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Abstract

SARS-CoV-2 virus is the causative agent of COVID-19, which is an emerging infectious disease.
The disease has affected a number of infected cases and death worldwide. The current detection
standard is real time RT-PCR, a nucleic acid amplification test (NAAT) used to detect the viral RNA
in respiratory specimens. However, the method requires the thermocycler machine, which is
complicated and costly and causes the limitation of its use in general laboratories. LAMP, an
isothermal amplification, is a simple NAAT. It provides the results in a short time, which can be
visualized the color change by naked eyes. This study aimed to develop RT-LAMP for SARS-CoV-2
detection by designing primers and evaluating the in silico inclusivity and cross-reactivity analyses
based on microbial sequences in GISAID and NCBI databases. The reaction was optimized, and the
limit of detection was determined. The results showed that the primer set targeting ORF8 exhibited
>98 % homologous to the sequence of SARS-CoV-2 and <80 % to those of other microbes. The
optimum condition of the reaction was 60 °C for an hour, and the limit of detection for SARS-CoV-
2 was 25 copies/reaction. Overall, the developed RT-LAMP was able to detect SARS-CoV-2. It
requires further evaluation using clinical specimens for the determination of its applicability in

COVID-19 diagnosis.
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waunnada RT-LAMP Tidainulanay
AUTUNIE AIUTDATNUATDIAIUNITUANUE
NIIUNNTOIMTUAZ YT lasn1TIT8RmulATUNNS
advayuInanIduITeInemansaisnsaay
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2.1 Jaa1n3gUvaslIFd SARS-CoV-2

Janu1nsgiuedlasa SARS-Cov-2 fio

AccuPlex™ SARS-CoV-2 Reference Material Kit
(material N0.0505-0126, SeraCare, Milford, MA)
Fa.0u recombinant alphavirus fildaunsaiiu
Fruru selinelfiAnnsAad e daiduans
Wusnssuiis1mnzivlaga SARS-Cov-2 lawgil
#wnU9 ORF1a (open reading frame 1a; 810U
fanalelnedl 417-1,899 way 3,094-3,360) RARp
(RNA-dependent RNA polymerase; 816 Ut 1A&

v
o

Tolna v 13,291-13,560, 14,700-15,950 L@
18,577-19,051) E (envelope; d1duiinnalelngd
25,801-28,200) tag N (nucleocapsid; d1auiiing
Tolnddl 27,952-29,873) Tags1adsannarsuans
Wugnssuveelisa SARS-CoV-2 31ng udaya
GenBank #1184aY NC_045512.2 T@A11055U
sananilusunalaga 5,203 copies/mL WAYUITY
ag/lu VTM (viral transport media)

2.2 N3ENAEITAUINTTUIINTEANINTFIU
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AnAEINUINITUIINTARUINTTIUGIY
¥ AaNAad U RNeasy Mini Kit (Qiagen, Hilden,
Germany) masnsveran lngldTanunsgu
USuaw 100 ul waunu buffer RLT USuney 350
pL mmfum“u 70 % ethanol asly 1 w1ves
Usinausavionae waalidniulaenisluindu-
A% WiIgaansazaenay (Tanunsgiu + buffer
RLT + 70 % ethanol) Usunaugaga 700 pL 1Uld
§'9 RNeasy spin column 7 U359 8¢ luvaen
microcentrifuge YUA 2 mL ﬂ’liﬂwgum’ilm‘ﬁl
ANS8e9tiee 8,000 x ¢ LuaT 15 3undl in
asdunulunasn microcentrifuge VUM 2 mL
fis ¥gsnadsuninansazanenaLazNnNT
\Aal buffer RW1 Usunau 700 pl asluds RNeasy
spin column 1hlUnyudssiiananiedietes
8,000 x ¢ tJutian 15 Juil wmansduiulurasn
microcentrifuge UM 2 mL fennthudy buffer
RPE U312 500 pL asluds RNeasy spin column
hlumuissiianuiaeenstios 8,000 x g i
1A 15 Uil wansauiulunasn microcentri-
fuge VUM 2 mL faandhudia buffer RPE U3ual
500 pL asbUgs RNeasy spin column ulunyu
W3 Beilarnusaegneiios 8,000 x g 1iwiaan 2
W7 wasdiulunase microcentrifuge Yu1A
2 mL i Us sunaen microcentrifuge VUM 2
mL ﬁUSqu RNeasy spin column ag’ué’qﬁﬂﬂmu
Wi geiaaiaegaies 15,000 x ¢ Wuiian 1
il 91ntfudne RNeasy spin column lSmasn
microcentrifuge ¥uA 1.5 mL {isith RNase-free
adlv 30 pL udnhlunyumdsafiaanaiaogag
Woe 8,000 xg 1uiran 11l i e elute @13
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2.3 N999NKUULAZNAFIUAIUT NI
Ya9lWIWBIWUY in silico
Asgimanauiianalelneludiuves
FTunveslada SARS-Cov-2 fiflmnuuananeain
941237 SARS-CoV g dendumaiidng lag
\deneontuulnsimesiuaewunussywing ORF8
U N (@rsudanalolnadi 27,993-28,299) vo9
195°a SARS-CoV-2 31ng1u% 8y,a GenBank
ey NC_045512.2 sanuuulniiuesiagly
ww3eaile PrimerExplorer V5 (http://primerexplo
rer jo/lampv5e/index.html) taasuiiandlelna
YeslnTesil 28,026-28,245 lusunils ORF8
ity galwswesuandansed 1 anduneaey
AU UNIZIDINTLBSUUU in silico Taatlunis
NAADUAIIUTINIZLANEAD1I5d SARS-CoV-2
(inclusivity) seiedasdlo GESS (Global Evaluation
of SARS-CoV-2 /hCoV-19 Sequences; https://
wan-bioinfo.shinyapps.io/GESS) [14] \fle{uil 2
NUATUS W.A. 2564 AUEAUAITHUTNTTUYDY
1252 SARS-CoV-2 31 344,680 3luy taalainwu

£ ' a

VIUABDIYA

q

uvFdutindu 9 (cross-reactivity)

[l

qnsen
ﬁugm‘i’fﬁ);ﬂa NCBI (National Center for Biotech-
nology Information) nucleotide collection (nt)
[15,16] fewa3eaile BLASTN (https://blast.ncbi.
nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch)
TnesaAmnsiiwefifu default

2.4 MnagaUUfn3e1 RT-LAMP

nagauU 381 RT-LAMP Usgnaun e
5’187 WarmStart® Colorimetric LAMP 2X Master
Mix (DNA & RNA) (NEB, Ipswich, MA) lwstues F3

Wag B3 ANULUNTY 0.2 uM FIP wag BIP A1y
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\NTU 1.6 UM Lag LoopF Lay LoopB A1
Wuty 0.4 pM ansus TN anmaindan
1R I1U 5 pL uazUSUUSINausEt RNase-free
UA3e T 25 pl delumsneaeuufasen
LAMP nsiUdsudiinannisiddsuntasmes pH
TudfAse1v098293a phenol red 1 ofins
dapsremiusnssinty dufuesdiuszney
va3UNIu1UTuIu 25 UL Usznausdaeuien
WarmStart® Colorimetric LAMP 2X Master Mix
(DNA & RNA) lwsiues F3 uay B3 aa1sdudu 0.2
UM FIP taz BIP A23LUNTY 1.6 UM Wag LoopF
Lo LoopB AuLdudu 0.4 uM ansugnssud
AN TanunsgTu 5 pl uasdfuuiinae
RNase-free mmfuﬂuﬁqmﬁqﬁ 60, 63 WAy 65
aemneaidoa 1uwaan 1 9alus 15 udl e
nagouanivNzaNd UM TAnU AT e
A5 849 thermal cycler (Axygen® MaxyGene I
Thermal Cycler, Corning, Corning, NY) & 17Uk #
91nN190UE sud wardudunanisnaasuday
agarose gel electrophoresis
2.5 maBnatusigavaslada SARS-
CoV-2 finsaanuld
W oldanined munvandnsunis

aaa

neaeuUfAsen RT-LAMP wdamusinadusiian
vosla¥a SARS-Cov-2 finsaamulsl Tnoideansan
mmgmmaﬂ%mmuﬁ?a@fqﬁu 5,000 copies/mL
fendilifioulusifidey RNA (RNase-free water)
TUsualafaanasnuadudad 4,000, 3,000,
2,500 uay 1,000 copies/mL ansusiluaiaans
WUTNTINANITN15T19A U LA mageuiu

U381 RT-LAMP lagnaaeuiinnuiduduay 3

3
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Table 1 Research report on the development of diagnosis of SARS-CoV-2 by RT-LAMP technique

with WarmStart® Colorimetric LAMP Master Mix reagent kit

Minimum concentration that

Publication date Principal researcher Journal Specific site
can be detected (copies/mL)
April 25, 2020 Huang, W.E. Microb. Biotechnol. N 80
July 1, 2020 Yu, L. Clin. Chem. ORF1ab 10,000
July 29, 2020 Chow, F.W. Int. J. Mol. Sci. ORF3a-E intergenic spacer region 8,400
September 1, 2020 Rohaim, M.A. Viruses RdRp 40,000
November 9, 2020 | Nawattanapaiboon, K. Analyst RdRp 5,000
December 6, 2020 Baek, Y.H. Emerg. Microb. Infect N 50,000
January 5, 2021 Gonzalez-Gonzalez, E. Anal Methods N 62,000

2.6 N1531AITNR AU NILN U LI5E
SARS-COV-2 LUaefiu

ada o

NAFBUAINUT NIV s nula54

SARS-Co-V2 lnannaauilasrunulisadunnelsa

@ =

fiddey Famulumadiumelauazdnnulndifes
Aula¥a SARS-Co-v2 naaaulagldasiugnssy
RNA 9nla3adu Ieun 1234 influenza A subtype
Hl kag H5,influenza B, 1asalalsun MERS
(MERS-CoV) waglifa respiratory syncytial virus

(RSV) ¥y

aaa

7381 RT-LAMP uagn519a0udvas

aaa '

UA5871 1AeINUNITNAADULN DA TINIENT

NugnIsuvedliFa SARS-CoV-2

3. NAN157398

3.1 FENUNMSANETIHIUNNYBINIATID
2M9aw125d SARS-CoV-2 fewmaiin RT-LAMP

F189UNSANYIT NN [7-13] WU

nsnauwazUsziiun1snsaaitadelasa SARS-
CoV-2 aauwada RT-LAMP Imaweqmu%ﬂm
WarmStart® Colorimetric LAMP 2X Master Mix
[DNA & RNA] 4anesianns s 1

3.2 AMNPUNIZVBIINILUBI A 28NS

NAFDULUUKUY in silico
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YALNIUOTAMSUNIINAAEUULATEN
RT-LAMP Tunisasaamlasa SARS-CoV-2 uanana
A15997 2 manIsAnwAMLTINIZTasnLLes
FABNITNARBURUULUY in silico UARISInNI et 3
waz 4 Fuduprusinisianiznelifa SARS

(% '

CoV-2 (inclusivity) taglunudfAsenduse

9aunTduilad u (cross-reactivity) AN
dmsuauswizlameaelifa SARS-Cov-2 1
Ansevidioindeaila GESS atud 19 funaw
.6, 2563 fudAuaIsiugnIsuedlasa SARS-
CoV-2 977U 284,739 3luy wuinlulnsiues
wiaggadanuInnizaslasauinniniesas 98

9993 L ULNINUANUILINAFBU (115199 3) dnSU

s

AUmEau (homology) vesalnsasVisvun &

Atasninsaar 80 wWawSsuifisunuadunsd

q

wilndu uniiu H. influenzae wag L. pneumophila
wanuLi ealulnsiuesiien §9ldarunsavinla

AAURATeN (119199 4) Feaguileeiudnlainy

a

Uffsetusegauniduazlialalsunviingu

3.3 @N12LNLNUITEUF NS UNISNAGDU
Ujjisen RT-LAMP
ANSANYIAAILTLANIZRUAINSUNS

naaouUiTen RT-LAMP (3UT 1n uag 19) 2
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VRINTUNTIRUNYI 60, 63 Uaz 65 deALvALTYd
Wuwan 1 92lug 15 wid dunanisideud lae

HauNdAmdeuazNaauldvdy nuinigungil

aaa

60 samalded 1inUfAseld5aai 45 unil

a

HEN

U

luvagiin1suniauuad 63 serngaldua Lin
U
U

U 581078 agarose gel electrophoresis @34

A3 1 93lus washl 65 asAwadaaiiu Lin
aqn

a

ATe17 1 $2lus 15 uiit TneBudunanisiie
anmzfmnzaudmiunismaaulfisen RT-
LAMP fe gaumqdl 60 ssmgaded 1Juan 1
o
3.4 Usunaudusngavasla¥a SARS-Cov-2
fanansansrawuld
nsfnwIUIunasgavedliia SARS-
CoV-2 finsranulfanianuinsgiu uansismsns

1 5 WUINANUTUTUA W UYRITANNINTFIY D

#1294 SARS-CoV-2 U5u1au 3,000 copies/mL
Tnanmadeunssius 3 91 vaziinnndonas
2 kay 571 (@USunaulasad 2,500 way 1,000
copies/mL A11&a10v) laarusansiany agu
Uit usingavedlafa SARS-Cov-2 fianunsn
MTIANU AD 3,000 copies/ml NIDLABULIIAY 25
copies/reaction
3.5 AUIWNWIEVRSUNTE1 RT-LAMP

NTANYIAIINTUNIZVRIUNT 80
RT-LAMP #9123 SARS-CoV-2 Lilenaaauiuans
Wugnssuveslada SARS-Cov-2 warliafinelse
mafumeladanutes nanisvaaeud oedu
wuiUFATeN RT-LAMP Tsfnauan Taefinsivde
dvesujisennndvundudmdenanzluvaen

NAFDUNTAITNUINTINVDAUTD SARS-CoV-2

Table 2 Primer Kit for RT-LAMP Reaction Test for SARS-CoV-2 Detection

Primer

Nucleotide sequence

Specific site®

F3-SARS-Cov-2-ORF8

TGGTATATTAGAGTAGGAGCTAGA

28,026-28,049

B3-SARS-Cov-2-ORF8 AAACAACACGAACGTCATG

28,227-28,245

FIP-SARS-Cov-2-ORF8 (F2+F1c)

TCGATGTACTGAATGGGTGATTTAG-TCAGCACCTTTAATTGAATTGTG

28,093-28,117, 28,053-28,075

BIP-SARS-Cov-2-ORF8 (B1c+B2)

AATTGCCAGGAACCTAAATTGGG-CTCTAAAAAGTCTTCATAGAACGA

28,158-28,180, 28,200-28,223

LoopF-SARS-Cov-2-ORF8 AACCAGCCTCATCCACG

28,076-28,092

LoopB-SARS-Cov-2-ORF8 AGTCTTGTAGTGCGTTGT

28,182-28,199

*GenBank accession number NC_045512.2

Table 3 The results of the primer and SARS-CoV-2 specificity (inclusivity) were analyzed with the

GSAID database.

FIP BIP
Primer F3 B3 Loop F | Loop B
F2 Flc | B2 Bic
Primer length (nucleotides) 24 19 25 23 24 23 17 18
Homology (%) >98.0
Mutation site 765 | 246 | 1,143 | 373 | 658 | 4,075 | 5,195 360
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Table 4 Percentage of cross-reactivity against other microorganisms (cross-reactivity) when analyzed

with the NCBI database

Accession number FIP BIP

Microorganisms/Primers F3 | B3 LoopF | LoopB

of sequence F2 | Flc | B2 ‘ Blc

Human coronavirus 229& NC_002645.1 <80.0
Human coronavirus OC43 NC_006213.1 <80.0
Human coronavirus HKU1 NC 006577.2 <80.0
Human coronavirus NL63 NC 005831.2 <80.0
SARS-coronavirus NC 004718.3 <80.0
MERS-coronavirus NC 019843.3 <80.0
Adenovirus type 1 MH183293.1 <80.0
Adenovirus type 2 J01917.1 <80.0
Adenovirus type 3 AY599836.1 <80.0
Human Metapneumovirus NC 039199.1 <80.0
Parainfluenza virus 1 AF457102.1 <80.0
Parainfluenza virus 2 AF533012.1 <80.0
Parainfluenza virus 3 NC 001796.2 <80.0
Parainfluenza virus 4 NC 021928.1 <80.0
Influenza A (HIN1) FJ966079.1 <80.0
Influenza A (H3N2) KT002533.1 <80.0
Influenza B (Victoria) MN230203.1 <80.0
Influenza B (Yamagata) MK715533.1 <80.0
Enterovirus NC_001472.1 <80.0
Respiratory syncytial virus NC 001803.1 <80.0
Rhinovirus NC_009996.1 <80.0
Chlamydia pneumoniae NC _005043.1 <80.0

Haemophilus influenzae NZ LN831035.1 <80.0 82.35 | <80.0

Legionella pneumophila NZ LR134380.1 <80.0 88.24 | <80.0
Mycobacterium tuberculosis NC_000962.3 <80.0
Streptococcus pneumoniae NZ LN831051.1 <80.0
Streptococcus pyogenes NZ LN831034.1 <80.0
Bordetella pertussis NC 018518.1 <80.0
Mycoplasma pneumoniae Nz _CP010546.1 <80.0
Pneumocystis jirovecii CAKM01000281.1 <80.0
Pseudomonas aeruginosa NC 002516.2 <80.0
Staphylococcus epidermis NZ CP035288.1 <80.0
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Table 5 The minimum concentration of SARS-
CoV-2 that can be detected from

standard materials

SARS-CoV-2 Number of times
concentration detected/Number
(copies/mL) of times tested
5,000 3/3
4,000 3/3
3,000 3/3
2,500 0/3
1,000 0/3

4. ayduazanusney
asEnwididuniswaunmada RT-LAMP
dusunisasranmlisawnsaled 2 AnalsaRaue

Y a oA

Iafalalsun 2019 Funadaiiifon fo umsia
USinaanswusnssuigungiideinasnnisi
UFFSen annsolfifteseraidouniendodlieni
Foulun1snTadnsed inanananveU g
meluszernadudu uaransasunalasgain
nMsagudsenian vilvuananismaaoudng
wan1s@nwinudnd eldyadien warmstart®
Colorimetric LAMP 2X Master Mix [DNA & RNA]
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