy for COVID-19 associated pulmonary aspergillosis (CAPA) during 
the COVID-19 pandemic was investigated. Patients with COVID-19 admitted to the ICU were screened for CAPA twice weekly by collection 
of tracheal aspirate (TA) for Aspergillus culture and PCR. Subsequently, bronchoalveolar lavage (BAL) sampling was performed in patients with 
positive screening results and clinical suspicion of infection. Patient data were collected from April 2020–February 2022. Patients were classified 
according to 2020 ECMM/ISHAM consensus criteria. In total, 126/370 (34%) patients were positive in screening and CAPA frequency was 
52/370 (14%) (including 13 patients negative in screening). CAPA was confirmed in 32/43 (74%) screening positive patients who underwent BAL 
sampling . ICU mort alit y w as 62% in patients with positiv e screening and confirmed CAP A, and 31% in CAP A cases who w ere screening negativ e. 
The sensitivity, specificity, positive and negative predictive value (PPV & NPV) of screening for CAPA were 0.71, 0.73, 0.27, and 0.95, respectively. 
T he PPV w as higher if screening w as culture positiv e compared to PCR positive only, 0.42 and 0.12 respectively. CAPA was confirmed in 74% of 
screening positive patients, and culture of TA had a better diagnostic performance than PCR. Positive screening along with clinical manifestations 
appeared to be a good indication for BAL sampling since diagnosis of CAPA was confirmed in most of these patients. P rospectiv e, sy stematic 
screening allo w ed to quickly gain insight into the epidemiology of fungal superinfections during the pandemic and could be applicable for future 
pandemics. 
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Introduction 

COVID-19 associated pulmonary aspergillosis (CAPA) has 
been described as a complication of COVID-19 in critically ill 
patients admitted to the intensive care unit (ICU). Despite un- 
certainties regarding CAPA classification and pathogenesis,1 

most reports show that COVID-19 patients with CAPA have 
high mortality rates compared to patients without CAPA.2–4 

Since the start of the COVD-19 pandemic a CAPA screening 
programme was implemented in the ICU of our hospital con- 
sisting of twice weekly culture and PCR on tracheal aspirate 
(TA) as a routine procedure. The screening programme for 
CAPA was evaluated after the first COVID-19 peak (April 
2020–May 2020) and was found to be a feasible and sim- 
ple method to monitor patients.5 Since the first peak many 
changes have taken place in both viral virulence and thera- 
peutic management of COVID-19 in ICU patients. 

Immunosuppressive agents now play an important role in 

the treatment of patients with COVID-19 including corti- 
costeroids and interleukin-6 Inhibitors (anti-IL-6). Treatment 
with immunosuppressants is a known risk factor for inva- 
sive aspergillosis.6 Therefore, an increased frequency of CAPA 

could be expected in COVID-19 periods when ICU patients 
Received: January 9, 2024. Revised: March 7, 2024. Accepted: March 26, 2024 
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ere treated with immunosuppressive agents. At the same 
ime S AR S-CoV-2 variants have appeared with different vir-
lence profiles.7–9 

Therefore, the purpose of this study was to investigate the 
ield of screening for CAPA and the frequency of CAPA in the
CU over a 2-year period in which medical management of
OVID-19 changed and new S AR S-CoV-2 variants appeared.
lso, the diagnostic performance of various diagnostic tests 

or CAPA screening and diagnosis in relation to mortality 
ere investigated. This evaluation may aid in designing fungal 

nfection monitoring programmes during future pandemics. 

ethods 

tudy population 

ll adult patients with COVID-19 admitted to the ICU in
he Leiden University Medical Center (LUMC, Leiden, The 
etherlands) were screened for CAPA twice weekly by collect- 

ng TA for Aspergillus culture and PCR (Figure 1 ). Confirma-
ion bronchoalveolar lavage (BAL) sampling was performed 

n patients with positive screening results if clinically indi- 
ated (respiratory deterioration not caused by a pulmonary 
ternational Society for Human and Animal Mycology. This is an Open 
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Figure 1. Screening method for detection of CAPA 

∗. ∗According to 2020 ECMM/ISHAM consensus criteria. .11 ¶ Clinical decision-making was based on a 
combination of screening results and clinical manifestations (respiratory deterioration or clinical/radiological signs of infection). # BAL sampling was not 
performed if patients improved clinically, if there was another explanation for respiratory deterioration (pulmonary embolism for example), or if patients 
died. $ BAL sampling was performed in patients with negative screening if there was a clinical indication to perform a BAL (respiratory deterioration). 

∧ 

Of the 54 patients not included in the cohort median ICU stay was 3 days (IQR 2–5) and reason for discharge was transfer to another hospital n = 13, 
discharge to nursing department n = 33 or home n = 1, or death n = 7. CAPA: COVID-19 associated pulmonary aspergillosis, TA: tracheal aspirate, BAL: 
bronchoscopic alveolar lavage, GM: galactomannan. 
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mbolism) and feasible (depending on oxygen saturation lev-
ls). Aspergillus culture, PCR and in some cases galactoman-
an (GM) were performed on BAL samples. The screening
rogramme was implemented as temporary routine care. 
From September 2020 patients with COVID-19 were

reated with dexamethasone and from January 2021 with
examethasone and tocilizumab.10 In patients who deterio-
ated with an unknown cause, hyperinflammation was sus-
ected and these patients were mostly treated with methyl-
rednisolone. 

ulture, susceptibility testing, PCR, resistance PCR, 
nd GM 

ethods of culturing, susceptibility testing, (resistance) PCR
esting, and GM testing have been described in a previous
anuscript.5 In short, TA and BAL samples were inocu-

ated on various agar plates and incubated for 2–10 days.
ndiluted samples were inoculated onto culture media, us-

ng a one μl sterile inoculation needle. For TA samples, this
as done directly, for BAL samples this was performed af-

er sedimentation of undiluted sample. Triazole resistance
creening was performed with VIPcheck 

TM and MIC testing
as performed with the microbroth dilution method accord-

ng to EUCAST. The PCR (AsperGenius ®, PathoNostics ®,
aastricht, The Netherlands) was performed for detection of

spergillus fumigatus complex, Aspergillus terreus and As-
ergillus species, and TR34/L98H and Y121F/T289A resis-
ance mutations. Galactomannan testing was performed using
he Platelia TM Aspergillus Ag (Bio-rad laboratories, Marnes-
a-Coquette, France). 

lassification of patients (Figure 1 ) 

APA classified according to the 2020 ECMM/ISHAM con-
ensus criteria 11 was considered the gold standard. Patients
ere classified according to the 2020 ECMM/ISHAM con-

ensus criteria,11 with one minor modification: all positive
AL PCR results were considered positive irrespective of cy-
le threshold value. Patients were considered colonised with
spergillus if TA samples were Aspergillus positive, but con-
rmatory BAL samples remained negative. Patients were con-
idered unclassifiable if screening was positive but no BAL
as performed. A BAL was not performed in patients in

art/myae028_f1.eps
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Figure 2. Screening outcome and CAPA 

∗ classification. ∗ According to 
2020 ECMM/ISHAM consensus criteria. 11 CAPA: COVID-19 associated 
pulmonary aspergillosis, screening: screening by collection of tracheal 
aspirate for culture and PCR. Patients were considered unclassifiable if 
screening was positive but no BAL was performed. Of note: CAPA was 
diagnosed in 32/43 (74.4%) of patients in whom BAL was performed 
within 3 da y s, in 32/126 (25.4%) of screening positive cohort, and in 
32/370 (8.6%) of total cohort. 
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whom CAPA was not suspected at all or in patients who 

were too ill for bronchoscopy. When comparing patients with 

CAPA to patients without CAPA, the group of unclassifi- 
able and colonised patients were included in the no CAPA 

group. According to our local screening strategy, BAL sam- 
pling was performed in patients with a clinical suspicion of 
CAPA, and therefore unclassifiable patients were included in 

the group of patients with no CAPA. A BAL performed within 

3 days after positive screening was considered a confirma- 
tory BAL. In our centre non-bronchoscopic lavages were not 
performed, thus patients could not be classified as possible 
CAPA. 

Data collection 

From the laboratory information system (LIMS) data were 
extracted about culture, susceptibility, PCR, and GM results 
from April 2020 until February 2022. Clinical data about age,
sex, admission to the ICU of the Leiden University Medical 
Center, and mortality were extracted from electronic hospital 
databases. 

SARS-CoV-2 variants 

To describe the dominant variant at different time points, data 
from national 7 and local pathogen surveillance, and SNP typ- 
ing were investigated. Structural pathogen surveillance has 
been performed since June 2021. Before then, SNP typing was 
performed for research purposes.12 

Ethics 

The study was approved by the hospitals’ Institutional Re- 
view Board, the COVID-committee (CoCo): CoCo 2020-044. 
Patients were only included if they had consented via an ap- 
proved opt-out procedure active in our institution. If patients 
were not able to consent because they were intubated, the opt- 
out procedure for clinical data for the National Intensive Care 
Evaluation (NICE) was applied. 

Statistical analyses 

Screening outcome, CAPA frequency and concordance be- 
tween screening outcome and CAPA classification were the 
primary study outcome parameters. This was assessed by sen- 
sitivity , specificity , positive predictive value (PPV), and nega- 
tive predictive value (NPV) of screening for CAPA. Secondary 
outcomes included time to event (ICU admission until collec- 
tion of TA and until first positive TA or BAL sample), ICU 

mortality, and 60-day mortality. 
Categorical variables were described as numbers and per- 

centages per category, numerical continuous variables were 
described as medians and interquartile ranges. Categorical 
data were compared with the Fisher’s exact test or Chi-square 
test depending on sample size and numerical data were com- 
pared with the Mann Whitney U-test (two groups) or Kruskal- 
Wallis test ( > two groups). Proportion confidence intervals 
were calculated with the Wilson score interval. Kaplan-Meier 
survival curves for 60-day mortality were constructed and 

groups were compared using the log-rank test. ICU mortal- 
ity was defined as in-hospital ICU mortality (31 patients, of 
whom 3 were classified as CAPA, were transferred to an- 
other ICU and censored at discharge). Statistical analyses were 
performed with IBM SPSS Statistics for Windows version 
25.0. (  
esults 

creening outcome and CAPA frequency 

rom April 2020 until February 2022 370 patients were rou- 
inely screened for CAPA from a total number of 424 pa-
ients with COVID-19 admitted to the ICU (Figure 1 ). The
ohort consisted out of 270 (73%) males and median age was
2.5 years (IQR: 54–70). Of the patients who were screened 

26/370 (34.1%) were positive in screening. Patients positive 
n screening were older than patients negative in screening 
64.5 vs 60 years, P = 0.037). The median time from ICU
dmission at our medical centre until collection of first TA
ample was one day and until collection of the first positive
A was 3 days. A BAL was performed within 3 days of posi-
ive screening in 43/126 (34.1%) of these patients and CAPA 

as confirmed in 32/43 (74.4%) (Figure 2 ). 
Overall CAPA frequency was 52/370 (14.1%), and 32/52 

62%) cases were diagnosed through the screening pro- 
ramme. CAPA cases not detected by screening had a posi-
ive BAL sample obtained more than 3 days after a positive
A sample (seven patients) or were negative in screening (13 

atients). 

nfluence of CAPA treatment regimen and viral 
ubtype on screening outcome 

igure 3 depicts screening outcome and CAPA classification 

11 

y COVID-19 period based on viral subtype dominance and 

tandard treatment regimen (see also Supplemental Table S1 ).
he frequency of screening positive patients was higher in 

OVID-19 periods when patients were treated with im- 
unosuppressive agents (from June 2020 onwards), but not 

tatistically significant ( P = 0.451). Frequency of CAPA 

aried from 9.7–18.6% in the different COVID-19 peri- 
ds without a statistically significant difference between the 
roups (proportion CAPA vs no CAPA/unclassifiable patients,
 = 0.385). 

iagnostic value of screening 

n the patients with a positive TA sample, PCR was posi-
ive more often than culture (91% and 51%, respectively) 
 Supplemental Table S2 ). The PPV and NPV of screening can

art/myae028_f2.eps
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Figure 3. Screening outcome and CAPA 

∗ classification per COVID-19 period ¶ . ∗ According to 2020 ECMM/ISHAM consensus criteria. 11 ¶ Based on viral 
subtype dominance and standard treatment regimen: 2020 April–August [baseline], 2020 September–December [corticosteroids], 2021 J anuary–J une 
[viral subtype Alpha, corticosteroids + anti-IL-6], 2021 July–December [viral subtype Delta, corticosteroids + anti-IL-6], and 2022 Januar y–Februar y [viral 
subtype Omicron BA1, corticosteroids + anti-IL-6]. Anti-IL-6: interleukin-6 Inhibitors, CAPA: COVID-19 associated pulmonary aspergillosis, screening: 
screening by collection of tracheal aspirate for culture and PCR. The group ‘screening positive - no CAPA’ consisted out of patients in whom CAPA was 
ruled out by negative BAL results n = 9 and patients who were unclassifiable n = 78. 

Table 1. Sensitivity, specificity, positive, and negative predictive value of screening for CAPA 

∗ with TA. 

CAPA, n (%) No CAPA, n (%) Total, n (%) Sensitivity Specificity PPV NPV 

Screening total 
Screening positive 32 (71) 87 (27) 119 (33) 
Screening negative 13 (29) 231 (73) 244 (67) 
Total 45 (100) 318 (100) 363 (100) 32/45, 0.71 231/318, 0.73 32/119, 0.27 231/244, 0.95 
Screening culture positive 
Screening positive 24 (65) 33 (13) 57 (19) 
Screening negative 13 (35) 231 (88) 244 (81) 
Total 37 (100) 264 (100) 301 (100) 24/37, 0.65 231/264, 0.88 24/57, 0.42 231/244, 0.95 
Screening only PCR 

positive 
Screening positive 8 ¶ (38) 54 (18) 62 (20) 
Screening negative 13 (62) 231 (81) 244 (80) 
Total 21 (100) 285 (100) 306 (100) 8/21, 0.38 231/285, 0.81 8/62, 0.12 231/244, 0.95 

∗According to 2020 ECMM/ISHAM consensus criteria. 11 ¶ Of the eight patients who were only PCR screening positive, three had a culture positive TA sample 
at another moment and in the remaining five TA were never culture positive. CAPA: COVID-19 associated pulmonary aspergillosis, NPV: negative predictive 
value, PPV: positive predictive value, TA: tracheal aspirate. 
A BAL performed within 3 days after positive screening was considered a confirmatory BAL for CAPA diagnosis. Patients classified as CAPA with a positive 
BAL sample collected at another moment were excluded from the analysis (screening positive with a negative confirmatory BAL sample ( n = 2) or no BAL 
collected within 3 days after positive screening ( n = 5)). 
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e found in Table 1 . The PPV and NPV of screening for dif-
erent hypothetical attack rates of CAPA can be found in
upplemental Table S3 . CAPA cases negative in screening were
ost often only GM positive in BAL (11 of 13 cases). 

creening and mortality 

verall ICU mortality was 119/423 (28.1%) and mortal-
ty in patients who were screening positive was 49/126
38.9%). ICU mortality in patients with confirmed CAPA
as 28/52 (53.8%) and was higher than patients with no
APA/unclassifiable patients 84/318 (26.4%), P < 0.001.

CU mortality in the CAPA population missed by TA screen-
ng was 4/13 and was lower than mortality in patients
ith CAPA detected by screening (31% vs 62% P = 0.054,

upplemental Table S4 ). Kaplan-Meier survival curves of pa-
ients positive or negative in screening and patients with
r without CAPA are depicted in Figure 4 . ICU mortality
n patients with no CAPA and unclassifiable patients was
imilar (61/240 (25.4%) vs 23/78 (29.5%), P = 0.479),
hilst a difference was found in patients with CAPA and
nclassifiable patients (28/52 (53.8%) vs 23/78 (29.5%),
 = 0.005). Kaplan-Meier survival curves of patients with
r without CAPA or unclassifiable patients are depicted in
upplemental Figure S1 . 

art/myae028_f3.eps
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Figure 4. a. Life table and Kaplan-Meier sur vival cur v es of patients who w ere positiv e and negativ e in screening (60-da y mort alit y from ICU admission). 
Neg: negative, pos: positive. b. Life table and Kaplan-Meier survival curves of patients classified as CAPA ∗ and patients without CAPA or unclassifiable 
patients (60-day mort alit y from ICU admission). ∗ According to 2020 ECMM/ISHAM consensus criteria. 11 
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Discussion 

From April 2020 until February 2022 34% of COVID-19 

ICU patients in our hospital were culture or PCR positive in 

CAPA screening. In approximately 1/3 of patients a BAL was 
performed within 3 days after positive screening results and 

CAPA was confirmed in most of these patients (32/43 (74%)).
Overall CAPA frequency was 14%. COVID-19 treatment reg- 
imen or viral subtype had no effect on screening outcome or 
CAPA frequency. 

Screening for CAPA had a high NPV of 0.95. The overall 
PPV was 0.27 and was higher for culture-positive TA screen- 
ing samples (with or without positive PCR) than for PCR pos- 
itive only TA screening samples (0.42 and 0.12, respectively).
Based on our findings, screening by culture alone seems ac- 
ceptable. The PPV of a positive TA culture was 0.58 in an- 
other study,13 but definitions for CAPA included possible cases 
ased on TA GM as well, complicating a comparison. Also,
redictive values are by definition dependent on disease preva- 

ence in a population. The observed CAPA attack rate of 14%
as similar to previous (Dutch) studies,2 , 14–16 but higher than 

he prevalence reported in a systemic review and meta-analysis 
10% (95%-CI: 8–13%) with wide variation among studies 
0–34%)).4 Hence, local validation of a screening strategy is 
andatory. Screening by culture is a cheaper alternative than 

creening by PCR, but the time-to-result will be reduced by
CR. 
Given the fact that Aspergillus and other invasive fungal in-

ections can complicate various viral respiratory diseases, we 
alculated NPV and PPV of our screening strategy for different 
ypothetical frequencies of IA following viral infection (see 
upplemental Table S3 ). However, our screening strategy in- 
luded clinical decision making regarding BAL follow up diag- 

art/myae028_f4.eps
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ostics, which was influenced by increasing knowledge about
he disease. We acknowledge that this factor can be variable
etween hospitals, even within a country and also over time
uring a pandemic.2 Therefore, our strategy cannot simply be
dopted to screen for IA in the context of viral pandemic pre-
aredness. The high percentage of confirmed CAPA (74% of
atients undergoing confirmatory testing) demonstrates that
n most patients the indication for a BAL was correct. Screen-
ng might reduce the indications for BAL sampling. However,
he effect on reduction of BAL sampling is unknown since
here was no comparator arm. 

Most CAPA patients missed by screening were only BAL
M positive (11/13). Diagnosis of CAPA in this group remains
ncertain given that mortality was low compared to patients
ith BAL culture and/or PCR confirmed CAPA (33%, 61%,

nd 64%, respectively). Nevertheless, diagnosis of CAPA
ven remains uncertain in patients with culture and/or PCR
onfirmed CAPA as histopathological evidence of CAPA is
imited. Lower mortality in patients with only BAL GM con-
rmed CAPA has been observed before 2 questioning this diag-
ostic marker for CAPA if it is the only positive test result. No
ssociation was found between BAL GM concentration and
0-day ICU mortality in a study that compared Aspergillus
est profiles of CAPA patients and controls.17 Another study
howed that BAL GM was often found as an isolated marker
n patients with CAPA and poorly repeatable in sequential
amples.18 Whether a GM only result is a consequence of test
specificity or a marker of low fungal burden is unknown. 

Whether screening results in lower mortality due to ear-
ier diagnosis of CAPA cannot be concluded given the ob-
ervational nature of our study. In a multicentre study, that
ompared hospitals with a pre-emptive screening strategy for
APA to those with a reactive diagnostic strategy, no benefit
f screening was observed.2 However, as it was a retrospective
tudy screening protocols varied per hospital and because it
as observational, bias or confounding is likely. Furthermore,
ortality is high in patients with COVID-19 with CAPA, but
etermining the attributability of IA in the cause of death re-
ains difficult.19 

Moreover, in the case of CAPA, there is debate about the
linical entity itself.20 This is due to the variably reported
ttack rate of CAPA,1 , 4 , 20 the limited histopathological ev-
dence of IA 

21 , 22 and the observation that treatment with
n antifungal agent did not improve the outcome in CAPA
ases.2 , 23 A number of studies have suggested that CAPA
hould probably be seen as a disease with a continuous spec-
rum from colonisation to tissue invasion and angioinvasion
n which multiple factors contribute to Aspergillus becom-
ng invasive.17 , 24 However, distinguishing CAPA patients
ith IPA from those without IPA is challenging.1 Besides
nowledge on local epidemiology and clinical manifestations,
ombination testing might improve diagnosis of CAPA espe-
ially if tests show concordant results.1 , 18 For the purpose
f research standardisation, the 2020 ECMM/ISHAM con-
ensus criteria 11 were urgently needed, but an improvement
ased on recent findings may be warranted given the limited
pecificity of BAL GM. Interestingly, after large scale COVID-
9 vaccination, patients with CAPA are more likely to have
n EORTC/MSGERC host factor for IA.25 

The strength of our study is that our screening and con-
rmation strategy was unchanged over time, after some re-

uctance to perform BAL sampling in the first period. Hence,
e present a reliable overview of frequency of positive screen-
ng and confirmed CAPA over time. Our study has a number
f limitations. Firstly, our cohort includes patients who were
nclassifiable because no BAL sampling was performed. We
ssumed that this wasn’t done because there was no clinical
APA suspicion and these patients were included in the group
ot classified as having CAPA but this may not be true in all
ases. Secondly, the COVID-19 periods were based on viral
ubtype dominance and S AR S-CoV-2 treatment regimens in
hat period. Clinical information was limited so on patient
evel exact treatment for COVID-19 and S AR S-CoV-2 variant
ere unknown. 
In conclusion, screening for CAPA by regular and system-

tic collection of TA is a feasible and simple bedside method
o monitor COVID-19 patients admitted to the ICU and can
e performed by culture alone. A pre-emptive screening strat-
gy for CAPA or other fungal superinfections of severe viral
espiratory tract infections should include screening results in
ombination with clinical decision making, and should ideally
e standardised. Further research is necessary to improve ac-
uracy of CAPA diagnosis and to evaluate whether screening
mproves survival. 
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