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 Background: Little is known of the changes in lung radiographic characteristics over time in patients recovering from COVID-19. 
This study analyzed the clinical features and temporal lung radiographic changes in patients with moderate 
and severe COVID-19 pneumonia who did not require invasive mechanical ventilation during the acute and 
convalescent periods.

 Material/Methods: The data of 25 patients with COVID-19 pneumonia from January 29, 2020, to November 24, 2020, who did not 
require invasive mechanical ventilation and who were followed up were retrospectively collected. The 25 pa-
tients were divided into severe and moderate groups. Clinical characteristics and computed tomography (CT) 
manifestations were compared. A total of 121 consecutive thin-slice CT scans were collected at 4 weeks, 2 
months, and 5 months after admission to evaluate lung abnormalities in the patients. The CT score was used 
to assess disease severity.

 Results: The severe group had a lower rate of nucleic acid conversion within 10 days of admission and higher D-dimer, 
creatine kinase, and lactate dehydrogenase values. In the severe group, hospital stay was longer and hospi-
talization costs were higher. The average CT score of the severe group peaked in the second week, while the 
moderate group peaked in the first week and then decreased over time. There were no statistically significant 
differences in the average CT score between the 2 groups at the 5-month follow-up.

 Conclusions: The pulmonary lesions of patients recovering from COVID-19 and who do not require invasive mechanical ven-
tilation were gradually absorbed and resolved over time.
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 Abbreviations: SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2; MERS-CoV-2 – Middle East respirato-
ry syndrome coronavirus 2; SARS – severe acute respiratory syndrome; PCR – polymerase chain reac-
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DDI – D-dimer; CK – creatine kinase; COVID-19 – coronavirus disease 2019

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/933381

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Pulmonary and Critical Care Medicine, Xiangtan Central Hospital, 
Xiangtan, Hunan, PR China

2 Department of Cardiology, Xiangtan Central Hospital, Xiangtan, Hunan, PR China
3 Department of Spine Surgery, The Second Xiangya Hospital, Central South 

University, Changsha, Hunan, PR China
4 Department of Orthopedics, Xiangtan Central Hospital, Xiangtan, Hunan, 

PR China
5 Department of Radiology, Xiangtan Central Hospital, Xiangtan, Hunan, PR China

e-ISSN 1643-3750
© Med Sci Monit, 2021; 27: e933381

DOI: 10.12659/MSM.933381

e933381-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

COVID-19, which is caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), is reported to have led to 
211 288 358 infections and 4 422 666 deaths worldwide as 
of August 22, 2021 according to the data of the World Health 
Organization [1]. COVID-19 mainly causes pneumonia but it also 
affects other organs, such as the gastrointestinal, hepatobili-
ary, cardiovascular, blood, nervous, and urinary systems [2-5].

Pneumonia caused by a viral infection usually shows lung ab-
normalities after inflammation. Among the coronavirus family, 
SARS-CoV and Middle East respiratory syndrome coronavirus 
(MERS-CoV) cause not only SARS and MERS but also lung ab-
normalities, especially fibrosis, which is most common in pa-
tients with severe SARS-CoV and MERS-CoV [6,7]. Zhou et al 
reported that 60% of patients discharged from the hospital af-
ter SARS-CoV-2 infection showed fibrosis-related changes [8]. 
At present, we know little about the pathophysiological out-
comes of fibrosis-related changes after COVID-19.

It is unclear whether, over time, lung abnormalities can be grad-
ually absorbed and lung function can be gradually restored af-
ter a patient has COVID-19. Studies have mainly focused on se-
vere patients who required mechanical ventilation, and there 
are few studies on patients with severe disease who did not 
require mechanical ventilation. Because the current SARS-
CoV-2 nucleic acid test result can turn positive for survivors of 
COVID-19, there are high risks associated with administering 
pulmonary function tests among these patients [9]. Therefore, 
chest computed tomography (CT) scans are more suitable than 
pulmonary function tests for assessing a patient’s lung con-
dition during the recovery period, although the patients can 
be exposed to higher levels of radiation with CT scanning. We 
conducted a longitudinal study to analyze the CT findings of 
patients with COVID-19 pneumonia with moderate and severe 
disease who did not require invasive mechanical ventilation 
during the acute and convalescent periods.

Material and Methods

Study Participants

The data of 25 patients diagnosed with COVID-19 pneumo-
nia from January 29, 2020, to November 24, 2020, and who 
were followed up until the end of the study were retrospec-
tively collected on December 8, 2020. In the process of data 
collection, patient information was anonymized. By November 
24, 2020, the public health clinical center of a 3A hospital, the 
designated hospital of a city in South China, had 25 confirmed 
cases of COVID-19 pneumonia. The inclusion criteria were (1) 
patients who tested positive for SARS-CoV-2 by nucleic acid 

polymerase chain reaction (PCR); (2) patients with chest CT 
findings confirming that there were new lung abnormalities 
within 1 week before and after the positive nucleic acid test; 
(3) patients who do not require mechanical ventilation; and (4) 
patients who underwent at least 2 chest CT examinations dur-
ing the entire study period. The criteria for severe patients and 
discharge standards were based on the “COVID-19 Pneumonia 
Diagnosis and Treatment Plan (Trial Version 8)” released by 
the National Health Commission of China [10]. The criteria 
were as follows: (1) shortness of breath, respiratory rate ³30 
breaths/min and (2) at rest, percutaneous oxygen saturation 
less than 93% or ratio of arterial oxygen to fractional inspired 
oxygen concentration (PaO2/FiO2) (sea level) of 300 mmHg or 
lower (1 mmHg=0.133 kPa). The PaO2/FiO2 ratio was correct-
ed according to the following formula at high altitudes (over 
1000 m): PaO2/FiO2×(atmospheric pressure [mmHg]/760). 
The pulmonary imaging findings showed significant progres-
sion, and 50% of the lesions were considered severe within 
24 to 48 h. The discharge criteria were (1) the patient’s body 
temperature was normal for more than 3 days; (2) respira-
tory symptoms improved significantly; (3) pulmonary imag-
ing findings showed significant improvement in acute exuda-
tive lesions; and (4) 2 consecutive respiratory tract specimens 
showed negative nucleic acid test results (at least 24 h apart). 
The patients who met the above conditions were discharged. 
All patients were discharged from the hospital before March 
2020. We continued to perform follow-up examinations after 
the patients were discharged from the hospital. This retrospec-
tive study was approved by the Institutional Review Board of 
Xiangtan Central Hospital, and the requirement for informed 
consent was waived.

Clinical Data Collection

The clinical laboratory of the hospital was approved by the 
Chinese Center for Disease Control (CDC) to conduct this 
study, and the PCR tests were performed by another labora-
tory. Nasopharyngeal swabs and blood samples were collect-
ed from the patients, and SARS-CoV-2 was detected by PCR 
testing using a kit that was developed by the Chinese CDC. 
Blood cell counts, clotting function, blood biochemistry param-
eters, and infection indicators, including renal and liver func-
tion, creatine kinase, lactate dehydrogenase, electrolytes, lactic 
acid, and ferritin, were assessed in all patients upon admis-
sion. Routine bacterial and fungal tests were also performed. 
The antiviral drugs and corticosteroids used were lopinavir/
ritonavir (400 mg/100 mg, twice per day), arbidol (200 mg, 3 
times per day), and methylprednisolone (40 mg, once per day), 
as appropriate, in the patients who presented significant pul-
monary exudation. Oxygen support techniques, including na-
sal catheter oxygen, high-flow oxygen, and noninvasive/inva-
sive mechanical ventilation, were performed, depending on 
the severity of hypoxemia in each patient. Repeated tests for 
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SARS-CoV-2 were performed in patients confirmed to be infect-
ed with SARS-CoV-2 to show virus clearance before discharge 
or the termination of isolation. The clinical records, laboratory 
examination results, and chest CT results of all patients with 
COVID-19 confirmed by the laboratory in the public health clin-
ical center of the hospital were reviewed.

CT Image Acquisition

For CT imaging, the patients were placed in a supine position, 
and a thin-slice CT scan was performed at the end of inhala-
tion. The scan range was from the entrance of the thorax to 
under the lateral costophrenic angle. All chest CT scans were 
performed with the same scanner: a 16-slice spiral CT scan-
ner (Mx 16, Philips). The tube voltage was 120 kV, the tube 
current was 150-250 mA, wheelbase scans were performed, 
slice thickness was 1 mm, slice distance was 10 mm, and the 
matrix size was 512×512. A total of 121 scans were performed 
in the 25 patients. The images were photographed at medias-
tinal settings (window width, 360 Hounsfield units [HU]; win-
dow level, 60 HU) and lung settings (window width, 1600 HU; 
window level, 600 HU).

CT Image Evaluation

Two experienced chest radiologists independently evaluat-
ed all the chest images. The conclusions of the assessment 
were discussed, and a consensus was reached. The patients 
were divided into severe and moderate groups according to 
the criteria discussed by the clinicians and radiologists. The 
main CT classification modes used were the same as those 
defined by the Fleischer Society and other scholars: ground-
glass opacity (GGO) (increased attenuation of the fuzzy area 
not covering the underlying blood vessels), consolidation (ho-
mogeneous turbid and dark parenchyma with potential blood 
vessels), mixed (combining integration, frosted-glass transpar-
ency, and net-like transparency of architectural deformation), 
reticular (large linear or curved opaque or fine subpleural re-
ticular structure, without a large amount of ground-glass-like 
opacity), and honeycomb patterns. GGO could be exhibited by 
GGO alone, GGO+intralobular, and GGO+linear. The distribu-
tion of the lesions was mainly peripheral (mainly involving the 
surrounding one-third of the lungs), central (mainly involving 
the central two-thirds of the lungs), or both central and pe-
ripheral (continuous involvement of lung segments). In addi-
tion, air bronchogram (the bronchi containing gas were high-
ly attenuated in consolidation and GGO), crazy-paving pattern 
(the thickening of the interlobular septum and the inner line of 
the lobules were superimposed on the GGO), pleural effusion, 
pneumothorax, and pleural hyperplasia thickening could be ob-
served. The CT semiquantitative scoring method was used to 
assess the severity of the lesions [11]: the lungs were divid-
ed into 3 lung areas: the upper lung area (above the carina), 

middle lung area (below the carina to the inferior pulmonary 
vein), and lower lung area (below the pulmonary vein). Each 
lung area was scored according to the involvement of the le-
sion, as follows: 0% involvement, score of 0; involvement of 
less than 25%, score of 1; involvement of 25% to 50% or less, 
score of 2; involvement of 50% to 75% or less, score of 3; in-
volvement of more than 75%, score of 4. The total score cor-
responded to the degree of lung involvement, assessing a to-
tal of 6 lung regions in both lungs, with the maximum CT score 
of 24. All scans were classified according to whether the scan 
was performed during the first week, second week, third week, 
fourth week, second month, or fifth month after admission.

Statistical Analysis

The data were expressed as medians and interquartile ranges 
for the continuous variables and as numbers (%) for the cat-
egorical variables. The continuous and categorical variables 
were compared using a 2-tailed independent sample t test or 
Mann-Whitney U test and the c2 or Fisher’s exact test, respec-
tively. Two-sided P values of less than 0.05 were considered to 
indicate statistical significance. Statistical analyses were per-
formed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).

The study was approved by the Institutional Review Board of 
Xiangtan Central Hospital (2020-11-03), and individual con-
sent for this retrospective analysis was waived.

Results

Clinical Features and Treatment of Patients in the Severe 
and Moderate Groups

As of November 24, 2020, a total of 25 patients were includ-
ed in the study, including 13 men and 12 women. There were 
8 patients in the severe group and 17 patients in the moder-
ate group. The average time from onset to the aggravation of 
disease in severe cases was 10.2±3.7 days. The demograph-
ic data, clinical symptoms, and laboratory test results for the 
patients are summarized in Tables 1 and 2.

Three patients had a history of smoking, 2 (25%) of whom 
were severely ill. Ten patients (40%) had underlying diseas-
es; the most common were a history of surgery, hyperten-
sion, and diabetes. The most common pneumonia symptom 
was cough (80%), and the incidence of fever was 65%. As in-
dicated by urea nitrogen and creatinine levels, abnormalities 
in renal function were more common in the clinically severe 
group (2.8 vs 4.4 and 65 vs 80; P<0.05).

All patients enrolled were treated with the antiviral thera-
pies lopinavir/ritonavir and arbidol. Nine patients (34.62%) 
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underwent glucocorticoid therapy; 1 (5.6%) was moderate 
and 8 (100%) were severe. Noninvasive ventilation was used 
in 3 patients in the severe group. For the moderate group, the 
average length of hospital stay was 12.5 days, and the aver-
age hospital cost was 7663.27 RMB. The average hospitaliza-
tion time was 18.5 days for the severe group, and the average 
hospitalization cost was 42 401.85 RMB. Thus, hospitalization 
costs were significantly different between the 2 groups, while 
the average hospitalization time was not (Table 3).

Thin-Section CT Findings

Figure 1 compares the longitudinal average CT scores of the se-
vere and moderate groups. The average CT score of the severe 
group was higher than the average CT score of the moderate 
group. The average score of the severe group was higher for 

the first 4 scans, indicating the scope of the lesion. After the 
fifth scan, the average CT score of the clinically severe group 
decreased, indicating that the condition improved. The aver-
age CT score of the moderate group was the highest for the 
initial scan. Over time, the score decreased. The average CT 
score differed significantly between the 2 groups for the first 
5 scans. At the last scan, there were no significant differenc-
es in the CT score between the severe and moderate groups, 
suggesting that the residual lesions of the 2 groups improved 
(2.00 vs 0.73; P=0.085).

Table 4 describes the main CT types and CT scores of the 25 
patients. The patients underwent a total of 121 scans. The 
scans were performed upon admission and at 2 and 3 to 4 
weeks after admission. Follow-up scans were conducted after 
discharge. The follow-up scans and final scans were performed 

Moderate (n=17) Severe (n=9) P

Characteristics

Age, years 43.76±12.89 52.44±11.88 0.087

Sex 0.42

 Male  8 (47.06%)  6 (66.67%)

 Female  10 (58.82%)  3 (33.33%)

BMI 23.66±3.72 25.95±3.38 0.545

Current smoking  1 (5.88%)  2 (22.22%) 0.25

Comorbidity  6 (35.29%)  4 (44.44%) 0.81

HBP  2 (11.77%)  2 (22.22%) 0.444

DM  2 (11.77%)  2 (22.22%) 0.444

History of surgery  4 (23.53%)  2 (22.22%) 1

COPD  0 (0.00%)  1 (11.11%) 0.15

Cerebrovascular disease  1 (5.88%)  0 (0.00%) 0.471

Chronic liver  2 (11.77%)  0 (0.00%) 0.299

CKD  0 (0.00%)  1 (11.11%) 0.15

Other  1 (5.88%)  1 (11.11%) 0.603

Signs and symptoms

Fever  9 (52.94%)  5 (55.56%) 0.785

Dyspnea  1 (5.88%)  2 (22.22%) 0.25

Myalgia or fatigue  8 (47.06%)  4 (44.44%) 1

Cough or sputum  13 (76.47%)  7 (77.78%) 0.756

Diarrhea  2 (11.77%)  0 (0%) –

Virus nucleic acid negative*  12 (70.59%)  1 (11.11%) 0.015

Time of aggravation 10.22±3.73

Table 1. Comparison of demographic and clinical characteristics between patients with moderate and severe COVID-19 pneumonia.

* SARS-CoV-2 virus nucleic acid turned negative within 10 days after admission. BMI – body mass index; HBP – high blood pressure; 
DM – diabetes mellitus; COPD – chronic obstructive pulmonary disease; CKD – chronic kidney disease.

e933381-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Hu C. et al: 
Temporal lung radiographic changes in COVID-19

© Med Sci Monit, 2021; 27: e933381
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Table 2. Comparison of laboratory findings between patients with moderate and severe COVID-19 pneumonia.

Moderate (n=17) Severe (n=9) P

White blood cell count, ×109/L 4.54±1.99 5.41±2.36 0.411

Neutrophil count, ×109/L  2.47 (1.85-2.99)  2.72 (2.66-3.04) 0.136

Lymphocyte count, ×109/L 1.21±0.63 0.81±0.28 0.725

Red blood cells, ×109/L 127.06±22.94 127.11±17.14 0.359

Platelet count, ×109/L 181.67±83.07 228.89±56.70 0.394

Alanine aminotransferase, U/L 23.20±16.53 22.7±12.96 0.358

Aspartate aminotransferase, U/L 21.42±9.27 22.7±12.96 0.701

Albumin, g/L 41.90±4.52 39.45±7.83 0.132

Globulin, g/L 29.06±4.75 28.66±4.93 0.759

Blood urea nitrogen 3.18±1.34 4.88±1.72 0.548

Creatinine, µmol/L 61.11±16.19 81.33±22.91 0.471

Lactate dehydrogenase, U/L  180.5 (153-199.75)  210 (180.5-304) 0.04

Creatine kinase, U/L 66.44±29.78 118.44±119.94 0.002

Potassium, mmol/L 3.91±0.36 3.71±0.52 0.081

Sodium, mmol/L 140.8±2.09 134.7±6.52 0.048

D-dimer, mg/L 0.35±0.25 0.73±0.56 0.008

Prothrombin times, s 12.95±0.59 12.48±0.64 0.708

Activated partial thromboplastin time, s 39.43±2.95 40.13±4.59 0.12

C-reactive protein 6.35±6.62 25.49±26.52 <0.001

Lactic acid 2.67±0.61 2.61±1.36 0.057

Procalcitonin  17 (100%)  6 (66.67%) –

Serum ferritin 405.83±199.30 817.4±707.03 0.112

Table 3. Comparison of treatment and prognosis between patients with moderate and severe COVID-19 pneumonia.

Moderate (n=17) Severe (n=8) P

Treatments

Antiviral therapy from onset, days 6.39±3.84 6.0±3.42 0.245 

Use of corticosteroids  1 (5.56%)  8 (100%) <0.001

Oxygen support

Nasal cannula (<4 L/min)  17 (100%)  8 (100%) --

Nasal cannula (>4 L/min)  0 (0%)  8 (100%) --

Non-invasive ventilation or high-flow nasal 
cannula

 0 (0%)  3 (37.5%) --

Prognosis

Hospital stays, days  12.5 (9.75-18.5)  18.5 (15.5-22.5) 0.062 

Hospitalization cost, RMB
7663.27 

(5967.08-10 390.50)
42 401.85 

(31 788.01-58 536.64)
<0.001
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at least 2 and 5 months after admission. The abnormal pat-
terns of patients differed between the severe and moderate 
groups. In the initial scan, the main type was GGO (5 [5/8]) 
in the severe group and mixed (10 [10/17]) in the moderate 
group. As shown in Figure 2A, the main lesion types in the CT 
scans varied and exhibited changes over time. In the second 
week, the main type changed to the mixed type in the severe 
group, increasing the average CT score (10) (Figure 1). The 
main type of lesion in the moderate group also changed to 
the mixed type. In the second month of follow-up, the mod-
erate group showed CT imaging absorption (5) and irregular 
striped shadows (3); the severe group mainly showed mixed 
(6) and GGO patterns (3). At the last follow-up, most of the 
patients in the severe and moderate groups showed imaging 
absorption and irregular grid-like shadows.

Tables 5 and 6 summarize the longitudinal changes in the 2 
groups of patients. According to the initial scans, the lesions 
were mainly bilateral and multicenter. In the moderate group, 
there were 14 cases of GGO and 3 cases of paving stone signs 
in the initial lesions, and in the severe group, there were 8 cas-
es of GGOs and 7 cases of paving stone signs. GGO in the pa-
tients in the severe group mainly manifested as thickening of 
the GGO+lobular septum (Figure 3). As shown in Figure 2B, the 
main type of GGO in the severe group was GGO+lobular septal 
thickening in the first scan, which appeared as GGO+irregular 
strips in the final scan. The paving stone sign was reversed at 
2 months. In the moderate group, the lesions were concentrat-
ed in the periphery. In the severe group, 1 patient showed pe-
ripheral and central lesions. In the third scan, some patients in 
the severe group had pleural effusion (in the first scan, 1 pa-
tient; in the second scan, 2 patients; and in the third scan, 1 
patient). In the subsequent scans, the cases of pleural effusion 
were absorbed. In the follow-up and final scans, 9 patients in 

the moderate group showed negative, while only 2 patients 
in the severe group showed negative. A total of 9 patients 
showed residual lesions, with an average score of 1.06, with 
6 having irregular striped shadows, 2 having mixed-type le-
sions, and 1 having GGO. Figures 3-6 show 4 CT patterns of 
GGO, consolidation, GGO combined with part consolidation, 
and mixed, respectively.

Discussion

This study described the clinical features and lung abnormali-
ty changes of 25 patients with COVID-19 pneumonia who did 
not require invasive mechanical ventilation from admission 
to the 5-month follow-up. Clinically severe patients had more 
test abnormalities than did the moderate group on admission.

In the first 2 months, the clinical pulmonary disease in the se-
vere patients without mechanical ventilation was more serious 
than that in the moderate group. However, at the 5-month fol-
low-up, there was no statistically significant difference in the 
average CT scores of pulmonary lesions between the 2 groups, 
suggesting that pulmonary lesions in severe patients who did 
not require invasive mechanical ventilation were similar to 
those in the moderate group at the fifth month after onset.

There were fewer negative nucleic acid test results with the 
throat swabs in the severe group than in the moderate group 
within 10 days, which might have been related to the severe 
group’s decreased ability to clear the virus but might also 
have been related to the use of glucocorticoids in the severe 
group. Previous studies on SARS showed that glucocorticoids 
could delay virus clearance [12]. Moreover, an influenza study 
showed that the virus clearance rate was weaker in severe 

10

8

6

4

2

0

p=0.008
p=0.003

p=0.004

Week 1 Week 2 Week 3

Average CT score/per patient

Non-severe
Severe
Non-severe
Severe

Week 4 Month 2 Month 5

p=0.085

p<0.001

p<0.001

Figure 1.  Temporal change in average computed tomography score in moderate and clinically severe groups. Microsoft Excel, Office 
365.
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Table 4.  Longitudinal lung changes in the computed tomography features in patients with moderate and severe COVID-19 pneumonia.

Patient No./Sex/Age 
(years)

Features at 
Week 1 (n)

Features at 
Week 2 (n)

Features at 
Week 3 (n)

Features at 
Week 4 (n)

Features at 
Month 2

Features at 
Month 5

Moderate

P1/Female/38 Mixed (4) Mixed (4) NP Resolution Resolution Resolution

P2/Male/39 GGO (12) GGO (6) NP NP Resolution Resolution

P3/Male/39 GGO (5) GGO (3) GGO (2) GGO (1) Resolution NP

P4/Female/47 GGO (2) Mixed (2) Mixed (2) Mixed (2) Mixed (2) Resolution

P5/Female/44 GGO (6) GGO (6) Mixed (6) NP NP NP

P6/Male/47 Mixed (2) Mixed (2) NP NP Mixed (1) NP

P7/Male/41 Mixed (4) Mixed (2) NP NP NP NP

P8/Male/29 Mixed (3) Mixed (2) Mixed (2) Mixed (2) GGO (2) Resolution

P9/Female/41 Mixed (4) Mixed (4) Mixed (4) Mixed (3) Mixed (2)
Reticular 

pattern (2)

P10/Male/30 Mixed (9) Mixed (7) NP GGO (1) GGO (1) Resolution

P11/Female/34
Consolidation 

(2)
Consolidation 

(3)
GGO (2) GGO (2) GGO (1) Resolution

P12/Female/58 Mixed (3) Mixed (3) Mixed (2) NP
Reticular 

pattern (2)
NP

P13/Male/54
Consolidation 

(2)
Consolidation 

(2)
Consolidation 

(1)
NP

Reticular 
pattern (1)

Reticular 
pattern (1)

P14/Female/36 Mixed (2) Mixed (1) NP NP Resolution Resolution

P15/Female/83
Consolidation 

(3)
Consolidation (3)

Reticular 
pattern (3)

Reticular 
pattern (3)

Reticular 
pattern (3)

Reticular 
pattern (3)

P16/Male/38 Mixed (5) Mixed (5) Mixed (3) NP Resolution NP

P17/Female/50 Mixed (3) Mixed (6) Mixed (10) NP Mixed (2) Mixed (2)

Severe

P1/Male/34 Mixed (14) Mixed (10) Mixed (4) NP Mixed (4) NP

P2/Male/48 GGO (10) Mixed (8) Mixed (7) Mixed (7) GGO (4) Resolution

P3/Male/37 GGO (3) Mixed (13) NP Mixed (11) Mixed (10)
Reticular 

pattern (7)

P4/Female/55 GGO (6) Mixed (6) Mixed (6) Mixed (6) Mixed (5)
Reticular 

pattern (4)

P5/Female/67 Mixed (7) Mixed (6) Mixed (8) NP Mixed (6) Mixed (4)

P6/Female/67 GGO (4) Mixed (5) Mixed (5) Mixed (4) GGO (4) GGO (2)

P7/Male/55 GGO (8) GGO (20) GGO (18) GGO (16) GGO (8) Resolution

P8/Male/48 Mixed (8) Mixed (12) Mixed (8) NP Mixed (4)
Reticular 

pattern (2)

P9/Male/61 GGO (8) Mixed (10) Mixed (8) NP Mixed (6) NP

GGO – ground-glass opacity; NP – not present.
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Figure 2.  (A, B) Temporal change in the main patterns of computed tomography and ground-glass opacity in moderate and clinically 
severe groups. Microsoft Excel, Office 365.

Table 5. Computed tomography characteristics and scores in patients with moderate COVID-19 pneumonia.

CT characteristics Week 1 Week 2 Week 3 Week 4 Month2 Month 5 P value

Lung involvement 17 17 11 7 15 11

Unilateral  4 (23.53%)  4 (23.53%)  3 (27.27%)  3 (27.27%)  5 (33.33%)  1 (9.09%)

Bilateral  13 (76.47%)  13 (76.47%)  8 (72.73%)  4 (72.73%)  4 (26.67%)  3 (27.27%)

Location

Central  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)

Peripheral  12 (70.59%)  14 (82.35%)  10 (90.90%)  6 (75.00%)  8 (53.33%)  4 (36.36%)

Both  5 (29.41%)  3 (17.65%)  1 (9.09%)  1 (12.50%)  1 (6.67%)  0 (0%)

Extent of lesion involvement

Focal  3 (17.65%)  3 (17.65%)  2 (18.18%)  1 (12.50%)  4 (26.67%)  1 (9.09%)

Multifocal  11 (64.70%)  11 (64.70%)  7 (63.64%)  6 (75.00%)  5 (33.33%)  3 (27.27%)

Diffuse  3 (17.65%)  3 (17.65%)  2 (18.18%)  0 (0%)  0 (0%)  0 (0%)

Ground-glass opacity  14 (82.35%)  14 (82.35%)  8 (72.73%)  6 (62.50%)  7 (46.67%)  2 (18.18%)

Crazy-paving pattern  3 (17.65%)  3 (17.65%)  2 (18.18%)  1 (12.50%)  0 (0%)  0 (0%)

Air bronchogram  4 (41.71%)  2 (11.76%)  1 (9.09%)  0 (0%)  0 (0%)  0 (0%)

Thickening of the adjacent 
pleura

 5 (29.41%)  7 (41.18%)  5 (45.45%)  2 (25.00%)  0 (0%)  0 (0%)

Pleural effusion  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)

Pneumothorax  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)

Average CT scores 4.18 3.59 3.36 1.71 1 0.73

CT – computed tomography.
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cases than in moderate cases [13]. Consistent with previous 
studies [14,15], in the present study we found that patients 
with severe disease showed hypercoagulability and creatine 
kinase abnormalities, which might have been related to the 
expression of the angiotensin-converting enzyme 2 receptor 
of SARS-CoV-2 in the vascular endothelium and heart, endo-
thelial dysfunction, and infection damage [4,16]. In addition, 
in the present study, all severe patients were administered 
glucocorticoids. In the RECOVERY trial, glucocorticoids im-
proved the survival rate among severe cases [17]. In the pres-
ent study, the severe group showed longer hospital stays and 
higher hospital costs.

GGO was more commonly observed on initial thin-slice CT scans 
in severe cases, as supported by the study by Han et al [18], 
but mixed GGO was more commonly observed in moderate cas-
es. Three patients presented with consolidation. In the second 
week, the main CT type in the severe group changed to mixed.

Both the severe and moderate groups’ lung CT lesions mainly 
manifested as bilateral lesions. Those in the moderate group 

mostly manifested as peripheral lesions near the subpleu-
ral. Those in the severe group manifested as multicentric le-
sions. These results are somewhat inconsistent with those of 
Wei et al, which might be related to those authors’ not con-
ducting a subgroup analysis of patients with severe illness-
es [19]. Interestingly, in the present study, the CT scores de-
clined gradually over time in the moderate group, while in the 
severe group, the CT scores were the highest in the second 
week and then gradually decreased, consistent with the time 
of exacerbation of pneumonia reported previously [8,18,20]. 
Moreover, the severe group had more cases with air broncho-
gram and pleural effusion that persisted longer than in the 
moderate group, which often indicates worsening of the dis-
ease in patients with pneumonia [21,22].

Through regular thin-slice CT examinations of the patients, 
we found that the lung lesions of the patients with pneumo-
nia could gradually absorb and improve, and moderate cases 
showed irregular reticular patterns earlier than did those with 
severe cases, suggesting that the lesions entered the recovery 
stage or possible stages of fibrosis. In the subsequent stage 

Table 6. Computed tomography characteristics and scores in patients with severe COVID-19 pneumonia.

CT characteristics Week 1 Week 2 Week 3 Week 4 Month2 Month 5 P value

Lung involvement 9 9 8 5 9 7

Unilateral  1 (11.11%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)

Bilateral  8 (88.89%)  9 (100%)  8 (100%)  5 (100%)  9 (100%)  7 (100%)

Location

Central  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)  0 (0%)

Peripheral  4 (44.44%)  3 (33.33%)  4 (50.00%)  2 (40.00%)  4 (44.44%)  5 (71.43%)

Both  5 (55.56%)  6 (66.67%)  4 (50.00%)  3 (60.00%)  5 (55.56%)  0 (0%)

Extent of lesion involvement

Focal  1 (11.11%)  0 (0%)  0 (0%)  0 (0%)  1 (11.11%)  1 (14.29%)

Multifocal  5 (55.56%)  5 (55.56%)  6 (75.00%)  3 (60.00%)  7 (77.78%)  4 (57.14%)

Diffuse  3 (33.33%)  4 (44.44%)  2 (25.00%)  2 (40.00%)  1 (11.11%)  0 (0%)

Ground-glass opacity  8 (88.89%)  8 (88.89%)  7 (87.50%)  4 (80.00%)  8 (88.89%)  4 (57.14%)

Crazy-paving pattern  8 (88.89%)  7 (77.78%)  5 (62.50%)  4 (80.00%)  3 (33.33%)  0 (0%)

Air bronchogram  4 (44.44%)  5 (55.56%)  4 (50.00%)  2 (40.00%)  1 (11.11%)  0 (0%)

Thickening of the adjacent 
pleura

 4 (44.44%)  4 (44.44%)  4 (50.00%)  3 (60.00%)  1 (11.11%)  1 (14.29%)

Pleural effusion  1 (11.11%)  2 (22.22%)  1 (12.50%)  0 (0%)  0 (0%)  0 (0%)

Pneumothorax  0 (0%)  0 (0%)  0 (0%)  0 (0%)  1 (11.11%)  0 (0%)

Average CT scores 7.56 10 8 8.8 5.67 2.71

CT – computed tomography.
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Figure 3.  Series computed tomography (CT) scans in 39-year-old man with COVID-19 pneumonia. (A) CT scan obtained on illness day 7 
shows diffuse ground-glass opacity. (B) CT scan obtained of illness at month 5 shows that the lesion had been absorbed.

A B

Figure 4.  Series computed tomography (CT) scans in a 34-year-old woman with COVID-19 pneumonia. (A) CT scan obtained on illness 
day 10 shows consolidation in right lung. (B) CT scan obtained at month 2 shows the obvious absorption of abnormalities.
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Figure 5.  Series computed tomography (CT) scans in 29-year-old man with COVID-19 pneumonia. (A) CT scan obtained on illness day 
17 shows ground-glass opacity combined with partial consolidation. (B) CT scan obtained at month 2 shows that the lesion 
had been absorbed.
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Figure 6.  Series computed tomography (CT) scans in 48-year-old man with COVID-19 pneumonia. (A) CT scan obtained on illness day 3 
shows mixed pattern (with ground-glass opacity, reticular pattern, and consolidation. (B) CT scan obtained at month 2 shows 
the obvious absorption of abnormalities.
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of recovery, the CT score was higher in the severe group than 
in the moderate group in the first 2 months. However, after 
5 months of follow-up, the patients with and without severe 
lung disease did not show statistically significantly different 
scores, suggesting that lung lesions after COVID-19 pneumo-
nia infection could absorb over time and that the degree of 
absorption of the remaining lesions might not be consistent 
with the severity of the initial condition. Regarding patients 
with SARS pneumonia, studies including follow-up examina-
tions have also shown that pulmonary fibrosis can heal on its 
own and the mechanism of fibrosis after viral infection might 
be inconsistent with that of idiopathic pulmonary fibrosis [23]. 
Therefore, further exploration of the pathophysiological mech-
anisms is still necessary.

There are limitations to our study. It should be noted that the 
patients in our study were mainly from 1 city. Due to the con-
trol of the epidemic in China, the sample size was only 25 cas-
es, potentially leading to selection bias. Moreover, due to the 
infectivity of SARS-CoV-2, we did not conduct a lung function 
test, which might have prevented us from revealing a trend in 
the changes in lung function in the recovered patients.

Conclusions

The early imaging recovery of patients with severe COVID-19 
without endotracheal intubation was slower than that of mod-
erate patients, and the residual lesions were more pronounced. 
However, after 5 months of follow-up, there was no significant 
difference in image scores between severe patients without 
endotracheal intubation and moderate patients. The absorp-
tion of residual pulmonary lesions after SARS-CoV-2 infection 
was gradual. The lesions from SARS-CoV-2 infection might be 
inconsistent with the pulmonary lesions of SARS and MERS; 
therefore, a longer follow-up period for thin-slice CT and ac-
companying functional studies is needed to determine the 
long-term pulmonary sequelae of SARS-CoV-2.
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