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Dear Editor,

In Korea, more than 130,000 cases of coronavirus disease 2019 

(COVID-19), caused by severe acute respiratory syndrome-coro-

navirus 2 (SARS-CoV-2), were recorded from January 1, 2020 

to May 14, 2021, with approximately 600 cases diagnosed per 

day following published guidelines for the laboratory diagnosis 

of COVID-19 in Korea [1]. The number of SARS-CoV-2 variants 

has been increasing, posing a significant threat in terms of in-

creased infectivity and clinical severity accompanied by reduced 

immunity upon vaccination [2-4]. 

Most SARS-CoV-2 variants arise due to changes in the N-ter-

minal domain (NTD) and receptor-binding domain (RBD) [4, 5]. 

Among NTD variants, the spike deletion H69/V70 (del69-70), 

which exerts a marginal effect on 50% neutralization values in 

plaque reduction neutralization tests of post-vaccination serum 

samples, is present in the B.1.1.7 variant that was initially domi-

nant in the United Kingdom (UK) before spreading worldwide 

[6]. N501Y is the most prominent RBD variant, which improves 

SARS-CoV-2 binding affinity, and is present in the UK (B.1.1.7), 

the Republic of South Africa (RSA) (B.1.351), and Brazil/Japan 

(P.1.) variants [4, 6]. In addition, K417N, which can improve 

the receptor binding of SARS-CoV-2, is present in the RSA vari-

ant B.1.351, and E484K, associated with immune escape from 

monoclonal antibodies, has been detected in both the RSA and 

Brazilian variants [4, 7, 8]. 

PowerChek SARS-CoV-2 S-gene Mutation Detection Kit (Ko-

gene Biotech, Seoul, Korea) based on multiplex real-time reverse 

transcription (rRT)-PCR was developed for detecting COVID-19 

variants, especially the UK (B.1.1.7), RSA (B.1.351), Brazil/Ja-

pan (P.1), and UK (B.1.525)/Brazil (P.2) variants. Using this kit, 

we evaluated the incidence of SARS-CoV-2 variants in the Ulsan 

area of Korea; to our knowledge, this is the first study to evalu-

ate the incidence of SARS-CoV-2 variants in a specific area of 

Korea. This study was approved by the Institutional Review Board 

of Ulsan University Hospital, Ulsan, Korea (approval number: 

2021-05-025). 

Data from 36 SARS-CoV-2–positive respiratory samples, tested 

using PowerChek SARS-CoV-2 Real-time PCR Kit (Kogene Bio-

tech) at our institution between April 1 and April 30, 2021, were 

assessed retrospectively. RNA samples were subjected to SARS-

CoV-2 variant screening using PowerChek SARS-CoV-2 S-gene 

Mutation Detection Kit following the manufacturer’s instructions. 

Three mutation sites (N501Y, E484K, and K417N) were screened, 

and the results were classified as (1) UK (B.1.1.7) variant if only 

N501Y was detected, (2) Brazil/Japan (P.1) variant if both N501Y 

and E484K were detected, (3) RSA (B1.351) variant if all three 

Received: May 23, 2021
Revision received: June 2, 2021
Accepted: November 25, 2021

Corresponding author: Joseph Jeong, M.D., Ph.D.
Department of Laboratory Medicine, University of Ulsan College of Medicine, 
Ulsan University Hospital, 877 Bangujin-sunhwando-ro, Dong-gu, Ulsan 
44033, Korea
Tel: +82-52-250-7273, Fax: +82-52-250-8270
E-mail: joseph@uuh.ulsan.kr

© Korean Society for Laboratory Medicine
This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2021.41.1.#&domain=pdf&date_stamp=2020-08-##


Park SH, et al.
Incidence of SARS-CoV-2 variants in Ulsan, Korea

364    www.annlabmed.org https://doi.org/10.3343/alm.2022.42.3.363

variants were detected, and (4) UK (B1.525)/Brazil (P.2) variant 

if only E484K was detected. Direct sequencing of both the NTD 

(for the 69/70 deletion) and RBD was subsequently performed 

to confirm the detected variants, using primers designed in-house 

(for del69-70: forward 5´-CAC ACG TGG TGT TTA CCC T-3´, re-

verse 5´-GTT AGA CTT CTC AGT GGA AGC A-3´; for RBD: for-

ward 5´-GAG GTG ATG AAG TCA GAC AAA TCG-3´, reverse 5´-

CTC TGT ATG GTT GGT AAC CAA CA-3´). Examples of rRT-PCR 

and direct sequencing results of SARS-CoV-2 variants are pre-

sented in Fig. 1, and the results of all 36 samples are summa-

rized in Table 1. 

Using rRT-PCR, N501Y, E484K, and K417N were detected in 

34 (94.4%), 1 (2.8%), and 0 (0.0%) samples, respectively, and 

the incidence rates of the B.1.1.7 (UK) and P.1 (Brazil/Japan) 

variants were calculated as 33/36 (91.7%) and 1/36 (2.8%), re-

spectively. Using direct sequencing, del69-70, N501Y (A→T), 

Fig. 1. Examples of rRT-PCR and direct sequencing results of SARS-CoV-2 variants. (A) rRT-PCR results. Amplification curves for N501Y, 
E484K, K417N, SARS-CoV-2, and the internal control are shown in red, green, blue, black, and purple, respectively. (B) Direct sequencing 
results for del69-70, K417N, E484K, and N501Y variants. 
Abbreviations: rRT-PCR, real-time reverse transcription PCR; N, asparagine; Y, tyrosine; E, glutamate; K, lysine; IC, internal control; UK, United Kingdom; 
RSA, Republic of South Africa; T, thymine; G, guanine; A, adenine; C, cytosine; U, uracil. 

A

B



Park SH, et al.
Incidence of SARS-CoV-2 variants in Ulsan, Korea

https://doi.org/10.3343/alm.2022.42.3.363 www.annlabmed.org    365

Table 1. Results of rRT-PCR and direct sequencing of 36 SARS-CoV-2 samples

N

rRT-PCR Direct sequencing

N501Y  
(Ct)

E484K  
(Ct)

K417N  
(Ct)

SARS-CoV-2  
(Ct)

Variant del69-70
RBD

Variant
N501Y (T/A) E484K (A/G) K417N (T/G)

  1 24.7 - - 22.2 B.1.1.7 + T G G B.1.1.7

  2 27.6 - - 25.7 B.1.1.7 + T G G B.1.1.7

  3 28.3 - - 24.6 B.1.1.7 + T G G B.1.1.7

  4 28.1 - - 25.9 B.1.1.7 + T G G B.1.1.7

  5 33.3 - - 29.4 B.1.1.7 + T G G B.1.1.7

  6 30.2 - - 28.2 B.1.1.7 + T G G B.1.1.7

  7 29.6 - - 27.8 B.1.1.7 + T G G B.1.1.7

  8 31.7 - - 29.3 B.1.1.7 + T G G B.1.1.7

  9 21.7 - - 20.6 B.1.1.7 + T G G B.1.1.7

10 35.1 - - 30.2 B.1.1.7 + T G G B.1.1.7

11 35.9 - - 31.0 B.1.1.7 + T G G B.1.1.7

12 29.9 - - 27.6 B.1.1.7 + T G G B.1.1.7

13 21.6 - - 20.8 B.1.1.7 + T G G B.1.1.7

14 20.6 - - 19.8 B.1.1.7 + T G G B.1.1.7

15 31.6 31.9 - 29.5 P.1 - T A G P.1

16 - - - 29.4 SARS-CoV-2 - A G G SARS-CoV-2

17 20.0 - - 17.7 B.1.1.7 + T G G B.1.1.7

18 31.4 - - 29.6 B.1.1.7 + T G G B.1.1.7

19 25.4 - - 24.3 B.1.1.7 + T G G B.1.1.7

20 15.6 - - 15.0 B.1.1.7 + T G G B.1.1.7

21 18.6 - - 18.8 B.1.1.7 + T G G B.1.1.7

22 12.5 - - 12.1 B.1.1.7 + T G G B.1.1.7

23 14.9 - - 14.5 B.1.1.7 + T G G B.1.1.7

24 15.0 - - 14.4 B.1.1.7 + T G G B.1.1.7

25 31.1 - - 28.8 B.1.1.7 + T G G B.1.1.7

26 24.7 - - 23.1 B.1.1.7 + T G G B.1.1.7

27 24.5 - - 22.6 B.1.1.7 + T G G B.1.1.7

28 - - - 25.4 SARS-CoV-2 - A G G SARS-CoV-2

29 28.0 - - 26.4 B.1.1.7 + T G G B.1.1.7

30 27.3 - - 26.0 B.1.1.7 + T G G B.1.1.7

31 34.5 - - 32.7 B.1.1.7 + T G G B.1.1.7

32 24.4 - - 23.0 B.1.1.7 + T G G B.1.1.7

33 30.8 - - 29.9 B.1.1.7 + T G G B.1.1.7

34 32.8 - - 30.1 B.1.1.7 + T G G B.1.1.7

35 33.2 - - 29.4 B.1.1.7 + T G G B.1.1.7

36 27.2 - - 25.9 B.1.1.7 + T G G B.1.1.7

-, not determined.
Abbreviations: rRT-PCR, real-time reverse transcription PCR; RBD, receptor-binding domain; N, asparagine; Y, tyrosine; E, glutamate; K, lysine; T, thymine; 
G, guanine; A, adenine; del, deletion; Ct, cycle threshold.
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E484K (G→A), and K417N (G→T) were detected in 33 (91.7%), 

34 (94.4%), 1 (2.8%), and 0 (0.0%) samples, respectively, and 

the incidence rates of the B.1.1.7 (UK) and P.1 (Brazil/Japan) 

variants were calculated as 33/36 (91.7%) and 1/36 (2.8%), re-

spectively. rRT-PCR and direct sequencing results were concor-

dant in all samples (Table 1).

The incidence rate of the UK variant was very high in the Ul-

san area. Recent studies have reported that although the UK vari-

ant does not hinder vaccine-induced immunity, it may increase 

fatality by up to 18% compared with that due to non-UK SARS-

CoV-2 variants [9, 10]. These results suggest that UK variant-in-

fected patients need to be managed cautiously. The high inci-

dence of the UK variant in the Ulsan area compared with other 

areas in Korea [11] can be attributed to the frequent entry of 

foreigners at the Ulsan trading port, increasing the probability of 

transmission of variants. Although the incidence rates of the RSA 

and Brazil/Japan variants were low in our study, considering some 

limitations, including the small sample size, single institutional 

nature, and use of direct sequencing rather than whole-genome 

sequencing for validation, a more comprehensive study is needed 

to confirm these preliminary results. 

In conclusion, the incidence of infection due to the UK variant 

is very high (91.7%), whereas that due to the RSA and Brazil/

Japan variants is low in the Ulsan area of Korea. A large-scale 

study is required to confirm our results. Powerchek SARS-CoV-2 

S-gene Mutation Detection Kit is useful for the rapid screening 

of SARS-CoV-2 variants.
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