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ABSTRACT

Objective Asymptomatic active infection might be

an important contributor to the COVID-19 outbreak.
Serological tests can assess the extent of exposure and
herd immunity to COVID-19 in general populations. This
study aimed to estimate the nationwide seroprevalence of
SARS-CoV-2 antibodies according to age, sex and clinical
status in South Korea.

Design, setting and participants This cross-sectional
study randomly selected health examinees who underwent
health check-up at 16 health promotion centres in 13
Korean cities across the country between late September
and early December 2020. Residual serum samples
were obtained from 4085 subjects (2014 men and 2071
women). Antibodies to SARS-CoV-2 were measured by
electrochemiluminescence immunoassay using Elecsys
Anti-SARS-CoV-2 (Roche Elecsys, Mannheim, Germany).
Primary and secondary outcome measures Fisher’s
exact test was used to compare the seroprevalence
according to sex, age group and region. The relative risks
of being seropositive according to the characteristics of
the study subjects were analysed using logistic regression
analysis.

Results The overall seroprevalence of anti-SARS-CoV-2
was 0.39% (95% CI=0.20% to 0.58%): 0.30% (95%
(Cl=0.06% to 0.54%) for men and 0.48% (95% Cl=0.18%
t0 0.78%) for women. The rate of anti-SARS-CoV-2
positivity varied significantly between different regions

of Korea (p=0.003), but not with age group, sex, or the
statuses of obesity, diabetes, hypertension or smoking.
Conclusions Most of the Korean population is still
immunologically vulnerable to SARS-CoV-2, but the
seroprevalence has increased relative to that found in
studies performed prior to September 2020 in Korea.

INTRODUCTION

The COVID-19 outbreak has continued
sporadically in Korea since the first case was
detected on 20 January 2020 in Korea.' This
is despite the stringent Korean interven-
tions against COVID-19 consisting of massive
testing using the reverse-transcription PCR
(RT-PCR), contact tracing and quaran-
tining, which have been considered a model
for controlling the COVID-19 pandemic.

,' Seon Cho," Hyeran Park,' Inhwan Hwang,' Han-lk Cho?

Strengths and limitations of this study

» The strength of this study lies in enrolling subjects
from 13 cities all over the country.

» This study showed the seroprevalence of anti-
SARS-CoV-2 in other times of the different waves of
the COVID-19 pandemic.

» This study provides not only nationwide but also
regional seroprevalence of the anti-SARS-CoV-2 in
South Korea.

» Selection bias associated with the reasons for un-
dergoing health check-ups might have been present.

» The sample size is not large enough to analyse the
relative risks of being seropositive according to the
characteristics of the study subjects.

COVID-19 is currently mainly detected in
symptomatic individuals who have had close
contact with confirmed patients and those
with a history of travel to affected regions or
entrants from abroad. Asymptomatic individ-
uals without a history of close contact with
confirmed patients are generally not screened
in Korea. SARS-CoV-2 is a highly contagious
virus.”> That is also detected in asymptom-
atic individuals, which means that subclin-
ical active infection might be an important
contributor to the COVID-19 pandemic.”
The epidemiological significance of patients
with asymptomatic and mild COVID-19 has
been emphasised since these patients shed
a considerable viral load without noticeable
symptoms and could remain undetected.*
COVID-19 is diagnosed based on a viral RNA
test using the RT-PCR.” This is a sensitive
method for detecting SARS-CoV-2, but large
numbers of subclinical and asymptomatic
infected individuals might remain undetected
by symptom-based screening strategies.’
Seroepidemiological studies can reveal the
prevalence of asymptomatic or subclinical
infection in the community.7 Moreover,
surveillance of antibody seropositivity can
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reveal the cumulative prevalence of SARS-CoV-2 infection
and herd immunity to COVID-19 in both vulnerable and
general populations.®”

Antibodies, particularly IgG, are likely to persist after
the viral infection has cleared, and serological tests can
identify individuals exposed to the virus and so assess
the extent of population exposure. A few studies have
investigated the seroprevalence in Korea,'” ' but they
have focused on restricted geographical areas and were
conducted during early-to-mid-2020. Considering that
the seroepidemiology may change as the pandemic
progresses, seroepidemiological studies should be
performed repeatedly on a nationwide basis. Therefore,
the present study aimed to estimate the nationwide sero-
prevalence and characteristics of SARS-CoV-2 infection in
South Korea.

METHODS

Study design and participants

This cross-sectional study randomly selected health
examinees who underwent health check-ups at 16 health
promotion centres in 13 Korean cities across the country
between late September 2020 and early December 2020.
Residual serum samples were obtained for the study. The
16 health promotion centres belong to the Korea Associ-
ation of Health Promotion, with 3 in Seoul, 2 in Daegu,
and 1 in each of Busan, Ulsan, Changwon, Incheon,
Jeonju, Kwangju, Daejeon, Suwon, Chuncheon, Chungju
and Jeju. Korea has a national health insurance system
(NHIS) that covers the entire population of South Korea
and provides biennial medical examinations. These 16
health promotion centres, which are located across the
nation, perform about 10% of the health check-ups that
are provided by the NHIS in South Korea.

We calculated the required sample size with the
following formula'%s = Z2(4=")

g formula " 7

Where 7 is the sample size, Z is the statistic corre-
sponding to level of confidence, Pis expected prevalence
and d is precision. We assumed a nationwide seropreva-
lence of SARS-CoV-2 antibody of 1.5%." In our study, Z
is 1.96, Pis 0.015 and dis 0.004 (one-fourth of expected
seroprevalence). We randomly selected subjects from
health examinees using stratification by region and sex.
Required subjects were allocated to health promotion
centres proportional to regional population size where
centres were located and stratified randomisation under-
went with regard to sex.

Subjects who had COVID-19-related symptoms or
who had a history of return from abroad or contact
with confirmed COVID-19 patients within 2 weeks were
excluded. Those who had a history of malignancy, stroke
or myocardial infarction were also excluded. The self-
reported personal medical history and lifestyle informa-
tion (smoking, alcohol and exercise) were obtained at
the time of health check-ups. The following demographic
characteristics and results of biochemical tests were

extracted electronically: age, sex, body mass index (BMI),
waist circumference, blood pressure, laboratory results
(complete blood count (CBC), fasting blood sugar, lipids,
creatinine), and medical comorbidities (hypertension,
diabetes and cardiovascular diseases).

Laboratory measurements

Antibodies to SARS-CoV-2 (including IgG) were
measured by electrochemiluminescence immunoassay
(ECLIA) using Elecsys Anti-SARS-CoV-2 (Roche Elecsys,
Mannheim, Germany) according to the manufacturer’s
protocol. That assay uses a recombinant protein repre-
senting the nucleocapsid protein of SARS-CoV-2 with a
double-antigen sandwich assay. The clinical sensitivity
and specificity of the assay were reported as 99.5% and
99.8%, respectively, in PCR-confirmed SARS-CoV-2
cases when tested at 214 days post-PCR confirmation.'*
The intra-assay and total variances were 1.8% and 2.0%,
respectively. A cut-off index (COI, signal sample/cut-
off) of 21.0 was considered to indicate anti-SARS-CoV-2
positivity. The CBC and biochemical parameters were
measured using the Sysmex XE-2100D analyser (Sysmex,
Kobe, Japan) and the Hitachi 7600 analyser (Hitachi,
Tokyo, Japan), respectively.

Statistical analyses

Statistical analyses were performed using SAS V.9.4 (SAS
Institute). Data are presented as mean+SD or frequency
(percentage) values. Prevalence and 95% CI values
were calculated. Fisher’s exact test was used to compare
the prevalence of seroprevalence according to sex,
age group and region. Differences in seroprevalence
among subgroups and the relative risk of being seropos-
itive according to subject characteristics were analysed
using Fisher’s exact tests and logistic regression analysis,
respectively. Differences in subjects with anti-SARS-CoV-2
positivity according to the history of recovering from
COVID-19 were analysed using Mann-Whitney and Fish-
er’s exact test. A p value of <0.05 was considered statisti-
cally significant.

Patient and public involvement

Patients were not involved in the recruitment to and
conduct of the study. Results will be disseminated to study
participants through annual information events.

RESULTS

Characteristics of study subjects

The characteristics of the 4085 (2014 men and 2071
women) study subjects are listed in table 1. The subjects
were aged 52.29+11.66 years (range 18-86 years). The age
distribution was as follows: 129 (3.2%) aged <30 years,
450 (11.0%) aged 30-39 years, 978 (23.9%) aged 40-49
years, 1260 (30.8%) aged 50-59 years, 1034 (25.3%) aged
60—69 years, and 234 (5.7%) aged =70 years. There were
no differences between subjects with anti-SARS-CoV-2
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Table 1 Characteristics of the study subjects according to the presence of anti-SARS-CoV-2 antibodies

All subjects Anti-SARS-CoV-2 (-) Anti-SARS-CoV-2 (+)
Variable (N=4085) N=4069) (N=16) P value
Age, years 52.29 +11.66 52.28 +11.65 55.19 +13.91 0.319
Sex, male 2014 (49.30) 2008 (49.35) 6 (37.50) 0.344
BMI, kg/m? 24.29 +3.38 24.28 =837 25.57 +5.49 0.364
SBP, mmHg 120.33 +14.32 120.33 +14.32 119.50 +13.01 0.817
DBP, mmHg 75.58 +9.78 75.59 +9.79 74.69 +8.13 0.714
Haemoglobin, g/L 14.34 +1.52 14.34 +1.52 14.26 +1.37 0.826
White blood cell, 10%L  5.96 +1.61 5.96 +1.61 6.88 +2.14 0.033
Platelet, 10%/L 281.85 +55.04 251.86 +55.01 249.50 +64.19 0.873
Glucose, mg/dL Cle) 518 +20.94 99.59 +20.94 99.44 +20.90 0.976
HbA1c, % 5.82 +0.84 5.82 +0.83 6.35 +1.52 0.214
Total cholesterol, mg/dL  206.88 +40.50 206.90 +40.48 201.40 +45.64 0.600
HDL-cholesterol, mg/dL  55.84 +13.54 55.85 +13.55 53.67 +9.96 0.411
LDL-cholesterol, mg/dL  127.63 +36.84 127.64 +36.83 125.73 +39.95 0.842
Triglyceride, mg/dL 115.88 +84.85 115.90 +84.95 109.80 +52.52 0.781
Homocystein, pmol/L 10.23 +4.36 10.23 +4.36 10.34 +4.36 0.945
Creatinine, mg/dL 0.96 +0.19 0.96 +0.19 0.96 +0.17 0.876
Cystatin C, mg/L 0.82 +0.14 0.82 +0.14 0.88 +0.09 0.270

Data are mean+SDor N (%) values. P values are from t-tests and X? tests.
BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; SBP, systolic blood pressure.

positivity and negativity in BMI, blood pressure, CBC
(except white blood cell), blood lipids or creatinine
(table 1).

Seroprevalence according to age, sex and characteristics of
study subjects

The 4085 subjects included 16 anti-SARS-CoV-2-positive
cases, of which 6 had previously recovered from COVID-
19. The overall seroprevalence of anti-SARS-CoV-2 was
0.39% (95% CI=0.20% to 0.58%): 0.30% (95% CI=0.06%
to 0.54%) for men and 0.48% (95% CI=0.18% to 0.78%)
for women. The seroprevalence did not differ signifi-
cantly with sex, age group, or statuses of obesity, diabetes,
hypertension or smoking (data not shown).

Seroprevalence of anti-SARS-GoV-2 by region

The anti-SARS-CoV-2 positivity rate varied between
different regions (p=0.003) (data not shown). Figure 1
shows the seroprevalence of anti-SARS-CoV-2 at the
sampling site of the health promotion centres. The
seroprevalence ranged from 0.26% to 0.45% in three
centres in the Seoul area, and from 0.97% to 2.63%
in Daegu and its neighbouring regions, which was the
epicentre of the COVID-19 outbreak in February 2020.
The seroprevalence of anti-SARS-CoV-2 was 1.79% in
Jeju, but this was a single seropositive case among only
56 subjects.

Characteristics of anti-SARS-CoV-2-positive subjects
according to the history of recovering from GOVID-19
Six of the 16 seropositive cases had a history of recovering
from COVID-19, 4 of which (with COI values of 41-125)
were diagnosed using PCR tests in Daegu and its neigh-
bouring areas between February and March, 2020, with 1

Seoul (Dongbu) 0.43%
Seoul (Seobu) 0.45%

Chuncheon 0.00%
Incheon 0.00% ——

Seoul (Kangnam) 026%/

Chungju 0.00%
Suwon 0.00%/ /
Daejeon 0.00% /Daegu (Dong-gu) 2.63%
Jeonju 0.00% & — Daegu (Buk-gu) 0.97%
Ulsan 1.11%

Kwangju 0.00% Busan 0.37%

Changwon 0.38%

N Jeju 1.79%

Figure 1 Map showing anti-SARS-CoV-2 seroprevalence
rates at the sampling sites of the health promotion centres.
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Figure 2 Seroprevalence and 95% Cls for each week of the study (A), weekly confirmed COVID-19 cases in South Korea cited
from the WHO COVID-19 Dashboard (B). Yellow shading shows the sampling periods for each week in this study.

case in each of Seoul and Jeju diagnosed using PCR test in
mid-September and mid-August, respectively. The median
COI value of positive samples did not differ significantly
between subjects with and without a history of recovering
from COVID-19 (51.6 vs 7.4, p=0.104) (data not shown).

Seroprevalence and 95% Cls for each week of the study
Figure 2A,B shows the seroprevalence and 95% Cls
during each week of the study and the weekly confirmed
COVID-19 cases in South Korea. There were four sero-
positive cases from the three Seoul centres during the 4
weeks on November, which was the beginning of the third
wave of the COVID-19 outbreak in Seoul and its neigh-
bouring areas.

DISCUSSION
This study has revealed the seroprevalence of anti-
SARS-CoV-2 and its characteristics from the end of the
second wave to the beginning of the third wave of the
COVID-19 pandemic in South Korea. The seropreva-
lence was 0.39% overall and varied in different regions.
Antibodies (including IgG) can remain for more than 7
months after infection in individuals who have recovered
from COVID-19. This finding suggests that most of the
Korean population is still immunologically vulnerable
to SARS-CoV-2 despite the seroprevalence being higher
than that reported prior to September 2020 in Korea.
The seroprevalence of anti-SARS-CoV-2 antibodies varies
in countries, study populations, times of sampling, labora-
tory testing methods and incidence rates of COVID-19 at

the sampling sites (table 2). A cross-sectional study of 10
sites in the USA conducted between 23 March and 12 May
2020 estimated seroprevalence rates ranged from 1.0%
to 6.9%.'” The specimens in that study were collected for
clinical purposes from persons seeking healthcare, who
might not be representative of the general population.
In a population-based study conducted in Spain from 27
April to 11 May 2020, the seroprevalence was 5.0% by the
point-of-care test and 4.6% by immunoassay. That study
found substantial geographical variability in the prev-
alence, being >10% around Madrid and <3% in coastal
areas.'® A cross-sectional survey in Greece performed
from March and April 2020 found a seroprevalence of
0.36% among 6586 leftover sera collected from a nation-
wide laboratory network.'” In two nationwide serological
household surveys in Brazil, the seroprevalence rates in
the first survey (May 14-21) and second survey (June 4-7)
were 1.9% and 3.1%, respectively,'”® when Brazil was a
global hot spot for COVID-19. These surveys showed that
the prevalence is higher among those living in crowded
conditions and with an indigenous ancestry and a low
socioeconomic status. The seroprevalence in Wuhan (the
epicentre of the pandemic in China) from 9 March to
10 April 2020 varied between 3.2% and 3.8% in different
subcohorts,'” and progressively decreased in other cities
that were further from Wuhan.

Seroprevalence studies performed in Daegu and
southwestern Seoul, and involving the Korean National
Health and Nutritional Examination Survey (NHANES)
have used different assays, sampling times and subject
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selection methods. The study in Daegu (the epicentre of
COVID-19 in late February in Korea) conducted from 25
May to 5 June 2020 estimated a seroprevalence of 7.6%."°
However, the serological tests were conducted in 103
outpatients and 95 guardians with SARS-CoV-2 using the
rapid lateral flow assay, which is controversial due to its
heterogeneous and inconsistent results.”” Moreover, the
study subjects comprised outpatients and their guardians
at a single hospital, limiting the generalisability of the
results. A study in southwestern Seoul conducted between
25 May and 29 May 2020 found one seropositive case
among 1500 university hospital outpatients, giving a sero-
prevalence of 0.07%."" A study that used serum samples
of participants who had participated twice in NHANES
in 13 regions of South Korea, from 21 April to 16 June
and from 10 June to 13 August 2020, found no seroposi-
tive case among 1555 samples and one seropositive case
among 1440 samples, respectively.”'

Our nationwide study in South Korea estimated a
seroprevalence of 0.39%. If the six cases that had previ-
ously recovered from COVID-19 were excluded from
the 16 seropositive cases, the seroprevalence was 0.25%.
Although this rate is higher than those for the NHANES
surveys in Korea, this relatively low prevalence may reflect
that the reported incidence and mortality of COVID-19
were relatively low in Korea during the study period.
The COVID-19 pandemic has been controlled in Korea
by implementing public health measures such as social
distancing, contact tracing, active testing and quaran-
tining. The present study was conducted between the last
week of September and the first week of December, which
was from the end of the second wave to the beginning
of the third wave of the COVID-19 pandemic in South
Korea.

Our study found substantial regional variability in
the prevalence, being higher in Seoul, Daegu and their
neighbouring regions. Seoul is a densely populated city
that has been a hot spot of COVID-19, while Daegu (the
fourth largest city in Korea) experienced an explosive
increase in the number of patients with COVID-19 in
late February. Most of the seropositive cases in our study
were found in these regions. We found that the seropreva-
lence did not vary with age or sex, whereas several nation-
wide, population-based seroepidemiological studies' '* '
found that seroprevalence rates differed by region but
not by sex. However, the association between seropreva-
lence and age has varied between studies. One study of
10 sites in the USA found no difference in seroprevalence
between age groups,'” whereas Hallal et al'® observed that
the prevalence was higher in participants aged 20-59
years, and Stringhini et a** found that it was significantly
lower in individuals aged 5-9 years and >65 years than in
those aged 20-49 years.

The early detection of SARS-CoV-2 infection is a
crucial intervention for controlling the virus transmis-
sion. During the course of a pandemic, identifying indi-
viduals with asymptomatic infection is one of the main
challenges because they could be a major source of

transmission. The RT-PCR test is the reference method
for diagnosing SARS-CoV-2 infection, but false-negative
results are possible due to improper handling of nucleic
acid samples and inadequate sampling.*® In addition,
SARS-CoV-2 viral RNA becomes almost undetectable 14
days after illness onset.** Immunoassays may be able to
reduce the number of undiagnosed cases.

The timing, titre, and duration of anti-SARS-CoV-2 anti-
bodies and the optimal protection against the COVID-19
remain to be established. The timing of the development
of SARS-CoV-2-specific antibodies is variable: reactive IgA,
IgM and IgG antibodies have been detected 1 day after
symptom onset,”” but the median development times
for total antibodies, IgM, and IgG have been estimated
as 11, 12 and 14 days, respectively.?® *” One study found
no specific chronological order in terms of IgM and IgG
seroconversion.”® In our study, four cases were previously
diagnosed with PCR tests and recovered in Daegu and its
neighbouring areas between February and March 2020.
This suggests that antibodies (including IgG) can remain
in individuals who recover from COVID-19 for more than
7 months after infection.

Our study had some limitations. First, selection bias
associated with the reasons for undergoing health
check-ups might have been present. Subjects were volun-
tary health check-up examinees rather than general popu-
lation. They may be health conscious and risk averse, so
that the seroprevalence was potentially underestimated.
However, our study subjects comprised health examinees
from 16 health promotion centres in 13 cities across
Korea that routinely perform NHIS health check-ups.
This study population was expected to be representative
of the general population of Korea, without restriction
to specific classes or areas. Moreover, since we excluded
those who had recent symptomatic illness or who had a
history of return from abroad or contact with patients with
confirmed COVID-19 within 2 weeks were excluded from
health check-ups, there was rare possibility of specimens
drawn from patients seeking care for suspected COVID-19
symptoms, potentially biasing the results. Second, sample
size is not large enough to estimate the nationwide sero-
prevalence of anti-SARS-CoV-2 antibody and analyse the
relative risks of being seropositive according to the char-
acteristics of the study subjects because the seropreva-
lence was much lower than the assumed seroprevalence
of 1.5% in the sample size calculation. Third, since the
ECLIA may be affected by cross-reactivity with antibodies
to other common cold coronaviruses, false-positive results
for SARS-CoV-2 were possible, potentially leading to over-
estimation of the actual seroprevalence in the low preva-
lence setting of South Korea.

In conclusion, this study has provided the nationwide
and regional seroprevalence rates of SARS-CoV-2 from
the end of the second wave to the beginning of the third
wave of the COVID-19 pandemic in South Korea. The
seroprevalence varies across regions but is lower than
those in most other countries and insufficient to provide
herd immunity. However, the prevalence was higher than
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that found studies conducted prior to September 2020 in
Korea. New cases of COVID-19 continuously appear even
under the stringent interventions adopted in Korea. The
present findings suggest that asymptomatic seropositive
individuals contribute to virus transmission. The strategy
of applying PCR tests to suspected patients and quaran-
tining should be continued. In addition, screening for
SARS-CoV-2 using anti-SARS-CoV-2 antibody tests in the
asymptomatic populations could be considered in risk
region with high incidence rate.
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