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Abstract
Background: Since December 2019 SARS-CoV-2 has been identi�ed as the causal agent for severe cases
of pneumonia in China and it spread all over the world, putting great pressure on Health Systems. Despite
regarded as the standard procedure, sensitivity of nasopharyngeal swab (NPS) is suboptimal. In
clinical/radiological suspicion of SARS-CoV-2 infection despite negative NPS test, other tests may be
required to rule out the infection.

Objectives: To evaluate correlations between lower respiratory tract (LRT) testing for SARS-CoV-2 in
suspect patients with 2 negative NPSs and clinical symptoms, laboratory values and the CT scan review
score by the Radiological Society of North America.

Method: Retrospective analysis of radiological, clinical and laboratory data from patients who underwent
LRT sampling (blind nasotracheal aspiration or bronchial washing) for suspected COVID-19 after 2
negative NPS. Chest CTs were reviewed by two blinded radiologist using the Radiological Society of North
America score for analysis purpose.

Results: SARS-CoV-2 was detected in 7 out of 59 patients (11.9%). No clinical or laboratory value were
found to correlate with positive test. CT scan showed good sensitivity (71.4%) and accuracy (81.3%), with
a very high NPV (95.7%). Features scored as 'typical' showed good correlation with SARS-CoV2 detection
on LRT. No complications nor staff’s infections were reported.

Conclusions: In suspect cases with at least 2 negative swabs CT scan revision can be helpful in ruling out
SARS-CoV-2 infection. In selected cases lower respiratory tract sampling can help in con�rming COVID-19
in cases with consistent CT features.

Introduction
In late December 2019 a cluster of pneumonia of unknown etiology was detected in the area of Wuhan,
China [1]. The responsible agent was identi�ed as a coronavirus �rst named nCoV19, subsequently
changed in SARS-CoV-2 in accordance to genetic similarity with the coronavirus known as etiologic agent
of the Severe Acute Respiratory Syndrome in 2003 (SARS-CoV-1) [2]. Since then, the epidemic spread
through all the continents, until the pandemic was declared by the WHO on March 11th, 2020 [2,3]. SARS-
CoV-2 infection (COVID-19) has been shown to cause a wide spectrum of syndromes, varying from
unapparent, asymptomatic course and pauci-symptomatic infection mainly involving the upper
respiratory tract and/or the GI system, to pneumonia and severe adult respiratory distress syndrome
requiring intensive care support, possibly leading to multi-organ failure and even death [2,4]. The
diagnosis is based on molecular techniques for the identi�cation of N and E genes of SARS-CoV-2
genome by RT-PCR reaction [5]. The nasopharyngeal swab (NPS) is the recommended sample for the
assay  [5]. However, in clinical practice the performance of NPS RT-PCR is  suboptimal, with a reported
sensitivity of about 66% [6]. Several laboratory biomarkers, including lymphocyte count, D-dimer assay,
and troponin I levels have been correlated to disease prognosis [4] but none of them provided su�cient
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diagnostic speci�city [2,4,7,8]. High resolution computed tomography (CT) scan of the chest can reach
very high sensitivity, for the diagnosis of COVID19 [9]. Some speci�c radiological pneumonia �ndings
(graded as typical vs indeterminate vs atypical CT imaging features) have been identi�ed to support the
diagnostic process [10]. It is not that uncommon to experience cases of patients presenting with
suggestive clinical symptoms (mainly consisting of fever, cough and dyspnea) and suggestive but not
conclusive radiological �ndings, and negative NPS RT-PCR test. Repetition of the test is highly
recommended in these patients, given the epidemiological implications of allocating a SARS-CoV-2
infected case to an inappropriate setting. Still, even double negative result might not be su�ciently
speci�c for ruling out COVID-19. In such cases, respiratory physicians may therefore be asked to help in
the diagnostic process by sampling the lower airways through bronchoscopy. Indeed, lower respiratory
tract (LRT) sampling through bronchial endoscopy with either bronchoalveolar lavage (BAL) or bronchial
washing (BW) has been shown to be useful in etiologic de�nition of pneumonias, even in case of viral
pneumonia [11,12]. For SARS-CoV-2 infection, PCR assay performed on BAL has shown very high
sensitivity [6]. However, concerns have been raised on the procedure related biological risk for the HCP
involved . In fact, the American Association of Bronchology and Interventional Pulmonology (AABIP)
discourages routine use of bronchoscopy in suspect cases [13]. Other associations released similar
position papers/recommendations during the early phase of the epidemic [14]. To explore the potential
value of LRT sampling on top of  the clinical, laboratory and CT imaging information in subjects with a
suspect of SARS-CoV-2 infection and  at least 2 negative NPS , we performed a retrospective analysis of
the diagnostic yield of lower respiratory tract (LRT) sampling in patients with suspected COVID-19
because of the clinical presentation and/or radiological �ndings but negative NPS for SARS-CoV-2
molecular detection. Moreover we aimed to assess the diagnostic values of respiratory symptoms, blood
biomarkers and HRCT �ndings in these patients/setting.

Materials And Methods
Study design and population

This is an observational, retrospective, single center study. The analysis included all admitted patients
between March and September 2020 with the following:

- clinically suspected SARS-CoV-2 infection as per WHO recommendations (de�ned as respiratory
symptoms of acute onset or contact with a con�rmed case)

- con�rmed chest radiological abnormalities suspicious (but not conclusive) for interstitial pneumonia

- at least 2 negative NPSs

- LRT sampling for SARS-CoV-2 RT-PCR test

Patients with only 1 negative NPS and patients with no CT scan available were excluded. The LRT
samplings were performed by blind nasotracheal aspiration (BNTA) with a 14 Ch diameter suction
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catheter, or with bronchial endoscopy through bronchial washing (BW). Bronchoscopy was performed
either with Pentax FB18V/FB15V �breoptic bronchoscope (Pentax®, Japan) or a single use aScope™ 4
Broncho �exible bronchoscope (Ambu ®, Denmark).The decision on which test to perform (BNTA vs BW)
was taken by the endoscopists in multidisciplinary discussion with the referring clinician, based on
clinical history review, clinical conditions/performance status, and extension of the alterations on chest
CT. The samplings were performed in protected environment by expert personnel according to
international recommendations [15,16]. The study was approved by the Local Ethic Committee and
informed consent was collected. The study was conducted ethically in accordance with the World
Medical Association Declaration of Helsinki.

Aims

To retrospectively evaluate the diagnostic yield of LRT sampling in patients with repeated negative NPS
for SARS-COV2 infections but clinical and/or radiological suspicion for COVID-19. Secondary aims
included correlations between laboratory biomarkers, symptoms, radiological �ndings at HRCT scan and
SARS-CoV-2 infection detected on LRT sampling.

Analysis and procedures

SARS-CoV-2 detection on LRT samplings was retrospectively reviewed. The threshold for positive result
was set at 40 or less RT-PCR cycles.

We also analyzed clinical records to evaluate whether reported symptoms, laboratory biomarkers and CT
scan �ndings can be useful in the diagnostic process. For this purpose, we set a three dimensional score
to grade clinical, laboratory and radiological data.

The clinical score considered the 3 most relevant symptoms (cough, dyspnea and fever). Given the
epidemic phase of the disease at the time of study conduction, close contact with a con�rmed case was
not considered necessary to suspect SARS-COV-2 infection in presence of suggestive symptoms. We also
included in the clinical score respiratory failure which is often present in COVID-19 patients at hospital
admission. Respiratory failure was de�ned as PaO2 <60 mmHg in ambient air on blood gas analysis, or
SpO2 <94% in ambient air. We assigned score 1 to presence and 0 to absence of each of the 4 items.

Given the retrospective nature of the study, we included in the lab score variables that were considered
clinically relevant from a literature review and were available for most of the patients included in the
study: lymphocyte count, D-dimer assay, PCR and LDH. We arbitrarily set a 4 degree level score for
lymphocyte count (0=normal: >1500 cells/ µL, 1=mild reduction: between 1000 and 1500/µL, 2=moderate
reduction: between 500 and 1000/µL, 3=severe reduction: <500/µL), and a 2 level score for the remaining
variables (0=normal, 1=increased:  >ULN for LDH, > 500 ng/mL for D-dimer and >0.5 mg/dL for PCR).

For the purpose of our study we needed to objectively identify suspect imaging features. Therefore, we
had the high resolution chest CT scans blindly reviewed by two radiologist, and agreed to score imaging
features according to the Radiology Association of North America score [10]:   0= no pneumonia, 1=

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
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atypical features for COVID-19, 2= indeterminate features for COVID-19, 3= Typical features for COVID-19
pneumonia. Cases in which there was a disagreement between the two radiologists, were reviewed and
solved by consensus. To evaluate the diagnostic performance, we considered as positive only CTs with a
score 3. CTs with score 0, 1 and 2 were considered as negative. Diagnostic accuracy was de�ned as the
ratio between all cases in which CT score correctly assigned patients to either positive or negative for
SARS-CoV-2 infection and the total number of patients. The complete scoring system adopted is resumed
in Figure 1.

We looked for correlations between clinical, laboratory,  radiology and combined score and LRT test result,
which represented our diagnostic gold standard.

Statistics

All parametric and non parametric variables are presented as mean and range. Statistical signi�cance
was set at 95% CI with p value <0.05. Student's t-test and Mann-Whitney U test were used to compare
characteristics between LRT positive and negative patients, as appropriate. Multivariate analysis to
explore correlations between clinical, laboratory, CT and combined score was also performed. Data
analysis was performed through Graph Pad Prism © San Diego, CA (US), version 7,  and through IBM ®
SPSS® , Armonk, New York  (US), version 27.

Results
Study Population

Between March 26th and September 14th, 67 patients underwent LRT sampling either through
bronchoscopy or BNTA after 2 negative NPSs for suspect SARS-CoV-2 infection. Eight patients were
excluded from the analysis because of the following reasons: 7 patients underwent only 1 NPS before the
bronchoscopy; 1 patients did not undergo CT scan before the bronchoscopy.

The characteristics of the study population (n=59) are reported in Table 1. Mean age resulted 70.6 y, most
of the patients were male (72.9%). Thirty-four patients (57.6%)  had respiratory failure at presentation. All
the patients had lung abnormalities in CT scans. Data were missing for 2 patients for lymphocyte count,
20 patients for D-dimer, 9 patients for LDH and 5 patient for PCR. After revision, presence of CT scan
alterations consistent with lung in�ltrates were con�rmed in 56/59 cases (94.9%).

LRT sampling was performed with BNTA in 15 patients (28%), while endoscopy was performed in 44
(72%). SARS-CoV-2  was identi�ed in LRT samples from 7 cases (11.9% of the included population).
These included 5 bronchial washings and 2 BNTAs. Negative test was obtained in the remainder 52
patients.

Positive vs negative patients
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Table 2 shows comparison of characteristics and scores between positive and negative patients. Positive
cases were signi�cantly younger, with no signi�cant difference in gender distribution as compared to
negative patients. Among positive patients, a higher percentage presented with cough. However, no
statistically signi�cant differences in symptoms prevalence was detected. No statistically signi�cant
difference was found in the laboratory values between SARS-CoV-2 positive and negative patients, with a
trend for decreased blood lymphocytes count in COVID-19  subjects.

Score Results

Table 3 summarizes the score distribution in the whole population analyzed and the comparison between
positive and negative patients.

Only 6 patients were negative at the clinical evaluation (10.2%), with 2 patients showing  a clinical score
of 4 (3.4%). The mean clinical score was 1.89 (0-3) in SARS-CoV-2 negative patients and 2.14 (0-4) in
SARS-CoV-2 positive patients, with no statistically signi�cant difference.

All patients presented with at least one laboratory abnormality, the most common being increased PCR,
with mean scores of 3.15 and 3.17 in the SARS-CoV-2 negative and positive group, respectively, with no
statistically signi�cant difference. 

After revision by two blinded radiologists, 13 chest CTs (22.0%) received a score of 3 (meaning consistent
with COVID-19), 26 (44.1%) were scored 2 (indeterminate for COVID-19), 17 (28.8%) were scored 1 (not
typical for COVID-19) and the remaining 3 (5.1%) were scored 0 (no pneumonia). Five out of the 13
typical CT cases proved positive at LRT testing. The remaining 2 patients with positive LRT test were
given a CT score of 2 and 1, respectively. The consequent diagnostic performance of the CT scan, as
shown in Table 4, resulted in a sensitivity of 71.4%, a speci�city of 84.6% and a positive predictive value
and negative predictive value of 38.5% and 95.7%, respectively. Diagnostic accuracy resulted 83.1%.
Revision of the clinical data revealed that the 2 patients with false negative CT score were re-admitted
after previous hospitalization for COVID-19 and had been discharged after clinical resolution and two
consecutive negative NPSs as per local protocol. Reason for re-admission in both cases was sudden
appearance of respiratory symptoms and fever. A statistically signi�cant difference was detected in the
CT revision score, showing higher values in positive cases (mean 2.57, range 1-3) as compared to the
negative ones (mean 1.73, range 0-3, p 0.01). No statistically signi�cant correlations were detected
between the total score (sum of clinical, laboratory and radiological score) and positivity for SARS-CoV-2
(mean score 6.82 vs 7.62 for negative and positive patients, respectively, p 0.34). 

Multivariate analysis (as shown in Table 5) con�rmed a positive correlation between CT score and SARS-
CoV-2 infection, while an inverse correlation was found between age and likelihood of SARS-CoV-2
infection. No correlations were detected with clinical and laboratory variables.

Microbiological analysis on LRT sampling



Page 7/16

LRT sampling resulted in isolation of pathogens other than SARS-COV-2 in 25 out of 59 cases (42.4%).
Microbiological analysis was not performed on 12 cases, all consisting of BNTA, due to less material
collected. Details on isolated pathogens are provided in Table 6. To be noted, in 17 (28.8%) cases a
mycotic infection was detected, with Candida Spp. as the most common agent. Among bacteria, Gram
negative Spp were most frequently isolated, P. Aeruginosa being the most consistently isolated.

Complications

Five complications (8.5%) were reported, mainly consisting in drop in peripheral blood oxygen saturation
during the procedure. In most cases, no speci�c intervention was required, with spontaneous resolution
after completion of the exam. In two cases the drop in oxygen saturation prompted early termination of
bronchoscopy, and in one out of two it required administration of high �ow oxygen and i.v. steroids to
resolve. All patients with reported complications were already in oxygen supply at the beginning of the
procedure, and in the most severe case pulmonary embolism was following detected at a contrast
enhanced CT scan, accounting for higher procedure risks. No complications were reported with BNTA
procedures. No site personnel was infected by SARS-CoV-2 as a consequence of the procedures.

Discussion
This study aimed to explore the relationship between clinical, laboratory and radiological characteristics
of a cohort of patients undergoing LRT sampling due to suspect SARS-CoV-2 infection, after at least two
negative NPSs.

We found 7 positive cases out of 59, 11.9% of the analyzed population. We did not �nd any relevant
relationship between clinical symptoms at admission and positivity of LRT samples, nor between any of
the laboratory values considered (lymphocyte count, D-dimer assay, LDH and PCR) and SARS-CoV-2
diagnosis in LRT samples.

Revision of the CT scans by two blinded radiologists showed a sensitivity as high as 71.4% with a
diagnostic accuracy of 81.3% using the Radiological Society of North America score. A very high negative
predictive value was also detected (95.7%).

Other studies explored the role of bronchoscopy in COVID-19, with heterogeneous populations, patients
selection criteria and conclusions. Ora et al studied BAL performance in SARS-CoV-2 search in patients
with suspect COVID-19 based on symptoms and CT scan, at least two negative swabs and negative
serologic test for SARS-CoV-2. They report no detection of SARS-CoV-2, and conclude that in such cases
BAL should not be considered for testing [17]. Geri et al also used BAL to search for SARS-CoV-2 on 79
consecutive patients admitted to respiratory units of three Italian hub hospitals, �nding high concordance
for negative result (97.5%) between NPS and BAL. The Authors suggest that BAL has a limited role in the
diagnosis of COVID19 when both thoracic imaging and upper respiratory swabs are negative [18].
However, only 50 out of 79 patients had at least two negative swabs, which would seem more prudent to
spare health workers from exposure in unnecessary aerosol generating procedures, as per international
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recommendations. Furthermore, only 63 patients had a CT scan, and only 38 of them showed signs
compatible with viral infection. Most importantly, the 2 patients with positive BAL had highly compatible
CT scan for COVID19. Mondoni et al assessed the yield of both BAL and BW in 78 patients from six
different Italian Hospitals, who underwent bronchoscopy for SARS-CoV-2 search for suspicion of COVID-
19 despite two negative NPSs. The Authors report a very high prevalence of COVID-19 (55.1%) and report
no signi�cant differences between BAL and BW [19]. More recently, another Italian multicenter study by
Patrucco et al isolated SARS-CoV-2 on BAL in 43/131 (32.8%) patients [20]. Included patients differed in
key characteristics, such as number of pre-test negative NPSs, suspicion of infection and indications to
perform a bronchoscopy. High agreement is reported in this work between NPSs and BAL especially in
negative samples, but on the other hand only 10 out of 43 positive patients had a positive NPS. Most of
the included patients presented chest CT alterations. A subsequent review of the CT scan in 46 patients
from this cohort using international societies recommended scores showed good correlation between
suggestive features and BAL positivity for SARS-CoV-2 for both the CO-RADS and the Radiological
Society of North America score [21].   

We included in our analysis suspected patients with at least 2 consecutive negative NPSs. We included
BNTA as a sampling technique for its less invasive nature and ease of performance even for less trained
personnel. At the time of analysis, serology for SARS-CoV-2 was not available in our hospital setting to
rule out infection with SARS CoV2. Hence, the conclusion of the work from Ora et al do not apply to our
cohort. In fact, not performing LRT sample analysis would have led to 7 missed cases, with possible great
risk of in-Hospital spreading of the infection.

The potential of the CT of the thorax in the diagnosis of COVID-19 has been �rst suggested by Ai et al
who, after reviewing more than 1000 CT scans from Chinese patients, calculated a sensitivity of 97% for
SARS-CoV-2 associated pneumonia. Since then, knowledge on radiological appearance of SARS-CoV-2
related lung alterations has increased, leading to the development of suggested standardized report
systems [10,22].

However, the diagnostic performance of CT scan not merely depends on the prevalence of the disease in
the studied population, but is also affected by non-speci�c �ndings of COVID-19 that overlap with those
of other conditions, resulting in a substantial rate of false-positive examinations [23]. A Cochrane meta-
analysis by Salameh et al including 78 studies evaluating CT scan on 8105 participants found a 93.1%
sensitivity for studies including con�rmed cases and a 86.2% sensitivity in studies including suspected
cases. However, speci�city resulted much lower (18.1%) [24]. Another meta-analysis by Kovacs et al
reported sensitivity between 67 and 100% for chest CT. Interestingly, the Authors notice that the sensitivity
of NPS test clearly in�uences the calculated CT scan speci�city, which may therefore be underestimated.
Korevaar et al retrospectively evaluated the added value of chest CT scan analyzed with the CO-RADS
score to RT-PCR testing [22]. The Authors found a CT score consistent with COVID19 in 92.9% of the
patients with initial positive RT-PCR test. They also reported that 13 cases out of 38 with positive CT but
negative NPS test ultimately had con�rmed SARS-CoV-2 infection after repetition of RT-PCR testing. As in
previous reports, speci�city was lower, being only 25% [25].
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Our data further support the importance of chest CT in COVID19 diagnosis, especially when a
standardized scoring system is applied. We had our CT scans reviewed by two radiologists, �nding good
sensitivity, speci�city and NPV resulting in promising diagnostic accuracy. Not to overestimate CT
performance, we included in the reported calculation 2 patients who already had been admitted and
treated with a COVID-19 diagnosis, and had been discharged from hospital with negative RT-PCR on NPS.
It has already been described that BAL retains RT-PCR positivity for longer than NPS [26], though it is not
clear whether this positivity really re�ects infectivity. The CT features for these 2 cases may not represent
the acute phase of the disease, therefore misleading the reading radiologist [27]. By excluding these two
patients from the analysis, CT sensitivity would have resulted 100%, and diagnostic accuracy would have
been 86%.  Certainly, the low incidence of infection in our population, also as a consequence of
considering only patients with 2 negative NPSs, lead to a higher calculated speci�city and NPV, which
may not be applicable to other scenarios.

Our results are consistent with published works on the topic, con�rming the overall good concordance
between negative CT �ndings, negative NPSs and negative LRT RT-PCR testing. An important �nding of
this study is that even 2 negative NPSs cannot safely rule out SARS-CoV-2 infection, especially when
typical features are detected on CT scan, as reported by other groups [18,19,21]. Data also seem to
suggest that since most symptoms are overlapping in different diseases, they should not be considered
disease speci�c per se, and con�rm that probably most of the interest for lab values stands in their
predictive value for clinical outcomes [2,4,8].

In this scenario, having the CT scan revised and scored according to an objective and repeatable score is
key in interpreting imaging features, as imaging revision by respiratory clinician would have led to a
greater number of false positives, given the presence of ground glass opacities in most of the cases
included.

Our work suggests bronchial washing to be as effective as BAL. In selected cases, even BNTA can be a
valuable choice, with lower risks for complications, considering the high prevalence of pre-examination
respiratory failure in this population.

In fact we only report �ve complications during BW sampling, none severe and all consisting in drop in
oxygen saturation during sample collection.

Ora et al and Patrucco et al found alternative speci�c infective agents in a signi�cant proportion of their
patients [17,20]. In our cohort BW identi�ed respiratory infection by either bacteria or fungi in more than
40% of the included population, with overlapping bacterial and fungal infection in 13.6%. This con�rms
the high value of LRT sampling in managing lung infections, potentially leading to clinical changes in
terms of antibiotic choice.

Our study certainly has all the limitations connected with its retrospective design. Other limitations
include its mono centric nature and the relatively small number of cases analyzed. Data on speci�city
and NPV should be weighted with regards to the low prevalence of infection we found in this population.
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However, our study clearly re�ects real life clinical scenario in a hub University Center during the
pandemic phase of the infection, where promptly con�rming SARS-CoV-2 infection is mandatory to avoid
in-hospital spreading of the disease. The lower incidence of SARS-CoV-2 detection in the lower respiratory
tract as compared to that of Mondoni et al and Patrucco et al, probably re�ects differences in
epidemiologic prevalence of the infection between different areas. To the best of our knowledge, we are
the �rst to assess a repeatable combined clinical, laboratory and radiological score in the diagnostic
workup of COVID-19, despite only showing good correlations with CT scan.

Our data suggest that COVID-19 is a multi-modal diagnosis which should not rely on only one test, but
rather on a panel of tests, which to the best of our knowledge should include CT scan and LRT samples,
when CT scan is consistent and less invasive tests cannot be conclusive. A multi-disciplinary discussion
should be advised in more complex cases, including at least radiologists and pulmonologists. Our data
also show that bronchoscopy, when protective equipment is used as indicated in several reports, can be
performed preserving health workers' safety. It must be noticed that SARS-CoV-2 diagnosis is not only
necessary for preventing spreading of the infection, but also for treatment access (e.g. participation in
clinical trials), and for safety reasons before undertaking immunosuppressive or chemotherapy
treatment. Another application of bronchoscopy in suspected cases can include differential diagnosis
with other infectious diseases. 

Conclusion
In the most challenging scenarios, i.e. when clinical data, laboratory analysis and RT-PCR test on NPS are
unable to lead to a de�nite con�rmation or exclusion of SARS-CoV-2 diagnosis, our data suggest that CT
scan revision and lower respiratory tract sampling represent useful tools. We suggest multi disciplinary
discussion involving at least a radiologist and a respiratory physician in the evaluation of LRT sampling
opportunity, considering the potential risks for health care workers. Ideally, larger multi centric prospective
clinical trials with a clear and reproducible de�nition of positive and negative imaging features will be
required to design diagnostic algorithms that maximize the risk/bene�t balance for patients and health
care workers dealing with COVID-19.

List Of Abbreviations
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2

RT-PCR = real time polymerase chain reaction

LRT = lower respiratory tract

BW = bronchial washing

BNTA = Blind nasotracheal Aspiration
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NPS = nasopharyngeal swab

COVID-19 = Coronavirus Disease 19

ER = Emergency Room
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Figure 1

CT scan, laboratory and clinical scoring system. LDH=lactate dehydrogenase, CRP= C reactive protein,
ULN= upper limit of normality, DDU= D-dimer Unit, Y=yes, N=no
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