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Laboratory Diagnosis of COVID-19 in Korea

Kyunghoon Lee

Department of Laboratory Medicine, Ewha Womans University Seoul Hospital, Seoul, Korea

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of coro- Received January 12, 2021

navirus disease 2019 (COVID-19), is a type of human coronavirus that causes severe Revised January 18, 2021
L . . . Accepted January 19, 2021

pneumonia, similar to SARS-CoV-1 and Middle East respiratory syndrome coronavirus.

In Korea, the SARS-CoV-2 testing has started quickly from February 2020 to respond
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to the COVID-19 pandemic. In this article, I would like to introduce the characteristics Kyunghoon Lee
of coronavirus and PCR test methods that play a large role in COVID-19 quarantine Department of Laboratory Medicine, Ewha
measures. Real-time reverse transcription (RT)-PCR is one of the molecular diagnos- Womans University Seoul Hospital, 260

. . . . Gonghang-daero, Gangseo-gu, Seoul 07804,
tic method, and it detect SARS-CoV-2 RNA by amplifying SARS-CoV-2 specific RdRp Korea
(RNA-dependent RNA polymerase) gene and E (envelope) gene at the same time. Tel: 82-2-6986-3385, Fax: 82-2-6986-3389
Real-time RT-PCR is currently the most reliable test that confirming COVID-19 and is E-mail: kama.kyunghoon@ewha.ac.kr

in use worldwide. Real-time RT-PCR test is recommended for COVID-19 confirmatory
diagnosis in Korea, but this test requires dedicated equipment, reagents, experienced
technicians and laboratory medicine specialists, and it takes about a few hours to a day
to report. Rapid molecular testing results in one to two hours with a simple procedure.
Antigen test is less sensitive than real-time RT-PCR and can only be used as a second-
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ary role of diagnosis. As the global COVID-19 pandemic progresses, diagnostic testing COVID-19: SARS-CoV-2: Real-time reverse
guidelines and recommendations may vary and will be updated as scientific evidence transcription polymerase chain reaction;
and experience of the COVID-19 accumulates. (Ewha Med J 2021;44(1):1-10) Korea
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Middle East respiratory syndrome coronavirus (MERS—CoV),
52 25 QB vol AL ofd A2E Hlolzl AR
2SI ATH3). SolAe 20208 149 1390 o] 99l &3
WEg A% REifeolels 7ol o7t Hgoletn AF
o 149 309 MAEAZ]F(World Health Organization,
WHO)IA1E= 2019 novel coronavirus (2019-nCoV)Eh= U A]
wAg o] B3t Aol ARSI o] 4% v}
olel27} 200241 S SARSS] <1 vloll 291l ek
Z(genus) 2ol 2 A1 SARS-CoVel +x7} Aot
71Z SARS Hto]|gd 2= SARS-CoV-12.2, LotAJof| A kg
S HjFgkztellA] WH Hio]2 A= SARS-CoV-22 A&
A QFsHATHA].

20201 2 119l WHOol A<= SARS-CoV-20] °J5t 41
Z Y952 coronavirus disease—2019 (COVID-19)0.2 &
A Z21& ASHTHA]L S-2vetell A= @4 WHOA A
¢Fet Ao met ‘FEuUHpo | AT HS-19, EUEE T2
L9 =2 grgsto] ARgstal 1] SARS-CoV-2+= SARS-
CoV-13 MERS-CoVe] o]o] 5 Hda 4.27]= Al 9iA
Fo] ARvtelg AR, A futlA= AllE A4
W A FEoR AHslo] ekt Slek 20204 3
2 WHOeJA] COVID-19 A4 th-#-38s Adstalal, S
20219 14 7]& A AAH 2= 8,500% ol =4 23l
‘golm APt = 1809 B& 7155HlHHS]. -2 uetell
A @A7EA] 4505 2 o)de] AARE AAISH AL, A =Rt
T OFF Tl A=goltH6).

Hioleiio] e S 7] WAsk= Zo] -89 At
olef, Al&stal ARt HARE Foll Adsl= Zlo] Fasich
olmQlo] opd UWRRISZANE F=Htole| A HAF B2 &
H 8 4 A2H-S-(polymerase chain reaction, PCR) AARF= 2
= & A2 COVID-19 Al tigh Q1412 53t

Jafolct. o]of B =R COVID-19 ¥ef & g
Skl Q= HARH, 5] Hiol#] A siiks HEshe AT

R L LRI = |
Q1 PCR Aol thet ofsliE =71 S1sh 1&<t 371=0e =2
Z1hHpol2f 0] B4 HAMH S Adr]o] A7lskalat etk

2 E
1. SARS-CoV-2 EAJ7} COVID-199] 954 4

COVID-19 Atel o] 3d72] H Alre AEA7lE 2=
ttole] e o4l oz, of Fofl vl 2 AVIE 4o
|12 &ot o2 At AzuHte] 2] IHfamily)= || 7141
R Lol 2=, 242t dut, e, At Der Sgenus)©]
t}. COVID-192 9.0 7] SARS-CoV-2%= o]5 H|efz =1}
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Hio]e] 2o &2t} Hefd 2ol A= dutal 2o
201 S Akt BB S doxih AldlA ==
F2UHbo|2] A of Al &£ = human coronavirus 229E, OC43,
NL63, HKU o] & Y] 32 37/d°] g A7= o] 991 F
10-30%= AHA12HeH L.

Fzutolg Aol 20029 F-3t SARS 2]of 2012 ]
ZF5 2904 G383 MERS-CoV7} glom, o]& w7 o]
P Z2UlolHA FHAFTL T HHS €|, A
S A8 Z7to] P QITHS]. 12t o] COVID-19
= Hiolg A ek do] A AT Ateiet th2ct, 95t
Fo] axjolH, A] I} oA 2 HALE] 7
] SR g o2 S5 AFRFES Bl = T E
A of 2} H 2 AR A o] F 27]E ghof| 4] A =
7}ol] Zot=] it

SARS-CoV-2+= 71 RYYH IZ2=ol2] At 57,
AAE, MulloA] zpol7t Qlow, dFTA S tHE Y
= H]lth 32d0] glie AE7] Adele Bt 57 Afeol= S4t
], G E 2.5-97.5 WEoers HE7] 2-1192 B
S ATHIL. IR =RO: ?H A a7 AH A
A71= Bt Q194 E SARSEEH= WA|gh MERSH Q125
MAAEA EHHEPE 52 2-25W 02 43I} FA4to]
sl 29 ARE Aol 7hse, T4 T8 ¢ 102
A ol AAAIZ AF7F B QieH10]. APgef o
< HEFE F3/dolAY ofF Auet AL A= 5 o
¥ ol vhekRt Aol EA ol 1A IA2uHtolvA TS
AT o AZSHA 7 AlA] Aot ar 717 -8k A
2 o]& SARS-CoV-2 E/JollA 7]QIgt Ao = Hltt,

SARS-CoV-2+= COVID-19 ZHAA7t W= HEE 59
Zutz]o] Afte] 39t 912 Foll T&7| Ut Lot 7FA| L
2 Adgr]o] Az 2 Aol vol#A RS RNA
Ale2 @jn], ouf, Anfo]a F 8 whiFof Fajdo] gl
7t Eut A2 oA EAIE A&tsto], SA1E Hol A=

2 557] HupA| Ao = st 557 WRe] 452 ¢
T, HES G2 FeH12]. ZEE AFRS v]QlE At
Ao} 15 AFmA|ao] viol2 A7t Zrd =] o] lar
o] Hout, At ol i vo] & Aof] ZrdH AFm] A7t =44
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2. SARS-CoV-2 PCR AAL T+

et R ERo e S FaietaelA $4
3t A1F vhol2| o] it H412F 714 S ol-8-sho] SARS-
CoVE eIl 71 oA Fo] Fzvputo]f o) it 357
£44& AA5te] SARS-CoVet A543 ¢] 77%, MERS-CoV



55%, AFef a2 pEro] 2] A 39-43%%)-2 Shelskal PCR AR
7S SRR AL U] A 2 2 299120209 1 139
THSHICH13]. 27] PCR HAR= dat= A4 7] A=
Hiol2]2-of tiet HARQ T mupatol2] A HANS Folf F2
Hatolg A HE o715 SRlskal, Az AlA /ol o]
ZF= SARS-CoV-29] 57 fr7d&tol tigt PCR HARE %138
it vl= A A A HAIE] (Centers for Disease Control and
Prevention, CDO)oIA 4] RS A5, 2vhet &
B Eol A COVID-19 2t F93A 85 2 At
48 A =W COVID-19 A exp7F Harx|y g4t
| -2 == 7HeH, olofl 2 dstA t-8-5H7] laiAl= 8t
H17E7]1 ol A] COVID-19 ZeHaAL 5 Srfisflof 5}
JollA R 8 vibg g Atolete] 5 kA, AekA|
|ZAE S HIXE o) 5 7] o] 1 sHA| @aohH Hht= A of
o}, A ERol A IgAME 517 s W ol %
kAo AAIEE A AAME A A AARE o= Q1AL
AAZE AR Y= B 3-8k Ao 72 20209
290 2t=oFqiT

GARE SUAE = FaHE F8o] 2=e] usHA A
Al ZIgbaleFo] Ha Rt 73, okl S17He Aol gl 789l
Al OJoRERPEA 541 st fhAJA 0= 417t HIE 9 419
he Al 591 ol 2524 A e A 22}

(o]
o> o

r2 oo 18 rr my
2w

=

U IEARE 5108 ot AlfE= SARS-CoV-2 PCR
UIAE7E 540 R 95% oFo R A
Uk A S ARhE 7 Qs A S AARE
° g2 HEEE HES Tob=d], PCR AAR] WA=
7HE0w 91840] Lk Bhgo] Ak Sjuict, Seltetl
COVID-199] X540 & 5|75 HAR= PCR HAZ, PCR
Ho} Rz 9 Solirt Hojz|= oy JAIE o835t ¥
HAAMES AT FH 0= 3t HAR= ofyth PCR HAR=
7rds] Argoiad, EARIH 719 9] gh712] 2, DNAY RNA
oF 22 dibolehs A 24S e R 582 g /4
A5 AEoh= ArPHolth AzupHbo| g A9 7 9-of = RNA
FH= FA2 A71AES AAstar =, ool HdH
SARS-CoV-20l A9t A== 54 FANES HHE 5t
NG FAxte] dF HAE SHAIAA HE] 7HssHA gt
vt A= WHOOA Z71e Ht Zho]Eekglof
wH} SARS-CoV-29] E4 57291 RNA-dependent RNA
polymerase (RdRp)<} envelope (F) 47128 thde 2 PCR 4
AbA|eFo] 7] o], 2020 293t 39 of| T1FGAR-5?1S Wk
| oA 7l SARE S AlEo] EAIETH 4L o] % At AA
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ORFlab 772] 43 991 RdRpWTt ol 2}, ORFlab
HQofl YA ORFla AR E HAF-I2 A= o™, N f
AR AARRI R FR1= o] ARSE] L Qlrk U] 2]Ake] PCR
7| E9} nl=3]ALS] PCR 7| EfA] -{42F /439 2fol= A4
om, dejxl FAR FoA F A S22 AN HEE 1B+
Al tiF-2olch. Z2u A 2370l 54 147 7917t
HIEA] 29tE|ojof gtttal Sl o, Al B4 At K9]
k= datglo] & 7l ol tho] R B9t ke Alof
ol EAIZF glom, ALY AFET & I 9 Bolk &
= TS Al EO|oRERFAA o] AL £ 5171E ol =i o]
AFEA B2 FE7F T2 4= ok

z7] EA1E 7134H8 5209 PCR HAAMA ke 2 24 4
& PowerChek 2019-nCoV Real-time PCR (KogeneBiotech,
Seoul, Korea) A& AlZFo 2, Allplex 2019-nCoV (Seegene,
Seoul, Korea), DiaPlexQ Novel Coronavirus (2019-nCoV)
Detection (SolGent, Daejeon, Korea) @ STANDARD M
nCoV Real-Time Detection (SD BIOSENSOR, Osong, Ko—
rea) AlE=°] 29 S0l 371 AL 0] 5 390 Real-Q 2019—
nCoV Detection (BioSewoom, Seoul, Korea) @ 59 BioCore
2019-nCoV Real Time PCR (BioCore, Seoul, Korea)™} care—
GENE N-CoV RT-PCR (Wells Bio, Seoul, Korea) A|oF=
Z712 3]7PdttH14] (Table 1). ©15 PCR HARS-S HA A
e, WiE=E5E PCR A|oF 74, PCR 24712 7o) 1t
ZJo] "astH 13] Aol Z| AT 447 oA 6A17-2 H 85t
ct.

20209 8€ofl= 7]& PCR AARE R A& ZAd
o] 7Fs3t 358 PCR HAPL 5QlE o] A4 HAFL A A
4 7Fs5M = eK(Table 1). sfielofA] &A1 GeneXpert %
H|¢} 48 7FE 2] E 0|85 PCR ZAAL Xpert Xpress SARS—
CoV-2 (Cepheid, Sunnyvale, CA, USA)e} &7, FilmArray
PCR A} BioFire Respiratory Panel 2.1 (bioMerieux, Marcy
[Etoile, France)= SAFFE31 B AJoFFQ] 5 AlTto] A Q&
+ PCR A &4 17g0] Aeke]o] HARgo] Bt ghes)ry,
J8jo| & i 3]Atell A AEsted, SiASET o] AR Gl
A, T2 FEg2 HaskA T AloF 2 A2 E PCR
7] TARE oWl = o TETE AAREC] A= ]l 2]
AtllA 7t H-83H1E ARG, 2R Xt B2 ofe] A
AR = Ao A 213 AAZE 7R AR T Qlek Z=u A
Bi7F A71ebd ol wet 3k o]# 53-8 PCR ArREe] de
8= o7 Kol
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3. COVID-19 ARAA 57

1) Real-time 974A} PCR AA}

A2 CDC Edjo]A]of|A] gl AEYsH= SARS-CoV-2 PCR
AAEx 4] 7HA $577F sladl, SEuetollAl A
g PCR 7]E4 al9]9)A|9] PCR 7|EY F-Es5t2 = SARS-
CoV-2 Bo] §7a} A= & Afo]7t glct. PCR Y]
2 o] 835t A AAPEL real-time PCR AH|Z 0|85+ A
o2 SARS-CoV-27} RNA Hpo|gjAo|m 2 Yoh= EX
FAZHE: E, RdRp, nucleocapsid [N)E SJHAL T&a4
(reverse transcriptase, RT)}E ©|-85to] SZAAIAH RNA =
oAl cDNAZ THE F SEAIT AE Wi Eou A
2 AP OIA 21 o] B AT B HARMY-& AA 2F
W= upAof 9, 24 AR Bargt 4= Stk -ejut]
A= 20208 ARE717HA] o] PCR AN AhE2 0 2 A]eya]
Sh=tll, 2020 SFRE71R-El= Aol 91538t A S35
o] Wg et Fhatol| A w2 2|5 $Jal COVID-192 vl Aot
£ 5202 1 2AF Y= PCR A Pt $h=5= -85 PCR A
AZE SI7FEHA RS S8l ATk £ 9] PCR HAME &l
PCR At} B4517] = SFcH(Table 2).

Ay SARS-CoV-2 PCR 7| EojA] ILE HelA 2L H}o] 2
2of|A AZER= E 57328 2okt E-f2xtelA 254
o= grEold= o|u] T Molatal 4] Pt efe] 2 ufut
o] e 9] o]ulE FAJetrh(Fig. 1). WHOolA Z 21t 24y
z73719) B HAF 5H 02 AIFE RdRp 724K tHEH
Q1 SARS-CoV-2 o] 441211, 7|41 gk Hpo]A
RNAE EAlol= 845 THEoWE 34t RdRp 72}
FE 2ok £ W2 W99 5328 ORFlab 5747t
1 &hH, QBB RdRp 3-& ORFlabS tF-5E PCR A|2HA]
EolA ZA 7|1 Q1.0 SARS-CoV-2¢] E0]Z31 RdRp &
714 Eut FZ5E = AR QT 15]. SARS-CoV-29] Eo] 4
AN AR HE Aol A EgFoh=d], N 55127 BHEo]

0 10,000 20,000
1 1

25,000
1

e F2d 284 = T (nucleocapsid protein)2 RNA 7|
woll Agsto] EAQ] w2 LA EE F/dettEig. D.

T ZH 8BS = e dH o] Anfo]3 Tl (spike
protein)= S -FAA A WHEo] 2™, 21 2] membrane (M)
A ORFla, ORF1b §AA | & SARS-CoV-2 E9|
ARl A7IAE-S SHoteE AZtE AlE=o] ok SARS-
CoV-2 PCR AAFAI2F AJZF A] SARS-CoV-20] E0]431 4
71 g7t g F-AAE AESHES primerE THEo] ARG
7] el o Sg7HelRl AU AV E & O] hu-
man coronavirus 229E 3-2 OC439] Z+g 5 2Exto| A AR
T AT S0 R e A Hok

2020\ 119 1995-E]= 7]& SARS-CoV-2¢] £ol4
AFEEEAE ofu 2} QIEFLAA} Hiol#] A ZrH o RS &<l
A= AR IEFLAAL A vhol2|A9] M {747k} Q1
=} B Hiol#| A 2] NP 2127t F=71=| o] FAIAARE 7
real-time RT-PCR A|F T3t AR5 715 o} oA H ¢l
A7l ARE7HESHA FQITH 101 A&l f-385h=
Nz} vholH A 749 A] COVID-199} -GARRE JAFZARS
AXFE Sl Aol Z et FAIHEARE Al ¢ A
Hof| T AehS Al viAIS 4= Ut

ok 4o
du > 2

&t

<)

or

ooy r

-

=

[e3

]
o=
1

)

e
o @ 4

A

2 4 A4 ARt
PCR AR 4] ajit

H1

SHEAAA HEC] 7Hs st
of, 2 B fAlE E8ste] 3 AAlE wheo] AAlstel=
COVID-19 @At} A7} &gt o] Sl Z-fole ¢4 2
e H]lrk of® Ao FoIFEA oA SR BE
M AAE 242 dAatste] 8 AAls Zobd o= olrt. aA

1
—

=
23t A AR AAYER A 471% Al 5670
ot 235 21 AReta o4l 5Ue AT ] A2
{02 3} Hoj £ AAFele] COVID-192 BiAIA]

AYS 7L Qe A, 2, 8F

299,903 base pair
J

ORF1a

Open reading frame 1a (ORF1a) and ORF1b
: protein coding regeion

Y
A‘ ’ﬁ
> SR

MPERN

S: spike protein
E: envelope protein

M: membrane protein

RNA genome
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N: nucleocapsid protein

RNA-dependent RNA polymerase (RdRp)
: viral replication and transcription

Fig. 1. Schematic genome structure and
major structure proteins of severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2). *SARS-CoV-2 PCR target
genes.
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