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MPOBEJEHHS BAJIJIALII 3 BUSHAUEHHSI AHAJTITUYHOI
CNEMA®TYHOCTI I30TEPMIYHOI METJIEBOI AMILTI®IKAIIL
(RT-LAMP) 1JI51 JIATHOCTHUKH BIPYCY SARS-COV-2 Y TBAPUH

YV oaniii cmammi npedcmaeneni ompumani pesyrbmamu 6anioayii pospobnenoi mecm-
cucmemu wooo eusieienus sipycy SARS-CoOV-2 memodom nemnesoi izomepmiunoi amnuighikayii
(LAMP, loop-mediated amplification). B nybnrikayii naeedeni pesyibmamu  6USHAYECHHSL
aHanimuunoi cneyugiunocmi, sIKi c8i04amv nPo IOCYMHICMb HeCneyuivHux peaxkyii 3i wmamamu
[HWUX CMOPOHHIX GIPYCI8 Ma MOJNCIUBICIb [I 3ACMOCY8aHHS OISl WBUOK020 [ ephexmusHoco
oiaenocmyeanua SARS-CoV-2. Jliaenocmuxky LAMP moocna euxopucmogyeamu 6 YMO8ax
oOMedcenuUx pecypcis, Npocmo HaAzpiearoyy 3pasKu ma peazenmu 8 0OHIU peakyiuniu npooipyi npu
00HIll NOCMIUHII memMnepamypi, i 20mosi pe3yiomamu ompumamu npoms2om 30 Xeunun

Knrwuoei cnosa: COVID-19, SARS-CoV-2, RT-LAMP, LAM.

Beryn. COVID-19 € mepmioro CBITOBOIO TaHAEMI€I0, $Ka CHPUYMHEHA
kopoHaBipycom SARS-CoV-2, e Bxe Tpertiii Bipyc i3 poauau Coronaviridae, sikuit
BUKJIMKAE cMepTebHi iHekii y monei micias SARS-CoV ta MERS-CoV [1-4].

Takox nannemiss COVID-19 3auenuna i TBapuH [5, 6]. KoponaBipycu MOXyTb
1H(pIKyBaTU K JIOJEH, TaK 1 PI3HOMAaHITHI BUIW TBapuH, 3a(IKCOBAHO BUIIAJKH
iHdikyBanHsa Bipycom SARS-C0V-2 nomamiHix TBapwH, HOPOK, TBAPHUH 3 300MapKiB
ta gukoi mpupoau [7/—10]. MixBumoBi mepenadi KOpOHABIPYCiB MiX PI3HUMH
rOCIo/IapsIMU YTBOPIOIOTh CKIIaJJHY €KOCUCTEMY, SIKa MOTpedye YBa)KHOTO BUBUYEHHS
[11-13]. Ba3oBoro crpaTeriero Mae OyTH MiAXiJ €IMHOTO 3J0POB’S, KOJIH CHUCTEMH
OXOPOHU 3J0pPOB’Sl JIFOAWHHW, TBAapWUH 1 JOBKULIS JIIOTH pPa3oM, pPeEryJsipHO
OOMIHIOIOTBbCSL 1H(GOpPMAILII€I0 1 pearylTh CUHXPOHHO, TaKMM YHWHOM MO>KHA
MIHIMI3yBaTH MOIIMPEHHS Ta ClajaXxyu 300HO3HUX 3aXBOPIOBAHb.

Koponasipycu (CoV) € nait6insmmmmu PHK-Bipycamu 3 po3mipoM reHOMy BiJT
28 1o 32 THC. HYKICOTHIHUX Map. Bonu HayexaTsh g0 poaunu Coronaviridae, psa
Nidovirales, i 3aBnsuyroTh Ha3BOK CBOIN cHenuiYHId CTPYKTYpi, MO HAramye
KOPOHY Ha 300pakeHH1 eJIeKTpOHHOro Mikpockorna. CoV BiJMOBiIadbHUN 32 HU3KY
peCHipaTOpHUX, TPaBHMX Ta HEPBOBMX iH(EKILii y ccaBI[iB Ta NTaxiB. IxHs
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CXWJIBHICTh 70 pexoMOiHamii Ta BiactuBa PHK-Bipycam Bucoka yacTtoTa myTailiit
J03BOJISIIOTh 1M dYac BiJl yacy IepelaBaTH BIPYCHM Ta aJanTyBaTHCS [0 HOBHUX
rocofapiB Ta €KONOriYHMX Hilll. IXHS NOIIMPEHICTh y INPUPOAI JyXe BUCOKA
[14-16]. V cBuHeW, Hampukiaa, HAHOUIBII BaXIMBUMH 3 KIIHIYHOI Ta
emi1eMi0N0ri4HO1 ToukH 30py € CoV, 110 BUKIMKAIOTh NUTYHKOBO-KHIIIKOBI 1H(EKIIIT
[17, 18]. Toni sk kumkoBuii kopoHaBipyc koTiB (FCoV) Bukimkae jerky ado
0e3cuMITOMHY 1H(MEKIII0 y JTOMalHIX KOTiB, ane y 7—10% koTiB BigOyBaeThcs
MyTaIlis Bipycy, 110 MPU3BOJIUTH IO PO3BUTKY OUIbII CKJIAHOI XBOPOOH Mij Ha3BOIO
koTsiunit iH@ekuiauii neputonit (FIP) [19]. Bipyc CoV Benmkoi poraroi xynoow,
urypstanii CoV ta Bipyc iHdekuiitHoro 6ponxity (IBV) BukinukaoTh Jerki Ta Baxki
iHQeKil TUXanbHUX NUIXiB y Belukoi poraroi xymoowm [20], mrypiB Ta Kypei
B1JIMOBITHO.

BunukHeHHS maHjeMii, 110 BHUKIWKAHA BaXKKUM TOCTPUM PECHIpATOPHUM
cuHapomMoM, kopoHaBipycom 2 (SARS-CoV-2), migkpecnuna HEOOXIIHICTh
IIBUJIKUX, MPOCTHUX 1 €KOHOMIYHO e(deKTUBHMX TecTiB, Takux sk RT-LAMP, nusa
J1arHOCTUKY HOBHX naToreHiB [21-23]. [3oTepmiuna amiutidikartisi, ornocepeikoBaHa
netsiero 380poTHO1 TpaHckpurilii (RT-LAMP), Moxe BUKOPUCTOBYBAaTUCH B YMOBax
HU3BKUX PECypciB, MPOCTO HArpiBalOud 3pa3Kd Ta PEAreHTH B OJIHIM peakiiiHii
npoOipul Mpu OAHIM MOCTIMHIA TeMIepaTypi, 1 TOTOBI pE3ylbTaTH OTPUMATU
npoTsirom 30 XBUJIUH.

MeTto10 podoTu Oys10 IPOBEASHHS €TaIly Baliallii 3 BUBHAYCHHS aHATITHIHOL
cnernudpiunocti RT-LAMP s Businenns Bipycy SARS-CoV-2.

Marepiaau i Meroau gociaimkenb. JlocaimkeHHs Oylio mpoBeieHO Ha 0asi
nabopatopii «HaykoBo-gociiiHui HaBYAJIbHUIM HEHTP A1arHOCTUKH XBOPOO TBAPUHY
[HcTuTyTYy BeTepuHapHoi Mmeauunan HAAH.

Jns  mpoBeNeHHA  JOCHIKEHb BHUKOPHUCTOBYBajdM HaOOpu mpaiimepiB
RT-LAMP, po3paxoBaHi Ha JUISHKM T€HIB: HYKJIEOKaNnCUIHUA TreH N-reH Ta
o0osionkoBuil reH S-ren SARS-CoV-2.

Jlst mocmipkenHs aHamiTU4HOi crienudignocti RT-LAMP 6yno Bukopuctano
HacTynmHUI OionoriyHuit matepian: 3pasku Buauienoi PHK Bipycy SARS-CoV-2,
Hajgani llentpom rpomanacekoro 3aopoB’ss MO3 Vkpainn, a Takoxxk PHK/JIHK
30yaHuKiB  xBopoOu Ayecki mrtam «IlerpikiBcbkuii-2006»; Bipycy EJIC
mram «U-14», kopoHaBipyc Benukoi poratoi xymzoou (Coronavirus bovinum) mram
C-197; kynbTypa KIiTUH Vero (HeraTuBHUIA Olonoriunuil marepian — HBM).

Peakriiiny cymim rotyBanu 0e3nocepeiHb0 epea MPOBEICHHIM JOCIIIKEHb,
sminrytoun 10X Oydep mist LAMP — 2,5 mxar; 100 mxM MgSO 4 (NEB) — 1,13 mxi;
10 mxkM cymim dNTPs — 3,5 wmxm;, 10X cymim mpaitmepiB — 2,5 MK,
Bst 1.0 momimepaza — 1 mxi; RTX — 0,5 mxia; Nuclease-free water — 2,87 Mk,

po3unHy SYBR Green (intepkanstop) — 1 Mk (y po3paxyHKy Ha OJHY MpooOy).
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Buaineny JIHK/PHK nocnigHux 1 KOHTpOJIBHUX 3pa3KiB J10JaBayid B 00’ eMi 5,0 MKJI.
3arajgbpHui 00’ €M cKiIazae 25 MKII.

Pesynbrar ammmigikamii PHK Bipycy SARS-CoV-2 peectpyBasivu Ha kaHaumi
¢nyopecuenuii  FAM/SYBR. O6nik otpumanux pesynstaTiBe [IJIP anamizy:
MO3UTUBHUM BBakaeThcsi 3HaueHHs Ct FAM/SYBR wMeHme abo JOpiBHIOE
35 (Ct<35), me cBigunTh Ipo amiutiikailiio reHa, o KoAye CHeHu(idHy MUITHKY
Bipycy SARS-CoV-2; uHeratuBHuii pesyiaptaT — 1¢ 3HaueHHs Ct FAM/SYBR
BijicyTHE. [y mpoBeneHHs amrutidikaili y peaabHOMY 4aci OyJo BHUKOPHCTaHO
«Rotor-Gene Q», Bupoonuk «QIAGEN Hilden» (Himeuyunna).

Pe3yabratu JaociilzkeHb Ta iX o0roBopeHHsi. JliarHOCTWYHWIT MeTOj Ha
OCHOBI 130TepMiuHOI amIutidikaiii, onocepeakoanoi nemiero (LAMP), ctBopeHo sk
IIBUJIKUN, TOUHUM JIATrHOCTUYHUN TECT JJIsl BUSIBJICHHS HAasABHUX BIPYCHUX 1HQEKIIii
aK B jabopaTopli, Tak 1 B TMOJHOBUX yMOBaX; OTKE, BIH MOXE OYTH UyJOBOIO
ajbTEepHATHUBOIO 11 BUusiBiieHHST SARS-CoV-2

Jlns  BuU3HAYEeHHS CHEU@IYHOCTI B  SKOCTI TO3UTHBHOTO O10JIOT1YHOTO
marepiany (IIbM) Oyno Bukopucrtano PHK Bipycy SARS-CoV-2 nanani Llentpom
rpoMajcekoro 310poB’ss MO3 VYkpainu, 3a HeraTuBHMI O10JIOTIYHHMIA Matepian
(HBM) momo Bipycy SARS-CoV-2 Opasm KymbTypy KIITHH Vero, a TaKOX
JIHK/PHK' Tprox cTOpOHHIX 30yJHHMKA BIPYCHHUX 3aXBOpIOBaHb (XBOpoOM Ayecki,
Bipycy EJIC, KoponaBipyc BPX (BCoV). Pesynapratu mocimikeHHs 3BEJeHI B
tabauii 1 Ta mpeacTaBieHi Ha puc. 1.

Tabnuys 1
Pe3yjibTaTu BU3HAYEHHS aHATITUYHOI cnenudiuynocti RT-LAMP
N . . KiaLKieTs PesynbTaTn nerekuii Bipycy
Ha3sga pociigkyBanoro marepiaiay SARS-CoV-2
3/m npood
Ct, FAM (M=£m) pe3yJabTar
1 | Kynbrypa kit Vero ) — HEeraTHBHI
2 | PHK Bipycy SARS-CoV-2 8 23,22+0,85 NMO3UTHUBHI
PHK (Coronavirus bovinum) mram .
3 3 — HEraTUBHI
C-197
4 | PHK EJIC mtam «U-14» 3 - HEraTUBHI
5 JHK Ayecki mram «IlerpikiBcpkmii- 3 B S
2006»
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Puc. 1. Pe3yabraTn amminidikanii cnenudiunoi giisuku Bipycy SARS-CoV-2
(Ct FAM/ SYBR) 11010 BU3HAY€HHSI aHAJITHYHOI cnieiu¢iaHOCTi.

AHamTu4Ha crienu(ivHICTh BU3HAYAETHCA, SIK 37aTHICTh aHATI3y BIAPI3HATH
uuboBy JIHK (mimens) Big JHK iHmux iHdekiiHux areHrtiB. 3a pe3ylibTaTaMu
MPOBEJCHUX JOCIIPKEHb BCTAaHOBJEHA BIJCYTHICTh TMEPEXPECHUX pEakiii 3
mTamMaMy 1HIOUX BIPYCIB, IIO CBIIYUTH MPO CIHEHU(PIYHICTH PO3POOJIEHOI TECT-
cucteMu. Y TOH jXe yac, B mpoOax O10JIOTIYHOTO Marepiaiay, IO MICTUIU BIPYC
SARS-CoV-2, 6yno BusiBieHo cnernupiuny kJ[HK. 3nauennsax Ct mo3uTUBHUX MPOO
Ha kaHaini FAM Oynu BctaHoBieHi B mexax 21,35-26,21. Ile Bka3zye Ha 34aTHICTH
oOpaHux HaMH TMpalWMepiB TOYHO pO3MI3HABATA UUILOBY [IUISHKY BIpYCY
SARS-CoV-2 i 3B’s13yBaThCs 3 HEIO 32 MPUHIIUTIOM KOMILTIMEHTAPHOCTI.

BucHOBKM Ta mnepcneKTMBH MOJAJBIIUX AO0CHIIMKeHb. 3a pe3yibTaTamu
MPOBEICHUX JTOCHIJI)KEHb BCTAHOBJIEHA BIACYTHICTh PEAKI[id 31 IITaMaMU CTOPOHHIX
BIpyCiB, 10 CBIQuuTh Mpo crneuudiunicte RT-LAMP. Otpumani pesynbraTtu
JOCIIKEHbh BKa3ylOTh Ha MOXJIUBICTh 1i BUKOPUCTaHHS B JabOpaTOpHIN
arHOCTHIIL.

VALIDATION TO DETERMINE THE ANALYTICAL SPECIFICITY OF LOOP-
MEDIATED ISOTHERMAL AMPLIFICATION (RT-LAMP) FOR THE DIAGNOSIS OF
THE SARS-COV-2 VIRUS IN ANIMALS / Molozhanova A.V., Nychyk S.A

Introduction. COVID-19 is the first global pandemic caused by the SARS-CoV-2
coronavirus, the third virus from the Coronaviridae family to cause fatal infections in humans after
SARS-CoV and MERS-CoV.

The COVID-19 pandemic has also affected animals. Coronaviruses can infect both humans
and various species of animals, and cases of SARS-CoV-2 infection in pets, minks, zoo animals, and
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wildlife have been reported. Interspecies transmission of coronaviruses between different hosts
forms a complex ecosystem that requires careful study.

The emergence of the SARS-CoV-2 pandemic has highlighted the need for rapid, simple and
cost-effective tests, such as RT-LAMP, to diagnose emerging pathogens.

The goal of the work was to conduct a validation phase to determine the analytical
specificity of RT-LAMP for the detection of SARS-CoV-2 virus.

Materials and methods. Primer sets for RT-LAMP were used for the study, designed for
gene regions: nucleocapsid gene N-gene and envelope gene S-gene of SARS-CoV-2.

To study the analytical specificity of RT-LAMP, the following biological material was used:
samples of isolated SARS-CoV-2 virus RNA provided by the Center for Public Health of the
Ministry of Health of Ukraine, as well as RNA/DNA from three additional pathogens.

The reaction mixture was prepared immediately before the test by mixing 10X LAMP
buffer — 2.5 uL; 100 uM MgSOs (NEB) — 1.13 uL; 10 uM dNTPs mixture — 3.5 uL; 10X primer
mixture — 2.5 uL; Bst 1.0 polymerase — 1 uL; RTx - 0.5 uL; Nuclease-free water — 2.87 uL; SYBR
Green solution (intercalator) — 1 ul (per sample). The isolated DNA/RNA of the experimental and
control samples was added in a volume of 5.0 uL. The total volume was 25 ulL.

Research results and discussion. Analytical specificity is defined as the ability of the assay
to distinguish the target DNA from the DNA of other infectious agents. According to the results of
the studies, there were no cross-reactions with strains of other viruses, which indicates the
specificity of the designed test system. At the same time, specific cDNA was detected in samples of
biological material containing SARS-CoV-2 virus. This indicates the ability of our selected primers
to accurately recognize the target site of SARS-CoV-2 virus and bind to it on the principle of
complementarity.

Conclusions and prospects for further research. The results of our studies showed the
absence of nonspecific reactions with strains of additional viruses, which indicates the specificity of
RT-LAMP. The obtained results indicate the possibility of its use in laboratory diagnostics.

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