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Abstract
The diffusion of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) worldwide prompted the World Health 
Organization to declare the status of pandemic. The molecular diagnosis of SARS-CoV-2 infection is based on the detection 
of viral RNA on different biological specimens. Unfortunately, the test may require several hours to be performed. In the 
present study, we evaluated the diagnostic accuracy of lung point-of-care ultrasound (POCUS) for SARS-CoV-2 pneumonia 
in a cohort of symptomatic patients admitted to one emergency department (ED) in a high-prevalence setting. This retrospec-
tive study enrolled all patients who visited one ED with suspected respiratory infection in March 2020. All the patients were 
tested (usually twice if the first was negative) for SARS-CoV-2 on ED admission. The reference standard was considered 
positive if at least one specimen was positive. If all the specimens tested negative, the reference was considered negative. 
Diagnostic accuracy was evaluated using sensitivity, specificity, and positive and negative predictive value. Of the 444 symp-
tomatic patients who were admitted to the ED in the study period, the result of the lung POCUS test was available for 384 
(86.5%). The sensitivity of the test was 92.0% (95% CI 88.2–94.9%), and the specificity was 64.9% (95% CI 54.6–74.4%). 
We observed a prevalence of SARS-CoV-2 infection of 74.7%. In this setting, the positive and negative predicted values were 
88.6% (95% CI 84.4–92.0) and 73.3% (95% CI 62.6–82.2%), respectively. Lung POCUS is a sensitive first-line screening 
tool for ED patients presenting with symptoms suggestive of SARS-CoV-2 infection.
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Introduction

Coronavirus disease 19 (COVID-19) represents a new chal-
lenge among infectious diseases. It was first described in 
early December 2019 in China [1] and, since then, it has 
quickly spread so much around the world that the World 
Health Organization has declared the status of pandemic on 
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March 11th 2020 [2]. The infection is sustained by a novel 
coronavirus, soon named severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) because of the high rate of 
lung involvement in the infected population.

The disease has hit Italy hard, with the highest prevalence 
in Lombardy region, where different epidemic outbreaks 
have developed. In this context, emergency departments 
(EDs) were rapidly overwhelmed by the enormous number 
of patients, who had to be promptly managed. A simple, 
quick, and reliable diagnostic test to identify SARS-CoV-2 
pneumonia is essential, so to immediately start the treat-
ments and timely decide whether to admit the patient in a 
COVID-19-dedicated or COVID-19-free ward.

The molecular diagnosis of SARS-CoV-2 infection is 
based on the detection of viral RNA on different biologi-
cal samples (commonly nasopharyngeal swabs), through 
reverse transcriptase polymerase chain reaction (RT-PCR). 
This test takes about 6 h to be performed [3], but its results 
may require up to 36 h to reach patients and healthcare prac-
titioners when the samples have to be sent remotely or in the 
case of laboratory overload. The accuracy of such a test is 
still unclear, as false negative rates as high as 30% have been 
reported [3–10].

SARS-CoV-2 infection with pulmonary involvement 
shows typical computed tomography (CT) findings [3–6]. 
With a reported sensitivity of 94% and specificity of 37% 
[11, 12], CT scan is considered the most accurate, first-line 
imaging test to evaluate patients admitted to the ED with 
respiratory symptoms suggestive of SARS-CoV-2 infection. 
In these cases, CT scan is particularly useful if RT-PCR is 
negative.

Nevertheless, CT scan is time consuming, exposes 
patients to transport-related risks and to ionizing radiation. 
Moreover, during the pandemic, the unbalance between the 
available resources and the number of patients to manage 
makes CT scan very impractical as a systematic assessment.

Chest X-ray is the most frequently performed radiological 
examination in the ED, in particular among patients with 
respiratory symptoms, due to its wide availability, low cost, 
and low radiation exposure. It provides a global two-dimen-
sional picture of lung parenchyma. Because of its limited 
spatial resolution and diagnostic accuracy, particularly in 
infectious interstitial pneumonia [13], chest X-ray plays a 
key role in the monitoring of patients’ clinical course rather 
than in the diagnostic phase during a pandemic, in which a 
very sensitive test is necessary [14, 15].

Nowadays, lung point-of-care ultrasound (POCUS), 
performed and interpreted by emergency physicians, has 
a widespread use [16] and its role in the evaluation of 
patients with both cardiogenic and pneumogenic dyspnea 
is well established [17]. Previous studies have described the 
sonographic signs of COVID-19 pneumonia [18], which 
include B lines (hyperechoic, laser-like artifacts arising 

from the pleural line), often in a pattern known as inter-
stitial syndrome (> 3B-lines in more than 2 lung regions), 
an irregular or fragmented pleural line and peripheral lung 
consolidations. Interspersed areas of spared lung, similar 
to Acute Respiratory Distress Syndrome (ARDS), have 
been observed, mostly with preserved pleural sliding and in 
the absence of pleural effusion. The current pandemic has 
caused a significant increase in ED admissions of patients 
with respiratory symptoms. To improve the clinical and 
organizational workflow and reduce the risk to infect non-
COVID-19 patients, a quick and reliable differential diag-
nostic tool to distinguish between patients with suspected 
COVID-19 infection and those with symptoms secondary 
to other causes is essential.

In the present study, we aim at evaluating the accuracy 
of lung POCUS in the diagnosis of COVID-19-associated 
pneumonia, as compared to the result of RT-PCR test in 
symptomatic patients admitted to the ED in a high-preva-
lence setting.

To the best of our knowledge, this topic has not been 
previously investigated.

Materials and methods

Patients selection

This single-center, retrospective study enrolled all patients 
who consecutively visited the ED at San Carlo Borromeo 
Hospital in Milan, Italy, with signs and symptoms of respira-
tory infection, between March 1st and March 30th, 2020. 
Specifically, we considered all the patients presenting with 
cough, dyspnea, or a combination of these signs with fever.

Patients’ characteristics were extracted from the ED and 
hospital electronic medical records. These characteristics 
included age, sex, signs, and symptoms on ED arrival and 
the results of POCUS test, chest X-ray, and CT scan, when 
performed. Although the POCUS test and chest X-ray were 
routinely performed on nearly all patients satisfying the eli-
gibility criteria of this study (according to the current clini-
cal practice of the center), chest CT scan was only performed 
out of clinician’s decision, in case of diagnostic uncertainty.

The institutional review board provided ethical approval 
for the retrospective data collection, within the broader EC-
COVID cohort study [19].

Lung ultrasound assessment

All the operators had received education in lung ultrasound 
(i.e., a single-day course on chest POCUS and additional 
hands-on training, including 150 exams under supervi-
sion) before the pandemic outbreak. Lung ultrasound was 
performed adopting the 12-region model, 6 on each side, 
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dividing each hemithorax into an anterior, lateral, and pos-
terior areas (delimitated by the anatomical landmarks rep-
resented by axillary lines), and each area into an upper and 
lower segment, as previously proposed by Via et al. [20].

All lung POCUS findings were reported in the electronic 
medical records, allowing the retrospective data collection. 
Lung POCUS was performed at the bedside just after the 
first clinical evaluation, and was considered positive for 
COVID-19 pneumonia in case of:

• Interstitial lung syndrome: two or more positive regions 
bilaterally (regions are defined as positive in presence of 
3 or more B-lines on a longitudinal plane between two 
ribs) with irregular pleural line [21].

• Interstitial lung pattern: two or more positive regions 
with irregular pleural line, with focal/unilateral distribu-
tion.

• White lung (coalescent B lines) in two or more zones.
• Subpleural consolidations.

Significant pleural effusion alone was not considered a 
consistent finding for COVID-19 pneumonia [22].

Chest X‑ray

All chest X-ray reports were reviewed and classified as 
positive or negative for pulmonary infection regardless the 
specific suspicion of lung involvement from SARS-CoV-2 
infection. In case of ambiguous reports, the definitive deci-
sion was performed in a consensus reading between the 
author of the report and a radiologist with 5-year experience.

Reference standard

All the eligible patients underwent RT-PCR test on one 
or more respiratory specimens on ED arrival. Specimens 
included nasopharyngeal or oropharyngeal swabs, sputum, 
lower respiratory tract aspirates, bronchoalveolar lavage, 
nasopharyngeal wash/aspirate, or nasal aspirate.

RT-PCR test was conducted with the Gene Finder 
COVID-19 Plus Real Amp Kit (Elitech) or LightMix Modu-
lar SARS-Cov (Roche) according with the manufacturers’ 
recommendations.

For all the patients eligible to the study, our reference 
standard was defined on the basis of the results of the RT-
PCR tests on specimens obtained on arrival at the ED. The 
reference was considered positive if at least one specimen 
tested positive for SARS-CoV-2.

Patients requiring hospitalization were temporarily iso-
lated in a dedicated area of the ED, waiting for the test 
results. Patients who tested positive were transferred to a 
COVID-19-dedicated ward.

Upon a negative result on the first sample, the patient 
would ideally need to be retested after 48 h. Patients with 
clinical features, laboratory results and imaging not sugges-
tive of SARS-CoV-2 infection were retested and kept in the 
ED. Alternatively, when the clinical conditions were highly 
suggestive of COVID-19, the patients were immediately 
admitted to COVID-19-dedicated wards and kept in side 
rooms before the results of the first RT-PCR test were avail-
able, in order to avoid ED overcrowding.

It has wildly been documented that a single negative 
RT-PCR on respiratory specimens is insufficient to rule 
out COVID-19 [3–10]; hence, we performed two second-
ary analyses to assess the sensitivity of the study results to 
the reference standard. First, we excluded from the study 
cohort the subgroup of patients presenting with highly suspi-
cious features of SARS-CoV-2 infection, who were tested on 
arrival at the ED and immediately hospitalized in COVID-
19-dedicated wards, and whose first RT-PCR test turned 
out to be negative. Most of these patients were ultimately 
classified as negative on the basis of a single negative test; 
thus, they are more likely to be misclassified at the reference 
standard than patients who were tested twice or who tested 
positive—the proportion of false positive RT-PCR tests has 
been documented to be very small [23]. Second, in the full 
study cohort, we considered a different reference standard, 
where we considered as positive the patients who had a posi-
tive specimen at the RT-PCR test (as in the primary analysis) 
or presented a CT scan suggestive of COVID-19, whenever 
the examination was performed.

Statistical analysis

The study results are presented following the recommenda-
tions of the Standards for Reporting of Diagnostic Accuracy 
(STARD) [24].

Quantitative variables are described with mean and stand-
ard deviation or median and interquartile range. Categorical 
and binary variables are presented as counts and propor-
tions. The statistical analyses were performed with R, ver-
sion 3.6.1 [25].

The main analysis assessed the ability of the POCUS test 
to correctly classify patients with different results from the 
reference standard. The diagnostic accuracy of the POCUS 
test was primarily evaluated in terms of sensitivity and 
specificity and secondarily in terms of positive and nega-
tive predictive value (PPV and NPV) [24]. The estimates of 
these indicators are provided with 95% confidence intervals, 
computed with the exact binomial method [26]. The perfor-
mances of the POCUS test were compared to the diagnostic 
accuracy of the chest X-ray, which was evaluated using the 
same methods. An identical methodological framework was 
used for the two secondary analyses.
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Results

Study cohort

A total of 515 patients visited the ED during the study 
period. The selection of the eligible patients (384, 74.6%) 
is presented in Fig. 1. Table 1 provides descriptive sta-
tistics of the enrolled patients. Four-hundred and one 
(77.9%) patients underwent a bedside POCUS at the time 
of admission or shortly afterwards, which was systemati-
cally reported in the patient’s records and suitable for the 
subsequent analysis.

Only 21 patients (5.5%) underwent CT scan. The 
results were suggestive for COVID-19 for 17 (81.0%) of 
them.

Main analysis

Of the 287 patients that tested positive at the reference stand-
ard, 23 had a negative result from the POCUS test (false 
negatives). The sensitivity of the test was 92.0% (95% CI 
88.2–94.9%). Of the 97 patients classified as negative at 
the reference standard, 34 tested positive at the POCUS 
test (false positives). Therefore, the specificity of the test 
was 64.9% (95% CI 54.6–74.4%). With the observed preva-
lence of 74.7% (287/384), the PPV and NPV of the POCUS 
test were 88.6% (95% CI 84.4–92.0) and 73.3% (95% CI 
62.6–82.2%), respectively.

The chest X-ray result was not available on 11 patients 
(2.9%), of whom 7 were positive at the reference standard. 
The X-ray showed 73 false negative and 41 false positive 
results. Therefore, sensitivity and specificity were 73.9% 

Pa�ents visi�ng the ED 
N = 515

Eligible pa�ents
N =444

Result of POCUS test available
N = 384

Pa�ents with no sign of 
respiratory infec�on

N = 71

Result of POCUS test not 
available 
N = 60

- Test not performed (N = 43) 
- Result of the test unclear or 

missing data (N=17) 

POCUS test posi�ve
N = 298

POCUS test nega�ve
N = 86

Reference standard:
Posi�ve: N = 23
Nega�ve: N = 63

Reference standard:
Posi�ve: N = 264
Nega�ve: N = 34

Fig. 1  Flow chart describing the patient selection and classification according to the POCUS test and reference standard
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(95% CI 68.4–79.0%) and 55.9% (95% CI 45.2–66.2%), 
considerably lower than those of the POCUS test. The PPV 
and NPV were 83.5% (95% CI 78.2–87.9) and 41.6% (95% 
CI 32.9–50.8%).

Secondary analyses

The patients who were hospitalized with a single negative 
RT-PCR test were 39, i.e., 40.2% of the negative results at 
the reference standard. Thirty (76.9%) tested positive at 
the POCUS test, while 9 (23.1%) tested negative. After the 
exclusion of these patients, the specificity of the POCUS test 
raised to 93.1% (95% CI 83.3–98.1%). As we only excluded 
patients who were negative at the reference standard, the 
sensitivity of the test was unchanged. PPV and NPV, now 
with a prevalence of disease of 83.2% (287/345), were 98.5% 
(95% CI 96.2%-99.6%) and 70.1% (95% CI 58.6–80.0%), 
respectively. The chest X-ray was not available on 3 of the 
patients who were negative at the reference standard, after 
the exclusion of the subgroup. The false positives were 20. 
Hence, the specificity of the chest X-ray was 63.6% (95% 
CI 49.6–76.2%) on the selected cohort, while PPV and 
NPV were 91.2% (95% CI 86.7–94.5) and 32.4% (95% CI 
23.7–42.1%).

In the other secondary analysis, we considered the entire 
study cohort and classified as positive reference standard 

those patients with a positive RT-PCR test (as in the main 
analysis) or with a CT scan suggestive of COVID-19. Only 
4 of the 17 positive CT scan examinations were classified as 
negative at the main reference standard (RT-PCR on respira-
tory specimens). Two of them (50%) tested positive at the 
POCUS test. Using this modified reference, the sensitivity 
and specificity were 91.4% (95% CI 87.6–94.4%) and 65.6% 
(95% CI 55.0–75.1%). PPV and NPV were 89.3% (95% CI 
85.2–92.5%) and 70.9% (95% CI 60.1–80.2%), respec-
tively. The chest X-ray results were available on 3 of the 4 
patients with negative reference standard and positive CT 
scan. Using the modified reference, the resulting sensitivity 
and specificity were 73.9% (95% CI 68.3–78.9%) and 56.7% 
(95% CI 45.8–67.1%), while the PPV and NPV were 84.3% 
(95% CI 79.1–88.6%) and 40.8% (95% CI 32.1–49.9%).

Ultrasound findings in patients with positive 
reference results

Of the 287 patients who tested positive at the reference 
standard, 265 (92.3%) presented with interstitial lung pattern 
and irregular pleura. Bilateral lung involvement (interstitial 
syndrome) was found in 246 cases (85.7%). Lung consolida-
tions were described in 113 patients (39.4%). Pleural effu-
sion was very uncommon among the study population (24 
patients, 8.4%).

Ultrasound findings in patients with negative 
reference results

Among the 34 patients with negative RT-PCR and positive 
POCUS, 12 (35.3%) had one or more repeated negative 
swabs. The other patients were not retested either because 
they died in ED or soon after admission or because of techni-
cal or logistic difficulties.

Ultrasound findings in patients with negative RT-PCR 
on respiratory specimens were similar to those who were 
found positive at the standard reference: 32 (94.1%) pre-
sented with interstitial lung pattern and irregular pleura, 
which was bilateral in 27 cases (79.4%). Ten patients had 
one or more subpleural consolidations (29.4%), only in 3 
cases a pleural effusion was detected (8.8%). Of the latter, 
one patient was diagnosed with pancreatitis and 2 with acute 
decompensated heart failure.

Six patients presented with isolated interstitial lung pat-
tern with no subpleural consolidations. Of those, three were 
diagnosed with decompensated hearth failure, one with 
acute exacerbation of COPD, one with lung cancer and one 
with Respiratory Syncytial Virus infection.

Despite a negative first swab, 26 of the 34 patients, pre-
senting with suggestive clinical and ultrasound features, 
were admitted to side rooms in COVID-19-dedicated wards 

Table 1  Demographic and clinical characteristics of the enrolled 
patients

Variables Enrolled 
patients 
(N = 384)

Age
 Mean (SD) 65.4 (17.1)
 Median (Q1–Q3) 68 (53–79)
 Missing 1

Sex (female)—N (%) 143 (37.2)
Symptoms at ED presentation—N (%)
 Cough 257 (66.9)
 Dyspnea 292 (76.0)
 Fever 317 (82.6)
 Syncope 20 (5.2)
 Vomit and/or diarrhea 33 (8.6)

CT scan—N (%)
 Suggestive of COVID-19 17 (4.4)
 Not suggestive of COVID-19 4 (1.0)
 Not executed 363 (94.5)

Chest X-ray—N (%)
 Suggestive of lung infection 248 (65.4)
 Not suggestive of lung infection 125 (33.0)
 Not executed 6 (1.6)
 Missing 5
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to allow further work up. One patient died in ED, before a 
second sample was taken.

Of the 7 patients who were admitted to COVID-19-free 
wards, two presented suspicious ultrasound features: one 
underwent a CT scan, showing choledocholithiasis and a 
small ground glass area in the lingula. The second under-
went neither a second swab nor chest CT and was diagnosed 
with acute decompensated heart failure and pneumonia.

Discussion

The Coronaviridae family of viruses includes six previously 
known human-infecting coronaviruses, which are enveloped, 
non-segmented, positive-sense RNA viruses that are broadly 
distributed in humans and other mammals [27].

The novel SARS-CoV-2 coronavirus is the seventh mem-
ber of the Coronaviridae family known to infect humans. 
Despite a lower reported mortality as compared to previ-
ously described coronaviruses (SARS-CoV and MERS-
CoV), SARS-CoV-2 is highly contagious, and could lead 
to severe clinical manifestations, especially in patients with 
predisposing factors (older age and the presence of comor-
bidities) [1]. Lung involvement is common and leads to the 
highest morbidity and mortality [28].

Imaging examination has a determinant role, not only in 
the early detection and diagnosis, as discussed in this study, 
but also in monitoring the clinical course of the patients. For 
example, characteristic findings on CT imaging, including 
multiple, patchy, ground-glass opacity, crazy-paving pattern, 
and consolidation shadows, mainly distributed in the lower 
lobes, in peripheral and subpleural areas of both lungs, have 
been widely documented in COVID-19 patients. However, 
CT scan cannot always be considered as a first screening 
tool for all patients, due to logistic, economic, and health-
related factors.

The SARS-CoV-2 pandemic has led to significant ED 
overcrowding, posing several issues in terms of patients’ 
timely diagnosis, management and workflow. In particular, 
the impelling need of an upfront identification of infected 
patients, to provide timely treatments and prevent the spread 
of the virus, has motivated the search of a quick, simple, and 
reliable screening tool.

POCUS has been previously described as a useful imag-
ing method to identify lung involvement in a variety of clini-
cal settings [17]. We demonstrate the feasibility as a first-line 
screening tool of lung POCUS on patients admitted to ED 
with symptoms suggestive of SARS-CoV-2 infection. Our 
study considered a large cohort, including all the patients 
who consecutively visited the ED with signs and symptoms 
of respiratory infection. We were able to assess the perfor-
mance of the POCUS test in high-prevalence settings (74.7% 
of the patients were positive to the RT-PCR test), during a 

regional COVID-19 outbreak that caused a massive inflow 
of patients. Therefore, we were able to assess the diagnostic 
performance of POCUS in conditions were such test would 
be most useful in practice.

Moreover, our data show that chest X-ray lacks sensitiv-
ity and specificity to detect COVID-19-associated intersti-
tial lung involvement. As no etiological diagnosis can be 
inferred on the basis of chest X-ray results alone, we con-
sidered all the images compatible with lung infection as 
positive, irrespective of any specific feature suggestive of 
COVID-19. This could partially explain the low specificity 
and PPV of chest X-ray in our data set.

We demonstrated that, as compared to the reference 
standard, POCUS has a high sensitivity.

Nevertheless, in our data set, the specificity of POCUS 
remained moderately low, as ultrasound findings do not 
allow an etiological diagnosis per se. Despite that, in the 
setting of a pandemic, when the prevalence of the disease 
is very high, there is a strong concordance between positive 
RT-PCR and ultrasound findings.

In our study, ultrasound findings showed a characteristic 
pattern of interstitial lung syndrome, with irregular pleura, 
and subpleural consolidations, as previously reported [29].

This pattern was described in both subgroups of patients, 
either positive or negative at the reference standard. In par-
ticular, the presence of pleural effusion seems to be very 
uncommon among COVID-19 patients, and more suggestive 
of other etiologies (such as decompensated heart failure or 
pancreatitis). On the other hand, the presence of interstitial 
lung syndrome with irregular pleura and subpleural consoli-
dations seems to have a high positive predictive value. These 
data warrant a prospective evaluation.

It has been demonstrated elsewhere that a single negative 
RT-PCR on respiratory specimen is not sufficient to rule 
out COVID-19 pneumonia [11]. In our secondary analysis, 
when patients with a single negative swab were excluded, 
the specificity of POCUS increased dramatically.

These results suggest that, during a pandemic, it is sensi-
ble to isolate patients with highly suggestive clinical features 
and ultrasound findings, irrespective of the first swab results.

Moreover, we may speculate that, in the context of a 
highly suggestive presentation, a positive ultrasound should 
prompt further and repeated investigations to definitively 
rule out SARS-CoV-2 infection. In particular, at least two 
negative results of RT-PCR on different respiratory speci-
men taken 48  h apart would be needed to confirm the 
absence of COVID-19 infection [30].

Our study has several limitations. First, it was conducted 
in a retrospective fashion. Second, our physicians did not 
follow a standardized way to report ultrasound findings. 
Thus, some records were incomplete or not eligible for 
accurate analysis. In particular, US report was unclear or 
missing only in 17 cases. Third, even though ultrasound is an 
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operator-dependent imaging modality, the assessment of the 
interobserver agreement between operators, which has been 
evaluated in the previous studies [31], was made impossible 
by our retrospective study design. However, all the opera-
tors received the same training and were instructed to use 
the same 12-region model. Fourth, many of our patients 
underwent a single nasopharyngeal swab, even in the pres-
ence of suggestive symptoms and positive ultrasound find-
ings. This was mainly due to the lack of shared guidelines 
at the beginning of the pandemic and the incredible work 
overload. Nevertheless, most of the POCUS suggestive of 
interstitial pneumonia in patients with first negative swabs, 
which we considered as false positive, would probably have 
been truly positive if the RT-PCR test had been repeated 
or chest CT performed. If proven prospectively, this could 
affect the management of those patients with highly suspi-
cious clinical features but a single negative RT-PCR on a 
respiratory specimen. We believe that a cautious hospitaliza-
tion in a COVID-19-dedicated ward and discharge with indi-
cations to domestic quarantine should be followed. Finally, 
ultrasound findings remain non-specific when considered 
out of a clinical context. Interstitial lung syndrome merely 
reflects the increased non-aerated-to-aerated ratio in the lung 
parenchyma and has multiple causes, pulmonary oedema 
being the most common. When the prevalence of a disease 
is extremely high, as during the outbreak of an infectious 
disease, the characteristics of patients may differ substan-
tially from those observed in low-prevalence conditions. 
Therefore, the diagnosis should always consider the whole 
clinical picture and epidemiological context.

In summary, during SARS-CoV-2 pandemic, POCUS 
performed in patients presenting with symptoms suggestive 
of COVID-19 infection allows the prompt identification of 
interstitial lung involvement. This dramatically affects the 
patients’ management in terms of identification of those who 
require hospitalization, initiation of ventilation and other 
therapies, and cohort isolation of presumptive positive cases.
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