
 

A new paper-based test for the Zika virus
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The research was funded by the Wyss Institute for Biologically Inspired
Engineering, MIT's Center for Microbiome Informatics and Therapeutics, the
Defense Threat Reduction Agency, and the National Institutes of Health. Credit:
Wyss Institute at Harvard University

A new paper-based test developed at MIT and other institutions can
diagnose Zika virus infection within a few hours. The test, which
distinguishes Zika from the very similar dengue virus, can be stored at
room temperature and read with a simple electronic reader, making it
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potentially practical for widespread use.

"We have a system that could be widely distributed and used in the field
with low cost and very few resources," says James Collins, the Termeer
Professor of Medical Engineering and Science in MIT's Department of
Biological Engineering and Institute for Medical Engineering and
Science (IMES) and the leader of the research team.

An outbreak of the Zika virus that began in Brazil in April 2015 has
been linked to a birth defect known as microcephaly. Many infected
people experience no symptoms, and when symptoms do appear they are
very similar to those of related viruses such as dengue and chikungunya.

Currently, patients are diagnosed by testing whether they have antibodies
against Zika in their bloodstream, or by looking for pieces of the viral
genome in a patient's blood sample, using a test known as polymerase
chain reaction (PCR). However, these tests can take days or weeks to
yield results, and the antibody test cannot discriminate accurately
between Zika and dengue.

"One of the key problems in the field is being able to distinguish what
these patients have in areas where these viruses are co-circulating," says
Lee Gehrke, the Hermann L.F. von Helmholtz Professor in IMES and an
author of the paper.

Collins, Gehrke, and colleagues from Harvard University's Wyss
Institute for Biologically Inspired Engineering and other institutions
described the new device in the May 6 online edition of Cell. The paper's
lead authors are Melissa Takahashi, an IMES postdoc; Dana Braff, an
MIT graduate student; Keith Pardee, an assistant professor at the
University of Toronto and former Wyss Institute research scientist;
Alexander Green, an assistant professor at Arizona State University and
former Wyss Institute postdoc; and Guillaume Lambert, a visiting
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scholar at the Wyss Institute.

Paper-based detection

  
 

  

In this illustration, a micrograph in the background shows Zika virus particles in
blue. Credit: Jose-Luis Olivares/MIT. Background image by CDC/ Cynthia
Goldsmith.

The new device is based on technology that Collins and colleagues
previously developed to detect the Ebola virus. In October 2014, the
researchers demonstrated that they could create synthetic gene networks
and embed them on small discs of paper. These gene networks can be
programmed to detect a particular genetic sequence, which causes the
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paper to change color.

Upon learning about the Zika outbreak, the researchers decided to try
adapting their device to diagnose Zika, which has spread to other parts
of South and North America since the outbreak began in Brazil.

"In a small number of weeks, we developed and validated a relatively
rapid, inexpensive Zika diagnostic platform," says Collins, who is also a
member of the Wyss Institute.

Collins and his colleagues developed sensors, embedded in the paper
discs, that can detect 24 different RNA sequences found in the Zika
viral genome, which, like that of many viruses, is composed of RNA
instead of DNA. When the target RNA sequence is present, it initiates a
series of interactions that turns the paper from yellow to purple.

This color change can be seen with the naked eye, but the researchers
also developed an electronic reader that makes it easier to quantify the
change, especially in cases where the sensor is detecting more than one
RNA sequence.

All of the cellular components necessary for this process—including
proteins, nucleic acids, and ribosomes—can be extracted from living
cells and freeze-dried onto paper. These paper discs can be stored at
room temperature, making it easy to ship them to any location. Once
rehydrated, all of the components function just as they would inside a
living cell.

The researchers also incorporated a step that boosts the amount of viral
RNA in the blood sample before exposing it to the sensor, using a
system called NASBA (nucleic acid sequence based amplification). This
amplification step, which takes one to two hours, increases the test's
sensitivity 1 million-fold.
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Distinguishing viruses

The team tested the new device using synthesized RNA sequences
corresponding to the Zika genome, which were were then added to
human blood serum. The researchers showed that the device could detect
very low viral RNA concentrations in those samples and could also
distinguish Zika from dengue.

The researchers then tested the device with samples taken from monkeys
infected with the Zika virus. (Samples from human patients affected by
the current Zika outbreak are very difficult to obtain.) They found that
in these samples, the device could detect viral RNA concentrations as
low as 2 or 3 parts per quadrillion.

The researchers envision that this approach could also be adapted to
other viruses that may emerge in the future. Collins now hopes to team
up with other scientists to further develop the technology for diagnosing
Zika.

"Here we've done a nice proof-of-principle demonstration, but more
work and additional testing would be needed to ensure safety and
efficacy before actual deployment," he says. "We're not far off."

  More information: "Rapid, low-cost detection of Zika virus using
programmable biomolecular components" Cell, May 6, 2016. 
dx.doi.org/10.1016/j.cell.2016.04.059
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