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Rationale and Objectives: To retrospectively analyze the chest imaging findings in patients with coronavirus disease 2019 (COVID-19) on
thin-section CT.

Materials and Methods: Fifty-three patients with confirmed COVID-19 infection underwent thin-section CT examination. Two chest radi-
ologists independently evaluated the imaging in terms of distribution, ground-glass opacity (GGO), consolidation, air bronchogram, stripe,
enlarged mediastinal lymph node, and pleural effusion.

Results: Fourty-seven cases (88.7%) had findings of COVID-19 infection, and the other six (11.3%) were normal. Among the 47 cases,
78.7% involved both lungs, and 93.6% had peripheral infiltrates distributed along the subpleural area. All cases showed GGO, 59.6% of
which were round and 40.4% patchy. Other imaging features included “crazy-paving pattern” (89.4%), consolidation (63.8%), and air
bronchogram (76.6%). Air bronchograms were observed within GGO (61.7%) and consolidation (70.3%). Neither enlarged mediastinal
lymph nodes nor pleural effusion were present. Thirty-three patients (62.3%) were followed an average interval of 6.2 § 2.9 days. The
lesions increased in 75.8% and resorbed in 24.2% of patients.

Conclusion: COVID-19 showed the pulmonary lesions in patients infected with COVID-19 were predominantly distributed peripherally in
the subpleural area.
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INTRODUCTION
O n December 31, 2019, the World Health Organi-
zation (WHO) reported several cases of viral pneu-
monia with unknown causes in Wuhan, Hubei

Province, China. On January 7, 2020, scientific research insti-
tutions in China confirmed that the viral pneumonia was
caused by a novel coronavirus (1). On February 11, 2020, the
novel coronavirus was named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) by the International
Committee on Taxonomy of Viruses (2), and the disease
caused by SARS-CoV-2 was named coronavirus disease
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2019 (COVID-19) by the World Health Organization (3).
By March 3, 2020, there were 80,303 confirmed cases of
COVID-19 in China. Among these patients, 2597 died. A
total of 12,536 patients were diagnosed in 74 countries out-
side China, 216 of whom died.

COVID-19 is a novel infectious disease that causes inflam-
mation in the respiratory system. It is highly contagious and
can spread rapidly. Chest imaging can be used both for diagno-
sis and to document the extent of the lesions and enable accu-
rate observations of changes. We observed pure ground-glass
opacity (GGO) in the computed tomography (CT) images of
patients with COVID-19 who had no abnormalities on plain
radiographs. Therefore, CT examination is necessary to diag-
nose COVID-19. In this study, we report the chest CT imag-
ing findings of 53 patients admitted and treated in our hospital.
MATERIALS ANDMETHODS

This study was approved by the Review Committee and the
Ethics Committee of our institution. Written informed
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consent was waived for the retrospective analyses by the Insti-
tutional Review Board. A total of 53 patients diagnosed with
COVID-19 from January 12 to February 28, 2020, were
enrolled (25 males and 28 females). The patients ranged in
age from 1 to 86 years, mean 42 years. The average age of the
female patients was 41.5 years, and the average age of the
male patients was 42.5 years. Respiratory tract specimens or
blood specimens were collected from all patients and sub-
jected to nucleic acid amplification tests (NAATs) or gene
sequencing of the SARS-CoV-2 by fluorescence-based real-
time reverse transcription-polymerase chain reaction (RT-
PCR). The diagnosis was confirmed if the detected virus was
highly homologous to the COVID-19.

All patients underwent chest thin-section CT using a 16-
slice spiral CT (Siemens, sensation CT, Forchheim, Ger-
many). Each patient was in a supine position and scanned
from the apex of the lung to the diaphragm at the end of
quiet inhalation. The slice thickness and interslice gap were
both 1.5 mm, and the reconstruction algorithm was done
with a lung kernel. The tube voltage was set at 120 kV, and
the tube current was automatically modulated during scan-
ning.
Figure 1. Male, 59-year-old, COVID-19. (a,b) Round GGO involve
the bilateral lungs, distribute along the subpleural area. Air broncho-
gram appear on the background of GGO. (c,d) Follow-up imaging of
5 days later. The disease makes a progress, which shows consolida-
tion obviously increase in the range, and a few of GGO remain.
COVID-19, Coronavirus disease 2019; GGO, ground-glass opacity.
Imaging Assessment

Two chest radiologists with 13 years and 14 years of experi-
ence independently evaluated the thin-section CT images
using the Picture Archiving and Communication System
(Carestream Health, USA). Inconsistencies were resolved by
discussions between the two radiologists. The width and level
of the pulmonary window were 1500 Hounsfield units (HU)
and -700 HU, respectively. The width and level of the medi-
astinal window were 350 HU and 50 HU, respectively.

Imaging was evaluated in terms of the following param-
eters. The lesions were divided into the left upper lobe,
left lower lobe, right upper lobe, right middle lobe, and
right lower lobe and subdivided into subpleural, peribron-
chovascular, and diffuse. GGO referred to an area of
increased attenuation that did not obscure the underlying
pulmonary vessels or bronchi (4) and was classified as
round or patchy. The crazy-paving pattern referred to
GGO with superimposed reticular opacity. Consolidation
referred to an area of increased attenuation in the lung
that obscured the underlying pulmonary vessels. Air bron-
chogram is defined as air-filled bronchi on a background
of high-attenuation lung (4). Stripe was defined as an
irregular line or band with a high-attenuation pattern.
Cavity referred to the pattern formed after the excretion
of the necrotic tissue inside the lesion through the bron-
chi (4). The nodule was a round opacity, well or poorly
defined, less than 3.0 cm in diameter (4).

Enlarged mediastinal lymph nodes were those with a short-
axis diameter greater than 1.0 cm. Pleural effusions were
noted. Disease progression was defined as an increase in lesion
size or density, and disease regression was defined as a reduc-
tion in lesion size or density.
610
Statistics

SPSS17.0 (IBM, Armonk, NY, USA) software was used for
the statistical analysis, including descriptive statistics. Contin-
uous data are expressed as the mean § standard deviation,
and categorical data are expressed as the frequency. p value
less than 0.05 was considered statistically significant.
RESULTS

Patients’ Profiles

Among the 53 patients, 47 (88.7%) indicated COVID-19
pneumonia while the remaining six (11.3%) indicated normal
lungs. Thirty-three of the 53 patients (62.3%) had been fol-
lowed up. The average interval between two consecutive fol-
low-ups was 6.2 § 2.9 days (follow-up range, 2�12 days).
Distribution

Among the 47 patients with COVID-19 pneumonia, 78.7%
of the cases involved both lungs, 21.3% of the cases involved
only one lung. COVID-19 frequently involved the bilateral
lower lobes (left lower lobe 85.1%; the right lower lobe
72.3%). Forty-four cases (93.6%) exhibited a predominant
subpleural distribution (Fig 1), 12 of which (25.5%) were
accompanied with the peribronchovascular distribution; two
cases (4.3%) exhibited a predominant peribronchovascular
distribution (Fig 2); and one case exhibited a diffuse distribu-
tion, and the patient was a severe case (Fig 3; Table 1)



Figure 3. Female, 64-year-old, COVID-19. (a) The patchy GGO and
consolidation diffusely involve the bilateral lungs. Air bronchogram
appear on the background of GGO and consolidation. The crazy-
paving pattern appear in the right middle lobe. (b) Follow-up imaging
of 13 days later. All of consolidation and most of GGO are resorbed.
Stripes appear. COVID-19, Coronavirus disease 2019; GGO,
ground-glass opacity.
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Imaging Signs

All the 47 patients with COVID-19 pneumonia presented
with GGO. Twenty-eight cases (59.6%) and 19 cases (40.4%)
had predominantly round or patchy GGO, respectively.
Forty-two cases (89.4%) exhibited the crazy-paving pattern.
(Figs 1�3)
Consolidation was observed in 30 patients (63.8%), eight of

whom (17.0%) showed consolidation in the center of the GGO
(Fig 2). Stripe was observed in 27 patients (57.5%). (Fig 4)
Air bronchogram was observed in 36 patients (76.6%), 29

of whom (61.7%) had air bronchogram within GGO, 33
(70.3%) within consolidation (Figs 1�3). Two cases of pul-
monary nodules and two cases of secondary tuberculosis,
were identified. No cases of cavity, enlarged mediastinal
lymph node, or pleural effusion were noted. (Table 2)
Follow-Up Examinations

Thirty-three patients (62.3%) were followed up. The lesions
in eight patients (24.2%) were gradually resorbed, showing a
small number of residual patchy GGO (62.5%), consolidation
(50.0%) and stripe (37.5%). Twenty-five patients (75.8%)
exhibited gradual progression, and their CT images revealed
more consolidation (84.0%), more GGO (44.0%), the trans-
formation of GGO to consolidation (56.0%) and stripe
(40.0%). Nine patients (27.3%) showed partial absorption and
progression of lesions. Two patients (6.1%) exhibited pleural
effusion. (Figs 1�4)
In addition, among the six patients whose first CT exami-

nation indicated normal lungs, three were followed up.
Among the three patients, the CT images still showed normal
lungs in one patient, and GGO in the lower lobes in the
other two patients (Fig 5).
DISCUSSION

SARS-CoV-2 is a novel virus that infects the respiratory sys-
tem. The pulmonary infection manifests as COVID-19.
Through this study, we first found that COVID-19 patients
Figure 2. Male, 42-year-old, COVID-19. (a) The round GGO involve
the bilateral lower lobes, distribute along the peribronchovascular
bundle and subpleural area. A few of consolidation appear in the
center of the GGO. (b) Follow-up imaging of 7 days later. The range
of the lesions remain unchanged. The attenuation of GGO decrease,
and only a few of consolidation remain. COVID-19, Coronavirus dis-
ease 2019; GGO, ground-glass opacity.
may exhibit no pneumonia on thin-section CT. Second,
lesions in patients with COVID-19 commonly involved the
lower lobes of both lungs and mostly showed subpleural dis-
tribution. Third, all patients showed GGO on thin-section
CT, more than half of which were round GGO; 89.36% of
the patients showed the crazy-paving pattern, and air bron-
chogram could develop in GGO. Fourth, the consolidations
can appear in the center of the GGO, and can be patchy.
Fifth, enlarged mediastinal lymph nodes and pleural effusion
were rare. Sixth, during the short-term follow-up period,
lesions were gradually resorbed in a few patients, and most
patients experienced gradual disease progression.

Before SARS-CoV-2, there are six coronavirus, four of
which are less pathogenic and generally cause mild respiratory
symptoms, the other two coronavirus has caused two epi-
demics since the beginning of the 21st century. The first epi-
demic was severe acute respiratory syndrome (SARS) caused
by SARS-associated coronavirus (SARS-CoV) in 2003,
which is also known as atypical pneumonia, with a mortality
rate of 9.6% (5). The second was Middle East respiratory syn-
drome (MERS) cause by MERS-associated coronavirus
(MERS-CoV) in 2012 and 2015, with a mortality rate of
35.7% (6). The third is COVID-19 caused by SARS-CoV-2
TABLE 1. Distribution of COVID-19

Number of
Cases

Percentage
(%)

Both lungs 37 78.72
Left lung 5 10.64
Right lung 5 10.64
Left upper lobe 29 61.70
Left lower lobe 49 85.11
Right upper lobe 29 61.70
Right middle lobe 24 51.06
Right Lower lobe 34 72.34

Subpleural distribution 44 93.62
Peribronchovascular distribution 2 4.26
Diffuse distribution 1 2.13

COVID-2019, Coronavirus disease 2019.
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Figure 4. Male, 50-year-old, COVID-19. (a) The stripes involve the
bilateral lungs, and distribute along the subpleural area. GGO appear
the margin of the stripes. Patchy GGO and crazy-paving pattern dis-
tribute along the subpleural area of the left lower lobe. (b) Follow-up
imaging of 7 days later. The stripe and consolidation obviously
increase. The GGO in the left lower lobe is replaced by consolida-
tion. (c) Follow-up imaging of 12 days later. The most of stripe,
GGO, and consolidation are obviously resorbed. A few of stripe and
GGO remain. COVID-19, Coronavirus disease 2019; GGO, ground-
glass opacity.

Figure 5. Female, 29-year-old, COVID-19. (a) The initial CT shows
the normal lungs. (b) Follow-up imaging of 4 days later. Round GGO
and consolidation manifest in the left lower lobe, and locate in the
subpleural area. COVID-19, Coronavirus disease 2019; GGO,
ground-glass opacity.

GUAN ET AL Academic Radiology, Vol 27, No 5, May 2020
in 2020. By the end of March 3, 2020, the mortality rate of
COVID-19 is approximately 3.0%. SARS-CoV-2 is a novel
b-coronavirus with a capsid. The round or oval virus particles
have a diameter of 60�140 nm and are usually polymorphic.
The gene features of SARS-CoV-2 are significantly different
from those of SARS-CoV and MERS-CoV. During in vitro
culture, SARS-CoV-2 can be detected in human airway epi-
thelial cells within 96 hours (7).

The CT imaging features are closely related to the pathol-
ogy. At present, one study showed the similar pathological
characteristics to the same SARS-CoV infection (8). It is
reported in the literature that acute diffuse alveolar injury can
be observed in the acute stage (<11 days) of SARS, and in
the late stage, diffuse alveolar injury and acute fibrous and
TABLE 2. Imaging Signs of COVID-19

Number of
Cases

Percentage
(%)

Ground-glass opacity 47 100.00
Crazy-paving 42 89.36
Consolidation 30 63.83
Stripe 27 57.45
Air bronchogram 36 76.60
Pulmonary nodules 1 2.13
Secondary tuberculosis 2 4.26
Cavity 0 0
Enlarged mediastinal lymph node 0 0
Pleural effusion 0 0

COVID-2019, Coronavirus disease 2019.
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organic pneumonia can be observed (9). The pathological
changes include thickening of the basement membrane of the
alveoli capillary, edema of the alveoli septum, hyperplasia of
the interstitium, apoptosis and desquamation of the alveolar
epithelium cells, formation of the pulmonary hyaline mem-
brane by exudate and other cellular components in the
alveoli, hyperemia and edema of the bronchioles, infiltration
of inflammatory cells and inflammatory edema, red blood
cells in the alveoli, and microthrombosis formation in the
blood vessels (10,11). Due to the small number of autopsies
on patients with MERS, detection of pathological basis was
limited. Diffuse alveolar damage was also found in the lungs
in two autopsies, including damage to alveolar epithelial cells,
multinuclear epithelial cells, and submucosal glands (12,13).
In the animal model of MERS, consolidation, edema, and
inflammation can be found in the infected lungs, and diffuse
alveolar injury with hyaline membrane formation can also be
observed (14�16). Based on the pulmonary infection of
SARS-CoV-2 and SARS-CoV (8�11), GGOs may be due
to mild edema of the alveolar septi, hyperplasia of the intersti-
tium, partial filling of airspaces, or a combination of these fea-
tures. The crazy-paving pattern may correlate with
hyperplasia of interlobular and intralobular interstitia. Con-
solidation may be related to acute diffuse alveolar injury,
including edema, red blood cells and cellulose deposition.
Stripe may reflect the thickening pulmonary interstitium or
fibrosis. Whether stripes are resorbed should be observed in
the future.

SARS, MERS, and COVID-19 are all infectious diseases
caused by coronaviruses, so the CT images of patients with
these three diseases are similar. The earliest stage of SARS
manifests as GGO, which mainly follows a subpleural distri-
bution. SARS with diffuse GGOs progresses into acute respi-
ratory distress syndrome (17,18), and the reticulation
superimposed on GGO can present as a crazy-paving pattern.
Consolidation is common, and the margins are obscure. Air
bronchograms and cavity can be observed. The presence of
spontaneous pneumomediastinum can distinguish SARS
from other diseases (17). SARS rapidly progresses, and multi-
ple segments and multiple lobes are involved. MERS mainly
manifests as subpleural GGO, and the range of GGO is larger
than that of consolidations; some lesions can be distributed
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along the bronchovascular bundles. Pleural effusion can occur
in some cases (19,20). The CT imaging findings of COVID-
19 partially overlap those of SARS and MERS, but the
unique CT features of COVID-19 are as follows. First, GGO
is mostly round on the initial thin-section CT, the crazy-pav-
ing pattern is common, subpleural distribution is predomi-
nant, patchy consolidations are visible in the center of some
GGOs, and air bronchogram can be simultaneously observed
in the GGO and consolidation; the pneumomediastinum,
cavities, and pleural effusion have not been observed. Second,
in severe cases, the consolidation gradually increases. GGO
decrease but can still be observed on the margins of consoli-
dation. The crazy-paving pattern still presents in the GGO,
which may be due to fibrosis.
In this study, among the 53 cases with COVID-19, pneu-

monia was absent in the initial CT examination of six patients
with positive NAAT results for the detection of SARS-CoV-
2. But two of the six patients showed pneumonia during fol-
low-up. Therefore, CT manifestations of COVID-19 lag
behind the NAAT detection. Although CT imaging has cer-
tain lag time, nucleic acid, and gene sequencing detection
require a relatively longer time compared to CT. Thus, for the
timely and accurate diagnosis of COVID-19, CT can quickly
identify suspected patients and significantly help in isolating the
source of infection, cutting off the route of transmission, and
avoiding further spread of infection. In this study, a few patients
had a clear epidemiological history and typical CT findings
indicative of COVID-19, while the nucleic acid test was nega-
tive, and the final diagnosis of COVID-19 was determined
after several rounds of negative results. Therefore, CT scanning
is necessary for patients suspected of having COVID-19.
This study has two limitations. First, all cases were exam-

ined by CT, and plain chest radiographs were not obtained.
Although plain chest radiography and CT are both necessary
to examine lung lesions and can demonstrate disease progres-
sion, plain chest radiographs are superimposed imaging that
cannot clearly display GGO lesions. In contrast, CT imaging,
especially thin-section CT imaging, which is comparable to
directly viewing the anatomy, can clearly reveal the structures
of both lungs with high resolution, can aid in the diagnosis of
lung diseases, and can be used for the timely and accurate
observation of disease progression (21). Therefore, thin-sec-
tion CT is recommended for patients at the early stage of
COVID-19 to avoid missing lesions, and plain chest radiogra-
phy is recommended for re-examination in patients with
severe conditions and in patients who cannot undergo CT to
observe changes in their conditions. Second, due to the rapid
onset of COVID-19, the interval between examinations was
short. We will continue to conduct follow-up studies to
observe the dynamic changes in COVID-19.
In summary, COVID-19 pneumonia manifests primarily as

GGO and consolidation distributed predominantly along the
subpleural area of the lung. Round GGO and crazy-paving
pattern are commonly seen. Air bronchograms are often found
in both GGO and consolidation. Cavities, enlarged mediastinal
lymph nodes, or pleural effusions are absent on the initial CT
examinations. In the short-term follow-up, more patients had
disease progression than absorption. Identification of CT fea-
tures of COVID-19 pneumonia provide timely diagnostic evi-
dence of the disease enabling early diagnosis and treatment.
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