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In COVID-19 survivors, chest CT score recovers over time, but recovery is slower in severely ill patients.
Conclusion Subjects complained of various ongoing symptoms and socioeconomic problems for several months
after recovery.
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Background/Aims: To identify changes in symptoms and pulmonary sequelae in patients with coronavirus disease 2019
(COVID-19).

Methods: Patients with COVID-19 hospitalized at seven university hospitals in Korea between February 2020 and February
2021 were enrolled, provided they had > 1 outpatient follow-up visit. Between January 11 and March 9, 2021 (study period),
residual symptom investigations, chest computed tomography (CT) scans, pulmonary function tests (PFT), and neutralizing
antibody tests (NAb) were performed at the outpatient visit (cross-sectional design). Additionally, data from patients who al-
ready had follow-up outpatient visits before the study period were collected retrospectively.

Results: Investigation of residual symptoms, chest CT scans, PFT, and NAb were performed in 84, 35, 31, and 27 patients,
respectively. After 6 months, chest discomfort and dyspnea persisted in 26.7% (4/15) and 33.3% (5/15) patients, respec
tively, and 40.0% (6/15) and 26.7% (4/15) patients experienced financial loss and emotional distress, respectively. When the
ratio of later CT score to previous ones was calculated for each patient between three different time intervals (1-14, 15-60,
and 61-365 days), the median values were 0.65 (the second interval to the first), 0.39 (the third to the second), and 0.20 (the
third to the first), indicating that CT score decreases with time. In the high-severity group, the ratio was lower than in the
low-severity group.

Conclusions: In COVID-19 survivors, chest CT score recovers over time, but recovery is slower in severely ill patients. Sub-

jects complained of various ongoing symptoms and socioeconomic problems for several months after recovery.
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INTRODUCTION

Since the first reported severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in Wuhan, China in
December 2019, the number of people infected with coro-
navirus disease 2019 (COVID-19) has exceeded 200 million
worldwide [1]. Although the number of COVID-19 survivors
is increasing despite an increase in confirmed COVID-19
cases, survivors are still in a fragile state even after hospital
discharge, which can place additional burdens on health-
care systems around the world. According to Donnelly et al.
[2], 19.9% of patients discharged after hospitalization for
COVID-19 were readmitted, and 9.1% died within 60 days.
Furthermore, readmission and mortality rates at 140 days
post-COVID-19 were 29% and 12 %, respectively [3]. There-
fore, the long-term health effects associated with COVID-19
must be evaluated.

Long COVID syndrome refers to new or ongoing symp-
toms 4 weeks or more after the onset of acute COVID-19
that persist for 12 weeks or more [4,5]. Because COVID-19
affects multiple organ systems, the long-term effects of
COVID-19 can involve symptoms such as fatigue, headaches,
and hair loss [6,7]. In a cohort study of 273,618 COVID-19
survivors, post-COVID-19 syndrome affected 36.6% of pa-
tients for between 3 and 6 months. Common symptoms in-
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cluded abnormal respiration (7.9%) and fatigue (5.9%) [8].

Recently, 1-year follow-up studies have been conducted
for clinical characteristics and pulmonary sequelae after ini-
tial SARS-CoV-2 infection [9-11], which showed that muscle
fatigue was common (39%) and that 43% of COVID-19
survivors experienced symptoms of depression. Additionally,
diffusion impairment on spirometry and abnormal comput-
ed tomography (CT) findings were observed in 14.3% and
25.4% of subjects, respectively.

There is, therefore, a need for multidisciplinary care
for COVID-19 survivors [6], as the long-term sequelae of
COVID-19 may place a significant burden on the healthcare
system [12]. Although there are growing concerns regard-
ing the long-term health outcomes for COVID-19 survivors,
these consequences remain largely unknown. Therefore, we
aimed to identify changes in COVID-19-related symptoms
and pulmonary sequelae using spirometry, chest CT and
neutralizing antibody measurements in COVID-19 patients
after discharge.

METHODS

Study design and patients
This study primarily involved patients who were hospitalized
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for COVID-19 between February 2020 and February 2021.
Among this population, those who had at least one out-
patient follow-up visit after recovery from COVID-19 were
included in this study. At the outpatient visit, residual symp-
tom investigations, chest CT scans, pulmonary function
tests (PFT), and neutralizing antibody tests were performed,
and each was compared with the results of testing at the
time of COVID-19 (except for PFT). The study period was
from January 11 to March 9, 2021. This study is generally
a cross-sectional study. However, some data were collect-
ed retrospectively, especially from patients who had already
had follow-up outpatient visits before the study period. The
study subjects were recruited from seven university hospitals
in Korea (four in Seoul, one in Cheonan, one in Gwangju,
and one in Daegu). Written informed consent was obtained
from all study participants, and the Institutional Review
Board of Chung-Ang University Hospital approved the study
protocol (IRB No. 2010-014-437).

Retrospective data collection and definitions

Clinical data during hospitalization were obtained from elec-
tronic medical records including demographic information
(age and sex), clinical characteristics (comorbidities, symp-
toms, and symptom onset time), and treatment regimen
(corticosteroids, remdesivir, kaletra, antibiotics, anticoagu-
lation, and vasopressor). Based on the World Health Orga-
nization’s clinical progression scale [13], COVID-19 severity
was defined as follows: Scale 3 (hospitalized patients not re-
quiring supplemental oxygen); Scale 4 (hospitalized patients
requiring supplemental oxygen by mask or nasal prongs);
Scale 5 (hospitalized patients requiring high-flow nasal can-
nula or non-invasive ventilation); and Scale 6 (hospitalized
patients requiring intubation and mechanical ventilation).
For our study, the low- and high-severity groups contained
patients with severity scales of 3-4 and 5-6, respectively.

Investigation of residual symptoms

Patients who had follow-up outpatient visits during the
study period filled out a questionnaire. The questionnaire
was divided into three categories: COVID-19 symptoms,
miscellaneous symptoms, and socioeconomic problems.
The detailed questions are described in Appendix 1. If a pa-
tient who already had a follow-up outpatient visit before the
study period, residual symptoms were investigated based on
the medical records of the outpatient visits.
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Chest CT scan

Patients who had follow-up outpatient visits during the
study period underwent a high-resolution CT (HRCT) of the
lungs. Any HRCT images taken before the study period at
each hospital were sent to and scored by a radiologist at
Chung-Ang University Hospital. For the CT score, each of
the five lung lobes was scored from 0 to 5 based on the ex-
tent of involvement, as follows: 0 (no involvement), 1 (< 5%
involvement), 2 (5%-25% involvement), 3 (26%-49%
involvement), 4 (50%-75% involvement), and 5 (> 75%
involvement). The total CT score consisted of the sum of
each lobar score (ranging from 0 to 25) [14]. We classified
patients with CT scores of 0-3 into the low-CT score group
and those with CT scores of 4-10 into the high-CT score

group.

Pulmonary function test

Patients who had follow-up outpatient visits during the
study period underwent PFT. No PFTs were performed be-
fore the study period because they could not be safely per-
formed during the acute infectious period due to problems
of transmission through the measuring equipment. Spirom-
etry was performed according to the guidelines set out by
the American Thoracic Society/European Respiratory Society
[15]. We measured forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC), and diffusing capacity for
carbon monoxide (DLc). Spirometry results were expressed
as a percentage of the measured to the predicted values.

SARS-CoV-2 antibody test

Blood samples were obtained to measure the SARS-CoV-2
antibody titers for patients who had follow-up outpatient
visits during the study period. Anti-receptor binding domain
(RBD) antibodies against the RBD of the SARS-CoV-2 spike
protein were detected using an enzyme-linked immunosor-
bent assay (ELISA). We used a microneutralization assay to
measure neutralizing antibodies against SARS-CoV-2, with
the neutralizing antibodies titrated on Vero cells and ob-
served a cytopathogenic effect after 72 hours. A detailed
description of the test method is presented in the cited study
[16]. Because some patients had serum samples stored from
another study before the study period, any stored samples
were tested with those collected during the study period.

Statistical analysis
Categorical variables were presented as numbers (percent-
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ages) and continuous variables were presented as medians tinuous variables. A one-sample Wilcoxon test was used
(interquartile ranges [IQRs]). Either the Pearson’s chi-square to check whether the CT score decreased with time after
test or Fisher's exact test was used for categorical data, symptom onset. The null hypothesis was defined as a me-
while the Mann-Whitney U test was used to compare con- dian ratio of the preceding CT score to the subsequent CT

Table 1. Changes in various symptoms or socioeconomic problems after COVID-19

Initial presentation Results of questionnaire:
Variable during admission Time from symptom onset to survey, day
(n=84) 20-90 (n = 45) 91-180 (n=36)  181-360 (n = 15)
COVID-19 symptoms
Chest discomfort 2(2.4) 5(11.1) 7 (19.4) 4(26.7)
Cough 49 (58.3) 11(24.4) 8(22.2) 1(6.7)
Dyspnea 43 (51.2) 19 (42.2) 11 (30.6) 5(33.3)
Sputum 27 (32.1) 6(13.3) 10 (27.8)
Myalgia 32(38.1) 3(6.7) 4(11.1)
Fatigue 3(3.6) 8/28 (28.6) 8(22.2) 1(6.7)
Nausea or vomiting 3(3.6) 0 2 (5.6)
Diarrhea 7 (8.3) 2 (4.4 1(2.8)
Hyposmia 4(4.8) 1(2.2) 4(11.1) 3(20.0)
Dysgeusia 4(4.8) 0 1(2.8) 2(13.3)
Miscellaneous symptoms
Weight loss NA 4/28 (14.3) 1(2.8) 0
Weight gain NA 3/28 (10.7) 3(8.3) 1(6.7)
Decrease in appetite or food intake NA 2/28 (7.1) 3(8.3) 2(13.3)
Increase in appetite or food intake NA 2/28 (7.1) 6 (16.7) 5(33.3)
Headache NA 1/28 (3.6) 3(8.3) 1(6.7)
Dizziness NA 0/28 (0.0) 1(2.8) 0
Dyspepsia NA 0/28 (0.0) 3(8.3) 16.7)
Constipation NA 2/28 (7.1) 3(8.3) 1(6.7)
Dysuria NA 1/28 (3.6) 2(5.6) 1(6.7)
Skin rash NA 0/28 (0.0) 0 2 (13.3)
Urticaria NA 0/28 (0.0) 6(16.7) 5(33.3)
Hair loss NA 1/28 (3.6) 8(22.2) 3(20.0)
Memory loss NA 4/28 (14.3) 5(13.9) 16.7)
Arthralgia NA 2/28 (7.1) 3(8.3) 1(6.7)
Insomnia NA 2/26 (7.7) 7/35 (20.0) 1711 (9.1)
Socioeconomic problems
Emotional distress NA 5/28 (17.9) 7 (19.4) 4(26.7)
Financial loss NA 5/28 (17.9) 10 (27.8) 6 (40.0)
Job loss NA 1/28 (3.6) 4(11.1) 3(20.0)
Severance of relations with friends or family NA 2/28 (7.1) 3(8.3) 2 (13.3)
Family bereavement due to COVID-19 NA 0/28 (0.0) 0 1(6.7)

Values are presented as number (%).
COVID-19, coronavirus disease 2019; NA, not applicable.
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score being greater than 1, with a median ratio of less than by Spearman’s correlation analysis. All statistical analyses
1 being defined as the alternative hypothesis. If the p val- were performed using GraphPad version 9.2.0 (GraphPad
ue is < 0.05, the null hypothesis can be rejected, meaning Software, La Jolla, CA, USA), with p values of less than 0.05
that the CT score decreases with time. The correlation be- considered statistically significant.

tween CT scores with pulmonary functions was evaluated

Table 2. Baseline characteristics of 35 study participants who underwent a chest computed tomography

Variable To(;alzg;;p High-s?r\]/iqi?)/ group Low-s?r\:irziggroup sl
Age, yr 64 (49-68) 64 (56-68) 63.5 (45-69) 0.664
Male sex 21 (60.0) 7 (46.7) 14 (70.0) 0.163
Underlying diseases
Hypertension 12 (35.3) 9 (64.3) 3(15.0) 0.005
Diabetes 10 (28.6) 5(33.3) 5(25.0) 0.712
Chronic lung disease 1(2.9) 1(7.1) 0.412
Chronic liver disease 1(2.9) 1(7.0) 0.412
Cardiovascular disease 4(11.8) 2(14.3) (10.0 1.000
Solid tumor 3(8.8) 1(7.0) 2 (10.0 1.000
Symptoms
Fever 25 (73.5) 13(92.9) 12 (60.0) 0.050
Cough 24 (68.6) 12 (80.0) 12 (60.0) 0.281
Sputum 12 (35.3) 5(35.7) 7 (35.0) 1.000
Dyspnea 19 (54.3) 13 (86.7) 6 (30.0) 0.002
Rhinorrhea 2(5.9) 0 2 (10.0) 0.501
Sore throat 6 (17.6) 1(7.1) 5(25.0) 0.364
Nausea/vomiting 2(5.9) 0 2 (10.0) 0.501
Diarrhea 2(5.9) 1(7.1) 1(5.0) 1.000
Fatigue 1(2.9) 0 1(5.0) 1.000
Myalgia 14 (41.2) 8 (57.1) 6 (30.0) 0.113
Chills 8(23.5) 4(28.6) 4(20.0) 0.689
Headache 6 (17.6) 1(7.) 5(25.0) 0.364
Anosmia or hyposmia 3(8.8) 2(14.3) 1(5.0) 0.555
Abnormal taste 3(8.8) 2(14.3) 1(5.0) 0.555
Treatment
Corticosteroids 20 (57.1) 14 (93.3) 6 (30.0) <0.001
Remdesivir 13 (37.1) 10 (66.7) 3(15.0) 0.002
Kaletra 4(11.4) 2 (13.3) 2 (10.0) 1.000
Antibiotics 6 (17.1) 3(20.0) 3(15.0) 1.000
Anticoagulation 3(8.6) 3(20.0) 0 0.070
Vasopressor 3(8.6) 3(20.0) 0 0.070
Length of hospital stay, day 16 (14-22) 22 (16-33) 15 (13-18) 0.001

Values are presented as median (interquartile range) or number (%). Low- and high-severity groups were defined with severity
scales 3—4 and 5-6, respectively. Severity scales were defined as follows: 3 (not requiring supplemental oxygen); 4 (requiring sup-

plemental oxygen); 5 (requiring a high-flow nasal cannula); and 6 (requiring mechanical ventilation).
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RESULTS

Baseline characteristics

Between February 2020 and February 2021, 1,665 patients
were hospitalized at the study hospitals, of whom 1,586
were discharged, and 79 died (in-hospital mortality rate
of 4.7%). Of the 1,586 patients, investigations of residual
symptoms, chest CT scans, PFTs, and neutralizing antibody

100 200 250

Days after the onset of symptoms

300 350
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tests were performed in 84 (5.3%), 35 (2.2%), 31 (2.0%),
and 27 (1.7%) cases, respectively. Supplementary Tables
1 and 2 and Supplementary Figs. 1 and 2 show the study
process, test date, and the number of tests. The baseline
characteristics of the 84 participants were as follows: medi-
an age 64 years (IQR, 55 to 70) with 59.5% (n = 50) male;
48.8% (n = 41) used corticosteroids; 32.1% (n = 27) did not
requiring supplemental oxygen, 35.7 (n = 30) required sup-

25 7

20

CT score

@ =
15-60 61-365

Days after the onset of symptoms

Figure 1. Distribution of chest computed tomography (CT) scores. (A) According to time after symptom onset of the 35 patients who
were hospitalized for coronavirus disease 2019 (COVID-19) treatment but were subsequently discharged. (B) According to time after
symptom onset, rearranged in three intervals (1-14, 15-60, and 61-365 days). A round hollow circle indicates the result of one CT scan
and the CT score of one patient is connected by a line.
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Figure 2. Box-and-whisker plot showing the ratio of change of the preceding chest computed tomography (CT) score versus the follow-
ing chest CT score, classified according to the severity group. (A) Ratio of 15-60 to 1-14 days. (B) Ratio of 61-365 to 15-60 days. (C) Ra-
tio of 61-365 to 1-14 days. Low- and high-severity groups were defined with severity scales 3—4 and 5-6, respectively.
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plemental oxygen, 20.2% (n = 17) required high-flow nasal
cannula, and 11.9 (n = 10) required mechanical ventilation.

Residual symptoms after COVID-19

An investigation of residual symptoms after COVID-19 is
presented in Table 1. Of the 84 patients who participat-
ed in the investigation, 72 were investigated once and 12
were studied twice. In the periods of 20-90, 91-180, and
181-360 days after the onset of symptoms, 45, 36, and
15 patients were investigated, respectively. Acute symptoms
such as cough, sputum, myalgia, fatigue, nausea or vomit-
ing, and diarrhea are rarely observed after 6 months. How-
ever, lung-related symptoms such as chest discomfort and
dyspnea were observed in 20% to 30% of cases, even after
6 months. Dermatologic symptoms such as rash, urticaria,
and hair loss were observed in 10% to 30% of subjects
after 6 months. The proportion of participants who com-
plained of socioeconomic problems did not decrease over
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time. Even after 6 months, 40.0% (6/15) and 26.7% (4/15)
of patients experienced financial loss and emotional distress,
respectively.

Changes in chest CT score

The baseline characteristics of the 35 subjects who under-
went HRCT are presented in Table 2. In total, 15 had severity
scales of 5-6 (high-severity group). There were no signifi-
cant differences in age between the high- and low-severi-
ty groups (p = 0.064). However, hypertension was signifi-
cantly more common in the high-severity group compared
with the low-severity group (64.3% vs. 15.0%, p = 0.005)
(Table 1). The overall median CT score was 6 (IQR, 2.5 to
10), with the high-severity group having a higher median
CT score than the low-severity group (8 [IQR, 5.75 to 10.25]
vs. 5 [IQR, 0 to 8], p = 0.010). The distribution of CT scores
over time after the onset of symptoms is shown in Fig. 1A.
To identify the change in CT score over time, the CT score

R? = 0.2580
p = 0.007

140

120

100

FEV1 (%)

80

60

R? = 0.4231
p = 0.005

150

100

DLyq (%)

50

0 ] T T T T T T T T T T T T T T 1

E CT score

Figure 3. Spearman’s correlation analysis for chest computed tomography (CT) score with pulmonary function. (A) CT score versus forced
vital capacity (FVC) (R? = 0.2261, p = 0.012). (B) CT score versus forced expiratory volume in 1 second (FEV1) (R? = 0.2580, p = 0.007). (C)
CT score versus FEV1/FVC (R? = 0.0129, p = 0.573). (D) CT versus diffusing capacity for carbon monoxide (DLco) (R? = 0.4231, p = 0.005).
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was rearranged into 1-14, 15-60, and 61-365 days after
the onset of symptoms (Fig. 1B). We calculated the ratio
of changes in CT values between intervals for each patient
and obtained the following median values of the ratio of
change: 0.65 (the ratio of CT scores at 15-60 to 1-14 days;

M FVC (%) FEV1 (%) [ FEV1/FVC (%) [ DL (%)

1 1 1
1 ) '
200 A ' ' '
1 1 '
1 1 )
1 ) '
1 1 )
1 1 ]
1 1 )
1 a 1 )
1 1 '
150 4 a ! ! ; =
1 1 ]
) (] '
1 1 )
1 1 )
) ) '
) 1 )
1 1 '
1 1 )
100 + ' ' '
1 1 )
1 L ]
1 ) '
1 1 )
1 1 '
1 1 )
) ) '
1 1 )
1 1 )
50 o ' ' '
) 1 1
T T T T T T
il O 5 O & u\b
S 2 & e N\ &
QO Q Q
i s@\ S e"é < ‘5"\ o
& & @ & &

Figure 4. Violin plots showing pulmonary function according
to computed tomography (CT) score. Compared with the low-
CT score group, the high-CT score group had significantly lower
forced vital capacity (FVC) (median value, 77% vs. 86%, p =
0.031), forced expiratory volume in 1 second (FEV1) (median val-
ue, 81% vs. 91%, p = 0.024), and diffusing capacity for carbon
monoxide (DLco) (median value, 67% vs. 106%, p <0.001). Sta-
tistical significance.

W 1-7 [08-14 [15-21 [J22-60 O 61-120 [] 121-180 [ 181-360 (day)
1,500 ~

<

Il
500 A
0 A L_- i
0 S P
[y NS

N\

NADb (titer)

X
Wt

7 ]

The Korean Journal of Internal Medicine Vol. 38, No. 1, January 2023

p = 0.003), 0.39 (the ratio of CT scores at 61-365 to 15—
60 days; p = 0.0002), and 0.20 (the ratio of CT scores at
61-365 to those in 1-14 days; p = 0.0003). These values
indicate that the CT score decreases with time. When the
ratio of change is divided by severity group, the value of
the low-severity group is lower than the high-severity group
(Fig. 2). The high-severity group showed a smaller decrease
in CT score over time compared with the low-severity group
(0.64vs.0.681inFig. 2A, p=0.3115; 0.10 vs. 0.48 in Fig. 2B,
p=0.1784; 0.00 vs. 0.38, p = 0.0171), suggesting that the
recovery was slower in the high-severity group.

Relationship between chest CT scores and PFT
results

The results of the Spearman’s correlation analysis for
the CT scores and PFTs are presented in Fig. 3. Both FVC
(R? = 0.2261, p = 0.012), FEV1 (R? = 0.2580, p = 0.007),
and DL (R? = 0.4231, p = 0.005) were significantly nega-
tively correlated with CT scores. Compared with the low-CT
score group, the high-CT score group showed significantly
lower FVC (77% vs. 86%, p = 0.031), FEV1 (81% vs. 91%,
p = 0.024), and DL, (69.5% vs. 113%, p < 0.001) values
(Fig. 4).

Change of SARS-CoV-2 antibody

SARS-CoV-2 antibody tests, including neutralizing antibod-
ies and anti-RBD antibodies, were performed, producing

W 1-7 08-14 [ 15-21 [J22-60 @ 61-120 [] 121-180 [ 181-360 (day)
2.5 1

2.0 4

RBD ELISA

R ITIEIRR

| |

N\ N N\ N\ N\ N\
O 8 S0 8@ S8 a8 s

Figure 5. Violin plots showing temporal changes in anti-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies ac-
cording to time after symptom onset. (A) Neutralizing antibodies (NAbs). (B) Anti-receptor binding domain (RBD) antibody enzyme-linked
immunosorbent assay (ELISA) test results. Low- and high-severity groups were defined as severity scales 3-4 and 5-6, respectively.
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106 samples from 31 patients. When days elapsed after
the onset of symptoms were divided into seven intervals
(Fig. 5), the antibody titer was highest in the 22 to 60 days,
and began decreasing after 120 days. From 22 to 60 days,
anti-RBD antibody (RBD ELISA) titers tended to be higher
in the high-severity group than in the low-severity group
(1.53 vs.1.23 in 22-60 days, p = 0.0907; 1.21 vs. 0.50 in
61-120 days, p = 0.0688; 0.73 vs. 0.27 in 121-180 days,
p = 0.0571), although there was no statistical significance
when comparing neutralizing antibody titers.

DISCUSSION

The main symptoms in COVID-19 survivors vary depending
on the follow-up period. One month after the onset of symp-
toms, dyspnea was observed in over 70% of patients [17],
while 8.6% of patients had dyspnea, 12.4% had anosmia,
and 9.7% had fatigue after 4 months [18]. However, in a
1-year follow-up study, the main symptoms were muscle fa-
tigue and insomnia [9]. Thus, acute COVID-19-related symp-
toms such as dyspnea remained in the convalescence phase,
while persistent constitutional symptoms remained over a
more prolonged period. In our study, several study partic-
ipants reported dyspnea and chest discomfort 6 months
after COVID-19 onset. The reason the COVID-19 symptoms
continued for a prolonged period in this study is thought to
be because only a small number of the total patients that
were admitted to the study hospitals were included in this
study. It is also possible that those with a relatively severe
infection may have been enrolled preferentially. As men-
tioned earlier, various socioeconomic problems such as re-
lationship severance or job losses persisted after discharge,
meaning that socioeconomic support may be needed for
COVID-19 survivors.

Several studies have described COVID-19 patients with
abnormal CT findings, even after discharge of COVID-19
[10,11,19-23]. Follow-up studies have shown that residual
CT abnormalities decrease over time. In a recent 1-year fol-
low-up study, CT abnormalities persisted in 39% of subjects
after 3 months, 27% after 7 months, and 25% after 1 year
[11]. Total CT scores decreased from 8.2 £ 6.1 (at discharge)
to 1.8 = 3.9 (after 1 year). The residual CT abnormalities
are associated with disease severity [11,21,23]. Of mechan-
ically ventilated patients with COVID-19 who underwent
3-month follow-up CT scans, 96% showed abnormality and
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91% fibrosis [21]. Huang et al. [23] reported that the me-
dian CT scores at a 6-month follow-up were higher in the
high-severity group (median score of 5) than in the low-se-
verity group (median score of 3). Consistent with these pre-
vious studies, the results of our study revealed that the CT
scores steadily decreased over time, with the CT scores in
the high-severity group decreasing more slowly than in the
low-severity group. However, several unanswered questions
remain regarding the long-term burden on the healthcare
system, and whether the residual CT abnormalities persist
as lung fibrotic changes [24]. Therefore, further studies on
the long-term health consequences of COVID-19 are war-
ranted.

Even after recovering from COVID-19, many patients
experience poor lung function over a considerable period
[9,20,23,25-31]. Abnormal DL, values, which indicate an
impaired diffusing capacity, are particularly prevalent in
COVID-19 survivors. DL impairment (< 80% of the esti-
mated value) was found in 36% to 58% of the patients
after 6 months [30]. However, the proportion of patients
with abnormal DL, gradually decreased over time (33%
after 8 months and 15% after 1 year) [9,31].

Owing to the small number of patients whose DL, was
tested, the change in DL was not significant in our results.
However, Orzes et al. [28] reported a significant correlation
between chest CT severity score and DL, after 6 months
(R? =0.32, p < 0.01). Our study results showed a negative
correlation with the follow-up CT score, particularly for DL,
(% predicted) (R?2 = 0.42, p = 0.005). For the relationship
between PFT and severity, DL, after 8 months was neg-
atively correlated with severe illnesses requiring prolonged
oxygen therapy [31], which was also consistent with our re-
sults. However, Zhao et al. [9] reported that persistent DL,
impairment was 14% after 1 year regardless of the severity
of the COVID-19 infection. In addition, a 3-month follow-up
study showed no significant association between dyspnea
and DL, impairment [32]. Although there was long-term
impaired alveolar diffusing capacity remained, its clinical sig-
nificance is uncertain. Therefore, further study is necessary
regarding persistently impaired lung function.

Neutralizing antibodies decreased markedly 4 months
after symptom onset (Fig. 3), which is consistent with the
results of a previous study [33]. However, recent studies
showed that although neutralizing antibodies decrease,
they are can persist for up to 8-10 months [34,35]. It was
difficult, however, to demonstrate such long-term results in
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our study, as the number of samples decreased markedly af-
ter 6 months. Additionally, we observed that more neutral-
izing antibodies were generated and decreased more slowly
in cases of severe infection, which was consistent with the
results of recent studies [35,36]. To further analyze the pos-
sibility of reinfection, follow-up studies on levels of neutral-
izing antibodies in COVID-19 patients are necessary, as well
as in those who were subsequently vaccinated.

To the best of our knowledge, this is the first study in
Korea to use long-term data for COVID-19, such as physical
symptoms, lung function, chest CT scores, and neutralizing
antibodies for SARS-CoV-2 up to 1 year after the onset of
symptoms. Nonetheless, it has several limitations. First, due
to the retrospective study design, some values were missing,
and not all participant could be evaluated. Additionally, pre-
COVID-19 baseline PFT could not be assessed. Second, se-
lection bias is a possibility because of the small sample size.
Third, the questionnaire was not a continuous follow-up
of a single patient recovering from COVID-19 but rather
a comparison of the responses of different patients at dif-
ferent times after infection. Moreover, symptoms may not
have been described accurately because the questionnaire
was based on participants’ responses [37].

COVID-19 is becoming increasingly endemic; hence, the
long-term consequences of the disease must be further
explored. In COVID-19 survivors, chest CT score, which is
related to lung function, recovers over time, but recovery is
slower in severely ill patients. The neutralizing antibodies in
COVID-19 survivors increased and peaked after 2 months
and started to decrease after 4 months. Subjects also com-
plained of various ongoing symptoms and socioeconomic
problems for several months after their initial diagnosis. More
research is necessary regarding survivors’ COVID-19-related
symptoms and pulmonary sequelae.

KEY MESSAGE

1. Chest computed tomography (CT) scores of coro-
navirus disease 2019 (COVID-19) survivors de-
creased steadily over time.

2. Pulmonary function and chest CT scores were in-
versely correlated.

3. COVID-19 survivors complained of various symp-
toms and socioeconomic problems for several
months post-diagnosis.
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Appendix 1. The questionnaire of COVID-19 symptoms and socioeconomic problems
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Supplementary Table 1. Date of investigations of 35 patients after the onset of symptoms

The Korean Journal of Internal Medicine Vol. 38, No. 1, January 2023

FEUETE  PEIRH EsE Pate Of Date of chest CT Date of PFT  DLo Date of serum sample collection
no. of symptoms  diagnosis
1 29/08/20 03/09/20 10/09/20 (13) = 19/09/20 (22) - 11/01/21 (136) N 10/09/20 (13) — 14/09/20 (17) -
11/01/21 (136) 18/09/20 (21) — 11/01/21 (136)
2 12/02/20 24/02/20 24/02/20 (13) — 10/03/20 (28) — 11/01/21 N 11/01/21 (335)
11/01/21 (335) (335)
3 15/09/20 16/09/20 06/10/20 (22) - 12/01/21 (120) 12/01/21 N 21/09/20 (7) — 28/09/20 (14)-
(120) 12/01/21 (120)
4 13/07/20 23/07/20 23/07/20 (11) — 12/01/21 (184) 12/01/21 N 12/01/21 (184)
(184)
5 07/08/20 10/08/20 11/08/20 (5) — 24/08/20 (18) — 13/01/21 N 13/01/21 (160)
13/01/21 (160) (160)
6 11/08/20 11/08/20 13/01/21 (156) 13/01/21 N 13/01/21 (156)
(156)
7 17/09/20 18/09/20 18/09/20 (1) - 13/01/21 (118)  13/01/21 (118) N 22/09/20 (5) — 28/09/20 (11) -
03/10/20 (16) — 16/10/20 (29) —
13/01/21 (118)
8 08/06/20 12/06/20 21/06/20 (14) — 02/07/20 (25) — 21/01/21 N 21/01/21 (228)
01/08/20 (55) — 21/01/21 (228) (228)
9 27/06/20 30/06/20 30/06/20 (4) — 30/07/20 (34)—  27/01/21 (215) N 27/01/21 (215)
19/08/20 (54) — 18/09/20 (84) -
16/10/20 (112) — 27/01/21 (215)
10 01/10/20 09/10/20 12/10/20 (11) — 22/10/20 (21) - 28/01/21 N 02/10/20 (1) — 09/10/20 (8) —
28/01/21 (119) (119) 15/10/20 (14) — 19/10/20 (18) —
03/11/20 (33) — 28/01/21 (119)
1 12/11/20 12/11/20 15/11/20 (4) — 25/11/20 (14) - 09/02/21 Y 14/11/20 (3) - 20/11/20 (9) -
09/02/21 (90) (90) 24/11/20 (13) — 09/02/21 (90)
12 14/12/20 17/12/20 19/01/21 (36) — 22/02/21 (70)  22/02/21 (70) Y 30/12/20 (16) — 05/01/21 (22) -
10/01/21 (27) - 16/01/21 (33) -
20/01/21 (37) — 22/02/21 (70)
13 04/12/20 12/12/20 12/12/20 (9) - 24/12/20 21) - 22/02/21 (81) Y 12/12/20 (9) - 17/12/20 (14) -
22/02/21 (81) 21/12/20 (18) — 22/02/21 (81)
14 20/11/20 25/11/20 26/11/20 (7) — 23/02/21 (96) 23/02/21 (96) Y 26/11/20 (7) — 30/11/20 (11) -
23/02/21 (96)
15 22/12/20 24/12/20 29/12/20 (8) = 05/01/21 (15) - 23/02/21 (64) Y 29/12/20 (8) - 03/01/21 (13) -
12/01/21 (22) — 23/02/21 (64) 06/01/21 (16) — 11/01/21 (21) -
23/02/21 (64)
16 04/09/20 12/09/20 18/09/20 (13) — 02/03/21 (178) 02/03/21 Y 14/09/20 (9) — 21/09/20 (16) —
(178) 02/03/21 (178)
17 02/01/21 09/01/21 13/01/21 (10) - 02/03/21 (60) ~ 02/03/21 (60) Y 12/01/21 (11) - 18/01/21 (17) -
21/01/21 (20) - 02/03/21 (60)
18 05/07/20 08/07/20 08/07/20 (4) — 04/08/20 (31) — 02/03/21 Y 02/03/21 (241)
20/10/20 (108) — 02/03/21 (241) (241)
19 09/11/20 19/11/20 20/11/20 (12) — 03/12/20 (15) — 03/03/21 Y 20/11/20 (12) - 25/11/20 (17) -
03/03/21 (115) (115) 02/12/20 (24) - 16/12/20 (38) -
03/03/21 (115)
20 07/01/21 07/01/21 03/03/21 (56) 03/03/21 (56) Y 03/03/21 (56)
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RS G I?ate Of Date of chest CT Date of PFT  DLco Date of serum sample collection
no. of symptoms  diagnosis
21 09/12/20 12/12/20 04/03/21 (83) 04/03/21 (83) Y 04/03/21 (83)
22 08/01/21 09/01/21 27/01/21 (20) — 04/03/21 (56)  04/03/21 (56) Y 17/01/21 (10) — 22/01/21 (15) —
29/01/21 (22) — 04/03/21 (56)
23 06/01/21 14/01/21 14/01/21 (9) — 25/01/21 (20)—  04/03/21 (58) Y 15/01/21 (10) - 21/01/21 (16) —
04/03/21 (58) 25/01/21 (20) — 05/02/21 (31) -
04/03/21 (58)
24 30/12/20 31/12/20 01/01/21 (3) - 20/01/21 22) -  05/03/21 (66) Y 01/01/21 (3) - 08/01/21 (10) —
05/03/21 (66) 13/01/21 (15) - 21/01/21 (23) -
05/03/21 (66)
25 30/12/20 03/01/21 02/01/21 (4) - 19/01/21 21)-  05/03/21 (66) Y 03/01/21 (5) - 07/01/21 (9) -
05/03/21 (66) 13/01/21 (15) = 21/01/21 (23) -
05/03/21 (66)
26 15/12/20 15/12/20 09/03/21 (85) 09/03/21 (85) Y 09/03/21 (85)
27 11/01/21 11/01/21 09/03/21 (58) 09/03/21 (58) Y 09/03/21 (58)
28 07/10/20 07/10/20 10/02/21 (127) N 10/02/21 (127)
29 19/10/20 25/10/20 10/02/21 (115) N N 10/02/21 (115)
30 22/10/20 22/10/20 30/10/20 (9) - 16/02/21 (118) N N 16/02/21 (118)
31 23/10/20 28/10/20 03/11/20 (12) — 16/02/21 (117) N N 16/02/21 (117)
32 17/12/20 20/12/20 25/02/21 (71) N N 25/02/21 (71)
33 22/09/20 24/09/20 25/02/21 (157) N N 25/02/21 (157)
34 08/09/20 09/09/20 26/02/21 (172) N N 26/02/21 (172)
35 13/09/20 15/09/20 04/03/21 (173) N N 04/03/21 (173)
Total 27 17

Values are presented as day/month/year. Parenthesis ( ) shows the number of days since the onset of symptoms. When the same
test was performed multiple times for each patient, the last test was performed during the study period.
CT, computed tomography; PFT, pulmonary function test; DLco, diffusion capacity of lung; N, not performed; Y, performed.
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Supplementary Figure 1. Timing of residual symptom investigations of 84 patients who had been hospitalized for coronavirus disease
2019 (COVID-19) and visited the follow-up outpatient clinic after recovery from COVID-19. The period between the two vertical dotted
lines indicates the study period. The time of symptoms onset was marked with a black circle. The time of residual symptom investigation
was marked with a black rectangle.
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Supplementary Figure 2. Timing of chest computed tomography (CT) scan, pulmonary function test (PFT), and neutralizing antibody
(NAD) test of 35 patients who had been hospitalized for coronavirus disease 2019 (COVID-19) and visited the follow-up outpatient clinic
after recovery from COVID-19. The period between the two vertical dotted lines indicates the study period. The time of symptoms onset
was marked with a black circle. The hollow triangle shows the chest CT scan, the small vertical line the NAb test, and the hollow diamond
when both tests were performed. The black hexagons indicate that chest CT scan, PFT, and NAb test were performed on the same day.
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