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Abstract

Background: Bronchoscopy with bronchoalveolar lavage
(BAL) during the SARS-CoV-2 (Severe Acute Respiratory Syn-
drome Coronavirus 2) pandemic should be reserved to a lim-
ited number of clinical indications. The yield of BAL for the
diagnosis of suspected or confirmed pulmonary SARS-CoV-2
infection is still unknown. Objectives: We aimed to evaluate
the diagnostic ratio of BAL in detecting SARS-CoV-2 pulmo-
nary infection in patients undergoing bronchoscopy for dif-
ferent indications as well as describe the clinical, radiologi-
cal, and endoscopic characteristics of patients with SARS-
CoV-2 on BAL. Method: We conducted a multicenter
retrospective study including all patients who underwent
bronchoscopy for the detection of SARS-CoV-2 on BAL. Clin-
ical, computed tomography (CT), endoscopic, and microbio-

logic data were gathered from March 16th to May 27th, 2020.
Results: 131 patients were included. Bronchoscopy was per-
formed for suspected SARS-CoV-2 infection (65.5%), alterna-
tive diagnosis (12.9%), suspected superinfections (19.8%),
and lung atelectasis (1.5%). SARS-CoV-2 was isolated on BAL
43 times (32.8%) and the highest isolation rate was in pa-
tients with suspected SARS-CoV-2 infection (74.4%); 76% of
positive patients had a double-negative nasopharyngeal
swab. Peripheral, posterior and multilobar CT opacities were
more frequentin SARS-CoV-2 patients, and the number of CT
findings was higher in positive patients, particularly those
with suspected SARS-CoV-2 infection. We recorded a pro-
gressive reduction of SARS-CoV-2 isolation during the obser-
vation period. Conclusions: In our centers, the rate of detec-
tion of SARS-CoV-2 on BAL in patients with suspected infec-
tion was 37.2%. The agreement of BAL with nasopharyngeal
swabs was high; CT alterations could predict the pretest
probability of SARS-CoV-2 infection, but suspicion of viral
infection should be always considered.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) is the virus responsible for the Corona-
virus disease 2019 (COVID-19) pandemic affecting
millions of people worldwide [1]. The diagnosis of a
suspected case is confirmed by the detection of the
SARS-CoV-2 in real-time reverse-transcriptase-poly-
merase chain reaction (rRT-PCR) on biologic samples
obtained from nasopharyngeal swabs [2]. However, this
method, even if considered the gold standard, has some
limitations due to the high rate of false-negative results
[3]. It has been demonstrated that, when performed at
the initial evaluation of COVID-19 patients, the sensi-
tivity of computed tomography (CT) is significantly
higher than that of rRT-PCR (respectively, 97.2 and
83.3%), thus reducing the number of false-negatives re-
lated to oropharyngeal swabs tests [4]. To date, no algo-
rithms based on the integration of clinical, radiological,
and laboratory data to define the diagnosis of SARS-
CoV-2 infection without a microbiological positive test
have been developed.

Many international societies have published docu-
ments and guidelines to define the role of bronchoscopy
during the COVID-19 pandemic; these documents spec-
ify procedures, indications, setting, protection for health-
care workers and patients, and postprocedural disinfec-
tion recommendations [5]. Bronchoalveolar lavage
(BAL), bronchial wash, as well as other diagnostic sam-
pling procedures that provide fewer respiratory samples
are not routinely indicated for COVID-19 diagnosis [6].
However, in a case of severe or progressive disease poten-
tially requiring intubation, if additional specimens would
be needed to establish a definitive diagnosis of CO-
VID-19, or to rule out other diagnoses that could change
patients’ management, a bronchoscopy with BAL can be
performed [7]. Recently, Torrego et al. [8] published a
case series of 101 bronchoscopies performed on CO-
VID-19 patients with severe acute hypoxemic respiratory
failure requiring mechanical ventilation; the most com-
mon finding was the presence of a thick hypersecretion,
and with guided mini-BAL, clinical suspicion of superin-
fection could be confirmed [8]. However, no study has
reported the diagnostic yield of BAL in patients with sus-
pected or confirmed pulmonary SARS-CoV-2. The aims
of our study were to: (i) evaluate the diagnostic rate of
BAL in detecting SARS-CoV-2 pulmonary infection in
patients undergoing bronchoscopy for different indica-
tions during COVID-19 pandemic, and (ii) describe CT-
radiological and endoscopic findings and the clinical
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characteristics of patients with a virological diagnosis of
SARS-CoV-2 on BAL.

Materials and Methods

Study Design

This multicenter, retrospective, observational study was con-
ducted in accordance with the STROBE (Strengthening the Re-
porting of Observational studies in Epidemiology) statement for
observational studies [9]. We included all consecutive patients
who underwent bronchoscopy with BAL for different indications
as part of the research into SARS-CoV-2 between March 16th and
May 27th, 2020. We retrospectively gathered data from 3 study
centers in northwestern Italy who were actively involved in the
emergency care of COVID-19 patients. We excluded cases with
incomplete or nonretrievable data.

For each patient, demographics (age and gender), in-hospital
stay, number of days from the onset of symptoms, indications for
bronchoscopy (an inconclusive noninvasive COVID-19 diagnosis,
concerns about an alternative etiology of respiratory disease which
would alter the management, suspicion of superinfection, or mu-
cus plug-related atelectasis), nasopharyngeal swab result (positive
or negative and the number of days before the bronchoscopy), ra-
diological CT characteristics (bilateral, posterior, or multilobar in-
volvement, peripheral distribution, ground-glass opacities, and
consolidations), microbiological results of BAL (SARS-CoV-2
positivity/negativity, other respiratory viruses, or bacteria and fun-
gi detected), endoscopic findings (secretions, bronchial inflamma-
tion, or lesions), technical procedure (the site where the bronchos-
copy was performed, the length of the procedure, sedation, and
anesthesia), and laboratory data on peripheral blood (white blood
cell count, C-reactive protein level, and procalcitonin level) were
collected. For each patient, the number of CT alterations was also
calculated.

Statistical Analysis

In the descriptive analysis, # (%) were reported for categorical
variables, and mean (SD) or medians (IQR) were used for numer-
ical variables, based on the assumption of normality.

To better understand the diagnostic result of BAL and compare
the demographic and clinical characteristics between subjects in
whom SARS-CoV-2 was or was not identified, Student’s ¢ test,
Mann-Whitney U test, x° test, or Fisher’s exact test were used as
appropriate.

Further analysis was performed to examine the association be-
tween the number of CT alterations and indications on bronchos-
copy. A one-way ANOVA model was used and box plots were
reported.

To establish if sampling conducted at different time points can
influence the rate of detection of SARS-CoV-2, firstly, the time was
split into 6 intervals of 14 days each from March 16th to May 27th.
Then, for each time interval, the proportion of patients diagnosed
with SARS-CoV-2 was calculated in all subjects as well as sepa-
rately in those suspected of having COVID and all others. Finally,
Pearson’s correlation was estimated, and linear regression models
were fitted to better interpret the trend in time.

A two-sided o value <0.05 was considered statistically signifi-
cant. Statistical analyses were done using SAS software v9.4.

Respiration 2020;99:970-978 971

DOI: 10.1159/000511964



Table 1. Demographic and clinical data

All subjects SARS-CoV-2 SARS-CoV-2 p value
(n=131) not identified identified
(n=88) (n=43)
Demographics
Gender 0.846
Female 38 (29.01) 26 (29.55) 12 (27.91)
Male 93 (70.99) 62 (70.45) 31 (72.09)
Age
<65 years 68 (51.91) 38 (43.18) 30 (69.77) 0.009
65-75 years 34 (25.95) 25(28.41) 9(20.93)
>75 years 39 (22.14) 25 (28.41) 4(9.30)
Age, years 64.65 (53.71-73.98) 67.01 (56.14-78.56) 55.85 (51.20-66.87) 0.004
Medical center 0.218
Novara 48 (36.64) 28 (31.82) 20 (46.51)
Torino 77 (58.78) 55 (62.50) 22 (51.16)
Vercelli 6 (4.58) 5(5.68) 1(2.33)
Hospital unit
Intern ward 83 (63.36) 64 (72.73) 19 (44.19) 0.0008
Subintensive 36 (27.48) 21 (23.86) 15 (34.88)
Intensive care unit 12 (9.16) 3(3.41) 9 (20.93)
Clinical data
Number of days
From nasopharyngeal swab to bronchoscopy 1(1-3) 1(1-2) 2(1-4) 0.0062
From symptoms’ onset to bronchoscopy 15 (8-31) 20 (9.5-33.5) 12 (7-20) 0.0221
Indications for bronchoscopy
Suspected SARS-CoV-2 infection 86 (65.65) 54 (61.36) 32 (74.42) 0.034
Alternative diagnosis 17 (12.89) 15 (17.05) 2 (4.65)
Suspected superinfection 26 (19.85) 19 (21.59) 7 (16.28)
Lung atelectasis 2 (1.53) 0(0) 2 (4.65)
Nasopharyngeal swab
Double-negative 120 (91.60) 87 (98.86) 33 (76.74) <0.0001
Atleast 1 positive 11 (8.40) 1(1.14) 10 (23.26)
Blood analysis
White blood cell count, x103/puL 8.11 (5.98-13.27) 8.44 (6.48-13.40) 7.15 (5.88-10.90) 0.3364
C-reactive protein, mg/dL 7.40 (2-12.30) 6.80 (1.36-12.00) 8.74 (4.05-15.80) 0.0208
Procalcitonin, ng/mL 0.22 (0.08-0.90) 0.28 (0.08-0.80) 0.16 (0.08-0.90) 0.6675

Values express 7 (%) or median (IQR).

Results

Study Population

We included 131 consecutive patients in our study.
Most of them were males (n = 93, 70.9%) and were hos-
pitalized in an internal medicine ward (n = 83, 63.3%). All
procedures were performed in accordance with the most
recent recommendations [6]. Indications for bronchos-
copy were: 65.5% (n = 86) suspected to have SARS-CoV-2
infection, 12.9% (n = 17) alternative diagnosis (i.e., he-
moptysis or lung consolidations), 19.8% (1 = 26) suspect-
ed superinfections, and 1.5% (n = 2) lung atelectasis. Most
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patients had previously had a double-negative nasopha-
ryngeal swab for SARS-CoV-2 (n =120, 91.6%) and bron-
choscopy was performed at a median of 1 day (IQR 1-3)
after the last nasopharyngeal swab. Bronchoscopies were
mainly performed in a bronchoscopic suite (n = 60,
45.8%) with the patient conscious and under sedation
(with midazolam or midazolam plus fentanyl, n = 116,
88.5%). Endobronchial secretions were reported only 46
times (36.22%) and 76.0% (n = 35) of them were nonpu-
rulent. Endobronchial erythematous mucosa was ob-
served 31 times (23.6%). In 4 cases (3.1%), a hemorrhag-
ic BAL fluid recovery was recorded (Table 1).
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Table 2. Radiologic, bronchoscopic, and microbiological data

All SARS-CoV-2 SARS-CoV-2 p value
n=131 not identified identified
n=2_88 n=43
Radiologic data
Type of CT characteristic
Bilateral 95 (75.52) 62 (70.45) 33 (76.74) 0.4489
Peripheral 83 (63.36) 49 (55.68) 34 (79.07) 0.0091
Posterior 77 (58.78) 40 (45.45) 37 (86.05) <0.001
Ground-glass opacities 108 (102.44) 70 (79.55) 38 (88.37) 0.2124
Consolidation 76 (58.02) 49 (55.68) 27 (62.79) 0.4388
Multilobar 80 (61.07) 48 (54.55) 32 (74.42) 0.0285
CT characteristics per patient
1 12 (9.16) 10 (11.36) 2 (4.65) 0.002
2 9 (6.87) 7 (7.95) 2 (4.65)
3 23 (17.56) 19 (21.59) 4(9.30)
4 38 (29.01) 32 (36.36) 6 (13.95)
5 26 (19.85) 11 (12.50) 15 (34.88)
6 23 (17.56) 9 (10.23) 14 (32.56)
Number of CT characteristics 4 (3-5) 4(3-4) 5 (4-6) <0.0001
Bronchoscopic data
Setting
The patient’s bedside 57 (43.51) 37 (42.05) 20 (46.51) 0.0017
Bronchoscopic suite 60 (45.80) 47 (53.41) 13 (30.23)
Subintensive/ICU 14 (10.69) 4 (4.55) 10 (23.26)
Sedation
Conscious 116 (88.55) 84 (94.32) 33 (76.74) 0.0030
General anesthesia 15 (11.45) 5(5.68) 10 (23.26)
Length of procedure, min 8 (7-9) 8 (8-9.5) 8 (7-9) 0.0468
Endobronchial secretions 46 (36.22) 33(39.29) 13 (30.23) 0.3151
Erythematous mucosa 31 (23.85) 21 (24.14) 10 (23.26) >0.9999
Microbiological data
At least 1 pathogen™ 46 (35.11) 33 (37.50) 13 (30.23) 0.4132
Virus (non-SARS-CoV-2) 10 (7.75) 7 (8.14) 3(6.98) >0.9999
Bacteria 30 (22.90) 20 (22.73) 10 (23.26) >0.9999
Fungi 19 (14.50) 16 (18.18) 3(6.98) 0.0507

Values are expressed as n (%) or median (IQR). CT, computed tomography; ICU, intensive care unit; SARS-
CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

SARS-CoV-2 Isolation

SARS-CoV-2 was isolated on BAL 43 times (32.8%).
We did not find a statistically significant gender preva-
lence (p = 0.846) of SARS-CoV-2 positivity, but the posi-
tive patients were younger than the negative ones (55.85
vs. 67.01 years, p = 0.004) and the prevalence was higher
in those younger than 65 years (p = 0.009). Of 120 patients
with 2 negative swabs, we isolated SARS-CoV-2 33 times
(27.5%), and 76% of these BAL-positive patients had a
double-negative swab. For completeness, we note that, in
98.9% of the double-negative swabs, negativity was con-
firmed even on BAL (p < 0.0001). Interestingly, in 1 case

Bronchoscopy in COVID-19 Patients

with a positive swab, BAL did not detect the virus infec-
tion. The number of days from symptoms’ onset to bron-
choscopy was lower in patients with SARS-CoV-2 infec-
tion (p = 0.022). C-reactive protein was higher in SARS-
CoV-2 positive patients (p = 0.020) (Table 1).
Significant differences (p = 0.034) in the identification
of SARS-CoV-2 were observed among the indications of
bronchoscopy: in patients with successful virus isolation,
the number of suspected COVID-19-positive patients
was higher (74.4 vs. 61.36%), but the proportion of pa-
tients with suspected superinfections or an alternative di-
agnosis were lower (16.28 vs. 21.59%, and 4.65 vs. 17.05%)
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Fig. 1. Mean number of CT characteristics
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(p = 0.034). Remarkably, the virus was identified in only
32/86 (37.2%) patients with suspected SARS-CoV-2. In
our cohort, the research of SARS-CoV-2 after a disob-
structive bronchoscopy for mucus plugging was only per-
formed twice, and we found the virus in both cases (2/2,
100%).

CT Scan Findings

We observed that, in patients with SARS-CoV-2 infec-
tion, the most frequent CT alterations were diffuse
ground-glass opacities (n = 38, 88.3%) followed by poste-
rior and peripheral ones (respectively, n = 37, 86.0% and
n = 34, 79.0%). Peripheral, posterior, and multilobar al-
terations were most frequent in SARS-CoV-2-positive
patients (respectively, p = 0.009, <0.001, and 0.028).
Moreover, SARS-CoV-2 patients presented with a higher
number of CT alterations than patients without SARS-
CoV-2 infection (median 5 vs. 4, p = 0.0001) (Table 2).
Finally, when we considered 4 different indications on
bronchoscopy, we observed that the group suspected of
having SARS-CoV-2 presented a higher number of radio-
logical alterations (p = 0.0001) (Fig. 1).

Time Course
When we divided all bronchoscopies performed dur-
ing the observation period into intervals of 14 days, we
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observed that the proportion of bronchoscopies with
SARS-CoV-2 isolation decreased over time (correlation
~0.9687; p = 0.0066) (Fig. 2).

We observed the same trend when splitting patients
into 2 groups, i.e., bronchoscopy for suspected SARS-
CoV-2 infection and all other indications (Fig. 3). In the
subjects with suspected infection, a higher proportion of
SARS-CoV-2 was isolated, but this was nearly zero at the
end of the study. The last 2 observations (on May 26th
and 27th) were excluded from this analysis due to their
sparse data.

Other Microbiological Findings

Among the patients who underwent bronchoscopy for
suspected SARS-CoV-2 infection, 26 other microbiologi-
cal isolations were observed and 32 SARS-CoV-2-posi-
tives (i.e., 67%). Herpesviruses were the other most com-
mon viruses isolated (10/57,17.5%); of these, Cytomega-
lovirus and Human herpesvirus 6 were the most frequent
(4x each). Among 30 isolated bacteria, Staphylococcus au-
reus, Escherichia coli, Klebsiella pneumoniae, and Pseudo-
monas aeruginosa were the most frequent. Fungi were
identified 17 times (Candida albicans was isolated 11
times, i.e., 64.7%). No correlation was found between iso-
lated bacteria, virus, or fungi and SARS-CoV-2-positive
or SARS-CoV-2-negative patients (Table 3).

Patrucco et al.
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Definitive Alternative Diagnosis

For completeness, a definitive alternative diagnosis
was achieved in 15 cases. We diagnosed 8 primitive lung
cancers, 4 alveolar hemorrhages, 2 cases of cryptogenic
organizing pneumonia, and 1 of vasculitis. All cases of
alveolar hemorrhage were SARS-CoV-2-negative with a
sterile BAL recovery.

Bronchoscopy in COVID-19 Patients

Discussion

During the COVID-19 pandemic, routine bronchos-
copy with BAL to detect SARS-CoV-2 was not suggested
as the first step of the diagnostic procedure, limiting the
indications only to few cases [5]. In our cohort, the most
frequent indication in the observation period was a sus-
pected SARS-CoV-2 infection (65.5%) in patients with a
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Table 3. Microbiological isolations on bronchoalveolar lavage

N %
Patients 131
Viruses 57
SARS-CoV-2 43 75.44
HHV-6 4 7.02
HSV-1 2 3.51
CMV 4 7.02
EBV 2 3.51
RSV 1 1.75
Metapneumovirus 1 1.75
Bacteria 30
Staphylococcus aureus 9 30
Escherichia coli 5 16.68
Klebsiella pneumoniae 4 13.33
Pseudomonas aeruginosa 4 13.33
Chlamydia pneumoniae 1 3.33
Mpycoplasma pneumoniae 1 3.33
Others 6 20
Fungi 17
Candida albicans 11 64.70
Aspergillus spp. 4 23.54
Others 2 11.77

CMYV, Cytomegalovirus; EBV, Epstein-Barr virus; HHV-6, Hu-
man herpesvirus 6; HSV-1, herpes simplex virus 1; RSV, respira-
tory syncytial virus; SARS-CoV-2, Severe Acute Respiratory Syn-
drome Coronavirus 2.

double-negative nasopharyngeal swab. Interestingly, we
confirmed a diagnosis of SARS-CoV-2 in only 37.2% of
these patients. This result was probably influenced by sev-
eral factors. First, the prevalence of SARS-CoV-2 infec-
tion changed over time. In fact, we observed that the over-
all proportion of positive bronchoscopies decreased dur-
ing the weeks of observation, with a maximum in the first
3 weeks (16th March to 5th April). In Italy, in this lock-
down period, we observed the highest incidence of CO-
VID-19 infections (the peak was on the 20th March) [10].
Second, the knowledge about and the perception of the
viral infection also changed over time, with several sur-
veys demonstrating that Italian health workers had a
good level of knowledge about SARS-CoV-2 and its clin-
ical presentation [11, 12]. However, this was likely in con-
trast to the increased availability of diagnostic tools, with
the fear of clinical and epidemiological implications due
to a missed diagnosis [13]. Finally, we were asked to con-
firm or definitively exclude SARS-CoV-2 infection so as
to isolate the infected patients. In cases with double-neg-
ative nasopharyngeal swabs, when the CT scan produced
uncertain results, we decided to perform a bronchoscopy
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with BAL to confirm the diagnosis. This is probably the
reason for the increased number of bronchoscopies with
a negative SARS-CoV-2 outcome, lowering the positivity
rate of this indication.

In this study population, the overall diagnostic rate of
SARS-CoV-2 detection was 32.8%; this diagnostic yield is
better than that reported in the literature in patients af-
fected by viral community-acquired pneumonia, where
BAL provided a specific diagnosis in 15% of patients [14,
15]. Up to now, only Wang et al. [16] reported the results
of BAL in severely ill COVID-19 patients whose diagnosis
was based on symptoms, radiology, and SARS-CoV-2 de-
tection. SARS-CoV-2 was detected in specimens from
multiple anatomic sites. They reported a SARS-CoV-2 di-
agnosis in 14/15 patients who underwent bronchoscopy
with BAL (93%). These data suggest that, in patients with
COVID-19, the viral load in cases of lower respiratory
tract infection was higher and this could explain the high
positivity rates for BAL [16]. There are various possible
explanations for our different diagnostic rates. First, we
mainly investigated patients with a suspected SARS-
CoV-2 infection with 2 negative nasopharyngeal swabs.
When we considered patients with at least 1 positive
swab, we identified SARS-CoV-2 in 90.9% of cases (10/11
patients). Second, in our cohort, we observed significant
differences as the days elapsed after symptoms’ onset and
bronchoscopy among patients with and without infec-
tion. It has been demonstrated that the viral load, and
consecutively the BAL diagnostic rate, decrease gradually
from symptoms’ onset, with a maximum of positive swabs
after 5 days [17]. In our cohort, positive patients under-
went bronchoscopy a median of 12 days after the develop-
ment of symptoms. In the patients that tested negative,
we cannot be absolutely certain about the absence of in-
fection because more time had elapsed from symptoms’
onset. Finally, when BAL results were negative for SARS-
CoV-2 in 98% of the cases (87/88), we had a double-neg-
ative nasopharyngeal swab which confirmed the previ-
ously reported data [18]. On the other hand, when the
BAL result was positive for SARS-CoV-2 in 76% of cases
(33/43), we also had a double-negative nasopharyngeal
swab. When we considered only those patients who un-
derwent bronchoscopy for suspected SARS-CoV-2 infec-
tion, in 26 cases, we isolated other pathogens that could
have influenced the suspicion of a viral infection. With
these isolations, the diagnostic rate of BAL in clinical cas-
es suspected for interstitial acute infectious diseases rose
to 67% (58/86 bronchoscopies), which led to a correct
therapeutic indication (COVID-19 or non-COVID-19)
and admission to an appropriate setting. It must be noted
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that some isolated pathogens (viruses, in particular) can
be innocent bystanders not representing an infectant
agent. Among the noninfective diagnoses, we found 2 of
cryptogenic organizing pneumonia [19]. In both these
cases, BAL was negative for SARS-CoV-2; however, we
can’t completely rule out a previous viral infection be-
cause symptoms started 17 days before we performed the
bronchoscopy.

There are several CT features that have been reported
in COVID-19 patients, e.g., ground glass opacities, with
or without consolidations in the peripheral and posterior
lung zones. Their frequency and characteristics depend
on when the patient undergoes the CT, and it has been
demonstrated that the nature of the alterations can change
during the course of an infection [20]. The number of CT
findings has been used to predict SARS-CoV-2 infection
in patients with moderate to severe symptoms, with a
substantial interobserver agreement [21]. In our cohort,
we confirmed that patients with SARS-CoV-2 infection
presented with a higher number of CT alterations than
the SARS-CoV-2-negative patients; moreover, peripher-
al, posterior, and multilobar alterations were observed
most frequently. The patients who underwent bronchos-
copy for a suspected SARS-CoV-2 infection presented
with a higher number of CT alterations than patients with
other indications. These results were likely biased by the
variable indications used to perform the procedure; the
higher the number of CT alterations, the higher the pre-
test probability of infection [21]. Nevertheless, we also
tested for SARS-CoV-2 in patients with only 1 or 2 CT
alterations and we could isolate the pathogen.

Our study has some limitations. First, we conducted a
retrospective study; during the COVID-19 pandemic,
due to the tumultuous course of the spread of the infec-
tion, once international guidelines become available, we
gathered data about indications for bronchoscopy but
with all the limitations of a retrospective study. Second,
we did not collect data about the cycle threshold values of
RT-PCR; such data would provide more information
about the viral load in the BAL fluid. Wang et al. [16]
demonstrated that BAL and nasal swabs had a lower cycle
threshold, corresponding to the higher viral copy num-
bers. The final diagnosis of COVID-19 is difficult, par-
ticularly in patients with contrasting diagnostic test re-
sults, and so actually requires a multidisciplinary ap-
proach and discussion [22]. For this reason, we limited
our study to the report of SARS-CoV-2 isolation in BAL
fluid, and how these data influence the diagnostic rate of
infection. Finally, regarding CT alterations, we calculated
a score based on the sum of each CT finding by weighting
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each single alteration with the same value. Some features
are more typical of SARS-CoV-2 infection (i.e., ground-
glass opacities) and so they should probably have a spe-
cific single score.

In conclusion, bronchoscopy with BAL should be re-
served for cases that match the internationally suggested
and widely accepted indications. In our multicenter expe-
rience, we reported a high number of bronchoscopies
with BAL for suspected SARS-CoV-2 infection, in pa-
tients with 2 negative swabs, with a viral detection rate of
37.2%. Nevertheless, BAL led to a final microbiological
diagnosis in 67% of the patients. The agreement of BAL
with nasopharyngeal swabs was high, accounting for 90
and 98% positive and negative cases, respectively. CT al-
terations could predict the pretest probability of SARS-
CoV-2 infection, but clinical suspicion of viral infection
should always be considered due to the mutability of CT
patterns during infection evolution and seasonal epide-
miologic burn.
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