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Understanding the seroprevalence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can be a
useful tool when studying spread of the disease. This study aimed to compare the prevalence of antibodies to
SARS-CoV-2 in 9954 recruits in the Korean Army Training Center with the general Korean population age <30
years between September and November, 2020.

At the Korean Army Training Center, samples were taken from 9954 men from September to November, 2020.
Participants were randomly enlisted healthy adult men. The data were compared with 4,205,265 samples from
the Korean general population. Men age <30 years were used, as this is similar to the age range of the military
recruits.

Among military recruits, 31 subjects (0.31%) were positive for the antibody, while the Korean male population
had 3757 (0.09%) positive individuals. Among these 31 men, 13 were previously diagnosed by PCR, while 18
(58.06%) had no history related to the disease. Positive military recruits were mostly from 2 regional clusters.
The first cluster was Daegu and Gyeongbuk areas (1.97% and 0.80%, respectively), which had an outbreak in
March, 2020. The second cluster was Gyeonggi and Seoul, or capital areas (0.23% and 0.20%, respectively),
which currently has high PCR positivity. Overall, seroprevalence was 3.49 times higher in study subjects.

The high seroprevalence of antibodies to SARS-CoV-2 between September and November 2020 in a dense-
ly populated military academy in Korea may have been an indicator for the resulting outbreak of COVID-19 in
winter 2020-21, which highlights the importance of asymptomatic spread from the young and healthy to the
general population.
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Material and Methods

Symptomatic and asymptomatic infection with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) both trigger
antibody responses in humans [1-4]. Determining the total in-
cidence of SARS-CoV-2 infection, including asymptomatic cas-
es, allows us to understand the exact extent of the pandemic
and its associated morbidity. This is important for developing
suitable policies and tactics against the disease, such as mod-
ifying social restriction plans [5]. Therefore, seroprevalence of
SARS-CoV-2 antibodies can be a useful tool when studying
spread of the disease in a population.

The first case of COVID-19 diagnosed in Korea was on January
20, 2020 [6]. During the first 2 months, most cases were caused
by infection from abroad. After February, however, a large-
scale outbreak of more than 8000 cases occurred in the Daegu
and Gyeongbuk regions [6]. After the outbreak, domestic in-
fections increased, followed by government lead nation-wide
interventions and testing [7]. During the second outbreak, in
August and September, social distancing was not strict, with
high rate of unknown transmission routes (23.5% of the cas-
es) [8]. Therefore, it is safe to assume local spread of the disease
was present in the community, although the scale is unknown.

In Korea, a few SARS-CoV-2 antibody seroprevalence studies
were done [9,10]. The Korea National Health and Nutrition
Examination Survey (KNHANES) reported the seroprevalence
in Korea twice, from April to June and June to August. The first
tested 1555 people, with no positive results, while the sec-
ond tested 1440 people, with 1 positive for the antibody [9].
Another study, limited to Daegu city, found that 15 out of 198
tested individuals were positive [10]. However, these studies
were performed in specific regions of Korea, as the KNHANES
study was limited to the capital and people might have re-
fused to participate in the study if they belonged to a high-
risk group [9]. Another study was limited to Daegu city, limit-
ing the representativeness of the study [10].

Korean army recruits of might be an ideal population in which to
determine SARS-CoV-2 seroprevalence, as most healthy young
Korean men in their 20s are required to serve in the military,
recruits are randomly selected, without social or geographic
considerations. Furthermore, blood samples are acquired within
1 week of enlistment, reducing the chance of internal spread
after enlistment. Moreover, young, relatively healthy men are
recruited, allowing detection of unknown past asymptomatic
SARS-CoV-2 infection.

Therefore, this study aimed to compare the prevalence of an-
tibodies to SARS-CoV-2 in 9954 recruits in the Korean Army
Training Center with the general Korean population, who had a
mean age <30 years, between September and November 2020.

Study Design and participants

Study subjects were recruited biweekly, from September to
November 2020. All of the participants were newly enlisted per-
sonnel at the Korean Army Training Center, Nonsan, Chungnam,
Korea. The study population was all adult men, who were en-
listed due to mandatory draft, aged 18 or older. As of November
2020, 9954 subjects were recruited. Data on region and age
of each encrypted identification number were obtained from
Republic of Korean Army Headquarters, concealing subjects”
personal information. The region of each subject was classified
by provinces and metropolitan cities, resulting in 17 groups.

The data on the Korean general population was used as a com-
parison. Only adult males age <30 years were used, as military
recruits are all men, with similar age range. Data on 4,205,265
men were obtained from Statistics Korea as of year 2020.
Among these, 3757 tested positive for SARS-CoV-2 by poly-
merase chain reaction (PCR) test as of midnight November 24,
2020, according to the Korea Disease Control and Prevention
Agency. This time was selected as final study sample was ob-
tained then. The study was conducted with the approval of
the Ethics Committee of the Armed Force Medical Command
(IRB No. AFMC-20069-IRB-20-069).

Measurement

After enlistment, a blood sample was taken from each sub-
ject within 1 week as part of the routine physical examina-
tion. After routine examinations, leftover blood samples were
used to test for SARS-CoV-2 antibodies.

Antibodies were first studied using the Elecsys anti-SARS-
CoV-2 IgG ASSAY on a Cobas €801 analyzer (Roche Diagnostics,
Vilvoorde, Belgium). The kit was selected as it showed the high-
est sensitivity of 99.5% (after 14 days or more of PCR confir-
mation) and specificity of 99.8% [11]. Positive cases were ana-
lyzed again by 3 of the following tests; Abbott SARS-CoV-2 IgG
assay (Abbott Park, IL, USA), SARS-CoV-2 IgG assay (Beckman
Coulter, USA), R-FIND COVID-19 ELISA (SG medical, Seoul,
Korea), and SGTi-flex COVID-19 IgM/1gG (Sugentech, Daejeon,
Korea). This method was chosen through an expert advisory
meeting of the Korean Society for Laboratory Medicine board,
as no standard measure has been established and to compare
the results between current study and other Korean studies
ongoing at the time. Also, the serum was sent to the Korea
Center for Disease Control and Prevention, where plaque re-
duction neutralization antibody test (PRNT), and the subject”s
history of SARS-CoV-2 infection was studied. When at least 1
of the other 5 tests was positive, the subject was considered
to be positive for SARS-CoV-2 antibodies.
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Table 1. Comparison of Study Subjects and Korean Male Population (age <30), by region.

Study subjects

Korean male population

833,033

100.00%

4,205,265 100.00%

Data are expressed as n (%), and all of the subjects were Korean male adults, according to Statistics Korea.

Plaque Reduction Neutralization Test (PRNT)

All test sera were heat inactivated at 56°C for 30 min, and un-
derwent serial 2-fold dilution starting from 1/4. Diluted serum
was incubated with the 50 pfu of SARS-CoV-2 virus (BetaCoV/
Korea/KCDC03/2020) for 1 h at 37°C and 5% CO,. The virus-
serum mixtures were added to Vero cell confluent in a 12-well
plate, and incubated at 37°C and 5% CO, for 1 h, with shaking
every 10 min, after which virus-serum mixtures were removed
and 1 ml of overlay medium (0.75% agarose, 2% 2xMEM) was
added. The plate was incubated at 37°C and 5% CO, for 3 days.
At the end of the incubation period, the cells were fixed and
stained with crystal violet mixture (0.07% crystal violet, 10%
formaldehyde solution, 5% ethanol) for 5-6 h at room temper-
ature, and then overlaid agar was decanted and plaques were
visualized and counted. The 50% neutralizing dose (ND,) were
calculated using the Karber formula:
log10 ND50=m-A (£p-0.5),

where m is log10 of the highest dilution, A is log10 of the di-
lution coefficient, and Ep is the sum of the number of plaques
produced by the virus-serum inoculum/the average number of
plaques produced by the virus controls.

Statistical Analysis

Seroprevalence, both unweighted and weighted by region,
was determined among all subjects with 95% confidence in-
terval (Cl), using z-statistics. The bootstrap procedure was
used for both prevalences, considering statistical error, sensi-
tivity, and specificity of the tests. All analyses were performed
by R version 3.5.1 (http://www.r-project.org, package “moon-
Book”, “ggplot2”).

Results

As of November 23, 2020, 9954 subjects were tested. A com-
parison of the subjects and general Korean male population
(age 30 or younger) are shown in Table 1. Compared to the
general population, our subjects had a higher percentage of
population from Daegu and Gyeongbuk, which were the ar-
eas where the first pandemic occurred during March 2020.

Among the study subjects, 31 (0.31%) were positive for the
antibody, while Korean the general male population showed
3757 (0.09%) positivity (Table 2). Apart from regions with-
out any or with just 1 positive individual, positives were lim-
ited to 2 regions. First were the Daegu and Gyeongbuk areas,
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Table 2. Seroprevalence of SARS-CoV-2 antibodies in study subjects and Korean male population.

Study subjects Korean male population
Seropositive PCR positive
Seoul 4 0.20% (0.06-0.51) 713 0.09%
CBusan T 019% (0.00-108) 2 002%
Daegu 11 197% (099342 L031 051%
inchen 0o 000% (0.00-074) %6 004%
Gwangu o 000% (0.00-1.19) 63 005%
Daejeon T 028% (0.00-153) 7 003%
CuUsan T 050% (0.23-256) 22 002%
Seorg 0o 000% (0.00-642) 5 001%
 Gyeorggi 6 023% (0.1-050 757 007%
Gangwon o 000% (0.00-163) s6 005%
Chungbuk T 032% (001165 3 003%
Chungnam o 000% (0.00-091) 8 005%
CJeonbuk T 033% (001172 a 003%
Jeonmam 0o 000% (0.00-0.85) 7 002%
 Gyeomgbuk s 080% (027201) 212 011%
' Gyeongnam T 019% (0.00-104) o 002%
ey o 000% (0.00-168) 13 003%
CTotal 31 0.31% (021044 3757 009%

PCR - polymerase chain reaction test; SARS-CoV-2 — severe acute respiratory syndrome coronavirus 2. Data are expressed as n (%),
and all of the subjects were Korean male adults, according to Statistics Korea.

Table 3. Seropositive subjects with previous positive PCR results.

Antibody test time Total seropositives Previously unknown PCR positive
September 3,539 12 6 6
Coctober 330 o1 s s
November 3005 s - 3
CTotal 9954 o i 3

PCR — polymerase chain reaction test. Data are expressed as n, with already diagnosed by PCR test on right, and without any
history of infection shown on left. Previously unknown; seropositive subjects without any history of being SARS-CoV-2 PCR-positive.
PCR-Positive; seropositive subjects with history of being SARS-CoV-2 PCR-positive.

which had a SARS-CoV-2 outbreak in March and showed the
highest positive seroprevalence in study subjects (1.97% vs
0.80%, respectively). Gyeongbuk especially was noted to have
7.23 times higher levels of positives compared to the gener-
al Korean male population. Other areas with high positivity
were Gyeonggi and Seoul, with 6 (0.23%) and 4 (0.20%) pos-
itives, respectively. Overall, seroprevalence was 3.49 times
higher in study subjects compared to the general Korean male
population. Therefore, the estimated SARS-CoV-2 seropreva-
lence was 13.096, or 9.340 not confirmed by PCR, based on

Thirteen out of 31 subjects were reported to have been con-
firmed by PCR previously (pre-confirmed group), with 18
(58.06%) never known to be infected and had no close contact
with people known to have SARS-CoV-2 infection (the previ-
ously unknown group) as shown in Table 3. The average time
between the PCR-positive date and antibody-positive date was
207.4+51.7 days, with a maximum of 267 days. Neutralizing
titers (ND,,) of the pre-confirmed group and the unknown se-
ropositive group were the same (both 41), as seen in Figure 1.
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Figure 1. Neutralizing titer (ND, ) of Seropositive Subject in
Screening Test. ND,, — neutralizing titer; NS — not
significant. Data shows ND,  of seropositive subjects,
with each dot representing 1 individual. Pre-
confirmed are seropositive subjects testing positive
by polymerase chain reaction prior to antibody
testing, while previously unknown subjects are
seropositive individuals who had never tested
positive. The figure was drawn using R version 3.5.1
(http://www.r-project.org, package “ggplot2”.

Discussion

Our study compared the seroprevalence of SARS-CoV-2 anti-
bodies from young, male military recruits with PCR-positive
people in the general Korean male population. The results
suggest that there are many undetected infections in com-
munities, despite high numbers of PCR tests. Although most
Koreans are highly active in society, most do not have antibod-
ies or any signs of exposure. However, compared to the gen-
eral population, military recruits showed 5 times higher sero-
prevalence, suggesting asymptomatic infection in the past, or
denial of diagnosis during symptoms.

As our study subjects were randomly recruited due to conscrip-
tion, selection bias due to social status, religion, or other fac-
tors was avoided. Furthermore, subjects were young healthy
men and therefore were more active in society, increasing risk
of transmission. Thus, we could assume there are many unde-
tected infections present in communities.

Sampling young healthy people might result in overestimat-
ing community seroprevalence. However, in Korea most cases
were not related to age or social active group, but rather were
part of group outbreaks (38.4%) [12]. Other studies have also
shown that compared to diagnosed cases of COVID-19, there
are many more undiagnosed cases. Even early in the pandemic,
in Santa Clara County, USA, estimated cases were more than
50 times higher than the number of diagnosed cases [13]. In
a study of dialysis patients in the United States, 8~9% of the

CLINICAL RESEARCH

population was estimated to be infected, but less than 2%
were confirmed cases [14]. In a cross-sectional study of out-
patients in Kobe, Japan, seroprevalence was 396 to 858 times
higher than the number of confirmed cases [15].

The study of cruise ship outbreaks suggests 20-40% of
SARS-CoV-2 infection are asymptomatic [16]. However, as
shown above, the estimated number of infections is 5-100
times higher than the number of actual cases. The present study
found there were 5 times more people testing positive than
the number of confirmed cases. This suggests that the Korean
quarantine system detected most of the symptomatic cases.

Moreover, despite high urbanization and population density,
there were relatively few missed cases. Kobe, Japan had an es-
timated seroprevalence of 2.7%, while Santa Clara County had
1.2% [13,15]. However, highly urbanized New York state showed
an average of 12.5% positives, and numbers increased in dense-
ly populated areas such as New York City, with 20.2% [17].

A few studies have shown antibodies persisting for long pe-
riods. A study in Iran showed Ig G was still present after 150
days in 84% of the patients [18]. Another study, by Isho et
al, showed Ig G lasting in serum for at least 90 days [19]. A
study in hospitalized patients and volunteers found antibod-
ies lasting for 40-200 days after infection, especially among
those with more severe disease [20]. In the current study, we
found subjects to be seropositive after a mean of 207.4 days.
Although further studies should be performed to assess how
many have seroreverted, results show that antibodies could
last for more than 6 months. Moreover, all of the 13 subjects
were PRNT-positive, thus providing a foundation of future herd
immunity strategies.

Our study has several strengths and limitations. This is the
first large study in Korea with randomized study subjects. Due
to the military mandatory draft system, samples could be ac-
quired randomly, across all of the regions. This could have low-
ered risk of selection bias, compared to the Korean National
Health and Nutrition Examination’s result of 0.09%, which re-
quires active participation [10]. However, as study subjects are
military recruits, all of the subjects are healthy young men. As
SARS-CoV-2 more easily infects unhealthy subjects, the results
might be too low, or as SARS-CoV-2 is more easily spread in so-
cially active populations, the results might be too high. Further
studies should be performed to further explore these topics.

Also, we tested for SARS-CoV-2 antibodies using several kits
selected by Korean Society for Laboratory Medicine and Korean
Disease Control and Prevention Agency during spring of 2020.
Several diagnostic measures have been developed since, with
similar or better results [21-23]. Some include cost-efficient,
faster detection methods, with some giving results within 45
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min [23]. However, the current study was designed as a na-
tional project, with some studies started in spring of 2020. To
compare and obtain consistent results between studies, diag-
nostic measures were not changed. This has been reinforced
in ongoing 2021 studies.

Conclusions

This study highlights the importance of continuous region-
al serological infection monitoring during the COVID-19 pan-
demic. The high seroprevalence of antibodies to SARS-CoV-2
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between September and November 2020 in a densely popu-
lated military academy in Korea may have been a predictor of
the subsequent outbreak of COVID-19 in winter 2020-21. Also,
the findings from this study may help design and reinforce fu-
ture quarantine strategies and reduce the public health bur-
den of SARS-CoV-2 in the general population.
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