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ABSTRACT

Background: The World Health Organization has declared the end of the coronavirus disease 2019 (COVID-19) public
health emergency. However, this did not indicate the end of COVID-19. Several months after the infection, numerous
patients complain of respiratory or nonspecific symptoms; this condition is called long COVID. Even patients with mild
COVID-19 can experience long COVID, thus the burden of long COVID remains considerable. Therefore, we conducted
this study to comprehensively analyze the effects of long COVID using multi-faceted assessments.

Materials and Methods: We conducted a prospective cohort study involving patients diagnosed with COVID-19
between February 2020 and September 2021 in six tertiary hospitals in Korea. Patients were followed up at 1, 3, 6,
12,18, and 24 months after discharge. Long COVID was defined as the persistence of three or more COVID-19-related
symptoms. The primary outcome of this study was the prevalence of long COVID after the period of COVID-19.
Results: During the study period, 290 patients were enrolled. Among them, 54.5 and 34.6% experienced long COVID
within 6 months and after more than 18 months, respectively. Several patients showed abnormal results when tested
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for post-traumatic stress disorder (17.4%) and anxiety (31.9%) after 18 months. In patients who underwent follow-up
chest computed tomography 18 months after COVID-19, abnormal findings remained at 51.9%. Males (odds ratio [OR],
0.17; 95% confidence interval [Cl], 0.05-0.53; P=0.004) and elderly (OR, 1.04; 95% Cl, 1.00-1.09; P=0.04) showed a
significant association with long COVID after 12-18 months in a multivariable logistic regression analysis.

Conclusion: Many patients still showed long COVID after 18 months post SARS-CoV-2 infection. When managing
these patients, the assessment of multiple aspects is necessary.

Keywords: COVID-19; Long COVID; Post-acute sequelae of SARS-CoV-2 infection; Post-COVID-19 condition
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# After >18 months
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IS ’ « Abnormal results from PTSD screening test: 17.4%
%* N * » Abnormal results from anxiety screening test: 31.9%
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N

40
Many patients complain of respiratory or nonspecific symptoms after

34.6%
several months of COVID-19, even those with mild COVID-19. &Y 32.1%
Methods 20 21.8%
.. .. .. .. Prospective cohort study in six tertiary hospitals 10 1259 12.8% 11.59%,
o o .
Long COVID Fatigue Forgetfulness Visual Purulent Insomnia
Follow up for up to 24 months disturbance cough
after discharge from COVID-19

Outcome: prevalence of long COVID {.fo‘- . Abnormal findings remained on chest cT: 5 1.9 %
Long COVID was defined as the persistence of three or more ==
COVID-19-related symptoms.

Many patients still showed long COVID after 18 months post SARS-CoV-2 infection.

clusion When managing these patients, the assessment of multiple aspects is necessary.

INTRODUCTION chronic illnesses, such as cardiovascular disease, diabetes,
and chronic kidney disease has been reported to increase
In May 2023, the World Health Organization declared an after COVID-19, thus highlighting the importance of

end to the coronavirus disease 2019 (COVID-19) public understanding COVID-19-related sequelae [6-8]. The long-
health emergency [1]. However, this does not signify the term effects of COVID-19 have been referred to as long
end of COVID-19; severe acute respiratory syndrome COVID, post-acute sequelae of SARS-CoV-2 infection, post-

coronavirus 2 (SARS-CoV-2) infections continue to occur COVID-19 condition, post-COVID syndrome, or long-haul
worldwide [2]. Several studies have reported that COVID- COVID-19 [9]. Several studies have reported that patients
19-related sequelae may occur even after the acute with COVID-19 could experience long COVID regardless of
phase of infection [3, 4]. Numerous patients complain disease severity [10, 11].

of respiratory or nonspecific symptoms within several

months of COVID-19, and more than 200 symptoms have Although the severity and mortality rate of COVID-19
been reported [5]. In addition, the prevalence of various have relatively decreased, periodic resurgence may occur
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owing to continued mutations in the SARS-CoV-2 spike
protein [12]. In addition, even patients with mild COVID-19
can experience long COVID; therefore, the burden of

long COVID is still considerable. Although variations exist
among studies, the prevalence of long COVID ranges

from 2.3 53%. In Korea, Kim et al. reported that 52.7% of
patients experienced COVID-19-related symptoms even
after 12 months post-infection [13, 14]. However, long-term
and multifaceted research on long COVID, lacks. Therefore,
in this study, we comprehensively analyzed post-COVID-19
clinical parameters, such as disease symptoms, laboratory
tests, chest imaging, and pulmonary function, to further
deepen our understanding of long COVID.

MATERIALS AND METHODS

1. Study design and patient population

We performed a prospective cohort study involving
patients diagnosed with COVID-19 between February 2020
and September 2021 in six tertiary hospitals in Korea,
covering the pre-Omircon period [15]; All enrolled patients
agreed to participate in this study. Patients were followed
up at1, 3, 6,12,18, and 24 months after discharge from
COVID-19. Laboratory tests and chest radiographs were
performed and a questionnaire on the current conditions
was administered at each visit. Pulmonary function tests
(PFTs) and chest computed tomography (CT) scans were
performed at 3 and 18 months after discharge.

The questionnaire included the following items: persistent
symptoms, Fatigue Severity Scale, K-PC-PTSD-5, GAD-7
score, EQ-5D-5L, EQ-VAS, modified Medical Research
Council (mMRC) dyspnea scale, and lifestyle habits [16-20].

2. Ethics statement

This study was approved by the Institutional Review
Board of Yonsei University Health System Clinical Trial
Centre (4-2020-1403). Written informed consent was
obtained from all the patients. The study was conducted
in accordance with the ethical standards of the 1964
Declaration of Helsinki and its amendments.

3. Definition

Long COVID was defined as the persistence of three
or more COVID-19-related symptoms, such as cough,
dyspnea, and fatigue, for more than four weeks after
COVID-19. The severity of acute COVID-19 episode
was classified as follows; (1) “mild,” for patients with
no oxygen demand; (2) “moderate,” for patients with
oxygen supplied through a reqgular nasal cannula, and
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(3) “severe,” for patients with oxygen supplied through a
high-flow nasal cannula.

The K-PC-PTSD-5 questionnaire was used as a screening
tool for post-traumatic stress disorder (PTSD); a score of
>3 was deemed abnormal. The GAD-7 scale was used as

a screening tool for anxiety; a score of >10 was deemed
abnormal. The fatigue severity scale was used to evaluate
fatigue; a score of >26 was deemed as having “significant”
fatigue. Finally, abnormal chest CT images were defined
as those with remaining or worsening COVID-19-related
lesions as evaluated by a radiologist.

4. Outcomes

The primary outcome was the prevalence of long COVID
after an acute COVID-19 episode. The secondary outcomes
were as follows: (1) changes in PFTs, (2) abnormal
psychiatric screening test results, and (3) risk factors for
long COVID within 12-18 months post-infection.

5. Statistical analysis

The follow-up data of all patients were classified as follows:
within 6 months, 6-12 months, 12-18 months, and

>18 months after COVID-19. The participants in each
period were divided into three groups according to
COVID-19 the severity. Chi-square and Kruskal-Wallis tests
were used to measure the differences between categorical
and continuous variables among the study groups,
respectively. The Bonferroni test was used for post-hoc
multiple comparisons. Continuous variables were checked
for normal distribution using the Shapiro-Wilk test.
Multivariable logistic regression analyses were performed
to assess the risk factors of long COVID. Variables with

a P-value<O. in univariate analyses or clinical relevance
were entered into a multivariable model. All P-values were
two-tailed; P<0.05 was considered statistically significant.
All statistical analyses were performed using R V.4.0.5
(The R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

In total, 290 patients were enrolled during the study
period. Among them, 176 patients were followed up as of
October 2022. Table 1 shows the characteristics of the
study cohort. The median age of the study population
was 59.5 years (interquartile range [IQR], 46-68 years)
and 148 patients (51.0%) were men. Among the patients,
78 were in the mild COVID-19, 71in the moderate, and
141in the severe groups. Common symptoms among
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the patients are shown in Figure 1. Within 6 months,
54.5% (104/191) of the patients experienced a long
COVID. Although the disease proportion decreased over
time, 34.6% (27/78) of the patients were found to have
experienced long COVID even after 18 months; fatigue
(25/78) was observed to be the most persistent symptom.
Furthermore, a significant proportion of the patients
complained of fatigue, forgetfulness, purulent cough,

and visual disturbances, although the overall proportion
of patients with persistent symptoms showed a decreasing
trend over time. Patient sequelae profiles over time are
shown in Supplementary Table 1. After 18 months, 30.8%
(24/78) of the patients complained of significant fatigue
according to the fatigue severity scale, whereas 23.1%
(18/78) responded to a decrease in the mMRC dyspnea
scale compared to their pre-COVID-19 profile.

The comparative symptomatology according to severity
for each period after COVID-19 is shown in Supplementary
Tables 2, 3, 4, and 5.

The “mild" group was significantly younger than the other
groups (41.0 years, 62.0 years, and 63.0 years) and had
lower Charlson comorbidity (0.0, 2.0, and 2.0) and body
mass index (BMI) (22.8 kg/m?, 24.8 kg/m?, and 25.1 kg/m?)
and a significant proportion of patients had hypertension
(1.5%, 33.8%, and 48.9%) and diabetes mellitus (6.4%,
29.6%, and 40.4%).

Changes in the PFT results according to the severity and
period after the onset of COVID-19 symptoms are shown
in Supplementary Table 6. The PFT results performed

Group M <6 months

40 -

Rate (%)

20

6-12 months

°
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within 6 months revealed that the “mild” group had
significantly higher forced vital capacity (FVC) than the
"severe” group (90.0%, IQR, 83.5-99.5 and 80.5%, IQR,
70.5-90.5; adjusted P=0.003). No difference in FVC

was observed according to disease severity as per PFT
performed after >18 months.

The psychiatric screening results for each period are
shown in Table 2. Results revealed that after >18 months
post-COVID-19, a significant proportion of patients had
abnormal PTSD (17.4%, 12/69) and anxiety (31.9%, 22/69)
screening tests. No significant differences were observed
in disease severity (PTSD, Chi-square test, P=0.5571;
anxiety, P=0.245).

Laboratory test results during the study period are
presented in Supplementary Table 7. On chest CT
performed >18 months post-COVID-19, 51.9% (28/54)
showed abnormal post-COVID-19-related findings
(Supplementary Table 8). The proportion of patients with
sequelae lesions on chest CT performed after 18 months
was significantly higher in the "“severe" group than that in
the “mild" group (90.9% vs. 30.5%, respectively; adjusted
P=0.008).

Multivariable logistic regression analysis was conducted
to identify the factors associated with long COVID.
Results revealed that males (odds ratio [OR], 0.17; 95%
confidence interval [Cl], 0.05-0.53; P=0.004) and elderly
(OR, 1.04; 95% Cl, 1.00-1.09; P=0.04) showed a significant
association with long COVID after 12-18 months (Table 3).

12-18 months ® > 18 months

Lack of Visual Insomnia

concentration disturbance

Fatigue Dyspnea

Figure 1. Most common symptoms persisting after COVID-19.
COVID-19, coronavirus disease 2019.
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Table 1. Clinical characteristics of cohort participants
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Characteristics Cohort (n=290) Mild (n=78) Moderate (n=71) Severe (n=141) P-value
Age (years) 59.5 (46.0-68.0) 41.0 (28.0-56.0) 62.0 (50.0-72.0) 63.0 (54.0-70.0) <0.001
Sex, male 148 (51.0) 29 (37.2) 37 (52.1) 82 (58.2) 0.012
BMI (kg/m?) 24.2 (22.2-27.0) 22.8 (20.8-24.4) 24.8 (22.9-26.8) 25.1(22.9-27.8) <0.001
At least 1 dose of vaccination before COVID-19 17 (5.9) 4 (5.0) 4 (5.6) 9 (6.4) 0.927
Comorbidities
Hypertension 102 (35.2) 9 (1.5) 24 (33.8) 69 (48.9) <0.001
Coronary artery disease 19 (6.6) 4(5.1) 2(2.8) 13 (9.2) 0.172
Heart failure 5(1.7) 0 3(4.2) 2(1.4) 0.131
Diabetes mellitus 83 (28.6) 5 (6.4) 21(29.6) 57 (40.4) <0.001
Chronic lung disease 8(2.8) 3(3.8) 1(01.4) 4(2.8) 0.660
Chronic liver disease 5(1.7) 0 1(1.4) 4(2.8) 0.299
Chronic kidney disease 13 (4.5) 2 (2.6) 1(1.4) 10 (7.1) 0.110
Cerebrovascular accident 6 (2.1) 1(1.3) 3(4.2) 2 (1.4) 0.339
Solid cancer 18 (6.2) 6 (7.7) 7(9.9) 5(3.5) 0.162
Solid organ transplantation 3 (1.0) 0 2(2.9) 1(0.7) 0.198
Peptic ulcer disease 3(1.0) 2(2.6) 1(01.4) 0 0.187
Dementia 1(0.3) 0 0 1(0.7) 0.588
Human immunodeficiency virus infection 2 (0.7) 2 (2.6) 0 0 0.065
Charlson comorbidity index 2.0 (0.0-3.0) 0.0 (0.0-2.0) 2.0 (1.0-3.0) 2.0 (1.0-4.0) <0.001

Continuous variables were described as median (interquartile range), and discrete variables were described as numbers (percentages).

BMI, body mass index; COVID-19,

coronavirus disease 2019.

Table 2. Psychiatric assessment after COVID-19 by period

Mild Within 6 months (n=29) 6-12 months (n=18) 12-18 months (n=20) After 18 months (n=29)
Significant in PTSD screening 4(13.8) 6 (33.3) 4 (20.0) 4(13.8)
Significant in GAD screening 15 (51.7) 6 (33.3) 6 (30.0) 9 (31.0)
Both significant 3(10.3) 3 (16.7) 2 (10.0) 2(6.9)
Moderate Within 6 months (n=48) 6-12 months (n=22) 12-18 months (n=27) After 18 months (n=25)
Significant in PTSD screening 4(8.3) 5(22.7) 4 (14.8) 6 (24.0)
Significant in GAD screening 22 (46.8) 7 (31.8) 6 (22.2) 6 (24.0)
Both significant 4(8.3) 2 (9.1) 2 (7.4) 2 (8.0)
Severe Within 6 months (n=96) 6-12 months (n=71) 12-18 months (n=67) After 18 months (n=15)
Significant in PTSD screening 20 (20.8) 17 (23.9) 14 (20.9) 2 (13.3)
Significant in GAD screening 33 (34.4) 24 (33.8) 21(31.3) 7 (50.0)
Both significant 16 (16.7) 14 (19.7) 10 (14.9) 2 (13.3)

Discrete variables were described as numbers (percentages).
COVID-19, coronavirus disease 2019; PTSD, post-traumatic stress disorder; GAD, generalized anxiety disorder.

Table 3. Factors associated with long COVID after 12-18 months

Factors Univariable analysis Multivariable analysis
OR 2.50% 97.50% P-value OR 2.50% 97.50%  P-value

Male sex 0.20 0.10 0.40 <0.001 0.17 0.05 0.53 0.004
Age 1.02 1.00 1.05 0.037 1.04 1.00 1.09 0.040
Hemoglobin at 1 month after discharge 0.71 0.50 0.98 0.044 1.16 0.75 1.88 0.515
Severity of COVID-19 (Reference: mild)

Moderate 0.63 0.26 1.52 0.307 0.24 0.05 1.02 0.061

Severe 1.05 0.48 2.29 0.902 0.33 0.08 1.24 0.113
At least 1 dose of vaccination 2.01 0.47 10.08 0.353 1.1 0.20 6.70 0.908
Diabetes mellitus 1.90 0.89 4.1 0.099
Creatinine at 1 month after discharge 0.38 0.04 2.70 0.347
Body mass index 0.97 0.89 1.04 0.422
LDH at 1 month after discharge 1.00 0.99 1.00 0.599
Chronic kidney disease 0.77 0.10 4.75 0.774
Cancer 1.16 0.14 9.92 0.881
COVID-19, coronavirus disease 2019; OR, odds ratio; LDH, lactate dehydrogenase.
icjournal.org https://doi.org/10.3947/ic.2024.0090 76
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DISCUSSION

We attempted to analyze the various aspects of long
COVID by virtue of several factors, including clinical
symptomatology, laboratory and diagnostic tests, PFTs,
chest CT scans, and psychiatric screening, using a
multicenter cohort follow-up observational study design
throughout the study period. In this study, more than 50%
of patients have experienced long COVID within 6 months
after COVID-19 and more than 30% still experienced long
COVID even after >18 months post-infection.

The prevalence of long COVID in our study is consistent
with that of previous studies, although its definition varies
among studies [13]. The respiratory symptoms tended

to decrease over time. Although several studies have
reported different persistence proportions, we considered
that their decreasing proportions over time reflected

an improvement in COVID-19-associated respiratory
damage [14, 21, 22]. However, most patients with severe
COVID-19 still had abnormal chest CT findings when
performed >18 months post-infection, and no significant
differences in the FVC and forced expiratory volume in1s
of the PFTs were observed according to disease severity.
Therefore, additional research is required to determine the
association between abnormal chest CT findings and the
long-term outcomes of respiratory sequelae.

Previous studies have reported the persistence of
abnormal chest CT findings for several months post-
infection [23, 241]. In this study, a significant proportion
of patients showed abnormal lesions on chest CT post-
COVID-19. Moreover, these findings persisted in 51.9%
(28/54) of patients even after 18 months post-infection;
most of those in the “severe” group showed such
abnormalities (90.0%). Although most lesions were
improving, this finding was consistent with the higher
proportion of patients presenting with worsening mMRC
in the “severe"” group than those in the “mild"” group
(13.5% and 53.3%, adjusted P=0.024), as compared to
their pre-COVID-19 profiles. Therefore, this result suggests
that long-term follow-up and management are necessary
for patients with severe COVID-19.

Several studies have reported that numerous patients
with COVID-19 present with neuropsychiatric symptoms,
including fatigue and insomnia [25]. Our study also
showed that a significant proportion of patients
experienced neuropsychiatric symptoms. Therefore,

we used PTSD and anxiety screening tests to assess
associated psychiatric disorders. We found that several
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patients showed abnormal PTSD and generalized anxiety
disorder screening test results regardless of the severity
of COVID-19. Several studies have been conducted on
the link between COVID-19 and psychiatric disorders;
direct viral infection of the neuronal cells, astroglial
inflammation, prolonged immune response, cytokine
storms, and ischemia due to microvascular dysfunction
or thrombosis were suggested as possible mechanisms
[26]. Moreover, pandemic-related changes and stigma are
believed to have contributed to the persistence of said
symptoms [26]. The results of this study also suggest
that a comprehensive approach is needed to managing
patients with COVID-19, including various psychiatric,
physical, and respiratory assessments.

Previous studies have reported the following risk factors
for long COVID: age, female sex, obesity (BMI), presence
of comorbidities, and COVID-19 severity [3, 4, 27, 28].

In the multivariable logistic regression analysis used in
this study, female sex and older age were significantly
associated with long COVID, which is consistent with
previous studies. However, obesity, COVID-19 severity,
and comorbidities were not significantly associated with
long COVID. These differences were presumed to be
due to variations in the definition of long COVID, cohort
characteristics, and different ethnicities.

This study had several limitations. First, this study
enrolled patients before the emergence of the Omicron
variant, which eventually became a major concern. Thus,
our cohort of participants might not accurately reflect
the characteristics of current SARS-CoV-2 cases. The
Omicron variant has been reported to cause less long
COVID symptoms as compared to previous variants;
however, the presenting symptoms were likely similar

[29, 30]. Nonetheless, additional research including
patients with recent variants of SARS-CoV-2 would
deepen our understanding of the burden of sequelae
after COVID-19 in Korea. Second, only a small proportion
of cohort participants were vaccinated against SARS-
CoV-2 before the onset of COVID-19. Vaccination not only
prevents COVID-19 but also reduces its severity. Several
studies have reported conflicting results regarding the
protective effects of vaccination against long COVID

[5, 31]. Our study could not investigate the association
between vaccination and long COVID. Third, long COVID
after a single COVID-19 or re-infection may show different
characteristics. Further studies are needed as SARS-CoV-2
reinfection is becoming increasingly common [32]. Fourth,
the inclusion of cases without all scheduled examinations

https://doi.org/10.3947/ic.2024.0090 7
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may have caused a bias. Nevertheless, we considered
that demonstrating the analysis as comprehensively as
possible would be appropriate for showing the sequelae
related to COVID-19.

In this multicenter prospective cohort study, several
patients were observed to suffer from long COVID even 18
months post-infection. Therefore, multiple assessments
of various disease aspects are necessary for managing
patients post-COVID-19.

ACKNOWLEDGEMENT

Contributors: We would like to thank Editage (www.editage.
co.kr) for English language.

ORCID iDs

Se Ju Lee
https://orcid.org/0000-0001-9779-5062
Yae Jee Baek
https://orcid.org/0000-0003-0994-4940
Su Hwan Lee
https://orcid.org/0000-0002-3487-2574
Jung Ho Kim
https://orcid.org/0000-0002-5033-3482
Jin Young Ahn
https://orcid.org/0000-0002-3740-2826
Jooyun Kim
https://orcid.org/0000-0002-8864-0592
Ji Hoon Jeon
https://orcid.org/0000-0002-7535-1679
Hyeri Seok
https://orcid.org/0000-0002-2032-9538
Won Suk Choi
https://orcid.org/0000-0001-5874-4764
Dae Won Park
https://orcid.org/0000-0002-7653-686X
Yunsang Choi
https://orcid.org/0000-0002-0419-3968
Kyoung-Ho Song
https://orcid.org/0000-0002-4517-3840
Eu Suk Kim
https://orcid.org/0000-0001-7132-0157
Hong Bin Kim
https://orcid.org/0000-0001-6262-372X
Jae-Hoon Ko
https://orcid.org/0000-0002-9490-6609
Kyong Ran Peck
https://orcid.org/0000-0002-7464-9780
Jae-Phil Choi
https://orcid.org/0000-0003-4805-7930
Jun Hyoung Kim
https://orcid.org/0000-0002-0595-2110
Hee-Sung Kim
https://orcid.org/0000-0001-7559-4438

icjournal.org

°
lc Infection &
Chemotherapy

Hye Won Jeong
https://orcid.org/0000-0002-1063-8476
Jun Yong Choi
https://orcid.org/0000-0002-2775-3315

Funding

This work was supported by the Korea National Institute of
Infectious Diseases, Korea National Institute of Health, Korea
Disease Control and Prevention Agency (#2021-ER1902-01)
and the Bio&Medical Technology Development Program of the
National Research Foundation (NRF) funded by the Korean
government (MSIT) (No. RS-2024-00439160).

Conflict of Interest

JYC, HBK, and KRP are member of editorial board of Infect
Chemother, however, they did not involve in the peer reviewer
selection, evaluation, and decision process of this article.
Otherwise, no potential conflicts of interest relevant to this
article was reported.

Author Contributions

Conceptualization: YJB, JYC. Data curation: JK, JHJ, HS,

WSC, DWP, YC, K-HS, ESK, HBK, JHK, KRP, JPC, JHK, HSK,
HWJ. Formal analysis: SJL, YJB. Funding acquisition: JYC.
Investigation: SJL, SHL, Jung Ho Kim, JYA. Methodology: SJL,
YJB, JYC. Supervision: JYC. Validation: JYC. Writing - original
draft: SJL, JYC. Writing - review & editing: SJL, YJB, SHL, JHK,
JYA, JK, JHJ, HS, WSC, DWP, YC, KHS, ESK, HBK, JHK, KRP,
JPC, JHK, HSK, HWJ, JYC.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Sequelae profile after COVID-19 according to the study
period

Supplementary Table 2
Sequelae profile according to severity in the <6 months
group

Supplementary Table 3
Sequelae profile according to severity in the 6-12 months
group

Supplementary Table 4
Sequelae profile according to severity in the 12-18 months

group

Supplementary Table 5
Sequelae profile according to severity in the >18 months
group

Supplementary Table 6
Pulmonary function test after COVID-19 according to the
study period

https://doi.org/10.3947/ic.2024.0090 78


http://www.editage.co.kr
http://www.editage.co.kr
https://orcid.org/0000-0001-9779-5062
https://orcid.org/0000-0001-9779-5062
https://orcid.org/0000-0003-0994-4940
https://orcid.org/0000-0003-0994-4940
https://orcid.org/0000-0002-3487-2574
https://orcid.org/0000-0002-3487-2574
https://orcid.org/0000-0002-5033-3482
https://orcid.org/0000-0002-5033-3482
https://orcid.org/0000-0002-3740-2826
https://orcid.org/0000-0002-3740-2826
https://orcid.org/0000-0002-8864-0592
https://orcid.org/0000-0002-8864-0592
https://orcid.org/0000-0002-7535-1679
https://orcid.org/0000-0002-7535-1679
https://orcid.org/0000-0002-2032-9538
https://orcid.org/0000-0002-2032-9538
https://orcid.org/0000-0001-5874-4764
https://orcid.org/0000-0001-5874-4764
https://orcid.org/0000-0002-7653-686X
https://orcid.org/0000-0002-7653-686X
https://orcid.org/0000-0002-0419-3968
https://orcid.org/0000-0002-0419-3968
https://orcid.org/0000-0002-4517-3840
https://orcid.org/0000-0002-4517-3840
https://orcid.org/0000-0001-7132-0157
https://orcid.org/0000-0001-7132-0157
https://orcid.org/0000-0001-6262-372X
https://orcid.org/0000-0001-6262-372X
https://orcid.org/0000-0002-9490-6609
https://orcid.org/0000-0002-9490-6609
https://orcid.org/0000-0002-7464-9780
https://orcid.org/0000-0002-7464-9780
https://orcid.org/0000-0003-4805-7930
https://orcid.org/0000-0003-4805-7930
https://orcid.org/0000-0002-0595-2110
https://orcid.org/0000-0002-0595-2110
https://orcid.org/0000-0001-7559-4438
https://orcid.org/0000-0001-7559-4438
https://orcid.org/0000-0002-1063-8476
https://orcid.org/0000-0002-1063-8476
https://orcid.org/0000-0002-2775-3315
https://orcid.org/0000-0002-2775-3315
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s001.xls
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s002.xls
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s003.xls
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s004.xls
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s005.xls
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s006.xls

Prevalence and profile of long COVID

Supplementary Table 7
Laboratory test after COVID-19 according to the study
period

Supplementary Table 8
Remaining lesions on chest computed tomography
according to the study period

REFERENCES

1.

13.

icjournal.org

Lenharo M. WHO declares end to COVID-19's emergency phase.
Nature 2023 [Epub ahead of print]. PUBMED | CROSSREF

World Health Organization (WHO). WHO coronavirus (COVID-19)
dashboard. Available at: https://covidi9.who.int/. Accessed 12
July 2024.

Yong SJ. Long COVID or post-COVID-19 syndrome: putative
pathophysiology, risk factors, and treatments. Infect Dis (Lond)
2021;53:737-54. PUBMED | CROSSREF

Crook H, Raza S, Nowell J, Young M, Edison P. Long
covid-mechanisms, risk factors, and management. BMJ
2021;374:n1648. PUBMED | CROSSREF

Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major
findings, mechanisms and recommendations. Nat Rev Microbiol
2023;21:133-46.  PUBMED | CROSSREF

Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular
outcomes of COVID-19. Nat Med 2022;28:583-90. PUBMED |
CROSSREF

Yende S, Parikh CR. Long COVID and kidney disease. Nat Rev
Nephrol 2021;17:792-3.  PUBMED | CROSSREF

Xie Y, Al-Aly Z. Risks and burdens of incident diabetes in long
COVID: a cohort study. Lancet Diabetes Endocrinol 2022;10:311-21.
PUBMED | CROSSREF

Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV; WHO
Clinical Case Definition Working Group on Post-COVID-19
Condition. A clinical case definition of post-COVID-19 condition
by a Delphi consensus. Lancet Infect Dis 2022;22:€102-7.
PUBMED | CROSSREF

Blomberg B, Mohn KG, Brokstad KA, Zhou F, Linchausen DW,
Hansen BA, Lartey S, Onyango TB, Kuwelker K, Seevik M, Bartsch
H, Tendel C, Kittang BR, ; Bergen COVID-19 Research Group; Cox
RJ, Langeland N. Long COVID in a prospective cohort of home-
isolated patients. Nat Med 2021;27:1607-13.  PUBMED | CROSSREF

Han JH, Womack KN, Tenforde MW, Files DC, Gibbs KW, Shapiro
NI, Prekker ME, Erickson HL, Steingrub JS, Qadir N, Khan A,
Hough CL, Johnson NJ, Ely EW, Rice TW, Casey JD, Lindsell CJ,
Gong MN, Srinivasan V, Lewis NM, Patel MM, Self WH; Influenza
and Other Viruses in the Acutely Ill (IVY) Network. Associations
between persistent symptoms after mild COVID-19 and long-
term health status, quality of life, and psychological distress.
Influenza Other Respir Viruses 2022;16:680-9. PUBMED |
CROSSREF

Callaway E. COVID's future: mini-waves rather than seasonal
surges. Nature 2023;617:229-30.  PUBMED | CROSSREF

Nittas V, Gao M, West EA, Ballouz T, Menges D, Wulf Hanson

S, Puhan MA. Long COVID through a public health lens: an
umbrella review. Public Health Rev 2022;43:1604501.  PUBMED |
CROSSREF

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

https://doi.org/10.3947/ic.2024.0090

°
lc Infection &
Chemotherapy

Kim Y, Kim SW, Chang HH, Kwon KT, Bae S, Hwang S.
Significance and associated factors of long-term sequelae
in patients after acute COVID-19 infection in Korea. Infect
Chemother 2021;53:463-76. PUBMED | CROSSREF

Kim IH, Park AK, Lee H, Kim HM, Kim J, Kim JA, No JS, Lee CY,
Rhee JE, Kim EJ. Status and characteristics of the SARS-CoV-2
variant outbreak in the Republic of Korea in January 2021.
Public Health Wkly Rep 2022;15:497-510.

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue
severity scale. Application to patients with multiple sclerosis
and systemic lupus erythematosus. Arch Neurol 1989;46:1121-3.
PUBMED | CROSSREF

Jung YE, Kim D, Kim WH, Roh D, Chae JH, Park JE. A brief
screening tool for PTSD: validation of the Korean version of the
primary care PTSD screen for DSM-5 (K-PC-PTSD-5). J Korean
Med Sci 2018;33:e338. PUBMED | CROSSREF

Ahn JK, Kim Y, Choi KH. The psychometric properties and
clinical utility of the Korean version of GAD-7 and GAD-2. Front
Psychiatry 2019;10:127.  PUBMED | CROSSREF

Kim SH, Ahn J, Ock M, Shin S, Park J, Luo N, Jo MW. The EQ-
5D-5L valuation study in Korea. Qual Life Res 2016;25:1845-52.
PUBMED | CROSSREF

Rajala K, Lehto JT, Sutinen E, Kautiainen H, Myllarniemi M,
Saarto T. mMRC dyspnoea scale indicates impaired quality of
life and increased pain in patients with idiopathic pulmonary
fibrosis. ERJ Open Res 2017;3:00084-2017. PUBMED | CROSSREF

Seefle J, Waterboer T, Hippchen T, Simon J, Kirchner M, Lim A,
Miller B, Merle U. Persistent symptoms in adult patients 1 year
after coronavirus disease 2019 (COVID-19): a prospective cohort
study. Clin Infect Dis 2022;74:1191-8.  PUBMED | CROSSREF

Guo Y, Wang H, Xiao M, Guan X, Lei Y, Diao T, Long P, Zeng R, Lai
X, Cai H, You Y, Wen Y, Li W, Wang X, Wang Y, Chen Q, Yang Y, Qiu
Y, Chen J, Zeng H, Ni W, Zhao Y, Ouyang K, Wang J, Wang Q, Liu

L, Song L, Wang Y, Guo H, Li X, Wu T, Yuan Y. Long-term outcomes
of COVID-19 convalescents: an 18.5-month longitudinal study in
Wuhan. Int J Infect Dis 2023;127:85-92. PUBMED | CROSSREF

Watanabe A, So M, Iwagami M, Fukunaga K, Takagi H, Kabata H,
Kuno T. One-year follow-up CT findings in COVID-19 patients: a
systematic review and meta-analysis. Respirology 2022;27:605-16.
PUBMED | CROSSREF

Jeong YJ, Wi YM, Park H, Lee JE, Kim SH, Lee KS. Current and
Emerging Knowledge in COVID-19. Radiology 2023;306:€222462.
PUBMED | CROSSREF

Zawilska JB, Kuczynska K. Psychiatric and neurological
complications of long COVID. J Psychiatr Res 2022;156:349-60.
PUBMED | CROSSREF

Kubota T, Kuroda N, Sone D. Neuropsychiatric aspects of long
COVID: a comprehensive review. Psychiatry Clin Neurosci
2023;77:84-93. PUBMED | CROSSREF

Michelen M, Manoharan L, Elkheir N, Cheng V, Dagens A, Hastie
C, O'Hara M, Suett J, Dahmash D, Bugaeva P, Rigby |, Munblit D,
Harriss E, Burls A, Foote C, Scott J, Carson G, Olliaro P, Sigfrid L,
Stavropoulou C. Characterising long COVID: a living systematic
review. BMJ Glob Health 2021;6:e005427. PUBMED | CROSSREF

Thompson EJ, Williams DM, Walker AJ, Mitchell RE, Niedzwiedz
CL, Yang TC, Huggins CF, Kwong ASF, Silverwood RJ, Di Gessa
G, Bowyer RCE, Northstone K, Hou B, Green MJ, Dodgeon

B, Doores KJ, Duncan EL, Williams FMK, ; OpenSAFELY
Collaborative; Steptoe A, Porteous DJ, McEachan RRC,
Tomlinson L, Goldacre B, Patalay P, Ploubidis GB, Katikireddi

79


https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s007.xls
https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2024.0090&fn=ic-57-72-s008.xls
http://www.ncbi.nlm.nih.gov/pubmed/37147368
https://doi.org/10.1038/d41586-023-01559-z
http://www.ncbi.nlm.nih.gov/pubmed/34024217
https://doi.org/10.1080/23744235.2021.1924397
http://www.ncbi.nlm.nih.gov/pubmed/34312178
https://doi.org/10.1136/bmj.n1648
http://www.ncbi.nlm.nih.gov/pubmed/36639608
https://doi.org/10.1038/s41579-022-00846-2
http://www.ncbi.nlm.nih.gov/pubmed/35132265
https://doi.org/10.1038/s41591-022-01689-3
http://www.ncbi.nlm.nih.gov/pubmed/34504319
https://doi.org/10.1038/s41581-021-00487-3
http://www.ncbi.nlm.nih.gov/pubmed/35325624
https://doi.org/10.1016/S2213-8587(22)00044-4
http://www.ncbi.nlm.nih.gov/pubmed/34951953
https://doi.org/10.1016/S1473-3099(21)00703-9
http://www.ncbi.nlm.nih.gov/pubmed/34163090
https://doi.org/10.1038/s41591-021-01433-3
http://www.ncbi.nlm.nih.gov/pubmed/35347854
https://doi.org/10.1111/irv.12980
http://www.ncbi.nlm.nih.gov/pubmed/37127700
https://doi.org/10.1038/d41586-023-01437-8
http://www.ncbi.nlm.nih.gov/pubmed/35359614
https://doi.org/10.3389/phrs.2022.1604501
http://www.ncbi.nlm.nih.gov/pubmed/34405592
https://doi.org/10.3947/ic.2021.0022
http://www.ncbi.nlm.nih.gov/pubmed/2803071
https://doi.org/10.1001/archneur.1989.00520460115022
http://www.ncbi.nlm.nih.gov/pubmed/30584416
https://doi.org/10.3346/jkms.2018.33.e338
http://www.ncbi.nlm.nih.gov/pubmed/30936840
https://doi.org/10.3389/fpsyt.2019.00127
http://www.ncbi.nlm.nih.gov/pubmed/26961008
https://doi.org/10.1007/s11136-015-1205-2
http://www.ncbi.nlm.nih.gov/pubmed/29255720
https://doi.org/10.1183/23120541.00084-2017
http://www.ncbi.nlm.nih.gov/pubmed/34223884
https://doi.org/10.1093/cid/ciab611
http://www.ncbi.nlm.nih.gov/pubmed/36509334
https://doi.org/10.1016/j.ijid.2022.12.008
http://www.ncbi.nlm.nih.gov/pubmed/35694728
https://doi.org/10.1111/resp.14311
http://www.ncbi.nlm.nih.gov/pubmed/36625747
https://doi.org/10.1148/radiol.222462
http://www.ncbi.nlm.nih.gov/pubmed/36326545
https://doi.org/10.1016/j.jpsychires.2022.10.045
http://www.ncbi.nlm.nih.gov/pubmed/36385449
https://doi.org/10.1111/pcn.13508
http://www.ncbi.nlm.nih.gov/pubmed/34580069
https://doi.org/10.1136/bmjgh-2021-005427

Prevalence and profile of long COVID

29.

30.

31

icjournal.org

SV, Tilling K, Rentsch CT, Timpson NJ, Chaturvedi N, Steves CJ. 32.

Long COVID burden and risk factors in 10 UK longitudinal studies
and electronic health records. Nat Commun 2022;13:3528.
PUBMED | CROSSREF

Ferndndez-de-Las-Pefias C, Notarte Kl, Peligro PJ, Velasco JV,
Ocampo MJ, Henry BM, Arendt-Nielsen L, Torres-Macho J, Plaza-
Manzano G. Long-COVID symptoms in individuals infected with
different SARS-CoV-2 variants of concern: a systematic review
of the literature. Viruses 2022;14:2629. PUBMED | CROSSREF

Du M, Ma 'Y, Deng J, Liu M, Liu J. Comparison of long COVID-19
caused by different SARS-CoV-2 strains: a systematic review and
meta-analysis. Int J Environ Res Public Health 2022;19:16010.
PUBMED | CROSSREF

Watanabe A, Iwagami M, Yasuhara J, Takagi H, Kuno T.
Protective effect of COVID-19 vaccination against long COVID
syndrome: a systematic review and meta-analysis. Vaccine
2023;41:1783-90. PUBMED | CROSSREF

https://doi.org/10.3947/ic.2024.0090

[ ]
lc Infection &
Chemotherapy
Ma KC, Dorabawila V, Le6n TM, Henry H, Johnson AG,
Rosenberg E, Mansfield JA, Midgley CM, Plumb ID, Aiken J,
Khanani QA, Auche S, Bayoumi NS, Bennett SA, Bernu C,
Chang C, Como-Sabetti KJ, Cueto K, Cunningham S, Eddy M,
Falender RA, Fleischauer A, Frank DM, Harrington P, Hoskins
M, Howsare A, Ingaiza LM, Islam AS, Jensen SA, Jones JM,
Kambach G, Kanishka F, Levin Y, Masarik JF 3rd, Meyer SD,
Milroy L, Morris KJ, Olmstead J, Olsen NS, Omoike E, Patel K,
Pettinger A, Pike MA, Reed IG, Slocum E, Sutton M, Tilakaratne
BP, Vest H, Vostok J, Wang JS, Watson-Lewis L, Wienkes HN,
Hagen MB, Silk BJ, Scobie HM. Trends in laboratory-confirmed
SARS-CoV-2 reinfections and associated hospitalizations and
deaths among adults aged >18 years - 18 U.S. Jurisdictions,
September 2021-December 2022. MMWR Morb Mortal Wkly Rep
2023;72:683-9. PUBMED | CROSSREF

80


http://www.ncbi.nlm.nih.gov/pubmed/35764621
https://doi.org/10.1038/s41467-022-30836-0
http://www.ncbi.nlm.nih.gov/pubmed/36560633
https://doi.org/10.3390/v14122629
http://www.ncbi.nlm.nih.gov/pubmed/36498103
https://doi.org/10.3390/ijerph192316010
http://www.ncbi.nlm.nih.gov/pubmed/36774332
https://doi.org/10.1016/j.vaccine.2023.02.008
http://www.ncbi.nlm.nih.gov/pubmed/37347715
https://doi.org/10.15585/mmwr.mm7225a3

	Characteristics and Prevalence of Sequelae after COVID-19: A Longitudinal Cohort Study
	Graphical Abstract
	Introduction
	Materials and methods
	2. Ethics statement
	3. Definition
	4. Outcomes
	5. Statistical analysis

	Results
	Discussion
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4
	Supplementary Table 5
	Supplementary Table 6
	Supplementary Table 7
	Supplementary Table 8

	REFERENCES


