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Purpose: To retrospectively analyse the CT imaging during the long-term follow-up of COVID-19 patients after discharge.
Patients and Methods: A total of 122 patients entered the study group. All patients underwent CT examinations. The CT images,
which included distribution and imaging signs, were evaluated by two chest radiologists. Laboratory examinations included routine
blood work, biochemical testing, and SARS-CoV-2 antibody screening. Statistical methods include chi-square, Fisher’s exact test, one-
way analysis of variance, rank sum test and logistic regression by SPSS 17.0.

Results: There were 22 (18.0%) patients in the mild group, 74 (60.7%) patients in the moderate group, and 26 (21.3%) patients in the
severe—critical group. The median follow-up interval was 405 days (378.0 days, 462.8 days). Only monocytes, prothrombin activity,
and y-glutamyltransferase showed significant differences among the three groups. We found that the more severe the patient’s
condition, the more SARS-CoV-2 IgG antibodies existed. Only 11 patients (11.0%) showed residual lesions on CT. The CT
manifestations included irregular linear opacities in nine cases (9.0%), reticular patterns in six cases (6.0%), and GGOs in five
cases (5.0%).

Conclusion: The proportion of residual lesions on CT in COVID-19 patients was significantly reduced after long-term follow-up. The
patients’ age and disease conditions were positively correlated with residual lesions.
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Introduction

The first case of coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was reported on December 31, 2019. At the time of publication, the outbreak of SARS-CoV-2 had lasted for more than
two years, and the number of infected patients continues to increase.! By September 14, 2022, there were more than 607 million
confirmed cases and more than 6 million reported deaths worldwide. The three countries with the largest number of confirmed
cases were the United States (more than 94 million), India (more than 44 million), and Brazil (more than 34 million).'

Some studies of short- and medium-term follow-up of COVID-19 reported that 30.8-47.3% of 134-353 patients showed
complete absorption of the lesions on CT; meanwhile, some lesions remained on CT, including ground-glass opacity (GGO),
irregular linear opacities, consolidation, and so on.?> Our previous study on a short-term follow-up CT had also demonstrated that
the pneumonia had been completely absorbed in 37.7% of 69 COVID-19 patients, and residual pneumonia in 62.3%.° The
remained CT manifestations included GGO (62.3%), irregular lines (20.8%), reticulation (9.4%), consolidation (3.8%), and
pleural thickening adhesion (3.8%).° There was one year follow-up study from the onset of symptoms recently, which showed
75% of 209 patients were completely absorbed, and 25% had residual lesions, including reticular patterns (13.4%) and irregular
linear opacities (12.0%).” Another one-year follow-up study after discharge recently showed that the proportion of residual lesions
in the lung was higher, i.e.63.5% (132/208). And the main residual lesions were reticular patterns (25.5%) and GGO (25.0%).®
However, in daily work, we found that the proportion of patients with residual lesions decreased significantly with the increase of
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follow-up interval, and some laboratory tests returned to normal. Therefore, not only the CT imaging but also the laboratory results
of COVID-19 patients were analysed through the long-term follow-up study of more than one year after discharge.

Materials and Methods

Patients

This study was approved by the Review Committee and the Ethics Committee of Beijing Ditan Hospital, Capital Medical
University. The requirement of written informed consent was waived for the retrospective analyses by the Institutional Review
Board. The patients’ data were kept confidential, without divulging personal privacy, and complied with the Helsinki Declaration.
Follow-up data from 133 patients with COVID-19 were collected from July 1, 2021, to December 31, 2021. The inclusion
criteria were as follows: 1) patients who had a confirmed SARS-CoV-2 infection with a positive SARS-CoV-2 nucleic acid test or
high homology of novel coronavirus on gene sequencing; and 2) an age >18 years old. The exclusion criteria were as follows: 1)
an age <18 years old; 2) lack of follow-up chest CT examination; and 3) incomplete laboratory data. According to the clinical
manifestations and imaging examinations, the patients were divided into the following types: mild, moderate, and severe—critical
when hospitalized.® Mild patients showed mild clinical symptoms and no pneumonia on chest CT. The moderate patients showed
fever, respiratory symptoms, etc., and showed pneumonia on chest CT. Severe—critical patients showed progressive aggravation
of clinical symptoms, respiratory rate > 30 times/minute, oxygen saturation < 93% when inhaling air in the resting state, partial
pressure of arterial blood oxygen (PaO,)/concentration of oxygen uptake (FiO,) < 300mmHg, respiratory failure, shock,
combined with other organ failure etc., and chest CT showed that the pneumonia had significantly progressed more than 50%
within 2448 hours. All patients underwent laboratory examination and chest CT examination at the same time during follow-up.

Laboratory Examination

Laboratory examinations included SARS-CoV-2 IgM and IgG antibody tests, white blood cell (WBC), neutrophil (N),
lymphocyte (L), monocyte (MO), C-reactive protein (CRP), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), y-glutamyltransferase (GGT), lactate dehydrogenase (LDH), prothrombin time (PT), prothrombin activity (PTA), and
D-dimer (DD).

Imaging Technique and Methods

Sensation 16-slice CT (Siemens, Forchheim, Germany) was used for all chest examinations. The CT scans were obtained
at the end of inhalation without intravenous contrast. The image was from the tip of the lung to the base of the lung. The
scans were obtained with the following parameters: 130 kV tube, automatic tube current, and 512x512 matrix. The slice
thickness was 1.5 mm, which was reconstructed via a lung algorithm.

Imaging Interpretation

Two chest radiologists with 12 and 15 years of experience retrospectively reviewed the images and resolved discrepancies by
consensus. The images were analysed on a picture archiving and communication system (PACS, Carestream Health, US). The
images were reviewed on both lung settings (window width 1500 HU, level =700 HU) and mediastinum settings (window
width 400 HU, level 40 HU). The window width and level were adjusted to be appropriate for this analysis.

The interpretation of the CT findings was based on the Fleischer Society’s recommendations for classifying pulmonary
lesions.'” The CT images were evaluated for distribution and imaging signs. The distributions were divided into the subpleural
area, the peribronchovascular bundle, and a mix of subpleural area and peribronchovascular bundle. The lesions involved the
pulmonary lobes, including the left upper lobe, left lower lobe, right upper lobe, right middle lobe, and right lower lobe. The
imaging signs included GGOs, consolidation, reticular patterns, irregular linear opacities, pleural effusion, and enlarged
mediastinal lymph nodes. GGO was defined as a hazy area of increased attenuation without obscuration of the underlying
vessels. Consolidation was defined as homogeneous opacification of the parenchyma with obscuration of the underlying
vessels. A reticular pattern was defined as a collection of innumerable small linear opacities.'® Enlarged mediastinal lymph
nodes were defined as lymph nodes with a short axis diameter greater than 1.0 cm.
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Statistical Analysis

All data were analysed by SPSS 17.0 (IBM, Armonk, NY, US). Continuous data were expressed as the mean plus the
standard deviation or median (25th percentile, 75th percentile), and categorical data were expressed as the frequency.
Chi-square or Fisher’s exact test was used to analyse the categorical variables. One-way analysis of variance or rank sum
test was used for the analysis of measurement data. Logistic regression was used to analyse the correlation among
residual lesions in the lungs. A p value of <0.05 was considered to be a statistically significant difference. A p value of
<0.017 was considered to be a statistically significant difference when comparing the three in pairs.

Results

Clinical Features

We collected 133 COVID-19 follow-up patients in total but excluded 11 patients. The present study was comprised of 122
patients (mean age: 44.590+12.324 years), including 40 females (32.8%, 40/122; mean age: 46.850+12.601 years) and 82
males (67.2%, 82/122; mean age: 43.488+12.111 years). There was no significant difference in age between females and males
(p=0.948). There were 22 patients (18.0%, 22/122) in the mild group, 74 patients (60.7%, 74/122) in the moderate group, and
26 patients (21.3%, 26/122) in the severe—critical group. There was significant difference in age between the mild group and
the severe—critical group (p=0.001); however, there were no significant differences in age between the moderate and mild
groups or the moderate and severe—critical groups (p=0.028 and p=0.070, respectively) (Table 1).

The median follow-up interval for the 122 patients was 405 days (378.0 days, 462.8 days; range: 367-620 days).
There were significant differences in the interval among the three groups (p=0.001). There were significant differences
between the severe—critical and mild groups and between the severe—critical and moderate groups (all p values were
0.001), while there was no significant difference between the mild and moderate groups (p=0.374) (Table 1).

Laboratorial Tests

Routine Laboratorial Tests

Among the laboratory tests collected from the 122 patients, only the MO, PTA, and GGT tests showed significant
differences among the three groups (p=0.017, 0.041, and 0.008, respectively). There were significant differences in MO
and PTA between the mild and moderate groups (p=0.004 and 0.012, respectively). However, only five patients (4.1%, 5/
122) had abnormal MO values, which were lower than the normal range, while PTA values were within the normal range.
There were significant statistical differences in GGT between the severe—critical and mild groups and between the
severe—critical and moderate groups (p=0.014 and 0.003, respectively). Among them, 17 patients (13.9%, 17/122) had
abnormal values that were higher than the normal range. There was no significant difference in other laboratory results
among the three groups. Moreover, most of the values were in the normal range (Table 2).

SARS-CoV-2 Antibodies

All the 122 patients were examined for SARS-CoV-2 IgM and IgG antibodies. 38 cases were not vaccinated (31.1%, 38/
122), including 5 (13.2%) in the mild group, 20 (52.6%) in the moderate group, and 13 (34.2%) in the severe—critical
group. Then 84 cases were vaccinated (68.9%, 84/122), including 17 (18.0%) in the mild group, 54 (60.7%) in the
moderate group, and 13 (21.3%) in the severe—critical group. There was no statistical difference in patient classification
between the vaccinated group and the non-vaccinated group. Because vaccination could affect the antibody value and this
study was in order to observe the changes of antibodies in different clinical classifications, the present study only

Table | COVID-19 Patients’ Clinical Types, Basic Materials, and Follow-Up Intervals

Mild Moderate Severe-Critical p-value
No.(%) 22(18.0) 74(60.7) 26(21.3)
Female (%) 8(36.4) 26(35.1) 6(23.1) 0.490
Male (%) 14(63.6) 48(64.9) 20(76.9)
Age 38.273%12.143 44.689+10.777 49.654+14.502 0.005
Follow-up interval 398.545+28.539 421.892+64.976 490.269+78.684 0.001
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Table 2 COVID-19 Patients’ Laboratorial Examination Items’ Values

Normal Value Mild Moderate Severe-Critical P-value Abnormal Results (%)

No.(%) 22(18.0) 74(60.7) 26(21.3) 122(100.0)
Leukocyte (10%/L) 4-10 5.953+1.417 5.797+1.151 6.465+2.087 0.132 3(2.5)
Neutrophil (10°/L) 2-8 3.607+1.283 3.53240.901 3.940+1.824 0.342 3(2.5)
Lymphocyte (10%/L) 1-5 1.821£0.528 1.827£0.426 2.018+0.740 0.258 1(0.8)
Monocyte (10%/L) 0.2-0.8 0.402+0.092 0.32710.109 0.343x0.117 0.017 54. 1)
C-reaction protein (mg/L) 0-5 1.013£0.895 1.222£1.271 2.169+2.843 0.399 4(3.3)
Alanine aminotransferase (U/L) 9-50 18.977+9.056 24.851+31.122 34.835+35.441 0.065 19(15.6)
Aspartate aminotransferase (U/L) 15-40 22.109+7.755 23.212£10.677 31.831+40.363 0.606 17(13.9)
v- glutamyltransferase (U/L) 7-45 28.186+28.054 25.038+21.274 48.112£71.110 0.008 16(13.1)
Lactic dehydrogenase (U/L) 120-250 225.450+49.929 229.016+41.056 218.135+56.904 0.589 33(27.0)
Creatine kinase (U/L) 40-200 99.536£32.255 102.782+77.717 90.389+49.322 0.717 16(13.1)
Prothrombin time (s) 9.4-125 11.355+0.654 11.047£0.752 11.385+2.351 0.093 6(4.9)
Prothrombin activity (%) 70-130 88.909+21.512 97.392£10.134 96.154£14.371 0.041 5(4.1)
D-Dimer (mg/L) 0-0.5 0.5311.472 0.297+0.647 0.273+0.168 0.279 8(6.6)

analysed the antibodies of patients who had not been vaccinated. In the non-vaccinated group, three patients (7.9%, 3/38)
and 34 patients (89.5%, 34/38) were positive for IgM and IgG antibodies, respectively. There was no significant
difference in antibodies among the mild, moderate, and severe—critical groups with non-vaccinated patients (p>0.05),
although the more severe the patient’s condition was, the more SARS-CoV-2 IgG antibodies were found (Table 3).

Imaging Manifestations on Follow-Up CT

All the 22 patients in the mild group showed no signs of viral pneumonia on chest CT. There were positive signs of viral
pneumonia on chest CT in 100 patients, including 74 patients in the moderate group and 26 patients in the severe—critical
group. After follow-up, the CT results of 89 patients (89.0%, 89/100) showed that the pneumonia had been completely
absorbed. Residual lesions on CT were observed in only 11 patients (11.0%, 11/100), including four patients in the
moderate group (5.4%, 4/74) and seven patients in the severe—critical group (26.9%, 7/26). There was a significant
difference between the moderate group and the severe-critical group (p=0.006) (Table 4).

All the 11 patients who presented with residual lesions had them under the subpleural area. An average of two lobes were
involved in the moderate group, while an average of 3.57141.512 lobes were involved in the severe—critical group. There was
a significant difference between the two groups (p=0.033). The CT manifestations included irregular linear opacities in nine
cases (81.8%, 9/11), reticular patterns in six cases (54.5%, 6/11), and GGOs in five cases (45.5%, 5/11) (Figures 1-2). There

Table 3 SARS-CoV-2 Antibodies Among Different Types of Non-Vaccinated Patients

Mild Moderate Severe-Critical P-value
No. 5 20 13
IgM antibody 0.090(0.075, 0.200) 0.200(0.080, 0.483) 0.080(0.060, 0.435) 0.324
IgG antibody 5.770(0.510, 95.555) 6.550(2.655, 11.933) 13.130(8.975, 50.940) 0.100

Table 4 Chest CT Manifestations of COVID-19 in Moderate and Severe-Critical Group After Follow-Up

Total (%) Moderate (%) Severe-Critical (%) P-value
No. 100(100.0) 74 (100.0) 26(100.0)
No residual imaging 89(89.0) 70(94.0) 19(73.1) 0.006
Residual imaging 11(11.0) 4(5.4) 7(26.9)
Irregular lines 9(9.0) 4(5.4) 5(19.2) 0.491
Reticular pattern 6(6.0) 1(1.4) 3(11.5) 1.000
Ground-glass opacity 4(4.0) 1(1.4) 3(11.5) 1.000
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Figure | (A-D) Female, older patient of COVID-19. The initial CT at the hospital (A and B). The axial CT (A) and the sagittal CT (B) show the patchy ground-glass
opacities (GGOs) under the subpleural area of the right middle lobe (B) and the right lower lobe (A and B). The follow-up CT obtained after 391 days (C and D). The axial
follow-up CT (C) and the sagittal follow-up CT (D) show a few of GGOs and the irregular linear opacities remain under the subpleural area of the right lower lobe.
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Figure 2 (A-D) Male, older patient with COVID-19. The initial CT at the hospital (A and B). The axial initial CT (A) shows the patchy ground-glass opacities (GGOs),
crazy-paving pattern, and a few of consolidation under the subpleural area of the both lower lobes. The sagittal initial CT (B) shows the patchy GGOs under the subpleural
area of the right upper lobe and the right lower lobe. The follow-up CT obtained after 451 days (C and D). The axial follow-up CT (C) and the sagittal follow-up CT (D)
show reticular parterns, irregular linear opacities and a few of GGOs remain under the subpleural area of the both lower lobes (C) and the right lower lobe (D).
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was no significant difference in residual imaging between the moderate group and the severe—critical group. Consolidation,
pleural effusion, and enlarged lymph nodes were not present. (Table 4).

By logistic regression analysis, the patients’ ages (b=0.085, p=0.013) was positively correlated with the pulmonary
residual lesions on CT. That was, the older the patient was, the more likely there was to be residual lesions in the lung
after long-term follow-up. The clinical classification of patients was also positively associated with the residual lesions in
the lungs (b=1.488, p=0.041). When the patient’s condition worsened, the probability of residual lesions in the lung
increased. That was to say, severe-critical patients were more likely to have residual lesions than the moderate patients.
Other factors, such as gender, laboratory results, and vaccination status, had no correlation with pulmonary residual
lesions (p>0.05).

Discussion

The COVID-19 outbreak has been ongoing worldwide for more than two years. The number of confirmed cases has
constantly increased as the mutant strains of SARS-CoV-2 continue to develop; however, there have been few long-term
follow-up studies after discharge.”® Through more than one year follow-up study, we found that, first, residual lung
lesions could be found in both moderate and severe—critical patients, and the proportion of residual lesions in the severe—
critical group was significantly higher than that in the moderate group. Second, common residual CT findings included
irregular linear opacities, reticular patterns, and GGOs. Third, SARS-CoV-2 IgG increased gradually in mild, moderate,
and severe—critical patients. Fourth, there were significant differences in MO, PTA, and GGT among the three clinical
classifications, but these values were within the normal ranges.

Imaging manifestations were on the basis of pathological changes. COVID-19 pneumonia mainly showed localized or
diffuse alveolar injury, exudative alveolitis, and interstitial inflammation.” A large amount of serous fluids and fibrin exudates,
and a large number of hyaline membranes could be seen in the alveoli. The exudative cells were mainly monocytes and
macrophages, and multinucleated giant cells could be seen. The alveolar walls were diffusely thickened due to hyperplasia of
fibroblasts and type II alveolar epithelial cells. Congestion, oedema, and mononuclear and lymphocyte infiltration could be
seen in the alveolar septum. Thickened interlobular septa were also found. Pulmonary vasculitis, thrombosis, thromboembo-
lism, focal bleeding, and necrosis could all be seen in the lung tissue. In cases with a longer duration of disease, the alveolar
exudate was organized, and pulmonary interstitial fibrosis was present.”'""'> Therefore, after the gradual escalation of
alveolar injury in the acute stage of COVID-19 pneumonia, the exudate was gradually absorbed after reaching the peak,
and the corresponding imaging manifestations appeared on CT. In the early stage, patchy and quasi-circular pure GGOs were
distributed under the pleura. At the advanced stage and the peak stage, the GGOs and consolidation gradually increased,
resulting in a typical crazy-paving pattern and air-bronchography. Then, in the absorption stage, the GGOs and consolidation
were gradually absorbed, and fibrotic changes appeared, such as irregular linear opacities and reticular patterns.®'*'
Fibroplasia is a form of tissue injury and repair that results from the proliferation of fibroblasts, vascular endothelial cells,
and connective tissue and finally forms fibrous tissue.” Therefore, in the late stages of COVID-19, fibrosis gradually appeared
and was gradually absorbed. It has been reported that residual lesions can be found on CT (52.7-69.2%) at follow-up intervals
ranging from 2 weeks to 10 months. The CT manifestations mainly included GGOs (25.9-63.5%), irregular linear opacities
(15.9-36.5%), reticular patterns (0.9-9.4%), and consolidation (1.1-9.6%).>® Nevertheless, in the two 1-year follow-up
studies, the proportion of residual lesions was significantly different (25% vs 63.5%, respectively),”® and the most common
residual CT findings were different, namely, reticular patterns (13.4%) and irregular linear anomalies (12.0%),” reticular
patterns (25.5%) and GGO (25.0%).” In this study with more than one year follow-up, only 11.0% of COVID-19 patients had
residual lesions, including irregular linear opacities (9.0%), reticular patterns (6.0%), and GGOs (5.0%), but consolidation did
not appear. Consolidation was defined as the appearance of acute exudative changes in the alveoli on imaging. With an
extensive recovery period, the exudate from the acute phase is basically absorbed, so the consolidation shadow is not visible.
There might be many reasons why the present follow-up study is inconsistent with previous studies.” ™ The main reason
might be that the follow-up interval of this study was longer, with a median follow-up time of 405 days and a maximum
follow-up time of 620 days. With the gradual absorption of inflammation in the lung, a small amount of fibrosis remained. To
determine whether the residual fibrosis could be fully absorbed ultimately requires even longer follow-up observation.
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Through this follow-up study, the residual lesions were positively correlated with age and disease condition. In short,
with increasing age, the condition gradually worsened, and the probability of residual lesions increased, which is
consistent with the literature.”® In this study, although the follow-up interval in the severe-critical group was longer
than that in the moderate group, the proportion of residual lesions in the lung was higher. Therefore, we speculate that the
time required for repair after severe lung injury is longer. The other factors, such as gender, laboratory examination, and
vaccination status, had no correlation with residual lesions (p>0.05).

Some laboratory results exhibited abnormal values, such as reduced or normal peripheral white blood cells, decreased
lymphocytes, increased CRP, ALT, AST, GGT, and LDH in the acute and recovery stages of COVID-19, and increased
D-dimer in severe—critical patients.”>>° There were significant differences in MO, PTA, and GGT among different
clinical types in the present study, but we observed that most of the three items, including other laboratory results, were
within the normal range. Therefore, we speculate that the laboratory results also gradually returned to the normal range
from the acute stage to the recovery stage. The high level of antibodies had a certain correlation with the severity of the
16718 Nevertheless, the levels of SARS-CoV-2 IgM and IgG antibodies had no correlation with
the patients’ conditions in this study; however, SARS-CoV-2 IgM and IgG antibodies increased gradually with the

disease in the acute stage.

severity of illness in non-vaccinated patients, which was consistent with previous literature report.® In the present study,
the proportion of IgM and IgG antibodies positive (7.9% and 89.5%, respectively) was slightly lower than that in the
previous 1-year follow-up study (15.4% and 95.9%, respectively).® We speculate that this might be related to the longer
follow-up interval and the smaller sample size.

Our study has some limitations. First, the sample size of this study is smaller than part of the follow-up studies and some
data may need a larger sample size to support our conclusions, but the current sample size can also prove the accuracy of the
conclusion to a certain extent. Second, at follow-up after more than one year, the COVID-19 patients in this study still had
a small amount of residual fibrous lesions. We will continue this study to evaluate if these lesions can be fully absorbed.

Conclusion

In a word, the proportion of residual lesions on CT in COVID-19 patients was significantly reduced after a long-term
follow-up, and only a small amount of irregular linear opacities, reticular patterns, and GGOs remained. Patient age and
disease conditions were positively correlated with residual lesions. SARS-CoV-2 IgM and IgG antibodies increased with
the severity of the disease. Most laboratory results returned to the normal range after long-term follow-up.
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