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Abstract  

Rapid, low-cost, and user-friendly molecular diagnostic methods are prerequisite to 

address the outbreaks of infectious diseases. Especially during the outbreak of COVID-

19 pandemic, there is an urgent need to build the global testing capacity up to 100-fold 

above what is achievable with current standard approaches. However, current gold 

standard methods such as RT-PCR and isothermal PCR (e.g., RT-LAMP), which are 

routinely conducted in laboratories, suffer from limit capacity due to the requirement of 

special equipment, multiple sample handling steps, and/or the need of skilled personnel. 

In this study, a kitchen Range Oven enabled RT-LAMP was conducted at a residential 

home without sacrificing the performance in RNA detection. In addition, one-step, closed-

tube RT-LAMP for the detection of target RNA in the oven was accomplished by pre-

loading sample collection solution and RT-LAMP reaction reagents into the bottom and 

cap cavity of PCR tube, respectively. After the addition of target RNA into sample 

collection solution through either swab swirling or direct pipetting, a flip-and-swing 

enabled mixing of sample solution and RT-LAMP reaction reagents was conducted first, 

followed by RT-LAMP detection at a constant temperature in pre-heated oven. The RNA 

positive sample can be obviously differentiated from the RNA negative sample through 

both naked-eye based turbidity detection and fluorescence detection under UV light. In 

conjunction with the user-friendly one-step, closed-tube concept, this study indicates that 

it is feasible to run RT-LAMP at home using oven with minimum involvement of end-users, 

thus offering an excellent molecular detection platform, which has the potential to boost 

the detection capacity for any nucleic acid target. It could be a potential solution for large-

scale screening of COVID-19 in short time as the tests can be conducted by residents at 

home, without the need of well-trained health caregivers and capacity limitation.  

 

Key words: 

Range oven, RT-LAMP, One-tube, RNA detection, closed-tube, Home 

  



3 
 

1. Introduction  

Since 2000, we have already witnessed the outbreaks of several pandemics, including 

Severe acute respiratory syndrome (SARS, 2002-2004), Influenza A virus H1N1 (2009-

2010), Middle East respiratory syndrome (MERS-CoV, 2012), Ebola virus disease (2013-

2016), and Zika virus (2015-2016). More recently, there is an ongoing pandemic of 

coronavirus disease 2019 (COVID‑19), an infectious disease caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). Up to date, more than 5 million cases 

are confirmed in over 200 countries, resulting in over 300,000 deaths worldwide. To fight 

and contain the outbreaks of pandemics, rapid, accessible, and accurate diagnostic 

testing with high screening capacity is highly demanded. Currently, diagnosing virus 

infections mainly relies on two major methodologies: Reverse Transcription Quantitative 

Polymerase Chain Reaction (RT-qPCR) and serological immunoassays that detect viral-

specific antibodies (IgM and IgG) or antigens. Although IgG/IgM serological lateral flow 

tests offer some advantages over RT-qPCR such as low cost, scalability, user friendliness, 

and fast results, its low sensitivity and high false-alarm rate greatly limit it to be used as 

a standard method for diagnosis purpose, rather than identifying the infection history of a 

person. Currently, RT-PCR test is used as a gold standard to diagnose virus infection 

through the detection of the presence of viral nucleic acids. Taking COVID-19 as an 

example, RT-PCR, approved by US Centers for Disease Control and Prevention (CDC), 

has been widely applied in COVID-19 diagnosis. However, current laboratory-based RT-

PCR test for SARS-COV-2 suffers from limit testing capacity, which is of paramount 

importance in addressing COVID-19 pandemic (or any other pandemic) in a timely 

manner. In order to build the U.S. capacity for SARS-CoV-2 testing up to 100-fold above 

what is achievable with standard approaches, new solutions are highly demanded to 

circumvent current limitations and improve current SARS-CoV-2 testing capacity. 

Consequently, isothermal PCR such as Loop-mediated isothermal amplification (LAMP) 

have been attracting more and more attention recently.     

LAMP assay1 is a sturdy innovative isothermal gene amplification technique emerging as 

a simple rapid diagnostic method for detection and identification of bacterial and viral 

pathogens. It is extremely appropriate for applications in point-of-care or low resource 
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settings.2-12 Compared to conventional PCR and real-time PCR, LAMP amplification takes 

place at a single temperature and thus there is no need of a thermal cycler. Also, LAMP 

has the advantages of reaction simplicity and higher amplification efficiency. The most 

innovative and unique property of LAMP is the ability to amplify non-denatured DNA. Thus, 

LAMP technique eliminates the heat denaturation step for DNA synthesis used in PCR, 

and relies instead on auto-cycling strand displacement DNA synthesis achieved by a DNA 

polymerase with strand displacement activity along with two forward and backward inner 

primers and two outer primers that recognize six separate regions within a target DNA 

sequence. The specificity of the LAMP amplification is directly attributed to the sets of 

primers spanning distinct sequences of the target gene that are being used for 

amplification. Another important feature of LAMP is the color or turbidity change, which is 

visible to the naked eye and results can be obtained in one hour at a constant set 

temperature. One other surprising advantaged discovered about this technique is its 

ability to amplify gene in a poorly or non-processed sample, eliminating the DNA 

extraction step.13,14  

To extend LAMP from DNA diagnosis to RNA diagnosis as well as to realize rapid and 

multiplexed detection, several improvements were added to the LAMP protocol, since its 

discovery, to develop different methods, including reverse transcription LAMP (RT-LAMP), 

Six-primer (loop primer) method and Multiplex LAMP. In RT-LAMP, the genetic material 

targeted is RNA instead of DNA. In the same reaction tube, a reverse transcriptase is 

included in the reaction mixture to synthesize cDNA template from RNA and this cDNA is 

finally used in the LAMP reaction. Such step can also be realized using a single enzyme 

possessing both reverse transcriptase and DNA polymerase activities. This assay has 

been successfully used in detection of many RNA viruses.6-8 LAMP uses a set of four 

primers. In loop primer method another additional primers (the loop primers) can also be 

designed to anneal the loop structure in LAMP to enhance the performance.15 A multiplex 

LAMP (mLAMP) assay is also developed for simultaneous detection of two or more 

pathogens in the same reaction tube (using species specific primers of target gene 

sequences totaling eight primers or more), by amplifying their respective nucleic acid 

templates.1,5,16,17 LAMP technique proves that it is a powerful and ideal technique in 

molecular biology field and LAMP diagnostic kits are currently available for clinical 
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diagnosis of some infectious diseases, which reflects the quality and usefulness of this 

technique. However, most of LAMP or RT-LAMP tests are run in advanced laboratories 

by skilled personnel, which greatly limits its test capacity and field applicability. Up to date, 

home-use low-cost RT-LAMP is not available. However, if successfully deployed, it could 

significantly boost the test capacity of nucleic acid-based molecular diagnosis and 

potentially allow the tests of a large population within one day, because it does not require 

the skilled personnel to run the tests in well-equipped laboratories.  

In this study, we report a kitchen Range oven enabled one-tube RT-LAMP for RNA 

detection at a residential home. As we do not have access to COVID-19 viral RNA, we 

use RNA positive control sample and its corresponding LAMP primers provided by the 

supplier of LAMP kits in our proof-of-concept and demonstration. We further validate that 

one-step, closed-tube RT-LAMP with minimum involvement of the end-user can be 

realized by pre-loading concentrated RT-LAMP reaction reagents into the cap cavity of 

PCR tube, while the sample collection solution was pre-loaded to the bottom of PCR tube, 

in conjunction with a simple flip-and-swing enabled sample/reagents mixing step after 

addition of target RNA. The RNA detection of RT-LAMP in an oven was realized through 

both naked-eye based turbidity detection and fluorescence detection under UV light. The 

developed method could play an important role in battling COVID-19 and other 

pandemics of infectious diseases. 

2. Materials and Methods 

2.1. Materials 

LavaLAMPTM RNA component kit with SYBR Green dye was purchased from Lucigen 

Corporation (Middleton, WI). Kitchen Range (brand name: MAYTAG) was bought from 

Sears. Isotemp vacuum oven (Model 281A) was purchased from Fisher Scientific. 

Autoclaved DI water was used as nuclease-free water.     

2.2. Kitchen range oven enabled RT-LAMP assay 

The “Keep Warm” function of MAYTAG Range oven was used to set the temperature of 

155 °F (~68.33 °C). As temperature control of Range oven has a minimum increment of 

5 °F, the temperature set of 155 °F is the most accurate one close to the optimal RT-
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LAMP temperature of 68 °C, suggested by the supplier. To run RT-LAMP in kitchen 

Range Oven, the target RNA positive and negative samples were prepared by following 

the instruction of LavaLAMPTM RNA component kit provided by the supplier, except that 

10 mM dNTP mix was used to replace 25 mM dNTP mix (not available in our lab) in the 

recipe. The RNA positive control in LavaLAMPTM RNA component kit was used as the 

analog of viral RNA for proof-of-concept in this study. The use of such analogue does not 

sacrifice the representativity of this study, and thus the conclusion obtained remains the 

same if being extended to the detection of other RNA targets. After the preparation of 

RNA positive and negative samples, both samples were then placed in pre-heated Range 

Oven to carry our RT-LAMP amplification at 155 °F (~68.33 °C). After 30 min reaction, 

the samples were taken out for naked-eye based turbidity detection and fluorescence 

detection under UV light of 254 nm (the only UV light we have can excite SYBR dye). RT-

LAMP products can be stored in a freezer of home-use refrigerator for long-term storage 

if necessary.  

2.3. One-step, closed-tube RT-LAMP assay in an oven (only requiring the end-user 

to open the tube once for loading the sample at the beginning) 

To enable one-step, closed-tube RT-LAMP in an oven, the sample collection solution and 

RT-LAMP reaction reagents were prepared in the same PCR tube but stored in different 

locations. To achieve this unique design, all necessary RT-LAMP reaction reagents, 

including 10X LavaLAMP™ RNA Buffer (2.5 µL), LavaLAMP™ RNA Enzyme (2.5 µL), 

dNTPs mix (0.8 µL), Magnesium Sulfate (1.25 µL), RNA Positive Control LAMP Primer 

Mix (2.5 µL), and Green Fluorescent Dye (1 µL), were pre-loaded into the cap cavity of a 

PCR tube, while sample collection solution or nuclease-free H2O (14.95 µL) was loaded 

into the bottom of the same PCR tube, thus separating them from each other. To mimic 

the real operation during the detection of viral RNA, the target RNA was added into 

sample collection solution through either swab swirling or direct pipetting, and then the 

cap of the PCR tube was gently closed. Both solutions were still in their original places 

without mixing (or without contacting with each other) due to the small volume of liquid 

used as well as the strong adhesive force between liquid and plastic surface of PCR tube. 

To mix the sample collection solution in the tube bottom with the RT-LAMP reaction 
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reagents in the cap cavity, the PCR tube was held tightly and flipped vertically, and then 

swung quickly with sudden stop of the swinging motion. Consequently, the centrifuge-like 

force moved the sample collection solution to the cap and mixed it with RT-LAMP reaction 

reagents. The same procedure was repeated to move the mixed solution back to the 

bottom of PCR tube. After flip-and-swing enabled mixing, the RT-LAMP reaction mixture 

is ready for oven-enabled isothermal amplification. During the detection, the positive and 

negative samples were taken out at different time points for end-point assay through both 

turbidity and fluorescence under UV light. After assay at each time point, the samples 

were placed back into the oven for continuous amplification.      

3. Results and discussion  

To develop home-use LAMP or RT-LAMP based molecular diagnostic method for the 

detection of viruses and pathogens, there are several necessary components besides 

commercially available RT-LAMP (or LAMP) reaction reagents such as maintaining a 

constant temperature at 62~72 °C for designed LAMP (depending on the optimal LAMP 

temperature), minimum involvement of the end-user (preferably only one involvement of 

loading the sample), and convenient visual detection. Although common equipment and 

kits used in research laboratory (e.g., water bath, hotplate, RNA extraction kits, and 

fluorescence detector) can easily realize isothermal PCR, they are typically not available 

at residential homes. In addition, multiple operation steps developed for laboratorial 

operation are not suitable for residential use. 

To satisfy the aforementioned requirement for running RT-LAMP at home, we conducted 

a proof-of-concept test using commercial LavaLAMPTM RNA component kit. In this kit, a 

positive control RNA and its LAMP primers are provided. The optimal operation 

temperature of the designed LAMP primers is 68 °C, according to the supplier’s 

instruction manual. Table 1 shows the RT-LAMP reaction mixture components used in 

our tests, following the protocol provided by the supplier. It is worth noting that as we do 

not have 25 mM dNTP Mix as suggested by the supplier, we replace it with 10 mM dNTP 

Mix without sacrificing its performance. Figure 1 shows the overall concept of oven-

enabled one-step, closed-tube RT-LAMP at home with minimum involvement of the end-

user.  
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Table 1. Experimental setup of RT-LAMP reactions 

 Positive  Negative Control 

Component Amount (µL) Amount (µL) 

Nuclease-free H2O 14.95 14.95 

10X LavaLAMP™ RNA Buffer 2.5 2.5 

LavaLAMP™ RNA Enzyme 1.0 1.0 

dNTP Mix, 10 mM 0.8 0.8 

Magnesium Sulfate, 100 mM 1.25 1.25 

RNA Positive Control LAMP 

Primer Mix 

2.5 2.5 

Green Fluorescent Dye 1.0 1.0 

Target RNA 1.0 (RNA positive sample) 1.0 (H2O) 

Total Volume 25.0 25.0 

 

   

Figure 1. Schematic drawing of the required supplies and the simple one-step, closed-tube 

procedure for home-use nucleic acid detection with minimum involvement of the end-user (RNA 

target used as an example). 

3.1. Using kitchen Range Oven to set the right temperature for running RT-LAMP 

The optimum temperature for above RT-LAMP reaction is 68 °C. To realize this 

temperature, we first used Range Oven’s “Keep Warm” function to set the temperature of 

155 °F (~68.33 °C). It is worth noting that “Bake” function of Range Oven has the lowest 

setting temperature of 170 °F (~76.7 °C), which is too high for regular LAMP. Its “Keep 
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Warm” function (e.g., MAYTAG Range) has the lowest setting temperature of 145 °F 

(~62.8 °C) with an increment of 5 °F. As shown in Figure 2, we can set the right constant 

temperature for running RT-LAMP (155 °F or 68.33 °C).  

 

Figure 2. Using kitchen Range Oven’s “Keep Warm” function to maintain LAMP-required constant 

temperature. 

3.2. Running one-tube RT-LAMP in kitchen Range Oven  

To test if kitchen Range Oven (Brand name: MAYTAG in the house of the author) can be 

used as a reliable heating source to run RT-LAMP, 25 µL RT-LAMP reaction mixture with 

target RNA (positive) and without target RNA (negative) were prepared following the 

recipe in Table 1. Per the communication with the supplier of Lucigen, the RNA control 

template in the LavaLAMPTM RNA Component Kit contains 30,000 copies/µL. Therefore, 

RNA positive sample tested in this experiment has target RNA concentration of 1,200 

copies per reaction. Both samples were then placed into kitchen Range Oven, which was 

pre-warmed to 155 °F (~68.33 °C) for RT-LAMP test. After 30 min reaction, the samples 

were taken out for both naked-eye detection through turbidity and fluorescence detection 

under UV light. As shown in Figure 3, RNA positive sample was rapidly amplified with the 

production of numerous nucleic acids, which can intercalate fluorescent reporters (SYBR 

Green) to show enhanced green fluorescence under UV light. If excited under a 

wavelength closer to SYBR Green excitation wavelength (e.g., blue light), the green 

fluorescence signal would be much stronger. In addition, a large number of 

pyrophosphate ions, which were released and accumulated in solution during DNA 

polymerization, reacted with Mg2+ to form white precipitate of magnesium pyrophosphate. 

Consequently, the reaction solution became turbid, which is visible to naked eye (Figure 



10 
 

3). Although the temperature of Range Oven may fluctuate and its temperature control is 

not as accurate as high-resolution temperature-control equipment used in the research 

laboratory, the RNA positive sample can still be easily differentiated from RNA negative 

sample. In addition, air-based heating in the oven typically has a poorer stability than 

water-bath based heating used in the laboratory. However, the result indicates that it does 

not affect the RT-LAMP performance significantly. This study corroborates that RT-LAMP 

can be accomplished using Range Oven, even under the temperature fluctuation. It 

provides solid ground for the home-use RT-LAMP concept for nucleic acid detection. 

 

Figure 3. Using kitchen Range Oven’s “Keep Warm” function to run RT-LAMP at home and the 

visual detection of positive sample through turbidity and fluorescence after 30 min reaction.  

3.3. Realizing one-step, closed-tube RT-LAMP design (only requiring the end-user 

to open the tube once for loading the sample at the beginning) 

To mimic real situation and realize one-step, closed-tube RT-LAMP with the minimum 

involvement of the end-user at home, following test was conducted to validate the concept. 

As shown in Table 2, we first added 10X LavaLAMP™ RNA Buffer (2.5 µL), LavaLAMP™ 

RNA Enzyme (2.5 µL), dNTPs mix (0.8 µL), Magnesium Sulfate (1.25 µL), RNA Positive 

Control LAMP Primer Mix (2.5 µL), and Green Fluorescent Dye (1 µL) into the cap cavity 

of the PCR tube, while adding Nuclease-free H2O (14.95 µL) into PCR tube, as shown in 

Figure 4. (Note: the mixture in the cap can be lyophilized as powder or used as liquid with 

a sealing membrane). To mimic the positive sample, RNA target was loaded into the H2O 

which can be realized using either swab swirling or direct pipetting (Figure 4). For the 

negative control, only H2O was loaded. Due to the small size of PCR tubes, the strong 

adhesive force between the liquid and plastic surface of PCR tube holds water at the 

bottom and concentrated RT-LAMP reaction reagents in the cap, respectively. After the 

gentle close of the cap, the PCR tube can be vertically flipped without observing the 
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movement of liquid. In order to mix the water sample in the bottom of PCR tube with the 

concentrated RT-LAMP reaction reagents pre-loaded in the cap cavity of PCR tube, we 

flipped the PCR tube first, held the tube tightly, and then swung the tube with sudden stop 

of the swinging motion. Such moment forces the water sample to move from the bottom 

to the cap, thus mixing the collected sample with the RT-LAMP reaction reagents in the 

cap. After mixing, we flipped the tubes again and repeated the same procedure to move 

the reaction mixture back to the bottom of PCR tube. This operation can be repeated 

several times in order to achieve good mixing effect. The whole process is presented in 

Figure 4. The flip-and-swing enabled mixed samples are then ready for subsequent RT-

LAMP in the oven.    

Table 2. One-step, closed-tube RT-LAMP experimental setup  

  Positive  Negative 

Control 

 Component Amount (µL) Amount (µL) 

Solution added to the 

bottom of PCR tube 

(Sample collection 

solution) 

Nuclease-free H2O 14.95 14.95 

RT-LAMP Reagents added 

to the cap cavity of PCR 

tube  

10X LavaLAMP™ RNA Buffer 2.5 2.5 

LavaLAMP™ RNA Enzyme 1.0 1.0 

dNTP Mix, 10 mM 0.8 0.8 

Magnesium Sulfate, 100 mM 1.25 1.25 

RNA Positive Control LAMP Primer 

Mix 

2.5 2.5 

Green Fluorescent Dye 1.0 1.0 

Will be added to water (or 

sample collection 

solution) in the tube using 

swab swirling or direct 

pipetting 

Target RNA 1.0 (RNA 

positive 

sample) 

1.0 (H2O) 

 Total Volume 25.0 25.0 
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Figure 4. The one-step, closed-tube RT-LAMP concept through flip-and-swing enabled mixing of 

sample collection solution and RT-LAMP reaction reagents.  

3.4. Running one-step, closed-tube RT-LAMP in oven  

To expand the study to other type of oven with poor temperature control, we employed a 

vacuum oven (Figure 5A) without a digital temperature control function in RT-LAMP test. 

This oven only has a knob to control heating with a scale from 0 to 20. The oven 

temperature was pre-set and adjusted using a thermometer before placement of one-step, 

closed-tube RT-LAMP samples prepared in Section 3.3. To simulate the real operation, 

the as-prepared target RNA positive sample and negative sample were maintained at 

room temperature for 10-20 minutes to mimic the step of virus lysis. Then both samples 

were placed into the oven with a pre-set temperature of ~68 °C. The amplification of 

nucleic acid was tracked at different reaction time points (0 min, 20 min, 30 min, and 45 

min) by taking out the samples for fluorescence detection and visual based turbidity 

detection, respectively. As shown in Figure 5B, the positive sample can be detected within 



13 
 

20 min (or even shorter time) through fluorescence under UV light, while turbidity 

difference was obvious after 45 min reaction. The weak fluorescent background from both 

samples at t = 0 min may be ascribed to the use of 254 nm UV light as nucleic acids have 

a strong absorption at this UV wavelength. This study indicates that one-step, closed-

tube RT-LAMP can be realized by separating the sample solution from the RT-LAMP 

reaction reagents at the beginning for manufacturing purpose. Minimum involvement of 

the end-user was accomplished, endowing the feasibility to run RT-LAMP for nucleic acid 

detection at home. Although we only used RNA sample in the study due to limit access 

to resources, this procedure can be extended to direct use of virus sample if enzymatic 

lysis solution (containing thermal-labile proteinase K) is used to replace water for lysing 

viruses, destroying RNase and releasing viral RNA (Figure 1). Currently proteinase K 

containing lysis buffer is commercially available for this purpose with high efficiency. 

However, after virus lysis, the lysis buffer requires a high-temperature treatment step (e.g., 

95 °C for 5 to 10 min) to deactivate proteinase K, which is typically thermal stable. 

Otherwise, proteinase K can digest enzymes such as reverse transcriptase/DNA 

polymerase in RT-LAMP reagents, thus significantly interfering subsequent isothermal 

amplification. However, such high temperature treatment is not compatible with those 

enzymes used in RT-LAMP. Consequently, it is challenging to combine these two steps 

(enzymatic lysis and RT-LAMP reaction) in a one-tube platform. As aforementioned, more 

handling steps disfavor home use of RT-LAMP considering the fact that end-users at 

home typically lack training of laboratorial skills. In order to achieve “true” one-step, 

closed-tube RT-LAMP reaction, one solution is to use thermal-labile proteinase K (e.g., 

the one from New England Biolabs) in lysis buffer. Thermal-labile proteinase K is 

inactivated at 55 °C (a temperature lower than RT-LAMP temperature), thus allowing one-

step, closed-tube RT-LAMP feasible. As shown in Figure 1, after loading the virus sample 

(e.g., through swab swirling) and virus lysis/release of viral RNA, the test tube is then 

placed into a pre-heated oven (e.g., 68 °C in this study), which inactivates thermal-labile 

proteinase K. Then following the same procedures of flip-and-swing enabled mixing and 

RT-LAMP reaction, one can realize “true” one-step, closed-tube RT-LAMP in an oven 

with minimum involvement of the end-user.  
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Figure 5. A vacuum oven (A) without digital temperature control for running one-step, closed-tube 

RT-LAMP for the detection through both turbidity and fluorescence (B).  

The results above demonstrate an innovative and rapid transformative technology to 

accomplish a low-cost, user-friendly home-use nucleic acid (RNA or DNA) detection 

strategy through a simple, one-step, closed-tube RT-LAMP in an Oven. All operations are 

simple and can be completed at residential homes using existing tools/devices. It only 

requires minimum involvement of end-users. Also, it does not cause any additional cost 

to the end-user except the cost of test kits, while allowing the operation by end-users 

themselves. To run RT-LAMP (or LAMP) in an Oven (or Range Oven) has unprecedented 

merits to surpass PCR machine based or water-bath based RT-LAMP (or LAMP) 

methods as it allows the detection without adding extra cost to the residents, while one-

step, closed-tube procedure with minimum involvement allows home use without 

introducing the difficulty to end-users who typically have no laboratory experience. In 

addition, as all work can be conducted using available tool at home such as Range Oven 

and the detection of turbidity by naked eye, the capital cost for end-users is minimized 

and can be treated as zero. Also, the test kits can be used at home which will be fully 

conducted by end-users themselves following the instruction, so there is no additional 

operation cost associated with the tests. For each test, the major cost comes from the 

detection kits, including two items - swab and one RT-LAMP tube including all reagents. 

Table 3 indicates that the estimated total cost per test in the final product format could be 

as low as $7 per test.  
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Table 3. Estimated total cost per test 
Items Unit Cost 

per test 
Justification 

1. Swab ~$0.15 PurFlock Ultra Flocked Swab, 1000/case, 
$134.99, plus tax 

2. RT-LAMP tube with 
all reagents in 
lyophilization powder 
format 

~$6.5  
 

LavaLAMP™ RNA Component Kit with Dye, $298 
for 500 reactions; plus the cost of tube, LAMP 

primers, dNTP mix, and thermal-liable proteinase 
K; lyophilization cost; and packaging cost 

Total Cost per test ~$7  

 

Conclusion  

This study investigated the feasibility to run one-step, closed-tube RT-LAMP for RNA 

detection at home. By employing kitchen range oven’s “Keep Warm” function as the 

heating source, RT-LAMP can be successfully conducted in home-use Range Oven 

without sacrificing the sensing performance. Furthermore, by pre-loading the 

concentrated RT-LAMP reaction reagents and sample collection solution to the cap cavity 

and the bottom of a PCR tube, respectively, one-step, closed-tube RT-LAMP can be 

realized in an oven, which only requires the end-user to open the tube once for loading 

the target sample at the beginning. Loading the target sample can be accomplished using 

either swab swirling or direct pipetting. The mixing of the target sample and RT-LAMP 

reaction reagents in PCR tube are realized by a motion of sudden stop of swinging. 

Considering the desperate need of increasing the screening capacity for containing 

COVID-19 pandemic, this home-use RT-LAMP methodology offers a new avenue. As all 

operations are simple and can be completed with minimum involvement of end-users at 

residential homes using existing tools/devices, it will not result in any additional cost to 

the end-user except the cost of test kits. As the test can be carried out at individual home, 

the testing capacity is unlimited. Therefore, it has the potential to screen a large US 

population within one day as all tests can be simultaneously conducted at each individual 

family without the need of skilled personnel. The developed method is also appropriate 

to the detection of any infectious disease related nucleic acid markers. Therefore, it could 

play an important role in combatting the outbreaks of pandemics nowadays as well as in 

future.  
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