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Abstract

Background: A high prevalence of COVID-19 associated pulmonary aspergillosis
(CAPA) has been reported, though histopathological evidence is frequently lacking. To
assess the clinical significance of Aspergillus species in respiratory samples of mechan-
ically ventilated COVID-19 patients, we implemented routine screening for Aspergillus
in tracheal aspirate (TA).

Patients/methods: From all adult COVID-19 patients admitted to the intensive care
unit (ICU), TA samples were collected twice a week for Aspergillus screening by PCR
and or culture. Bronchoalveolar lavage (BAL) sampling was performed in patients
with a positive screening result if possible. Clinical information was obtained from
the electronic patient record and patients were categorised according to the recently
published consensus case definition for CAPA.

Results: Our study population consisted of 63 predominantly (73%) male patients,
with a median age of 62 years and total median ICU stay of 18 days. Aspergillus spe-
cies were present in TA screening samples from 15 patients (24%), and probable CAPA
was diagnosed in 11 (17%) patients. Triazole resistance was detected in one patient
(14%). Concordance between TA and BAL was 86%, and all TA culture positives were
confirmed in BAL. We were able to withhold treatment in three of fifteen patients
with positive screening (20%) but negative BAL results.

Conclusions: Positive culture, molecular detection and or antigen detection of
Aspergillus species do not equal infection. Until we understand the clinical relevance
of Aspergillus species detected in respiratory samples of COVID-19 patients, minimal-
invasive screening by TA is a feasible method to monitor patients. Positive screening

results should be an indication to perform a BAL to rule out upper airway colonisation.
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1 | INTRODUCTION

Soon after the COVID-19 pandemic emerged worldwide a high
prevalence of COVID-19 associated pulmonary aspergillosis (CAPA)
was reported in patients admitted to the intensive care unit (ICU).%*
Histopathological evidence for CAPA has been described in a number
of cases.>” Furthermore, in recent years, severe influenza requiring
mechanical ventilation has been recognised as an independent risk
factor for invasive pulmonary aspergillosis (IPA) in immunocompetent
patients.8 However, histopathological evidence for CAPA is missing in
most reports.” Furthermore, a recent summary of available autopsy
findings in a series of seven cases did not show signs of invasive as-
pergillosis (IA) in patients with positive Aspergillus cultures and or posi-

).1° Neither was

tive bronchoalveolar lavage (BAL) galactomannan (GM
IA reported in a meta-analysis of pulmonary histopathology reports
of 129 COVID-19 patients,'* but standard histological stains for fungi
were not always performed. Hence, the true prevalence of invasive
infection in COVID-19 patients remains to be elucidated. Also, nei-
ther the benefit of (pre-emptive) antifungal treatment nor the conse-
quences of withholding treatment with antifungals are known yet.**2

Given that at the moment dexamethasone is the cornerstone
of treatment for patients with COVID-19 admitted to hospital re-

1314 more COVID-19 patients may be put at risk for

quiring oxygen,
IA. Diagnosing CAPA is difficult, because most patients do not fulfil
EORTC/MSGERC or AspICU criteria*151¢ and CT-scans usually re-
veal severely damaged lungs because of COVID-19.24 Hence, in clin-
ical practice, Aspergillus positive respiratory cultures from COVID-19
patients cause the following clinical dilemma: are we dealing with
colonisation or infection? Although, excess mortality has been ob-
served in patients with COVID-19 with suspicion of Aspergillus in the
lower respiratory tract.”*”*® During the COVID-19 pandemic diag-
nosing CAPA was further complicated by concerns about the risk
of SARS-CoV-2 infection in healthcare workers by aerosol forming
diagnostic procedures such as BAL sampling.’

Currently the optimal diagnostic workflow for CAPA is unknown,
but recently a CAPA consensus definition has been proposed.?° To fully
comprehend the diagnostic value and dilemmas of Aspergillus screening
we initiated systematic screening for Aspergillus in COVID-19 patients
admitted to the ICU of our academic medical centre. In this study, we
evaluated our CAPA screening programme after one month of screen-
ing for Aspergillus species by tracheal aspirate (TA). Our goals were to
assess the value of TA as a screening sample, to compare different di-
agnostic tests and to characterise patients with CAPA. By doing so, we

wanted to optimise the diagnostic workflow.

2 | MATERIALS AND METHODS

2.1 | Study setting and patient population

From all adult patients with PCR confirmed COVID-19, admitted to
the ICU of the Leiden University Medical Center (LUMC), TA sam-
ples were routinely collected twice a week for bacterial culture,

SARS-CoV2 PCR and Aspergillus screening (culture and Aspergillus
PCR). Few BAL procedures were performed at first, but BAL sam-
ples were obtained more frequently from mid-April. In comparison
to BAL sampling, TA sampling is a minimal-invasive method to collect
a specimen from the lower respiratory tract. Because TA samples
can be contaminated with micro-organisms from the upper respira-
tory tract, confirmation by BAL sampling was performed in patients
with a positive screening result if deemed possible and clinically in-
dicated. Treatment was initiated in patients with a positive culture
or PCR of BAL and in patients with a positive culture and PCR of
TA if no BAL was performed. The diagnostic workflow is depicted
in Figure 1.

2.2 | Study definitions

Categorisation according to CAPA consensus definition

All patients were categorised according to the recently published
case definition for CAPA.2° Tracheobronchitis was not observed.
Non-broncoscopic alveolar lavage was not performed, so patients
could not be classified as possible CAPA. Patients not meeting crite-
ria for probable CAPA with negative BAL diagnostics were consid-
ered colonised with Aspergillus. If no BAL was performed patients
were considered unclassifiable.

2.3 | Data collection

We obtained data from the laboratory information system about
bacterial culture, SARS-CoV-2 PCR, Aspergillus culture and resist-
ance, Aspergillus PCR and GM results between April 1st 2020 and
May 11th 2020 (first COVID-19 peak). These data included TA sam-
ples collected for Aspergillus screening as well as other samples col-
lected in this period. From patients with Aspergillus positive culture
and or PCR and or GM relevant clinical data about age, sex, under-
lying illness, diagnosis and follow-up (dates of first day of illness,
hospital admission, ICU admission, discharge and end of follow-up),
treatment (antifungal therapy, antibacterial therapy, treatment with
chloroquine or remdesivir, supportive care on ICU), and outcome
(death or alive) was obtained from the electronic patient records
(EPR). From patients with negative results, we obtained clinical data
from the LUMC-COVID-19 registration database, as well as all smok-
ing data. Follow-up was until discharge from hospital, transfer to an-
other hospital or death.

The study was approved by the hospitals’ Institutional Review
Board (Medical Ethical Committee Leiden-Delft-Den Haag, The
Netherlands). Patients were only included if they had consented via
an approved opt-out procedure active in our institution. If patients
weren't able to consent because they were intubated, the opt-out
procedure for clinical data for the National Intensive Care Evaluation
(NICE) was applied. The screening programme was implemented as
temporary routine care.
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FIGURE 1 Screening for and classification of COVID-19 associated pulmonary aspergillosis. TA, tracheal aspirate; BAL, bronchoalveolar
lavage; CAPA, COVID-19 associated pulmonary aspergillosis; GM, galactomannan; pos: positive; neg, negative. Patients were classified
according to the CAPA consensus definition.20. TBAL sampling was performed in patients with negative screening results if there was a
clinical indication, respiratory deterioration for example. ¥*One of the patients with probable CAPA had a positive cytological smear of BAL
showing branching hyphae. $In one of the patients branching hyphae were seen in a TA Gram stain

2.4 | Aspergillus culture, PCR techniques and
galactomannan

Both TA and BAL samples were inoculated on sheep blood agar,
chocolate agar, sheep blood agar with colistin and nalidixic acid and
cystine-lactose-electrolyte-deficient (CLED) agar and incubated
in an atmosphere enriched with 5% CO, at 37°C for two days ac-
cording to standard protocol. In addition, BAL samples were in-
oculated on Sabouraud dextrose agar with gentamicin (0.04 g/L)
and chloramphenicol (0.5 g/L) and incubated at 28°C and 35°C for
10 days. Tracheal aspirate samples were inoculated on Sabouraud
agar and were incubated at 35°C for 10 days if they were part of the
Aspergillus screening programme.

Triazole resistance screening was performed on Aspergillus
fumigatus isolates by a four-well agar plate with voriconazole
(2 mg/L), itraconazole (4 mg/L), posaconazole (0.5 mg/L) and a
growth control (VIPcheck™, Groningen, The Netherlands). Up to
four colonies of an isolate were inoculated on Sabouraud agar and
after growth of the isolate a suspension of 0.5 - 2.0 McFarland was
prepared which was added to the four-well agar plate. MIC testing
was performed on isolates by microbroth dilution (MD) method
according to EUCAST by a reference laboratory (Radboudumc,
Nijmegen, The Netherlands).

The PathoNostics AsperGenius® PCR assay (PathoNostics,
Maastricht, The Netherlands) was performed according to the
manufacturer's instructions for detection of Aspergillus fumigatus
complex, Aspergillus terreus and Aspergillus species, and TR34/L98H
and Y121F/T289A resistance mutations. Samples were diluted in

TE buffer and bead beating was carried out. DNA extraction was
performed with the MagNA Pure 96, DNA and viral NA small vol-
ume kit. Galactomannan testing was performed using the Platelia™
Aspergillus Ag (Bio-rad laboratories, Marnes-la-Coquette, France).
A GM optical density (OD) cut-off of = 0.5 was deemed positive.

2.5 | Statistical analysis

Categorial variables were described as numbers and percentages.
Continuous variables were described as median and interquartile
range (IQR) or range. Patients with positive and negative Aspergillus
culture, PCR or GM results were compared with the Mann Whitney
U-test for numerical data and Chi-square test or Fisher's exact test
for categorical data depending on sample size. A p-value of less
than 0.05 was considered statistically significant. All statistical
analyses were performed with SPSS statistics (IBM SPSS Statistics
for Windows, version 25.0. Armonk, NY: IBM Corp).

3 | RESULTS
3.1 | Clinical characteristics
3.1.1 | Patient characteristics

From 1 April 1st to May 11th 2020 63 COVID-19 patients were ad-
mitted to the ICU of the LUMC. Median age of the patients was
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TABLE 1 Patient characteristics of COVID-19 patients with positive and negative Aspergillus culture, PCR or galactomannan results on

tracheal aspirate or bronchoalveolar lavage samples

Significance
Aspergillus positive Aspergillus negative level,
(n=19) (n=44) Total (n = 63) p-value’

Baseline

Age, years (IQR) 65 (59 - 72) 61 (55 - 68) 62 (57 -71) .076%

Sex, male (%) 14 (73.7) 32(72.7) 46 (73.0) 937°
Underlying iliness

Chronic pulmonary disease or asthma (physician 7 (36.8) 10 (22.7)¢ 17 (27) .247°

diagnosed), n (%)¢

Chronic liver disease, n (%) 0 0 0 N/A

Diabetes, n (%)° 5(26.3) 10 (22.7)° 15(23.8) 1.000¢

HIV/AIDS, n (%) 0 o 0 N/A

Malignant neoplasm, n (%)% 2 (10.5) 3(6.8)¢ 5(7.9) .643¢

Organ transplant, n (%) 1(5.3) 1(2.3) 2(3.2) .516°¢
Smoking

Current smoking, n (%)° 0 3(6.8) 3(4.8) .537¢

Stopped smoking, n (%)¢ 7 (36.8) 9 (20.5) 16 (25.4) .263¢

Smoking unknown, n (%) 7 (36.8) 22 (50) 29 (46) 3360
Supportive care on ICU

Invasive ventilation, n (%) 19 (100) 44 (100) 63 (100) 1.000

Prone position, n (%) 19 (100) 37 (81.4) 56 (88.9) .091°¢

Renal replacement therapy or dialysis, n (%) 6(31.6) 7 (15.9) 13(20.6) .186°

Extracorporeal support, n (%) 1(5.3) 0 1(1.6) .302°¢

Vasoactive drugs, n (%) 15 (100) 48 (100) 63 (100) 1.000
SARS-CoV-2 PCR®

SARS-CoV-2 PCR conducted during ICU stay, n 19/19 (100) 40/44 (90.9) 59/63(93.7) .306°

Positive SARS-CoV-2 PCR result, n 18/19 (94.7) 28/40 (70) 46/59 (78) 44°

Ct-value peak load, median (IQR) 24.3(22.6 - 28.3) 27.7 (23.6 - 30) 25.7 (23.2 - 29.5) 1052

SARS-CoV-2 PCR became negative during ICU stay, n 8/18 (44.4) 11/28 (39.3) 19/46 (41.3) 729°
Outcome

Mortality, n (%) 10 (52.6) 9 (20.5) 19 (30.2) 011

Note: Abbreviations: ct-value, cycle threshold valuelCU, intensive care unit; IQR, interquartile range.

91n the Aspergillus negative group the medical history was unknown for asthma (n = 1), diabetes (n = 1), HIV/AIDS (n = 1)) and malignant neoplasm

(n=2).
¢ Unknowns were left out for the statistical test.

f Of the patients with a malignant neoplasm, four patients had a solid organ malignancy < 5 years ago and one patient had a haematological
malignancy and was recently treated by undergoing an allogenic stem cell transplantation. At presentation in hospital, the patient did not have

leukopenia and was not treated with immunosuppressive drugs.

& SARS-CoV-2 PCR results of tests performed during stay in our hospital.
2 Mann Whitney U-test; °Chi-square test; “Fischer's exact test.

* Statistically significant (p-value < .05).

62 years, 73% were male and median ICU stay was 18 days (range 3-
55). Additional patient characteristics are depicted in Table 1. Classical
risk factors for invasive fungal infection'® were present in three (5%)
patients (1 allogeneic stem cell transplantation, 2 organ transplant).
During the study period, Aspergillus species were identified in
TA screening by culture and or PCR in 15 of 63 (24%) patients.
Probable CAPA was diagnosed in 11 of 63 (17%) patients and

included four patients who were only BAL GM positive and neg-
ative in screening. Patient categorisation is depicted in Figure 1.
The clinical characteristics of the patients with positive Aspergillus
diagnostics are described in more detail in Table S1. At the time
of diagnosis of CAPA CT-scanning revealed COVID-19 associated
radiographic abnormalities in nine of these patients and cavita-
tion in one patient, who was also diagnosed with a bacterial lung
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abscess due to Streptococcus anginosus. Six patients with probable
CAPA received antifungal treatment. Of the six patients who were
treated with antifungals four died, three within one week after
treatment initiation and one 23 days after treatment initiation
without any signs of antifungal treatment failure as follow-up sam-
ples had become negative. The five untreated patients included
three patients with only a positive GM in BAL without other pos-
itive Aspergillus diagnostics, one patient positive in screening and
only GM positive in BAL and one patient who was screening and
BAL PCR positive. No treatment was given because of clinical
improvement and or negative follow-up diagnostics in three pa-
tients of whom 2 survived, treatment restrictions in one patient
who died shortly thereafter and because of death on the day of
BAL results in another patient. One autopsy report was available
from a patient with probable CAPA who was only BAL GM positive,
but no histological evidence of IA was described. Mortality was
significantly higher in patients with probable CAPA (7/11, 63.6%)
compared to patients not classified as having an infection (12/52,
23.1%) (p-value: 0.013). Triazole resistance was detected in one
patient (1/7 culture-positive patients, 14.3%) by VIPcheck™ and
MD in a TA screening sample and a T289A/Y12F mutation was de-
tected in two other TA samples from the same patient, but A fumi-
gatus was not isolated from these samples. Bronchoalveolar lavage
was not performed in this patient.

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

3.1.2 | Time to positivity

Screening for IA was initiated at a median of 16 days from first
day of illness (FDI) of COVID-19 (range: 7 - 21). The median dura-
tion from FDI and ICU admission to first positive screening result
was respectively 18 days (range: 11 - 27) and 8 days (range: 2 -
23), Figure 2. Twelve patients were positive in the first screening
sample. Two patients were first positive in the second screening
sample and one patient was first positive in the seventh screen-
ing sample. Overall 13/15 (87%) patients were found positive in
screening within the first 14 days after ICU admission, including
6/7 patients with probable CAPA who were positive in screen-
ing. Two patients became positive later, a patient with probable
CAPA (positive screening on day 20) who was admitted to the ICU
eight days before the screening programme was initiated and a pa-
tient who was not classifiable (positive screening on day 23) who
was admitted to the ICU in the screening period. Of the seven
patients with probable CAPA who were positive in screening, two
remained culture and PCR positive and three remained PCR posi-
tive in all subsequent TA samples collected during their ICU stay.
Of the six patients who were unclassifiable two remained culture
and PCR positive. Both colonised patients remained positive in
screening. The time to positivity for the different groups is pre-
sented in Figure S1.
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FIGURE 2 Cumulative incidence of positive screening results from ICU admission. Positive screening result: tracheal aspirate PCR or
culture positive. Follow-up time for patients with negative screening was until last negative culture and or PCR
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3.2 | Diagnostics

3.21 | Samples

In total, 421 samples were collected for culture and or PCR which
included 366 (86.9%) TA and 55 (13.1%) BAL samples. The median
number of samples collected per patient was five (range: 1-20). A
total of 412 (97.9%) samples were cultured, of which 26/412 (6.3%)
were positive. Aspergillus PCR was performed on 267/421 (63.4%)
samples, of which 49/267 (18.4%) were positive. PCR detected A
fumigatus complex (n = 45) A terreus (n = 3) and Aspergillus species
(n = 1). Of the remaining samples 215 were negative and three were

not interpretable.

3.2.2 | Fungal typing and resistance

Aspergillus species were cultured from 26 samples (21 TA and 5
BAL). A fumigatus was cultured most often (n = 26). A. niger (n = 1)
and A. flavus (n = 1) were cultured as well. The VIPcheck™ was per-
formed in 23/26 (88%) and 22 A. fumigatus isolates were susceptible
in this screening. One isolate was resistant to triazoles and this was
confirmed by MD. Microbroth dilution was performed 17 times for
15 A. fumigatus isolates, 1 A. niger isolate and 1 A. flavus isolate, and
results for first cultured TA and BAL isolates from culture-positive
patients can be found in Table S1. Cyp-51 PCR was performed on 28
samples (21 TA and 7 BAL), was successful in 18/28 (64%) samples
and could not be interpreted in 10 samples (5 TA and 5 BAL) due to
low loads. A T289A/Y121F mutation was detected in 2/18 samples,
both from the same patient, but A. fumigatus was not cultured from

these samples.

3.2.3 | Galactomannan

Galactomannan was performed on 36 BAL samples from 16 patients
and was positive (OD cut-off > 0.5) in 9/19 samples from patients
with positive Aspergillus screening in previous TA samples. Positive
results were also seen in 7/17 samples from Aspergillus screening
negative patients. Using a GM OD cut-off of > 1 these numbers
would have been 8/19 samples and 5/17 samples respectively. PCR
was positive in two of these sixteen GM-positive BAL samples,
culture was positive in one sample and both PCR and culture were
positive in four samples. The four patients with positive GM as the
only positive finding in BAL had negative Aspergillus screening in
TA. Details can be found in Table S1. Serum was not routinely col-
lected for GM testing. In the beginning of April, at the start of the
screening programme, serum samples from all COVID-19 patients
were tested once, and all were negative (GM OD < 0.5) in spite of
positive cultures and or PCR of TA in nine patients (data not shown).
Galactomannan was performed on a random subset of 10 TA sam-
ples but was weakly positive in three samples (GM OD values: 0.51,
0.66 and 1.36) despite negative PCR and culture, possibly due to the

TABLE 2 Concordance of sequentially collected tracheal
aspirate and bronchoalveolar lavage samples

BAL PCR/culture
% TA finding
TA PCR/culture +/+ t == confirmed in BAL
+/+ 3? 0 0 100
+/- 0 3° 2° 60
-/~ 0 1¢ 13¢ 93

Note: Abbreviations: =/-, PCR and culture negative; +/-, PCR
positive and culture negative; +/+, PCR and culture positive; BAL,
bronchoalveolar lavage; CAPA, COVID-19 associated pulmonary
aspergillosis; GM, galactomannan; TA, tracheal aspirate.

2Samples from three patients with probable CAPA.

bSamples from three patients with probable CAPA; one patient was
culture positive in a later collected BAL sample.

“Samples from two patients; 1 colonisation and 1 sample from a patient
later diagnosed with probable CAPA based on positive GM in a later
collected BAL sample.

4Follow-up sample from a patient with probable CAPA who was TA PCR
positive in an earlier sample.

€Samples from eight patients; 3 negative and 5 patients with probable
CAPA. Of the patients with probable CAPA, three patients were only
BAL GM positive but negative in all TA screening sample, one patient
was TA PCR positive in an earlier sample and only BAL GM positive and
one patient was PCR positive in earlier TA and BAL samples.

bloody aspect and mucus in the samples and was not performed on

this type of sample any further.

3.24 | TA-BAL concordance

Concordance of TA and BAL samples could only be analysed in a
select group, because mostly BAL sampling was performed if TA
screening samples were positive. Bronchoalveolar lavage samples
were collected within three days after TA samples for culture and
Aspergillus PCR 33 times from 19 different patients for confirmation
of a positive TA result, or because there was another clinical indica-
tion to perform a BAL. In 22 instances both PCR and culture had
been performed on both TA and BAL. Overall concordance between
BAL and TA was 19/22 (86%). One additional positive was detected
by BAL PCR from a patient with probable CAPA who had been posi-
tive in TA screening in earlier samples. No additional positives were
detected by BAL culture compared to TA. BAL confirmed all culture-
positive TA samples, but confirmed three of five TA samples that
were only PCR positive. Overall TA-BAL concordance for both PCR
and culture is depicted in Table 2 and in Table S2.

3.2.5 | PCR-culture concordance

For 255 samples results were available for both PCR and culture on
the same sample, and overall concordance was 225/255 (88.2%).
Altogether, PCR detected 28/255 (11.0%) additional positive samples
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(22 TA and 6 BAL) and missed two culture positives (1 TAand 1 BAL).
The additional PCR-positive samples were from patients who were
classified as probable CAPA (n = 6), colonisation (n = 2 and unclas-
sifiable CAPA (n = 3). The samples positive in culture only were a TA
sample from a patient who was not classifiable and a BAL sample
from a patient with probable CAPA. From this last patient three BAL
samples were collected simultaneously and Aspergillus was detected

in 2/3 samples, one by culture and one by PCR.

3.2.6 | Time to diagnostic result

Aspergillus was detected by PCR and culture in TA screening sam-
ples of six patients. All were PCR and culture positive in the same
screening sample, except for one patient with probable CAPA. In this
patient the first positive screening result by culture was in a sample
collected 17 days after the sample of the first positive screening by
PCR and after five sequential PCR-positive and culture-negative TA

samples.

4 | DISCUSSION

Whether CAPA is a clinical entity that requires routine screening,
invasive diagnostics and treatment is yet unknown. One month of
systematic screening yielded positive findings for Aspergillus in 24%
of COVID-19 patients admitted to the ICU. Most patients (87%)
were found positive in screening within 14 days after ICU admis-
sion. Probable CAPA was diagnosed in 17% of patients, all of whom
did not have EORTC/MSGERC host factors for IPA. A large number
of samples, 421 in total, were collected for culture and or PCR with
a median of five samples per patient. Most isolates were suscep-
tible to triazoles. Concordance between culture and PCR was high
(88.2%). We were able to withhold treatment in three of fifteen pa-
tients with positive screening (20%) because of negative BAL results,
of whom two improved clinically and one died, which demonstrates
the added value of BAL sampling. Overall mortality was 30% and
mortality was significantly higher in patients with probable aspergil-
losis (64%) compared to patients not classified as having an infec-
tion (23%). Establishing the cause of death was not possible, because
mostly autopsies were not performed. These numbers are compara-
ble to other studies in which excess mortality is seen in patients with
COVID-19 with suspicion of Aspergillus in the lower respiratory tract
as well, ranging from 44% (30-day mortality) to 71%.”'8 To what
extent Aspergillus infections contribute to mortality in ICU patients
with COVID-19 and whether antifungal treatment can reduce mor-
tality remains uncertain.

The observed CAPA prevalence in this cohort is within the range
reported by other clinical centres from different parts of the world
who have reported CAPA prevalence percentages in ICU patients
ranging from 3.8 - 35%,%122 put prevalence numbers should be in-
terpreted with caution as clinical and mycological evidence of CAPA
varied per study. Currently, the optimal diagnostic workflow for

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

CAPA is unknown and still under investigation as described in recent
literature.”'”?22* Optimal diagnostics depend both on feasibility for
the treating physician and laboratory as well as the diagnostic value.
Regarding feasibility, TA samples can be safely and relatively easily
obtained from intubated COVID-19 ICU patients. Fungal culture is
a simple and cheap method and prolonged incubation did not seem
necessary in our cohort, with all cultures becoming positive within
three days (data not shown). With regard to the diagnostic value,
TA screening is not sufficient based on the current CAPA consensus
definition for which bronchoscopy for inspection of the trachea and
BAL sampling or non-bronchoscopic lavage is required,?® but may be
a screening step to reduce the number of patients in whom invasive
BAL sampling is required.

Before the CAPA consensus definition was published, an expert
opinion on IAPA in ICU patients proposed a CAPA definition, await-
ing further histopathological studies, in which the entry criterion
was pulmonary infiltrates with at least one of the following: positive
GM in serum > 0.5 or BAL 2 1, positive Aspergillus culture of BAL
(or if BAL is not performed sputum or TA), or cavitation in an area
of pulmonary consolidation patients.?® Bartoletti and colleagues
categorised intubated COVID-19 patients according to this CAPA
definition.” Probable CAPA was diagnosed in 27.7% patients, whilst
by applying the AspICU criteria 17.6% were diagnosed with putative
IPA.” They concluded that the use of the newly proposed CAPA cri-
teria may allow earlier diagnosis than AspICU,” but it may also lead
to overtreatment. One of the difficulties is that most COVID-19
ICU patients have extensive pulmonary infiltrates. Also, Aspergillus
is considered a core component of the basal oral microbiome,” and
false-positive BAL GM results occur in patients without pulmonary
aspergillosis due to various causes.?’ By applying a GM cut-off value
of one, still 32% false-positive results were seen even in a population
including patients with classical host risk factors for 1A.2° By apply-
ing the CAPA consensus definition?® four cases of probable CAPA
were found that were only BAL GM positive and had been missed in
screening. These patients were not (or only shortly) treated, because
IA was not suspected because of spontaneous clinical improvement
in one patient who survived, because of treatment restrictions in an-
other patient who died with no evidence of |A in autopsy reports and
because of negative follow-up diagnostics in 2 patients who died. It
is our suspicion that the BAL GM was false-positive in these cases,
but CAPA cannot be completely ruled out in the two patients that
died without autopsies.

False-positive GM results can occur in patients colonised with
Aspergillus, patients infected or colonised with other fungi such as
penicillium, contamination of food and in the past false-positive
results were seen in patients treated with co-amoxicillin/clavulanic
acid and piperacillin-tazobactam or gluconate-containing solutions
containing GM antigens.?428 However, these reasons do not explain
the positive results in our cohort. In our validation, TA GM resulted in
false positives as well possibly due to the bloody aspect and mucus
in the samples. For this reason, we would not advise to perform TA
GM. Besides, TA is not validated for the GM assay. The role of BAL
GM testing in this setting needs further evaluation.
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Concordance between culture and PCR was high (88.2%) for
both TA and BAL, and most discordant samples were samples that
were PCR positive and culture negative. PCR has the advantage of
a rapid time to results and possibly a higher sensitivity compared to
culture. However, culture was positive within two days in the major-
ity of patients and hence the increased speed of diagnostics com-
pared to culture is highly dependent on PCR logistics. The added
value of PCR for Aspergillus screening on TA remains uncertain. Of
the eight patients found positive only by PCR, four were shown to
be probable CAPA in BAL samples and two received antifungal treat-
ment, whereas six were left untreated of whom four survived with-
out antifungal treatment suggesting positive Aspergillus PCR on TA
may reflect colonisation or contamination of the upper airways. On
the other hand, two patients with probable CAPA who were treated
with antifungals were only PCR positive in screening and in subse-
quent BAL samples as well and one patient with probable CAPA had
several PCR-positive samples before becoming culture positive sug-
gesting it may precede CAPA diagnosis by other tests. PCR of BAL is
included in the new CAPA consensus definition and a single-positive
Aspergillus PCR in BAL (ct-value < 36 cycles) is considered mycologi-
cal evidence for probable CAPA.?° Before the CAPA consensus defi-
nition was available, we also considered it likely for patients with a
positive BAL PCR to have CAPA and treated patients accordingly.
PCR is included in the revised EORTC/MSGERC," but not in the
AsplCU criteria.® Gangneux and colleagues have proposed two dif-
ferent adaptions of the AsplCU criteria by adding i) PCR on TA or ii)
PCR TA in combination with blood biomarkers (GM or PCR).?’ By
incorporating PCR on TA into the algorithm the amount of patients
with putative CAPA increased from 9/45 to 15/45. By incorporating
PCR on TA and blood biomarkers into the algorithm the percentage
of putative patients subsequently decreased from 9/45 to 7/45. The
authors were in favour of the latter algorithm, because it allowed
further categorisation of the patients with a better relevance than
the regular AsplCU classification and had better specificity than PCR
on TA alone and this is in accordance with our cohort in which several
patients with only a positive PCR on TA were considered colonised,
were not treated and had a favourable outcome. In our cohort blood
GM was not of added value because it lacked sensitivity, but it was
tested in a limited population.

Previous studies on diagnosis of CAPA used various definitions
for CAPA and thus sensitivities and specificities of the various di-
agnostic tests for IA in COVID-19 patients cannot be reliably com-
pared between studies and cannot be extrapolated from studies
on IA in other settings. In general, sensitivity of culture is limited,
around 50%°%° and a positive culture cannot discriminate between
infection and colonisation,3" but specificity does increase in immu-
nocompromised patients.>? In a prospective pilot study including
44 haematological and non-haematological ICU patients, catego-
rised according to AsplCU criteria, BAL culture, PCR and GM (OD
cut-off 1) and serum GM (OD cut-off 0.5) were compared for pu-
tative IPA.%% Sensitivity (range) for BAL PCR, BAL GM and serum
GM was 44% (13.7 - 78.8), 55.6% (21.2 - 86.3) and 33.3% (7.5-70.1)
respectively. Specificity (range) for BAL PCR, BAL GM and serum

GM was 94.3% (80.8 - 99.3), 94.3% (80.8 - 99.3) and 97.1% (85.1-
99.9) respectively.

In our centre patients were screened for Aspergillus twice weekly
and a BAL was performed if screening was positive, or if there was a
clinical indication for a BAL. Although a BAL is a high risk procedure
with formation of aerosols which some guidelines advise against,'’
we consider it necessary in the management of COVID-19 patients
with positive Aspergillus screening results. By applying our diag-
nostic workflow we were able to withhold treatment in three of
fifteen patients with positive screening (20%). These patients were
only PCR positive in screening. Of these patients two improved
clinically and were discharged from the ICU and one patient died.
Although TA is considered to be a sample from the lower respira-
tory tract there is more chance of contamination by tube colonisa-
tion with micro-organisms from the oropharyngeal cavity. A recently
published paper proposed a screening and diagnostic algorithm for
CAPA that is similar to our proposed workflow.?* In the algorithm-
positive Aspergillus sputum or TA culture and or clinical deterioration
should be an indication to perform a BAL.

In severely ill COVID-19 patients with positive Aspergillus
screening results, withholding antifungal treatment based on only
moderately validated algorithms is difficult in clinical practice. In
our cohort treatment was withheld in five of six patients (2 proba-
ble CAPA, 2 colonisation and 1 unclassifiable patient) with positive
screening because no clinical signs of CAPA were present of whom
four (1 probable, 2 colonisation and 1 unclassifiable patient) had a
favourable outcome.

Until there is more clarity about CAPA we will continue screen-
ing COVID-19 patients admitted to the intensive care of the LUMC
by culture and PCR on TA. Especially now patients admitted to the
intensive care for mechanical ventilation are treated with six mg of
dexamethasone (equivalent of 37.5 mg prednisone) for a maximum
duration of 10 days.13’14 Prolonged use of corticosteroids is a classi-
cal risk factor for IA.X If this puts COVID-19 patients on the ICU at
an additional risk for IA remains to be studied. However, our screen-
ing in its current extensive form may be simplified for a number of
reasons. The large amount of samples pose an extra workload on
top of the regular and COVID-19 associated workload of the labo-
ratory. Since 87% of patients had positive screening results in the
first 14 days after ICU admission by PCR or culture, screening might
only be necessary in the first two weeks after ICU admission. Finally,
screening was done with a combination of both PCR and culture, but
screening by culture alone is a possibility. This would cut costs and
spare equipment necessary for the PCR. The added value of blood
and BAL GM testing seems limited but requires further study.

Due to limited clinical experience with CAPA and new insights
during the COVID-19 pandemic, few BAL procedures were per-
formed in the first months of the pandemic. Because of this clinical
decision making could only be based on TA results. We argued that if
both TA PCR and culture were positive there was a relevant possibil-
ity of actual infection with Aspergillus species and therefore patients
were treated as CAPA in case of compatible signs and symptoms,
but colonisation cannot be ruled out. Finally, for clinical information
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about the patients with positive screening and motivation to start
antifungal treatment for example we had to rely on information reg-
istered in the EPR.

By screening for Aspergillus twice weekly by PCR and culture
Aspergillus was detected in respiratory samples of nearly 25% of pa-
tients with COVID-19 admitted to the ICU. Probable CAPA was di-
agnosed in 17%. Clearly, positive culture, molecular detection (PCR)
and/or antigen detection (GM) as evidence of presence of Aspergillus
species, do not equal infection. Our findings emphasise that robust
and validated definitions and histopathological studies are urgently
needed as well as more information on the precise diagnostic per-
formance of serum and BAL GM in this setting. Until we can better
comprehend the clinical relevance of Aspergillus species detected in
respiratory samples of COVID-19 patients, minimal-invasive meth-
ods like screening by TA can be performed to monitor patients.
Positive screening results should be a trigger to perform a BAL for
culture and, if possible, PCR.
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