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ARTICLE INFO ABSTRACT

Keywords: Background: The coronavirus disease 2019 (COVID-19) pandemic is a major public health concern. Accurate and
SARS-CoV-2 rapid diagnosis of COVID-19 is critical for disease control. Reverse transcription loop-mediated isothermal
COVID-19 amplification (RT-LAMP) is a nucleic acid amplification assay similar to reverse transcription-polymerase chain
Polymerase chain reaction . . . .

RT-LAMP reaction (RT-PCR), the former being a simple, low cost, and rapid method.

Sputum Objectives: This study aimed to compare the RT-LAMP assay with RT-PCR using the Loopamp™ SARS-CoV-2
Diagnosis Detection Kit.

Study design: One hundred and fifty-one nasopharyngeal swab and 88 sputum samples obtained from individuals
with suspected or confirmed COVID-19 were examined.

Results: RT-LAMP had high specificity (98.5 % (95 % CI: 96.9-100 %)), sensitivity (87.0 % (95 % CI: 82.8-91.3
%)), positive predictive value (97.9 % (95 % CI: 96.1-99.7 %)), negative predictive value (90.2 % (95 % CI:
86.4-94.0 %)), and concordance rate (93.3 % (95 % CI: 90.1-96.5 %)). Nasopharyngeal and sputum samples
positive in RT-LAMP contained as few as 10.2 and 23.4 copies per 10 pL, respectively. RT-LAMP showed similar
performance to RT-PCR for samples with cycle threshold value below 36.

Conclusions: These results indicate that RT-LAMP is a highly reliable and at least equivalent to RT-PCR in utility,
and potentially applicable in settings that are more diverse as a point-of-care tool.

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), was first reported in
Wuhan, Hubei Province, China, and rapidly spread worldwide [1,2].
Approximately 2 months after the first report, the World Health Orga-
nization declared a COVID-19 pandemic on March 11, 2020. By
November 3, 2020, nearly 50 million confirmed cases of COVID-19,

including more than one million deaths, had been reported in 219
countries [3]. A serious consequence of the pandemic is that the
medical-care system has become overwhelmed. Therefore, the accurate
and rapid diagnosis of COVID-19, as well as the development of effective
vaccines and treatments, is critical to control this disease and its spread
within populations.

Quantitative reverse transcription-polymerase chain reaction (qQRT-
PCR) analysis of upper and lower respiratory swab samples is the current

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-LAMP, reverse transcription loop-
mediated isothermal amplification; RT-PCR, reverse transcription-polymerase chain reaction; NIID, the National Institute of Infectious Diseases.
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Patients with suspected or confirmed COVID-19
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Fig. 1. Study protocol. We enrolled patients with suspected or confirmed
COVID-19; all provided written informed consent. Nasopharyngeal swab sam-
ples were collected, viral RNA was extracted, and divided into two aliquots for
amplification by RT-LAMP and RT-PCR.

standard for the diagnosis of COVID-19 [2,4]. However, it relies on so-
phisticated equipment, specific skills, and requires 1.5-2 h to complete
the reaction [5,6]. Reverse transcription loop-mediated isothermal
amplification (RT-LAMP) does not require expensive equipment such as
thermal cyclers, is easy to perform, and only requires 1 h to obtain re-
sults [7-9]. Hence, RT-LAMP is regarded as a point-of-care testing tool,
with a reported detection limit of 0.4-500 viral copies/10 pL, which
varies with different enzymes and master mixes [10].

In this study, we evaluated the clinical performance of RT-LAMP for
detecting SARS-CoV-2, including specificity, sensitivity, and the mini-
mum amount of RNA detected, comparing and contrasting it with that of
RT-PCR using the same viral RNA specimens.

2. Materials and methods
2.1. Study approval

The study protocol was approved by the institutional review board of
Osaka Habikino Medical Center on April 30, 2020 (Approval No. 1017).
Written informed consent was obtained from all enrolled patients.

2.2. Patient characteristics, specimen collection, and RNA extraction

We enrolled patients with suspected or confirmed COVID-19, who
had been admitted to the Osaka Habikino Medical Center between April
1 and July 31, 2020. Nasopharyngeal swab samples were collected in 1
mL of sterile saline, with sputum samples collected by the patients
themselves. All samples were stored at —30 °C until analyzed. RNA was
extracted from the specimens using the QIAamp Viral RNA Mini Kit
(QIAGEN, Hilden, Germany) in accordance with the manufacturer’s
instructions. The extracted RNA was aliquoted and stored at —80 °C
until it was used for amplification by RT-LAMP and RT-PCR. A flowchart
of the study protocol is provided in Fig. 1.

2.3. RT-LAMP assay

Assays were performed using a Loopamp™ SARS-CoV-2 Detection
Kit (Eiken Chemical, Tokyo, Japan), targeting genes encoding the
nucleocapsid (N) and RNA-dependent RNA polymerase (RdRp) of SARS-
CoV-2, in accordance with the manufacturer’s instructions. The reaction
mixture consisted of RNA sample (10 pL) and the provided master mix
including a set of primers (15 pL). The mixture was incubated at 62.5 °C
for 35 min, with turbidity measured every 6 s using a real-time Loopamp
EXIA turbidity meter (Eiken Chemical). Assays were scored as positive
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Table 1
Correlation between RT-PCR and RT-LAMP assays.
RT-LAMP
+ — Total
RT- + 94 14 108
Nasopharyngeal swab and sputum PCR B 5 120 131

1
samples total 96 143 239

RT- + 70 9 79
PCR - 1 71 72
total 71 80 151

Nasopharyngeal swab samples

Sputum samples PCR _ 1 58 59

total 25 63 88

when the differential value approached 0.05, at which point the
threshold time (Tt) was recorded. In addition, LAMP positive reactions
can also be detected visually, through fluorescence, using calcein
staining; therefore, we reassessed RT-LAMP reactions using this visual
endpoint detection [9].

2.4. RT-PCR

RT-PCR was performed using a protocol devised by the National
Institute of Infectious Diseases (NIID), which is a national recommen-
dation for SARS-CoV-2 detection in Japan [11]. In this assay, the
QuantiTect® Probe RT-PCR kit (QIAGEN, Hilden, Germany) and
LightCycler® 480 (Roche, Penzberg, Germany) were used with the
following primers and probe targeting the SARS-CoV-2 N gene: 500 nM
of forward primer, 5'-AAA TTT TGG GGA CCA GGA AC-3’; 700 nM of
reverse primer, 5-TGG CAG CTG TGT AGG TCA AC-3'; and 200 nM of
the probe, 5'-FAM- ATG TCG CGC ATT GGC ATG GA -BHQ-3' [12]. The
extracted RNA (5 pL) was added, and the thermal cycling conditions
were 50 °C for 30 min; initial denaturation at 95 °C for 15 min; 45 cycles
of 95 °C for 15 s and 60 °C for 60 s. Artificial RNA for the sequence of
SARS-CoV-2 N gene described in a protocol devised by the NIID was used
as the positive control for the RT-PCR [11]. The concentration of RNA
was calculated based on the ODyg values, and 10-fold serial dilutions
from 5 x 10 to 5 x 10° copies per 5 pL were prepared. The standard
curve was included in every RT-PCR run.

Test outcomes were evaluated based on the cycle threshold (Ct)
value. Viral loads were determined using the Ct value and a calibration
curve.

3. Results
3.1. Positivity rates

In total, 151 nasopharyngeal samples and 88 sputum samples were
assayed. Using the conventional RT-PCR assay, 79 of 151 (52.3 %)
nasopharyngeal and 29 of 88 (33.0 %) sputum samples were positive.
Using the RT-LAMP assay, 71 of 151 (47.0 %) nasopharyngeal and 25 of
88 (28.4 %) sputum samples were positive (Table 1). We obtained the
same RT-LAMP results using both turbidity and visual fluorescence
detection.

The specificities for nasopharyngeal samples, sputum samples, and
total samples between the RT-PCR and RT-LAMP assays were 98.6 (71/
72,95 % CI: 97.1-100 %), 98.3 (58/59, 95 % CI: 95.6-100 %), and 98.5
% (129/131, 95 % CIL: 96.9-100 %), respectively. The sensitivities for
nasopharyngeal samples, sputum samples, and total samples between
the RT-PCR and RT-LAMP assays were 88.6 (70/79, 95 % CI: 83.5-93.7
%), 82.8 (24/29, 95 % CIL: 74.9-90.7 %), and 87.0 % (94/108, 95 % CL:
82.8-91.3 %), respectively. The positive predictive values for naso-
pharyngeal samples, sputum samples, and total samples between the RT-
PCR and RT-LAMP assays were 96.0 (24/25, 95 % CI: 91.9-100 %), 98.6
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Fig. 2. Association between threshold time (Tt) of RT-LAMP and viral loads for (A) nasopharyngeal swabs and (B) sputum specimens.

Table 2
Nasopharyngeal and sputum specimens assayed as positive in RT-PCR and
negative in RT-LAMP and vice versa.

RT-PCR RT-
LAMP

Sample source Sample Result Ct Viral load Result

number value (copies/10 pL) (Tt

value)®

Nasopharyngeal 1 + 36.0 12.6 -

2 + 36.7 <10 -

3 + 36.7 <10 -

4 + 37.0 <10 -

5 + 37.0 <10 -

6 + 37.1 <10 -

7 + 37.2 <10 -

8 + 37.6 <10 -

9 + 38.3 <10 -
Sputum 1 + 35.7 18.9 -

2 + 36.8 <10 -

3 + 37.1 <10 -

4 + 37.2 <10 -

5 + 37.6 <10 -
Nasopharyngeal 1 - NA NA +(22.2)
Sputum 1 - NA NA + (24.9)

@ Tt, threshold time; NA, not applicable.

(70/71, 95 % CIL: 96.7-100 %), and 97.9 % (94/96, 95 % CI: 96.1-99.7
%), respectively. The negative predictive values for nasopharyngeal
samples, sputum samples, and total samples between the RT-PCR and
RT-LAMP assays were 92.1 (58/63, 95 % CI: 86.4-97.7 %), 88.8 (71/80,
95 % CI: 83.7-93.8 %), and 90.2 % (129/143, 95 % CI: 86.4-94.0 %),
respectively. The concordance rates for nasopharyngeal samples,
sputum samples, and total samples between RT-PCR and RT-LAMP as-
says were 93.4 (141/151, 95 % CI: 89.4-97.3 %), 93.2 (82/88, 95 % CI:
87.9-98.4 %), and 93.3 % (223/239, 95 % CI: 90.1-96.5 %), respec-
tively (Table 1).

3.2. RT-LAMP Tt, RT-PCR Ct, and viral load

Nasopharyngeal and sputum samples positive in RT-LAMP contained
as few as 10.2 and 23.4 copies/10 pL, respectively (Fig. 2). Nine naso-
pharyngeal samples and five sputum specimens were positive in RT-
PCR, but negative in RT-LAMP (Tables 1 and 2). The 14 samples that

were negative in RT-LAMP exhibited high Ct values (> 35.7) in RT-PCR,
with relatively low viral RNA copy numbers: 18.9 (1 sputum specimen),
12.6 (1 nasopharyngeal specimen), or < 10 copies/10 pL (4 sputum and
8 nasopharyngeal specimens; Table 2).

When RT-LAMP and RT-PCR positive outcomes were stratified based
on the viral load, 47 of 47, 37 of 39, and 10 of 22 samples with >60,
10-60, and <10 RNA copies/10 pL, respectively, were positive in the
RT-LAMP and RT-PCR assays.

4. Discussion

Because of its transmissibility and rapid spread, COVID-19 is a major
public health concern. Although PCR is considered the gold standard for
the diagnosis of COVID-19, early and accurate means of diagnosis, such
as RT-LAMP, are urgently required. Nasopharyngeal samples analyzed
by RT-LAMP have a documented concordance rate of 76.2-97.4 %, a
sensitivity of 80-100 %, and a specificity of 72.7-100 %, compared to
analysis by RT-PCR [13-15].

In this study, we evaluated the difference between RT-PCR and RT-
LAMP for the diagnosis of COVID-19. The key differences in this
study, compared to the previously published studies, were the sample
size (239 in this study vs 21, 56, and 76 in the previous studies), and the
evaluation of the sputum samples in addition to the nasopharyngeal
swab samples.

The concordance rate for all samples in our study between RT-PCR
and RT-LAMP was 93.3 % (223/239, 95 % CI: 90.1-96.5 %). RT-
LAMP displayed a high degree of specificity, sensitivity, positive pre-
dictive value, and negative predictive value for SARS-CoV-2 detection.

When samples were classified based on viral load, the divergence of
outcomes between RT-PCR and RT-LAMP was associated with viral load.
These results indicate that RT-LAMP is a highly suitable tool for detec-
tion of SARS-CoV-2 in patients harboring >60 copies/10 pL, but the
sensitivity of the method is insufficient for patients harboring <10
copies/10 pL. The minimum amount of RNA detected by RT-LAMP
found herein was similar to that reported previously [10]. RT-LAMP
may be suitable for patients with relatively high viral load, in terms of
detecting the virus, while RT-PCR would be a better test for detection of
SARS-CoV-2, especially in asymptomatic patients, who may have low
viral loads.

Interestingly, one sample each from the nasopharyngeal and sputum
samples tested negative for SARS-CoV-2 in RT-PCR, but positive in RT-
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LAMP (Table 2). Any association with Tt values is unclear. This
discrepancy may depend on the characteristics of the RT-LAMP method,
which uses a set of four types of primers based on six distinct regions of
the target gene, as opposed to the two primers used in RT-PCR [7].
The primary limitation of this study is the small number of samples
analyzed. In addition, samples were obtained from patients hospitalized
with symptoms. Hence, further studies with larger sample sizes are
required. In conclusion, this study supports the applicability of the RT-
LAMP assay for nasopharyngeal swabs and sputum samples for the
detection of SARS-CoV-2. RT-LAMP is a simple, low-cost, rapid, and
highly reliable method, equivalent to RT-PCR, especially for patients
with relatively high viral loads. It is also adaptable to more diverse
diagnostic settings, similar to the ones during the current pandemic.
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