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Abstract

Objectives To systematically analyze CT findings during the early and progressive stages of natural course of coronavirus disease
2019 and also to explore possible changes in pulmonary parenchymal abnormalities during these two stages.

Methods We retrospectively reviewed the initial chest CT data of 62 confirmed coronavirus disease 2019 patients (34 men, 28
women; age range 20-91 years old) who did not receive any antiviral treatment between January 21 and February 4, 2020, in
Chongqing, China. Patients were assigned to the early-stage group (onset of symptoms within 4 days) or progressive-stage group
(onset of symptoms within 4—7 days) for analysis. CT characteristics and the distribution, size, and CT score of pulmonary
parenchymal abnormalities were assessed.

Results In our study, the major characteristic of coronavirus disease 2019 was ground-glass opacity (61.3%), followed by
ground-glass opacity with consolidation (35.5%), rounded opacities (25.8%), a crazy-paving pattern (25.8%), and an air
bronchogram (22.6%). No patient presented cavitation, a reticular pattern, or bronchial wall thickening. The CT scores of the
progressive-stage group were significantly greater than those of the early-stage group (p = 0.004).

Conclusions Multiple ground-glass opacities with consolidations in the periphery of the lungs were the primary CT characteristic
of coronavirus disease 2019. CT score can be used to evaluate the severity of the disease. If these typical alterations are found,
then the differential diagnosis of coronavirus disease 2019 must be considered.

Key Points

* Multiple GGOs with consolidations in the periphery of the lungs were the primary CT characteristic of COVID-19.

* The halo sign may be a special CT feature in the early-stage COVID-19 patients.

* Significantly increased CT score may indicate the aggravation of COVID-19 in the progressive stage.
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Abbreviations SARS Severe acute respiratory syndrome
COVID-19 Coronavirus disease 2019 SARS-CoV Severe acute
CRP C-reactive protein respiratory syndrome coronavirus
GGO Ground-glass opacity SARS-CoV-2  Severe acute respiratory syndrome
MERS-CoV  Middle East respiratory coronavirus 2

syndrome coronavirus WHO World Health Organization
MPR Multiplanar reconstruction
RT-PCR Reverse transcription polymerase
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Introduction

Since December 2019, an increasing number of pneumonia
cases caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) emerged in Wuhan, Hubei, China,
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Chongqing Medical University, Chongqing, China (COVID-19) swept the globe [1-4]. As of February 3, 2020,
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@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-020-06816-7&domain=pdf
mailto:zeng_wenbing@163.com

Eur Radiol (2020) 30:4398-4406

4399

related to the illness. Moreover, the virus is still spreading at
an alarming rate.

In this sudden epidemic, reverse transcription polymerase
chain reaction (RT-PCR) revealed the cause of the outbreak.
The SARS-CoV-2 can be specifically detected in respiratory
secretions or plasma samples RT-PCR. However, some pa-
tients with likely COVID-19 may have negative initial RT-
PCR results for COVID-19, which may be due to insufficient
cellular material for detection or improper extraction of
nucleic acids from clinical materials. Thus, imaging examina-
tion, which can effectively and conveniently observe the pul-
monary parenchymal abnormalities, can solve some chal-
lenges associated with clinical diagnosis in suspected patients
with a false-negative result, especially symptomatic patients
with dyspnea and respiratory distress.

Because this infection is caused by the unprecedented
SARS-CoV-2, few related imaging studies have been current-
ly reported. Among the studies that have been conducted,
multifocal consolidation or ground-glass opacity (GGO) was
observed on chest radiographs and CT [5-7]. However, the
sensitivity of chest radiographs for pneumonia are relatively
low, and it is difficult to use chest radiographs to distinguish
COVID-19 from common pneumonia during the cold season
and pneumonia caused by other coronaviruses, such as severe
acute respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-CoV)
infections [8]. In addition, the disease is developing rapidly
and the symptoms of this disease vary. Hence, it is very nec-
essary to systematically analyze the chest CT findings associ-
ated with this disease systematically, for the timely isolation,
COVID-19 RT-PCR and respiratory care of patients, and early
implementation of infection prevention and control measures.

To fully understand and early discriminate the CT features of
this disease in its early stages, we collected initial chest CT data
from confirmed COVID-19 patients who did not receive any
antiviral treatment mainly from Chongqing Three Gorges
Central Hospital for analysis. The Chongging Three Gorges
Central Hospital, located in the northeast of Chongqing and
connected to Hubei Province, is one of the designated hospitals
for the centralized treatment of pneumonia patients infected by
the SARS-CoV-2 and has received a large number of COVID-
19 patients. Therefore, our aim was to systematically analyze
the CT features of the early and progressive stages of the natural
course of COVID-19 and explore the possible pathological
changes in the lung during different periods of this disease.

Materials and methods

Study participants

This retrospective study was approved by the Institutional
Ethics Committee of Chongqing Three Gorges Central

Hospital and the Second Affiliated Hospital of Chongqing
Medical University, and the requirement for informed consent
was waived.

Between January 21 and February 4, 2020, totally 72 pa-
tients of confirmed COVID-19 were enrolled, i.e., 66 pa-
tients from Chongqing Three Gorges Central Hospital and
6 patients from the Second Affiliated Hospital of Chongqing
Medical University. All patients with COVID-19 were diag-
nosed according to the World Health Organization (WHO)
interim guidance [9] and were eventually confirmed by a
positive result for RT-PCR analysis of the respiratory secre-
tions samples. Confirmed patients were eligible if they ex-
perienced symptoms within 7 days, underwent an initial
chest CT examination, and they had not received any antivi-
ral treatment. The exclusion criteria were as follows: (1)
patients who recently experienced clinically defined pulmo-
nary infection attributable to other pathogens, (2) patients
with severe artifacts on CT images, and (3) patients whose
age was less than 18 years. According to the exclusion
criteria, 7 patients who had pulmonary infections caused by
other pathogens and 3 patients whose CT images had severe
artifacts were excluded. Finally, 62 confirmed COVID-19
patients (34 men, 28 women; age range 20-91 years old)
who had not received antiviral treatment were retrospective-
ly reviewed. The workflow of COVID-19 patients selection
is shown in Fig. 1. Most cases had a history of SARS-CoV-2
exposure, in the absence of medical staff or family clusters of
SARS-CoV-2 infection. The main symptom of patients was
fever, and secondary symptoms included cough, expectora-
tion, dizziness, nasal congestion, and myalgia. According to
the changes in this disease over time [10, 11], in our study,
we defined patients with an onset of symptoms within 4 days
as the early-stage group (18 men, 16 women; age range 20—
72 years old) and patients with an onset of symptoms within
5-7 days as the progressive-stage group (16 men, 12 women;
age range 22-91 years old). All patients underwent CT scans
and laboratory examinations for C-reactive protein (CRP),
white blood cell count, neutrophil count, lymphocyte count,
platelet count, hemoglobin level, and procalcitonin level on
admission.

CT data acquisition

Designated independent operating rooms were used to per-
form the CT examinations of all confirmed patients and
after each examination; the operating room was sterilized
with air disinfection method. The initial chest CT data of 56
patients from Chongqing Three Gorges Central Hospital
were obtained by using a 16-slice spiral CT scanner
(Emotion 16 VC20B, Siemens Healthcare GmbH) with
the following scanning protocol: a tube voltage of 120 kV,
smart mA tube current modulation, a slice thickness of
1.5 mm, and a detector width of 1.5 mm. The initial chest
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Fig. 1 The workflow of Confirmed b Symptoms Without any The first
coronavirus disease 2019 RT-PCR y occured antiviral chest CT
selection within 7 days treatment examination
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CT data of the other 6 patients from the Second Affiliated
Hospital of Chongqing Medical University were obtained
by using a 128-slice spiral CT scanner (Ingenuity CT,
Philips Healthcare) with a similar scanning protocol: a tube
voltage of 120 kV, smart mA tube current modulation, a
matrix size of 512 x 512, a slice thickness of 1 mm, and a
detector width of 0.625 mm. All patients were scanned in
the supine position and at the suspended end-inspiratory
volume, and the entire lung was scanned from the apex to
the bottom [12]. To reduce discrepancies in the image ac-
quisition parameters attributable to the different CT scan-
ners, we resampled all voxels at 1.0 x 1.0 x 1.0 mm? before
image analysis. The multiplanar reconstruction (MPR)
technique was performed to better observe images at the
postprocessing station when necessary.

CT data analysis

All CT findings were described according to the Fleischner
Society recommendations and defined as follows: GGO
(appears as hazy increased opacity in the lung, with the
preservation of bronchial and vascular margins), consolida-
tion (appears as a homogeneous increase in pulmonary pa-
renchymal attenuation that obscures the margins of vessels
and airway walls), a crazy-paving pattern (appears as thick-
ened interlobular septa and intralobular lines superimposed
on a background of GGO), and a halo sign (appears as GGO
surrounding a nodule or mass) [13, 14]. Attention was paid
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to CT images with GGO, consolidation, GGO with consol-
idation, a reticular pattern, nodules, rounded opacities, cav-
itation, a crazy-paving pattern, an air bronchogram, a halo
sign, bronchial wall thickening, a subpleural curvilinear
line, and pulmonary fibrosis, and the presence, distribution,
and size of these CT characteristics were assessed in all
subjects. In addition, the presence of thoracic lymphade-
nopathy (lymph node size of greater than or equal to
10 mm in the short-axis dimension) and pleural effusion
or thickening were also recorded. The distribution of each
finding was classified as follows: central (predominantly in
the inner two-thirds of the lung), peripheral (predominantly
in the outer third of the lung), and diffuse (indications in
multiple lung segments) [15]. Calculation of the CT score, a
semiquantitative evaluation method, was applied to quanti-
fy the extent of COVID-19 according to previous studies
[15, 16]. First, the scope of the lesions in each lobe was
estimated and a score of 0 (none), 1 (affecting less than
5% of the lobe), 2 (affecting 5-25% of the lobe), 3 (affect-
ing 26—49% of the lobe), 4 (affecting 50—75% of the lobe),
or 5 (affecting more than 75% of the lobe) was assigned.
Second, the CT score was obtained by adding up the scores
of the five lobes. For each patient, the CT score was in the
range of 0 to 25. All CT scans were independently reviewed
and assessed by two chest radiologists (Z.F. and L.L.C.,
who had 18 years of experience in thoracic radiology, re-
spectively). Disagreements in reader interpretation were
settled by consensus agreement.
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Statistical analysis

All of the data were analyzed with statistical software (SPSS
statistical package, version 19.0; IBM Corporation).
Continuous variables were expressed as means + standard
deviations or median (interquartile range (IQR)), and categor-
ical variables were presented as numbers (percentages).
Kolmogorov-Smirnov tests were applied to check the normal-
ity of variables. Mann-Whitney U tests were used for non-
normally distributed data. Two-sample ¢ tests were used for
normally distributed data. Chi-square tests or Fisher’s exact
tests were applied to compare categorical variables.
Spearman’s correlation was performed to analyze the relation-
ship between clinical variables (age, fever, CRP, white blood
cell count, neutrophil count, lymphocyte count, platelet count,
hemoglobin level, and procalcitonin level) and CT variables
(maximum diameter of the lesion and CT score). For all test
results, a p value of less than 0.05 was considered statistically
significant.

Results

Demographic and clinical characteristics of patients
with COVID-19

The demographic and clinical characteristics of all patients with
COVID-19 are summarized in Table 1. Among all 62 patients,
51 (82.3%) patients had a confirmed history of SARS-CoV-2
exposure, 43 (69.4%) patients had fever, and mainly low-grade
fever (46.8%). There were no significant differences in terms of

age, sex, and laboratory test results (CRP, white blood cell
count, neutrophil count, lymphocyte count, platelet count, he-
moglobin level, procalcitonin level) between the early-stage
group and progressive-stage group (all p > 0.05).

CT findings in patients with COVID-19

The CT findings of patients with COVID-19 in early and
progressive stages are listed in Table 2 and shown in Figs. 2,
3,4, and 5. In terms of CT characteristics, the major finding
was the GGO in 38 (61.3%) of the 62 patients. In addition,
GGO with consolidation was observed in 22 (35.5%) patients;
rounded opacities were observed in 16 (25.8%) patients; a
crazy-paving pattern was observed in 16 (25.8%) patients;
an air bronchogram was observed in 14 (22.6%) patients; a
halo sign was observed in 7 (11.3%) patients; a subpleural
curvilinear line was observed in 6 (9.7%) patients; pleural
effusion was observed in 2 (3.2%) patients; and consolidation,
nodules, thoracic lymphadenopathy, and pulmonary fibrosis
were observed in 1 (1.6%) patient each. No patient presented
cavitation, a reticular pattern, or bronchial wall thickening.
Between the early-stage group and progress-stage group, there
were no significant differences in the CT findings, except for
the halo sign (p = 0.013). Specifically, the halo sign was found
in only the early-stage group in 20.6% of the patients.

In terms of lesion size, lesions with a maximum diameter
greater than 5 cm were found in 21 (33.9%) of 62 patients;
lesions with a maximum diameter of 3-—4.9 cm were found in
22 (35.5%) patients; lesions with a maximum diameter of 1—
2.9 cm were found in 18 (29.0%) patients; and lesions with a
maximum diameter less than 1 cm were found in 1 (1.6%)

Table 1 Demographic and clinical characteristics between two groups in patients with COVID-19

Variables Early-stage group (n =34) Progressive-stage group (n =28) p value
Demographic
Age, (years) 4432+13.53 50.82+13.23 0.062
Male 18 (52.9%) 16 (57.1%) 0.741 (x)
Exposure history 0.494 (x)
Positive 27 (79.4%) 24 (85.7%)
Negative 4 (11.8%) 1 (3.6%)
Unknown 3 (8.8%) 3(10.7%)
Symptoms
Fever (°C) 37.70+0.73 37.66 +0.94 0.854
<374 °C 8 (23.5%) 11 (39.3%) 0.064 (x)
37.4-38 °C 20 (58.8%) 9(32.1%)
38.1-39 °C 4 (11.8%) 6 (21.4%)
39.141 °C 2 (5.9%) 2 (7.1%)
Laboratory tests
CRP (mg/L) 15.98 (1.78-55.98) 35.62 (5.63-63.04) 0.329
White blood cell count (x 10%/L) 5.78+1.93 6.24+3.55 0.518
Neutrophil count (x 10%/L) 0.71+0.13 0.74+0.11 0.343
Lymphocyte count (x 10%/L) 1.04+0.49 0.97+0.46 0.541
Platelet count (x 10°/L) 180.79 +66.83 190.18 £73.91 0.602
Hemoglobin (g/dL) 13.72+1.79 13.69 +1.80 0.956
Procalcitonin (ng/mL) 0.05 (0.04-0.07) 0.07 (0.04-0.11) 0.234

COVID-19, coronavirus disease 2019;

CRP, C-reactive protein
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Table2 Comparison of CT findings and scores between two groups in patients with COVID-19

Variables Early-stage group (n=34) Progressive-stage group (n =28) p value

CT findings
Ground-glass opacity 22 (64.7%) 16 (57.1%) 0.543 (x)
Consolidation 1 (2.9%) 0 (0%) 1.000 (x)
Ground-glass opacity with consolidation 11 (32.4%) 11 (39.3%) 0.570 (x)
Reticular pattern 0 0 -
Nodule 1 (2.9%) 0 1.000 (x)
Rounded opacities 10 (29.4%) 6 (21.4%) 0.475 (x)
Cavitation 0 0 -
Crazy-paving pattern 8 (23.5%) 8 (28.6%) 0.652 (x)
Air bronchogram 8 (23.5%) 6 (21.4%) 0.844 (x)
Halo sign 7 (20.6%) 0 0.013 ()
Bronchial wall thickening 0 0 -
Subpleural curvilinear line 4 (11.8%) 2 (7.1%) 0.681 (x)
Thoracic lymphadenopathy 0 1 (3.6%) 0.452 (x)
Pleural effusion or thickening 1 (2.9%) 1 (3.6%) 1.000 (x)
Pulmonary fibrosis 0 1 (3.6%) 0.452 (x)
Max diameter of lesion (cm) 4.27+2.66 5.83+£3.76 0.059

<1 cm 0 1(3.6) 0.201 (x)
1-2.9 cm 13 (38.2%) 5 (17.9%)
349 cm 12 (35.3%) 10 (35.7%)
>5cm 9 (26.5%) 12 (42.9%)

Distribution
Central 1 (2.9%) 1 (3.6%) 0.961 (x)
Peripheral 12 (35.3%) 9 (32.1%)

Both central and peripheral 21 (61.8%) 18 (64.3%)

CT score 4.79+2.76 7.79+4.62 0.004
0-5 27 (79.4%) 10 (35.7%) 0.004 (x)
6-10 6 (17.6%) 12 (42.9%)

11-15 0 3 (10.7%)
>15 1 (2.9%) 3 (10.7%)

COVID-19, coronavirus disease 2019

patient. There was no statistically significant difference in le-
sion size between the two groups of patients with COVID-19
(p =0.059). Regarding the distribution of pulmonary paren-
chymal abnormalities, lesions that were mainly distributed in
both the central and peripheral lung regions accounted for
62.9%; lesions distributed in the peripheral lung were present
in 21 (33.9%) patients; and lesions distributed in the central
lung were present in 2 (3.2%) patients. There was no statisti-
cally significant difference in the distribution of pulmonary
parenchymal abnormalities between the two groups of pa-
tients with COVID-19 (p =0.961).

CT score of patients with COVID-19

The CT scores of all patients with COVID-19 are shown in
Table 2 and the CT scores of each lobe in the two groups are
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shown in Fig. 6. The CT scores of the progressive-stage
group were significantly greater than those of the early-
stage group (p =0.004). In the early-stage group, 27
(79.4%) patients had CT scores in the range of 0-5, 6
(17.6%) patients had CT scores of 6—10, and only 1 patient
had a CT score of 11 or more. In the progressive-stage group,
10 (35.7%) patients had CT scores in the range of 0-5, 12
(42.9%) patients had CT scores of 610, 3 (10.7%) patients
had CT scores of 11-15, and 3 (10.7%) patients had CT
scores of 15 or more.

Among all 62 COVID-19 patients, the CT scores of pul-
monary parenchymal abnormalities were significantly posi-
tively correlated with maximum diameter of the lesions (r=
0.531, p<0.001), and the CT scores were also significantly
positively correlated with the age of the patients (=0.255,
p =0.045), shown in Table 3.
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Fig. 2 A 56-year-old male with
coronavirus disease 2019 in the
early-stage group. a Axial non-
contrast CT shows ground-glass
opacities in the anterior segments
of bilateral upper lobes. b
Ground-glass opacity is also
shown in the peripheral region of
the lateral basal segment of left
lower lobe. CT score =1 (right
upper lobe) + 1 (left upper

lobe) + 1 (left lower lobe) =3

(e

Discussion

As reported, patients with COVID-19 usually develop clinical
symptoms after an incubation period of4.1-7.0 days [11]. After
admission, chest imaging examination was performed on them.
According to the results of changes in this disease in recent
studies [10, 11], the patient’s condition progressively worsens
on the 3-5 days after symptom onset, and the guidelines for an
imaging diagnosis of COVID-19 recommend that reviewing
CT or plain radiograph is needed for suspected cases 3—
5 days after diagnosis to observe changes in the disease status
[12]. Thus, we assigned patients to two groups according to the
time of onset of symptoms to analyze the CT findings in early-
stage and progressive-stage of COVID-19. In this study, 62
confirmed patients with COVID-19 underwent chest CT scans,
and positive rate of detecting the pulmonary parenchymal ab-
normalities was 100%. In addition, the CT data in our study
were obtained from the initial chest CT examination of patients
who had not received any antiviral therapy; these results may
better reflect the degree of viral infection and the immune sys-
tem status before clinical intervention and provide an important
basis for clinical classification, treatment strategy development,
and prognosis prediction.

In our study, the major characteristic of COVID-19 was
GGO (61.3%), followed by GGO with consolidation
(35.5%), rounded opacity (25.8%), a crazy-paving pattern

rv
S

A @ @

Fig. 3 A 34-year-old female with coronavirus disease 2019 in the early-
stage group. a Axial non-contrast CT shows halo sign in the dorsal seg-
ment of left lower lobe and multiple ground-glass opacities in the right
upper lobe and the dorsal segment of the right lower lobe. b Sagittal non-

Q)

(25.8%), and an air bronchogram (22.6%). In contrast, pulmo-
nary fibrosis (1.6%) and pleural effusions (3.2%) were rare on
chest CT images. These various CT findings are likely related
to the complex pathological changes in the lungs of patients
with COVID-19. Although pathological changes in the lung
tissue of COVID-19 patients have not yet been studied, recent
studies have reported that SARS-CoV-2 is closely related
(with 88% identity) to two bat-derived severe acute respirato-
ry syndrome (SARS)-like coronaviruses, with approximately
79% homology with SARS-CoV and approximately 50% ho-
mology with MERS-CoV [17, 18]. Because the pathogenesis
of viral infections in the same family may be similar, previous
studies on coronaviruses may be helpful in understanding the
various CT findings in COVID-19 patients based on similar
pathological changes. In SARS patients, pathological changes
include injury to pulmonary epithelial cells, hyaline mem-
brane formation on in the inner wall of the alveoli, and a large
number of tissue cells and mass thrombi formed by prolifera-
tive fibrous tissue that block the small airway and air cavity
[19]. These pathological changes may be the main patholog-
ical basis of the CT findings, especially the GGO.

Among all the CT findings, GGO was the most common
one in both the early and progressive stages of COVID-19 and
was characterized by multiple sized lesions, mainly distribut-
ed in the peripheral lung (96.8%). An analysis of thin-section
CT images of SARS patients showed that multiple GGOs

contrast CT demonstrates multiple ground-glass opacities with consoli-
dations in the right lung, mainly distributed in the periphery. CT score = 2
(right upper lobe) + 2 (right lower lobe) + 1 (left lower lobe) =5
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Fig. 4 A 40-year-old female with coronavirus disease 2019 in the
progressive-stage group. a Axial non-contrast CT shows crazy-paving
pattern in the anterior segment and consolidation in the posterior segment
of right upper lobe. b Consolidations are noted in the bilateral lower lobes

were the main imaging finding (68.4%) and were distributed
in the periphery of the lung (71.8%), with interlobular septal
thickening (24.2%) and intralobular interstitial hyperplasia
(32.2%), also called the crazy-paving pattern. These findings
are very similar to the CT manifestations of COVID-19 [20].
For pneumonia caused by MERS-CoV, GGO was also found
on the chest CT images and was mainly distributed in the
subpleural and basilar lung regions [21, 22]. Interestingly,
pleural effusion was rare and no tree-in-bud pattern or cavita-
tion was found in pneumonia patients infected by the three
kinds of coronaviruses. In addition, we found that only one
case of COVID-19 (1.6%) presented as consolidation without
GGO. Compared with the large amount of consolidation that
appears in the early stage of SARS, we speculate that the
pathogenicity of SARS-CoV-2 may be less than that of
SARS-CoV [23]. Thus, it is necessary to fully understand
and discriminate the CT features of COVID-19 at an early
stage, which is helpful for the timely isolation and respiratory
care of patients and early implementation of infection preven-
tion measures.

In addition to GGO, another important CT characteristic of
COVID-19 was multiple GGOs with consolidations, accom-
panied by interlobular septal thickening, mainly in the

mainly in the peripheral regions, accompanied with subpleural curvilinear
line. CT score =3 (right upper lobe) + 1 (right middle lobe) + 3 (right
lower lobe) + 1 (left upper lobe) + 3 (left lower lobe) = 11

peripheral part of the lung. These basic CT features were sim-
ilar to the findings reported by Huang et al, whose study
showed that multiple GGOs with partial consolidation ap-
peared bilaterally on the chest CT images of COVID-19 pa-
tients [7]. Similarly, in another chest CT study of a 33-year-old
patient diagnosed with COVID-19 in Wuhan, China, multiple
GGOs distributed in both the peripheral lungs were found [5].
Therefore, we suggest that multiple GGOs with consolida-
tions mainly in the periphery of the lung are a basic CT feature
of COVID-19, which is helpful for the initial screening of
COVID-19.

Unexpectedly, the halo sign (20.6%) was the only signifi-
cantly different CT manifestation in the early stage of
COVID-19 among all the CT findings. In our study, the halo
sign appeared in only the early stage of COVID-19. We hy-
pothesized that the halo sign rapidly changed into GGO within
1 week due to the aggravation of COVID-19, and no other
new halo sign had been formed in the short term. In addition,
there were no significant differences in the other CT findings
or distribution of lesions between the two stages. For these
findings, we speculated that the speed of GGO formation was
due to the damage to the alveolar epithelium caused by the
virus and may be similar to that of consolidation caused by an

Fig. 5 A 60-year-old male with coronavirus disease 2019 in the
progressive-stage group. a Axial non-contrast CT in pulmonary window
shows diffuse ground-glass opacities with consolidations in bilateral
lungs. b Axial non-contrast CT in mediastinal window shows
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consolidations in bilateral lungs, with bilateral pleural effusion. CT
score =5 (right upper lobe) + 4 (right middle lobe) +4 (right lower
lobe) + 3 (left upper lobe) + 2 (left lower lobe) = 18
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Fig. 6 The CT score of each lobe 250
in the early-stage group and
progressive-stage group

200

150

CT score

100

50

Left upper lobe

inflammatory reaction of the lung tissue, resulting in a change
in different types of lesions during the synchronous increase in
opacification. In pneumonia caused by SARS-CoV, Ooi et al
found that GGO and consolidation formed in the first week of
SARS-CoV infection increased in the second week, and only
residual strips and reticular shadows were seen in the fourth
week [15]. Therefore, the CT manifestations of COVID-19
are different at different stages, which helps the differential
diagnosis of COVID-19.

Furthermore, our results showed that the CT scores in the
progressive-stage group were significantly greater than those
in the early-stage group. Further analysis showed that the CT
scores were positively correlated with the maximum diame-
ters of the lesions (»=0.531), indicating that the range of
lesions in the progressive stage was larger than and the de-
gree of inflammation was more serious than that in the early
stage. These results also showed that without any antiviral
treatment, COVID-19 continued to progress 5—7 days after
the onset of symptoms, without any improvement trend.
Therefore, necessary clinical measures, including antiviral
and supportive therapies, should be administered to prevent

Table 3  Correlation of clinical variables with CT score in patients with
COVID-19
Variables CT score
Age (years)

p value 0.045

r value 0.255
Max diameter of lesion (cm)

p value <0.001

r value 0.531

COVID-19, coronavirus disease 2019

DR hEDN

218

163

Left lower lobe Right upper lobe Right middle lobe Right lower lobe Total CT score

[ Early stage group [ Progressive stage group

disease deterioration. Because of the lack of additional data,
the correlation between the CT score and clinical classifica-
tion and the prognosis of COVID-19 needs further study.
Moreover, CT scores showed a significant positive correla-
tion with ages in all 62 patients (»=0.255). In a previous
study on SARS, Grinblat et al considered that age was a risk
factor for severe lung injury and poor prognosis of SARS
[24]. Therefore, elderly patients need to be treated earlier and
more actively than younger patients.

Our study had several limitations. First, because COVID-
19 is a novel disease and lacks a series and long-term CT data,
we can analyze only the existing information in a retrospective
analysis. Moreover, the time of chest CT examination after
symptom onset was inconsistent, so it was difficult to summa-
rize the CT appearances that could reflect the whole course of
the disease. Second, the sample size in our study was relative-
ly small, and there may be deviation in the comparison of the
results of CT findings. Third, most of our cases were imported
cases and some were secondary cases. Further research is
needed to observe whether virus variation exists in the process
of infection and whether virus variation will produce different
in CT manifestations. Finally, there was no histopathological
evidence from deceased patients.

In conclusion, our study showed that chest CT examination
was very effective in detecting pulmonary parenchymal ab-
normalities in the natural course of COVID-19. Multiple
GGOs with consolidations in the peripheral lung was the pri-
mary CT characteristic of COVID-19. The halo sign may be a
special CT feature in the early stage of COVID-19, while a
significantly increased CT score may indicate the aggravation
of COVID-19 in the progressive stage. In patients with dys-
pnea and respiratory distress, CT examination is very effective
in the preclinical screening of patients with COVID-19.
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