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Abstract

Background: An unexplained pneumonia occurred in Wuhan, China in

December 2019, later identified and named coronavirus disease 2019

(COVID‐19). This study aimed to compare the ultrasonographic features of

the lung between patients with COVID‐19 in Wuhan (the primary region)

and those in Beijing (the secondary region) and to find the value of applying

ultrasound in COVID‐19.
Methods: A total of 248 COVID‐19 cases were collected, including long‐term
residents in Wuhan (138), those who had a short‐term stay in Wuhan (72), and

those who had never visited Wuhan (38). Ultrasound examination was

performed daily; the highest lung ultrasound score (LUS) was the first

comparison point, while the LUS of the fifth day thereafter was the second

comparison point. The differences between overall treatment and ultrasonog-

raphy of left and right lungs among groups were compared.

Results: The severity decreased significantly after treatment. The scores of the

groups with long‐term residence and short‐term stay in Wuhan were higher

than those of the group that had never been to Wuhan.
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Conclusion: Ultrasonography is effective for dynamic monitoring of COVID‐19.
The ultrasonographic features of patients in the Wuhan area indicated relatively

severe disease. Thus, Wuhan was the main affected area of china.
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1 | INTRODUCTION

In December 2019, patients in Wuhan City, Hubei
Province, China, were diagnosed with novel coronavirus
pneumonia.1 The International Committee on Taxonomy
of Viruses named this severe acute respiratory syndrome
coronavirus‐2 (SARS‐CoV‐2). This virus can cause a
severe respiratory disease similar to that caused by severe
acute respiratory syndrome (SARS) and Middle Eastern
Respiratory Syndrome (MERS) coronaviruses. This dis-
ease was named novel coronavirus pneumonia. On
February 11, 2020, World Health Organization (WHO)
named the disease caused by infection with novel
coronavirus as coronavirus disease 2019 (COVID‐19).2

It has spread rapidly not only in China but also
worldwide,3 and has become a public health emergency
of international concern, with COVID‐19 infection
posing a major threat to global health.

At present, diagnosis is mainly carried out by reverse
transcription‐polymerase chain reaction (RT‐PCR) and
chest high‐resolution computed tomography (CT); ultra-
sound is also becoming more commonly used in
diagnosis and treatment. Ultrasound imaging has clinical
diagnostic value for lung diseases, especially peripheral
lung diseases. We aimed to further investigate the value
of ultrasound imaging for COVID‐19 diagnosis by
analyzing differences in ultrasound diagnosis among
different regions and determining whether differences
exist in the pathological degrees of patients in different
regions. We found that the clinical symptoms of patients
in primary areas are generally more severe than those of
patients in secondary areas. Currently, no literature
exists comparing the ultrasonic images of patients in
different areas. According to China's COVID‐19 policy,
all patients with confirmed diagnoses must be hospital-
ized for observation and treatment. This policy provides a
reliable basis for the comparison of patients' conditions
between the two regions. In this study, 248 COVID‐19
cases in Wuhan and Beijing were scored for pulmonary
lesions to understand the similarities and differences
between patients in Wuhan and Beijing, allowing a more
comprehensive understanding of COVID‐19 and facili-
tating improved treatment.

2 | MATERIALS AND METHODS

2.1 | Study patients

This was a cross‐sectional observational study. Wuhan
was regarded as the primary area because it was the first
city affected by COVID‐19 in China, with a fast
transmission rate, a rapid increase in the number of
infected patients, and a serious overall condition. Cases
appeared in the other cities subsequently, and there the
overall condition was relatively mild; thus, we wanted to
determine whether there were also different manifesta-
tions in the ultrasound imaging.

This work was supported by the Ministry of Science and
Technology of the People's Republic of China (grant number
2020YFC0841700). The study was approved by the Ethics
Committee of Beijing You An Hospital, affiliated with the
Capital Medical University ([2020]020). Written informed
consent was signed by all patients. We enrolled 138 and 110
patients (72 cases with short‐term stay in Wuhan, and 38
cases with never visited Wuhan) from the Wuhan Hanyang
Hospital and the Beijing You An Hospital, respectively, who
were diagnosed with COVID‐19 (all hospitalized patients in
the same period were included, except those meeting the
exclusion criteria). Both hospitals were designated hospitals
for COVID‐19 patients. They were divided into three groups,
comprising those with long‐term residence (more than 3
months) in Wuhan (138 cases), those who had a short‐term
stay (within 3 months) in Wuhan (72 cases), and those who
had never visited Wuhan (38 cases). Ultrasonographic
examination of the lungs was performed every day from
admission, and the scores were assigned according to the
unilateral six‐zone protocol of lung ultrasonography. The
highest lung ultrasound score (LUS) was considered the first
comparison point, while that on the fifth day thereafter was
considered as the second comparison point. The overall
treatment status, the differences in scores among different
groups of patients, and involvement of the left and right
lungs was compared. Patients with a history of chronic lung
disease and those with no lesions on CT images or those
with lesions that had not spread to the periphery of the lung
were excluded from the study. The patient's age, sex, and
contact history were recorded. The presence of other
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symptoms, such as fever, cough, diarrhea, and other related
symptoms, were recorded. In addition, some laboratory‐
related indicators were collected from patients who had
symptoms and had been admitted to the hospital within 3
days of onset of symptoms. The laboratory results were
collected on the third day after symptoms first appeared.

2.2 | Lung ultrasound

Caltabeloti and Rouby4 proposed division of a unilateral lung
into six zones for examination. With the anterior and
posterior axillary lines as the boundaries, the lung was
divided into three zones, namely, the anterior, lateral, and
posterior zones (Figure 1). Each zone was further divided
into upper and lower parts. The worst sign observed in each
zone during the examination was considered as the final
judgment of the zone, and the results were recorded by
classification into the following four basic types (Figure 2):
type N, the ultrasonographic features showed an A line or ≤2
independent B lines, indicating good lung inflation; type B1,
the ultrasonographic features showed multiple B lines, with
an interval of about 7mm between the B lines (B7 lines);
type B2, the ultrasonographic features showed multiple B
lines, and the interval between B lines was ≤3mm, (B3
lines); and type C, the ultrasonographic features showed
hepatization or fragmentation of the lung tissue, with
dynamic bronchial inflation, with or without a small amount
of pleural effusion, indicating consolidation of the lung. The
scoring of lung ultrasonography was based on the following
four types: N=0, B1= 1, B2= 2, and C=3. Meanwhile, we
also considered the shortcomings of these scoring criteria,
outlined in the guidelines proposed by Lichtenstein5 to
conduct a comprehensive evaluation (e.g., for P3‐2 in
Figure 2, although there was consolidation, the scope was
very small; thus, we did not assign 3 points but 2 instead).

All patients underwent ultrasonographic lung examination,
and the sum of the scores of the 12 zones was recorded. All
lung ultrasound images were performed by two experienced
sonologists.

2.3 | Statistical analysis

SPSS (version 26.0) was used for statistical analyses. The
measurement data satisfying normal distribution were
expressed as mean ± standard deviation (mean ± SD).
Data not satisfying normal distribution were expressed as
median (range). The one‐way analysis of variance was
used for ages that satisfied a normal distribution. For
other measurement data that did not satisfy a normal
distribution, a nonparametric test of independent sam-
ples and related samples was used. Wilcoxon's test was
used for intragroup before‐versus‐after comparison, and
the Mann–Whitney U test was used for comparisons
between two independent samples. The χ2 test was used
for the comparison of rates. p< 0.05 were considered
statistically significant.

3 | RESULTS

3.1 | Baseline information

Among the 248 patients, 132 were males and 116 were
females, with an average age of 50 ± 11 years. They were
divided into the following groups: patients who had long‐
term residences in Wuhan, those who had a short‐term
stay in Wuhan, and those who had never visited Wuhan.
The sex, age, and presence of fever, cough, myalgia,
diarrhea, and related clinical characteristics of the three
groups are shown in Table 1.

FIGURE 1 Lung ultrasound score
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FIGURE 2 Four types of ultrasound scoring features, P1 normal ventilation (N‐type): the ultrasonographic features showed
A‐line sign or ≤2 independent B lines, indicating good lung inflation. P2 (B1‐type): Multiple B lines, with an interval of about 7 mm
between the B lines (B7 lines). P3‐1 and P3‐2 (B2‐type): Multiple B lines, with an interval ≤3 mm between the B lines (B3 lines), with
or without small patchy consolidation. P4‐1 and P4‐2 (C‐type): The ultrasonographic features were hepatization or fragment sign of
lung tissue, with dynamic bronchial inflation sign, with or without a small amount of pleural effusion, indicating consolidation of
the lung. N = 0, B1 = 1, B2 = 2, C = 3.

TABLE 1 General characteristics of
patients

Characteristics

Long‐term
residence in
Wuhan
(n= 138)

Short‐term
stay in
Wuhan
(n= 72)

Never
visited
Wuhan
(n= 38) χ2/F p Value

Sex (M/F) 71/67 40/32 21/17 0.395 .821

Age (years 51.1± 11.1 48.3± 11.8 49.6± 10.2 1.444 .238

Fever 115 (83.3%) 59 (81.9%) 33 (86.8%) 0.436 .804

Cough 83 (60.1％) 42 (58.3%) 21 (55.2%) 0.305 .858

Myalgia 20 (14.5%) 9 (12.5%) 6 (15.8%) 0.259 .879

Diarrhea 14 (10.1%) 9 (12.5%) 4 (10.5%) 0.277 .871

Leukopenia 29 (21.0%) 15 (20.8%) 7 (18.4%) 0.127 .938

Lymphopenia 109 (78.9%) 48 (66.7%) 24 (63.2%) 5.839 .054

Thrombocytopenia 47 (34.1%) 21 (29.2%) 10 (26.3%) 1.074 .581

CRP elevation 115 (83.3%) 53 (73.6%) 27 (71.1%) 4.194 .123

Lactic acid level 79 (57.2%) 32 (44.4%) 16 (42.1%) 4.592 .101

Note: Data are presented as either mean (SD) or no. (%), p< .05.

Abbreviation: CRP, C‐reactive protein; F, female; M, male.
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3.2 | LUS

The scores of the 248 patients decreased significantly by
the fifth day after the highest overall scores. A significant
difference was seen between the highest scores and those
on the fifth day thereafter among the patients in the three
groups. For the three groups with different left and right
lung involvement statuses, significant differences were
also seen between the highest scores and those obtained
on the fifth day after treatment (Table 2). On the fifth day
after that with the highest scores, the range of B3 lines
had significantly reduced, and some patients showed B7
lines. The scope of the original B7 lines had also reduced
and partially recovered to normal. B7 lines were detected
in only a few areas, without any pathological changes.
Local pathological changes were considered to have
extended to the periphery of the lung lobes. Six of the 248
patients died owing to the worsening of the disease. The
consolidation in both lungs gradually worsened, pleural

effusion increased, and some patients were supported by
extracorporeal membrane oxygenation because of respi-
ratory failure. The other patients recovered (LUS and CT
diagnosis) and were discharged.

The highest scores of the groups with long‐term
residence in Wuhan and with a short‐term stay in
Wuhan were higher than those of the group that had
never been to Wuhan. There was no difference in the
highest scores between the group with long‐term
residence in Wuhan and the group that had a short‐
term stay in Wuhan (Table 3).

4 | DISCUSSION

Bedside lung ultrasound plays an important role in
dynamic monitoring of COVID‐19 disease progression,
and also greatly facilitates comparison of the severity of
the disease in different areas of the lung. Our study found

TABLE 2 Highest scores among 248
patients, scores of each group obtained
after 5 days, and scores of the left and
right lungs

Groups
Gighest
scores

After 5 days
scores z p Value

All patients (n= 248) 12 (11,14) 9 (8,11) −13.172 .000

Right lungs 6 (6,7) 4.5 (4,6) −13.030 .000

Left lungs 6 (5,7) 4 (4,6) −12.849 .000

Long‐term residence in
Wuhan (n= 138)

13 (11,15) 9 (7,11) −9.910 .000

Right lungs 7 (6,7) 4 (4,6) −9.768 .000

Left lungs 6 (5,8) 4 (4,6) −9.780 .000

All patients of Beijing (n= 110) 12 (11,14) 9 (8,11) −8.687 .000

Right lungs 6 (5,7) 5 (4,5) −8.700 .000

Left lungs 6 (5,7) 5 (4,6) −8.384 .000

Short‐term stay in Wuhan (n= 72) 12 (11,14) 9 (8,11) −6.929 .000

Right lungs 6 (6,7) 5 (4,5.75) −6.929 .000

Left lungs 6 (5,7) 5 (4,6) −6.847 .000

Never visited Wuhan (n= 38) 11 (10,13) 9 (8,11) −5.381 .000

Right lungs 6 (5,6) 4 (4,5) −5.372 .000

Left lungs 5.5 (5,7) 4.5 (4,6) −4.976 .000

Note: Data are presented as median (p25, p75), p< .05.

TABLE 3 Differences in the highest scores among the three groups

Groups Highest scores z p Value

Long‐term residence in Wuhan/short‐term stay in Wuhan 13 (11,15)/12 (11,14) −1.813 .070

Long‐term residence in Wuhan/never visited Wuhan 13 (11,15)/11 (10,13) −3.720 .000

Short‐term stay in Wuhan/never visited Wuhan 12 (11,14)/11 (10,13) −2.197 .028

Note: Data are presented as median (p25, p75), p< .05.
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that ultrasonography can be used to directly monitor
disease progression during the diagnosis and treatment
of COVID‐19. We performed lung ultrasound examina-
tions for hospitalized patients every day. Owing to the
varying disease severities among patients at the time of
admission, the ultrasound scores were quite different.
Using the dynamic scores, we selected the highest score
as the first time point and the score on the fifth day
thereafter as the second time point and compared the
score difference between the two points. We found that
the score difference between the two points was
significant. Excluding the six patients who died, the total
number of B lines in the lungs was less than 5 at the time
of discharge.6 This result is a strong affirmation of the
value of ultrasonography. Besides RT‐PCR, CT has
always been the gold standard for the diagnosis of lung
diseases, and the diagnosis of COVID‐19 is no excep-
tion.7–9 However, because of the extremely poor penetra-
bility of ultrasound through gases, ultrasonography is not
ideal for the examination of lung diseases. Internal
lesions can only be detected when lung water increases
and spreads to surrounding areas or when consolidation
occurs. However, ultrasonography has been widely used
in clinical practice in recent years as a noninvasive and
rapid examination method, especially for severe pneu-
monia among adults and children.10–12 As the chest plain
radiograph and CT of COVID‐19 cases show bilateral
involvement and peripheral distribution, the pathology is
mainly characterized by exudation1,13–16; bedside ultra-
sonography has played an important role in the diagnosis
and treatment of COVID‐19, and our research results
have confirmed this point.

The bilateral and unilateral LUSs of the three groups
were compared. To reflect the severity of the disease, we
chose the most representative highest scores for compar-
ison and found that those of the groups with long‐term
residence in Wuhan and with a short‐term stay in
Wuhan were significantly different to those of the group
that had never visited Wuhan (z=−3.720, p= .000;
z=−2.197, p= .028); however, there were no differences
in the highest scores between the groups with long‐term
residence and a short stay in Wuhan (z=−1.813,
p= .070). This shows that lung damage was generally
more severe among patients in Wuhan. Some studies also
found that the Clinical features of patients in Hubei
Province were more serious than those of patients
outside Hubei Province. Huang et al.1 studied patients
in Wuhan and found that all patients had abnormalities
on chest CT images. Of the 41 patients, 40 (98%) had
bilateral involvement. Xu et al.17 studied patients outside
Wuhan and found that among 62 patients, all patients
except one had abnormalities on chest CT or X‐ray film,
and two patients (84%) showed bilateral involvement on

chest radiographs. The typical chest CT scan of patients
with infection showed bilateral, multilobular, or segmen-
tal consolidation areas or bilateral ground‐glass shadows,
consistent with the results of the present study. We
consider these to be related to viral load; viral transmis-
sion occurs only when the viral load reaches a certain
quantity, such that the virus has widespread transmissi-
bility, and its transmissibility decreases over time. Some
studies estimated the basic reproduction number (R0) of
SARS‐CoV‐2 to be 2.24–5.7118,19 when it started to spread
on December 12, 2019, and the current average estimated
value is 2.24–3.58.18 Assuming that the epidemic will not
recur, R0 is predicted to gradually drop and disappear,
similar to SARS.20 The rise and decline of viral
transmission are related to the genetic mutation of the
virus. Angeletti et al.21 found that mutations of amino
acids in the gene sequence of SARS‐CoV‐2 at a specific
site of SARS‐CoV changed its infectivity. A study by
Zhang et al.22 also found that SARS‐CoV‐2 genetic site
mutations were different among patients from different
provinces of China.23 This mutation can lead to either
decreased infectivity or increased infectivity. The
repeated prevalence of mutant strains at home and
abroad also confirms this point. These factors could have
caused the difference in the disease severity between
patients in Wuhan and Beijing. Our study also found no
significant difference in the incidence and severity
between left and right lung disease in patients in either
Wuhan or Beijing.

The main limitation of this study was that the
participating doctors could not handle all cases at the
same time, due to geographical reasons and restricted
access to isolation wards. When we compared the
severity of the patients in the two different regions, we
adopted the highest ultrasound scores. However, during
this process, the patients had been treated for different
periods of time. Moreover, variations in medical care
standards in different regions might have influenced
evaluations of ultrasound results. Fortunately, the group
with a short‐term stay in Wuhan could be used as a
reference in our research to make up for these deficien-
cies. The statistics of baseline information were rather
general, because their changing periods in the develop-
ment of the disease were not completely synchronized
with imaging, and they could not be compared in the
same period.

In summary, COVID‐19 showed diffuse lesions in
both lungs during disease progression. These lesions
mainly surrounded the lungs. The ultrasonographic
features of patients in the main affected area of China
indicated relatively severe disease. The progression of
lung lesions can be visualized using a dynamic monitor-
ing score. Bedside ultrasonography is simple and fast,
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and therefore plays an important role in the diagnosis of
COVID‐19 and can provide timely information for the
treatment process.
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