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Abstract
COVID-19 diagnosis relies on molecular testing for SARS-CoV-2 via nasopharyngeal swab in the presence of suggestive 
clinical, radiological and laboratory findings. Since bronchoalveolar lavage liquid (BAL) collected during fibrobronchoscopy 
may increase test sensitivity compared to nasopharyngeal swabs, it was performed during the 2020 pandemic in clinically 
or radiologically suspected cases. Our aim was to determine whether clinical features, chest computed tomography (CT) 
findings or laboratory tests may predict patients testing positive for SARS-CoV-2 at BAL after a negative nasopharyngeal 
swab. We performed a retrospective cross-sectional study with multivariable analysis of suspected patients who were tested 
for SARS-CoV-2 at BAL after at least one negative nasopharyngeal swab. Univariable logistic regression for odds ratio and 
multivariate models was calculated to determine clinical, radiological and laboratory predictors. 32/198 (16%) patients had 
BAL positive for SARS-CoV-2, while 65/198 tested positive for other pathogens at BAL. Of the 32 patients positive for 
COVID, 4 had a coinfection at BAL, being thus positive both for COVID as well as for another pathogen while the remaining 
105 patients were negative for COVID and other pathogens at BAL. COVID-19 patients had more often highly suggestive 
CT findings, higher number of involved lobes, more often ground glass opacity of more than 50% of lung parenchyma, and 
less frequently other radiologically suspected infections. At multivariate model, temperature also predicted BAL positivity. 
The procedure was well tolerated—with only one desaturation episode—while no healthcare worker was infected. In con-
clusion, when nasopharyngeal swabs are negative but there is clinical or imaging suspicion of COVID-19, BAL represents 
a complementary diagnostic tool, particularly in conjunction with suggestive/more extensive lung involvement at CT scan. 
The procedure did not carry increased risks for patients nor for operators, while allowing to free hospital resources, avoiding 
unnecessary isolations.
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Introduction

During the COVID-19 pandemic, several studies have been 
conducted to identify the best methods for the detection of 
SARS-CoV-2, the pathogen responsible for the disease. 
Considering its fast spreading, also related to the presence 

of asymptomatic individuals, diagnosis could not rely on 
clinical picture alone [1, 2]. In patients manifesting con-
sistent symptoms, the molecular diagnosis of SARS-CoV-2 
infection is largely based on nasopharyngeal swabs [1, 3, 4] 
with an overall 63% sensitivity [5, 6], which varies over the 
disease stages. To reduce the rate of false negative results, 
the need to collect two specimens has been advised pend-
ing local feasibility [4]. Additionally, a suggestive pattern 
at chest computed tomography (CT) manifests a high sensi-
tivity (97%), but remains poorly specific (25%) [7]. Conse-
quently, when SARS-CoV-2 was not confirmed by means of 
nasopharyngeal swabs, the dilemma of whether still treating 
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and considering the patients as COVID-19 posed many 
organizational and therapeutic concerns.

Since SARS-CoV-2 has been isolated from numerous 
biological fluids [8–10], the analysis of bronchoalveolar 
lavage (BAL) represents an additional method for the virus 
detection [2, 11, 12] with reported molecular sensitivity 
rates as high as 93% [13]. Based on these observations, we 
hypothesize that obtaining BAL could be helpful in patients 
with a negative nasopharyngeal swab and a suggestive CT 
pattern and/or subclinical picture. This is in apparent con-
flict with the current recommendations suggesting that fibro-
bronchoscopy (FBS) with BAL collection for COVID-19 
should be considered in case of emergency and in immuno-
compromised patients [3] or when a coexisting infectious 
disease is suspected [1, 13, 14], particularly due to the pos-
sible procedure-related risks for the operator and the patient 
[15]. On the other hand, considering the critical outbreak 
settings in our region, a misdiagnosis of a COVID-19 patient 
may endanger public health and may prevent patients being 
appropriately treated.

In the present study, we took advantage of the decision 
our center made to obtain BAL via FBS in all patients pre-
senting with a suspicion of COVID-19 and at least one nega-
tive nasopharyngeal swab, for which no absolute contraindi-
cations were observed at a multidisciplinary approach. We 
performed a retrospective analysis of clinical, radiological 
and laboratory data of these patients to determine the base-
line differences between those testing positive and negative 
at BAL for SARS-CoV-2. We further collected data on the 
complications observed and on the risks of healthcare work-
ers related to the exposure to airdrops during the procedure.

Materials and methods

Subjects

We performed a retrospective cross-sectional study includ-
ing all patients admitted to Humanitas Research Hospi-
tal—Rozzano—from March 1, 2020 until April 30, 2020, 
who underwent FBS with BAL collection for the research 
of SARS-CoV-2. This period was selected considering the 
high incidence of the disease in Italy; from the data of May 
4, 2020 [16], the number of cases was 210.717, the estimated 
cumulative incidence per 100.000 inhabitants 348.5 [17].

All patients tested negative at one or more nasopharyn-
geal swabs (SARS-CoV-2 Assay Allplex™). The choice 
to perform FBS was made following a multidisciplinary 
approach, which included infectious diseases specialists, 
pulmonologists, and thoracic surgeons in all cases. For all 
patients, we collected baseline characteristics, based on the 
major features reported in the literature [1, 11], including age 
and sex, symptoms (dyspnea, cough, digestive, dysgeusia, 

and anosmia), signs (fever,  SpO2 < 92%,  PaO2:FiO2), chest 
CT scan findings (number of involved lobes, ground glass 
opacity—GGO—> 50%, consolidation > 50%, radiological 
report suggestive for a non-COVID infection, radiologi-
cal grading as explained below), laboratory tests (absolute 
white blood cells, lymphocytes, eosinophils, serum levels 
of lactate dehydrogenase, C-reactive protein, procalcitonin, 
d-dimer, fibrinogen, ferritin, and pneumococcal urinary anti-
gen) and department in which the patient underwent FBS 
(internal medicine, intensive care unit—ICU—, surgery, 
onco-hematology, neurology). All clinical, imaging, and 
laboratory variables were registered and measured either in 
the emergency department or when a high clinical suspicion 
arose during hospitalization. In case of surgical patients, 
BAL execution was highly recommended in the presence 
of any clinical or radiological suspicions, for the adequate 
management of the patient, including the use of dedicated 
operatory theater and ward as well as dedicated healthcare 
personnel. In cases of elective surgery, therefore, we con-
sidered the pre-operative laboratory tests and radiological 
examinations.

Imaging

Based on COVID-19 Reporting and Data System (CO-
RADS) classification [18], we adapted the grading of chest 
CT scan to simplify the report and to facilitate the com-
munication with treating physicians, encompassing Grade 
0 (negative for COVID—corresponding to CO-RADS 1–2), 
Grade 1 (doubtful for COVID—corresponding to CO-RADS 
2–3), Grade 2 (suggestive for COVID—corresponding to 
CO-RADS 4–5). For the purpose of this study, all CT scans 
were reviewed by two independent radiologists (at least one 
expert radiologist, > 15 years of experience), who were blind 
to the result of the BAL tests.

FBS and BAL collection

After the informed consent was signed by each patient, 
FBS was performed with a single use flexible bronchoscope 
 (Ambu® aScope™ 4 Broncho Regular 5.0/2.2) generally via 
a transnasal route. When driven by imaging, BAL fluid was 
collected in the site most suggestive for inflammation/infec-
tion at CT scan; when CT scan was negative, but symptoms 
were suggestive, samples were taken arbitrarily. In all cases, 
specimens were collected in disposable sterile containers 
(Argyle™ Specimen Trap—40 ml) and sent to the laboratory 
for immediate search of SARS-CoV-2 (SARS-CoV-2 Assay 
Allplex™) and other pathogens, when appropriate. 20 cc of 
sterile saline (0.9% NaCl without additives) were used as 
instilling fluid, while 5–7 cc were aspirated.

When a non-COVID-19 infection was suspected, a 
wider panel of microbiological tests included PCR tests for 
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influenza A, influenza B, respiratory syncytial virus, coro-
navirus (not COVID-19), parainfluenza virus, Metapneumo-
virus, bocavirus, Enterovirus, rhinovirus, adenovirus and M. 
tuberculosis; cultural research of bacteria and fungi. In case 
of immunocompromised patients, the research for opportun-
istic pathogens was also performed.

Mild sedation with IV midazolam and local anesthesia 
with lidocaine were administered.  SpO2 was monitored 
using a peripheral pulse oximeter throughout the procedure 
and a thorough cleaning of surfaces was performed after 
every procedure. All procedures were performed by a tho-
racic surgeon supported by a nurse of the ward where the 
patient was located; both were wearing disposable personal 
protective equipment (PPE), following the standard don-
ning and doffing protocol [1]: face shield, eye-shields, FFP3 
mask, appropriate gown, gloves and overshoes. In all cases, 
FBS were performed in a negative pressure room.

Statistical analysis

Categorical variables were reported as number (percentage) 
and continuous variables as median (interquartile range—
IQR). Listwise deletion was used for dealing with missing 
data. Chi-square test and Mann–Whitney test were used 
accordingly to the type of variable. Odds ratio (OR) was 
calculated by means of univariable logistic regression, using 
BAL positivity as outcome. All tests were leveled for sig-
nificance at p value < 0.05. Multivariate models to estimate 
OR used BAL positivity for SARS-CoV-2 as outcome, and 
variables were selected if the p value was < 0.1 at univari-
able logistic regression and with less than 30% of missing 
data. The logistic regression was performed with a stepwise 
approach. Data were analyzed with STATA version 16.0 
(StataCorp LLC, College Station, TX).

Results

We included 198 patients who underwent BAL for the 
research of SARS-CoV-2 after at least one negative naso-
pharyngeal swab and a suggestive clinical or radiological 
picture. 12/198 patients underwent two nasopharyngeal 
swabs, 1/198 underwent three nasopharyngeal swabs, while 
the majority of our patients (185/198) underwent one naso-
pharyngeal swab before performing BAL collection, largely 
based on internal recommendations and operating strategies. 
The baseline characteristics of the study cohort are reported 
in Table 1. The overall rate of detection of SARS-CoV-2 at 
BAL was 16%. The 32 (16%) patients positive for SARS-
CoV-2 at BAL were more often men (72 vs. 51%, p = 0.027) 
and younger [63 (IQR 46–74.5) vs. 71 (IQR 60–79) years, 
p = 0.014], had more often dysgeusia and anosmia (15 vs. 

3%, p = 0.003) and higher fever [37.7 °C (IQR 37.2–38.3) 
vs. 37.0 °C (IQR 36.5–37.8), p = 0.002].

The radiological findings were markedly different 
between patients testing SARS-CoV-2 positive or negative 
at BAL, with the former having a higher number of involved 
lobes [5 (IQR 1–5) vs. 2 (IQR 1–4), p = 0.007], more often a 
ground glass opacity involving over 50% of the lung paren-
chyma (64 vs. 42%, p = 0.024), less frequently signs of non-
COVID-19 infections as defined by the radiologist (19 vs. 
62%, p < 0.001), and a more frequent highly suggestive radi-
ological grading (65 vs. 23%. p < 0.001). Nonetheless, 5/54 
(9%) patients with CT scan with grade 0 were positive for 
SARS-CoV-2 at BAL. Among laboratory tests, patients test-
ing SARS-CoV-2 positive at BAL had higher serum LDH 
[318 (IQR 262–372) vs. 243 (IQR 185–329) IU/l, p = 0.002].

Table 2 illustrates the univariable and multivariable logis-
tic regression analyses to predict SARS-CoV-2 positivity at 
BAL. In univariable models, male sex (OR 2.49, 95% CI 
1.09–5.71, p = 0.031), ear-nose-throat (ENT) symptoms (OR 
6.57, 95% CI 1.66–26.07, p = 0.007), CT features includ-
ing the number of involved lobes at CT (OR 1.35, 95% CI 
1.09–1.66, p = 0.006), ground grass opacity over 50% (OR 
2.46, 95% CI 1.11–5.48, p = 0.027) and radiological grade 2 
(OR 5.16, 95% CI 1.77–15.00, p = 0.003) predicted SARS-
CoV-2 positivity at BAL, while the opposite was observed 
for older age (OR 0.97, 95% CI 0.95–0.99, p = 0.014) and 
radiological evidence of a non-COVID infection (OR 0.14, 
95% CI 0.06–0.38, p < 0.001). With multivariable model, 
a total of 173 observations were used (87%) due to list-
wise deletion. Fever (OR 1.94 per additional °C, 95% CI 
1.13–3.33, p = 0.016) and CT radiological grade 2 (OR 7.36, 
95% CI 2.10–25.77, p = 0.002) predicted positivity at BAL, 
while radiological evidence of a non-COVID infection (OR 
0.12, 95% CI 0.04–0.41, p = 0.001) predicted SARS-CoV-2 
negativity at BAL. In our study population, 65/198 BAL 
turned positive for the research of other pathogens and the 
isolated pathogens are listed in Supplementary Table 1. Con-
sidering the four patients who were coinfected (meaning that 
they were positive both for COVID as well as for another 
pathogen—bacterial, viral or fungal), BAL allowed to iden-
tify the causative agent in 93/198 of cases. The remaining 
105/198 patients were negative for the search of any tested 
pathogen at BAL.

Discussion

Our retrospective cross-sectional study included all patients 
admitted to Humanitas Research Hospital—Rozzano—from 
March 1, 2020 until April 30, 2020, a timeframe selected 
considering the high incidence of the disease in Italy [16, 
17]. According to the gathered displayed data with the cho-
sen statistical analysis, we believe that our study findings 
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have several important implications for the management of 
COVID-19.

First, the most relevant observation from our study was 
the agreement between the radiological pattern and the 
BAL positivity for COVID-19. Indeed, when CT scan pre-
sented with evidence of ground glass opacity > 50% (64 vs. 
42%) and higher number of lobes involved (5 vs. 2), the 
research for COVID-19 in BAL was likely to be positive. 

This observation could be explained by the fact that FBS and 
specimen collection normally take into account the localiza-
tion of ground glass opacity and/or areas around the bron-
chial tree where major inflammation is visualized. By doing 
so, the likelihood of isolating the pathogen in BAL obvi-
ously increases. The positive agreement between CT scan 
and BAL results observed in a large number of patients is in 
contrast with the findings from 28 patients [13], that is that 

Table 1  Demographic and clinical characteristics of patients included in the study

Continuous variables are expressed as median ± interquartile range (IQR)
ULN upper limit of normal
*At CT scan

Number of 
observations

Total (n = 198) Positive BAL (n = 32) Negative BAL (n = 166) p value

Male sex (n) 198 (100%) 107 (54%) 23 (72%) 84 (51%) 0.027
Age (years) 198 (100%) 70 (58–78) 63 (46–74.5) 71 (60–79) 0.014
Unit 198 (100%)
 Internal medicine 146 (74%) 27 (84%) 119 (72%) 0.078
 ICU 3 (1%) 0 (0%) 3 (2%)
 Surgery 19 (10%) 5 (16%) 14 (8%)
 Onco-hematology 12 (6%) 0 (0%) 12 (7%)
 Neurology 18 (9%) 0 (0%) 18 (11%)

Symptoms and respiratory function
 Dyspnea 177 (89%) 72 (41%) 17 (55%) 55 (38%) 0.077
 Cough 178 (90%) 58 (33%) 12 (38%) 46 (32%) 0.512
 Gastrointestinal 178 (90%) 18 (10%) 5 (16%) 13 (9%) 0.253
 Dysgeusia, anosmia 178 (90%) 9 (5%) 5 (15%) 4 (3%) 0.003
 Temperature 179 (90%) 37.2 (36.5–38) 37.7 (37.2–38.3) 37 (36.5–37.8) 0.002
  SpO2 < 92% 176 (89%) 56 (32%) 11 (35%) 45 (31%) 0.629
  PaO2:FiO2 122 (61%) 307 (254–362) 312 (255–347) 302 (248–376) 0.510

CT findings
 Number of involved lobes 196 (99%) 2 (1–5) 5 (1–5) 2 (1–4) 0.007
 Ground glass opacity > 50% 196 (99%) 90 (46%) 20 (64%) 70 (42%) 0.024
 Consolidation 196 (99%) 64 (33%) 8 (26%) 56 (34%) 0.395
 Non-COVID infection* 196 (99%) 108 (55%) 6 (19%) 102 (62%) < 0.001

Conclusion
 Negative 196 (99%) 54 (27%) 5 (16%) 49 (30%) < 0.001
 Borderline 84 (43%) 6 (19%) 78 (47%)
 Suggestive 58 (30%) 20 (65%) 38 (23%)

Laboratory tests
 White blood cells  (103/μl) 198 (100%) 9.0 (6.2–12.7) 7.5 (5.4–12.9) 9.0 (6.3–12.5) 0.488
 Lymphocytes  (103/μl) 198 (100%) 1.0 (0.6–1.7) 1.0 (0.7–1.3) 1.1 (0.6–1.7) 0.400
 Eosinophils  (103/μl) 198 (100%) 0 (0–0.1) 0 (0–0.1) 0 (0–0.1) 0.003
 Lactate dehydrogenase (IU/l) (ULN 248) 177 (89%) 254 (204–347) 318 (262–372) 243 (185–329) 0.002
 C-reactive protein (mg/dl) (ULN 0.5) 197 (99%) 5.7 (1.6–12.6) 8.15 (4.8–12.25) 4.87 (1.3–13.4) 0.068
 Procalcitonin (ng/ml) (ULN 0.5) 165 (83%) 0.17 (0.07–0.68) 0.17 (0.10–0.34) 0.16 (0.07–0.72) 0.960
 d-Dimer (ng/ml) (ULN 500) 143 (72%) 571 (323–1092) 522 (278–1005) 620 (330–1105) 0.311
 Fibrinogen (mg/dl) (ULN 400) 143 (72%) 524 (380–665) 583 (445–676) 520 (363–663) 0.269
 Ferritin (ng/ml) (ULN 336) 91 (46%) 370 (105–870) 485 (180–990) 353 (93–691) 0.054
 Pneumococcal urinary antigen 171 (86%) 35 (20%) 9 (30%) 26 (18%) 0.154
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SARS-CoV-2 infection can be safely ruled out regardless of 
a suggestive CT scan. On the other hand, the authors of a 
recent multicentric study on 131 patients [4] reported that 
patients suspected for COVID-19 presented with a higher 
number of radiological alterations.

Second, 5/54 patients who had a grade 0 at CT scan 
demonstrated BAL positivity for COVID-19. This finding 
highlights the fact that a negative CT scan cannot rule out 
with certainty a SARS-CoV-2 infection, especially in the 
hypothesis that the pathogen has already moved to the lower 
respiratory tract at the time of FBS, without causing the 
overt radiological pattern. This may also be related to the 
fact that some patients presented with non-respiratory symp-
toms at presentation, thus the disease was active, still in the 

absence of a pulmonary involvement. In a similar recent 
multicentric study [2], when CT scan was considered as 
normal (10 patients), also the BAL for SARS-CoV-2 turned 
negative, confirming our overall trend. However, when pos-
sible, BAL should still be performed to decrease the rate of 
false negative results and to de-isolate these patients with 
more safety, even if they represent a restricted group of cases 
(in our dataset 9%).

Third, when a non-COVID-19 pneumonia was suspected 
at CT scan, BAL was more frequently negative for COVID-
19: 2/108 patients were  BAL+ only for COVID-19; 4/108 
patients were positive both for COVID-19 as well as for 
another infection. 65/198 (33%) turned BAL positive for the 
research of other pathogens, thus allowing to begin a specific 

Table 2  Univariable and 
multivariable logistic regression 
analysis for BAL SARS-CoV-2 
positivity

Bold values indicate statistically significant 
Odds ratios (OR) are reported with 95% confidence intervals (95% CI); in the case of continuous variables, 
absolute increments corresponding to the OR are specified. For the multivariate analysis, a total of 173 
observations were used (87%) due to listwise deletion
*At CT scan

Univariable p value Multivariable p value
OR (95% CI) OR (95% CI)

Male sex (vs. female) 2.49 (1.09–5.71) 0.031 1.52 (0.52–4.41) 0.440
Age (per year) 0.97 (0.95–0.99) 0.014 0.98 (0.95–1.01) 0.193
Symptoms and respiratory function
 Dyspnea 2.01 (0.92–4.39) 0.081
 Cough 1.30 (0.59–2.89) 0.513
 Gastrointestinal 1.89 (0.62–5.76) 0.260
 ENT (dysgeusia, anosmia) 6.57 (1.66–26.07) 0.007 4.51 (0.81–25.08) 0.085
 Temperature (per 1 °C) 1.99 (1.29–3.09) 0.002 1.94 (1.13–3.33) 0.016
 Desaturation  (SpO2 < 92%) 1.22 (0.54–2.76) 0.630
  PaO2:FiO2 (per 25) 0.97 (0.86–1.08) 0.536

CT findings
 Number of involved lobes 1.35 (1.09–1.66) 0.006
 Ground glass opacity > 50% 2.46 (1.11–5.48) 0.027
 Consolidation 0.68 (0.28–1.61) 0.378
 Non-COVID infection* 0.14 (0.06–0.38) < 0.001 0.12 (0.04–0.41) 0.001

Conclusion (vs. negative)
 Borderline 0.75 (0.22–2.60) 0.655 2.26 (0.48–10.61) 0.300
 Suggestive 5.16 (1.77–15.00) 0.003 7.36 (2.10–25.77) 0.002

Laboratory tests
 White blood cells (per  103/μl) 0.98 (0.90–1.05) 0.566
 Lymphocytes (per  103/μl) 0.73 (0.43–1.22) 0.230
 Eosinophils (per  103/μl) 0.08 (0.00–3.12) 0.179
 Lactate dehydrogenase (per 100 IU/l) 1.23 (0.96–1.59) 0.104
 C-reactive protein (per mg/dl) 1.00 (0.96–1.03) 0.984
 Procalcitonin (ng/ml) 0.82 (0.58–1.15) 0.248
 d-Dimer (per mg/ml) 0.93 (0.73–1.18) 0.543
 Fibrinogen (per 100 mg/dl) 1.06 (0.87–1.30) 0.542
 Ferritin (per mg/ml) 1.29 (0.86–1.92) 0.211
 Pneumococcal urinary antigen 1.89 (0.78–4.61) 0.159
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therapy when indicated (in case of a low number of cop-
ies and/or possible contaminants, no therapy was initiated). 
This number is slightly lower compared to another similar 
research, which, however, only included 28 patients [13]. As 
a fact, BAL allowed to treat patients—especially immuno-
compromised ones—with a targeted antibiotic therapy, after 
the pathogen was isolated [3]. Differently, in the multicentric 
study of Geri et al. [2], no concomitant pulmonary infec-
tions were detected, probably because an empirical antibi-
otic therapy was started a few days in advance before the 
performance of BAL.

Fourth, BAL-positive patients were younger compared 
to the negative ones. This may reflect a bias by which 
older patients with a severe compromised clinical picture 
and concomitant comorbidities who would have probably 
turned positive for COVID-19 at BAL did not undergo FBS 
at all as the risks were considered to outweigh the benefits 
of a molecular diagnosis. Nonetheless, a BAL negative for 
SARS-CoV-2 allowed to avoid the unnecessary isolation 
of suspect cases, thus maximizing the number of patients 
admitted to the COVID-19 wards and minimizing the risk 
for healthcare operators. The former organizational change 
was of major importance, if we consider the critical out-
break setting in our region (Milan–Lombardy) during that 
particular period, where we needed to treat and hospitalize 
an enormous number of patients over a short amount of time 
with a limited number of beds and resources, as occurred in 
other hospitals in nearby regions [4].

Fifth, during the observation period and the 198 FBS pro-
cedures, only one was complicated by desaturation after the 
procedure and required high-flow oxygen therapy. In that 
case, FBS demonstrated the presence of a bronchial obstruc-
tion due to an advanced malignancy that had not been previ-
ously diagnosed. Data on the safety of the healthcare person-
nel are also reassuring as 4/4 thoracic surgeons performing 
FBS tested negative for SARS-CoV-2 at nasopharyngeal 
swab during the course of the study. We may thus surmise 
that adequate PPE and negative pressure environments allow 
to reduce the risk for healthcare workers performing FBS, a 
procedure that had been considered as a high-risk procedure 
for the viral spreading.

Since BAL is not readily available at all Centers, other 
specimens collected from the lower respiratory tract have 
been considered for molecular testing, such as induced spu-
tum. However, this approach has proven to be slightly supe-
rior to nasopharyngeal swabs, but less sensitive compared to 
BAL [6]. The unique advantage of BAL versus other fluids 
is that it can be performed with a higher precision, possibly 
in concordance with the radiological findings, consequently 
increasing diagnostic accuracy. Induced sputum is de facto 
collected blindly.

We are well aware of the limitations of our study. First 
and foremost, this is a retrospective and monocentric study, 

but we acknowledge that the multidisciplinary approach and 
the rigorous recommendations that were internally followed 
reduce the risk of bias from the study design.

Second, FBS and BAL were ordered based on different 
indications and in different settings, not allowing the esti-
mate of a uniform pre-test probability, despite the setting 
within one of the highest impact COVID-19 geographical 
regions. As an example, in hematological and oncologi-
cal patients, BAL was frequently requested to detect non-
COVID-19 pathogens, but during the pandemic the search 
for SARS-CoV-2 was also included, while the clinical suspi-
cion was minimal in patients for elective surgery. This could 
in part account for the rate of detection for SARS-CoV-2 in 
our study being lower than the one reported in a multicenter 
study [4], in which detection rate was reported to be 32.8% 
(43/131 patients). At the same time, our detection rate was 
in agreement with a previous paper regarding PCR assays 
identifying viral nucleic acid [19], in which BAL provided a 
specific diagnosis in 17% of the cases. Nonetheless, accord-
ing to our internal recommendations, BAL was performed 
to rule out with the highest possible degree of certainty the 
positivity for COVID-19, to reduce the risk of spreading due 
to asymptomatic carriers and to guarantee a better patient 
management.

Third, we observed a low number of patients who had at 
least two negative nasopharyngeal swabs before BAL. The 
choice of performing one or more nasopharyngeal swabs 
was ascribed to the Hospital arrangements secondary to 
multidisciplinary discussion, possibly trying to maximize 
the chance of COVID-19 identification with a more sensi-
tive method.

Forth, in the statistical model, 13% of patients were 
excluded from the multivariable model due to listwise dele-
tion for missing data. In future studies, this point could be 
improved—for instance—by performing a more standard-
ized set of laboratory tests upon patients’ arrival in the 
hospital.

Ultimately, this study was not intended to determine the 
sensibility and sensitivity of BAL for the detection of SARS-
CoV-2 for which dedicated perspective studies are awaited.

Conclusions

In conclusion, we submit that FBS with BAL should be 
considered as a complementary diagnostic tool that did not 
carry an increased risk for the patient or the operator but pro-
vided additional information in suspected cases, particularly 
when associated with fever or a suggestive CT scan.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11739- 021- 02714-y.
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