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Introduction 

SARS-Co-2 (Severe Acute Respiratory Syndrome 
Coronavirus 2) is a virus with an outer envelope and sin-
gle-stranded RNA from the family Coronaviridae. Coro-
naviruses have a similar structure and are composed 
of 16 nonstructural and 4 structural proteins: the spike 
protein (S), the envelope protein (E), the membrane 
(M) protein, and the nucleocapsid (N) protein. Coro-
naviruses cause a disease that ranges from mild flu 

to more severe symptoms typical of coronavirus 2019 
(Covid-19) caused by the SARS-CoV-2 virus [1-2]. 
For direct detection of SARS-Co-2, WHO recommends 
molecular biological real-time PCR (RT-PCR) methods. 
In addition, a number of other methods are appearing 
on the market, one of which is the reverse transcription 
and loop-mediated isothermal amplification (RT-LAMP) 
method. This method was developed in year 2000  
[3-4]. It uses a set of four or six unique primers recog-
nizing six to eight regions of the target DNA sequence 
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SUMMARY

Objectives: The aim of this study was to verify whether the RT-LAMP assay for SARS-CoV-2 determination can replace 
the RT-PCR assay. 
Design: Methodological study.
Settings: Institute of Laboratory Medicine, Department of Clinical Biochemistry, University Hospital Ostrava.
Material and methods: The study included 1018 samples of anonymized patients. Viral RNA isolation was performed using 
the Automated RNA Isolation Kit using an Agilent Bravo pipetting station. The isolated RNA samples were used to detect 
the virus by RT-PCR using the COVID-19 Multiplex RT-PCR Kit and reverse transcription and loop-mediated isothermal 
amplification (RT LAMP) using the AUMED test RT-LAMP Assay SARS-CoV-2. 
Results: 32.1 % of positive samples and 67.9 % of negative samples were detected by the RT-PCR method. In addition, 
27.9 % of positive samples and 72.1 % of negative samples were detected by RT-LAMP method. Of the 327 positive 
samples identified by RT PCR, 247 samples were true positive, but 80 samples were false negative. It follows that the 
discrepancy of both tested methods was found to be 11.6 %. The RT-LAMP assay showed 94.50% specificity and  
75.54% sensitivity. There was a substantial agreement between the two testing methods (k = 0.725).
Conclusions: The tested RT-LAMP method, unlike RT-PCR, is not suitable for SARS-CoV-2 determination under current 
conditions.
Keywords: Covid-19, RT-PCR, RT-LAMP. 

SOUHRN

Cíle: Cílem této studie bylo ověření RT-LAMP testů za účelem nahrazení RT PCR testů pro diagnostiku SARS-CoV-2. 
Typ studie: Metodická studie.
Název a sídlo pracoviště: Ústav laboratorní medicíny, Oddělení klinické biochemie, Fakultní nemocnice Ostrava.
Metody: Studie zahrnovala 1018 vzorků anonymizovaných pacientů. Izolace virové RNA byla provedena za použití 
izolačního kitu Automated RNA Isolation Kit na pipetovací stanici Bravo firmy Agilent. Vyizolované vzorky RNA byly  
použity k detekci viru SARS-CoV-2 pomocí metody RT-PCR za použití diagnostické soupravy COVID-19 Multiplex RT-PCR  
a metody RT-LAMP pomocí diagnostické soupravy AUMED RT-LAMP Assay SARS-CoV- 2. 
Výsledky: Metodou RT-PCR bylo detekováno 32.1 % pozitivních vzorků a 67.9 % negativních vzorků. Vedle toho 
metodou RT-LAMP bylo detekováno 27.9 % pozitivních vzorků a 72.1 % negativních vzorků. Ze 327 pozitivních vzorků  
identifikovaných pomocí RT-PCR bylo metodou RT-LAMP identifikováno pouze 247 vzorků, 80 vzorků bylo falešně nega-
tivních. Z toho vyplývá, že rozdíl mezi metodami je 11.6 %. Test RT-LAMP vykazuje 94.5% specificitu a 75.5% senzitivitu. 
Obě testované metody vykazují velmi dobrou shodu (k = 0,725) 
Závěr: Testovaná metoda RT-LAMP, na rozdíl od RT-PCR, není za současných podmínek vhodná pro stanovení SARS-
CoV-2
Klíčová slova: Covid-19, RT-PCR, RT-LAMP.
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[3, 5]. In the LAMP assay, positive signals are indicated 
by turbidity resulting from magnesium pyrophosphate 
precipitation after loop-mediated isothermal ampli-
fication. These methods are considered fast and us-
er-friendly.  Amplification signals can be detected within 
one hour and require only one incubation temperature 
for determination.

The aim of our study was to compare the RT-PCR 
and RT-LAMP assay in nasopharyngeal swab samples 
and verify the benefits of the RT-LAMP method. 

Materials and methods 

Patients 

The study included 1018 samples of anonymized 
patients from the Moravian region send by Regional 
hygiene station for SARS-CoV-2 (Covid-19) examina-
tion in the context of epidemiological testing based on 
contact with infected person. The study was approved 
by the Ethics Committee of the University Hospital Os-
trava, Czech Republic (reference number 297/2020), 
and was conducted in accordance with the ethical  
standards of the Helsinki Declaration of 1975 as revised 
in 2000. 

Samples 

Covid-19 was determined in the nasopharyngeal 
swab samples that were collected into polypropylene 
tubes with a sample inactivation medium containing 
guanidinium isothiocyanate, sodium N-lauroyl sarco-
sine, sodium acetate trihydrate, acetic acid, water, etc.; 
MoleBioscience. Samples were vortexed for 10 s be-
fore use, then used to isolate viral RNA. They were then 
stored at 2 - 8 °C for 1 week according to standard 
laboratory conditions.

Analytical methods 

Viral RNA isolation was performed by the Auto-
mated RNA Isolation Kit from Agilent Bravo (REF.  
DB-1206-10x96rxns, DIANA Biotechnologies s.r.o., 
Czech Republic) using a Bravo Automated Liquid Han-
dling Platform (Agilent, USA). In one run, 94 patient 
samples and positive and negative control samples 
were isolated simultaneously, in about 20 min. The 
isolated RNA samples were used to detect the virus 
by two different methods: RT-PCR and RT-LAMP. For 
RT-PCR was used the COVID-19 Multiplex RT-PCR Kit 
(REF. DB-1211, DIANA Biotechnologies s.r.o., Czech 
Republic) on CFX96 Touch Real Time PCR analyser 
(BioRad, USA), which took approx. 50 minutes. This kit 
specifically detects two viral genes in one multiplex RT-
PCR reaction, Spike (in the HEX channel) and EndoRNA 
(in the FAM channel) and synthetic RNA control (in the 
Cy5 channel). The synthetic RNA control was added to  
the sample before RNA isolation and was used to verify 
the efficiency of the RT-PCR reaction and to monitor 
the yield of RNA isolation. Subsequent data analyses 
consisted of determining the threshold detection cycle 

(Ct) value in each channel and then evaluating the inter-
nal quality controls, followed by all other samples. In the 
present study, all patients who had a Ct value in both 
channels (FAM, HEX) within 40 cycles were evaluated 
as positive. The kit detects less than 10 copies of the 
RNA genome of COVID-19, with a linear range of at 
least 100 million copies.

The second used method was RT-LAMP using the 
AUMED test RT-LAMP Assay SARS-CoV-2 (AUMED 
a.s., Czech Republic), which enabled nucleic acid am-
plification under isothermal conditions using a TurboCy-
cler Lite thermocycler (BLUE-RAY BIOTECH, Taiwan). 
The SARS-CoV2 master mix was manually pipetted 
into 48-well of a 96-well PCR plate placed in a refrige- 
rated rack, then RNA isolate (5 µl) was added to each 
well and the contents were gently mixed by repeated 
pipetting. SARS-CoV-2 positive internal control (5 µl) 
or water (5 µl) as a negative control was pipetted into 
the last two wells. The master mix for internal control 
was pipetted into the next 48 wells and 5 µl of RNA 
samples, 5 µl of positive control, and 5 µl of water as 
the negative control were added. Subsequently, the in-
dividual wells of the PCR plate were closed with the 
prepared coloured caps so that the reaction mixture 
did not come into contact with the lid. The PCR plate 
was placed in an incubator, in our case a thermocy-
cler, preheated to 63 °C for 55 minutes. After remov-
ing the PCR plate from the incubator and cooling for 
5 minutes, the plate was gently turned upside down 
several times so the contents of the reaction mixtures 
were transferred to the cap, then a check was made 
to determine if all the tubes in the plate had stains (the  
colour from the caps must be completely dissolved).  
After about two minutes, the negative samples and 
negative controls were not coloured, while the positive 
samples and the positive control remained blue. Subse-
quently, the plate was turned upside down so that the re-
action mixture did not run downwards and the samples 
were evaluated. The whole process of sample prepara-
tion, amplification, and evaluation of samples took about 
90 minutes. The results were read with the naked eye 
and were based on the colour change of the lid of the 
PCR plate (clear- negative vs. blue- positive). The detec-
tion limit of the kit is not specified by the manufacturer. 
The statistical analyses were rendered using Excel, 
MedCal version 17.9.7. [6].

Results 

RT-PCR has been used as the gold standard in the 
diagnosis of Covid-19. Characteristics of the studied 
group by RT-PCR are presented in Table 1.

Table 1. Descriptive characteristics by RT-PCR of the studied 
group; Ct value.

N Mean SD Min Max

FAM (gen E) 327 27.62 6.06 14.34 39.40

HEX (gen S) 327 28.06 6.17 14.45 39.91

Cy5 (control of isolation 327 30.01 3.17 25.36 44.45
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From the studied group, 327, resp. 32.1% of posi-
tive patients and 691, resp. 67.9% of negative patients, 
were detected by the RT-PCR method.  In addition, 
284, resp. 27.9 % of positive patients and 734, resp. 
72.1% of negative patients were detected by RT-LAMP 
method, example of samples in Fig. 1. Of the 327 posi- 
tive samples identified by RT-PCR, 247 (24.3 %) sam-
ples were true positive, but 80 (7.9 %) samples were 
false negative, Table 2. These samples were amplified 
by RT-PCR in FAM and HEX channels at Ct (thresh-
old)  >  30 cycles. Of the 247 positive samples, 49 
samples were RT-PCR positive with Ct > 30 and LAMP 
positive (4.8 %) and 198 RT-PCR samples positive with 
Ct  <  30 and LAMP positive (19.4  %). The discrepan-
cy between the two testing methods was found to be  
11.6 %. At the same time, the RT-LAMP assay was 
found to have 94.50% specificity and 75.54% sensitivity.

Figure 1. Results of positive and negative samples by RT-
-LAMP method using the diagnostic kit from AUMED, a.s.  
A master mix for Covid-19 detection was applied in strips 1-6. 
The positive control result (PC) can be observed in position 
A1, the negative control result in position B1, with the sam-
ples in positions F1, E2, E4, G4, H4, F5, and H5 represen-
ting a positive outcome, and the other samples are negative.  
In strips 7-12, a master mix for internal control was applied, 
while in position A7 a positive internal control can be observed 
and in position B7 a negative control. All other samples in-
dicate the successful execution of the internal control, i.e.,  
the sample was processed correctly.

Table 2. Four-field table: determination of the positivity and 
negativity of a tests

RT-PCR 
Total

RT-LAMP Negative Positive

Negative 653 80 733

Positive 38 247 285

Total 691 327 1018

The Cohen´s Kappa statistic was used to compare 
the assays based on clinical interpretation (positive and 
negative results). There was a substantial agreement 
between the tested methods (k = 0.725), Table 3.

Table 3. Comparison of RT-PCR methods vs. RT-LAMP ba-
sed on Kappa statistics.

Parameter Numerical value

Weighted Kappa 0.725

Standard error 0.024

95% CI 0.679 – 0.771

Discussion 

Two types of tests were compared, the RT-PCR test 
using the COVID-19 Multiplex RT-PCR Kit from DIANA 
BIOTECHNOLOGIES and the RT-LAMP test using the 
Assay SARS-CoV-2 Kit of the company AUMED, a.s. 
Both types of tests were intended for IVD diagnostics 
and have been validated for the use with isolated viral 
RNA. 

A comparison of these two methods of determina-
tion clearly showed that the RT-PCR method is a fully 
automated and rapid method for the determination of 
SARS-CoV-2 virus. Thanks to full automation, there is 
minimum risk of possible confusion and contamination 
of samples. At the same time, the entire time from iso-
lation to detection was, at most, 50 minutes. 

In addition, Njiru et al. [7], Shirato et al. [8-9], and 
other authors evaluated the RT-LAMP assays as being 
less costly due to the need for less equipment however 
in our experience, costs were not decreased. Because 
the RNA isolate is the primary material, the RNA must 
be isolated either manually (this would require at least 
a laminar box, automatic pipettes, PCR quality filter 
tips, vortex, centrifuge and an experienced laboratory  
worker) or with use of a fully automated isolator. 

The second advantage of RT-LAMP tests over PCR 
tests, which have been described as relatively time 
consuming and unsuitable for field studies, has been 
attributed to the speed of the test, with the results be-
ing obtained within 1 hour. However, this corresponds 
only to the RT-LAMP assay itself without prior RNA iso-
lation and subsequent preparation of the PCR plate for 
self-analysis. Under our conditions, it was possible to 
prepare 96 nasopharyngeal swab samples for the iso-
lation of viral RNA in about 30 minutes, with the actual 
isolation requiring about 20 minutes. Preparation of the 
PCR plate, i.e., preparation of master mixes, pipetting, 
and addition of RNA isolate for each analysis, took  
another 30 minutes. Thus, even this stated advantage, 
the more rapid rate of RT-LAMP assays, has not been 
confirmed. 

At the same time, RT-LAMP assays have been 
deemed to have a sensitivity equal to or higher than 
the sensitivity of classical PCR test targeting the same 
gene. In our study, the sensitivity of this test was only 
75.54 %. We encountered unpredictable signals with 
this method, including artifactural signals when mo- 
nitoring for turbidity induced by primer dimer reactions 
and / or reactions other than primers. Additionally, an 
unexpected increase in turbidity may be caused by 
the presence of host DNA fragments, which makes 
the LAMP reaction product non-specific. It is difficult 
to identify the origin of these unexpected signals [10]. 
Therefore, the claim of the robustness of the method 
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or the possibility of amplifying the target DNA from  
a partially processed or untreated sample is refuted  
by our results. 

In a pilot study, we used primary nasopharynge-
al swab samples for the RT-LAMP assay, resulting in  
a faint blue coloration in all wells, therefore, the results 
were not applicable to any evaluation (unpublished 
data). The specificity of the RT-LAMP assays, which 
use four to six primers recognizing six to eight target 
regions of DNA, was comparable to the RT-PCR assay. 
In our study, the specificity of the test was confirmed to 
be 94.50 %. The actual visual detection, which is made 
possible by the large amount of dsDNA and magne-
sium pyrophosphate formed, is debatable. In some 
cases, the colour of the wells was light and detection 
depended on the colour vision acuity of the evaluating 
laboratory worker. 

The last advantage of the RT-LAMP test has been 
described as the ability to perform amplification un-
der isothermal conditions, i.e., with no requirement for  
a real-time PCR analyser, and the need for only low 
heat (63 °C). To achieve these conditions, one must 
use a water bath and exothermic chemical units. In 
conventional/routine laboratories, we no longer have 
a water bath or exothermic units that allow heating to 
such a high temperature. In our case, a thermocycler 
was used for this purpose. Unfortunately, many of the 
alleged advantages for this RT-LAMP assay were not 
realized in our laboratory.

In addition, Shirato et al. [9] have developed QProbe 
RT-LAMP assays. Fluorescence quenching from labe-
led probe-specific reactions is measured as a positive 
signal. The authors described these assays as able to 
detect SARS-CoV-2 RNA at a level similar to that of 
standard real-time RT-PCR assays, with no cross-re-
activity with other respiratory viruses compared to the 
RT-LAMP assays used. At the same time, it appears 
that these QProbe RT-LAMP assays could be offered 
as a reliable alternative for diagnosing SARS-CoV-2 
infection monitoring in the field. However, they cannot 
replace the gold standard, the RT-PCR method, but 
may aid with the rapid distinction between positive and 
negative test results.

Conclusions 

The tested RT-LAMP method was not very complicat-
ed to perform, however, due to the use of RNA isolate as 
input material for viral RNA amplification, we did not realize 
any time saving in the implementation of this methodology. 
In addition, this method depends on the subjective evalua-
tions of the laboratory worker and his/her colour vision. We 
also see the issue of sensitivity as a problem; the RT-LAMP 
method did not capture all positive samples, which were 
amplified by RT-PCR at Ct > 30; resulting in a 25% false 
negativity.  Thus, this method can be used as a possible al-
ternative in clinical laboratories for sorting samples (positive 
vs. negative samples), however, for the determination of  
SARS-CoV-2 it is absolutely  unsuitable and does not 
achieve the advantages and quality of  the RT-PCR  
method.
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