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To the Editor:

Since the beginning of the coronavirus disease 2019 (COVID-19) pandemic, patients with acute
respiratory distress syndrome (ARDS) due to SARS-CoV-2 showed a profoundly altered immune system
and received immune-modulating therapeutic interventions. This enhanced the susceptibility for
fungal superinfections [1, 2]. With the first reports of COVID-19-associated pulmonary aspergillosis
(CAPA) the 2020 ECMM/ISHAM consensus criteria were proposed [3] and Aspergillus tracheobronchitis
(ATB) was distinguished as a sub-entity in CAPA [4-6]. During bronchoscopy, ATB presents as
ulcerations, pseudomembranes, plaques, eschars possibly combined with tracheal stenosis [5]. Facing
the risk of transmission and SARS-CoV-2-infection of examiners during bronchoscopy, blind suctioning
of upper airway samples has been implemented with tracheal aspirates (TA) and non-bronchoscopic
lavages. These techniques preclude inspection of the airways, so that ATB cannot be diagnosed beyond
the level of suspicion. To study ATB in CAPA patients, we performed a retrospective, single-centre

cohort study.

We analyzed patient data treated for COVID-19-associated ARDS at the 14-bed internal
medicine ICU at our hospital. Study period was 03/2020 to 02/2021. Patients were included in the

FungiScope® registry (https://www.clinicaltrials.gov; NCT01731353; EC approval: 05-102) [7]. Data on

patient demographic characteristics were collected by chart review. Non-bronchoscopy data has in
part been analyzed and published [2, 8]. At the pandemic’s beginning, we implemented a screening
for CAPA (biweekly analysis of TA for Aspergillus-PCR, galactomannan and culture combined with
serum galactomannan). In case of positive results, bronchoscopy and bronchoalveolar lavage (BAL)
followed. Aspergillus 28S rDNA-Realtime PCR was established as in-house assay. Species identification
was performed by artus® Aspergillus diff. RG PCR kit (Qiagen, Hilden, Germany). For galactomannan
testing from serum, BAL fluid or TA, Platelia Aspergillus antigen ELISA (Bio-Rad Laboratories Inc,
Hercules, USA) was used. In culture positive cases the VIPcheck™ (Mediaproducts BV, Groningen, the
Netherlands) was used to rule out resistance [9]. To define CAPA, the 2020 ECMM/ISHAM consensus

criteria were applied [4]. To analyse the demographic and clinical characteristics, we describe
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categorical variables using frequencies and percentages and continuous variables using medians,
interquartile ranges (IQRs) and range. SPSS v25.0 was employed for statistical analyses (SPSS, IBM
Corp., Chicago, USA). Figure 1 b-e are included for illustration purposes by courtesy of SvS and PB. The
clinical autopsy was performed at the Institute of Pathology at the RWTH Aachen, Germany following

approval by the next of kin (EC approval: EK 304/20, EK 119/20, and EK 092/20).

A total of 69 COVID-19 patients were admitted to our ICU during the one-year observation period.
There were a higher prevalence of males (COVID-19: n=40, 76.9%; CAPA: n=12, 70.6%) and higher
proportion of patients with Caucasian ethnic background in both cohorts, respectively (COVID-19:
n=32, 61.5%; CAPA: n=11, 64.7%). Patients diagnosed with CAPA had longer stays on the ICU, with a
median of 20 days (IQR: 14 — 22, range 4 — 255). The majority of patients received prone positioning
cycles due to ARDS during their ICU stays (COVID-19: 86.5%, CAPA: 88.2%) and a total of 11 patients
(COVID-19: n=9, 17.3%; CAPA: n=2, 11.8%) underwent extracorporeal membrane oxygenation. COVID-
19 treatment approaches were mainly dexamethasone (COVID-19: n=39, 75%; CAPA: n=10, 58.8%) and
remdesivir (COVID-19: n=13, 25%; CAPA: n=6, 35.3%). A total of 66 of 69 (95.7%) patients received
antibiotic therapy during the stay on ICU. Of those, 53 patients were treated with more than one
antibiotic. Median treatment duration was 14 days (IQR: 9.25 — 17.75; range 2 — 49) for the total cohort.
In CAPA patients, median duration was 15.5 days (IQR: 12.25 — 24 range 5 — 49) vs non-CAPA patients
14 days (IQR: 8.75 — 17, range 2 — 48).A proportion of 13.5% of non-CAPA patients (8/52) showed an
immunocompromising underlying disease, versus 11.8% (2/17) in the CAPA cohort. Upon admission, a
median Pa0,/FIO; index of 150.5 (IQR: 108 — 205, range 37.6 — 453) was documented for non-CAPA
patients in comparison to 97.3 (IQR: 81.4 — 173, range 42.9 — 314) for CAPA patients. Bronchoscopy
was performed in 40 (76.9%) of the non-CAPA and all (n=17) CAPA patients. White-coloured plaques
were reported in 41.2% of CAPA cases (n=7). Pseudomembranes were reported in 41.2% CAPA patients

and the clinical diagnosis of tracheobronchitis was established in 47.1% of CAPA patients (Figure 1a).

We observed 8/17 (47.1%) CAPA patients with clinical diagnosis of ATB during bronchoscopy. Non-ATB

CAPA patients had longer ICU stays with a median of 21 days (IQR: 19 — 28, range 4 — 255), in contrast



to CAPA ATB patients with 14.5 days at the ICU (IQR: 11 — 21, range 6 — 64). This is mirrored in a higher
D30-mortality in ATB patients (ATB: D30-mortality: n=5, 62.5%; overall mortality (OM): n=6, 75%; vs.
non-ATB: D30-mortality: n=2, 22.2%; OM: n=3, 33.3%; OM: all CAPA patients: 52.9%). Bronchoscopy
revealed tracheal plaques in all ATB patients, with 7 (87.6%) of white and 1 (12.5%) of dark colour.
Additionally, pseudomembranes (n=7), thrombi (n=4) and a vulnerable or bloody trachea (n=7) were
reported in 87.5%, 50% and 87.5%, respectively. In 6/8 (75%) tracheobronchitis patients BAL samples
were tested positive for galactomannan-antigen index of >0.5. Seven cultures (87.5%), as well as 8 PCR
tests from patients with tracheobronchitis were positive for Aspergillus (n=8, 100%). Conversely, half
of the non-tracheobronchitis group yielded a positive culture (n=5, 55.6%) or PCR (n=5, 55.6%) result.
The dominant species identified was Aspergillus fumigatus (tracheobronchitis: n=7, 87.5%; non-
tracheobronchitis: n=3, 33.3%). Serum galactomannan showed significant limitations since only one
ATB patient and two without tracheobronchitis tested positive. In contrast, 6/8 ATB patients had
positive BAL galactomannan and all had a positive culture (no azole resistance detected). Applying the
ECMM/ISHAM definitions, all CAPA patients had probable disease. Antifungal drugs used were
voriconazole (ATB: n=6, 75%; non-tracheobronchitits n=6, 66.7%) and isavuconazole (ATB n=4, 50%;

non-tracheobronchitis: isavuconazole n=2, 22.2%).

During the first wave of the COVID-19 pandemic, bronchoscopy has played a limited role. By lack of
tracheal examination, local ulcerations, pseudomembranes and lesions are not diagnosed (Fig.1).
Samples obtained by TA or non-bronchoscopic lavages show reduced diagnostic quality. Our cohort
presents insights about ATB in CAPA patients. Our results suggest that identifying the presence of
plagues and ulceration are crucial for the diagnosis (Fig.1) [6]. The use of CT scans can hardly
differentiate ATB from non-ATB patients. Especially Aspergillus-PCR and culture, support ATB
diagnosis. On the contrary serum galactomannan showed low diagnostic value, possibly due to its lack
of accuracy in non-haematological patients [10]. Nevertheless, identification through biomarkers may
be limited in their diagnostic accuracy due to CAPA stage specificity, so that in case of persistence or

progression of tracheobronchitis or space-consuming lesions, a sampling by brush or even biopsy



should be considered [6]. The D30 mortality as well as the OM rate of patients with ATB was

significantly higher, emphasizing the importance of early diagnosis and targeted treatment.

This single-center study has several limitations. The data reflect a real-life scenario of critically ill
COVID-19 patients, that did not undergo a pre-defined bronchoscopy protocol. The indication for
bronchoscopy was adjusted to the clinical and respiratory status of the patient, triggered by positive
results from tracheal aspirates and persisting fever or high volume of mucous, blood or other fluids.
Tracheobronchitis in our cohort was a clinical and visual diagnosis that has been combined with the
respective microbiological results taken during the procedure and not by biopsy to avoid severe injury

and consecutive deterioration.

This study reveals the importance of predefined diagnostic strategies, such as indications for
bronchoscopy, to identify ATB patients. ATB produces tracheal plaques, pseudomembranes and
increased tracheal bleeding and is observed in a very ill patient subpopulation (Pa0,/FIO, index median
84.6). The combination of severely impaired respiratory function and aspergillosis leads to higher
mortality. Key challenges for future research comprise identifying predisposing factors, also with
regard to immunosuppressive treatments such as IL-6, JAK and IL-1 inhibitors, and strategies to reduce
CAPA prevalence. Prophylaxis and treatment of CAPA and ATB should be evaluated in prospective

trials, especially the use of inhaled antimycotics could play a major role in patients with ATB.
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Figure 1: Aspergillus Tracheobronchitis

a) Bronchoscopy image of a patient with Aspergillus tracheobronchitis with tracheal ulceration and
plague formation (arrow). Bird’s-eye view from the middle section of the trachea down into the
primary bronchi separated by the carina (*). Notice the mucosa as it should be at the carina (*) and
at the surrounding of the arrowhead (» ), which points to the ventral part of the trachea.

b) Macroscopic image of tracheal luminal surface at autopsy from a patient with invasive Aspergillus
tracheobronchitis and invasive pulmonary aspergillosis. Note erosion and ulceration of tracheal
mucosa with exposition of tracheal cartilage (arrowhead), partially covered by detached cellular
detritus (arrow, histology shown in panel c).

c) Images from tracheal and lung autopsy tissue from a COVID-19 ARDS patient with Aspergillus
tracheobronchitis and invasive pulmonary aspergillosis. Fungal invasion of the tracheal mucosa,
fungal hyphae with 45° branching, 2-4 um in diameter, consistent with Aspergillus spp. asterisk:
tracheal cartilage, PAS 4x, scale bar 200 um; insert |: detached cellular detritus with fungal hyphae
(arrowheads), PAS 40x, scale bar 30 um; insert II: tracheal luminal surface with invasive growth of
fungal hyphae with 45° branching, 2-4 um in diameter, consistent with Aspergillus spp., PAS 40k,
scale bar 30 um. Due to ossification of tracheal cartilage, tissue was decalcified in formic acid
overnight.

d) Aspergillus invasion of the bronchial mucosa, fungal hyphae with 45° branching, 2-4 um in
diameter, typical for Aspergillus spp. Asterisk: bronchial cartilage, PAS 4x, scale bar 200 um; insert I:
detached cellular detritus with fungal hyphae (arrowheads), PAS 40x, scale bar 30 um; insert II:
bronchial wall with invasive growth of fungal hyphae (arrowheads) reaching bronchial cartilage, PAS
40x, scale bar 30 um.

e) Pulmonary vascular invasion of Aspergillus, fungal hyphae with 45° branching, 2-4 um in diameter,
typical for Aspergillus spp. Asterisk: vascular lumen, arrows: vascular wall with fungal invasion, HE 4x,
scale bar 200 um; insert: fungal hyphae with 45° branching, typical for Aspergillus spp. (arrowheads),
HE 40x, scale bar 30 um.

b-e) By courtesy of Saskia von Stillfried and Peter Boor (both Institute of Pathology, RWTH Aachen
University Hospital, Aachen, Germany).



