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The Value of Lung Ultrasound to
Detect the Early Pleural and
Pulmonary Pathologies in
Nonhospitalized COVID-19-Suspected
Cases in a Population With a Low
Prevalence of COVID-19 Infection
A Prospective Study in 297 Subjects
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Objectives—This prospective study aimed to evaluate the value of B-mode lung
ultrasound (LUS) for the early diagnosis of coronavirus disease 2019 (COVID-19)
infection in nonhospitalized COVID-19 suspected cases in a population with a low
prevalence of disease.

Methods—From April 2020 to June 2020, in an ambulatory testing center for
COVID-19-suspected cases, 297 subjects were examined by LUS before a naso-
pharyngeal swab was taken for a reverse transcription polymerase chain reaction
(RT-PCR) test. The following LUS findings were defined as pathological ultra-
sound findings and were analyzed: the presence of 1) pleural effusion, 2) B-lines,
3) fragmented visceral pleura, 4) consolidation, and 5) air bronchogram in the
consolidation. The LUS findings were compared with the RT-PCR test results.

Results—The result of the RT-PCR test for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was positive in 11 and negative in 286 subjects,
and the prevalence of COVID-19 infection in the study participants was 3.7%.
On LUS, a pathological finding could be detected in 56/297 (18.9%) study par-
ticipants. The LUS revealed a sensitivity of 27.3%, a specificity of 81.5%, a posi-
tive predictive value of 5.4%, a negative predictive value of 96.7%, and a
diagnostic accuracy of 79.9% for the identification of COVID-19 infection.

Conclusions—For the identification of COVID-19 infection, LUS is highly sensitive
to the patient spectrum and to the prevalence of the disease. Due to the low diagnos-
tic performance in nonhospitalized COVID-19 cases in low-prevalence areas, LUS
cannot be considered to be an adequate method for making a diagnosis in this group.
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T he infectious disease coronavirus disease 2019 (COVID-19)
first appeared at the end of 2019 in the Chinese metropolis
of Wuhan.1 The disease has spread worldwide at a rapid pace

and has led to the overburdening of healthcare systems in many
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countries. Suspected cases of COVID-19 should, if
possible, be detected outside clinics in suitably equipped
rooms by direct molecular biological detection of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) using a reverse transcription polymerase chain
reaction (RT-PCR) test on samples from deep throat
or nasal swabs, according to the reference method
published by the National Consiliary Laboratory for
Coronaviruses (Charité Institute of Virology).2 The
RT-PCR test is the first method of choice and the gold
standard in primary diagnostics due to its simple and
rapid feasibility and low invasiveness.3 Furthermore, the
SARS-CoV-2 rapid antigen test is recommended in the
WHO guidelines as a cost-effective method for
detecting SARS-CoV-2 in patients with high viral
loads.4,5 However, the diagnosis of COVID is a
challenge in several developing countries due to the
lack of capacity for large-scale testing.6 Furthermore, in
some developing countries, the use of laboratory
resources for COVID-19 testing leads to delays in
identifying other diseases, such as acquired immunode-
ficiency syndrome.7 Based on this knowledge, the need
remains to develop new nonlaboratory-based methods,
including imaging procedures, to make a diagnosis in
COVID-19-suspected cases. In contrast to other
imaging methods, such as computed tomography,
LUS can be applied at the bedside.8,9 In addition to
immediate availability, the benefits of this procedure
include easy disinfection, unlimited repeatability, low
personnel and time requirements, and lack of radiation
exposure.8, 10–12

The diagnostic performance of LUS in the diag-
nosis of COVID-19 has already been investigated in
several studies.13–16 However, there are limited data
available regarding the diagnostic performance of
LUS in the diagnosis of COVID-19 in populations
with low prevalence of the disease or in non-
hospitalized patients. Therefore, the findings of previ-
ously performed studies could not be generalized to
nonhospitalized populations with low prevalence of
COVID-19 disease. Taking into account the develop-
ment of different effective vaccines, in future, the
potential of LUS in nonhospitalized populations with
low prevalence of disease will be increasingly relevant
and should be evaluated.

The aim of this prospective study is to evaluate the
value of LUS for the early diagnosis of COVID-19
infection in nonhospitalized COVID-19-suspected cases

in a population with a low prevalence of disease and to
compare the results with the findings of previously per-
formed studies with moderate or high prevalence of
COVID-19 infection in a hospital testing setting.

Materials and Methods

This prospective study was approved by the local
ethics committee and conducted in accordance with
the amended Helsinki Declaration on ethical princi-
ples for medical research involving human subjects.
All study participants were informed about the study
by a doctor and signed a written consent form.

The study was performed between April 2020
and June 2020 in an ambulatory COVID-19 testing
center in Germany for individuals suspected of having
COVID-19 in an area with a low incidence rate
(defined as an area with less than 10 new cases
weekly per 100,000 population).

A total of n = 297 subjects (119 men and 178
women; average age 42.2 years, range 18–84 years)
participated in the study. Inclusion criteria were writ-
ten informed consent to participate in the study, age
over 18 years, and no pregnancy. All subjects were
referred to the ambulatory COVID-19 testing center
by their family doctor or local health department
based on their symptoms or contact with a COVID-
19 patient. Severely symptomatic patients were
referred directly to the local hospital.

At the ambulatory COVID-19 testing center, a naso-
pharyngeal swab for RT-PCR testing was performed in
all subjects.2 An additional LUS was performed in a sepa-
rate examination room for all study participants. The
hygiene and infection prevention measures were per-
formed according to the guidelines of the Robert Koch
Institute (Germany) for COVID-19 patients.

Ultrasound Examination
The LUS examination was performed with a SonoSite
M-Turbo® ultrasound machine, and a 5–2 MHz
C60XI curved array transducer was used. All study par-
ticipants were examined in an upright sitting position,
according to the pulmonary ultrasound protocol for
COVID-19 patients provided by the German Society
for Ultrasound in Medicine (DEGUM).17 The LUS
examinations were performed horizontally to the ribs.
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The ultrasound results were classified into nor-
mal and pathological findings. A normal finding was
defined by the presence of A-line patterns (repetitive
horizontal reverberation artifacts) and the absence of
pathological ultrasound findings.18 The following
findings were defined as pathological ultrasound find-
ings, according to the standardized LUS protocol for
COVID-19 patients provided by the DEGUM17, 19:

1. The presence of pleural effusion.
2. The presence of B-lines (more than three per field

of view).
3. The presence of fragmented visceral pleura.
4. The presence of consolidations.
5. The presence of air bronchogram in the consolidations.

All pathological LUS findings were saved as
images. The LUS findings were compared with the
RT-PCR results. All examinations were performed by
two qualified examiners in the field of thoracic sonog-
raphy under the supervision of a DEGUM Level III
qualified examiner (C.G., internal medicine). The
examiners were blinded at the time of the LUS exami-
nation regarding the RT-PCR results.

The LUS data were analyzed by two indepen-
dent, qualified investigators (E.S., K.H.). In the event
of a disagreement between the two examiners, the
final decision was made by a third experienced inves-
tigator (C.G.). At the time of LUS data analysis, the
investigators were blinded regarding the RT-PCR
results and the clinical symptoms of the participants.

Statistical Analysis
Statistical evaluation was performed on the categori-
cal variable using Fisher’s exact test and on continu-
ous data using Mann–Whitney tests. Cohen’s kappa
statistics were applied to measure interrater reliability.
A P-value of <.05 was defined as significant. In addi-
tion, sensitivity, specificity, positive and negative pre-
dictive values, and diagnostic accuracy were evaluated
for the clinical and pathological ultrasound findings.

Results

Characteristics of Participants
In the entire defined study county with a population
of 245,754 people, there were a total of 19 confirmed

COVID-19 new infections during the study period
(Figure 1).

At the ambulatory testing center, 297 participants
were included in the study, and the result of the RT-
PCR test for SARS-CoV-2 was positive in 11 and neg-
ative in 286. The prevalence of COVID-19 infection
in the study participants was 3.7%. The baseline char-
acteristics of the study participants are presented in
Table 1.

Ultrasound Findings of Participants
In total, a pathological ultrasound finding was detected
in 56/297 (18.9%) study participants (Table 2). In
19/56 (33.9%) patients, a pleural effusion was observed
(Figure 2A); in 27/56 (48.7%), B-lines (Figure 2B); in
25 (44.6%), a fragmented pleura (Figure 2C); in 4/56
(7.1%), a consolidation without air bronchogram
(Figure 2D); and, in 2/56 (3.6%), a consolidation with
air bronchogram (Figure 2E). Of the participants with
a SARS-CoV-2-positive test result, a pathological find-
ing (a fragmented pleura) was observed 3/11 (27.3%)
(Figure 2C) and no pathological findings were detected
in 8/11 (72.7%). Of the participants with a SARS-CoV-
2-negative test result, a pathological ultrasound finding
was observed in 53/286 (18.5%) and no pathological
ultrasound findings were detected in 233/286 (81.5%).

For the pathological ultrasound findings, there
were no significant differences between patients with
a SARS-CoV-2-positive test result and those with a
SARS-CoV-2-negative test result (P = .4, Fisher’s

Figure 1. Number of new infections in the defined study county
with a population of 245,754 people. Nineteen new infections were
confirmed during the study period in this county.
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exact test; Table 2). Lung B-mode ultrasound was
found to have a sensitivity of 27.3%, a specificity of
81.5%, a positive predictive value of 5.4%, a negative
predictive value of 96.7%, and a diagnostic accuracy
of 79.9% for the identification of COVID-19 infec-
tion. The agreement between the examiners for the
presence of a pathological ultrasound finding was very
good (Cohen’s kappa = 0.88).

Discussion

The diagnostic performance of a test is influenced by
several factors such as the spectrum of patients and
the sensitivity to prevalence.20–22 The patient’s

spectrum of COVID-19 disease includes a broad
group from asymptomatic patients to patients with
acute respiratory distress syndrome (ARDS).23 The
ability of LUS to detect lung involvement depends on
the severity of the disease and is lower in mild cases
compared with severe case.24,25 Furthermore, due to
different demographic and clinical characteristics, a
basic differentiation should be made between non-
hospitalized and hospitalized COVID-19 patients.26

Therefore, the value of LUS in identifying COVID-19
patients as a diagnostic tool must be assessed in the
context of the clinical picture of patients and the test-
ing setting. An additional important factor in the eval-
uation of the diagnostic performance of LUS in
COVID-19 patients is the prevalence of the disease

Table 1. Baseline Characteristics of the Study Participants

Variable
All Study

Participants (n = 297)
RT-PCR-Positive

Participants (n = 11)
RT-PCR-Negative

Participants (n = 286) P-Value

Demographic characteristic
Age (years, mean) � SD 42.2 � 16.3 46.9 � 14.1 42.1 � 16.4 .26
Sex
Male 119 (40.1%) 3 (27.3%) 116 (40.6%) .54
Female 178 (59.9%) 8 (72.7%) 170 (59.4%)

Smoking status
Never smoked 170 (59.6%) 7 (63.6%) 171 (59.8%) 1
Smoker or former smoker 116 (40.4%) 4 (36.4%) 115 (40.2%)

A P-value of <.05 was defined as significant.
RT-PCR, reverse transcription polymerase chain reaction; SD, standard deviation.

Table 2. B-Mode Lung Ultrasound Characteristics of Study Participants

Variable

All Study
Participants
(n = 297)

RT-PCR-Positive
Participants

(n = 11)

RT-PCR-Negative
Participants
(n = 286) P-Value

Pathological ultrasound findings present 56 (18.9%) 3 (27.3%) 53 (18.5%) .44
No pathological ultrasound findings present 241 (81.1%) 8 (72.7%) 233 (81.5%)
Pleural effusion 18 (6.1%) 0 (0%) 18 (6.3%) 1
No pleural effusion 279 (93.9%) 11 (100%) 268 (93.7%)
B-lines 27 (9.1%) 0 (0%) 27 (9.4%) .6
No B-lines 270 (90.9%) 11 (100%) 268 (90.6%)
Fragmented visceral pleura 26 (8.8%) 3 (27.3%) 23 (8.0%) .06
No fragmented visceral pleura 271 (91.2%) 8 (72.7%) 263 (92.0%)
Consolidation 7 (2.3%) 0 (0%) 7 (2.4%) 1
No consolidation 290 (97.7%) 11 (100%) 279 (97.6%)
Air bronchogram 2 (0.7%) 0 (0%) 2 (0.7%) 1
No air bronchogram 295 (99.3%) 11 (100%) 284 (99.3%)

A P-value of <.05 was defined as significant.
RT-PCR, reverse transcription polymerase chain reaction.
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in the studied population. Colombi et al evaluated in
a retrospective study the diagnostic performance of
LUS in two groups with high (94%) and moderate
(45%) prevalence of disease and demonstrated that
the diagnostic performance of LUS was different in
these two groups.15 To date, there is limited data
regarding the diagnostic performance of LUS in non-
hospitalized COVID-19-suspected cases in
populations with low prevalence of disease. Using a
standardized approach with a qualified team of doc-
tors, and in cooperation with the local health depart-
ment, we investigated the early pathological LUS
findings in nonhospitalized COVID-19-suspected
cases in a population with low prevalence of disease
(3.7%). During the study period, there was a lack of
capacity for large-scale testing in Germany. In addi-
tion, at this time, WHO urged countries not to use
immunodiagnostic tests, including the SARS-CoV-2
rapid antigen test, in clinical practice and for clinical
decision-making.27

The presence of a pathological LUS finding was
not significantly associated with a SARS-CoV-2-posi-
tive test result (P = .44, Fisher’s exact test). Of all
study subjects, 56 (18.9%) had pathological ultra-
sound findings. However, only 3 of 11 subjects with a
SARS-CoV-2-positive test result had a pathological
ultrasound finding. The sensitivity and specificity of
the LUS for the identification of nonhospitalized
COVID-19 patients were 27.3 and 81.5%, respec-
tively. This illustrates the low sensitivity of LUS in
nonhospitalized COVID-19 populations with low
prevalence of disease compared with those with mod-
erate or high prevalence of disease in a hospital set-
ting regarding the diagnosis of a COVID-19 infection
in previous studies (Table 3).13–16 The sensitivity and
specificity of a diagnostic test are not affected by dis-
ease prevalence.21 The lower sensitivity of LUS in this
study may be influenced by the clinical characteristics
of the nonhospitalized COVID-19 patients. This indi-
cates the high sensitivity of LUS to the spectrum of
the disease.21 In this study, LUS showed a low posi-
tive predictive value of only 5.4% for the identifica-
tion of COVID-19 patients. The very low positive
predictive value in this study compared with studies
with higher prevalence13–15 demonstrates the high
sensitivity of LUS to prevalence of disease for the
identification of COVID-19 patients (Table 3).21

Figure 2. Transthoracic B-mode ultrasound results. A, A
30-year-old female patient with a SARS-CoV-2-negative test
result; a pleural effusion on the right side dorsal caudal. B, A
55-year-old female patient with a SARS-CoV-2-negative test
result; B-lines on the right side dorsal caudal. C, A 46-year-old
female patient with a SARS-CoV-2-positive test result; a frag-
mented pleura on the left side dorsal caudal. D, A 65-year-old
female patient with a SARS-CoV-2-negative test result; a homo-
geneous consolidation on the right side dorsal cranial. E, A
27-year-old male patient with a SARS-CoV-2-negative test result;
an inhomogeneous consolidation with air bronchogram on the
left side dorsal caudal.
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Furthermore, in this study, 18.5% of patients with
a SARS-CoV-2-negative test result had pathological
ultrasound findings. This result indicates the non-
specificity of LUS patterns in the diagnosis of
COVID-19 cases. These LUS patterns of COVID-19
disease may also be present in many cases with other
respiratory diseases, including bacterial pneumonia,
viral pneumonia, ARDS, and cardiogenic pulmonary
edema.28,29

The findings of this study demonstrate the high
sensitivity of LUS to the spectrum and prevalence of
the disease as a diagnostic tool in identifying patients
with COVID-19 infection. Furthermore, the non-
specificity of the LUS patterns of COVID-19 patients
was revealed. In addition, it was found that in 18.5%
of cases with negative test results, LUS patterns simi-
lar to those in patients with COVID-19 infections
were present, which would support the nonspecificity
of LUS in the diagnosis of COVID-19.

This study had several limitations. The definition
of COVID-19 LUS patterns and the spectrum of dis-
ease vary in different studies; therefore, only a limited
comparison of the studies was possible. Ultrasound
examination is dynamic and highly dependent on the
examiner; therefore, the possibility of examiner sub-
jectivity could not be excluded. Furthermore, it
should be considered that the nasopharyngeal swab
has limited sensitivity, and patients could be mistak-
enly classified as SARS-CoV-2-negative.

In summary, LUS is highly sensitive to the spec-
trum of patients and to the prevalence of the disease
for the identification of patients with COVID-19 infec-
tion. For using LUS as a diagnostic tool to identify
patients with COVID-19 infection, clinicians should be
directed to the findings from studies in populations

with similar prevalence and spectrum of disease as
those of their own areas. Due to the low diagnostic per-
formance in nonhospitalized COVID-19 cases in low-
prevalence areas, LUS cannot be considered to be an
adequate method for making a diagnosis in these
patients. Essentially, due to the nonspecificity of LUS
findings, LUS may not be a valid method for the diag-
nosis of COVID-19 infection.
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