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1. Abstract

Purpose: The aim of this observational study
was to highlight high resolution CT scan characteristics
of COVID-19-associated pulmonary aspergillosis (CAPA)
with a focus on the detection of de-novo appeared or
evolved bronchiectasis. Methods: From March 2020 to
May 2021, we enrolled 350 consecutive mechanically ven-
tilated ICU patients with COVID-19. Patients with CAPA
and at least one chest CT scan performed within 15 days
from the diagnosis were included. Two radiologists were
asked to identify typical and atypical signs of COVID-19
pneumonia. Bronchiectasis locations were described and a
modified Reiff score was calculated, as severity score. A
total of 19 CAPA patients (median age 71.0, Interquartile
range (IQR) 62.5–75.0; male 16, 84.2%) were included.
Results: According to the 2020 ECMM/ISHAM criteria,

18 patients had probable CAPA and one had proven CAPA.
The median time between hospital admission and CT scan
was 21 days (IQR 14.5–25.0). The incidence of bronchiec-
tasis in the study population was 57.9% (n = 11). Tubular
bronchiectasis was detected in 10 patients and were scored
as follows: three patients had a score of 1, three patients
had a score of score 2, one patient had a score of 5 and four
patients had a score of 6. Eight patients had a previous CT
scan (performed at hospital admission), among them: 5 pa-
tients developed de-novo bronchiectasis, while 2 patients
demonstrated a volumetric increase of bronchiectasis. At
the 6-months follow-up, the mortality rate for patients with
CAPA was>60%. Conclusion: the radiologic detection of
de-novo appearance or volumetric increase of bronchiecta-
sis in COVID-19 should lead clinicians to search for fungal
superinfections.
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2. Introduction
Immunodeficiency and tissue damage are the com-

mon basis of viral and fungal infections. When viruses
cause tissue activation of immunity with severe clinical
consequences, such as the SARS-CoV-2 leading to severe
pneumonia, the possibility of a superinfection is not so
rare [1]. The most common superimposed infection in a
COVID-19 patient is usually bacterial, however mycoses
may appear as a result of an immunity derangement and in-
crease the mortality rates [2]. The COVID-19 pandemic
has shed light on the emerging recognition of pulmonary
aspergillosis superinfections among SARS-CoV-2 infected
patients. Studies report that aspergillosis complicates 7–
28% of COVID-19 cases [3] with a mortality rate of ap-
proximately 50% [4]. These data are not surprising since
studies on intensive care unit (ICU) influenza patients re-
ported that 19% of them were diagnosed with pulmonary
aspergillosis after a median of 3 days after ICU admis-
sion (32% among immunocompromised and 14% among
non-immunocompromised patients) [4, 5]. From a spec-
ulative point of view, apart from the virus-induced im-
munosuppression, COVID-19 patients are more prone to
receive corticosteroids compared to influenza patients. In-
deed the role of corticosteroids in influenza is controversial
and not recommended by the guidelines [6], on the other
hand, in COVID-19 hospitalized patients with pneumonia,
robust evidence supports the use of prolonged low dose cor-
ticosteroids [7]. Similarly, although with weaker evidence,
monoclonal antibodies against interleukins (especially IL-1
and IL-6) have been commonly used in COVID-19 patients
and further contribute to immunosuppression.

Although approximately 43–80% of the cases of
invasive aspergillosis have been observed in patients with-
out a hematological malignancy [8], the diagnostic criteria
are usually tailored on neutropenic patients and solid or-
gan or stem cell transplant patients. This poses difficul-
ties in the interpretation of diagnostic tests for aspergillosis.
For example, serum galactomannan testing is significantly
lower in non-neutropenic versus neutropenic patients [6, 9].
This has led to the classification of COVID-19-associated
pulmonary aspergillosis (CAPA) as a new disease entity,
and recently ad hoc consensus criteria and clinical guidance
have been published [10].

Conventional radiological criteria for use in the
suspicion of invasive pulmonary Aspergillosis in neu-
tropenic patients have been already established and defined
(e.g., solid nodules, halo signs, cavitation and air crescent
signs) [11]. However, to date, there are no criteria for other
groups of patients, due to the non-specific radiological find-
ings.

Bronchiectasis have been associated with fungal
or mycobacterial colonizations and their presence at base-
line or their de-novo appearance or volumetric increase
could potentially provide evidence concerning the risk of
fungal superinfections.

The aim of this observational study was to high-
light high resolution CT scan characteristics for CAPA in
COVID-19 in order to early suspect the possibility of this
co-infection in patients with severe SARS-CoV-2 infection,
with a focus on bronchiectasis.

3. Methods

A retrospective observational study was con-
ducted fromMarch 2020 to May 2021 in Trieste University
Hospital: 350 consecutive mechanically ventilated patients
admitted to the ICU for severe acute respiratory failure due
to COVID-19 were enrolled.

All the consecutive CAPA patients were reported
and reviewed, focusing on clinico-radiological features of
bronchiectasis.

Our study population consists of COVID-19 me-
chanically ventilated patients who met the following crite-
ria:

(1) Age ≥18 years.
(2) CAPA diagnosis (possible, probable, proven)

according to Koehler et al. [10].
(3) At least one chest CT scan performed within

15 days from the diagnosis of CAPA.

Fig. 1. Anatomic distribution and type of bronchiectasis. (A) The sum
of percentages exceeds 100% since patients could have lesions in more
than one lobe. Lgl, lingula; LLL, left lower lobe; LUL, left upper lobe;
RML, right middle lobe; RLL, right lower lobe; RUL, right upper lobe.
(B) The radiological severity of bronchiectasis was assessed applying a
modified Reiff score, were the number of lobes involved is taken into con-
sideration (6 lobes in total, considering the lingula as a separate lobe) and
the degree of bronchial dilatation (tubular bronchiectasis = 1 point, vari-
cose bronchiectasis = 2 points and cystic bronchiectasis = 3 points).

Any patients with a previous history of interstitial
lung diseases were excluded.

The relevant demographic and clinical data were
extracted from electronic medical records or charts and
anonymously coded onto a standardized data collection
form. Mortality was defined as death from any cause within
six months from hospital admission.
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Volumetric contrast enhanced CT images were ac-
quired using a CT scan dedicated to COVID-19 patients
(Revolution EVOGEHealthcare, Chalfont St Giles, United
Kingdom) and all images were reconstructed with a slice
thickness of 1mm and lung sharp kernels. The imaging pro-
tocol established that all patients must have a volumetric CT
scan, performed during single breath hold at full inspiration
in a supine position. All CT images were evaluated by two
senior radiologists with expertise in thoracic imaging. The
CT images were analyzed at standard lung window settings
(a window level of –600 HU and a window width of 1600
HU) and mediastinal window settings (a window level 400
HU and a window width 40 HU).

Although the readers reviewing CT images were
made aware of the COVID-19 status of the patients, they
were blinded to other clinical information. They were
asked to identify typical (i.e., peripheral ground-glass opac-
ities with or without airspace consolidations and crazy
paving) and atypical (i.e., parenchymal nodules, halo signs,
bronchiectasis and bronchiolectasis, bronchial wall thick-
ening, cavitation, air crescent signs, tree-in-bud) parenchy-
mal signs of COVID-19 pneumonia. Moreover, the pres-
ence of pneumomediastinum and pleural effusion was re-
ported. These imaging findings were categorized as present
or absent. When bronchiectasis were identified, their loca-
tions were described according to the pulmonary lobar sub-
divisions and radiological severity score was assigned using
a modified Reiff score, ranging from 1 to 18 [12].

Moreover if a CT scan was performed at hospital
admission, readers were asked to evaluate the presence or
absence of bronchiectasis.

The continuous variables were described as medi-
ans and interquartile ranges (IQRs) and the nominal vari-
ables as numbers and percentages. Bivariate comparisons
between subjects with or without bronchiectasis were per-
formed via a Fisher’s exact test or nonparametric Mann-
Whitney’s U test, as appropriate.

4. Results

A total of 19 consecutive patients (median age
71.0, IQR 62.5–75.0; male 16, 84.2%)met the inclusion cri-
teria and were included in the dataset. The median SOFA
score on ICU admission was 4.0 (IQR 4.0–6.5). All pa-
tients received steroid therapy prior to aspergillosis diagno-
sis. Five patients received anti IL-6 treatment consisting in
tocilizumab, whilst none received IL-1 inhibitors.

All patients underwent bronchoscopy. The me-
dian duration of mechanical ventilation prior to the bron-
choscopy was 11 days (IQR 3.0–16.5). In all patients but
one Aspergillus was detected in bronchoalveolar lavage
samples, by culture in seven cases, by PCR in seven cases,
and by both tests in four cases. For those with available As-
pergillus DNA, the higher median fungal load was 13,000
cp/mL (IQR 1300–22,500 cp/mL). BAL galactomannan

was measured in 17 patients and was positive (index ≥1)
in 10 cases (58.8%). Serum galactomannan was measured
in 12 patients and was positive (index ≥0.5) in one case.
According to the 2020 ECMM/ISHAM criteria, all patients
had probable CAPA except for one who had proven CAPA.
Themain characteristics of CAPA patients with andwithout
bronchiectasis are summarized in Table 1.

Fig. 2. A 74-year-old male patient with a diagnosis of CAPA. (A) The
Axial High resolution CT image evidences bronchial wall thickening in
the upper right lobe (white arrow). (B) An HRCT scan performed 15 days
later evidenced the development of varicose bronchiectasis (black arrow)
at the same level.

Fig. 3. A 71-year-old male. Tubular bronchiectasis were evidenced in 2
lobes while varicose bronchiectasis (black arrows) were evidenced in the
right (A) and in the left (B) upper lobe; the CT scan was given a score of
6.

The median time between hospital admission and
chest CT scan was 21 days (IQR 14.5–25.0). Diffuse
ground glass opacities and airspace consolidations were
identified in all patients. Moreover, crazy-paving areas
were found in six subjects, pleural effusion in nine (seven
bilateral, two unilateral), pneumomediastinum in two, cav-
itation within consolidation areas and diffuse parenchymal
nodules in two other patients. No patients had air cres-
cent signs, halo signs or bronchial wall thickening. Overall,
the incidence of bronchiectasis in the study population was
57.9% (n = 11). Fig. 1 shows the anatomic distribution of
the bronchiectasis. Tubular bronchiectasis was found in 10
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Table 1. Main characteristics of COVID-19-associated pulmonary aspergillosis patients with and without bronchiectasis.

Variable
Bronchiectasis

No (n = 8) Yes (n = 11)

Age (years) median, IQR 67.0; 61.5–73.0 72.0; 62.0–76.0
Sex (male) n, % 6 (75.0%) 10 (90.9%)
H admission-HRCT (days) median, IQR 19.0; 14.0–26.5 22.0; 14.0–24.0
SOFA at ICU admission IQR 4.5; 4.0–7.5 4.0; 4.0–6.0
Active smoker (yes) n, % 1 (12.5%) 2 (18.2%)
COPD (yes) n, % 4 (50.0%) 1 (9.1%)
Obesity (yes) n, % 4 (50.0%) 4 (36.4%)
Diabetes (yes) n, % 1 (12.5%) 2 (18.2%)
Hypertension (yes) n, % 6 (75.0%) 7 (63.6%)
Chronic kidney failure (yes) n, % 2 (25.0%) 0 (0.0%)
Heart disease (yes) n, % 2 (25.0%) 1 (9.1%)
Tocilizumab (yes) n, % 1 (12.5%) 4 (36.4%)
Six-months mortality (n = 18) 6 (85.7%) 6 (54.5%)

No between-group statistically significant difference.
COPD, Chronic Obstructive Pulmonary Disease; HRCT, High Resolution Computed To-
mography; ICU, Intensive Care Unit; SOFA, Sequential Organ Failure Assessment.
Plan text: median; interquartile range. Italic text: number (percentage).

Fig. 4. A 60-year-old male patient. (A) Diffuse consolidations, more prominent in the left lower lobe. Diffuse lung nodules can clearly be observed
on the High Resolution CT scan (sagittal plane). (B) peribronchial aspergillosis in a post-mortem COVID-19 lung. (C) endobronchial aspergillosis at
Hematoxilyn & Eosin staining (2.5×). (D) Aspergillus hyphae identified by Grocott-Gomori stain (10×).
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patients, 3/10 had associated varicose bronchiectasis, whilst
1 patient had varicose bronchiectasis alone (Figs. 2,3). The
bronchiectasis score was 1 in 3 patients, 2 in 3 other pa-
tients, 5 in 1 patient and 6 in 4.

In 8 patients a CT scan was also performed at hos-
pital admission. Among them, 5 patients developed de-
novo bronchiectasis, while 2 patients demonstrated a vol-
umetric increase of bronchiectasis on CT scan performed at
the diagnosis of CAPA.

At the end of the study one patient was still in ICU.
For the remaining 18 patients, the 6-months mortality rate
was 54.5% (6 out of 11) among patients with bronchiectasis
and 85.7% (6 out of 7) among those without bronchiectasis.

A comparison of CT images and post-mortem au-
toptic tissue is illustrated in Fig. 4.

5. Discussion

Only 1/9 of our patients had “classical” fungal
imaging with cavitation and one with diffuse parenchymal
nodules. Conversely, bronchiectasis was a common find-
ing among our CAPA patients and was observed in more
than half of cases (57.9%). The vast majority of the pul-
monary bronchiectasis involvement was localized in the lin-
gula (80%) and medial lobe (60%) and this distribution can
be explained by the absence of collateral ventilation and
their anatomical structure in these lobes, which makes it
difficult to clear secretions [13].

Bronchiectasis are commonly accompanied bymi-
crobial colonizations [14] and Aspergillus is certainly a fun-
gus with a great pathogenic potential. In patients with
bronchiectasis fungal growth is enhanced by deteriorated
mucociliary clearance, thick mucosity and the capability to
escape the immune system response. Moreover, all our pa-
tients were administered selective digestive decontamina-
tion plus intravenous cefotaxime for 4 days as local ICU
protocol and this may have contributed to the fungal over-
growth.

Although classical radiological criteria for the sus-
picious of invasive pulmonary Aspergillosis in neutropenic
patients are well established and include “halo signs”, cav-
itation and “air crescent signs”, to date there are no criteria
suitable for other group of patients, since radiological find-
ings are not specific [15]. However, recently these crite-
ria have been revised and wedge-shape lobar or segmental
consolidation have been included in the radiological classi-
fication [16].

Regarding mortality, 54.5% (6/11) of patients with
bronchiectasis died.

From a pathogenetic point of view, CAPA is more
similar to an “extended endobronchial aspergillosis” than to
invasive aspergillosis. What we identified in our personal
experience is a progressive malacia of bronchus with an of-
ten mildly invasive involvement of the peribronchial tissue.

Patients with severe COVID-19 pneumonia in me-

chanical ventilation are at risk for co-infections. Since radi-
ological findings of pulmonary infiltrates are non-specific
and may overlap in patients with severe COVID-19 pneu-
monia, it remains challenging to make a radiological suspi-
cion of CAPA.

Bearing this in mind, we believe that the iden-
tification of bronchiectasis could be used as a radiologic
criterion to suspect CAPA, in fact Aspergillus is a well-
known colonizer of bronchiectasis and can “switch into
pathogenic mode” from there, or it may lead “de-novo”-
appeared bronchiectasis or worsening of previous existing
ones.

Our study has several limitations but the main one
is that we cannot be certain of the pathogenic role of As-
pergillus in all except one of our patients because we do
not have the in vitam histology, but this is a common prob-
lem when caring for these patients. Anyhow, the remaining
patients had a diagnosis of probable CAPA according to the
2020 ECMM/ISHAMcriteria. Other limitations include the
retrospective design of the study and the limited number of
cases. Nothwithstanding these limitations, the thoracic CT
scan of all our patients were accurately reviewed by two ra-
diologists aware of the COVID-19 status of the patients but
blinded to other clinical information.

When having to interpret the imaging of COVID-
19 patients’ lungs, it is very difficult to understand the quote
of the pleuroparenchymal alterations attributable to SARS-
CoV-2 and that attributable to a potential superinfection.
Our data suggest that “de-novo” or worsening bronchiecta-
sis in COVID-19 patients especially in the lingula and me-
dial lobe may be warning signs for radiologists. The ob-
servation of bronchiectasis in the chest CT of a COVID-
19 patient should prompt the clinician to take into account
the hypothesis of a fungal superinfection and consequently
prompt further diagnostic investigation along these lines.

6. Conclusions

Mortality of CAPA is quite high. Bronchiecta-
sis are a common finding in our CAPA patients. While
bronchiectasis can develop during different kind of infec-
tion, they are not typical radiological findings related to
COVID-19 pneumonia. According to our data, a diagnosis
of CAPA should be suspected especially in patients with se-
vere COVID-19who have, develop, or worsen bronchiecta-
sis on CT scan. Further studies are ongoing to evaluate the
prognostic role bronchiectasis play in the natural history of
CAPA.

In conclusion severe COVID-19 patients with
bronchiectasis should promptly require diagnostic tests to
exclude fungal superinfections.
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