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A sample is
applied to a
paper-based HPV
test. If the sample
contains DNA
from potentially
cancer-causing
HPV, two lines will
appear on the
test strip.

Portable Point-of-Care Testing:
Smaller, Faster, Cheaper

Catherine Klapperich'’s first
target: HPV / BY KATE BECKER
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“A private little revolution any woman can
easily buy at her drugstore.”

That’s how a 1978 ad described the new-
to-market home pregnancy test. Today, that
revolution is replayed in millions of Ameri-
can bathrooms every year—so many that it
hardly feels revolutionary anymore.
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UT CATHERINE KLAPPERICH,
B a College of Engineering profes-

sor of biomedical engineering,
understands just how powerful it is to
have direct access to your medical in-
formation. She’s working to make that
“little revolution” a lot bigger through
simple, portable tests for conditions
like HPV, malaria, and chlamydia that
patients can use worldwide.

“In a fragmented healthcare system

like ours and like many around the

.

4 Catherine
Klapperich, with
PhD candidate
Justin Rosenbohm
(ENG’20), is
developing simple
tests for malaria,
chlamydia,
gonorrhea,
and more.
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world, you have to be your own advocate,” says Klapperich,
who also is director of BU’s Center for Future Technologies

in Cancer Care and an ENG associate dean for research and
technology development. “Being the best advocate you can be
requires information. Information is power.”

Klapperich’s tests are called point-of-care diagnostics.
They are designed to be as easy and portable as those pee-
on-a-stick tests, but the chemical machinery inside them far
outstrips the strip. Her tests zero in on specific sequences of
DNA, called nucleic acids, that single out the cause of infec-
tions. Nucleic acid tests usually require lab equipment that
costs tens of thousands of dollars; Klapperich’s miniversions
fit in your hand and give results in a matter of minutes.

One of her first targets is human papillomavirus (HPV),
which is responsible for almost all cervical cancers. Cervical
cancer is highly treatable when it’s caught early. That’s why,
in places like the United States, where nucleic acid testing is
readily accessible, doctors advise women to get regular HPV
tests. (In fact, the new tests are beginning to replace the old
standard, the pap smear.) A woman who tests positive for a
cancer-causing HPV strain will be closely monitored so that if
cancer starts to grow, she can get treated right away.

In parts of the world without these resources, doctors typi-
cally diagnose HPV based on a visual exam of the cervix. That
means more false positives and more false negatives, says
Klapperich, and thus more cervical cancer death and disease
for women in low-resource countries, where some 85 percent
of new cervical cancers and cervical cancer deaths occur. In
India, for example, cervical cancers kill 74,000 women each
year—a third of the world’s deaths from the disease. Almost
every one of those cancers started out as HPV, a sexually
transmitted infection (STI).

“STIs have such a huge impact on women’s health, and
they don’t have to,” says Klapperich. “Some lead to sterility
and other complications, and because many are asympto-
matic, women are being harmed without knowing it. Knowing
your status, being able to test yourself, puts the power back
into the hands of the woman.”
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» An early HPV
test prototype
from Klapperich’s
lab (right) was
the size of a small
suitcase; the
latest, paper-based
version (top)
would tuck neatly
into a pocketbook.

Klapperich’s point-of-care HPV
diagnostic is a device about the size of a
candy bar, and it can detect the virus at
a patient’s bedside in about 30 minutes.
Here’s how it works: A doctor—or even
the patient—collects a sample of cells
from the cervix, then mixes the sample
in a test tube with a chemical that
cracks open the cells and makes their
freed DNA clump together. Then, a
doctor or technician dabs the resulting
liquid onto a strip of testing paper and
uses alcohol to rinse away the proteins,
carbohydrates, fats, and other cellular
debris. What’s left behind is pure DNA.
If a patient’s cells are infected with
HPV, that DNA will include the distinc-
tive sequence of the virus, and the
result will show up on the test strip: one
line for negative and two for positive,
just like a pregnancy test.

Cambridge, Mass., device maker
MakerHealth started producing the
tests in January 2018.

Downsizing (in a good way)

How does Klapperich cram a whole
lab’s worth of diagnostic equipment
onto a handheld test strip? “Because
we're trying to make things smaller,
faster, and cheaper, we go back to
the drawing board with all these old
protocols and we try to reinterrogate
them, to figure out what’s necessary
and what’s not,” she says.

Her team has already shown that
the test works well in the lab, but once a
test gets out into the real world, there’s
more room for human error. The team
is tweaking the packaging, so the tester
only has to touch the paper strip twice:
once to drop in the sample and again
to start the reaction. That will reduce
the odds of cross-contamination and
false positives.

The same basic technique—swab a




sample onto paper, wash away the cellular scrap you don’t
need, heat the strip up, and read out the result—can be used
to create tests for a huge variety of diseases. Researchers

in Klapperich’s lab have made sexually transmitted infec-
tions like HPV, chlamydia, and gonorrhea their first targets;
third-year biomechanical engineering graduate student
Nikunja Kolluri (ENG’20) is adapting the technique to test
for malaria.

Because nucleic acid dissolves easily in water, Klapperich
says, it is also possible to use just the first two steps of the
procedure to sample and preserve DNA for testing at a lab
elsewhere. Just add water to the dry, preserved sample and it
is ready to be analyzed.

That’s useful for diagnostics that require more than a sim-
ple yes or no readout. People taking antiretroviral drugs for
HIV, for example, have to get regular blood draws to measure
how much HIV is in their blood—a number called viral load.
“With HIV, you want to know not only is the virus there, you
want to know how much virus is there, and is it more than the
last time I tested this person?” says Klapperich.

Regular viral load testing is difficult for people living in re-
mote communities. They often have to travel long distances
to get to a clinic, then wait days or weeks for their results. To

eliminate that travel burden, some healthcare workers take » Klapperich with
the tests to their patients. That means fanning out, collecting student Marjon

. . . Zamani (ENG’20)
blood samples, refrigerating them, and transporting them in the lab.

back to a central lab.
In 2011, Klapperich and MakerHealth cofounder Jose
Gomez-Marquez went to Nicaragua, where they saw firsthand
the challenges of viral-load testing. A sophisticated lab in
Managua could handle the testing, she remembers, but they
saw how easy it was for a sample to “spoil” on the way there.
“It has to stay cold, it
has to be preserved, it
has to be handled cor-
rectly, and it has to get
there within a certain
amount of time,” she

“Being able to test yourself puts the

power into the hands of the woman.”

explains. Samples from
the far east of the country weren’t weathering the trip. “Jose
and I started brainstorming on that problem immediately.”

Now, they are working on a way to collect blood samples,
store them on a small strip made of layers of paper and
flexible plastic, and preserve them so that each one can be
tucked into a plastic baggie with a packet of silica gel (like
the one that comes with a box of new shoes) and shipped off
to a lab, without the need for refrigeration along the way.
“You make it smaller, you make it lighter, you take it out of
the cold chain, and then it becomes something that you could
theoretically mail,” says Klapperich. Her group has already
shown that samples preserved in this way will last at least
two weeks.

Klapperich and Gomez-Marquez are working on a way
to turn their prototype strip, which they’ve dubbed SNAP-
flex, into something that can be manufactured on a larger
scale. Their design inspiration: tape. “Tape is made every-
where in the world—Brazil, Chile, India,” says Gomez-
Marquez, who also directs the Little Devices Lab at MIT.
Because tape is made on standard reel-to-reel machines,
tape-based test strips could be made in existing factories
with little modification, he says. And the test strip housing

wouldn’t just look like tape: it could
actually be tape, specifically plumb-

er’s tape. Like plastic kitchen wrap,
plumber’s tape sticks to itself without
any adhesive. All it takes to seal up the
test is another layer of tape over the top.

Plumber’s tape is cheap and acces-
sible, and because it is familiar, it is
less intimidating to use, says Gomez-
Marquez. In November 2017, the col-
laborators won a $100,000 grant from
the Gates Foundation to advance the
new device.

The “DNA-to-go” technique has ap-
plications Klapperich had never even
imagined before. “I get calls all the
time from people who work in all kinds
of fields,” she says. One call came from a
researcher studying wild primates. The
scientists wanted to study blood-borne
infections in the animals, but couldn’t
take blood vials, which are considered
biohazards, out of the nature reserve.
Klapperich’s technique seemed like
the perfect solution: they could extract
DNA from the animals’ blood, preserve
it, and take it back to the lab for testing
without any danger.

“The most exciting discussions that I
have are with scientists who have really
good ideas but don’t necessarily have
the time or the bandwidth to work on
them. There’s no ceiling on the number
of things that people who are in these
different labs, in these different coun-
tries, could do with it,” says Klapperich.
“And to me, that’s much more exciting;:
enabling the work of other people.”
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