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ABSTRACT

Background: We evaluated the radiologic, pulmonary functional, and antibody statuses of 
coronavirus disease 2019 (COVID-19) patients 6 and 18 months after discharge, comparing 
changes in status and focusing on risk factors for residual computed tomography (CT) 
abnormalities.
Methods: This prospective cohort study was conducted on COVID-19 patients discharged 
between April 2020 and January 2021. Chest CT, pulmonary function testing (PFT), and 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) immunoglobulin G (IgG) 
measurements were performed 6 and 18 months after discharge. We evaluated factors 
associated with residual CT abnormalities and the correlation between lesion volume in CT 
(lesionvolume), PFT, and IgG levels.
Results: This study included 68 and 42 participants evaluated 6 and 18 months, respectively, 
after hospitalizations for COVID-19. CT abnormalities were noted in 22 participants (32.4%) 
at 6 months and 13 participants (31.0%) at 18 months. Lesionvolume was significantly lower at 
18 months than 6 months (P < 0.001). Patients with CT abnormalities at 6 months showed 
lower forced expiratory volume in 1 second (FEV1) and FEV1/forced vital capacity (FVC), 
and patients with CT abnormalities at 18 months exhibited lower FVC. FVC significantly 
improved between 6 and 18 months of follow-up (all P < 0.0001). SARS-CoV-2 IgG levels 
were significantly higher in patients with CT abnormalities at 6 and 18 months (P < 0.001). At 
18-month follow-up assessments, age was associated with CT abnormalities (odds ratio, 1.17; 
95% confidence interval, 1.03–1.32; P = 0.01), and lesionvolume showed a positive correlation 
with IgG level (r = 0.643, P < 0.001).
Conclusion: At 18-month follow-up assessments, 31.0% of participants exhibited residual CT 
abnormalities. Age and higher SARS-CoV-2 IgG levels were significant predictors, and FVC 
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was related to abnormal CT findings at 18 months. Lesionvolume and FVC improved between 6 
and 18 months.
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INTRODUCTION

More than 774 million cases and 7.0 million deaths from coronavirus disease 2019 
(COVID-19) infection have been reported as of October 2023 (https://covid19.who.int/; 
accessed February 6, 2024), with the first official cases occurring in December 2019. The 
incidence has been declining, and the World Health Organization (WHO) declared an end 
to the COVID-19 global health emergency in May 2023. Therefore, now is the time to focus 
on long-term follow-up, including the radiological and functional pulmonary sequelae of 
COVID-19 infection, which could have a large long-term impact on healthcare systems.

Previous clinical studies and meta-analyses have reported antibody status and/or radiological 
and pulmonary functional outcomes 6 and 12 months after COVID-19 infection or 
hospital discharge.1-10 These studies indicated that long-term computed tomography (CT) 
abnormalities and a decline in pulmonary function test (PFT) results could be common 
in hospitalized patients, especially in severe and critical cases.2-5,8-10 However, the long-
term outcomes of lung sequelae shown on CT and their impact on pulmonary function are 
unknown. These studies emphasized that vigilant observation and longer follow-up periods 
are warranted, as these sequelae may last a long time.

Therefore, we aimed to evaluate the radiologic, functional, and antibody statuses of 
COVID-19 patients 6 and 18 months after discharge, including the changes between 6 and 18 
months, as well as the risk factors associated with residual CT abnormalities.

METHODS

Study design and participants
We designed a prospective cohort study of patients with COVID-19. Inclusion criteria were: 
1) 18 years of age or older, 2) COVID-19 diagnosis confirmed by a severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) polymerase chain reaction test, and 3) hospitalization 
in any institution between April 2020 and January 2021. Among the patients who met the 
inclusion criteria, those who voluntarily agreed to participate in this study were enrolled by 
visiting our COVID-19 outpatient clinic. The exclusion criteria were patients who did not 
want to participate in the study or those who expressed a desire to discontinue participation 
during the study. For each participant, follow-up visits at 6 and 18 months after discharge 
were scheduled for chest CT, PFT, and SARS-CoV-2 immunoglobulin G (IgG). Supplementary 
Fig. 1 shows the flowchart of study enrollment and recruitment.
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Chest CT protocol
All low-dose chest CT scans were conducted by one dedicated CT scanner (Revolution; GE 
HealthCare, Chicago, IL, USA). CT scan parameters were: kVp, 120; mA, 85; matrix, 512 × 
512; scan mode, helical; collimation, 64 × 0.625 mm; slice thickness, 2.5 mm; beam width, 
40 mm; focal spot size, small; pitch, 0.984; and rotation time, 0.5 seconds. Coronal and 
sagittal reconstructions were performed.

Quantitative and qualitative analysis of chest imaging
All chest images were reviewed by two board-certified thoracic radiologists, with 20 and 13 
years of experience, respectively, blinded to all clinical and functional data for the evaluation 
of CT abnormalities, including ground-glass opacity (GGO), parenchymal bands, anterior 
bronchiectasis, traction bronchiectasis, perilobular opacification, and reticulation, according 
to previous reports.11,12 Among the participants, 64 of 68 (94.1%) had chest radiographs 
(CXRs) at admission, which were also evaluated according to the extent of lung involvement: 
grade 0, no lesion; grade 1, 1–25%; grade 2, 25–50%; grade 3, 50–75%; and grade 4, 75–100%. 
These 6-month CTs were compared side-by-side with 18-month CTs to evaluate whether there 
had been improvements or stability.

All CT images were also quantitatively analyzed in terms of the Hounsfield unit (HU) 
distribution of the pixels, with normalized histograms computed via commercial software 
(IntelliSpace Portal; Philips, Andover, MA, USA) (Supplementary Fig. 2). The HU of fibrotic 
lung lesions are typically within −200 and −600 HU, according to a previous study.13 Some 
lesions were identified outside of this definition if the examining radiologist regarded them as 
lung sequelae. The lung lesion and whole-lung volumes were measured, and the lesion volume 
percentage (lesionvolume) was calculated: Volume of Lung Lesion/Whole-Lung Volume × 100.

PFT and SARS-CoV-2 IgG level
PFT and SARS-CoV-2 IgG measurements were performed on patients who had a follow-up 
outpatient visit at 6 and 18 months after discharge, respectively. Spirometry was performed 
according to the American Thoracic Society and European Respiratory Society standards.14 
This study measured forced expiratory volume in 1 second (FEV1), forced vital capacity 
(FVC), FEV1/FVC, and diffusing capacity of the lungs for carbon monoxide (DLCO), and the 
spirometry results were also expressed as a percentage of the measured to the predicted 
values. SARS-CoV-2 IgG level was measured using the commercial kit manufactured by 
Sysmex, which is based on the chemiluminescent enzyme immunoassay method.

Statistical analysis
The Student’s t-test or Mann-Whitney U test was used to analyze continuous variables, 
and Pearson’s χ2 test with Yates’ continuity correction or the Fisher exact test was used for 
categorical variables. After univariate analysis, variables were subjected to multivariate 
analysis by logistic regression. We included the significant variables from a simple logistic 
regression in the multivariate analysis. Results are reported as odds ratios (ORs) with 
95% confidence intervals (CIs). The diagnostic performance of SARS-CoV-2 IgG level for 
predicting CT abnormalities was analyzed using receiver operating characteristic (ROC) 
curves and area under the curve (AUC). The correlations between lesionvolume and IgG level or 
PFT were analyzed using Spearman’s rank correlation. Lesionvolume and PFT were compared 
between 6 and 18 months within subjects by paired t-test or Wilcoxon signed-rank test. A 
P value < 0.05 was considered significant. All statistical analyses were performed with R 
(version 4.3.0; The R Foundation, Vienna, Austria).
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Ethics statement
This prospective cohort study protocol was reviewed and approved by the Institutional 
Review Board of Korea University Ansan Hospital (approval number: 2020AS0122). Informed 
consent was submitted by all subjects when they were enrolled. This prospective cohort study 
was registered at the Clinical Research Information Service (CRIS, http://cris.nih.go.kr), 
number KCT0008573.

RESULTS

Demographic characteristics
During the study period, 87 COVID-19 patients initially decided to participate in the study, 
but 68 patients actually underwent follow-up CT, and 68 patients participated in the study. 
Table 1 shows the demographic and clinical characteristics at 6 months and 18 months after 
hospitalization for COVID-19. In the 6-month follow-up group, 37 (54.4%) participants had 
mild COVID-19 disease, 20 (29.4%) had moderate disease, and 10 (14.7%) had severe disease, 
according to the COVID-19 WHO ordinal scale. Furthermore, 15 (22.1%) underwent invasive 
ventilation therapy, and 35 (51.5%) had a CXR of at least grade 1. Among the 42 participants 
who attended 18-month follow-up visits, 20 (47.6%) had mild disease, 16 (38.1%) had moderate 
disease, and six (14.3%) had severe disease. In addition, 10 patients (23.8%) had invasive 
ventilation therapy, and 27 (64.3%) had at least a grade 1 CXR. No patient had underlying lung 
disease, such as asthma, chronic obstructive pulmonary disease, or lung cancer.

CT findings at 6- and 18-month follow-up assessments
CT findings of the study population are described in Supplementary Table 1. At 6 and 18 
months after hospitalization for COVID-19, 22 participants (32.4%) and 13 (31.0%) had 
persistent CT abnormalities, respectively. Among 35 participants who had at least a grade 
1 CXR, 21 (60%) had residual CT abnormalities at 6 months. At 18 months, 20 participants 
(29.4%) had GGO and parenchymal bands, 18 (26.5%) had anterior bronchiectasis, 14 (20.6%) 
had traction bronchiectasis, 19 (27.9%) had perilobular opacification, and 19 (27.9%) had 
reticulation. In addition, 13 (31.0%) had decreased but persistent lung lesions at 18 months, and 
three (7.1%) showed improvement in all lesions compared with 6 months. The mean lesionvolume 
on CT was 4.7 ± 6.1% (range, 0.2–23.4%) at 6 months and 3.8 ± 3.6% (range, 0.6–11.3%) at 18 
months, representing a significant decrease between the two time points (P < 0.001; Fig. 1A).

PFT and SARS-CoV-2 IgG levels at 6- and 18-month follow-up assessments
PFTs of study participants are shown in Supplementary Table 1. Sequential PFTs at 6 and 
18 months showed significant improvement in FVC (3.56 L [90.0%] vs. 3.59 L [94.5%], P < 
0.001) and FEV1/FVC (83.0 vs. 80.5), but no significant changes in FEV1 or DLCO (2.95 L vs. 
2.89 L; 83.0 vs. 83.0; all P > 0.05) (Fig. 1B-D).

The median SARS-CoV-2 IgG levels at 6- and 18-month follow-up were 10.1 U/mL (interquartile 
range [IQR], 4.6–28.8 U/mL) and 2.3 U/mL (IQR, 1.0–12.1 U/mL), respectively—a statistically 
significant decrease (P < 0.001) (Supplementary Table 2).

Participants with vs. without residual CT abnormalities at 6- and 18-month 
follow-up
Tables 2 and 3 compare the demographic and clinical characteristics, PFTs, and SARS-CoV-2 
IgG levels between participants with and without persistent CT abnormalities (CT-positive 
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and CT-negative, respectively) at 6- and 18-month follow-up. Participants who were CT-
positive at both the 6- and 18-month follow-up were significantly older than CT-negative 
participants (59 vs. 31 years and 62 vs. 32 years, both P < 0.001). Hypertension (50% vs. 2.2% 
and 53.8% vs. 6.9%) and diabetes (40.9% vs. 0% and 46.2% vs. 3.7%) were significantly more 
common in CT-positive patients than in CT-negative patients at both the 6- and 18-month 
follow-up (all P < 0.01). The mean Charlson Comorbidity Index (CCI) was significantly higher 
in CT-positive participants than in CT-negative participants at both the 6- and 18-month 
follow-up (3 vs. 0 and 3 vs. 0, P < 0.001).
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Table 1. Demographic and clinical characteristics of the study population at 6 and 18 months after COVID-19 infection
Characteristics Value at 6 mon (n = 68) Value at 18 mon (n = 42)
Age, yr 39 (29–58) 43 (27–60)
Male sex 28 (41.2) 18 (42.9)
BMI, kg/m2 23.5 ± 3.4 24.4 ± 3.2
Charlson Comorbidity Index 0 (0–2) 0 (0–2)
Comorbidities

Cerebrovascular accident 1 (1.4) 0 (0.0)
Hypertension 12 (17.6) 9 (21.4)
Coronary artery disease 1 (1.4) 1 (2.4)
Diabetes 9 (13.2) 7 (16.7)

Symptoms at admission
None 4 (5.9) 4 (9.5)
Cough 32 (47.1) 17 (40.5)
Sputum 13 (19.1) 8 (19.0)
Fever/chills 41 (60.3) 22 (52.4)
Rhinorrhea 11 (16.2) 8 (19.0)
Dyspnea 7 (10.3) 5 (11.9)
Diarrhea 11 (16.2) 6 (14.3)
Dysosmia 36 (52.9) 16 (38.1)
Dysgeusia 27 (39.7) 14 (33.3)
Sore throat 15 (22.1) 8 (19.0)

CXR grade at admission
Grade 0 (no lesion) 29 (42.6) 15 (35.7)
Grade 1 (0–25%) 16 (23.5) 12 (28.6)
Grade 2 (25–50%) 4 (5.9) 3 (7.1)
Grade 3 (50–75%) 3 (4.4) 2 (4.8)
Grade 4 (75–100%) 12 (17.6) 10 (23.8)

Smoking status at admission
Current smoker 4 (5.9) 1 (2.4)
Ex-smoker 1 (1.4) 4 (9.5)
Nonsmoker 22 (32.4) 19 (45.2)

Ordinal severity scale during admission
Mild 37 (54.4) 20 (47.6)
Moderate 20 (29.4) 16 (38.1)
Severe 10 (14.7) 6 (14.3)

Highest level of ventilatory support
Oxygen therapy 46 (67.6) 26 (61.9)
Invasive ventilation 15 (22.1) 10 (23.8)
No respiratory support 6 (8.8) 6 (14.3)

Treatment
Steroid 11 (16.2) 9 (21.4)
Remdesivir 8 (11.8) 6 (14.3)
Convalescent therapy 3 (4.4) 1 (2.4)
Hydroxychloroquine 7 (10.3) 5 (11.9)
Ritonavir/lopinavir 5 (7.4) 2 (4.8)
Duration of hospital stay 31.5 (22.8–39.3) 34.0 (21.3–38.0)

Values are presented as numbers of participants (%), mean ± standard deviation, or median (interquartile range).
COVID-19 = coronavirus disease 2019, BMI = body mass index, CXR = chest radiograph.



Dyspnea at admission was significantly more common in CT-positive participants than in 
CT-negative participants at the 6-month follow-up assessments (27.3% vs. 2.2%, P = 0.004). 
Among residual symptoms at 6 months, fatigue was significantly more common in CT-
positive participants than in CT-negative participants (18.2% vs. 2.2%, P = 0.035). Dyspnea as 
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Fig. 1. Graphs comparing changes between 6 months (6M) and 18 months (18M), with specific changes in (A) 
lesionvolume, (B) FVC (L), (C) FVC (%), and (D) FEV1/FVC. 
lesionvolume = lesion volume percentage, FVC = forced vital capacity, FEV1 = forced expiratory volume in 1 second. 
Comparisons were performed with the paired t-test and Wilcoxon signed rank test. 
***P < 0.001; ****P < 0.0001.
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Table 2. Characteristics of participants with and without abnormal CT findings at 6 months
Characteristics CT-positive group (n = 22) CT-negative group (n = 46) P value
Age, yr 59 (55–66) 31 (26–39) < 0.001
Male sex 12 (54.5) 16 (34.8) 0.199
BMI, kg/m2 24.6 ± 3.3 23.0 ± 3.3 0.066
Charlson Comorbidity Index 3 (1–3.75) 0 (0–0) < 0.001
Comorbidities

Cerebrovascular accident 0 (0.0) 1 (2.2) > 0.999
Hypertension 11 (50.0) 1 (2.2) < 0.001
Coronary artery disease 1 (2.2) 0 (0.0) 0.324
Diabetes 9 (40.9) 0 (0.0) < 0.001

Symptoms at admission
None 1 (4.5) 3 (6.5) > 0.999
Cough 9 (40.9) 23 (50.0) 0.658
Sputum 6 (27.3) 7 (15.2) 0.324
Fever/chills 14 (63.6) 27 (58.7) 0.901
Rhinorrhea 0 (0.0) 11 (23.9) 0.012
Dyspnea 6 (27.3) 1 (2.2) 0.004
Diarrhea 0 (0.0) 11 (23.9) 0.012
Dysosmia 3 (13.6) 33 (71.7) < 0.001
Dysgeusia 3 (13.6) 24 (52.2) 0.006
Sore throat 1 (4.5) 14 (30.4) 0.026

CXR grade at admission < 0.001
Grade 0 (no lesion) 0 (0.0) 29 (67.4)
Grade 1 (0–25%) 4 (19.0) 12 (27.9)
Grade 2 (25–50%) 2 (9.5) 2 (4.7)
Grade 3 (50–75%) 3 (14.3) 0 (0.0)
Grade 4 (75–100%) 12 (57.1) 0 (0.0)

Pulmonary function test
FEV1, L 2.8 ± 0.7 3.0 (2.6–3.5) 0.013
FEV1, % 93.1 ± 8.7 94.0 (89–100) 0.301
FVC, L 3.5 ± 0.9 3.6 (3.1–4.2) 0.079
FVC, % 89.8 ± 11.8 93.2 ± 8.8 0.194
FEV1/FVC 80.2 ± 5.3 84.3 ± 7.2 0.024
DLCO 86.4 ± 12.9 82.9 ± 10.4 0.246

Ordinal severity scale during admission < 0.001
Mild 0 (0.0) 37 (82.2)
Moderate 12 (54.5) 8 (17.8)
Severe 10 (45.5) 0 (0.0)

Highest level of ventilatory support < 0.001
No respiratory support 0 (0.0) 6 (13.3)
Oxygen therapy 7 (31.8) 39 (86.7)
Invasive ventilation 15 (68.2) 0 (0.0)

Residual symptoms at 6 mon
None 10 (45.5) 26 (56.5) 0.551
Cough 2 (9.1) 1 (2.2) 0.243
Sputum 2 (9.1) 1 (2.2) 0.243
Chest pain/palpitation 1 (4.5) 6 (13.0) 0.414
Dyspnea 2 (9.1) 2 (4.3) 0.590
Dysosmia 1 (4.5) 5 (10.9) 0.656
Dysgeusia 1 (4.5) 2 (4.3) > 0.999
Insomnia 0 (0.0) 2 (4.3) > 0.999
Hair loss 2 (9.1) 2 (4.3) 0.590
Memory loss/poor concentration 1 (4.5) 5 (10.9) 0.656
Depression 1 (4.5) 0 (0.0) 0.324
Headache 1 (4.5) 4 (8.7) > 0.999
Mild abdominal pain 1 (4.5) 1 (2.2) 0.546
Fatigue 4 (18.2) 1 (2.2) 0.035
Myalgia 0 (0.0) 1 (2.2) > 0.999
Sore throat 1 (4.5) 1 (2.2) 0.546

Duration of hospital stay 33.5 (25.3–40) 27.0 (19.3–37) 0.084
(continued to the next page)



a residual symptom at the 6- and 18-month follow-up assessments was found in 4 (5.9%) and 
2 (4.8%) participants, respectively.

Regarding disease severity at admission, significantly more CT-positive participants than 
CT-negative participants were in the severe (45.5% vs. 0% and 46.2% vs. 0%) and moderate 
(54.5% vs. 17.8% and 53.8% vs. 31.0%) groups at the 6- and 18-month follow-up assessments. 
All patients in the CT-positive group at 6 and 18 months needed oxygen therapy during 
admission and underwent invasive ventilation at that time.

FEV1 and FEV1/FVC were significantly lower in CT-positive participants than in CT-negative 
participants at 6 months (2.8 L vs. 3.3 L and 80.2 vs. 84.3, all P < 0.05). At 18 months, FVC 
was significantly lower in CT-positive participants than in CT-negative participants (85.9% vs. 
94.3%, P = 0.016).

The median SARS-CoV-2 IgG levels at both 6 and 18 months were significantly higher in 
CT-positive participants than in CT-negative participants (25.2 vs. 7.0 U/mL and 25.1 vs. 1.4 
U/mL, all P < 0.001). At 18 months, the median SARS-CoV-2 IgG level at 6 months was also 
significantly higher in CT-positive participants than in CT-negative participants (40.3 vs. 7.1 
U/mL, P < 0.001).

Factors associated with persistent CT abnormalities
In the univariate analysis, age, CCI, FEV1, and FEV1/FVC were associated with a greater 
likelihood of CT abnormalities at 6 months (Supplementary Table 2). At 18 months, age, CCI, 
FVC, and SARS-CoV-2 IgG level were associated with a greater likelihood of CT abnormalities 
in the univariate analysis. In the multivariable analysis, age was associated with persistent CT 
abnormalities at 6- and 18-month follow-up assessments (OR, 1.14; 95% CI, 1.04–1.22; P < 
0.001 and OR, 1.17; 95% CI, 1.03–1.32; P = 0.014, respectively).

SARS-CoV-2 IgG levels for predicting residual CT abnormalities
The ROC curves of SARS-CoV-2 IgG levels for predicting CT abnormalities at 6 or 18 months 
are shown in Fig. 2. The AUC of the ROC curve of SARS-CoV-2 IgG levels for predicting 
CT abnormalities at 6 months was 0.688 (95% CI, 0.798–0.908; P < 0.001). The cut-off 
IgG value for predicting CT abnormalities at 6 months was 10.25 (sensitivity, 70.5%; 
specificity, 90.5%). The AUC of the ROC curve of SARS-CoV-2 IgG levels at 6 and 18 months 
for predicting CT abnormalities at 18 months was 0.734 (95% CI, 0.849–0.964; P < 0.001) 
and 0.823 (95% CI, 0.823–0.909; P < 0.001). The cut-off SARS-CoV-2 IgG values at 6 and 
18 months for predicting CT abnormalities at 18 months were 10.1 (sensitivity, 69.0%; 
specificity, 100%) and 2.35 (sensitivity, 75.0%; specificity, 100%).
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Characteristics CT-positive group (n = 22) CT-negative group (n = 46) P value
Smoking status at admission > 0.999

Current smoker 0 (0.0) 1 (2.2)
Ex-smoker 1 (4.5) 3 (6.5)
Nonsmoker 18 (81.8) 28 (60.9)

Antibody at 6 mon
SARS-CoV-2 IgG, U/mL 25.2 (13.7–43.3) 7 (3.0–13.4) < 0.001

Values are presented as numbers of participants (%), mean ± standard deviation, or median (interquartile range).
CT = chest tomography, BMI = body mass index, CXR = chest radiograph, FEV1 = forced expiratory volume in 1 
second, FVC = forced vital capacity, DLCO = diffusing capacity of the lungs for carbon monoxide, SARS-CoV-2 = 
severe acute respiratory syndrome coronavirus 2, IgG = immunoglobulin G.

Table 2. (Continued) Characteristics of participants with and without abnormal CT findings at 6 months
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Table 3. Characteristics of participants with and without abnormal CT findings at 18 months
Characteristics CT-positive group (n = 13) CT-negative group (n = 29) P value
Age, yr 62.0 (58.0–71.0) 32.0 (25.0–45.0) < 0.001
Male sex 9 (69.2) 9 (31.0) 0.048
BMI, kg/m2 25.0 ± 2.8 24.2 ± 3.4 0.318
Charlson Comorbidity Index 3 (2–4) 0 (0–1) < 0.001
Comorbidities

Hypertension 7 (53.8) 2 (6.9) 0.002
Coronary artery disease 1 (7.7) 0 (0.0) 0.310
Diabetes 6 (46.2) 1 (3.7) 0.001

Symptoms at admission
Cough 6 (46.2) 11 (37.9) 0.871
Sputum 4 (30.8) 4 (13.8) 0.226
Fever/chills 9 (69.2) 13 (44.8) 0.143
Rhinorrhea 0 (0.0) 8 (27.6) 0.043
Dyspnea 3 (23.1) 2 (6.9) 0.162
Diarrhea 0 (0.0) 6 (20.7) 0.153
Dysosmia 1 (7.7) 15 (51.7) 0.007
Dysgeusia 1 (7.7) 13 (44.8) 0.032

CXR grade at admission < 0.001
Grade 0 (no lesion) 0 (0.0) 15 (51.7)
Grade 1 (0–25%) 0 (0.0) 12 (41.4)
Grade 2 (25–50%) 1 (7.7) 2 (6.9)
Grade 3 (50–75%) 2 (15.4) 0 (0.0)
Grade 4 (75–100%) 10 (76.9) 0 (0.0)

Pulmonary function test
FEV1, L 2.8 ± 0.5 3.1 ± 0.6 0.107
FEV1, % 96.4 ± 14.1 94.2 ± 9.7 0.562
FVC, L 3.5 ± 0.6 3.7 ± 0.8 0.256
FVC, % 85.9 ± 11.6 94.3 ± 9.3 0.016
FEV1/FVC 80.6 ± 5.5 83.7 ± 7.3 0.188
DLCO 87.5 ± 15.1 83.7 ± 10.9 0.360

Ordinal severity scale during admission < 0.001
Mild 0 (0.0) 20 (69.0)
Moderate 7 (53.8) 9 (31.0)
Severe 6 (46.2) 0 (0.0)

Highest level of ventilatory support < 0.001
No respiratory support 0 (0.0) 6 (20.7)
Oxygen therapy 3 (23.1) 23 (79.3)
Invasive ventilation 10 (76.9) 0 (0.0)

Residual symptoms at 18 mon
None 9 (69.2) 21 (77.8) 0.700
Dyspnea 1 (7.7) 1 (3.7) > 0.999
Chest pain 1 (7.7) 3 (11.1) > 0.999
Headache 0 (0.0) 1 (3.7) > 0.999
Dysosmia 0 (0.0) 1 (3.7) > 0.999

Duration of hospital stay 33.0 ± 12.8 28.2 ± 12.6 0.267
Smoking status at admission

Current smoker 0 (0.0) 1 (3.4)
Ex-smoker 1 (8.3) 3 (10.3)
Nonsmoker 11 (91.7) 25 (86.2)

Antibody at 6 mon
SARS-CoV-2 IgG, U/mL 40.3 (17.3–60.6) 7.1 (4.1–18) < 0.001

Antibody at 18 mon
SARS-CoV-2 IgG, U/mL 25.1 (8–59.2) 1.4 (0.7–2.4) < 0.001

Values are presented as numbers of participants (%), mean ± standard deviation, or median (interquartile range).
CT = chest tomography, BMI = body mass index, CXR = chest radiograph, FEV1 = forced expiratory volume in 1 
second, FVC = forced vital capacity, DLCO = diffusing capacity of the lungs for carbon monoxide, SARS-CoV-2 = 
severe acute respiratory syndrome coronavirus 2, IgG = immunoglobulin G.



The correlations between lesionvolume and PFT/SARS-CoV-2 IgG levels
At 6-month follow-up assessments, lesionvolume showed a negative correlation with FEV1 (r = 
−0.31, P = 0.011) and a positive correlation with SARS-CoV-2 IgG level (r = 0.482, P < 0.001). At 
18-month follow-up assessments, lesionvolume showed a positive correlation with SARS-CoV-2 
IgG level at 6 months (r = 0.534, P < 0.001) and at 18 months (r = 0.643, P < 0.001; Fig. 3).

DISCUSSION

In our study, 32.4% of participants at 6 months and 31.0% of participants at 18 months had 
persistent CT abnormalities. The mean lesionvolume was significantly decreased, and FVC 
significantly improved between the 6- and 18-month follow-up assessments. Dyspnea was 
found in four participants at 6 months and two at 18 months. Eighteen-month follow-up data 
are scarce, but our findings are in line with those few studies. Guo et al.15 reported that 35.8% 
of participants displayed a reticular pattern, and 29.5% showed GGO at the 18.5-month 
follow-up CT. PFT parameters slightly improved during follow-up, and 4.7% of COVID-19 
convalescents experienced dyspnea at 18.5 months. Barini et al.16 also reported that 
radiological findings did not improve at 18 months in 16.5% of participants. Although these 
studies did not quantitatively analyze the lesionvolume of CT abnormalities and involved fewer 
patients who received ventilator care than our study, residual CT abnormalities 18 months 
after COVID-19 infection were seen in less than 40% of participants, and dyspnea in less than 
6%. PFT results at 18 months could be improved compared with the 6-month results.

In our results, statistically significant variables for patients with residual CT-positive findings 
at 6 and 18 months were consecutively similar, which could explain the clinical features of 
COVID-19 pneumonia. Among those with residual CT abnormalities, no participants had mild 
disease combined with CXR grades of 3 or 4 at admission. Additionally, none of the participants 
without residual CT abnormalities at both the 6- and 18-month follow-up assessments required 
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Fig. 2. The ROC curves of SARS-CoV-2 IgG levels for predicting CT abnormalities at 6 or 18 months. (A) ROC curves were used to test the performance of SARS-
CoV-2 IgG level at 6 months for predicting residual CT abnormalities at 6 months, showing an AUC of 0.688 (95% CI, 0.798–0.908; P < 0.001). The cut-off IgG 
level at 6 months for predicting CT abnormalities at 6 months was 10.25 (sensitivity, 70.5%; specificity, 90.5%). (B) The ROC curve of IgG level at 6 months for 
predicting residual CT abnormalities at 18 months showed an AUC of 0.734 (95% CI, 0.849–0.964; P < 0.001). The cut-off value was 10.1 (sensitivity, 69.0%; 
specificity, 100%). (C) The ROC curve of IgG level at 18 months for predicting residual CT abnormalities at 18 months showed an AUC of 0.823 (95% CI, 0.823–
0.909; P < 0.001). The cut-off value was 2.35 (sensitivity, 75.0%; specificity, 100%). 
ROC = receiver operating characteristic, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, IgG = immunoglobulin G, CT = computed tomography, 
AUC = area under the curve, CI = confidence interval.



ventilatory support. This indicates that residual CT abnormalities were significantly more 
common in patients who were severely ill at admission. However, multivariate analysis could 
not prove the effect of clinical severity on residual CT findings because the variables in this 
study were somewhat dichotomous, and the sample size was insufficient to discriminate 
between the two groups. In this study, residual CT abnormalities at the 6- and 18-month follow-
up assessments may be related to the severity of COVID-19.
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lesionvolume = lesion volume percentage, PFT = pulmonary function testing, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, IgG = immunoglobulin 
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Residual CT abnormalities may also be caused by barotrauma from invasive ventilation, lung 
injury, acute respiratory distress syndrome (ARDS), or direct fibrotic stimuli from viruses, 
but the pathophysiology is unclear.17 Previous reports demonstrated that invasive ventilation 
may be a risk factor for residual lung abnormalities at 6 weeks to 12 months of follow-up after 
COVID-19 diagnosis.5,18 As lung fibrosis is known to complicate diffuse alveolar injury or 
ARDS, and fibrosis in ARDS might be caused by barotrauma,19 some features seen on CT after 
COVID-19 might have resulted from mechanical ventilation or associated lung injury rather than 
COVID-19 itself.18 In this study, all patients who underwent invasive ventilation at the time of 
COVID-19 pneumonia had residual CT abnormalities until the 18-month follow-up point.

It is well-known that severe or critical disease leads to greater residual CT and PFT 
abnormalities compared with mild or moderate infection, although most previous studies 
followed patients for less than 7 months.20 Our study showed that disease severity is still an 
important factor for residual CT abnormalities, even at 18 months of follow-up. Age was also a 
risk factor for lung sequelae at both 6 and 18 months in our study, which is in line with earlier 
studies that had shorter than 12 months of follow-up.6,21 As a previous serial CT follow-up 
study in patients with severe acute respiratory syndrome (SARS) reported, lung sequelae could 
be stable for the following 15 years after lesion absorption, with recovery occurring within the 
first 12 months.22 Follow-up, especially for severe or critical infection, ventilatory support, and 
older age, should extend for longer than 18 months to plan long-term management.

FEV1 and FEV1/FVC at 6 months, as well as FVC at 18 months after hospitalization, were 
significantly lower in participants with residual CT abnormalities, which differed from 
previous studies. It has been suggested that restrictive pulmonary alteration and decreased 
DLCO, which is the most sensitive factor reflecting changes in pulmonary function, are 
consequences of SARS-CoV infection.23,24 Previous studies also reported that DLCO was 
reduced after COVID-19 infection and improved over time.25,26 The cause behind decreased 
FEV1 in COVID-19 is unclear. However, considering the previous report showing a relationship 
between the modified Medical Research Council dyspnea scale and improved FEV1 through 
rehabilitation treatment, we can infer that FEV1 is related to functional lung capacity.27,28 In 
our study, there was no change in DLCO between 6 and 18 months. It is possible that our study 
population had already recovered their DLCO, which was damaged during COVID-19 infection.

The median SARS-CoV-2 IgG levels at both 6 and 18 months were significantly higher in 
participants with CT abnormalities than in those without CT abnormalities, and lesionvolume 
showed a positive correlation with SARS-CoV-2 IgG level at both 6 and 18 months in our study. 
The IgG cut-off values for predicting CT abnormalities were also shown. In previous studies, 
the proportion of IgG-negative patients was higher among non-severe cases than in severe 
cases, and there was a correlation between IgG conversion and disease severity at 12 months.1 
Patients with severe infection had higher SARS-CoV-2 IgG levels than those with mild cases.29 
These results suggest that disease severity is associated with immune responses. Additionally, 
IgG was detected in survivors at 18 months.30 Our results also demonstrated the correlation 
between SARS-CoV-2 IgG levels and CT abnormalities 18 months after hospitalization for 
COVID-19, with IgG detectable in COVID-19 survivors at that time.

This study had some limitations. First, we only had 17 CT scans at admission, and 94.1% of 
participants had initial CXRs. We analyzed CXR grade according to lesion extent. Second, 
due to a wide 95% CI range in univariate analysis, some factors could not be included in the 
multivariate analysis. This wide range might be due to the relatively small sample size or 
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potential selection bias from patients’ voluntary participation or refusal to undertake follow-
up CT. Lastly, SARS-CoV-2 antibody titers may be affected by COVID-19 vaccination, but the 
data regarding vaccination history were limited in this study.

In conclusion, 32.4% of participants at 6 months and 31.0% of participants at 18 months had 
persistent CT abnormalities. FEV1 and FEV1/FVC at 6 months, as well as FVC at 18 months, 
were significantly lower. SARS-CoV-2 IgG levels at both 6 and 18 months were significantly 
higher in participants with CT abnormalities than in those without CT abnormalities. 
The lesion volume in CT and FVC were significantly better at 18 months than at 6 months. 
There were correlations between PFT, IgG level, and residual CT abnormalities. Age was a 
significant risk factor for CT abnormalities at 18 months, and disease severity, initial CXR 
grade, and ventilatory support were also important factors.

SUPPLEMENTARY MATERIALS

Supplementary Data 1
Data sharing statement

Supplementary Table 1
Chest CT, pulmonary function test, and SARS-CoV-2 IgG findings at 6-month and 18-month 
after COVID-19 infection

Supplementary Table 2
Admission factors associated with abnormality at 6 and 18 months

Supplementary Fig. 1
Study flowchart shows enrollment and recruitment.

Supplementary Fig. 2
CT quantitative analysis. CT abnormalities are shown in green, and normal lung parenchyma 
in pink. In this case, whole-lung volume was 4,813.6 mL, and lesion volume was 27.8 mL; 
therefore, lesionvolume was 0.58%.
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