
 

Health diagnosis made simpler

August 23 2010

Arizona State University researchers have demonstrated a way to
dramatically simplify testing patients for infectious diseases and
unhealthy protein levels.

New testing instrumentation developed by Antonia Garcia and John
Schneider promises to make the procedure less costly and produce
results in less time.

Current testing is slow and expensive because of the complications of
working with blood, saliva, urine and other biological fluids, said Garcia,
a professor in the School of Biological and Health Systems Engineering,
one of ASU's Ira A. Fulton Schools of Engineering.

Such samples "are complex mixtures that require sophisticated
instruments capable of mixing a sample with antibodies or other
biological reactants to produce an accurate positive or negative reaction,"
Garcia said.

He and Schneider, a bioengineering graduate student researcher, have
come up with a testing method that enables the patient sample itself to
act in concert with a rudimentary, low-cost testing device.

The method uses common light-emitting diodes (LEDs) and simple
microeletronic amplifiers rather than more technologically intensive and
costly lasers and robotics.

Garcia and Schneider have demonstrated that superhydrophobic surfaces
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can shape blood, saliva, urine and other fluids into round drops. The
drops can focus light and quickly mix and move microparticles and
nanopartices that can be examined to reveal a specific infectious agent or
protein.

Superhydrophobicity is a property of materials that repel water, such as
ducks' feather or leaves of the lotus plant. Such materials are used
commercially in textiles, building materials and surface coatings.

The new device operates by placing a drop of nanoparticles or
microparticles on top of a drop of a patient fluid sample on a
superhydrophobic surface. The surface has a small depression that holds
the liquid sample in place so that it forms a spherical drop.

The drop acts as a lens due to surface tension. An LED is shined on the
drop and the drop shape focuses the light into an intense beam measured
by a second LED.

Because the drop is slowly evaporating, Garcia explains, nanoparticles or
microparticles quickly begin to stick together when the patient fluid
sample contains the infectious agent or protein being targeted. The
infectious agent or protein migrates to the center of the drop, leaving the
particles that have not yet stuck together to move to the surface.

This leads to the self-mixing action that speeds up the diagnostic process
so that detection can occur in less than two minutes, he said.

Because the fluid sample becomes integrated with the simple LEDs and
microelectronics, the researchers call the new device design the
Integrascope.

Garcia and Schneider have built several laboratory prototype devices
based on the design and have demonstrated how the device can be used
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to measure C Reactive Protein in human serum, which is an indicator of
a variety of inflammatory conditions when the protein is present at high
levels.

High levels of protein can indicate cell and tissue damage, inflammation,
disruption in kidney function, or an immune system that is pumping out 
antibodies due to an infection or autoimmune disease. Low protein levels
can indicate malnutrition or the presence of diseases that prevent the
body from producing sufficient blood protein.

The device also can be used to provide an indication of overall health by
measuring total protein in human serum, saliva and urine.

Development of the device was sparked during Schneider's studies for
his doctoral degree, as he experimented with shining an LED on a drop
of liquid resting on a superhydrophobic surface. He was trying to see if
he could detect changes in light transmission that would tell whether a
protein was present in the liquid.

"To our surprise," Garcia said. "We quickly realized that his laboratory
set-up generated a very strong beam of light that could be easily
measured using a fiber-optic light detector we had in the lab."

The research results have been published online in Nature Precedings.
The report describes how the new device works and gives details of the
information the diagnostic test provides within the first few minutes of
its use.

Garcia said he released the findings promptly because of the impact that
the device could have on health treatment globally.

Researchers around the world are working on ways to make rapid
diagnostic devices for use in developing countries, he said.
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"There is a great need for rapid and low-cost instruments that can be
used to make decisions within a few minutes on how to treat a patient,"
he said.

The most common low-cost devices on the market now are lateral-flow
immunoassays similar in look and function to the early pregnancy test.

The biggest stumbling block in making low-cost diagnostic devices for
many conditions and diseases is that sensitivity is compromised for
specificity in these lateral-flow immunoassays.

A different strategy to miniaturize complex instruments suffers from the
difficulty in reducing the cost to what most people would be able to
afford - about one two dollars per test - as well as the need for spare
parts and special handling.

"To have a global impact, we need to have accurate and sensitive tools
that can help health care providers treat patients at a low cost during
their first visit", Schneider said.

"Our goal is to translate this technology and design into a rugged and
easy-to-use device that we would give away for free to clinics.

The only costs involved with using the Integrascope® would be in the
drop of particles and a small piece of a superhydrophobic surface - about
one to two dollars," Garcia said.

With the repeated and more frequent spread of infectious diseases
around the globe, it's becoming more critical to have good diagnostic
systems in poor countries so proper treatment can be provided rapidly -
and so that there is a global early-warning system to alert the public if
new and significant outbreaks of disease emerge, Garcia said.
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To help accomplish that, Garcia and Schneider are teaming with
nanotechnology experts Vladimiro Mujica and Manuel Marquez.

They hope to establish collaborations with Latin American universities,
government leaders and entrepreneurs to develop the new diagnostic
device.

"We believe a joint U.S.-Latin America technology development effort
will spark economic activity that will benefit both regions and prevent
disease outbreaks and social unrest in our part of the world", said
Mujica, a professor in the Department of Chemistry and Biochemistry in
ASU's College of Liberal Arts & Sciences.

Marquez, an entrepreneur and adjunct faculty member in the School of
Biological and Health Systems Engineering, is president and research
leader of the company YNANO. The company specializes in droplet-
nanoengineering for biomedical applications, including Integrascope®
for disease diagnosis.

"I'm excited about the potential for this device, and that students can be
directly engaged in the research and development process," Marquez
said. "I've devoted more than a decade of my career to enabling
engineers and scientists to rapidly apply their basic discoveries to solving
real-life problems."

  More information: For more information, read the article "Rapid
antigen detection using the liquid sample as a lens and self-mixer for
light scattering detection", by Garcia and Schneider published online in 
Nature Precedings, at precedings.nature.com/subjects/biotechnology
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