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Abstract
Purpose  This retrospective study aimed to evaluate the baseline characteristics of asymptomatic patients with coronavirus 
disease 2019 at admission and to follow-up their clinical manifestations and radiological findings during hospitalization.
Methods  Patients with coronavirus disease 2019 who were asymptomatic at admission were divided into two groups—those 
with no symptoms until discharge (group A) and those who developed symptoms after admission (group B). Patients who 
could not express their own symptoms were excluded.
Results  Overall, 127 patients were enrolled in the study, of whom 19 and 108 were assigned to groups A and B, respec- 
tively. The mean age and median C-reactive protein level were higher in group B than in group A. All patients in group A 
and one-third of patients in group B had normal initial chest radiographs; 15.8% and 48.1% of patients in groups A and B, 
respectively, had pneumonia during hospitalization. One patient in group B, whose condition was not severe at the time of 
admission, deteriorated due to aggravated pneumonia and was transferred to a tertiary hospital.
Conclusion  We summarize the clinical characteristics during hospitalization of patients with coronavirus disease 2019 who 
were purely asymptomatic at the time of admission. The majority of asymptomatic patients with coronavirus disease 2019 
were discharged without significant events during hospitalization. However, it may be difficult to predict subsequent events 
from initial chest radiographs or oxygen saturation at admission.

Keywords  Asymptomatic · Chest radiograph · Coronavirus disease 2019 · C-reactive protein · Pneumonia · Severe acute 
respiratory syndrome coronavirus 2

Abbreviations
COVID-19	� Coronavirus disease 2019
CRP	� C-reactive protein
CT	� Computed tomography

KUDDH	� Keimyung University Daegu Dongsan 
Hospital

LTCF	� Long-term care facility
PCR	� Polymerase chain reaction
RTC​	� Residential treatment center
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2

1  Introduction

In December 2019, there was an outbreak of pneumonia of 
unknown cause in Wuhan, China. The causative agent was 
later identified as severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), and the condition was termed coro-
navirus disease 2019 (COVID-19) [1]. COVID-19 can cause 
severe pneumonia that can lead to death in older patients 
[2]. In contrast, some cases of COVID-19 were asympto-
matic. Also, there are cases where there are no symptoms 
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at the time of admission, but symptoms develop during 
hospitalization [3, 4]. When symptoms do occur, they may 
not be severe. The symptoms of COVID-19 can be diverse, 
and among them, there have been studies on asymptomatic 
patients [3, 5, 6]. The proportion of asymptomatic patients 
among the total number of patients varied in different reports 
[5, 7, 8]. Although symptoms may develop during hospi-
talization, most studies have focused on COVID-19 patients 
who were asymptomatic at the time of admission [9].

Moreover, most reports on asymptomatic patients 
included a small number of patients [4, 10]. Long et al. [10] 
reported the clinical and immunological characteristics of 37 
asymptomatic patients with COVID-19 for 14 days before a 
confirmatory test and during hospitalization. Some reports 
focused on radiologic findings in asymptomatic COVID-19 
patients. In Iran, there was a report comparing chest com-
puted tomography (CT) findings in 23 COVID-19 patients 
who were asymptomatic at the time of admission, and about 
40% showed pneumonia [6]. Additionally, although it was 
a report of asymptomatic patients, among them, patients in 
long-term care facilities (LTCFs) with difficulty express-
ing their symptoms were included in the study [11–13]. 
If patients who have difficulty expressing symptoms are 
included in the study, it could be estimated that there are 
more asymptomatic patients than they actually are. There-
fore, it is necessary to evaluate the clinical characteristics of 
patients who were asymptomatic at the time of admission 
but developed symptoms during hospitalization and those 
who were continuously asymptomatic. To accurately deter-
mine whether symptoms occur, patients in LTCFs should 
be excluded.

In this study, we aimed to compare the clinical character-
istics of asymptomatic patients with COVID-19 at admission 
who developed symptoms after hospitalization with those 
who were asymptomatic until discharge from the hospital.

2 � Materials and Methods

2.1 � Ethics Approval

The study design was approved by the Institutional Review 
Board of Dongsan Medical Center (approval number: 2020-
03-027). The requirement for written informed consent was 
waived owing to the retrospective nature of the study.

2.2 � Study Design

We conducted a retrospective observational study of 
asymptomatic patients with COVID-19 at the time of 
admission. Patients were admitted to Keimyung University 
Daegu Dongsan Hospital (KUDDH), South Korea, between 
February 21 and May 29, 2020. KUDDH is a secondary 

hospital with 200 beds, temporarily expanded to 450 
beds during the COVID-19 outbreak. In the Republic of 
Korea, SARS-CoV-2 screening tests have been extensively 
conducted to prevent community transmission of COVID-
19. In cases where a person was in contact with a COVID-
19-positive individual or had traveled to a country affected 
by COVID-19, a polymerase chain reaction (PCR) 
screening test for SARS-CoV-2 was performed regardless 
of their symptoms [5, 14]. Patients with a history of 
COVID-19 were also tested for SARS-CoV-2 when they 
developed symptoms of suspected COVID-19 or were 
admitted to hospital. If the PCR test for SARS-CoV-2 
was positive, patients, including asymptomatic patients, 
were isolated in hospital or a residential treatment center 
(RTC). We excluded hospitalized patients when they 
re-tested positive for SARS-CoV-2 by PCR and those 
who were symptomatic at the time of admission. Further, 
we excluded patients < 18 years of age, those in LTCFs, 
and those transferred to KUDDH after hospitalization in 
another hospital or RTC. A questionnaire was prepared 
to determine whether symptoms were present at the time 
of admission. Every day, doctors interviewed each patient 
about new symptom development by telephone or during 
ward rounds. Fever, chills, cough, sputum, rhinorrhea, sore 
throat, myalgia, headache, diarrhea, dyspnea, and chest pain 
were included in the questionnaire. Fever was defined as 
having a body temperature > 37.8 °C. We included patients 
without symptoms during hospitalization as asymptomatic 
patients, in group A, and those who developed symptoms 
during hospitalization as pre-symptomatic patients, in group 
B.

2.3 � Data Collection

We collected data on patient demographics, including sex, 
age, COVID-19 exposure history, and overseas visits. Ini-
tial vital signs, including body temperature, respiratory rate, 
pulse rate, and systolic blood pressure, were measured. Clin-
ical data, including underlying diseases, symptoms, oxygen 
demand, laboratory tests, chest radiographs, chest CT find-
ings, and PCR results, were collected. Pneumonia was deter-
mined when pneumonic infiltration was observed on chest 
radiography/CT. The severity of pneumonia was evaluated 
based on hypoxemia and oxygen demand according to the 
World Health Organization criteria [15]. Severe pneumonia 
was defined as one of the following: respiratory rate > 30 
breaths/min, severe respiratory distress, or oxygen satura-
tion < 90% on room air.

2.4 � Statistical Analyses

Categorical variables were described using frequencies and 
percentages, while continuous variables were described 



356	 Journal of Epidemiology and Global Health (2021) 11:354–363

1 3

using means, medians, and interquartile ranges. All 
statistical analyses were performed using the Statistical 
Package for the Social Sciences software version 20.0 (SPSS 
Inc., IBM Corp., Armonk, NY, USA). The Pearson χ2 test 
and Fisher’s exact test were used to compare qualitative 
variables. For continuous variables, normal distribution 
was tested using the Kolmogorov–Smirnov test. The 
Mann–Whitney U test was performed for data that followed 
non-normal distributions, and the independent t test was 
performed for data that followed normal distributions. 
For unadjusted comparisons, P < 0.05 was considered 
statistically significant.

3 � Results

3.1 � Patients’ Baseline Characteristics

A total of 1,017 patients were admitted to KUDDH during 
the study period, of whom 165 patients re-tested positive 
for SARS-CoV-2. Fifty-one patients who were residents of 
an LTCF, 30 who were < 18 years of age, 586 who were 
symptomatic at the time of admission, and 58 who were 
transferred from other hospitals or RTCs were excluded from 
the study. The remaining 127 patients were finally included. 
Of these, 19 patients (group A) had no symptoms during 
hospitalization, while 108 (group B) developed symptoms 
(Fig. 1). The demographic characteristics of patients in both 
study groups are provided in Table 1. The sex distribution 
was not significantly different between the two groups. 
Patients in group B had a significantly higher mean age than 
those in group A. The proportion of patients aged > 65 years 
was 15.8% in group A and 47.2% in group B (p = 0.011). 
There were no significant differences in underlying diseases 

between the two groups. However, hypertension, diabetes 
mellitus, neurological disorders, and malignancies were 

Fig. 1   Flowchart of patient 
enrollment in the study

Table 1   Patients’ baseline characteristics

Group A, patients without symptoms during hospitalization; Group 
B, patients who developed symptoms
Age is given as the mean ± standard deviation
*Fisher’s exact test

Characteristics Group A (n = 19)
n (%)

Group B (n = 108)
n (%)

P value

Epidemiology
 Male sex 8 (42.1%) 37 (34.3%) 0.34
 Age (mean), 

years
44.32 ± 20.43 59.82 ± 19.52 0.002

 Trip abroad 4 (21.1%) 6 (5.6%) 0.042*
 Close contact 12 (63.2%) 60 (55.6%) 0.537

Underlying diseases
 Hypertension 2 (15.4%) 37 (35.9%) 0.214*
 Diabetes mellitus 1 (7.7%) 16 (15.5%) 0.688*
 Hyperlipidemia 1 (7.7%) 9 (8.7%) 0.999*
 Chronic lung 

disease
0 (0.0%) 6 (5.8%) 0.999*

 Chronic heart 
disease

3 (23.1%) 7 (6.8%) 0.083*

 Neurological 
disease

0 (0.0%) 9 (8.7%) 0.595*

 Chronic liver 
disease

0 (0.0%) 1 (1.0%) 0.999*

 Autoimmune 
disease

0 (0.0%) 1 (1.0%) 0.999*

 Malignancy 0 (0.0%) 9 (8.7%) 0.595*
 Psychiatric 

disease
0 (0.0%) 2 (1.9%) 0.999*

 Pregnancy 0 (0.0%) 1 (1.0%) 0.999*
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more common in group B. When screening tests were per-
formed because patients had traveled abroad, more asymp-
tomatic patients were consistently observed and statistically 
significant (p = 0.042).

3.2 � Patients’ Clinical Characteristics at Admission

Initial vital signs were not significantly different between the 
two groups. The laboratory findings of patients in both study 
groups are summarized in Table 2. The median initial abso-
lute lymphocyte count was lower in group B, without sig-
nificance. The median initial C-reactive protein (CRP) and 
lactate dehydrogenase levels were higher in group B with 
significance. All patients in group A had normal initial chest 
radiographs, while 32.4% of patients in group B had pneu-
monia on initial chest radiographs. Initial chest CT scans 
were performed in 13 patients in group A and 69 patients in 
group B. In two patients in group A (15.4%, 2/13) and 26 
patients in group B (37.7%, 26/69), pneumonia was detected 
on initial chest CT scans. Among 26 patients in group B 
whose CT findings were pneumonia, 14 had pneumonic 
infiltration on initial chest X-rays and 12 had normal find-
ings. An 84-year-old man (patient C) in group B was catego-
rized as having severe pneumonia. At the time of admission, 

the patient’s initial oxygen saturation was 86%. Pneumonia 
was detected on the initial chest radiograph (Fig. 2). Chest 
CT was not performed. The patient visited the emergency 
room due to altered mental status; brain CT was performed, 
and the patient was diagnosed with cerebral infarction in 
the right middle cerebral artery territory. The patient was 
diagnosed with COVID-19 by a surveillance test conducted 
before admission. An 80-year-old woman (patient D) in 
group B, who underwent lobectomy for lung cancer, was 
categorized as having non-severe pneumonia at the time of 
admission and had pneumonia on the initial chest radiograph 
(Fig. 3). The patient’s initial oxygen saturation was 95%.

3.3 � Follow‑Ups During Hospitalization

The common symptoms that patients in group B developed 
during hospitalization are listed in Table 3. Cough was the 
most common symptom (65.4%), followed by sputum (47.1%), 
fever (43.3%), myalgia (42.3%), and sore throat (34.3%). The 
median duration of hospital stay was 13 and 17.5 days in 
groups A and B, respectively. Follow-up chest radiographs 
were performed in 18 patients in group A and 102 patients in 
group B. Two patients in group A had new pneumonia find-
ings. Three patients with pneumonic infiltration and eight 

Table 2   Initial laboratory and 
radiological findings

Group A, patients without symptoms during hospitalization; Group B, patients who developed symptoms
ALC absolute lymphocyte count; ALT alanine aminotransaminase; ANC absolute neutrophil count; aPTT 
activated partial thromboplastin time; AST aspartate aminotransferase; BUN blood urea nitrogen; CRP 
C-reactive protein; CT computed tomography; LDH lactate dehydrogenase; PT prothrombin time; WBC 
white blood cell
*Fisher’s exact test

Findings Group A (n = 19)
n (%)

Group B (n = 108)
n (%)

P value

Laboratory findings
 WBC (µL) 5533.68 ± 1316.13 5999.87 ± 1844.81 0.294
 Hemoglobin (g/dL) 13.19 ± 2.13 12.63 ± 1.66 0.194
 Platelet (µL) 242.37 ± 67.29 247.58 ± 83.32 0.797
 ANC 3,189.11 ± 975.87 3,795.60 ± 1,555.01 0.104
 ALC 1,744.58 ± 459.59 1,661.75 ± 649.42 0.596
 PT (INR) 1.0 (0.96–1.03) 0.97 (0.92–1.03) 0.103
 PT (sec) 11.70 (11.30–12.20) 11.65 (11.00–12.20) 0.429
 aPTT (sec) 29.30 (27.30–31.70) 26.90 (25.33–28.75) 0.001
 BUN (mg/dL) 12.00 (11.00–15.00) 14 (11–18) 0.157
 Creatinine (mg/dL) 0.72 (0.62–0.92) 0.75 (0.63–0.89) 0.625
 Albumin (g/dL) 4.40 (4.40–4.60) 4.20 (3.80–4.40) 0.001
 AST (U/L) 18 (17–24) 20.50 (16–27.25) 0.568
 ALT (U/L) 14 (12–20) 19 (13–27.25) 0.08
 CRP (mg/dL) 0.03 (0.01–0.11) 0.10 (0.03–0.50) 0.011
 LDH (mg/dL) 358 (301.50–400.00) 412 (354–483.50) 0.016

Radiological findings
 Abnormal initial chest radiograph 0 (0.0%) 35 (32.4%) 0.004
 Abnormal initial chest CT scan 2 (15.4%) 26 (37.7%) 0.201*
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patients with normal findings on initial chest radiographs in 
group B had aggravated radiological findings on follow-up 

chest radiographs. Follow-up chest CT were performed in 2 
patients in group A and 18 patients in group B. One patient 
in group A and 2 patients in group B had new pneumonic 
infiltrations in chest CT. During hospitalization, three patients 
(15.8%) in group A and 52 patients (48.1%) in group B had 
pneumonia on radiological tests, including chest radiography/
CT (Tables 4 and 5). In group B, two patients were trans-
ferred to a tertiary hospital (2/127, 1.57%). Patient D’s con-
dition deteriorated due to aggravated pneumonia (Fig. 3). A 
high-flow nasal cannula was used during hospitalization and 
the patient was transferred to a tertiary hospital (Fig. 3). One 
patient was transferred to determine the etiology of pericar-
dial effusion. Patient C showed improvement of pneumonia 
on a follow-up chest radiograph (Fig. 2). We presented chest 
X-ray images of two other patients who were followed up dur-
ing hospitalization (Fig. 4).

Fig. 2   Serial chest radiographies of patient C. A Shows post-inflam-
matory fibrosis and nodules, at both upper lobes, GGO at both lower 
lung field (Esp. LLL) at initial chest radiograph. B Taken 5 days after 

shows no interval change of pneumonia at both lower lungs. C Taken 
3 weeks after shows slightly improvement of pneumonia

Fig. 3   Serial chest radiographies of patient D. A Shows mass like 
consolidation at LUL, diffuse GGO at left lung, suggestive of COVID 
pneumonia at initial chest radiograph. B Taken 3  days after shows 

aggravation of pneumonia, or increased extent of pneumonia, diffuse 
GGO and consolidation at both lung fields. C Taken 10  days after 
shows slightly more aggravated pneumonia at both lung field

Table 3   Symptoms that patients developed in Group B

Group B, patients who developed symptoms during hospitalization

Symptoms Total (n = 108), n (%)

Cough 68 (65.4%)
Sputum 49 (47.1%)
Fever 45 (43.3%)
Myalgia 44 (42.3%)
Sore throat 36 (34.3%)
Headache 35 (33.7%)
Chills 35 (33.7%)
Diarrhea 32 (30.8%)
Rhinorrhea 24 (23.1%)
Dyspnea 24 (23.1%)
Chest pain 9 (8.7%)
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4 � Discussion

We compared the clinical characteristics between pre-
symptomatic and asymptomatic patients with COVID-19. 
The pre-symptomatic group had more underlying diseases. 
The mean age and initial CRP and lactate dehydrogenase 
levels were higher in pre-symptomatic patients. The mean 
absolute lymphocyte count and median initial albumin 
level were lower in pre-symptomatic patients. Initial chest 
radiographs were normal in asymptomatic patients. Pneu-
monia findings on initial and follow-up chest radiographs 
were observed in approximately 50% of pre-symptomatic 
patients. Considering the cases of patients C and D, even 
on hospital admission of asymptomatic patients with 
COVID-19, the evaluation of patients’ prognosis based on 
criteria, such as abnormal chest radiographs and decreased 
oxygen saturation, may be difficult.

SARS-CoV-2 screening tests were conducted world-
wide. In other countries, asymptomatic patients had been 
identified through SARS-CoV-2 PCR screening tests for 
individuals who were in close contact with patients with 
COVID-19. Most of the studies on asymptomatic patients 
with COVID-19 focused on infectivity and screening 
importance rather than clinical characteristics [4, 8, 16, 

17]. In the Republic of Korea, SARS-CoV-2 screening 
tests have been extensively conducted among family mem-
bers, company staff, and the general population to prevent 
community transmission of COVID-19. In cases where 
a person was in contact with a COVID-19-positive indi-
vidual, had traveled to a country affected by COVID-19, or 
had resided at an LTCF where COVID-19-positive patients 
were hospitalized, a PCR screening test for SARS-CoV-2 
was performed regardless of their symptoms [5, 14]. If the 
PCR test was positive, patients, including asymptomatic 
patients, were isolated in hospital or an RTC. This gov-
ernmental guideline provided us with an opportunity to 
observe and examine asymptomatic or pre-symptomatic 
patients during their hospitalization. Unlike RTCs, we 
regularly checked vital signs, laboratory tests, chest radio-
graphs, and chest CT scans.

The proportion of asymptomatic infections with COVID-
19 varied between studies, depending on the country, medi-
cal institution, the tested group, patient epidemiology, and 
intensive surveillance [7, 8, 10, 17, 18]. In a review article 
on COVID-19, it was reported that the proportion of asymp-
tomatic patients during COVID-19 was about 4%, but in 
this study, it was about 22% [19]. This is thought to be due 
to more intensive surveillance in Republic of Korea than 
in other countries. According to studies published so far, 
asymptomatic COVID-19 patients were younger and had 
fewer underlying diseases, and chest CT was more often 
normal. In addition, patients with pre-symptomatic COVID-
19 were more likely to be elderly, have hypertension, have 
abnormal findings on chest CT, especially with consolida-
tions [19, 20]. We found that pre-symptomatic patients had 
more underlying diseases.

A study in Saudi Arabia classified patients with symp-
toms and those without symptoms at COVID-19 diagnosis, 
and more asymptomatic patients tended to have diabetes 
mellitus [13]. Based on our study and the results of the Saudi 
Arabian study, even if patients with diabetes mellitus had 
no symptoms at the time of diagnosis of COVID-19, the 
possibility of them developing symptoms later should be 
considered. Diabetes mellitus is associated with impaired 
immune responses, including reduced response to T cells, 

Table 4   Chest radiographic 
findings in asymptomatic and 
pre-symptomatic COVID-19 
patients

COVID-19, coronavirus disease 2019. Group A, patients without symptoms during hospitalization; Group 
B, patients who developed symptoms
CT computed tomography

Findings Group A (n = 19)
N

Group B 
(n = 108)
n

Pneumonia on initial chest X-ray 0 35
Patients of performed follow-up chest X-ray 18 102
Newly developed pneumonia on follow-up chest X-ray 2 8
Aggravated pneumonia on follow-up chest X-ray 0 3

Table 5   Chest CT findings in asymptomatic and pre-symptomatic 
COVID-19 patients

COVID-19, coronavirus disease 2019. Group A, patients without 
symptoms during hospitalization; Group B, patients who developed 
symptoms
CT computed tomography

Findings Group A 
(n = 13)
n

Group B 
(n = 69)
n

Pneumonia on initial chest CT 2 26
Patients of performed follow-up chest CT 2 18
Newly developed pneumonia on follow-up 

chest CT
1 2

Aggravated pneumonia on follow-up chest CT 1 1
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disorders of humoral immunity, and lower secretion of 
inflammatory cytokines [21, 22]. In case of underlying 
diseases, such as hypertension or coronary artery disease, 
patients may require intensive care [23]. The association 
between hypertension and the severity of COVID-19 has 
been evaluated in several reports [23, 24]. SARS-CoV-2 
binds to angiotensin-converting enzyme 2 (ACE2). SARS-
CoV-2 shows its pathogenicity by attacking type II alveolar 
epithelial cells expressing ACE2. Loss of ACE2 may affect 
higher angiotensin II and angiotensin-(1–7) tone. Angioten-
sin II promotes vasoconstriction, oxidative stress, inflamma-
tion, and fibrosis [25].

As the COVID-19 pandemic continues, the redistribution 
of medical resources is necessary, and it is highly likely that 
interest in asymptomatic patients will decrease. However, 
even among asymptomatic patients, symptoms develop 
during hospitalization and progress to severe pneumonia 
[16]. When the symptoms of pre-symptomatic COVID-19 
patients were analyzed, cough was the most common in most 
cases, depending on the reports [26, 27]. In other study, fever 

was the most prevalent new symptom in pre-symptomatic 
COVID-19 patients [16]. In our study, cough was the most 
common, followed by sputum, and less than half of the 
patients complained of fever. Developed symptoms might 
vary depending on the presence of viral pneumonia, immune 
status, underlying diseases, or patients’ age.

Elevated CRP levels may be associated with an over-
production of inflammatory cytokines, which in turn may 
lead to tissue destruction. Elevated plasma CRP levels are 
associated with disease severity in patients with COVID-
19, and higher CRP levels correlated with longer dura-
tions of hospitalization [23, 28]. There was also a report 
about the correlation between CRP level and infiltrations 
in chest CT [20]. In addition, lymphopenia is a risk fac-
tor for prolonged hospitalization [29]. In our study, pre-
symptomatic patients had a longer hospital stay. This may 
be related to laboratory findings, but may also be related 
to the COVID-19 response guidelines of the Korean Cent-
ers for Disease Control and Prevention [30]. In the early 
stages of the response to COVID-19 in the Republic of 

Fig. 4   Serial chest radiographic 
findings of COVID-19 patients. 
A A 28-year-old woman with-
out any symptoms. Normal find-
ing of chest radiograph. B Same 
patient as in image (A), taken 
4 days after, shows normal 
finding of chest radiograph. C A 
59-year-old man with symptoms 
of COVID-19 during hospitali-
zation. Normal finding of chest 
radiograph. D Same patient as 
in image (C), taken 7 days after, 
shows newly developed consoli-
dation and GGO at both lower 
and right mid-lung field
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Korea, a PCR test was performed when the patients’ symp-
toms had improved, and at least two negative PCR results 
were required before discharge. Therefore, if the patients 
who had no symptom at admission, developed symptoms 
during hospitalization, the timing of the PCR test was 
inevitably delayed.

Chest radiography is a valid diagnostic tool for COVID-
19 [31]. In a Singapore study including only asymptomatic 
and mild symptomatic COVID-19 patients, only 2% of the 
patients showed pneumonic infiltration on chest radiographs. 
Among them, only 0.2% of those patients were needed to 
supplemental oxygen therapy and they all had symptoms. 
So this team recommended that screening of chest radio-
graph is not indicated in asymptomatic COVID-19 patients 
under 60 years old [32]. However, even in asymptomatic 
patients, pneumonia is often detected on chest radiographs, 
and pulmonary sequelae such as pulmonary fibrosis are rare 
after COVID-19 infection [2]. Therefore, if possible, it is 
recommended to conduct a chest radiograph at the time of 
diagnosis and follow-up if pneumonia is present. Accord-
ing to several studies, the diagnosis of pneumonia may dif-
fer depending on whether the imaging modality is chest 
radiography or chest CT [20, 32, 33]. In a Turkish study, 
81 patients with traumatic injuries were incidentally diag-
nosed with COVID-19 pneumonia on initial chest CT scans 
with no symptoms. Among them, 21% with no symptoms 
on admission were categorized as severe COVID-19 during 
hospitalization [3]. In a study including patients < 65 years 
of age in Wuhan, approximately 50% of asymptomatic 
COVID-19 cases had pneumonia on chest CT scans [34]. 
Chest CT has higher sensitivity for COVID-19 than reverse 
transcriptase-PCR 20. Also, chest CT is recommended in 
some reports to estimate the extent of pneumonia in patients 
with suspected COVID-19 pneumonia on chest X-ray [35]. 
In our study, all asymptomatic patients had normal find-
ings on initial chest radiographs, and two asymptomatic 
patients (15.38%) had pneumonia on initial chest CT scans. 
Over 32% and 37.7% of the pre-symptomatic patients had 
pneumonic infiltration on initial chest radiographs and chest 
CT, respectively. As pneumonia is detected even if there are 
no clinical or mild clinical symptoms, it can be seen that 
COVID-19 mainly causes lower respiratory tract infections, 
unlike influenza, which mainly causes upper respiratory tract 
infections [36, 37].

The mortality rate of asymptomatic or pre-sympto-
matic patients with COVID-19 varied from 4.6 to 33%, 
for these studies were conducted that included residents 
of LTCFs [11, 16]. Most LTCF residents could not express 
their symptoms, which is different from patients who are 
asymptomatic. LTCF residency is already known to be a 
risk factor for COVID-19 exacerbation [38]. If a study of 
asymptomatic patients involves LTCF residents, the results 
may seem worse than they actually are. Therefore, a high 

proportion of relatively young and healthy individuals was 
included in our study. These factors may have influenced 
our outcomes.

This study had several limitations. First, this was a ret-
rospective observational study, and the symptom status 
was determined from medical records alone. Hence, cau-
sality between the study exposures and outcomes could 
not be established. Second, subjective symptoms, such as 
chills, myalgia, and headaches, may have been difficult to 
detect in older patients. Third, follow-up chest imaging 
was not performed in all patients. Finally, immunological 
tests, such as those used to detect COVID-19 antibodies, 
were not performed. Despite these limitations, this study’s 
findings contribute significantly to the current literature 
as they emphasize the necessity of careful monitoring of 
asymptomatic patients with COVID-19.

5 � Conclusion

In this study, we identified the characteristics of asympto-
matic and pre-symptomatic patients with COVID-19 in the 
Republic of Korea. Most COVID-19 patients who had no 
symptom at the time of admission were discharged without 
significant events during hospitalization. However, consid-
ering that one patient with no symptom and no hypoxia at 
the time of admission was transferred to a tertiary hospital 
due to worsening pneumonia, it will be needed to monitor 
the patients with underlying diseases who do not have any 
symptom and hypoxia at the time of admission. Therefore, 
it may be difficult to accurately predict subsequent events 
from initial chest radiographs and oxygen saturation at the 
time of admission.

Acknowledgements  We thank all the healthcare workers involved in 
this study. We would also like to thank Editage (www.​edita​ge.​com) for 
their writing support.

Author Contributions  Conceptualization HAK. Data curation JYL and 
JSP. Imaging interpretation JYK. Formal analysis JYL and MH. Meth-
odology HAK. Writing—original draft MH. Writing—review and edit-
ing MH and HAK. All authors read and approved the final manuscript.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data Availability  The datasets used and/or analyzed during the current 
study available from the corresponding author on reasonable request.

Declarations 

Conflict of interest  The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

http://www.editage.com


362	 Journal of Epidemiology and Global Health (2021) 11:354–363

1 3

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavi-
rus disease 2019 in China. N Engl J Med. 2020;382(18):1708–20.

	 2.	 Lee JY, Kim HA, Huh K, et al. Risk factors for mortality and res-
piratory support in elderly patients hospitalized with COVID-19 
in Korea. J Korean Med Sci. 2020;35:e223.

	 3.	 Gormeli Kurt N, Gunes C. Retrospective analysis of asymptomatic 
COVID-19 patients presenting to emergency department. Int J 
Clin Pract. 2020;75:e13913.

	 4.	 Hu Z, Song C, Xu C, et al. Clinical characteristics of 24 asympto-
matic infections with COVID-19 screened among close contacts 
in Nanjing, China. Sci China Life Sci. 2020;63:706–11.

	 5.	 Noh JY, Yoon JG, Seong H, et al. Asymptomatic infection and 
atypical manifestations of COVID-19: comparison of viral shed-
ding duration. J Infect. 2020;81:816–46.

	 6.	 Abdolrahimzadeh Fard H, Mahmudi-Azer S, Sefidbakht S, et al. 
Evaluation of chest CT scan as a screening and diagnostic tool in 
trauma patients with coronavirus disease 2019 (COVID-19): a 
cross-sectional study. Emerg Med Int. 2021;2021:4188178.

	 7.	 Daniells JK, MacCallum HL, Durrheim DN. Asymptomatic 
COVID-19 or are we missing something? Commun Dis Intell. 
2018;2020:44.

	 8.	 Ma Y, Xu QN, Wang FL, et al. Characteristics of asymptomatic 
patients with SARS-CoV-2 infection in Jinan China. Microbes 
Infect. 2020;22:212–7.

	 9.	 Gao Z, Xu Y, Sun C, et al. A systematic review of asympto-
matic infections with COVID-19. J Microbiol Immunol Infect. 
2020;54(1):12–6.

	10.	 Long QX, Tang XJ, Shi QL, et al. Clinical and immunological 
assessment of asymptomatic SARS-CoV-2 infections. Nat Med. 
2020;26:1200–4.

	11.	 Bigelow BF, Tang O, Barshick B, et al. Outcomes of universal 
COVID-19 testing following detection of incident cases in 11 
long-term care Facilities. JAMA Intern Med. 2021;181:127–9.

	12.	 Hoxha A, Wyndham-Thomas C, Klamer S, et al. Asymptomatic 
SARS-CoV-2 infection in Belgian long-term care facilities. Lancet 
Infect Dis. 2021;21:e67.

	13.	 AlJishi JM, Alhajjaj AH, Alkhabbaz FL, et al. Clinical charac-
teristics of asymptomatic and symptomatic COVID-19 patients 
in the Eastern Province of Saudi Arabia. J Infect Public Health. 
2020;14:6–11.

	14.	 Kwon YS, Park SH, Kim HJ, et al. Screening Clinic for Coronavi-
rus Disease 2019 to Prevent Intrahospital Spread in Daegu, Korea: 
a Single-Center Report. J Korean Med Sci. 2020;35:e246.

	15.	 World Health Organization (2020) Clinical management of severe 
acute respiratory infection (SARI) when COVID-19 disease is 
suspected: interim guidance, 13 March 2020.

	16.	 Arons MM, Hatfield KM, Reddy SC, et  al. Presymptomatic 
SARS-CoV-2 infections and transmission in a skilled nursing 
facility. N Engl J Med. 2020;382:2081–90.

	17.	 Sayampanathan AA, Heng CS, Pin PH, Pang J, Leong TY, Lee 
VJ. Infectivity of asymptomatic versus symptomatic COVID-19. 
Lancet. 2021;397:93–4.

	18.	 Teheran AA, Camero Ramos G, Prado de la Guardia R, et al. 
Epidemiological characterisation of asymptomatic carriers of 
COVID-19 in Colombia: a cross-sectional study. BMJ Open. 
2020;10:e042122.

	19.	 You Y, Yang X, Hung D, Yang Q, Wu T, Deng M. Asymptomatic 
COVID-19 infection: diagnosis, transmission, population charac-
teristics. BMJ Support Palliat Care. 2021. https://​doi.​org/​10.​1136/​
bmjsp​care-​2020-​002813.

	20.	 Varble N, Blain M, Kassin M, et al. CT and clinical assessment 
in asymptomatic and pre-symptomatic patients with early SARS-
CoV-2 in outbreak settings. Eur Radiol. 2020. https://​doi.​org/​10.​
1007/​s00330-​020-​07401-8.

	21.	 Geerlings SE, Hoepelman AI. Immune dysfunction in patients 
with diabetes mellitus (DM). FEMS Immunol Med Microbiol. 
1999;26:259–65.

	22.	 Peleg AY, Weerarathna T, McCarthy JS, Davis TM. Common 
infections in diabetes: pathogenesis, management and relationship 
to glycaemic control. Diabetes Metab Res Rev. 2007;23:3–13.

	23.	 Wang CZ, Hu SL, Wang L, Li M, Li HT. Early risk factors of 
the exacerbation of coronavirus disease 2019 pneumonia. J Med 
Virol. 2020;92:2593–9.

	24.	 Chidambaram V, Tun NL, Haque WZ, et  al. Factors associ-
ated with disease severity and mortality among patients with 
COVID-19: a systematic review and meta-analysis. PLoS ONE. 
2020;15:e0241541.

	25.	 Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 
cell entry depends on ACE2 and TMPRSS2 and is blocked by a 
clinically proven protease inhibitor. Cell. 2020;181:271-280 e278.

	26.	 Savvides C, Siegel R. Asymptomatic and presymptomatic 
transmission of SARS-CoV-2: a systematic review. medRxiv. 
2020;382(22):2158.

	27.	 Jeong TH, Pak C, Ock M, Lee SH, Son JS, Jeon YJ. Real asympto-
matic SARS-CoV-2 infection might be rare: importance of careful 
interviews and follow-up. J Korean Med Sci. 2020;35:e333.

	28.	 Wang ZH, Shu C, Ran X, Xie CH, Zhang L. Critically ill patients 
with coronavirus disease 2019 in a designated ICU: clinical fea-
tures and predictors for mortality. Risk Manag Healthc Policy. 
2020;13:833–45.

	29.	 Liu X, Zhou H, Zhou Y, et al. Risk factors associated with disease 
severity and length of hospital stay in COVID-19 patients. J Infect. 
2020;81:e95–7.

	30.	 Kim KH, Choi EH, Kim SK. Editorial. COVID-19 outbreak 
and its countermeasures in the Republic of Korea. J Neurosurg. 
2020;133:29.

	31.	 Kerpel A, Apter S, Nissan N, et al. Diagnostic and Prognostic 
Value of Chest Radiographs for COVID-19 at Presentation. West 
J Emerg Med. 2020;21:1067–75.

	32.	 Kuo BJ, Lai YK, Tan MML, Goh CX. Utility of screening chest 
radiographs in patients with asymptomatic or minimally sympto-
matic COVID-19 in Singapore. Radiology. 2020. https://​doi.​org/​
10.​1148/​radiol.​20202​03496.

	33.	 Yang W, Cao Q, Qin L, et al. Clinical characteristics and imaging 
manifestations of the 2019 novel coronavirus disease (COVID-
19): a multi-center study in Wenzhou city, Zhejiang, China. J 
Infect. 2020. https://​doi.​org/​10.​1016/j.​jinf.​2020.​02.​016.

	34.	 Li Y, Shi J, Xia J, et al. Asymptomatic and symptomatic patients 
with non-severe coronavirus disease (COVID-19) have similar 
clinical features and virological courses: a retrospective single 
center study. Front Microbiol. 2020;11:1570.

	35.	 Sverzellati N, Ryerson CJ, Milanese G, et al. Chest x-ray or CT 
for COVID-19 pneumonia? Comparative study in a simulated tri-
age setting. Eur Respir J. 2021. https://​doi.​org/​10.​1183/​13993​003.​
04188-​2020.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmjspcare-2020-002813
https://doi.org/10.1136/bmjspcare-2020-002813
https://doi.org/10.1007/s00330-020-07401-8
https://doi.org/10.1007/s00330-020-07401-8
https://doi.org/10.1148/radiol.2020203496
https://doi.org/10.1148/radiol.2020203496
https://doi.org/10.1016/j.jinf.2020.02.016
https://doi.org/10.1183/13993003.04188-2020
https://doi.org/10.1183/13993003.04188-2020


363Journal of Epidemiology and Global Health (2021) 11:354–363	

1 3

	36.	 Donnino MW, Moskowitz A, Thompson GS, et al. Comparison 
between patients hospitalized with influenza and COVID-19 at a 
tertiary care center. J Gen Intern Med. 2021;36:1689–95.

	37.	 Cobb NL, Sathe NA, Duan KI, et  al. Comparison of 
clinical features and outcomes in critically ill patients 

hospitalized with COVID-19 versus influenza. Ann Am Thorac 
Soc. 2021;18:632–40.

	38.	 Thompson DC, Barbu MG, Beiu C, et al. The impact of COVID-
19 pandemic on long-term care facilities worldwide: an overview 
on international issues. Biomed Res Int. 2020;2020:8870249.


	Comparison of the Characteristics of Asymptomatic and Presymptomatic Patients with Coronavirus Disease 2019 in the Republic of Korea
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	1 Introduction
	2 Materials and Methods
	2.1 Ethics Approval
	2.2 Study Design
	2.3 Data Collection
	2.4 Statistical Analyses

	3 Results
	3.1 Patients’ Baseline Characteristics
	3.2 Patients’ Clinical Characteristics at Admission
	3.3 Follow-Ups During Hospitalization

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




