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Introduction. Currently, the basis for molecular diagnostics of most infections is the use of reverse
transcription polymerase chain reaction (RT-PCR). Technologies based on reverse transcription isothermal
loop amplification (RT-LAMP) can be used as an alternative to RT-PCR for diagnostic purposes. In this study,
we compared the RT-LAMP and RT-PCR methods in order to analyze both the advantages and disadvantages
of the two approaches.

Material and methods. For the study, we used reagent kits based on RT-PCR and RT-LAMP. The biological
material obtained by taking swabs from the mucous membrane of the oropharynx and nasopharynx in patients with
symptoms of a new coronavirus infection was used.

Results. We tested 381 RNA samples of the SARS-CoV-2 virus (Coronaviridae: Coronavirinae: Betacoronavirus;
Sarbecovirus) from various patients. The obtained values of the threshold cycle (Ct) for RT-PCR averaged 20.0 + 3.7
(1530 £ 300 s), and for RT-LAMP 12.8 + 3.7 (550 + 160 s). Proceeding from the theoretical assumptions, a linear
relationship between values obtained in two kits was proposed as a hypothesis; the correlation coefficient was
approximately 0.827. At the same time, for samples with a low viral load (VL), the higher Ct values in RT-LAMP did
not always correlated with those obtained in RT-PCR.

Discussion. We noted a significant gain in time for analysis using RT-LAMP compared to RT-PCR, which can be
important in the context of testing a large number of samples. Being easy to use and boasting short turnaround
time, RT-LAMP-based test systems can be used for mass screening in order to identify persons with medium and
high VLs who pose the greatest threat of the spread of SARS-CoV-2, while RT-PCR-based diagnostic methods are
also suitable for estimation of VL and its dynamics in patients with COVID-19.
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MonekynsipHble MeToAbl AUarHOCTUKN HOBOW KOPOHaBUPYCHOM
MHJEeKLUN: cpaBHEeHUE NeTNeBON N30TEPMUYECKOU
amnnudgpukaumm 1 nofiMMmepasHoun LenHoOU peakumm

AxknmkuH B.I™., IMeTpos B.B., KpacosutoB K.B., bopucosa H.U., Kotos UN.A., PoanoHosa E.H.,
YepkawwuHa A.C., Kongpawesa J1.}O., TuBaHoBa E.B., Xacdmsos K.9.

®BYH «LleHTpanbHbI Hay4YHO-MCCNegoBaTENbCKUN MHCTUTYT anugemuonoruny ®egepanbHon cnyx6bl N0 HaA30py
B chepe 3awuThbl NpaB noTpebutenen n bnarononyyus Yenoseka (PocnotpebHaasop), 111123, Mocksa, Poccus

BBepeHue. B HacTosiLee BpeMsi OCHOBOW MOMEKYNAPHOW AMArHOCTMKM OONbLUMHCTBA MHMPEKUMOHHBLIX 3aborne-
BaHWI SBMSAETCA MCNONMb30BaHUE NONMMEPA3HON LIeMHON peakuum ¢ obpaTtHon TpaHckpunuuen (OT-MNLP; reverse
transcription polymerase chain reaction, RT-PCR). AnbtepHaT1Boi 3TOMy MeToAy Npu peLleHnm AnarHoCTmyeckmx
3a4a4 MOryT BbICTYNnaTb TEXHOMOMMM, OCHOBAHHbIE HA METNEBON M30TEPMMYECKON amnnudukaumm ¢ obpaTHom
TpaHckpunumen (OT-UT; reverse transcription loop-mediated isothermal amplification, RT-LAMP). B gaHHom nc-
crnefoBaHMM Hamu BbinonHeHo cpaBHeHne OT-UT n OT-MUP ¢ uenbto aHanusa kak NpeMmyLLecTB, Tak U HEeLO-
cTaTkoB 060MXx NOAX0O0B.

MaTepuan n metoabl. [pu NpoBefeHUN IKCNEPUMEHTOB UCNOMNb30BaHbl HAOOPbLI peareHToB, NpeAHa3Ha4YeHHbIe
ansa aHanmsa Ha ocHoe OT-MLP n OT-UT. B pabote ucnomnb3oBarncs Guonornyecknii matepman, nonyyeHHbIn
13 Ma3KOB CO CMM3NCTOM 060MOYKU POTO- M HOCOITOTKM Yy MWL, C CUMNTOMaMM HOBOW KOPOHaBUPYCHOWM MHADEKLNN.
Pesynbrathl. B xoge nccnenosanusa npotectupoBaH 381 obpaseu PHK Bupyca SARS-CoV-2 (Coronaviridae:
Coronavirinae: Betacoronavirus; Sarbecovirus) oT pasnuyHbIX NauueHToB. NonyyYeHHble 3HAYEeHUsi MOPOroBOro
yucna umknos (cycle threshold, Ct) ans OT-IMUP coctaBunu B cpeaHem 20,0 + 3,7 (amanasoH 1530 + 300 c), aons
OT-UT - 12,8 * 3,7 (ananasoH 550 + 160 c). Ncxona us TeopeTnyecknx Npeanockisiok, B Ka4ecTBe runoTeTmye-
cKkom Obina npeanoxeHa NUHenHas 3aBUCUMOCTb NPeACTaBeHHbIX BENUYNH; KO3 MULMEHT KoppensaumMmn cocTa-
Bun =0,827. Mpu aTom Ans npob ¢ HU3KOM BUPYCHOM Harpy3kon (BH) 6onee Bbicokme 3HaveHus Ct npyu OT-UT He
BCerga cooTBeTCTBOBaNM TakoBbiM B criydae OT-TLP.

O6cyxpeHue. Mbl OTMETUNN CYLLECTBEHHOE MPEUMYLLECTBO BO BPEMEHM MPW BbIMOMHEHUWM aHanu3a C NoMo-
wbto OT-UT no cpaBHeHuto ¢ OT-MLP, 4To MOXeT ObITb BaXXHO B YCMOBUSX TECTUPOBaAHUS OONbLIOMO Konuye-
cTBa obpasuos. PaspaboTaHHble Ha ocHoBe MeToaukn OT-UT TecT-cucTembl B CUMY NPOCTOTHI B UCMOMb30BaHUM
N OTHOCUTENBbHOM BbICTPOTLI MOMyYeHUst pesynsrata MoryT ObiTb MPUMEHEHbI B NPOLECCe MacCOBOrO CKPUHUHIA
C Lienbio BbISIBNIEHUS ML, CO CPeaHen n Bbicokon BH, npeacTaBnstolmx HanbonbLUyo yrpo3y pacnpocTpaHeHUs
SARS-CoV-2. B cBoto ovepenb, agnarHoctnyeckme metoabl Ha 6ase OT-TMLUP nogxogat B TOM Yvcne Anst OLEHKN
BH n eé guHamukmn y naumeHTtos ¢ COVID-19.

KntoueBble cnoBa: KopoHasupycHas uHgekyus, kopoHasupyc SARS-CoV-2; nonumepasHas uernHas peakuyusi
(MLUP); nemnesas usomepmuyeckas amnnugukayusi ¢ obpamHol mpaHckpunyuet (OT-UT)

Onsa uutupoBaHusa: AkumknH B.T, MNMetpos B.B., Kpacosutos K.B., Bopucosa H.U., Kotos U.A., PognoHosa E.H.,
YepkawwHa A.C., Kongpawesa J1.10., TuBaHoBa E.B., Xadmzos K.®. MonekynspHble MmeToabl ANarHOCTUKN HOBOW
KOPOHaBUPYCHOW MHMEKUNN: CPaBHEHUE NETNEBOM U30TEPMMUYECKON aMnnudmrkaumm 1 nonnMMepasHon LenHom
peakuun. Boripocsi supyconoauu. 2021; 66(6): 417-424. DOI: https://doi.org/10.36233/0507-4088-86
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OTuyeckoe yTBepxaeHue. VccnegosaHve npoBoannock Npu MHOOPMUPOBAHHOM COrflacun nauneHToBs. [poTokon nc-
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Moctynuna 18.10.2021
MpuHsTa B nevatb 24.11.2021
Ony6nukosaxa 30.12.2021

Introduction

The novel coronavirus infection (COVID-19) caused
by the virus known as the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) was first reported
in late 2019 in Wuhan, Hubei Province, the People’s Re-
public of China, and then rapidly spread across the world
[1, 2]. In 2.5 months, on March 11, 2020, the World
Health Organization (WHO) declared the beginning of
COVID-19 pandemic. Despite numerous epidemic con-
trol measures, including long quarantine periods all over
the world, as of November 2021, more than 260 million
confirmed cases of COVID-19, and more than 5 million
deaths had been reported globally (https://www.worl-
dometers.info/coronavirus/). Another serious problem
aggravating the situation was the overloaded diagnostic
infrastructure; as a result, the existing laboratory facilities
were not always able to keep up with a large number of
laboratory tests and assessments, which had to be com-
pleted within short timeframes, especially during spikes
in the incidence. There was a pressing need for new, fast-
to-perform and accurate test systems for detection of the
COVID-19 virus and being of critical importance for the
control over the infection spread among the population.

Molecular and genetic methods have a special place in
the system of infectious-disease diagnostics and epidemi-
ological surveillance, being overall notable for their high
specificity/sensitivity, reproducibility, and short turnaround
time. Most significantly, in vitro tests, which are deployed
using this diagnostic approach, tend to minimize medical
involvement. Solutions based on nucleic acid amplification
techniques (NAATS), which include the widely used tech-
nique of polymerase chain reaction (PCR), come as better
and viable options when the target pathogen belongs to the
group of difficult-to-culture or non-culturable types or is
present in small amounts.

Today, molecular diagnostics used for most infectious
diseases, including novel coronavirus infection is based

on reverse transcription polymerase chain reaction (RT-
PCR) [3, 4]. PCR reagent kits are very efficient, show-
ing high sensitivity/specificity in detecting viral nucleic
acid in samples from nasal and oropharyngeal swabs.
Note that WHO and U.S. Centers for Disease Control and
Prevention (CDC) approved using RT-PCR tests as gold
standard tests for diagnosing COVID-19 [2, 5]. Yet, de-
spite all their advantages underlying their immense pop-
ularity and their significant role in laboratory assays and
diagnostic analytics, PCR tests have a number of draw-
backs and limitations. First of all, they require expensive
equipment and a relatively long time for amplification
(often from 1 to 2 hrs) [6, 7], and, consequently, a longer
turnaround time, considering the sample preparation. In
turn, all the above adds to the existing problem of highly
overloaded laboratories.

A viable alternative to using RT-PCR for solving diag-
nostic problems can be offered by techniques based on
reverse transcription loop-mediated amplification (RT-
LAMP) [8-10]. Generally, compared to PCR techniques,
loop-mediated amplification does not require thermal
cycling and, consequently, expensive special equipment;
it is easy to perform and has shorter time to result. RT-
LAMP technique requires a reverse transcriptase, ther-
mostable DNA polymerase with displacement activity
(a large fragment of Bst polymerase from Geobacillus
stearothermophilus or Bsm polymerase from Bacillus
smithii), and at least 4 primers. RT-LAMP is performed at
a constant temperature of around 65 °C [11] and normally
takes maximum 30 min, including the reverse transcrip-
tion process. Furthermore, as has been pointed out in ma-
ny studies, the RNA extraction, the process common to
RT-PCR and RT-LAMP, can be omitted in the latter test;
while slightly affecting the sensitivity, such omission can
save a lot of time [12—14]. Therefore, RT-LAMP can be
seen as an efficient diagnostic tool with the limit of detec-
tion ranging from 2 to 100 viral RNA copies per reaction.
This method is characterized by variability depending on
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sample preparation techniques, enzymes and master mix-
es in use, as well as detection methods [15]. Besides, the
application of RT-LAMP reagent kits can offer a fast and
affordable solution for increasing the laboratory testing
throughput without additional equipment.

Considering a large number of articles discussing
the pros and cons of both NAATs without references to
publications containing direct comparison results, we
compared RT-LAMP and RT-PCR tests using 2 reagent
kits developed by the Central Research Institute of Ep-
idemiology of Rospotrebnadzor during 2020-2021. The
aim of our experimental study was to analyze advantages
and disadvantages of both approaches. Primary attention
was given to the assessment of the performance speed,
convenience, ease of use, and consistency of results for
each method. The estimation of exact parameters of sen-
sitivity/specificity for the kits was beyond the scope of
our study, as these parameters are specified in the related
documentation.

Material and methods

The study was conducted using biological materials
from nasal and oropharyngeal swabs taken from pa-
tients having symptoms of novel coronavirus infection.
The presence of SARS-CoV-2 RNA in the samples was
confirmed through the RT-PCR test using an AmpliSens
COVID-19-FL reagent kit (AmpliSens, Central Research
Institute of Epidemiology) for detection and quantification
of COVID-19 virus genetic material (Registration Certif-
icate RZN 2021/14026). The study was conducted with
the informed consent of the patients; the research proto-
col was approved by the Ethics Committee of the Central
Research Institute of Epidemiology (Protocol No. 111 of
December 22, 2020). The samples were placed in trans-
port medium (Registration Certificate FSR 2009/05011).
The RIBO-prep reagent kit (InterLabService LLC., Rus-
sia) (Registration Certificate FSR 2008/03147) was used
to extract RNA from clinical samples. The study includ-
ed a total of 381 samples, though preference was given
to the clinical samples with the threshold cycle (Ct) not
exceeding 20 (245 samples, 64% of the total number) in
the RT-PCR test. Such selection preference was important
as these samples were also intended for high throughput
sequencing or next generation sequencing (NGS) fol-
lowed by bioinformatic analysis and by uploading of the
obtained data on genomic sequences into the VGARus
database (https://genome.crie.ru). The impact of high vi-
ral load (VL) and low RNA degradation on the quality
of genome reads was also taken in consideration. The
NGS-produced data were used for checking primer an-
nealing sites for any impact of the existing mutations on
the amplification results. In addition, samples with RT-
PCR Ct ranging from 25 to 35 were also included in the
tests to assess potential deployment of RT-LAMP in anal-
ysis of samples with the medium and low VL compared
to samples with high Ct values in RT-PCR.

In our tests, we used 2 reagent kits: an AmpliSens
COVID-19-FL(Registration Certificate RZN 2021/14026)
kit designed for RT-PCR tests and an AmpliSens SARS-
CoV-2-IT (AmpliSens, Central Research Institute of Ep-
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idemiology) (Registration Certificate RZN 2021/14599)
kit based on the RT-LAMP technique. The SARS-CoV-2
RNA samples were tested using the above kits in accor-
dance with the manufacturer manuals and the CFX96
Real-Time System (BioRad, United States). The obtained
data were analyzed using the Bio-Rad CFX Manager v3.1
software in accordance with the manufacturer manual.
Fig. 1 presents a schematic diagram of stages of the study.

Results

We have tested 381 SARS-CoV-2 RNA samples from
different (by gender, age, type, and severity of the dis-
ease) patients with COVID-19 symptoms. The pre-test
stage included thawing reagents, preparation, and plac-
ing of the reaction mix into tubes, adding RNA samples
to it, and, when 96-well PCR plate was used, took ~40
min both for RT-PCR and for RT-LAMP. The amplifi-
cation with the CFX96 Real-Time System took 93 min
in RT-PCR and 40 min in RT-LAMP. Besides, the time
before the detection of the fluorescence signal intensity,
including reverse transcription and, in RT-PCR, poly-
merase activation at 95 °C, was equal to 40 and 5 min
for RT-PCR and RT-LAMP, respectively. The Ct val-
ues obtained after the amplification averaged 20.0 + 3.7
(the 1,530 + 300 s range) for RT-PCR and 12.8 + 3.7
(the 550 =+ 160 s range) for RT-LAMP; note that the spec-
ified Ct values for the AmpliSens COVID-19-FL reagent
kit do not include 5 “blind” cycles. Thus, the amplifica-
tion time in two techniques demonstrated the 2.7-fold dif-
ference; however, it should be remembered that samples
with relatively low Ct values accounted for quite a large
proportion and could affect the results.

Fig. 2 presents Ct values for different techniques. It
should be noted that the cycles differ in their duration.
For RT-PCR and RT-LAMP, 1 cycle is equal to 78 sec
and 43 sec, respectively, though, according to the manu-
als for AmpliSens COVID-19-FL and AmpliSens SARS-
CoV-2-IT reagent kits, the duration of 1 cycle, net of the
fluorescence signal detection time and thermal block
temperature change time, is 30 sec. Proceeding from the
theoretical assumptions, the linear relationship between
Ct values for RT-PCR and RT-LAMP was offered as an
alternative hypothesis. The correlation coefficient was
~0.827, being consistent with the determination coeffi-
cient R equal to 0.684. Thus, the offered linear regression
provides satisfactory explanation of the experimental data
and the relationship between RT-PCR Cts and RT-LAMP
Cts for both kits.

As stated above, since these samples were analyzed
through high throughput sequencing, most of the biologi-
cal samples had relatively high VL. To assess the range of
applicability of loop-mediated amplification in studies of
samples with low VL, we also used the samples where the
Ct values estimated by RT-PCR reached 35. With lower
VL, the RT-LAMP results are less accurate in showing
the content of viral genetic material in the sample due to
the number and specificity of the primers as well as due to
stochastic annealing processes and concatemers formed
in the amplified region. Therefore, for samples with low
VL, higher Ct values in RT-LAMP do not always cor-
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MaumneHnTbl ¢ nogo3peHnem Ha COVID-19
Patients with suspected COVID-19

v

B3ATMe Ma3KoB 13 HOCOMNOTKNM
Collecting nasopharyngeal swabs

v

BbigeneHne PHK Habopom peareHToB «PUBO-npen»
RNA extraction using RIBO-prep reagent kit

v

MopTeepxaeHune Hanuumsa SARS-CoV-2 ¢ nomoLbto Habopa «AmnanCerc COVID-19-FL»
Confirmation of the presence of SARS-CoV-2 using the AmpliSense COVID-19-FL-kit

v

MosTopHOe BbigeneHve PHK Habopom peareHToB «PUBO-npen»
RNA re-extraction using RIBO-prep reagent kit

v v

OT-nup oT-UT
RT-PCR RT-LAMP

Fig. 1. General scheme of the study.

Initially, oropharyngeal and nasopharyngeal swabs were taken from patients with symptoms of the new coronavirus infection. The presence or absence
of SARS-CoV-2 in the biological material was confirmed by RT-PCR using the AmpliSens COVID-19-FL reagent kit. Then, positive native samples with Ct
values suitable for the experimental conditions were reused to isolate the virus RNA, and reverse transcription and amplification had been performed.

Puc. 1. O0mas cxema NpoBEICHUS UCCIIEIOBAHMSL.

ITepBOHAYAIBHO Y MALMEHTOB C CUMITOMAMH HOBOW KOPOHABUPYCHOI HH(EKINK 3a0Mpati Ma3K{ U3 POTO- U HOCONIOTKU. Hanwdne nim orcyTcTBue B Onomare-

puane SARS-CoV-2 noarseprkaanu merogom OT-ITLP ¢ npumenennem nabopa pearentoB «AmminCenc COVID-19-FLy. [TonoxkuresnbHble HATUBHBIE 00pa3Lbl

co 3uHaueHusIMH Ct, yIOBIETBOPSIOMINME YCIOBUSIM KCIIEPHMEHTA, OBTOPHO HCHONb30Bamu 1y Beinenenns PHK Bupyca, mpoBeneHust 00OpaTHOM TpaHCKPUIIITUI
1 aMIUTA(UKALIH.

OT-MUP/RT-PCR Ct

OT-UT/RT-LAMP Ct

Fig. 2. Scatter plot showing Ct values for samples analyzed by RT-LAMP and RT-PCR.

Note. Each sample was analyzed by two methods. The abscissa axis shows the Ct values for RT-LAMP, the ordinate axis shows the same values for RT-PCR.
Histograms of Ct values distribution for LAMP and PCR (highlighted in green and purple, respectively) are also shown.
Puc. 2. /lnarpamma paccesHus, JEMOHCTPUPYIOIAs 3HAYCHUS MOPOTOBBIX MUKIOB Ct A 00pa31oB, UCCIEOBAHHBIX METOJaMHU
OT-UT u OT-IILIP.
Mpumeuanne. Kaxplii oOpaser mpoaHainsupoBad aByms meronamu. Ilo ocu abcermee — 3HadeHust nmoporoBbix mukiaoB Ct wist OT-UT; no ocu opaunar —
ananormuHble nokasarenu st OT-IILP. IIpuenens! rucrorpammsl pacnpenenenus Benmaud Ct pist LAMP u TP (BbloeneHs! 3eEHBIM U TUIOBEIM [IBETOM
COOTBETCTBEHHO).
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relate with the values demonstrated in RT-PCR. In addi-
tion, note that 2 samples with Ct of 31 and Ct of 35 in RT-
PCR were negative in RT-LAMP. No cases when sample
was positive in the RT-LAMP test, while being negative
in RT-PCR, were observed.

Discussion

During our study, we compared 2 leading NAATs —
RT-PCR and RT-LAMP deployed for detection RNA of
the novel coronavirus, SARS-CoV-2, using 2 reagent
kits: AmpliSens COVID-19-FL (Registration Certifi-
cate RZN 2021/14026) and AmpliSens SARS-CoV-2-
IT (Registration Certificate RZN 2021/1459914599).
While PCR has remained the most popular method of
molecular diagnostics for many years, having proved
its efficiency and reliability, loop-mediated isothermal
amplification has only recently found wide-scale applic-
ation in diagnostic laboratories; previously, any related
techniques were described mainly in scientific publica-
tions. However, the COVID-19 pandemic highlighted
the pressing need for faster and more efficient methods
of detection of nucleic acids of infectious pathogens,
giving an incentive to deployment of non-mainstream,
though promising amplification methods in diagnostic
practice.

We have tested 381 samples from patients with novel
coronavirus infection. The RT-LAMP test is much shorter
in its turnaround time than the RT-PCR test, being high-
ly beneficial when large amounts of biological material
must be tested within a short time.

The main limitation of this study is that most of the
samples were collected from the patients with high VL
(low Ct values). One of the reasons is that the same sam-
ples were tested using NGS sequencing [16]. Neverthe-
less, we also included samples with higher (up to 35) RT-
PCR Ct values in the study. On the whole, the RT-LAMP
and RT-PCR results are consistent, though in 2 samples
with Ct of 31 and 35 in RT-PCR, the viral RNA was not
detected by the RT-LAMP test, which would mean a
false-negative test result for the patient. The data obtained
during our study show that RT-LAMP is a perfect tool for
detection of SARS-CoV-2 in patients with medium and
high VL (>5 x 10* copies/ml); however, its sensitivity can
be insufficient in cases with VL <2 x 10° copies/ml (low
and very low VL).

Concurrently, the unsolved question is what Ct value
should be deemed significant with the positive RT-PCR
result regarding the transmission of the virus from per-
son to person. Although in long-lasting disease cases, VL
values can be higher or lower, depending on the time of
collection of biological material, the general tendency is
that the highest threat in terms of virus transmission is
posed by people with high VL. Based on the studies by
different researchers, the chances for SARS-CoV-2 cul-
turing tend to decrease for biomaterial samples where
RT-PCR Ct values exceed 25 [17]. It has been found that
the likelihood of successful culturing of the above virus
can decrease to 8% at RT-PCR Ct >35 [18]. There are
published data confirming that the novel coronavirus
can be potentially cultured from 70% of samples with Ct
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<25 (RT-PCR), while only <3% samples can be used for
successful culturing when Ct >35 (RT-PCR) [19]. Other
research groups reported that this virus could not be cul-
tured in samples with Ct >24 (RT-PCR) [20]. In addition,
it has been found that RT-PCR tests can detect SARS-
CoV-2 in patients during several weeks after the symp-
toms disappeared and there is no risk of virus transmis-
sion to another person [20].

Summarizing the above, we can conclude that RT-
LAMP testing systems make it possible to detect novel
coronavirus RNAs in biological samples from patients
who can transmit the infectious agent to other people,
though, in rare cases, they can produce false-negative re-
sults for convalescents having the “residual” VL. Another
limitation of LAMP techniques is their need for thorough
optimization of a number of parameters applicable to the
reaction mix and their lack of quantification, as the am-
plification of concatemers is not identical to doubling of
products during each cycle of amplification in the PCR
test [21]. However, these limitations are outweighed by
multiple advantages, first of all, the high speed of the ana-
lytical process and a wide range of detection methods for
amplification products. The molecular LAMP diagnostics
gains increasing popularity as a cost-effective tool for de-
tection of novel coronavirus infection and for its epide-
miological surveillance [22, 23]. Besides, point-of-care
RT-LAMP tests for SARS-CoV-2 are currently developed
for deployment in remote regions [23, 24]. Based on the
above, it is obvious that isothermal amplification-based
diagnostic systems need further studies with larger num-
bers of samples and better represented samples with low
VL.

Conclusion

The results obtained during our study lead to conclu-
sion that loop-mediated isothermal amplification tech-
niques can be used in laboratory diagnostics for detec-
tion of SARS-CoV-2 RNAs in clinical samples. Being
easy to use and boasting short turnaround time, RT-
LAMP testing systems can be used for mass screening
to identify people who have relatively high VL and pose
the highest threat of novel coronavirus transmission
and spread, while RT-PCR-based diagnostic methods
are more suitable for estimation of VL and its dynam-
ics in patients with COVID-19, especially in cases with
relatively low VL. With the need for testing systems
for timely detection of SARS-CoV-2 remaining high,
LAMP techniques expand the scope of molecular diag-
nostics, and, when combined with the PCR test and tests
for detection of the respective antigen, add flexibility
and efficiency to the epidemiological surveillance of the
novel coronavirus spread.
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