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Coronavirus (causative agent of 
Covid-19), a ssRNA virus, with 
characteristic spike proteins on 
the surface
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Motivation

o Many areas of lower resources are underserved regarding access to 
healthcare and timely or affordable laboratory testing.  

o Point of Care devices continue to offer the promise of improvements to 
access and cost in these types of areas.  

o Extraction from challenging matrices such as saliva or blood could vastly 
expand both the range of accuracy of any potential tests and assays 
based upon nucleic acids.
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Project Aim

High purity and reliability of extraction are a requirement to using nucleic 
acid based pathogen/disease detection 

o Successfully extract SARS-CoV-2 genomic RNA without requiring a 
laboratory centrifuge or vacuum manifold using solid-phase extraction 
(silica membranes)

o Analyze the samples for purity using UV Spectroscopy (NanoDrop™)
o Achieve a purity sufficient to successfully amplify in a RT-LAMP reaction 

within a microfluidic
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Silica (solid-phase extraction) workflow:  
Column Centrifuged vs Plunger Driven Syringe  

Traditional Spin Column method (requires a centrifuge, pipets)
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UV Spectroscopy using a NanoDrop One™

• Nucleic Acids Absorb at 260nm [7]

• Common organic contaminants absorb strongly under 240nm 

• Chaotropic salts absorb strongly at 270-290nm, generally can be seen as a 
bump following the 260nm peak [8]

• Desirable 260/230 and 260/280nm ratios are ~2.0 for both RNA and DNA 
[7] 

The Beer‐Lambert Law
A = ɛcl

Where A=absorbance, ԑ=extinction coefficient, c=concentration and l=path length. [8]
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RT-LAMP w/ and Intercalating Fluorescent 
Dye

Image credit:  NEB

Syto™ 9 Intercalating Dye

Image Credit: Thermo Fisher, and Wikipedia

o RT-LAMP:  Reverse Transcription Loop-
Mediated Isothermal Amplification

o Uses a DNA-pol with high strand 
displacement

o Separates and amplifies cDNA at 65°C
o Requires 3 sets of primers, leading to the 

formation of loops that amplify 
exponentially

o An intercalating dye, Syto 9, increases 
substantially in fluorescence after 
integrating in between nucleotides in dsDNA

o Using filters (470nm Excitation, 535nm 
emission), a handheld reader can be used to 
look for a substantial increase in 
fluorescence



Sensor Signal and Information Processing Center
https://sensip.asu.edu

REU project sponsored by NSF Award 1659871 and Arizona 
Department of Health Services award CTR051763 

Preliminary Results

UV Spectroscopy Results LAMP Results (HPV dsDNA Template)

Positive 
Control

Successfully 
amplified Sample

No 
amplification

Amplified Wells

Colorimetric version (phenol 
red) version of above
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Conclusion

o Preliminary results are encouraging but indicate major hurdles to overcome
o UV Spectroscopy, specifically the 260/280nm and the 260/230nm, are strong 

indicators of the likelihood that a LAMP reaction is possible
o The salts and ethanol required for silica column binding and protein precipitation 

are potent inhibitors of RT-LAMP
o Amplification of DNA extracted from saliva using plunger driven silica columns is 

possible as long as sufficient wash solution (primarily ethanol) is eliminated
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Ongoing Work and Future Plans

o Complete a functional prototype of a handheld saliva sample prep device, both as a 
separate microfluidic, as well as a syringe integrated version of the hand

o Develop a method to ensure complete elimination of all trapped salts and solvents 
within the silica membranes (primary source of contaminate retention)

o Continue LAMP and qPCR testing to determine acceptable levels of downstream 
contamination lysis/wash reagents

o Improve correlation of UV spectroscopy results to likelihood of successful 
amplification of template

o Find alternative direct sample amplification methods not requiring extraction
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Challenges

1. Patience waiting for materials to arrive for construction of prototypes, 
reagents for LAMP

2. LAMP is a very sensitive assay and contamination with Covid-19 
control RNA has been a persistent problem that resulted in us 
switching temporarily to a dsDNA virus as the source template for 
extraction trials, HPV

3. LAMP uses 6 different primers (2 is typical for a non-multiplex PCR) 
and acquisition and creation of said primers can be a lengthy process


