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Problem and Background 

The shortage of SARS-CoV-2 tests around the world has quickly come to the surface as the virus 
continues to spread. The molecular biology community is racing to get tests out to the public, and we 
would like to contribute by offering an affordable solution to at-home testing. We are developing a robust, 
simple, sensitive test to detect Covid in 30 minutes, at home, at low-cost, based on a nucleic acid 
amplification reaction RT-LAMP (Reverse Transcription-Loop Mediated Isothermal Amplification). Our 
particular design will make an at-home DIY test possible. With a simple one-step operation, individuals 
will be able insert a nasal sample into a single tube embedded in a portable “thermal chamber” and have a 
visual readout within 30 minutes. Currently we are focussing on the detection of SARS-CoV-2, but once 
our testing platform, ALERT, is developed we will be able to easily modify it for other viruses and 
microorganisms. 

Solution summary in simple terms 

We are developing rapid point-of-use assays to detect viruses such as SARS-CoV-2, influenza B. 
(Figure 1) 
 
- Point-of-use not point-of care. Individuals can test themselves in their home rather than send samples to 
a centralized location or visit a healthcare facility.  
- Low cost. The cost of materials for each detection cartridge is $2-$5 depending on scale, allowing wide 
spread distribution. 
- Room temperature stable, shippable. Even without further R&D, our cartridges are stable for upto 3 
months.  

Solution summary in technical terms  

Our at-home DIY test cartridge is 
nucleic acid based not antibody 
based. 
 
Multiplexed LAMP. We have 
expertise in multicolor, fluorescent 
multiplexed LAMP assays 
allowing us to package necessary 
process controls into the assay 
(GAPDH mRNA etc.). One of the 
strengths of LAMP is the 
possibility of visual results due to 
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the overwhelming amount of  amplification  products generated by the reaction. This allows for minimal 
instrumentation in observing the results. Most commercially available LAMP products packaged into kits 
(i.e. NEB colorimetric LAMP kit) use endpoint reporting strategies which give a positive signal even 
when mispriming and false amplification occurs. Being a complex reaction incorporating 4-6 primers, we 
prefer to use a sequence specific signal, specifically QUASR (Ball et al., 2016). This also allows for 
multiplexing of primers in order to incorporate an internal control amplification, an absolutely essential 
characteristic of a user-operated nucleic acid test (Figure 1). 
 

State of advancement of the project  

● We have packaged the necessary COVID-19 specific components in between low-melting point 
wax layers (Figure 2A). 

● The prototype works well with influenza B RNA (Figure 2B) and with synthetic COVID-19 viral 
RNA constructs from Twist biosciences.  

● Lysis buffer optimization is currently being conducted for different sample types..  
● We have tested 3 double-blind samples using our cartridge in Oakland, CA. All three results 

corroborated with CLIA certified labs conducting CDC approved tests. 
● We are currently working towards a larger validation project of n=100 in collaboration with 

UCSF.  
 
 

 

 

 

 
Project Timeline 

● April 2020: Combine the control and COVID primers into one cartridge. Optimize sample 
collection method. Establish Limit of Detection: Test for >5 confirmed positives and negatives. 
Build Thermal Chamber 

● May 2020: Run feasibility study with 100 clinical samples 
● June 2020: Enter design, secure, manufacturing and prepare for clinical work 
● Fall 2020: Submit for FDA Emergency Use Authorization. 

 

Project Implementation 
Solution: Our solution to the SARS-CoV-2 testing crisis is to challenge the centralized testing paradigm 
by implementing a distributed molecular testing system, accessible to global populations due its low cost, 
ease of use and accuracy .    
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methodology 
 
We extracted RNA using the Direct-zol RNA Kits from Zymo. DNAse treatment was done on the 
column. RNA concentration was QC’ed using qubit from Invitrogen. 2ngs was added to the LAMP 
reaction. BST 3.0 enzyme from NEB was used in a 35ul reaction.  
 
Twist Synthetic SARS-CoV-2 RNA Control 1 (MT007544.1); Control (102019) was used for 
optimization and initial validation.  
 
We are using published primer sets specific to SARS-CoV-2 from the literature for the detection of this 
virus. For our control primer set specific to human mRNA we have designed primers to query for 
GAPDH. The primers are specific for RNA as they cross exon-exon boundaries.  
 
Once the reaction mixture is optimized we will package it into a wax driven cartridge. The reagents will 
be separated from each other with low melting point waxes  to extend shelf life (enzyme separated from 
buffer and primers) as well as provide a lysis chamber for sample pre-treatment (Figure 1). 
 
The primers used are in the table below:  
 

AB-GAPDH_F3 CTGAGAACGGGAAGCTTGTC 

AB-GAPDH_B3 ATGGGGGCATCAGCAGAG 

AB-GAPDH-FIP GTACTCAGCGCCAGCATCGCCATCACCATCTTCCAGGAGC 

AB-GAPDH-BIP TGGAGTCCACTGGCGTCTTCATGATGACCCTTTTGGCTCC 

AB-GAPDH_LF CCACTTGATTTTGGAGGGATCTC 

AB-GAPDH_LB /56-FAM/CATGGAGAAGGCTGGGGCTC 

AB-GAPDH_LB-Q GCCTTCTCCATG/3IABkFQ/ 



N-A-LB FAM /56-FAM/ACTGAGGGAGCCTTGAATACA 

N-A-FIP TCTGGCCCAGTTCCTAGGTAGTCCAGACGAATTCGTGGTGG 

N-A-BIP AGACGGCATCATATGGGTTGCACGGGTGCCAATGTGATCT 

N-A-F3 TGGCTACTACCGAAGAGCT 

N-A-B3 TGCAGCATTGTTAGCAGGAT 

N-A-LF Q GCTCCCTCAGT/3IABkFQ/ 

 
 
Results/Expected results  
 
We have experience with building such detection 
cartridges for field-ready use in agricultural 
settings and are confident that their performance 
will match, if not surpass, current state of the art 
RNA extraction and RT-PCR methods approved 
for clinical lab testing.  
We have validated the primer sets utilizing 
synthetic controls and mRNA extracted from 
nasal swabs. 
We will produce a tri-color test for positive, 
negative results and a failed test.  
Funding from the Open COVID19 Initiative will 
allow us to conduct a validation study with 100 
clinical trials, and give us the necessary data to 
take this project forward. 
 
 

Safety, quality assurance and regulation 
What steps have you taken to ensure your solution’s safety? How advanced are you in this process (if 
applicable)? Please check the Biosafety and Biosecurity guideline of OpenCovid19 

All the testing is being done at a BSL2 facility at the Oakland Genome Center, in Oakland, CA currently 
using synthetic COVID viral RNA from Twist. Our association with the UC Center for Emerging and 
Neglected Diseases will allow us access to the necessary BSLs for clinical safety.  
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Have you planned the conduct of your manufactury process that ensures quality, what are the steps you 
have taken? How advanced are you in this (if applicable)? 

We have not yet planned a detailed manufacturing process. However in the past, we have been able to 
successfully make 100 cartridges/hour using a simple liquid handling robot.  

Will you need assistance with the regulation system? if not which Regulatory system do you plan on 
distributing the product? Please elaborate (please see: Regulatory-Strategies) (if applicable) 

Yes, we will need assistance from the U.S Food and Drug Administration (FDA). We hope to take 
advantage of the Emergency Use Authorizations (current device EUAs) from the FDA. Since we are also 
aiming to be a screening test, (similar to an off-the-shelf pregnancy test), we hope to get the CLIA waiver.  

Have you talked to medical staff about the feasibility of your project? What did they say?  We have 
received widespread excitement from individuals willing to participate in the development of this test. 
Here is a quote from a nurse at Stanford’s COVID19 ICU unit “ Because of HIPPA I’m not able to give 
out patients information. But, I do have a plethora of nurses who I know would love to take part. Some 
who are currently working on a Covid only unit and most likely have been exposed. As well as, others 
that are in the hospital but have a lesser chance of having encountered infected people” 

Have you planned the testing, verification and validation of your solution? How advanced are you? (if 
applicable) 

We  are gathering resources to help us with validating our cartridge. Organizations like the Citris 
Foundry, Berkeley, CA will be helping us join an ongoing clinical trial at UC Davis. Professor Ravi 
Sachidanandam at Mount Sinai School of Medicine, NY is waiting for an IRB approval to share patient 
samples with us. 

Impact, issues and risks 
What impact do you feel your product could have? (100 words max) 
 
The SARS-CoV-2 pandemic has brought the issue of molecular testing to the foreground. The scale of the 
problem points to the need to overcome the centralized testing paradigm, whether it is in clinical labs or at 
the point-of-care. We believe that the molecular and other technical methods allowing for a truly 
distributed and decentralized testing approach is already available. We plan on making our cartridge 
affordable and make widespread self-testing accessible to global populations. Currently we are focussing 
on the detection of SARS-CoV-2, but once our testing platform, ALERT, is developed we will be able to 
easily modify it for other viruses and microorganisms. 

What do you think would make your project a success?(100 words max) 

● Validating our cartridge on  patient samples.  
● Quick and flexible actions taken by the team in responding to the technical risks 

https://docs.google.com/spreadsheets/d/1VCMbf8DbHgXpG7UWWGWRJvkweCZnE9h3QCrYeYL_wdw/edit?usp=sharing
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations


● Access to the right kind of funding that will strongly support low cost, decentralized distribution.  
● Acceptance by the FDA for a DIY test.  

Please list the known issues, potential risks, grey-areas, etc in your project 
 
Risk 1: False positives due to potential misprimed RT-LAMP reaction 
•Risk mitigation 1: Primer designs are novel and specific and can be changed & optimized 

Risk 2: False negatives due to: (1) Incomplete sample collection OR (2) Contamination, (3) Failed 
RT-LAMP reaction 

•Risk mitigation 2: We have incorporated a positive control that amplifies a human mRNA gene. This 
will ensure there is good quality RNA in the sample collected. Further we are testing nasopharyngeal 
specific mRNA primers as well.  

Risk 3: Low Sensitivity due to low viral titer in asymptomatic individuals 

•Risk mitigation 3: Re-testing in 1-2 days is possible due to the affordability of the test (<$10) 

Team experience 
Anitha Jayaprakash: 
PhD in Biomedical genetics from Icahn School of medicine at Mount Sinai, NY. She has built a suite of 
novel deep sequencing assays (18 papers, 5 patents). She is also a founder of Girihlet Inc. (an 
autoimmune therapeutic startup) and the Oakland Genomics Center (The first, and unconventional, 
biotech incubator in Oakland).  
Role in this Project: Planning, Designing technical experiments. Recruiting patients for validation. 
Writing grants for funding.  
 
Ali Bektas:  
PhD in Ecosystem Sciences from UC Berkeley's ESPM with a focus on Microbial Ecology. His particular 
expertise is Loop-Mediated Isothermal Amplification and developing field ready, appropriate, cheap 
nucleic acid detection methods.  
Role in this Project: Planning, Designing and executing technical experiments.  
 

Funding  

1. Please provide a costing of your project. Be as detailed as you can.  
Our project will require upwards of $25 million dollars, for the necessary clinical trials, 
product design , FDA approval,  and production. We are committed to making this a 
not-for-profit venture and are in the process of incorporating in order to receive 
tax-deductible donations.  

2. How is your project being funded so far? 



We have been paying for necessary reagents out-of-pocket. We have recently won the 
Center of Emerging and Neglected Diseases COVID19 Hackathon which provided $1000, 
which we are yet to receive. 

3. How much funding do you need and how do you plan to use that funding? 
As winners of the CEND Hackathon we will have access to conduct clinical trials at UCSF, 
where CLIA certified patient testing is underway for SARS-CoV-2. The items below will be 
used for our initial validation of 100 clinical samples. We are confident that if this 
validation is successful we will be able to receive the necessary funds to make this project 
a reality. 

Consumables: $500 
RNA extraction Reagents and Columns: $400 
Oligonucleotides: $1000 
Enzymes: $1000 
Total: $2900 

https://www.cendcoronavirushackathon.com/
https://keypoint.keystonesymposia.org/features/covid-19-hackathon-award-winning-designs-for-diagnostics-ventilators/

