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Fig. 1. Schematic diagram of postulated SARS-CoV-2 cell entry through endocytosis and direct membrane fusion. The
SARS-CoV-2 preferentially utilizes ACE2 (angiotensin converting enzyme 2) as a cellular receptor for recognition of susceptible
cells. Once cellular receptor interacts with trimerized viral spike proteins, multifactorial entry machineries including conformational
alteration of spike proteins at the cell membrane involving endocytic pathways (A) and/or unique trans-membranous protease
activities (B) are processed.
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2SS 0]0] HIO|2{A T} 12|

£ YFntets Arsts SRS 1 Us RUSE ES9(Q| MY, £ Bl0[2A 29 5)S Ui 22t
SR AHE £ U= 7120] AUCH (23, 24). WAH0lE HEs S 54 77002 T QIR|Y H20| tFEEQ! 80|24 2u|(29h)E
M| AGHR| 2t 2|20fl= OF=F ZHH St kit(0lE & viral RNA/DNA mini kit )& AHESH0] HsHA| HEO|2{ ATt BL0| 25t 2t 0fA
Az Mt ZEE Ao A2 FE Ho|HA FUAE 25T + ULt

2}
H2|1F7H AE 2L HO[ AL ZHE LT D 0|E F 5 2l M|A 2[z2|
A L7 ZAHAL2I0 SHE|UCH (25). M2 HAH2 B

7t Ol A &otH SHE UL A2 ol A BAE QR|ots BARIC JY 20| 0f2 28 = HIHE 4 UCH 1 0= M|AH
TOM SRIE 22}, = 22t HYE Zed MZEO| St 20{2 BIO|2A HILH2FE S5

WHOOA 2Y5t= GISAID (Global Initiative on Sharing All Influenza Data)& £5t0] 38%I7| AIRSIRCt (26, 27). L2|Lt2H|
ME 2 2 OtZ2|7t SMAS0[ MUHME(Vero)OllA HIQE HIO|2 A9 MARYA HEO| 3/t AIZEJL20, 1 0| M|ZZH{ Bf
Ol2{A7} Of Bzt A28 E 2 HARUA dEE &S50 IRT22ZMN 2020'F 5E7HA| HMAZHLS=Z 25,00001210] H= Bt

0|2 A HEFHH7F HE7F YEHO| SFELD UL (28).

SARS-CoV-22| 22 20198 = RTHAIY0IM QIS & 4 ol= HT Y22 AI2f=[0f 20200 18 92 = EAT=2 AL
3 =
9 =

= &

IOl A HERHA7} O] A LU&SHH SRECls A2 24t 27 |s 20| 0@ 328 2|0|S 7ttt el el Ho|2AS
2ttete EY S0 71y e BE2 FEE URI80] S4S B0l SR2RH AHF|E A YA SAE 2Y =l st= Ao
Ch. LBt o2 MZOo|L 7| d4E 22 Blud 37|17t 2 Y= 3 50|18 E= s 303 222 S50 SRe] gALt 22| U
OlM EHHE YEfSHH o2 Bae 4 QUCH Jd2{Lt oA O 377 e +222 0|22 B 240] 27ts5t
O, 324 gM S ST U2 1Yol Bast MAH0[Z 22 StEi&S 10,000810A] 100,0008H O] 422 HY5H0{0F 2H2H0| 7t
SOttt (29). W2t 7+ st T 280 71 SHOIM MAHE0|E 22 7| - S 8024 2T SAIH22 EE57|= Lt
AE HiO[2{A0f ofet ZFHO| HLYO|LE LR THAOIME e 2Tl Yoyt ot2e] 2840 ZRE L 1222 BYAl =
FMZEANZE 71222 QU2 g2 BI0[2{A RYZIE SESI0(RNA BHO[2{ A2 AR (DNAS st = S5) 0|2 H7|ME YEE &
2310 2M5ts AT 7|g0| 22H o= &= A0t} (30-32)
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1980ECH Y QIR Rzt SFYHo= STE A HAMPSH(PCR; polymerase chain reaction)0| ZH& 0| PCR 7|2 CHef
St A HkSE A0l ZEE|QUCH (33-35). £ HAUH|C| RURE SESH| 15t PCR 7|2 A8 ©ff 7+ 25 20| 22 F7|
MY B R2LE HZHE primere| AMEHO|CH DMZAQI PCROIA AFREl= DNA 2EEA(YBHOZ Thermophilus aquaticus BH= 1
242 D|MEUM 222 ETE A, Tag polymerase)= DNA & BF29] A|2tS £I510] 22 |72} 0|7t DNAO| 22t 4E2{o
2 AHF5tE primer £7t| (forward 2 reverse)7t WR3ICH T2t SE5t102t 5t |2 f | ZEE ApHO|| st 2{0{0F 5HO,
O|= 49| primer?t Zelote 29l= 7122 FAAH #0171 gle B7IME0| & E2E Y (highly conserved)0|0{0f 5tCt= A|5HY
O QUCt 1282 AZHIo|HA ZHAA(OIAN S| AM|ZRE siE HAX Q| FH2 AES diMe FUTEL| &E U ZAM0|

gH|0fOf 5t0H, PCR 22| 0215t RUYE 2|24l E40| 52 UHLEE 711 PCRAUT 7|52 SHAHS 2 ZF 28617|< STt (36,
37). PCR Rictato| =2 M7|F5S S5t SEE FUAL F7|2t A8 HE S0 H|woh=0| o|uf HAsH UM Ak AMES}
o 35 REE NLH2=Z Qlst= HHT=S ot ML LMol ZHEE £2|3t ste 271718 SoiM ZH AR FYREAE 7ts3iT)
T2 B2 25 RAISE 27(9] HE 2 RURHRE SR E= FAMT SN ReliE MLl HIS0|H SEO0|Lf, ZEst
FUA SEI|5S 712 PCRUZOIML 22 QIS (4 ZIt LIEHE & USS &4 BF0| F0{0F ST 2™ PCR 20X
o[q| %%5_' %@Zfoﬂ o|st 2SS &2|57| 2|50 dTTP CHAl dUTPL} uracil N-glycosylase (UNG)E 0|23t pre-hydrolysis 22

OH
Ofm
I

23} QUC}. Primer Aef 240

CiH S of2q Hio|qA S

rimer2t2 StC} (40). AA| primer

b 22|52t inosine 2 &&%t
[¢]

QAR

=Rt o2 FUSH OF0| &£5h= 02] &, = £9| HIO|HASO| 712 |= A2 E42

SY ADo|| Sote FUAL| HO|7F 71 M2 29|, S Ity & E2E fux g8 %
FYUAE SR PCR 7|EHE A8 2M SEY = Tt 0|t} #E&|= primerE £E9|
g2 2/40] 100%7t =2| i1 UL HY|of §O|
degenerated primerE 110t5t11 0 o2 QAFst O& L9 0f2{7t2] HO|H 2
golgh 4= ot O™|0F 2(ZH22 HIO|HAE S5 flsiMe SJM4E F7IME 2440 E
SARS-CoV-2 & Z7|0ll= 7|22 AFdZZLY Hlo|2{24, = HCoV (human coronavirus)-229E, OC43, NL63,
9} SARS-CoV RS 2F SEE 4 Q= pan-coronavirus PCRYSZ 27| TS AA|5HF 20, o|hof|
O=2 UMM F7IME ZME HAISHH AA| O HIO|HA FHZIRIZIE 2Qlsh= HFE AR (41).
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HIIZ 21301 PCR U H7IME 240 2251 SISAIZ CHES U510l MAIIOR RUAS SE511 0|8 FYHOR AZH 4
Qe MAIZH KA HY SEY(quantitative real-time PCR; aRT-PCR)O| UEI0f Cherst Helalo| Eafacho] ALBSI2 QUct (42,
e 27101 234 02, Mo § CIge Yol SEUE sionaling 10 i7HE|°*°Lf a—zoue

s
Q0| £~25H0f BIO|2{A R} HO| = M2 BO[2{A HE0

probe 2! primer =l =1

Ho| Yo R HES £ Qe HIO[2{A FAAL 2T d2| AL UCH (44-46). gRT-PCR 7|22 SEZ2E SHE of“ FHALo]|
HE ARl primere|0f] SE FHAHCHEE 100-150742| H7()LHol| ECHE A2 HI|MEE 712l probe7t 2 rElEr 0| probe?| 3’
2 5 QChof= 2tz grag2inL 1 S210| WRAENE oA|sHs 22! (quencher)0] HAEICH UAF AA|Ljo] 2E5t102} 5t HHO|Y
A QAL AS AL primer E2MA| HHEAE 712 probe= SUSHH| B2t tiat QAR EEHE A oIoH MZ2 DNAT &t
B4 of e [ OtCt DNA S&& 47t 712 exonuclease 7|0l 2|50 probe?t ZaH&E 224 quencherdl| 2|5 HA|=|0] AT F&
23210| $ZEICt gRT-PCR ZH|= DNA 4 F7|0}C} probeO M Y E|l= HEO| SIIES 2510] Y5t —’F—il ”—z' JEHEE Ltet

£0 Ml
ful

=2 =2 o
L =0 Olof| et chef RS 2AMREE 22 S35 = DNAS| &2 SA0f &l 4
9|2 7| 20jlA SARS-CoV-22| ZITHS 9|5k AR5t Q= qRT-PCR 7|&2 0|2 H
20f| wHat of7t 210l UR|CH MBS 2 qRT-PCR RITH A|A|Q| 21Z== T2 10-
VS

10
Mg e =2 ULEI =L (42, 43). SARS-CoV-29| 32 HIO[2A R 0| RNAOI‘:'E qRT PCR 7|22 AE5t7| fI8t
A2 BI0[2{A RNAZ FEf (DNAS Edste HUAIE0l 712 TR5t0, 0l= gRT-PCR Bt 27(0| JHAL 248 ZIt2
AtE3H0] ZIdE Ct

|37 A= gRT-PCR 7|£9| 7|24 AtgtE ATHE Q=0 HA| SARS-CoV-2 2 22 A1E 4FY 7l 270 L4t M2kl 4
2E7|gol =0 B3ttt TatA gRT-PCR 7I% ZHEA| BEO[2{A
= CHAH
=

= =
(containment)& 57| M= SH2 SES 2|astel= RIH
U M2t g FE20tE A2 2 5H= 20| ofL|2t 2-371 20{ Ao RUA}
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Table 1. Currently licensed molecular diagnostic kits for the COVID-19 in Korea (47)

Target Detection Interference  Cross-

Kit 1.D. genes limit (copies) materials® reactivity® Evaluated Instrument

PowerCheck™ 2019-nCoV RdRp 7.6/uL 3 28 ABI7500F/CFX96
E 5.7/uL

Allplex™ 2019-nCoV Assay RdRp 100/rxn 3 48 CFX96
E 100/rxn
N 100/rxn

STANDARD M nCoV Real-Time Detection kit RdRp 0.5/uL 8 21 ABI7500/ABI7500F/CFX96
E 0.5/uL

DiaPlexQ™ 2019-nCoV Detection kit ORF1a 2/uL 8 38 ABI7500/ABI7500F/CFX96
N 2/uL

Real-Q 2019-nCoV Detection kit RdRp 6.51~6.87/uL 5 64 ABI7500F/CFX96
E 7.60~7.99/uL

BioCore 2019-nCoV Real Time PCR Kit RdRp 194/ul N.A. 26 ABI7500F/CFX96/SLAN-96P
N 194/uL

4Interference materials: Number of substances for performance evaluation those can inhibit the PCR reaction including
mucin, hemoglobin and red blood cell etc.
bCross-reactivity: Number of pathogens used to evaluate cross-reactivity such as respiratory bacteria and viruses.

& SARS-CoV-29| gRT-PCR 7|£0l|= 0|2{5t 7§E0| 2-E&|0f RNA SEEA RUAHRARP) Y U/E= 5t9 RUA A= E
M2t N RH2L S F712] 0]¢ RUA FAS SEot= LE 22T 7|£0| 0|8%|12 ACHTable 1) (47). 0|2 ZH0] gRT-PCR 7|&

E
FUA YEI SEECHE dA7F E25HR|2 SARS-CoV-2 oF 20| AEAH S8 SH Blo[2{ A0 SMYAUS LI /1SHS 2(aste
UAEE Note|0f HF HiO|24 A Z O 9f ZICHol| &L,

4> ro 40 ©

il

CDNAZ g5tz AHAF 2HE 2t gRT-PCR 7|2 S| WL E 2AE=erA 2Ty SoIM 20| 2gEet S0|=8 &8 +
U= 7o GYOICH. 2Lt BARTHE SH22Z St oRT-PCR 7|20 71 SHAlE = 285| Aottt 2=, DNA 285 &
&5t qRT-PCRE £5H7| QoAM= Bl 2] &5t HEHS| RNA E£= DNAZL B stCt Ol Y, QSIS & Ciyst 257| ZAH
= 22 2517| ZHZFE L0t =457 Bio[2 A RUAE 25 Wertof 2tEdt o] 2tgol= AT 22 89| ZAHE A2
o A2 2 242|510 HiO|2A RUAE 7183 AYHO2 2E2Y 4 UE 7I182] HL0| A0 270, 2HEH et 22 S8 3
% gRT-PCR 7|&0f| ABEl= SYELS2| 7|52 AASt= YHS U0 MY 7t59S FA| 22| TAOIM HAH5H7| flet 27+ 1
A0l 2R5ILE F, &4t Hl0[2A RHALE ©7] 2IT HA2| WA 2| TAHZF gRT-PCR 22+E 32 22&Ctl &+ QAL

YYE S55h= S qRT-PCR 7|20| HL5HH| A7t2| JHEE gRT-PCRO| AFE S|
o

Su
LB probed| EA5Hs HLBUO| THS L2i5101 0|22ORE (0} 6740 M2 CHE probe?t AFG THS3ITH AR2E A2
CI2 3T probe S SAI0| A8 39 FYSUSO| 1Al DR 1Y HBAOR OI4HQI UIRES S25|7 EIHssIT
(48, 49). W2 THYZHIO| Qi CHYSH Wl AMEZO| BA U ©2| 7|42 83 DY gRT-PCR (HD-aRT-PCR; highly
divergent GRT-PCR) 7|£0| HLEICIR, Rt BES 3t (1 EAITof 27| 7|07} 7Hs 3 2O H2tec

MgA, gRT-PCRE 2 EHY, QIZ= L E0|= 5 02472 FH0| UR0= 2ot F8 MAZH0| Tt =, gRT-PCR 1L
QIZ|St11 2t 5h= Ci4f HO2{ A0 RUF L0 o= 9|Z5t0{0F Sttt AO|CH O] 2AUE 2= AF Ho|2{A Aeto] S&E O
Lt 7|22 BIO|HAT} HO|E YRS F2 aRT-PCR 2E0| AAUSE HET 7540| 0] GISAIDMME F7|H 22 SARS-CoV-2
[UA SZ0|| AFRE|= primer 2 probe HO| M HEE A|35t1 Q/CHTable 2).
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Table 2. Mutation ratio of primers and/or probe sites in target genes for gRT-PCR kits (GISAID)

mutation rates (%) in

Assay kit Target Genes - — — , 5
entire priming sites 3' ends
Charite E 0.22 0.02
RdRP 0.28 0.04
UsS-CDC N1 2.40 0.14
N2 0.53 0.04
N3 1.76 0.15
China-CDC orflab 0.46 0.33
N 21.58 0.33
HKU N 0.8 0.24
orf1b 0.51 0.1

Approximately 19,700 available high-quality full-length genomes are considered.

“Forward, reverse primers and probes matching sites are included.

b3’ ends defined as last 5 nucleotides of the primers or probe sequences.

Sources of primer sequences are as follows;
https://www.who.int/docs/default-source/coronaviruse/protocol-v2-1.pdf.
https://www.who.int/docs/default-source/coronaviruse/peiris-protocol-16-1-20.pdf
http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html
https://www.who.int/docs/default-source/coronaviruse/uscdcrt-pcr-panel-primer-probes. pdf

MZ0| S&$ Hio|{AL| RHUAL YEIL 22| fALE A2|0f ofo] gle FR0l= RHEE HIo|2Y 2AEEst
—v—ﬁ(WGS whole genome sequencing)0| At2%|7|= StC} (50). 7|&2 2 0|2|0f| gRT-PCREO| 712 &£
S QoA T BE2HH|7t E2siChe AO0IC} T2t gRT-PCRE2 B4 S 2I5t S &H[oH &
tZ10] ULt 2[20fl gRT-PCRYL| HE A S 2|8t 2HHE POC (point of care) ZH|S0| Y= 1 U
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