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symptoms, clinical progress, and severity of disease for COVID-19 positive patients released from quaran-
tine to provide information on establishing optimized care for new patients. The medical data of 7803
laboratory-confirmed patients who had been discharged or died by April 30, 2020 were analyzed using
multivariate logistic regression analysis.

of disease severity has thus not yet been well described.

Findings: On admission, 7383 (94+5%) patients were asymptomatic or showed mild illness, and 372 (4+8%)
patients were severe illness. Also, 48 (0 0-6%) were hospitalized with critically ill when diagnosed. Most
patients with asymptomatic or mild illness on admission remained mild until discharge, 253 (3+4%) pro-
gressed to severe illness, and 83 (1-1%) died in hospital. However, the case fatality were 29-8% and 62+5%
in severe and critically ill patients, respectively. At admission, 73-0% of hospitalized patients had symp-
toms; most common were cough (42+5%), sputum (28-8%), and fever (20-1%). Only 35+2% of laboratory
confirmed patients admitted to the temporary care facility complained of symptoms. Increasing odds of
being critically ill was associated with older age (OR 2893, 95% CI 1334-62-75 for age >70y, vs. age
<50 y; p<0+0001), being male (OR 2-15, 95% CI1-59-289; p<0-0001), fever (OR 252, 95% CI 1.84-3+45;
p<0-0001), and shortness of breath (OR 7-40, 95% CI 5+37-1019; p<0-0001). Comorbid illness signifi-
cantly increased risk of critical illness or death.

Interpretation: Most cases were discharged as asymptomatic or recovered from mild illness, and only 9+7%
developed severe disease requiring oxygen therapy or more. Case fatality rate was 2+9%, and markedly
increased in those over age 50. Risk factors such as age, sex, fever, shortness of breath, and underlying
disease can be useful in predicting future clinical severity. Additionally, the number of confirmed asymp-
tomatic COVID-19 patients significantly contribute to continued spread.
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Research in context

Evidence before this study

We searched PubMed on June 30, 2020, for articles that
documented clinical features and risk factors of clinical sever-
ity in patients with coronavirus disease 2019 (COVID-19) us-
ing the search terms (“novel coronavirus” OR “SARS-CoV-
2’ OR “COVID-19”) AND (“mortality” OR “severe illness” OR
“asymptomatic”) AND (“RT-PCR” OR “laboratory confirmed”)
AND (“comorbidity” OR “symptom”) with no language or
time restriction. More than 50 studies on clinical character-
istics on COVID-19 have been published. However, most pre-
vious studies analyzed data for patients who suspected infec-
tion and went to hospital. There was limited access to hospi-
tal care or bottleneck in laboratory testing in other countries
during the early phase of the pandemic. The findings from
clinical studies in those circumstances can be misleading in-
dicators of the epidemic’s trajectory.

Added value of this study

This study includes patients confirmed by active contact
tracing and quarantine. To our knowledge, this is one of the
largest studies including patients who have been confirmed
regardless of symptoms. We present the clinical characteris-
tics of 7803 patients with laboratory-confirmed SARS-CoV-2
infection. Most patients (94.6%) were asymptomatic or had
mild illness on admission and among them more than 95%
were discharged without severe illness. More than half of the
cases were asymptomatic at the diagnosis or admission, and
a significant proportion of patients remained asymptomatic
at discharge. Basic demographics (age and sex), major symp-
toms on admission (fever, cough, SOB/dyspnea), and comor-
bidities were significantly associated with clinical severity
and most clinical deterioration occurred within 10 days after
diagnosis.

Implications of all the available evidence

Most cases were discharged as asymptomatic or recovered
from mild illness, and only 9.7% of patients developed severe
illness. Age is one of the key risk factors which determine
clinical outcome. The risk prediction model using prognostic
factors such as age, sex, symptom on admission, and comor-
bidities is thought to be of great help in identifying the triage
of confirmed cases in the event of a large-scale outbreak. The
high rate of asymptomatic patients is believed to be a major
factor in the continuous spread of COVID-19 causing difficul-
ties in the control of the epidemic.

Introduction

The outbreak of the coronavirus disease (COVID-19) has re-
sulted in 10 million cases with 503 thousand deaths as of June 30,
2020 [1]. After the first case of COVID-19 was confirmed in South
Korea on January 20, 2020, the Korea Centers for Diseases Control
and Prevention (KCDC) screened and evaluated persons who had
a history of contact with confirmed COVID-19 cases, and screened
the immigrants from countries where COVID-19 had spread. As of
June 30, 2020, a total of 13,812 laboratory-confirmed cases has
been documented and, recently, about 50 new cases have been
confirmed daily. In several countries, a massive increase in the
number of cases has resulted in high mortality due to the col-
lapse of the health care system. In Korea, though several confirmed
cases occurred simultaneously in late February, mortality was sig-
nificantly lower than that in other countries due to active admin-
istration and treatment by both temporary care facilities and over
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100 medical institutions. The COVID-19 strategy in South Korea,
known as “K-Quarantine,” has conducted extensive contact tracing
through testing positive case contacts and epidemiological surveys
of confirmed cases, to identify and quarantine infected patients.
Through this we could get information on clinical characteristics
of the full spectrum of laboratory-confirmed COVID-19 cases.

After the first case report in Wuhan, numerous papers have
been published regarding the symptoms, clinical characteris-
tics, and prognosis of COVID-19 patients. However, most studies
conducted on patients admitted to the hospital is a hindrance
to represent the percentage or clinical outcome of patients who
had been infected, including asymptomatic and untested patients.
Therefore, this study aims to provide information to establish op-
timized care for the confirmed patients by analyzing the factors
affecting early clinical symptoms, clinical progress, and severity of
disease for patients.

Methods
Study design and population

We collected the epidemiological, clinical, and outcome data
for laboratory-confirmed COVID-19 cases, and those who were dis-
charged from hospitals or temporary care facilities between Febru-
ary and April 2020. We gathered medical records from 100 hos-
pitals which agreed to collect medical records, and 25 temporary
care facilities. Temporary care facilities named ‘Residential Treat-
ment Center’ were meant to monitor and provide care for patients
with mild symptoms due to shortage of hospital beds during the
massive outbreak in March 2020 in Daegu [2]. Patients aged be-
low 65 and without severe underlying diseases were isolated in
care facilities. It was reported their body temperature and any
other symptom change during their stay and health care profes-
sionals monitored their general condition. If their symptom indi-
cated something clinically meaningful, they were transferred to the
hospital. We collected information of 3301 cases about their de-
mographics and underlying diseases at the time of admission; fur-
thermore, among these cases we gathered information about major
symptoms of 1737 patients.

The total number of cases who were released from isolation
until April 30 due to COVID-19 was 9227. Of these, 7818 patients
who were released from quarantine, or who had died by April 30
were included. Among them, we excluded two people whose clin-
ical severity could not be confirmed. In addition, we excluded 13
cases who were laboratory-confirmed with COVID-19 after death.
Finally, 7803 cases were subjected to further analysis. All cases
were confirmed by quantitative RT-PCR for SARS CoV-2 using pha-
ryngeal swab or sputum specimens according to the recommended
protocol by the KCDC [3,4]. This retrospective observational study
was approved by the institutional review boards of KCDC (KCDC
2020-07-01-P-A), and informed consent requirements waived.

Data collection (Procedure)

Epidemiological and early clinical information was retrieved
from COVID-19 reporting and surveillance data operated by KCDC.
Demographic, clinical, laboratory, and outcome data for hospital-
ized patients were collected from medical records using a standard
data collection form, which was a modified version of the World
Health Organization Global 2019-novel coronavirus clinical char-
acterization case report form [5]. Individual cases were reviewed
by well-trained medical recorder professionals, and data collection
was done using electronic data management system. Clinical sever-
ity on admission and daily changes during hospitalization were as-
sessed as follows: (1) no limit of daily activity; (2) limit of daily ac-
tivity but no need for supplemental O2 therapy; (3) need for sup-
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plemental 02 therapy via nasal prong; (4) need for supplemental
02 therapy via facial mask; (5) need for high flow supplemental
02 therapy or non-invasive ventilation; (6) need for invasive ven-
tilation; (7) multi-organ failure or need for extracorporeal mem-
brane oxygenation (ECMO) therapy; and (8) death. Clinical severity
during analysis was classified as asymptomatic, or mild in the case
of clinical severity 1 or 2; clinical severity of 3 or 4 was classified
as severe; and cases with clinical severity 5 or higher requiring a
ventilator was classified as critically ill [3]. Data on underlying dis-
eases were supplemented by information provided by the National
Health Insurance Agency since there was a medical history intrin-
sic to such diseases. Additional medical record investigation was
conducted for outliers on key parameters.

Statistical analysis

Continuous variables were expressed as median and inter-
quartile range (IQR), and categorical variables were summarized
as counts and percentages. To assess significant differences in de-
mographic variables, comorbidities, and symptoms on admission
across the subgroup of severity, the x2-test for categorical vari-
ables, and analysis of variance or the Kruskal-Wallis Rank test
for continuous variables were used. Multivariate logistic regression
analysis with a stepwise selection using a significant level of en-
try of 0-2 and stay of 0-05 was used to examine the association
of age group, current smoking, obesity, 12 key symptoms (such
as fever, cough, sputum, sore throat, rhinorrhea, myalgia, fatigue,
shortness of breath (SOB) or dyspnea, headache, confusion, nau-
sea, and diarrhea), and 10 comorbidities (such as hypertension,
diabetes, asthma, liver disease, chronic cardiac diseases, chronic
obstructive lung disease (COPD), chronic kidney disease (CKD),
malignancy in recent 5 years, rheumatologic disease, dementia)
with two primary endpoints that were defined as severe or more
(Model 1) and critically ill only (Model 2), respectively. Discrimina-
tion and “goodness-of fit” measurements were presented with the
C-statistic and the Hosmer-Lameshow’s statistic for each model.
Kaplan-Meier method was used to estimate the survival curves and
compare the cumulative probability of event-free during the hospi-
talization period according to age category: <50y, 50-59y, 60-69y,
70-79y, and >80y, and the p-values were calculated by the log-
rank test. A two-sided p-value of less than 0-05 was considered as
statistically significant. All analyses were performed with SAS ver-
sion 9-4 (SAS Institute, Cary, NC, USA).

Role of funding source
No funding sources.
Results

The demographic and clinical characteristics of the patients are
shown in Table 1. Around 98+7% of the subjects were Korean, 0+7%
were Korean-Chinese, and 0-6% were foreigners. There was a dis-
tinct difference in the clinical characteristics of patients admitted
to the hospital, and of patients in temporary care facilities. The
mean age of inpatients and patients managed at temporary care
facilities was 50-3 and 35-5 years, respectively. In both groups, the
percentage of women was high.

The most common cases of comorbidity were hypertension, fol-
lowed by diabetes, COPD, liver diseases, and chronic cardiac dis-
eases. Percentages of cases with one or more of the comorbidi-
ties investigated were 37-3% for hospitalized patients and 4-2% for
patients in temporary care facilities, since it was initially classi-
fied as a priority for hospitalization if someone had comorbidity in
triage. About 73<0% of hospitalized patients had at least one of the
12 symptoms; the most common being cough (42+5%), sputum
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(28+8%), and fever (22+6%). Only 35-2% of confirmed cases admitted
to the care facilities complained of symptoms at the time of admis-
sion, and the most common symptoms were cough (15%), followed
by rhinorrhea (9-9%), sputum (8-9%), and sore throat (62%). Fever
was observed in only 2+0% of the care facilities patients.

For some study patients who were isolated in temporary care
facilities, monitoring for several symptoms (cough, sore throat,
fever, and dyspnea) was conducted during quarantine. Among the
966 confirmed cases who were asymptomatic at the time of ad-
mission with daily monitoring records, cough, sore throat, and
fever developed in 12:7%, 9-3%, and 2+2%, respectively, during isola-
tion. The percentage of patients who were discharged without any
symptoms is 79+3.

Table 2 shows the clinical outcome according to the initial
clinical presentation of the study population. On admission, 7383
(94-6%) patients were asymptomatic, or had mild illness. Among
them, 95+4% had symptoms that remained mild until discharge,
243 (3-3%) progressed to severe or critically ill status, and 83
(1-1%) died. Among the 372 patients who needed oxygen therapy
on admission, 111(29-8%) died. The patients who were critically ill
on admission showed high signs of the case fatality (625%). The
case fatality in this study was 2+9%.

Age and gender specific clinical severity is illustrated in Fig. 1
and Supplementary Table 1. The proportion of patients with severe
illness was higher in men than that in women in all age groups.
Under the age of 50, 98-2% and 98-7% of male and female pa-
tients, respectively, were discharged as asymptomatic or after mild
illness. The cases that required more treatment than oxygen ther-
apy increased rapidly from the age of 50; the condition of 47:5%
in men and 32+7% in women above age 80, who were in need of
a ventilator, was severe or they finally died. 92-4% of the deaths
were patients older than 60, and only 4 patients were under
age 50.

Table 3 shows the clinical characteristics according to the worst
clinical severity during the hospitalization period. The number of
aged patients in the group with severe or critically ill character-
istics significantly increased compared to that in the group with
asymptomatic or mild patients, and the ratio of men was signifi-
cantly high. For comorbidity, the prevalence of hypertension, dia-
betes, chronic cardiac diseases, and CKD was higher in the group
with increased severity. Obesity (BMI 25 kg/m? or more) was also
associated with severity increment. Among the symptoms at the
time of visit, fever was detected in 13-5% of asymptomatic or mild
cases, and the incidence were significantly higher in the severe or
critically ill group. The cases with shortness of breath or dyspnea
were significantly higher in both severe and critically ill patients
compared to those in the asymptomatic or mild group.

Among the patients who were hospitalized and had initial
CXR, 350% showed abnormal infiltration, and the number of pa-
tients with infiltration increased in the severe or critically ill
groups. Lymphocytopenia was found in 786 (19-4%) patients, and
the prevalence was higher in both severe and critically ill groups
compared to the mild group. Symptoms of anemia and decreased
platelet count were more frequently observed in the severe and
critically ill patients.

Table 4 shows the multivariate analysis of factors that can pre-
dict severity based on the clinical characteristics at the time of
visit. Model 1 is an analysis of the severe cases that require more
than oxygen therapy, while Model 2 is an analysis of the criti-
cally ill cases in need of intensive care such as ventilator care. As
age increases, so does the risk of severity; accordingly, the risk in-
creased in patients who were aged 70 years or older by 17-66 (95%
CI 12-49-24-96) for severe conditions, and 28+93 (95% CI 13.34-
62-75) for critical ill cases compared to those under age 50. Men
were more likely to develop severe or critically ill symptoms com-
pared to women. Inpatient symptoms also had a significant effect
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Table 1
Demographic and clinical characteristics of patents with SARS-CoV-2 infection.
Total Hospital Care facility P-value
n = 7803 n = 4502 n = 3301 .
Age, years 44.0 (19.6) 53.0 (98.0) 29.0 (82.0) <0.0001
Age, n (%)
<10 89 (1.1) 62 (1.4) 27 (0.8) <0.0001
10-19 397 (5.1) 156 (3.5) 241 (7.3)
20-29 2174 (27.9) 789 (17.5) 1385 (42.0)
30-39 780 (10.0) 410 (9.1) 370 (11.2)
40-49 1037 (13.3) 560 (12.4) 477 (14.5)
50-59 1490 (19.1) 928 (20.6) 562 (17.0)
60-69 1007 (12.9) 787 (17.5) 220 (6.7)
70-79 517 (6.6) 499 (11.1) 18 (0.6)
>80 312 (4.0) 311 (6.9) 1 (0.0) .
Sex, Female, n (%) 4698 (60.2) 2627 (58.4) 2071 (62.7) <0.0001
Nation, n (%)
Korean 7699 (98.7) 4427 (98.3) 3272 (99.1) 0.0072
Chinese 56 (0.7) 38 (0.8) 18 (0.6)
Others 48 (0.6) 37 (0.8) 11 (0.3)
Comorbidities, n (%)
Hypertension 1549 (19.9) 1349 (30.0) 200 (6.1) <0.0001
Diabetes 851 (10.9) 779 (17.3) 72 (2.2) <0.0001
Asthma 118 (1.5) 110 (2.4) 8(0.2) <0.0001
Liver disease 602 (7.7) 481 (10.7) 121 (3.7) <0.0001
COPD 1035 (13.3) 765 (17.0) 270 (8.2) <0.0001
CKD 80 (1.0) 74 (1.6) 6(0.2) <0.0001
Malignancy 149 (1.9) 135 (3.0) 14 (0.4) <0.0001
AIDS/HIV 6(0.1) 5(0.1) 1 (0.0) 0.4115
Rheumatologic disorder 46 (0.6) 32 (0.7) 14 (04) 0.1022
Dementia 216 (2.8) 216 (4.8) 0 (0.0) <0.0001
Chronic cardiac disease 362 (4.6) 342 (7.6) 20 (0.6) <0.0001
Any of comorbidities 1820 (23.3) 1680 (37.3) 140 (4.2) <0.0001
n = 6239 n = 4502 n = 1737
Symptoms and signs, n (%)
Fever 1049 (16.8) 1015 (22.6) 34 (2.0) <0.0001
Cough 2172 (34.8) 1911 (42.5) 261 (15.0) <0.0001
Sputum 1452 (23.3) 1298 (28.8) 154 (8.9) <0.0001
Sore throat 773 (12.4) 665 (14.8) 108 (6.2) <0.0001
Rhinorrhea 633 (10.2) 461 (10.2) 172 (9.9) 0.6921
Myalgia 757 (12.1) 733 (16.3) 24 (1.4) <0.0001
Fatigue 226 (3.6) 194 (4.3) 32 (1.8) <0.0001
SOB/Dyspnea 601 (9.6) 582 (12.9) 19 (1.1) <0.0001
Headache 855 (13.7) 761 (16.9) 94 (5.4) <0.0001
Confusion 31 (0.5) 31 (0.7) 0 (0.0) 0.0005
Nausea 217 (3.5) 215 (4.8) 2 (0.1) <0.0001
Diarrhea 437 (7.0) 410 (9.1) 27 (1.6) <0.0001
Any of symptoms 3899 (62.5) 3288 (73.0) 611 (35.2) <0.0001
n = 7803 n = 4502 n = 3301
Severity on admission, n (%)
Asymptomatic to mild 7047 (90.3) 3746 (83.2) 3301 (100.0) <0.0001
Severe 473 (6.1) 473 (10.5)
Critically ill 283 (3.6) 283 (6.3)

Data are n (%) or median (IQR). COPD=chronic obstructive pulmonary disease. CKD=chronic kidney disease. AIDS=acquired immune
deficiency syndrome. HIV=human immunosuppressive virus. SOB=shortness of breath. ..=not applicable.

Table 2
The worst clinical severity of patients during entire quarantine according to initial clinical severity.
Total The worst clinical severity during quarantine
Asymptomatic or mild Severe Critically ill Death
Initial clinical severity n (%) n (%) n (%) n (%) n (%)
Mild 7383 (94.6) 7047 (95.4) 243 (3.3) 10 (0.1) 83 (1.1)
Severe 372 (4.8) 230 (61.8) 31 (8.3) 111 (29.8)
Critically ill 48 (0.6) 18 (37.5) 30 (62.5)

Mild=clinical severity 1 or 2. Severe=clinical severity 3 or 4. Critically ill=clinical severity 5, 6 or 7. Death= clinical severity 8. ..=not

applicable.

on clinical severity; patients with SOB or dyspnea at the time of
admission were seven times more likely to develop into severe
cases.

Comorbidities such as hypertension, diabetes, CKD, COPD, ma-
lignancy, and dementia are also significant factors in determin-
ing clinical severity. The C index estimates were 0-91(0-89-0+92)

and 0+94(0-92-0-95) in prediction of severe and critically ill, re-
spectively.

More complex models with hemoglobin and platelet added to
the existing model (Model 1) were showed in Supplementary Table
S3. The C index estimates for the Model 3 and 4 were 0.87(0.86-
0.88) and 0.87(0.85-0.88), respectively, indicating that more com-



H.-Y. Park, J.H. Lee, N.-K. Lim et al. The Lancet Regional Health - Western Pacific 5 (2020) 100061

80-
70-79
60-69
50-59
4049
30-39
20-29
10-19

<10

ﬂi
4

Male Female

| Cntically ill or death
® Severe

il

(%) 100 80 60 40 20

o
o

20 40 60 80 100

Fig. 1. Age and sex pyramids of the worst clinical severity during hospitalization or isolation.

Table 3
Clinical, radiologic and laboratory findings of patients on admission according to the worst clinical severity during hospitalization or isolation.
Asymptomatic or mild  Severe Critically ill or death P-value
n = 7047 n =473 n =283 .
Age, mean, year 41.0 (95.0) 66.0 (79.0) 77.0 (73.0) <0.0001
Sex, female, n (%) 4293 (60.9) 269 (56.9) 136 (48.1) <0.0001
Current smoker 389 (5.5) 45 (9.5) 13 (4.6) 0.0010
Comorbidity, n (%)
Hypertension 1094 (15.5) 248 (52.4) 207 (73.1) <0.0001
Diabetes mellitus 574 (8.2) 147 (31.1) 130 (45.9) <0.0001
Chronic cardiac diseases 218 (3.1) 75 (15.9) 69 (24.4) <0.0001
CKD 35 (0.5) 20 (4.2) 25 (8.8) <0.0001
COPD 810 (11.5) 120 (25.4) 105 (37.1) <0.0001
Asthma 89 (1.3) 16 (3.4) 13 (4.6) <0.0001
Liver diseases 478 (6.8) 79 (16.7) 45 (15.9) <0.0001
Malignancy 107 (1.5) 21 (44) 21(7.4) <0.0001
AIDS/HIV 4 (0.1) 1(0.2) 1(0.4) 0.1081
Rheumatologic disorders 37 (0.5) 6 (1.3) 3(1.1) 0.0593
Dementia 100 (1.4) 41 (8.7) 75 (26.5) <0.0001
n = 2861 n = 361 n=177 .
BMI, mean 23.1 (34.6) 24.1 (22.0) 23.3 (20.3) 0.0018
BMI, n (%)
<18.0 127 (44) 12 (3.3) 14 (7.9) <0.0001
18.0-22.9 1275 (44.6) 119 (33.0) 68 (38.4)
23.0-24.9 676 (23.6) 95 (26.3) 32 (18.1)
25.0-29.9 653 (22.8) 117 (32.4) 54 (30.5)
>30.0 130 (4.5) 18 (5.0) 9 (5.1)
n = 5483 n =473 n =283
Symptoms, n (%)
Fever (>37.5) 742 (13.5) 192 (40.6) 115 (40.6) <0.0001
Cough 1812 (33.1) 253 (53.5) 107 (37.8) <0.0001
Sputum 1186 (21.6) 175 (37.0) 91 (32.2) <0.0001
Sore throat 701 (12.8) 59 (12.5) 13 (4.6) 0.0002
Rhinorrhea 584 (10.7) 40 (8.5) 9(3.2) 0.0001
Myalgia 626 (11.4) 102 (21.6) 29 (10.3) <0.0001
Fatigue 174 (3.2) 31 (6.6) 21(7.4) <0.0001
SOB/Dyspnea 292 (5.3) 164 (34.7) 145 (51.2) <0.0001
Headache 750 (13.7) 83 (17.6) 22 (7.8) 0.0008
Confusion 7 (0.1) 0 (0.0) 24 (8.5) <0.0001
Diarrhea 353 (6.4) 62 (13.1) 22 (7.8) <0.0001
Abnormal radiologic (CXR) finding on admission, n/N (%)  903/3361 (26.9) 311/465 (66.9) 221/276 (80.1) <0.0001
Laboratory findings on admission (if available)
WBC (10"9/L) 5670.0 (53,800.0) 5500.0 (27,040.0) 6540.0 (49,640.0) <0.0001
WBC<4000, n/N (%) 555/3324 (16.7) 99/470 (21.1) 35/282 (12.4) 0.0069
Hemoglobin (g/dL) 13.4 (13.6) 12.9 (12.4) 12.2 (14.2) <0.0001
Hemoglobin <12, n/N (%) 548/3323 (16.5) 131/469 (27.9) 128/282 (45.4) <0.0001
Hematocrit (%) 39.7 (59.9) 38.1 (42.1) 35.7 (45.0) <0.0001
Hematocrit <35, n/N (%) 415/3316 (12.5) 117/470 (24.9) 129/283 (45.6) <0.0001
Lymphocyte, 103 cells per L 1658.8 (32,742.3) 1127.8 (3921.1) 824.3 (3975.0) <0.0001
Lymphocyte <1000, n/N (%) 407/3311 (12.3) 197/463 (42.6) 182/277 (65.7) <0.0001
Platelets (10"9/L) 236,000.0 (728,700.0) 199,000.0 (575,000.0)  174,000.0 (559,000.0)  <0.0001
Platelets <150,000, n/N (%) 294/3324 (8.8) 106/469 (22.6) 96/283 (34.2) <0.0001

Data are n (%) or median (IQR). COPD=chronic obstructive pulmonary disease. CKD=chronic kidney disease. AIDS=acquired immune deficiency syndrome.
HIV=human immunosuppressive virus. BMI=body mass index. SOB=shortness of breath. ..=not applicable.
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Model 1 Severe or more

Model 2 Critically ill or death

Events/Subjects (%)  OR (95% CI) p-value Events/Subjects (%)  OR (95% CI) p-value

Age

<50 66/3300 (2.0) Ref. . 8/3300 (0.2) Ref. .

50-59 128/1248 (10.3) 3.76 (2.70-5.23) <0.0001  26/1248 (2.1) 4.89 (2.15-11.11) 0.0001

60-69 174/879 (19.8) 6.01 (4.31-8.39) <0.0001  50/879 (5.7) 9.26 (4.22-20.31) <0.0001

70- 388/812 (47.8) 17.66 (12.49-24.96) <0.0001 199/812 (24.5) 28.93 (13.34-62.75) <0.0001
Sex, male 351/2542 (13.8) 1.68 (1.38-2.05) <0.0001  147/2542 (5.8) 2.15 (1.59-2.89) <0.0001
Symptoms
Fever, >37.5 °C 307/1049 (29.3) 3.75 (3.02-4.64) <0.0001 115/1049 (11.0) 2.52 (1.84-3.45) <0.0001
Cough 360/2172 (16.6) 1.33 (1.08-1.63) 0.0067 107/2172 (4.9) 1.42 (1.03-1.95) 0.0071
SOB/Dyspnea 309/601 (51.4) 7.92 (6.26-10.02) <0.0001 145/601 (24.1) 7.40 (5.37-10.19) <0.0001
Comorbidities
Hypertension 455/1459 (31.2) 1.38 (1.10-1.73) 0.0053 207/1459 (14.2) 1.49 (1.05-2.10) 0.0189
Diabetes 277/819 (33.8) 1.69 (1.34-2.12) <0.0001  130/819 (15.9) 1.92 (1.40-2.62) <0.0001
CKD 45/78 (57.7) 434 (2.42-7.77) <0.0001 2578 (32.1) 3.35 (1.76-6.36) 0.0002
COPD 225/879 (25.1) 1.37 (1.09-1.73) 0.0078 105/897 (11.7) 1.57 (1.14-2.16) 0.0110
Malignancy 42/148 (28.4) 1.95 (1.21-3.15) 0.0064 21/148 (14.2) 2.45 (1.34-4.50) 0.0067
Dementia 116/216 (53.7) 2.93 (2.06-4.18) <0.0001 75/216 (34.7) 4.47 (2.98-6.71) <0.0001
C-index 0.91 (0.89-0.92) . . 0.94 (0.92-0.95) .
Hosmer-Lameshow’s goodness-of-fit 8.76 0.2702 7.04 0.5323

Model 1=clinical severity 3, 4, 5, 6, 7, or 8. Model 2=clinical severity 5, 6, 7, or 8. ..=not applicable.
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Fig. 2. Kaplan-Meier curves for severity outcomes according to age group (n = 7803).
The plot is the unadjusted cumulative probability of event-free for (a) severe or more (clinical severity 3, 4, 5, 6, 7, or 8) and (b) critically ill or death (clinical severity 5, 6,

7, or 8). Dash line represents 95% CI for each curve.

plex models included hemoglobin and platelet did not provide ad-
ditional improvement of capability to discrimination.

Kaplan-Meier curves and product-limit estimates at specific
time points for severity events by age group are shown in Fig. 2
and Supplementary Table 2. Probabilities for events of the 02 ther-
apy or more within 10 days from diagnosis in age categories <50,
50-59, 60-69, 70-79, and 80 or more were 3%, 12%, 20%, 37% and
51%, while those of critical illness or death were 0%, 2%, 5%, 12%,
and 21%, respectively. The event such as 02 therapy occurred in
most cases within 10 days.

Discussion

This retrospective observational study presents the full spec-
trum of disease severity ranging from asymptomatic to death in
patients with COVID-19. Most cases were discharged as asymp-
tomatic, or recovered from mild illness, and only 9+7% patients de-
veloped into severe diseases that required oxygen therapy or more.
The critically ill patients in the category of ventilator care, multi-
organ failure, or death comprised 3+6% of the study population.
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Day after diagnosis
No. at risk
<50y 4477 1290 196 16 1
50-59y 1490 648 110 8 0
60-69y 1007 551 103 4 0
280y 312 190 48 3 0

The case fatality rate (CFR) of our study population was 2+9% No
death occurred in the patients under age 30; however, cases in the
age group 70 to 79 years and 80 or above had a 12+9% and 34-8%
CFR, respectively. The CFR in the aged group is higher compared
to a previous report [6]. This is because as the infection spread in
nursing homes, a number of elderly patients became infected, and
some refused active treatment; this led to a higher case fatality
than the healthy elderly. As a result, except for those who died
without active treatment such as ventilation, the CFR for those
aged 70-79 years is 5-46%, and for those aged 80 years or more
is 8+68%.

The clinical severity of COVID-19 varies according to the study
population. Our findings do not show big differences from the
reports on clinical characteristics of confirmed cases in China.
A comparison of our retrospective study of 1099 patients with
laboratory-confirmed cases showed that the severe cases were
15-7% with 1-4% fatality [7]. According to the Chinese Center for
Disease Control and Prevention, more than 80% were mild cases,
14% were severe cases, and about 5% were critical cases [8]. The
reason why the ratio of mild cases was particularly high in Korea is



H.-Y. Park, ].H. Lee, N.-K. Lim et al.

because the study subjects included asymptomatic cases detected
through active contact tracing. Reports in the United States showed
that the proportion of severely ill patients was higher compared to
this study, which targeted hospitalized patients [9].

Clinical severity appears to be the most affected by age [9,10].
In this study, the percentage of severely ill patients who demanded
other treatments besides oxygen therapy was low (14%) for those
under the age of 50, but was high for those in their 70’s (384%)
and above 80’s (60:5%) age groups (Supplementary Table 1). In
multivariate analysis, the number of cases that developed into crit-
ically ill cases was more than 28 times higher in patients aged 70
or above than those under the age of 50.

The percentage of women in the confirmed subjects was high,
and it is speculated that the percentage of women exposed at re-
ligious facilities, such as Shincheonji, was high at the time of the
early infection spread. However, cases turning into severe illness
after testing positive were frequent in men. In our study, gender
is a risk factor for higher severity in patients with COVID-19, inde-
pendent of age and comorbidities (OR 2-15, 95% CI 1:59-2-89). This
is consistent with previous reports [11]. Behavioral difference such
as smoking or alcohol intake, and high prevalence of pre-existing
chronic diseases, may increase the risk of developing into severe
illness. Another possible reason is that women have a stronger in-
nate and adaptive immune response than men due to the X chro-
mosome containing a high density of immune-related genes [12].
The sex difference of angiotensin-converting enzyme 2 (ACE2) re-
ceptors can be another possible reason for less severe diseases in
women [13]. Further research is warranted for a better understand-
ing of biological differences in disease severity. In this study, 19
pregnant women were included and they were all discharged with-
out development of severe illness.

Risk associated with smoking is still unclear [14,15]. In our
study, smoking was not an independent risk factor for predic-
tion of severity. The smoking prevalence (12+6% for men, 1:2%
for women) was lower than the country’s smoking prevalence
[16]. However, the smoking rate was somewhat higher in severe
cases. Conversely, the smoking rate among patients who were crit-
ically ill was low, leading to the speculation that most elderly pa-
tients did not smoke due to underlying disease conditions. Addi-
tionally, one cannot rule out the possibility of under-assessment
of smoking due to difficult conditions in an overwhelmed health
system. Also, many subjects (56+4%) in our study were infected at
religious gatherings, and it is thought that the smoking rate in this
group was lower than that in the general population. Additional
research is required regarding smoking rates.

Presence of co-morbidities is also significantly associated with
the development of severe disease and poor outcome. In multivari-
ate analysis, hypertension, diabetes, CKD, COPD, malignancy, and
dementia led to increased risk for severe illness. This suggests that
patients with such diseases were more likely to deteriorate into
severe illness than those without underlying diseases. This implies
that personal protection should be made available to patients and
medical staff, especially to the elderly.

Our findings suggest we can use basic demographic (age, sex),
symptom, and comorbidity estimates in a high-performance risk
prediction model to triage patients at risk of severe and critical
illness without laboratory test or imaging study. To mitigate the
burden on the health care system, and to provide the best care for
patients during massive outbreak, the triaging of patients is impor-
tant. The prediction model to estimate the risk of patients devel-
oping poor outcomes can help in allocating the limited health care
resources and in medical decision making.

In Korea, in the early stage of the spread of COVID-19, all con-
firmed cases were not able to be accommodated in the hospital;
thus, the elderly, with symptoms and comorbidities, were prefer-
entially treated in the hospital while others, who were asymp-
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tomatic or had mild symptoms, were isolated in the care facility
and underwent only general care [17]. Of the 3000 patients admit-
ted to the care facility, only 7 cases developed into the severe form,
including one fatal case. Most of the confirmed patients were re-
leased from quarantine after a mild condition. Korea’s initial strat-
egy using temporary care facilities is considered to have greatly
contributed to the successful handling of the COVID-19 pandemic
without disrupting the health care system. Prognostic factors and
other factors like age, fever, SOB/dyspnea, with or without under-
lying disease at the time of COVID-19 confirmation can be useful
in predicting the prognosis of the confirmed patients as signifi-
cant factors in predicting the severity. Therefore, the risk predic-
tion model based on these prognostic factors is thought to be of
great help in identifying the triage of the confirmers in the event
of a large-scale outbreak in the future.

Our study showed that the clinical deterioration, which needs
oxygen supplement, occurred within 10 days after laboratory-
confirmed diagnosis in more than 90% of the patients. Therefore,
the patients with asymptomatic or mild illness can be discharged
to their home or care facilities after 10 days in case of lack of med-
ical resources.

In addition, asymptomatic patients were observed in 27% of
the hospitalized patients and in 64<8% of the temporary care fa-
cility patients. Among the confirmed patients who entered the
temporary care facility as asymptomatic cases and provided daily
symptom records, 78-3% remained asymptomatic until release from
isolation. In recent reports, many asymptomatic cases have been
found with up to 40% reported in some reports [18-20]. In our
study, it is difficult to present the exact data because the symp-
toms were not investigated in all the confirmed patients. How-
ever, our result supports the premise that a significant number of
confirmed COVID-19 patients are asymptomatic. The high rate of
asymptomatic cases is believed to be a major factor in the contin-
uous spread of COVID-19 causing difficulties in the control of the
epidemic.

The most common symptom was a cough (hospitalized pa-
tients: 42+5%; and care facility patients: 15-0%). Fever was observed
in only 19-1% of inpatients and in 1-9% of care facility patients at
the time of confirmation, which differs from other previous reports
[8,21]. This difference may result from the fact that most exist-
ing reports encompass patients experiencing symptoms, and some
studies have been conducted only on patients with severe symp-
toms, whereas this study includes patients confirmed by contact
tracing. Meanwhile, body temperature check for screening infected
people has been used; the low percentage of confirmed patient
with high temperature suggests that quarantine using body tem-
perature may be limited.

Interestingly, 28-5% of the hospitalized patients had abnormal
CXR results although they were asymptomatic at admission. The
finding that 14-2% among them exacerbated into severe form gives
clues to predict the risk for disease progression in patients. Also,
radiologic study on admission can help to prevent the worsening
of disease if active treatments are provided to early pneumonia pa-
tients without significant clinical manifestations.

Early identification of patients who have a high risk for con-
tracting severe disease is critical for the provision of optimized
care, especially with massive disease outbreak. We realized the
importance of risk assessment for triage after we found that the
collapse of the health care system had led to tremendous deaths
globally. Our data shows that risk prediction is possible using de-
mographic and simple clinical findings such as symptoms and co-
morbidities. We hope that our data can foster risk prediction as
well as help in defining the clinical characteristics of patients with
COVID-19.

Our study has several limitations. First, this is a retrospective
study, therefore we could not collected the medical records of
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COVID-19 patients from all hospitals, and some variables, especially
laboratory finding data were missing. However, we collected infor-
mation from 85% of patients who were released from isolation un-
til April 30, and we assumed that our study population represents
the national data. Second, most of the subjects were confined to
Koreans; thus, it may be difficult to generalize these results for
application to other ethnic groups. Third, we did not include the
effect of antiviral drugs or hydroxychloroquine on the risk assess-
ment of clinical severity. The number of patients who had been
involved in the clinical trial for Remdesivir was limited, and for
hydroxychloroquine, the emerging reports have not shown clinical
benefit. Further assessment of treatment effect should be followed
using a larger study population.

Nevertheless, this study is one of the largest studies so far,
which includes those confirmed by the laboratory test through
contact tracing. Most previous studies have analyzed patients sus-
pected of infection, and who came to the hospital. There was lim-
ited access to hospital care or to bottlenecks in laboratory testing
in other countries in the early phase of the pandemic. The clini-
cal studies in such circumstances can be misleading indicators of
the epidemic’s trajectory. In Korea, because of active contact trac-
ing, asymptomatic infected patients were found, and by including
them in the analysis, the clinical severity among the actual in-
fected people could be suggested. In addition, our study is differ-
ent from other studies in that the observation results from some
subjects who were asymptomatic at the time of confirmation un-
til they were released were included. We hope the results of this
study will provide useful information in the context of responses
within the limited medical system of each country, such as triage
of COVID-19, which is still spreading today.
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