
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

Clinical Radiology 75 (2020) 335e340
Contents lists avai
Clinical Radiology

journal homepage: www.cl inicalradiologyonl ine.net
The characteristics and clinical value of chest CT
images of novel coronavirus pneumonia
X. Zhao a, B. Liu a, Y. Yu a, X. Wang a, Y. Du b, J. Gu b, X. Wu a,*

aDepartment of Radiology, The First Affiliated Hospital of Anhui Medical University, China
bDepartment of Radiology, Fuyang Second People’s Hospital, China
article information

Article history:
Received 2 March 2020
Accepted 4 March 2020
* Guarantor and correspondent: X. Wu, Depart
E-mail address: duobi2004@126.com (X. Wu)

https://doi.org/10.1016/j.crad.2020.03.002
0009-9260/� 2020 The Authors. Published by Elsevier
creativecommons.org/licenses/by-nc-nd/4.0/).
AIM: To investigate the characteristics and clinical value of chest computed tomography (CT)
images of novel coronavirus pneumonia (NCP).
MATERIALS AND METHODS: Clinical data and CT images of 80 cases of NCP were collected.

The clinical manifestations and laboratory test results of the patients were analysed. The le-
sions in each lung segment of the patient’s chest CT images were characterised. Lesions were
scored according to length and diffusivity.
RESULTS: The main clinical manifestations were fever, dry cough, fatigue, a little white

sputum, or diarrhoea. A total of 1,702 scored lesions were found in the first chest CT images of
80 patients. The lesions were located mainly in the subpleural area of the lungs (92.4%). Most
of the lesions were ground-glass opacity, and subsequent fusions could increase in range and
spread mainly in the subpleural area. Pulmonary consolidation accounted for 44.1% of all of the
lesions. Of the 80 cases, 76 patients (95%) had bilateral lung disease, four (5%) patients had
unilateral lung disease, and eight (10%) patients had cord shadow.
CONCLUSION: The chest CT of NCP patients is characterised by the onset of bilateral ground-

glass lesions located in the subpleural area of the lung, and progressive lesions that result in
consolidation with no migratory lesions. Pleural effusions and mediastinal lymphadenopathy
are rare. As patients can have inflammatory changes in the lungs alongside a negative early
nucleic acid test, chest CT, in combination with epidemiological and laboratory tests, is a useful
examination to evaluate the disease and curative effect.
� 2020 The Authors. Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

In December 2019, a viral pneumonia caused by severe
acute respiratory syndrome coronavirus2 (SARS-CoV-2)
infection swept across Wuhan City, China, followed by
further spread in China. The virus was named SARS-CoV-2
by the International Committee on Taxonomy of Viruses
ment of Radiology, The First Af
.

Ltd on behalf of The Royal College
(ICTV) on 11 February 2020.5 There have now been cases of
infection elsewhere in the world, and as of 12 February
2020, >40,000 patients in China have been diagnosed with
this coronavirus disease (COVID-19), with more than 1,000
deaths, and the number of infections has exceeded that of
the severe acute respiratory syndrome (SARS) coronavirus,
which first infected humans in Guangdong Province of
filiated Hospital of Anhui Medical University, China.
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Table 1
Patient clinical data, laboratory tests, and computed tomography (CT) results.

Index Result

Number of cases 80
Age (year) 44�11.7
Male sex 53.8% (43/80)
Body temperature 37.4e39.5�C
Fever 88.8% (71/80)
Dry cough or a little white sputum 50% (40/80)
Decreased white blood cell count 51.2% (41/80)
Increased white blood cell count 1.3% (1/80)
Decreased lymphocyte count 68.8% (55/80)
C-reactive protein increase 41.3% (33/80)
Erythrocyte sedimentation rate 8.8% (7/80)
Increased creatine kinase 1.3% (2/3)
Onset of bilateral lungs bilateral 95% (76/80)
Subpleural lesions 90.3% (1537/1702)
Ground-glass opacity 71% (1208/1702)
Consolidation 27.8% (473/1702)
Pleural effusion 1.3% (1/80)
Mediastinal lymphadenopathy 1.3% (1/3)
CT follow-up progress 54% (27/50)
CT review of absorption 18% (9/50)
CT follow-up of absorption and progression 28% (14/50)
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southern China in 2003.1 On 31 January 2020, the World
Health Organization (WHO) characterised COVID-19 as an
epidemic and international public health emergency.2

SARS-CoV-2 nucleic acid is a single positive-stranded
RNA with a diameter of approximately 80e120 nm. It can
use itself as a template to guide the synthesis of virus-
related proteins.6 The diagnosis of COVID-19 depends on
quantitative polymerase chain reaction (qPCR) for quanti-
tative detection of nucleic acid.3

COVID-19 causes inflammatory lesions in the lungs
denoted novel coronavirus pneumonia. Chest computed
tomography (CT) is the main examination for lung lesions
and plays a vital role in the clinical diagnosis, observation of
curative effect, and prognostic evaluation of this disease.
The present study was undertaken to analyse the chest CT
images of 80 patients retrospectively, including high-
resolution CT (HRCT) or thin-layer CT images, combined
with clinical data and related literature, to further our un-
derstanding of NCP.

Materials and methods

Clinical data

Eighty patients (43 male and 37 female patients; age
17e72 years; average age, 44�11.7 years) with confirmed
disease were diagnosed at provincial and municipal hospi-
tals from January 2020 to February 2020. Real-time fluo-
rescence PCR of the patient’s sputumwas positive for 2019-
nCOV nucleic acid. The research ethics board at each
participating hospital approved the study.

Diagnostic criteria

The diagnosis of COVID-19 is based on qPCR detection of
SARS-CoV-2 nucleic acid or viral gene sequencing of respi-
ratory specimens or blood specimens, and positive detec-
tion of coronavirus highly homologous nucleic acids.4 The
epidemiological history includes its origin inWuhan, China,
travel history, contact with people with fever or respiratory
symptoms from Wuhan or other areas with local cases of
continuous transmissionwithin 14 days before onset. There
is an epidemiological link to viral infection. Laboratory tests
have shown normal or decreased white blood cell counts,
reduced lymphocyte counts, and some with elevated C-
reactive protein (CRP) and D-dimer.

Image inspection method

HRCT or thin-layer CT examinations were undertaken at
various hospitals in Anhui Province, China. The number of
spiral CT detectors exceeded 16 rows. Two experienced ra-
diologists evaluated the CT images visually and recorded
image manifestations, lesion distribution and extent, and
image characteristics. Differences between the two radiol-
ogists were resolved in consensus to achieve consistent
results. The lesions were divided into ground-glass opaci-
fication and consolidation. Subpleural lesions were defined
as those lesions where themargin of the lesionwas within 1
cm of the edge of the lung pleura (e.g., visceral pleura and
interlobular pleura).

Statistical analysis

Continuous variables are represented bymeans � stan-
dard deviation (SD). Percentages were used for categorical
variables. Two researchers independently reviewed the
data for each inspection indicator.

Results

Clinical manifestations

All of the patients had a fever with a body temperature of
37.4e39.5�C. Most patients had weakness and dry cough,
and a few patients coughed white sputum or had diarrhoea.
Symptoms of upper respiratory infection, such as headache,
stuffy nose, and runny nose, were rare (Table 1). Sixty-nine
patients had a history of residence, travel, or contact with
respiratory infections in the affected area.

Laboratory inspections

Leukocyte counts were decreased in 41 patients, lympho-
cyte countswere decreased in 55 patients, CRPwas increased
in 33 patients, erythrocyte sedimentation rate was increased
in seven patients, myocardial enzymeswere increased in one
patient, and leukocytesandneutrophilswere increased inone
patient (Table 1). All of the cases tested positive on nucleic
acid amplification tests, and five patients tested positive after
the nucleic acid test was negative for the first time.

Imaging examination

All of the patients underwent HRCTor thin-slice CTof the
lungs, and 50 patients underwent follow-up CT within 2



Figure 1 First time CT distribution of lung segment lesions in 80 patients. AnRU:Anterior of Right Upper Lobe; ApRU:Apical of Right Upper Lobe;
PRU:Apical of Right Upper Lobe; MRM:Medial of Right Middle Lobe; LRM:Lateral of Right Middle Lobe; SRL:Superior of Right Lower Lobe;
MRL:Medial basal of Right Lower Lobe; ARL:Anterior basal of Right Lower Lobe; LRL:Lateral basal of Right Lower Lobe; PRL:Posterior basal of
Right Lower Lobe; AnLU:Anterior of Left Upper Lobe; ApLU:Apical posterior of Left Upper Lobe; SlLU:Superior lingula of Left Upper Lobe; IlLU:
Inferior lingula of Left Upper Lobe; SLL: Superior of Left Lower Lobe; MaLL: Medial anterior basal of Left Lower Lobe; LLL: Lateral basal of Left
Lower Lobe; PLL: Posterior basal of Left Lower Lobe.
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weeks. The CT characteristics of the lesions are shown in
Table 1, and the specific distribution of the lung lesions is
shown in Fig 1.

A total of 1,702 scored lesions were found in the first
chest CT of the 80 patients. The lesions were located mainly
in the subpleural area (90.3%, 1,537/1,702), and 64.5% were
located in the subpleural area of the lower lobe of both
Figure 2 Male, 56 years old, with fever and cough for 3 days. a) multiple
the inner lungs are clear. b) Follow-up CT obtained 5 days after the onset
patches (arrows), and part of the ground glass showed consolidation.
lungs. The lesions were mainly ground-glass opacities
scattered in the subpleural area (71.2%, 1,208/1,702) in the
first CTexaminations. Lesions were confined to the centre of
the secondary lung lobules or patches, and gradually
increased in scope at later stages. The ground-glass shadow
was accompanied by thickening of the interlobular septum,
showing a “paving stone-like” change (Figs 2 and 3).
ground glass opacities in lungs, scattered (arrows), and the texture of
of symptoms. The density of lung lesions increased, partly fused into



Figure 3 Male, 30 years old, with fever, cough, and white phlegm for 2 days. a) the ground glass opacity was accompanied by a thickening of the
interlobular septum, showing “Crazy paving stone” sign in the subpleural of the right lung upper lobe (arrow). b) Figure 3b is partial enlarged
view of the lesion of Figure 3a.
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Pulmonary consolidation (27.8%, 473/1,702) was nodular or
exudative in the ground-glass lesions. The boundary be-
tween the lesion and the pulmonary vessels was unclear,
but the “air bronchus sign” was visible. Bilateral lung dis-
ease occurred in four (5%, 4/80) patients, single-lobe disease
in three patients (3.8%, 3/80), and cord shadow in eight
patients (10%, 8/80 patients). Inflammation of the lungs
ceased to spread at the interpleural pleura and the realm
was clear (Fig 4). One patient had pleural effusion. One
patient had enlarged mediastinal lymph nodes.

Fifty patients underwent follow-up chest CT. Twenty-
seven patients progressed, showing increased ground-
glass lesions, increased range, or consolidation within the
ground-glass lesions. Coexistence of lesion progression and
absorption occurred in nine cases. In 14 cases of lesions
absorption, the CT images showed reduction in ground-
glass lesions or consolidation, reduced lesion density, and
some lesions began to be absorbed from the inside showing
a “reverse halo sign” (Fig 5).

Discussion

NCP is a new infectious disease of the lungs. The path-
ological mechanism of NCP is not fully understood. In this
article, the pathological principles of viral pneumonia and
the study of SARS and MERS literature were used to explore
the CT imaging manifestations of NCP. Coronaviruses have
high variability. Both SARS, which occurred in 2003, and
Figure 4 Male, 52 years old, with fever for 7 days. a), b) and c) were th
lesions were mostly located in the subpleural area and stopped at the in
Middle East Respiratory Syndrome (MERS), which occurred
in 2012, are caused by coronaviruses.7,8

Regarding pathological changes, the virus enters the
human respiratory system through the respiratory tract or
mucous membrane, and enters the alveolar stroma along
the bronchi and bronchioles. Because the bronchi and
bronchiolar cilia have a filtering and cleaning effect, par-
ticles >2 mm in diameter can be removed; however, par-
ticles or microorganisms <2 mm in diameter cannot be
removed.9 The subpleural area is the structure of respira-
tory bronchioles, alveolar ducts, alveolar sacs, and alveoli.
There is no ciliated tissue in this area, and the virus cannot
be removed. Therefore, the subpleural area is the most
easily colonised area. The basic lesion of viral pneumonia is
interstitial pneumonia.10 Virus invasion into the body
initially causes alveolar septal capillaries to dilate and
congest, and a small amount of fluid is seen in the alveolar
cavity. The lesion is centred on the secondary lung lobules
with lobular septal oedema. As the virus multiplies in the
body, the alveolar interstitial phase of pneumonia occurs
caused by further expansion of the blood vessels and
increasing exudate in the alveolar cavity, cellulose exuda-
tion is seen in the lungs, and the lesion area increases.
During the dissipative period, there is reduction in the
oedema of the alveolar capillaries and lobular septum,
alveolar exudation and absorption, the remaining lobular
septum is thickened, and the bronchial wall is thickened or
appears twisted into a cord.
ree-dimensional reconstructed images of chest CT examination. The
terpleural with clear margin (arrows).



Figure 5 Male, 27 years old, with fever and fatigue for 5 days. a) chest CT obtained 5 days after the onset of symptoms. CT images shows
consolidation of the right lobe and lower lobe of the lung. The lesions were close to the pleura. b). Follow-up CT obtained on 13 days after the
onset of symptoms. The lesions were absorbed and the range was reduced. Lesions in the lower lobe of the left lung were absorbed from the
center and showed a “reverse halo sign” (arrow).
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Regarding imaging findings, when the disease is in the
early stage, alveolar wall oedema causes little exudation in
the alveoli, and the alveolar cavity body is not completely
replaced by the exudate. On HRCT or thin-layer CT, a patchy
ground glass with a secondary pulmonary lobular lesion of
approximately 8e12mmwas seen. CT lung window density
increased slightly, and a pulmonary vascular shadow was
clearly seen in the lesion, but it was not visible on the
mediastinal window.

SARS pneumonia occurred in 2003. At that time, the
main examination method for lung lesions was chest radi-
ography.11,12 Liu et al.13 analysed the chest radiographs of
260 SARS patients and found that they were able to show
and diagnose infection. Atypical pneumonia should be used
as a routine test for infectious atypical pneumonia. Some
researchers have conducted preliminary investigations on
the CT manifestations of SARS, and the results have shown
that CT is helpful for the detection of early-stage pneumonia
under the pleura, whereas chest radiography is less sensi-
tive to ground glass.14,15 Since the outbreak of MERS in 2012,
the awareness of clinical and imaging physicians of the
capabilities of chest CT has significantly improved, and
chest CT has been recommended for the early diagnosis of
the disease.16 Early CT manifestations of SARS andMERS are
single or sporadic ground glass opacities in the subpleural
area.17

As the disease progresses, inflammatory exudations
spread through the alveolar foramen. CT has shown that the
extent of the lesion is enlarged and patchy; this is unlike
some SARS lesions, which are migratory,18 NCP is enlarged
in the original lesions or new lesions occur elsewhere. At
the same time, in this study, the lobular interval of the
lesion area was thickened, and the HRCT showed a “grid-
like” (Fig 2) or a “paving stone-like” change. This is because
the degree of pulmonary interstitial lesions was greater
than that of alveolar parenchymal lesions, and the extent of
lesions on the mediastinal windowwas smaller than that of
lesions on the lung window. Exudationwas obvious in some
areas, and the lungs showed patchy consolidation and
increased density. Pulmonary blood vessels and lesions
could not be distinguished, but the “air bronchus sign”
remained visible. From the lesion to the interlobular fissure,
the spread across the lung lobe ceased, and clear interlob-
ular fissures were visible, because the interlobular pleura
prevented the spread of inflammation. Strand shadows
were visible in the lungs when exudation was distributed
along the bronchioles based on gravity. In severe cases,
large ground glass or consolidation shadows can be seen in
both lungs, showing “white-lung-like” changes.

The main CT manifestations of NCP in this group were
pulmonary interstitial changes, whereas the CT manifesta-
tions of SARS were mostly interstitial changes with paren-
chymal lesions,19 which may be related to the more
aggressive virulence of the SARS virus.

After symptomatic treatment is effective or the patient’s
immunity to the virus improves, the lesions can enter the
dissipative or absorption phase. At this stage, the lesions
showa reduction in the scope of the lesion, a decrease in the
density of ground glass or consolidation, and a decrease in
CT attenuation. Hsieh et al.20 suggested that SARS lesions in
the lungs may vary depending on the patient’s physique,
treatment, and condition. Some patients absorbed lesions
within 3 months, and long-term, patients still had a shadow
within 1 year. The CT manifestations of the recovery period
are related to the extent of the lesions. In patients with
minor lesions, these can be clearly absorbed within 2
weeks. Residual patchy consolidation, thickened leaflet in-
tervals, or twisted and thick bronchioles can be seen in
moderately affected patients, suggesting the recovery of
interstitial changes, which takes time. After 1 year of follow-
up of severe patients, subpleural cord shadows can still be
seen in the lungs, which are considered fibrotic lesions.

At the time of submission, five patients were cured and
discharged. Follow-up studies are awaited to assess long-
term pulmonary CT characteristics. In the present study of
80 cases, therewas only one case of pleural effusion and one
case of lymphadenopathy. Some patients showed mild
pleural hypertrophy. This may be a characteristic manifes-
tation of NCP, but it may also be related to the small number
of cases or the stage of the disease. It is worth mentioning
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that in the present cohort, five patients had positive lung
lesions, but the nucleic acid test was negative at that time.
Patients are generally in good condition. Another patient
had bacterial infection of the lung and a large patch of
consolidation was seen in the lung, which was different
from typical viral pneumonia. This suggests that there is the
possibility of viral pneumonia with concomitant bacterial
infections.

Because the disease is highly contagious, the available
data should be summarised and shared rapidly. The limi-
tations of this study were the small number of cases and
short observation time; thus, the disease outcome needs to
be studied in the future.

In conclusion, the performance of NCP on CT has certain
characteristics, and the clinical diagnosis should be made in
combinationwith clinical and laboratory tests. Although the
nucleic acid test can confirm the diagnosis, according to
current clinical experience, some patients may still have a
negative nucleic acid test after inflammatory lesions are
seen at lung CT. Therefore, chest CT and follow-up have a
clear role in assessing the severity of disease and curative
effect.
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