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Background: Detecting SARS-CoV-2 using a simple real time molecular assay will be helpful for the mitigation 

efforts in low / middle income countries during the pandemic. We have developed and validated a rapid and 

simple real time loop mediated isothermal amplification assay (LAMP) for screening of SARS-CoV-2 infection in 

known infected and non-infected individuals. 

Methods: Six sets of primers were designed targeting the N-gene of the SARS-CoV-2 (Accession ID MN994468). 

LAMP reactions were performed using Warm Start 2X Master Mix and real-time PCR machine at 65 °C for 60 

cycles with 15 s for each cycle. Results were read by visualizing turbidity under ultraviolet light and real time 

fluorescence detection through FAM channel of the real time PCR machine. We tested a total of 320 including 

240 SARS CoV-2 positive (Ct values < 40) and 80 SARS CoV-2 negative samples as tested by a real time RT-PCR 

using the newly developed LAMP assay. 

Results: A total of 206 out of 240 SARS CoV-2 positive samples were tested positive by the newly developed 

LAMP assay with a sensitivity of 86%. All 80 SARS CoV-2 negative samples were tested negative by the newly 

developed LAMP assay with a specificity of 100%. 

Conclusion: The newly developed real time LAMP assay has a sensitivity of 86% and specificity of 100% compared 

to the real time RT-PCR for the detection of SARS CoV-2. The new assay will be useful to screen large number of 

samples if adopted to minimize the time and cost. 
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. Introduction 

Covid-19 has posed unprecedented challenges to societies all over

he world. It is a serious public health issue that requires simple di-

gnostic methods in detecting and preventing infections in different

tages of the pandemic. The Covid-19 caused by Severe Acute Respira-

ory Syndrome Coronavirus 2 (SARS-CoV-2) has been identified as the

20th century Spanish flu’ affecting the whole world. In mitigating the

fforts to combat, developing a rapid and cost-effective diagnostic ap-

roach enabling the detection of the infection in the affected as well as

symptomatic individuals will be useful to assist preventive measures

n resource limited settings. For the detection of SARS-CoV-2, the WHO

nd CDC recommend the use of nucleic acid based diagnostic methods,

hich are rapid and confirmatory [1] . 
Abbreviations: SARS CoV-2, Severe acute respiratory syndrome coronavirus-2; rtR
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Detecting the SARS-CoV-2 infection is important to assist preven-

ive measures in affected areas. Numerous methods have been devel-

ped to detect SARS-CoV-2 infection and the commonly used method

f laboratory diagnosis of Covid-19 is real time reverse transcription

olymerase chain reaction (real time RT-PCR). Currently used real time

T-PCR assays have the advantage of accurate detection of the virus,

owever, the supply chain related issues and reporting time of more

han 4 h might have a negative impact on the mitigating efforts. Real

ime RT-PCR assays are not cost effective for resource limited countries

o continue to use these assays for screening large community samples

2] . Reverse transcription-loop mediated isothermal amplification (RT-

AMP) has been widely studied as an alternative. RT-LAMP of genomic

equence of interest, is a rapid and cost-effective method for the de-

ection of pathogens and it has been used for the detection of dengue
T-PCR, Real time reverse transcription polymerase chian reaction. 
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Table 1 

Primers used to target the N gene of the SARS-CoV-2 in the new real time RT-LAMP. 

Target gene Primers Primer sequence 

N-Gene 

F3 ACCGAAGAGCTACCAGACG 

B3 TGTAGCACGATTGCAGCATT 

FIP TCTGGCCCAGTTCCTAGGTAGTAATTCGTGGTGGTGACGGTA 

BIP AGACGGCATCATATGGGTTGCAGCGGGTGCCAATGTGATC 

LF CCATCTTGGACTGAGATCTTTCAT 

LB ACTGAGGGAGCCTTGAATACA 
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irus and pathogenic leptospirae in resource limited settings [3–5] . This

ethod can amplify DNA or RNA in a single isothermal reaction from

 few copies of DNA to 10 9 in less than an hour under isothermal con-

itions and is highly specific and sensitive with a constant temperature

etween 60 and 65 °C [ 6 , 7 ]. RT-LAMP assays use a “rolling hairpin ”

echanism to allow amplification at a constant temperature using poly-

erase enzymes different from those used in PCR. This targeted isother-

al nucleic acid amplification utilizes a combination of 4–6 primer sets

nd a DNA polymerase with high strand displacement activity to specif-

cally replicate a region of DNA [ 8 , 9 ]. 

Since the emergence of Covid-19, multiple primer sets for the de-

ection of SARS-CoV-2 for the RT-LAMP have been published and some

ave received emergency use authorization by the Food and Drug Ad-

inistration of the USA [10–12] . RT-LAMP workflow delivers results

aster than real time RT-PCR. However, RT-LAMP reactions often result

n non-specific amplification in the absence of the target, particularly

t longer reaction times, limiting the sensitivity. This off-target amplifi-

ation is problematic because LAMP reactions are commonly quantified

sing colorimetric dyes for a longer duration [ 13 , 14 ]. According to a

ecent study, frequency of testing and speed of reporting are more im-

ortant than the assay sensitivity for reducing the transmission of the

irus [15] . 

In this study, we report areal time RT-LAMP for detecting SARS-CoV-

. We developed, validated and made a simple cost analysis to promote

he use of this real time RT-LAMP for the detection of SARS-CoV-2 in

esource limited settings. This assay can be used to screen symptomatic

ovid-19 suspected as well as asymptomatic exposed individuals. 

. Materials and methods 

.1. Diagnostic samples 

Ethical approval for use of archived samples was requested from the

thics Review Committee of the Faculty of Medicine, University of Per-

deniya, Sri Lanka. The committee exempted the study as only the de-

dentified samples were used for the optimization and validation of the

ssay (Exemption Protocol No: 2021/EC/46). 

Our laboratory is one of the laboratories for testing for SARS-CoV-2

n collaboration with Ministry of Health (MoH), Sri Lanka. Samples sent

or routine SARS-CoV-2 real time RT-PCR testing to our laboratory and

he Diagnostic and Reference Virology Laboratory of National Hospital,

andy were used for optimizing and validating the newly developed

eal time RT-LAMP assay. From November 2020 to March 2021, during

he SARS-CoV-2 pandemic, a total of 320 RNA samples comprising 240

ARS-CoV-2 positive and 80 SARS-CoV-2 negative throat swab-based

NA extracts were tested by the newly developed real time RT-LAMP

ssay. A total of 210 out of 240 positives samples used for the validation

f the assay had Ct value < 25 and 30 positive samples had Ct values

etween 25 and 40. 

To estimate the sample size required for testing by the real time RT-

AMP assay, the following formula was used - S = Z 2 P(1-P)/d 2 . In here,

P’ is the percentage of the interested variable, and ‘d’ is the accepted

evel of error at 95% Confidence Interval [16] . The percentage of the

nterested variable for this study was considered as 24.5% based on the

ovid-19 status in the country at the time of the study [17] . Taken these
 t  

2 
onditions, the calculated sample size was 284. Ten percent of the re-

uired sample was added for non-responses and thus final sample size

as 312, however, we have tested 320 samples. 

.2. Viral RNA extraction and real time RT-lamp primers 

Viral RNA was extracted using SpinStar TM Viral Nucleic Acid Kit 1.0

ADT Biotech sdnbhd, Malaysis) and BioFluxBiospin Virus DNA/RNA

xtraction Kit (Hangzhou Bioer Technology Co., Ltd, China) at the Re-

earch and Diagnostic Virology Laboratory of the Department of Micro-

iology, Faculty of Medicine, University of Peradeniya, Sri Lanka and

he Diagnostic and Reference Virology Laboratory of National Hospital,

andy, Sri Lanka. 

Six pairs of primers were designed to amplify the N gene of the virus

ith a loop formation as the read out. The homology of N gene was

hecked with other viruses like influenza virus, Bat-SL CoV, hCoV and

ARS CoV using NCBI BLASTn. Mutations of primer regions were as-

essed by aligning all the available N gene sequences of the SARS-CoV-2

sing ClustalWBio tool. The primer set consisted of one Forward Inner

rimer (FIP) and Backward Inner Primer (BIP), a set of Forward and

ackward outer primers (F3 and B3) and a set of Forward Loop (LF)

nd Backward Loop (LB) primers. Viral RNA was amplified using the

eal time LAMP with conditions following reverse transcription. The as-

ay was performed in duplicates to optimize and to ensure reproducibil-

ty when necessary in the laboratory through different scientists / tech-

ologists. The primers (IDT, USA) corresponding to the N-gene of the

ARS-CoV-2 are given in Table 1 . 

.3. Real time reverse transcription PCR and real time RT-lamp assays 

All samples used had been tested by a real time RT-PCR kit (Real

tar, Altona Diagnostics, Germany). This real time RT-PCR assay detects

 and S genes and the assay was carried out according to the manufac-

urers’ instructions. Briefly, a 30 𝜇L total reaction mixture containing

1.5 𝜇L detection mixture and 8.5 𝜇L target RNA template was mixed in

 reaction tube. Then the assay was performed (45 °C for 10 min, 95 °C

or 3 min, 95 °C for 15 s,58 °C for 30 s, 45 cycles) in CFX-96 real time

CR detection system (Bio-Rad, Mississauga, ON). 

A single-target LAMP reaction was conducted using WarmStart

AMP kit (DNA & RNA), which has a combination of WarmStartRTx

everse Transcriptase with Bst 2.0 WarmStart DNA Polymerase (New

ngland Bio Labs). The assay was performed in a 25 𝜇L LAMP reaction

ixture containing 2.5 𝜇Lof 10X LAMP primer mix (16 𝜇M F1P and B1P,

 𝜇M LPF and LPB, 2 𝜇MF3 and B3), 12.5 𝜇L of Warm Start LAMP 2X

aster mix, 1.5 𝜇L of DMSO, 3 𝜇L of nuclease free water and 0.5 𝜇L

f 50X fluorescence dye supplied by the WarmStart LAMP kit and 5 𝜇L

f template. Amplification was measured through relative fluorescence

nits (RFU) per cycle using the same CFX-96 real time PCR machine at

5 °C for 60 cycles with 15 s for each cycle with an amplification time

f 30 min. 

.4. Accuracy indices and cost analysis for the new real time RT-lamp 

ssay 

The newly developed real time RT-LAMP assay was validated using

he real time RT-PCR as a comparator for the detection of SARS-CoV-2.
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Table 2 

A comparison of real time RT-PCR and RT-LAMP for the detection of SARS 

CoV-2. 

Real time RT-PCR (Real Star, Altona Diagnostics, Germany) 

Positive Negative Total 

Newly developed 

real time RT-LAMP assay 

Positive 206 – 206 

Negative 34 80 114 

Total 240 80 320 
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Table 3 

Results of the binary logistic regression model comparing the real 

time RT-PCR Ct values (Predictor variable) and the LAMP results 

(Outcome) for the detection of SARS CoV-2. 

Binary logistic regression model details Values 

Coefficient of RT-PCR Ct values − 0.242 

Standard error of coefficient RT-PCR Ct values 0.035 

Odds ratio ∗ 0.78 

Constant 7.589 

Standard error of constant 0.918 

Chi-square p value < 0.05 

% Correct 95.1 

Hosmer–Lemeshow p value 0.454 

Sensitivity 85.8% 

Specificity N/A 

ROC area 0.9 

∗ OR = Odds Ratio is coded as 1 for ‘yes’ and 0 for ‘no’. 
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he accuracy indices (sensitivity, specificity, positive predictive value

PPV) and the negative predictive value (NPV) were calculated (formu-

ae given below) in comparison with the real time RT-PCR. Based on

he results, a binary logistic regression model was developed to com-

are the real time RT-PCR Ct values (Predictor variable) and the LAMP

esults (Outcome). These estimates were compared with claims or inter-

al criteria to judge the acceptability of the method. Receiver operating

haracteristic curve (ROC) was used to study the performance of the

ew real time RT-LAMP assay. 

ensit ivit y = TP ∕ ( TP + FN ) ; Specif icity = TN ∕ ( TN + FP ) 

PV = TP ∕ ( TP + FP ) ; NPV = TN ∕ ( FN + TN ) 

TP - True positives; TN -True negatives; FP - False positives; FN -

alse negatives 

A cost analysis was performed for the newly developed real time

T-LAMP assay taking all costs including the equipment use, utilities,

anpower and reagents. 

. Results 

.1. Detection of viral RNA by the new real time RT-lamp assay 

In this study, we detected the amplification of viral RNA through

FU per cycle at 65 °C for 60 cycles with 15 s per cycle ( ∼ 30 min).

henever real time amplification was noted under these conditions, the

esults were taken as SARS CoV-2 RNA detected by the new real time

T-LAMP assay. Whenever real time amplification was not noted under

hese conditions, the results were taken as SARS CoV-2 RNA not detected

y the new assay. Additionally, results were read by visualizing turbidity

nder UV light and naked eye. 

Presence of viral RNA was detected within 30 min compared to the

eal time RT-PCR, which took a reaction time of 2 h ( Fig. 1 A). All neg-

tive samples detected by the real time RT-PCR were also negative by

he newly developed real time RT-LAMP ( Fig. 1 B). Furthermore, visu-

lization of these samples under UV light using a gel documentation

ystem also gave similar results ( Fig. 2 ). These samples were also visu-

lized through naked eye for turbidity as instructed by the manufactur-

rs ( Fig. 3 ). All three read outs (real time RFU, UV light and naked eye

urbidity) for the newly developed real time RT-LAMP agreed with each

ther. 

.2. Sensitivity, specificity, ROC curve, PPV and NPV of the real time 

T-LAMP 

A total of 206 out of 240 SARS CoV-2 positive samples were tested

ositive by the newly developed real time RT-LAMP with a sensitivity

f 85.8%. All 80 SARS CoV-2 negative samples were tested negative by

he new LAMP with a specificity of 100%. A head-to-head comparison

ith the real time RT-PCR (Real Star, Altona Diagnostics, Germany) for

he detection of SARS CoV-2 is summarized in Table 2 . 

Results obtained from the binary logistic regression model, which

ompared the real time RT-PCR Ct values and the RT-LAMP results for
he detection of SARS-CoV-2 are summarized in Table 3 . o  

3 
The binary logistic regression model was significant (model X 

2 ,

 < 0.05) and fitted well (Hosmer & Lemeshow p value > 0.05). A neg-

tive relationship was observed between the predictor and the real time

T-LAMP results indicating that the LAMP event becomes more likely

s the predictor (RT-PCR Ct value) decreases. The newly developed real

ime RT-LAMP assay had a negative predictive value (NPV) of 0.701

70%) and a positive predictive value (PPV) of 1(100%) for all samples

ested. 

.3. Rapid turnaround time 

The workflow of the new real time RT-LAMP assay took 2 h from

ample collection to reporting of the results compared to the real time

T-PCR, which took 4 h ( Fig. 5 ). 

.4. Cost comparison between real time RT-lamp assay and real time 

T-PCR 

The newly developed real time RT-LAMP assay is a less expensive

lternative molecular test to real time RT-PCR for detection of SARS-

oV-2 for large scale screening in resource limited settings ( Table 4 ).

ighly suspected real time RT-LAMP negative persons’ extracts can be

ubjected to real time RT-PCR for confirmation. 

. Discussion 

Considering the infectious nature of SARS-CoV-2 and the crisis un-

olding in the developing countries the utility of real time RT-PCR is

ostly and there is a need for a cost effective and a rapid assay, which

an be performed with 1/2 of the cost of the real time RT-PCR to ease

he screening pressure. A cost effective and a real time rapid RT-LAMP

ssay was developed, optimized and validated using a real time RT-PCR

s a comparator for the detection of SARS-CoV-2 ensuring reproducibil-

ty in the laboratory. 

The study describes the development of one-step, real-time RT-LAMP

ssay for rapid detection of the N gene of SARS-CoV-2. Just as in a one-

tep real time RT-PCR, cDNA synthesis and follow-up amplification are

chieved in a single tube by incubating the viral RNA with a primer

ixture containing 6 primers in the presence of WarmStartRTx Reverse

ranscriptase with Bst 2.0 WarmStart DNA Polymerase simultaneously

t a constant temperature of 65 °C for ̴̴ 30 min in a real time thermal

ycler. Amplification by the RT-LAMP assay is based on the auto-cycling

trand displacement DNA synthesis. In the initial steps of the RT-LAMP

eaction, all the primers are used, but later, during the cycling reaction,

nly the inner primers are used for strand displacement DNA synthesis.

he current RT-LAMP assay used one of three methods for the detection

f virus amplification including real-time detection of amplification by
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Fig. 1. Amplification of viral RNA detected through real time relative fluorescence units (RFU) per cycle. A - Amplification of the positive samples at 65 °C for 60 

cycles with 15 s per cycle (30 min). B - Amplification of the negative samples under similar conditions. 

Table 4 

Cost comparison between the new real time RT-LAMP assay and the real time RT-PCR. 

Assay No. of test 

per run 

Cost per run for RNA 

extraction ($) 

Cost per run for test 

reagents ($) 

Cost per run 

consumables & 

primers ($) 

Cost for labour 

per run ($) 

Cost per 

test ($) 

Real time RT-LAMP 96 120 307.2 20 3 8.45 

Real time RT-PCR 96 120 720 20 5 14.75 
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uorescence detection through FAM channel or post-amplification de-

ection of turbidity under naked eye or UV using a gel documentation

ystem. We measured the amplification of SARS-CoV-2 RNA through in-

reased RFU per cycle in the CFX-96 real time PCR detection system

s previously described by Mohon et al. [18] . RFU values above 3 × 1

 

3 on CFX-96 instrument were considered as positive when associated

ith the typical amplification curve below 60 cycles. All our negative

amples had a RFU value < 400. 

The new real time LAMP assay has a sensitivity of 86% for all the

amples tested up to Ct ≤ 40. The new real time RT-LAMP assay has a
4 
pecificity of 100% for detecting the true SARS-CoV-2 negative persons

ithout false-positive results with any of the real time RT-PCR tested

egative persons’ samples. Apart from sensitivity and specificity, pre-

ictive values such as NPV and PPV were also calculated to understand

ow well the new test is useful to diagnoses the SARS CoV-2 infection

ased on the results of the comparator. The NPV for the assay was 0.71

70%) ( n = 240; Ct < 40), hence, the non-infected individuals might be

oderately predicted by the negative results. Whereas the PPV in this

tudy was 1(100%), hence, there is a high probability that a person with

he SARS CoV-2 infection being predicted when the person has a positive
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Fig. 2. Images of SARS CoV-2 positive and negative samples with multi-colour 

filter (UV light) in a gel documentation system (Applied Bio system). Positive 

sample showed a yellow colour (Tubes A, B & C) whereas the negative samples 

did not show yellow colour (Tubes D, E & F). 

Fig. 3. SARS-CoV-2 RNA detected by direct visualization for the presence and 

absence of turbidity. A - Positive samples showing turbidity . B - Negative samples 

not showing turbidity. 
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Fig. 4. Receiver operating characteristic curve (ROC curve) to study the perfor- 

mance of the newly developed LAMP assay for the detection of SARS CoV-2. 
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est result. As the PPV and the NPV of a new test depend on the preva-

ence of the disease in the population, if the prevalence of the disease

s high in a given population, PPV increases and NPV decreases. Thus,

he results of predictive values are not fixed characteristics of the test

nd cannot be generalized across populations with different prevalence

ate of an evolving infection. Sri Lanka experienced a massive outbreak

f Covid-19 from mid-April 2021 onwards and a rapid increase in cases

as noted with the spread of delta variant fuelling the increase in cases

nd deaths in the country [19] . During the study period a seroprevalence

tudy conducted in the western province showed a high seroprevalence

ate of (24.5%) [17] . By the 25th of March 2022, a total of 663,091

nfections and 16,500 Covid-19-related deaths have been reported in

ri Lanka since the beginning of the pandemic based on the Ministry of

ealth. 

Our results coincide with the time when the samples were taken for

he validation of the assay, a period of increasing Covid-19 prevalence

November 2020 to March 2021). Similar findings have been reported

ith respect to sensitivity, specificity, NPV and PPV by others too when

valuated these parameters during the increasing prevalence rates for

ARS CoV-2 infection ([ 18 , 20 ]; Bekta ş et al., 2021). 

We then generated ROC curves for all samples tested ( n = 240; Ct <

0) . The area under the curve (AUC) for the binary model was noted as

.9. In general, an AUC of 0.5 suggests no discrimination, 0.7 to 0.8 is

onsidered acceptable, 0.8 to 0.9 is considered excellent, and more than

.9 is considered outstanding. Analysis by ROC curve confirmed a value

f 0.9 for AUC for both models tested for the current results indicating

he model is excellent ( Table 3 ; Fig. 4 ). 
5 
The current real time RT-LAMP has a turnaround time of 2 h from

xtraction to reporting and it is two times faster than the real time RT-

CR. The cost analysis provides evidence for the cost effectiveness of

he real time RT-LAMP as a replacement for real time RT-PCR for SARS-

oV-2 detection. The average per test cost for the real time RT-LAMP

as $8.45 and that of the real time RT-PCR was $14.75 when taking all

elated costs. Hence, the real time RT-LAMP is a less expensive alterna-

ive to real-time RT-PCR, suitable for use in resource limited countries.

s most of the testing laboratories in resource limited countries includ-

ng Sri Lanka have the real time reading systems established during the

andemic, the new assay can be used to screen samples in 2 h with more

han 85% sensitivity and 100% specificity. Only the highly suspected se-

ected negative samples can be subjected to real time RT-PCR saving the

esources and time. 

In this study, we noted 34 false negative tests for N gene target

 n = 19 for Ct > 25; n = 15 for Ct < 25) and the majority of those were with

igher Ct values. False negative tests for samples with Ct < 25 (15/210)

ight be due to genetic polymorphism at key residues where the N gene

arget RT-LAMP primers bind. This issue could be overcome using two

argets simultaneously as demonstrated by Mohon et al. [18] . False neg-

tive results of newly developed RT-LAMP for Ct > 25 (19/30) might

e due to the lower limit of detection (LOD) of the assay compared to

he real-time RT-PCR used as the comparator. However, we could not

numerate the LOD for the RT-LAMP as our comparator was a semi-

uantitative assay. Overall, getting false negative results in a screening

ssay for a highly infectious agent like SARS CoV-2 is a limitation of

he assay. On the other hand, the real time RT-PCR used to validate the

T-LAMP targets E and S genes and the newly developed LAMP-based

ssay targets the N gene. This mismatch in the gene targets between the

ssays provides an indirect validation between the two technologies.

owever, it could also lead to the discrepancy with the sensitivity of

he LAMP as we do not know if the standard RT-PCR assay would have

ad N-gene dropouts in LAMP negative samples. Ideally, the validation

ould have been done using the same target gene across both technolo-

ies. However, this mismatch was inevitable as this study was done with
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Fig. 5. Comparison of turnaround time for real time RT-LAMP and real time RT-PCR for the detection of SARS CoV-2. 
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he public health workflow data and materials and the limited funding

as not adequate to repeat assays with the same target. 

LAMP assays have been reported to be highly susceptible to contam-

nation [ 21 , 22 ] and the recently reported SARS CoV-2 RT-LAMP assays

lso report such a problem. It is also difficult to avoid primer dimer

ormation and non-specific amplification when 4–6 primers are used.

o overcome this, we have used 6% dimethyl sulfoxide (DMSO) in the

nal reaction mixture as recommended by previous LAMP based pro-

ocols [23] . DMSO in LAMP reaction mixtures increases amplification

t low template concentration and inhibit Bst 2.0 WarmStart DNA poly-

erase activity at the latter part of the reaction. The latter decreases

on-specific amplification and the current LAMP assay also used DMSO

n the reaction mixture to minimize the non-specific amplification. 

Improvements to the new developed real time RT-LAMP assay will

nable robust, cost-effective and sensitive detection of SARS-CoV-2.

 rapid extraction free colorimetric RT-LAMP may be used with our

rimers ( Table 1 ) for a point of care analysis (POC) with minimal so-

histication with a turnaround time of 40–60 min cutting off the RNA

xtraction process. Direct amplification from samples has also been re-

orted for the detection of other RNA viruses, including African chikun-

unya virus [24] , noroviruses [25] and bovine viral diarrhoea virus

26] using serum, throat swab and faecal samples. Though it is unlikely

hat DIRECT-PCR would completely replace conventional RNA extrac-

ion with real time RT-PCR in large diagnostic laboratories, ease of use

nd cost-effectiveness will be useful for patient screening and public

ealth surveillance in resource limited countries [ 27 , 28 ]. Extraction

ree colorimetric RT-LAMP for the prompt SARS-CoV-2 detection could

ddress the challenges faced in resource limited countries in sustaining

OC diagnostic tests. Moreover, POC diagnostics play an important role

n the detection, diagnosis and control of the pandemic [29–31] as these
6 
rovide a timely diagnosis in primary care facilities complementing the

eal-time RT-PCR. 

In conclusion, the new real time RT-LAMP assay has a great potential

o fill the technological gap, which hinders the large-scale testing as the

ssay enables nucleic acid detection with rapidity and cost-effectiveness.

he new real time RT-LAMP would be an alternative test to screen

arge scale community samples in different parts of Sri Lanka and

lsewhere. 
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