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Abstract. The detection of coronavirus disease 2019 cases 
represents a significant challenge at the epidemiological 
level. Limitations exist in effectively detecting asymptom‑
atic cases, achieving good follow‑up in hospitals without 
the infrastructure for reverse transcription‑quantitative 
PCR (RT‑qPCR) or in difficult‑to‑access areas and devel‑
oping methods with the need for less invasive sampling 

procedures. Therefore, the present study evaluated the 
performance of the direct reverse transcription loop‑medi‑
ated isothermal amplif ication (RT‑LAMP) test for 
detecting severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) in the saliva and nasal samples of asymp‑
tomatic individuals belonging to the university population. 
In addition, this test was also assessed for effectiveness in 
symptomatic individuals referred from a hospital with poor 
infrastructure in molecular biology and located outside 
the urban area. The RT‑LAMP assay was compared with 
the results obtained from the RT‑qPCR nasopharyngeal 
swab test, where the diagnosis was confirmed by lateral 
f low immunoassay test for rapid antigen detection. A 
total of 128 samples were analyzed, of which 43% were 
symptomatic positive individuals, 25% were asymptomatic 
positive individuals and 32% were SARS‑CoV2‑negative 
control individuals. Among positive individuals, no differ‑
ences were found between the Cq values determined by 
RT‑qPCR. A sensitivity of 96.5% and a specificity of 
97.6% was reported for the detection of SARS‑CoV‑2 in 
symptomatic individuals by salivary and nasal RT‑LAMP, 
as well as a sensitivity of 100% and a specificity of 97.6% 
for the detection of SARS‑CoV‑2 in asymptomatic indi‑
viduals. These findings indicated that performance of the 
direct RT‑LAMP test using saliva and nasal samples has 
high sensitivity and specificity, which in turn suggest that 
it is a viable and reliable alternative for use in epidemio‑
logical monitoring.
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Introduction

The severe acute respiratory syndrome coronavirus  2 
(SARS‑CoV‑2), which causes coronavirus disease 2019 
(COVID‑19), first emerged in Wuhan, China in December 
2019 (1). According to the World Health Organization (WHO), 
the COVID‑19 pandemic is the result of the rapid international 
spread of SARS‑CoV‑2. From the start of the pandemic until 
September 2022, ~601 million people have been infected and 
6 million deaths have been recorded worldwide (database 
accessed on September 13, 2022; covid19.who.int/) (2). Notably, 
infection with SARS‑CoV‑2 can either remain asymptomatic 
or can result in severe conditions requiring hospital medical 
care (3,4). The transmission route of SARS‑CoV‑2 is typically 
by contact, by inhalation of respiratory droplets or by aerosols 
emitted by an infected individual (5). Although the number of 
severe cases has decreased due to vaccination, the number of 
cases continues to increase, although the rate of increase of cases 
is decreasing (6,7). Asymptomatic and symptomatic patients 
have similar viral loads, this is reported by Miguel et al (2022), 
who performed a RT‑qPCR study and observed that the Ct's 
showed marginal differences (8). They are an important source 
of transmission, rendering their identification and isolation 
essential for containing the spread of the virus (9).

The gold standard for detecting SARS‑CoV‑2 is reverse 
transcription‑quantitative PCR (RT‑qPCR), a test with high 
sensitivity and specificity (10). However, the global increase in 
the number of cases revealed that, in low‑ and middle‑income 
countries, there was limited accessibility to RT‑PCR due to 
problems with sample collection, operating procedures and 
a lack of reagents for viral RNA extraction. The cost of the 
equipment, the need for trained personnel and the installation 
in difficult‑to‑access areas were some of the variables that 
slowed down timely detection, which consequently increased 
the spread of cases  (11,12). As a result, other diagnostic 
methods have emerged, including the reverse transcription 
loop‑mediated isothermal amplification (RT‑LAMP) method. 
Since 2000, the advantages of RT‑LAMP as a diagnostic tool 
in infectious diseases, such as Zika virus, dengue and malaria, 
have been described (13‑15).

The RT‑LAMP reaction is typically performed in a single 
step at an isothermal temperature due to the presence of the 
enzyme Bst or Bsm in the reaction that allows for the ampli‑
fication of products together with the template RNA, reverse 
transcriptase and primers, without the need for specialized 
equipment (16). This technique uses four to six primers that 
bind to six regions of the specific DNA fragment, making the 
technique specific and sensitive. Amplified end products can 
then be visualized by turbidity, fluorescence, luminescence or 
metal‑sensitive colorimetry; thus, RT‑LAMP is a rapid detec‑
tion method, Amaral et al (17) report that time elapsing from 
sample collection to delivery of results is ~30 min, depending 
on whether it is an RT‑LAMP without RNA extraction or with 
RNA extraction (the latter plus the time it takes to perform 
RNA extraction) (17). These are more evident especially in 
places where the necessary equipment to perform molecular 
tests such as TR‑qPCR is not available. Currently to perform 
a RT‑qPCR in these places requires that the sample is taken 
and sent to a central laboratory for processing so it can take 
2  to 5 days for diagnosis (18). RT‑LAMP is considered an 

excellent option for rapid and continuous epidemiological 
follow‑up in the community, in reference or specialty hospitals, 
in outpatients or in those living in difficult‑to‑access areas.

For the diagnosis of SARS‑CoV‑2 by RT‑LAMP, a sensi‑
tivity of >80% has been reported based on saliva, nasal or 
nasopharyngeal samples with or without the previous step 
of viral RNA extraction (19,20), which holds an advantage 
over other tests. In Mexico, there are few diagnostic studies 
regarding the detection of SARS‑CoV‑2 with RT‑LAMP. In 
this regard, Cisneros‑Villanueva et al (21) previously reported 
a sensitivity and specificity of >90% from nasopharyngeal 
swab samples with a previous RNA extraction step. Therefore, 
due to the advantages offered by the RT‑LAMP technique, the 
objective of the present study was to determine the sensitivity 
and specificity of the RT‑LAMP test for the detection of 
SARS‑CoV‑2 in the saliva and nasal samples from symptom‑
atic individuals derived from a hospital located far from the 
urban area and from asymptomatic individuals belonging to 
the university population. The RT‑LAMP assay was compared 
with the results obtained by RT‑qPCR of nasopharyngeal 
swab tests and the diagnosis was confirmed by lateral flow 
immunoassay (LFIA) for the rapid detection of antigens.

Materials and methods

Study design and population. In this observational and 
cross‑sectional multi‑center study, adults aged 18‑70 years 
(mean 29.3±12.4  age) with a confirmatory diagnosis of 
SARS‑CoV‑2 determined by RT‑qPCR were invited to partici‑
pate, the samples were collected from January to May 2022 and 
samples were eliminated if there was insufficient material or if 
the RT‑qPCR test was inconclusive. The present study had three 
study groups: Symptomatic patients 21 men and 35 women 
(mean 38.4±13.7  age), asymptomatic patients 15  men and 
17 women (mean 22±5.7 age) and healthy individuals patients 
19 men and 22 women (41 individuals, mean 29.7±12.4 years). 
Symptomatic patients were diagnosed according to the 
operational definition for COVID‑19 issued by the Ministry 
of Health (México) and the WHO (22,23), which establishes 
that they are patients who present at least one of the following 
symptoms: Fever, cough or headache. In addition, they should 
be accompanied by at least two of the following symptoms: 
Dyspnea, arthralgia, myalgia, odynophagia, rhinorrhea and 
conjunctivitis (22). They would also have to be confirmed posi‑
tive for SARS‑CoV‑2 by commercial RT‑qPCR and antigen test 
(LFIA, with this test the SARS‑CoV‑2 antigens are recognized 
for antibody anti‑SARS‑CoV‑2.),. The asymptomatic group is 
comprised of individuals who did not present any symptoms 
of COVID‑19 but were tested positive for SARS‑CoV‑2, as 
determined by commercial RT‑qPCR and antigen test (LFIA). 
The control group without COVID‑19 were individuals without 
symptoms and who were tested negative for SARS‑CoV‑2, as 
determined by RT‑qPCR and antigen test (LFIA). 

Symptomatic patients were recruited from the Institute 
of Social Security and Services for State Workers (ISSSTE) 
Hospital (Huauchinango, Mexico). The asymptomatic indi‑
viduals were recruited from random screening carried out 
in the community of the Puebla Popular University of the 
State (UPAEP; Puebla, Mexico). For the samples of healthy 
individuals were also randomly collected at UPAEP.
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Sample collection and transportation. All samples including 
the controls were collected between January 12 and May 1, 
2022. A total of five samples were taken from each partici‑
pant: Two nasopharyngeal swab samples for RT‑qPCR and 
antigen testing (LFIA), two nasal samples for RT‑LAMP and 
antigen testing, and one saliva sample for RT‑LAMP, The 
samples were collected when the patients presented less than 
9 days of symptoms. The nasopharyngeal swab samples for 
RT‑qPCR was placed in 15‑ml tubes with 3 ml viral transport 
medium, whereas nasal and saliva samples were placed in 
15‑m tubes without any buffer. All samples were stored at a 
temperature of 7˚C for further processing. The samples were 
placed in a viral transport medium (sterile phosphate‑buffered 
saline PBS Cat. No. 70011044 Gibco) and transported with 
triple packaging as established in the ‘Operative Guide for the 
Clinical Management of Severe Acute Respiratory Infection 
by COVID‑19’ of the Mexican government in 2020 (23).

RNA extraction for RT‑qPCR. RNA was extracted from 
the nasopharyngeal swabs using the commercial RNeasy 
kit (cat. no. 74104; Qiagen GmbH) according to the manu‑
facturer's protocol. Briefly, lysis buffer (Buffer RLT) and 
10 µl proteinase K were added and sample was incubated 
at 55˚C for 30 min, after which 70% ethanol was added in a 
1:1 volume. The sample was then transferred to the RNeasy 
Mini spin column, centrifuged for 15 sec at 4,000 x g at 4˚C, 
Subsequently 700 µl RW1 buffer (Qiagen) was added to the 
RNeasy column and centrifuged for 15 sec at 4,000 x g at 4˚C, 
For washing, the column was transferred to a new tube and 
500 µl of RPE buffer (Qiagen) was added, after which it was 
centrifuged at 4,000 x g for 15 sec at a temperature of 4˚C , 
this wash was performed twice, but in the second wash it was 
centrifuged for 2 min. Finally the column was transferred to a 
1.5 ml collection tube, 50 µl of water were added, incubated for 
1 min at room temperature and finally centrifuged at 4,000 x g 
for 1 min. RNA quantification was performed by spectropho‑
tometry using the Nanodrop 2000 (Nanodrop; Thermo Fisher 
Scientific, Inc.), to verify the integrity, an electrophoresis was 
performed in gel of agarose at 1.5% and SYBR® Green was 
used for visualization (SYBR® Green I nucleic acid gel stain; 
cat no. 163795‑75‑3 Sigma‑Aldrich; Merck KGaA).

RT‑qPCR for SARS‑CoV‑2. Samples from the ISSSTE 
Hospital were processed at the state laboratory of public 
health of Puebla, Mexico. For the detection of SARS‑CoV‑2, 
VIASURE SARS‑CoV‑2 Real Time PCR Detection Kit (cat. 
no. VS‑NCO213H; Certest Biotec) was used according to the 
manufacturer's manual. 15 µl rehydration buffer solution was 
added to the PCR plates (cat. no. VS‑NCO213H, the tubes 
contained a mixture of enzymes, primers‑probes, buffer and 
dNTPs ), 5 µl each sample, the positive control and negative 
control were added and centrifuged briefly for 10 sec. PCR tubes 
were placed in the thermal cycler and the conditions for RT‑qPCR 
were as follows: One cycle of 15 min at 4˚C, 1 cycle of 2 min at 
95˚C, 45 cycles of 10 sec at 95˚C and 50 sec at 60˚C. before the 
results were uploaded onto the SISVER database (sisver.sinave.
gob.mx/influenza/search_patients.php). Samples from the 
UPAEP were processed at the UPAEP Molecular Diagnostic 
Laboratory, samples were processed using a commercial kit 
(Logix Smart™ 2019‑nCoV Kit cat. no. COVID‑K‑001‑250‑I; 

Co‑Diagnostics), To perform RT‑qPCR, 5 microliters master 
mix was added to the PCR tubes, 5 µl of the sample was added 
and centrifuged for 10 sec. The tubes were then placed in the 
thermal cycler (Applied Biosystems™ 7500 Fast Dx Real‑Time 
PCR; Applied Biosystems; Thermo Fisher Scientific, Inc.) with 
the following conditions, 1 cycle at 45˚C for 15 min, 1 cycle at 
95˚C for 2 min, and 45 cycles at 95˚C for 3 sec and 55˚C for 
32 sec. In all cases, those results with a Cq value <35 were 
considered positive. This kit is Food and Drug Administration 
(US FDA) approved for the diagnosis of SARS‑CoV‑2 infec‑
tions in the clinic, which is a RT‑qPCR technique using 
patented CoPrimers™ technology (24).

RT‑LAMP assay. For the colorimetric RT‑LAMP test 
for detecting SARS‑CoV‑2, a commercial test was used, 
RT‑LAMP SARS‑CoV‑2 (cat. no.  BMLAMP01; Amunet) 
that can detect the Nucleocapsid (N) gene and open reading 
frames 1a (ORF1a) gene of SARS‑CoV‑2. A set of six primers 
were used for each gene tested. 

For the N gene, the following primers were used: Forward 
outer primer F3, 5'‑AGA​TCA​CAT​TGG​CAC​CCG‑3' and reverse 
outer primer B3, 5'‑CCA​TTG​CCA​GCC​ATT​CTA​GC‑3'; loop 
forward primer, 5'‑GCA​ATG​TTG​TTC​CTT​GAG​GAA​GTT‑3' 
and loop backward primer, 5'‑TCG​TTC​CTC​ATC​ACG​TAG​
TCG​C‑3' and forward inner primer, 5'‑TGC​TCC​CTT​CTG​CGT​
AGA​AGC​CAA​TGC​TGC​AAT​CGT​GCT​AC‑3' and backward 
inner primer, 5'‑GGC​GGC​AGT​CAA​GCC​TCT​TCC​CTA​CTG​
CTG​CCT​GGA​GTT‑3'.

For the ORF1a gene, the following primers were used: 
Forward outer primer F3, 5'‑AAC​ATG​GAG​GAG​GTG​TTG​
C‑3' and backward outer primer B3, 5'‑CAA​GTA​GAA​CTT​
CGT​GCT​G‑3'; loop forward primer, 5'‑GTA​GCT​ATG​TAA​
TCA​TCA​GA‑3' and loop backward primer, 5'‑TTG​TCG​GCC​
CAA​ATG​TTA​AC‑3' and forward inner primer, 5'‑ACT​ACC​
ACC​CAC​TTT​AAG​TGT​AAC​AAT​GCC​ATG​CAA​GTT​G‑3' 
and backward inner primer, 5'‑ATC​TTG​CTA​AAC​ACT​GTC​
TTC​AGA​AGT​TGA​ATG​TCT​TCA​CC‑3'.

Briefly, 400 µl isotonic saline solution (0.9% PISA CS 
Solution) was added to the nasal sample. Subsequently, 400 µl 
LAMP buffer was added to the saliva and nasal swab samples 
and mixed by vortexing for 10 sec. A microtube was prepared, 
which contained 5 µl 5X Master Mix LAMP and 2.5 µl primers 
(primer mix for gene 1 ORF1a), 2.5 µl primers (primer mix for 
1 N gene), to which 5 µl sample was added and incubated for 
30 min at 65˚C in a thermoblock. Subsequently, the microtube 
was placed in an ice bath for 30 sec. This is a colorimetric 
test, so it is performed by obtaining a color change (yellow 
is positive) and no change is negative (pink). All trials were 
double‑blind.

LFIA test. The LFIA assay for detecting SARS‑CoV‑2 was 
performed using the SARS CoV‑2 Antigen in Saliva Rapid Test 
(cat. no. SKU:89355; Amunet) according to the manufacturer's 
instructions. Nasopharyngeal swab samples were resuspended 
in 10 drops of the provided running solution. Subsequently, 
three drops of the preparation were incorporated into the 
sample area of the test cartridge, before the results were inter‑
preted after 15 min. The appearance of two lines (control and 
test) was considered a positive result, whereas the appearance 
of only the control line was a negative result.
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Detection limit assessment. To determine the detection 
limit of the RT‑LAMP assay, the NATtrol™ SARS‑CoV‑2 
[catalog number NATSARS(COV2)‑ST), pGEM‑ORF1a 
gene (cat. no.  0810624CFHI, ZeptoMetrix LLC, ORF1a 
gene, USA/PHC658/2021 lineage) and pGEM‑N gene 
(cat. no.  0810624CFHI, ZeptoMetrix LLC, N gene, 
USA/PHC658/2021 lineage)] was used. RT‑qPCR assay was 
performed using the Logix Smart™ 2019‑nCoV commerce kit 
(cat. no. COVID‑K‑001‑250‑I; Co‑Diagnostics), with the condi‑
tions previously described, as a control for this test, however we 
start from known concentrations emitted by the supplier. The 
minimum detection concentration was determined by using 
different dilutions (108, 106, 105, 104, 103, 102, 50 and 25 copy 
number), with 20 replicates performed for each serial dilution. 
RT‑LAMP kit SARS‑CoV‑2 (cat. no. BMLAMP01) was used 
to perform the RT‑LAMP test. The master mix was prepared 
with the corresponding primers as previously described in 
the RT‑LAMP methodology and 5 microliters of sample were 
added with the aforementioned concentrations.

Statistical analysis. Counts and percentages were calculated 
for the categorical variables. The comparison of the Cq values 
among the groups was carried out using an individual value 
plot, We perform the unpaired t‑student test. The efficiency of 
RT‑LAMP as a diagnostic test was determined by calculating 
its sensitivity=True Positive/(True Positive + False Negative) 
and specificity=True Negative/(True Negative + False Positive), 
considering the RT‑qPCR test as the gold standard. χ2 test was 
used to compare the asymptomatic and symptomatic patients, 
and Fisher's test to compare the symptoms in female and male 
patients. Statistical analyses were performed using SPSS v.28 
(IBM Corp.) and GraphPad Prism v.  8.0.0 for Windows 
(Dotmatics).

Results 

Characteristics of the study population. A total of 
128  samples, distributed as follows, were analyzed in the 
present study: 55 samples from symptomatic patients with 
COVID‑19, 32  samples from asymptomatic patients and 
41 control samples from disease‑free individuals. A total of 
74 (57.8%) of the participants were women. Classified by age, 
the majority of the participants 86 (67.1%), were aged between 
18 and 39 years (Table I), 75% were between 18 and 39 years 
old (Table I; data not shown). The asymptomatic group did 
not present any symptoms or signs of the disease, whereas 
the three most frequent symptoms were cough, headache and 
odynophagia in the symptomatic group (Table I).

Cq values of symptomatic and asymptomatic individuals. 
A total of 87 samples were analyzed and confirmed to be 
positive for SARS‑CoV‑2 by RT‑qPCR. Analyzing the Cq 
values, it was revealed that all positive symptomatic patients 
had Cq values  <35, where 9.09% of the samples had Cq 
values between 31 and 35, 63.63% of the samples had Cq 
values between 21 and 30 and 27.27% of the samples had Cq 
values <20. Notably, 90.09% of the samples presented with 
Cq values <30 (Table II).

In the case of asymptomatic patients, the majority of 
the RT‑qPCR Cq values were <30. Specifically, 3.1% of the 

samples had Cq values >30, 84.3% of the samples had Cq 
values between 31 and 30 and 12.5% of the samples had Cq 
values <20 (Table II). When comparing the distribution of 
the Cq values between the symptomatic and asymptomatic 
patients, reduced dispersion of data was observed in the 
asymptomatic patients, with the majority being concentrated 
around a Cq value of 25 (Fig. 1). No significant difference 
could be found between the Cq values of the symptomatic 
group and the asymptomatic group.

When analyzing all of the positive samples as a whole, 
it was revealed that 6.9% of the samples had Cq values >30, 
71.3% had Cq values between 21 and 30 and 21.8% had Cq 
values <20 (Table II).

Results by type of test. A total of 128 samples were analyzed 
by RT‑qPCR, of which 68% were positive for SARS‑CoV‑2 
and 32% were negative. For the salivary and nasal RT‑LAMP 
assays, 67.2% of samples were positive and 32.8% were nega‑
tive, but one false positive and two false negatives were found. 
Regarding the LFIA test of saliva samples, 60.2% of the 
samples were positive and 39.8% were negative, where 10 false 
negatives were found (Table III).

Sensitivity and specificity of salivary and nasal RT‑LAMP. 
The sensitivity and specificity of the salivary and nasal 
RT‑LAMP test was determined using the following formula: 
Sensitivity=TP/(TP + FN); Specificity=TN/(TN + FP), TP 
are the true positive samples (positive samples by RT‑qPCR), 
FN are the false negatives (Positive samples RT‑qPCR 
but were negative RT‑LAMP) and FP are false positives 
(Negative samples by RT‑qPCR but were RT‑LAMP posi‑
tive). According to these data, for all samples (symptomatic 
and asymptomatic) a sensitivity of 97.7% and a specificity 
of 97.60% was obtained for salivary and nasal RT‑LAMP 
(Table IV). When the analysis was specifically performed 
on the symptomatic or asymptomatic group, a sensitivity 
of 96.5% and a specificity of 97.6% for the detection of 
symptomatic individuals was found for salivary and nasal 
RT‑LAMP, whereas a sensitivity of 100% and a specificity 
of 97.6% was obtained for the detection of asymptomatic 
individuals (Table IV).

Detection capacity assessment. To determine the detec‑
tion capacity of SARS‑CoV‑2 by RT‑LAMP assay, different 
concentrations of viral particles and NATtrol™ SARS‑CoV‑2 
was used. It was observed that, when viral particles at concen‑
trations of 108, 106, 105, 104, 103 and 102 copy number were 
used, the detection of NATtrol™ SARS‑CoV‑2, pGEM‑ORF1a 
gene and pGEM‑N gene was 100% by RT‑LAMP. When viral 
particles at a concentration of 50 copy number were used, 
detection was 95% for the pGEM‑ORF1a gene, 90% for the 
pGEM‑N gene and 95% for NATtrol. Finally, when viral 
particles at a concentration of 25 copy number were used, 
detection was 75% for the pGEM‑ORF1a gene, 70% for the 
pGEM‑N gene and 85% for NATtrol (Table V).

Discussion

The present study analyzed the performance of the 
commercial RT‑LAMP test in detecting SARS‑CoV‑2 
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in symptomatic and asymptomatic patients from nasal 
and saliva samples without viral RNA extraction (direct 
RT‑LAMP). RT‑LAMP was shown to have high specificity 

and sensitivity (>96%) in detecting SARS‑CoV‑2 in both 
symptomatic and asymptomatic patients, suggesting it to be 
a robust and effective test for epidemiological monitoring, 
detecting cases and for preventing outbreaks. The present 
results are in agreement with those from other studies. 
González‑González et al (25) previously reported a sensi‑
tivity of 92.8% and a specificity of 81% for RT‑LAMP in 
nasopharyngeal samples, whereas Schneider  et  al  (19) 
reported a sensitivity of 85.9% and a specificity of 99.5% in 
443 saliva samples.

Notably, in the present study, the sensitivity and 
specificity values were similar for both salivary and nasal 
RT‑LAMP tests, symptomatic DSe=96.5 asymptomatic 
DSe=100 and DSp=97.6. However, for the nasal sample a 
saline solution is also added. Therefore, these findings may 
be attributed to the fact that the RT‑LAMP tests used in the 
present study consisted of a set of six primers that detect 
two genes, N and ORF1a, of SARS‑CoV‑2. This was veri‑
fied by Rödel et al (26), who analyzed several commercial 

Figure 1. Dot plot of the distribution of Cq values obtained by reverse 
transcription-quantitative PCR. Unpaired Student's t‑test was used to analyze 
data.

Table I. Distribution of patients.

Characteristic	 Total	 Female	 Male	 P‑valuea

Group	 n (%)	 n (%)	 n (%)	 0.3236
  Positive with symptoms	 55 (43.0%)	 35 (47.2%)	 20 (37.0%)	
  Positive without symptoms	 32 (25.0%)	 17 (22.9%)	 15 (27.7%)	
  Negative control	 41(32.0%)	 22 (29.7%)	 19 (35.8%)	
Age				  
  18‑39 years	 86 (67.1%)	 45 (60.8%)	 41 (75.9%)	
  40‑59 years	 36 (28.1%)	 24 (32.4%)	 12 (22.3%)	
  ≥60 years	 6 (4.6%)	 5 (6.7%)	 1 (1.8%)	
Symptoms				    P‑valueb

  Cough	 51 (92.7%)	 33 (97.0%)	 18 (85.7%)	 0.6162
  Headache	 40 (72.7%)	 26 (76.4%)	 14 (66.6%)	 0.7608
  Myalgia	 42 (76.3%)	 27 (79.4)%	 15 (71.4%)	 0.7659
  Odynophagia	 43 (78.1%)	 28 (82.3%)	 15 (71.4%)	 0.7401
  Runny nose	 33 (60.0)%	 23 (67.6%)	 10 (47.6%)	 0.2702
  Fever	 17 (30.9%)	 10 (29.4%)	 7 (33.3%)	 0.7630
  Anosmia	 6 (10.9%)	 5 (14.7%)	 1 (4.7%)	 0.3995
  Diarrhea	 7 (12.7%)	 4 (11.7%)	 3 (14.2%)	 0.6960
  Dyspnea	 1 (1.8%)	 1 (2.9%)	 0 (0.0%)	 1.0000

A total of 128 patients (74 female and 54 men) were recruited to the present study, of which 55 patients had symptoms (34 women and 21 men). 
aχ2  test, bFisher's test.

Table II. Cq values of patients, as determined by reverse transcription‑quantitative PCR.

Cq value range	 All samples (n=87)	 Symptomatic (n=55)	 Asymptomatic (n=32)	 P‑valuea

11‑20.9	 19 (21.8%)	 15 (27.2%)	 4 (12.5%)	 0.1424
21‑30.9	 62 (71.2%)	 35 (63.6%)	 27 (84.3%)	
31‑35	 6 (6.8%)	 5 (9.0%)	 1 (3.1%)	

aFisher's test.
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RT‑LAMP tests for detecting SARS‑CoV‑2, who concluded 
that the sensitivity and specificity tended to improve when 
the N and ORF1ab genes are analyzed in combination. On 
the other hand, Artik in 2021, also found high sensitivity 
and specificity of the RT‑LAMP test, using the SARS‑CoV‑2 
ORF 8 and N genes, without the need for a previous RNA 

extraction step (27). For this reason we decided to use an 
RT‑LAMP test kit that analyses two genes.

RT‑LAMP test in saliva and nasal swabs showed a high 
sensitivity (97.7%) and specificity (97.6%) compared with 
the RT‑qPCR test in the present study. Saliva sampling 
presents a minimally invasive test that avoids uncomfortable 

Table III. Distribution of asymptomatic and symptomatic positive patients by type of test.

	 Asymptomatic	 Symptomatic	
Test	 patients (n=32)	 patients (n=55)	 Total (n=87)

Reverse transcription‑quantitative PCR	 32 (100.0%)	 55 (100.0%)	 87 (100.0%)
Salivary RT‑LAMP	 32 (100.0%)	 53 (96.4%)	 85 (67.2%)
Nasal RT‑LAMP	 32 (100.0%)	 53 (96.4%)	 85 (67.2%)
Salivary lateral flow immunoassay	 24 (75.0%)	 53 (96.4%)	 77 (88.5%)

Data are presented as n (%). RT‑LAMP, reverse transcription loop‑mediated isothermal amplification.

Table IV. Sensitivity and specificity of nasal RT‑LAMP test for the detection of severe acute respiratory syndrome coronavirus 2 
compared with RT‑quantitative PCR.

	 All samples	 Symptomatic	 Asymptomatic	 Negative
Category	  (overall result)	 patients	 patients	 controls

A, Salivary RT‑LAMP
  Positive	 85 (97.7%)	 53 (96.4%)	 32 (100.0%)	 1 (2.4%)
  Negative	 2 (2.2%)	 2 (3.6%)	 0 (0.0%)	 40 (97.6%)
  Total	 87 (100.0%)	 55 (100.0%)	 32 (100.0%)	 41 (100.0%)
DSe/DSp	 DSe=97.7	 DSe=96.5	 DSe=100	 DSp=97.6
B, Nasal RT‑LAMP				  
  Positive	 85 (97.7%)	 53 (96.4%)	 32 (100%)	 1(2.4%)
  Negative	 2 (2.2%)	 2 (3.6%)	 0 (0.0%)	 40 (97.6%)
  Total	 87 (100.0)	 55 (100.0%)	 32 (100.0%)	 41 (100.0%)
DSe/DSp	 DSe=97.7	 DSe=96.5	 DSe=100.0	 DSp=97.6
C, Lateral flow immunoassay (nasal)				  
  Positive	 75 (86.2%)	 51 (92.7%)	 24 (75%)	 1 (2.4)
  Negative	 12 (13.7%)	 4 (7.2%)	 8 (25%)	 40 (97.6%)
  Total	 87 (100.0%)	 55 (100.0%)	 32 (100.0)	 41 (100.0)
DSe/DSp	 DSe=87.8	 Dse=93.2	 Dse=80.0	 Dsp=97.6

Data are presented as the n (%). Dse, diagnostic sensitivity; DSp, diagnostic specificity; RT‑LAMP, reverse transcription loop‑mediated 
isothermal amplification; RT, reverse transcription.

Table V.  Reverse transcription loop‑mediated isothermal amplification sensitivity for the detection of each control plasmid 
corresponding to its respective gene.

Gene (copy number)	 108	 106	 105	 104	 103	 102	 50	 25

ORF1a gene	 100%	 100%	 100%	 100%	 100%	 100%	 95%	 75%
N gene	 100%	 100%	 100%	 100%	 100%	 100%	 90%	 70%
NATtrol™ SARS‑CoV‑2	 100%	 100%	 100%	 100%	 100%	 100%	 95%	 85%

SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2; open reading frames a1 gene (ORF1a), Nucleocapsid (N).
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nasopharyngeal sampling. Furthermore, saliva has been 
shown to present viral loads similar to those found in naso‑
pharyngeal samples (28‑30). Cook et al (31) recommended 
the salivary RT‑LAMP test to monitor COVID‑19 in the 
general population outside of health care facilities, who also 
revealed that the detection capacity of SARS‑CoV‑2 in saliva 
by RT‑LAMP does not differ significantly from the detection 
in nasopharyngeal samples, even in asymptomatic patients. 
In addition, it has been recommended that the RT‑LAMP test 
be performed using saliva samples within the first 9 days of 
disease onset (32). In the present study, all tests of symptom‑
atic patients were performed during this interval, this being 
an important variable that may be associated with the high 
specificity and sensitivity found in the present study.

In the present study, the commercial test did not require 
a viral RNA extraction step, which may facilitate the logis‑
tics in the processing of samples in places with poor access 
to public health services and infrastructure. The present 
study performed screening in asymptomatic outpatients 
from a university and individuals from a hospital far from 
the urban area with little infrastructure for the detection 
of SARS‑CoV‑2. This implemented methodology, without 
purification of genetic material, has also been reported for 
RT‑LAMP in other previous studies. Kidd et al (33) reported 
minimal differences in the sensitivity and specificity of 
RT‑LAMP for saliva samples, compared with those from 
nasal and oropharyngeal swabs. Furthermore, this previous 
study reported that the sensitivity and specificity values of 
salivary RT‑LAMP were 84.62 and 100, respectively, for 
Cq <45, compared to sensitivity of 99.1 and specificity of 
100 for Cq values <25 detected by RT‑qPCR of ORF1ab (33).

Fowler et al (34) performed RT‑LAMP for SARS‑CoV‑2 
with nasopharyngeal samples, reporting a sensitivity of 97% 
and a specificity of 99% in samples with RNA extraction, and 
a sensitivity of 75% and a specificity of 97% in samples without 
RNA extraction. This research group associates these results 
with the performance of using Cq values, since they reported 
100% specificity and 97% sensitivity in Cq values <25 in 
samples without RNA extraction, likewise they report that in 
samples with extraction of RNA a specificity of 100% and a 
sensitivity of 99%. 

Furthermore, Baba et al (35) reported 98% sensitivity with 
Cq values <30 and demonstrated that the sensitivity decreases 
as Cq values increase. However, this change was not drastic, 
since in this previous study, a sensitivity of 97% was identi‑
fied at Cq <35 (35). In the present study, the analyzed samples 
presented Cq values between 11 and 35, and we found high 
efficiency of the RT‑LAMP test to detect patients positive for 
SARS‑CoV‑2 . This is likely because the commercial kit in the 
present study detects two genes instead of one, unlike the study 
by Fowler et al which only detects the ORF1ab gene (34).

Notably, the present study detected 100% sensitivity for 
salivary and nasal RT‑LAMP in the detection of asymptom‑
atic cases, which is essential to prevent the spread of the virus, 
especially in those with high viral loads. These results support 
the findings of other groups, such as Brown et al (36), who 
also reported 100% sensitivity using direct RT‑LAMP for the 
detection of SARS‑CoV‑2 in saliva samples, confirming that it 
is a viable alternative technique to RT‑qPCR for detection of 
new cases.

Previous studies have shown the efficacy of RT‑LAMP 
concerning the gold standard RT‑qPCR technique, it is also 
an economical technique and fast that do not require special‑
ized personnel (16,25,27). The advantage of not requiring prior 
RNA extraction is that it allows minimal handling and does not 
require specialized personnel. Therefore, RT‑LAMP could be 
self‑applied at home, applied in the community or in hospitals 
lacking in facilities for detecting SARS‑CoV‑2. The present 
study screened outpatients from the academic community and 
patients from a hospital located in a rural area which does not 
have specialized equipment to perform RT‑qPCR. Additionally, 
the present study revealed that salivary RT‑LAMP has high sensi‑
tivity and specificity. The use of this type of sample represents 
an advantage by reducing invasiveness (32,33). In addition, pilot 
studies could be implemented in difficult‑to‑access geographical 
areas for the identification of vulnerable groups (20).

In conclusion, the present study revealed that RT‑LAMP 
of SARS‑CoV‑2 may be considered a promising, low‑cost tool 
that can be applied in regions that do not have specialized 
equipment. In addition, RT‑LAMP had high sensitivity and 
specificity in both symptomatic and asymptomatic patients. 
Finally, no difference was detected between nasopharyngeal 
samples and saliva samples, so it is more comfortable for 
patients to take a saliva sample for an RT‑LAMP test to detect 
SARS‑CoV‑2 virus infection in comparison to taking a naso‑
pharyngeal swab for an RT‑qPCR test.

Acknowledgements

The authors would like to thank Ms Laura Alfaro Hernández 
(Laboratory of Oncoimmunology and Cytomics of Childhood 
Cancer, Eastern Biomedical Research Center [CIBIOR], 
Mexico) for their technical assistance and academic support. 
They also thank the Council of Science and Technology of the 
state of Puebla (Concytep), for their support for the dissemina‑
tion of this work.

Funding

No funding was received.

Availability of data and materials

The datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable 
request.

Authors' contributions

RRM and PSI performed the experiments, analyzed and 
interpreted data, and wrote the manuscript, MNQ and EBR 
confirm the authenticity of all the raw data. DVR, DIG, CFA, 
GSC, AOS, NPS, VRR, EEK, JES, LCM, KLM and CAM 
conducted nasal, saliva and pharyngeal sample collection 
and performed the routine LFIA. MRD, EBR and MNQ 
acquired, analyzed and interpretated the data. MRD made 
substantial contributions to the conception of the study. 
MRD, EBR and NQM designed the experiments and wrote 
the manuscript. All authors have read and approved the final 
manuscript. 



REYES‑MORALES et al:  RT‑LAMP IN DETECTION OF SARS‑CoV‑2 IN ASYMPTOMATIC AND SYMPTOMATIC PATIENTS8

Ethics approval and consent to participate

This protocol was approved by the Research Ethics 
Committee of the Dean of Health Sciences of the Popular 
Autonomous University of the State of Puebla (approval no. 
CONBIOETICA21CEI00620131021) and the Institute of 
Security and Social Services for Service Workers (approval 
no. 09‑CEI‑019‑01607729). Patients provided written informed 
consent for participation. All procedures in studies involving 
human participants were performed in accordance with the 
ethical standards of the institutional and national research 
committee and the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards.

Patient consent for publication 

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References 

  1.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, 
Lei CL, Hui DSC, et al: Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med 382: 1708‑1720, 2020.

  2.	World Health Organization (WHO): Coronavirus (COVID‑19) 
Dashboard. WHO, Geneva, 2022. ht tp://covid19.who.
int/. Accessed September 13, 2022.

  3.	Wu Z and McGoogan  JM: Characteristics of and important 
lessons from the coronavirus disease 2019 (COVID‑19) outbreak 
in China: Summary of a report of 72314 cases from the Chinese 
center for disease control and prevention. JAMA 323: 1239‑1242, 
2020.

  4.	Singh S, McNab C, Olson RMK, Bristol N, Nolan C, Bergstrøm E, 
Bartos M, Mabuchi S, Panjabi R, Karan A, et al: How an outbreak 
became a pandemic: A chronological analysis of crucial junc‑
tures and international obligations in the early months of the 
COVID‑19 pandemic. Lancet 398: 2109‑2124, 2021.

  5.	 Jayaweera M, Perera H, Gunawardana B and Manatunge  J: 
Transmission of COVID‑19 virus by droplets and aerosols: A 
critical review on the unresolved dichotomy. Environ Res 188: 
109819, 2020.

  6.	Abdullah F, Myers J, Basu D, Tintinger G, Ueckermann V, 
Mathebula  M, Ramlal l   R, Spoor  S, de  Vi l l iers  T, 
Van der Walt Z, et al: Decreased severity of disease during 
the first global omicron variant covid‑19 outbreak in a large 
hospital in tshwane, South Africa. Int J Infect Dis 116: 38‑42, 
2022.

  7.	 Jassat W, Abdool Karim SS, Mudara C, Welch R, Ozougwu L, 
Groome  MJ, Govender  N, von  Gottberg  A, Wolter  N, 
Wolmarans M, et al: Clinical severity of COVID‑19 in patients 
admitted to hospital during the omicron wave in South Africa: 
A retrospective observational study. Lancet Glob Health 10: 
e961‑e969, 2022.

  8.	Gunatilaka AB, Marco N, Read GH, Sweeney M, Regan G, 
Tsang  C, Abdulrahman  L, Ampabathina  S, Spindler  A, 
Lu  SS,  et  al: Viral burden and clearance in asymptomatic 
COVID‑19 patients. Open Forum Infect Dis 9: ofac126, 2022.

  9.	 Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, Yu J, 
Kang M, Song Y, Xia J, et al: SARS‑CoV‑2 viral load in upper 
respiratory specimens of infected patients. N Engl J Med 382: 
1177‑1179, 2020.

10.	 Munne K, Bhanothu V, Bhor V, Patel V, Mahale SD and Pande S: 
Detection of SARS‑CoV‑2 infection by RT‑PCR test: Factors 
influencing interpretation of results. Virusdisease 32: 187‑189, 
2021.

11.	 Feng W, Newbigging AM, Le  C, Pang  B, Peng  H, Cao  Y, 
Wu J, Abbas G, Song J, Wang DB, et al: Molecular diagnosis 
of COVID‑19: Challenges and research needs. Anal Chem 92: 
10196‑10209, 2020.

12.	Promlek T, Thanunchai M, Phumisantiphong U, Hansirisathit T, 
Phuttanu C, Dongphooyao S, Thongsopa W and Nuchnoi P: 
Performance of colorimetric reverse transcription loop‑mediated 
isothermal amplification as a diagnostic tool for SARS‑CoV‑2 
infection during the fourth wave of COVID‑19 in Thailand. Int 
J Infect Dis 116: 133‑137, 2022.

13.	 Silva S, Pardee K and Pena L. Loop-Mediated Isothermal 
Amplification (LAMP) for the Diagnosis of Zika Virus: A 
Review. Viruses 19, 2019.

14.	 Sahni AK, Grover N, Sharma  A, Khan  ID and Kishore  J: 
Reverse transcription loop‑mediated isothermal amplification 
(RT‑LAMP) for diagnosis of dengue. Med J  Armed Forces 
India 69: 246‑253, 2013.

15.	 Zebaze Temgoua Kemleu  SG, Ngando  L, Nguekeng  E, 
Fogang B, Mafo Kapen M, Fopa SI, Biabi MF, Essangui E, 
Assob Nguedia JC and Ayong L: Diagnostic performance of 
a rapid whole blood‑based RT‑LAMP method for malaria 
diagnosis among apparently healthy blood donors and febrile 
neonates in Cameroon. PLoS One 16: 1‑7, 2021.

16.	 Jamwal VL, Kumar N, Bhat R, Jamwal PS, Singh K, Dogra S, 
Kulkarni A, Bhadra B, Shukla MR, Saran S, et al: Optimization 
and validation of RT‑LAMP assay for diagnosis of SARS‑CoV2 
including the globally dominant delta variant. Virol J 18: 1‑14, 
2021.

17.	 Amaral C, Antunes W, Moe E, Duarte AG, Lima LMP, Santos C, 
Gomes IL, Afonso GS, Vieira R, Teles HSS, et al: A molecular 
test based on RT‑LAMP for rapid, sensitive and inexpensive 
colorimetric detection of SARS‑CoV‑2 in clinical samples. Sci 
Rep 11: 1‑12, 2021.

18.	 Heithoff DM, Barnes  L  V, Mahan  SP, Fox  GN, Arn  KE, 
Ettinger SJ, Bishop AM, Fitzgibbons LN, Fried JC, Low DA, et al: 
Assessment of a smartphone‑based loop‑mediated isothermal 
amplification assay for detection of SARS‑CoV‑2 and influenza 
viruses. JAMA Netw Open 5: e2145669, 2022. 

19.	 Schneider FS, Molina L, Picot MC, L'Helgoualch N, Espeut J, 
Champigneux P, Alali M, Baptiste J, Cardeur L, Carniel C, et al: 
Performances of rapid and connected salivary RT‑LAMP diag‑
nostic test for SARS‑CoV‑2 infection in ambulatory screening. 
Sci Rep 12: 2843, 2022.

20.	da Costa VD, Santos AC, da Silva LL, Wiggers WJ, Ivantes CAP, 
Lima DM, Colares JKB, Dallacqua DSV, Motta‑Castro ARC, 
Dávila AMR, et al: RT‑LAMP multicenter study for SARS‑CoV‑2 
genome molecular detection in Brazilian swab and saliva 
samples. Diagnostics (Basel) 13: 210, 2023.

21.	 Cisneros‑vi l lanueva M, Blancas  S, Cedro‑tanda  A, 
Almaraz‑rojas O, Ortiz‑DR, Tolentino‑L, et al: Swab samples 
shows that it is a useful screening method for detecting, 2022.

22.	World Health Organization (WHO): Public health surveillance for 
COVID‑19: Interim guidance. WHO, Geneva, 2020. https://apps.
who.int/iris/handle/10665/333752. Accessed August 7, 2020.

23.	Secretaría  de  Salud: Guía operativa para el manejo clínico 
de la infección respiratoria aguda grave por COVID‑19, 2020.

24.	Jerbi L, Azrad M and Peretz A: Evaluation of factors that affect 
the performance of COVID‑19 molecular assays including pres‑
ence of symptoms, number of detected genes and RNA extraction 
type. Mol Diagn Ther 26: 229‑238, 2022.

25.	González‑González E, Lara‑Mayorga IM, Rodríguez‑Sánchez IP, 
Zhang YS, Martínez‑Chapa SO, Santiago GT and Alvarez MM: 
Colorimetric loop‑mediated isothermal amplification (LAMP) 
for cost‑effective and quantitative detection of SARS‑CoV‑2: The 
change in color in LAMP‑based assays quantitatively correlates 
with viral copy number. Anal Methods 13: 169‑178, 2021.

26.	Rödel J, Egerer R, Suleyman A, Sommer‑Schmid B, Baier M, 
Henke A, Edel B and Löffler B: Use of the variplexTM SARS‑CoV‑2 
RT‑LAMP as a rapid molecular assay to complement RT‑PCR 
for COVID‑19 diagnosis. J Clin Virol 132: 104616, 2020.

27.	 Artik Y, Coşğun AB, Cesur NP, Hızel N, Uyar Y, Sur H and 
Ayan A: Comparison of COVID‑19 laboratory diagnosis by 
commercial kits: Effectivity of RT‑PCR to the RT‑LAMP. J Med 
Virol 94: 1998‑2007, 2022.

28.	Zhu Y, Wu X, Gu A, Dobelle L, Cid CA, Li J and Hoffmann MR: 
Membrane‑based in‑gel loop‑mediated isothermal amplification 
(mgLAMP) system for SARS‑CoV‑2 quantification in environ‑
mental waters. Environ Sci Technol 56: 862‑873, 2022.

29.	 Savela ES, Viloria Winnett A, Romano AE, Porter MK, Shelby N, 
Akana R, Ji  J, Cooper MM, Schlenker NW, Reyes JA, et al: 
Quantitative SARS‑CoV‑2 viral‑load curves in paired saliva 
samples and nasal swabs inform appropriate respiratory 
sampling site and analytical test sensitivity required for earliest 
viral detection. J Clin Microbiol 60: e0178521, 2022.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  26:  398,  2023 9

30.	Tan SH, Allicock O, Armstrong‑Hough M and Wyllie AL: Saliva 
as a gold‑standard sample for SARS‑CoV‑2 detection. Lancet 
Respir Med 9: 562‑564, 2021.

31.	 Cook BWM, Kobasa K, Tamayo M, Theriault N, Pappas DG and 
Theriault SS: Implementation of a rapid RT‑LAMP saliva‑based 
SARS‑CoV‑2 testing program in the workplace. Diagnostics 12: 
474, 2022. 

32.	Nagura‑ikeda M, Imai K, Tabata S, Miyoshi K, Murahara N and 
Mizuno T: Clinical evaluation of self‑collected saliva by quanti‑
tative. J Clin Microbiol 58: 1‑9, 2020.

33.	 Kidd SP, Burns D, Armson  B, Beggs  AD, Howson  ELA, 
Williams A, Snell G, Wise EL, Goring A, Vincent‑Mistiaen Z, et al: 
Reverse‑transcriptase loop‑mediated isothermal amplifica‑
tion has high accuracy for detecting severe acute respiratory 
syndrome coronavirus 2 in saliva and nasopharyngeal/oropha‑
ryngeal swabs from asymptomatic and symptomatic individuals. 
J Mol Diagnostics 24: 320‑336: 1‑17, 2022.

34.	Fowler VL, Armson B, Gonzales JL, Wise EL, Howson ELA, 
Vincent‑Mistiaen  Z, Fouch  S, Maltby  CJ, Grippon  S, 
Munro  S,  et  al: A highly effective reverse‑transcription 
loop‑mediated isothermal amplification (RT‑LAMP) assay 
for the rapid detection of SARS‑CoV‑2 infection. J Infect 82: 
117‑125, 2021.

35.	 Baba MM, Bitew M, Fokam J, Lelo EA, Ahidjo A, Asmamaw K, 
Beloumou GA, Bulimo WD, Buratti E, Chenwi C, et al: Diagnostic 
performance of a colorimetric RT ‑LAMP for the identification 
of SARS‑CoV‑2: A multicenter prospective clinical evaluation in 
sub‑Saharan Africa. EClinicalMedicine 40: 101101, 2021.

36.	Brown B, O'Hara RW, Guiver M, Davies E, Birtles A, Farooq H, 
Verma A, Guo H, Hayden K and Machin N: Evaluation of a novel 
direct RT‑LAMP assay for the detection of SARS‑CoV‑2 from 
saliva samples in asymptomatic individuals. J Clin Virol Plus 2: 
100074, 2022.

Copyright © 2023 Reyes-Morales et al. This work is 
licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC 
BY-NC-ND 4.0) License.


