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Clincal and chest computed tomography characteristics from 
58 Patients with COVID-19 pneumonia and correlations with 

disease length and severity 

INTRODUCTION 

Many pneumonia cases was reported in December 
2019 (1). The pathogen and the disease were named 
SARS-CoV-2 and  novel Coronavirus Disease 2019 
(COVID-19), respectively (2). The disease resulted in a 
worldwide pandemic with more and more persons 
affected and deaths. Although vaccines have been 
developed, the disease continues to infect people 
around the globe as programs to vaccinate persons in 
every country are put into place.  

The virus is spread through respiratory droplets 
and enters the body via the lungs. It does this by               
attaching to the receptor angiotensin-converting              
enzyme 2 (ACE2) via a spike protein, and then               
subsequently invades the host cells (2). As such, initial 
clinical symptoms are those of a respiratory tract 
infection, e.g. cough, fever, shortness of breath. The 
gold standard for diagnosis of infection is RT-PCR. As 
the virus infects the lungs radiography has become an 
important means of identifying the possibility of an 
infection and following the disease course (3, 4). 

While chest x-ray is useful for determining a        

possible infection and placing a patient in quarantine 
until a definitive diagnosis can be made (4), chest  
computed tomography (CT) has become the primary 
radiographic method of diagnosis and following the 
disease course (4–7). A study using RT-PCR as the             
reference found that the chest CT imaging sensitivity 
for the diagnosis of COVID-19 pneumonia was 97% 
(3). Interestingly, the authors also found that 42% of 
patients had improved follow-up chest CT before the 
PCR results became negative. 

On the other hand, while chest CT is highly              
sensitive the specificity is low and it is not                       
recommended to replace RT-PCR for diagnosis (8). CT 
findings common to patients with COVID-19 include 
ground-glass opacities (GGO), involvement of                
multiple lobes, focal areas of consolidation, and signs 
of organizing pneumonia (6, 9). Atypical chest CT             
manifestations of COVID-19 include airway changes, 
and pleural changes, such as thickening, fibrosis, and 
nodules (7). CT manifestations have also been              
associated with disease progression and prognosis (7). 

Serial chest CT imaging is used to assess disease 
severity and course in COVID-19 patients, and           
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various radiographic COVID-19 severity scoring              
systems have been developed (10). Specific CT findings 
have been associated with different disease stages, 
severity, and outcomes (11–13). However, while studies 
have provided some consistent findings,                     
inconsistencies between different studies have also 
been noted. Therefore, the correlation between CT 
findings and disease outcomes remains to be further 
investigated in COVID-19 patients. Further data on 
the ability of CT to predict outcomes in COVID-19 
patients may assist in targeting patients who may 
need more intensive treatment and improving             
outcomes. 

The purpose of this study was to review CT                 
findings in COVID-19 patients, and establish                  
correlations between CT findings in patients with a 
short vs. long disease course, and in those with mild 
vs. severe disease.  

 
 

MATERIALS AND METHODS 
 

Patients and data source 
The clinical data and chest CT images of patients 

with laboratory-confirmed SARS-CoV-2 infections 
treated by the Hubei Medical Team of the Third              
Affiliated Hospital of Sun Yat-sen University from 
February 2020 to March 2020 were retrospectively 
reviewed.  

Inclusion criteria for the study were adult patients 
with complete demographic and clinical data, disease 
history, chest CT, and laboratory data (complete 
blood count, biochemical detection of liver and               
kidney function, D-dimer level, and levels of                 
inflammatory factors). Only patients with a infection 
confirmed by laboratory RNA nucleic acid testing (RT
-PCR) were included. Patients with an unconfirmed 
infection or incomplete data were excluded. The              
endpoint of the study was March 30, 2020.   

 

Data extraction and patient grouping 
Data collected from the medical records included 

age and sex, body mass index (BMI), medical history 
and comorbidities (e.g., cardiovascular disease, renal 
failure), smoking history, days from onset of                
symptoms to CT scan, laboratory data, symptoms on 
admission (e.g., fever, cough), and CT scan finding 
(e.g., the number of affected lobes, which lobes were 
affected, lymphadenopathy, and specific signs such as 
ground-glass opacity).  

Patients were classified according to the length of 
their disease course: short disease course, 9-18 days 
from the beginning of symptoms; long disease course, 
19-40 days from the beginning of symptoms. The 
endpoint was defined as March 30, 2020. For further 
analysis, the short or long disease course groups 
were further subdivided into mild disease and severe 
disease patients.  

Severe disease was defined as the presence of any 
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of the following: 1) Breath shortness and a                     
respiratory rate ≥ 30 breaths/minute; 2) Oxygen  
saturation at rest ≤ 93%; 3) PaO2/ FiO2 ≤ 300 mm Hg 
at atmospheric pressure; 4) Chest imaging showed 
lesions progression ≥ 50% within 24-48 hours. When 
none of the aforementioned criteria were present, the 
infection was defined as mild disease. 

Patient outcomes were classified as discharged, 
transferred to the ICU, with no obvious change, and 
symptom improvement at the end of the range of the 
disease course (i.e., 18 days or 40 days). The reason 
for transfer to the ICU was worsened disease with 
respiratory failure requiring mechanical ventilation.  

 

CT scan 
Chest CT scans were performed using a                      

SOMATOM Force scanner (Siemens Healthineers, 
Forchheim, Germany). Scanning parameters were as 
follows: tube voltage=100-120 kV and a slice                  
thickness=5 mm. The CT dose index volume 
(CTDIvol) ranged from 3.01 to 5.13 mGy, and the 
dose-length product (DLP) ranged from 109 to 196 
mGy. Patients were placed in the supine position and 
instructed to hold breath, and images were acquired 
during a single breath-hold to avoid motion artifacts. 
Scans were performed from the upper thoracic inlet 
level to the inferior level of the costophrenic angle. 

 

Image analysis 
Images analysis was performed using an Image 

Archiving and Transmission System (Synapse 3D) by 
2 radiologists (with 15- and 5-year experience in  
thoracic radiology, respectively). The CT was                
evaluated independently by the radiologists blinded 
to the patients’ clinical, laboratory, and                           
histopathological data. After review, the results were 
compared, and if they differed a final decision was 
reached by consensus after discussion.  

 

Statistical analyses 
Continuous data were expressed as 

mean±standard deviation and were compared with 
Student’s independent t-test or Mann-Whitney U test 
(when normality was not assumed). Categorical data 
were reported as numbers and percentage and were 
compared with chi-square test or Fisher’s exact test 
(when expected value ≤5). Pearson’s correlation  
analysis was used to examine relations among                
variables. Depending on the data properties, the        
different correlation coefficients would be used            
respectively, including Pearson’s correlation                    
coefficient, Spearman’s correlation coefficient, and 
point-biserial correlation coefficient. Analyses were 
also performed based on disease course (short: 9 to 
18 days, long: 19 to 40 days). All statistical analysis 
was performed using IBM SPSS version 25 software 
(IBM Corporation, Somers, New York). A P-value<0.05 
was considered statistical significance.  
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RESULTS 
 

Among the 59 included patients , and there were 
29 in the short disease course group and 29 in the 
long disease course group. Patient demographic and 
clinical characteristics are summarized in table 1. The 
two groups had similar demographic and clinical 
characteristics. However, the short disease course 
group had a significantly higher level of high-
sensitivity C-reactive protein (hsCRP) than the long 
disease course group (42.29±49.61 vs. 10.57±12.41 
mg/L, P=0.001). 

The comparison of the characteristics of patients 
with mild vs. severe disease within the short disease 
course group and the long disease course group are 
shown in tables 2 and 3, respectively. Among the 
short disease course group, severe disease patients 
had a significantly lower lymphocyte count and               
serum albumin level, and significantly higher                        
D-dimer, hsCRP, and serum glucose levels than mild 
disease pateints (all, P<0.05) (other parameters were 
similar between groups). Among the long disease 
course group, severe disease pateints had                        
significantly lower albumin levels, and significantly 
higher D-dimer, hsCRP, lactate dehydrogenase 
(LDH) , and alanine aminotransferase (ALT) levels 
than mild disease patients (all, P<0.05) (other              
parameters were similar between groups). 

CT findings were also compared. All CT findings 
examined were similar between the short and long 
disease course groups (all, P>0.05, data not shown). 

A comparison of CT findings in patients with mild 
vs. severe disease who had a short disease course is 
reported in table 4. Patients with severe disease had 
significantly higher rates of right upper lobe                  

involvement, 5 lobes affected, pericardial effusion, 
pleural involvement and bilateral pleural thickening, 
grid shadow, higher-density vascular shadows,             
crazy-paving appearance, lung consolidation, an air 
bronchogram sign, and fibrous foci. A comparison of 
CT findings in patients with mild vs. severe disease 
and a long disease course is shown in table 5. Patients 
with severe disease had significantly higher rates of 
right upper lobe and middle lobe involvement, 5 
lobes affected, pleural effusion and thickening, grid 
shadow, higher-density vascular shadows,                       
crazy-paving appearance, lung consolidation, an air 
bronchogram sign, and atelectasis. Severe disease 
patients were also more likely to have symptom            
improvement (i.e., improvement of initial symptoms).  

To determine factors associated with greater         
disease severity, correlation analyses were                      
performed of all variables with disease severity in the 
short and long disease course groups. A summary of 
the results is shown in table 6. There were many              
similarities in CT findings in the 2 groups. Of note, 
however, in the short disease course group,               
pericardial effusion and fibrous foci were correlated 
with greater disease severity but not in the long          
disease course group. On the other hand, bilateral 
lung involvement, mediastinal lymphadenopathy, and 
atelectasis were associated with greater disease             
severity in the long disease course group but not in 
the short disease course group.  

Representative CT images of different findings in 
COVID-19 patients are shown in figure 1. Serial CT 
images of a 47-year-old male and a 58-year-old fe-
male with COVID-19 are shown in figures 2 and 3, 
respectively. 
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Parameter Short disease course (n = 29) Long disease course (n = 29) All (N = 58) P 
Age 66.03±14.41 66.07±11.43 66.05±12.89 0.992 

BMI, kg/m2 24.06±3.15 23.56±3.57 23.85±3.29 0.670 
Onset to CT, days 13.66±2.68 24.72±6.18 19.19±7.31 <0.001 
WBC count, ×109 6.01±2.12 7.09±4.46 6.55±3.51 0.243 

Lymphocytes 1.16±0.43 1.42±0.72 1.29±0.60 0.102 
Platelet count, ×109 246.41±97.45 290.45±91.17 268.43±96.13 0.081 

Hemoglobin, g/L 126.59±15.85 120.90±17.92 123.74±17.01 0.206 
Prothrombin time, s 13.42±0.82 13.96±1.22 13.68±1.06 0.058 

D-dimer, mg/L 1.86±2.58 2.18±3.62 2.02±3.11 0.705 
hsCRP, mg/L 42.29±49.61 10.57±12.41 26.43±39.25 0.001 

ALT, U/L 37.76±38.25 27.07±26.44 32.41±33.03 0.221 
AST, U/L 35.21±27.51 24.31±16.79 29.76±23.25 0.074 

Albumin, g/L 36.48±4.60 36.18±4.57 36.33±4.55 0.806 
Total bilirubin, µmol/L 11.29±6.64 9.29±5.71 10.29±6.22 0.224 

LDH, U/L 301.72±151.09 266.41±99.65 284.07±128.10 0.298 
Creatinine, µmol/L 79.76±32.11 87.21±105.32 83.48±77.26 0.717 
Glucose, mmol/L 6.97±2.97 6.72±2.89 6.84±2.91 0.746 

Procalcitonin, ng/ml 0.14±0.16 11.94±62.73 6.26±45.16 0.342 
Sex       0.599 

Male 15 (51.72) 13 (44.83) 28 (48.28)   
Female 14 (48.28) 16 (55.17) 30 (51.72)   

Age, years       0.785 
< 65 10 (34.48) 11 (37.93) 21 (36.21)   
≥ 65 19 (65.52) 18 (62.07) 37 (63.79)   

Fever       0.056 

Table 1. Patient demographic and clinical characteristics. 
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Parameter Short disease course (n = 29) Long disease course (n = 29) All (N = 58) P 
No 14 (48.28) 7 (24.14) 21 (36.21)   
Yes 15 (51.72) 22 (75.86) 37 (63.79)   

Cough       0.401 
No 11 (37.93) 8 (27.59) 19 (32.76)   
Yes 18 (62.07) 21 (72.41) 39 (67.24)   

Dyspnea       0.195 
No 21 (72.41) 25 (86.21) 46 (79.31)   
Yes 8 (27.59) 4 (13.79) 12 (20.69)   

Rhinorrhea       1.000 
No 29 (100.00) 28 (96.55) 57 (98.28)   
Yes 0 1 (3.45) 1 (1.72)   

Pharyngalgia       1.000 
No 29 (100.00) 28 (96.55) 57 (98.28)   
Yes 0 1 (3.45) 1 (1.72)   

Diarrhea       1.000 
No 25 (86.21) 25 (86.21) 50 (86.21)   
Yes 4 (13.79) 4 (13.79) 8 (13.79)   

Vomiting       1.000 
No 27 (93.10) 28 (96.55) 55 (94.83)   
Yes 2 (6.90) 1 (3.45) 3 (5.17)   

Anorexia       0.164 
No 26 (89.66) 22 (75.86) 48 (82.76)   
Yes 3 (10.34) 7 (24.14) 10 (17.24)   

Abdominal pain       1.000 
No 29 (100.00) 28 (96.55) 57 (98.28)   
Yes 0 1 (3.45) 1 (1.72)   

Anosphrasia       1.000 
No 29 (100.00) 28 (96.55) 57 (98.28)   
Yes 0 1 (3.45) 1 (1.72)   

Dysuria       1.000 
No 28 (96.55) 29 (100.00) 57 (98.28)   
Yes 1 (3.45) 0 1 (1.72)   

Hypertension       1.000 
No 14 (48.28) 14 (48.28) 28 (48.28)   
Yes 15 (51.72) 15 (51.72) 30 (51.72)   

Cardiovascular disease       1.000 
No 26 (89.66) 27 (93.10) 53 (91.38)   
Yes 3 (10.34) 2 (6.90) 5 (8.62)   

Diabetes mellitus       0.517 
No 22 (75.86) 24 (82.76) 46 (79.31)   
Yes 7 (24.14) 5 (17.24) 12 (20.69)   

Cerebrovascular disease       1.000 
No 28 (96.55) 27 (93.10) 55 (94.83)   
Yes 1 (3.45) 2 (6.90) 3 (5.17)   

COPD       1.000 
No 28 (96.55) 29 (100.00) 57 (98.28)   
Yes 1 (3.45) 0 1 (1.72)   

Chronic renal failure       1.000 
No 29 (100.00) 28 (96.55) 57 (98.28)   
Yes 0 1 (3.45) 1 (1.72)   

Malignancy       1.000 
No 28 (96.55) 28 (96.55) 56 (96.55)   
Yes 1 (3.45) 1 (3.45) 2 (3.45)   

Hepatitis       1.000 
No 28 (96.55) 28 (96.55) 56 (96.55)   
Yes 1 (3.45) 1 (3.45) 2 (3.45)   

Smoking history       1.000 
No 25 (86.21) 25 (86.21) 50 (86.21)   
Yes 4 (13.79) 4 (13.79) 8 (13.79)   

Continued Table 1. Patient demographic and clinical characteristics. 

Data presented as mean±standard deviation, or count (percentage). 
Short disease course = 9-18 days; Long disease course = 19-40 days. 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CT,                 
computed tomography; LDH, lactate dehydrogenase; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell.  
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Parameter 
Mild disease (n 

= 18) 
Severe disease 

(n = 11) 
P 

Age 62.39±15.70 72.00±9.97 0.081 
BMI, kg/m2 24.49±1.62 23.41±4.70 0.470 

Onset to CT, day 13.56±2.66 13.82±2.82 0.803 
WBC count, ×109 5.67±1.96 6.56±2.36 0.284 

Lymphocytes, ×109 1.29±0.43 0.94±0.35 0.035 
Platelet count, ×109 229.11±90.12 274.73±106.59 0.228 

Hemoglobin, g/L 126.44±15.53 126.82±17.13 0.952 
Prothrombin time, s 13.22±0.73 13.75±0.89 0.096 

D-dimer, mg/L 0.81±0.79 3.75±3.56 0.002 
hsCPR, mg/L 20.07±29.85 78.65±55.08 <0.001 

ALT, U/L 42.56±45.95 29.91±19.95 0.397 
AST, U/L 34.94±31.40 35.64±21.03 0.949 

Albumin, g/L 38.11±4.25 33.82±4.01 0.012 
Total bilirubin, µmol/L 9.89±6.41 13.57±6.67 0.151 

Lactate dehydrogenase, 
U/L 

278.67±135.70 339.45±173.46 0.302 

Creatinine, µmol/L 72.72±17.21 91.27±46.35 0.134 
Glucose, mmol/L 5.92±1.48 8.68±3.97 0.012 

Procalcitonin, ng/L 0.10±0.09 0.19±0.21 0.127 

Sex     0.316 

Male 8 (44.44) 7 (63.64)   

Female 10 (55.56) 4 (36.36)   

Age, years     0.694 

< 65 7 (38.89) 3 (27.27)   

≥ 65 11 (61.11) 8 (72.73)   

Fever     0.316 

No 10 (55.56) 4 (36.36)   

Yes 8 (44.44) 7 (63.64)   

Cough     1.000 

No 7 (38.89) 4 (36.36)   

Yes 11 (61.11) 7 (63.64)   

Dyspnea     0.433 

No 14 (77.78) 7 (63.64)   

Yes 4 (22.22) 4 (36.36)   

Rhinorrhea     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   

Pharyngalgia     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   

Diarrhea     1.000 

No 15 (83.33) 10 (90.91)   

Yes 3 (16.67) 1 (9.09)   

Vomiting     1.000 

No 17 (94.44) 10 (90.91)   

Parameter 
Mild disease (n 

= 18) 
Severe disease 

(n = 11) 
P 

Yes 1 (5.56) 1 (9.09)   

Anorexia     0.539 

No 17 (94.44) 9 (81.82)   

Yes 1 (5.56) 2 (18.18)   

Abdominal pain     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   

Anosphrasia     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   

Dysuria     1.000 

No 17 (94.44) 11 (100.00)   

Yes 1 (5.56) 0   

Hypertension     0.316 

No 10 (55.56) 4 (36.36)   

Yes 8 (44.44) 7 (63.64)   

Cardiovascular disease     0.539 

No 17 (94.44) 9 (81.82)   

Yes 1 (5.56) 2 (18.18)   

Diabetes mellitus     0.375 

No 15 (83.33) 7 (63.64)   

Yes 3 (16.67) 4 (36.36)   

Cerebrovascular dis-
ease 

    1.000 

No 17 (94.44) 11 (100.00)   

Yes 1 (5.56) 0   

COPD     1.000 

No 17 (94.44) 11 (100.00)   

Yes 1 (5.56) 0   

Chronic renal failure     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   

Malignancy tumor     1.000 

No 17 (94.44) 11 (100.00)   

Yes 1 (5.56) 0   

Hepatitis     0.379 

No 18 (100.00) 10 (90.91)   

Yes 0 1 (9.09)   

Smoking history     1.000 

No 15 (83.33) 10 (90.91)   

Yes 3 (16.67) 1 (9.09)   

Continued Table 2. Demographic and clinical characteristics of 
patients with a short disease course by disease severity. 

Table 2. Demographic and clinical characteristics of patients 
with a short disease course by disease severity. 

Data presented as mean±standard deviation, or count (percentage). 
Short disease course = 9-18 days; Long disease course = 19-40 days. 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CT,                
computed tomography; LDH, lactate dehydrogenase; hsCPR, high-sensitivity C-reactive protein; WBC, white blood cell.  
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Parameters 
Mild disease 

(n = 17) 
Severe disease 

(n = 12) 
P 

Age 65.29±11.69 67.17±11.48 0.672 
BMI, kg/m2 24.60±3.48 22.52±3.59 0.293 

Onset to CT, day 24.65±5.22 24.83±7.59 0.938 
WBC count, ×109 6.17±4.18 8.40±4.69 0.190 

Lymphocytes, ×109 1.63±0.85 1.11±0.34 0.053 
Platelet count, ×109 297.94±84.94 279.83±102.24 0.607 

Hemoglobin, g/L 121.12±18.51 120.58±17.86 0.939 
Prothrombin time, s 13.73±1.01 14.23±1.44 0.299 

D-dimer, mg/L 0.91±1.16 3.76±4.94 0.040 
hsCPR, mg/L 6.28±9.34 16.65±14.01 0.024 

ALT, U/L 18.59±11.65 39.08±36.25 0.037 
AST, U/L 19.47±4.72 31.17±24.45 0.063 

Albumin, g/L 39.01±2.61 32.18±3.65 <0.001 
Total bilirubin, µmol/L 7.94±4.64 11.21±6.71 0.131 

Lactate dehydrogenase, 
U/L 

235.29±64.22 310.50±125.14 0.043 

Creatinine, µmol/L 99.65±136.59 69.58±22.81 0.459 
Glucose, mmol/L 6.65±3.24 6.81±2.43 0.885 

Procalcitonin, ng/L 20.82±82.98 0.09±0.07 0.397 

Sex     0.047 

Male 5 (29.41) 8 (66.67)   

Female 12 (70.59) 4 (33.33)   

Age, years     0.668 

< 65 7 (41.18) 4 (33.33)   

≥ 65 10 (58.82) 8 (66.67)   

Fever     0.665 

No 5 (29.41) 2 (16.67)   

Yes 12 (70.59) 10 (83.33)   

Cough     0.683 

No 4 (23.53) 4 (33.33)   

Yes 13 (76.47) 8 (66.67)   

Dyspnea     1.000 

No 15 (88.24) 10 (83.33)   

Yes 2 (11.76) 2 (16.67)   

Rhinorrhea     1.000 

No 16 (94.12) 12 (100.00)   

Yes 1 (5.88) 0   

Pharyngalgia     1.000 

No 16 (94.12) 12 (100.00)   

Yes 1 (5.88) 0   

Diarrhea     0.622 

No 14 (82.35) 11 (91.67)   

Yes 3 (17.65) 1 (8.33)   

Vomiting     0.414 

No 17 (100.00) 11 (91.67)   

Continued Table 3. Demographic and clinical characteristics of 
patients with a long disease course by disease severity. 

Table 3. Demographic and clinical characteristics of patients 
with a long disease course by disease severity. 

Parameters 
Mild disease 

(n = 17) 
Severe disease 

(n = 12) 
P 

Yes 0 1 (8.33)   

Anorexia     1.000 

No 13 (76.47) 9 (75.00)   

Yes 4 (23.53) 3 (25.00)   

Abdominal pain     0.414 

No 17 (100.00) 11 (91.67)   

Yes 0 1 (8.33)   

Anosphrasia     1.000 

No 16 (94.12) 12 (100.00)   

Yes 1 (5.88) 0   

Dysuria     1.000 

No 17 (100.00) 12 (100.00)   

Yes 0 0   

Hypertension     0.710 

No 9 (52.94) 5 (41.67)   

Yes 8 (47.06) 7 (58.33)   

Cardiovascular disease     1.000 

No 16 (94.12) 11 (91.67)   

Yes 1 (5.88) 1 (8.33)   

Diabetes mellitus     1.000 

No 14 (82.35) 10 (83.33)   

Yes 3 (17.65) 2 (16.67)   

Cerebrovascular disease     1.000 

No 16 (94.12) 11 (91.67)   

Yes 1 (5.88) 1 (8.33)   

COPD     1.000 

No 17 (100.00) 12 (100.00)   

Yes 0 0   

Chronic renal function 
failure 

    1.000 

No 16 (94.12) 12 (100.00)   

Yes 1 (5.88) 0   

Malignancy tumor     0.414 

No 17 (100.00) 11 (91.67)   

Yes 0 1 (8.33)   

Hepatitis     1.000 

No 16 (94.12) 12 (100.00)   

Yes 1 (5.88) 0   

Smoking history     0.279 

No 16 (94.12) 9 (75.00)   

Yes 1 (5.88) 3 (25.00)   

Data presented as mean±standard deviation, or count (percentage). 
Short disease course = 9-18 days; Long disease course = 19-40 days. 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CT,              
computed tomography; LDH, lactate dehydrogenase; hsCPR, high-sensitivity C-reactive protein; WBC, white blood cell.  
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Parameter 
Mild 

(n = 18) 
Severe 
(n = 11) 

P 

Lower right lobe involvement     0.512 
No 2 (11.11) 0   
Yes 16 (88.89) 11 (100.00)   

Right middle lobe involvement     0.058 
No 6 (33.33) 0   
Yes 12 (66.67) 11 (100.00)   

Right upper lobe involvement     0.012 
No 8 (44.44) 0   
Yes 10 (55.56) 11 (100.00)   

Left lower lobe involvement     0.268 
No 3 (16.67) 0   
Yes 15 (83.33) 11 (100.00)   

Left upper lobe involvement     0.058 
No 6 (33.33) 0   
Yes 12 (66.67) 11 (100.00)   

Number of affected lobes     0.013 
1 2 (11.11) 0   
2 3 (16.67) 0   
3 3 (16.67) 0   
4 2 (11.11) 0   
5 8 (44.44) 11 (100.00)   

Lung involvement     0.268 
Unilateral 3 (16.67) 0   
Bilateral 15 (83.33) 11 (100.00)   

Mediastinal lymphadenopathy     0.339 
No 16 (88.89) 8 (72.73)   
Yes 2 (11.11) 3 (27.27)   

Hilar lymphadenopathy     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   
Axillary lymphadenopathy     1.000 

No 18 (100.00) 11 (100.00)   

Yes 0 0   
Pericardial effusion     0.018 

No 17 (94.44) 6 (54.55)   
Yes 1 (5.56) 5 (45.45)   

Pleural effusion     0.050 
None 16 (88.89) 6 (54.55)   

Unilateral 2 (11.11) 3 (27.27)   
Bilateral 0 2 (18.18)   

Pleural thickening     <0.001 
None 7 (38.89) 0   

Unilateral 5 (27.78) 0   
Bilateral 6 (33.33) 11 (100.00)   

Pleural involvement     0.026 

Continued Table 4. Computed tomography findings in pa-
tients with a short disease course with mild or severe disease. 

Table 4. Computed tomography findings in patients with a short 
disease course with mild or severe disease. 

Parameter 
Mild 

(n = 18) 
Severe 
(n = 11) 

P 

No 7 (38.89) 0   
Yes 11 (61.11) 11 (100.00)   

Subpleural lesion     1.000 
No 0 0   
Yes 18 (100.00) 11 (100.00)   

Grid shadow     0.012 
No 8 (44.44) 0   
Yes 10 (55.56) 11 (100.00)   

Higher-density vascular 
shadows 

    0.026 

No 7 (38.89) 0   
Yes 11 (61.11) 11 (100.00)   

Crazy-paving appearance     0.003 
No 10 (55.56) 0   
Yes 8 (44.44) 11 (100.00)   

Nodules     0.438 
No 6 (33.33) 6 (54.55)   
Yes 12 (66.67) 5 (45.45)   

Lung consolidation     0.026 
No 7 (38.89) 0   
Yes 11 (61.11) 11 (100.00)   

Air bronchogram sign     0.006 
No 12 (66.67) 1 (9.09)   
Yes 6 (33.33) 10 (90.91)   

Ground-glass opacities     0.694 
No 11 (61.11) 8 (72.73)   
Yes 7 (38.89) 3 (27.27)   

Nodular halo sign     0.512 
No 16 (88.89) 11 (100.00)   
Yes 2 (11.11) 0   

Fibrous foci     0.026 
No 7 (38.89) 0   
Yes 11 (61.11) 11 (100.00)   

Atelectasis     0.114 
No 14 (77.78) 5 (45.45)   
Yes 4 (22.22) 6 (54.55)   

Mosaic sign     1.000 
No 17 (94.44) 10 (90.91)   
Yes 1 (5.56) 1 (9.09)   

Pleural effusion     0.071 
No 16 (88.89) 6 (54.55)   
Yes 2 (11.11) 5 (45.45)   

Outcome     0.199 
Discharged 4 (22.22) 1 (9.09)   

Transferred to ICU 0 1 (9.09)   
No obvious change 0 1 (9.09)   

Symptom improvement 14 (77.78) 8 (72.73)   
Data presented as count (percentage). 
Short disease course = 9-18 days; Long disease course = 19-40 days. 
ICU, intensive care unit.  
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Parameter 
Mild disease 

(n = 17) 
Severe disease 

(n = 12) 
P 

Lower right lobe involvement     1.000 
No 1 (5.88) 0   
Yes 16 (94.12) 12 (100.00)   

Right middle lobe 
involvement 

    0.023 

No 7 (41.18) 0   
Yes 10 (58.82) 12 (100.00)   

Right upper lobe involvement     0.003 
No 9 (52.94) 0   
Yes 8 (47.06) 12 (100.00)   

Left lower lobe involvement     0.121 
No 4 (23.53) 0   
Yes 13 (76.47) 12 (100.00)   

Left upper lobe involvement     0.093 
No 7 (41.18) 1 (8.33)   
Yes 10 (58.82) 11 (91.67)   

Number of affected lobes     0.009 
1 3 (17.65) 0   
2 4 (23.53) 0   
3 2 (11.76) 0   
4 0 1 (8.33)   
5 8 (47.06) 11 (91.67)   

Lung involvement     0.059 
Unilateral 5 (29.41) 0   
Bilateral 12 (70.59) 12 (100.00)   

Mediastinal 
lymphadenopathy 

    0.056 

No 16 (94.12) 7 (58.33)   
Yes 1 (5.88) 5 (41.67)   

Hilar lymphadenopathy     1.000 
No 17 (100.00) 12 (100.00)   
Yes 0 0   

Axillary lymphadenopathy     0.414 
No 17 (100.00) 11 (91.67)   
Yes 0 1 (8.33)   

Pericardial effusion     0.403 
No 14 (82.35) 8 (66.67)   
Yes 3 (17.65) 4 (33.33)   

Pleural effusion     0.001 
0 15 (88.24) 3 (25.00)   
1 2 (11.76) 6 (50.00)   
2 0 3 (25.00)   

Pleural thickening     0.007 
0 5 (29.41) 0   
1 5 (29.41) 1 (8.33)   
2 7 (41.18) 11 (91.67)   

Continued Table 5. Computed tomography findings in         
patients with a long disease course with mild or severe disease.  

Table 5. Computed tomography findings in patients with a long 
disease course with mild or severe disease.  

Parameter 
Mild disease 

(n = 17) 
Severe disease 

(n = 12) 
P 

Subpleural lesion     1.000 
No 0 0   
Yes 17 (100.00) 12 (100.00)   

Grid shadow     <0.001 
No 13 (76.47) 0   
Yes 4 (23.53) 12 (100.00)   

Higher-density vascular 
shadows 

    0.001 

No 10 (58.82) 0   
Yes 7 (41.18) 12 (100.00)   

Crazy-paving appearance     <0.001 
No 13 (76.47) 0   
Yes 4 (23.53) 12 (100.00)   

Nodules     0.703 
No 9 (52.94) 8 (66.67)   
Yes 8 (47.06) 4 (33.33)   

Lung consolidation     0.001 
No 10 (58.82) 0   
Yes 7 (41.18) 12 (100.00)   

Air bronchogram sign     <0.001 
No 15 (88.24) 1 (8.33)   
Yes 2 (11.76) 11 (91.67)   

Ground-glass opacities     0.403 
No 14 (82.35) 8 (66.67)   
Yes 3 (17.65) 4 (33.33)   

Nodular halo sign     0.498 
No 15 (88.24) 12 (100.00)   
Yes 2 (11.76) 0   

Fibrous foci     0.408 
No 6 (35.29) 2 (16.67)   
Yes 11 (64.71) 10 (83.33)   

Atelectasis     0.014 
No 15 (88.24) 5 (41.67)   
Yes 2 (11.76) 7 (58.33)   

Mosaic sign     1.000 
No 17 (100.00) 12 (100.00)   
Yes 0 0   

Pleural effusion     0.001 
No 15 (88.24) 3 (25.00)   
Yes 2 (11.76) 9 (75.00)   

Outcome     0.024 
Discharged 6 (35.29) 0   

Transferred to ICU 0 0   
No obvious change 1 (5.88) 1 (8.33)   

Symptom improvement 10 (58.82) 11 (91.67)   

Data presented as count (percentage). 
Short disease course = 9-18 days; Long disease course = 19-40 days. 
ICU, intensive care unit.  
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CT features correlated with greater disease severity 
in patients with a short disease course 

CT features correlated with greater disease severity 
in patients with a long disease course 

Right middle lobe Right middle lobe 
Right upper lobe Right upper lobe 
Left upper lobe Left upper lobe 

Number of affected lobes Number of affected lobes 
  Bilateral lung involvement 
  Mediastinal lymphadenopathy 

Pericardial effusion  
Pleural effusion Pleural effusion 

Pleural thickening Pleural thickening 
Pleural involvement Pleural involvement 

Grid shadow Grid shadow 
Higher-density vascular shadows Higher-density vascular shadows 

Crazy-paving appearance Crazy-paving appearance 
Lung consolidation Lung consolidation 

Air bronchogram sign Air bronchogram sign 
Fibrous foci   

 Atelectasis 

Table 6. Summary of computed tomography (CT) features significantly correlated with greater disease severity in patients with a 
short disease course and those with a long disease course. 

Figure 1. Representative chest CT images in 
several COVID-19 patients. (A) 58-year-old 

female, day 14 after symptom onset:             
bilateral multi-focal ground-glass and              

nodules in the right upper lobe; (B) 81-year
-old man, day 12 after symptom onset: 

bilateral predominant consolidation 
pattern, mainly located in the subpleural 

area, parallel to the pleura like a ribbon; (C) 
78-year-old woman, day 13 after symptom 

onset: ground-glass opacities in bilateral 
lower lobe with fiberous lesions in the right 

lower lobe; (D) 78-year-old man, day 19 
after symptom onset: ground-glass opacity, 

crazy-paving pattern and in the right lobe, mainly located below the pleura; (E) 82-year-old woman, day 20 after symptom onset: 
bilateral and subpleural predominant consolidation pattern, runs along the pleura in a parallel shape with air bronchograms in the 

right lobe; (F) 47-year-old man, day 34 after symptom onset: bilateral white lung with ground-glass opacities. 

All correlations were significant at a 2-talied value of P < 0.05. 
Short disease course = 9-18 days; Long disease course = 19-40 days. 

Figure 2. Chest CT images from a 47-year male. (A) Day 34 after             
symptom onset: Bilateral diffuse ground-glass opacities and                     

consolidations, with air bronchograms inside (red arrow) with local 
thickening and adhesions of bilateral pleura; (B) Day 46: the           

lesions had decreased in extent and the density; (C) Day 53: the 
lesions continued to decrease in extent and the density; (D) Day 
61: the lesions continued to decrease in extent and the density. 
The patient was ready for discharge from hospital after the final 

scan. 

Figure 3. Chest CT images from a 58-year female. 
(A) Day 9 after symptom onset: Bilateral multifocal               

ground-glass opacities and partial consolidations, with local 
thickening and adhesions of bilateral pleura; (B) Day 17: the 

lesions had increased in extent and the density, with            
bilateral pleura thickening; (C) Day 23: the lesions increased 
in extent and the density and became heterogeneous, with 
air bronchograms inside (red arrow); (D) Day 30: the lesions 
continued to decrease in extent and the density. The patient 

was ready for discharge from hospital after the final scan.  
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DISCUSSION 
 

In this study, we sought to determine differences 
in laboratory and CT findings between COVID-19  
patients with a short vs. long disease course, and  
subgroups with mild vs. severe disease. Our results 
showed that while there were limited or no                    
differences in laboratory results and CT findings             
between patients with a short vs. long disease course, 
but many significant differences could be found            
between mild and severe disease patients.  

A great deal of research has been devoted to            
determining correlations and the predictive value of 
clinical, laboratory, and chest CT findings for COVID-
19 severity and outcomes. Fan et al. (14) analyzed 86 
COVID-19 patients and found that compared to the 
mild/moderate group, the severe/critical grou had a 
significantly higher male ratio. Another two                    
meta-analyses by Jutzeler et al. (15) and Borges do 
Nascimento et al. (16) also revealed that male COVID-
19 patients were associated with severe disease.  
Furthermore, a Denmark nationwide study including 
4,842 Covid-19 patients demonstrated that male  
patients had higher risks of severe Covid-19                  
diagnosis even after age and comorbidities were            
adjusted as confounding variables (17). Consistent 
with these findings, among patients with a long              
disease course in this study, the male ratio was             
significantly higher in severe disease patients than in 
mild disease patients. One of possible mechanisms 
underlying the differential risk in disease severity is 
that sex differences in the immunological response to 
Covid-19 infection, which could be attributed to X 
chromosomes (18). After viral infection, females                 
produce higher levels of antibodies and less                  
inflammatory cytokine interleukin-6 as compared 
with male patients (18). As a result, female patients are 
less susceptible to severe viral infections than male 
patients. Other proposed explanations include                
sex-related lifestyle differences (such as smoking, 
alcohol, and obesity) and comorbidities, which are all 
risk factors of severe Covid-19 (19). However, the             
underlying mechanism should be further elucidated. 

Regarding laboratory results, a meta-analysis  
including 3396 COVID-19 patients by Ghahramani et 
al. (20) has shown that the severe group had                     
significant decreases in lymphocytes and albumin, 
and significant increases in ALT, CRP, and D-dimer as 
compared with the non-severe group. Another              
meta-analysis (15) reported that COVID-19 patients 
with severe disease had decreased albumin and              
increased levels of CRP as compared with the non-
severe group. Borges do Nascimento et al. (16)               
meta-analysis also showed that elevated CRP levels 
were associated with severe disease. A meta-analysis 
showed that levels of D-dimer are significantly higher 
in severe COVID-19 patients than in mild disease 
pateints (21). In line with these observations, the               
current study found that among both patients with 

short and long disease courses, patients with severe 
disease had significantly higher hsCPR and D-dimer 
levels but lower albumin levels. In addition,              
compared to the mild disease patients, lymphocyte 
count was markedly reduced in severe disease pa-
tients among the short disease course group 
(p=0.035) and the long disease course group 
(p=0.053, margin significance). Meanwhile, the se-
vere disease group had significantly elevated ALT 
levels than the mild disease group among the long 
disease course group. 

CRP is a major positive acute-phase protein              
secreted by hepatocytes in response to interleukin-6 
(22, 23) and is widely accepted as an inflammatory             
biomarker (24). Therefore, the elevated CRP levels in 
severe COVID-19 patients may be attributed to the 
overproduction of inflammatory cytokines (25). It has 
been reported that CRP levels were elevated                 
significantly in COVID-19 patients with low oxygen 
saturation levels as compared with those with high 
oxygen saturation levels (26), indicating that CRP             
levels well correlate with the severity of COVID-19 
disease. D-dimer is a circulating peptide derived from 
fibrin degradation (27) and is also an acute-phase             
protein (23). Yao et al. also reported that D-dimer              
levels were well correlated with disease severity of 
COVID-19 and could be a biomarker predicting              
mortality (28). 

There are many reports of CT findings in COVID-
19 patients. A meta-analysis including 60 studies and 
5041 COVID-19 patients on CT imaging findings has 
demonstrated that pulmonary consolidation was 
mainly found in the severe and progressive stages of 
the disease, which can be accompanied by fibrotic 
lesions and GGO (29). The authors suggested that these 
pathological changes could be attributed to                     
interstitial thickening, inflammatory cell infiltration, 
hyaline membrane formation, and cell exudation. 
Consistent with their observation, the current study 
showed that lung consolidation was the CT feature 
that significantly correlated with greater disease  
severity in patients with both short and long disease 
courses. Moreover, fibrous foci were also a CT feature 
associated with greater disease severity in the short 
disease course group. 

Kaya and Akman have reported that mediastinal 
lymphadenopathy is an important CT finding for              
predicting a severe prognosis in COVID-19 patients 
(30). In line with this observation, our correlation  
analysis showed that among the long disease course 
group, mediastinal lymphadenopathy was associated 
with greater disease severity. Lan et al. have found 
that consolidation and subpleural atelectasis were 
more common in severe COVID-19 patients (31), 
which is also in agreement with our observation that 
atelectasis was a CT feature associated with greater 
disease severity in the long disease course group. 

Ghantous et al. have investigated pericardial         
involvement in hospitalized patients with COVID-19 
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and found that patients with pericardial effusion had 
more severe disease (32). Our study also found that 
pericardial effusion was a CT feather corrlated with 
greater disease severity in the short disease course 
group. A multi-center study including 102 mild 
COVID-19 cases and 50 severe cases revealed that (33) 
the severe group had significantly more bilateral lung 
involvement, lung consolidation, air bronchogram 
sign, crazy-paving sign, and the number of segments 
affected than the mild group (33). Interestingly, this 
study also found that bilateral lung involvement 
(only in patients with long disease course), lung              
consolidation, crazy-paving appearance, and more 
affected lobes were the CT features correlated with 
greater disease severity in patients with both short 
and long disease courses. All these findings indicated 
that CT features may potentially be used to predict 
disease severity in COVID-19. However, more studies 
are needed to validate their predictive performance. 

In summary, this study showed that For COVID-19 
patients with a short disease, course pericardial              
effusion and fibrous foci were the CT findings               
correlated with greater disease severity. For those 
with a long disease course, bilateral lung                         
involvement, mediastinal lymphadenopathy, and  
atelectasis were associated with greater disease              
severity. These findings may assist in identifying        
patients who may develop more severe diseases and 
require more intensive treatment.  
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