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Rapid TB Detector
An ultrasensitive test can spot bacteria in a half hour.
By Katherine Bourzac

One third of the world's population is infected with tuberculosis. Detecting the
bacteria is time-consuming and expensive, even in hospitals with sophisticated lab
equipment. And in the poor countries where the infection is most prevalent, people
often don't have access to this equipment. Researchers at Massachusetts General
Hospital in Boston and Harvard University have now demonstrated that a handheld
device can be used to count as few as 20 bacteria in a sputum sample in a half hour.
They hope to develop the test into an inexpensive product that can be deployed for
TB testing.

The bacteria counter is being developed by researchers led by Ralph Weissleder
(http://cmir.mgh.harvard.edu/fac/faculty/about/1) , director of the Center for Systems
Biology and the Center for Molecular Imaging Research at Harvard Medical School,
and Hakho Lee (http://cmir.mgh.harvard.edu/fac/faculty) , an instructor at Mass
General. The technology uses magnetic-nanoparticle labels and a detector that works
on the same principles as magnetic resonance imaging. They're focused on
tuberculosis, says Lee, because "even one bacterium can cause the disease, but at this
point there is no easy way to detect the bacteria at high sensitivity."

The biggest problem with existing tests is that they are too slow, says Peter Katona
(http://www.uclahealth.org/body.cfm?id=479&action=detail&ref=14657) , associate
clinical professor of infectious diseases at the University of California, Los Angeles.
The most accurate way to identify the infection is to grow a sample in the lab. But
because TB grows slowly, that can take as long as six weeks. What's more, expensive
culture equipment is typically not available in poor areas where the infection is
prevalent.

The cheapest and fastest way to detect TB is a skin test that screens for an immune
reaction. But such tests are not particularly accurate. "There are a number of
conditions where there is no immune reaction" even if the patient carries the infection,
says Steven Miller (http://labmed.ucsf.edu/about/faculty/labmed-smiller.html) ,
director of the clinical laboratories at the University of California, San Francisco
Medical Center. TB and HIV often go hand in hand, but in HIV-positive patients the
skin test doesn't work. Another common test, staining a sputum sample with a dye
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skin test doesn't work. Another common test, staining a sputum sample with a dye
that targets TB and examining it under the microscope
(http://www.technologyreview.com/biomedicine/23059/) , also has a high rate of false
negatives. "Unless there is a very high load of bacteria, you can't pick it up," says
Miller.

The Harvard detector (http://www.technologyreview.com/business/19343/) can find
very small loads of bacteria. It's a miniaturized version of a nuclear magnetic
resonance imager, a very sensitive but typically large and expensive device used for
clinical and chemical applications such as brain imaging and determining protein
structures. The size and expense of typical nuclear magnetic resonance imagers is
dictated by the need for a strong magnet. Weissleder's group simplified the instrument
into a portable, one-pound device with disposable parts by compromising on signal
quality and by placing the sample chamber right inside the radio-frequency coils.
"When you're measuring bacteria, you don't need high resolution--you just need to
pick up one pattern," says Lee.

As proof of principle, Weissleder and Lee demonstrated they could detect a bacterium
very similar to tuberculosis in sputum samples. First, the viscous sample must be
liquefied. Then it's mixed with a solution of cannonball-shaped iron nanoparticles
(http://www.technologyreview.com/biomedicine/21908/) coated in antibodies that
stick to the bacteria. The sample is loaded onto the detector, which uses microfluidics
to force the sample through a channel fitted with a screen that traps bacteria and
washes free any nanoparticles that didn't meet a target. This channel is surrounded by
a metal coil that pulses the trapped bacteria with radio-frequency waves under the
influence of a magnet. This causes the iron nanoparticles to emit a magnetic signal, in
turn affecting the protons in the surrounding water molecules. The Harvard device
picks up on these changes, whose magnitude and duration are directly proportional to
the number of labeled bacteria in the sample.

The bacteria detection process takes about 30 minutes and is as sensitive as processes
that use culture samples grown in the lab. The results are described in the journal
Angewandte Chemie (http://www3.interscience.wiley.com/journal/26737/home) .

"Trying to diagnose very low levels of bacteria in a sample while maintaining high
quality is not an easy thing to do," says pathologist Miller. The Harvard test is very
sensitive--that is, it can detect low levels of bacteria--but until the device undergoes
more tests, it's impossible to say how specific it is. If it proves to have high rates of
false positives, says Miller, it won't be viable in places like the United States, where
tuberculosis rates are low. However, says Miller, "there could be a lot of value for a
cheap and easy test like this in areas with high tuberculosis prevalence."

The researchers are collaborating with the Harvard School of Public Health to test the
device on clinical samples from patients carrying tuberculosis.
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device on clinical samples from patients carrying tuberculosis.
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