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Introduction

Since December 2019, pneumonia caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has spread throughout China and around the world, 
resulting in serious impacts on people’s health and life, 
society, and the economy (1,2). On February 7, 2020, the 
National Health Council of China changed the name of 
novel coronavirus pneumonia to coronavirus disease 2019 
(COVID-19), whose primary manifestations are fever, 
dry cough, and fatigue. A COVID-19 diagnosis requires a 
positive nucleic acid test result or viral gene sequencing (3).  
Due to differences in the specificity and sensitivity of 
the tests, false negative results are prone to occur. Thus, 
imaging has become a convenient and effective means for 
the diagnosis and assessment of COVID-19, and there have 
been some studies on the pulmonary imaging characteristics 
of COVID-19 patients (4-6). 

With the implementation of prevention and control 
measures, as well as relevant effective treatments, 
COVID-19 patients have been cured and discharged 
extensively nationwide. However, the healing process and 
patterns of COVID-19 patients are still unclear. Some 
scholars have summarized the pulmonary computed 
tomography (CT) characteristics of COVID-19 patients 
during hospitalization (7,8), but the imaging characteristics 
and outcomes  in  the  lungs  of  cured  COVID-19 
patients have not been reported. Therefore, this study 
retrospectively analyzed the pulmonary CT characteristics 
and dynamic changes in the lungs of cured COVID-19 
patients at discharge and reexamination to provide a 
reference for the clinical assessment of treatment efficacy 
and patient prognosis. Observing the short-term residual 
and change of lung lesions after cure is beneficial to the 
clinical understanding of the absorption rule of lung lesions 
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Background: To retrospectively analyze the pulmonary computed tomography (CT) characteristics and 
dynamic changes in the lungs of cured coronavirus disease 2019 (COVID-19) patients at discharge and 
reexamination.
Methods: A total of 155 cured COVID-19 patients admitted to designated hospitals in Yunnan Province, 
China, from February 1, 2020, to March 20, 2020, were included. All patients underwent pulmonary CT 
at discharge and at 2 weeks after discharge (during reexamination at hospital). A retrospective analysis was 
performed using these two pulmonary CT scans of the cured patients to observe changes in the number, 
distribution, morphology, and density of lesions.
Results: At discharge, the lung CT images of 15 cured patients showed no obvious lesions, while those 
of the remaining 140 patients showed different degrees of residual lesions. Patients with moderate disease 
mostly had multiple pulmonary lesions, mainly in the lower lobes of both lungs. At reexamination, the lung 
lesions in the patients with moderate disease had significantly improved (P<0.05), and the lung lesions in 
the patients with severe disease had partially improved, especially in patients with multi-lobe involvement 
(χ2=3.956, P<0.05). At reexamination, the lung lesions of patients with severe disease did not show significant 
changes (P>0.05).
Conclusions: The pulmonary CT manifestations of cured COVID-19 patients had certain characteristics and 
variation patterns, providing a reference for the clinical evaluation of treatment efficacy and prognosis of patients.
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Table 1 Basic information of coronavirus disease 2019 (COVID-19) 
patients

Clinical features Patient (n=155)

Age 

Median 41

Range 8–73

<41 78 (50.3%)

≥41 77 (49.7%)

Sex 

Male 76 (49.0%)

Female 79 (51.0%)

Exposure history 

Hubei residence history 95 (61.3%)

Close contact 60 (38.7%)

Clinical symptoms 

Fever 132 (85.2%)

Cough 129 (83.2%)

Shortness of breath 16 (10.3%)

Sore throat 41(26.5%)

Running nose 62 (40.0%)

Fatigue 123 (79.4%)

Headache 50 (32.3%)

Muscular soreness 14 (9.0%)

Chest pain 11 (7.1%)

Nausea, vomiting, and diarrhea 17 (11.0%)

No obvious clinical manifestations 14 (9.0%)

Comorbidities 

Acute respiratory distress syndrome (ARDS) 1 (0.6%)

Acute kidney injury 1 (0.6%)

Acute liver injury 1 (0.6%)

Underlying disease 

Diabetes 9 (5.8%)

Hypertension 8 (5.2%)

Chronic obstructive pulmonary disease 
(COPD) 

3 (1.9%)

Coronary heart disease 1 (0.6%)

Hepatitis B 2 (1.3%)

Table 1 (continued)

Table 1 (continued)

Clinical features Patient (n=155)

Hypothyroidism 1 (0.6%)

Hyperthyroidism 1 (0.6%)

Clinical classification 

Moderate 135 (87.1%)

Severe 20 (12.9%)

after treatment. 
We present the following article in accordance with the 

MDAR checklist (available at http://dx.doi.org/10.21037/
apm-20-2532).

Methods

General information

A total of 155 cured COVID-19 patients admitted to 
designated hospitals in Yunnan Province, China, from 
February 1, 2020, to March 20, 2020, were included in the 
present study. The patients’ relevant basic information is 
shown in Table 1. The diagnosis and discharge standards 
of all patients were in line with the Diagnosis and Treatment 
of COVID-19 (7th edition) guidelines. According to the 
guidelines, all patients underwent pulmonary CT at 
discharge and at 2 weeks after discharge. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). This study was approved by the Ethics Committee 
of First Affiliated Hospital of Kunming Medical University, 
and confirm that informed consent was obtained from all 
patients. 

Instruments and methods

Included patients underwent pulmonary CT in a specific 
room at discharge and at 2 weeks after discharge; the room 
was strictly disinfected before and after examination, and all 
technicians used appropriate personal protective equipment. 
A 64-slice spiral CT (Philips, Netherlands; GE, USA; and 
Siemens, Germany) was used, and the scanning parameters 
were as follows: tube voltage, 100–120 kV; tube current, 
100–300 mA; scan slice thickness, 5 mm; slice thicknesses 
for image reconstruction, 1 mm; spacing, 0.7 mm (window 
width: 1,500 HU, window position: −400 HU); and scan 

http://dx.doi.org/10.21037/apm-20-2532
http://dx.doi.org/10.21037/apm-20-2532
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Table 2 Distribution of lung lesions in patients with moderate and severe disease at discharge and reexamination

 Distribution 
Discharge (n=140) Reexamination (n=140)

χ2 value  P value 
n (moderate/severe) Percentage (%) n (moderate/severe) Percentage (%)

Number of lung lobes 

1/single lobe 16/0 13.3/0 31/1 25.8/5.0 5.953/1.026 0.015/0.311

2 36/1 30.0/5.0 59/3 49.2/15.0 9.217/1.111 0.002/2.292

3 45/2 37.5/10.0 21/5 26.7/25.0 12.038/1.558 0.001/0.212

4 18/7 15.0/35.0 8/8 6.7/40.0 5.382/0.107 0.020/0.744

5 5/10 4.2/50.0 0/4 0.0/20.0 5.106/3.956 0.024/0.047

Multiple lobes 104/20 86.7/100 89/19 74.2/95.0 5.953/1.026 0.015/0.311

Both lungs 101/20 84.2/100 86/19 71.7/95.0 5.448/1.026 0.020/0.311

Left lung 107/20 89.2/100 92/19 76.7/95.0 1.505/1.026 0.220/0.311

Right lung 114/20 95.0/100 101/20 84.2/100 7.546/– 0.006/–

Upper lobes of left lung 26/11 21.7/55.0 10/7 8.3/35.0 8.366/1.616 0.004/0.204

Lower lobes of left lung 90/20 75.0/100 83/19 69.2/95.0 1.015/1.026 0.314/0.311

Upper lobes of right lung 31/13 25.8/65.0 11/8 9.2/40.0 11.544/2.506 0.001/0.113

Middle lobes of right lung 15/10 12.5/50.0 7/6 5.8/30.0 3.203/1.667 0.074/0.197

Lower lobes of right lung 110/20 91.7/100 102/20 85.0/100 2.588/– 0.108/–

range, from the base to the tip of the lung. 
Two associate chief radiologists with experience in chest 

imaging were selected to examine the images independently. 
When there was disagreement between these two 
radiologists, a third senior radiologist examined the images 
and made the final decision. Image analysis included lesion 
distribution, morphology, ground-glass opacities (GGOs), 
consolidation shadows, interlobular septal thickening (IST), 
parenchymal bands, subpleural lines (dense linear shadows 
parallel to the pleura), vascular enlargement in lesions, and 
air bronchograms. 

Statistical methods

SPSS Statistics 20.0 (IBM, USA) was used for statistical 
analysis, and Pearson’s chi-square test was also used. Count 
data were expressed as the number of cases and the percentage 
[n (%)], and P<0.05 was considered statistically significant. 

Results

Pulmonary CT characteristics at discharge

Fifteen cured patients did not have obvious lesions on 

pulmonary CT at discharge and did not return to the 
hospital for reexamination. Based on pulmonary CT 
images, the remaining 140 patients still had various 
degrees of residual lesions at discharge, which were mainly 
distributed in the periphery and subpleural area of both 
lungs, especially in the lower lobes of the lungs. 

Multiple pulmonary lesions were the main manifestations 
in patients with moderate disease (104 cases, 86.7%), 
primarily in the lower lobes of both lungs (Table 2). For 
these patients, the main pulmonary CT manifestations 
were as follows: GGOs in 38 patients (31.7%), mostly in 
the shape of a patch or strip; consolidation shadows in 82 
patients (68.3%), mainly patchy or irregular shapes; air 
bronchograms in 11 patients (9.2%); IST in 92 patients 
(76.7%) and parenchymal bands in 111 patients (92.5%), 
observed in primary lesions; dense linear shadows parallel to 
the pleura (subpleural lines) in 86 patients (71.7%), observed 
in lesions in the periphery of both lungs; and vascular 
enlargement in lesions in 26 patients (21.7%) (Table 3).  
No obvious pleural effusion or lymph node enlargement 
was observed. 

Patients with severe disease mostly had multiple 
pulmonary lesions that involved multiple lobes (Table 2). 
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Table 4 Computed tomography (CT) characteristics of patients with severe disease at discharge and reexamination

CT characteristics 
Discharge (n=20) Reexamination (n=20)

χ2 value P value 
n Percentage (%) n Percentage (%)

Ground-glass opacity (GGO) 19 95 18 90 0.360 0.548

Consolidation shadow 10 50 9 45 0.100 0.752

Interlobular septal thickening (IST) 16 80 13 65 1.129 0.288

Parenchymal band 15 75 15 75 0.000 1.000

Subpleural lines 6 30 8 40 0.440 0.507

Vascular enlargement in lesions 10 50 6 30 1.667 0.197

Air bronchogram 4 20 3 15 0.173 0.677

Table 3 Computed tomography (CT) characteristics of patients with moderate disease at discharge and reexamination

CT characteristics 
Discharge (n=120) Reexamination (n=120)

χ2 value  P value 
n Percentage (%) n Percentage (%)

Ground-glass opacity (GGO)* 38 31.7 21 17.5 6.495 0.011

Consolidation shadow* 82 68.3 56 46.7 11.526 0.001

Interlobular septal thickening (IST)* 92 76.7 49 40.8 31.790 0.000

Parenchymal band* 111 92.5 85 70.8 18.813 0.000

Subpleural lines* 86 71.7 41 34.2 33.865 0.000

Vascular enlargement in lesions* 26 21.7 12 10.0 6.128 0.013

Air bronchogram 11 9.2 6 5.0 1.583 0.208

*, P<0.05.

The main pulmonary CT manifestations in these patients 
were as follows: GGOs in 19 patients (95.0%), consolidation 
shadows in 10 patients (50.0%), IST in 16 patients (80.0%), 
parenchymal bands in 15 patients (75.0%), subpleural lines 
in six patients (30.0%), vascular enlargement in lesions in 
10 patients (50.0%), and air bronchograms in 4 patients 
(20.0%) (Table 4). No obvious pleural effusion or lymph 
node enlargement was found.

Pulmonary CT characteristics at reexamination

At reexamination, the lung lesions of patients with moderate 
disease were significantly improved, especially lesions in 
the upper lobes of the lungs (P<0.05) (Table 2). Five patients 
had newly developed patchy GGOs with blurred borders in 
the lungs, and GGOs in 21 patients with moderate disease 
(17.5%) were markedly improved (χ2=6.495, P<0.05). The 
absorption of consolidation shadows and parenchymal 

bands was slow, and some GGOs turned into consolidation 
shadows (Figure 1). The consolidation shadows in 56 
patients with moderate disease (46.7%) had substantially 
improved (χ2=11.526, P<0.05), and parenchymal bands in 
85 patients with moderate disease (70.8%) were notably 
reduced (χ2=18.813, P<0.05) (Figure 2). The absorption 
of IST and subpleural lines was fast; IST in 49 patients 
with moderate disease (40.8%) had significantly improved 
(χ2=31.790, P<0.05) (Figure 3), and subpleural lines in 41 
patients with moderate disease (34.2%) were markedly 
reduced (χ2=33.865, P<0.05). Vascular enlargement in 
lesions in 12 patients with moderate disease (10.0%) 
was considerably reduced (χ2=6.128, P<0.05), and air 
bronchograms in six patients with moderate disease (5.0%) 
did not improve significantly (χ2=1.583, P>0.05) (Table 3). 

At reexamination, the lung lesions in patients with 
severe disease had partially improved, especially in patients 
with multi-lobe involvement (χ2=3.956, P<0.05) (Table 2).  
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Figure 1 Coronavirus disease 2019 (COVID-19) with moderate disease. (A). At discharge, patchy ground-glass opacity (GGO) was scattered 
in the subpleural part of the right lung with a well-defined border. (B) At reexamination, these GGOs were smaller and denser than before, 
showing a consolidation shadow (arrow).

Figure 2 Coronavirus disease 2019 (COVID-19) with moderate disease. (A) At discharge, in the lower lobe of double lung, there were strip-
like consolidation shadow and fiber cord shadow with clear boundaries. (B) At reexamination, the lesions in the lower lobe of both lungs 
were completely absorbed.

BA

BA

However, the GGOs, consolidation shadows, IST, 
parenchymal bands, subpleural lines, vascular enlargement 
in lesions, and air bronchograms in patients with severe 
disease did not show significant changes at reexamination 
(P>0.05) (Table 4, Figure 4).

Discussion

Most COVID-19 patients have mild or moderate disease, 
however a small number of patients progress rapidly and 
develop severe and critical disease, making treatment 
difficult. The condition of COVID-19 patients is associated 
with many factors, including physique, underlying 
diseases, and treatment regimens. The condition of some 
patients might fluctuate, and they can even develop acute 

respiratory distress syndrome (ARDS) or multiple organ 
failure (MOF), which may be related to a cytokine storm 
(9,10). The participants enrolled in this study were cured 
patients, including 120 patients with moderate disease and 
20 patients with severe disease, and some had underlying 
comorbidities. Chen et al. (11) retrospectively analyzed 
99 hospitalized patients and found that patients mainly 
presented with fever, cough, and related respiratory 
symptoms, accompanied by concomitant symptoms in other 
parts of the body. These findings are consistent with the 
results of the present study. In addition, some patients in 
this study had other symptoms, such as nausea, vomiting, 
and diarrhea, indicating that SARS-CoV-2 may also cause 
gastrointestinal wall damage and dysfunction, similar to 
the symptoms associated with SARS and Middle East 
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Figure 3 Coronavirus disease 2019 (COVID-19) with moderate disease. (A) At discharge, in the lower lobe of double lung, there 
were ground-glass opacity (GGO), interlobular septal thickening (IST), fiber cord shadow and vascular enlargement in lesions. (B) At 
reexamination, the lesions in the lower lobe of both lungs were more absorbed than before.

Figure 4 Coronavirus disease 2019 (COVID-19) with severe disease. (A) At discharge, multiple ground-glass opacities (GGOs) and partial 
consolidation were seen in the peripheral bands of both lungs. (B) At reexamination, the double lung lesions were more absorbed, and 
subpleural lines was seen (arrow).

BA

BA

respiratory syndrome (MERS) (12). 
At the early stage of treatment, patients in this study 

had varying lung lesions with different ranges and degrees 
that were effectively treated. At discharge, 15 patients had 
no lung lesions. Studies have shown that the pathological 
characteristics of COVID-19 are very similar to those 
of SARS and MERS, and manifest as alveolar damage 
with cellular fibromyxoid exudates (13). Therefore, the 
absorption of lung lesions in COVID-19 patients is slow, 
especially in patients with severe disease and severe lung 
injury. In this study, 140 patients still had different degrees 
of lesions on lung CT images at discharge. Due to the small 
size of SARS-CoV-2, after inhalation through the airway, 

it mainly invades the bronchioles, causing bronchiolitis 
and peripheral inflammation, and spreads distally, invading 
lung tissues. SARS-CoV-2 tends to invade the periphery of 
both lungs with abundant capillaries, especially the lower 
lobes (14). Therefore, most lung lesions in patients in this 
study were located in the periphery and subpleural area 
of both lungs, which is consistent with the distribution 
characteristics of the initial lesions, and may also be related 
to the fact that SARS-CoV-2 mainly colonizes lower 
respiratory bronchioles and alveolar epithelial cells (15). In 
addition, this study found that the lesions mostly involved 
the lower lobes of the right lung, which is consistent 
with the characteristics of aspiration pneumonia. At 
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reexamination, CT images showed that the absorption of 
lesions in the upper lobes of the lungs was relatively fast 
and that the absorption of the lesions in the lower lobes of 
the lungs was slow, which was due to the relatively severe 
damage in the lower lobes of the lungs. 

In COVID-19 patients, pulmonary CT mainly shows 
multiple GGOs and consolidation shadows distributed 
along the bronchovascular bundle in both lungs, and 
IST is also observed in some cases (16). This is primarily 
caused by thickening of the alveolar wall, collapsed alveoli, 
and increased local blood flow. SARS-CoV-2 first invades 
the distal peribronchial interstitium below the lobular 
bronchioles. Lymphatic reflux in the central area of the 
lobules is centripetal and thus conducive to the formation 
of circular GGOs. Subsequently, SARS-CoV-2 gradually 
spreads to the entire secondary pulmonary lobules and 
surrounding lung tissues, forming patchy GGOs, whose 
size is consistent with that of the secondary pulmonary 
lobules. With the enlargement and fusion of the lesions, 
large patchy GGOs form. When the virus affects the 
interstitial substance around the lobules, GGOs often 
appear as stripe-like, which is due to the fact that the 
lymphatic circumfluence in this region involves peripheral 
drainage to the subpleural and interlobular septa. The 
lesions are close to the pleura and spread along the bilateral 
interlobular septa, causing the long axis of the lesions 
to be parallel to the pleura. Therefore, GGOs mostly 
manifest with round, patchy, large patchy, and striped 
morphologies. In this study, the GGOs in the patients were 
mainly caused by the gradual absorption and reduction 
in the original patchy and striped lesions. According to 
previous studies, the presence of GGOs suggests the 
existence of exudative lesions in the lungs, indicating that 
there might be a small amount of virus remaining in the 
patient. Therefore, monitoring the health of discharged 
patients is necessary (17). Studies have shown that it is 
still possible for convalescent patients to show positive for 
SARS-CoV-2 nucleic acid detection, but most of the re-
positive patients showed no deterioration in pulmonary 
CT findings. Continuous quarantine and close follow-up 
for convalescent patients are necessary to prevent possible 
relapse and spread of the disease to some extent (18).

In this study, five patients had newly developed GGOs 
in the lungs at reexamination, and the borders were 
ambiguous. Since the GGOs in the lungs of COVID-19 
patients are mostly clear and straight, we believed that the 
newly developed GGOs were caused by other bacterial 
infections, and the newly developed GGOs improved 

after antibiotic treatment. In the remaining patients, 
GGOs decreased significantly, and some of them changed 
to consolidation shadows. Song et al. (19) considered 
pulmonary consolidation to be one of the indicators for 
the progression or exacerbation of COVID-19. In the 
absorption phase, consolidation shadows appear as a result 
of pulmonary interstitial fibrosis and alveolar collapse. 
However, the lesion range is smaller than in previous stages, 
the density is higher compared to the early and progressive 
stages, and air bronchospasms are rare. Therefore, reduced 
GGO range and increased density may indicate that a 
patient’s condition has improved. SARS-CoV-2 enters 
the alveoli and easily binds to type II alveolar epithelial 
cells, causing reduced secretion of alveolar surfactants, 
which leads to adhesive atelectasis. These lesions are also 
classified as consolidation shadows and are consistent with 
the clinical symptoms of hypoxemia and dyspnea. This may 
also be one of the reasons for the slow absorption of lung 
consolidation shadows in this study, and nearly half of the 
patients still had consolidation shadows at reexamination. 
COVID-19 pulmonary lesions are often associated with 
enlarged vascular bundles (20), which are manifestations 
of vasculitis, perivasculitis, and hyperemia resulting from 
lesions involving the pulmonary arteries, which is mainly 
due to the acute inflammatory response. A small amount of 
vascular enlargement in lesions was observed in the cured 
COVID-19 patients in this study, which may be attributable 
to perivascular interstitial thickening, although this 
gradually reduced with improvement of the disease. 

IST on CT images often manifests as short-line high-
density shadows extending to the pleura, also known as 
“septal shadows”. It has been reported that IST can occur 
in the early stage of COVID-19 and throughout the 
entire disease course (21,22), suggesting that COVID-19 
can involve the interstitial substance, making it fibrous. 
Previous studies have shown that pulmonary interstitial 
fibrosis is severe in SARS patients and that intralobular 
interstitium, IST, and subpleural lines remain in the lobules 
after discharge (23,24). However, recent autopsy results 
showed that the pulmonary fibrosis in a COVID-19 patient 
was not as severe as that in SARS patients and that the 
exudative response was more obvious compared to SARS 
patients (25). This study found that in COVID-19 patients, 
there were varying degrees of absorption of and reduction 
in IST and parenchymal bands, suggesting that the degree 
of interstitial lung fibrosis in COVID-19 did not reach the 
level of complete fibrosis and that there was still a recovery 
potential. Whether parenchymal bands indicate irreversible 
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fibrosis and affect the recovery of lung function and the 
clinical prognosis of patients remains to be investigated in 
studies with large sample sizes and long-term follow-up. To 
further explore CT features of pulmonary fibrosis recovery 
potential. Subpleural lines appear as a linear shadow parallel 
to the pleura and are commonly seen as striped lesions in 
the subpleural area of the lung. The formation mechanism 
may involve the following: the interlobular septum at 
the inner and outer ends of the lesion recovers relatively 
quickly, and the striped septal shadow remains in the middle 
of the lesion. In this study, at reexamination, subpleural 
lines existed in only 34.2% of the patients with moderate 
disease, while the number of patients with severe disease 
with subpleural lines was higher. Therefore, subpleural 
lines in the periphery of the lungs suggest that the lung 
lesions in COVID-19 patients might be in the absorption 
phase, and the patient has a good prognosis. According 
to the guidelines, the CT features of the lung that meet 
the discharge criteria is the acute exudative lesions were 
significantly improved. In this study, it was found that the 
changes of lung lesions were not obvious in the patients 
with severe disease, indicating that severe disease caused 
severe lung damage and slow recovery. Therefore, the 
frequency of return visit should be increased, and the 
changes of lungs should be observed with emphasis.

In summary, pulmonary CT can directly reflect the 
post-treatment trends of pulmonary lesions in COVID-19 
patients, providing a reference for the clinical evaluation of 
treatment efficacy and the prognosis of patients. However, 
this study also had limitations that should be noted. Firstly, 
the sample size was relatively small; large-sample and 
multicenter studies are required to validate the results. 
Secondly, only the results of one CT reexamination were 
analyzed; multiple follow-up visits are needed to acquire 
more data. 
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