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Purpose: Aimed to characterize the CT imaging and clinical course of asymptomatic cases with COVID-19
pneumonia.
Methods: Asymptomatic cases with COVID-19 pneumonia confirmed by SARS-COV-2 nucleic acid testing
in Renmin Hospital of Wuhan University were retrospectively enrolled. The characteristics of CT imaging
and clinical feature were collected and analyzed.
Results: 58 asymptomatic cases with COVID-19 pneumonia admitted to our hospital between Jan 1, 2020
and Feb 23, 2020 were enrolled. All patients had history of exposure to SARS-CoV-2. On admission, pa-
tients had no symptoms and laboratory findings were normal. The predominant feature of CT findings in
this cohort was ground glass opacity (GGO) (55, 94.8%) with peripheral (44, 75.9%) distribution, unilateral
location (34, 58.6%) and mostly involving one or two lobes (38, 65.5%), often accompanied by character-
istic signs. After short-term follow-up, 16 patients (27.6%) presented symptoms with lower lymphocyte
count and higher CRP, mainly including fever, cough and fatigue. The evolution of lesions on CT imaging
were observed in 10 patients (17.2%). The average days of hospitalization was19.80+10.82 days, and was
significantly longer in progression patients (28.60+7.55 day).
Conclusion: CT imaging of asymptomatic cases with COVID-19 pneumonia has definite characteristics.
Since asymptomatic infections as “covert transmitter”, and some patients can progress rapidly in the short
term. It is essential to pay attention to the surveillance of asymptomatic patients with COVID-19. CT scan
has great value in screening and detecting patients with COVID-19 pneumonia, especially in the highly
suspicious, asymptomatic cases with negative nucleic acid testing.

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

dry cough, fatigue, sputum production, shortness of breath, and
sore throat.® Asymptomatic infected individuals, called “asymp-

In December 2019, a novel coronavirus, currently designated
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), formerly called 2019-nCoV, was first identified in Wuhan,
China. SARS-CoV-2 caused a respiratory disease called Coronavirus
2019 (COVID-19) which was officially named by the World Health
Organization (WHO) on February 11, 2020. COVID-19 had caused
severe illness and death in China and had spread to countries
around the world.'-* By March 30, 2020, a total of 82,447 con-
firmed cases have been reported in China.” Moreover, 552,479
cases have been confirmed in other countries, mainly in Amer-
ica, Italy and Spain.” The main symptoms of COVID-19 are fever,
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tomatic carrier or transmitter”, may also become the contagious
source of SARS-CoV-2, and some of them progress rapidly, even re-
sulting in acute respiratory distress syndrome (ARDS) with a high
case-fatality rate.”~' However, the positive rate of SARS-CoV-2 nu-
cleic acid testing by reverse transcription-polymerase chain reac-
tion (RT-PCR), which is the golden standard for the diagnosis of
COVID-19, is only about 30-50%. The high false-negative result rate
of SARS-CoV-2 nucleic acid testing inevitably increases the diffi-
culty in managing the current COVID-19 outbreak as the misdiag-
nosed patients might miss the best timing for proper treatment
and cause the spread of disease.!! The chest computed tomogra-
phy (CT), especially high-resolution CT (HRCT) is also the main
diagnostic method followed by "Pneumonia diagnosis and treat-
ment guideline for SARS-CoV-2 infection (trial version 5)" issued

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. The different GGO manifestations in COVID-19 pneumonia patient.

A: single, pure GGO. B: Pleural parallel sign. C: Vascular thickening sign. D: Fine reticulation. E: Halo sign. F: Air bronchogram.

by National Health Commission of the People’s Republic of China
(http://www.nhc.gov.cn/). CT findings plays an important role in
detecting lung abnormalities, facilitate the early identification of
the diseases.

We aimed to characterize the CT imaging features and clinical
course of asymptomatic patients with COVID-19 pneumonia admit-
ted to our hospital, in order to have a more comprehensive under-
standing of asymptomatic patients with COVID-19, facilitate detec-
tion and isolation of patients with COVID-19 pneumonia, especially
in the highly suspicious, asymptomatic cases with negative nucleic
acid testing.

Materials and methods
Patients

The study was conducted in accordance with the principles of
the Declaration of Helsinki. The study was a retrospective analy-
sis and approved by the Ethics Committee of Renmin Hospital of
Wuhan University (approved number: WDRY 2020-K009), which
waived the requirement for patients’ informed consent referring to

the CIOMS guideline. Asymptomatic patients with COVID-19 pneu-
monia confirmed by fluorescence reverse-transcriptase-polymerase
chain reaction (fRT-PCR) assay for SARS-CoV-2 in Renmin Hospi-
tal of Wuhan University between January 1, 2020 and February 23,
2020 were enrolled. All patients rechecked every 3-7 days. The
clinical data including gender, age, course, comorbidities, epidemi-
ologic characteristics, laboratory results and CT findings were col-
lected and analyzed retrospectively.

Image acquisition and analysis

All CT scans were obtained using one of the following scanners:
Optima CT680, Revolution CT, Bright Speed (GE Healthcare System,
Milwaukee, WI, USA & GEHW Healthcare System, Beijing, China).
Scans were done from the level of the thoracic entrance to the
inferior level of the costophrenic angle with patients in a supine,
head-first position and breath-holding manner, and the following
parameters were used: slice thickness 1.0~1.25mm, tube voltage
120kV. The tube current was regulated by an automatic exposure
control system (ASiR, GE, Healthcare). Images were reconstructed
with a slice thickness of 0.625mm and an interval of 0.625mm,
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Table 1
Clinical characteristics and laboratory results of asymptomatic cases with COVID-19 pneumonia.
Lesion absorption  Lesion improvement  No change Lesion progression  All patients
Characteristics
Cases 22(37.9%) 23(39.7%) 3(5.2%) 10(17.2%) 58
Age, years 40.00+£14.87 33.90+19.42 34.50+13.65 57.40+22.54 42.60+16.56
Gender
Male 9(40.9%) 11(47.8%) 2(66.7%) 4(40%) 26(44.8%)
Female 13(59.1%) 12(52.2%) 1(33.3%) 6(60% 32(55.2%)
Comorbidities
Diabetes 1(1.7%) 2(3.5%) 1(1.7%) 2(3.5%) 6(10.3%)
Hypertension 3(5.2%) 2(3.5%) 0 2(3.5%) 7(12.1%)
Cardiovascular disease 2(3.5%) 3(5.2%) 0 1(3.5%) 6(10.3%)
COPD 0 0 0 1(1.7%) 1(1.7%)
Epidemiological history
Yes 22(100%) 23(100%) 3(100%) 10(100%) 58(100%)
No 0 0 0 0 0
Subsequent symptoms / 3 (18.75%) 3 (18.75%) 10(62.5%) 16(27.6%)
Days before symptoms onset | 4.10+3.38 4.50+3.50 3.25+2.77 3.71+£2.86
Fever 0 0 1(6.3%) 7(43.7%) 8(50%)
Cough 0 2(12.5%) 1(6.3%) 6(37.5%) 9(56.3%)
Fatigue 0 2(12.5%) 2(12.5%) 4(25%) 8(50%)
Shortness of breath 0 0 0 2(12.5%) 2(12.5%)
Diarrhea 0 0 0 1(6.3%) 1(6.3%)
Laboratory test
Red blood cell count, x 10°/L  3.96+0.19 4.14+0.52 4.26+0.39 3.84+0.58 4.02+0.45
Leukocyte count, x 109/L 5.52+1.47 5.98+1.60 5.47+1.77 3.91+1.18 5.38+1.63
Neutrophil count, x 10°/L 3.37+1.19 3.71+1.66 2.81+1.12 2.384+0.83 3.29+1.42
Lymphocyte count, x 10°/L 1.61+0.37 1.68+0.63 1.88+0.71 1.05+0.36 1.544+0.55
Platelet count, x 10°/L 228.89+76.11 221.80+50.89 249+70.35 163.40+£53.95 215.76+67.86
C-reactive protein, mg/L 1.54+2.20 1.39+1.18 1.48+1.52 26.58+24.39 9.06+21.67
ALT, U/L 26.50+29.96 21.00+13.80 24.28+14.52 20.20+19.17 22.79+21.97
AST, U/L 21.50+10.33 24.60+£11.65 28.56+13.37 28.40+15.01 24.50+12.33
Urea, mmol/L 4.64+1.46 3.63+0.96 5.37+2.24 6.64+4.86 4.66+3.15
Creatinine, pmol/L 49.38+4.90 47.90+14.07 50.78+21.45 97.60+87.57 58.83+46.63
LDH, U/L 184.50+33.65 148.00+50.35 178.63+59.52 259.00+74.94 188.20+70.09
Creatine kinase, U/L 63.33+22.34 62.38+47.88 58.824+26.52 213.00+90.67 99.60+171.57
PT, s 10.65+0.25 10.76+0.43 11.47+1.13 11.77+1.08 11.04+0.87
APTT, s 27.05+1.45 28.80+2.16 30.524+4.84 32.17+5.11 29.46+3.97
D-dimer, mg/L 0.5440.29 0.86+1.26 0.73£0.58 0.754+0.77 0.76+1.05
CD3 cell count 1170.004+327.12 1157.89+322.29 1075+289.15 937.50+314.01 1113.30+£326.61
CD4 cell count 669.50+187.17 646.44+222.68 684.06+205.43  403.25+64.64 606.60+210.07

CD8 cell count
CD19 cell count

431.67+155.98
189.67+73.35

421.22+122.13
254.444+173.80

391.63+133.48
240.25+108.19

453.00+200.91
218.25+106.65

427.20+150.10
232.05+137.36

CD16/CD56 cell count 166.50+39.88 175.11+116.98 170.35+88.35  208.75+180.79 174.95+117.44
Days of hospitalization 16.00+12.06 15.40+7.89 16.50+6.45 28.60+7.55 19.80+10.82
respectively, using GE AW workstation (AW 4.6 and AWA4.7). The Results

reconstructed CT images were transmitted to the workstation and
picture archiving and communication systems (PACS) for multipla-
nar reconstruction post-processing.

All CT images were independently reviewed by two experi-
enced thoracic radiologists blinded to the clinical data. All dis-
crepancies were resolved by consensus. The features of CT imag-
ing were focused in the following aspects: (a) lesion distribu-
tion: left, right lung or bilateral lung; (b) lesion location: periph-
eral, central or both; (c) lobes involved; (d) lesion characteristics:
Ground Glass Opacity(GGO), consolidation, margins; (e) other signs
in GGO: reticulation, air bronchogram, and vascular enlargement;
(f) other findings: subpleural curviliner line, halo sign, interlobu-
lar septal thickening, craze-paving pattern, pleural thickening and
pleural effusion, etc. (see Fig. 1). GGO was defined as hazy opac-
ity that did not obscure underlying bronchial and vascular mar-
gins; consolidation was the opacity with obscuration of bronchial
and vascular structures; reticulation is a collection of innumer-
able small linear opacities; halo sign is a ground-glass opacity sur-
rounding a nodule or mass; interlobular septal thickening is thin
linear opacities at right angles to and in contact with the lateral
pleural surfaces near the lung bases; crazy-paving pattern was de-
fined as thickened interlobular septa and intralobular lines super-
imposed on a background of GGO, resembling irregularly shaped
paving stones.!?

The clinical characteristics and laboratory results of this co-
hort are presented in Table 1. 58 patients (26 male and 32 fe-
male) were enrolled. All patients had a clear exposure to COVID-
19. All 58 patients were asymptomatic at admission. The average
age of patients was 42.60+16.56 years old. Based on the CT find-
ings of first reexamination after admission, 58 patients were di-
vided into four groups: 1. Absorption group (22 cases, 37.9%), 2.
Improvement group (23 cases, 39.7%),3. No change group (3 cases,
5.2%), 4. Progression group (10 cases, 17.2%) (see Fig. 2). Among
these asymptomatic patients, 16 patients (27.6%) presented symp-
toms after admission, including fever (8 cases, 50%), cough (9
cases, 56.3%), fatigue (8 cases, 50%), shortness of breath (2 cases,
12.5%) and diarrhea (1 case, 6.3%). In these 16 patients, 10 pa-
tients (62.5%) were in lesion progression group, 3 patients (18.75%)
were in lesion improvement group and 3 patients (18.75%) were
in no change group. The average days before symptoms onset is
3.71+£2.86 days, patients in lesion progression group have shorter
days before symptoms onset (3.254+2.77 day). CT findings at ad-
mission showed abnormalities in all patients (seen in Table 2 and
Fig. 1). Less than half of the patients (24, 41.4%) presented bi-
lateral lesions; 34 (58.6%) patients showed unilateral lung distri-
bution, including 14 (24.1%) in left lung and 20 (34.5%) in right
lung. The lesions mostly located in peripheral (44, 75.9%), and 14
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(24.1%) patients presented central distribution. The involvement of
lower lobes (right 68.9% vs left 62.1%) was a bit more than that
of the upper lobes (right 51.7% vs left 53.4%). 24 (41.4%) patients
had single lobe involved, 14 (24.1%) patients had involved of two
lobes, and 20 (34.5%) patients had three or more lobes involved.
The most common pattern of CT findings was GGO (55,94.8%), in-
cluding simple GGO in 30 cases (51.7%), GGO with fine reticula-
tion in 7 cases (12.1%), GGO with subpleural curviliner line in 6
cases (10.3%), GGO with air bronchogram in 5 cases (8.6%), GGO
with halo sign in 5 cases (8.6%) and GGO with vascular enlarge-
ment in 2 cases (3.5%) (seen in Table 3). Another CT feature, con-
solidation was presented in 3 cases (5.2%). Compared with the
CT images at admission, there were evolution of CT manifesta-
tions in 10 patients at the first reexamination after admission. Le-
sions were fused to form patchy, crazy-paving signs, or diffusion
pattern, distributed in multiple lung lobes or bilateral, and a few
patients showed consolidation in CT imaging. In these patients,
there were significantly lower lymphocyte count(P=0.009), higher
C-reactive protein (P=0.023) than that in other cases. The average
days of hospitalization is 19.80+£10.82 days, and the hospitalization

of patients (28.6047.55 day) in progression group was significantly
longer than others (P=0.016).

Discussion

Six previously known coronaviruses, including the SARS coron-
avirus (SARS CoV), which first appeared in China in 2003, and the
Middle East respiratory syndrome coronavirus (MERS CoV), which
first appeared in the Middle East in September 2012, are zoonoses
and highly pathogenic coronaviruses. The novel coronavirus SARS-
CoV-2, as the 7th coronavirus discovered, has high contagion and
pathogenicity.

So far, more than 700,000 thousand cases with COVID-19 have
been confirmed in the world. With the global outbreak of SARS-
CoV-2, more and more facts show that many patients with COVID-
19 pneumonia have no symptoms or only mild symptoms, but they
can transmit SARS-CoV-2 to others.”-!! The latest research showed
that 30% - 60% of patients with SARS-CoV-2 infected had no symp-
toms or mild symptoms, but their ability to spread the virus was

[

Fig. 2. Comparison between recheck chest CT results and first CT results in COVID-19 pneumonia patients.

Situation1:Lesion absorption
A1,A2:A COVID-19 pneumonia patient, CT images on Feb 20,2020
B1,B2:A COVID-19 pneumonia patient, CT images on Feb 25,2020

These four CT images mainly shows the absorption of the lesion during the course of the disease. A1 shows the lesions parallel to the pleura under the pleura of the patient’s
left lung. A2 shows an ill-defined, irregularly shaped lesion. After 5 days, we recheck chest CT and find out the lesion at the original location is reduced or even disappeared.

The lung tissue in the original position is gradually restored and returns to normal.
Situation2:Lesion improvement

A1,A2:A COVID-19 pneumonia patient, CT images on Feb 13,2020

B1,B2:A COVID-19 pneumonia patient, CT images on Feb 19,2020

These four CT images mainly shows the improvement of the lesion during the course of the disease. A1 shows a large, fused lesion in the patient’s right lung, and the
lesions are extensive. A2 shows a small lesion under the pleura in right lung. After 6 days, we recheck chest CT and find out the lesion at the original location is reduced.
The expansion of the lesion is contained. The scope of the lesion is gradually reduced. Lung lesions are getting better after treatment.

Situation3:Lesion progression
A1,A2:A COVID-19 pneumonia patient, CT images on Feb 9,2020
B1,B2:A COVID-19 pneumonia patient, CT images on Feb 16,2020

These four CT images mainly shows the improvement of the lesion during the course of the disease. A1 shows a large, fused lesion in the patient’s left lung. A2 shows
multiple lesions in both lungs. After 7 days, we recheck chest CT and find out the lesion at the original location is expanded. The expansion of the lesion is larger than
before. The scope of the lesion is out of control. Diffuse or scattered ground glass-like shadows, superimposed with thin grid-like shadows, named as paving stone sign. This
patient gradually showed clinical symptoms during this period.
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Fig. 2. Continued

Fig. 2. Continued

not low, and these covert SARS-CoV-2 infections could be seed-
ing new outbreaks.” It is essential to fully understand the asymp-
tomatic or mild symptomatic cases (covert SARS-CoV-2 infections)
to control the epidemic of SARS-CoV-2.

The diagnosis of COVID-19 is mainly based on the epidemio-
logical history, symptoms, laboratory results, imaging findings and
virus nucleic acid detection according to the Chinese Guidelines for

the Diagnosis and Treatment Plan of SARS-CoV-2 Infection by the
National Health Commission (Trial Version 5),'> Although SARS-
CoV-2 nucleic acid testing is the golden standard for the diagnosis
of COVID-19, due to qualification of the specimen sampling from
nasopharyngeal swab and the detection kit, the positive rate of
SARS-CoV-2 nucleic acid testing is just about 30-50%."" Further-
more, the supply of the detection kit limits its widespread use in
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Table 2
Distribution characteristics of CT lesions in asymptomatic cases with
COVID-19.
Lesion COVID-19 group(n=>58)
number
Single 22(37.9%)
Multiple(=2) 36(62.1%)
Distribution
unilateral Left 14 (24.1%)
Right 20 (34.5%)
bilateral 24(41.4%)
Transverse Distribution
central 14(24.1%)
peripheral 44(75.9%)
Numbers of lobes invloved
one 24(41.4%)
two 14(24.1%)
three 6(10.3%)
four 7(12.1%)
five 7(12.1%)

Location of lobes involved
left upper lobe 31(53.4%)
left lower lobe 36(62.1%)
right upper lobe 30(51.7%)
right middle lobe 12(20.7%)
right lower lobe 40(68.9%)

Table 3

Different GGO manifestations in asymptomatic cases with COVID-19 pa-

tients.
Characteristics Numbers
Pure GGO 30(51.7%)
GGO accompanied signs
fine reticulation 7(12.1%)
subpleural curviliner line 6(10.3%)
halo sign 5(8.6%)
air bronchogram 5(8.6%)
vascular enlargement 2(3.5%)
consolidation 3(5.2%)

the outbreak of COVID-19, especially in those areas with limited
health care resources. Chest CT scan is of great value in the diag-
nosis of COVID-19 in the outbreak of COVID-19.

In this cohort, all 58 asymptomatic cases with COVID-19 pneu-
monia confirmed by SARS-CoV-2 nucleic acid testing and CT scan
had history of exposure to SARS-CoV-2. At the time of admission,
all patients had not any symptoms, but all had abnormal CT find-
ings. GGO was the main CT manifestation in this cluster of patients
(55, 94.8%), consolidation was present in other 3 patients (5.2%).
The lesions of CT imaging in asymptomatic patients with COVID-
19 pneumonia were predominantly located in the peripheral and
subpleural area of the lung (44, 75.9%), mostly involving one or
two lung lobes (38, 65.5%). GGO lesions were inclined to distribute
in the lower lobes (left 62.1% vs right 68.9%). In addition to pure
GGO, it is often accompanied by other characteristic imaging, in-
cluding fine reticuticulatio, subpleural curviliner line, halo sign, air
bronchogram and vascular enlargement.'4-'7 The CT manifestations
of COVID-19 pneumonia had its pathophysiological basis.!® Since
the diameter of SARS-CoV-2 is about 60-140nm, and the size of
the alveolar pores is about 10-15um, after inhaled through the
respiratory tract, SARS-CoV-2 invades the bronchioles, mainly in-
volving the interstitium around bronchioles at the end of lobular
bronchioles, causing bronchiolitis and peribronchitis, and spreads
to the distal end. Therefore, the lesion originates from a round-like
nodule in the core of the secondary lung lobule, which were usu-
ally shown as round ground-glass opacity at first, and then extends
to the whole secondary pulmonary lobules, forming lobular patchy
imaging. SARS-CoV-2 mainly invades the interlobular interstitium,
resulting in the appearance of fine reticulation sign. Halo sign is

the image that the lesion infiltrates from central nodule of lobule
core to surrounding interstitium and accumulation of inflammatory
cells in interstitium. The virus spreads along both sides of reticu-
lar structure of the interlobular septa, leading to the sign that the
long axis of the lesion is parallel to the pleura. Inflammatory stim-
ulation leads to thickening of blood vessels in the lesion, which
results in a corresponding alteration on imaging.

Compared with the CT manifestation at admission, there were
significant changes presented in CT findings after short-term treat-
ment, including lesion absorption (22 cases, 37.9%), lesion improve-
ment (23 cases, 39.7%), lesion no change (3 cases, 5.2%) and lesion
progression (10 cases, 17.2%). After admission, 16 patients (27.6%)
presented symptoms, predominantly including fever (8 cases, 50%),
cough (9 cases, 56.3%), fatigue (8 cases, 50%). The average days be-
fore symptoms onset is 3.714+2.86 days, patients in lesion progres-
sion group have shorter days than other group (3.25+2.77 day). In
these 16 patients, 10 patients (17.2%) were in lesion progression
group. The results indicated in asymptomatic patients with COVID-
19 pneumonia, with the disease progress, about 25% cases present
symptoms, and the evolution of CT findings were shown in 17% pa-
tients in the short-term follow-up. The average age of patients in
lesion progression group was 57.40+22.54, much older than other
patients (P=0.016). This may indicate that younger patients with
pneumonia have strong immunity and recover quickly. With the
progress of the inflammation, scatttered lesion gradually fused to
form patchy, crazy-paving pattern, even diffusion appearance in CT
manifestation. All the asymptomatic patients with COVID-19 pneu-
monia discharged after treatment. The mean days of hospitaliza-
tion was 19.80410.82 days and the hospitalization of patients in
progression group was 28.60+7.55 day, significantly longer than
other cases (P=0.016).

The cases recruited in this study were all asymptomatic pa-
tients with COVID-19 pneumonia, which were confirmed by pos-
itive results of SARS-COV-2 nucleic acid testing and abnormal
findings in CT imaging. The predominant feature of CT findings
in asymptomatic patients with COVID-19 pneumonia was ground
glass opacity with peripheral distribution, unilateral location and,
mostly involving one or two lobes, often combined with subpleu-
ral curviliner line, fine reticulation, air bronchogram, halo sign or
vascular enlargement signs. After a short-term follow-up, a few
asymptomatic patients presented clinical symptom, mainly fever,
cough and fatigue. And the evolution of CT findings was shown in
patients with the progression of disease.

In summary, CT images of asymptomatic cases with COVID-19
pneumonia have definite characteristics. Since the asymptomatic
patients with COVID-19 is called “covert transmitter”, covert SARS-
CoV-2 infections could be seeding new outbreaks, and some pa-
tients can progress rapidly in the short term. Therefore, it is es-
sential to pay attention to the surveillance of asymptomatic pa-
tients with COVID-19. CT examination plays a vital role in manag-
ing the current COVID-19 outbreak, for early detection of COVID-19
pneumonia, especially in the highly suspicious, asymptomatic cases
with negative SARS-CoV-2 nucleic acid testing.
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