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Abstract
Object  To investigate the chest CT manifestations of convalescent patients with COVID-19 in recovery phase.

Methods: 118 convalescent patients diagnosed as COVID-19 were followed up. According to their medical history, they were divided into 47 cases of severe
disease group and 71 cases of mild disease group. Multi-slice spiral CT, high-resolution CT and pulmonary function were examined.

Results: 67 rehabilitated cases are normal on CT scan. The other CT �ndings were: (1) ground glass opacity lesions, including: localized patchy ground glass
density lesions; Multi lobes and multi-stage ground glass opacities; Diffuse ground glass opacities lesions in both lungs. (2) The interlobular interstitium and
interlobular septum were thickened. (3) Subpleural arc shadow/Subpleural lines. (4) Irregular �ber cord shadow/Irregular lines. (5) Tractive bronchiectasis. (6)
Nodular consolidation of air space. (7) Cavitary lesions. No obvious mediastinal lymph node enlargement and pleural effusion were found. Pulmonary
imaging and pulmonary function were improved after repeated reexamination. There was signi�cant difference in CT �ndings and pulmonary function
indexes between severe group and mild group (P < 0.05).

Conclusion: The pulmonary manifestations of some convalescent patients with COVID-19 are basically normal. Ground glass density lesions are the main CT
manifestations of convalescent patients, accompanied by varying degrees of pulmonary interstitial hyperplasia. The severe group had more severe pulmonary
manifestations and poor pulmonary function than the mild group. With the extension of time, pulmonary lesions and pulmonary function gradually improved.

Introduction
Since the outbreak in Wuhan, China, in December 2019, Coronavirus Disease 2019 (COVID-19) has quickly spread worldwide; there are currently 228,206,384
con�rmed cases of COVID-19 and 4,687,066 deaths in over 225 countries1,2. The COVID-19 infection is associated with high rates of hospitalisation and
mortality and this has placed healthcare systems under strain. As of 10 September 2021, there are 41,716,516 con�rmed cases of COVID-19, and that of
COVID-19-related deaths were 667,244 in United States of America, with the highest mortality rate reaching 2.16%2 Based on the world total infection and
death data . The author searched PubMed for literature reports on COVID-19 from January 20th, 2020 to the present day. There are many reports at least 300
articles on the non-contrast enhanced high-resolution computed tomography (HRCT) features of the lungs during the onset of COVID-19; however, few studies
have described the radiological changes and outcome of residual lesions in the lungs of recovered patients3,4.Here, we review the HRCT features of 118
recovered COVID-19 patients at 22−465 days post-discharge. These features can be utilized to predict the prognosis and guide rehabilitation treatment of
COVID-19. 

Materials And Methods

Study Subjects
118 cases diagnosed as having COVID-19 between December 2019 and April 2021 were evaluated at the Xiangyang No.1 People’s Hospital, Xiangyang
(China). All of the patients had been enrolled in research protocols approved by Xiangyang No.1 People’s Hospital A�liated to Hubei University of Medicine. All
of the COVID-19 patients provided written informed consent for this study.

The clinical data were collected from 118 recovered COVID-19 patients who were affected between December 2019 and April 2021. According to Clinical
management of severe acute respiratory infection when novel coronavirus (nCoV) infection is suspected Tab 1 . Among them, there were 71 mild
and 47 severe cases based on the World Health Organisation guidelines5,6. The patients were reexamined by CT at 22−465 days post-discharge; the average
time from discharge to the �rst reexamination was 31.3 days (22−36 days) the second reexamination was 60.5 days (43−88 days)  the third reexamination
was 169.5 days (112−260 days) and the fourth reexamination was 352.6 days (195-465 days) . There were 66 males and 52 females aged 20−71 years old
(44.5±16.7), all of whom had a positive nucleic acid ampli�cation test by real-time �uorescence RT-PCR Reverse Transcription-Polymerase Chain Reaction .
They conformed to the Clinical Diagnostic Criteria for COVID-19 released by the World Health Organization and China's Health Ministry. These 118 patients
took chloroquine phosphate tablets (500 mg BID for seven days for bodyweight > 50 kg; 500 mg BID on days 1 and 2, and 500 mg QD from days 3 to 7 for
bodyweight 50 kg), Arbidol (Umifenovir Arbidol Hydrochloride Capsules) (adult 200 mg TID for no longer than 10 days), and high-�ow nasal cannula
(HFNC)7. Discharge criteria were: CT scan showing absorption and improvement of the lesions; three negative nucleic acid tests (spaced 48 hours apart); and
isolation for 14−21 days at designated hotels. 

The following CT scanners: Toshiba Aquilion Prime Series 80-slice CT scanner and Siemens De�nition AS 64-slice CT scanner were used to scan from the
apices to the lung bases. CT images were acquired during a single breath hold  The main scanning parameters were as follows: tube voltage, 120 kVp; slice
thickness, 1-10 mm; pitch, 0.9-1.4 mm; and �eld of view, 400 mm×400 mm; matrix, 512×512; automatic tube current modulation; tube current, 100-400 mAs.
All images were then reconstructed with a slice thickness of 0.5-1.4 mm with the same increment.The Minato AS-507 spirometer (Japan) was used to measure
the FEV1.0%(the percentage of forced expiratory volume in one second to the predicted volume ) for 118 recovered patients.

Results
1.Clinical follow-up:Upon the �rst and second reexamination, the cardinal symptoms were chest tightness in 21 cases, shortness of breath in 14 cases, fatigue
in 6 cases, and joint pain in 3 case. While upon the third and above reexamination as radiological changes improved only 7 patients remain intermittent chest
tightness.
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2.CT features upon the �rst reexamination: Among the 118 patients, HRCT revealed normal lungs in 24 recovered patients and residual lesions in the lungs
of 94 patients:   ground-glass opacities were found in 57 patients , among which 11 patient showed a diffuse distribution of lesions in both lungs, another 4 in
a single lung lobe, and 42 patients had lesions in multiple lobular segments. The lesions were found in more than two lung lobes or segments, usually with
non-uniform density. There were more lesions in the lower lobes in both lungs. The lesions typically had an arc-shaped distribution in the peripheral lung �eld
adjacent to the subpleural region.   Pulmonary interstitial shadows and �brous stripes were found in 37 patients (including 2 patients who also had ground-
glass opacities) , among whom 11 cases had interlobular septal thickening, presenting as pulmonary interstitial or interlobular septal thickening adjacent to
the pleura; 6 cases had subpleural linear shadows, presenting as an arched shadow parallel to the pleura within 1 cm of the subpleural region; 3 cases had
capillary bronchiectasis; and 17 cases had irregular �brous stripes reticular changes , presenting as linear hyperdensities of varying length and thickness,
which were generally found in the peripheral lung �eld and the lung �eld adjacent to the diaphragm.

3.CT features upon the second reexamination: 94 recovered patients returned to the hospital for the second reexamination at 43−88 days post-
discharge, 17 of whom had normal CT features of the lungs. All of the ground-glass opacities showed absorption to varying degrees. The ground-glass
opacities were well absorbed in 39 patients, with continued decrease in extent of opaci�cation and shrinkage of the lesions. Residual interstitial shadows were
still present in 35 patients, where the irregular �brous stripes reticular changes, interlobular septal thickening, and subpleural linear shadows had not
signi�cantly improved.

4.CT features upon third examination: 77 recovered patients returned to the hospital for the third reexamination at 112−260 days post-discharge, 20 of whom
had normal CT features of the lungs. All of the ground-glass opacities showed absorption substantially. Where residual ground-glass opacities in 13 cases the
irregular �brous stripes reticular changes in 25 cases, interlobular septal thickening in 12 cases, and subpleural linear shadows in 6 cases.

5.CT features upon fourth examination: 57 recovered patients returned to the hospital for the fourth reexamination at 195-465 days post-discharge, 6 of whom
had normal CT features of the lungs. All of the ground-glass opacities showed absorption substantially. Where slightest residual ground-glass opacities in 1
case the irregular �brous stripes reticular changes in 31 cases, interlobular septal thickening in 10 cases, and subpleural linear shadows in 5 cases.The
FEV1.0% of the two groups were different in the �rst three reexamination. The pulmonary function of the mild group was better than that of the severe group,
and the recovery of the mild group was faster but in the end, lung function recovered well in both groups. Tab 2 .

Discussion
The prognosis and outcome of recovered COVID-19 patients are of great concern. Reexamination by CT scan is necessary to assess pulmonary lesions in
these patients. The lung function of a small number of COVID-19 patients has been shown to be severely impaired. The CT manifestations of these recovered
COVID-19 patients are closely related to their activities of daily living8,9,10.

The residual lesions found by pulmonary CT scan in the recovered COVID-19 patients usually include ground-glass opacities and interstitial shadows
(interlobular septal thickening, subpleural linear shadow and irregular stripe shadows reticular changes). Interstitial shadows do not occur alone, but
generally following the ground-glass opacities. In our study, the ground-glass opacities were gradually absorbed and reduced in density. This was especially
true when the lesions affected less than 2 lobes or when the lesions were located in less than 2 pulmonary segments and had lower density. The �brous stripe
shadows and subpleural linear shadows can also partially absorbed. However, the absorption is less likely for stripe shadows with a higher density. In some
patients, the lesions remained hardly changed on repeat CT scan three months later. Antonio GE et al. Reported11 that stripe shadows in the pulmonary
parenchyma, irregular interface sign, and traction bronchiectasis were the signs of �brosis, which in turn were closely related to the patients’ age and gender.
That is, residual intrapulmonary �brotic lesions are more likely to be found in elderly males. According to the autopsy of COVID-19 patients, the early lesions
included exfoliation of bronchiolar epithelium, cilia shedding, squamous metaplasia and atypically enlarged alveolar cells12. At the early stage of COVID-19,
some patients with fever did not present with apparent exudative lesions upon chest X-ray or CT. The pulmonary shadows did not occur until 3-7 days later.
This feature agrees with the fact that the early pathological lesions primarily occur in the bronchi without abnormal �ndings in the lungs. COVID-19 infection
caused stimulation to the epithelial cells at the early stage, leading to intrapulmonary cell proliferation and squamous metaplasia. Patients with a course of
disease shorter than ten days had hyaline membrane formation in the lungs, alveolar cell proliferation, and edema; those with a longer course of disease
presented with diffuse alveolar damage13,14. Nicholls JM further divided the lesions into exudative, proliferative, and �brotic stages15. Johkoh T et al. believed
that the ground-glass opacities in the exudative stage of infectious pneumonia re�ected the edema in the alveolar septum and the formation of the hyaline
membrane in the alveolar wall. At the proliferative and �brotic stages(15-30 days), alveolar and interstitial proliferation and �brosis were observed.Therefore,
the pathological changes accorded with the natural follow-up radiological results16,17.

During the follow-up period of 22−465 days, we found that the pulmonary function of convalescent patients with COVID-19 was damaged to some extent after
discharge, which was related to residual ground glass opacity reticular changes and �brosis of CT. Especially in severe patients with ARDS and older male
patients during hospitalization, pulmonary diffusion function decreased signi�cantly, It is reported that the convalescent lesions of COVID-19 mainly exist in
the alveolar wall, affecting the gas exchange through the alveolar capillary membrane, leading to the decline of diffusion function. In the early stage of
rehabilitation in our study, the lung function of 89.83% of the convalescent patients recovered with the prolongation of the reexamination time. Only 12
patients' diffusion function did not fully recover to the normal level. At present, we continue to follow up the pulmonary function of the patients. Through the
follow-up of chest CT after discharge, HRCT �ndings of covid-19 rehabilitation patients are closely related to their clinical manifestations, laboratory
examination and pulmonary function. With the reduction of ground glass shadow reticular changes and �ber strips on CT, residual lung lesions and lung
function can be gradually improved, but interstitial shadow absorption is relatively slow.At the same time, we found that given the rampant infectivity of
covid-19 virus, the psychological pressure of rehabilitation patients is tremendous. With the substantial improvement of CT changes, it also accelerates the
recovery of mental health of patients and makes them better integrate into normal social life18,19,20.
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Conclusion
Reexamination by HRCT may reveal ground-glass opacities and other residual lesions in recovered COVID-19 patients. As time progresses, the intrapulmonary
lesions gradually improve or even disappear; however, the pulmonary interstitial shadows reticular changes and �brous stripes have been noted to be
absorbed more slowly.
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Tables
Table 1 COVID-19 pneumonia diagnostic criteria for mild and severe cases formulated by WHO

Mild
cases

Patients uncomplicated upper respiratory tract viral infection may have non-speci�c symptoms such as fever, fatigue, cough (with or without
sputum production), anorexia, malaise, muscle pain, sore throat, dyspnea, nasal congestion, or headache. Rarely, patients may also present with
diarrhoea, nausea, and vomiting . The elderly and immunosuppressed may present with atypical symptoms. Symptoms due to physiologic
adaptations of pregnancy or adverse pregnancy events, such as dyspnea, fever, GI-symptoms or fatigue, may overlap with COVID-19 symptoms.

Severe
cases

Adolescent or adult: fever or suspected respiratory infection, plus one of the following: respiratory rate > 30 breaths/min; severe respiratory
distress; or SpO2 ≤ 93% on room air. Child with cough or di�culty in breathing, plus at least one of the following: central cyanosis or SpO2 <
90%; severe respiratory distress (e.g. grunting, very severe chest indrawing); signs of pneumonia with a general danger sign: inability to
breastfeed or drink, lethargy or unconsciousness, or convulsions. Other signs of pneumonia may be present: chest indrawing, fast breathing (in
breaths/min): < 2 months: ≥ 60; 2–11 months: ≥ 50; 1–5 years: ≥ 40. While the diagnosis is made on clinical grounds; chest imaging may
identify or exclude some pulmonary complications.

Table 2 Comparison of high resolution CT �ndings at two serial intermittent re-examinations in convalescent patients after COVID-19

Findings First CT examination (n=118) Second CT examination (n=94) Third CT examination (n=77) Fourth CT examin

mild group
(n=71)

sever
group
(n=47)

total
(n=118)

mild group
(n=48)

sever
group
(n=46)

total
(n=94)

mild
group
(n=36)

sever
group
(n=41)

total
(n=77)

mild
group
(n=22)

seve
grou
(n=3

CT �ndings

Normal 18 6 24 11 6 17 13 7 20 5 1

ground-glass
opacities

40 17 57 25 14 39 8 5 13 1 3

Subpleural lines 1 5 6 2 3 5 2 4 6 1 4

Intralobular
septal
thickening

4 7 11 2 7 9 3 9 12 2 8

Irregular lines
�brous cord
(reticular
changes)

6 11 17 7 14 21 10 15 25 13 18

Bronchiolectasis 2 1 3 1 2 3 0 1 1 0 1

FEV1 79.39±3.47 71.27±2.37 80.91±2.51 76.87±4.68 84.2±1.78 79.18±2.59 85.2±2.78 84.1

T/P value T=8.948 P 0.001 T=3.489 P 0.001 T=6.241 P 0.001 T=1.321 P 0

#The initial 24 patients who had normal CT exam at the 1st sitting were excluded from the 2nd imaging.

And the 17 patients who had normal CT exam at the 2st sitting were excluded from the 3nd imaging.

Figures
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Figure 1

A, a 50-year-old female patient; on February 3rd, 2020, the non-contrast enhanced CT scan revealed lumpy and patchy ground-glass opacities in both lungs. B,
89 days later after discharge, the non-contrast enhanced CT scan revealed ground-glass opacities in both lower lobes and near the pleura arrow CT changes
are improved .
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Figure 2

A, a 60-year-old male patient; on January 30th, 2020, the non-contrast enhanced CT scan revealed ground-glass opacities in both lungs. B, 62 days later after
discharge, the non-contrast enhanced CT scan revealed ground-glass opacities and interlobular septal thickening in both upper lobes and near the pleura
arrow CT changes are improved .
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Figure 3

A, a 62-year-old female patient; on February 4th, 2020, the non-contrast enhanced CT scan revealed multiple �occulent and patchy ground-glass opacities in
both lungs. B, 53 days later after discharge, the non-contrast enhanced CT scan revealed ground-glass opacities and �brous stripes in both lower lobes and
near the pleura arrow CT changes are improved . C, 145 days later after discharge, the non-contrast enhanced CT scan revealed ground-glass opacities and
�brous stripes were improved substantially.


