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ARTICLE INFO ABSTRACT

Keywords: Purpose: To report CT features of coronavirus disease-2019 (COVID-19) in patients with various disease severity.
Coronavirus disease-2019 Methods: The CT manifestations and clinical data of 73 patients with COVID-19 were retrospectively collected in
Pneumonia 6 hospitals from Jan 21 to Feb 3, 2020. We analyzed the initial and follow-up CT features of patients with disease
Computer tomography severity, according to the Guidelines for the Diagnosis and Treatment of New Coronavirus Pneumonia.

E;;stis Results: Six patients (8%) were diagnosed as mild type pneumonia; these patients had no obvious abnormal CT

findings or manifested mild changes of lung infection. All 43 patients (59 %) with common type presented
unique or multiple ground-glass opacities (GGO) in the periphery of the lungs, with or without interlobular
septal thickening. In the 21 patients (29 %) with severe type, extensive GGO and pulmonary consolidation were
found in 16 cases (16/21, 76 %) and 5 cases (24 %), respectively. An extensive "white lung", with atelectasis and
pleural effusion were found in critical type patients (3, 4%). On the resolutive phase of the disease, CT ab-
normalities showed complete resolution, or demonstrated residual linear opacities.

Conclusions: Different CT features are seen according to disease severity, which can help COVID-19 stratifica-
tion.

1. Introduction scanning can provide rapid screening and assess the severity. In this

study, we report the CT characteristics of patients with COVID-19 of

Coronavirus Disease-2019 (COVID-19) is an acute infectious disease
mainly involving the respiratory system, which was recently found in
humans [1]. The first patient was found in Wuhan, Hubei Province,
China on December 12, 2019. The symptoms of patients were fever,
fatigue, dry-cough and the patients gradually developed severe dys-
pnea. The majority of them had a good prognosis [2,3], while a mor-
tality rate of 2.1 % has been recently reported [4]. The average in-
cubation period of the disease was found to be 6.4 days [5]. At present,
the diagnosis relies on reverse transcription-polymerase chain reaction
(RT-PCR) or gene sequencing of sputum, throat swab or lower re-
spiratory tract secretion [6]. However, these methods are time-con-
suming and do not allow assessing the disease severity. Chest CT
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various severity to provide a more comprehensive overview of the
disease, in order to help the clinical diagnosis and management.

2. Materials and methods
2.1. Study population

This retrospective study was approved by our Institutional Ethics
Committee. The data of patients were collected from 6 hospitals in
Anhui province, China from Jan 21 to Feb 3, 2020. The electronic
medical records were reviewed and analyzed. Seventy-three patients
with proven COVID-19 were enrolled in this study, including 41 males
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and 32 females; aged 5-86 years, with mean age of (41.6 *+ 14.5)
years. The diagnosis of COVID-19 was made in accordance with the
Guidelines for the Diagnosis and Treatment of New Coronavirus
Pneumonia (fifth edition) formulated by the National Health
Commission of the People's Republic of China [7]. The CT images and
clinical data of all patients were collected. Among the 73 patients, 54
(74 %) had the travel history to or from Wuhan, 16 (22 %) had a history
of close contact with the local COVID-19 patients before the illness
onset, and the remaining 3 patients denied any contact or travel history.
All patients were administered with anti-viral and supportive treat-
ment, and prevention of complications based on their clinical condition.

2.2. CT scanning

A high-resolution CT scan was performed in all patients with 64-
slice multi-detector row CT scanners (Toshiba Aquilion-64, Philips
Brilliance-64, GE LightSpeed-64, Siemens Sensation-64, and Neusoft
Viz-64). Patients were scanned in the supine position, during breath
hold, from the lung apices down to the costophrenic angles. The ac-
quisition parameters were as follows: tube voltage 100 —120 kV, tube
current 110 — 280 mA, or intelligent milliampere second (50-300 mA s),
pitch 1.375, FOV 350 —400 mm. The 1.25 mm or 2.5 mm thick images
were reconstructed using a high-frequency reconstruction algorithm,
and lung windowing and stored in the PACS system.

2.3. CT images analysis

All images were independently read by 3 senior radiological spe-
cialists. The location, shape, number and size of the abnormalities on
chest CT were carefully observed and recorded. In case of discordant
reading, consensus was reached during another reading session.

2.4. Clinical typing

The severity of the disease was classified into 4 categories according
to the Guidelines for the Diagnosis and Treatment of New Coronavirus
Pneumonia (fifth edition) [7]: ® mild type: patients with mild clinical
symptoms and no pulmonary changes on CT imaging; @ common type:
patients with symptoms of fever and signs of respiratory infection, and
having pneumonia changes on CT imaging; ® severe type: patients
presenting with any one item of the following: a. respiratory distress,
respiratory rate = 30/min; b. oxygen saturation of finger < 93 % in
resting condition; c. arterial partial pressure of oxygen (PaO,) /oxygen
concentration (FiO,) < 300 mmHg (1 mmHg = 0.133 kPa); @ critical
type: patients meeting any one of the following criteria: a. respiratory
failure requiring mechanical ventilation; b. shock; c. requiring ICU
admission requirement due to multiple organ failure.

2.5. Statistical analysis

SPSS statistical software (version 22.0; SPSS Inc., Chicago, Illinois,
United States) was used for analysis. The prevalence of imaging find-
ings was estimated as the percentage of patients showing each ab-
normality. The measured data were expressed as mean *+ standard
deviation (X *s), and one-way analysis of variance was used. P
value < 0.05 was considered for statistical significance.

3. Results
3.1. Clinical features

The delay from contact with infected individual(s) to onset of dis-
ease was within 3 days in 28 patients (38 %), 3-7 days in 42 cases (58
%) and more than 7 days in 3 cases (4%). According to severity clas-
sification, patients with mild, common, severe and critical type re-
presented 6 (8%), 43 (59 %), 21 (29 %) and 3 (4%) cases, respectively.
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Table 1
Demographics and baseline characteristics of patients infected with coronavirus
disease-2019 [n (%)].

mild type common type severe type critical type
(n=6) (n =43) (n = 21) n=3)

Gender
Men 3 (50 %) 28 (65 %) 10 (48 %) 0
Women 3 (50 %) 15 (35 %) 11 (52 %) 3 (100 %)
Age (years) 29.2 + 10.9 334 = 122 442 + 12.0 63.0 = 21.2
Exposure History
Recent travel to or 4 (67 %) 29 (67 %) 18 (85 %) 3 (100 %)

from Wuhan
Exposure to 2 (33 %) 12 (28 %) 2 (10 %) 0

Infected

Patients
Unknown Exposure 0 2 (5%) 1 (5%) 0
Symptoms
Fever 5 (83 %) 40 (93 %) 20 (95 %) 3 (100 %)
Cough 4 (67 %) 36 (84 %) 18 (86 %) 2 (67 %)
Fatigue 4 (67 %) 31 (72 %) 17 (81 %) 3 (100 %)
Sputum Production 1 (17 %) 22 (51 %) 14 (67 %) 2 (67 %)
Poor Appetite 0 8 (19 %) 9 (43 %) 3 (100 %)
Days from

Symptoms

Onset to CT

Scan
Within 1 day 2 (33 %) 3 (7%) 0 0
1 to 3 days 3 (50 %) 13 (30 %) 4 (19 %) 0
>3 days 1017 %) 27 (63 %) 17 (81 %) 3 (100 %)
Days from PCR

Testing to CT

Scan
Within 1 Day 3 (50 %) 28 (65 %) 15 (71 %) 3 (100 %)

before PCR
=<2 days after PCR 2 (33 %) 9 (21 %) 4 (19 %) 0
>2 days after PCR 1 (17 %) 6 (14 %) 2 (10 %) 0
Days of Follow-up 5.8 = 1.2 49 = 1.4 45 = 1.0 37 £ 1.1

Scans

Note- PCR: polymerase chain reaction.

The main clinical manifestations were fever in 68 cases (93 %), cough
in 60 cases (82 %), fatigue in 55 cases (75 %), sputum production in 39
cases (53 %), anorexia in 20 cases (27 %), whereas 3 patients (4%) were
symptom-free. The baseline characteristics of patients were listed in
Table 1.

3.2. CT manifestations

3.2.1. CT manifestations by severity of disease

(1)Of the six patients with mild type pneumonia, three patients had
no obvious abnormal changes in both lungs, and three cases were found
the enlargement of lung hilus and thickening of lung texture (Fig. 1A).
(2) All 43 common type patients showed unique or multiple ground-
glass opacities (GGO) in the periphery of both lungs (Fig. 1B). Twelve
cases showed GGO as the unique manifestation (28 %, 12/43), 15 cases
(35 %, 15/43) accompanied with paving stone sign, with(27 %, 4/15)or
without (73 %, 11/15) inter and intralobular septal thickening; some of
them (7%, 3/43) presenting air-bronchogram. The opacities had a fan-
shaped distribution in 3 cases (7%, 3/43), mainly seen at the dorsal
field of the lungs. (3) In the 21 patients with severe type, extensive GGO
and pulmonary consolidation were found in 16 (76 %, 16/21) and 5
cases (24 %), respectively (Fig. 1C). The GGO were irregular, fan-
shaped distribution, with ill-defined borders. Some patients presented
peribronchial thickening (14/21, 67 %). Air bronchogram was a rare
finding. (4) CT manifestations of critical type included confluent lesions
and involved multiple lobes, pulmonary fibrosis and "white lung" for-
mation (Fig. 1D). Atelectasis and pleural effusion were found in 1 and 3
patients, respectively. The location and morphology of pulmonary le-
sions in different types were summarized in Table 2.
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Fig. 1. CT features of coronavirus disease-2019 by disease severity. A. An axial CT image in a 33-year-female mild type patient (2 days from symptom onset to CT
scan) shows thickening of lung texture. B. An axial CT image in a 37-year-male common type patient (6 days from symptom onset to CT scan) shows multiple ground-
glass opacities in both lungs. C. An axial CT image in a 56-year-female severe type patient shows extensive ground-glass opacities and pulmonary consolidation,
enlargement of bronchi and vessels. D. An axial CT image in a 47-year-female critical type patient (9 days from symptom onset to CT scan) shows extensive ground-

glass opacities in multiple lobes, formatting "white lung".

3.2.2. CT manifestations of disease improvement

During follow-up, twelve patients (16 %) dramatically improved. A
new CT showed that lesions had decreased in size by more than half in 8
cases (67 %, 8/12) after the patients had received antiviral and sup-
portive treatment after one week of hospital admission. Among them, 3
patients showed remarkable absorption (Fig. 2). Four other patients
showed residual interstitial abnormalities with persisting septal lines.

4. Discussion

Currently, RT-PCR of sputum, throat swab and lower respiratory
tract secretion or sequencing of virus gene represents the gold standard
technique for the diagnosis of COVID-19 [8,9]. However, the testing
requires at least several hours, and has a false negative rate of more

Table 2

than 5%; the latter is even more time-consuming. CT imaging can de-
monstrate typical features making the diagnosis of COVID-19 quite
likely, which can help to rapidly screen patients, and to stratify the
patients' severity to quickly develop effective treatment strategies.

In the present study, the patients with mild type pneumonia had no
obvious changes on CT images. Ground-glass opacities were the most
common manifestation, in either the common or severe type patients.
Most of the lesions were distributed along the bronchovascular bundle
or the dorsolateral and subpleural part of the lungs and were seen with
or without interlobular septal thickening. These changes might reflect
fluid exudation in the alveolar lumen, secondary to dilation and con-
gestion of alveolar septal capillary, and interstitial edema in the inter-
lobular septa.

Pulmonary consolidation is mainly found in severe and critical types

The location and morphology of pulmonary lesions in different types in Coronavirus Disease-19 patients [n (%)].

mild type common type severe type critical type

(n=6) (n = 43) (n =21) (n=23)
Unilateral Lung Involvement 0 15 (35 %) 0 0
Bilateral Lungs Involvement 3 (50 %) 28 (65 %) 21(100 %) 3 (100 %)
Unique Ground-glass Opacities 0 12 (28 %) 0 3 (100 %)
Multiple Ground-glass Opacities 0 31 (72 %) 16 (76 %) 3 (100 %)
Paving Stone Sign 0 15 (35 %) 10 (48 %) 3 (100 %)
Consolidation 0 0 5 (24 %) 3 (100 %)
Bronchial Wall Thickening 0 2 (5%) 14 (67 %) 3 (100 %)
Pleural Effusion 0 0 0 3 (100 %)
Thickening of Lung Texture 3 (50 %) 40 (93 %) 19 (90 %) 3 (100 %)
No Lung Abnormality 3 (50 %) 0 0 0




K.-C. Liu, et al.

a)

European Journal of Radiology 126 (2020) 108941

Fig. 2. CT features of the disease amelioration in patient with coronavirus disease-2019. A 27-year-old female patient has fever for 10 days and pharyngalgia
for 3 days, with the medical history of contacting with the infected patient. The detection of new coronavirus nucleic acid was positive. A. On admission day, CT scan
shows multiple ground-glass opacities and pulmonary consolidation in both lungs. B. Three days after admission, CT scan shows that the density of the foci is lighter
and the size is smaller than that at admission day. C. Seven days after treatment, re-examination of CT shows that the lesions in both lungs are further absorbed.

patients, which can coexist with ground glass and fibrotic changes. The
pathological bases of these changes are not clear currently. We spec-
ulate that the changes of pulmonary interstitium may be due to in-
flammatory cell infiltration, edema, and interstitial thickening, whereas
pulmonary parenchyma changes could reflect alveolar hemorrhage,
edema, cell exudation and hyaline membrane formation. Of course,
these hypotheses have not been confirmed by pathological examina-
tion.

Atelectasis and pleural effusion are rare findings on CT, and were
only seen in 1 and 3 cases, respectively in the present study. All of them
are found in critical stages patients, suggesting that patients may have a
poorer prognosis when these signs occur.

Until the end of observation, 12 patients had recovered from this
disease, the ground-glass opacities and consolidation resolved in most
of them. The interlobular septum and bronchial wall thickening, band
opacities and scattered patchy consolidation may remain in a minority
of patients. These changes resemble the features of common viral
pneumonia.

The CT features of COVID-19 need to be differentiated from those
due to adenovirus pneumonia, influenza A (HIN1), and severe acute
respiratory syndrome (SARS). Adenovirus pneumonia mostly occurs in
children and mainly involves the middle and inner part of both lungs.
The lung hila are widened. Pleural effusion, pneumothorax, mediastinal
emphysema and subcutaneous emphysema occur frequently [10]. The
CT manifestations of HIN1 pneumonia also combine ground glass
opacities and consolidations, with a peribronchovascular predominance
[11]. The lung manifestations of SARS are characterized by large pul-
monary consolidation, often with obvious air bronchogram [12].

Bernheim et al. [13] review the CT findings of 121 symptomatic
patients infected with COVID-19 in relationship to the time between

symptom onset and the initial CT scan and find that the early patients
(0-2 days) have far fewer frequency of GGO and consolidation and
lower severity score of pneumonia as compared with the intermediate
(3-5 days) and late (6-12 days) patients. The authors’ study is of sig-
nificance for recognizing imaging patterns based on infection time
course. However, in many patients, the disease severity is often not
consistent with the course of disease. Our study analyses the chest CT
characteristics of COVID-19 based on the staging of disease severity,
which likely more accurately reflects the relationship between CT fea-
tures and disease severity compared with the previous study.

This study has some limitations. Firstly, this is a retrospective study,
the time of CT examination of patients was uneven, which bias CT
features description. Secondly, no pathological study was performed in
the present study, which makes it impossible to evaluate the relation-
ship between CT features and pathological changes. Finally, it is not
possible to exclude the possibility of superinfection in some of the pa-
tients.

In conclusion, CT imaging can play an important role in the early
diagnosis and disease stratification of COVID-19.Patchy ground-glass
opacities and large consolidation located in the peripheral part of both
lungs are the typical CT manifestations. The size and type of CT ab-
normalities are related to disease severity.
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