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Abstract: We have successfully validated the use of isothermal nucleic acid amplification testing method for rapid, economical 

surveillance of severe acute respiratory syndrome causing coronavirus type 2 strains (SARS-CoV2) and its potential spread of 

coronavirus related disease (COVID). A total of 102 patients were tested with colorimetric reverse transcription loop mediated 

isothermal amplification based nucleic acid amplification (RT-LAMP) testing and results validated with real time reverse 

transcription polymerase chain reaction (rRT-PCR) testing. The colorimetric RT-LAMP detection indicated a sensitivity of 

98.87% (95% CI, 0.96 - 1.01), specificity of 100% and represents a viable alternative to cost-demanding thermal cycling 

technologies. The testing was performed in duration of 2 hours, within which RNA extraction was done in 90 minutes and SARS-

CoV-2 detection was visually indicated in just 30 minutes by colour change of incorporated pH indicator. The sample cohort 

belonged to rural settings of various regions in Thane district of Maharashtra, India. Using the isothermal testing, we report the 

SARS-CoV2 detection in 32 of 42 female patients (76%) and in 48 of 60 male patients (80%). Through our results we propose 

employment of a rapid and economical Point of Care testing diagnostics based on an isothermal nucleic acid detection technology 

that does not require expensive thermal cycling equipment, and can be conducted and recorded economically with smartphone 

enabled color detection application, at the site of patient location. This would aid in limiting the spread of infectious SARS-CoV-

2 strains, if present, in the symptomatic as well as asymptomatic human carriers or zoonotic reservoirs of severely pathogenic 

virus. 

Index terms: SARS-CoV-2, COVID, Isothermal amplification, RT-LAMP, Molecular testing. 

 

I. INTRODUCTION: 

SARS-CoV-2 infection amongst human populations has become a severe obstacle in the economic progress of the global 

community (1–3). Besides significant knowledge and awareness about severe acute respiratory syndrome and its causative agents, 

identification of such reservoir harbouring this dreaded viral strain is necessary to adopt appropriate eradication methods (4,5). 

Numerous diagnostics platforms have erupted in the field of infectious disease detection, many of them based on molecular 

testing devices (6–12). Although immunological detection is commonly used in monitoring viral pathogenesis, the available 

antigen-antibody based diagnostics for SARS-CoV-2 cannot cover underlying infections that have a late onset of host immune 

response (13–17). Nucleic acid testing (NAT) and Nucleic acid amplification testing (NAAT) platforms are more sensitive in 

indicating presence of viral genomes in peripheral secretion by affected tissues (6,18–21). These tests are also useful in 

monitoring the progress or regress of eradication programs aimed at anti-coronavirus treatment. Given the mutating nature of 

RNA genome containing coronavirus family, it is essential to obtain the nucleotide sequences of NAAT amplified viral genetic 

material, using traditional as well as next generation sequencing platforms. The presence of unique and specific conserved regions 

of viral genomes, especially those that represent antigenic epitopes, can be achieved through NAAT combined with sequencing 

platforms (1,22–25). 

Conventionally employed thermal cyclers play a central role in molecular diagnostics of infectious disease pathogens. 

Polymerase chain reaction and its modified assays have evolved the field of NAAT, through the use of Reverse Transcription 

Polymerase Chain Reaction (RT-PCR) (2,6,26,27). It has become the gold standard for diagnosis of SARS-CoV-2 and its related 

contiguous types. The cost of a single molecular test based on RT-PCR involves consideration of reagents and components used 

in obtaining the end point result. Typically the quantitative RT-PCR (QT-PCR) can measure the viral load in infected cells and 

tissue samples (28,29). Real time PCR technology allows detection of specific regions of the target viral genomes, through its 
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probe sequence hybridization principle. Both qualitative and quantitative detection can be carried out with Real Time PCR 

platforms for SARS-CoV-2 diagnosis (30,31). 

However, to depict the spread of specific infectious SARS-CoV-2 strains, it is necessary to perform whole genome analysis of 

isolated SARS-CoV-2 strains from primary biopsies or cultured samples, along with sequence alignment with existing genome 

maps using bioinformatics platforms and algorithms (23,25,30). Considering the magnitude of declared SARS-CoV-2 pandemic, 

the consumables and equipment investment expense is often overlooked while calculating the test cost per sample. The economics 

of molecular detection of infectious disease pathogens, however, gets adversely affected through such negligence of cost-to-

benefit analysis (32,33). 

A range of isothermal platforms have evolved in the due course, in order to reduce nucleic acid amplification based detection 

costs and improve the benefits (10,12,18,19,34). Loop mediated isothermal amplification is amongst the highly preferred method 

proposed for amplification of nucleic acids without the requirement of thermal cycling (18,19,35–40). Nucleic acid based 

sequence amplification (NASBA), Rolling circle amplification (RCA), Helicase dependant amplification (HDA) are some of 

similar technologies that are developed for NAAT in absence of thermal cycling (41–43). 

In order to assess the employability of an economical, rapid and reliable Point-of-Care (PoC) based surveillance of SARS-CoV-2 

caused COVID status in regions with resource limitations, we have validated clinical application of a color producing RT-LAMP 

assay in comparison with conventional real time RT-PCR testing. The cohort was tested and characterized for different types of 

assay read-out and correlated for agreement in their outcomes (38,39,44,45). 

II. RESEARCH METHODOLOGY: 

2.1 Sample collection and handling 

The reported study was conducted in order to establish a rapid and economical alternative for surveillance of ongoing SARS-

CoV2 pandemic in the surrounding regions of Mumbai, Maharashtra, India. A total of 102 nasopharyngeal samples were 

collected from patients with sterile nylon swabs in sterile 3ml viral transport medium (GC Life Science, India) contained in 15 ml 

conical tubes. Collected VTM samples were stored at -750C until viral RNA extraction. The study cohort was randomly selected 

and belonged to various localities of Thane and Palghar districts of Maharashtra state in India. Collected samples were labelled 

with sample ID generated by a double blind de-identification protocol. An informed consent was obtained from each of the study 

participant along with ethical approval from the Institutional Review Board. 

2.2 Extraction of Viral RNA 

Total RNA was extracted from a 140μl of uniformly suspended patient sample using TruPCR viral RNA extraction kit (Cat 

No.3B213V 3B Blackbio Biotech India Ltd.) as instructed by the manufacturer. Briefly, 140μl of patient sample was mixed with 

560μl of lysis buffer and 5.6μl of carrier RNA. After incubation at 250C for 10 minutes, 560μl of absolute ethanol was added and 

invert mixed. The suspension was passed through the kit provided viral RNA binding cationic exchange column and then washed 

twice with 500μl wash buffer. After a dry spin of the column at 12000 RPM, the viral RNA was eluted in 50μl of Elution buffer 

in a new microfuge tube. All individual patient RNA samples were stored at -750C until further use. 

2.3 SARS-CoV-2 detection by real time RT-PCR 

SARS-CoV-2 RNA was detected using TRUPCR SARS CoV-2 PCR kit (Cat No.3B304 3B Blackbio Biotech India Ltd) as 

per the manufacturer’s instructions. Briefly, 5μl patient RNA sample was combined with RT-PCR master mix containing 1x 

reaction buffer, dNTPs, MgCl2, SARS-CoV-2 specific Primer Probe mix, Reverse Transcriptase, Taq DNA polymerase in a total 

reaction volume of 25μl in 96 well format PCR plate (Cat No.PR2, HiMedia Laboratories, India) sealed with optical film (Cat. 

No.PR18, HiMedia Laboratories, India). For every real time RT-PCR run, a kit provided negative and positive control was used. 

A real time reverse transcription based polymerase chain reaction (real time RT-PCR) test specific for SARS-CoV-2 viral genes 

(Early region, E gene, RNA dependant RNA polymerase, RdRp and Nucleoprotein, N gene) and internal control of human 

RNAseP gene (Ribonuclease P) was performed using a thermal cycler (Insta Q96 Real time PCR detection system, LA1012, 

HiMedia Laboratories, India) with heated lid. Analysis of amplified viral genes was done by detection of specific probe 

hybridization confirmed by fluorescence output. The E gene represented the 5`region, while the RdRp and N gene represented the 

3`regions of the SARS-CoV2 viral RNA genome.The threshold cut-off Ct values generated by the software (Insta Q96 Real time 

PCR detection system software, LA1012, HiMedia Laboratories, India) for negative control wasused to identify negative and 

positive samples for SARS-CoV-2. A Ct value equal to or below that of the negative control was regarded as SARS-CoV-2 

negative sample provided the human RNAseP gene was showed a non-zero Ct value. 

2.4 SARS-CoV-2 detection by Colour indicating RT-LAMP 

For each patient sample, 5μl of extracted viral RNA was combined with kit provided WarmStart Colorimetric LAMP 2X 

master mix (Cat. No. M1800S, New England Biolabs, USA) containing 1x reaction buffer, dNTPs, MgSO4, Reverse 

Transcriptase, Bst DNA polymerase and Cresol red pH indicator. Six SARS-CoV-2 N gene (Nucleoprotein) specific loop 

mediated isothermal amplification primers were employed from previously published data (39) and purchased from IDT DNA 

(Integrated DNA Technologies, USA). These primers targeted the N gene of SARS-CoV2 present at the 3`end of the viral RNA 

genome. These oligonucleotides were also added to this reaction at a final concentration of 2μM F3, 2μM B3, 16μMFIP, 16μM 

BIP, 4μM LoopF and 4μM LoopB with total volume of 25μl. The RT-LAMP amplification was performedin1.5ml microfuge 

tubes using a heated block (myBlock Mini Dry Bath, Benchmark, USA) maintained at a single temperature of 650C. Patient 

samples were analysed along with similar negative and positive controls as used for rRT-PCR reactions. 
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2.5 Agarose Gel Electrophoresis 

A volume of 5μl amplified nucleic acid products from RT-LAMP or RT-PCR reactions were resolved  by 1.0% agarose gel 

electrophoresis containing ethidium bromide in 1x Tris Borate EDTA buffer and visualized on UV transilluminator (EPS 

Biosolutions, India) for presence or absence of amplified nucleic acid product along with a reference 1 Kb DNA marker 

(MBT051, Himedia Laboratories, India). 

2.6 Result interpretation for RT-PCR and RT-LAMP testing  

Result interpretation for RT-PCR testing was done by differentiating positive and negative samples based on a threshold Ct 

value obtained in comparison with control reactions for the confirmatory N gene. Result interpretation for RT-LAMP testing was 

done visually with naked eye to determine color change. Detection of positive viral gene amplification resulted in a pH drop that 

was indicated by colour change of incorporated Cresol red dye from pink to yellow. Negative samples were indicated by absence 

of change in the pink colour due to lack of viral gene amplification. Color change was also recorded by two methods, a) CYMK 

color analysis using smart phone camera (Samsung Model A20S) along with RGB color analysis android application (RGB Color 

Detector, Version 1.2.8, The Programmer) and b) Colorimetric plate reader (SK201-078, ELISA Reader, Sinothinker, China). 

Each of the 25μl RT-LAMP reaction volume was tested firstly by image acquisition with RGB Color Detector application using 

the smart phone android camera. Next, 5μl of the amplified product was tested with 1.0% agarose gel electrophoresis analysis.  

The volume of remaining 20μl reaction was increased to 100μl by adding deionized water and tested by colorimetric analysis in a 

96 well microtiter plate (EP-7, Himedia Laboratories, India) using ELISA plate reader and recording absorbance at 405nm. Each 

patient sample was analysed similarly along with negative and positive controls.  

2.7 Calculation of Sensitivity and Specificity 

RT-PCR results were considered as reference gold standard to identify true and false negative and positive samples 

respectively. Assay sensitivity and specificity was calculated by using an online tool (Diagnostic Method, 

https://www2.ccrb.cuhk.edu.hk/stat/ConfidenceInterval.htm) 

2.8 Ethical Statement 

This study was conducted after obtaining ethical approval from the institutional review board of Vedantaa Institute of Medical 

Sciences, Dahanu, Maharashtra, India. Informed consent in written format were obtained from all study participants. 

 

III. RESULTS 

3.1 Sample cohort statistics 

The cohort of patients that was tested for SARS-CoV-2 by real time RT-PCR and colorimetric RT-LAMP comprised of 

randomly selected patients. The cohort of 102 patients comprised of 42 females (41.17%, 15 years to 78 years) and 60 males 

(58.82%, 18 to 77 years). The clinical characteristics of patient are enlisted in Table 2 and represented in Figure 1. 

3.2 Detection of SARS-CoV-2 by RT-PCR 

From the total 102 RNA samples, 81 positive (79.41%) and 21 negative (20.58%) patients were determined on the basis of 

real time RT-PCR outcome. An internal control of human RNAse P transcript was positively detected in all samples tested, 

thereby confirming reliability of sample collection and consistency of the tested genetic material. This was based on the 

fluorescence capture read-out of the SARS-CoV-2 specific DNA probe hybridizing with the RT-PCR amplified DNA. The 

distribution of positive RT-PCR results was further categorized based on cohort characteristics in comparison with colorimetric 

RT-LAMP read-out (Table 2).  

3.3 Detection of SARS-CoV-2 across cohort by age and gender 

The 81 positive samples belonged to 33 female (40.74%) and 48 male (59.25%) patients (Table 2). Similarly out of 21 

negative samples, 9 (42.85%) belonged to females and 12 (57.14%) were from males, respectively. The distribution of SARS-

CoV-2 status amongst the patient cohort is shown in table 2. In the female patients, maximum number of positive cases was 

observed in 51-60 years group, followed by groups of 61-70 and 21-30 years. In the male patients, the age group of 41-50 years 

showed high count of SARS-CoV-2 detection, followed by the group of 31-40 years. The age groups of 51-60 years in both 

female and male patients showed low frequency of SARS-CoV-2 positive status, although the sample size within these groups 

was very low. In female subjects of age groups 31-40 years and 61-70 years, all patients were found to be positive for SARS-

CoV2. While in male subjects, age groups of 11-20 years, 21-30 years and 71-80 years showed all patients positive for SARS-

CoV2. 

3.4 Validation of RT-LAMP for detection of SARS-CoV-2 

Colorimetric RT-LAMP test employing visual color change observation showed 80 positive (78.43%) and 22 negative 

(21.56%) out of the 102 total samples. Agarose gel electrophoresis of the amplified RT-LAMP nucleic acid products showed 

typical DNA pattern of LAMP amplification for all positive samples identified by color change visualization (Figure 2). This 

pattern of DNA amplification was not seen for negative samples. The colorimetric analysis done to quantify the color change 

showed 80 number of positive and 22 number of negative samples based on cut-off threshold OD comparison with that of the 

negative control. Out of the 81 true positive cases, colorimetric RT-LAMP showed positive result for 80 cases with 1 negative 

result. All 21 true negative samples as tested previously by real time RT-PCR, were determined as negative by colorimetric RT-

LAMP (Table 2, Figure 3). The correlation of colorimetric RT-LAMP OD out-put with RT-PCR N gene Ct values is shown in 
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Figure 3. The samples showing high OD values had low corresponding Ct count. The color read-out as captured by the android 

phone camera and analysed by color detector software showed a distribution of 80 positive and 22 negative samples out of the 

102 RT-LAMP reactions (Figure 4). This was based on the values generated by the CYMK analysis of the color recordings. 

Assay performance of colorimetric RT-LAMP CYMK read out is compared with either N or E gene RT-PCR test output. 

3.5 Sensitivity and Specificity of SARS-CoV-2 detection by colorimetric RT-LAMP 

Considering the rRT-PCR data as reference, the number of true positive, true negative, false positive and false negative 

samples was enumerated as shown in table. Using an online statistics analysing software, the assay sensitivity for colorimetric 

RT-LAMP test was calculated to be 98.87% (95% CI, 0.96 - 1.01) with specificity value of 100%. 

 

IV. DISCUSSION 

We have performed a qualitative assessment of SARS-CoV-2 detecting reverse transcription loop mediated isothermal 

amplification assay on randomly collected 102 patient samples. The RT-LAMP assay performance was validated using the 

conventionally used reference RT-PCR testing. The validation was successful in diagnosing negative patients reliably as indicated 

by the specificity of 100%. Of the 82 positive patients, RT-LAMP could detect 80 patients as seen by the sensitivity of 98.87% 

(95% CI, 0.96 - 1.01). RT-LAMP assay performance characteristics reported for detection of SARS-CoV-2 in other studies have 

shown sensitivity and specificity range of 82% -100% and 85% - 100%, respectively (19,27,46–49). 

The cohort distribution analysis of SARS-CoV-2 status in this study indicated age group of 51-60 years to be more susceptible 

in contracting the infection, in both female and male counterparts. Gender based comparison for the presence of SARS-CoV-2 

indicated no significant difference in susceptibility to infection, as seen by SARS-CoV2 detection in 32 of 42 female patients 

(76%) and in 48 of 60 male patients (80%). Inter gender analysis of SARS-CoV-2 infection status showed high risk in the age 

groups 51-60 years and 41-60 years for females and males, respectively. 

The read-out method used to measure RT-LAMP output correlated in direct proportion with that of rRT-PCR data as indicated 

by our data (Figure 3 and 4). Although the naked eye visualization is a rapid way to identify positive tests, measurement by color 

detection provides quantifiable assay ouput. Colorimetric analysis of RT-LAMP has been shown in many studies using laboratory 

stationed microtiter plate reader (12,24,37,39,40,46,50). However, from the viewpoint of developing RT-LAMP based point of 

care (PoC) testing platforms, heavy laboratory equipments pose difficulty in transportation to the site of field testing. 

Through this communication, we also report the application of smart phone and color detector software to characterize the 

assay output of SARS-CoV-2 diagnostic colorimetric RT-LAMP, for the first time. The use of such economical, rapid and reliable 

isothermal testing of SARS-CoV-2 disposing the requirement for expensive thermal cycling technology approves our approach of 

Point of Care (PoC) SARS-CoV-2 testing. We aim to employ PoC testing for rapid surveillance of COVID19 (Coronavirus 

caused Disease of 2019) and also monitoring of candidate vaccines and associated genetic therapies attempting eradication of 

COVID19 pandemic. 

 

V. CONCLUSION 

The current study has successfully evaluated clinical application of an isothermal NAAT assay available as colorimetric RT-

LAMP test. Based on this study, we intend to develop an economical and reliable molecular testing protocol for rapid screening 

mass populations exposed to infectious SARS-CoV-2 strains in resource limited global locations. Our results indicate the 

colorimetric RT-LAMP test to be specific and sensitive for clinical application focussed on monitoring global COVID status, 

especially in resource restrained regions. The isothermal RT-LAMP testing has exhibited acceptable assay performance 

characteristics in comparison to real time RT-PCR, especially, in terms of sensitivity, specificity and faster read-out duration with 

simple equipment requirements. Using such approach for Point-of-Care (PoC) on-site testing, our proposed protocol could 

potentially be employed to monitor existing viral reservoir and the progress of vaccination programs targeted at eradication of this 

contiguous viral agent.  
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FIGURES AND TABLES: 

 

Figure 1. Age and Gender characteristics of the Patient Cohort 

 

 

 

Figure 2. (A) Visual color detection of RT-LAMP amplified patient viral RNA samples for SARS-CoV2. Lane 1 – Negative 

Control, Lane 2 to 5 – Patient Viral RNA, Lane 6 - Positive Control, M – Magenta, Y - Yellow. Gel electrophoresis results for 

colorimetric RT-LAMP (B) or real time RT-PCR (C) amplified patient viral RNA samples for SARS-CoV2. Lane M – 1Kb DNA 

ladder, Lane 1 – Negative Control, Lane 2 to 5 – Patient Viral RNA, Lane 6 - Positive Control  
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Figure 3. Comparison of SARS-CoV2 detection with real time RT-PCR and colorimetric RT-LAMP. Correlation of Real time 

RT-PCR generated N gene (A) or E gene (B) Ct values with Absorbance output (OD at 405nm)of colorimetric RT-LAMP color 

analysis. Negative and Positive Controls are indicated with co-ordinate values.  

 

 

Figure 4. Color detector application performance for detection of SARS-CoV2 with colorimetric RT-LAMP.A. Correlation of 

Real time RT-PCR generated N gene Ct values with the Yellow value read-out recorded by CYMK color detector application for 

patient RNA colorimetric RT-LAMP testing. B. Inverse proportion of corresponding Magenta and Yellow values recorded for 

colorimetric RT-LAMP amplified patient samples. Negative and Positive Controls are indicated with co-ordinate values.  
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Table 1. Sensitivity and Specificity of Colorimetric RT-LAMP SARS-CoV2 diagnosis of 102 patient samples  

NAAT True Positive False Negative True Negative False Positive Clinical Sensitivity Clinical Specificity 

Colorimetric RT-

LAMP 
80 1 21 0 

98.87% (95% CI, 

0.96 - 1.01) 
100% 

Real time RT-PCR 81 0 21 0 100% 100% 

 

Table 2. Age and Gender based distribution of SARS-CoV2 positive patients 

Female Age Group (Years) Age Frequency  

(Number of Patients per Group) 

Real time RT-PCR Positive Colorimetric RT-LAMP 

Positive 

Female Male Female Male Female Male 

11 to 20 2 1 1 1 1 1 

21 to 30 7 4 6 4 6 4 

31 to 40 4 14 4 13 4 13 

41 to 50 7 18 5 14 5 14 

51 to 60 13 13 9 8 8 8 

61 to 70 6 6 6 4 6 4 

71 to 80 3 4 2 4 2 4 
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