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Smallpox

10,000 BC–1979

300 million

Influenza

1918–1919

100 million

Measles

7th century BC–1963

200 million

Plague
1340–1771

75 million

HIV
1981–

today

25 M

Emerging pathogens threaten global health

COVID
2019-2020

20 M



The Need

Rapid. Agnostic. Deployable. Simple. 



It is impossible to have specific and targeted diagnostics 

and therapeutics for all emerging pathogens! 



The Challenge

• Sample? 

• Assay? 

• Target? 

• Resources?  

Consider the end-user, the real-world application



Targeted ResponseIdentification and Recognition
Early Therapeutics and 

Countermeasures
Vaccines

Combating Emerging Infectious Disease 

Timeliness of discovery, validation, scale-up production and deployment



Physical and 
chemical defenses

Innate 
Immunity

Adaptive 
Immunity



Innate Immunity

Immediate response

Universal, but discriminates 

self from foreign

Limited specificity and 

diversity 

No memory  

Adaptive Immunity

Delayed response

Universal, but discriminates 

self from foreign

Excellent specificity and 

diversity 

Memory  

A Layered Response to Invading Pathogens 



Innate Immunity

Our body has the 
ability to 

recognize bits 
and pieces of 
pathogens via 

pattern 
recognition



Advantages
• A single sample – blood

• Early diagnosis - guide treatment, 
monitor prognosis 

• Universal

• Human and veterinary application

• Exposure from infection, bacterial 
from viral

Challenges
• The targets are 

amphiphiles – greasy 
sticky molecules 

Oil and water do not mix!!

Lipopolysaccharide 
(LPS)

Lipoarabinomannan



A Biological Taxi Service 

HDL and LDL carry these guys in blood….



• Benchtop Instrument: based on 12” x 18” Breadboard, + electronics 
and computer. 
– Total footprint = ~8 sq ft!
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Goals: 

• Reduce size, weight, and 
complexity

• Reduce cost

• Increase throughput

• Address differences between field 
instrument and lab instrument

• Streamline and improve 
software/interface

Fieldable Sensors

Anderson AS et al, Sensors, Manuscript in Preparation 2019, US Patent CIP filed



A Universal Bio-Sensor 
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Validation in the Real world



Thank you!
Sponsors, Collaborators, Advisors, and Study 

Participants 


