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OBJECTIVES: After the third wave of coronavirus disease 2019 (COVID-19), by mid-February 2021, approximately 0.16% of 
the Korean population was confirmed positive, which appeared to be among the lowest rates worldwide at that time. However, 
asymptomatic transmission is challenging for COVID-19 surveillance. Therefore, a community-based serosurvey of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection was conducted to understand the effectiveness of Korea’s 
strong containment strategy.
METHODS: We collected 5,002 residual sera samples from January 30 to March 3, 2021, from 265 medical facilities in Seoul, 
346 in Gyeonggi Province,  and 57 in Incheon. Sixty samples from tertiary institutions were excluded. We defined the sub-re-
gions according to the addresses of the medical facilities where the specimens were collected. Elecsys Anti-SARS-CoV-2 was 
used for screening, and positivity was confirmed using the SARS-CoV-2 sVNT Kit. Prevalence was estimated using sampling 
weights and the Wilson score interval for a binomial proportion with a 95% confidence interval.
RESULTS: Among the 4,942 specimens, 32 and 25 tested positive for COVID-19 in the screening and confirmatory tests, re-
spectively. The overall crude prevalence of SARS-CoV-2 antibodies was 0.51%. The population-adjusted overall prevalence was 
0.55% in women and 0.38% in men. The region-specific estimation was 0.67% and 0.30% in Gyeonggi Province and Seoul, re-
spectively. No positive cases were detected in Incheon.
CONCLUSIONS: The proportion of undetected cases in Korea remained low as of early 2021. Therefore, an infection control 
strategy with exhaustive tracing and widespread pre-emptive testing appears to be effective in containing community spread of 
COVID-19.
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INTRODUCTION

Since late 2019, an unprecedented pandemic crisis caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has had devastating effects on global health and the economy. As 
of October 2021, > 200 million people have been infected with 
the virus and approximately 5 million people have died world-
wide [1]. In addition, there have been various reports on newly 
emerging variants of SARS-CoV-2, including Beta and Omicron 
[2,3]. Korea’s response strategy to coronavirus disease 2019 
(COVID-19) during the first 2 years of this pandemic was defined 
as 3T: massive testing, aggressive tracing, rapid isolation, and effi-
cient treatment. This strategy was found to be effective in contain-
ing the spread of COVID-19 in the community [4]. At the end of 
2020, a third peak occurred in Seoul, the capital of Korea (Figure 
1). From that period, the proportion of confirmed cases in which 
the epidemiological route of transmission was not identified at 
the time of confirmation increased; 12.9% of confirmed cases for 
the week of November 15, 2020 were labeled “under investiga-
tion,” increasing to 27.95% for the week of December 13, 2020 [5]. 
This finding suggests that there were many undetected cases in 
the community.

Unlike SARS and Middle East respiratory syndrome, as previ-
ous 21st-century epidemic diseases caused by coronaviruses, 
some cases of COVID-19 are completely asymptomatic [6]. 
Transmission through asymptomatic infected individuals was 
outside the scope of available epidemiological tracing techniques, 
resulting in an increase in the number of undetected cases in the 
community [6-8]. Therefore, it is important to determine the 
overall transmission pattern of this virus through community se-
roprevalence studies. 

In a meta-analysis performed across 968 seroprevalence studies 

in 2020 [9], the median value of seroprevalence differed by re-
gion, from 0.6% in Southeast Asia, East Asia, and Oceania to 
19.5% in sub-Saharan Africa. Nationwide studies have also shown 
a lower seroprevalence than regional or local population-based 
studies. People aged 18-64 years showed higher seroprevalence 
than those aged ≥ 65 years (prevalence ratio, 1.27; 95% confi-
dence interval [CI], 1.11 to 1.45).

The Korea Disease Control and Prevention Agency (KDCA, 
formerly Korea Centers for Disease Control and Prevention) con-
firmed only 5 positive antibody tests in 5,284 people who partici-
pated in the Korea National Health and Nutrition Examination 
Survey, demonstrating a very low prevalence of 0.09% [10]. A few 
studies have been conducted on the prevalence of antibodies 
against COVID-19 using secondary blood samples collected for 
medical examinations or other diagnostic tests in Korea [11-13]. 
The seroprevalence in residual blood sera (1,500 samples) ob-
tained from visitors to medical institutions in 5 districts in south-
western Seoul was 0.07% [13]. 

More than 70% of the national confirmed cases during the 
third wave at the end of 2020 were from the capital areas (Seoul, 
Gyeonggi Province, and Incheon) [5], where > 50% of the total 
population of Korea resides. The steady number of cases in this 
area warrants a critical evaluation of Korea’s quarantine policy 
and response to COVID-19.

This study aimed to estimate the prevalence of antibodies 
against SARS-CoV-2 in densely populated metropolitan areas in 
Korea to reflect the potential risk of undetected infections due to 
the third peak of COVID-19. The results are expected to show the 
comprehensive effectiveness of the containment strategies adopt-
ed in Korea and help to establish a seroprevalence surveillance 
system and an evidence-based preparation strategy to respond to 
new waves.

Figure 1. Trends in daily new cases in the capital area compared to national and study period. The national value is the total. The capital 
area’s total is sum of each value of 3 regions: Incheon, Gyeonggi Province, and Seoul. Serum antibody testing was performed 2 weeks after 
January 16, when the third peak began to subside.
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SARS-CoV-2 positivity. The clinical sensitivity and specificity of 
this test were 99.5% and 99.8%, respectively [16]. 

As a confirmatory test to decrease false positivity in a low-prev-
alence setting, we sequentially performed a SARS-CoV-2 surro-
gate neutralizing antibody test (sVNT Kit, L00847 cPass™ SARS-
CoV-2 Neutralization Antibody Detection Kit; GenScript, Piscat-
away, NJ, USA) according to the manufacturer’s instructions. This 
simple assay detects antibodies that inhibit the receptor-binding 
domain–angiotensin-converting enzyme 2 interaction, which is 
crucial for viral entry into host cells. The percent inhibition of 
each test was calculated as (1−average optical density [OD] of 
sample/average OD of negative control) × 100%. A test with a 
percent inhibition of < 20% or ≥ 20% was considered “negative” 
or “positive” for SARS-CoV-2 neutralizing antibodies, respective-
ly [17].

A plaque reduction neutralization test (PRNT) was performed 
prior to screening to determine the reliability of the automated 
neutralizing antibody test. We used the PRNT results instead of 
the automated test for 2 specimens that contained insufficient 
sera for the SARS-CoV-2 sVNT Kit test. 

Statistical analysis
We analyzed the age distribution and calculated the crude 

prevalence of SARS-CoV-2 antibodies for the sampled popula-
tions by dividing both screening-positive cases and confirmed 
positive cases. To calculate the prevalence of SARS-CoV-2 anti-
bodies, we applied the Wilson score interval for a binomial pro-

MATERIALS AND METHODS 

Survey design and subjects
This survey targeted adults aged ≥ 19 years residing in the capi-

tal areas (Seoul, Gyeonggi Province, and Incheon) who underwent 
blood testing through the Seegene Medical Foundation laboratory. 
Specimens for the SARS-CoV-2 antibody test were collected from 
a convenience sample of residual sera. We assumed that asympto-
matic community infections would occur in at least 1% of sam-
ples. To estimate a binomial proportion, the sample size (n) calcu-
lated using the Z statistic for 95% confidence, expected prevalence 
(P), and precision (d, effect size) is commonly used (1) [14]:

(1)

To calculate the sample size of a prevalence study for a disease 
with a low prevalence of < 10%, the precision can be given as half 
of P [15]. Therefore, we produced an appropriate sample size for a 
1% prevalence of 1,521. We targeted 5,000 tests, more than triple 
the number of samples calculated, considering budgetary re-
sources.

From the residual sera in the collaborating laboratory, we first 
extracted samples with information on the patient’s sex and age 
and the location of the medical facility. From the medical facilities 
that requested blood tests in the capital area, we filtered out com-
munity-based primary clinics (including oriental medicine and 
dental clinics) and small secondary hospitals. Because we were 
interested in exploring the community-dwelling population, we 
excluded facilities beyond the boundaries of residential areas, such 
as tertiary and university-affiliated hospitals. Long-term care facili-
ties were also excluded because facility residents are not commu-
nity dwellers. The region was defined according to the location of 
the medical facility where the blood samples were initially collected. 

Overall, we collected 5,002 residual sera samples from January 
30 to March 3, 2021 (Figure 1). After reconfirming the age and 
sex of the donor and location of the medical facility, 60 samples 
from tertiary hospitals were excluded. Samples were obtained 
from a final total of 306 facilities in Seoul, of which 159 (52.0%) 
were internal medicine. In Gyeonggi Province, samples were ob-
tained from 272 facilities, of which 84 (30.9%) were clinics of gen-
eral practitioners, 77 (28.3%) were internal medicine, and 35 
(12.9%) were hospitals. In Incheon, 37 (39.4%) of the 94 facilities 
were internal medicine, and 33 (35.1%) were clinics of general 
practitioners. In addition, facilities practicing obstetrics and gyne-
cology, surgery, and diagnostic medicine were included. We tested 
4,942 residual serum samples from these facilities (Figure 2). 

Laboratory tests
As a screening test, residual serum samples were tested using 

Elecsys Anti-SARS-CoV-2 (Roche, Mannheim, Germany) on a 
Cobas e 801 analyzer using the electrochemiluminescence immu-
noassay principle, according to the manufacturer’s protocol. A 
cut-off index (signal sample/cut-off) of ≥ 1.0 indicated anti- Figure 2. Capital area and residual sera collection information.
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portion to estimate the 95% CI. The Wilson interval is recom-
mended as being considerably narrower than the standard inter-
val [18].

To compare the sampled antibody test outcomes in our study 
and the incidence rate of SARS-CoV-2, we used the nationwide 
cumulative incidence of SARS-CoV-2, which was reported to the 
KDCA up to January 16, 2021. We calculated the cumulative inci-
dence rate using the resident registration population from Statis-
tics Korea in February 2021 as the denominator. 

All results are presented as prevalence proportions (%) with 
95% CIs. The described procedures were conducted using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics statement 
 This study was approved by the Public Institutional Review 

Board Designated by Ministry of Health and Welfare (P01-202102-
31-002) and Seegene Medical Foundation Institutional Review 
Board (SMF-IRB-2021-003).

RESULTS 

Table 1 shows the distribution of the study participants’ age, sex, 
and region, as well as the overall resident registration population 
of the region for residents aged ≥ 19 years as of February 2021. 
The overall age distribution was 47.6± 16.7 (mean± standard de-
viation). The age and sex distributions of the participants were 
similar to those of the resident registration population. However, 
oversampling was observed in Gyeonggi Province and undersam-
pling was observed in Seoul and Incheon. 

Participants’ characteristics and SARS-CoV-2 antibody preva-
lence are shown in Table 2. The total number of positives in the 

screening and confirmatory tests was 32 and 25, respectively. Pos-
itivity on the confirmation test using surrogate neutralizing anti-
bodies was only found in 78% of the positive screening test re-
sults. Accordingly, the crude overall prevalence of SARS-CoV-2 
antibody was calculated as 0.65% (95% CI, 0.46 to 0.91) and 
0.51% (95% CI, 0.34 to 0.75) for screening-based and confirmed 
positivity, respectively. 

The sex-specific prevalence of SARS-CoV-2 antibodies among 
the screening-positive results was 0.68% (95% CI, 0.43 to 1.09) in 
females and 0.61% (95% CI, 0.37 to 1.01) in males. If the overall 
number of positive cases was reduced by analyzing the confirmed 
neutralizing antibody test, the sex-specific prevalence also de-
creased to 0.60% (95% CI, 0.37 to 0.99) in females and 0.41% 
(95% CI, 0.22 to 0.75) in males.

A regional analysis showed that positive cases were only detect-
ed in Seoul and Gyeonggi Province, with a higher prevalence ob-
served in Gyeonggi Province (0.87%; 95% CI, 0.59 to 1.28) than 
in Seoul (0.42%; 95% CI, 0.20 to 0.86).

The estimated SARS-CoV-2 antibody prevalence, adjusting for 
the population’s sex and age, was 0.60% (95% CI, 0.42 to 0.85) in 
the screening tests and 0.47% (95% CI, 0.31 to 0.70) in the con-
firmatory tests in males and females, whereas the cumulative in-
cidence rate using polymerase chain reaction (PCR) of SARS-
CoV-2 among the population aged ≥ 19 years was 0.18% in the 
capital area by January 16, 2021. The estimated prevalence 
through serological testing was approximately 3 times that of the 
cumulative incidence through diagnostic testing. Seoul had the 
highest cumulative incidence (0.24%), followed by Gyeonggi 
Province and Incheon (0.15 and 0.14%, respectively; Table 2). We 
calculated these cumulative incidence rates using the number of 
confirmed cases among residents aged ≥ 19 years in each region, 
excluding foreigners. Therefore, these values differ from official 
government statistics.

Figure 3 shows the differences between the estimated seroprev-
alence and cumulative incidence rates. Although there was no 
substantial difference among the cumulative incidence rates by 
age group, seroprevalence was relatively low in individuals in their 
20s and 40s. The cumulative incidence rate was the highest in 
Seoul, but the serum prevalence was the highest in Gyeonggi 
Province, approximately twice that in Seoul.

DISCUSSION

We performed a serological study of the community-dwelling 
population in the capital area of Korea (Seoul, Gyeonggi Province, 
and Incheon). A relatively low seroprevalence of 0.60% according 
to the test using a recombinant protein representing the nucle-
ocapsid (N) antigen and 0.47% according to the test for detection 
of total neutralizing antibodies, adjusted by sex and age of the 
population, was confirmed in the capital area, which is the most 
vulnerable to the spread of SARS-CoV-2 in Korea. When com-
paring our results with the cumulative incidence rate obtained 
using PCR-confirmed cases, in mid-January 2021, approximately 

Table 1. Study population and registered population distribution 
by age, sex, and region group

Variables n (%) Age, 
mean±SD n (%)1

Entire capital area 4,942 (100) 47.6±16.7 21,977,556 (100)
Age (yr)
   19-29 898 (18.2) 24.8±3.1 3,927,681 (17.9)
   30-39 855 (17.3) 34.8±2.9 3,774,675 (17.2)
   40-49 982 (19.9) 45.0±2.9 4,311,425 (19.6)
   50-59 967 (19.6) 54.7±2.9 4,279,414 (19.5)
   60-69 691 (14.0) 64.0±2.8 3,192,804 (14.5)
   ≥70 549 (11.1) 76.9±5.4 2,491,557 (11.3)
Sex
   Male 2,454 (49.7) 46.9±16.2 10,844,444 (49.3)
   Female 2,488 (50.3) 48.4±17.1 11,133,112 (50.7)
Region
   Gyeonggi Province 2,882 (58.3) 47.6±16.5 11,153,768 (50.8)
   Seoul 1,681 (34.0) 47.9±17.1 8,350,242 (38.0)
   Incheon 379 (7.7) 47.4±16.5 2,473,546 (11.3)

1Resident registration population as of February 2021.
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2 weeks before our study began, the cumulative incidence rate in 
individuals aged ≥ 19 years was 0.18%, which is still relatively low 
compared to that in other countries [5]. The difference between 
the two values was approximately 0.4%p with the N antigen-anti-
body test and approximately 0.3%p with the neutralizing anti-
body test.

Another study in Korea of 4,085 people undergoing medical 
examinations at health promotion centers in 13 cities across the 
country between late September and early December 2020 
showed a difference of approximately 0.3%p between the sero-
prevalence and the total incidence [12], which was similar to our 
results.

Table 2. SARS-CoV-2 antibody prevalence by age, region, and sex

Variables n (%)

Screened positivity (n = 32)1 Confirmed positivity (n = 25)2 Capital area 
cumulative 
incidence 

(~1/16/2021)4

No. of positive 
detection Prevalence Estimated 

prevalence3
No. of positive 

detection Prevalence Estimated 
prevalence 

Entire capital area 4,942 (100) 32 0.65 (0.46, 0.91) 0.60 (0.42, 0.85) 25 0.51 (0.34, 0.75) 0.47 (0.31, 0.70) 0.18
Age (yr)
   19-29 898 (18.2) 3 0.33 (0.11, 0.98) 0.29 (0.09, 0.92) 3 0.33 (0.11, 0.98) 0.29 (0.09, 0.92) 0.17
   30-39 855 (17.3) 7 0.82 (0.40, 1.68) 0.69 (0.32, 1.51) 4 0.47 (0.18, 1.20) 0.40 (0.14, 1.10) 0.16
   40-49 982 (19.9) 2 0.20 (0.06, 0.74) 0.18 (0.05, 0.70) 2 0.20 (0.06, 0.74) 0.18 (0.05, 0.70) 0.15
   50-59 967 (19.6) 8 0.83 (0.42, 1.62) 0.78 (0.39, 1.56) 7 0.72 (0.35, 1.49) 0.69 (0.33, 1.44) 0.19
   60-69 691 (14.0) 6 0.87 (0.40, 1.88) 0.89 (0.41, 1.94) 4 0.58 (0.23, 1.48) 0.61 (0.23, 1.56) 0.23
   ≥70 549 (11.1) 6 1.09 (0.50, 2.36) 1.00 (0.45, 2.24) 5 0.91 (0.39, 2.11) 0.79 (0.32, 1.95) 0.23
Sex
   Male 2,454 (49.7) 15 0.61 (0.37, 1.01) 0.56 (0.34, 0.95) 10 0.41 (0.22, 0.75) 0.38 (0.20, 0.71) 0.18
   Female 2,488 (50.3) 17 0.68 (0.43, 1.09) 0.63 (0.39, 1.03) 15 0.60 (0.37, 0.99) 0.55 (0.33, 0.93) 0.18
Region
   Gyeonggi 
      Province

2,882 (58.3) 25 0.87 (0.59, 1.28) 0.87 (0.59, 1.28) 20 0.69 (0.45, 1.07) 0.67 (0.45, 1.08) 0.15

   Seoul 1,681 (34.0) 7 0.42 (0.20, 0.86) 0.42 (0.20, 0.86) 5 0.30 (0.13, 0.69) 0.30 (0.13, 0.69) 0.24
   Incheon 379 (7.7) 0 - - 0 - - 0.14

Values are presented as % (95% confidence interval). 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PRNT, plaque reduction neutralization test.
1Screened positivity was based on the test results using Elecsys anti-SARS-CoV-2 (Roche).
2Confirmed positivity was based on the serial test results using GenScript or PRNT.
3Estimation with sampling weight using the population of resident registration.
4The cumulative incidence rate in the capital area was calculated using the cumulative number of confirmed people aged ≥19 years until January 
16, 2021 as a numerator and the resident registration population in February 2021 as the denominator.

Figure 3. Comparison of seroprevalence and cumulative incidence. The Incheon area, which had zero positive results, is excluded.
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However, the antibody prevalence using the rapid antibody test 
kit, in a study conducted from May 25 to June 5, 2020, in Daegu 
Metropolitan City, was estimated to be 7.6% (95% CI, 4.3 to 12.2) 
[19]. The reason for such a high prevalence is presumed to be that 
the area where the survey was conducted was near the Shincheon-
ji community, where a religious group led the first wave in Korea 
with a total of 5,214 COVID-19 confirmed cases. Moreover, the 
accuracy of the immunochromatographic rapid diagnostic kit used 
may have been a problem. The sensitivity of the test compared to 
the PCR test results was 100%, but the specificity was only 92%, 
so the false-positive rate must have been high. The other serologi-
cal study conducted there during the same period as our study re-
ported a rate of 0.41% (12/2,935), even though the subjects were 
healthcare workers. The latter finding confirms the limitations of 
previous studies, while at the same time showing improved relia-
bility [20].

Countries that implemented elimination policies, such as Aus-
tralia, Taiwan, and Korea, showed lower seroprevalence than 
countries with mitigation policies, such as the United States and 
the United Kingdom, regardless of study design and period. Can-
ada showed a different pattern by switching from a mitigation 
policy to an elimination policy before the situation escalated [21]. 
Even within the same region, the degree of spread of community 
infections varied according to each country’s medical delivery 
system, response, and intensity of sanctions. However, the assess-
ment of responses to the pandemic during the last year using 
mortality, economic damage, and the stringency of policies 
showed better effectiveness of the elimination approach for COV-
ID-19 containment [22]. 

Similar to Korea, the incidence and seroprevalence were par-
ticularly low in Australia, where the elimination policy was well 
applied. In a study of 3,037 asymptomatic patients admitted for 
planned surgery between June and July 2020 at 11 hospitals in 4 
states in Australia, the differences between incidence and sero-
prevalence were only 0.25% in June 2020 and 0.13% in July 2020 
[23]. A study conducted in Sydney between April and June 2020 
using blood samples from patients who underwent diagnostic 
tests, pregnant females who underwent prenatal testing, and plas-
ma donors described seroprevalence differences between antena-
tal care attendees (0.79%; 95% CI, 0.04 to 0.41), diagnostic pathol-
ogy service examinees (0.24%; 95% CI, 0.04 to 0.80), and plasma-
pheresis donors (0.69%; 95% CI, 0.04 to 1.59) [24]. In New South 
Wales, the total incidence rate on May 31 was approximately 
0.04% [25], and the difference from the seroprevalence in the 
study was still < 1%.

Our study has 3 limitations. First, convenience sampling using 
residual blood collected from medical facilities, as was done in 
this study, was not conclusive in terms of regional representation 
and generalizability, although a recent meta-analysis showed that 
many studies are still being conducted in hospital settings world-
wide due to practical feasibility issues of study performance [26]. 
Second, owing to the lack of other epidemiological information, it 
is not known whether the positive results were from previously 

confirmed COVID-19 cases. Finally, all samples were obtained 
for clinical testing or medical examinations and might overrepre-
sent persons with greater healthcare access or concerns for 
healthcare. 

The spread of COVID-19 is difficult to predict. As the virus 
naturally mutates, the current seroprevalence is changing. Various 
factors can influence seroprevalence in regions within a country. 
Prevention and control measures against the spread of SARS-
CoV-2 infections differ in each country, as do cultures and local 
healthcare systems. As new variants emerge, serological studies 
targeting community-dwelling people must be repeated to under-
stand the changing status of infections in the community.

In conclusion, given the limitations of this serological survey, it 
is necessary to periodically conduct community-based nation-
wide surveys. However, despite these limitations, the prevalence 
of antibodies in the community was not high as of the time of this 
study; therefore, it seems that Korea’s response to COVID-19 was 
effective in suppressing the highly contagious virus. With our 
current experience and knowledge of responding to COVID-19, 
we hope to develop more effective strategies for the current and 
future pandemics.

DATA AVAILABILITY

The data underlying this study were provided by the KDCA 
with permission. Data will be shared on request with the corre-
sponding author with permission from the KDCA.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this 
study.

FUNDING

This study was supported by the Research Fund of the Korea 
Disease Control and Prevention Agency (20201107DC4).

ACKNOWLEDGEMENTS

None. 

AUTHOR CONTRIBUTIONS 

Conceptualization: Kim DH, Yoon K. Data curation: Yoon K, 
Kim B, Lee JW, Kim AR, Do HN. Formal analysis: Yoon K, Kim J. 
Funding acquisition: Kim DH. Methodology: Kim DH, Peck KR, 
Kim HS, Lee H, Hwang YS, Yoon K, Kim B, Lee JW, Kim AR, Do 
HN. Project administration: Kim DH, Yoon K, Lee SY, Cho SI, 
Lee HJ, Kim YG. Visualization: Yoon K. Writing – original draft: 
Yoon K, Kim J. Writing – review & editing: Yoon K, Kim J, Peck 
KR, Kim HS, Lee H, Hwang YS, Lee SY, Cho SI, Lee HJ, Kim YG, 
Kim B, Lee JW, Kim AR, Do HN, Kim DH.



Kim D-H et al. : Seroprevalence of SARS-CoV-2 in Korea

www.e-epih.org    |  7

ORCID 

Kyuhyun Yoon: https://orcid.org/0000-0001-7017-1145; Jayeun 
Kim: https://orcid.org/0000-0002-8538-7843; Kyong Ran Peck: 
https://orcid.org/0000-0002-7464-9780; Hyun Soo Kim: https:// 
orcid.org/0000-0002-7026-6715; Hyukmin Lee: https://orcid.org/ 
0000-0002-8523-4126; Yoo-Sung Hwang: https://orcid.org/0000-
0001-5977-3428; Soon Young Lee: https://orcid.org/0000-0002-
3160-577X; Sung-il Cho: https://orcid.org/0000-0003-4085-1494; 
Hun Jae Lee: https://orcid.org/0000-0002-0163-6815; Yeong-gyeo-
ng Kim: https://orcid.org/0000-0001-9397-2519; Byoungguk Kim: 
https://orcid.org/0000-0001-9084-4490; June-Woo Lee: https://orcid.
org/0000-0002-2923-5597; Ah-Ra Kim: https://orcid.org/0000-
0001-5610-3787; Hyeon Nam Do: https://orcid.org/0000-0002-
9337-8859; Dong-Hyun Kim: https://orcid.org/0000-0002-1492-
5253

REFERENCES

1. GitHub. COVID-19 data repository by the Center for Systems 
Science and Engineering (CSSE) at Johns Hopkins University [cited 
2021 Oct 12]. Available from: https://github.com/CSSEGISand-
Data/COVID-19.

2. World Health Organization. Tracking SARS-CoV-2 variants [cit-
ed 2022 Dec 30]. Available from: https://www.who.int/activities/
tracking-SARS-CoV-2-variants. 

3. Mohiuddin M, Kasahara K. Investigating the aggressiveness of 
the COVID-19 Omicron variant and suggestions for possible 
treatment options. Respir Med 2022;191:106716. 

4. Kang J, Jang YY, Kim J, Han SH, Lee KR, Kim M, et al. South  
Korea’s responses to stop the COVID-19 pandemic. Am J Infect 
Control 2020;48:1080-1086. 

5. Strategic Planning Team Central Disease Control Headquarters, 
Situation Management Team COVID-19 Vaccination Response 
Task Force. COVID-19 outbreak and vaccination status in Korea 
[cited 2021 Apr 29]. Available from: http://ncov.mohw.go.kr/en/
tcmBoardList.do?brdId= 12&brdGubun= 125&dataGubun= &n
cvContSeq= &contSeq= &board_id= &gubun (Korean).

6. Al-Qahtani M, AlAli S, AbdulRahman A, Salman Alsayyad A, 
Otoom S, Atkin SL. The prevalence of asymptomatic and symp-
tomatic COVID-19 in a cohort of quarantined subjects. Int J In-
fect Dis 2021;102:285-288. 

7. Kronbichler A, Kresse D, Yoon S, Lee KH, Effenberger M, Shin 
JI. Asymptomatic patients as a source of COVID-19 infections: a 
systematic review and meta-analysis. Int J Infect Dis 2020;98:180-
186. 

8. Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G, Wallrauch 
C, et al. Transmission of 2019-nCoV infection from an asympto-
matic contact in Germany. N Engl J Med 2020;382:970-971. 

9. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et 
al. Global seroprevalence of SARS-CoV-2 antibodies: a systemat-
ic review and meta-analysis. PLoS One 2021;16:e0252617. 

10. Kim AR, Minn D, Kim SH, Do HN, Kim B, Choi YS, et al. Sero-

prevalence of SARS-CoV-2 antibodies in the community based 
on participants in the 2020 Korea National Health and Nutrition 
Examination Survey. Epidemiol Health 2022;44:e2022028. 

11. Kwon SY, Kim EJ, Jung YS, Jang JS, Cho NS. Post-donation COV-
ID-19 identification in blood donors. Vox Sang 2020;115:601-602. 

12. Nah EH, Cho S, Park H, Hwang I, Cho HI. Nationwide seroprev-
alence of antibodies to SARS-CoV-2 in asymptomatic population 
in South Korea: a cross-sectional study. BMJ Open 2021;11: 
e049837. 

13. Noh JY, Seo YB, Yoon JG, Seong H, Hyun H, Lee J, et al. Sero-
prevalence of anti-SARS-CoV-2 antibodies among outpatients in 
southwestern Seoul, Korea. J Korean Med Sci 2020;35:e311. 

14. Daniel WW, Cross CL. Biostatistics: a foundation for analysis in 
the health sciences. Hoboken: Wiley; 2018, p. 171.

15. Naing L, Winn TB, Rusli BN. Practical issues in calculating the 
sample size for prevalence studies. Arch Orofac Sci 2006;1:9-14.

16. Muench P, Jochum S, Wenderoth V, Ofenloch-Haehnle B, Hom-
bach M, Strobl M, et al. Development and validation of the elec-
sys anti-SARS-CoV-2 immunoassay as a highly specific tool for 
determining past exposure to SARS-CoV-2. J Clin Microbiol 
2020;58:e01694-20. 

17. Valcourt EJ, Manguiat K, Robinson A, Chen JC, Dimitrova K, 
Philipson C, et al. Evaluation of a commercially-available surro-
gate virus neutralization test for severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2). Diagn Microbiol Infect Dis 2021; 
99:115294. 

18. Brown LD, Cai TT, DasGupta A. Interval estimation for a bino-
mial proportion. Stat Sci 2001;16:101-117.

19. Song SK, Lee DH, Nam JH, Kim KT, Do JS, Kang DW, et al. IgG 
seroprevalence of COVID-19 among individuals without a histo-
ry of the coronavirus disease infection in Daegu, Korea. J Korean 
Med Sci 2020;35:e269. 

20. Kim YK, Minn D, Song DY, Lee CH, Ryoo NH, Jeon CH, et al. 
Prevalence of SARS-CoV-2 antibody in 2,935 healthcare workers 
at 6 major hospitals, Daegu, Korea. J Korean Med Sci 2021;36: 
e294. 

21. Byambasuren O, Cardona M, Bell K, Clark J, McLaws ML, Glaszi-
ou P. Estimating the extent of asymptomatic COVID-19 and its 
potential for community transmission: systematic review and 
meta-analysis. J Assoc Med Microbiol Infect Dis Can 2020;5:223-
234. 

22. Oliu-Barton M, Pradelski BS, Aghion P, Artus P, Kickbusch I, La-
zarus JV, et al. SARS-CoV-2 elimination, not mitigation, creates 
best outcomes for health, the economy, and civil liberties. Lancet 
2021;397:2234-2236. 

23. Coatsworth N, Myles PS, Mann GJ, Cockburn IA, Forbes AB, 
Gardiner EE, et al. Prevalence of asymptomatic SARS-CoV-2 in-
fection in elective surgical patients in Australia: a prospective 
surveillance study. ANZ J Surg 2021;91:27-32. 

24. Gidding HF, Machalek DA, Hendry AJ, Quinn HE, Vette K, Beard 
FH, et al. Seroprevalence of SARS-CoV-2-specific antibodies in 
Sydney after the first epidemic wave of 2020. Med J Aust 2021; 
214:179-185. 

https://orcid.org/0000-0001-7017-1145
https://orcid.org/0000-0002-8538-7843
https://orcid.org/0000-0002-7464-9780
https://orcid.org/0000-0002-7026-6715
https://orcid.org/0000-0002-7026-6715
https://orcid.org/0000-0002-8523-4126
https://orcid.org/0000-0002-8523-4126
https://orcid.org/0000-0001-5977-3428
https://orcid.org/0000-0001-5977-3428
https://orcid.org/0000-0002-3160-577X
https://orcid.org/0000-0002-3160-577X
https://orcid.org/0000-0003-4085-1494
https://orcid.org/0000-0002-0163-6815
https://orcid.org/0000-0001-9397-2519
https://orcid.org/0000-0001-9084-4490
https://orcid.org/0000-0002-2923-5597
https://orcid.org/0000-0002-2923-5597
https://orcid.org/0000-0001-5610-3787
https://orcid.org/0000-0001-5610-3787
https://orcid.org/0000-0002-9337-8859
https://orcid.org/0000-0002-9337-8859
https://orcid.org/0000-0002-1492-5253
https://orcid.org/0000-0002-1492-5253
https://github.com/CSSEGISandData/COVID-19
https://github.com/CSSEGISandData/COVID-19
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants
http://ncov.mohw.go.kr/en/tcmBoardList.do?brdId=12&brdGubun=125&dataGubun=&ncvContSeq=&contSeq=&board_id=&gubun
http://ncov.mohw.go.kr/en/tcmBoardList.do?brdId=12&brdGubun=125&dataGubun=&ncvContSeq=&contSeq=&board_id=&gubun
http://ncov.mohw.go.kr/en/tcmBoardList.do?brdId=12&brdGubun=125&dataGubun=&ncvContSeq=&contSeq=&board_id=&gubun


Epidemiol Health 2022;44:e2022085

  |    www.e-epih.org  8

25. New South Wales Government. COVID-19 weekly surveillance 
reports - archive [cited 2021 Jun 15]. Available from: https://www.
health.nsw.gov.au/Infectious/covid-19/Pages/weekly-reports-ar-
chive.aspx.

26. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et 
al. Global seroprevalence of SARS-CoV-2 antibodies: a systemat-
ic review and meta-analysis. PLoS One 2021;16:e0252617. 

https://www.health.nsw.gov.au/Infectious/covid-19/Pages/weekly-reports-archive.aspx
https://www.health.nsw.gov.au/Infectious/covid-19/Pages/weekly-reports-archive.aspx
https://www.health.nsw.gov.au/Infectious/covid-19/Pages/weekly-reports-archive.aspx

