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The Status of Genomic Surveillance of the Coronavirus Disease
2019 Virus Variants in Chungcheong Region in 2021-2022

Seon Do Hwang, Jeemin Ha, Ye Na Yun, Sil Jung, Jeong—Hoon Chun*

Division of Laboratory Diagnosis Analysis, Chungcheong Regional Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daejeon, Korea

ABSTRACT

The coronavirus disease 2019 (COVID-19) viruses, which emerged at the end of 2019, displayed genetic variations in the
replication and transmission stages. As a result, COVID-19 viruses spread globally in the form of many variants. The aim
of this report was to conduct genomic surveillance in the Chungcheong region of the Republic of Korea (ROK). The ROK’s
Korea Disease Control and Prevention Agency (KDCA) has been established and 5 Regional Centers for Disease Control and
Prevention were newly established to actively defend against COVID-19. Chungcheong Regional Center for Disease Control
and Prevention conducts genomic surveillance to track and analyze the source of infection and to identify genetic mutations of
the COVID-19 virus. The findings of this report were that new variants of COVID-19 like alpha, delta, and omicron variants

emerged in Chungcheong region. Based on this report, we recommended continuous genomic surveillance for new variants to

support scientific disease control.

Key words: COVID-19; SARS-CoV-2 variant; Genomic surveillance

*Corresponding author: Jeong—Hoon Chun, Tel: +82-42-229-1540, E-mail: hg1117@korea.kr

Introduction

Since its first reported case in Wuhan, China, in 2019,
coronavirus disease 2019 (COVID-19) quickly spread
worldwide, including to the Republic of Korea (ROK). By
June 2023, COVID-19 had infected over 32 million peo-
ple and caused more than 30,000 deaths in the country [1].
To actively respond to the pandemic, the Korea Disease
Control and Prevention Agency (KDCA) was established in
September 2020, with 5 regional Centers for Disease Control

and Prevention established across the country to manage
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infectious diseases, including COVID-19. The Chungcheong
Regional Center for Disease Control and Prevention conducts
COVID-19 virus testing and variant analysis to provide scien-
tific evidence to support the implementation of effective infec-
tion control measures.

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has continuously mutated since its emergence, lead-
ing to the appearance of new variants. The World Health
Organization (WHO) has classified the variants into 3 dis-
tinct categories—variants of concern (VOC), variants of in-

terest, and variants under monitoring—for management and
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Key messages
(D What is known previously?

The coronavirus disease 2019 (COVID-19) viruses,
which emerged at the end of 2019, spread globally
showing many variants like alpha, beta, gamma, delta,

and omicron.

@ What new information is presented?

In the early stage of COVID-19 variant analysis in
Chungcheong region, the detection of epsilon and al-
pha variants were considered scientific evidences for
COVID-19 control in Chungcheong region, helping to
provide the exact information needed to perform scien-
tific disease control.

(® What are implications?

It is necessary for Chungcheong Regional Center for
Disease Control and Prevention to play a role in prevent-
ing the emergence and spread of new and existing virus
variants through the continuous surveillance of these

variants.

monitoring. It evaluates the incidence of each variant and its
impact on public health and periodically updates this informa-
tion [2,3].

After the first case of the Alpha variant in September 2020,
the Beta and Gamma variants emerged. The Delta variant that
emerged in India quickly spread worldwide owing to its high
transmissibility. Subsequently, the Omicron variant emerged in
South Africa and rapidly spread globally owing to high trans-
mission speed and immune evasion [4,5].

The variants that preceded the Omicron variant could be
distinguished based on the variant of the spike protein (S pro-
tein) in most cases, therefore, the variant analysis was per-
formed using Sanger sequencing (Sanger, S protein target gene

analysis technique) and real-time polymerase chain reaction

www.phwr.org Vol 16, No 36, 2023

(PCR). However, as the Omicron variant has a unique and
complex profile, harboring multiple variants in various parts of
the virus, next-generation sequencing (NGS) techniques have
been employed for a more precise and detailed classification of
the Omicron variant.

This article aims to describe the results of COVID-19 vari-
ant surveillance performed by the Chungcheong Regional
Center for Disease Control and Prevention using the above
mentioned analysis techniques in 2021-2022 to shed light on

the prevailing trends of variants in the region.

Methods

1. Samples for Analysis

The Chungcheong Regional Center for Disease Control
and Prevention conducted a total of 15,386 variant analyses
from February 26, 2021, to December 31, 2022, using sam-
ples in patients with laboratory-confirmed COVID-19 col-
lected from quarantine stations, 4 research institutes (Daejeon,
Sejong, Chungnam, and Chungbuk) of health and environ-
ment, contracted testing agencies, and private hospitals.
Although a total of 6,437 cases of variant analyses were per-
formed on samples collected from the Seoul metropolitan area,
this report focuses on describing the variant analysis results
specifically for samples collected from the Chungcheong re-
gion. In the Chungcheong region, 14,598 samples were of do-
mestic cases and 788 samples were of cases from foreign coun-
tries, with the majority of the samples being from Vietnam
(n=162), the United States (n=96), the Philippines (n=50),
and Thailand (n=42).
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2. Method of Analysis

Variants were analyzed using Sanger, real-time PCR, and
NGS, and the test techniques were acquired from the KDCA
Division of Emerging Infectious Diseases. Specifically, Sanger
was acquired in February 2021, real-time PCR in July 2021
[6], and COVID-19 variant analysis through whole-genome
sequencing (NGS) in February 2022, allowing for prompt and
accurate analyses of COVID-19 virus variants [7]. Sanger se-
quencing, which involves producing and analyzing the nucleo-
tide sequences of the S protein, is an effective method for iden-
tifying known major and other variants, as well as confirming
new variant sites. The variant assay using PCR involves am-
plifying specific variant sites (e.g., E, RdRp, N) for detection.
Although this method can only detect specific variant sites

of known major virus variants, it offers a shorter turnaround

time and detection with smaller viral loads. The whole-ge-
nome analysis method involves producing and analyzing the
entire genome sequence (approximately 30,000 bases) of the
virus. It is the most accurate and suitable method for identify-
ing new virus variants, confirming epidemiological relation-
ships, and investigating the evolutionary patterns of the virus
[6]. The Chungcheong Regional Center for Disease Control
and Prevention analyzed COVID-19 variants using the appro-
priate techniques. The Center aimed to analyze >20% of cases
that occurred in the Chungcheong region, including domestic
and imported cases. During mass outbreaks, the center com-
municated the results of the variant assay for at least 2 cases of
each mass outbreak to the involved departments to serve as sci-
entific evidence for the COVID-19 epidemiologic survey and

infection response.

Table 1. The regional occurrence of coronavirus disease 2019 variants in Chungcheong region
Region
Variant No. of variant
Imported Domestic
VOC
Alpha 279 16 263
Beta 4 3
Gamma 0 0 0
Delta 2,773 86 2,687
Omicron 10,997 676 10,321
VOI
Epsilon 24 0 24
Zeta 0 0 0
Eta 0 0 0
Theta 0 0 0
Iota 0 0 0
Kappa 1 1 0
Lamda 0 0 0
Mu 0 0 0
Other variants (including VUM)
Non-VOC, -VOI 1,308 8 1,300
Total 15,386 788 14,598
February 26, 2021 (start variant analysis)-December 31, 2022 (Number of tested by Chungcheong Regional Center for Disease Control and
Prevention). VOC=variant of concern; VOI=variant of interest; VUM-=variant under monitoring.
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Results

The Chungcheong Regional Center for Disease Control and
Prevention began the COVID-19 gene assay on February 20,
2021, and analyzed a total of 15,386 cases until December 31,
2022 (788 imported cases and 14,598 domestic cases). The
following VOCs were identified: 10,997 (71.47%) cases of the
Omicron variant, 2,773 (18.02%) cases of the Delta variant,
279 (1.81%) cases of the Alpha variant, and 4 (0.03%) cases
of the Beta variant. Other variants included the Epsilon variant
(n=24, 0.16%) and the Kappa variant (n=1, 0.01%). Among
domestic cases, the following VOCs were identified: Alpha
variant: n=263, 1.80%; Delta variant: n=2,687, 18.41%; and
Omicron variant: n=10,321, 70.70%; showing that the Alpha
(April 2021, 7.4%), Delta (July 2021, 48.7%), and Omicron

Il Alpha

Il Beta [ Delta

A 100

%

[ Omicron

NN

N
¢

P

r19

Vi

(February 2022, 97.1%) variants were also prevalent in the
Chungcheong region (Table 1, Figure 1). In terms of monthly
variant distributions among domestic cases, the Epsilon variant
was first detected in a small number of cases prior to the emer-
gence of the Alpha variant in the early phases of variant analy-
sis in March 2021, after which the Alpha, Delta, and Omicron
variants became the dominant variants in the order stated.
Among imported cases, the Alpha variant was initially detect-
ed in March 2021 and became the dominant variant in April
2021 (50.0%), and among domestic cases, the Alpha variant
became the dominant variant in April 2021 (7.4%). The Delta
variant became the dominant variant in the Chungcheong
region approximately 1 month after (July 2021, 48.7%) be-
coming the dominant variant in imported cases (June 2021,
57.1%). The Omicron variant also became a dominant variant

Il Epsilon [ Other variants

N O AP0
D Q00 97 QS S N NN
W VD g Y Y Y
DS EENE

Figure 1. The distribution of the variants of coronavirus disease 2019 virus in domestic and imported cases in Chungcheong region
(A) Chungcheong region (imported). (B) Chungcheong region (domestic).
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Figure 2. The distribution of the variants of coronavirus disease 2019 virus in Chungcheong region

(A) Chungcheong region (Daejeon Metropolitan City). (B) Chungcheong region (Sejong City). (C) Chungcheong region (Chungcheongnam-do).

(D) Chungcheong region (Chungcheongbuk-do).
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Figure 3. The number of analyzed coronavirus disease 2019 in Chungcheong Regional Center for Disease Control and Prevention

NGS=next-generation sequencing; PCR=polymerase chain reaction; Sanger=Sanger sequencing.

(February 2022, 97.1%) later than it became the dominant
variant in imported cases (January 2022, 88.9%) (Figure 1).
In the Chungcheong region, the Alpha variant started spread-
ing in the Chungbuk region 1 month earlier than in other ar-
eas. Additionally, the Alpha variant spread later in the Sejong
region compared with the other areas, and following its short
outbreak in the region, the Delta variant became the dominant
variant. After the Delta variant, the Omicron variant became
the dominant variant throughout all areas of the Chungcheong
region (Figure 2). In terms of changes in the variant distribu-
tions in the ROK based on previous reports, the Alpha variant
was the dominant variant among imported cases until April
2021 (39.0%), followed by the Delta variant being the domi-
nant variant from May 2021 (39.3%). Among domestic cases,
the Alpha variant was the dominant variant until June 2021
(24.4%), and following the introduction of the Delta variant in
the ROK in April 2021, it became the dominant variant in July
2021 (59.6%). The Omicron variant became the dominant
variant among imported cases (52.8%) in December 2021 and
among domestic cases (63.9%) in January 2022 [2].

Sanger sequencing was performed on 5,567 cases, real-time

www.phwr.org Vol 16, No 36, 2023

PCR on 8,398 cases, and NGS on 1,421 cases (Figure 3). As a
result of the diversification of variants with the emergence of
the Omicron variant, Sanger or NGS were more useful in iden-
tifying novel variants and real-time PCR was useful in screen-
ing for VOCs, such as Alpha, Beta, Gamma, and Delta variants,
in the early days of variant analysis. Although some Omicron
subvariants could be analyzed using target gene analysis, the
subvariants could be analyzed more precisely through whole-
genome sequencing. Further, as the variants progressed, whole-
genome sequencing became essential to analyze the more com-
plex Omicron subvariants. The Chungcheong Regional Center
for Disease Control and Prevention was also able to perform
precise subvariant analyses for the Omicron variant through
whole-genome sequencing, and recombination variants, such
as XBB, in the Omicron variant were more accurately detected

by whole-genome sequencing.

Discussion

The Epsilon variant, also known as the “California vari-

ant,” was identified in the Chungcheong region before the
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Alpha variant became dominant, and it had a 20% higher
transmissibility than the previously circulating variants [8].
The early detection of the Epsilon variant, in the Daejeon and
Chungnam regions, after initiating variant surveillance in the
Chungcheong region facilitated effective epidemiological in-
vestigations and disease response in the region by providing
scientific evidence. The Alpha variant was identified in the
Chungbuk region about 1 month earlier than in other regions
within the Chungcheong area, and its prevalence was higher in
the Chungbuk region as compared with other regions within
the Chungcheong area. This surveillance data also provided
scientific evidence for recognizing the need to strengthen re-
sponse measures against the Alpha variant in Chungbuk and
initiate early response measures. When compared with the na-
tional variant surveillance data and domestic cases previously
reported, the Chungcheong surveillance data showed that the
changes in the dominant variant (Alpha, Delta, and Omicron)
in Chungcheong were similar or slightly more delayed than the
national trend. The WHO lifted the public health emergency
of international concern designation for COVID-19 in May
2023 and the pathogenicity of SARS-CoV-2 has been attenu-
ated; however, the virus is still undergoing variants and spread-
ing. Predicting future variants that will follow the Omicron
variant as well as their prevalence remains challenging. Given
the possibility that new variants will have increased transmissi-
bility and immune evasion, continuous laboratory surveillance
for both imported and domestic variants is crucial. Regional
Center for Disease Control and Prevention must also con-
tinue to conduct surveillance of new variants to protect their
communities from infectious diseases. The Chungcheong re-
gion receives considerable traffic from China and Southeast

Asia through ports in Gunsan and Pyeongtaek and airport
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in Cheongju. The Chungcheong Regional Center for Disease
Control and Prevention intends to maintain thorough labo-
ratory surveillance of COVID-19 or other infectious diseases
that may be imported through these ports and airports in order

to prevent the nationwide spread of infectious diseases.
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QuickStats

Trends in the Prevalence of Hypercholesterolemia, 2012-2021

Prevalence of hypercholesterolemia among Korean adults aged =19 years increased from 11.9% in 2012 to 21.1% in 2021

(difference of 9.2%p) (Figure 1). In 2021, the prevalence of hypercholesterolemia increased with age and women had a higher

prevalence than men after age 50 (Figure 2).
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Figure 1. Trends in the prevalence of hypercholesterolemia, Figure 2. Prevalence of hypercholesterolemia by age group,

2012-2021 2021

*Prevalence of hypercholesterolemia; proportion of people who have total cholesterol of =240 mg/dL or are taking cholesterol-lowering agents.

% Age-standardized prevalence was calculated using the 2005 Population Projections for Korea.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease

Control and Prevention Agency
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