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Abstract
Background: In December 2019, a cluster of patients with pneumonia of unknown cause was linked to a
seafood wholesale market in Wuhan, China. A novel coronavirus was detected, capable of infecting
humans, on 6 January 2020 and termed COVID-19. By 16 February 2020, there were 51857 con�rmed
cases with 2019-nCoV (COVID-19) pneumonia in 25 countries. COVID-19 can also lead to acute
respiratory distress syndrome (ARDS).

Methods: 149 patients with 2019 Novel Coronavirus (COVID-19)pneumonia(68 males, 81 females, ages 1-
89)from 6 research centers in China were diagnosed with positive 2019 Novel Coronavirus(COVID-
19)nucleic acids antibodies. And their high-resolution computed tomography(HRCT) imaging datas were
evaluated.

Results: 136/149(91.3%)patients had a clear history of exposure to Wuhan. Fever (122/149, 81.9%)and
cough(83/149, 55.7%)were the most common symptoms. The main imaging characteristics within 4
days of onset included 30(20.13%) cases of pure ground glass opacities (P<0.05), 38(25.50%) cases of
GGO with reticulation(P<0.01), 12(8.05%) cases of consolidation(P<0.01). In the 5-8 days group, the main
imaging features included 71(47.65%) cases of pGGO(P<0.05), 69(46.31%) cases of GGO with
reticulation(P<0.01). In the 9-12 days group, the main feature was 85(57.04%) cases with GGO with
reticulation(P<0.01). In the group of 13-16 days group, the main imaging characteristics included
48(32.21%) cases of GGO with reticulation(P < 0.01), 34(22.82%) cases of consolidation(P<0.01).

Conclusion: Patients infected with COVID-19 pneumonia show more chest CT characteristics within 5-8
days after the onset of disease. The main manifestations included pGGO, GGO with reticulation,
consolidation and GGO with consolidation.

Background
In December 2019, a cluster of patients with pneumonia of unknown cause was linked to a seafood
wholesale market in Wuhan, China. A novel coronavirus was detected, capable of infecting humans, on 6
January 2020 [1, 2] and termed COVID-19[1]. By 16 February 2020, there were 51857 con�rmed cases with
2019-nCoV (COVID-19) pneumonia in 25 countries[3]. COVID-19 can also lead to acute respiratory distress
syndrome (ARDS)[4, 5]. In this retrospective case series, a review of chest CT �ndings of 149 patients with
Novel Coronavirus (COVID-19) infection from six research centers in China was reviewed, focusing on
observing the imaging characteristics of different timepoints of the disease and explore its evolution
rules.

Methods
Our institutional review board waived written informed consent for this retrospective case series, which
evaluated unidenti�ed data without potential risks to patients.
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Patients and Diagnostic and Cure Criteria of COVID-19 Pneumonia

From January 18, 2020 to February 16, 2020, 149 patients diagnosed with COVID-19 pneumonia
admitted to 6 hospitals in six provinces of China underwent chest CT examinations. Based on the
preliminary diagnosis and treatment protocols from the National Health Commission of the People’s
Republic of China, the diagnostic criteria of COVID-19 pneumonia were: 1. epidemiological history -
travel/residence history in Wuhan or exposure history to fevered patients with respiratory symptoms from
Wuhan within 14 days before the onset of illness; 2. clinical manifestations - fever, cough, imaging
characteristics of pneumonia, and/or normal or decreased white blood cells count or decreased
lymphocyte count and 3. laboratory diagnosis - real-time �uorescence polymerase chain reaction revealed
positive detection of COVID-19 in throat swabs or lower respiratory tract (7, 8). The patients with
con�rmed COVID-19 pneumonia were hospitalized and isolated for treatment. The discharge criteria were:
1. afebrile for greater than 3 days; 2. respiratory symptoms signi�cantly improved and 3. improvement in
the radiological abnormalities on chest CT; and 4. two consecutive negative COVID-19 nucleic acid
detection at least 24 h apart[6].

CT Review

In addition to age and gender, the clinical information collected also includes onset time and symptoms
and Wuhan exposure history. Three chest radiologists with about 7 to 30 years of experience
independently reviewed the images and reached consensus. CT images were assessed for the presence
and distribution of parenchymal abnormalities, including pure ground-glass opacity (pGGO), which were
de�ned as a hazy increase in lung attenuation with no obscuration of the underlying vessels; GGO with
reticulation; GGO with consolidation, which was de�ned as an area of opaci�cation obscuring the
underlying vessels in GGO; consolidation; air bronchogram(s); lymphadenopathy, which was de�ned as a
lymph node > 1 cm in short-axis diameter; subpleural line; bronchiectasis; pleural effusion; pericardial
effusion and cavity. The radiologist identi�ed a CT lesion of the chest in each patient and a lesion
occupying one lung segment was counted as one lesion. Each side of the pleural effusion counts as 1
lesion, the pericardial effusion counts as 1 lesion, and the enlarged lymph nodes count as 1 lesion.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics Software (version 23; IBM, New York,
USA). Quantitative data were presented as mean ± standard deviation (minimum-maximum) and the
counting data were presented as the percentage of the total unless otherwise speci�ed. The comparison
of discrete variables between groups was performed using the Pearson 2 test. Correlation analysis
between two groups was performed using rank correlation. All analyses were considered signi�cant at p
values of less than 0.05.

Result
1. Patient Characteristics
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A total of 149 patients ( 68 males and 81 females ) were included in this study. The ages ranged from 1–
89 years old ( Table 1 ). The age of patients in main pattern of lesion respectively were 48 ± 15.3 years old
for pGGO, 51 ± 15.0 years old for GGO with reticulation, 49 ± 15.3 years old for GGO with consolidation,
51 ± 16.5 years old for Consolidation ( Table 1 ). The most common symptoms were fever ( 81.9% ) and
cough ( 55.7% ) ( Table 1 ). A total of 338 lung CT scans were performed on all selected patients. Each
patient underwent an average of 2 ± 1 CT scans ( range: 1–4 ) with an average interval of 4 days ( range:
1–16 days ). The number of patients in each timepoints respectively were 45 ( 30.2% ), 78 ( 52.3% ), 74 (
50.0% ), 53 ( 35.6% ) ( Table 1 ) .
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Table 1
Patients Characteristics

Gender  

Male 68(45.6%)

Female 81(54.4%)

Age (years)  

Range 1–89

The Age of Patients in Main Pattern of Lesion(years)  

Pure GGO 48 ± 15.3

GGO with reticulation 51 ± 15.0

GGO with consolidation 49 ± 15.3

Consolidation 51 ± 16.5

Exposure History  

Recent Travel to Wuhan OR Exposure to Infected Patient 136(91.3%)

Unknown Exposure 13(8.7%)

Symptoms  

Fever 122(81.9%)

Cough 83(55.7%)

Myalgia or Fatigue 49(32.9%)

Phlegm 35(23.5%)

Headache 23(15.4%)

Pharyngalgia 20(13.4)

Diarrhoea 9(6.0%)

The Number of Patients in Each Timepoints  

Within 4 days 45(30.2%)

5–8 days 78(52.3%)

9–12 days 74(50.0%)

13–16 days 53(35.6%)

2. Imaging Characteristics Of Chest CT
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In the chest CT data collected within 4 days of onset group, the number of lesions in the S10 segment of
the lungs and the S6 segment of left lung was the largest. The main imaging features included 30 (
20.13% ) cases of pure ground glass opacities. The statistical results show that there was a statistical
difference with the 5–8 days group ( P < 0.05 ). 38 ( 25.50% ) cases of GGO with reticulation showed
statistical differences with the 9–12 days group ( P  0.01 ). 46 ( 30.87% ) cases of GGO with
consolidation and 12 (8.05%) cases of consolidation. The statistical results showed statistically
signi�cant differences from the 9–12 days group and the 13–16 days group ( P < 0.01 ). There were 28 (
18.79% ) cases of air bronchogram and 13 (8.72%) cases of subpleural line. Other secondary signs
included bronchiectasis in 8 ( 5.37% ) cases, pleural effusion in 8 ( 5.37% ) cases, lymphadenopathy in 2 (
1.34% ) cases, and no pericardial effusion or cavities ( Table 2–3 ) .
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Table 2
Longitudinal dynamic chest CT imaging feature Changes in Patients with Coronavirus 2019-nCoV

Pneumonia,No. of segments (%)

      No. of Segments (%)
Disease onset to CT
within �rst 4 Days

No. of
Segments
at 5–8
Days

No. of
Segments at
9–12 Days

No. of
Segments at
13–16 Days

Left Upper S1 
+ 
S2

30(6.5%) 53(6.1%) 65(6.3%) 40(5.5%)

S3 18(3.9%) 30(3.4%) 35(3.4%) 20(2.8%)

S4 21(4.5%) 40(4.5%) 50(4.8%) 33(4.6%)

S5 21(4.5%) 45(5.1%) 56(5.4%) 34(4.7%)

Lower S6 34(7.3%) 58(6.6%) 65(6.3%) 48(6.6%)

S7 
+ 
S8

27(5.8%) 45(5.1%) 53(5.1%) 36(5.0%)

S9 23(4.9%) 51(5.8%) 68(6.6%) 46(6.3%)

S10 36(7.7%) 62(7.0%) 71(6.9%) 51(7.0%)

Right Upper S1 23(4.9%) 42(4.8%) 47(4.5%) 39(5.3%)

S2 29(6.2%) 52(5.9%) 58(5.6%) 45(6.2%)

S3 20(4.3%) 36(4.1%) 43(4.2%) 29(4.0%)

Middle S4 22(4.7%) 48(5.5%) 54(5.2%) 44(6.1%)

S5 27(5.8%) 49(5.6%) 47(4.5%) 40(5.5%)

Lower S6 27(5.8%) 61(7.0%) 71(6.9%) 48(6.6%)

S7 18(3.8%) 39(4.5%) 51(4.9%) 41(5.7%)

S8 22(4.7%) 39(4.5%) 53(5.1%) 35(4.8%)

S9 32(6.9%) 55(6.3%) 65(6.3%) 46(6.3%)

S10 34(7.3%) 69(7.9%) 81(7.8%) 50(6.9%)

the Number of Segments at Presentation and at Evolution

Presentation 1970(63.5%)

Evolution 1134(36.5%)
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Table 3
Longitudinal dynamic chest CT imaging feature Changes in Patients with Coronavirus 2019-nCoV

Pneumonia,No. of patients (%)

  Disease onset to
CT Features at �rst
4 Days

Features at 5–
8 Days

Features at 9–
12 Days

Features at 13–
16 Days

Opaci�cation        

Normal 3(2.0%) 2(1.3%) 0(0.0%) 2(1.3%)

Pure GGO 30(20.1%) 71(47.7%) 49(32.9%) 34(22.8%)

GGO with
reticulation

38(25.5%) 69(46.3%) 85(57.0%) 48(32.2%)

GGO with
consolidation

46(30.9%) 78(52.4%) 81(54.4%) 53(35.6%)

Consolidation 12(8.1%) 34(22.8%) 41(27.5%) 34(22.8%)

Air bronchogram 28(18.8%) 57(38.3%) 54(36.2%) 29(19.5%)

subpleural line 13(8.7%) 27(18.1%) 29(19.5%) 22(14.8%)

Other Feature        

Bronchiectasis 8(5.4%) 19(12.8%) 21(14.1%) 18(12.1%)

Pleural effusion 8(5.4%) 9(6.0%) 12(8.1%) 7(4.7%)

pericardial
effusion

0(0.00%) 3(2.0%) 1(0.7%) 1(0.7%)

lymphadenopathy 2(1.3%) 3(2.0%) 4(2.7%) 1(0.7%)

Cavity 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)

In the group of 5–8 days after onset, the number of lesions in the S10 segment of the lungs and S6
segment of the right lung was the largest. The main imaging features included 71 ( 47.65% ) cases of
pGGO ( P < 0.05 ), 69 ( 46.31% ) cases of GGO with reticulation ( P < 0.01 ), 78 ( 52.35% ) cases GGO with
consolidation, 34 (22.82%) cases of consolidation, 57 (38.26%) cases of air bronchogram, 27 ( 18.12% )
cases of subpleural line. Other secondary signs included bronchiectasis in 19 ( 12.75% ) cases, pleural
effusion in 9 ( 6.04% ) cases, lymphadenopathy in 3 ( 2.01% ) cases, pericardial effusion in 3 ( 2.01% )
cases, and no cavities ( Table 2–3 ) .

In the 9–12 days group, the number of lesions in the S10 segment of the lungs and S6 segment of the
right lung was the largest. The main imaging features included 49 ( 32.89% ) cases of pGGO. There were
85 (57.04%) cases of GGO with reticulation, and the statistical results showed that they were statistically
different from the other three groups ( P < 0.01 ). 81 ( 54.36% ) cases of GGO with consolidation, and 41 (
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27.52% ) cases of consolidation ( P < 0.01 ), 54 ( 36.24% ) cases of air bronchogram, 29 (19.46%) cases
of subpleural line. Other secondary signs included 21 ( 14.09% ) cases of bronchiectasis, 12 (8.05%)
cases of pleural effusion, 8 ( 5.37% ) cases of lymphadenopathy, 1 ( 0.67% ) case of pericardial effusion,
and no cavities ( Table 2–3 ) .

In the group of 13–16 days after onset, the number of lesions in the S10 segment of the lungs and the
right lower lobe of S6 segment was the largest. The main imaging features included 34 ( 22.82% ) cases
of pGGO, and 48 ( 32.21% ) cases of GGO with reticulation ( P < 0.01 ), 53 ( 53.57% ) cases of GGO with
consolidation, 34 ( 22.82% ) cases of consolidations ( P < 0.01 ), and 29 ( 19.46% ) cases of air
bronchogram, 22 ( 14.77% ) cases of subpleural line. Other secondary signs included bronchiectasis in 18
( 12.08% ) cases, pleural effusion in 7 ( 4.70% ) cases, lymphadenopathy in 1 ( 0.67% ) case, pericardial
effusion in 1 ( 0.67% ) case, and no cavities ( Table 2–3 ) .

In our case, a total of 4 patients had no manifestations of chest CT at the �rst examination. One patient
had pGGO on chest CT on the 5th day of admission and the other three patients had no change in chest
CT during the stay in hospital. In addition, we also calculated the time from the patient's symptoms to the
�rst manifestation of chest CT imaging, 31 ( 21.2% ) cases of which were 0 days, 50 ( 34.3% ) were 1–4
days, 59 ( 40.4% ) were 5–8 days, 4 ( 2.7% ) were 9–12 days and 2 ( 1.4% ) cases were 13–16 days (
Table 4 ). The total number of lung segments in the course of presentation was 1970 (63.5%), and the
evolution was 1134 (36.5%).

Table 4
Days during the onset and initial imaging �ndings,No. of patients (%)

Days during the onset and initial imaging �ndings No. of patients

0 days 31 ( 21.2% )

1–4 days 50 ( 34.3% )

5–8 days 59 ( 40.4% )

9–12 days 4 ( 2.7% )

13–16 days 2 ( 1.4% )

Discussion
The imaging �ndings of COVID-19 pneumonia and other viral pneumonias do have some imaging
features in common. The imaging performance also changes with the progress of the disease. Our study
selected six representative sites covering China from north to south, randomly collected patient data, and
eventually collected a total of 149 patients. The smallest host was only 1 year old and the oldest was 89.
We found that older patients or those with underlying diseases such as heart disease or diabetes have
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more severe imaging �ndings than others, and this requires further research. The most common onset of
COVID-19 pneumonia patients is fever and cough, which is consistent with other reports[7, 8].

In view of the unique advantages of chest CT in chest imaging and its high spatial resolution, it helps
radiologist to evaluate the patients' condition in a more detailed and comprehensive way and to provide a
strong basis for the patient's clinical process. We recommend COVID-19 pneumonia patients to use high-
resolution CT scan. Our research shows that the predominant sites of COVID-19 pneumonia are the
posterior basal and dorsal segments of the lower lobes. In all of our cases, only peripheral or peripheral
mixed central types were seen, which is su�cient to remind us of the development of COVID-19
pneumonia. It may gradually in�ltrate from the outer zone of both lungs. Our data shows that the most
severely affected lung segments in the four periods are the left lower lobe S10 ( 36 / 7.7% ), the right
lower lobe S10 ( 69 / 7.9% ), and the right lower lobe S10 ( 81 / 7.8% ), S10 segment of the right lower
lobe ( 50 / 6.9% ), S10 segment of the right lower lobe ( 81 / 7.8% ). The number of lung segments
involved in the presentation period is higher than the evolution period (Table 2).

The main imaging characteristics of COVID-19 pneumonia are pGGO, GGO with reticulation, GGO with
consolidation, and consolidation[7, 8], which is consistent with our research ( Fig. 1 ). COVID-19
pneumonia is basically similar to other viral pneumonia, and we try to reveal its evolution through
continuous investigation. Our study found that the pGGO was most commonly found within 5–8 days of
onset, and it was statistically different from the 4 days before onset ( P < 0.05 ). This is different from
previous studies[9]. We assume that the statistics we include are pGGO and the interference factors such
as a little reticulation or consolidation are excluded. Another reason is that the patient's imaging
performance may have a certain delay after the clinical onset. In this set of data, the imaging onset time
of 50 patients ( 34.3% ) occurred after 1–4 days of symptoms, and 59 ( 40.4% ) occurred after 5–8 days.
The latest cases showed imaging performance after second weeks of symptoms ( Table 4 ). We believe
that these results can better reveal the evolution of the disease (Fig. 2).

The imaging �ndings of COVID-19 pneumonia mainly involve the interstitial lung tissue[7–9]. In addition to
pGGO, the most common signs included pGGO with reticulation, GGO with consolidation and subpleural
lines. The pGGO with reticulation ( 81 / 54.36% ) reached the highest peak in 8–12 days, and it was
statistically different from the other three groups ( P < 0.01 ). These interstitial changes are also called
Crazy-paving pattern[7]. In addition, consolidation of varying sizes is also commonly seen with air
bronchogram. Among them, the number of consolidation within 4 days was the smallest ( 12 / 8.05% ),
and it was statistically different from the other three groups. It reached the maximum within 9–12 days (
41 / 27.52% ). The gradual involvement is more likely from interstitial lung tissue to parenchyma and
reveals the process of gradual absorption and prognosis of lesions. All the imaging characteristics can be
observed at the same time in the chest CT in one patient ( Fig. 3–4 ) .

COVID-19 pneumonia also has some other non-speci�c manifestations, which are different from previous
report[7]. Lymphadenopathy and pleural effusion were found in our cohort. In addition, a small number of
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patients can see mild bronchiectasis and a small amount of pericardial effusion. No cavity-like lesions
were found, which was helpful to distinguish it from S. aureus pneumonia.

Our study has the following limitations: We did not score the patients based on their age, comorbidities,
etc. In addition, there are still some patients without any CT �ndings, which needs further study. Due to
there is no speci�c treatment for this disease, our follow-up observation of patients remains to be seen.
Follow-up investigation will be re�ected in subsequent research.

Conclusion
Chest CT scans of patients with COVID-19 pneumonia can help clinicians to better evaluate the disease
process, and also help to understand the development of the disease. The main imaging manifestation of
COVID-19 pneumonia is that the interstitial changes gradually change to the consolidation. The most
common patterns of COVID-19 pneumonia on chest CT images are pure GGO, GGO with reticulation, GGO
with consolidation and consolidation, with prominent distribution in the S10 and S6 segments of the
lungs. Consolidation lesions could be served as a marker of disease progression or more severe
disease.We infer that the extent of lesion involvement peaks about a week after the patient's clinical
symptoms appear, which needs to be taken seriously by clinicians and be prepared for symptomatic
treatment as soon as possible.
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Figure 1

Chest CT �ndings of COVID-19 pneumonia on transaxial images. A. pGGO; B. GGO with reticulation; C.
GGO with consolidation; D. Consolidation
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Figure 2

Changes in the proportions of patients with pGGO, GGO with reticulation GGO with consolidation and
consolidation as a function of stage. ( A star represents the difference is considered signi�cant )
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Figure 3

A 40-50 year old male patient. A. Chest CT showed pGGO in the left upper lobe 4 days after the onset of
the disease. Partial reticulation was seen. B. Chest CT showed the lesion gradually turned to GGO with
consolidation after 8 days. C. The lesion was gradually absorbed after 11 days with some �brous stripes
left; D. After 15 days, the absorption was basically complete with some pGGO left.
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Figure 4

Same patient as Fig.3. A. Chest CT showed pGGO, GGO with consolidation, and consolidation at the
same time in the right upper lobe 4 days after the onset; B. Chest CT showed GGO with consolidation
gradually converted to consolidation after 8 days, and air bronchogram can be observed; C. After 11 days,
it can be seen that the consolidation is still present, and the bronchus is slightly thickened. D. After 15
days, the lesions were gradually absorbed with small patchy GGO and consolidation left.


