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Abstract:

Purpose:  The high percentage of asymptomatic patients and the non-high sensitivity of  real-time reverse

transcription-polymerase  chain  reaction  (RT-PCR)  test  on  nasopharyngeal  swab  cause  some  healthcare

workers to be infected but asymptomatic and a source of spread of the epidemic. This study aimed to verify

if the lung ultrasound (LUS) had enough high negative predictive value to rule out coronavirus disease 2019

(COVID-19) among a population of healthcare workers operating in the Emergency Department.

Methods:  A  multicenter  prospective  observational  study  was  conducted,  enrolling  healthcare  workers

among the staff of two Emergency Departments in Northeast Italy. The definitive diagnosis of COVID-19

was established by an adjudication committee, based on the clinical data and RT-PCR on nasopharyngeal

swab result.

Results: From March 30,  2020,  to April  22,  2020,  we enrolled 155 cases.  The adjudication committee

determined  two  true  positives  for  COVID-19.  Twenty-one  healthcare  workers  presented  suggestive

symptoms (2 true positives and 19 false positives). The nasopharyngeal swab was positive in one case (1

false-negative case). LUS was suggestive for COVID-19 pneumonia in 4 cases (2 false-positive cases). The

diagnostic accuracy of LUS was 98.7% (95% CI 95.4%-99.8%). The sensitivity and the specificity of LUS

were  100%  (95%  CI  15.8%  -100%)  and  98.7% (95% CI  95.4% -  99.8%),  respectively.  The  negative

predictive value was 100% (95% CI 100% -100%).

Conclusion: LUS has a good enough negative predictive value for ruling out COVID-19 in a population of

healthcare workers exposed to COVID-19.

Keywords: COVID-19; Lung ultrasound; Accuracy; Healthcare personnel; Emergency Department.
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INTRODUCTION

Since  the  first  reports  of  coronavirus  disease  2019  (COVID-19)  in  Italy,  the  health  authorities  have

implemented specific  protocols  to  triage  the infected  patients  in  the  Emergency Department  [1].  These

protocols, although with variations from the center to center, provide for early isolation of highly suspected

patients and the execution of a real-time reverse transcription-polymerase chain reaction (RT-PCR) test on

samples of body secretions (i.e., in the Emergency Department, a nasopharyngeal swab) and further exams to

establish the severity of the disease (i.e., arterial blood gas analysis, chest radiography, lung ultrasound).

Health personnel assigned to identify positive COVID-19 patients, as well as wearing personal protective

equipment  (PPE,  i.e.,  gloves,  visor,  N95  mask,  gown),  were  subjected  to  surveillance  checks  (i.e.,

nasopharyngeal swab) [2]. The importance of guaranteeing healthcare workers' safety lies in ensuring a good

state of health for workers [3] and containing epidemic outbreaks and preventing healthcare personnel from

being a source of coronavirus spread [4]. Healthcare professionals have an increased risk of exposure and are

potential carriers of subsequent transmission. Over 3,300 healthcare workers have been infected in China

(4% of 81,285 reported infections) [5]. In Spain, on March 25, 2020, nearly 6,500 medical staff members

were affected (13.6%) of the country's 47,600 total cases, 1% of the healthcare workforce [6]. Therefore, it is

essential to identify health care professionals infected with COVID-19 early and rule out healthy staff (who

may present suggestive symptoms for COVID-19, as they are not very specific). During this epidemic, the

role of lung ultrasound (LUS) became central to both identifying infected patients and monitoring them once

they are hospitalized [7,8].

This study aimed to verify whether LUS has a negative predictive value sufficient to be used in the exclusion

of COVID-19 from a population of health workers operating in two Emergency Departments.

METHODS

Setting and participants

From March 30, 2020, to April 22, 2020, every health care worker of two rural Emergency Departments in

the Northeast of Italy (Hospital of Latisana – of about 25,000 patients/year – and Hospital of Tolmezzo – of

about 15,000 patients/year) was asked to participate voluntarily in a LUS screening to establish the presence

or absence of findings compatible with COVID-19 pulmonary involvement. The workers considered were 42
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physicians,  72  nurses,  21  support  workers,  and  25  ambulance  drivers  stationed  in  the  emergency

departments.  During  the  period  considered,  the  two  emergency departments  visited  COVID-19-positive

patients, with a prevalence of the disease among the patients visited about 20%.

Data Collection, Adjudication, and Follow-Up

Clinical  data  were  registered  prospectively.  The  definitive  diagnosis  of  COVID-19  pneumonia  was

established by an adjudication committee,  based on the clinical  data,  the  result  of  the  RT-PCR test  on

nasopharyngeal swab performed in the Emergency Room and any subsequent swab test performed during

hospitalization,  chest  x-ray and computed tomography (CT) scan in those patients who required it.  The

adjudication committee was composed of two experienced emergency physicians and was blinded to the

LUS findings. At the end of the review of each case, the adjudication committee expressed a dichotomous

opinion:  "positive"  to  COVID-19  or  "negative"  to  COVID-19.  An  experienced  radiologist  and  another

qualified emergency physician reviewed the chest x-rays (or CT scan) images (which were categorized in the

final  report  as  "suggestive  for  COVID-19  pneumonia"  or  "non-suggestive  for  COVID-19  pneumonia")

before  the  adjudication  committee  viewed  these  images.  RT-PCR tests  used  in  this  study  were  Roche

Cobas® SARS-CoV-2 essay (F. Hoffmann-La Roche AG Konzern Hauptsitz Grenzacherstrasse 124.  CH-

4070 Basel Schweiz), and Liaison® MDX DiaSorin (DiaSorin S.p.A., via Crescentino SNC, 13040 Saluggia

(VC), Italy).

Healthcare professionals were re-evaluated weekly for up to one month or until SARS-CoV2 infection was

confirmed via nasopharyngeal molecular swab if symptoms appeared earlier than one month.

Lung ultrasound diagnosis 

Lung ultrasound examinations were performed before the RT-PCR result for SARS-CoV-2. Therefore, the

two sonographers were blinded for  the  report  of  this  exam but  not  the possible  presence of potentially

suggestive symptoms. Lung ultrasound examinations were performed by dividing the chest into 12 areas:

four anterior right areas, four anterior left areas, two right posterior areas, and two left posterior areas. The

images were evaluated by describing the ultrasound findings classified as bilateral B-lines, consolidations,

subpleural consolidations, thickening, and irregularities of the pleural line, pleural effusion for every thoracic
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area ("LUS findings" on Supplemental Material). For early identification of suggestive cases (and therefore

to have the maximum sensitivity of the LUS), the examination was considered positive if even one of these

areas showed at least one of the previously mentioned suggestive signs of pulmonary involvement from

COVID-19. The undetermined cases were re-discussed by the two sonographers together to categorize them

into  "positive"  or  "negative"  for  COVID-19  pneumonia,  according  to  the  International  Proposed  LUS

protocol [7]. The two sonographers were two emergency physicians with more than 15 years of experience in

LUS.

Sample Size

A convenience sample of 150 suitable health workers was considered. In calculating the confidence interval's

magnitude, we hypothesized that at least 140 operators who would have agreed to participate in the study

were  negative  for  COVID-19-related  pneumonia on  LUS examination.  Estimating a  negative  predictive

value for LUS of approximately 98%, we calculated a 95% confidence interval ranging from 96% to 100%.

The final sample was 153 health workers examined with LUS for a disease prevalence of 1.3% (95%CI 0.2%

to 4.6%). The study has a sufficiently precise confidence interval to detect a reliable negative predictive

value. 

Statistical analysis

We reported  the  clinical  and  demographic  characteristics  of  our  population:  sex,  age,  the  presence  of

symptoms suggestive of COVID-19, the result of the LUS examination, the finding of the CT scan. 

The  categorical  variables  were  expressed  in  absolute  value  (and  respective  percentage).  Statistical

significance between the two groups was calculated using Pearson's Chi-square test (or exact Fisher's test if

appropriated). 

Due to their nonparametric distribution, the continuous variables were shown with the median value and

interquartile range (1st and 3rd interquartile). Statistical significance between the two groups was calculated

using the Kruskal-Wallis test. 

Statistical significance was considered for an  α error value less or equal to 0.05 (i.e., a two-tail p-value ≤

0.05). A Benjamini-Hochberg correction for multiplicity was applied.
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Based on  a  contingency table  (considering  the  frequencies  of  the  True  Positives,  False  Positives,  True

Negatives, and False Negatives), sensitivity, specificity, positive and negative likelihood ratios, positive and

negative predictive values, and diagnostic accuracy of the LUS were calculated. 

All  statistical  analyses  were  performed  using  the  open-source  R-CRAN  project  ver.  4.0.0.  statistical

software. The followed packages were implemented: 'irr', 'caret' and 'compareGroups'.

RESULTS

In  the  period  considered,  we  enrolled  155  healthcare  workers.  The  median  age  was  43  years.  The

characteristics of the enrolled population are described in Table 1.

The adjudication committee established two true positives for COVID-19. The remaining 153 cases were

true negative (Figure 1). By dividing the population based on the diagnosis of COVID-19, the presence of

symptoms and the nasopharyngeal swab results were significantly differently distributed between the two

groups (p-value 0.018 and 0.013, respectively) (Table 1).

Healthcare workers who presented suggestive symptoms were 21 (2 true positives and 19 false positives).

The  cough  was  present  in  6  cases;  cold/rhinitis  in  10  cases;  fever  in  3  cases;  sore  throat  in  2  cases;

myalgia/arthralgia in 2 cases; and, finally, one case had exertional dyspnea. The RT-PCR on nasopharyngeal

swab was positive in one of the two true positive cases. Neither of the two cases rated "false positives"

developed symptoms suspicious of COVID-19 during the month of follow up.

Lung ultrasound was suggestive for COVID-19 pneumonia in 4 cases: two cases were true positives, while

two other cases were false positives. The sensitivity and the specificity of LUS in our population were 100%

(95% CI 15.8% -100%) and 98.7% (95% CI 95.4% - 99.8%),  respectively.  Based on these values,  the

diagnostic accuracy was 98.7% (95% CI 95.4-99.8%). The positive and negative likelihood values were 76.5

(95% CI 19.3-303.1) and 0. Therefore the positive predictive value was 50% (95% CI 20.2-79.8%) and the

negative predictive value was 100% (95% CI 100% -100%) (Figure 2).

DISCUSSION

Our  study shows that  LUS is  a  useful  test  for  ruling out  COVID-19 involvement  in  a  low prevalence

population. This result is twofold: first, LUS is useful for quickly verifying the effectiveness of the internal
7



protocols provided on the isolation pathways of COVID-19 infected patients and the efficiency of PPE.

Furthermore,  the  population  we  studied  is  substantially  comparable  to  the  population  of  the  countries

affected by the COVID-19 pandemic at the time of the reduction of the infectious peak.

The  community  of  health  workers  represented  a  population  at  high  risk  of  exposure,  but  with  a  low

probability,  thanks  to  the  PPE  applied  [9,10]:  it  was,  in  fact,  a  population  with  a  low  prevalence  of

coronavirus disease. Therefore, it represents the general population well when the peak of SARS-CoV-2

infection  is  low  [11].  In  this  situation,  it  becomes  essential  to  identify  infected  patients  and  exclude

uninfected patients with an adequate margin of safety. 

The literature shows that asymptomatic cases can constitute up to 60% of COVID-19 cases [12]. Given the

high infectivity of patients,  it  is  essential  to exclude with reasonable certainty the cases that,  even with

symptoms suggestive of COVID-19 (given their non-specificity), have not been infected. 

The role of asymptomatic subjects is increasingly emerging in the spread of infection [13,14]. However,

there is still no adequate diagnostic screening method: RT-PCR tests have too variable sensitivity (37-71%)

and long processing times [15-17], even chest X-ray has insufficient sensitivity (69 %) [18] and chest CT

scan,  although  a  high  sensitivity  (98%),  [19]  exposes  a  non-negligible  radiological  risk.  [20]  Subjects

positive for Covid-19 but asymptomatic may have changes in the lung parenchyma, as demonstrated by the

tomographic study of the passengers of the "Diamond Princess" cruise ship [21]. More precisely, 54% had a

lung disease pattern: ground glass in 80% and consolidations in 20%. [22] In a retrospective study of 29

COVID-19 patients, Yang and colleagues compared LUS with CT scan [23]. They found that LUS was more

sensitive  than  CT  scan:  in  the  diagnosis  of  regional  of  alveolar-interstitial  pattern  (60%  vs.  38.5%,

P<0.0001), alveolar-interstitial syndrome (93.3% vs. 68.9%, p-value =0.001), consolidations (38.9% vs. 3%,

p-value <0.0001) and, finally, of pleural effusion (74.4% vs. 15.6%, p-value <0.0001).

The experiences reported so far in the literature indicate a low specificity of ultrasound findings [24,25].

Changes in the pleural line and the presence of multiple B lines are ultrasound findings common to other

forms of interstitial lung disease, such as fibrosis, emphysema, or early pulmonary edema. Lung ultrasound

is a candidate to be a ruling out tool rather than for the diagnostic confirmation of COVID-19 cases [26]. Our

results, conducted on a large population of healthcare professionals, confirm this hypothesis. 
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The  containment  strategies  adopted  by  various  countries  around  the  world  –  mostly  consisting  of  the

limitation and reduction of physical contacts between people and in the use of masks and gloves – have, in

fact,  probably  allowed  to  "flatten"  the  spread  curve  of  the  epidemic  [27].  However,  the  re-ignition  of

infectious foci - in the absence of active prevention tools such as,  for  example, a vaccine - is possible,

especially  in  places  where  cases  of  residual  infection  can  concentrate,  such  as  hospitals  [28].  In  the

uncertainty of the next scenarios, the need for an "intermittent lockdown" is anticipated due to the possibility

of new epidemic outbreaks [29]; using a bedside examination, non-invasive and easily repeatable, allows

expanding the potentially explorable user base. Since the hypothesis of mass screening seems to be one of

the few plausible strategies, LUS has all  the characteristics to be an adequate tool  in terms of negative

predictive value. 

Limitations

Our study was conducted in two emergency departments with a relatively low prevalence of COVID-19

among hospitalized patients. We do not have enough data to determine how our results can change in another

context. Additionally, the ultrasound diagnosis of COVID-19 has been established by physicians with a long

experience in LUS. In other contexts, LUS could have performances that are not comparable to ours.

Furthermore, the main limitation is that we did not have a reference exam that can be considered a gold

standard. As we have extensively exposed, RT-PCR from nasopharyngeal swabs does not enjoy optimal

sensitivity.  We have overcome this  difficulty  by creating an adjudication committee  to  evaluate  all  the

clinical documentation and tests available.

Furthermore, due to the nature of the SARS-CoV-2 disease, the two sonographers could not be blinded to the

presence of any suggestive symptoms.

Conclusion

Lung ultrasound has a good enough negative predictive value for ruling out pulmonary disease in the suspect

of  COVID-19  infection in  a  population  of  healthcare  workers  exposed  to  COVID-19  but  with  a  low

prevalence of the disease.
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Tables legend

Table 1. Comparison between the main characteristics of the positive COVID-19 group and the negative

COVID-19 group. 

Figures Legend

Figure 1. Patient enrollment flow chart. LUS was suggestive for COVID-19 pneumonia in 4 cases (2 false-

positive cases).

Figure  2.  Likelihood  Ratio  Nomogram  for  LUS  in  diagnosing  COVID-19  pneumonia.  The  positive

likelihood ratio was 76.50 (19.31 - 303.12); the negative likelihood ratio was 0.

13



Population 
(n =155)

COVID-19 negative
(n=153)

COVID-19 positive 
(n=2)

Overall p-value

Age (1st and 3rd 
quartiles)

43 (33-50) 42 (33-50) 39 (32-46) 0.811

Sex (Male) 60 (38.7%) 60 0 0.522
Symptoms (any) 21 (13.5%) 19 2 0.018*
Nasoparhyngeal 
Swab (+)

1 (0.66%) 0 1 0.013*

LUS (+) 4 (2.58%) 2 2 0.001*

Table 1. Comparison between the main characteristics of the positive COVID-19 group and the negative 

COVID-19 group. 
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