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Abstract 

The COVID-19 pandemic, caused by the novel coronavirus SARS-CoV-2, that arose in 2019 

underscored the significance of testing and diagnostics in order to combat the rapid spread of 

the disease. The most common method for SARS-CoV-2 RNA detection has been the RT-qPCR 

method, which is insufficient in terms of meeting the immense demand for testing due to its 

relatively high time-consumption. Under these circumstances, the urgent need for a rapid and 

similarly sensitive testing arised, and the RT-LAMP method was proven to be a promising 

alternative. This review compares the lowest concentration levels of SARS-CoV-2 RNA that 

these two mentioned methods can detect, examining several reviews and research. It was 

found that the detection limit of RT-qPCR is lower in comparison to RT-LAMP, which 

demonstrates a higher sensitivity, thus, reducing the false negative outcomes. Nonetheless, 

RT-LAMP is more convenient for being deployed as a point-of-care test for vast amounts of 

people considering its rapidity in detection and simplicity, albeit it has a higher detection limit 

compared to RT-qPCR.  
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Introduction  

The emerging infectious disease COVID-19, caused by the novel coronavirus SARS-CoV-2, 



 
was first identified in Wuhan, China, in December 2019, and was later declared a pandemic 

by the World Health Organization (WHO) as of March of 2020. The absence of appropriate  

antiviral drugs or vaccines for the infection has made simple, prompt, and dependable 

detection crucial for the prevention and control of the COVID-19 pandemic, as well as clinical 

treatment (Lu et al., 2020). Current research demonstrate that human-to-human contact is 

the potential cause of the COVID-19 outbreak. Hence, the isolation of the infected people is 

essential for minimizing the risk of further COVID-19 spread. Nevertheless, test failures are 

still a matter of fact, resulting in false negatives which indicate that the person in question is 

not infected while in fact he is, which can render the pandemic to further spread (Kelly-Cirino 

et al., 2019).   

The neglection of some factors while performing the test could result in relatively large 

numbers of false negative results (Bahreini et al., 2020). Considering this, the sensitivity and 

the diagnostic accuracy of a test becomes the most important factors. One of the measures 

which affects the reliability of a test is the limit of detection (LOD). In general, LOD is the lowest 

concentration of a substance in a sample that can be detected in stated circumstances of a 

test. Although there are many calculation methods of LOD, they all depend on the special set 

up of the experimental procedure. All conditions in which the assays are carried out affect the 

lowest amount of analyte detected with high sensitivity and specificity (Shrivastava & Gupta, 

2011). In other words, factors such as pH, additional buffers, different kits used in the assay 

and other primers with different specificity can alter the LOD of the procedure.   

With the most commonly used technology for the qualitative and quantitative diagnosis of 

viruses, Real-time PCR (RT-qPCR) plays a critical role in the laboratory confirmation of SARS-

CoV-2 infection (Torretta et al., 2020). With the number of cycles that the sample reaches the 

critical fluorescence level, this method provides the number of copies of viral DNA that the 

samples include. The technique utilizes two primers binding different strands of DNA to 

preserve the starting points of amplification of the DNA segment in question, guiding the DNA 

polymerase, and a fluorescent dye which fluoresces only when it is bound to double stranded 

DNA, enabling the monitor of the amplification simultaneously (Maddocks & Jenkins, 2017). 

That being said, assays of RT-qPCR require advanced equipment and qualified personnel, and 

is relatively time-consuming, which restrains its ability to meet the demand for detecting the 

virus in constantly surging number of patients with COVID-19 or suspected infection, or 

proximate contact with confirmed cases. Thus, simple, rapid, and delicate testing assays are 

necessary for facilitating the SARS-CoV-2 infection (Thompson & Lei, 2020).   

An emerging innovative and cost-efficient detection technique in the field of COVID-19 testing, 

RT-LAMP (loop-mediated isothermal amplification technique), has been a promising 



 
alternative method to RT-qPCR in terms of its rapidity and sensitivity in detection, and 

independence of sophisticated equipment, which obviates the drawbacks RT-qPCR present. In 

RT-LAMP, different from RT-qPCR, 4-6 different primers are used. One pair is for the inner part 

of the amplicon, and the others are for the outer part. Due to the primers’ structural 

differences, the amplified DNA turns into an unusual structure rather than normal double 

stranded DNA. Moreover, it has a high specificity since it utilizes 4-6 different primers 

(Thompson & Lei, 2020).   

There have been various approaches described for detecting the DNA production in RT-LAMP 

assays. One approach suggests the use of a pH indicator (e.g., phenol red) and the run of 

reaction in a weakly buffered medium (Dao Thi et al., 2020). As the chain reaction proceeds, 

with the release of hydrogen ions as a by-product of the reaction, the pH of the environment 

decreases, resulting in a salient color change of the pH indicator from red to yellow, which 

makes it an appealing assay for point-of-care diagnosis. Although RT-LAMP does not provide 

quantitative information, it is highly useful for diagnostic purposes with its rapid provision of 

qualitative detection (Tanner et al., 2015).  

This review demonstrates and compares both the detection limits of two diagnostic 

tests, RT-LAMP and RT-qPCR, and their utilities in different conditions. 

Discussion & Conclusion  

The Coronavirus disease (COVID-19), caused by the Severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), has become a major health burden, and has shown a constant 

surge of cases around the world since it first emerged. Its rapid spreading capacity 

demonstrated the importance of early diagnosis of positive cases in order to break this spread 

and overcome the pandemic eventually. In this sense, the time needed for getting results from 

a test is critical. Therefore, the urgent need for tests having relatively similar sensitivities and 

more rapid diagnostic capabilities is unarguable. RT-LAMP emerged as an alternative to RT-

qPCR method with its convenience such as no need for sophisticated equipment, cost-

efficiency, and rapid detection ability. This review compares these two distinct methods 

within the frame of limit of detection (LOD).   

Based on the investigated studies, it was seen that the LOD of RT-LAMP is higher than that of 

RT-qPCR. For instance, the research carried out by Minghua Jiang and et al., demonstrated 

that the LOD of the was 500 copies/ml (0.5 copy/μl) for RT-LAMP, with a high degree of 

specificity and sensitivity. They subjected the RT-LAMP assay to 260 patients, and only 4 of 

them were false negative, while solely 1 false positive case was encountered. They attributed 

the reason behind the false negative and positive outcomes, which are neglectable in such 

times of pandemic, to the less amount of RNA input in the assay (2 µl) relative to that of RT-



 
qPCR (5 µl) (Jiang et al., 2020).   

Another research, in which the researchers developed a new method for the application of 

RT-LAMP, the LOD of RT-LAMP was demonstrated as 118.6 copies of SARS-CoV-2 RNA per 25 

µL reaction (4.7 copies/µl), again exhibiting a high specificity and sensitivity (Lu et al., 2020). 

The value of LOD is as high as 50 copies per microliter in a research (Ganguli et al., 2020) , yet 

it is even higher with a value of 80 copies per microlitre, in the research done in April 2020 

(Huang et al., 2020). 100 copies per microlitre was the LOD value of RT-LAMP in the research, 

Rapid point-of-care detection of SARS-CoV-2 using reverse transcription loop-mediated 

isothermal amplification (RT-LAMP) (Mautner et al., 2020). The LOD value of RT-LAMP was 

seen as 0.75 copies/µl in the article written in November 2020 (EUA, 2020). Another research 

demonstrated the LOD value of their assay as 50 copies/µl, which indicates high specificity 

and sensitivity (Ganguli et al., 2020). The last article investigated stated the LOD value of RT-

LAMP as 2.95 copies/µl with 86% sensitivity and 100% specificity (Lalli et al., 2020). All data 

obtained from the articles discussed in the review can be seen in Table 1.  

Table 1: Sample size (n), sensitivity (%), specificity (%), limit of detection (LOD) values of 

RT-LAMP assays in the articles investigated  

 Sample size (n)  Sensitivity (%)  Specificity (%)  Limit of detection (LOD) 

Article[1]  260  91.4  99.5  0.5 copy/µl 

Article[2]  56  100  100  4.7 copies/µl 

Article[3]  16  100  100  80 copies/µl 

Article[4]  20  100  100  50 copies/µl 

Article[5]  12  100  100  100 copies/µl 

Article[6]  20  95  100  0.75 copy/µl 

Article[7]  30  86  100  2.95 copies/µl 

 



 
 

[1] Development and Validation of a Rapid, Single-Step Reverse Transcriptase Loop-

Mediated Isothermal Amplification (RT-LAMP) System Potentially to Be Used for Reliable 

and High-Throughput Screening of COVID-19 (Jiang et al., 2020). [2] A novel reverse 

transcription loop-mediated isothermal amplification method for rapid detection of sars-

cov-2 (Lu et al., 2020).  

[3] RT-LAMP for rapid diagnosis of coronavirus SARS-CoV-2 (Huang et al., 2020). [4] Rapid 

isothermal amplification and portable detection system for SARS-CoV-2.(Ganguli et al., 

2020)  

[5] Rapid point-of-care detection of SARS-CoV-2 using reverse transcription loop-mediated 

isothermal amplification (RT-LAMP) (Mautner et al., 2020)  

[6] EMERGENCY USE AUTHORIZATION (EUA) SUMMARY FOR THE COLOR SARS-

COV-2 RT-LAMP DIAGNOSTIC ASSAY.(EUA, 2020)  

[7] Rapid and extraction-free detection of SARS-CoV-2 from saliva with colorimetric LAMP 

(Lalli et al., 2020)  

In the articles investigated in this review, it was observed that the detection limits of RT-qPCR 

for the detection of SARS-COV-2 were relatively lower, in comparison to RT-LAMP assays with 

LOD values ranging from 0.5 to 100 copies per microlitre. In a review about the essence of LOD 

of RT-qPCR in SARS-COV-2, it was stated that” Best-in-class assays demonstrate a limit of 

detection of ~100 copies of viral RNA per milliliter of transport media” (Arnaout et al., 2020). 

In terms of microlitre, this accounts for 0.1 copies per microlitre, which is lower than the LOD 

of RT-LAMP. The relatively lower LOD value of RT-qPCR makes it more reliable, yet, especially 

in times of a pandemic, the practicality of RT-LAMP cannot be a matter of subject in terms of 

its other immense benefits.  

High detection limits increase the possibility of false negative outcomes. This is a highly 

perilous situation, as the people that mistakenly tested negative would not be able to isolate 

themselves, continue spreading the virus. However, the possibility of transmission would be 

relatively low, since the people with false negative diagnoses would have relatively low viral 

loads (Jarvis & Kelley, 2020).   

Overall, the data obtained by the investigated studies suggest that the detection limit of the 

RT-LAMP method is relatively higher in comparison with that of RT-qPCR. It is also proven 

that the sensitivity of RT-qPCR is higher than that of RT-LAMP, resulting in a higher accuracy 

in the identification of the people with the disease. Notwithstanding the fact that RT-LAMP 

does not have the qualitative aspect of the RT-qPCR and its sensitivity requires 



 
advancements, the benefits of the RT-LAMP technique are immense to offset the downsides, 

albeit false results yet exist. First of all, a typical RT-LAMP procedure occurs at a faster rate 

by a wide margin compared to RT-qPCR, as a result of omitting the denaturation and 

integration of the detection and amplification step. Currently, this holds a vast significance 

given the urgent need to build the global testing capacity up to 100-fold above the present 

conditions. Furthermore, the isothermal property of RT-LAMP contributes to the simplicity 

and cost-efficiency of its equipment, while also rendering a high-efficient amplification in 

terms of time-consumption by omitting the relatively time-consuming thermal cycle step that 

facilitates DNA amplification in the conventional RT-qPCR. Lastly, turbidity and pH dye serving 

as indicators of amplification, which are visible by the naked eye, makes the readout of RT-

LAMP results also relatively simple. The simplicity, rapidity, and cost-effectiveness of RT-

LAMP makes it a logical and potential candidate for monitoring the COVID-19 pandemic, while 

rendering vast amounts of people to use it swiftly with relative ease. On account of the 

aforementioned benefits, this assay holds a great potential to be deployed as a point-of-care 

test, playing a vital role in tracking the spread of the SARS-CoV-2 virus (Thompson & Lei, 2020).  

Due to its easy detection procedure, RT-LAMP, being an innovative and promising detection 

method, shows a great feasibility for allowing COVID-19 detection at residential homes with 

unlimited detection capacity. Such at-home testing methodology shows the potential for 

screening a large population in a short time, without the need of advanced equipment or 

well-trained personnel, providing an unlimited testing capacity. This simple home-based 

diagnosis concept could also facilitate the rapid detection of further infectious diseases which 

could play a crucial role in combating the outbreaks. The use of RT-LAMP assays would not 

only increase the detection capacity, but also significantly lower the associated cost of 

diagnosis, thus helping in the fight against infections, such as COVID-19.  

References  

[1] Arnaout, R., Lee, R., Lee, G. R., Callahan, C., Yen, C., Smith, K., Arora, R., & Kirby, J. (2020). 

SARS-CoV2 Testing: The Limit of Detection Matters. BioRxiv: The Preprint Server for Biology, 

617–667. https://doi.org/10.1101/2020.06.02.131144  

[2] Bahreini, F., Najafi, R., Amini, R., Khazaei, S., & Bashirian, S. (2020). Reducing False Negative 

PCR Test for COVID-19. International Journal of Maternal and Child Health and AIDS (IJMA), 

9(3), 408–410. https://doi.org/10.21106/ijma.421  

[3] Dao Thi, V. L., Herbst, K., Boerner, K., Meurer, M., Kremer, L. P. M., Kirrmaier, D., 

Freistaedter, A., Papagiannidis, D., Galmozzi, C., Stanifer, M. L., Boulant, S., Klein, S., Chlanda, 

P., Khalid, D., Miranda, I. B., Schnitzler, P., Kräusslich, H. G., Knop, M., & Anders, S. (2020). A 

colorimetric RT-LAMP assay and LAMP-sequencing for detecting SARS-CoV-2 RNA in clinical 



 
samples. Science Translational Medicine, 12(556), 7075. 

https://doi.org/10.1126/SCITRANSLMED.ABC7075  

[4] EUA. (2020). EMERGENCY USE AUTHORIZATION (EUA) SUMMARY FOR THE COLOR SARS-

COV-2 RT-LAMP DIAGNOSTIC ASSAY.  

[5] Ganguli, A., Mostafa, A., Berger, J., Aydin, M. Y., Sun, F., Stewart de Ramirez, S. A., Valera, 

E., Cunningham, B. T., King, W. P., & Bashir, R. (2020). Rapid isothermal amplification and 

portable detection system for SARS-CoV-2. Proceedings of the National Academy of Sciences 

of the United States of America, 117(37), 22727–22735. 

https://doi.org/10.1073/pnas.2014739117  

[6] Huang, W. E., Lim, B., Hsu, C., Xiong, D., Wu, W., Yu, Y., Jia, H., Wang, Y., Zeng, Y., Ji, M., 

Chang, H., Zhang, X., Wang, H., & Cui, Z. (2020). RT-LAMP for rapid diagnosis of coronavirus 

SARS-CoV-2. Microbial Biotechnology, 13(4), 950–961. 

https://doi.org/10.1111/1751-7915.13586  

[7] Jarvis, K. F., & Kelley, J. B. (2020). Temporal Dynamics of Viral Load and False Negative Rate 

Influence the Levels of Testing Necessary to Combat COVID19 Spread. MedRxiv : The Preprint 

Server for Health Sciences. https://doi.org/10.1101/2020.08.12.20173831  

[8] Jiang, M., Pan, W., Arasthfer, A., Fang, W., Ling, L., Fang, H., Daneshnia, F., Yu, J., Liao, W., 

Pei, H., Li, X., & Lass-Flörl, C. (2020). Development and Validation of a Rapid, Single-Step Reverse 

Transcriptase Loop-Mediated Isothermal Amplification (RT-LAMP) System Potentially to Be 

Used for Reliable and High-Throughput Screening of COVID-19. Frontiers in Cellular and 

Infection Microbiology, 10, 331. https://doi.org/10.3389/fcimb.2020.00331  

[9] Kelly-Cirino, C. D., Nkengasong, J., Kettler, H., Tongio, I., Gay-Andrieu, F., Escadafal, C., Piot, 

P., Peeling, R. W., Gadde, R., & Boehme, C. (2019). Importance of diagnostics in epidemic and 

pandemic preparedness. BMJ Global Health, 4.  

https://doi.org/10.1136/bmjgh-2018-001179  

[10] Lalli, M., Langmade, S. J., Chen, X., Fronick, C., Sawyer, C., Burcea, L., Wilkinson, M., 

Fulton, R., Heinz, M., Buchser, W., Head, R., Mitra, R., & Milbrandt, J. (2020). Rapid and 

extraction-free detection of SARS-CoV-2 from saliva with colorimetric LAMP. MedRxiv : The 

Preprint Server for Health Sciences.  

https://doi.org/10.1101/2020.05.07.20093542  

[11] Lu, R., Wu, X., Wan, Z., Li, Y., Jin, X., & Zhang, C. (2020). A novel reverse transcription 

loop-mediated isothermal amplification method for rapid detection of sars-cov-2. 

International Journal of Molecular Sciences, 21(8).  



 
https://doi.org/10.3390/ijms21082826  

[12] Maddocks, S., & Jenkins, R. (2017). Quantitative PCR. In Understanding PCR (pp. 45–52). 

Elsevier. https://doi.org/10.1016/B978-0-12-802683-0.00004-6  

[13] Mautner, L., Baillie, C. K., Herold, H. M., Volkwein, W., Guertler, P., Eberle, U., Ackermann, 

N., Sing, A., Pavlovic, M., Goerlich, O., Busch, U., Wassill, L., Huber, I., & Baiker, A. (2020). Rapid 

point-of-care detection of SARS-CoV-2 using reverse transcription loop-mediated isothermal 

amplification (RT-LAMP). Virology Journal, 17(1), 160. https://doi.org/10.1186/s12985-020-

01435-6  

[14] Shrivastava, A., & Gupta, V. (2011). Methods for the determination of limit of detection 

and limit of quantitation of the analytical methods. Chronicles of Young Scientists, 2(1), 21. 

https://doi.org/10.4103/2229-5186.79345  

[15] Tanner, N. A., Zhang, Y., & Evans, T. C. (2015). Visual detection of isothermal nucleic acid 

amplification using pH-sensitive dyes. BioTechniques, 58(2), 59–68.  

https://doi.org/10.2144/000114253  

[16] Thompson, D., & Lei, Y. (2020). Mini review: Recent progress in RT-LAMP enabled 

COVID-19 detection. Sensors and Actuators Reports, 2(1), 100017.  

https://doi.org/10.1016/j.snr.2020.100017  

[17] Torretta, S., Zuccotti, G., Cristofaro, V., Ettori, J., Solimeno, L., Battilocchi, L., D’Onghia, A., 

Bonsembiante, A., Pignataro, L., Marchisio, P., & Capaccio, P. (2020). Diagnosis of 

SARS-CoV-2 by RT-PCR Using Different Sample Sources: Review of the Literature. In Ear, Nose 

and Throat Journal. SAGE Publications Ltd.  

https://doi.org/10.1177/0145561320953231 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

