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Background: To investigate the dynamic changes in high-resolution computed tomography (HRCT) 
findings of coronavirus disease 2019 (COVID-19) patients with different severities in different disease stages.
Methods: We retrospectively collected the clinical and imaging data of 96 patients in Yunnan Province, 
China, who were diagnosed with COVID-19 between January 22 and March 15, 2020. Based on disease 
severity, the COVID-19 patients were classified into four types: mild (n=15), moderate (n=59), severe (n=19), 
and critical (n=3). Based on hospital stay and number of computed tomography (CT) scans, the clinical/
disease course was divided into four stages, including stage 1 (days 0–4), stage 2 (days 5–9), stage 3 (days 
10–14), and stage 4 (days 15–19). The HRCT findings, CT value, and lesion volume were analyzed for each 
stage and compared among the four stages of COVID-19 patients. 
Results: CT findings were negative over the four stages for all mild COVID-19 patients. More lesions 
were found in the peripheral lung fields than in peripheral + central fields (P<0.05), and the number of 
negative patients in stage 4 were more than those in stages 1–3 (P<0.05). The left and right lower lobe were 
the most frequently affected lobes (P<0.05). In moderate patients, round ground glass opacities (GGOs) 
decreased from stage 1 to stage 4; partial consolidation peaked in stage 2 and then decreased in stages 3–4; 
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Introduction

Coronavirus disease 2019 (COVID-19) is a highly infectious 
disease caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and has a long incubation 
period. It mainly causes lung infection (1). COVID-19 is 
spreading at an alarming rate; as of March 20, it has spread 
to 77 countries worldwide, with 268,404 confirmed patients 
and 11,215 deaths. COVID-19 has become a global health 
crisis. With the gradual deepening of the understanding of 
COVID-19, Chinese authorities have established expert 
consensus, guidelines, and standards in order to prevent 
further spread and improve diagnosis and treatment (2). 
Computed tomography (CT) plays a key role in COVID-19 
diagnosis and treatment (3). Studies have shown that some 
COVID-19 patients present little or no clinical symptoms 
and display negative CT findings during hospitalization (4,5), 
some patients develop difficulty breathing and/or hypoxemia 
within one week of onset, and some severe patients develop 
acute respiratory distress syndrome, septic shock, refractory 
metabolic acidosis, coagulation disorders, and multiple 
organ failure (6,7). In addition, studies have shown that 
the lung lesions in COVID-19 patients evolve over the 
disease course, as evidenced by CT findings. In the early 
stage, CT shows round ground glass opacities (GGOs) and 
partial consolidation. As the disease progresses, CT shows 
bilateral diffuse GGOs and consolidation (8). These data 
indicate that CT findings are diverse and complex over 
the disease course in COVID-19 patients with different 
severities. Currently, the “gold standard” is real-time 
reverse transcriptase polymerase chain reaction (RT-PCR) 
amplification of the viral DNA for diagnosis of COVID-19. 
However, CT is of great significance for monitoring the 
development of pneumonia caused by COVID-19.

This study was designed to investigate the dynamic 
changes in CT findings of COVID-19 patients with 
different severities in different disease stages. 

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
apm-20-2484).

Methods
 

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The 
retrospective study was approved by the institutional 
committee of the First Affiliated Hospital of Kunming 
Medical University. Informed consent was waived because 
the study was retrospective in design. In this multicenter 
study, we retrospectively analyzed the clinical data of 
patients with suspected COVID-19 who underwent chest 
CT due to fever, fatigue, or respiratory symptoms between 
January 22 and March 15, 2020. The diagnostic criteria 
for COVID-19 are as follows: (I) two positive SARS-
CoV-2 tests by reverse transcription polymerase chain 
reaction (RT-PCR) and (II) negative nucleic acid tests for 
other known respiratory viruses. The selection process 
for COVID-19 patients is shown in Figure 1. An overall 
total of 96 COVID-19 patients were included in this study. 
All patients were admitted within 4 days of disease onset. 
The information collected for each patient included age, 
sex, history of exposure, clinical symptoms (fever, cough, 
fatigue, difficulty breathing, sore throat, runny nose, 
sputum, headache, muscle aches, chest tightness, chest pain, 
nausea and vomiting, diarrhea, or no symptoms), underlying 
diseases (hypertension, diabetes, coronary heart disease, 

fibrous stripes and subpleural lines increased from stage 1 and peaked in stage 4. Partial consolidation and 
consolidation were more common in severe patients than in moderate patients over the disease course 
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liver disease, and tumors), date of CT scan, and dates of 
admission and discharge. Based on disease severity, the 
COVID-19 patients were classified into four types: mild, 
moderate, severe, and critical (2). All patients were from 
Yunnan Province, China, and received treatment according 
to the treatment guidelines in the hospital. 

CT protocol

Spiral CT scanners were used with 16 or more detector 
rows (Philips, Netherlands; GE, United States; Siemens, 
Germany; or United Imaging, China). Patients were placed 
in the supine position and instructed to hold their breath 
during scanning, which occurred from the thoracic inlet 
to the costophrenic angle. The scanning parameters were 
as follows: detector collimation width, 64×0.6 or 128× 
0.6 mm; tube voltage, 120 kV; adaptive tube current; and 
high-resolution algorithm reconstruction (thickness: 1 or 
1.5 mm, interval 1.5 mm). 

Chest CT evaluation

Three Chinese radiologists who were blinded to the RT-
PCR results, all patient information and COVID-19 
severity. Two experienced radiologists in the Department 
of Cardiothoracic Radiology (YH and YJ) independently 

read the CT images and then discussed any discrepancies 
(if any), which were further reviewed by a senior radiologist 
in the Department of Cardiothoracic Radiology (BH). The 
CT findings, CT value, and lesion volume were analyzed 
for stage 1 (days 0–4), stage 2 (days 5–9), stage 3 (days 
10–14), and stage 4 (days 15–19). CT findings (9) included 
lesion distribution (peripheral lung field, central lung field, 
or none), location (left upper lobe, left lower lobe, right 
upper lobe, right middle lobe, and right lower lobe), and 
the number and features of lesions (round GGOs, partial 
consolidation, consolidation, fibrous stripes, subpleural 
lines, and bronchiectasis). The CT value and lesion 
volume were measured at a window width/window level 
of 1,600/−600 HU. The lesions were manually delineated 
at a postprocessing workstation (Intelli Space Portal 
v6.0.1.20500, Philips, Netherlands) to obtain the mean 
CT value. The software automatically calculated the total 
lung volume and identified the lesions. After manual vessel 
removal, the volume of each lesion was measured, and then 
the total lesion volume was calculated (Figure 2). 

Statistical analysis

SAS v9.4 (SAS Institute, Inc., SAS, Cary, NC, USA) was 
used for the statistical analyses. Count data were expressed 
as frequency, and measurement data were expressed as x±s. 

COVID-19 patients in Yunnan (n=174)

No clinical and imaging data (n=15)

1. Four image examinations including DR (n=12)
2. Not enough CT images (n=17)
3. Image format were not DICOM (n=9)
4. Thickness >2 mm (n=14)

Complete clinical and CT data (n=107)

1. Obvious image artifacts and inaccurate 
pneumonia volume  (n=8)
2. Combining severe COPD and tuberculosis (n=3)

Confirmed patients with clinical and imaging data (n=159)

Exclusion step 1 (n=15)

Exclusion step 2 (n=52)

COVID-19 patients with standard clinical and CT data (n=96)
Mild (n=15)

Moderate (n=59)
Severe (n=19)
Critical (n=3)

Exclusion step 3 (n=11)

Figure 1 Flow diagram of the study design and participants included in the analysis.
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The distribution, location, number, and type of lesions 
over the four disease stages were analyzed with the χ2 test 
or Fisher’s exact test. The CT value, lesion volume, and 
lesion volume percentage were first analyzed for normal 
distribution. Normally distributed data were analyzed 
with one-way analysis of variance (ANOVA), and the least 
significant difference (LSD) and Tamhane’s test was used 
for data conforming or not conforming to homogeneity 
of variance for pairwise comparisons, respectively. 
Nonnormally distributed data were analyzed with the 
Kruskal-Wallis rank sum test, and the Mann-Whitney test 
was used for pairwise comparisons. P<0.05 was considered 
statistically significant. 

Results

Patient characteristics

A total of 96 patients, including 46 men and 50 women 
aged 43.40±17.62, were included in this study. All patients 
had a history of traveling or residing in Hubei or having 
close contact with COVID-19 patients. The most common 
clinical symptoms were fever (48.96%) and cough (43.75%), 
while 10.42% of the patients showed no symptoms. The 
patients had no apparent underlying diseases. Based on 
disease severity, the patients were classified into four 
types: mild (15, 15.63%), moderate (59, 61.46%), severe 
(19, 19.79%), and critical (3, 3.13%). For all patients, the 
first lung CT was performed within 4 days of onset, the 
mean CT scan number was 4±1, and the mean hospital 
stay was 15±4 days (13–24 days). Table 1 shows the clinical 
characteristics of these patients. 

Lesion distribution and location across the COVID-19 
disease stages 

The CT findings were negative across the four disease 
stages for patients with mild COVID-19 (Figure 3A,B,C,D). 
Table 2 shows the lesion distribution and location across 
the four disease stages in patients with moderate, severe, 
and critical COVID-19. The results showed that there 
were no lesions solely in the central lung field of patients 
with COVID-19. For patients with moderate COVID-19, 
more lesions were found in the peripheral lung field across 
the four stages than in the peripheral + central lung fields 
(P<0.05), and the number of negative patients in stage 4 
was more than that in stages 1–3 (P<0.05). In COVID-19 
patients, more lesions were found in the left lower lobe and 
the right lower lobe than in other lobes (P<0.05) across all 
four stages. The number of patients per involved lobe did 
not significantly change from stage 1 to stage 4 (P>0.05) 
for all COVID-19 patients. However, the number of lobes 
involved decreased significantly from stages 1–3 to stage 4 
in moderate and severe patients (P<0.05). 

Dynamic changes in CT findings across the disease stages 
of COVID-19 patients

We compared the CT findings (six lesion features) among 
the total, moderate, severe, and critical COVID-19 patients 
across the disease stages (Figure 3E,F,G,H,I,J,K,L, Figures 
4-6). Significant differences were observed in round GGOs, 
partial consolidation, fibrous stripes, and subpleural lines 
across the disease stages in all patients and in patients with 
moderate COVID-19 (Figure 3E,F,G,H,I,J,K,L, Figure 6A,B, 

A B C

Figure 2 The process of measuring pneumonia volume based on HRCT. (A) Axial HRCT image of pneumonia (pneumonia lesions are 
marked blue); (B) coronal HRCT image of pneumonia (pneumonia lesions are marked blue); (C) total lung volume. HRCT, high-resolution 
computed tomography.



576 Huang et al. Dynamic changes in chest CT of COVID-19 patients

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(1):572-583 | http://dx.doi.org/10.21037/apm-20-2484

all P<0.05). Round GGOs decreased from stage 1 to stage 4; 
partial consolidation peaked in stage 2 and then decreased 
in stages 3–4; fibrous stripes and subpleural lines increased 
from stage 1 and peaked in stage 4. Significant differences 
were observed in partial consolidation, consolidation, 
fibrous stripes, and subpleural lines across the disease stages 
in patients with severe COVID-19 (Figure 4A,B,C,D,E,F,G,
H,I,J,K,L,M,N,O,P, Figure 6C, all P<0.05), but no significant 
difference was observed in round GGOs in patients with 
severe disease (P>0.05). Moreover, partial consolidation and 
consolidation were more common in patients with severe 
disease than in patients with moderate disease. Patients 
with critical disease showed significant extensive partial 
consolidation and consolidation. Compared with other 
types of COVID-19 patients, patients with critical illness 
showed bronchiectasis (Figure 5A,B,C,D,E,F,G,H,I,J,K,L,M,
N,O,P, Figure 6D). 

Lesion number, CT value, and lesion volume across the 
disease stages of COVID-19 patients

We analyzed the lesion number, CT value, and lesion 
volume across the disease stages (Figure 7). No significant 
difference was observed in lesion number from stages 1–3 
to stage 4 in all COVID-19 patients and, separately, in 
patients with moderate and severe COVID-19 (all P>0.05); 
however, the CT value, lesion volume, and lesion volume 
percentage significantly decreased from stages 1–2 to 
stage 4 (Figure 7A,B,C,E,F,G,I,J,K,M,N,O, all P<0.05). In 
critical patients, no significant differences were observed in 
lesion number and lesion volume across the disease stages  
(Figure 7D,L, both P>0.05); however, the CT value and lesion 
volume percentage decreased significantly across the disease 
stages (Figure 7H,P, both P<0.05). Figure 8 summarizes the 
dynamic changes in CT findings of COVID-19 patients with 
different severities across the disease stages. 

Discussion

COVID-19 is a viral infection that has recently spread 
worldwide. In this study, we systematically described the 
dynamic changes in chest CT findings of patients with 
different COVID-19 severities across the disease stages. 
The results showed that COVID-19-related lung lesions 
progressed rapidly and peaked at days 5–9 after admission. 
The CT findings varied in the COVID-19 patients with 
different severities, and the appearance and trends for 
different lesion types were different; however, each lesion 

Table 1 Basic clinical characteristics of 96 patients with COVID-19

Clinical characteristics All patients (n=96)

Age average 43.40±17.62

Age range 5–79

Gender

Male 46 (47.92%)

Female 50 (52.08%)

Epidemiological history

Travel/residence history in Hubei 71 (73.96%)

Close contact with confirmed 
patients

25 (26.04%)

Symptoms

Fever 47 (48.96%)

Cough 42 (43.75%)

Fatigue 12 (12.50%)

Difficulty breathing 2 (2.08%)

Sore throat 11 (11.46%)

Runny nose 8 (8.33%)

Expectorant 16 (16.67%)

Headache 4 (4.17%)

Muscle ache 7 (7.29%)

Chest tightness 7 (7.29%)

Chest pain 2 (2.08%)

Vomiting 2 (3.08%)

Diarrhea 1 (1.04%)

No obvious symptoms 10 (10.42%)

Basic disease

Hypertension 7 (7.29%)

Diabetes 6 (6.25%)

Coronary heart disease 2 (2.08%)

Liver disease 1 (1.04%)

Malignant tumor 0 (0%)

Clinical typing

Mild 15 (15.63%)

Moderate 59 (61.46%)

Severe 19 (19.79%)

Critical 3 (3.13%)

Continuous data are expressed as mean ± SD, and categorical 
data are presented as n (%). COVID-19, coronavirus disease 2019.
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Table 2 Distribution and location of lung lesions in the four stages

Severity Stages No findings Peripheral
Peripheral + 

central
Upper left 

lobe
Left lower 

lobe
Right upper 

lobe
Right lung 

middle lobe
Right lower 

lobe
Number of 

involved lobes

Moderate Stage 1 3 56# 0 25 42 27 19 41 154

Stage 2 3 56# 0 27 44 31 18 45 165

Stage 3 6 53# 0 25 40 25 15 45 150

Stage 4 13 46# 0 19 29 18 10 38 114*

Severe Stage 1 0 12# 7 15 15 12 10 14 66

Stage 2 0 11 8 16 15 13 11 15 70

Stage 3 0 14# 5 12 15 12 10 12 61

Stage 4 2 15# 2 11 12 11 8 10 52*

Critical Stage 1 0 1 2 3 3 3 3 3 15

Stage 2 0 1 2 3 3 3 3 3 15

Stage 3 0 1 2 3 3 3 3 3 15

Stage 4 0 3 0 1 3 1 2 3 10

Data are number of patients. #, peripheral compared with no findings and peripheral + central, significance was considered when P<0.05; *, 
stage 4 compared with stages 1–3, significance was considered when P<0.05.

Figure 3 CT findings for lung lesions in patients with mild and moderate COVID-19 across disease stages. (A,B,C,D) Male, 19 years old, mild 
COVID-19, axial view by CT scan. CT findings were negative in all four clinical stages. (E,F,G,H) Male, 56 years old, moderate COVID-19, axial 
view by CT scan. Several round GGOs in the right lower lobe and the left upper lobe (E), increased lesion scope and lesion number, with partial 
consolidation formed inside lesions (F), and subpleural lines after substantial lesion absorption (G,H). (I,J,K,L) Female, 37 years old, moderate 
COVID-19, axial view by CT scan. Multiple GGOs in the left lower lobe with interlobular septal thickening (I) and patchy lesions. Partial 
consolidation after disease progression (J), substantial lesion absorption after treatment with the appearance of subpleural lines (K), and finally 
complete lesion absorption (L). COVID-19, coronavirus disease 2019; CT, computed tomography; GGOs, ground glass opacities.
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Mild 

Moderate  

Moderate

Stage 1 Stage 2 Stage 3 Stage 4
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Stage 1
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Severe

Stage 2 Stage 3 Stage 4
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L

P

G

B C D

H

Figure 4 CT findings for lung lesions in patients with severe COVID-19 across disease stages. (A,B,C,D,E,F,G,H) Female, 49 years old, 
axial and coronal views by chest CT. Lesions in the left lower lobe (A,E), with significant consolidation in 5 days (B,F), followed by lesion 
absorption after treatment and residual subpleural lines (C,D,G,H). (I,J,K,L,M,N,O,P) Female, 42 years old, axial and coronal views by chest 
CT. Round GGOs in the right lower lobe and the left upper lobe (I,M), with rapid progression to consolidation and increased lesion density 
and lesion volume (J,N), followed by substantial lesion absorption after treatment and residual parenchymal bands (K,I,O,P). COVID-19, 
coronavirus disease 2019; CT, computed tomography; GGOs, ground glass opacities.

type exhibited a specific pattern. 
All patients included in this study underwent four or 

more CT scans. One patient died during hospitalization. 
The most common clinical symptoms of COVID-19 
patients in Yunnan were fever (48.96%) and cough (43.75%), 
results that are consistent with previous reports (10). 
However, the incidences of fever and cough were lower in 
this study, which may be related to the time between disease 
onset and admission. It should be noted that in this study, 
no activity and new lesions in CT examination across the 

disease stages in 10 asymptomatic patients (10.42%) and  
15 mild patients (15.63%), results that are consistent with a 
study conducted by Guan et al. (11). In the study by Guan 
et al., the patients tested positive for SARS-CoV-2 by RT-
PCT and were infectious; therefore, isolation and antiviral 
therapy were required. 

In this study, COVID-19 frequently affected the periphery 
of the lower lobes but rarely affected the right middle lobe, 
which was consistent with previous reports (8,12). This may 
be because the bronchus in the lower lobe of the right lung is 
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Figure 5 CT findings for lung lesions in patients with critical COVID-19 across disease stages. (A,B,C,D,E,F,G,H) Male, 58 years old, 
axial and coronal views by chest CT. Bilateral lesions and bronchiectasis (A,E), with rapid progression and significant consolidation (B,F), 
followed by substantial lesion absorption after 7 days of treatment and apparent subpleural lines (C,D,G,H). (I,J,K,L,M,N,O,P) Male, 72 
years old, axial and coronal views by chest CT. Admission after fever for 2 days, lesion expansion in the lungs during hospitalization, white 
lung on day 17 of admission, and death 2 days later (I,P). COVID-19, coronavirus disease 2019.
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thicker and shorter, and study have also shown that SARS-
CoV-2 target cells may be located in the lower respiratory 
tract (13). For patients with extremely severe disease, the 
lesions extended to other lobes and the central lung field, which 
in turn was a sign of disease progression and exacerbation. 
This was consistent with the lesion distribution of patients with 
different COVID-19 severities reported by Liu et al. (14). 

This study showed that round GGOs and partial 
consolidation were the most common CT findings for 
patients with moderate and severe COVID-19. In the early 
stage (days 0–4), round GGOs and partial consolidation 
were observed in 96.30% and 45.57% of the patients, 

respectively. As the disease progressed, round GGOs 
decreased over time, while some round GGOs progressed to 
partial consolidation (15,16), which peaked on days 5–9. On 
days 10–15, fibrous stripes and subpleural lines increased, 
suggesting substantial lesion absorption (17,18). CT showed 
complete lesion absorption in 15 patients at discharge. In 
critical patients, lesions were more widespread, CT findings 
were more diverse, and absorption after treatment was 
slower compared to that in other patients (19). Our results 
show that the progression of chest CT findings is closely 
related to the prognosis of COVID-19. With the decrease 
of pure GGO, the increase of consolidation, the expansion 
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Figure 6 Dynamic changes in CT features across the four stages of COVID-19. (A) Total values for six CT features for all three disease 
severities; (B) moderate; (C) severe; and (D) critical. COVID-19, coronavirus disease 2019; CT, computed tomography; GGOs, ground glass 
opacities.
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of the lesion area, and the appearance of crazy-paving 
pattern, the COVID-19 patient's prognosis becomes worse. 
Diagnosing COVID-19 in the early stage is also beneficial 
to improve the prognosis. If “white lung” is presented on 
CT images, the patient is at a high risk of a poor prognosis 
or even death (19-21). 

Our results showed that the lesion number remained 
largely unchanged across the disease stages (especially for 
critical patients) but that the CT value and lesion volume 
significantly decreased over time, indicating that during 
the disease course, lung lesions were significantly absorbed, 
even though the lesion number remained unchanged. In 
critical patients, the total lung volume did not decrease 
significantly after treatment, but the lesion volume and 
lesion volume percentage decreased. At present, there 
are few studies analyzing the lesion density and lesion 
volume of COVID-19 patients, and our results showed 
that the dynamic CT value and lesion volume can provide 
a basis for the objective quantitative assessment of lesion 
absorption or exacerbation. Lesion absorption was not yet 
complete in 68.75% of the patients at discharge; however, 
viral nucleic acid tests were negative. Most COVID-19 

chest CT examination results and clinical manifestations 
are synchronized, but not all patients. Guan et al. found 
that 23.87% of critical COVID-19 patients and 5.20% of 
non-critical patients had no obvious abnormalities in chest 
CT (11). And one study has reported that four patients tested 
positive again for SARS-CoV-2 by RT-PCR at 5–13 days 
after discharge (22). CT examinations were necessary for 
patients who have tested positive for SARS-COV-2 again. 
CT can help determine whether there were new lesions in 
the lungs and assess the severity of lung lesions. Therefore, 
it is important that patients continue to stay at home and 
be followed-up after discharge. 

This study has some limitations. First, while we collected 
the clinical and imaging data of all COVID-19 patients in 
Yunnan Province, only 96 patients were included in the 
study. Second, because all patients were diagnosed early 
and were under active treatment, only three patients in this 
study progressed to a critical condition. Third, CT findings 
may vary with age groups, such as infants, children, or 
the elderly. We were unable to perform subgroup analysis 
by age group due to the small sample size. In the future, 
we may investigate dynamic CT findings in different 
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populations. 
In summary, we investigated the CT findings of patients 

with different COVID-19 severities across the disease stages 
and confirmed that dynamic changes in chest CT findings 
were of important clinical value in evaluating the evolution 
of pulmonary lesions in COVID-19 patients. These results 
are helpful for the early diagnosis and assessment of the 
development of COVID-19 and for formulating the 
appropriate clinical treatment strategies.
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Figure 8 Evolution of lung lesions in COVID-19 patients. CT, computed tomography; GGOs, ground glass opacities; COVID-19, 
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