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Abstract
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is causing the new global pandemic
and is responsible for numerous cases of severe pneumonia. Recent evidence has indicated the usefulness of
lung ultrasound (LUS) in detecting SARS-CoV-2 pneumonia. LUS has several advantages, and in the context of COVID-19 pandemic, point-of-care LUS is particularly useful when the infected subject is forced to
complete quarantine at home or patient’s conditions can be monitored only on a clinical basis. In addition,
bed approach can also rationalise access to the emergency department only to those who really need hospitalization, reducing the economic burden of the pandemics on healthcare systems. In this paper, we present
a case series of healthcare workers with SARS-CoV-2 infection, monitored at home by their occupational
physician with point-of-care LUS. According to our experience, this tool can be included in mandatory occupational health surveillance as well as in workplace health promotion programs for monitoring the health
of healthcare workers affected by COVID-19 disease and facilitate their return to work.
KEY WORDS: COVID-19; point-of-care test; SARS-CoV-2; ultrasound imaging.
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INTRODUCTION

Since December 2019, a novel pathogen called SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) has spread all over
the world. The severity of COVID-19, which is the pathology caused by SARS-CoV-2,
varies from asymptomatic/paucisymptomatic
patients, who do not need hospitalization, to
patients with acute respiratory failure who
need oxygen therapy. It is estimated that
between 5-32% of patients are hospitalized
in intensive care unit and need mechanical ventilation [1, 2]. Impact of COVID-19
outbreak on healthcare workers (HCWs) in
Italy and the rest of the world is huge and
may have negative consequences on healthcare systems [3].
The high number of hospitalized patients
has generated a health emergency for many
countries worldwide and has created the
need for monitoring many infected people
even at home. The imaging presentation of
COVID-19 pneumonia on computed tomo-

graphy (CT) is of patchy ground glass opacities in the peripheral lung parenchyma with
partial consolidations, while the ultrasound
expressions are white lung areas and confluent
vertical artefacts [4, 5]. Considering that lesions from COVID-19 develop from the periphery to the center, lung ultrasound (LUS)
can be an excellent tool for monitoring patients with a diagnosis of COVID-19 in
pre-hospital management and allowing their
follow-up throughout the evolution of the disease, as pointed out by some researchers [6,
7]. Furthermore, Biasucci and colleagues have
recently proved that LUS is a useful tool for
bedside stratifying patient’s severity thanks to
an early identification of patients who need
hospitalization for mechanical ventilation [8].
In our study, we reported three cases of
HCWs suffering from SARS-CoV-2 infection, who were monitored at home during
the second wave of COVID-19 pandemic in
Italy by their occupational physician through
point-of-care LUS.

TAKE-HOME MESSAGE
Notably, lung ultrasound can easily detect SARS-CoV-2 pneumonia. This case series highlights that
it can be a useful and cost-effective tool for the management of infected workers by occupational
physicians thanks to its portability at the bedside during home isolation.
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METHODS
Point-of care LUS in the management of
infected workers

As with other infectious diseases, early detection, isolation of the infected patient, and
contact tracing activity are essential to reduce the spread of the pathogen even within
the hospital [9], as well as vaccination [10].
For this reason, since the beginning of COVID-19 epidemic in Italy, the Occupational
Medicine Unit and the Health Directorate
of the Bambino Gesù Children’s Hospital
(Rome) have operated to promptly detect infection-positive HCWs according to a specific internal protocol of COVID-19 case
confinement and management. The diagnosis
of SARS-CoV-2 infection is detected using
molecular tests searching for the virus RNA
(through Real-Time polymerase chain reaction) on a nasopharyngeal swab. Regular
checks have been performed on all workers
during contact tracing activity at zero time,
and after 5 and 10 days, as well as routinely
every 15 days in workers employed at high-risk departments. In case of positive result of
PCR testing, isolation was mandatory. During the isolation period, the worker’s health
status was regularly checked through periphe-

ral blood tests and serial nasopharyngeal tests
at home until the samples turned negative.
Phone active surveillance was performed by
the occupational physician, too. Since April
2020, a point-of-care LUS was implemented
by the Occupational Medicine Unit as a specific prevention measure to monitor the progression of lung disease in patients admitted
in our Department and after hospital discharge. Each HCWs reporting chest pain during
the screening testing activity was subjected to
LUS at home by the occupational physician.
LUS examination was performed using an ultrasound pocket device (Sonosite iViz model)
with a convex or linear probe, according to the
anthropometric characteristics of the patient,
and ultrasound transmission gel in single use
package [11]. Before each use, the ultrasound
was covered with transparent plastic disposable material to avoid contamination (Figure
1). LUS was performed in patients in the sitting position and for the analysis each hemithorax was divided into 7 parts (3 posterior, 2
lateral, and 2 anterior).

Ethical aspects

Informed consent was obtained by all subjects
for the publication of their medical records.
The study was approved by the Health Di-

Figure 1. Ultrasound pocket device covered with transparent plastic disposable material.
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rectorate of the Bambino Gesù Children’s
Hospital (Rome) and conducted in the framework of the mandatory occupational health surveillance conducted in compliance with
Italian law (Legislative Decree no° 81/2008).

CASE PRESENTATION
Case 1

A previously healthy 55-year-old female nurse
underwent a nasopharyngeal swab by occupational physician, because five days earlier, she
had been in contact with a person outside the
hospital who was later diagnosed with COVID-19. She tested positive. At the time of
diagnosis and for the next 3 days the patient
had cough, anosmia, asthenia and dysgeusia
but she did not have fever. On the fourth day,
the patient reported slight shortness of breath
during physical effort despite a normal oxygen saturation (SaO2 = 97% in ambient air,
a.a.). LUS showed few bilaterally isolated B
lines without consolidations, areas of white
lung or pleural effusion (Figure 2A). Subsequently, the patient maintained good general
condition, eupnoea, and a normal SaO2. The
entire course of the illness was carried out at
home in isolation. SARS-CoV-2 genes were
no longer detected at the control swab after
10 days.

Case 2

A 51-year-old female physician with
well-controlled asthma (in therapy with beta2-agonist in case of acute asthma attack)
employed at the Emergency Department of
our hospital, was subjected for routine SARSCoV-2 surveillance, with nasopharyngeal
swabs performed by our occupational health
service every 15 days. At the time of diagnosis
of the viral infection, the patient was asymptomatic, but 48 hours after symptoms onset,
she developed headache, anosmia, dysgeusia,
asthenia, and fever. After 24 hours a dry cough with a SaO2 of 98% in a.a. appeared.
In the following days, the clinical picture
worsened as the patient had a SaO2 of 94% in
a.a. at rest and a further reduction up to 90%
in a.a. at the walking test. The LUS perfor448

med at home showed a normal pleural sliding
with diffused and confluent B lines bilaterally placed (anteriorly at the basal portion and
posteriorly at the apical and middle portion).
There were also areas of white lung in the basal region bilaterally, so she was sent to hospital to be admitted.
During the 13-day hospitalization, the patient carried out oxygen therapy also at high
flow in association with oral azithromycin,
intravenous cortisone, and heparin subcutaneously. After 10 days from the discharge,
new LUS was performed at home with confirmation of B lines bilaterally spread in the
basal region and sparse single B lines in the
other quadrants; white lung was disappeared
and SaO2 risen to 98% in a.a. A third LUS,
performed 26 days after the first one, showed
normal pleural sliding without consolidation
nor pleural effusion (Figure 2B). A negative
nasopharyngeal swab was evident after 53
days.

Case 3

A 33-year-old male physician underwent
nasopharyngeal swab, because he was a close contact of a confirmed COVID-19 case.
Personal anamnesis showed only diaphragmatic hernia treated at birth and atopic rhinitis (allergy to dust mites) in therapy with
oral antihistamine. When the physician was
subjected to swab test, he was still asymptomatic. One day after the swab, he developed
gastroenteritis, asthenia, and muscle pain for
the following 5 days. After the next 3 days,
he had dry cough with a normal SaO2 at rest
and during walking test (98% in a.a.). As the
patient reported chest pain during respiratory
acts, LUS was performed at home. Normal
pleural sliding and no pleural effusion were
highlighted, but a small area of white lung in
basal region without consolidation was bilaterally evidenced. During the isolation period
he did not presented fever, dysgeusia or anosmia, and cardiorespiratory parameters have
always been normal. After 26 days, the control nasopharyngeal swab was negative and
LUS showed normal pleural sliding without
B lines nor pleural effusion.
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DISCUSSION

In this paper, we have described three cases
of HCWs, two females and one male, with
SARS-CoV-2 infection, and an innovative occupational health surveillance program
conducted during the second wave of COVID-19 pandemic in Italy. To our knowledge,
there are no other centres in Italy where the
occupational physician performs LUS examination at workers’ home.
In case of COVID-19 pulmonary involvement, lesions are mainly evident in the peripheral area, which can be easily studied
through ultrasonography [12, 13]. For this
reason, as highlighted by Musolino et al, our
case series confirm that LUS may be useful
not only in the diagnosis but also in the follow-up of COVID-19 patients [14].
Although RT-PCR has been routinely used to
confirm COVID-19 diagnosis, false negative
RT-PCR tests may occur [15, 16]. Chest CT
remains the gold standard technique, but it
is expensive [17]. Conversely, LUS has several advantages: it can be run at the bedside
(even at home) with a consequent reduction
in the risk of SARS-CoV-2 transmission
[18]; it does not expose the patient to ionizing radiation [19] or to magnetic fields [20];
it does not require long training and can be
performed by a single operator; it is a lowcost imaging test [21]. Point-of-care LUS is
particularly useful when the infected subject
is forced to complete quarantine at home for
a long period of time, or patient’s conditions
can be monitored only on a clinical basis. In
addition, bed approach can also rationalise
access to the emergency department only to
those who really need hospitalization, redu-

cing the economic burden of the pandemics
on healthcare systems.
In recent years, ultrasound has been increasingly used for diagnosis in many fields [21].
Portable devices have shown a great potentiality as a screening tool, especially for life-threatening or disabling diseases in low- and
middle-income countries, where hand-held
ultrasound devices represent a virtuous strategy [22]. Emerging consensus is focusing on
ultrasound utility in conjunction with the traditional stethoscope to be taught in medical
education and practice [23]. Beyond its undiscussed value in surgery and emergency [21],
ultrasound has been applied in the context of
body composition characterization [24], and
has recently marked a turning point for the
acute management of COVID-19 patients
[25]. To this respect, our experience testifies
the validity of LUS for the management of
workers who need to stay at home for COVID-19, because this strategy may safeguard
HCWs operating at the frontline as well as
the entire healthcare system.
From an occupational health viewpoint, ultrasound could represent an effective screening method for an in-depth fast investigation of suspectedly impaired organs
(after stethoscope auscultation) during the
mandatory surveillance visit. In addition,
ultrasound could represent an important
step in the framework of workplace health
promotion (WHP) programs for improving
workers’ quality of life. In Italy, occupational
physicians are requested taking care workers
affected by severe forms of COVID-19 before returning to work [26, 27]. Therefore, a
screening ultrasound check for COVID-re-

Figure 2. Lung ultrasound at time 0 (2A) and after 26 days (2B) of case 2.
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lated sequelae and post-COVID-19 syndrome may be a useful and innovative approach for occupational health surveillance and
WHP programs [28].

CONCLUSION

This case series highlights the importance

of LUS in the evaluation and monitoring of
COVID-19 patients as well as for HCWs
affected by COVID-19. LUS is a useful, effective and cost-saving tool for occupational physicians, and may open new horizons
for cutting-edge approaches in occupational
health.

References
1.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. China Medical Treatment Expert
Group for Covid-19. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med.
2020;382(18):1708–1720.

2.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet. 2020;395(10223):497–506.

3.

Chirico F, Nucera G. Tribute to healthcare operators threatened by COVID-19 pandemic. J Health Soc
Sci. 2020;5(2):165–168. Doi: 10.19204/2020/trbt1.

4.

Gao L, Zhang J. Pulmonary high-resolution computed tomography (HRCT) findings of patients with early-stage coronavirus disease 2019 (COVID-19) in Hangzhou, China. Med Sci Monit.
2020;4(26):e923885. doi: 10.12659/MSM.923885.

5.

Li M, Lei P, Zeng B, Li Z, Yu P, Fan B, et al. Coronavirus Disease (COVID-19): Spectrum of CT
Findings and Temporal Progression of the Disease. Acad Radiol. 2020;27(5):603–608. doi: 10.1016/j.
acra.2020.03.003.

6.

Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T, Briganti DF, et al. On Lung Ultrasound
Patterns Specificity in the Management of COVID-19 Patients. J Ultrasound Med. 2020;39(11):2283–
2284. doi: 10.1002/jum.15326.

7.

Smargiassi A , Soldati G, Torri E, Mento F, Milardi D, Del Giacomo P, et al. Lung Ultrasound for COVID-19 Patchy Pneumonia: Extended or Limited Evaluations? J Ultrasound Med. 2021;40(3):521–528.
doi: 10.1002/jum.15428.

8.

Biasucci DG, Buonsenso D, Piano A, Bonadia N, Vargas J, Settanni D, et al. Lung ultrasound predicts
non-invasive ventilation outcome in COVID-19 acute respiratory failure: a pilot study. Minerva Anestesiol. 2021 Jul 14. doi: 10.23736/S0375-9393.21.15188-0. Online ahead of print.

9.

Ciofi degli Atti ML, Castelli Gattinara G, Ciliento G, Lancella L, Russo C, Coltella L, et al. Prolonged
in-hospital exposure to an infant with active pulmonary tuberculosis. Epidemiol Infect. 2011;139(1):139–
142. doi: 10.1017/S0950268810001809.

10. Zaffina S, Gilardi F, Rizzo C, Sannino S, Brugaletta R, Santoro A, et al. Seasonal influenza vaccination and absenteeism in health-care workers in two subsequent influenza seasons (2016/17
and 2017/18) in an Italian pediatric hospital. Expert Rev Vaccines. 2019;18(4):411–418. doi:
10.1080/14760584.2019.1586541.
11. Musolino AM, Supino MC. The Role of Lung Ultrasound in Diagnosis and Follow-Up of Children With Coronavirus Disease 2019. Pediatr Crit Care Med. 2020;21(8):783. doi: 10.1097/
PCC.0000000000002436.
12. Volpicelli G, Gargani L. Sonographic signs and patterns of COVID-19 pneumonia. Ultrasound J.
2020;12(1):22. doi: 10.1186/s13089-020-00171-w.
13. Lomoro P, Verde F, Zerboni F, Simonetti I, Borghi C, Fachinetti C, et al. COVID-19 pneumonia manifestations at the admission on chest ultrasound, radiographs, and CT: single-center study and comprehensive
radiologic literature review. Eur J Radiol Open. 2020;7:100231. doi: 10.1016/j.ejro.2020.100231.

450

Journal of Health and Social Sciences 2021; 6,3:445-452

The Italian Journal for Interdisciplinary Health and Social Development

14. Musolino AM, Supino MC, Buonsenso D, Papa RE, Chiurchiù S, Magistrelli A, et al. Lung ultrasound in the diagnosis and monitoring of 30 children with coronavirus disease 2019. Pediatr Pulmonol.
2021;56(5):1045–1052. doi: 10.1002/ppul.25255.
15. Chirico F, Nucera G, Magnavita N. Hospital infection and COVID-19: Do not put all your eggs on the
“swab” tests. Infect Control Hosp Epidemiol. 2021;42:372–373, https://doi.org/10.1017/ice.2020.254.
16. Peacock WF, Dzieciatkowski TJ, Chirico F, Szarpak L. Self-testing with antigen tests as a method for
reduction SARS-CoV-2. Am J Emerg Med. 2021. doi: 10.1016/j.ajem.2021.05.010.
17. Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, et al. CT Imaging Features of 2019 Novel
Coronavirus (2019-nCoV). Radiology. 2020;295(1):202–207. doi: 10.1148/radiol.2020200230.
18. Shokoohi H, Duggan NM, García-de-Casasola Sánchez G, Torres-Arrese M, Tung-Chen Y. Lung ultrasound monitoring in patients with COVID-19 on home isolation. Am J Emerg Med. 2020;38(12):2759.
e5–2759.e8. doi: 10.1016/j.ajem.2020.05.079.
19. Brugaletta R, Santoro A, Alisi A, Panera N, Pastore A, Di Giovamberardino G, et al. 1283 Gene expression analysis of blood cells in radiation health care workers occupationally exposed to ionising radiation.
Occup Environ Med. 2018;75(2).
20. Iachininoto MG, Camisa V, Leone L, Pinto R, Lopresto V, Merla C, et al. Effects of exposure to gradient
magnetic fields emitted by nuclear magnetic resonance devices on clonogenic potential and proliferation of
human hematopoietic stem cells. Bioelectromagnetics. 2016;37(4):201–211. doi: 10.1002/bem.21967.
21. Royse CF, Canty DJ, Faris J, Haji DL, Veltman M, Royse A. Core review: physician-performed ultrasound: the time has come for routine use in acute care medicine. Anesth Analg. 2012;115(5):1007–1028.
doi: 10.1213/ANE.0b013e31826a79c1.
22. Breithardt OA. Hand-held ultrasound-the real stethoscope. Eur Heart J Cardiovasc Imaging.
2015;16(5):471–472. doi: 10.1093/ehjci/jeu320.
23. Fakoya FA, du Plessis M, Gbenimacho IB. Ultrasound and stethoscope as tools in medical education and
practice: considerations for the archives. Adv Med Educ Pract. 2016;7:381–387. doi: 10.2147/AMEP.
S99740.
24. Ponti F, De Cinque A, Fazio N, Napoli A, Guglielmi G, Bazzocchi A. Ultrasound imaging, a stethoscope
for body composition assessment. Quant Imaging Med Surg. 2020;10(8):1699–1722. doi: 10.21037/qims19-1048.
25. Buonsenso D, Pata D, Chiaretti A. COVID-19 outbreak: less stethoscope, more ultrasound. Lancet Respir
Med. 2020;8(5):e27. doi: 10.1016/S2213-2600(20)30120-X.
26. Chirico F, Magnavita N. The Crucial Role of Occupational Health Surveillance for Health-care Workers During the COVID-19 Pandemic. Workplace Health Saf. 2021;69(1):5–6. doi:
10.1177/2165079920950161.
27. Chirico F, Magnavita N. COVID-19 infection in Italy: An occupational injury. S Afr Med J.
2020;110(6):12944.
28. Moreno-Pérez O, Merino E, Leon-Ramirez JM, Andres M, Ramos JM, Arenas-Jiménez J, et al.
Post-acute COVID-19 syndrome. Incidence and risk factors: A Mediterranean cohort study. J Infect.
2021;82(3):378–383. doi: 10.1016/j.jinf.2021.01.004.

451

