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amumanissnazaslsafadamadumalannhislalsn 2019 afwsniidiosgdu samanle
Usenedu wazwugithednvaeiiawaslssmadu sudeialsena wu Ussmalne dilu awdgonEn uaz
mwald ity Tesgtheiinulusslsamedaiionudonlasiudiosdau Ussnedu mnnenuihauas
fidediafiiatu uaswuluvaneiiui esaesufinenumsiedasswinaugaumelulszma asdmsaingelan
Ussmaliaoumaniuniszinazeaidahialalsn 2019 duameanidudumssugassuialssna (Public
health Emergency of international Concern) tia3uii 30 ¥ns10% 2563 was tiasufi 11 NHUMWUS 2563
asdmsandialanlduszmeaudadalsnfadfauadaide hiamewuslviataiunems de Tsadaidalia
Talsun 2019 (Coronavirus disease; COVID-19) *’z’;qtﬁﬂmm%ah%'a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)"

massnevaslsadadaliialalsn 2019 Sunlindhgnmsingadummsaglunasgine
waslan inidensluiunazdnvmetssna nuslssnalng Tasnsuinenaaasmaunnd nssnsenmsoige
I@nanswanugnssunsslusmasdalhisnndaiugihe 2 neusniwululsamalng waswuhilundena
adeadeiuilunuastheemiudasgdy wildihe 2 9a Lifenudmdasiusazhivaluiiomaams
neiavvinu meiifluunasdudurende Sufululdhide SARS-Cov-2 lduwsnsznsagluwaiuii
UseinaiunaudUmviusnzaudaunnsay 2563 nisnaunin®

#alh$d SARS-CoV-2 Jeagluidtawdlalsunhsa (Betacoronavirus) fiaua 60-140 wluums
ﬁuﬁaﬂ%y’ulﬂﬂu fisugnssuduriioarsidue (RNA) SELHED LUUEBUIN (positive single-stranded
RNA) 2nedluy 27-32 dlawud (kb) Usznaumediu ORF (open reading frame; ORF1a, ORF1ab),
RdRp (RNA-dependent RNA polymerase gene), S (spike protein gene), E (envelope protein gene),
M (membrane protein gene), N (nucleocapsid protein gene)®™ * Roujian Lu uazane l@Ans5e11a
FAnmssdulaanauasuunidehialalsndudTufing wuiida SARS-CoV-2 fianuadendsiuide
115 bat-derived severe acute respiratory syndrome (SARS)-like coronaviruses, bat-SL-CoVZC45
uaz bat-SL-CoVZXC21 Fufiudiashalutiias Zhoushan Uszinadu 1ifail 2018 Soeas 88 (identity) uail
seduAMuFIWLSIa T AN M YhenEe SARS-CoV (79% identity) ez MERS-CoV (50% identity)
uannnililadinneitayadu homology modelling Wuiida SARS-CoV-2 fiamuantauadlassadn
receptor-binding domain findeadiuEa SARS-CoV deusaznuhiimsiwasuulaswassduasiiluly
RGN © msAnmamuanuaavaemMaRugnssILasiiannmszaia SARS-CoV-2 Tag Phan
T Iddnndayawugnssuunuidia SARS-CoV-2 $uu s6 evus wuhlumswugnssansiluneaie
hianaremenugiiamsnaenugzasaauiizadlalndnii 93 s Tesdrlnaaguudunisadu
non-structural waz structural protein &1 ORF1ab polyprotein wazé@iu spike protein emuaiau”
nmaemaildsulawasiduineilalndsesdeiifianuwanvas GISAID Fulugiutayamnalad
msmuuagUuuuaeanugeaniu 6 sUwuu (clade) Iﬂﬂmﬁ'ﬂﬁ’ugmwm marker mutation ¢4l 1) clade “S”
2) clade “L” %q Lﬂugmmuﬁwﬂuﬁmum mm‘fuﬁm'sﬁhuun clade “L” flu 3) clade “V” 18z 4) clade “G”
Tuszazdaaniinssuun cade “G” iy 5) clade “GH” uaz 6) clade “GR” Lilalaninsadfinau
mawdsuulaesmeusidalifa SARS-Cov-2 Fuiliifaszunamlanldagauiuszuuuazaninso
1 dudayadwdamnuszuuaina®
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@8 SARS-CoV-2 Tulszmealne wlaanwal danluyad lamas uasan

MIANANNUANINUIENNNUGNIINLBZTNNINEEBED TFlalswn 2019 Aiwululssinalng
ranINIfamIIianMsuazmsnaenusuende Wulsslenidenumumsunngduasansrsagy My

MsNAUITaINTnalsa wazwauMadulunstaenuuazsnwlsa COVID-19 luawaaleasdeil

2
=< v &

Ussnamwannasau freatvayumsmuanuaziesnulse

mausnfalida

L3aNaeeesAanas laun Nasopharyngeal swab waz/v5a Throat swab wawj’ﬂwﬁtﬁuma
NnUsznadu nguanuiuiisuazngu@anuanednn 16 fat gy Viral Transport Media (VIM)
Tosehdaealiddunu 15 il gadageadldluvaanzne 1.5 faddns (wa.) ihliiufigaumni
4 + 2 paaded (o) MEANNSITAU 6,000 TBUMRINN (rpm) WU 45 W) Audnlaldaslunasndi
w3snul3lushuds

LA3ENEASLIINELAEY (Vero cell, Elabscience, USA) Lﬁym'l'j"ﬁqmwgﬁ 3741 R 5% Co,
ﬁ'ﬁmmau‘gsai angUszanal 1-2 T4 e growth medium (Dulbecco’'s Modified Eagle Medium; DMEM,
Gibco, USA) ﬁﬁ 10% fetal bovine serum (FBS) °lumm§mma§ﬁq (@ Phosphate buffer saline (PBS)
Feusreann Mg+ (PBS (-)) Aildunanua NaCl, KCl, Na HPO uaz KH PO, U195 5 Na. a9luNe
iedamaslivh nndugamsasas PBS (<) i uazgadatuasdanasiiadonlilsanm 0.5 wa.
Tdaslumaidsagad Unilgomai 52 il 5% CO, W 1 #lus Toamn 15 it hbmnedeasad
aananng Besna llaniilalidatsdudatumedmneamulsana 6 il wdnhuhluialuganess
daasunaty 1 1lu v maintenance medium (Dulbecco’'s Modified Eagle Medium; DMEM,
Gibco, USA) #il 29 FBS U5105 5 wa. LLazﬂudaﬁqmwQﬁ 35+ 2°% N1 5% CO, W 5-7 U 051§D
mstﬂﬁlﬂuuﬂmgﬂéwmmmaa" cytopathic effect (CPE) nniu meldnaas Inverted Microscope Wiawu
CPE > 3+ saauadnaviug (vaneds iiemsnlfsunlasglhanusad 75%) IWgamasnianiuihnideunad
lavaoa 15 wa. udnhlutuiigamgd 4’5 enu$isau 2,000 rpm w5 i gaculafuldvaanduiy
Wiude (Cryotube) uazihlUasiaduduzhanasededa real-time RT-PCR ﬁauﬁnﬁuﬁqmwnﬁ <-70"%

13te3an DNA library

afa RNA ndalalsinlaa 2019 (SARS-CoV-2) ﬁtwmgmlﬁi"@i”'mqﬂaﬁ'm Nucleospin®
RNA Virus-kit (MACHEREY-NAGEL GmbH & Co. KG, Germany) ua3nanaduauzaiaIsdue
ei"mqmﬁwm QUANT-iT RNA BR Assay Kit (Thermo Fisher Scientific, USA) wenitsalaly
fnamnanuduiy RNA fwnsauilaldlumsiadsn DNA Library éasgainen NEBNext Ultra
RNA Library Prep Kit for Illumina (New England Biolabs, USA) ANNENTUGEHT U dsRNA
dusunmste3en DNA library iy 10-100 ng tiawe3eula DNA library WaI1057980UMaKNEN
Taamsvh 29 Agarose gel electrophoresis s1usuntsaudn DNA wisuiisuiy DNA marker
oz First Bead/Second Bead: 0.45/0.20 positive control NAVDTUEIY DNA #wsnzaalumsi
Library Uszanas 300 bp I0aNudadunas DNA Library é’mqﬂﬂfwm QUANT-iT DNA BR Assay kit
(Thermo Fisher Scientific, USA) ihemisalalumunamanududu DNA funzauiieldlumsaioy
shathaiiedenzimaeuualuiuaaudsly
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Maesaamatuiiadenzimasuuasisnaiia Next-Generation Sequencing

USuamudiduaasdingha DNA Library fedonlaluudaznanacieh Nuclease-free water
Tldenududuil 2 nM udnhdesunavasamnuaniuldanuduiu 2 nM mix solution fin 0.2 N
NaOH 10 lulasans (u1) TUEs 2 nM mix solution 10 pl wawasliddunastnfigumaiives 5 i
Tdanuidadugaheil 1 nM 1in HT1 Hybridization Buffer (Illumina, USA) figamnil 2-8"% 980 pl
Lﬁﬂﬁlﬁmwmﬁuﬁuqﬂﬁmﬁ 20 pM gasnsazmeANNENGY 20 pM 300 ul lWdivasa 1.5 wa. fiszoa
wosdin HT1 Hybridization Buffer figamgfi 2-8'% 700 ul Tildanudutugarei 6 pM gamsazms
ANuENTY 6 pM Usunas 600 pl ldaslu cartridges (MiSeq ve reagent kit, 300-cycle (Illumina, USA)
a"m%’uLﬂu(?h'ﬂshﬁLﬂswgﬁmﬁwﬁuﬁuqﬂiiuﬁwmﬂﬁﬂ Next Generation Sequencing (Illumina MiSeq
platform) aal

MeNzvdayamaiugnIsmstiasauna

Foyaildaniains Miseq sequencer aglugunasludinuana R1_oo1.fastq waz R2_0o1.fastq
i lAwnzinamelusunsy CLC genomics workbench 12 (CLC bio, Aarhus, Denmark) uaz3itasew
uunngu Tnmhdayamduinadlalndisilunuasdalis SARS-CoV-2 fusnldnngthemyh DNA
sequence alignments Lﬁaﬂ‘%ﬁ\i DNA substitution matrix log/l#lUsunsu Geneious Prime version 2020.2
(Biomatters, New Zealand) mﬂﬁ?uﬁw DNA substitution matrix ¥IATIERANNTUNUSITITIRUING
szauluanamelaaanaifia (algorithm) 2893531AMN YUY Maximum Likelihood (ML) Tagl#lusunsy
RaxML meleszuu CIPRES portal® lumsenmnmenmihasiiuzasdayameldlumamadiianmsuuy
GTRGAMMA uazmsnagauaniasuaas Clade lagiadanzimeadauuu Bootstrapping analysis
AUIU 1,000 o

We

maiensianuduiusizianmasdulianauasda hisiuenldnndathegthefidums
NNUsznadu nguamutuisuasnguanang 1ae3sinnzriuuy Maximum Likelihood melaluaan
5aNMsUUY Generalised time-reversible (GTR) wuhidahiasauusladlu 2 clades laun clade S
WU 10 MBEN Usenauemig nguaanuiuiauaznguanuang was clade L wu 6 6128 Usznaumiengy
fthefidumennlszmadu (il 1) semsdnmnansonuundelialdifiu 2 cades Fouaasliifuds
anuduiuszasiali¥y SARS-CoV-2 melunguathedamu inlimnuhidahiaiinsznsaglulsanealng
Tungugtheamutiufsussmnunefenuduiusiu wesienulndidestuidaliia SARS-CoV-2 luguuuy
sister lineage Missnaluimwalduazdasns lasfimeiuginnnlsanasiuuandnglnlndidesosain
Tuguuuy basal lineage dauaaslumwdl 1 uananilfanuhifalids SARS-CoV-2 Auanldanngthe
nguamuiiufasnguanuineionuuandenniluszaads SARS-CoV-2 fusnldnngithefidums
nandsanaiuluhausnzaimsszinaelu cade L fafugudnanmsssinavaaidalulssneiu
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BGI0)

BiL}

B peion
BIG) N n
LI ¥

NN 1 aNNFNNUSNNITA I MSuaealunpaeliss SARS-CoV-2 1agA5 Maximum likelihood

TogTen bootstrap 91 1,000 replications

<~ 4 = 4%’ 3 J = Y e N
mmmuauwmwa;&aa‘[ummmam 3 Ny ‘W'USJﬂ'J"I&IsLﬂﬁLﬂilﬁﬂulﬂﬂ‘[ﬂilLﬂW'\gﬁnﬂﬂQNﬁﬂﬁu

L4 a U = Y o L 1 1 L4 a
VUM (S) wazngudunang (S) denulnaidaesny 100% LAZITMINNNFINUUVUIN FUINNE (S) uas

‘J a = 1 e g a 1 g J a
&j’mmumqmmnﬁu (L) 4@y 99.99% uaﬂﬂ']ﬂﬁﬂ']ﬂﬂ'ﬁ')tﬂi']%ﬁﬂ')'n\lLL@IﬂGl'N‘YI'NWHQﬂiiNWU'J']Lﬂﬂ

' o ' o oA
gﬂu‘uummumﬂmq 9 Munis Usenaumeamuniahn 841(A/G), 2888(C/T), 4336(G/T), 8728(C/T),

9544(C/T), 20080(T/A), 23993(A/G), 27823(G/T) waz 28090(C/T) G'fmamﬁlumwﬁ 2

1
]

MAAOOAAAA A A A" 4 o e ¥

20 L
d '

Cansensis
Variants

hCay- 1% Thalland!/Monthabuer_242201 2020 _[5)
hCoW- 19 Thailand!/Nomthaburi_2472/2020_(5} 2
hCOV—'IB"Thal|aﬂdJ'E|al'lgk0k_24H-‘Jn'202{J_¢5}
hCov-1%Thailand/Bangkok 2489/ 2020 {5} 2
hCoW-1%Thalland/Nakhannayck_Z82%2020
hCav-1%Thailand/Bangkok_242012020_i5)
hCa¥-1%Thailand/Phatumthani_2980/3320_{5}
hCol- 1% Thalland/Bangkok_2488/ 2020 _(5}
hCoV- 1%/ Thailand/Bangkok 2504/ 020 (5]
hCoV-1%Thailand/Bangkok_245212020_{5}
hCoV- 1% Thailand/Bangkok_16&2020 {1}
hCoV- 1% Thailand/Bangkok _323/2020_{L}
hCov-1%Thalland/Phuker_2472020_{1}

hCoW 1% Thailand/G1 2620 (L}

hCav- 19 Thailand/TA2020_{L}
heoV-1%Thailand!Nonthabur|_682020_|Lp

DI oot vl ool ool o] o] o] o ] o —
AGAOO A A A o o = —
PRI AT A A A —

QOADQOOFEEBEFE PR B P m—

PERPPPPOODO0OQOMOE G m—
IR AR R R L R o e e B e e Bl

L] 15 15,00 (Rl v iy 12,300 22000 2T
v v f v v ¥ v g

da

1L
TC

dadddsd

a7
GT
GT
oT
GT
aT

12215

MW 2 @ Consensus Variant Mngihangnaautiudiv anuang (S) wasgndumaananiu (L)

NANWUANENAUYBINAUNUFNTIN 9 vt Usenaumaaumian 841(A/G), 2888(C/T),
4336(G/T), 8728(C/T), 9544(C/T), 20080(T/A), 23993(A/G), 27823(G/T) waz 28090(C/T)
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SARS-CoV-2 in Thailand

Pilailuk Akkapaiboon Okada et al.

M 1 Nedemenughiid SARS-CoV-2 uasdayadu q veaudazanawug

Genome Lineage

Virus Name unaafisn  Accession ID Sample type Size (GISAID
(nt) clade)
hCoV-19/Thailand/NTH-2492/2020 donutuiin EPI_ISL_430841 Oropharyngeal 29,911 A.6 (S)
swab
hCoV-19/Thailand/NIH-2980/2020 donutuiin  EPI_ISL_434707 Oropharyngeal 29,874 A.6 (S)
swab
hCoV-19/Thailand/Nonthaburi_2472/2020 &uialnadn EPI_ISL_455605 Oropharyngeal 29,891 A.6 (S)
Hihedudy swab
COVID
fFnuNg
hCoV-19/Thailand/NIH-2489/2020 Funalnade EPI_ISL_434703 Oropharyngeal 29,891 A.6 (S)
Wit swab
COVID
fFnuNg
hCoV-19/Thailand/Nakhonnayok_2829/2020 1NN EPI_ISIL_455587 Oropharyngeal 29,891 A.6 (S)
swab
hCoV-19/Thailand/Bangkok_2420/2020 FUINNY EPI_ISL_455604 Oropharyngeal 29,891 A.6 (S)
swab
hCoV-19/Thailand/Nonthaburi_2472/2020  dUW1NN8 EPI_ISIL_455605 Oropharyngeal 29,891 A.6 (S)
swab
hCoV-19/Thailand/Bangkok_2488/2020 dUINNEY EPI_ISL_455606 Oropharyngeal 29,891 A.6 (S)
swab
hCoV-19/Thailand/Bangkok_2489/2020 Funag EPI_ISL_455607 Oropharyngeal 29,891 A.6 (S)
swab
hCoV-19/Thailand/Bangkok_2504/2020 JunagY EPI_ISL_455608 Oropharyngeal 29,891 A.6 (S)
swab
hCoV-19/Thailand/61/2020 LAUNN EPI_ISL_403962 Oropharyngeal 29,848 B (L)
MNNNIU swab
hCoV-19/Thailand/74/2020 LEUMN EPI_ISIL_403963 Oropharyngeal 29,859 B (L)
NI swab
hCoV-19/Thailand/Bangkok_168/2020 OUNN EPI_ISL_450196 Oropharyngeal 29,891 B (L)
NI swab
hCoV-19/Thailand/Nonthaburi_68/2020 EPI_ISL_447910 Oropharyngeal 29,891 B (L)
swab
hCoV-19/Thailand/Phuket_247/2020 EPI_ISL_447914 Oropharyngeal 29,891 B (L)
swab
hCoV-19/Thailand/Bangkok_323/2020 EPI_ISL_447916 Oropharyngeal 29,891 B (L)
swab
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a o
AU

{#la9tfunaiin Whole Genome Sequencing (WGS) #uilumsnaaswaiugnssunsilun
sosdsiiiadhuing fenwddaivaanalumsisdriiouesdagidlua iy dali¥s SARS-CoV-2
anniilsslenilumsdamumsnmeiuguania lagdnzimaasuulasnduihailalnduasnsainaise
WriedEue (DNA) uazasue (RNA) vi’ﬂﬁ'mmﬁ'mgaﬁLﬂuﬂﬂﬂuéﬁqﬁmﬂﬁﬁlumiﬁwuﬁ%maﬁﬁ%ﬁﬂ
Tsa endnwlse waziaduilasnulsalaoeiivssansan s

L%El SARS-CoV-2 Eluf]aaqﬁuuﬂmamﬂu 6 ;;ﬂu:uu (clade) loun clade S, L, V, G, GH waz GR
SuBanupILdayacng GISAID Tagedednivdmawugnssw 9 oiia (genetic markers)® lumsnnil
I@dnnanuduiusiaaiiannmsszduluanaseuse hisiusnldnnmagegihefidumsnniszmedu
nanamutuisuaznguanumng wuhidahisfinssnedlulssmalnawinily 2 clades 1dud clade S
Usznaudae nuamutiuisuaznguainumng ua clade L Usznoudengugihefidumanniszine
3u Teadehiafinssnsaglulsamalnglungugihssmutuiauazanunsianuduiusiu uasianu
Tndidesiuidalh¥s SARS-CoV-2 flssinalumudlduazdasns wasmeiugiannnlsamaaluuasiingln
Uy wddemauandnnndameiuginulugihefidumannnssmaiulugusnsaimsssune
Fedmaglu clade L Tunnuzilurszineadond wugihe 2 neusn luhadausnsiay 2563 duiluinvaaiien
Tosah¥ainwuinagly clade V Tussazdain (daunumius) wuhidabhiafunsnssnauasiliiia
msdaia fa clade G Mauwissnalusumuglslimaiidennmahdidesasinvaiiesiiu
'ﬁamL%?aLwilu'u,ammmswaﬂsﬂwdﬁsaagﬂuamasﬁmnmwmﬁa (partially undetected)"® Figannans

g

fumenuzas Mercatelli D uazaniz Fawuh cade G fhugtuuumeriugiidienumngsluglsd Tosmsnanewusg
mlwiemsuasunlasaunsaazilusumiah 614 (D614G) 3N Aspartic Acid (D) tiu Glycine (G) Tow
m‘sﬂmﬂﬁuﬁ'ﬁﬁmﬁluﬁumﬂmmﬁu spike protein"® m'il,ﬁﬂmsﬂamﬁ’uﬁ:ﬁdumﬁmmﬁu spike protein i
madwaiﬁ% alhsalsd spike protein Tumsimedanumsuuuniaasuasladd (host angiotensin-converting
enzyme 2; ACE2) lgddu fwavhlii@aiianuamansalumseadaiiaiut® Nndayadeduaziiulan
MSUNI521NA2BIED SARS-CoV-2 ?iyuﬁ'uqﬁmam{“” wazmsindauuuliuaaiems (asymptomatic

SARS-CoV-2 infection)® \lutlhdgdaaivliiamsunsszunavaslsalulunaeiunmian

GRNL

9

msoeasvaRugnsTNauszaaEa 3 SARS-CoV-2 fuanldanngihesndumsienzidays
meissaund JanudnynamsanenNiaunmszasliss (Genetic evolution) M lvnsudumiiiauay
fnasdoisznalundazmamsaiwazanudaulesmadusanainenluiona dayennmsdnmndanands
Hudsslenidamenamnasmamuay tasfulsadoidalifa SARS-CoV-2 miwfamawannuazmaidonld
meRugimnzandmiumandaiaduiuldlulssmalne

Aeenssndszne

wavauqauaaInsthehSaszuumadumelannriu fun sty asladjidmihn (Jumas
daguasiheny zezsuamnvihigauaulse nsuauanlsn 2azaugunINInemansmsuwng nlw
MIETUEYUMIANEIAY wazrpauAMainNUMTIBUieNG Tumsatiuaynulszana
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SARS-CoV-2 : PUB and Boxing Stadium
in Bangkok, Thailand

Pilailuk Akkapaiboon Okada' Siripaporn Phuygun' Sitthiporn Parnmen’
Thanutsapa Thanadachakul' Sirichol Kala® Wandee Meechalard' Hathaikan Thanchai'
Pakorn Piromtong’ Warawan Wongboot' Ratana Tacharoenmuang'

Sunthareeya Waicharoen' Malinee Chittaganpitch® Ballang Uppapong’

and Opart Karnkawinpong’

'National Institute of Health, *Medical Sciences Technical Office, *Department of Medical Sciences

Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in Thailand was firstly confirmed on January 8, 2020 from the patient travelling from China, and the
widespread infection of COVID-19, originally from a boxing stadium and pubs in Bangkok, has rapidly
occurred in March. This study was to investigate the entire genome of SARS-CoV-2 from the two groups
of patients with Thai nationality. Phylogenetic analysis was performed based on whole genome
sequences of isolated SARS-CoV-2 derived from clinical samples of patients. Viral genotyping for both
groups revealed that the virus infection was caused by clade S with a sister lineage to the strains from
South Korea and Hong Kong and a basal lineage to the strains from Spain and Mexico. Our findings
showed differences from clade L that was isolated from the Chinese patient during the initial COVID-19
outbreak in Thailand. It suggested that the genetic evolution of SARS-CoV-2 in Thailand was different

from that in the epicenter of the outbreak in China.

Keywords: SARS-CoV-2, COVID-19, Phylogenetic analysis
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msﬁ’mmqmﬁwm DMSc COVID-19 real-time
RT-PCR

filadnual dnalwyad Tamag’ 2919308 1dyes’ aifam swemne’ &masal ey’ §a naz’
T finae’ gunien Jeada’ wdil Inemudnzd” waziased auwed

a0 uITIngImansasIsagy e1unIznsIneImansnsunng nsNINgImansNITUNNE ouuGIIUUT
WUNY3 11000

unAnga  msaneidasudenalsalaia-19 ﬁmmeﬁﬁ’tyém%’umsmmﬁ'mnimLLaxﬁuﬁunwiamLﬁyalu@j’ﬂaﬂ
Hanea Ltasnejmﬁ'm Lﬁaiﬁé'ﬁmﬁalé’%'ums%'nmaeiwmmzamazﬁuﬁwﬁ ﬁqlﬁ'ﬁmmqmﬁwm DMSc COVID-19
real-time RT-PCR dwiuanaiiaselsadndalain-19 lagasratuihning RdRp waz N sunumstssiiu
BMaesenasnugnssn RNA laedsldanusau wazlathendassansmad uazUszdiuhentindszansmw
Tuufii3en real-time RT-PCR shnu 5 %iia laun Tween 20 (0.5%) Glycerol (10, 15, 20%) Dimethyl
sulfoxide (10%) Bovine serum albumin (10 mg/mL) w82 Triton X-100 (0.1%) wunanyhlumsasiamiu
RdRp uaziiu N fienudutucnga #e 50 was 5 copies 1 reaction MuMAU MIATHNFIDEMTNUTNTTNAIE
35 heat wuay direct lysis #nNul13p8az 97.14 WAL 100 UALANUIUNILIDEDE 95.89 UAY 94.52 MUMOU LAL
wuheiinlseansmwaelsznaudie Tween 20 (0.5%) war Glycerol (15%) Hanuliuazanuanme
Tumsesasiuihwinasseaz 100 LLam:h‘quwm DMSc COVID-19 real-time RT-PCR fiwaunguil snansald
sadumstesenaagnlagasilaglitunszuiumsanamsiugnisule lvdrsaadunumsasiaifiads

v a wva = s o & o aa o a v
VI’N'VIEN“[J{]‘UGIﬂ']iLLamJﬂ'ﬂNTJ@]LS'JEN‘ZI‘L! HWNWSQHWIﬂUi$QﬂGﬂmUﬂ'ﬁﬂ’JUﬂNLLa%ﬂiﬁﬂﬁuﬂﬂﬂIﬁﬂIﬂ)ﬂ—19 lﬂ

man: 1salein-19, 18 SARS-CoV-2, 5aalnd 2159 Wdes
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UNU

Tsadadah3alalsin 2019 1Salsalain-19 (Coronavirus Disease 2019 %39 COVID-19) tilu
Tsadadaszuumadumelaiionnmsiodalds Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) ﬁavﬂiﬂsﬂqﬂ'ﬁiwai*?'iﬁﬂﬁl,ﬁmﬂﬁizmmM%hﬂ (pandemic) TIiaUszndlng NaBOU
aﬁaQ’&ﬂl,%yaﬂssaiﬁ'u‘[ﬂﬂmﬁmiamﬁﬂaﬂ o Tudl 14 figunen 2563 wuﬁﬂaﬂ@'ﬂmamﬁaamu 7,690,708 318
wosdeTin 427,630 e vasdilutssmalnewugihedadassaninny 3,135 M1 wesdedio 58 1

#ala3a SARS-CoV-2 fiena 60-140 wluwns Hudemuladiy dansiugnssniuandidue
(RNA) mmﬁ'm wuudaun (positive single-stranded RNA) 2inagluy 27-32 lawud (kb) Usznaume
81 Orf (open reading frame; Orfia, Orflab), RdRp (RNA-dependent RNA polymerase gene),
S (spike protein gene), E (envelope protein gene), M (membrane protein gene), N (nucleocapsid
protein gene)® 5’magi1u§ﬁfaLUGTwTﬂTsuwla%’a (Betacoronavirus) %ﬂtﬂuﬁﬁmﬁmﬁ’mﬁa Severe acute
respiratory syndrome coronavirus (SARS-CoV) LLagL%yaﬁaI‘iﬂﬂ'lﬁLauﬂ’l glanziuaannans (Middle East
Respiratory Syndrome %3 MERS-CoV) finalsaszuumatdumela sansounsnsznasiuazaninas
apsmsRavasszuumaiumgla vananidaiinenumsnwuidaluganssuaswuuiiounniiagtherly
fTomaunsdalugayanaduld®

mawannisenaidatedenalsagialniiialdlumsanadansasuasiiudumsaadalugie
s vianduides Semuddguaziniueieis neilieldgihaldsumsdnmniminsauuasiuaed
asamsandelan gudmuauuazilasiulsazasanigawdm dasljiamssndelulssnalnauasUszine
4 9 ladimswannmaiia real-time reverse transcription-PCR (real-time RT-PCR) %ﬁﬂﬂﬁuﬁmﬂu
'i'émmgwuﬁm%’umnmrﬁa SARS-CoV-2 mnﬁaashqﬁlqéqmmrgﬂm wu thama (throat swab) SIuAU
*i"hsl‘[wsqmﬂn (nasopharyngeal swab) tdN¥e (sputum) é’aashq'é}uf] ﬁtﬁumnsxuumuﬁumﬂim ED)
Nndategans® " P dmiulssmalng ailulssmadndudu g finsniuiugihedadadalsalaio-10
vanUsznaiu Tasmanaasvsmsiugnssunsilunuaadahianndatugihe 2 eusndemaiia Next
Generation Sequencing © mndayamauihailalnduaadaliaiwulugihededuhingmssanuuy
%0 lwsLue3 (primer) uazlwsu (probe) fiflanusumnzaaiia SARS-CoV-2 ansuangaaiiadalse
Gadalain-19 drewmaiia real-time RT-PCR Fuihidsiifanumad hidaia fenuhussanadimegs ©
Tooda@endusimzdadasiuiy 2 fu ldud #u N waziiu RdRp lumsasadfaseiildinmseanuuy
MIn51AmEY RdRp 57unudiy RNase P 2aau ‘?%ﬂ‘*z?'tﬂué’amuqumﬂslu (internal control)® luasn
Weniu Jsnansaasamziiasasdiuihwinavarssiialunsannu mldlszudanauazdunuluasaiians
daralsanndsdasnsuumadumelalasas lumsaseidassmsiugnssuraaifadalsannisdinsa
mamaunndesefivssansmmwiniiiudasiimsanadamummugumelugaiviureseuiude Tasduil
asdmsandelanlddmiuamamianalsalininlugnnasdiniavasau i fu RNase P fuilsansavsd
fanaumnaasdageiidinsa mafumaefimngauasnnanuiiu RNase P iudae nsdifiasialainy
fiu RNase P lushaghsanailiiiiuh 1) Bmsafamswugnssumndagaddinsialimanzaniligade
RNA w38 RNA gnvhane 2) mstiudmesealimanzan 3) msLassNhenamiuasIvIane luiwansa
waz 4) ihenvidaeiasiienldlumsenadiaselimnzanvisanaiianuiionmaiazuladudu

FEmsanaitadelaaiifussanimm uennndasiienunad hidade fenuhuazenudinsg
uwd esfinszrumsiuialdne azean wazdunue dialianmnsnihludszandlfldasdunsdiiia
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mssznezaslaalinenii mawisudedumsiugnssmandathminafuiuseuiuduraimsna
Afadtlsndsmaiamaduagdinm lasmsiwIeumswugnssuiinsauiinadannugnedoiwaimsnga
e FBmsafamsnugnssn RNA mndativdinnaviadesiunadaulasmligahadiiag
Faiitumouday As mavhanslusiuuaziBulel RNase Lilddonaars RNA hwng® aghalsion
msldgahendrdagunsluduaoumsaiamsiugnssuuasauaaumaiinizinamswugnssulasis
real-time RT-PCR #ldagluilagiuidadndalumaiuhandedssmanssinmdoudiegs datiu
Tums@nniizaiiagussamdilalssfiuiimaniaumaiugnisy RNA Tosdslanusou (heat) uas
manssnnsnugnIanlasasdehmdassmeagd (direct lysis) Wisuifisuiuismsanaceagaihen
&iu‘%agﬂ ufumsUszdiuhenfisssansanmw (enhancers) Tuufjf3en real-time RT-PCR LA
NaFezlszudadunulumiasaiensd aadannamumahEininennsmenmsunnganeadszne
aﬁ'uaqumsaa‘umuuasmwsaﬁﬁaﬁﬂ‘[sﬂaﬂL%ﬂ‘[ﬂ%(ﬂ—19 adwiursilunsdifitiomsssinazedlsn
T drelimsenatiuiugaodawssmathasfimsssnazaslsadadaluiuiidah g Sussansmm

NINEYY

MadgNANY

dedwilddnmiiludmasssuumadumeladiuuuesihe §duida wianguidssiidensa
Afiadeida SARS-CoV-2 o Wanfliamsamiuideinenenansmssaga naainmeaasmaunnd sswie
WAUNNTIAN DINQEMAN 2563 MUY 108 e laeiudataihens (throat swab) SimAUMIBE
‘%'ht’l‘[W’Nf\]Qﬂ (nasopharyngeal swab) 1@1‘1ua1ma1hdqém%uL%‘vah%a (Viral transport media; VITM)
%38 Universal transport media (UTM) U31a5 3 iadans sl luvaaaifenu wazihaslugned
gl 2-8 psmnuaided mely 72 #lus ilanadeAF real-time RT-PCR

daseitlFlumsusaiivuasldiiiu 35t udedviihumsaiamsnugnssy RNA Tas
Elﬁqﬂ*tfﬂmﬁu‘%agﬂ Nucleospin RNA virus (MACHEREY-NAGEL GmbH & Co. KG, Germany) waz
iinUSNassWugN 331835 real-time RT-PCR Tagld%aihen SuperSeript™ IIT Platinum™
One-Step qRT-PCR Kit (Invitrogen, USA) G'Z';QL“ﬂuﬁ%ﬂaﬁ;ﬁuﬁﬂmh%’aixuumqLaumsﬂ,ﬁ) gonuuiag

v @

Wenendasassagy TFlumsasaiiadede SARS-CoV-2 Mnmadnaiasiagtheniasauna

m‘sm"ﬁammsﬁ'uqnswmﬁﬁma (genomic RNA)

1) 33ilgtiu: afaaswugnssn RNA saadahisnndmedidauigniviadateddiasa
szuummﬁuma’l%ﬁaﬁmwﬁwL‘%ﬁ]gﬂ Nucleospin RNA virus (MACHEREY-NAGEL GmbH & Co. KG,
Germany) laguteaadnly VIM w3 UTM Y3105 200 pl uazafiaansnugnIsneunssuiumses
qaﬁwmuaﬂ% RNA U‘%qw‘é (purified RNA) U515 5 pl (flu RNA dunuudwsuufiisen real-time RT-PCR

2) 35lnd: MaeFenansnugnssn RNA 1106188 throat swab 538U nasopharyngeal swab
Navaeadiety Jeail 1) 38leudeu (heat) Wdsndmathalasutsdagaly VIM i UTM U515
200 pl Mnshluhlddalhiavmuegna (inactivated) Tasiwaanaldly heating block ﬁqm‘mgﬁ 65
avenaded Wune 10 Wil newhaseraamadnUsangs 5 ul Wldiu RNA duwuudwsudjisen
real-time RT-PCR uaz 2) 35 Direct lysis t@3sumagnlaguiaimagnely VIM wsa UTM Usinas
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200 pl MnUULGNEITaZAY lysis buffer (10 mM Tris-HC1 pH 7.4 uaz 150 mM NaCl) Usanas 200 pl
Tigamgiives iuna 5 wil Aeuhssazmedegauiings s ul W1y RNA duwuuawmsulfiingen
real-time RT-PCR

MINadauMINIILINE (Specificity test)

NAFDUANNINNIZUDN primers Uz probes ﬁaiuwwsiat%ya SARS-CoV-2 Tma’lﬁt%yamaﬁ'uﬁ:
Tndides Feralsaszuumadumela laud @a MERS-CoV L%al's%’alﬁwi’ﬂimjmaﬁué A (Influenza A
virus) L%yah%'alﬁwi’wimjmﬂﬁ’uﬁ: B (Influenza B virus) @alalsinhiafinelsaluau anenwugle § 43
(Human coronavirus OC43) LLa::mEIﬁ’uﬁ:La% t@ ¢ (Human coronavirus HKU) ﬁhmm%yaaz 3 ﬂ'ltlﬁ’uﬁ:
wazidla SARS-CoV-2 $unu 2 mewus Teafludeusenimewusivenldnngihelsndadalain-19
2 nausniinuludszmalng Mndsdeananuudmniagauaulse thabhisszuumaudumela ot
R InenanaasansIsgy

mM3te3eanien real-time RT-PCR

1) 35dagiu: La3sNneMageay (Master mix) USNAIN 20 ul ¢ia 1 Ufjisen (reaction)
0w 2 940 desegn lagldvesalulasindusanidonne 1.5 fiodans udnduhedey asld  dail
?;ﬂ‘ﬁ 1 dhuduiinsnaiiuhwing RARp uar Rnase P (duplex real-time RT-PCR) iy primer
WH-NIC IN-F waz WH-NIC IN-R @anu@u2i 0.8 uM primer RNase P-F uaz RNase P-R
ANNENTY 0.8 LM probe WH-NIC IN-P uas probe Rnase P anaitdagu 0.2 uM (i394 1) LLaz‘qﬂ‘ﬁ 2
dmsutinUsinaduihving N iin primer WH-NIC N-F uaz WH-NIC N-R anu@udy 1 uM uas
probe WH-NIC N-P anatdusu 0.4 uM (a5t 1) WS NIUL@Y PCR reaction mix #91senausie 2X
Reaction mix (Invitrogen, USA) 134165 10 ul SuperScript III RT/Platinum Taq Mix (Invitrogen,
USA) 31105 0.4 pl 1inans1ugnssn RNA Aanaceiaee  Usines 5 ul faaIaeN uazLéinih DNase/
RNase-free water émsudSudsmasgaveiiu 20 ul Tuudazsavrasmsmaaauiidnniuguuin (positive
control) #azAIMIUANAY (no template control) avusazduihviang mﬂﬁ?uﬁﬂﬂLﬁ'uﬂ%mmmsﬁ’uqnssu
Tosdalusunsugumgiinasedaaiinusinamswugnssuluamnwade (Bio-Rad, CFX96 real-time PCR
Detection System, USA) il 4uit 1 Tusunsu Reverse transcription liaamadl 50 asenizaides 30
Wit il 2 Tusunan Pre-incubation léaamadi 95 aseniaaidad 2 it (110 1 500) duil 3 Tsunsw
Amplification Usznauds 2 4umau #a Denaturation figauvind 95 asmaided 15 317 Annealing/
Extension figomgfl 55 asenuaided 45 310l NnniuhBuaaud 3 nanNe 45 58U (cycles)

2) 351wai: w3snihenmadautnassu 20 pl da 1 YA 10w 2 70 dadad Tagldvaaa
Tulasiniaaadenne 1.5 05505 ududnheneay agly dail gait 1 dmduiiaFinaduihing
RdRp waz Rnase P (duplex real-time RT-PCR) @« primer WH-NIC IN-F waz WH-NIC IN-R
ANULNTY 0.8 pM primer RNase P-F uaz RNase P-R anuwiudu 0.8 uM probe WH-NIC IN-P uaz
probe Rnase P anadugu 0.2 uM (5199 1) u,az?;m“?; 2 smsuriinySnaduthvang N @iy primer
WH-NIC N-F uaz WH-NIC N-R enadugu 1 uM waz probe WH-NIC N-P anungu 0.4 pM
(miwﬁ 1) WS anuLda PCR reaction mix #315:naues CAPITAL qPCR Probe Mix, 4x U331613 5 ul
RTase with RNase Inhibitor, 20x U305 1 pl @nansWugnssu RNA fiafameiacma g Usnes 5 ul
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dad0e uazifisni DNase/RNase-free water dwsutiuiimnasgarmediu 20 w Tuudazsauzas
manasauiidimuauuin wasmmuauavzaudasBuihvang nnduhlldsnumsiugnssy
TasaalusunsugamgiizaaniaaiinyFinumswugnssuludmmwas (Bio-Rad, CFX96 real-time PCR
Detection System, USA) auAuA RNy “Fotaquin”

15797 1 Primer taz Probe 71%lums@nwnil

guithysane  Primer/Probe Sequence (5’ -> 3’) Reference
RdRp  WH-NIC IN-F CTCACCTTATGGGTTGGGATTATC msAnnil
WH-NIC IN-R AGTGAGGCCATAATTCTAAGCATGT
WH-NIC IN-P FAM-TAAATGTGATAGAGCCATGCC-BHQ1
N WH-NIC N-F CGTTTGGTGGACCCTCAGAT msdnwil
WH-NIC N-R CCCCACTGCGTTCTCCATT
WH-NIC N-P FAM-CAACTGGCAGTAACCA- BHQ1 9
RNaseP RNaseP-F AGATTTGGACCTGCGAGCG
RNaseP-R GAGCGGCTGTCTCCACAAGT
RNaseP-P HEX-TTCTGACCTGAAGGCTCTGCGCG- BHQ1

Lﬂ%ﬂ‘uLﬁﬂ‘uﬂﬁﬁ%mmmﬁmﬁmuﬁmﬂmmsﬂmLﬁmfwmLﬁuﬂisﬁw%mw (enhancers) MUY 5 BHA
leun Tween 20 (0.5%), Glycerol (10, 15, 20%), Dimethyl sulfoxide (DMSO) (10%), Bovine serum
albumin (BSA) (10 mg/mL) a8z Triton X-100 (0.1%) aﬂuﬁmwﬂaau (Master mix) WazyIN3
Usziiudseansnweeelnsen real-time RT-PCR

MANHtaya

MInsRdauRainIanglLuvzan I Taasaehafinmanuiudhvinadasiinnnlusnuazade
sUeLed (S-curve) INNUMIWANIANAT Cycle threshold (Ct) loae Ct ﬁaqagﬂummsﬁﬁmmxaumuﬁ
Mvue 6ail fu RdRp waz N swue Ct fientipannusawnny 42 srenunatiunauin (detected) uazdiy
RNase P sawue Ct disniaaniivsawinnu 40 nanuuaiilunauin (detected) mnasialinuduannuas
as3eus viam Ct liflulumunamisnenura@unaay (not detected) uonanndi Ussiiivdszansnmm
up9IBIaFENTIDE M IWUNTIN RNA (1835 heat uaz direct lysis W3suiiisudumsldnendidagy
wastssfiuuszanamwaanien enhancer TulfA3en real-time RT-PCR wisuiiisuduisildlutlagiiu
ToeAeriananuly (sensitivity) wazanuawe (specificity) 28935naaau™”

We

ANHIINEUaEANNI2BIID real-time RT-PCR

msnagauANNTIINzAudameiulndidsddalsaszuumadumnela ldun e MERS-CoV
L%yalﬁalﬁwi'ﬂimjmﬂﬁui A (Influenza A virus) L%Elh%ﬂl‘lﬁ/ﬁ'ﬂiwﬂjmﬂﬁui B (Influenza B virus)
dalalsunhiafinelsaluau anewugle 4 43 (Human coronavirus OC43) uasanawugies o g (Human
coronavirus HKU) WU primer Wae probe fl#lumsanmniiianusimnzdaiuithwansuasla iaUfngen
ufuidameiuglodifes
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namsnadaunnuhzasduiihvang RdRp war N wul dwihwaneg RdRp uazdiu N dianullu
M305MNEa 115d SARS-CoV-2 ienuidudumega fa 50 copies 6id reaction Was 5 copies 68 reaction
J QI lﬂ'
MNNOU (NN 1)

B Standard curve (RdRp gene)
;l \\\.‘
35
E
i »
& = | y=-3460x4 43654
- R?=0,9987
5
[ ]
50 500 S0m 50,000 500,000 5,000,000
copies per reaction
D Standard curve (N gene)
Bt \
35
30
i | y=-2.8007x + 45321
% R? = 09925
10
5
(]

5 50 00 5000 50000 500000 5000000
copies per reaction

7MW 1 Amplification curve waz Standard curve uanaanylunmsasiaméu RdRp (A, B) wazéiu N
(C, D) Panwzaaia SARS-CoV-2 Mua19U tilans190e7d real-time RT-PCR W

Auluiludgnzhidin enhancer mixes (0.5% Tween 20 waz 15% Glycerol)

malsziiivlszanimweadidieiandadedsiuanssn RNA
HamMsUsziiulszansmweadisnieniagneasnugnssn RNA laglddageanuiu 108 dagn
gufhuchadiiliuaun 35 daeh woznaau 73 dethadsanainnzilagldgmhendiSagy Nucleospin
RNA virus ﬁm%’uaﬁ’mmsﬁ’uﬁqnssu LLam}"IEI’l SuperScript™ III Platinum™ One-Step qRT-PCR Kit
zim%’uLﬁuﬂ%mmmiﬁ’uqﬂssuﬁmi% real-time RT PCR (35U3U1) wWuiI5 heat uaz direct lysis
Tiwauindanaaasnusaass 97.14 way 100 MU UalHHAAUFDAAABINUSDHNE 95.89 WAY 94.52
MNEIAU HansacieEiu RARp (5194 2) disfiansandy Ct mamsasramiu RAdRp Mndragaiedey
10835 heat waz direct lysis 296w wuhiian Ct 619anI5Tagiu 1.63 uas 2.03 cycles MNEIGU (3 2)

M3 2 Msdszilivdsaniaweedlisieisndad a1 sWugnssn RNA wWisuigunuihenanaas
Wugnssnasagy

- . . . aanala AAIHILINNE ‘ : X
ABATENEIAENEIINUDNTIN MANHNUANAIILBY Ct

RNA/ guihwang

sensitivit, specificit . & , .
( Y) ( p Y) ﬂ'lﬁl'lijﬂ ﬂ"lg\ié!ﬂ AIRY

(5089%) (5089)
Heat
- RdRp 97.14 95.89 0.08 8.78 1.63
- Rnase P 100 - 0.05 3.61 0.90
Direct lysis
- RdRp 100 94.52 0.04 9.51 2.03
- RNase P 100 - 0.01 4.89 1.42

1 v
[ =® W

* MANNUANINZEY Ct sznhisinannzuiumsidibenanasmswugnssuansagl
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MINHUYAIET DMSc COVID-19 real-time RT-PCR Wlaanwol daaluyad lamas uazane

msUssdiulszandnwuasien enhancer Tudd3en real-time RT-PCR
HamsnaFauSsuieuihenindssansmwiay 5 wie leud Tween 20 (0.5%), Glycerol
(10, 15, 20%), Dimethyl sulfoxide (DMSO) (10%), Bovine serum albumin (BSA) (10 mg/mL)
ez Triton X-100 (0.1 %) IﬂﬂLauaﬂuﬁwwmaauﬁm%’udqLzﬁuﬂﬁﬁ%mmiLﬁw\i’mauﬁmﬂmmﬂﬁmﬁ%
real-time RT-PCR Tagldthatheiiafadehmansagudeiiiien Ct shaq fusswin Ct 35.81 9 42.00
FINDIU 7 IDEN (é’aaﬁ1aﬁ1ﬁwauan 6 (BN WALHAAU 1 MIBEN) NaNInTIAmEu RARp iatin
ﬁywm enhancer %1 Tween 20 (0.5%), Glycerol (10 8z 15%) ez BSA Aenugud 10 mg/mL WuM
fienenwhuazanusmnzlumsasaiuihuang RARp Sosar 100 (it 3) aghelsionu dafinsan
gﬂLm‘uwEme‘V\ILLaxﬁnumunmmsL'%mLLmﬁLﬁmmﬂﬂﬁﬁ%m wuthen enhancer %ila Tween 20 (0.5%) ua
Glycerol (15%) TinmmansazamegUdned (S-curve) LLazé'ﬂanmmﬁlﬁammgqm'wLﬁ'alﬁn Glycerol
(10%) uaz BSA ¢11391h1hen enhancer #iia Tween 20 (0.5%) Uz Glycerol (15%) s lF5unuduy
enhancer mixes fauh lUNAaaUUsELEIY NEMSNAFDUNUI enhancer mixes HAanuhazaNuIWL
Tumsasiafiuthnane RARp $awaz 100 (5199 3) Bnnathaaamsiionaaulasyuazaansatiinysunm
m'sL%mLLmﬁ'Lﬁmmnﬂﬁﬁ%mﬁﬂﬁniww amplification curve ﬁﬁmuiywmgq%u (MW 2)

MW 2 Amplification curve wda9M3n519MEY RdRp 3937 U RNase P %ﬂ%’tﬂué’amuqmmﬂlu
(internal control) M35 duplex real-time RT-PCR (A, C) wazéiu N (B, D) #8735 uniplex
real-time RT-PCR 2106188 throat swab 9I8fiU nasopharyngeal swab loggu A was B
uaaagUdyan Amplification curve yasdaiwanndulnailuannzilaildieu enhancer mixes;
5U C war D wuamegudayares Amplification curve yasdanwaundulualuan s

enhancer mixes (0.5% Tween 20 wag 15% Glycerol)
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M99 3 Mmadseiliudszansmweaeinen enhancer Tulfjisen real-time RT-PCR

aanah AIAIINILNE AANNULANETaY Ct*
#1m enhancer ANuENTY  (sensitivity) (specificity) . ¢ . . A
. . MONgn  MIPEH  AIRFY
(Ja8ag) (sa8ag)
Tween 20 0.5% 100 100 0.18 1.75 0.94
Glycerol 10% 100 100 0.17 2.31 0.58
15% 100 100 0.05 2.03 0.90
20% 86 100 0.59 1.76 1.14
DMSO 10% 75 100 0.26 0.53 0.41
BSA 10 mg/mL 100 100 0.12 0.76 0.37
Triton X-100 0.1% 75 100 0.03 3.58 0.92
Tween 20 + 0.5% +
Glycerol 15% 100 100 0.04 1.00 0.52
a 4
AU

% real-time RT-PCR 1J1i%inasgiuiilasumsiusasnnasdmsaniialananiuldlums
asnduduganslsalain-19 maAnmilldWanis real-time RT-PCR 9ndayamsnugnisnmas
dah3afineasianndatfihe 2 neusnlulsemalne® wsnBsudsuiuamsiugnssuuaadaliad
wﬂmﬁaqgié'l"u Uszinadu ivefiudusduinealalndieuihanaesnuuy primer Waz probe ARANNTIWE
dafiuihwang N oz RdRp® Tae35 real-time RT-PCR fiwanniuiluisaaniiiu 2 ya muiienasiu
hwvane Gailgedi 1 fumsenamiu N wasyadi 2 Jumsasamiu RdRp Sawfufiu Rnase P navau
fafiu RNase P i Tiifludmuaumeluviademuaunszuaumsanaasnugnssu (internal control 3o
extraction control)®

AMUANINAUNIZYBN primer aE probe §115udu RARp waz N ﬁlﬁ‘lumsﬁnmﬁwudﬂﬂﬁﬂﬁﬁ%m
dadudehiameiusnaseusu 1 WeRinsananulilumsnnamide SARS-CoV-2 wuhiu RdRp e
Lilumsasamidalhss SARS-CoV-2 fienuudutiusngaia 50 copies o reaction amuziidu N a1unsn
aTINUTANNENTY 5 copies @B reaction M3dnludl 2020 Vogels CBF uasanisldamatssdiuanul
289 primer Waz probe fiswiziuiiu RdRp wudwﬁmmlﬂumsmmmL%ﬁlﬁ%ﬂﬁﬂawutﬁuﬁuﬁwqﬂ 500
copies @18 reaction’” #usii Corman VM uazaniz Menuanalmasiiy RdRp fienudiusge 3.7
copies @@ reaction® Taganuhlumsasamdathmineiuaneefuiizusunmseanuuy primer probe
asAUsEnauzavthen wardmmgildlumsiiinUBinamsiugnssueasudasiudhuins

MINANIBTMIINATNIWUGNTIN RNA fredanugy Fadnszumsiutalahe sren was
Funuen Samwddydamssauamunieanviiedelsalunnie lumsdnnildwannismaeiay
a5WugnIIn RNA 2 35 48l 1) M3 heat 7 65 ssrnwaded Wunm 10 # waz 2) Mmsedenlasls
lysis buffer ‘?%aﬂ%’uﬂ@ﬁ%mn Shatzkes K wuazaauz™® lagldaeazars 10 mM Tris-HCl pH 7.4 uae
150 mM NaCl U311a5 200 pl aad089U5as 200 pl, (1:1 v/v) WunIs heat Hanuhuazanuaime

So8az 97.14 LA 95.89 NMAU ATIId direct lysis, enhancer mixes 5.3 pil (0.5% Tween 20, 15% glycerol)
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MINHUYAIET DMSc COVID-19 real-time RT-PCR wlaanwal danluyad lamas uasan

flanuluszamusing Soear 100 uaz 94.52 MuTeU Faanadasiuuddeluil 2014 3¢ Shatzkes K
wazamez l@wannine lysis buffer Tagldwannsuee non-ionic detergent Lﬁﬂ%‘lumsaﬁ'@msﬁuqnﬁu
e l$alinialug (Influenza virus)™ uananitludl 2020 Grant PR wazeazldiamnianmsasa
wi#al¥d SARS-CoV-2 :neage swab i VIM lagddenaq leud BMIaneasiugnssn RNA
mslianudau (heat) # 95 avewades una 10 Wi LLa::LLUUﬁhJmuﬂszmumsaﬁ’@msﬁ’uqnssu
Togdy VIM Usunas 2 pl ldlunvean PCR u,a::ﬁwmsLﬁ'uﬁwmumsﬁ’uqmiﬂmmq (Direct sample
transfer) WuiN5 Direct sample transfer Aanuhiazanuiwzsagas 98 waz 100 MNSOU™® N
mafnmiluaasliifiuimssesisdslithunssumsatamsiugnssuainsaldiiimadenlumsiodey
M9WugNTIN RNA 1lan1amida SARS-CoV-2 Tag5 real-time RT-PCR ¢
msuiinsansmweesUfisen real-time RT-PCR wdsnnidnanswugnssu RNA asluwaan
VG RN! Tﬂﬂﬁ"ﬂﬂﬁﬂmﬁmﬂLﬁumﬁmmﬁﬂﬁdqLﬂ%umstﬁmﬂﬁﬁ%ﬂﬂuwaawﬂam 1w DMSO, BSA, Glycerol,
Tween 20 uaz Triton X-100 flugu Mmsanwihuniisnenuih DMSO fienududu 1-10% §1aso
tinUszanS mwmsThauzasdulel DNA polymerase #3088 33 poud] glycerol aansotiinUszansmn
TaUszanadasas 5 agalsimuunensaunwui’ DMSO #enududu 10% dwalUaalszandaums
Mua9 DNA polymerase 5088 50‘“”ﬁ)xLﬁuléﬁwmiLﬁuﬂizﬁw%mwmmﬁﬁ%m real-time RT-PCR
adufulfAseniieduaseluudazanne lumsanmiinuiiiiaduihen enhancer mixes Fausznaudae
Tween 20 (0.5%) waz Glycerol (15%) MliismMsasianemeiiu RARp Amanylinazanudime
2288z 100 UDNANITEIHATIEIAMILAnKaaUUaDY (false negative) waztiinUSinaEsEesusaiitioann

UjAsenmlvins W amplification curve Hanudaiauaiatiu

GRNL

9

mMsaiiaseiEa SARS-CoV-2 Fanalsalain-19 Mneaaehedeaensa throat swab Tanfu
nasopharyngeal swab lusnsiias VIM wia UTM aansawasanaiagnarsnugnssulalaslsis
direct lysis w38 heat Faianal13088z 100 War 97.14 UBZANNIUNILIDHAT 94.52 USZ 95.89 MINTIGU
v'iﬂﬁ'ﬁmamﬁunumsmm’imezﬁmqﬁmﬂﬁﬂ'&mmazﬁmmsmL%aﬁq?ivu wanNNHMIHNhEN enhancer
mixes (0.5% Tween 20 uas 15% Glycerol) TuuUffisen real-time RT-PCR Fafianuhwazanadimzly
msaaduihwinasazas 100 ﬁaatﬁiuﬂizﬁm%mwmsLﬁ'uﬂ%mmmsﬁ'uqﬂﬁu‘[ﬂﬂaﬂmﬂﬁﬂwaauﬂaauu.az
HradinfSnamadewuaiiorunnlfitn dmuiimaeieunaiugnislasasileslishunsziums
AfaMIWUENIINLALM AN enhancer mixes iNaNMUGRUANIaTNTITdElsAGadelAIa-19 dae
wAilA real-time RT-PCR (DMSc COVID-19 real-time RT-PCR) i annsahlddszandldlamu
Tsanenauaziaslfidnmsifiedasasamuseme waztheduasumsihszaastloafiumsunsszng

aaalsamealulszmnaldiussansmwanniazy

AecnIsndszne

yamauAmMNININEEFasMIunnduazuitn smululome lumsafuayusulssanawasihen
nagautiialdlumavannuasnagoulszdnsmnussganaitadelsalain-19 duinguninuazany
Uaaasams iedaedsnhemnatamsiugnssy sntiidsinenamandamangs ilvanueayensild
aouil wazyaansthehisszuumadumelannvudiam ajssiu vlvdiZagaded
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ABSTRACT Development of diagnostic tests for detection of emerging infectious agents in patients,
contact cases and high-risk group is critical for disease control and early effective treatment. In this
study, we aimed to develop DMSc COVID-19 real-time RT-PCR assay for detection of RdRp and N gene
which are specific for SARS-CoV-2 causing COVID-19, to evaluate a simplified extraction-free methods
(heat and direct lysis) and to evaluate effects of five enhancers; Tween 20 (0.5%), Glycerol (10, 15, 20%),
Dimethyl sulfoxide (DMSO) (10%), Bovine serum albumin (BSA) (10 mg/mL) and Triton X-100 (0.1%)
on amplification efficiency. The results demonstrated that the real-time RT-PCR assay had analytical
sensitivity to detect RdRp and N gene at 50 and 5 virus copies per reaction, respectively. Among
extraction-free methods, heat and direct lysis showed diagnostic sensitivity of 97.14 and 100% and
specificity of 95.89 and 94.52% respectively. Enhancer mixes composed of Tween 20 (0.5%) and Glycerol
(15%) increased diagnostic sensitivity and specificity up to 100%. Our study revealed that the DMSc
COVID-19 real-time RT-PCR assay could be used to amplify RNA without extraction process. This
assay could serve as a rapid and cost-effective diagnostic method to increase capacity of COVID-19

detection for monitoring and diagnostic purposes.

Keywords: COVID-19, SARS-CoV-2, real-time RT-PCR
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ABSTRACT Coronavirus disease 2019 or COVID-19 is an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Currently, there is no vaccine or specific medication
to prevent and treatment of the infection. Human monoclonal antibody (mAb) CR3022 has been shown
to specifically bind to SARS-CoV and cross react to SARS-CoV-2 with high affinity. We therefore
construct and produce mAb CR3022 by cloning and expression in mammalian cell line. Immunoglobulin
genes coding for mAb CR3022 were synthesized and cloned into human IgG1 Fc expression vector, then
transfected into HEK293 cells. The expressed mAb CR3022 was harvested and purified. The obtained
yield of purified mAb CR3022 was 16.5 mg/L of culture. The purified mAb CR3022 could bind to
recombinant SARS-CoV-2 spike RBD with an affinity constant of 24.6 nM as determined by biolayer
interferometry (BLI) binding assays. These indicated that the mAb CR3022 has the potential to be

developed as diagnostic and therapeutic agents.
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Introduction

The 2019 novel corona virus (2019-nCoV)" or Severe acute respiratory syndrome virus 2
(SARS-CoV-2)" is causing an outbreak of coronavirus disease 2019 or COVID-19 that was first
reported in December 2019 in Wuhan city, Hubei province, China. Subsequently, the virus has been
spread all over the world.® ** As of 22 June, 2020, WHO reported more than 9.2 million confirmed
cases and 479,133 death in 216 countries around the world.”” This pandemic situation has forced
scientists to revise strategies to fight an infectious disease through drugs, treatment, and control
measures. Currently, various diagnostic test kits are available, and repurposing therapeutics has
shown to be clinically effective. However, the global demand for diagnostic and therapeutic agents
continues to rise, it is important to rapidly develop various algorithms to successfully identify and
control the virus.”

SARS-CoV-2 is classified into the family Coronaviridae, genus Betacoronavirus in
which SARS-CoV and MERS-CoV are. These coronaviruses are enveloped, positive-sense
single-stranded RNA virus. The viral genome sequences of SARS-CoV-2 consist of 29,891 bases
and shares 79.6% sequence identity to SARS-CoV.® It encodes four structural proteins, Nucleo-
capsid (N) protein, Membrane (M) protein, Spike (S) protein and Envelop (E) protein and several
non-structural proteins (nsp). Spike protein is the major surface antigen consists of S1 and S2 subunits.
The S1 subunit contains a receptor binding domain (RBD), which is responsible for recognizing
and binding to the cell surface receptor while the S2 subunit contains other basic elements needed
for the membrane fusion. This facilitates viral entry into the host cell by attaching to angiotensin
converting enzyme 2 (ACE2) receptors that is found on the surface of many human cells.” '
Therefore, spike protein is the main target for neutralizing antibodies and vaccines."" As
the sequence similarity between SARS-CoV-2 and SARS-CoV, it raises the possibility that
cross-reactive epitopes may exist."?

The CR3022 antibody has previously been generated by the screening of an antibody-phage
library derived from lymphocytes of a convalescent SARS patient. This antibody is shown to
neutralize SARS-CoV by targeting the receptor binding domain (RBD) of SARS-CoV"*'® and
potently binds to SARS-CoV-2 with high affinity but is not tight enough to neutralize and stop
infection."* However, CR3022 antibody can synergize with other SARS-CoV-2 RBD-targeted
monoclonal antibodies for neutralization and remains under investigation."” We, therefore,

constructed CR3022 antibody and expresseed as scFv-Fc human IgG1 molecule in mammalian cell

to facilitate development of effective antiviral therapeutic and diagnostic agents.

Materials and Methods

Construction of CR3022 antibody expression plasmid
Mammalian expression vector was constructed by inserting a human IgG1 Fc portion and

signal sequence into plasmid pcDNA3.4 vector (Thermo Fisher Scientific, USA). Genes encoding
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human immunoglobulin gamma-1 consists of CH2 and CHS constant domain according to the
UniProt, accession number P01857, were designed to link with secretory signal through a hinge
region. The sequences were codon optimized and synthesized by GenScript Inc., USA and then
cloned into pcDNA3.4 vector. The engineered vector can be used to insert immunoglobulin
variable domain at cloning sites, which is between secretory signal and constant domain by blunt-end
cloning and it was designated as pcDNA3.4-hIgG1Fc (Figure 1). The immunoglobulin variable
heavy (VH) and light (VL) chain genes of CR3022 antibody were retrieved from the GenBank,
accession numbers ABA54613.1 and ABA54614.1, respectively. They were designed as single-chain
variable fragmant (scFv) consists of VH and VL domains which were linked by a flexible (Gly4Ser)3
linker. The scFv sequences were codon optimized and synthesized by Gene Universal Inc., USA.
These synthetic sequences were PCR amplified by using Q5 DNA polymerase (New England
Biolabs, USA) with phosphorylated primers and then inserted into the constructed human IgG1
Fc expression vector by blunt-end ligation and transformed into E. coli TOP10. The presence of
correct insert orientation was verified by colony PCR using CMV forward primer which was specific
to the vector at upstream of the insert and CR3022 scFv reverse primer which was specific to the
downstream of the insert. The positive recombinant clones were confirmed by DNA sequencing
using BigDye™ Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, USA) on ABI
PRISM® 3500xL Genetic Analyzer (Thermo Fisher Scientific, USA).

(5058) Hpal
(6061) FSpAI

hlgGLeader s

) (5978) XhaI/
[CMV promoter

[EMV enhancer;—]

pcDNA3.4-hIgG1Fc
6781 bp

f@r\\

Figure 1 Genetic map of human IgG1 Fc encoding vector. The vector was linearized by double

[AmpR promoter}”iq

=i 'SV40 poly(A) signal

digestion with FspAl/Hpal restriction enzymes (Thermo Fisher Scientific, USA) and
followed by dephosphorylation with calf intestinal alkaline phosphatase (New England
Biolabs, USA) to prevent self-ligation of the vector. The linearized vector was allowed
for rapid cloning with PCR product containing immunoglobulin variable gene for

expression in mammalian cells.

Expression and purification of CR3022 antibody
Recombinant CR3022 scFv-Fc¢ antibody was transiently expressed by transfecting

FreeStyle™ 293-F cell (Thermo Fisher Scientific, USA) which was derived from HEK293
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cell line and adapted in suspension culture. Briefly, the cells were cultured in a disposable
Erlenmeyer flask with serum-free medium FreeStyle™ 293 Expression Medium (Thermo Fisher
Scientific, USA) at 37°C with an orbital shaking at 125 rpm in 8% CO2 incubator. The culture at an
appropriate cell density were transfected with recombinant plasmid by using FectoPRO®
transfection reagent (Polyplus-transfection®, France) at the ratio of 1 pg plasmid DNA to
1.5 uL of FectoPRO® transfection reagent according to the manufacturer’s protocol. Culture
supernatants were harvested 5 days post transfection and antibody was purified from culture
supernatant by using Protein G Sepharose® Fast Flow (GE Healthcare, USA). The column was
packed with Protein G resin and equilibrated with binding buffer containing 20 mM NaHPO4
pH 7.0. The culture supernatant was applied through the column and washed with binding buffer.
The bounded antibody was eluted by using 0.1 M citric acid pH 3.0, and neutralized immediately
by using 1.0 M Tris pH 9.0 and then dialyzed against Phosphate Buffered Saline (PBS).
The purified antibody was concentrated using an Amicon® Ultra Centrifugal Filters device with
a 30 kDa molecular weight cutoff (Merck Millipore, USA) and the concentration was determined
by BCA protein assay using BSA as standard protein. The purity was checked by SDS-PAGE
and subsequently stained with PageBlue™ protein staining solution (Thermo Fisher Scientific,
USA). Western blot analysis was performed after transferring the protein on to a nitrocellulose
membrane with polyclonal rabbit anti-human IgG/HRP (Agilent Dako, USA) and followed by
TMB substrates (Seracare Life Sciences, USA) color development.

Recombinant SARS-CoV-2 Spike RBD

pcDNAS3.4-2019nCoV-RBD was previously constructed. Briefly, the gene encoding RBD
(residue 319-541) of 2019-nCoV was amplified from plasmid pCMV3-2019-nCoV-S1 (Sinibiological,
China) by PCR using specific primers to introduce the Kozak consensus sequence included Secrecon
signal sequences and restriction sites of HindIl and BamHI. The PCR product was ligated into
modified pcDNA3.4 vector containing C-terminal FLAG Tag. The obtained recombinant vector
pcDNA3.4-2019nCoV-RBD was then transfected into FreeStyle™ 293-F cells (Thermo Fisher
Scientific, USA) as previously described and cultured at 37°C with an orbital shaking at 125 rpm
in 8% CO2 incubator for 3 days. The expressed protein was purified from culture supernatant
by Anti-DYKDDDDK G1 Affinity Resin (Genscript®, USA), washed with wash buffer [50 mM
Tris-HCI, 150 mM NaCl, pH 7.4] and eluted with alkaline elution buffer [0.1 M Tris, 0.5 M NaCl,
pH 12.0], then neutralized with 1M HCI. The purified fractions were dialyzed against PBS and
concentrated using an Amicon® Ultra Centrifugal Filter device with a 10 kDa molecular weight
cutoff (Merck Millipore, USA) and the concentration was determined by BCA protein assay using
BSA as standard protein. Protein purity was examined with SDS-PAGE and specific protein was
identified by Western blot using mouse monoclonal anti-FLAG M2-HRP (Sigma-Aldrich, USA).
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Analysis of CR3022 antibody binding kinetics

Biolayer interferometry (BLI) assay was performed using an Octet K2 instrument
(FortéBio, USA) in order to determine the binding kinetics between the receptor binding domain
(RBD) of SARS-CoV-2 and CR3022 scFv-Fc antibody. CR3022 scFv-Fc antibody was immobilized
on Protein G biosensors (FortéBio, USA) at 10 ug/ml and six different concentrations (200, 100,
50, 20, 10 and 5 nM) of recombinant SARS-CoV2 spike RBD were used to analyse. The assay
was performed in kinetics buffer (PBS, 0.01% BSA, 0.02% Tween 20, and 0.005% NaNs) at 30 °C
with a shake speed of 1,000 rpm. The binding profile of sample was recorded as a wavelength
shift in nanometers which represented the difference between the start and the end of the
kinetic cycle. Kinetic responses were analyzed using the FortéBio Data Analysis Software HT v11.1
(FortéBio, USA), with a global 1:1 fitting model to obtain values for association rate constants (kon),
dissociation rate constants (koff), and the equilibrium dissociation constant (KD). Curves that could

not be reliably fitted with the software (R*< 0.90) were excluded from further analysis.

Results

Construction of CR3022 antibody expression plasmid

The plasmid pcDNAS3.4-hIgG1Fc was successfully constructed as a human IgGi
Fc antibody expression vector. The synthetic scFv sequence encoding CR3022 antibody was
amplified and a single PCR product of 742 bp in length was corresponding to the expected size of
synthetic scFv sequences as shown in agarose gel electrophoresis was obtained (Figure 2). Then, the
purified PCR product was ligated into pcDNA3.4-hIgG1Fc vector and subsequently transformed
into competent E. coli TOP10 cells.

M 1

1500 bp -

1000 bp -
750 bp -

500 bp -

« 742 bp

Figure 2 Agarose gel electrophoresis of amplified PCR product from synthetic scFv sequences
encoding CR3022 antibody. Lane M: 1 kb DNA ladder (Thermo Fisher Scientific, USA),
Lane 1: CR3022 scFV and DNA fragment sizes are indicated.
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After transformation, 17 individual colonies were selected and analyzed for the presence
of scFv by colony PCR. Two positive clones with 965 bp insert corresponding to the expected
size of CR3022 scFv were shown on agarose gel electrophoresis (Figure 3). Sequencing results
confirmed that only one of the two positive clones had correct orientation insert of CR3022 scFv in

the pcDNAS3.4-hIgG1Fc vector (data not shown).

Figure 3 Agarose gel electrophoresis of colony PCR amplified products from transformant
colonies. Lane M: 1 kb DNA ladder (Thermo Fisher Scientific, USA), lane 1-17:
amplification product of each transformant colonies respectively, and DNA fragment
sizes are indicated. Corresponding bands of 965 bp were found on lane 3 and 16,

indicating positive clones.

Expression and purification of CR3022 antibody

CR3022 antibody was successfully expressed in the format of scFv-Fc from transiently
transfected HEK293 cells with recombinant pcDNA3.4-hIgG1Fc-CR3022scFv plasmid which
was secreted into the culture supernatant. The expressed antibody was achieved purification via
Protein G affinity chromatography. The purification and dialysis process resulted in the yield
of about 16.5 mg of purified antibody from 1 L of transfected culture. The purified antibody

kba ™ 1 kDa M 1
170 - . 170 - —
| m— e—
100 - - 100 - -
70 - - 70 - w—

55_.” < 52.4kDa 55 gy S < 52.4 kDa

40 - -
35- -
25- =
15 - -

B

Figure 4 SDS-PAGE and Western blot analysis of purified CR3022 scFV-FclgG antibody.
(A) The purified antibody was separated on 12% acrylamide gel under reduced condition.
(B) Western-blot analysis with polyclonal antibody specific to human IgG. Lane M:
Protein ladder (Thermo Fisher Scientific, USA), Lane 1: purified CR3022 scFv-FclgG

antibody and molecular weight were indicated.
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appeared as a single protein band on SDS-PAGE which was slightly larger than the predicted
molecular weight of 52.4 kDa based on calculation from amino acid sequences. This was due to the
glycosylation process. The expressed protein could react with anti-human IgG antibody as shown

by Western blot analysis (Figure 4).

Recombinant SARS-CoV-2 Spike RBD

The recombinant SARS-CoV-2 Spike RBD protein was expressed as soluble protein and
mainly secreted into the culture supernatant. The purification yield obtained from anti-DYKDDDDK
affinity chromatography was 11.7 mg/L of culture. The SDS-PAGE of protein obtained from
the chromatography showed a single protein band which was slightly larger than the predicted
molecular weight of 26.41 kDa based on calculation from amino acid sequences. This was due to
the glycosylation process. The expressed protein could react with anti-FLAG antibody which was
specific to the fusion tag of the protein as shown by Western blot analysis (Figure 5).

kDa M 1 kDa ™M 1
170 - == 170 -
p—

100 - 100 -
70 - 70 -
55 - - 55 - [
40- - 20-I8

. <« 26.4 kDa
35 " 35 -e26_4kDa
25-.- 25 -

\
15 - 15- 1.

|
A B

Figure 5 SDS-PAGE and Western blot analysis of purified Recombinant SARS-CoV-2 Spike
RBD protein. (A) The purified protein was separated on 12% acrylamide gel under reduced
condition. (B) Western-blot analysis with monoclonal antibody specific to FLAG tag of
the protein. Lane M: Protein ladder (Thermo Fisher Scientific, USA), Lane 1: purified
Recombinant SARS-CoV-2 Spike RBD protein and molecular weights were indicated.

Analysis of CR3022 antibody binding kinetics

The CR3022 scFv-FclgG1l was shown to bind potently with recombinant SARS-CoV-2
spike RBD as determined by BLI (Figure 6). The processed data were obtained as an association
rate constant (K ) of 2.60 x 10° Ms™' and dissociation rate constant (k ) of6.39 x 107°s™, resulting

in an equilibrium binding constants (KD) of 24.6 nM with an R’ values greater than 0.97.
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Figure 6 Binding sensorgrams of CR3022 scFV-FclgG1 antibody interacting with recombinant
SARS-CoV-2 spike RBD measured by BLI in Octet K2. Applied analyte concentrations
were. 200, 100, 50, 20, 10 and 5 nM. The fit curves were indicated by the red lines,
whereas the sensorgrams were shown in blue lines. Binding kinetics was evaluated

using a global 1:1 fitting model with FortéBio Data Analysis Software HT v11.1.

Discussion

The results showed that our human IgG1 Fc antibody expression vector could be
expressed as secreted scFv-Fc form of CR3022 antibody in HEK293 cell lines. Although, various
recombinant antibody expression vectors have been developed and commercialized, a custom vector
with signal sequence and optimized human codon usage for higher secreted antibody yield is still
required.”® "' The most important benefit is to facilitate cloning of several different antibody
encoding sequences at a cost-effective timeframe. The original CR3022 antibody was obtained in

(12, 13)

scFv format by screening from phage display library, which the VH and VL coding sequences
were genetically linked in a single transcript and no need to balance the expression of the heavy
chain (HC) and light chain (LC). This allows fast production of scFv antibody, in higher yields,
and lower costs than full-length IgG antibody in mammalian expression systems."” However,
an antibody in scFv format retains only the antigen binding activities without Fc mediated effector
function, resulting in limitation to be used as therapeutic agents.”” > > In order to overcome this
drawback, we engineered the CR3022 antibody by fusing scFv with the human IgG1 Fc¢ domain
to increase their therapeutic potential. The scFv-Fc¢ format allows for rapid characterization of
candidate scFv antibody before conversion into a full-length IgG and offers several advantages over

scFv antibody, including bivalent binding, longer half-life, and Fc-mediated effector functions.®”
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Expression of CR3022 scFv-Fc antibody was performed in transiently transfected HEK
293 cells in order to obtain higher yields in combination with simple and robust protocols for
production and downstream processing. Human embryonic kidney (HEK) 293 cell lines have been
used for transient protein expression because they can be very efficiently transfected with plasmid
DNA.®” Transient mammalian antibody expression is much more suitable for small scale

(25)

production because it allows rapid production without generating stable cell lines**”’. Moreover, it

can be scaled up by using bioreactor processes to more than 150 liter production volumes.®®
The engineered CR3022 antibody in scFv-Fc format in this study could bind potently
to the receptor-binding domain of the SARS-CoV-2 as well as original scFv construct, as

@3 while the absolute kinetic values could also vary due to different

previously reported
materials and experiment conditions.”” Although CR3022 scFV-Fec antibody itself could not
neutralize SARS-CoV-2 in an in vitro microneutralization assay (data not shown) as previously
reported, it could be combined with other SARS-CoV-2 RBD-targeted monoclonal antibodies
for synergistic effect on neutralizing activity."* ' Moreover, engineered Fc variants of CR3022
antibody could be optimized for effector function which will be able to reduce the viral replication
in an in vivo assay.""

The results indicated that CR3022 antibody has the potential for further development as

therapeutic and diagnostic agents for treatment and control of 2019 coronavirus infections.

Conclusion

Recombinant human monoclonal antibody CR3022 was successfully generated in scFV-Fc
format and could be produced by transiently expressed in HEK 293 cell lines. The expressed antibody
was predominantly secreted into the culture medium as a result of the leader signal introduced
in the constructed human IgG1 Fc vector. The purification could be achieved by protein G affinity
chromatography. This recombinant antibody has been proven to bind potently with recombinant
SARS-CoV-2 spike RBD.
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ABSTRACT The emerging of new coronavirus, SARS-CoV-2 causing COVID-19, is one of the worst
pandemics in human. The viral RNA detection by using RT-PCR can indicate current and use for
diagnosis of infection and case finding. Serological test can reveal previous infection and be used in
multipurpose. In this study, we developed COVID-19 IgM/IgG rapid test for antibody detection in
SARS-CoV-2 infection individuals. The developed test used recombinant N-protein of SARS-CoV-2
expressed in mammalian cells as gold-conjugated protein antigen and was assessed with 132 clinical
samples. The results showed its sensitivity of 35.09%, 47.62% and 87.51% at 1-7, 8-14 and > 15 days
after onset, respectively and no cross-reactivity with other antibodies in various diseases from tested

samples. In addition, the test has high specificity of 99.5%.
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Introduction

Coronavirus disease 2019 (COVID-19) is an acute respiratory disease caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)" . The first case was reported in
Wuhan, Hubei province, China in December 2019 and then the number of cases were increased
rapidly. This disease was uncontrollable and spreading globally**. The World Health Organization
(WHO) declared the outbreak as a public health emergency of international concern on 30 January
2020, As of 22 June 2020, over 9 million infection cases with nearly 500,000 death cases has

®_ The virus can spread more rapidly than severe acute respiratory

been reported in 216 countries
syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) "
that responsible for SARS and MERS outbreak in 2002 and 2012, respectively®®. Previous study
revealed COVID-19 patients, mostly have an incubation period of 3 to 7 days, maximally 14
days and the clinical characteristics are difficult to differentiate from pneumonia caused by other
common respiratory tract infections"'".

SARS-CoV-2 is Betacoronavirus in Orthocoronavirinae subfamily and Coronaviridae
family shared 79.6% genome sequences identity to SARS-CoV"'?. It composes of structural proteins
as of nucleocapsid (N) protein, membrane (M) protein, spike (S) protein, envelope (E) protein
and several non-structural proteins. Among the four structural proteins, the spike (S) and the
nucleocapsid (N) are the main immunogens. The S protein is the common target for neutralizing
antibodies in therapeutic antibodies and vaccine development"®, the N protein is the most abundant
with highly conserved and immunogenic phosphoprotein often uses for diagnostic marker and
potential antiviral drug target"".

Detection of viral RNA with reverse transcription polymerase chain reaction (RT-PCR)
based technique is being used as a standard test for diagnosis of current SARS-CoV-2 infection
and for tracking the outbreak. However, antibodies detection, not only has clinical value of host
antibody response during infection, it also has advantages to understanding the epidemiology of
SARS-CoV-2 since it can identify previous infection"”. Serosurveillance using serological testing
that is faster and less workload with sufficient sensitivity and specificity is urgently needed.

The serological testing has multiple purposes. For example, it can be used for contact
tracing after a suspected infection for weeks or longer, and also for epidemiological studies.
Serological test can be used to verify if the vaccines work as intended in clinical trials and also
can be applied in development of therapeutic antibodies""®. Lateral flow immunochromatography,
which is one of the serological tests, for IgM and IgG rapid detection is based on the principle
of specificity of antibody-antigen complex. There are several formats that can be developed
using this principle. In this case, immunoglobulins in a specimen bind with their antigen which
is readily conjugated by gold colloidal, on membrane and flow by fluid dynamics. Consequently,
the complex is fixed by immobilized capture molecule, and visible positive bands are revealed.

To date, the rapid test for antibody detection is widely used for viral diseases detection including

Human Immunodeficiency Virus (HIV), Hepatitis B Virus (HBV), Zika Virus (ZIKV),
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depending on their specific serological markers"’'?. In this report, we developed and evaluated
COVID-19 IgM/IgG rapid test, a serological test for detection of antibodies to N protein. Cross

reactivity and stability were also studied.

Materials and Methods

Expression and Purification of N protein

Recombinant N protein of SARS-CoV-2 was expressed in mammalian cells, and then
purified by affinity Chromatography®”. Briefly, FreeStyle™293-F cells (Thermo Fisher Scientific,
USA) were transfected with recombinant plasmid pcDNA 3.4 : NP, expression vector pcDNA 3.4
(Thermo Fisher Scientific. USA) containing N gene encoding SARS-CoV-2 N protein tagged with
FLAG® epitope, a short, hydrophilic, 8-amino acid peptide (DYKDDDDK tag) at n-terminal,
using Fectopro® (Polyplus transfection, France). The transfected cell culture was incubated at 37°C
and 8% CO2 with orbital shaking at 125 rpm for 3 days, and cells were then harvested by
centrifugation at 1,500x g, 10 minutes. The cell pellet was suspended in lysis buffer of 50 mM
Tris-HCI, pH 7.6, 150 mM NaCl, 1% Triton X-100, 1% NP-40 and 1 mM EDTA then lysed
by sonication. The supernatant was collected after centrifugation at 10,000x g and applied to
Anti-DYKDDDDK G1 Affinity Resin (GenScript, USA). The unbound proteins were washed
with Tris-bufferd saline (TBS), pH 7.4 and the bound proteins were eluted with 0.1 M Glycine
hydrochloride, pH 3.5 with neutralized by immediately adding 1 M Tris-HCI, pH 9. The eluated
proteins were then dialysed in phosphate-buffered saline (PBS), pH 7.4 at 4C overnight and
finally, concentrated using Amicon Ultra-4 10 K (Merck Millipore, Germany). The obtained
purified proteins were characterized by using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and western blot analysis using anti-DYKDDDDK tag monoclonal
antibody (Anti-FLAG® mAb) (GenScript, USA) and COVID-19 patient sera as probe. The protein
concentration was determined by Bicinchoninic acid (BCA) assay using BCA Protein Assay kit

(Pierce, Thermo Fisher Scientific. USA).

Preparation of colloidal gold conjugated N protein

Recombinant N protein was conjugated with colloidal gold particles which mean
diameter of 40 nm (DCN Diagnostics, USA) as described previously®” with some modification, Firstly,
N protein was diluted to 0.1 mg/ml in 2 mM borate buffer, pH 9.0. The gold solution was adjusted
to pH 9.0 with 0.2 M KzCOS, then mixed with the N protein at ratio 100 ug N protein: 1 ml of
gold solution. The mixture was incubated for 30 minutes at room temperature with rotating, and
then blocked with bovine serum albumin (DCN Diagnostics, USA) at final concentration of 1%
v/v at room temperature for 30 minutes. The gold conjugated N protein was collected by centri-
fuge at 12,000x g for 30 minutes at 4C. Finally, it was suspended and diluted with diluent buffer
(10 mM phosphate buffer, pH 7.4 containing 0.5% BSA and 0.05% NaN3) to 20 O.D. and measured

absorbance at 540 nm using spectrophotometer (Amersham Bioscience Ultraspec®3100 Pro)
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Preparation of COVID-19 IgM/IgG rapid test

The COVID-19 IgM/IgG rapid test was prepared® as follows. Firstly, the reagents
in PBS of 0.2 mg/ml anti-FLAG® mAb, 0.8 mg/ml anti-human IgG mAb, and 0.5 mg/ml
anti-human IgM (Arista Biologicals, USA) were immobilized on nitrocellulose membrane
(Whatman, GE Healthcare Life Sciences, USA) at the control line (C), test linel (G) and test line2
(M), respectively. Then, the membrane was dried for 2 hours at 37°C. The fiber glass-conjugated
pad was prepared by treating it with 10 mM borate buffer pH 8.0 and let dried for 3 hours at 37°C.
Then gold-conjugated N protein was sprayed and dried on for further use as a conjugated pad.
The sample pad and absorbent pad consisted of untreated cotton fiber and absorbent material,
respectively. For assembly, all pads were overlapped partially to ensure continuous flow of the
sample and solution along the test strip and cut into 4 mm width strip. The test strips were kept

in a plastic housing.

Procedure and interpretation results of rapid test for SARS-CoV-2 antibody detection

The testing procedure of COVID-19 rapid test was shown in Figure 1. Briefly, the sample
of 10 ul serum/plasma or 20 pl of whole blood was applied to red cells captured sample pad at “S”
well, then 5 drops approximately 180 ul of sample buffer (containing with 0.1 M Tris-HCI buffer,
pH 7.7 and 0.5% Casein 0.1% NaNS) was transferred onto sample pad at “B” well. The results
can be read within 15 minutes. The results interpretation for all tests, the control line (C) should
appear whether there is specific antibody or not. If it does not appear, the test is invalid. If the
pink purple band appears at G line, the sample is positive for IgG. If the band appears at M line,
the sample is positive for IgM. If the pink purple bands appear both at G and M lines, the sample
is positive for both IgG and IgM (Figure 1).

Testing procedure
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Results interpretation
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Figure 1 Procedure of testing and results interpretation of COVID-19 IgM/IgG rapid test
(A) Theoretical model of the test strip (B) Actual test strip

Evaluation of COVID-19 IgM/IgG rapid test for SARS-CoV-2 antibody detection

One hundred and thirty two sera or plasma of RT-PCR confirmed COVID-19 patients,
and one hundred sera from healthy donors collected during outbreak, 100 sera of blood donors
collected before outbreak were used for analysis in this study. For cross-reactivity study,
the antibody positive serum samples, kindly provided by National Institute of Health,
Department of Medical Sciences, consisting of 9 Measles, 9 Mumps, 2 Mycoplasma, 5 Hepatitis C Virus
(HCV), 5 Human Immunodeficiency Virus (HIV), 5 Enterovirus 71 (EV71) or Coxsackievirus A 10
(CA10) or Coxsackievirus A 16 (CA16), 1 Influenza virus and 5 Autoimmune diseases, were used
for evaluation of the test kit. The ethics was approved by Ethical Committee of Department of
Medical Sciences in 0644/EC190 by 22 June, 2020. Table 1 was used for calculation of sensitivity,

specificity, and predictive values.

Table 1 Sensitivity and specificity of calculation table

Standard Method
True positive True negative
Positive a b a+d
Test kit
Negative c d c+d
a+c b+d a+b+c+d

For calculation, sensitivity = a/(a + ¢), specificity = d/(b + d), positive predictive value =
a/(a +b), and negative predictive value = d/(c + d). When a is the number of true positive samples,
b is the number of false-positives samples, c is the number of false-negative samples, and d is the

number of true negative samples.
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Stability study

The accelerated aging test was conducted to predict the real-time shelflife. The rapid test
strips were stored in drying oven (Gemmy industrial, IN-601) at 55°C for 32 days. The test strips
were performed with the positive IgG and IgM, positive IgG, positive IgM and negative serum
samples at day 3, 5, 11, 21, 23, and 32, and scored by intensity of the colored line from 0 to +3.
The real-time shelf life was calculated based on ASTM F1980 Standard guide for accelerated
aging of sterile barrier systems for medical devices, following the equations: Accelerated aging
time duration = Real-time shelf life/Accelerated aging rate, Accelerated aging rate = Qm((TE'TA)”O)
where TE is elevated temperature, TA is ambient temperature, and Q10 is reaction rate which is 2

for medical devices®.

Results

SARS-CoV-2 N protein expressed in mammalian cells

The purity and specificity of purified recombinant N protein expressed in mammalian
cells was analyzed by using SDS-PAGE and western blot analysis. The results in Figure 2 showed
the major band of protein with molecular weight of 46.9 kDa which corresponded to N protein was
highly expressed and purified (Figure 2A). The specific band of the same molecular weight was
observed by western blot analysis using anti-FLAG® mAb and COVID-19 patients serum as probe

as shown in Figure 2B respectively.

kDa M N kDa M N KkDa M N
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Figure 2 Characterization of purified SARS-CoV-2 N protein by SDS-PAGE (A), western blot
analysis (B) probed with anti-FLAG® mAbD (left) and COVID-19 patient serum (right).

Lane M : Protein marker, Lane N: purified N protein.

Performance of the developed COVID-19 IgM/IgG Rapid test

The results in Table 2 showed the sensitivity of the kit for antibody to N protein detection
in serum of COVID-19 patients at 35.09%, 47.62% and 87.51% for 1-7, 8-14 and >15 days after
onset, respectively. The specificity of the test was of 99.5% (199/200). In addition, the developed
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test showed no cross-reactivity with samples of various infection diseases including measles,

mumps, mycoplasma, HIV, HCV, EV71, CA10, CA16, influenza virus, and autoimmune diseases.

Table 2 Performance of the COVID-19 IgM/IgG rapid test for detection of antibodies in response

to SARS-CoV-2 infection at different time since onset of the disease

Days after Samples (n) Overall Detectable antibody in serum, n (%)
onset Sensitibity, n (%) lgG lgM lgM/lgG
1-7 57 20 (35.09) 8(14.04) 6 (10.35) 6(10.53)
8-14 42 20 (47.62) 9(21.43) 1(2.38) 10(23.81)
>15 33 28 (87.51) 13(39.39) 0(0.00) 15 (45.45)

Stability of COVID-19 IgM/IgG Rapid test

The accelerated aging test result was shown in Table 3. It was found that the test strips’
performance could be affected by thermal stress. The test strips stored at 55 C for 3-21 days did
not show any significant change in performance, however, the test line’s intensity started to drop
after day 23, resulting in false negative results for some positive serum samples. According to ASTM
F1980, aging at 55 C for 21 days was equivalent to 4 C for 2 years. Hence, it is recommended to

store the test strips at 4 C.

Table 3 The accelerated aging test at 55 C of the test strips

Days Positive Positive Positive Negative Result
IgG and IgM IgG IgM
IgG IgM IgG IgM IgG IgM IgG IgM
0 +3 +2 +3 -ve -ve +1 -ve -ve Pass
3 +3 +2 +3 -ve -ve +1 -ve -ve Pass
5 +3 +2 +3 -ve -ve +1 -ve -ve Pass
11 +3 +2 +3 -ve -ve +1 -ve -ve Pass
21 +3 +2 +3 -ve -ve +1 -ve -ve Pass
23 +3 +1 +3 -ve -ve -ve -ve -ve Fail
32 +2 -ve +1 -ve -ve -ve -ve -ve Fail

Note: “-ve” indicated negative

Discussion

The immunochromatographic rapid test for detection of anti-SARS-CoV-2 antibodies
which are captured by N protein expressed in mammalian cells is developed. Assay sensitivity
related to onset illness days according to antibody response showed sensitivity of 35.09%, 47.62%
and 87.51% at 4-7, 8-14 as and > 15 days after onset, respectively with high specificity at 99.5%.
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The SARS-CoV-2’s N-protein, an immunogenic and the most abundant viral protein, has 90%
amino acid homology to previous endemic SARS-CoV’s N-protein. However, there are no evidences
of SARS-CoV re-emerging since 2003 or 17 years ago"”. As follows, N-protein is applicable for
being used as antigen in development of antibody detection tool. Furthermore, the level of antibody
against N-protein remarkably correlates to viral neutralising antibody titer in COVID-19 patients
in ELISA and PRNT50 along with microneutralisation assay as well as anti-S protein antibodies
when it is evaluated using RBD based ELISA™'?,

In addition, the rapid test showed no cross-reactivity with blood sera of various infectious
diseases and inflammatory autoimmune diseases. Despite the fact that this rapid test should be
examined with SARS-CoV, MERS-CoV as well as other common human coronaviruses including
HCoV-HKU1, HCoV-0C43, HCoV-NL63 and HCoV-229E to determine if it has any cross-reactivity
in validation, it was not possible to perform due to lack of those specimens. It was reported that
no-cross reactivity of antibody from patients with other HCoVs infection to N protein of SARS-CoV
was demonstrated"”. Likewise, the cell lines expressed-N protein is also applied as a capture
molecule in the in-house indirect ELISA development since it may express the protein in the
right structure. Whilst, in some commercial N-proteins, different expression systems might affect
the protein configuration which possibly result in reducing or stop of antibody recognition"®.

In stability study, the rapid test is considered their stability through accelerated condition
at 55 C to study the shelf-life due to time constraints. Consequently, the result indicated that
the test remains valid for 2 years at 4°C storage®®. For further study, three lots of manufacturing
will be examined in real time and accelerated conditions and tested with the panel sera including
negative, low, medium and strong titers of positive to ensure life span of the rapid test kit.

In this study, the sensitivity of antibody detection increased in the later phase of infection
that may reflect seroconversion in patients. Additionally, it was reported that in severe symptomatic
patients, the level of antibody in their blood is higher, compared to those mild or asymptomatic

patients"”

whose convalescent plasma were also shown lower antibody level. Thus, the development
of rapid test needs a large number of samples, patient’s onset day, severity of symptom and other
essential factors to evaluate assay sensitivity and specificity in method validation. Moreover,
a prevalence of COVID-19 in Thailand is low, resulting in the requirement of high specificity of
rapid tests for screening and monitoring the disease.

This lateral flow rapid test for anti-SARS-CoV-2 detection is enable to detect target
analyte in serum, plasma which is portable to test in site of quarantine or remote area. Moreover,

the test kit is also cost effective, non-labour intensive and non-scientific instrument requirement

that is suitable for serosurveillance study.

Conclusion

The immunochromatographic rapid test for detection of anti-SARS-CoV-2 antibody
(Covid-19 IgM/IgG Rapid Test) using N protein as antigen was successfully developed. The test kit
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has sensitivity of 35.09%, 47.62% and 87.51% at 1-7, 8-14 and >15 days after onset, respectively
with 99.5% specificity. The results showed non-cross reactivity with other antibodies from various
diseases in tested samples. The rapid test should be stored at 4°C that can be prolong shelf life

for 2 years.
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ABSTRACT Emerging of pandemic coronavirus disease-19 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) leading to diverse respiratory pathological disorders
particularly severe pneumonia worldwide. Serological tests are essential approach to support diagnosis.
We developed immunological assays based on capture ELISA to detect immunoglobulin M (IgM) and
immunoglobulin G (IgG) against SARS-CoV-2 nucleocapsid protein presented in sera of COVID-19
patients. Four main conditions were optimised including concentration of capture molecule, sample
dilution ratio, blocking reagent and concentration of conjugated protein. Anti-SARS-CoV-2 IgM ELISA
showed 41.46% sensitivity and 99% specificity while sensitivity and specificity of anti-SARS-CoV-2 IgG
ELISA were 60.98% and 100%, respectively. In addition, the cut-off thresholds were established at 3.2
for IgM ELISA and 2.2 for IgG ELISA, sensitivity of IgM and IgG assays was increased to 51.28% and
89.74% based on duration of onset, respectively. It is suggested that our developed ELISA could be used
to determine antibody to SARS-CoV-2.
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Introduction

The global pandemic coronavirus disease2019 is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) which belongs to Betacoronavirus in Coronaviridae family®.
COVID-19 considerably widespread via airborne transmission in human to human with zoonotic
origin and have been found R0 between 2.2-2.6. Fever, fatigue, pneumonia and respiratory symptoms
are a typical manifestation in COVID-19’. On the contrary, certain number of confirmed
cases reveal asymptomatic or other associated pathological findings such as multiple patchy,
Guillain-Barré and hyposmia. Previous research indicated that the average of incubation period
is about 5-6 days as related to 14 days for quarantine recommendation of public measures.

Thai Ministry of Public Health has worked co-ordinately with World Health Organisation
to prevent the outbreak that contributes the outcomes as follow; approximately 3000 confirmed
cases with 1.8% fatal cases but 2945 recovered cases have been reported or around 95%.
Aftermath, the emergence of viral infection affects not only health and well-being in population
but in socio-economic scheme as well.

Mucosal droplets containing viral germs have been reported as mode of transmission
which affected respiratory airway and may be caused multi-organ failure. Meanwhile, viral particle
is composed of diverse fundamental proteins in replication, formation and host attachment.
Depending on cellular proteases, there are two major receptors including dipeptidyl peptidase 4
(DPP4) and angiotensin-converting enzyme 2 (ACE2) for entry mechanisms by binding to viral
receptor-binding domain (RBD)®. After infection, host innate immunity recognises pathogen
associated molecular patterns (PAMs) through endosomal receptors, leading to downstream
signalling and antiviral cytokine expression in first line of defence'®. Thereafter, both
cell-mediated and humoral immunity are triggered in adaptive immune response. T-lymphocyte
obtains the antigens through major histocompatibility complex and subsequently transfers antigens
to B-cell, leading to cell proliferation and differentiation. Indeed, T-lymphocyte is divided into
subpopulation including cytotoxic T-cells (CD3+CD8+), regulatory T-cells (FOXP3) and helper
T-cells (CD3+CD4+) with different functions”. Likewise, excessive pro-inflammatory cytokines
and chemokines such as Interferon family, IL-6 and CCL2 in cell-cell interaction cause cytokine
storm in some severe cases®. Being stimulated by helper T-cells, B-lymphocytes differentiate
into plasma cells to generate diverse serotypes of immunoglobulin. Similarly, SARS-CoV-2
antigens are also presented to B-cells via MHC class II molecules and thereafter plasma cells
produce antibodies against various epitopes of SARS-CoV-2 into circulation for neutralisation as
well as enhancement of phagocytosis®'”.

Early detection of COVID-19 leads to effective treatment and emerging control. There
are different diagnostic tools with different principles to be used in diagnosis, for instance,
patient history, vital signs, thoracic imaging and laboratory results. Likewise, reverse-transcription
polymerase chain reaction (RT-PCR), particularly real-time RT-PCR, is an assay to ensure viral
infection by detection of SARS-CoV-2 viral RNA, spike protein and nucleocapsid encoded genes
with high sensitivity and high specificity. Even though molecular techniques provide reliable
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results, high throughput and less time consumption in early detection, but limitation was found.
Moreover, molecular assays required labour intensive for good specimen collecting and performing
excellent analytical process"".

Immunological assays are available for monitoring the progressive of disease and evaluation
of host immune status. Increasing of immunoglobulin M (IgM) and immunoglobulin G (IgG) could
be distinguished early stage or chronic phase of infection. Antibodies and viral proteins as target
biomarkers have been detected in blood samples and body fluids by various serological methods for
example lateral flow immunoassay, enzyme-linked immunosorbent assay (ELISA), luminescent
immunoassay, neutralisation assay as well as biosensor test. The ELISA method has been designed
to quantify antibodies, antigen or hormone in sera binding specifically to target analyte and then
antigen-antibody complexes are detected throughout their colorimetric or fluorescent signals.

COVID-19 IgM/IgG ELISA could provide some beneficial aspects. It detects specific
antibodies which show higher stability in sera than viral RNA. Unlike molecular techniques,
patient sera could be collected through standard phlebotomy which could reduce contamination of
interferences in samples. Additionally, presence of specific antibodies could be tracked previous
infection in some cases. ELISA tests for COVID-19 IgM/IgG are recommended to interpret in
parallel with molecular test results by healthcare professional for reliable result"?. Therefore, this
study aimed to develop and optimise the ELISA to detect levels of anti-SARS-CoV-2 IgM and
IgG. Additionally, cross-reactivity and method precision were also evaluated possibilities of being

the diagnostic tool for COVID-19 infection.

Materials and Methods

Source of specimens

A total of 123 blood samples of COVID-19 patients that confirmed positive with real-time
RT-PCR and 200 negative serums that were collected from healthy volunteers under restrict criteria,
100 negative samples were collected before pandemic period and another 100 specimens collected
during the outbreak. Similarly, 40 specimens of diverse infectious diseases including Mycoplasma
infection, mumps, measles, HFMD, autoimmune disorders, hepatitis as well as HIV were used to
analyse cross-reactivity of the COVID-19 ELISA test kit. All specimens were transferred under
cold chain system and sera were separated by centrifugation at 1500xg for 10 minutes, inactivated
at 56 C for 30 minutes and then stored at -20°C until use.

This study was approved by Ethical Committee of Department of Medical Sciences (0644 /
EC 190) on June 22, 2020.

Recombinant antigens
Recombinant nucleocapsid protein (NP), expressed in HEK293F mammalian cell line,
was provided by Research and Development team of Medical Biotechnology Centre, Department

of Medical Sciences.
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Statistical analysis
GraphPad prism version 6.0 was used for statistical analysis. The variables are concluded
as the median along with Mann-Whitney test. Statistical significance was considered at

P value <0.01.

Capture ELISA
Optimisation of COVID-19 IgM ELISA

To immobilise the primary antibody, goat anti-human IgM antibody (MP Biomedicals,
Illkirch, France) was diluted in binding solution (0.6mM carbonate bicarbonate buffer pH9.4) into
final concentrations of 5 and 10 ug/ml and 100 pl of each was added to each ELISA well (Nunc,
Roskilde, Denmark). The coated plate was incubated for 16-18 hours at 4 C and further washed
for three times with 400 ul of 1x phosphate buffered saline pH7.4 (PBS)+0.1% Tween. Blocking
was performed using 0.5% casein and 3% skim milk (sample diluent). After blocking procedure,
50 ul of each sera (1:100 and 1:200 dilution in sample diluent) was added and then incubated at
room temperature for an hour before washing with wash buffer. HRP conjugated NP was prepared
to final concentrations of 0.5, 0.75 as well as 1 ug/ml and 100 ul of the conjugated NP was added.
The plate was incubated in a dark chamber at room temperature for an hour. After washing,
85 ul of TMB substrate (KPL, Gaithersburg USA) was added, further incubated in dark at room
temperature for 30 minutes. The colour reaction was stopped by adding 50 ul of 1 N sulfuric acid.
Colour development was read at 450/630 nm by an ELISA plate reader (Sunrise TM Absorbance
Reader, TECAN, Switzerland). (Figure 1)

A | A HRP conjugated nucleocapsid protein

Immunoglobulin M in sera

/ \ Goat anti-human IgM antibody
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Factor Assigned condition Variable condition

- Sample dilution 1:100

- 5 ug/ml
- Blocking solution: 3% skim milk
Concentration of capture antibody - 10 ug/ml
- Sample diluent: 3% skim milk
- Conjugated NP dilution: 0.75 ug/ml
- Coating antibody: 10 pg/ml
- Blocking solution: 3% skim milk - 1:100
Sample dilution ratio - Sample diluent: 3% skim milk - 1:200

- Conjugated NP dilution: 0.75 ug/ml
- Coating antibody: 10 ug/ml

- Sample dilution 1:100 0.5% casein

Blocking solution - Sample diluent: 3% skim milk - 3% skim milk

- Conjugated NP dilution: 0.75 ug/ml

- Coating antibody: 10 pg/ml

0.5% casein
- Sample dilution 1:100
3% skim milk

Sample diluent
- Blocking solution: 3% skim milk

- Conjugated NP dilution: 0.75 ug/ml

- Coating antibody: 10 ug/ml

- Sample dilution 1:100 - 05 pg/ml
Dilution of conjugated NP _ Blocking solution: 3% skim milk - 0.75 ug/ml
-1 pug/ml

- Sample diluent: 3% skim milk

Figure 1 (A) Scheme of a COVID-19 IgM ELISA that the solid phase is coated by anti-human
IgM antibody to capture target analyte in blood sample. Then, conjugated NP acts as
detection molecule in specific binding with IgM. (B) COVID-19 IgM ELISA was

optimised in various conditions.

Evaluation of COVID-19 IgM ELISA

To evaluate COVID-19 IgM ELISA, 100 ul of 10 ug/ml Goat-anti human IgM antibody
in binding solution was added into each ELISA well and incubated at 4 C for 16-18 hours before
flushing off and washing with 400 ul washing buffer (1X PBS+0.1% Tween-20) for three times.
The plate was then blocked with 3% skim milk for at least 1 hour at room temperature. Patients’
sera and control samples were diluted at 1:100 in 3% skim milk. After washing, 50 pl of diluted
samples was applied into each ELISA well and incubated under room temperature for an hour
before washing with wash buffer. Afterwards, HRP conjugated NP (0.75 pg/ml) was prepared and
100 pl of conjugated NP was added into ELISA well and further incubated away from light for an
hour at room temperature. After 1 hour, the ELISA plate was washed and 85 ul of TMB substrate
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was added, then incubated for 30 minutes in the dark chamber to develop colour of reaction.
Subsequently, 50 ul of 1 N sulfuric acid was added into each well to stop the reaction and the

absorbance was read at 450/630 nm.

Optimisation of COVID-19 IgG ELISA

Regarding to the conventional procedure, NP antigen was diluted in binding solution to
final concentrations of 1 pg/ml, 5 ug/ml and 10 pg/ml and then 100 pl of capture molecule in coating
buffer (0.6 mM carbonate bicarbonate buffer pH 9.4) was coated in 96 flat-bottom ELISA plate.
Then, coated ELISA plate was incubated at 4 'C for overnight before flushing off and washing
with 400 pl washing buffer (1X PBS+0.1% Tween-20) for three times. Blocking was performed
with 0.5% casein, 2% BSA, 3% skim milk and 5% skim milk (sample diluent) for 1 hour at room
temperature. After blocking procedure, 50 pl of each sera (1:100 and 1:200 dilution in sample
diluent) was added and then incubated at room temperature for an hour before washing with wash
buffer. HRP conjugated-anti human IgG antibody (Dako, Denmark) was prepared in blocking
solution at various dilution including 1:5000, 1:8000, 1:12000 and 1:16000 and 100 pl of the
conjugated protein was added. The plate was incubated in the dark chamber at room temperature
for an hour. After washing, 85 ul of TMB substrate (KPL, Gaithersburg USA) was added, further
incubated in dark at room temperature for 30 minutes. The colour reaction was stopped by adding
50 ul of 1 N sulfuric acid. Colour development was read at 450/630 nm by an ELISA plate reader
(Sunrise TM Absorbance Reader, TECAN, Switzerland). (Figure 2)

A) %//% Rabbit anti human IgG antibody-HRP
4N\

Anti nucleocapsid antibody in sera

/ \ Recombinant nucleocapsid protein
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€2))
Factor Assigned condition Variable condition
- Sample dilution 1:200 - 1 ug/ml
- Blocking solution: 5% skim milk - 5 ug/ml

Concentration of capture NP
- Sample diluent: 5% skim milk - 10 ug/ml

- Conjugated antibody dilution: 1:16000

- Capture NP: 1 pg/ml
- 1:100
- Blocking solution: 5% skim milk
Sample dilution ratio - 1:200
- Sample diluent: 5% skim milk

- Conjugated antibody dilution: 1:16000

- Capture NP :1 pg/ml - 0.5% casein
- Sample dilution 1:200 - 2% BSA
Blocking solution
- Sample diluent: 5% skim milk - 3% skim milk
- Conjugated antibody dilution: 1:16000 - 5% skim milk
- Capture NP: 1 pug/ml - 0.5% casein
- Sample dilution 1:200 - 2% BSA
Sample diluent
- Blocking solution: 5% skim milk - 3% skim milk
- Conjugated antibody dilution: 1:16000 - 5% skim milk
- Capture NP :1 pg/ml - 1:5000
- Sample dilution 1:200 ~ 1:8000
Diluti f conjugated antibod,

Hution of conjugated antbody Blocking solution: 5% skim milk ~ 1:12000

- Sample diluent: 5% skim milk ~ 1:16000

Figure 2 (A) Scheme of a COVID-19 IgG ELISA that the solid phase is coated by recombinant
NP to capture target analyte in blood sample. Then, HRP conjugated anti-human IgG
antibody act as detection molecule in specific binding with IgG. (B) COVID-19 IgG

ELISA was optimised in various conditions.

Evaluation of COVID-19 IgG ELISA

To evaluate COVID-19 IgG ELISA, 100 ul of 1 pg/ml recombinant NP in binding solution
was added in each ELISA well and incubated at 4 C for 16-18 hours before flushing off and washing
with 400 pl washing buffer (1X PBS+0.1% Tween-20) for three times. The plate was blocked by
5% skim milk for at least 1 hour at room temperature when patients’ sera and control sample
were diluted at 1:200 in 5% skim milk. After washing, 50 pl of diluted samples was applied into
each ELISA well and incubated under room temperature for an hour before washing with wash
buffer. Afterwards, polyclonal rabbit anti-human IgG antibody-HRP was diluted at 1:200 in

sample diluent and 100 pl of conjugated antibody was added and further incubated away from
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light for an hour at room temperature. After 1 hour, the ELISA plate was washed and 85 pul of
TMB substrate was added, then incubated for 30 minutes in the dark chamber to develop colour
of reaction. Subsequently, 50 ul of 1 N sulfuric acid was added into each well to stop the reaction

and the absorbance was read at 450/630 nm.

Results

COVID-19 IgM ELISA

Sample dilution factor

1.200

Concentration of capture antibody

1000

0.800

0.600

ABSORBANCE

0.400

0.200

0.000

POSITVE NEGATIVE POSITIVE HEGATIVE POSITIVE NEGATIVE POSTIVE NEGATIVE

5 pg/ml 10 g/ml 1in 100 1in 200

mn0181 mnol8l mno219 mFRP mRK mSK
mno.181 Enol8d mno.219 mFFP WRK mSK

Blocking and sample diluent Concentration of conjugated recombinant NP

POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE

0.5% casein 3% skim milk 0.5 ug/ml 0.75 pg/ml 1pg/ml

mno81 mno.l8d mno.219 mFFP mRK mSK
mnol81 mnolsd wno.219 wFFP mRK mSC

Figure 3 Optimisation of COVID-19 IgM ELISA conditions

Considering optimal conditions of COVID-19 IgM ELISA was based on (1) minimisation
the absorbance value of negative sample (2) maximisation of absorbance in positive group to clearly
distinguish positive sample from negative group and (3) lower concentration of protein was selected
in case of indifferent outcome"”. Therefore, the optimisation of COVID-19 IgM ELISA was found
to be 5 pg/ml of goat anti-human IgM polyclonal antibody, 3% skim milk, 1:100 sample dilution
and 0.75 pg/ml of HRP conjugated recombinant NP. (Figure 3)
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Study group Mean + SD Median (IQR) P value
RT-PCR positive cases (n=123) 4.283 + 4.209 2.910 (1.379-5.725) <0.01
Healthy volunteers (n=200) 1.251 + 0.650 1.025 (0.800-1.568) <0.01

Figure 4 Relative optimal density plot between positive and healthy population as well as

statistical analysis from data set of COVID-19 IgM ELISA.

The figure 4 demonstrated the comparison of relative optical density between two groups

which were positive and healthy that one plot represents one ELISA unit. Each individual
cample is normalised by baseline unit which is derived from OD value of pooled negative plasma.
Then, the outcomes show as the relative OD or ELISA unit to consider the method cut-off.
Extended scatter in positive group have been shown when compared with healthy population.
Likewise, statistic mean in both groups provides clearty distinguish including 4.297 in positive

and 1.251 in negative groups whereas the median (IQR) examines more reliable parameter when

P value less than 0.0001
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Figure 5 Optimisation of COVID-19 IgG ELISA conditions

Considering the condition of COVID-19 IgG ELISA was comparable to COVID-19 IgM

ELISA based on minimisation of OD  along with maximisation of ODpOS

negative

e TO categorise two
distinct group. Additionally, the concentration of protein was another influential factor to be
concerned. With regards to our results (Figures), optimal conditions of COVID-19 IgG ELISA were
1 ug/ml recombinant NP, 5% skim milk, 1:200 sample dilution and 1:16000 of HRP conjugated

rabbit anti-human IgG.
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Study group Mean + SD Median (IQR) P value
RT-PCR positive cases (n=123) 9.757 + 7.889 7.507 (2.583-17.20) <0.01
Healthy volunteers (n=200) 0.858 + 0.431 0.740 (0.527-1.161) <0.01

Figure 6 Relative optimal density plot between positive and healthy population as well as
statistical analysis from data set of COVID-19 IgG ELISA.

The sets of raw data were normalised into relative OD or ELISA unit before statistical
analysis and graph plotting. Both mean values were examined and found clearly distinguished
between positive group (9.757) and healthy individuals (0.858). Moreover, median value in positive
population was approximately higher than that in the negative group by 10 times. P value between

two groups was less than 0.01. (Figure 6)

Determining the cut-off value in ELISA

According to Table 1, specificity of IgM ELISA at the threshold “mean+3 standard deviation
of healthy” demonstrated the high value at 99.0 whereas their sensitivity was 41.46%. Besides,
the sensitivity of the IgM ELISA was increased to 51.28% or approximately 10% when considered
about the onset period at >14 days. Whilst the COVID-19 IgG ELISA showed 100% assay specificity
at meanneg +3SD threshold despite the fact that assay sensitivity was 60.98%. However, the
sensitivity rose roughly 30% to 89.74% in IgG ELISA by considering patients’ onset. Thereby,
meanneg +3SD was a capable point to set the cut-off value when standards were not available.

Thus, the cut-off for COVID-19 IgM set at 3.2 while COVID-19 IgG established the cut-off at 2.2.
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Table 1 The cut-off value of ELISA

COVID-19 ELISA Cut-off Sensitivity (95% Sensitivity Specificity
CI) N=123 (>14 day onset) N=39 (95% CI) N=200
COVID-19 IgM ELISA 3.2 41.46 51.28 99.00
(32.48-59.84) (29.37-73.19) (97.62-100.00)
COVID-19 IgM ELISA 2.2 60.98 89.74 100.00
(49.94-72.01) (79.69-99.79) (100.00-100.00)

Cross reactivity

Comparable three-dimensional structure in variant antigens possibly lead to cross
reactivity particularly in binding of polyclonal immune response. From previous studies, T-cell
receptor (TCR) cross-reactivity carries around 10° diverse peptides"”. Therefore, serological
diagnostic tool required cross-reactivity assessment. This study performed cross-reactivity with
40 positive cases of 7 infectious and inflammatory diseases including mycoplasma pneumoniae,
mumps, measles, HFMD, autoimmune disorders, HCV as well as HIV. From the results, there
are positive for mumps, autoimmune disorders in COVID-19 IgM ELISA. On the contrary, none

of cross-reactivity was shown in COVID-19 IgG ELISA.

Table 2 Cross-reactivity results of both ELISA test systems.

Diseases COVID-19 IgM ELISA COVID-19 IgG ELISA

Mycoplasma pneumoniae (n=2) - _
Mumps (n=9) 1/9 _
Measles (n=9) - _
HFMD (n=5) - -
Autoimmune diseases (n=5) 2/5 -
Hepatitis C (n=5) - _
HIV (n=5) - -

Precision

To measure random error of the assay, ELISA tests for both IgM and IgG detection were
completed within-run and between-run performance when within-run precision contributes the
estimation of daily performance. Likewise, between-run provides the estimation between-day
performance which carries more factors of operating error. Typically, less than 10 of %CV indicates
excellent performance of the method and over 30% of coefficient of variation point out non-precise
procedure”'®. Hence this in-house ELISA tests are acceptable to use for analysis since their %CV

of selected samples are in the range from 0.3 to 23 (Table 3 & 4)
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Table 3 Standard deviation (SD) and coefficient of variation (CV) in COVID-19 IgM ELISA

in intra-lab study

Strong positive Adequate positive Weak positive Negative

precision Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample7 Sample 8

SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV

Repeatability 0.21 0.6 0.10 0.3 1.07 6.7 0.33 2.5 0.26 2.7 0.20 2.3 0.03 3.9 0.01 1.0
Within day 6.11 16.9 5.86 15.7 2.21 13.9 1.91 14.1 2.19 18.0 0.70 7.2 0.05 9.7 0.05 8.3

Between day 3.35 8.5 3.17 7.7 1.06 6.2 1.29 8.9 1.86 16.1 1.48 16.8 0.09 12.9 0.05 8.0

Table 4 Standard deviation (SD) and coefficient of variation (CV) in COVID-19 IgG ELISA

in intra-lab study

Strong positive Adequate positive Weak positive Negative

precision Sample 1 Sample 2 Sample 3 Sample 4 Sample5 Sample 6 Sample7 Sample 8

SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV

Repeatability 0.64 3.1 0.61 3.1 1.03 5.2 1.00 5.7 0.47 4.8 0.13 1.7 0.05 3.1 0.04 4.0
Within day 0.50 2.4 0.48 2.3 0.89 4.4 0.52 3.0 0.45 3.7 0.16 1.5 0.05 2.3 0.04 3.7

Between day 2.77 12.3 2.57 11.6 3.10 14.2 2.73 14.1 1.76 14.7 1.39 15.3 0.09 4.8 0.05 4.2

Discussion

To develop COVID-19 ELISA, four main factors were examined which were
capture-molecule concentration, blocking solution, sample dilution and concentration of
detection molecule. In COVID-19 IgM ELISA, 5 pg/ml anti-human IgM was coated in ELISA well
and blocked with 3% skim milk when patients’ sera were diluted by 1:100 ratio and then 0.75 ug/ml
of HRP-conjugated recombinant NP was added to bind with antigen-antibody complex before
measuring the colorimetric reaction. Whilst, immunoglobulin IgG against SARS-CoV2 in 1:200
diluted sample would be measured in 1 pg/ml recombinant NP coated plate that was blocked in 5%
skim milk before binding to 1:16000 prepared anti-human IgG HRP. Both ELISA tests contributed
colorimetric reaction and were measured at 450/630 to obtain absorbance values.

Without primary standard method to compare, raw data have to normalise by absorbance
value of pooled negative sample (OD pooled negative) resulting in one ELISA unit or relative OD
for further analysis. In this point, meanpositive —3SD and meannegative +3SD are considered to
be use as formula for cut-off calculation””. Using meanneg +3SD in our study as the cut-off value
could provide higher specificity, i.e., 99% specificity in COVID-19 IgM ELISA and 100% specificity
in COVID-19 IgG test and decreased possibilities of false positive results. The assays developed
were suitable to use in low prevalence countries such as Thailand"® which high specificity test is

required to ensure infection.
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As for cross-reactivity, there were positive for mumps, autoimmune disorders in
COVID-19 IgM ELISA, while, none of cross-reactivity was shown in COVID-19 IgG ELISA. Thus,
false positive results from other infectious diseases might occur for the COVID-19 IgM ELISA.
Moreover, within-run and between-run performances revealed the value of %CV which were
in the range from 0.3 to 23 indicating adequate precision of the method. From our results, both
systems for antibody detection should be further developed to ensure high precision of analytical

results with less than 10% of CV.

Conclusion

COVID-19 IgM ELISA was able to be used for detection of immunoglobulin M against
SARS-CoV-2 with 41.46% sensitivity and 99% specificity. Additionally, COVID-19 IgG ELISA could
use to detect immunoglobulin G against SARS-CoV-2 in blood sample with 60.98% sensitivity and

100% specificity. The possibility of cross-reactivity with mumps and auto-immune diseases were

demonstrated with COVID-19 IgM ELISA.
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NSNENUN DRI AUSNIUTD SARS-CoV-2

835 Reverse Transcription
Droplet Digital PCR
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iiamuaumassnazashiail msasniauiinaide SARS-CoV-2 fanwuidylumsfnunidadunensidio
29l5ALATMSAAMUKAN TN smﬁzﬁmsm‘%ﬂumﬁﬁutammgm Famslinaia quantitative real-time PCR
iiaanaiatiinamsiugnsaniitoiiadeseanuwiug usziiiiudanh standard curve mugiumsasados
‘V!ﬂﬂ'?ﬁ msdniilawanniznmsnsatsinali$s SARS-CoV-2 damaiia reverse-transcription droplet
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Tsanguamamudumneladsundusuussnnmataidalifalalsn 2019 (Coronavirus disease
2019: COVID-19) Lﬁ@]ﬁnﬂﬂ’l‘iam‘ﬁ ah%’anajuiﬂismﬁ'a Severe acute respiratory syndrome coronavirus 2:
SARS-CoV-2) wiatanasdmsamnsalaniasldie hialalsmaenuglvi 2019 (2019-nCoV) Hans
ﬁ’uqﬂssmﬂumﬁﬁmamﬂL(’?’\Imﬁﬁéﬁumamﬁau mRNA (positive-sense single-stranded RNA) wu
fthenousnludiesgdu Ussmadu ludausunaw 2562 uaziiamsundsznaaienailulsamaiuuas
Ussiaduyngiimanlan® » 2 13%'ammsaLtwﬁmnﬂuzjﬂumﬂmilaw%ammawjamL%ymiwﬁjszuummﬁu
welathumeayn 1thn viam gaadednlnafiamsedeniondelifioms dueslszanasonas 20
fiarmaguuss Yaasnau meladun audwudeiio Tesfithiadasdamaiaamequusslugiiissuy
aiduiudenviaunwias wu gaeay anudulafiogs wvmu vialsavaaaidaeiila dudy Thimdg
wadiihuwanelaegnuldunu Angiotensin-converting enzyme 2 receptor (ACE2) %qwulﬁ"ﬁﬁamaét?iaq
madumelanidnuuuazdiuas andesthas wla lo maduems nasdude 2-14 JuazGuuans
2ms hisimsiusanlumsaanasszuumadumela wasmaduams® »

m3amamsiaidia SARS-CoV-2 ¥msamamaswugnssmashialudaivanngthe wia
fidhedasads viafienudsiazldsude Bonaiuunhlosasdmsainialand real-time reverse
transcription-polymerase chain reaction (real-time RT-PCR) %\‘l Hlums mimmmsﬁ’uqnsiuﬁﬂ LNZYDN
Th$a® fudhwanamsasaildmennlaudiu RNA dependent RNA polymerase (RdRp), nucleocapsid (N),
envelop (E) uas spike (S) losillunmsamadaganw (qualitative analysis) nenunatiunwunis liwy
aInugnINueala3a @ cycle threshold (Ct) sasudazdathailumsvanunliureimsnu@annyie
ae ualianinsaszyudmnaniluinu copy Huuaiinsnsauuuis quantitative real-time PCR t3au
Wi Ct Alafudstuedidute/Aduemasuiinaiusnu copy (calibrator) Tagmsi standard
curve Liia9nen Ct mﬂm'smamwiam%gqﬁmmc‘]’uuﬂﬂ@i"gq F9RDINMINTIUUY 3 T (triplicate) W
Fateamauaziathunasgu wevinludash standard curve nnassasmsas vhliliszann dunldas
nSwennsuazanlding uannniiausinadilddadiumiudsuiiou (relative quantitative number) (W51
Humshugasenavaznasameldsunigiuhdachauas calibrator fuszansmuwlumsiiinsauahi

Bseaiadinaaswugnssnmemaiia digital PCR (dPCR) L"fJumﬂﬁﬂ"?igﬂﬁ’wuuﬁaufT
HymasnanzesmsasNadUsinmasds real-time PCR™ * * ' ' Taalduanmsuusufisen PCR
(partition) saniusnnuwmeiuugasenlulsmnesunadnszauinluaas dehle 2 szuu fe msldiwan
‘I/iqu"llu’lﬂl,5ﬂ (nanoplate-based dPCR) ttaz M55 water-in-oil emulsion Lmu‘wquﬂﬁﬁ%m (droplet-based
dPCR; ddPCR) Togiliunaudansaiiuaihvingnaunauiuine PCR il primer Waz probe LW
fouul partition waINAUFaMIinUGINasaugahelueias PCR udhdasaiadyanauadluudas
partition Mflufluinw3eau (end point PCR) msiansdiutathmnedaumsi PCR e liiiie
masnszneialundas partition Tasdansdumsidennimmnsanaziaduathmnaies 1 copy luus
partition wazlifiddueluug partition MIAMUIUDATIEIUITWIN partition U’Jﬂ‘ﬁlLﬁﬂ PCR product
nnmsiadueihuing fu partition ﬁgﬁwuﬂﬁlmﬂaaﬁ’sﬁ‘ﬁm (Poisson statistical analysis) lamauiu
copy #BNUAAZAIBENDENGNADY aINIITBUTIBUANNUANGNNUIBINUIY copy Tuudazaatala
peaudugINIIGS real-time RT-PCR fsfimsihanldnuaguwsnana® ™ 2 1y Msa519i05eau
mMsuaaeaanaasiiu (gene expression) Maiausanalhisalunszuadan (viral load) asrammsnarawug
yasiiuluBuLianz%e (rare mutation of cancer) ¥ans133aUSNaauE UG ULUY (library preparation
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quantification) §MFUMINTINNAUSNTWUGNIINGIA next generation sequencing (NGS) msdnwil
TeWannmaiia RT-ddPCR wiaanaiaUsaina SARS-CoV-2 TagldSachatnasiiuadieds uaznagau
ﬁ’ué’aaziwmnpjﬁm%ya iiamsinIandagnesiEuemnasu wasnieniasfuanmssesunuasiafiamna
maldsuuasBinalbilusegnsanngaadeiiovsaiiussansmwmssom

fa&19 SARS-CoV-2 RNA

inhideagadiiize lh¥a SARS-CoV-2 whiu 2 x10° PFU/m (Id5uayamsinnihalhiaszuy
mudumela anduideinenmansansisugy nswinenamansmsunng) Usinas soo ul sanaudiag
1518 UteUFINA5 60 ul (WNAY 1x 10° PFU/ml gasnagniansidue) degaadadiFagiuaziniassalusa
(Chemagic™ Viral DNA/RNA 300 Kit H96 waz Chemagic™ 360 Perkin Elmer, Massachusetts,
USA.) Tasufiamuduaauenansmivrasgmmuazmsldiniaciio

ﬁ’aatiwsjﬁm%a SARS-CoV-2

fatheansiduarasgiaida SARS-CoV-2 fifludaiumdannmsanameiasfidnmsena
COVID-19 §1eA3 real-time RT-PCR 510u 21 da9tha Tasdlushatheataannihaiesnm 4 daatha
LaLENMINN nasopharyngeal swab Waz/138 nasal swab (NPS/NS) 311U 17 ¢aeN %ﬁiﬁqmﬁwmas
ieiasiiomsafauudeiuin@erad

1151 RT-ddPCR

1% primer uaz probe dm3Uiu RdRp 289 SARS-CoV-2 mudsmsnsa RT-PCR fiwann
TogaomtuIeInenamansanansugy nsaInenaansnsunng (agssninanunieuns) Jarduiud fo
RdRp-Fw primer; 5°~-CTCACCTTATGGGTTGGGATTATC-3’uaz RARd-Rv primer; 5°-AGTGAG-
GCCATAATTCTAAGCATGT-3 uziia high affinity purification (§9t@512¥lee Bio Basic Inc.
Ontario, Canada) dNaaNau1Na 73 bp waz RdRp probe; FAM-3’-TAAATGTGATAGAGCCATGCC-5’-
BHQ1 %%i@ HPLC purification (§ta51¢%lae Eurofins Genomics, Ebersberg, Germany) Iﬁqﬂﬁlﬂm
One step RT ddPCR Advanced Kit for Probe (Bio-Rad Laboratories Inc., Hercule, CA) Tagluljisen
U53na559% 20 ul Usznauseaulesl reverse transcriptase waz DNA Polymerase lutiniasisiansasl
29AUsenaumsi RT-PCR uaz RARp primers/probe #adnniinmagneesiduatsangs 5 ul wlumn
partition LUU water-in-oil emulsion ﬁ"JﬂLﬂ‘%m droplet generator (QX200™ AutoDG Droplet Digital
PCR System, Bio-Rad Laboratories Inc., Hercule, CA, USA) 1o droplet naseann 1 ludas
%ﬂunﬂmﬁmﬂamﬁmsﬁw reagent control Tmaiﬁ'ﬁm’%qwamuﬁaaaiwmsfrfima msiinUsnaluedes
AmuANaani (T-100"", Bio-Rad Laboratories Inc., Hercule, CA, USA) quqquﬁﬁ 45°C WU 60 W7
\iie¥h cDNA woz 7 95°C W 10 Wil tiameaulss reverse transcriptase wiannszdu DNA
polymerase ug3rmstiinusanaiiy RdRp 11w 40 50U 91 95°C 1w 15 3t waz 50°C 0w 1 i
wasntusshanseulgiimaauazyhly droplet fanuuiauseii 98°C 1w 10 W7 uaz 4°C sty
10 ¥ audyamuss FAM channel A8LA309811 Droplet (QX200™ Droplet Reader, Bio-Rad
Laboratories Inc., Hercule, CA, USA)
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IPNLNENIY QuantaSoft™ Software v.1.7.4.0917 (Bio-Rad Laboratories Inc., Hercule,
CA, USA) anén droplet ilsinauin uaz 11w droplet navneeuandiuen copies/pl 28N reaction U@z
@ 95% confidential interval (95% CI) Lﬁa@mﬁm 20 Falutsinessnlunmsrh RT-ddPCR azlaandu
copies/reaction #3aL¥NNUMUIU copy Tumateasduaysines 5 ul 1lusunsa Microsoft Excel 2013
Tums plot N5 wazmMAANNFUNUS R? SeWINTIUIU copy UazmMstanan waaa Ct

MINAFUNITHGAS U511 RT-ddPCR

Lﬁamamazmmxaﬂumiﬁw RT-ddPCR Lﬁammﬁ'ﬂﬂ%mm SARS-CoV-2 lagnsnsi1aindy
RdRp lévhmsnagauSauidiou (1) anuudasuwae probe/primer # 900/250 nM, 600/250 nM Waz
600/300 nM (2) gaumgifianzaudwiutunoy annealing/extension 5eWiNZNgUNYT 50-59 C
(3) Femuaansalumsnsia (detection range) Tagiaaaiiaghs SAR-S-CoV-2 RNA fifieh Ct whiu
20.31 INMIATIAEEIT real-time RT-PCR 7 1/10, 1/100, 1/1,000, 1/10,000, 1/20,000, 1/40,000,
1/80,000, 1/100,000, WAz 1/1,000,000 (4) sas1EIMMsEDIGIBENANTBUBNIWINZINTDUMSN
RT-ddPCR Tagmagausiachaandiuesiuni 3 ¢1aga fiien Ct hiu 18.24, 24.08, ey 28.32

We

NINAFTAUANNIINIUYDY primer/probe

9nms13 primer/probe fiaNuENT YU 900/250, 600/250, Uaz 600,300 nM Tuasvh RT-ddPCR
aaiacUsinatasalauhnu 5,200 3,100 uaz 2,860 copies/reaction Muaey Haeuieumduana
e\ (amplitude) 284 droplet ﬁi‘ﬁmaau (negative droplet) oz droplet mﬁlﬁ\laU’Jﬂ (positive droplet)
WUN@NNENELY primer/probe 7l 900/250 nM %ﬁLﬂu@hm’mL?Tuﬁumuﬁwu,mﬁﬂu&jﬁmfwm Tv@a FAM
amplitude ¥99ngu negative droplet ligaauiuly waziiszazvieannga positive droplet nhanhiien
@asuay (mwd 1) Sadenldanudaiu 900,250 nM Tumsldnudald

FAM Amplitude
g

MWD 1 wdee One-dimensional scatter plots (A, B, C) waz histograms (A’,B’,C’) ¥a4 droplet
PlAarIn (WauuudntdY) wazkeay (wauanda) #1835 RT-ddPCR  wWSsuieausening
primer/probe NANNINIY 900/250 nM (A, A’), 600/250 nM (B, B*), uaz 600,300 nM (C, C*)
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msnmaauqmwgﬁﬁmmzam&i’m%’umstﬁuﬂ%mmﬁu RdRp luiumay annealing/extension
manasaugamgifiianzandmiumsiinsinadu RdRp Tudumay annealing/extension
SENENgUUART 50 - 59°C WuTil 59°C T droplet TamTlunguiden wazil 57.2°C uaz 55.5°C (3wl
droplet ugniilu 2 ngu ualizaiau Ui 50.0 - 53.5°C #1NI0UENNAN negative droplet Uds positive
droplet aananfuldinniu Tasfigamaii 50°C uenlddarumnniiga (mwil 2) Sudanldaamgii s0°C

fvsuNMsNeaasna b

8000

FAM Amplitude

7000

6000 +

590 572 555 535 51.7 50 °C

2NN 2 udes One-dimensional scatter plots 284 droplet Plvinavin (F103u%) wazkaau (dan)
¢35 RT-ddPCR 7l¥aavgil annealing/extension 1 59.0, 57.2, 55.5, 53.5, 51.7 Uaz 50.0°C

MINAFAUL1ANINENNTO IUNTATIIATIEY

M3a579619879 SAR-S-CoV-2 RNA #ifldr Ct iy 20.31 21033 real-time RT-PCR
Togdoaniisasdn 1/10, 1/100, 1/1,000, 1/10,000, 1/20,000, 1/40,000, 1/80,000, 1/100,000, UaZ
1/1,000,000 AauATITIAUSINAEY RdRp @18 RT-ddPCR la@n copies/reaction dauansluamsad 1
M3 plot ns1kamsnaaaswuhigenuansalumsasiadediiludunse (linearity detection range)
iR’ = 0.9975 Bt 9 — 27,700 copies/reaction FilFMagiansiduei3nNes 5 ul (WAU 1.8x 10° - 5.5 x 10°
copies/ml 2839 RNA sample) I@ﬂﬁﬁﬂﬁiﬂqmﬂmmﬁ’(ﬂlﬁ'ﬁ 4 copies/reaction (800 copies/ml 289 RNA

sample) AIUFAIIUMND 3
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UIBIUNS  IINWAIAUA UATAME

@519 1 U copies/reaction 284 SARS-CoV-2 2847881481518 URNTINANNUILAETAa N

WalhSanansdIuE@eaea g wezasIadindiyu RdRp 835 RT-ddPCR

RNA sample positive droplet negative droplet copies/reaction
dilution (number) (number) (95% CI*)

1 10,793 3,937 31,040 (32,592-29,488)
1:10 10,891 4,851 27,700 (29,085-26,315)
1:100 1,533 10,486 3,220 (3,381-3,059)

1:1,000 169 13,598 290 (304-275)
1:10,000 17 15,491 26 (27-24)
1:20,000 4 10,415 9 (9.45-8.55)
1:40,000 7 14,555 11.4 (11.97-10.85)
1:80,000 3 14,558 4.8 (5.04-4.56)
1:100,000 2 11,492 4 (4.2-3.8)

1:1,000,000 0 16,081 0
100000
¢ 31040 .{7700
10000 e y = 1.0467x + 55501
™9 3220 R2 = 0.9975

S 1000 e

S

® 290

[J] ~.

< 100 ~. .

a 926

8 10 s -

9 4
1 ~.
. 0
° ¢ T
0.1
1.0E+00 1.0E-01 1.0E-02 1.0E-03 1.0E-04 1.0E-05 1.0E-06
Dilution
MNH 3 nWUFMANNFNNUSIEINBaNFIUMTEaNNBIMBteaSBuenuYSINa 5 SARS-CoV-2

Taansnsiatiu RdRp me35 RT-ddPCR

an3IEIUNIRBINTAIMaENISBMaSsuiaunua) Ct fildan real-time RT-PCR

NAFDUDANFIUMTEINYBIMBENSEUEARUMSN RT-ddPCR Togasiaiainuiuiiu RdRp

Tumaghaasidutaniien Ct Ny 18.24 113Nt38319% 1/10,000 UL 1/1,000 dIUMIBENNTM Ct iy

24.08 1NNIDINN 1/100 Lha 1/10 wazdpgNnNa Ct WAy 28.32 HIXNLEDANN 1/10 MNNANSNABD

WU WU copies/reaction 7ilANANNFUNUSHUVDNTFIUNTITDAIN HIUFAS UM TIND 2
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M5 2 MU copies/reaction 89 SARS-CoV-2 Mamsasnamusunaneds RT-ddPCR lumaes
2151dUeNiiA Ct NAMSIN real-time RT-PCR

sample ID real-time RT-PCR  dilution of RNA sample RT-ddPCR*
(Ct) (copies/reaction)
A 18.24 1: 1000, 1:10000 7480, 702
B 24.08 1:10, 1:100 11540, 922
C 28.32 1:10 1180

* @1 copies/reaction Tumadnasiduadsnes 5 ul wazlduSinas 20 pl lumsy RT-ddPCR

msulSsuiisulsinalisa SARS-CoV-2 31735 RT-ddPCR iu real-time RT-PCR lumass
Q’ﬁmﬁya

naaadlda ddPCR sremiiwasinasgauladlumsiamusinalidaludagaansisueang
Faadasunu 21 daehs Tesfludagwansiduafivdannmsamamide SAR-CoV-2 i real-time
RT-PCR wuheh copies/reaction danudnwugiue Ct Tagiian R? = 0.9392 (a5 3)

i 3 Usinah3a SARS-CoV-2 Tudegnansiduennganidediedd RT-ddPCR wWisuifisuiy
@ Ct Algan real-time PCR

Sample code Clinical sample type* real-time RT-PCR R'I_‘_ddPCRT*
(Ct) (Copies/reaction)

#1 saliva Undetermined 0
#2 saliva 28.21 760
#3 saliva Undetermined 9
#4 saliva 23.35 22,000
#5 NPS/NS 27.67 940
#6 NPS/NS 27.67 3,400
#7 NPS/NS 21.19 56,000
#8 NPS/NS 20.22 80,000
#9 NPS/NS 22.49 24,800
#10 NPS/NS 18.55 454,000
#11 NPS/NS 24.68 12,000
#12 NPS/NS 26.78 4,600
#13 NPS/NS 25.49 20,600
#14 NPS/NS 27.68 880
#15 NPS/NS 13.54 5,280,000
#16 NPS/NS Undetermined 0
#17 NPS/NS 29.72 150
#18 NPS/NS 34.94 36
#19 NPS/NS 23.76 16,600
#20 NPS/NS 26.95 1,360
#21 NPS/NS 20.94 82,000

*NSP = *nasopharyngeal swab, NS = nasal swab, Ct = Cycle threshold
**3paNapgnnie Ct > 25 71 1:1,000 AauMs RT-ddPCR eniilatiluafivsugansidaaeus
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a o
AU

3% RT-ddPCR ({hisiiissansmwlumsanafnamaiugnisy Tasaansossyanlsuna
hsalundazarashailudnnu copy lalaalinawh standard curve hlUlFasadiadwanasgiunse
é’haziwé"w5\‘1Lﬁ'ai%ﬂimﬁuqmmwﬁﬁmmmq molecular technique %ﬂ;immsn”lﬂﬁﬁh plaque forming
unit (PFU) @ldnnmamnsdsshialumaddmiuszyusmamaiugnianle dadhiafmnsdadu
L%aaﬂﬁﬁaqﬁqmauﬁﬁLﬁ'mmsﬁhmﬂumaa'l,wmﬁym (viability) @1 PFU 3ailehenniien copy nlams
5799 molecular technique Fuilumsamaiamsiugnssuiamualudodans Tassinaymalsa
ffadinannuld aymahiadfissiugnssuudlimansoiuinnu (defective viral particle) uazans
Wugnssuiivgaaanmnaymabisiuan Tumsdnmnilasmnaliannmaiia RT-ddPCR éandlu
Wnahialuhmnsidsasadldwhsu 5.54 x 10° copies/ml Funniflu 55 whasseh PRU fissyld (2x10°
PFU/ml) 35 RT-ddPCR “?iﬁ'wmfzﬁﬁwmamwﬁé’fqLﬂmﬁumqagﬂuﬂm 9-27,700 copies/reaction
(LNU 1.8x10°- 5.5x10° copies/ml RNA sample) LLa::ﬁFi’wi'ﬁEjWUmﬂ’lim‘i’sﬁﬁﬂaﬂﬁ 4 copies/reaction
(800 copies/ml RNA sample) tSsutiaunusigaumsanen ludut? %ﬂ%’qmﬁwm COVID-19 digital
PCR detection kit (TargetingOne (Corp. China) @518 ORF1ab uaz N 299 SARS-CoV-2 Awuil
MMaa3193aU5un SARS-CoV-2 agluzing 200-50,000 copies/reaction uaziienegauaimsasiaiod
2.18 copies/reaction: Fenuandnfuiimaiionnnnmaenailiyahenuasiuihninaeiu

Faiawadii RT-ddPCR @a ludadwiifivsinahiaduunnazyiliduaaulumsiado
droplet fianswugnssniihvaneaannndn 1 copy aglu droplet L@gnny FaiamInszneassnUgNITH
huanglaifiu Poisson distribution fusanaiiasaialdaemnidads daiumansiuer Ct :1nmsin
real-time RT-PCR nauazzalviuszanansmsidaaneaiags RNA naunsv RT-ddPCR ;nmséanmn
fifauuzin dhen Ct asnh 25 mIdanadiagna 1:1,000 Apwrnmsanaiausine dalunsdindand
fiusinalh¥aenann esuau copy ﬁmmi’mlﬁ%ﬁmmLLﬂsﬂiauz;N ({i9921n3% ddPCR s idaugnsl
ihenildgnuaennusimidimiugaaiasiiansalaammnziheniio one-step RT-PCR fifithmmnnguanay
e unsduaaumsasaiidasmsgunsaiiimglumsn partition ¥liia ddPCR fenldhadalfisen
g9nI1I5 real-time PCR Useanat 10 1M uaraduaunaiinmInnadelidasivanamh (replicate) ag
l1i#2ams standard curve Jamlvidsenganh

1
oY

M ddPCR fimauiinuSinaduihmnsdudaiidsmsenadisndnms PCR fifidaans
seiadesmatuilauues PCR product Tumsmagaunaunih Tasdasiinasmstlasiumsiudiouiisons
titatlasiumsiionatnniany (false positive)

fadasuniuiidewadannugndasmasaniGinahisiiddydadiedednsna lunsdues
SARS-CoV-2 #l# NPS/NP qalu viral transport medium (VM) Hu nssuiumaiiudathaudasaiy
2193z swab Uhadifidesananlivhiy uasnsdififudachauhas limmnsammuauiinanihne
fivldnaunaniu VIM fuanssdunnmsiacmisinahianduiiimsiuhimilunssumian @y human
immune deficiency virus (HIV), hepatitis B virus (HBV) &g hepatitis C virus (HCV) Wudu
finnsammuatiinasietanmanizudunauadamsiugnsslduiuaund mlvmsanaiouas vl
maBauisumuEnabidlumhagsiifushehanmnngaadanadmiuiisnhidaiamnnnh vananil
Bmsanasswugnssuniutadalumsinliinaenuulsusnvlumsane gaanaasnugnssuudazuandum
ﬁﬂszaw%mwlumsaﬁmmsﬁ'uqniiuu,azfi’ﬁ'méhﬂ'uﬁy'q (inhibitor) 28915% ddPCR laanany Farhuens
neaaugednanautazldgaanamsnugNITHNNUIENEKANGEINUAaaaM AN ITY
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a5

9

msnTamUsina SARS-CoV-2 demaila RT-ddPCR ldiimsdnmnluaeil ssnsansiam
13%&1156%1&1@50 4 copies/reaction (800 copies/ml RNA sample) ﬁi?umaumiﬁuﬂu single-step RT-PCR
wazlddasldmslSauiisunuaeatnanasgiuleanism standard curve WazanuazinzanlumMInga
wisnahidlumaieisdaiiamalssfivaammuganna,/daslfianms uesmsiteussianniznmsena
malutana i’m‘ﬁz\iﬂ1iﬂ5$£§ﬂ6ﬂ%@l‘§’)ﬂﬁ1ﬂ%lﬂml)%’a SARS-CoV-2 tiadamumsinmnauld COVID-19
leadhefidsz@nsnn

Anenssndszna

anzivsrarauantha hiaszuumaudumela antuiseinnmaasaionsagy nswInenmans
msunwng nlumimgmiwz:ﬁﬁwLﬁmmaﬁtmmﬁa SARS-CoV LLazﬁ'agaéwé'muaﬂm RdRp primer i8¢ probe
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Establishment of SARS-CoV-2
Quantification by Reverse Transcription
Droplet Digital PCR

Nuanjun Wichukchinda Natthakul Bunnueang Wimala Inunchot Waritta Sawaengdee
and Surakameth Maharisimongkol
Division of Genomics Medicine and Innovation Support, Department of Medical Sciences, Tiwanond Road,

Nonthaburi 11000, Thailand

ABSTRACT Pandemic of SARS-CoV-2 affects global health, social, and economic system. Research and
development in sciences and medicine involving diagnosis, therapy, and vaccine has been intensively
focused to control this contagious virus. Quantification of SARS-CoV-2 viral load is important for
studying pathology and monitoring treated patients, and also for standard RNA preparation.
Quantitative real-time PCR technique has low accuracy, high variability, and required standard
calibration in every run. Here, we reported the development of reverse-transcription droplet digital PCR
(RT-ddPCR) method for SAR-CoV-2 detection which can absolutely quantitate the virus by detecting
RNA dependent RNA polymerase (RdRp) gene as low as 800 copies/ml with linearity of detection at
1.8x10° to 5.54 x 10° copies/ml of RNA sample. This method can be applied to measure SARS-CoV-2 in
both reference RNA and clinical samples. Further improvement in quality of biological samples in term

of collection method and preservation will support the accuracy of the viral load assay.

Keywords: COVID-19, SARS-CoV-2, quantification, RT-ddPCR
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msﬂsgtﬁuQmquﬂﬁwmmmmsﬁ’uqﬂssmm
1ia SARS-CoV-2 me)d real-time RT-PCR
NP UN LT S UIBUIY LUNTLTIN I

auns Ay’ FIwssn usasa’ alan suemna’ §ens uesega’ lafon nmae’

FusnN Fany’ wumssa wen' dladnwel aaalwyad Tamaz' unssm @uly’

Wal AInenuaiiad” wazdasan auwed’

ANV INENMFNSIIoITUGY S1UNTAINITINEMFATNISUNNE NININENMIFNTMITUNNE  aUUGIIUUT
WUNY3 11000

unanga  MsUssiivqauawieunzideudmiialunsdiseaiueesaingInsIama TN UGN ITNYBILED
SARS-CoV-2 61835 real-time RT-PCR i Lﬂumiﬁwmniﬁwmmam%mmwmﬂumsmnaaummgm
oA s v a PRI a wva a & v S o a a P2 a
wn3asdiawnng tialvtiaUsslezddaasl juamslumsinsanidanldgmnenivssanaamn mazananuiawaa
gamsnNUIREAE MUy Usznaudemsdsudivenansmiuganendasmsussiiumeviaaljuans
NAFDUMEIBENNIYNG 10 GapeN winiudietnuin 5 med elszduanulidienzy uazdateau
5 @089 WaUsziiiuanuawz nadgauaiadNa: 3 91 unevne 30 Ujnsen Teald RNA fanaanize
SARS-CoV-2 lumadwlumsuszifivialfiguihwineniianuimnzdanninemaasu laun #u N, ORF1as

ab, E, RdRp uaz S madnwillausziiiugainenady 41 geihen figaihenfishumsusziiiy 36 gaien (88%)

sal o 3 o

lishunarienuhiddensinmvuasosss so Mwau 3 gaen (7%) wazlihunasianuduwzinvuue
Fp8az 99.8 MU 2 FE (5%) wazlinwuIMInszaeuesm cycle threshold (Ct) waanngaeniany
uananulunndudivaneg detufufifoudasdnmdayanaudanladgaineialymsnsnumaduly

RENYNADY

maen: waliTalalswn 2019, real-time PCR, M3Usziiiunnmngansia
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unin

Tsmdaalh3alalsin 2019 valsalada-19 (Coronavirus Disease 2019 (COVID-19)) wu;i&m%ya
fufuaSusnidaidousunay wa. 2562 lufiosgdu Usnadu deufiasfimsundsznalidimngima
lan Feasdmsewnsialan (WHO) laUszmalimsunsszunaringne pandemic daTuit 11 fwew
2563 MNdayadeiuil 8 Gunen w.e. 2563 dmstudugiadamlanainnh 18 S @eFieannnh
7 uaune® e hialalsnmeuslni 2019 Miflunvguaslsn COVID-19 fiswaiugnasuiifianuadends
ﬁ'uL%ﬂh%’ﬂ‘[ﬂiﬂﬁﬁdﬂﬁﬁmIsmwnqLaumﬂmﬁauwé’uqmm %3815A735d (SARS, Severe acute respiratory
syndrome) fagszinalulszmaiuluil w.ea. 2545 Salaimassyabialalanamewusluiiiiiuhia
ﬂ'aTjﬂ‘Vl’NLauwﬂﬂiﬂLﬁﬂuwgujuLLSQ%ﬁﬂﬁaaﬂ (Severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) T,mlLﬁ'a‘vi’ﬂmsﬁﬂmé’ﬂwmgmqﬁuqnssmaqL%ya SARS-CoV waz SARS-CoV-2 wuie
hislalsnmsaasaiingndaaglungy Betacoronavirus wazlunguean Sarbecovirus (lineage B) 1wy
dahalalsmnmeiugimilumean®

#ala%d SARS-CoV-2 Nsviawugnssugila RNA SBUINEELHEn (positive single-stranded
RNA) #1Uszanas 30,000 guud Usznaumediu open reading frame (ORF) 1a uaz 1b #t encode
nonstructural protein (nsp) LLaza'TJ‘u“?; encode structural protein laun S (spike), E (envelope), M
(membrane) waz N (nucleocapsid) aarmsanvalanlawusin lilis nucleic acid amplification tests
(NAAT) iy RT-PCR lumsaafiufumsaadennmaanammsiugnssmasianndiasiiiuan
madiumela® Sawannduiiauihwane 1aur #1 RNA-dependent RNA polymerase (RdRp) ‘ﬁagjnu
ORF1ab fiu E, N uaz S***7

Tulszinalnefimswugaodanausniiafounnnan w.a. 2563 nndayaiuil 8 Femau
.. 2563 wuganiFalulszing 3,330 918 1 JeTin 58 8 SmSumssesiuamumsainsdilsateasniay
nnidahialalsin 2019 (COVID-19) lutlszmnelneg nssnsnmssngaldanssdugudufiamsameaniiu
WuszaunsznsnansIsuge iadiamuamumanilsanslulsamauazsalssmaatelnddo wosaduad
anuduuiveasssuumaiihssfadumgthensdlsatandnaunnidalialalsn 2019 (COVID-19) Tos
MINNULULYTANMINNNTENTN MamalszmunuiussdmsandalanuasUsanaluandou iioms
aiiumsagniilsz@nsmn mesnespuszaugegalumsiesiumuanlsadada nsainenmansnsunng
s’z’;qﬁmiﬁwﬁ'ﬂmuﬂgwmﬂumiLﬂuﬁmﬂﬁﬂ'ﬁmsLwiqmﬁé’mmmwwﬁuaxmmsmqw Alasunaunngan
nasnTNmssge Tmdu quaduiasfidns mmewannisenaifadeiuiue na Weliviuda
masnmnithawssmamuaTsn hanaawmalulaimsanaliiuaslfiamsedahensssna miu qua
WNAsIUIU UM msmnaaummgmm’%mﬁaLme‘f msﬂmﬁmfwmén‘%mgﬂ (commercial test kit)
dwudhdayausznaumsunsifeums w.s.uiesssfiounnd vasdiinnuanznssumsamsuasen (ag.)®
NANANTINGINANIGBIMLHUMSIIEIUTBISUFIUM ISl COVID-19 289U58ina

MsUsziliunaunmwy ngﬂfﬁmmmmmsﬁuqﬂﬁmmL%ya SAR S-CoV-2 g3 real-time RT-PCR
iaayanalidmbelulssmalnadunsdiseiuduiuludaunumius w.e. 2563 Tusiinumsssna

paalsagaauludszina wian 9 Auinsuinenmansmsunnglasunaunnannnsznsnas sugy iy
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UsstliuAuMNYMNNNTIABD SARS-CoV-2 838 real-time RT-PCR AUMNS ANFN WAz

Wanndnamwiasljudmslsawentnanniswialdsmnsaasaitadele meldulewes 1 udu 1 Smia 100
Wasfiams lunaiumaihihudesasikahnanammsugnssuide SARS-CoV-2 nnuEmguae
°luGiN1Jszmﬂ§qﬁf\i’1mumnLLawmﬂwmﬂ T(ﬂﬂqmﬁwmmaaudawﬁmﬂu research used only (RUO) %ﬁé’l’q
lithumanegauanuldlanudmegiheaguaugluuy
ﬂiuﬁ‘wmmam%’msuwmﬁqlﬁﬁ’]msﬂsmﬁuqmﬁwmé’mén Lﬁamimaauﬂsgaw%mwLtazqmmw
Thiulumunesyu Tassdulsdlenidavanljidmslumsinsanidanldyahmldaciula wos

DOAFNNUNINTTIUNMVIUA

MsesaNmaiInanagauy

qﬂ‘tj’amﬁmmwmnmwmnmﬂ%’ primers uaz probes NaanuuusnliienuwziUiuwme
fumiiauidia SARS-CoV-2 matsuidiuilldidanld RNA fissanndeiiuanldnngithesia hCoV-19/
Thailand/74/2020 (Accession ID:EPI_ISL_403963) #43ta51z%8lunsiatdu  (whole genome
sequence) WalwuNdaNuuiounvdlun hCoV-19/Wuhan/IPBCAMSWH-01/2019 (Accession
ID:EPI_ISL_402123) 308as 100 siumadeavsumsuseiiiu

h%’agnLgﬂmaztﬁuﬁwmﬂumaﬁ Vero ntahmsana RNA 910N &eaead (culture supernatant)
logldgaana NucleoSpin® RNA Virus (MACHEREY-NAGEL, Germany) udreaiiamSna
copies/ml 70360t Tnems1@3an mRNA 910 plasmid Milfiu RdRp #04i@s hCoV-19/Thailand/74/2020
¢85 in vitro transcription Iﬂt’ﬂﬁ’qﬂ MAXIscript™ T7 Transcription Kit (Invitrogen™, Thermo
Fisher Scientific Inc., USA) 1) mRNA 11@aa9nauihanagaumedd real-time RT-PCR wazds
standard calibration curve tJuanNNdFNRUSVD cycle threshold (Ct) nuuUSaney copies/ml (m‘wﬁ 1)
udAahen Ct nmsnegausumedhsluudazanugniusniisusu standard curve tiiaeuanauiiy

U3nau copies/ml

Standard curve (RdRp gene)

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

y=-3.901x + 43.76
R?=0.996

Ctvalue

Copies/ml

7WH 1 Standard calibration curve 52#19@) Ct value NUUSINYU copies/ml wasdiu RARP M5

in vitro transcription
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Pre-marketing Evaluation of real-time RT-PCR Test Kits for SARS-CoV-2 Don Changsom et al.

dmsumstsaiivgamhmlddons RNA Wildou 5 anududu dwdugahmiidalszdiu
Toelddatheitlairhusunaumsana RNA nagaulagls culture supernatant fikhumsinliunannida
10875 heat inactivation figamndi 56° Celsius ('C) W 30 WA nhmsiFaanannu 5 anuduiu
udeniu daganiuaazgnihinmessu RT-PCR lagldisiiwannaulasnsainenmansmsunng®
dasslundazenududuilldlumslssfiugniadesivluaSudsiuniauasgnuisas centrifuge tube

2110 1.5 ml ¥asaaz 300 ul HUf -80°C wazazgninasnintiisazimMIUsaiiuuaazass

mMsmvuatnaminsUsziiumavasljuans
Lﬂmsz/‘fm'iﬂ'isLﬁufhViuﬂmﬂmssmimiagaﬁwﬁ'smmﬁgﬂuLLawiNU'izmﬂﬁmuﬂl'j"ﬁm%’u
MINAFBUANNYNEBNATIS (Method validation) ihaniensiuazaadanmenulidfiesey (analytical
sensitivity) ﬁLfJummgm waziiluisansulasana™ = 1 muualien LOD 95% (95% Limit of
Detection) 13i31nn31 20 copies/PCR reaction %38laixnnni1 1,000 copies/ml %qaamﬂﬁmﬁ’uiaga
specification wmﬁﬂﬁww Aldfunndiinnuanznssumsamsuasen fdwluagfidn LOD agszwin
100 - 1,000 copies/ml &IUANNINWIYDIIS (analytical specificity) faelitipaniisasas 99.8 §1%5U
NAFDU cross-reactivity ﬁuﬁtﬁyah%'aﬂq'w?iﬂ'aEmTusxuummﬁuma’la 4 %7io loun influenza virus A,
influenza virus B, respiratory syncytial virus (RSV) waz Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) 6‘2’;\1L‘TJuL%ﬂlﬁamﬂﬁ'mﬂﬁﬁﬁmi‘[iﬂaﬂL%wamuﬁumﬂh g Inenmans
NHIUGY NININENANFATMNTUNNE Imﬂqmﬁwmﬁ%w'mLﬂmbﬁmwmhl,wwzei”mhjmminmmwuL%yaﬁ”q 4 %10

o &
NNINOFDUU

msﬂsmﬁuqmqumﬁww

matszidfiuanasmivgaineuaznaasussy Ansannnneazsdeadatsdmsldny sl
masduna maulanaiidanu idayamanadaurnugndaswasis (validation data) analideiansy
gasmvuaa LOD ludannndd 1,000 copies/ml uazANNINNIZYBIIZEBI92Y primers Uaz probes 2o
fudhmineaghaios 1 Bu fidemuduwsiuida SARS-CoV-2 wasdasssyhldthumanagauudrhlud
ﬂﬁﬁ%ﬂ’lﬁ1NW’Jﬂ (cross reactivity) NU SARS-CoV, MERS-CoV (8¢ human corona ﬂ’lilﬁuiﬁ:ﬁ'u ) L2
NL-63 OC-43 229-E uaz HKU-1 Iﬂﬂquqmﬁﬁﬂﬂm%sqmimawﬂﬂﬂiﬁﬁuﬁ'ﬂnimtﬂuﬁuﬁmm{mh%’a
lungu Sarbecovirus 19w E gene uariiuiiANuI LA SARS-CoV-2 13y fiu RdARP, ORF1ab, Nv38 S

mmadauiugamagy suiumsnadaugehmiidssdiussnheiud 1 finew S 25 wouman
w.a. 2563 muduaauiiszyliluenasmiugehiudasaiio 1Hnaniuasiimaulanamuianasmiu
gohenjuiidanissdiuwdondugmbmmasaulasldiamammg 10 ot utadudaghann s dad
wasshaseaY 5 faehs (MINF 1) Hufufmuannuazauzasudazganen nndatmiiiummagauh
NUINN 3 MINAFDU (triplicate) TosgauSuwamsnaaauiias Ct flaluudazmsnagaumuaneaii

Tsithu 5 cycle
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UsstliuAuMNYMNNNTIABD SARS-CoV-2 838 real-time RT-PCR AUMNS ANFN WAz

- msnegaufisaniuirunasienuliddesned (analytical sensitivity) Lﬁﬂﬁ(r’l‘l}lﬂﬂﬂﬁ’
HAUINAURIBENEAUT 1-4 9 3 Manadaus lasieudanadasasiiagauinannnuiauiu
fawar 80 ilaliwatin 12 10 15 manaday mngahafenuhilganhviaivssdnsmwidananse
T¥uauIndedaghaseui 5

- manedauiianiuhunasia s Ing (analytical specificity) Lﬁ'aqumﬂﬁwaauﬁ’u
frathasduil 6-10 w3 Managauh Tasiienuaanndawasiathsauriuiasas 100 tialikaau 15

A0 15 MINAFU

AN 1 FlieesdInt N ldnadaulUsuna copies/ml luudazmadranmsmunaiisunu standard

calibration curve WazNUNNMINAFTIU

V. FinmIag1e RNA v3a . . . 4, .
GRIZ)T) AIUIU coples/ml ANMHIUNIINOFUNNIULDUN
culture supernatant

AIDENNLIN
1 SARS-CoV-2-1 400, 000 (£40,000) WauUIN 3/3 NMINAFDU
2 SARS-CoV-2-2 40,000 (£4,000) WaUIN 3/3 MINAFTDU
3 SARS-CoV-2-3 4,000 (£400) WaUIN 3/3 MINOFDU
4 SARS-CoV-2-4 2,000 (£200) WAUIN 3/3 MINOFIU
5 SARS-CoV-2-5 500 (£50) 213 ANAUINYI MY
MIpENaU
1 Influenza A - WA 3/3 NMINAFAU
2 Influenza B - WeaU 3/3 MINAFIU
3 RSV - WaaU 3/3 NMINAFDU
4 MERS-CoV - WaaU 3/3 MINAFDU
5 Distilled water or VITM - WOaU 3/3 NMINAFDU

We

mwsfamm’quwwﬁ'lﬁ%’umsﬂsztﬁu

seeSuit 1 fwen 89 25 wouMewn w.d. 2563 ﬁqmﬁﬁmgnéqmﬂimﬁuﬁgﬁﬁu 41 qmﬁwm
0 8 Usznagfu@e laun 3u uazinmald unudssmdas 12 76 anigawsn wazteasuil Inudszsmeay
5 10 dlu 4 40 LLasﬂixmwﬁ'uﬂ (§n511803n5 W ade Faalds) Useindas 1 quwsn (mwﬁ' 2A) %0
e 20 gathen (71%) Sdwdhving 2 fu 7 gerhm (179%) fdwthvane 1 8y uasdl 5 garhen
(129) fisiduthuane 3 i (mMwil 2B) ‘[mﬂﬁuﬁ'hwmﬂﬁgﬂLﬁaﬂslﬁ'mnﬁqﬂﬁa &y N (26 quwm) MuAIE
ORF1a/ab, E, RARp w8z SNUIU 19, 15, 15 (AT 4 qﬂfwmmuéwﬁu (MW 20) ﬁqmﬁwm*ﬁ'ﬁm‘lﬁﬁaaﬂw
culture supernatant Flishusunaumsana RNA Tumsuszdivauny s “quwsn (mw*?i 2D) Sedpuay

P ' - A va a PN
AEUICLDYAUNFIUY aQﬁIﬂujﬂTﬂlﬂs‘UﬂqiﬂigLNuLLaﬂQlu@nﬁ’]Qﬂ 5
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Pre-marketing Evaluation of real-time RT-PCR Test Kits for SARS-CoV-2 Don Changsom et al.

Y oa °
A UszinAduan B Fruudutmang

C Finvastiulvung D Yfinvasfqatneitlduszdiu

ORFla/ab
24%

Extracted RNA
93%

ulture supernatant
7%

MU 2 doyeregaen UL 41 %0 Nlamnmsdsadiy Nuunmudszmagudagaine (A) Nuuvesdiy
dhuinevasudazgainen (B) siiazasduihning (C) uaz sliavasiagninldUszdiv (D)

mamsﬂsmﬁm{mﬁmw

zgmfwmﬁshumiﬂi::l,ﬁuﬁﬁ”'\mm 36 qmﬁwm (3080z 88) LLazﬁﬂqﬂﬁwmﬁlﬂmumsﬂsztﬁuﬁwm
5 qﬂﬁwzn (SaEar 12) ﬂisﬂauﬁaﬂqﬂﬁwwﬁﬁmmaamma"awmﬁaaziwmﬂﬁ'aﬂﬂﬂﬁ'aﬂa: 8o (laishuwnowt
anxh) Mnu 3 qﬂfwm LA NFDAARDIBIAIBENNA LN BENNSEaL 100 (L unaiANNIIINY)

NI 2 YA (MTNN 2)

I 2 HEMIUTENULAUENNTIINANTHUTNTINYBUYE SARS-CoV-2 MU 41 7o (dayaia
Tui 25 WOHNAN W.A. 2563)

walsziiiu MMNUANINAFaUHIU (MINTaAAaaY) Innugmhn (Fasaz)
15 30 15 MInadau ($98az 100) 30 (Seeaz 73)
14 90 15 MInadau (Saeaz 93) 2 (50808% 5)
] 4
Al - une 3 Y
13 NN 15 MINeday (798as 87) 3 (308d% 7)
12 90 15 MINadau (58882 80) 1 (50892 3)

Wand 12 0 15 MINagau

anuh - laishuneud v L,
Tugagauin (mMnnsaeas 80)

3 (5089% 7)

. . . NAaUNRENT 15 3N 15 MINaAFaU y
ANNIINE — WEUn A 2 (9989% 5)

Tuaeegeau (MnN3888s 100)
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UsstliuAuMNYMNNNTIABD SARS-CoV-2 838 real-time RT-PCR AUMNS ANFN WAz

MIIATIZHA cycle threshold

¥msIaTEsien cycle threshold (Ct) Mngatheniild RNA Wudasheinu 36 gathen Tos
lﬁsauqﬂifwawﬁslﬁ culture supernatant lumsuszdin dasnndagheildszsdfiuuanseiy uwazlaism
qmﬁwmﬁlﬁmummﬁ specificity tiiasane Ct Aladnnmsnasauliasd @ Ct nmsUsziiiugadads
weazANNINTURANUFUNUSUUULEUASY (linear relationship) nu@) log 289 dilution (R® = 0.99)
denFsuiiisud Ct fildnnmanasauudaziuihvans wuhe Ct de #u RdRp dugsnhauaulunn
M ua liilanuuaneeeeeiiednyneadd (Mann-Whitney U Test, p > 0.01) (M5 3) il
NNIaNMINIENLYRIM Ct n %CV uaz boxplot (6113’1\1“7; 3 WazMNi 3) WuM 8y N Imsnszaeues
@ Ct genhdudu Tndidesiuiu RdRp lasnngaihenwilsiifiduihvane du N woz RdRp e Ct i
anniahmandvaflunndei Fuilanmssinalaslisue Ct vasgehmiinuh %CV vas fu N
war RdRp asdienlndidesiuiudu du du S fiemsnsznsidlasnniiinugaheniils du s fudu

Y = ¥ &
hvanaines 4 AOUWIEUIUU

3NN 3 @M Ct NNYMNNNNaFaUnUiIgs RNA luudazanugndy uenamuduihning

riauastuihning (Innugaine)

Mgy E (13) N (22) ORF1a/ RdRp (13) S (4)
ab(19)
1 Median Ct 24.8 24.4 25.4 26.2 24.9
(range) (22.1-29.4) (9.3-30.2) (14.9-28.6) (22.4-32.2) (24.5-25.4)
%CV 8.7 16.6 12.5 9.5 1.5
2 Median Ct 28.4 27.7 28.7 29.7 28.1
(range) (24.8-32.8) (12.2-32.5) (17.8-33.2) (25.6-39.2) (27.1-28.4)
%CV 8.3 15.0 10.9 11.4 2.0
3 Median Ct 31.0 30.8 31.9 32.7 31.5
(range) (28.7-36.7) (15.5-35.6) (21.4-36.7) (29.1-35.1) (30.3-34.7)
%CV 7.6 13.1 9.9 6.4 5.9
4 Median Ct 34.5 34.0 35.6 35.7 35.1
(range) (81.9-36.7) (17.2-39.2) (22.8-39.4) (33.6-39.0) (32.8-37.5)
%CV 4.9 12.8 9.5 5.4 6.7
5 Median Ct 36.1 35.1 36.5 37.1 36.0
(range) (32.9-37.4) (17.4-38.8)  (23.6-40.0) (82.7-39.6)  (33.6-36.6)
%CV
4.8 12.7 9.0 5.7 4.5
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Pre-marketing Evaluation of real-time RT-PCR Test Kits for SARS-CoV-2 Don Changsom et al.

45

40

Ct
ra
&

M 3 Boxplot waaansnszngzada) Ct (unu Y) Wanasauiudiathiudazanuiduiy (unu X)
weneNduthwang 5 gu ﬁs::vqmuLaﬂmsﬁwﬁ'uwamsiagqmﬁwm Taun #u E (n=13), N (n=22),
ORF1a/ab (n=19), RdRp (n=13) uaz 8u S (n=4) 1Wnandmuansa Ct “?I'LLGlﬂGl"l\‘HnﬂﬂEiNﬁ'l Ct
a'mi‘waj (outlier)

M3UssiUANINUANAIITERINTUMTHANDBITMIIN
lumsussdiniisl 2 ganen Alasumsusadiunnn 2 a5 lagudazasamhindszdivasiqumnde

b

(lot) eNAu (M990 4) wuhgae A1 flavimsdszidiv 4 a5 f8widhvanede By ORF1asab
war iy N a1 Ct 2a9unasdiagedia SD Haenin 2.0 endulumaeean 2 DM Ct BiNASILANa NN DY
garnen A2 lasumsisziiiu 3 a5 fduihwineds 8u E, ORF1a/ab waz &y N wu 8u E uaz §u N

§ie SD N 2.0 Tunnéaees aaeh By ORF1a/ab e SD daegnd 2.0 lunnaagiauiu (5199 4)

P = ~ H A voe a ' ' ' a .
13NN 4 miL‘lJSEI‘UL%ﬂuqﬂuﬂiﬂﬂlﬂ‘mmiﬂi‘zmuﬂ’n&lLLGIﬂGlNisWJN?umiNaGI (10t—t0—10t Varlatlon)

“qmﬁ’llin ol 1 2 3 4 5
Imnuasiilsadu AUt Mean SD Mean SD Mean SD Mean SD Mean SD
Al 4 N 25.2 0.3 29.9 3.0 32.3 1.8 35.2 1.3 36.3 1.6
ORF1a/ab 27.4 0.9 31.8 2.7 34.2 1.2 37.0 0.9 38.5 1.2
A2 3 E 25.4 2.5 28.6 2.6 31.8 2.7 35.1 2.8 36.9 3.5
N 28.2 3.6 31.2 3.5 34.4 3.9 38.2 4.5 38.6 3.3
ORF1a/ab 27.4 1.2 30.4 1.1 33.6 1.2 37.4 1.3 38.0 1.6
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UsstliuAuMNYMNNNTIABD SARS-CoV-2 838 real-time RT-PCR

AUMNS ANFN WAz

M3Nf 5 NeFeyaneNlasunsusziiuas1amasnugnssNYaeEa SARS-CoV-2 (Fayadaiui

25 WEHNAN N.F. 2563)

s . naildlesdszanm
4 % o . o i EYAIAD d
AauIE UIHNUNEG ANMHINISUDITU FTULATDIRNIZ ? (thermal cycling au)
° threshold . - cut-off
time) (¥h)
1 lcopy™ COVID-19 qPCR 1drop Inc., Korea 1. Betacoronavirus E 0 <40
Multi Kit 2. SARS-CoV-2 RdRp -
2 abTES™2019-nCoV qPCRI AIT Biotech, Singapore 1. SARS-CoV-2 NS1 amplifi-
Kit (v1.0) 2. SARS-CoV-2 NS2 70 cation
curve
3 Abbott RealTime SARS- Abbott Molecular 1. SARS-CoV-2 RdRP Abbott m2000rt Tdehadn
COV-2 Amplification Inc., USA 2. SARS-CoV-2 N System 270 111'531.! VTM
Reagent and Control Kits
4 AccuPower® SARS-CoV-2 Bioneer Corp., Korea 1. Coronavirus E
Real-Time RT-PCR Kit 2. SARS-CoV-2 RdRP 90 <38
5  Allplex™ 2019-nCoV Assay Seegene, Inc. Korea 1. Sarbecovirus E
2. SARS-CoV-2 RdRP 90 <40
3. SARS-CoV-2 N
6 careGENE™ N-CoV WELLS BIO, Inc., 1. Coronavirus E v 70 <45
RT-PCR kit Korea 2. SARS-CoV-2 RdRP -
7  Detection kit for 2019 Novel DAAN Gene, China 1. SARS-CoV-2 ORF1ab
Coronavirus (2019-nCoV) 2. SARS-CoV-2 N &0 <40
RNA (PCR-Fluorescense B
PCR Probing)
8  DiaPlexQ™ Novel Coronavirus Solgent Co., 1. SARS-CoV-2 ORFia v 75 <10
(2019-nCoV) Detection Kit  Ltd. Korea 2. SARS-CoV-2 N B
9 DirectPrep™ 2019 Novel Coyote Bioscience Co., 1.SARS-CoV-2 ORF1ab amplifi-
Coronavirus (2019-nCoV) Ltd. China 2. SARS-CoV-2 N 60 cation
Detection Kit curve
10 GenePro COVID-19 Gencurix Inc., Korea 1. Coronavirus E v 0 0
<
Detection Test 2. SARS-CoV-2 RdRp
11  genesig® Real-Time Primerdesign Ltd., SARS-CoV-2 RdRp amplifi-
PCR Coronavirus United Kingdom 60 cation
(COVID-19) CE IVD Kit curve
12 HBRT-COVID-19 Chaozhou Hybribio 1. SARS-CoV-2 ORF1ab 60 <10
Real-Time PCR Kit Biochmistry Ltd. China 2. SARS-CoV-2 N B
13 iLAMP Novel-CoV19 iONEBIO Inc., Korea SARS-CoV-2 N v 50 <26
Detection Kit -
14 Liferiver Novel Coronavirus Shanghai ZJ Bio-Tech 1.SARS-CoV-2 ORFiab
(2019-nCoV) Real Time Mul- Co., Ltd., China 2. SARS-CoV-2 N 70 n
tiplex RT-PCR Kit (Detection 3. SARS-CoV-2 E
for 3 Genes)
15 LightMix® Modular TIB Molbiol Synthese- . .
R Sarbecovirus E Light Cycler 480 70 <39
Sarbecovirus E-gene labor GmbH, Germany
16 LightMix® Modular SARS- TIB Molbiol Synthese- . X
Sarbecovirus N Light Cycler 480 70 <37
CoV (COVID19) N-gene labor GmbH, Germany
17  LightMix® Modular TIB Molbiol
SARS-CoV-2 Syntheselabor GmbH, SARS-CoV-2 RdRP Light Cycler 480 70 <39
(COVID19) RdRP Germany
18  LiliF™ COVID-19 Real-time iNtRON Biotechnology, 1. SARS-CoV-2 RdRp 90 <35
RT-PCR Kit Korea 2. SARS-CoV-2 N v
3. Betacoronavirus E
19 Logix Smart COVID-19 Kit  Co-Diagnostics, Inc. SARS-CoV-2 RdRp 90 <45
USA
20 LyteStar™ 2019-nCoV ADT Biotech, Malaysia 1. Sarbecovirus E 120 <45
RT-PCR Kit 1.0 2. SARS-CoV-2 RdRp -
21 MolecuTech® Real-Time YD Diagnostics CORP. 1. SARS-CoV-2 RdRp
COVID-19 Korea 2. Coronavirus E v 120 <40
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Pre-marketing Evaluation of real-time RT-PCR Test Kits for SARS-CoV-2

Don Changsom et al.

]
v

M99 5 N LAUIEN LA 5UNTUIHRUNTIVMEINUGNIINYBNYD SARS-CoV-2 (dayadaiud

25 WOHMAN W.A. 2563) (AD)

M nmitlilaslszana
4y . 1. SARS-CoV-2 P JEYAIAT 4
Fouen VIHNHWAG STULAIDIURNIE ’ (thermal cycling aue
ORF1ab ’ threshold . cut-off
time) (¥W)
22 Novel Coronavirus Shanghai BioGerm 1. SARS-CoV-2 ORF1ab
(2019-nCoV) Nucleic Acid Medical Technology 2. SARS-CoV-2 N
Detection Kit (PCR-Fluores- Co., Ltd., China 60 <38
cence Probing)
23 Novel Coronavirus Sansure Biotech, 1. SARS-CoV-2 ORFi1ab
(2019-nCoV) Nucleic China 2. SARS-CoV-2 N 00 <10
Acid Diagnostic Kit
(PCR-Fluorescent Probing)
24 Novel Coronavirus Jiangsu Bioperfectus 1.SARS-CoV-2 ORFiab
(2019-nCoV) Real Time Technologies Co., Ltd. 2. SARS-CoV-2 N 70 <37
PCR Kit China
25 Novel Coronavirus Dynamiker Biotech- 1.SARS-CoV-2 ORF1ab
(2019-nCoV) RT-PCR Kit nology (Tianjin) 2. SARS-CoV-2 N 70 <37
Co., Ltd., China
26 PCR/RT-PCR Kit Novel Hang Zhou Bioer 1. SARS-CoV-2 ORF1ab
Coronavirus (2019-nCoV) Technology Co.Ltd 2. SARS-CoV-2 N 70 <10
Fluorescence RT-PCR
Detection Kit
27 PerkinElmer® New Perkin Elmer, Inc. 1. SARS-CoV-2 N
Coronavirus (2019-nCoV) USA 2. SARS-CoV-2 ORF1ab 104.5 <42, <45
Nucleic Acid Detection Kit
28 PowerChek 2019-nCoV KogeneBiotech Co., 1. Betacoronavirus E 0 a8
Real-time PCR Kit Ltd. Korea 2. SARS-CoV-2 RdRp
29 QIAStat-Dx Respiratory QIAGEN, Germany 1. SARS-CoV-2 RdRp QIAstat-DX w0 Tddne
2019-nCoV Panel 2. SARS-CoV-2 E Analyzer 1.0 VTM
30 RealStar SARS-CoV-2 Altona Diagnostics 1. Betacoronavirus E amplifi-
RT-PCR Kit 1.0 GmbH Germany 2. SARS-CoV-2 S 90 cation
curve
31 Real-time fluorescent BGI PathoGenesis SARS-CoV-2 ORF1ab
RT-PCR kit for detecting Pharmaceutical 70 a8
2019-nCoV Technology Co., Ltd.
China
32 SARS-CoV-2 Nucleic Acid  Zybio Inc., China 1. SARS-CoV-2 ORF1ab
Detection Kit (PCR-Fluores- 2. SARS-CoV-2 N 70 <40
cent Probe Method)
33 SARS-CoV-2 nucleic acid Beijing Biogench 1. SARS-CoV-2 S
detection kit based on real- Biotechnology 2. SARS-CoV-2 N 70 <36
time PCR platform Co., Ltd., China
34 SARS-CoV-2 RT PCR Vitro S.A. master di- 1. SARS-CoV-2 N amplifi-
agnostics, Spain 2. Coronavirus E 70 cation
curve
35 SMARTCHEK® Novel Coro- Genesystem Co., Ltd. 1. SARS-CoV-2 N GENECHECKER
navirus (SARS-CoV-2) De- Korea 2. SARS-CoV-2 RdRp  UF-300Real-time 45 <40
tection Kit PCR System
36 TaqMan™ 2019 nCoV Assay Life Technologies 1. SARS-CoV-2 ORF1ab
Kit v1 Corporation, USA 2. SARS-CoV-2 S 60 <37
3. SARS-CoV-2 N
37 TagqMan™ 2019-nCoV Assay Life Technologies 1. SARS-CoV-2 ORF'1ab
Kit v2 Corporation, USA 2. SARS-CoV-2 S 60 <37
3. SARS-CoV-2 N
38 VIASURE SARS-CoV-2Real CERTEST Biotec, S. 1.SARS-CoV-2 ORFiab 12x8 well
Time PCR Detection Kit L., Spain 2. SARS-CoV-2 N 70 <38 strips, high
12x8-well strip, high profile profile
39 VIASURE SARS-CoV-2Real CERTEST Biotec, S. 1.SARS-CoV-2 ORFiab 12x8 well
Time PCR Detection Kit L., Spain 2. SARS-CoV-2 N 70 <38 strips, low
12x8-well strip, low profile profile
40 Vitassay gPCR SARS-CoV-2 Vitassay Healthcare, 1.SARS-CoV-2 ORF1ab 80 amplifi-  SARS-
(I1) S.L.U., Spain 2. SARS-CoV-2 N cation CoV-2 (II)
curve Strips
41  Xpert Xpress SARS CoV 2 Cepheid, USA 1. SARS-CoV-2 N GeneXpert 45 Tiszy  1ddhade
2. SARS-CoV-2 E Dx System VTM
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a o
AU

m‘sﬁﬂmﬁlﬁﬁwm‘sﬂssLﬁmqim%mmnmmiﬁuqnssmamfi?a SARS-CoV-2 W 41 qﬂfwm
UM IUIZLAY 36 7261‘1}"18’1 (88) Witashumsusziiuanuly (sensitivity) Lﬁ'aqﬂﬁmﬂﬁwamnﬁqﬁaasmﬁ 4
Wuaeaise valinnnin 1,000 copies/ml ﬁﬂnﬁtﬁﬂqﬁ’uﬂ%mmwaqL??aiué’mthqﬁlﬁumﬂpjﬂmmn
msdnnfiTeny viral load Tudag throat swab Uszanm 10° copies/ml lasuSinmugaiiwude
641 copies/ml”® garhenitlushunamimaUsadivanuhiuliusauludhoaei 4 udluenasmidy
gothenszyhgenend LOD e1nih 1,000 copies/ml wudenfugaheniilimumatssifiuanudimne
wiluenasmiugahmszyhldmmanasaufudasiifidanalseainguud uadioalinaunlaaw
(false positive) lumsnagausudatheiiliflide SARS-CoV-2 %ﬂumsmaauLﬁaﬂﬁuwaw%ﬁmjwam
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Pre-marketing Evaluation of real-time RT
PCR Test Kits for SARS-CoV-2 Detection:

Thailand Emergency Use Authorization

Don Changsom' Siriphan Saeng-aroon' Thanutsapa Thanadachakul'
Thitiphorn Hantragool' Sopita Kalong' Khanthiwa Chairad' Nanthawan Mekha"
Pilailuk Akkapaiboon Okada' Noppavan Janejai'’ Malinee Chittaganpitch®

and Ballang Uppapong'
'National Institute of Health, *Medical Sciences Technical Office, Department of Medical Sciences,
Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT During the outbreak of SARS-CoV-2 in Thailand, molecular testing by real-time
RT-PCR was crucial for diagnosis and disease surveillance. Several commercial PCR test kits for
SARS-CoV-2 diagnosis were available. Pre-marketing evaluation for Emergency Use Authorization
(EUA) of those test kits was necessary for marketing in the country. The process is consisted of
reviewing a dossier including a package insert and performing laboratory evaluation. The laboratory was
performed using a panel of 5 positive RNA samples derived from SARS-CoV-2 cultured cells for
analytical sensitivity and 5 negative SARS-CoV-2 samples for analytical specificity. All samples were
extracted and serially-diluted for target gene testing, N, ORF1a/ab, E, RdRp and S, according to each
test kit. A total of 41 test kits were examined. Thirty-six test kits (88%) passed the evaluation. Three
(7%) and two (5%) test kits failed for analytic sensitivity and analytic specificity as compared with the
target sensitivity and specificity of 80% and 99.8%, respectively. Analysis on variability of a cycle
threshold (Ct) retrieved from all testing found no difference for any target genes. It is, therefore,
important for laboratory personnel to carefully consider details of each test kit prior to testing for

achieving accurate results.

Keywords: SARS-CoV-2, real-time PCR, Test Kit Evaluation
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NaUIN a c a+c
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N a+b c+d a+b+c+d

Toai

anuhigitiany (Diagnostic Sensitivity) A8 2005IUF0N uailunniiianagauiudiaghesheda
Tvnadluuan leamualaann

%sensitivity = {a/(a+b)} x 100

ANNMNZEIHang (Diagnostic Specificity) @ qmmnuamwmfﬂuauLﬁamaauﬁ’ué’hathq
sdelvmailluau Tesainalaan

%specificity = {d/(c+d)} x 100

anu iz (Non-specificity) wsaUgisenihungu (Cross reactivity) An gaasrauaasuaiiuuin
ianaaaududasisddinaiiuay TasnduiadnilfifiudagiiianauioUjazaduganaaau,
garhenle

gcross reactivity = (ApgnldnawIn/Madrnafialjisentuganasau/gauen) x 100
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aeu AaMBUR s s
1. anuhizaiiang (Diagnostic sensitivity) > 85%, n = 50
2. anuMWzENIUaRY (Diagnostic specificity) > 98%, n > 100
3. enulianmng (non-specificity) < 10%, n > 20
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walulod ssvedudl 30 wneu 2563 9 24 fguisy 2563 TugaNAFEUNIEY 21 WAASMT Tas
YanaaaUIpeaz 66.7 LUUEAATIUU rapid test waztlumanmsa5Iauuy Immunochromatography So8az
66.7 igamadaulissyriavaslsfuuaudiouilfifiudusnavrasganadauinnudosas 76.2 uasily
qmmaauﬁwﬁmmﬂﬂszmﬂa’mim%’gﬂismwuﬁﬁaaaz 38.1 e’i’hfohuiwnjﬁmmgmnﬁwam Conformite
Europeenee (European conformity, CE) 3888z 79.2 uasiniuganaaauiagas 81.0 14USnaseagn
nadau 10-20 llasdns 6o 1 Msnaday uaﬂmnf:ﬁﬁmmaauﬁhiszqﬁaga %sensitivity Was %specificity
nudasas 28.6 Taganadau washmiddayannlumsuhenwuh Sanaliluzhg 8e.4 - 1009 TasiFey
Weunatuieeailiuanmsasa real-time RT-PCR lu nasal swab fawaifluuinansinudnm (n)
5594 40- 361 faene uasdiamalaluzg 98.0-1009% TaslFauifieuiusaseilyiua real-time RT-PCR
Ty nasal swab fiflHaau MnaIUANE (n) FeWIN 150-1,071 MDEN uaﬂﬁ)’lﬂﬁlLﬁuﬂ’hﬂé\ﬂﬁisq

gcross reactivity MuazdanaMan B UYBYANATDU GIUEAIINTINT 1
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sensitivity) 110U 9 waofo Iiwa wspecificity gndasnsaiugadaanasguiidiunaay (1009
sensitivity) 11U 14 wARN M wazlaiiia cross reactivity (0% cross reactivity) 31U 11 NAAN I
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MTNN 1 5IUIELDUOYDYIVNNYANOFTDULILUIEINLNEIYBINUNITIUIRNANITANLTD SARS-CoV-2
. o W P2 v a oA v a va
naIndinnuAMEnIINNIIIMISKasen Wazaliussliumealuladin3adieiaslfuans
Tumsamadsadiivganagauuazineinu 21 HAAAMIN 5eUINTUN 30 WEIEY 2563 BN
24 18U 2563

anvauasganadaundalivsziiv (n=21) ERITeLY Sagay

Usstananvazganaaau

- Rapid test Assay 14 66.7
- Machine Base Assay 7 33.3
nannIINAFAU

- Immunochromatography 14 66.7
- Chemiluminescence Immunoassay (CMIA) 5 23.8
- Electro Chemiluminescence Immunoassay (ECLIA) 2 9.5

< a P
asAlsznavuaudaunldluganasau

- Recombinant Spike Protein (S1) 3 14.3
- Recombinant Nucleocapsid Protein (IN) 2 9.5
- Taiszy 16 76.2
Uszinaeiudn

- @onssgiszmauau 8 38.1
- @NIgaLNEM 4 19.0
- Bu 9 (avwusenonsnsgeasuil snseaning aniussgadd sonsnsglasuand 9 42.6

aosasgaealus wazlne)

HNITFIUNITEEE
- CE mark 16 79.2
- Talszy 5 23.8

M 2 HamsUsuidiuganedauazinelosldyadiagnanasgiu

UszAnSmwganadau/40e (MFn — §9d0) U (éuuamﬁmﬁ/%ﬁﬂuamﬁmﬁ) Sauay

%sensitivity (94% — 100%)

- 100% 9 42.9
- 98% 5 23.8
- 96% 6 28.6
- 94% 1 4.8
%specificity (34% - 100%)

- 100% 14 66.7
- 99% 1 4.8
- 98% 1 4.8
- <96% 5 23.8
%cross reactivity (0% - 65%)

- 0% 11 52.4
- 5% 5 23.8
- 10% 3 14.3
- 220% 2 9.5
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(A) walsstiiu s%sensitivity u,amm‘[mmmwawwmaauLLamfwm Wawssuisuun s
fimvuean oe.

(B) walsztiiu %specificity LLaﬂwa‘[mmamawmmaauu,amfwm Wawssuisuiunasd
fimuuean oe.

(C) walsstiiu s%cross reactivity uamwaTmﬂsmwmqﬂmaauLLasfwm dawZsuiiiauiu
aEiimvuen ag.
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N3ENINFIANNEFASMSUNNEG
U9 62 atiud 3 nangawn - Auenay 2563




Ussiliuganadaunsianuauduaine SARS-CoV-2 NIUNS 15N wY wazane

a o
AU

MsUsziulssdndanganadaunsiamuauivad SARS-CoV-2 el ldinasgiuiiy
AININEN mamﬁfmiLmeﬂqﬁﬂﬁﬁamwuﬁy’umauaaﬂﬂﬁmﬁ’u Policy for Coronavirus Disease-2019 Tests During
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Tulsafimmuely EUA vilsalismansameateld @y Alpha coronavirus waz Beta coronavirus
worludasinnungudiogn # EUA mvualwldngudio positive aghae 30 ¢haghe uaz negative
26196 75 $hag 1 ansfinswinmmansmsuwngldioieungudiatefioide COVID-19 9w
50 MBEN nguMBENNNAUUNG 100 Mpe e

uaﬂﬂ1ﬂﬁaﬁﬁﬂi The Foundation for Innovative New Diagnostics (FIND)® %ﬂﬁ‘lm‘iﬁmﬂﬁﬁ’ﬁl
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Performance Evaluation of SARS-CoV-2
Antibody Test Kits in Thailand

Archawin Rojanawiwat Wiroj Puangtabtim Kritchai Juntaped Warangluk Pimpapai
Tassanee Chaiyakum Suwanida Senawaranon Chayada Tongkamsen Jeerapa Srilaket
Kanidsorn Larpardisorn Sakulrat Soonthornchartrawat and Panadda Dhepakson
Medical Life Science Institute, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Performance evaluation of SARS-CoV-2 antibody test kits is required by Thai Food and
Drug Administration (Thai FDA). The criteria of regulations include diagnostic sensitivity (not less than
85%), diagnostic specificity (not less than 98%) and non-specific or cross reactivity (not over than 10%).
This study was aimed to assess performance of SARS-CoV-2 antibody test kits prior to registration
approval by Thai FDA. During 30™ April - 24™ June 2020, a total of 21 products were subjected for
performance evaluation using the standard panel samples prepared by the Department of Medical
Sciences (DMSc). The panel was consisted of 170 samples. The evaluation results of all test kits revealed
that diagnostic sensitivity and diagnostic specificity were ranged from 94-100%, and 34-100%,
respectively. In addition, cross reactivity was varied from 0-65%. According to the acceptance criteria,
15 products were passed (71.4%) while six products (28.6%) were failed. The evaluation demonstrated
that lower range of diagnostic specificity and higher rate of cross reactivity were found in four and one
products, respectively. In addition, performance of one product did not pass both diagnostic specificity
and sensitivity criteria. Our study suggested that pre-marketing evaluation of SARS-CoV-2 antibody
test kits using the DMSc standard panel samples was well-established for registration approval,

resulting in availability of qualified test kits for use in clinical and public health laboratories.

Keywords: Antibody test kit, SARS-CoV-2, kit evaluation
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UNARED msm’mmuﬁ‘uaﬁ@ial,%ah%'afia‘[smzuumqLﬁumﬂhﬁﬂuwﬁugmm (SARS-CoV-2) fianuaaey
Tumsthediiasamstndalunsainis real-time reverse transcription polymerase chain reaction (real-time
RT-PCR) lvinaau uazmsdnmszneinen drinnuanenssumsanmsuazen Usendlna lauszmemnasgiuuas
miﬂsztﬁqumaauﬁLﬁmﬁ'mﬁ'uéafia‘[iﬂ‘[ﬂ%—19 tiaBunziisusmie ﬁﬂé’ﬁ'@umqmﬁaa'&mLﬁﬂ"lﬁﬂiuﬁu
ﬂizaw'ﬁmwmwﬂaaumnmLtauauaﬁﬁu laun qmc?hatiwﬂ'imﬁummhL‘Bﬁﬁaﬁﬂ (diagnostic sensitivity)
#ae1a8 Uz U NIIWIZIEA TR (diagnostic specificity) wazgasiadivlsziliuanuludimie
(non-specificity /cross reactivity) :9n6aeNHBANEFNATNUIU 100 105 AT 37 AIDEN lﬁﬁ’aasjwﬁﬁqmﬁnﬂmz
@IWNZATUMNTDMUUAIUIU 51 (5888 51: 95% CI = 40.9-61.1) 105 (Sa8az 100: 95% CI = 95.6-100)
wae 32 (5080¢ 86.5: 95% CI = 70.4-94.9) @298 ém%"uﬂ‘szLﬁuqmqummaauLLauauaﬁeia‘[iﬂ‘[ﬂ%—19 AN
Wosufuans m’sﬁnmﬁuaﬂﬂmﬁuiwﬂsxmﬂlwﬂﬁmmwé"auﬁwLﬁumimﬁmjizLﬁuqmqumwmaaummm
waufuafae SARS-CoV-2

mdag : Maglsziivganeaay, miasrauauiusd, hiialalsun 2019, Tain-19

Corresponding author E- mail: wiroj.p@dmsc.mail.go.th

Received: 13 June 2020 Revised: 25 August 2020 Accepted: 6 September 2020

N INTINTENFNTNSUNWNE
Ui 62 atlun 3 nIngIAN - NUENBY 2563




Panel Samples for Evaluation of SARS-CoV-2 Antibody Test Kits Wiroj Puangtabtim et al.

UNU

Tsadaialialalsun 2019 (COVID-19) wialadn-19 LﬁmmﬂmiamLﬁalﬁamjuiﬂism%
Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) ﬁmiizmmé’iy'mwiﬂmﬂﬂ W.FA. 2562
wazSuit 11 §l.0. 2563 asdmsansialanlauszmelnifulsaszualng (pandemic) lan® Femsasram
miam“ﬁa SARS-CoV-2 Iuﬁﬁﬁgﬁu 1%35 real-time reverse transcription polymerase chain reaction
(real-time RT-PCR) @573 lusatheniin nasopharyngeal swab (hASanasgiu éansonsinitasns Q"&m%yalﬁ
daudluszazduusn mnsihimsemamsiaiugnssasnide® udidandafidanhmaiensiheeias
iU sWugnssn Fasiiawnzimbeuimsiiddnamm uazyamnsdadldsumsiinousy flszaumsel
Tumsasaszaviluanaiuadgied lafimswaunmalulagmsasalesldimaiiamegiquiuine,
11 33M5A5IUVY immuno-chromatography awiumsasiamide/TUsau,drulsznaureidiie
(LauALaL) u,azgﬁmauauawial,%yaﬁﬁwmsmaqpjﬁm%aa%wﬁyu (LauAuad)

Fsmsalasldmaiianegiduiuianniuiasasiumsldouuuuliuing o 90059
(point-of-care testing) nasamsanusIng (Litiu 15-30 i) iswndBsmsiiasahe lides
ndainiasiioliansilumanaau Tdnmasadu Bangaanaussaniiiv rapid test® uddaaidadio
TuGEaswasmsutana waslszavimneasanaday fazdawnmslsaiiuualvidaunaufiasiluldly
mealfiadmiumaenaifadeludadeniodois msenamuauiinu wiauauivafideiimnnauuy
gans1atasan rapid test liifhABinaspudwividadufihedoda SARS-CoV-2 tilamsguasnm was
udmsdamsgihe udmsasamnuauduaduuy rapid test fsslemiluduhessnaumsifadeiiagua
Tailg v nsdigfihe Patient Under Investigate (PUT) #ilia RT-PCR dhuav Taaamwnzathadslunafisnmwy
unnda wazludismsaealumsdneideuuudaunaimeszunaine (retrospective epidemiology)
Falumsligannanauiveddaidoli¥s SARS-CoV-2 dasmilifinmmnuasgaasiaciudlssansmm
IpamanadauaLdimIwlana dasdasnmstssdfiunalidanunsuianhldlumalfdaadmwiumsasa
FangTulsennsas

Tutsznealng naqmuqmﬂ?f;mﬁauwmﬁ iinnuanznssuMIaLazen (ae.) Inthilusudy
waluladiedasiiaunnd gaasuanheniifendasiumsiiassmsiaiia SARS-CoV-2 Taafumuatsudiu
wazaanludusasmstsafiugaanawesihnmiiiedasiumsifadamsioda SARS-CoV-2 THiuusin
fihhgahmnndslssmaniawdaiesmeludssmalassdaslafumstssidivmaiasl jiamslos
nsWInenEnaasmaunng wiawaslFiamsildsunaumanemulssmensznaam o

vanwilennmsdssifiuanasusznauiiiofinsanissansnm mmﬁn%’aﬁawaaiaga way
NATPIUMIHAGIaNEANaFaULT daslimstssfiumeiasl fiamaianadautssansmn® » fudashs
mmgm'ﬁ'mmimzqmmmmsmla\wgwnﬂaaulei”mqﬁ'ummsmmaﬁﬂ warmsAniar MmN aTimuLG
sasdiinnuanznssumMIaaLazen e liilssansu/gldganagauiikiumsissiuaamwmeva
Uitamsuarldsuayapamsnmbaldludssmaiingldfunamsananianugndas liiaanudams
mnmﬂﬁmuqmmnﬁy MsUsziiudse@nimwganasday COVID-19 wuunsIAMuauauad (antibody)
Jadasldnguiiataasamaiasiiaifudagdaamunarinmmadaurasdinnuausnsanms
awnsuazen laun naudathegioifa SARS-CoV-2 ashwiias 100 918 ngudasegiiqummnilidada
SARS-CoV-2 agniiag 200 M8 wasnanmagethadsunaaaul jisenthunguec s 100 918 nngihe
1wy Dengue, Influenza type A w58 B, Hepatitis B %38 C, Rheumatoid Arthritis, Systemic Lupus
Erythematosus (SLE), mﬁqé?\amsﬁ Ltaspjﬁiswﬂszﬁwﬁaﬁu 9 Wueu

N5F5NTIANENAFATATUNNE
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nswingneaasmsunnd Tugrusmbsnuiidumbenueedy Fafumbsnuiiianuminss
LﬂupjﬂsxLﬁuqﬂmamamfwmﬁLf“l'mﬁmﬁ'umﬁﬁaﬁ'ﬂmsamL%ya SARS-CoV-2 (L%ﬂfiaiiﬂ COVID-19)®
hifhudouaiendethaiinihinmageulssansmmwganaday msdnmilfiumsiamdesailaldssii
Uszansmuwasganadau logdesnumsnsamuaaansazmne: dasidayaanmsnaatinlsznausinme
ialidlushasheiiienuduiusiuomaneeain iefiuduanugndasmasiatsiianihnd uasdasdalw
mauwaqumuﬁ'mﬁgqﬂsmm i uazlFanaszasiae asasumslivimsanalsadulssaniam
sosaaTalaIaatudazusEnildinindunadsududinnuamenssumsanmauazen

naadszmnsmhandnn
fMeehatiadadaniuingnadau (sample panel) dmsulsziiiulszanimwganagau laan

Uszennsilne wamnawsaiwavds angeaue 18 U auld Tesuvailungudiat s ngu aail

fragnUssiiunnnludedilane (diagnostic sensitivity)
HudhagadiuvdewmaniivIsumnnnideauesiheiiiomsvialiugiheidinasionadio

PUI 2aslsa COVID-19 R8ufunamsasiasie real-time RT-PCR a0 nasopharynx swab uaal

kauIn fanEmsdnm o Tsanennafigihesnmned dufludemudanniedsuiivdennmaanaienegy

s uamsdszaniupaslsewen sty 9 U 100 N

MpgNUszUdUANNTUNIINITaR8 (diagnostic specificity)
Wudaedsuvsananainieseninnnidanasanaaiasiiigunwg lifiemsiauthe o gnnm

Maziiuiden Lifivseiddes/ Useiaduda wiaidugdurengfinasianiiens (patient under

investigation, PUI) 284150 COVID-19 I 105 578

fIagNUsziiunnnlsaume (non-specificity /cross reactivity)
HudedSuviewmaniadsmnnnideasssnmaiasiiiugihelungulsndase lhiaiion

Haufisendunguiuganasau SARS-CoV-2 (COVID-19) l¢ wiu hialdidanaan Dengue, hhialdwialval

Influenza type A w38 B, Liiadudniau Hepatitis B 38 C uaznguefinmzmsaigiiaavausliung

wu gfihe SLE, ihe Rheumatoid Arthritis uaznzasasssd Wudu S1uiu 37 91

ﬂ’ﬁﬁi’li'ﬁ)‘ﬁﬂﬂaLLﬂZ'J’NLI,Nuﬂ’ISLfd’I‘]JGIW'JBEi’I\‘I

(A
1 o [

naumagUsziiuanulideiiesy dnisnu/ e unadinanssns s sugy e
Tudanialndidesiuiicwasnauinenemanimsunmd wu Tsswenualudamiouuny3 uasusy synsunms
FNNTNATIY WazBayd annuinudaadaiidhiniuuims didiumslssmunufudmhimhenu
iedadangugithehvang wasduaawumemsdiiiuvnu wWu msasuisduaslaseims madaiden
MEaNAs /Mt MazaanuBusanmslidays maziiudas matiusnwndaauarmayues nsdingy

fMagnUszilivanunmsdiiady wasnguaatlssdiuanylidin: Wunguaaaiasnigannd

N INTINTENFNTNSUNWNE
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waznawgthalsndu 9 Nidayasgua o guaITeneaalin amTudInenmansnemsunng MUY

dmaghalagldgasmeminnuiegneesudaznguimag ™ aail

n = N/(1+Ne*)
Tosil  n = Snudeduiidasduanlslumsinm
N = sunudetheiiinamun
e = 'i::é’fummmwmé’auiun*majué’hasiwﬁaau%"u (MsEREIWUAT 5%)

MIraayEinnNAMzNIINNMITHNIANMIAnEITeluar tamzdanuazlddiadgiaudan
va - P Yo [l = 2 o Y o ] [
PoauNGlasmatia@saen wazldmaiadaamehinldiudmadingnagay (sample panel)
dmsulsziivdszansnnganagaumusuduaddaanalsa COVID-19 Mna1adins 3 ngu laun
nane@ae/gihalse COVID-19 manadaslungugihangulsadiadabhiananadaljisadungunu
ganadau COVID-19 uazlunguaaaiasniigunmé leglasumsayitmsnzidaauazldaatadas
NNAMNITINMIRNIINMTITeTuaY nsuinenmansmsuwnd Juney@ 13 nsng1aw 2563 wah EC192/63

mstiudatsuazmsieiendmadiailaldiluingnasay

dednlszdivanuluiaiieds Widusedidaniithelsa COVID-19 fimdannmsasa
aeNzinnnulsEnnel fuans Wumedraiindaauiisen (clot blood) visidaadildans
fudaauds EDTA Fnasehaias 10 fadaes eradhushasaiifimsfomunn  0-7us-14Suuas 15 Suzuly
naIAUENN Mngadeagnihaniuuendin/mmaniianuEiseu 3,500 saudewd szazm 10 Wil
nntiuutsdasildlunaaawmadinafionuemuBunaaeas 500 lulasans Wulusnnzinh -20 asen
walde iiesannalinnsimauanimmnzaasiieis uazialugadaiuielfusaiiugatheasa
dald

fmapUszivananzEniany uszdailsadivanulinme ldnnmsaansasenaaas
fgudisamendiin andudinmmansmemaunnd sfudadaideannanmaiasey 18 auly
MunszIUMNEMeaaiinda lesmmaiasudasnegninzfuidaadiun 30 fadans udnhintuuen
Fu/wm@niienuiisey uazssernm uasuiviaiuuanfududmiutungudassdiuanul

WFIHIRY

MsiigalanEMRWIZTaIAIaEN

é’aatha%%’u/wmamﬁm%ﬂuLﬁ'atﬂuﬁ’mqmaau (Sample panel) @wnsulssiiuilszdnsnw
ZANAFIU MINNFIVANHULRNIZYDIEIBE N Tosdadnilinauinuaudvaiicalis SARS-CoV-2
(1sA COVID-19) @57alaedd neutralizing antibody assay (NT) laginaiia plaque reduction neutralization
test (PRNT) ﬁamﬁu%ﬁmq UazesIauensie Immunoglobulin (Ig) #ie IgG waz IgM @285
in-house enzyme link immuno sorbent assay (ELISA) ﬁ@uﬂ“mﬂ‘[uiaﬁ%amwmqmmwmf
uae chemiluminescence (MAGLUMI, Snibe, Shenzhen, China) ‘[ﬂﬂéﬁasiwﬁﬂmﬂﬂuqﬂﬁmshq
vnilFinasian PRNT titer > 100 finauinieds ELISA uaz chemiluminescence Ndayanandiin
(U Lﬂupjﬂaﬂﬁ%mmﬁmmﬁﬂm PUI 284lsa COVID-19 uazlinamsans1a real-time RT-PCR ({uu1n

210 nasopharyngeal swab 52408
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shatheiiliiludadhsiiiinaaudauauivaisaida SARS-CoV-2 asalag1#H3 in-house ELISA
LLa:m’mmmiﬁmﬁ A °) 7y Hepatitis B virus surface Antigen (HBsAg) 75 sandwich ELISA (Elecsys®
HBsAg II quant II, Roche, Mannheim, Germany), Hepatitis C virus Antibody (Anti-HCV)
75 sandwich ELISA (Elecsys® Anti-HCV II, Roche, Mannheim, Germany), Venereal Diseases
Research Laboratory test (VDRL) 35 flocculation (VDRL carbon Antigen, Biotec, Dorset, United
Kingdom), w8z Rheumatoid Factor (RF) 35 latex agglutination (RF sero, Dialab, Neudorf, Austria)
Taashathsihanldlugadagsavilldinasimamasnaiiuaulunnnemmagaudanan weslifiuszims
Guthe o dnnaninzfuiden lifissiaides lssiaduia viadudiheididhnavioadios PUT ueq
Tsa COVID-19

dagnsitl#iiudhaiinaiaUfAsendunguiuganaseuusudueida SARS-CoV-2 Wudata
menaiasniivssiamadulsaniamennlsafioniiveudvadiimnaianavina iielffudetnagau
AN liTwe (non-specificity /cross reactivity) 13y mmaﬁ’mﬁmmﬂﬂﬁ'ﬁmimj Influenza A, B 9573
UWaUAUDAIS immunochromatography (Alere BinaxNOW® Influenza A&B, Abbott, California, USA)
naadasineduliidanasn Dengue a519udUAUDHAIE immunochromatography (BIOLINE Dengue
IgG/IgM, Standard Diagnostics, Kyonggi-do, South Korea) mmaﬁ’mﬁﬂax%’ﬁaméaﬁu anLEUy
Hepatitis B, C 35 sandwich ELISA (Elecsys® HBsAg II quant II waz Anti-HCV II, Roche, Mannheim,
Germany), 21aanasilu SLE asyauauduadaigmsmn Anti-Nucleated Antibody (ANA) 35 latex
agglutination (SLE sero, Dialab, Neudorf, Austria) eédnns 1{lu Rheumatoid Arthritis @59 UGUDGH
Rheumatoid Factor (RF) 35 latex agglutination (RF sero, Dialab, Neudorf, Austria) wazala)
aﬁ'ﬂimﬁq(??Qﬂ'iiﬁﬁuﬂ'unnzé?mﬁﬁﬁm urine pregnancy test 35 immunochromatography (BIOLINE
hCG, Standard Diagnostics, Kyonggi-do, South Korea) shaghihanldlugadetsiionaiialjazen
unguiuganadau Idnasinanmsasaiuvinlunnnemsnagaumulsalszi@wessnaaies uazaag

NaLAUAUDAND SARS-CoV-2 meis ELISA (fuau

MIANAIBNYAGIDEN UAENITIANITUBYD

mmsmvuasiaagem 3 ngu dafinamsasaiiulumutadmuazaslundasnguuuudy
Tagluuasyaueeiiag N panel sample Usenauesinuiagananag 170 Gt o0 panel (i
magnamsuldlumsisziivanuhuswanagauinuu 50 draen pgNUszliuaNNEILNZ 100 GIBEN
washagdmiumassdiuanalaisime 20 daghe mudssma 08, dayanmuagniiuluwuuiiuiin
mMstarafot LAz dyauasi ey uazgnduranauyasialldaiasufiansee Avhmhil
Uselivdssansmwganadaumuauduaisa SARS-CoV-2

We

(%

Hayacagng

nquthagudaauiiathinlfiiiudmadsdmiumsdssdivanuliiaiiinds nnmssaumallds
fuszanunuluudazwismaambenenne wuhlussyhadeuiiney fefiqueu 2563 Tnnugiheiin
Sondalulawennauazinamsiudunsaode SARS-CoV-2 $1uu 133 au wastilpthingudange
iiozaifuthachahinldlumsiisudhageiienuiionaa s Taeldgasaaamls eanu® ldgudash
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PUIY 100 MIBEN Lﬂuéﬁashqﬁgﬂmwé’qﬂmmsmmﬁﬁﬂ Gaud 0 (Mnedsiiomsuduanzidanian)
fie 33 Ju (Woagu 12 ) udsngumazidealaity 0-7 Tu 8-14 4 wazannnd 15 W uaslifidaye
U 25 19 27 UL 29 AIBEN MG

nqudasegiigumwdimhanldifiudasdmiumasaiivenuiimnadaiiads lddansasamn
aiasnavue 142 91 Taelddayoiifiag o aueifamenaiin antiudinmenaasmemsunnd quarmadias
10w 105 18 tilainzdemiliasadanses HBsAg, Anti-HCV, VDRL, Rheumatoid Factor (RF)
wazuauduafsia SARS-CoV-2

naudathegthedmiunasaulfisendungy idayammadasione 37 1e fnssiulsa/aims
thefigasmaihandlugadiahe Sefinguiiheiiiaims,/fvssiamsdaids ldun Gadalialdidanaan
Dengue MU 5 918 3aldwinlvel Influenza A w38 B 91U 5 918 1530 UsnLau hepatitis B w38
C 91U 7 98 1flu Rheumatoid Arthritis 912w 10 918 {lu SLE wiu 5 918 uae Lﬂuﬂ@ﬁﬂzﬁﬂiiﬁ
U 5 Y

Snudaeie exmnadasiidayenaue wasnuiidgudadandanldlumaeieudetelsadu

YO/ gaNaday uwaaalumanh 1

M7 1 Nwumeg/ma@anasiihnesaquanidmme (Laboratory testing) tialdiiu

1OAIDEN
nanaaE madnfifiaglugiudaya MadNiMhINnTIAMENTH
fmatnlsaiiuanuligailiane 133 100
(diagnostic sensitivity) MNAEANRINIMS

s8I = 12 1)
- 0-7 7 (n= 25)
- 8-14 U (n=19)
- MANAT 15 U (n=27)
- lifidaya (n= 29)

MagNUseliuaNNIWILEIdany

(diagnostic specificity) 142 105

mathalseliuanuliddimne 37 37

(non-specificity /cross reactivity)
- h$aldidamnaan Dengue 5 5
- lh3aldwinlva) Influenza A B 5 5
- lh$a@uaniau hepatitis B C 7 7
- Rheumatoid Arthritis 10 10
- SLE 5 5
~ dansss 5 5

Namsﬁgaﬁé’nwmsmwwwmﬁmﬁw

] o ]

8 o ' o X ° o ' & & X A s a
aumaﬂNLﬂumamuaammgﬂmmmu 100 @8N mwuﬂLﬂugﬂmmmmm“nmuuﬂm

q

(patient under investigation, PUI) #a4lsa COVID-19 uasiina RT-PCR Fuwn dimhluasiam

RANAUGABlAIn-19 35 neutralizing antibody lagv PRNT titer WuNHNiiag WY 62 GI8EN

n

Y
=~
i

520U PRNT titer #1007 100 watliniuan13053a Total IgG/IgM mamaiia chemiluminescence
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ez ELISA Taalguan1sa50ananannaaanund 3 35an5iume azwmaamaaanainnsothan ldiatluaiadng
nagauannhERdtany dmsulssdiugainemlanuiu 51 daaen (Spas 51) NeazlBaannudaaAand

YANMINAFDUYNIUBUAUDAUAZNUIUAIBEN LFAIlUAITINN 2

M3Nf 2 MsnedaugaanyazwIzyasatNgilhe COVID-19 wiahinldiduaiaganisussiiiv
anuhigiiadersgenesau/ihmanaianuauiuad

PRNT titer (n= 100) Total IgG/IgM Total IgG/IgM ELISA  a7u (fMadie)
chemiluminescence

<100 (n=38) negative negative 21

negative positive 5

positive negative 3

positive positive 9

100-400 (n=25) negative negative 8
positive positive 17*

401-800 (n=11) negative positive 3
positive positive 9*

>800 (n=26) negative negative 1
positive positive 25%

wanEwe: daganiianszau PRNT titer 3nnnd 100 uaziita Total 13G/IgM tnailA chemiluminescence

ez ELISA TWinans19d00aaaenuna 3 95

naumednansulstiuaN Izl Tdmadaslugudayemsdnmziauyavaen
fifioguosguiivemndiin aaniurinenenaasmamsunng Fedulvajliugiiquawd Tusiseiades
dalsn COVID-19 mnmsdudadanananainsnamug 105 18 uasdiomamedasfiamaiiansiam
HBsAg, Anti-HCV, VDRL uaz RF wasnadaumgianiu Total IgG/IgM @oa SARS-CoV-2 aatl
3% ELISA inmsanameiesjiamsnndiedadsun 105 fraghe wuhig 105 e fiwamsna
Wuaunnemsnadeu

nquagegithedmiunasaufismdungu danmmaiasiiiusziamstheduhiuldiulsa
fanmasiliAauiisentuganasauldimue 37 918 Nnaraaiag asamaiiauiu Total IgG/IgM ¢a
i SARS-CoV-2 ¢heid ELISA Wuauniavae anafudungulsadsismaasamgimanmaasine
fnzdangulsamaiaslfidns wuhiinamindengulsafidanndasiulseidmeadiinaseinnu a2
58 leun hialdidanaan Dengue hhialduialug) Influenza A/B SLE dansas udfinguliadusniay
hepatitis B/C wtaz Rheumatoid Arthritis lvuamsanaliganadasiummsmeadiinaiuu 2 uas 3 e
auadu SudmadnithainlfifiudediioUssfiuljAzadunguuesganadeumuauivadse

SARS-CoV-2 wastnainsineae il waoaluamsan 3
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Panel Samples for Evaluation of SARS-CoV-2 Antibody Test Kits Wiroj Puangtabtim et al.

MmN 3 waMInedauaman¥azmnzasisgian fidudegmsUsziivenalainimnzyes
ONAFBU/NENATIUNDNIUBUAUDG

fagadssiivaNliImne

o PNNUMIDEN tamimsimaannily PNIUMIBEN
(non-specificity/cross e o o - I ”
. fihneannIad MadauszLiiu N
reactivity)
- hiwldidenaan Dengue 5 ELISA index 224 Dengue IgG > 5
1.1 wnudszIamendiin
- hh$aldnwialva) Influenza A B 5 HI Test Influenza A/B > 1:40 Sawnulszi 5
S GEIG
- ha@uaniau hepatitis B C 7 ELISA index 289 HBsAg, HCV-AD » 5
1.1 swwnuUseIaneadiin
- Rheumatoid Arthritis 10 RF > 8 IU/mL saunudseianmeadiin 7
- SLE 5 ANA = positive TINNUUEIGNNAFTN 5
- ATIA 5 Urine pregnancy test = positive 3380 uUs:3@ 5
NNAFUN
ERYY 37 32
a 4
ERA PRI

msunssznavashislalsun 2019 (Barelsa COVID-19) Wulsalnifiuszmealngiassay
Hymudesuilan smdulszmdlnauamamsanatiiediassmsiedelBuunmedudiofuasdms
pundialsauuni udednlsiowldimnihgansamueudueduuy rapid test anldimde Fauama
msldnu uazmstssdivgansia a naniudslifany msdumdmamudaaiathindardudetimaday
mmgmﬁm%’uﬂsmﬁuﬁﬂmaauLﬁaﬂisﬂaumﬁﬁiyumﬁﬂumswam/msﬁwLﬂ'ﬂtﬁaﬁmmtﬂuﬂizmﬂ galad
msdawsauitasasiussuumstsadiviu iasnnussmalnefatamsaidadalulssmadaudieen® vl
madumianda wasmadifudathaiarmsdnsiuduiiumsldnn fdanlfidmunanmatiasiu
WaEMINENBUNIIHD (universal precaution) uenmnilianiHadansznsaglunasiuiiuaslszna
dawalidasldnannulumsnunudety smaiasiialiifissme wasasumunuriodiaiinny
AMZNITNMIIMITUALENMYUA

msnadauiiassyhdagniiuauduaddelsn COVID-19 1435 NT w3935 PRNT #aiiluis
103537 (gold standard) wazainsamUimmuniaszaveaaianny (antibody titer) NHMNYdY
dienle wadsilimansanuunaiiozasuauivediiosiawuld vilidasiinsasadieds ELISA via
chemiluminescence Nau5a051UENTTIAvDILaUAUDRTY TgM vip IgG Famensuinenmans
maunngldmiiiumaanamnuauiivadiaasis ELISA fiwandues wasnlfauifisusamsnadauiuis
chemiluminescence (MAGLUMI, Snibe, Shenzhen, China) ﬁeﬁLﬁumsmaﬁLﬂ'ﬁﬁsﬁmﬂﬁ'a\‘lﬂﬁﬂ'ami
gaslsanenunanundud agnlsimumsdadangadedaialdlumslsziivlssdnimwganaaoy
Wvdasingnues SARS-CoV-2 dasfiuainanid NT/PRNT lunndesn uwasiinauinanis ELISA
anadly IgG wse IgM ﬁlﬁmﬂmsmaﬁmeﬁﬂmﬁ'mﬂﬁﬁamiﬁgq 2 WA Tmﬂﬁmshﬂuﬂduﬁgnﬁﬂﬂiﬁ'

q
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dwsumstssdivenuhiddiadsmasanadeu uennnimaeisumagaiheeaanguiliianumaniah
Q’ﬂaﬂiuixﬂxamﬁausnéu (1-770) 5282naN (8-14 1) UazszazMEVIRNaNNaIMS (>15 ) IMIFTNLie
UaUGUDA mesxé’fngﬁﬁmmuﬁl,mﬂehqﬁ’u wamsAnmniilisansasuunszaznmiidadeiiuiasald desn
ftheunneliainsaisuanszaznaiuiuey emseeq Januvmnwag wisunalivnngens
usoeila dasnnluddudaiiode (contact cases) Mlvdifudasuisngudogulogldszduizmna
Qﬁﬁmmumﬂwawmixé’u NT/PRNT uattiid L“TJuﬂEiJJ Low (PRNT titer 100-400), Medium (PRNT titer
401-800) ez High titer (PRNT titer >800) ﬁm%’uﬂsznau’lwq@ﬂsmﬁuLﬁaiﬁl,ﬁmmmwmﬂwmﬂwaq
dathengulssiivenulidditass uasilasnniunedageiifing PRNT 1 titer thunasdege filsiwa
FAUENNUHANSATIILENRAVDILBUAUBALUUTHA IgM %38 IgG 01875 ELISA %38 chemiluminescence
21RzieNNuaUAvaAtie IgA la Faraesiumsanauensiandues
miﬁnmfﬁﬁ'm%ﬂuqﬂﬁmﬁwLﬁ'ammmai’ﬂl,wwl,%ﬁﬁaﬁﬂmﬂmiuqﬂmﬂu‘[iﬂ COVID-19
‘?%qﬁy'wumﬂummaﬁ'ﬂiqwmwﬁ lasunmseaaransasnatdane q lawn HBsAg, Anti-HCV, VDRL uas RF
fluaunanue wdniinuiuamsesia anti-HBs w11 518 Iikauan %mwﬁmmqmmnmﬂﬁ%u
JadubSadusnaui viawsdudadaimnouudhamemmnsamiadaiiliuualuld wasadanfichumu
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Preparation of Panel Samples to Evaluate
Antibody Test Kits for Severe Acute
Respiratory Syndrome Coronavirus 2019
in Thailand

Wiroj Puangtabtim Kritchai Juntaped Walangluk Pimpapai Tassanee Chaiyakum
Suwanida Senawaranon Chayada Tongkamsen Jeerapa Srilaket Kanisorn Larpardisorn
Sakulrat Soonthornchartrawat Panadda Dhepakson and Archawin Rojanawiwat
Medical Life Science Institute, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Antibody detection of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
is important for supporting diagnosis when real-time reverse transcription polymerase chain reaction
(real-time RT-PCR) is negative, and for epidemiological studies. Prior to marketing in Thailand,
all anti-SARS-CoV-2 test kits must be met the criteria and approved by Thai Food and Drug
Administration (Thai FDA). Panel samples for pre-marketing evaluation, were, therefore, prepared and
characterized, including samples for determination of diagnostic sensitivity, diagnostic specificity,
and non-specific or cross reactivity samples that were obtained from 100, 105 and 37 volunteer subjects,
respectively. In accordance with the specifications, there were 51 (51%: 95% CI=40.9-61.1) 105 (100%:
95% CI = 95.6-100) and 32 (86.5%: 95% CI=70.4-94.9) sera/plasma, respectively, suitable for use as the
panel samples. This study indicated that preparedness for laboratory performance evaluation of test kits
for antibody to SARS-CoV-2 has been established in Thailand.

Keywords: test kit evaluation samples, antibody testing, coronavirus 2019, COVID-19
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Laboratory Performance on SARS-CoV-2
Detection by real-time PCR: A Prerequisite
Evaluation for DMSc Laboratory Network

Sunthareeya Waicharoen' Pilailuk Akkapaiboon Okada' Siriphan Saeng-aroon'
Kampaew Buayai' Sirichol Kala' Don Changsom' Khanthiwa Chairad’

Ratravee Boonmuang' Nanthawan Mekha' Malinee Chittaganpitch®

and Ballang Uppapong'

'National Institute of Health, *Medical Sciences Technical Office, Department of Medical Sciences,
Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT Laboratory diagnosis on SARS-CoV-2 infection among suspected cases is crucial for
effectiveness of control measure in order to limit COVID-19 transmission. Participation in proficiency
testing (PT) is a prerequisite requirement prior to registering a service on SARS-CoV-2 detection using
real-time PCR with the DMSc laboratory network. We, therefore, established the PT scheme to the
network. The scheme panel was consisted of one negative and four positive samples with different
concentrations of SARS-CoV-2 and distributed to 166 laboratories during January 31 to May 25, 2020.
Our findings revealed that 166 laboratories (98.8%) showed results with 100% accuracy as compared with
the panel, while 2 laboratories (1.2%) needed improvement on their performance. In addition, it was
found that sensitivity of real-time PCR kits with gene E as targets is higher than those with genes N,
ORF, and RdRp, as determined by cycle threshold. Evaluation of laboratory performance on SARS-CoV-2
detection prior to starting their services, can ensure customers on laboratory reliability and competencies.
Hence, to monitor accuracy and reliability of testing performance throughout their services of

SARS-CoV-2 testing, the DMSc laboratory network should continuously participate in this PT program.

Keywords: Proficiency testing, real-time PCR, SARS-CoV-2
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Laboratory Capacity Building to
Support the Pandemic of Coronavirus
Disease 2019

Phatthanan Thanaphatsiriyakul Thatsanee Masjamras Supaporn Seatan
and Jiraporn Phetrak

Regional Medical Sciences Center 11 Surat Thani, Amphoe Muang, Surat Thani 84100, Thailand

ABSTRACT Owing to the outbreak of coronavirus disease 2019 (COVID-19) in Thailand, Clinical
Pathology Laboratory of Regional Medical Sciences Center 11 Surat Thani (RMSc 11) had
strengthened its capacities as well as its laboratory network for rapid and reliable diagnosis of COVID-19.
For RMSc 11, there were 7 factors including facility and its environment, personnel, apparatus, chemicals
and reagents, biosafety system, testing methods and reporting system to consider for strengthening.
For the RMSc 11 laboratory network, each laboratory was required to perform self-assessment on its
readiness and participated in a COVID-19 Proficiency Testing program. Our initiation revealed that the
RMSc 11 laboratory has full capacities to diagnose COVID-19 infection. During January 28 to April 30,
2020, a total of 2,324 clinical samples were tested at RMSc 11 and 95 samples were positively reported.
In addition, 6 laboratories within the RMSc laboratory network have been certified from Department of
Medical Sciences for their capabilities to diagnose COVID-19 infection. All certified laboratories would
be the network for investigation and monitoring of COVID-19 within the upper southern part of Thailand.

Keywords: COVID-19, laboratory capacity, laboratory network
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Detection of SARS-CoV-2 in Foreign
Workers at Samut Sakhon Province:
Lessons Learned from Saliva Samples

Collection

Siriwan Chaisomboonpan' Sirilada Suphankong' Wiphada Khwankaew'

Sukontip Putcharkarn' Pantip Sirichote’ Nusara Satproedprai’

and Nuanjun Wichukchinda®

'Regional Medical Sciences Center 5 Samut Songkhram, Department of Medical Sciences, Amphoe Maung,
Samut Songkram, 75000

’Division of Genomic Medicine and Innovation Support, Department of Medical Sciences, Tiwanond Road,

Nonthaburi 11000, Thailand

ABSTRACT Department of Medical Sciences conducted a pilot study on a sentinel surveillance for
SARS-CoV-2 in deep throat saliva collected from a foreign worker group in May 2020. Samut Sakhon,
one of the provinces with the highest number of foreign workers in Thailand, was a site for the study.
We organized meetings with all stakeholders within the province on project planning, areas for samples
collection, training and demonstration on how to collect deep throat saliva, monitoring and reporting
results of the project. A total of 2,168 saliva samples were collected from foreign workers. Six of them
were excluded from the study due to unqualified samples. The rest of saliva samples showed negative
results. Our study indicated that improvement on pre-analytical management of specimens is essential

for future sentinel surveillances of the foreign worker group.

Keywords : SARS-CoV-2, foreign workers, Sentinel surveillance, saliva samples
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£d aca < a S YV ac o = a
ﬂ'ﬁ'ﬂﬂﬂaﬂﬂ’ﬂﬂgﬂ@lﬂﬁ“ﬂaﬁ’)ﬁ’)Lﬂ'ﬁS‘Vi‘lJ’SN']mLLaaﬂaﬂﬂaﬂiﬂ?ﬁttﬂﬁiﬂiuﬁiﬂﬂiﬂw LHUSND U LSS

UNin

L‘ﬁlaﬂﬁl’lﬂluﬂﬁﬁgﬁu‘ﬁ'gﬂFNflaﬂ’l‘lm‘l’iﬂjﬂ‘l’iLLW’*Z:’SZ‘U'W]‘UENI’iﬂaG]L%ﬂl’l%ﬂiﬂi’iu’l 2019 (COVID-19)
malulsanauazedszna imliimssassdlionuduivsamilumsquatlasfuauasnnlsadaidalhsa
Talsin 2019 (COVID-19) Tasmslavihmnawniis wanidesmaagamuiuese liagladdafugiheii
msla 1w wazwiudniiatos q Fmshenuszanailamendasarihenuazaaiiafiusanasadiiiu
dutsznavlugluuumsasmsuaziaaloalilih (Juiswilsildsuanaiisunndmiumatiasiuauias
paslsznmuludszmdlng lagudadasiainanimsnmhealuissamasdunsnang ndszmeanssnsi
MNET0NGY LaN 137 Aaus 549 W.A. 2563 vualiwdadariniuanesadiludiusznauiiaguainie
dmsuiie Taeiagussasditarhanuazarnialoalailih saduedasdhan wasmualiiadasdan
fananianuNiuzaeiawaanadadnsatomMuea (ethyl alcohol %38 ethanol) lalslnsiauaanases
w3 lalalwswiuea (isopropyl alcohol 3@ isopropanol) tBu-Iwsiauaanadas wia LBU-1WSIIULS
(n-propyl alcohol %38 n-propanol) tienasiReIsananTINAUGBlaipanSREa: 70 laaUSinas
msfnniReiiagussadlumanannuazmanadeuanugndaweisiensifinauaanasadlunaadu
fifiuoanszadiiiudiulsznauiioguainiodmiuiie TasmansawIeudatildoiunai ldUsnumsai
van Uszndaaldis mansoienzimsnguuoanasading 3 xiia ldwsoudu laglfmaiaudalasnTnani
Fudumaiaiiienuhuszamuiimnzge sinsaanaseumsiiivinaiasldaguiug msnagauanu
gNAewaes (method validation) Lﬁﬂ%éﬁ’iﬁ%ﬁlﬁﬁmmgnﬁmmmsau gnsoihlllFanaiene
AuMwrasHAnAnThenuazeiiafituesnegadiiudutsznauliiulumulssmanssnsansisaqy
iadlumaduasasguilaaldudnsaniildinassu wasiivssansmmanaingussaad

m“"ﬁaaﬁauazqﬂnitﬁ’

1a309aalWFhAR® 0.1-0.01 fadn3u

idasufalasaninnsi (GC) (Agilent 6890 series) Usznaude detector %iia Flame ionization
detector (FID) szuuiiaansoanlusia logldmeani DB-624 2119 0.53 mm I.D. x 30 m length x 3 pm
film thickness

d13LANLAZEIININIFIU
d13tAH methyl alcohol %iia analytical reagent grade
8130160937 d13 ethyl alcohol, isopropyl alcohol w8z n-propyl alcohol (Chem Service)
a < al v g . ® a £ <
ANNUIEND >99% LU TNINTFIU Uazds 1,4-dioxane (Merck®) ANuUIENG >99% U 5MIATFIU

%4 internal standard

Mad
1. HaedamimenNazaaiieniusanadadaiulsznaugluvuaniaisnauetloslsndan
weanadaand 3 e Wudinusznay Teefidiunanuaei, carbopol, triethanolamine wazinvien (iu

dutsznau dmsuldilu Matrix blank wWal#lunsasiadau parameter 2asmsnagauanulilavasis
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ALY WU ANUNNILRIZA (specificity) ANNAVBINTATIANY (LOD) AannazasmsiadeUsana
(LOQ) mnadauanuiuidunsauastaussmsiesey (linearity and working range) uazanuuiy
(accuracy)

2. fhetawdadurienuazaaiiafiuoanagadiiudimsznousiuuueaiiui 3 does
ﬁﬁa’mﬂszﬂawamaanaaaﬁuaﬂﬁﬁmm ethyl alcohol, isopropyl alcohol L8z n-propyl alcohol ez
fimsnemheluiaseme tialdlumsnagauanuldlauesiiiam: parameter ANuLiigs (precision)

3. dhesndadnrhenuazneiieiiiueanesadiiudulsznausiuuumainiuam 170 da
fidanmalasmhenuiguazifissnaums sswhadauiiney eiigueu 2563

ASNMInadau
MILHIENEITALAI831033)U4 Stock standard solution waz Standard solution
d13azananInIg U Stock standard solution wisalaedasns ethyl alcohol, isopropyl
alcohol 1@z n-propyl alcohol waasnfina WU 0.5 N3N a9ly volumetric flask U1 10 Nadans Usu
US11@5828 methyl alcohol auasudsunas aslﬁﬂnazmammgm (stock standard solution) 284 ethyl
alcohol, isopropyl alcohol a2 n-propyl alcohol ﬁﬁmmtﬁuﬁu 50 HaanNINAaNaIANT
§139za180103374 Standard solution tw3anlastliue stock standard solution u@azxiie
PUIU 5.0 adanT 89k volumetric flask 2110 25 §858035 USUUSHN05078 methyl alecohol auasuUIIING
ﬁ]xl@i”mia::mammgm (standard solution) 284 ethyl alcohol, isopropyl alcohol 482 n-propyl alcohol
fiflenudadu 10 fadnsudaiadsns
d138za183810337U Internal standard solution w3salaatans 1,4-dioxane MUY 1.5 NTN
a9ly volumetric flask 219 50 §83an5 @3 methyl alcohol wehldarmauazlsuUsuInsMe methyl

alcohol auUAsUUSHNINS 2219 internal standard solution NNANNNTY 30 NadNSNAINIDANT

35AH
& o v A @ 2o A A ¢ ' v v
RMpENNANNNTIANNFzInlanlusanagadlludiudsenaugUiuuralszann 0.5 NN A
P39 LWTHIAN® 0.1-0.01 §aan5N a9lu volumetric flask 2@ 10 Jadans azaauazlsulsinasee
methyl alcohol MUY Yilaansazanamadausunas 1.0 1ada03 a9l volumetric flask 2110 10 85305

v 1 a a

WNFISaLaIe internal standard ANNNAU 30 NAdNINABNAFANST USNI9S 1.0 Nadans UsulSuneasas
methyl alcohol auasuUSINGS HuluzNaui2INe 2 Fadans wiaihltAwneiusinameaiasasliadaly
AMANNNANEHUSIUULEENDERENT 3 ¥R MAIad GC-FID Detector lganmzlusunsy

atuyiNN Column Oven 40°C 94 150°C , Injection port temperature 250°C, Detector temperature 250 C

9 u
[

a9IM5 ke 3.0 T8dan5aa19 wazUSinesmsie 1 lulasans

iadnnzueaaias GC wianldnu asasgauamumINzaNweeszuy (system suitability) g
msﬁmwsaxammmgmwamlm ethyl alcohol, isopropyl alcohol a2 n-propyl alcohol ﬁﬁm’lmﬁuﬁu
3.0 108n3uABNaasAT MU 3 T M %RSD 294 peak area ratio, retention time (RT),
Theoretical Plate count tas@ tailing factor laginasigansUAINITASINFDUANNLANIZFNYBITEU
ﬁﬂf‘;’ %RSD (peak area ratio) <3%, %»RSD (RT) <3%, Theoretical Plate count (EP), N >20,000 t.ae
tailing factor 0.8-1.2
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NINAFBUANINGNABILANITILATIZY (Method Validation)™
m'iﬂ%'"l\‘lﬂ‘rlwu’lﬁlig"lu (Calibration curve)
(IBNEITAZAENINIFIUNTNDN ethyl alcohol, isopropyl alcohol waz n-propyl alcohol NHANN

T a a

WNTY 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 AT 6.0 NAANINGDNAAANT WOAATNILATDI GC UAIFTNANUNIANTFIU

L v v ¢

' v v o & Ay v ° v @ a . . v A
FEWINANUBNTUANUNUNLONA MinammdnUseandandunus (correlation coefficient, r) lag r 7

gansulanaalaitiaanii 0.995

NMINAFDUANNINNIZUBNID (Specificity)

ANFITzANENINITFIUNTNYDY ethyl alcohol, isopropyl alcohol, n-propyl alcohol tas
1,4-dioxane (internal standard solution) AiRANNENTY 3.0 Hadn3uAaiaaans wazasazmacIagn
Bhiedes GC meldanmeimvue tansradaunsienyeasng 4 5iia mnmssunmueesssauludiad

LaADINAI retention time WeNIANULALAU

A0NeUaIN13032aNy (Limit of Detection, LOD)

wﬂaaﬂmﬂLaumiazmﬂmmgmﬁq 3 5o enuENTU 1 aeludnatne Aese 7 2 Tage LOD
uhiuanaEauasasiisula il signal-to-noise ratio snnnwmdauhsu s snmiludesalagUsnns
YNAIDEN

AeNewaInNadiUsana (Limit of Quantitation, LOQ)

nodaulaglinasarmeNAsTIUN 3 790 anudutulndidaseigauainawainassIu uazidu
internal standard solution ﬁﬁmﬁmﬁuﬁu 3.0 NAANSNABNAAANT 841U matrix blank I@TIEHINIUIU 7 5231:1
uarminaniuasagazlagusinasyes %Recovery waz %Relative Standard Deviation (%RSD) Tog

'3 . U k4 = L £4 | 1
NTIEANITUAISDEAZYBINSAUNGY (%Recovery) favaglunie 95.0-110.0% waze %RSD <3%

MInaFauANNTUUTUATILAZEIBINITIATIZH (Linearity and working range)
Wnansinasyludade Matrix blank fissduananduty 1.0, 2.0, 3.0, 4.0 Waz 5.0 Hadniu

Rafiadans Jeeisziuas 3 9 wdhanvnespussrhsenudiiuuariuilaieuesasinasu

fdnludegn emmamusnamsnasgufionany wasmduUszandanduwus (correlation

coefficient %138 r) Zam r Neansulanalitipaniy 0.995

NINAFAUANNUNUUAZANNA B (Accuracy and Precision)
ANNuNY (Accuracy)

JinniUsnauaanagadluiiadn Matrix blank 7 LANFITTAENINIFIUNFNYAN ethyl alcohol,
isopropyl alcohol, n-propyl alcohol T¥ianududu 19, 39 uaz 49 Fadniudaiianans NszduANNTNIY
3 59U Ienziszauar 7 91 mwalSinaeanagefilisuiiisuiunsnaspuiiudesaslasysinns
UM BEAUBIMSAUNAU (%Recovery) LLazmﬁ"aaazwmmLﬁmmummgmﬁuﬁwﬁ' (%RSD)
Tagn iz ansua9a3aeazuINsAUNaY (%Recovery) Aadag Uz 95.0-110.0 uasm %RSD <3%
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AN (Precision)
MsIaNT lidudenu (Repeatability)
a P a o ¢ o A A P '
AeNeiUSinuueanagad lundadasimenyazaaiisiiiueanagastludiulsznausduvuias
Nilupanadgaduenyiiauay ethyl alcohol, isopropyl alcohol was n-propyl alcohol lu@andne Aaszw
MeeNar 7% uarmnanUsinauaanadas ludaailusasazlesUsines muiae %RSD lasini
gan5ulevaia %RSD<3%

MIIANEHTITEHITI (Intermediate precision, between-day)

Aensilinauaanssadlundadasiienussaaiiofiiuaanasadiludiulssnausiiuuiaa
fiflueanagaduanyiinues ethyl alcohol, isopropyl alcohol uaz n-propyl alecohol Tudaghe Wunan 5 Su
Suaz 7 9 udrenanUsnausanageslusathaiudasazlagUsinas e %»RSD lasinasizansy
lowaee %RSD<3%

ez laaasnindiase (Intermediate precision, between-analysts)

Annsilinauesnssadlundafuihanuazaaiiofifiueanasadihdussnausluuuaa i
uaanadaauanyiinuag ethyl alcohol, isopropyl alcohol uag n-propyl alcohol lumads lagindasizi
3 AU AUAE 7 % uammnamyinaueansgadlusathaiudasazlasy3ines Ussfiuanuuaneeas
HaMsaITIANERSnaLeanagasludinthe Tagtiniaszing 3 au mume %RSD lagnasioansy
lowaeen %RSD<3%

MUz AN kNN INITIATIER (Measurement uncertainty)
msdsznaamanuliwiveuraimsia® lagmilsdeundwwasenalivivsunnunassiuyes

MmN NwLYBUNING wamameNNlitiuaurnefstauaNNEaNY 95% (k = 2) Tumsuszidiu

U ] 1 a I acal v a o] 1 [ v a

ey biwduaurasmsiwnziaaisilanadau Usuamsinumbhailusesazloastsnnes (wv/v)

Togmwauenunduasssiasanunnnwinasulesldaumsiduase®

We

m‘mmaaummuﬂmﬁum\mmnswwmm'ﬁgm (Calibration curve)
ATINNIFIUYN ethyl alcohol, isopropyl alcohol ez n-propyl alcohol NZAWNANNLTNTIU
a a o 1T a aa [ [ IS a £ [ [ . .
0.5-6.0 HaansuAaladans danudunusidudunsauaziimanyssanSanauwus (correlation coefficient, r)

WNNU 0.99998, 0.99998 WAL 0.99997 MNMNU AILFAI LUMWN 1

Ettvd sleshel hagropyd. sieohaol.

REETITEIT

[T 1w o am s m am rm

i 1 anudunusiudunseoinsnanasgIu ethyl alcohol, isopropyl aleohol waz n-propyl alcohol
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MINAFDUANNINNIZYDNID (Specificity)

Lﬁaﬁmmiaxmﬂmmgm ethyl alcohol, isopropyl alcohol, n-propyl alcohol ttae 1,4-dioxane
(internal standard solution) msﬂﬁ'ama::wmmém GC wunansauaniezae ethyl alcohol,
isopropyl alcohol, n-propyl alcohol tae 1,4-dioxane panNNule laedi@ retention time Uszane
5.1, 5.7, 6.6 WAY 8.4 WITl MUSIAU DARAMFIANLAUSNUULBINDTDA LU TALMLAIDENHIAN U
‘v‘hmmazmﬂﬁa‘ﬁﬁuaanaaaﬁtﬂudauﬂszﬂaugﬂunm% (Matrix blank) 4az@IeEANN MITNANNELDIND
ﬁﬁuaaﬂaaaﬁtﬂudmﬂi:naugﬂu‘umaa #iflunanagaduenyiinua ethyl alcohol, isopropyl alcohol

uaz n-propyl alcohol wunlififavasansduluaiadaesuniu aauaaslumwi 2-4

M 2 TﬂiuﬂwLmsmmm‘smmgm ethyl alcohol, isopropyl alcohol, n-propyl alcohol a2

1,4-dioxane (internal standard)

FIDZ B, Bad Signal (LOD_ALC_T805S6TL00_ALC_ 390503 20200019 13 10- 1 28 _MAY_7020_000.0)

] I0|

2w 3 Tasunlnunsuaae Matrix blank

< ¥ v a 4 . . .
NMINAFIUANNUULFUNTIUAZAIYDINITILATILH (Linearity and working range)
J v v A a o & A v o o L ] v 3
ﬂiW\Issmnmmmmuﬂmmimmgmmwmﬂuwuﬂmwﬂummauwuﬁmmauma Tog@muin
t-s' t-s' a s S a £ [ L . .
mmwmﬁuﬁuwmmimm@mLaaﬂmmnmmswzﬁlﬁ wuhiaaulseandanaunus (correlation coefficient, r)

WNNU 0.99998, 0.99998 WAL 0.99998 MNAINU AILFAILUMNN 5

MINAFaUANNUNY (Accuracy)® ¥

nnMIeNUsnuueanagadlualadne Matrix blank ‘7;Laumia:mﬂmmgmwamm ethyl
alcohol, isopropyl alcohol, n-propyl alcohol liilanuudng 19, 39 uas 49 Faaniudaiianans Hszau
anudutu 35U Tieneiasiuas 7 9 wuhe %Recovery agluing 99.45-102.79 waze %RSD
28/l1229 0.26-0.61 dauansluamaail 1
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| ST I S T SR TR T 1

MWD 4

Tasinlnunsneasdiadnwdndusinanuazaaiiefiiveanagediludiudsznaugluuuias

Nilueanadaauanaiinuad ethyl alcohol, isopropyl alcohol, n-propyl alcohol wae 1,4-dioxane

(internal standard)

Tt gl Isopropyl alcohol
L & ol 000
5w - 5.0000 ¥ ] 50000
-
& - 5 0000 ,,-'/ E A.0000
l o - 20000 /./’ E J.0000
i - T — 20000 . 20000
. rforens S v+ 00998+ D003
EE - 10000 L o (a0 o0
[pre— ooog - o000 -
= - T T T 00000 L0000 ZODG0 30000 4000 HOOKG 0000 00000
A pigEar concentation {me/mLk

o 1D00SK (0004
f = 089598

20000 20000 40000 50000 L0000
eoncentation {maiml)

20000

il 5 anuduiuszesnMnesHuludunsiaziwesmIeey (Linearity and working range)

22N ethyl alcohol, isopropyl alcohol (82 n-propyl alcohol

M0 1 MSpEazaaNMsAUNaU (% Recovery) 289350 eA

Alcohol Additives

Alcohol Additives

Alcohol Additives

Alcohol Additives 35 %v/v (n = 7%) 70 %v/v (n=17%) 90 %v/v (n=17%)
%Recovery %RSD %Recovery %RSD %Recovery %RSD

Ethyl alcohol 99.92-100.58 0.26 99.72-101.36 0.56 100.99-102.78 0.58

Isopropyl alcohol 99.70-100.73 0.54 100.32-101.73 0.61 101.07-102.79 0.41

n-Propyl alcohol 99.45-101.10 0.60 101.65-102.25 0.58 101.50-102.36 0.50

* UIUATWBNMTUATIER
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mMInadaumniey (Precision)
MsIaNT lidudenu (Repeatability)
a ¢ a a o 2o A Ao ¢ o '
PNAMFIANLHUSIULBaNDTDS LUNAN AT AN NFzaInlaNlusanadaatdudiulsenau
gﬂuuuwa Niusanagaauansiinues ethyl alcohol, isopropyl alcohol wag n-propyl alcohol Tuded
U 7 B WUNEM %RSD NU 0.86, 1.56 WAL 1.48 MNAIOU WA AT 2

MIIANEHTIIEHITU (Intermediate precision, between-day)

nninsiviinausanasadluwdadarihemuazaaiiaiifiueanasadiihudulsznousiuuuia
fiflusanagedusnyiinua ethyl alcohol, isopropyl alcohol taz n-propyl alcohol lu@aens Wunm
5 Su Suaz 7 % wuhiien %RSD Wiy 0.76, 0.91 WAL 0.96 MUY uaaslumei 2

AN 2 HAMINAFDUANNLNEN oM IIUATIENE LI ULR NN ULEZMFIATIEVETEW NI

r Usanae (%v/v) (n = 5%) %RSD
Alcohol IUN — — — — —
AIRAY %RSD AURFYITHNNU - ANRDYTTHINIY
Ethyl alcohol 1 75.5573 0.42 74.8817 0.76
2 74.8043 0.37
3 74.5616 0.86
4 74.9010 0.68
5 74.5844 0.55
Isopropyl alcohol 1 66.0337 0.37 65.9172 0.91
2 65.3287 0.39
3 66.0424 1.56
4 66.1736 0.61
5 66.0076 0.42
n-Propyl alcohol 1 64.2040 1.48 64.1612 0.96
2 64.0352 0.70
3 63.7629 0.58
4 64.7664 0.40
5 64.0373 0.51

* PIUATYBNNMTIATIEA

Mt laganindessy (Intermediate precision, between-analysts)
a P a o go A Ao ¢ & '
NNMeNeilinausanagadlundadarimenuazmeianiiveanagasiusulsznaugluuuas
Nilueanadaauenaiinuat ethyl alcohol, isopropyl alcohol Wag n-propyl alcohol lumats laeininszy
3 AU AUAL 7 21 WUNHA %RSD WNAU 1.09, 1.10 4aE 1.00 MNAINU WEAI UMD 3
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MTINN 3 HAMINAFTIUANNNENYDINFIAN N LALANUNILATIEH

Usana (%v/v)

Alcohol 1in3LasIEil — —— -~
AIRNY (n = 7%) AIRIYUNILATIEY (n = 3) %RSD

Ethyl alcohol 1 74.8043 76.1821 1.09
2 75.9679
3 77.7741

Isopropyl alcohol 1 65.3287 65.2924 1.10
2 65.2197
3 65.3287

n-Propyl alcohol 1 63.7685 63.9795 1.00
2 63.4813
3 64.6888

* UIUATWBNMTUATIER

MINAFBUAANINOLBINIINIANY (LOD) uazdannanzainiandidisnm (LOQ)

mﬂwam'ﬁLﬂswxﬁwudwmmtﬁuﬁu@iwq@mm ethyl alcohol, isopropyl alcohol waz n-propyl
alcohol Tusagniiannsaasianulduiiuiosas 0.18 Tasusinas wasanududusmgaiiened
TudeUSinalauhnusasas 1.81, 1.76 wax 1.80 laavSines muamau lagiim3asazuaanmsaunau (%Recovery)
Tuz29 98.09-100.95, 98.50-101.64 UL 98.99-102.11 MUAAU UaL %RSD NV 1.23, 1.33 WaY 1.43
augau uanlumsed 4

MIND 4 A1308AZUNMIAUNSU (%Recovery) wazanuines (%RSD) w9 LOQ

LOQ (n = 7%)
Alcohol Additives
%Recovery %RSD
Ethyl alcohol 98.09-100.95 1.23
Isopropyl alcohol 98.50-101.64 1.33
n-Propyl alcohol 98.99-102.11 1.43

* MUNUATIWBNMTUATIER

msuszanaaanuliniuauainsin (Measurement uncertainty)

nnmsvszdiudsznamenyliuiuaueaimsie wuunssasaensliwiveuidiuasa
MAANLHUSINMLEaNDEE Laln NTNATFIU msdaufisuLAIae Lﬂ'%f'mLLﬁaﬁ’l%m%'ﬂumsasmﬂmmgm
LaTaIaTaNENIBENN ﬂ1§ﬁ1‘§1 (repeatability) n91Wa0353 U (calibration curve) LaEASDEAZYRINSAUNSU
(%Recovery) Taaemnulaiwivausenaiissauanudany 95% Taglde k = 2 whiu Sasas 0.05, 0.05
uaz 0.05 lagU3anas muaey sauaadlumni 6
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MW 6 daaIureIerUsenauunatanyliuiuauN I ANNNaABN15A5IAAIEH ethyl alcohol,

o

isopropyl alcohol (e n-propyl alcohol MUFIAU

a 4
VI

MINATBUANNYNABNYBNITIATENUTI ethyl alcohol, isopropyl alcohol waz n-propyl

=1

alcohol Tundanawiniiuaanagadiludiulsznauiiaguamnisamiuiionsadl ladaulasmnmsieszd

sl ot o o '

ILIADe143:2019 #ail1353t@512% ethyl alcohol luM@nNsiLEaNDERA NN NHULAIDENNUANAINAN

]
=~ v

HanAariniueanagaaudiulsznauiisguawnisdmsuiaguuuure uaziiingUszadnaswannisasa

4

Aenziueanageanayanalildlawsaniu 3 ¥l lunandedu Jelammsusulgismsldiesas GC

9

NNANIE ILIADe143:2019 Fufluuuy gradient I¥nadni DB-624 ldannsTusunsugmvgii Column
Oven 45°C 84 200°C, Injection temperature 230°C, Detector temperature 230°C uaz split approx.
120 fiaddasaawi  Wumsldmelaanzlusunsugangii Column Oven 40 ‘Céa 150 'C, Injection
temperature 250 C, Detector temperature 250°C az split approx. 50 Haaansaaui uazldia3ns GC
Wuwuy gradient 14maanil DB-624 was Flame Ionization Detector (FID) tHuamnsiada wudeiny
1138 ILIADe143:2019 Fawuhmelaannzlusunsy qmwgﬁﬁiﬁa%ﬁmmmuan ethyl alcohol, isopropyl

alcohol, n-propyl alcohol wag 1,4-dioxane aanaNnula 1A azUserdananiay

NNUAMINATDUANNYNABIDIITIATILH wudniulumunasinseansule dansnedau
csmummzamms:mulﬁﬁh%aaa::wa\‘lmsl,ﬁ'mLuummgmé’uﬁwﬁ (%RSD) 284@1 Retention time <3%,
%RSD 224@) peak area ratio <39%, ﬁhgqqmm tailing factor <1.2, Fi’l(ii"’lqmlm Theoretical Plate
count >50,000 LLazﬁiwﬁiwqﬂwaq resolution >5 MINAFAUANNIUN28$IE wunmeldannzunanias GC
mMsenaenNsiasarmadaiwdasanifiuaansgadiiudiulsznauiagrowniadmiuia liwy
Refiasstuasnasyu managauanududuaswasnninespulugnenuduiy 0.5-6.0 fadn3u
dofiaddns femdnUszansandunug (correlation coefficient, r) WNAU 0.99998, 0.99998 WAL 0.99997
MuMHU MsnadauaNiudunse (Linearity) wazd2a9msiasIzi (Working range) lugwasany
BT 1.0-5.0 aansuaaiadans e r WhAY 0.99998 BILPANEEDEN 3 HiA MINAFBUMSDEAZYD
mMsAunay (%Recovery) wazanuiias (Precision) Mnmsianzidiathaniiuaanagasiiiusiudsznau
ieguowndisdwiuiiagiuuuns Mduananassuiienududu 3 széu wuhdulumunasisansuia
%RSD it 3% wazA158azuBaMsAUNGULBY ethyl alcohol, isopropyl alcohol Waz n-propyl alcohol
g 11999291719 99.0-103.0%

5831A5129% ethyl alcohol, isopropyl alcohol uaz n-propyl alcohol lusdnfasifidueanagas

Wududsznauegueamndedmsuia Imsemuanqumwmelupeinnsinizyd (Internal Quality
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control) Tagmunualinsmvinaspufienduussanianduwus (correlation coefficient, r) 20.9995
A grecovery pEfluAIIEIIN 95.0-110.0 NAFUMTIAN waziiladamd duplicate sample daviian
%RPD ity 3% wamsienzviimhediudosazlasihmin udnhemanussimne (specific gravity)
yaandnnasian g lumsenmantamihadusesazlasusinegs lumssesnunamsnagauaalszma
NIENTNAFITUGY 1AW 137 ABUNLAY 549 W.A. 2563 mvualindasaeiniueanagedfudiulsznau
Lﬁ'aqwamﬂ’aﬁm%'uﬁa (alcohol based hand sanitizer) [{hua3asdans uazmmvualilSinaneswaansgad
#iinlafiaweanadad (ethyl alcohol %38 ethanol) lalylwsiawaanaaad (isopropyl alcohol %3a
isopropanol) %38 Bu-lwsiausanades (LBU-1Ws1Ua) (n-propyl alcohol %38 n-propanol) LNENZ1iA
Wenvdanansntudasliiasniiasas 70 TaeU3nas (volume by volume) tial@aansntihuadanzy
A lumsmuanaamwaunguineealy

Nnngmumsaimsunsszinavaslsadadalhialalsin 2019 (COVID-19) ludszmalng ¥l
ﬁwmmmsmmmasQ’ﬂizﬂaumsdqmaﬁmswﬁwamﬁ’m‘ﬁﬁﬁu,aanaaaaﬁﬂua’auﬂisﬂauLﬁaqmamﬁ'ﬂ
dwsuliaduau 170 @reean serhadeuivey deliguisy 2563 wulhrliauazUsnausanagadiiu
1ﬂm1uﬁngwmﬂﬁmum§1mu 94 et Aadusaeas 55.3 LLa:ﬁU’%mmuaanaaaéﬁaﬂndwﬁﬂgwmﬂ
mnuesay 76 Metn Aafludesar 44.7 udashrdasasidinaniimsneimheluiasseanaliud
fuslaa faflaumwuasiSinaeeuaanasad lidiulumaiingainamuue ausaluiilssansmmwiisane

Y
v
v @

3 [ v = Yy % U 44' a a [ '3 @ o ] vV ] = = a
muummumammﬂmsmmalﬂtwammuqmmwwmmamnm%wmmwmﬂwLﬂulﬂaﬂweuﬂszawﬁnww

-~ v vV

uaziivaAnAsasruslaalitiaUsslenigigadaguanuazainiezaslszamy
a§ﬂ

aca

msﬁ’wmLLaxms‘nﬂaaummgmﬁ'awmammeﬁﬂ%mm ethyl alcohol, isopropyl alcohol
waz n-propyl alcohol lTuwdanawinfiueanagadiiudrulsznauiiaguanisamsuiie uaadliiunis
AeNeAnWanNZuil iunaeimseansu denugnaas uiug anyhuazanununzdassiicesmmagauy
wanzanAumMsladny (fitness for intended use) wazlnannwiniwasiunasinsaansu e linams
a ¢ & ’ v P2 v Y a o oda ¢ & 1 & W
Jeneiduluagngndswazideiiale laaldudadusiniueansgediudinulsznaugiuuuaitudmuny
aansaniiluldlumsenainzdiiadumsmuguaamnedadasimensazmeianiuaanagad
dudsznautilaguamndsmunguing tiaauasesuilaadalyle

Aeenssndszne
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Method Validation of Alcohol Contents in
Alcohol-based Hand Sanitizer Products
Using Gas-chromatography

Menaka Vivon and Wongduan Nakniyom
Bureau of Cosmetics and Hadzardous Substances, Department of Medical Science, Tiwanond Road,

Nonthaburi 11000, Thailand

ABSTRACT Since the situation of COVID-19 infection around the world has still been widespread.
Therefore, the alcohol-based sanitizer products are used popularly for washing hand without water. In
Thailand, according to the Notification No. 137, Special Part 54, (2020) of the Ministry of Public Health,
only ethyl alcohol, isopropyl alcohol or n-popyl alcohol are used in alcohol based hand sanitizer products
which its total content shall not be less than 70% v/v. This study was aimed to develop and validate the
method to determine three types of alcohol simultaneously using Gas-chromatography with Flame
Tonization Detector (GC-FID). The test conditions were composed of DB-624 column with oven
temperature program from 40-150 C. The method was specific. The linearity and working range were
shown between 1.0-5.0 mg/mL with r >0.9999. The %recovery was 99.0-103.0%. The precision, within
day, between days and analysts, were acceptable with RSD <3%. Limit of quantitation (LOQ) was 1.81,
1.76 and 1.80%v/v, respectively, while limit of detection (LOD) was 0.18 %v/v. Measurement
uncertainty was equal to 0.05 %v/v. As the result, the developed method was suitable to be used for

alcohol contents analysis in alcohol-based hand sanitizer products.

Keywords: method validation, alcohol contents, alcohol-based hand sanitizer products, Gas-chromatography
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Evaluation of COVID-19 Serology Test Kits Suttiwat Lamyai et al.
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