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Inemumym eemepunapnoi meouyunu HAAH

3ACTOCYBAHHS I3OTEPMIYHOI NETJIEBOI AMILTI®IKAIIIT
(LAMP) 151 JIATHOCTHUKH BUSIBJIEHHSI BIPYCY SARS-COV-2

Y cmammi naseoeni pesynomamu 3acmocysanus i3omepmiuHoi nemnesoi amniuighikayii
(LAMP, loop-mediated amplification) ons weuokozo i eghexkmusrnozo diacnocmysanns sipycy SARS-
CoV-2 3 ypaxysannuam ocmannix oanux rimepamypu memooom RT-LAMP ¢ peanvrnomy uaci ma RT-
LAMP 3 konopumempuuHoio OYiHKOW pe3ylbmamy peaxyii 3a KiHye8ow MmOUKow (3MiHA KOIbOPY
peaxyitnoi cymiwi). 3aeanona cneyugpiunicmo RT-LAMP mecmy oas eeny N ckaana 99,4%, a
yymaugicmo 014 3paskie 3 KT < 30 na RT-gPCR 6yna 98,5%. /{na eeny S 3acanvua cneyughiunicmeo
ckaana 92,8%, uymaugicms ona 3paskie 3 KT < 30-96,8%. 3azanvna cneyughiunicme RT-LAMP 3
KOJIOPUMEMPUYHOIO OYIHKOIO pe3ynbmamie mecmy 0ns 2eny N cknana 85,7%, wymausicmes — 98,5%.
3azanvna cneyughiunicmo RT-LAMP 3 konopumempuunoro oyinKoio pe3yibmamis mecmy 0 2eHy S
cknana 75% 3a wymausocmi — 98,5%.

Kniouosi cnoea: COVID-19, SARS-CoV-2, 3T-II/IP y peanvnomy uaci, LAMP,
diaeHocmuKa.

Beryn. Koponasipycu — npencraBariku PHK-BMiCHUX BIpycCiB, IO HaJleXaTh
no minpogwau Coronvirinae, pomuau Coronaviridae 3 mnopsaky Nidovirales.
binbLIicTe KOPOHABIPYCIB JIFOJAMHU € OeTa-KopoHaBipycamu [1].

Bipyc SARS-CoV-2 saBnsie co000  OJHOJAHIIOIOBUH  00OJOHKOBHI
PHK-Bipyc, 1o BigHOCHThCS 110 Tiapoay Sarbecovirus poay Betacoronavirus [2, 3].

[Tig gac enigemiit, ooymoBienux SARS-CoV ta MERS-CoV, 6yB oTpumanuii
BEIIMKUM JIOCBiA 3 iX JIETEKTYBaHHS, II0 € BAXIWBUM JUIsl PO3POOKH 3acoOliB
niarHoctuku Bipycy SARS-CoV-2 [4-6].

[langeMiyHui crnajax KOpOHaBipycy OYB CHPUYMHEHUI HOBHUM BIpyCOM
SARS-CoV-2, sikuil Bhnepiue aiarHOCTyBayd y jdroged B rpyani 2019 p. y Kurai
(mpoBinmiss  Yxanp). Bxke 30 ciuas 2020 poxy BOO3 oronocuna cnamax
3aXBOPIOBaHHS, BUKIWKAHOTO KopoHaBipycoM SARS-CoV-2, Ham3Bu4aitHOO
CHTYAIII€l0 B Taly3i rpoMaICbKoro 310poB’s [1, 4].

* AcrmiipaHT, HAyKOBUH KEPiBHUK J-p BET. HayK, mpodecop, wi.-kop HAAH Huuux C.A.
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B Ykpaini COVID-19 (mHeBMOHIS HOBOTO THITY) BIiepIie OyB J11arHOCTOBAHUI
y Oepesni 2020 poky B UepHiBIsX, a Bxke 13 Oepe3ns OyB 3adiKCOBaHUM MEpIINN
JeTanbHUN BHUMAIOK, crpuunHeHuil BipycoM SARS-CoV-2. Ha mouaTok rpyaHs
2021 poky B Ykpaini HapaxoByBaioch 3 497 477 miaTBepIKEHUX BUMAAKIB, 3 HHUX
neranpHuX — 88 280 [7].

[NannemiuyHMA XapakTep PO3MOBCIOHKEHHS KOPOHABIPYCY BUKJIMKAE MUTAHHS: YU
HE MOXKE €BOMIOLIS Bipycy OyTh OOyMOBJI€Ha MyTallisiMd B Horo reHomi [7] abo
HasIBHICTIO 03HaK PEKOMOIHAHTHOT'O BIPYCY IITYYHOT'O Y MPUPOJHOTO MOXOHKEHHS [8].

Hogi BapianTu Bipycy, Taki sk Delta Ta Epsilon, 1eMOHCTpYIOTh 3HAYHO BHIIY
3apa3HiCTh, MOB’s3aHy 3 MYTalliIMH B JIOMEHI 3B’sI3yBaHHs perentopa Oulka mumna
obomonku [9]. Ile Bumarae TecTyBaHHS SKOMOTa OUIBIIOT KUTBKOCTI JIFOACH IS
CBOEYACHOTO BWSBJICHHS HOBUX THITNB 30yJHUKA Ta BHABICHHS OE3CHMITTOMHUX
HOCI1B, 5IKI MOKYTh HECBIJIOMO 1H(IKYBAaTHU BEJIUKY MOMYJISLIIO.

Croromui BOO3 Bu3HaueHO Tepennik MepeBakalouuX BapiaHTIB BIPYCY, IIO
0asyeTbcss Ha HaumomupeHimmx wmyramisx: B.1.1.7 (Bapiant anbda), B.1.351
(Bapiant Oeta), P.1 (Bapiant ramma), B.1.617.2 (Bapiant aenwta), B.1.427/B.1.429
(BapianT emncwioH), P.2 (Bapiant 3era), B.1.525 (BapianT era), P.3 (BapianT Tera),
B.1.526 (BapianT ¥#ota), B.1.617.1 (BapianT kamma) [4]. YMOBHI HOMEpH IarOThHCS
3riIH0 3 Kjacu(ikailiero MDKHApOAHOT ©0a3u JaHUX TMOCTIAOBHOCTEH BIpyCy
SARS-CoV-2 GISAID’s EpiCoV database (https://gisaid.org/WIV04). TIlepernik
MOCTIHO OHOBJIFOETHCHA.

AKTHUBHUN MOHITOPUHT JIOIIOMOE€ TOYHO BCTAHOBUTH IUPKYJIAIIIO BIpYyCy B
MOMYJISIIIT Ta COPUATUME 3IIMCHEHHIO OIIIHKH PU3HKIB Ta BIIPOBAIKCHHIO 3aXO0/1B HA
JIOKaJILHOMY Ta riobanbHoMy piBHsAx [10].

BaxnmuBuM 3aX00M y CHCTEMI TOIEPEIKCHHsI TIOMUPEHHS 30yJHHKA €
CBO€YACHA JlarHoctuka. JlerexkTyBaHHs crnenu@iyHuX (parMeHTiB BIPYCHOIO
reHOMY, OKpIM KJIACH4YHOI  mojdimMepasHo-iaHuiorooi  peakwmii  (IJIP) Ta
CEKBEHYBaHHS, MPOBOJIUTHCS TakoXk 3 BukopuctaHHaMm LAMP-texHomorii, sika
BOauaeThcsi anbrepHaTuBOl0 [IJIP 31 3BOpOTHOIO TpaHCKpHMINEO, 1 3aCHOBaHA Ha
yHikabHIH ocobmuBocti JIHK-momimepasu 3 0akrepii Bacillus stearothermophillus
(Geobacillus), y sixoi, kpim Bnacue JJHK-momiMepasHoi, € Tako BHCOKa peBepTa3Ha
aktuBHICTh [11-14]. I[1 oOcCTaBMHa 3HAYHO CIPOIIYE MPOIECAYPY HPOBEIACHHS
«mepenucy» iHpopmanii 3 PHK na JIHK 3 i1 mnomambiioro oOJHOETAIMHOIO
amrutipikarfiero, M0 MOXJIMBA 3a MOCTINHHOI TemmnepaTypu B giana3oHi Big 55°C nmo
65°C. Jlna peakmii amruridikaliii, Mo OMOCEpEIKOBaHAa Yepe3 TMeTI0, MOTpiOHa
JIHK-monimepasa, sika Ma€e BJIaCTUBOCTI 3aMIIIaTH JIAHITIOT Y mpolieci cunresy (Bst —
moyliMepasa), CyMill Je30KCHHykieTnn TpudocdariB, BHYTpINIHI TpaliMepu Ta
30BHIIIHI MpaiMepH, M0 BII3HAIOTH LIICTh PI3HUX AUISHOK HA MIIIEHI, & TaKOX
BiAMOBIAHUHN OydepHuit po3uun [15].
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Metonq LAMP Bxe J0CUTh aKTUBHO BHKOPHUCTOBYETHCS JJISi JT1arHOCTHUKH
SARS-CoV-2 [16, 17].

BaxxnuBoro mpo0iaemMoro 3aCTOCYBaHHS MOJIEKYJISIPHUX 3aC001B JIIarHOCTUKU Ha
¢doH1 BUCOKOT MyTaIlifHOT MIHJIIMBOCTI BipycCy, IO B1I0YBAa€ThCA B paMKaX MOCTIMHUX
3MiH MEPEBAXHUX BapiaHTIB € CEUU(]PIUHICTh Ta YyTIMBICTh HAABHUX TECT-HAOOpIB
Ta PEKOMEHOBaHUX IMpaiiMepiB.

Uepesz oOMexeHICTh OMyOJIIKOBAHUX JIaHMX, OCKUIbKH MaHAeMis (PaKTUUHO
novasiack 2020 poky, MiATBEP/KEHHs €(PEKTUBHOCTI HassBHUX METO/IIB Y BIIHOIIICHHI
710 PI3HUX BapilaHTIB BIPYCY € BOXKIJIUBUM JIJIsl YCIIIITHOTO TTONEPEIKEHHS MOITUPEHHS
3aXBOPIOBAHHS.

Merta poGoru. [lopiBHIATH 3aCTOCYBaHHS 130TEPMIYHOI METIEBOI aMILTi(iKarii
(RT-LAMP) y BapianTax B peajqbHOMY Yaci Ta 3a KIiHIIEBOIO TOYKOIO i3 3BOPOTHBO
tpanckpunrasHoto I1JIP B peaspHoMy vaci (RT-QPCR) mist mBuaKOro i epeKTHBHOTO
BusiBiieHHS Bipycy SARS-CoV-2.

Marepiaau i meroau mociigxenb. Buninenns PHK 13 3paskiB 6ionoriunoro
Marepiaiay IpoBelleHO 13 BUKopucTaHHsM Habopy «IndiSpin Pathogen kit» (Indical
Bioscience) 3riIHO 3 IHCTPYKIII€I0 BUPOOHUKA.

JletextyBanns crenugiyanx ¢parmentiB reHomy Bipycy SARS-CoV-2
npoBeneHo 3 BukopuctanHsM RT-QPCR 3a momomoror komepmiitHOI TecT-CHCTeMH
Allplex SARS-CoV-2 Assay (Seegene, IliBnenna Kopes), Ref RV10248X, LOT
RV9120H23, 3rigHo 3 pekomMeHaaIis M1 BUpOOHHKA, Ha aMIUTI(IKaTOP1 TUTAHIIIETHOTO
turty BioRad 1000 3 moxynem SFX96 i3 3acTocyBaHHSIM BOY0BaHOTO TIPOTPAMHOTO
3a0e3MeyeHHs.

Ominky pe3ynstaTiB RT-qPCR Tecty mpoBoamau i3 3aCTOCYBaHHIM MPOrpaMu
SARS-CoV-2 Viewer V1 (Seegene).

HerextyBanHs crneundiuaux ¢parmentiB  BipycHoi PHK Ttakox Oyio
npoBeeHo 3a gonoMororo LAMP-texuHosorii (LAMP i3 3BOPOTHOIO TPaHCKPHIIIIIETO,
RT-LAMP), sika BOadaeThcs anbTepHaTHBOIO 10 [1JIP 31 3BOPOTHOIO TPAaHCKPHUIIIIETO.

Jlnst mpoBeNleHHS JTOCHIIPKeHb BUKOPHCTOBYBAJM HA0OpU MpalMepiB st
nposeneHass RT-LAMP, po3paxoBani Ha AUISTHKYA TEHIB: HYKJICOKAINCUIHUN TeH N-
red Ta oOojoHkoBui reH S-reH SARS-CoV-2. IlocnigoBHOCTI MHpeacTaBiICHO B
tabnuii 1. Takoxx OyB 3acTocoBaHuid HaOIp MpailMepiB SIK €HJOT€HHHU KOHTPOJb
RNase P POP7.

OnTuManbHl  yMOBM  TpOBeACHHS  amiutidikamii  Oynu  migiOpasi
€KCIIEPUMEHTAJIbHO, 1110 OMKUCAHO B PE3yJIbTaTaxX J0CIiKEHb.

[lepenik BUKOpUCTAHUX MpaliMepiB MPEACTaBICHO B TAOIHIII 1.
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Tabnuys 1

IlepeJik npaiiMepiB /i1 BUSIBJIeHHS cieMU(IYHUAX TLIITHOK FreHOMY 30y THMKA
metogom LAMP (Huang et al., 2020) [17]

. Ha3zga . . .
Miens . [ocaigoBHicTh HYKJI€OTHIB, 5°-3’
npaiimepa

F3 AGATCACATTGGCACCCG

B3 CCATTGCCAGCCATTCTAGC

N-ren SARS- 5 511G CTCCCTTCTGCGTAGAAGCCAATGCTGCAATCGTGCTAC

Cov-2 BIP GGCGGCAGTCAAGCCTCTTCCCTACTGCTGCCTGGAGTT

(HYRICOKAICHA) | = 5 EAATGTTGTTCCTTGAGGAAGTT

LB GTTCCTCATCACGTAGTCGCAACAN

F3 TCTTTCACACGTGGTGTT

B3 GTACCAAAAATCCAGCCTC

S-ren SARS- EIp CATGGAACCAAGTAACATTG-
CoV-2 GAAAACCTGACAAAGTTTTCAGATCC
(obonoHKa) BIP CTCTGGGACCAATGGTACTAAGAGGACTTCTCAGTGGAAGCA

LF GAAAGGTAAGAACAAGTCCTGAGT

LB CTGTCCTACCATTTAATGATGGTGT

RNaseP-

oop7.r3 | TTG ATG AGC TGG AGCCA
RNaseP- | -\ ccCTCAATGCAGAGTC
ANase o | POP7-B3
POP7 P%NPZ;S_‘;'T;, GTGTGACCCTGAAGACTCGGTTTTAGCCACTGACTC GGATC
B(SHI‘OIFHGI‘:I?;H RNaseP- | CCTCCGTGATATGGCTCTTCGTTTTTTTCTTACATGGCT
yIp POP7-BIP | CTGGTC
KOHTpOI:) RNaseP-
oop7.LE | ATGTGGATGGCTGAGTTGTT
RNaseP-
oop7.LB | CATGCTGAGTACTGGACCTC

Jlnst nmpoBefeHHS TecTiB OyB BUKOPUCTAHUM ONTHMI30BaHUU aBTOpPAMHM Ha
OCHOBI JIITEpAaTypHUX JAHUX Ta BIJIACHUX JOCIIKEHb CKJIQJl PEaKIIMHOI CyMiIi,
HaBeJcHUM y Tabnuii 2.

OnTtumanbHi YMOBU MPOBEJCHHS RT-LAMP amruTiikari 3
KOJIOPUMETPUYHOIO OIIIHKOIO PE3yNIbTaTiB 3a KIHIIEBOIO TOUKOIO Oynu miaiOpai
EKCIIEPUMEHTAJILHO 13 YpaxyBaHHSIM TOTrO, IO CyMIlll TTOBMHHA OyTH MIHIMaJIbHO
HEOOXIHOI 3a CKJIQJOM JIsi TPOBEACHHS pEakilii, OCKIIbKH HEO0OXiAHO OyIio
3abe3neunTu, 11106 3mMiHa pH po3unHy, a BiacHe 1 3a0apBJieHHS MICHs MPOXOKCHHS
peaxiii, 3MiHIOBaJIach JIMIIIE 1]l BIUTMBOM MPOYKTIB crienndignoi amrutidikairii, ski
HAKOMUYYIOTHCS B PEAKIIIHIN CyMiIITi.
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Tabnuys 2

Cxkaaa cymimi aiist npoenenHs peakuii LAMP (wa 25 MkJ1 3arajibHOro 06’emy)

Pearent 00’em DiHaIbHA KOHIEHTPAaUiA B cyminmi
10X Oydep st i30TepManbHOi aMmrutidikartii 2,5 uL
65 mM 45 mM 1a 2 mM B 1X
100 mM MgSO 4 (NEB) 1,13 uL Sybepi)
10 mM cymim dNTPs 3,5uL | 1.4AmM
0.2 uM F3
0.2 uM B3
. . 1.6 uM FIP
10X cymim npaiimMepis 2,5 uL 1.6 uM BIP
0.8 UM LF
0.8 uM LB
Bst LF /IHK nonimepasa 1,0 uL | 8 onunums / peakiis
TepmocTabibHa 3BOPOTHS TPAHCKPUIITA3a 0,5 uL. | 7.5 oguHUIG /peakiis
Nuclease-free water 7,87 ulL | -
Iarepkamorounii 6apsank SYTO16 10pL |-
PHK 3pa3zka SuLb |-

3araiapHui 00’ eM

25 uL

OnTuManbHUM CKIIaJ peakuiiHol cyminn s nposeneHHs peakiii RT-LAMP 3

KOJIODUMETPUYHOKO OI[IHKOIO PpEe3yJbTaTIiB 3a KIHIIEBOIO TOYKOKO MPEACTABICHO B

Tabdmuin 3.

Tabnuys 3

Crkaan peakuiiiHoi cymimi ayist npoBeaenHs peakuii RT-LAMP 3
KOJIOPUMETPUYHHUM JeTeKTYBAHHSAM pe3yJbTaTy peakilii
(Ha 25 MKJI 3arajibHOro 00’emy)

Pearent 00’em @PiHaJbHA KOHIECHTPAIliA B CyMilli

3M  (NH4)2S04-10,0 uM, 100 puM

10X Oydep s i30TepManbHOT aMIuTidikartii 2,5 uL | MgS0:-8,0 uM, 2M KCI-10,0 uM, Tsin
20-0,1% Big 06’ emy

25X 034MH OapBHHKA C€HOJIOBUI

‘-IepBOHI/IE) pH 8.6 P @ 1OpL 1 0,1 uM

10 mM cymim dNTPs 35ul | 1,4 uM
0,2 uM F3
0,2 uM B3

25X cymimn mpaiitmepiB 2,0 uL i’g l: ﬁ gllli)
0,8 uM LF
0,8 uM LB

Bst LF JIHK monimepaza 1,0 uL | 8 onuHuIs / peakiis

TepmocTabiapHa 3BOPOTHS TPAHCKPHUTITA3A 0,5 ul | 7,5 oquHUIG /peakiis

Nuclease-free water 9,5uL | -

PHK 3pa3ka 50ul |-

3arajgpHuii 00’ eM

25,0 uL
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YmoBu RT-LAMP nns nerektyBaHHs crnenu@iqHOro ¢GparMeHTy TeHOMY
Bipycy SARS-CoV-2 ckmnananucs 13 60 nukiiB 3a temneparypu 64°C 13 TpUBaJIICTIO
KokHOro UKy 30 ¢ (Bcboro 30 XBUIIUH).

Pesynprar ammmigikarnii PHK Bipycy SARS-CoV-2 peectpyBanu Ha kanHaui
dbayopecnenmii FAM/SYBR. O6nik pesynwstatiBe [IJIP anamizy mpoBoauThCs 3a
HAsIBHOCTI a00 BIJICYTHOCTI INMEpPEeTUHY KpHBOI (DIIyopecleHIlli 31 BCTAHOBJICHOIO Ha
BIJIMOBIHOMY PiBHI IMOPOTOBOIO JIIHIEIO, 11O BiJMOBIA€ HAsIBHOCTI a00 BiJCYTHOCTI
3HaueHHs noporoBoro nukiay Ct. Pesynbratu anamizy BBaXKajau JOCTOBIPHUMH, SKILO
3HaueHHsa Ct no kanaax FAM/SYBR no3utuBHUX KOHTPOJIBHUX 3pa3KiB MEHIIE a00
nopiBaioe 35 (Ct<35).

RT-LAMP Oyna npoBefeHa 13 BUKOPUCTAHHSM IHTEPKAJIIOIYOro OapBHUKA
SYTO 16 (Life technologies, CIIIA) sk Mapkepy Uii MOHITOPUHTY pEaKiii B
peanbHOMY uyacl. PeecTpariito mpoayKTiB peakilii y KIHIIEBIA TOYIll IPOBOIWIH
Bi3yaJIbHO 3a 3MIHOIO KOJIbOPY micis 3aKIHYEHHS peaxiii
(3045 xB). 3a oTpUMaHHS MO3WTUBHOTO PE3YJIbTATy KOJIp PEakIliiftHOl Ccymili
3MIHIOEThCA Ha TOMEPaHYeBO-KOBTHM. HeratuBHi 3pa3ku Tak caMo, K 1 HeTaTUBHUM
KOHTPOJIb, HE 3MIHIOIOTh 3a0apBJICHHsS MICHIs 3aKIHYEHHS peakuii 1 30epiraroTh
4epBOHO-(10JETOBHI KOJIIP.

Jns mpoBeleHHsSI AOCIIKEeHb Oyio BUKOpuUCTaHO 3pa3ku BujauieHoi PHK
Bipycy SARS-CoV-2, nanmani llentpom rpomajacekoro 3mopos’s MO3 VYkpainu
(20 3paskiB Bim momei, BigiOpaHHMX 3a IEpioa 3 IOYATKY KOBTHS [0 CEPEIUHU
muctomany 2021 poky). Cepen 3paskiB Oynu mpeacTtaBHUKM Tpyn Bipycy B.1.351
(BapianT Oerta), P.1 (BapianTt ramma), B.1.617.2 (BapianT nenbra), miATBEPIKEHUX
MMOBHOTCHOMHUM CEKBEHYBAHHSIM.

Bci pmani Oynu mpoaHamizoBaHi 3a JOMOMOIOK MPOTpaMHOro makety R
(www.R-project.org), Bkimouaroun Moy tidyverse i ggplot2.

Po3paxoBana cneuudiunicte aHamzy RT-LAMP Tta ioro 4yTtnuBicTh st
nporo iHTepBanay CT Oyma BimoOpakeHa sSIK 9acTKa BCIX 3pa3KiB 13 3HAYCHHSIM
RT-qPCR CT y Tomy inTepBaii, sikuii OyB mo3uTuBHUM y aHami3zi RT-LAMP.

HoBipunii iHTepBas (95%) OYB pO3paxoBaHWil NUIIXOM IHTEpHpeTaIii
OTPUMaHUX 3HAYCHb K OIHOMIaJIbHUX MTOKA3HUKIB 3a JOIMOMOIor0 Kputepis BiibcoHa
IUsi O1HOMIAJIBHUX JOBIPYMX 1HTEpBaNIB, SIKMM peasizoBaHO B makeTi R — monynb
binom.

Pe3ynbratu gociaiikeHb Ta IX 00roBopeHHsi. Y pe3ynbTaTi JOCIIIKEHb
BcTaHoBjeHo, mo HaOip Allplex SARS-CoV-2 Assay (Seegene, IliBnenna Kopes)
no3BosmB  igeHTHdikyBatn RT-QPCR Tectom Bcl  JochmiKeHi 3pa3kd 3
KOHIICHTpAITI€I0 MiTh0BOTO reHoMa 10 kormiit B peakiiii Ta OiubIIe 3a JBOMa T€HAMHU
(Sta N). RT-LAMP Tta BapiaHT i3 KOJOPUMETPHUYHOKO OI[IHKOK pE3yJIbTaTiB 3a

KIHIIEBOIO TOYKOIO TMOKAa3aJM 3HAYHO HIKYY YYTJIMBICTh Ta crenudiuHicThb. Jis
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YCHIITHOTO BUABJICHHS 30ynHMKaA 3a reHoM S it RT-LAMP HeoOximHO MaTu He
menme 300 xkomii reHomy B peakmii, a aua RT-LAMP i3  Bi3yalbHOIO
KOJIODUMETPUYHOIO OIIIHKOIO pEe3yJbTaTiB 3a KIHIEBOIO TOYKOI — HE MEHIIEe
2500 kormiit TeHOMY B peakitii. J{ms BusBnenHs 30yaauka 3a reaoM N mist RT-LAMP
HeoOximHO Matu He MeHme 600 xomiii reHomy B peakuii, a 111 RT-LAMP 13
BI3yaJIbHOIO KOJIOPUMETPUYHOIO OI[IHKOIO PE3yNbTaTiB 3a KIHIICBOIO TOYKOI — HE
MmeHie 1250 kormiii reHoMy B peakitii. (ta6:m. 4, 5, puc. 1).

Tabnuys 4

BusnauenHst wyTiauBocTi Ta cnenudiunocti LAMP momo nerekryBaHHs
S reny SARS-CoV-2

PT-11JIP KisabkicTn Pesyasbtar Tecty RT
.. Pesyabrar . Pe3syabrar
3pasox | S- C(t)B KO recty RT- LA.MP 3 Bi3yaJIbHOKO recry RT-
- RT- reHoMy L AMP OLIHKOIO pe3yJIbTaTy gPCR
gPCR y npo0oi peakitii
MK | + | 27,23 2500 + " Hosnnrnii
KOHTPOJIb(+)
HK _ N/A _ _ B Herarusnuii
KOHTPOJIb(-)
66288 | + 36,28 5 — — +
66302 | + 38,47 2 — — +
66264 | — N/A - — — —
66254 | + 30,42 312 + — +
66272 | + 26,36 5000 + + +
65175 | + 33,23 40 — — +
65177 | + 33,90 42 + - +
65276 | + 26,34 5000 + + +
65273 | + 30,92 156 + - +
65183 | + 33,43 40 — — +
65060 | + 37,53 5 — — +
65148 | + 28,67 1250 + - +
65143 | + 31,25 156 — — +
65173 | + 29,08 625 + - +
65215 | + 29,58 625 + — +
65271 | + 26,89 5000 + + +
66271 | + 34,16 20 — — +
66280 | + 23,95 20000 + + +
66281 | + 26,78 5000 + + +
66278 | + 24,87 20000 + + +
654 — - - — — —
656 — - — — — _
657 — — - - + -
658 — - - - + —
659 — - - — — —
700 - - - - - -
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Tabnuys 5

BusnauenHsi wyTiuBocTi Ta cnenudivnocti LAMP mono 1eTrekTryBaHHs
N reny SARS-CoV-2

PT-IIP KiabKicrs PesyasbTar Tecry
. PesyabTar LAMP 3 PesyabTatr
3pa3ok | N- CO s Ko tecty PT- Bi3yaJIbHOIO Tecty RT-
PT reHOMY .
gene | oqp v npodi LAMP OLIiIHKOI0 gPCR
pe3yJibTaTy peakuii

MK | + | 2401 5000 + + Hosnripiitii

KOHTPOJIb(+)

HK _ N/A B B B HeratuHuii

KOHTPOJIb(-)
66288 + 26,36 1250 + + +
66302 + 23,48 5000 + + +
66264 + 29,25 156 — — +
66254 + 21,65 20000 + + +
66272 + 23,70 5000 + + +
65175 + 30,08 78 — — +
65177 + 29,15 156 - - +
65276 + 21,14 40000 + + +
65273 + 24m87 5000 + + +
65183 + 26,99 625 + — +
65060 + 30,09 78 - - +
65148 + 26,18 1250 + — +
65143 + 29,49 78 — +
65173 + 27,99 312 — - +
65215 + 22,77 20000 + + +
65271 + 17,88 640000 + + +
66271 + 20,14 80000 + + +
66280 + 20,55 80000 + + +
66281 + 23,71 5000 + + +
66278 + 22,38 10000 + + +
654 - - — —
656 — - — _ + —
657 - - — —
658 - - - - - —
659 - - - - — —
700 - - - - - —

3a pesynbTaTaMu JOCHIIPKEHb HAMHM BCTAHOBJIEHO, IO KUIbKICTh N TeHy B

npo0ax Jello BUlla 3a KUIbKICTh S reHy, TOMy Ha0ip mpaiiMepiB, po3paxoBaHUW Ha

BUSIBJICHHS crnenu@iuHux ¢parMeHTiB N TeHy Mae BHILY CcHeuu@iuHICTh Ta

YyTJIUBICTh y TOPIBHSHHI 13 HAOOpOM MpaiiMepiB, CHPSIMOBAHMX HA JETEKI[IO

cnetuiuHux AUIAHOK S rTeHy Bipycy SARS-CoV-2. Ane pans  HamgiiHOTO
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JIarHOCTYBaHHsSI HEOOX1JHO 3aCTOCOBYBAaTH IpaiMepu xo4a O Ha JBa TE€HH s

Puc. 1. PesyabraTn BidyajabHoi oninku peakuii RT-LAMP npu gerexuii PHK
SARS-CoV-2. Y ko:kHOMY psiy nepiua npodipka € KOHTPOJIbHOIO

(MO3UTHUBHMH KOHTPOJIb, HETAaTUBHUM KOHTPOJIb TAa HETATUBHUI KIITHIYHUH
3pa3ok Ne21 sinnmoBigno). IIpodipku Nel—-21 BignoBigawTh KJIiHIYHMM 3pa3Kam,
HaBeAeHMM Yy Ta0iuui. [lo3uTHBHI peakuii XapakTepu3ylOThCs 30epeKeHHAM
POKeBO-4E€PBOHOI0 KOJIbOPY IHAUKATOPA, HETATUBHI — ePexX010M 3a0apBJICHHS
y KOBTO-OpaHkeBUil. 3pa3ku 3 koHueHTpauicro BipycHoi PHK 625-640000 komiii
y npo0i BU3HAYAJIUCA K MO3UTUBHI npu BidyauabHiil ouini RT-LAMP, Toai sk
3pa3KM 3 KOHUeHTpauier 78-312 komiit 0y/JiM HeraTHBHUMHU, HE3BAKAIOYH HA
no3utuBHuil pesyabtat RT-qPCR.

RT-LAMP moxe OyTu 3acTOCOBaHUN MJig JAETEKIIi BIpycy y 3pa3kax i3
3HAYHOKO KIJIBKICTIO TeHOMIB 30yaHuka — Big 600 ta Oinbiie. [Ipu oMy MeTon
BIJINOBIJIa€ YyTIMBOCTI Ta crienudiunocti Tecty RT-qPCR.

[Ipsime mopiBHSAHHS YYTIMBOCTI AJi1 HAbopy mpaimepiB reHy S Ta reny N aiis
BCIX 3pa3KiB BUSABWIO pi3HMLIO Npubmmu3Ho 10 300 komiit renomy. Lle mosBommio
NPUIYCTUTH, IO MpaitMepu reHa N Oynu OUIbII YYTJAMBUMHM, HIK MpailMepu reny S
115 BusinieHHs PHK SARS-CoV-2 3a gonmomoro:o 1iporo TecTy.

Bizyanizamis pesynbratiB aHanizy RT-LAMP uyepe3 30 xB micis modaTtky
1HKyOari 3a 64°C nokasanu o4iKyBaHI pe3yJbTaTH, 0 Bka3ye Ha Te, mjo RT-LAMP
aHaII3 MaB JIOCTATHIO BIATBOPIOBAHICTh. ¥Y3TOMKEHICTh PE3YIbTATIB i Yac aHAIi3y
nigrBepauna mopir AOD > +0,3 sk HamiiiHWIA MOKa3HUK 7S 1AeHTU(IKaI] 3pa3KiB,
sxi mictunu PHK Bipycy SARS-CoV-2.

Takox Hamu BcTaHoBieHO, 0 RT-QPCR — mo3uTuBHI 3pa3ku 31 3HAaUEHHSIMU
Ct Big 30 no 40 nokazanu HeratuBHuM pe3ynbrat B RT-LAMP (100 kormiii reHomy Ta
MEHIIIE).
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B) RT-LAMP B peanbHOMy yaci S-reH 1) RT-LAMP B peasibHoMy uaci N-reH

Puc. 2. Uyrausicts Ta cneuudiunicts meroaiB RT-LAMP B peanbHomy yaci Ta
RT-LAMP 3 Bi3dya/ibHOI0 OLIIHKOIO pPe3yJIbTATy 3a KiHIEeBOK TOYKO0I0 (95%
noBipuuii inTepBai Bisicona nus 25 3pa3kiB)

3aranpHa cnenudiynicte RT-LAMP tecty ms reny N cknana 99,4% (95%
noBipunii iHTepBas Binbcona: Big 64,8 10 99,9%), a Takox 4yTIMBICTH ISl 3pa3KiB 3
KOHLIeHTpauieo Ouibiie 150 komiit reHoMy B peakuii 0yno 98,5% (95% noBipumii
inTepBan Binscona: Bix 78,8 m0 99,7%). Jlns reny S 3aranpHa cienugivyHICTh CKIIana
92,8% (95% nosipumii iHTepBan Binscona: Bix 65,7 10 99,9%), a Takok YyTIUBICTH
st 3paskiB Outbmie 150 komidi reHomy B peakiiii Oyma 96,8% (95% moBipumii
inTepBas Binscona: Big 38,9 10 99,9%).

142



BETEPUHAPHA BIOTEXHO/IOlIA 43, 2023

3aranibHa cneru@iuHicTh RT-LAMP 32 KOJIOPUMETPUYHOIO  OIIIHKOIO
pe3ynbTatiB Tecty s reny N cknana 85,7% (95% noipuuii inTepBan BisncoHa: Bij
48,7 no 97,9%), a Takok UyTIHMBICTH JUIsl 3pa3kiB Ounbeine 150 xomiii reHomy B RT-
qPCR cxmamana 98,5% (95% noBipuuit intepBan Binscona: Bim 75,6 10 99,9%).
3aranpHa crnemudiyaict RT-LAMP 3 komopuMeTpuyHOIO OIIIHKOIO pe3yNbTaTiB
Tecty Juist reny S cknana 75% (95% nosipuuii inTepBan Bincona: 40,9 no 92,8%), a
TAKOXX YyTJIMBICTh s 3paskiB Ounbmie 150 komiii reHomy Oyna 98,5% (95%
noBipuuit inTepBas Binbcona: Big 34,2 10 99,3%).

3a kuIbKOCTI reHoMiB B peakiiii 5000 Ta Oibliie, METOT BIATIOBIA€ Yy TIMBOCTI
ta crnemudigdocti Tecty RT-qPCR (moBipuwmii iHTepBan Bimbcona: 97,9-99,9%).
MiHiMallbHa KOHUEHTpaIlisi T€HOMIB y Tpo0l, IO J03BOJSE HAIIMHO JIETEKTyBaTU
oOuBa TapreTHi reuu, ckiagae 600 koriii reHoMy.

He3Bakatoun Ha Te, IO psAJ aBTOPIB MIJKPECIIOE BUKIIOYHO BUCOKY
cnenudiuHicTh Ta yyTiuBicTh RT-LAMP, Ham Branocs oTpuMartu pe3yJbTaTH, sKi
301raroThesl 13 TakuMu, 1o otpumani metogoM RT-qPCR nume 3a ymoB 3Ha4HOTrO
BMICTY KOIIii Bipycy B peakiii (mpo6i) — He menmie 5000. J{ns 3pa3kiB, 110 MICTSTh
500 xomiii reHOMy Ta MeHIIE, 4yTnuBicTh Ta crnerudiuaicte RT-LAMP 3nauno
3MCHIITYEThCSI.

Jlnst mpo0 3 HU3BKOIO KUIBKICTIO LIJIBOBUX TF€HOMIB, IO € XapaKTepHUM MJis
Ct 3545 (menme 10 xomiit reHomy), 3actocoByBat RT-LAMP HenominbHO uepes
HU3BKY CHENU@IYHICTh Ta BHCOKHMH pPHU3UK OTPUMaHHS XUOHOMO3UTUBHUX Ta
XMOHOHETATUBHUX PE3yJIbTaTIB.

BucHOBKY Ta nepCcneKTHBH NOJAJIBLINUX J0CTiIKEHb!

1. Metron RT-LAMP wMoxe OyTu 3acTocOoBaHUM sl JACTEKIil BIpycy
SARS-CoV-2 y 3pa3kax i3 3HAYHOIO KiJBKICTIO TeHOMiB 30ymHuka — Big 600 Ta
ounbmie. 3a kuibkocTi reHoMiB 5000 ta Oinbiie, meron RT-LAMP 3 BisyanbHOIO
KOJIODUMETPUYHOIO OIIIHKOIO 3a KIHIIEBOIO TOYKOI BIJMOBIAA€ YYTIUBOCTI Ta
cnenugiunocTi Tecty RT-qPCR (noBipunii inTepBan Binbcona: 97,9-99,9%).

2. Bizyamizamis pesynbratiB  aHanizy RT-LAMP mnokazanum ouikyBaHi
pesynbTatH, MmO Bkazye Ha Te, mo RT-LAMP ananiz wmaB joctatHio
BIITBOPIOBAHICTh. Y3TO/KEHICTh PE3yJIbTATIB MiJl Yac aHali3y HIATBEpAUIIA MOPIT
AOD > +0,3 sk HagidiHUM TMOKA3HUK s iAeHTU(IKalii 3pa3kiB, ski MicTiiim PHK
Bipycy SARS-CoV-2.

3. 3aranpHa cnenudiudicte RT-LAMP Tecty mis reny N cknana 99,4%, a
yyTuBicTh RT-qPCR 6yna 98,5%. [ns reny S 3aranpHa crenugivyHICTh CKJana
92,8%, wuyrmuBicth — 96,8%. 3aranpHa cnemudiudicts RT-LAMP 3
KOJIOPUMETPUYHOIO OLIHKOIO pe3yibTaTiB TecTy M reHy N ckmana 85,7%,
qyTiauBicTh — 98,5%. 3aranpha cnemudiuHicth RT-LAMP 3 konopuMerpudHOorO

OLIIHKOIO PE3YJIbTATIB TECTY Il reny S ckiana 75% 3a uyrnusocti — 98,5%.
143



BETEPUHAPHA BIOTEXHO/IOlIA 43, 2023

Y nogampmux poOOTax  IUIAHYEThCSA  JOCHIDKEHHS  YyTIUBOCTI  Ta
crieniugiyHOCTI HAOOpy MpaiMepiB IS JETEKIli HOBUX MYTAaHTHHX IITaMiB BIPYCY
SARS-CoV-2.

JlocnmikeHHsT BUKOHAHI B paMKaxX BUKOHAHHS MPOCKTYy « BUBUEHHS MOKIMBOI
poJIi TBApHUH SIK pe3epByapy Bipycy SARS-CoV-2» 3a ¢inancyBanns HarionaasHUM
(hoHIOM JOCIIKEHb Y KpaiHH.

APPLICATION OF THE LOOP-MEDIATED ISOTHERMAL AMPLIFICATION
(LAMP) FOR THE SARS-COV-2 VIRUS DIAGNOSTICS DETECTION / Molozhanova A.,
Nychyk S., Hudz N., Tarasov O.

Introduction. The SARS-CoV-2 virus is a single-stranded enveloped RNA virus belonging to
the Sarbeccovirus subgenus of the Betacoronavirus genus.

Timely diagnosis is an important measure in the system of preventing the spread of the
pathogen. In addition to the classical polymerase chain reaction (PCR) and sequencing, detection
of specific fragments of the viral genome is also carried out using LAMP technology, which is
considered an alternative to reverse transcription PCR and is based on the unique feature of DNA
polymerase from the bacterium Bacillus stearothermophillus (Geobacillus), which, in addition to
DNA polymerase, also has high reverse transcription activity. This circumstance greatly simplifies
the procedure of “rewriting” information from RNA to DNA with its subsequent one-step
amplification, which is possible at a constant temperature in the range from 55°C to 65°C.

Thus, the application of new approaches to the diagnosis of viral and bacterial diseases is
important for the rapid detection of the pathogen and the timely application of preventive measures
aimed at preventing its spread among the susceptible population.

The goal of the work. To investigate the possibility of using loop-mediated isothermal
amplification (LAMP) for the rapid and effective diagnosis of SARS-CoV-2 virus.

Materials and methods. RNA was isolated from biological samples using the IndiSpin
Pathogen kit (Indical Bioscience) according to the manufacturer’s instructions.

Detection of specific fragments of the SARS-CoV-2 virus genome was performed by RT-
gPCR using a commercial test system Allplex SARS-CoV-2 Assay (Seegene, South Korea), Ref
RV10248X, LOT RV9120H23 according to the manufacturer s guidelines on a BioRad 1000 plate-
type amplifier with SFX96 module using the built-in software.

The RT-qPCR test results were evaluated using the SARS-CoV-2 Viewer V1 program
(Seegene).

The detection of specific viral RNA fragments was also performed using LAMP technology
(RT-LAMP), which is considered an alternative to reverse transcription PCR.

For the study, primer sets for RT-LAMP were used for the following gene regions:
nucleocapsid gene N-gene and envelope gene S-gene of SARS-CoV-2.

The optimal conditions for RT-LAMP amplification with colorimetric evaluation of the
endpoint results were selected experimentally, taking into account that the mixture should be of the
minimum composition necessary for the reaction, since it was necessary to ensure that the change
in pH of the solution, and the color after the reaction, would change only under the influence of
specific amplification products that accumulate in the reaction mixture.
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Results of research and discussion. Despite the fact that a number of authors claim an
exceptionally high specificity and sensitivity of RT-LAMP, we were able to obtain results that
coincide with those obtained by the classical RT-gqPCR method only under conditions of a
significant content of viral genomes in the reaction (sample). In this case, the Ct value should be
within the range of no more than 25. For samples in the range of Ct 26-30, the sensitivity and
specificity of RT-LAMP is significantly reduced. For samples with a low number of target genomes,
which is typical for Ct 35-45, it is inappropriate to use RT-LAMP due to low specificity and a high
risk of false-positive and false-negative results.

When analyzing the test results of the RT-LAMP method for the primer set for the N gene
fragment, we observed a sensitivity limitation of about Ct = 30-32. A direct comparison of the Ct
values for the S and N gene primer sets for all samples revealed a difference of approximately 1.2-
2.3 Ct. This suggested that the N gene primers were more sensitive than the S gene primers for the
detection of SARS-CoV-2 RNA using this test.

To determine the specificity and sensitivity of the RT-LAMP assay, we analyzed all available
positive samples. In total, we analyzed 25 RNA samples, repeating the assay at least 3 times.
Visualization of the RT-LAMP analysis results 30 min after the start of incubation at 64°C showed
the expected results, indicating that the RT-LAMP analysis had sufficient reproducibility. The
consistency of the results during the assay confirmed the threshold of AOD >+0.3 as a reliable
indicator for identifying samples that were positive for SARS-CoV-2 RNA.

Conclusions and prospects for further research. 1. The RT-LAMP method can be used to
detect SARS-CoV-2 virus in samples with a significant number of pathogen genomes — 600 or more.
For the RT-gPCR Ct values < 25, the method corresponds to the sensitivity and specificity of the
standard RT-gPCR test. For colorimetric evaluation of the endpoint reaction, it is not
recommended to use a reaction time of more than 30 minutes, as nonspecific late amplification may
cause false-positive results.

2. The overall specificity of the RT-LAMP assay for the N gene was 99.4%, and the
sensitivity for samples with a Ct score < 30 on RT-gPCR was 98.5%. For the S gene, the overall
specificity was 92.8%, and the sensitivity for samples with a Ct < 30 was 96.8%. The overall
specificity of RT-LAMP with colorimetric evaluation of the test results for the N gene was 85.7%,
and the sensitivity was 98.5%. The overall specificity of RT-LAMP with colorimetric evaluation of
the test results for the S gene was 75%, and the sensitivity was 98.5%.

Further studies are planned to investigate the sensitivity and specificity of the primer set for
the detection of new mutant strains of SARS-CoV-2 virus.

Keywords: COVID-19, SARS-CoV-2, RT-qPCR, LAMP, diagnostcs.
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