
Abstract 

Lung Ultrasound (LUS) is regarded to be potentially useful to
diagnose lung injury in older adults living in nursing homes with
suspected COVID-19 pneumonia. We aimed at evaluating pres-
ence lung injury among senior nursing home residents by LUS
performed with portable wireless scanner echography. The study
population consisted of 150 residents with a mean age of 88 years
(85% female) residing in 12 nursing homes in Northern Italy.
Subjects had to have a history of recent onset of symptoms com-
patible with COVID-19 pneumonia or have been exposed to the
contagion of patients carrying the disease. COVID-19 testing was
performed with SARS-CoV-2 nasal-pharyngeal (NP) swabs.
Positive subjects to LUS scanning were considered those with
non-coascelent B-lines in >3 zones, coalescent B-lines in >3 zones
and with iperdensed patchy non-consolidated lungs. Sixty-three
percent had positive NP testing and 65% had LUS signs of pul-
monary injury. LUS had a sensitivity of 79% in predicting positive
NP testing. Sixteen percent of residents tested negative for SARS-
CoV-2 carried the signs of COVID-19 lung injury at LUS. There
were 92 patients (61%) with current or recent symptoms.
Positivity to LUS scanning was reported in 73% of residents with
symptoms, while it was 53% in those without (P=0.016). A posi-
tive NP testing was observed in 66% of residents with symptoms
and in 57% of those without (P=0.27). We conclude that assess-
ment of LUS by portable wireless scanner echography can be
profitability utilized to diagnose lung injury among senior nursing
home residents with or without symptoms compatible with
COVID-19 pneumonia.

Introduction

The SARS-CoV-2 pandemic is impacting the global population
and community transmission had led to an overwhelming number
of critically-ill patients [1]. Most of patients who are suffering from
the COVID-19 disease exhibit signs of pulmonary injury that are
evident from clinical as well as instrumental findings [2].

Studies have shown that COVID-19 lung disease causes worse
outcomes and higher mortality in older patients, especially in
those with co-morbidities, such as hypertension, heart disease,
diabetes, chronic respiratory disease, and chronic kidney disease
[3-6]. This may be especially harmful in the elderly population
living in nursing homes for their baseline co-morbidities and
exposures resulting from their congregate settings [7]. 
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Lung ultrasound (LUS) is a noninvasive tool for the evaluation
of lung disease and has the advantage of rapidity, repeatability and
reproducibility. Therefore, it is increasingly used by physicians at
bedside to complement the findings of physical examination [8,9].
With the introduction of portable echo wireless transthoracic scan-
ners, LUS may become a valuable tool to investigate presence of
pulmonary injury in the community, especially in patients living
nursing home facilities, due to their frailty and pandemic vulnera-
bility. These considerations have led us to design a study aiming at
evaluating presence lung injury among senior nursing home resi-
dents by LUS performed by portable wireless scanner echography.

Methods

The study population consisted of consecutive subjects resid-
ing in nursing homes. Inclusion criteria were: patients institution-
alized in residential age care facilities of Pavia province in Italy
with a history of recent respiratory symptoms and/or fever or have
been in contact with patients that have been previously tested pos-
itive to SARS-CoV-2 infection. Exclusion criteria included asymp-
tomatic residents of nursing homes that were not exposed to the
infection.

LUS was performed with a portable sector convex/linear wire-
less CERBERO (ATL, Milano, Italy) probes of 3.5 MHz and 7.5-
10 MHz with no harmonic filter, connected with a tablet. Focus
was placed on the pleural line, maximum depth was at 8-10 cm.
Mechanical index started from 0.7 cm and was reduced as further
as possible. All devices were wrapped in single use plastic covers
to reduce the risk of contamination and to facilitate the sterilization
procedures. Patients were examined in supine or semi-recumbent
position. Each hemithorax was divided by the anterior axillary line
and posterior axillary line into three areas: anterior, lateral and pos-
terior. Each of these zones was subsequently divided into upper
and lower zones. The thorax was scanned in eight to twelve inter-
costal zones (four to six on each emithorax) depending on patient’s
condition. Pleural line, presence of pleural effusion and lung slid-
ing were also assessed. We used a 4-level scoring system [9] to
establish the severity of the patient’s condition. Positive patients to
LUS scanning were considered those with non-coascelent B-lines
in >3 zones (score 1), coalescent B-lines in >3 zones (score 2) and
with iperdensed non-consolidated state (score 3). A-lines or non-
significant B-lines were classified as normal pattern (score 0).

COVID-19 testing was performed with SARS-CoV-2 nasal-
pharyngeal swabs (Universal Transport Medium, Copan
Diagnostics, Inc., CA, USA) [10].

Statistical analyses were performed with 25.0 SPSS Package
(IBM Corp., Armonk, NY, USA). Data were expressed as mean
value ± standard deviation or interquartile ranges (IQR) for contin-
uous variables and percentages for categorical variables.
Anderson-Darling test was performed to verify normality of distri-
butions. Comparisons were made using Student’s t-test and Mann-
Whitney test. Chi-square test was utilized to compare categorical
variables. Statistically significant differences were placed at
P=0.05. With positive testing for SARS-CoV-2 as reference stan-
dard, sensitivity, specificity, positive predictive value (PPV) and
negative predicted value (NPV) of signs of lung injury at LUS,
symptoms and oxygen saturation were evaluated. Cohen’s kappa
was calculated to measure the agreement levels between LUS and
NP swab in the total group and in the two different subgroups.
According with Landis and Koch interpretation [11], the following
ranges of kappa values were considered: <0: no agreement; 0.0-

0.2: slight agreement; 0.21-0.40: fair agreement; 0.41-0.60: mod-
erate agreement; 0.61-0.80: substantial agreement; 0.81–1.0: per-
fect agreement.

Results

The study population included 150 residents of 12 nursing
home facilities of the province of Pavia (Lombardy; Italy) enrolled
between April 2020 and May 2020. Mean age was 88 years (range:
72-106 years; 85% female). Co-occurring diseases were present in
almost all patients. History of hypertension was present in 61%,
history of kidney disease in 23%, coronary artery disease in 17%,
other heart diseases in 27%, cerebrovascular disease in 29%, atrial
fibrillation in 19%, diabetes in 19%, heart failure in 8% and chron-
ic respiratory disease in 9%.

Current or recent symptoms, from moderate to severe, includ-
ing fever, respiratory symptoms (like cough and dyspnoea), and
asthenia were reported in 61%.

Ninety-eight (65%) of patients had positive LUS findings.
Among them, score 1 was reported in 36 patients, 32 were classified
as score 2. Score 3 was observed in 30. LUS showed pleural line
abnormalities in 90% of patients, most of them were irregular and
discontinued and sometimes fragmented. Sliding was preserved in
all but two cases. Signs of pleural effusion were reported in 11 cases.
Positivity to LUS scanning was reported in 67 patients (73%) with
symptoms, while it was 53% (n=31) in those without (P=0.016). 

Nasal-pharyngeal swabs for laboratory testing of SARS-CoV-
2 were collected in all study patients within a week from LUS
assessment. Sixty-three percent of them (n=94) resulted positive
for SARS-CoV-2 infection. The positive rate of COVID-19 nasal-
pharyngeal sampling was 66% (n=61) in patients with symptoms
and 57% (n=33) in those without (P=0.27). Table 1 summarizes the
characteristics of the study patients among those presenting symp-
toms and/or fever and in those who were asymptomatic. Figure 1
shows percentages with score 1, score 2, and score 3 lung injury at
LUS among patients with symptoms and those without symptoms.

In patients tested negative, 16% had positive LUS. Table 2
shows sensitivity, specificity, PPV and NPV of LUS abnormalities,
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Figure 1. Lung ultrasound score in patients positive to lung ultra-
sound scanning divided according to presence or absence of prior
or current symptoms and/or fever. A statistically significant dif-
ference (P= 0.011) was observed with Score 1 between sympto-
matic and asymptomatic subjects.
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symptoms and oxygen saturation in predicting positive laboratory
testing of SARS-CoV-2 at nasal pharyngeal swabs. Signs of lung
injury at LUS predicted positive laboratory testing with a sensitiv-
ity of 79% and a specificity of 57%. Table 3 shows sensitivity,
specificity, PPV and NPV of LUS, and oxygen saturation in pre-
dicting positivity of COVID-19 nasal-pharyngeal swabs in older
residents with symptoms and in those without symptoms. As far as
Cohen’s kappa measures of the agreement between LUS and
SARS-CoV-2 nasal-pharyngeal swabs is concerned, the coefficient
was 0.36 in the total group, 0.34 in patients with symptoms and
0.37 in those who were asymptomatic.

Discussion

The results of the present study show that assessment of LUS
by portable wireless scanner echography can be profitability uti-
lized to diagnose lung injury among senior nursing home residents
who manifested symptoms compatible with COVID-19 pneumo-
nia and in those exposed to the contagion of patients bearing the
disease. We found that 16% of patients tested negative for SARS-
CoV-2 carried the signs of COVID-19 lung injury at LUS.

Older adults living in residential homes are at increased risk of
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Table 1. Characteristics of the study patients of the overall population and of groups divided according to presence or absence of prior
or current symptoms and/or fever.

Variable                                                          Overall                     With symptoms           Without symptoms                 P value
                                                                     (n = 150)                        (n = 92)                         (n = 58)                                

Age (years)                                                                 88 [IQR: 83-92]                       88 [IQR: 83-92]                      87 [IQR: 83-91]                                0.64
Gender (female, n, %)                                                 127 (84.7)                                  74 (80.4)                                   53 (91.4)                                     0.061
Hypertension (n, %)                                                      92 (61.3)                                   57 (62.0)                                   35 (60.3)                                      0.84
Diabetes (n, %)                                                               28 (18.7)                                   16 (17.4)                                   12 (20.7)                                      0.62
Heart failure (n, %)                                                         12 (8.0)                                      6 (8.7)                                       4 (6.9)                                        0.70
Coronary heart disease (n, %)                                    25 (16.7)                                   16 (17.4)                                    9 (15.5)                                       0.76
Other heart diseases (n, %)                                        41 (27.3)                                   27 (29.3)                                   14 (24.1)                                      0.48
Atrial fibrillation (n, %)                                                 28 (18.7)                                   16 (17.4)                                   12 (20.7)                                      0.62
CKD (n, %)                                                                       35 (23.3)                                   24 (26.1)                                   11 (19.0)                                      0.31
Stroke (n, %)                                                                   44 (29.3)                                   27 (29.3)                                   17 (29.3)                                      0.99
PTE (n, %)                                                                          6 (4.0)                                       4 (4.4)                                       2 (3.5)                                        0.78
COPD (n, %)                                                                     13 (8.7)                                    11 (12.0)                                     2 (3.5)                                       0.055
Anemia (n, %)                                                                  15 (10.0)                                     9 (9.8)                                      6 (10.3)                                       0.91
Positive NP swab                                                             94 (62.7)                                   61 (66.3)                                   33 (56.9)                                      0.27
Positive LUS                                                                     98 (65.3)                                   67 (72.8)                                   31 (53.4)                                     0.016
Sa O2 (%)                                                                         94.5 ± 3.4                                  93.5 ± 3.5                                 96.8 ± 1.1                                  < 0.0001
Sa O2 < 95%                                                                     55 (36.7)                                   52 (56.5)                                     3 (5.2)                                    < 0.0001
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LUS, lung ultrasound; NP, nasal-pharyngeal; PTE, pulmonary thrombo embolism; Sa O2, oxygen saturation.

Table 2. Sensitivity, specificity, positive predictive value and negative predictive value of lung ultrasound, symptoms and oxygen satu-
ration in predicting positivity of COVID-19 nasal-pharyngeal swabs.

                                    TP                      TN                     FP                      FN                Sensitivity        Specificity               PPV                   NPV

Symptoms                            64                              25                             28                              33                             66%                          47%                           70%                          43%
Sa O2< 95%                         38                              41                             19                              52                             42%                          68%                           67%                          44%
Positive LUS                        74                              32                             24                              20                             79%                          57%                           76%                          62%
FN, false negative; FP, false positive; LUS, lung ultrasound; NPV, negative predictive value; PPV, positive predictive value; Sa O2, oxygen saturation; TN, true negative; TP, true positive.

Table 3. Sensitivity, specificity, positive predictive value and negative predictive value of lung ultrasound, and oxygen saturation in pre-
dicting positivity of COVID-19 nasal-pharyngeal swabs in older residents with symptoms and in those without symptoms.

                                    TP                      TN                     FP                      FN                Sensitivity        Specificity               PPV                   NPV
With symptoms

Sa O2< 95%                          38                              17                             13                              24                             61%                          57%                           75%                          41%
Positive LUS                        51                              15                             16                              10                             84%                          48%                           76%                          60%
Without symptoms

Positive LUS                        23                              17                              8                               10                             70%                          68%                           74%                          63%
For abbreviations and acronyms see Table 2.
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COVID-19 pneumonia and are more vulnerable to serious compli-
cations, particularly those with multimorbidity. This seems to be
due to the close interpersonal interactions among residents, and
between residents and staff members. As currently there is no vac-
cination available to prevent SARS-CoV-2 infection, avoiding
exposure is the single most important measure to prevent the
spreading of the disease. Nevertheless, since as many as 15-20% of
patients tested negative for the SARS-CoV-2 infection show false
negative results [12,13], transthoracic imaging techniques should
be suggested as tools to complement the use of rhyno-pharyngeal
testing.

Thoracic imaging with chest-X ray and computed tomography
are key tools for pulmonary disease diagnosis and management
[14,15], but their use is not practicable with the nursing home res-
idents. LUS findings in COVID-19 pneumonia consist of laser-
like, hyperechoic comet-tail artifacts arising from the pleural line,
known as B-lines, moving synchronously with lung sliding, that
depend on histopathologic changes characterized by alveolar
edema with prominent proteinaceous exudates, vascular conges-
tion, patchy inflammatory clusters with fibrinoid material, alveolar
hyperplasia, and fibroblastic proliferation, that can help to differ-
entiate COVID-19 pneumonia from other causes of respiratory dis-
ease [16-18]. The use of portable, wireless, pocket-sized scanners
have allowed to execute LUS earlier and more easily [19].
Therefore, early assessment of LUS could be a valuable approach
to investigate presence of COVID-19 lung involvement not only in
hospitalized patients, including those of intensive care units, emer-

gency departments, and internal medicine wards, but also in outpa-
tient settings and in the community.

The results of our study show that LUS can be usefully per-
formed in older patients with frailty, like those living in nursing
homes. Our data outlined the necessity to prioritize the need to per-
form transthoracic echo scanning in older patients with COVID-19
lung injury with symptoms or in those that have been exposed to
the contagion to improve clinical-decision making and to optimize
measures of care and protection.

Since sensitivity of laboratory testing is of critical importance
to avoid false negative results, combining transthoracic LUS imag-
ing with SARS-CoV-2 nasal-pharyngeal sampling appears a valu-
able approach to identify patients with the disease. Patients show-
ing signs of lung injury at LUS albeit tested negative for SARS-
CoV-2 infection at nasal-pharyngeal swabs comprised either
patients suffering from the ongoing illness or those who have
recovered from the disease but still display presence of lung
involvement. Integration with clinical data will help to differenti-
ate the two categories. Based on our data, we designed an algo-
rithm to integrate the use of LUS with rhyno-pharyngeal swabs in
patients with symptoms compatible with COVID-19 pneumonia
and in apparently healthy subjects that have been exposed to sick
individuals to predict the presence of the disease (Figure 2).

It is important to note that the integration of clinical evaluation,
LUS, and swab testing allows proper decisions in terms of person-
alized treatment, need of isolating (or cohorting) positive patients
to prevent further infection spreading, necessity of further diagnos-
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Figure 2. Flow-chart of intervention in residents of nursing homes with symptoms compatible to COVID-19 infection and in those
exposed to the contagion of patients carrying the disease. *, to confirm the hypothesis of healing, rapid sierological test should be per-
formed to detect the presence of IgG and IgM.
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tic steps either on-site or by transferring patients to the local emer-
gency department [9,20]. This appears particularly relevant in the
setting of pandemics like the SARS-CoV-2 infection, in which sev-
eral nations reported the particularly unmet need of healthcare
delivery in the nursing home facilities.

Several study limitations must be acknowledged. First, other
conditions may be responsible of LUS alterations, including respi-
ratory and cardiac diseases [21-23]. Second, although most proto-
cols require to perform LUS over 12-14 zones, only a minority of
our population underwent LUS in 12 zones, because many of them
were too sick to undergo LUS in their posterior zones. Third, we
assessed LUS only at one point in time, while follow-up evalua-
tions have to be preferred especially for their prognostic implica-
tions [24]. Obviously, there are intrinsic limitations in a wireless
system, as compared with other stand-alone machines with differ-
ent probes, that have to be weighed in comparison with the neces-
sity of portability in the nursing home setting. Echocardiography
was not performed even though the assessment of right ventricular
function would be valuable in older patients with COVID-19 pneu-
monia [25]. Finally, the reproducibility of the LUS technique was
not evaluated in the study patients, even though reproducibility of
transthoracic LUS has been previously fully explored [26].

In conclusion, LUS with portable wireless scanner echography
allows bedside examination of as an extension of physical exami-
nation to diagnose presence of COVID 19-related lung injury in
senior residents of nursing homes with symptoms and in those who
have been exposed to the contagion. Thus, wireless LUS represents
a valuable approach to reduce the risk of transmission of the infec-
tion and to prevent the spreading of the disease and, possibly, to
decrease the high mortality risk of older adults living in senior liv-
ing facilities. It is though critically important to combine LUS with
nasal-pharyngeal swabs to improve sensitivity of diagnosis
COVID-19 pneumonia or to simply support physical examination
in case of a shortage of testing kits or their reagents.
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