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COVID-19

Fast, cheap tests could enable safer reopening

Models show test accuracy matters less than speed and frequency for curbing outbreaks

By Robert F. Service

ven as the United States ramped
up coronavirus testing from about
100,000 per week in mid-March to
more than 5 million per week in late
July, the country fell further behind
in stemming the spread of the virus.
Now, diagnostics experts, public health
officials, and epidemiologists are call-
ing for a radical shift in testing strategy:
away from diagnosing people who have
symptoms or were exposed and toward
screening whole populations using faster,
cheaper, sometimes less accurate tests. By
making it possible to identify and iso-

to interact with others and spread the virus.

And if their infective period ends before
they get their results, isolating them won'’t
help. “It’s like calling the fire department
after your house burns to the ground,” says
A. David Paltiel, an operations research
expert at the Yale School of Public Health.
“You can’t play catch up with this virus.”

A 24 July preprint on medRxiv under-
scored the downsides of slow tests.
Shixiong Hu, a researcher with the Hunan
Provincial Center for Disease Control and
Prevention, and his colleagues followed
1178 people who tested positive for SARS-
CoV-2 from January to April and tested

including ones that are less accurate than
today’s. Fast tests repeated every 3 days,
with isolation of people who test positive,
prevent 88% of viral transmission com-
pared with no tests; a more sensitive test
used every 2 weeks is less than half as effec-
tive at cutting transmission, they reportin a
27 June preprint on medRxiv.

Paltiel and his colleagues reached much
the same conclusion when they modeled a
variety of testing regimes aimed at safely
reopening a 5000-student university. In
a 31 July paper in JAMA Network Open,
they found that, with 10 students in-
fected at the start of the semester, a test

that identified only 70% of positive

late infected individuals more quickly,
proponents say, the shift would slow
the virus’ spread, key to safely reopen-
ing schools, factories, and offices.
“America faces an impending disaster,”

Speed counts

Standard COVID-19 tests sacrifice speed and low cost for
accurate diagnosis. Faster, cheaper screening tests could
catch and isolate infected people more quickly.

cases, given to every student every
2 days, could limit the number of infec-
tions to 28 by the end of the semester.
Screening every 7 days allowed greater
viral spread, with the model predicting

says Rajiv Shah, president of the Rocke-
feller Foundation. Testing, he says, needs
to focus on “massively increasing avail-
ability of fast, inexpensive screening tests

to identify asymptomatic Americans who  Predominant
carry the virus. Today, we are conducting ~ type of test | {:’: /
too few of these types of tests.”

Rebecca Smith, an epidemiologist
at the University of Illinois, Urbana-
Champaign (UIUC), agrees. To stop  Sample
outbreaks from overwhelming commu- cellection
nities, she says, “we need fast, frequent
te.zsting,” whi.ch. could mean faster ver- Turnaround .
sions of existing RNA tests or new time Days Minutes
kinds of tests aimed at detecting viral
proteins. But researchers say the fed- Cost $98 S
eral government will need to provide Accuracy High Moderate
major financial backing for the push. Frequency Single tests Multiple tests every week

Today, COVID-19 testing relies pri-
marily on the polymerase chain reaction
(PCR), a technique to amplify the virus’
genetic material, making it easy to detect.
If administered properly, such tests are
highly accurate, spotting positive cases
nearly 100% of the time. That accuracy
is vital for decisions about treating indi-
vidual patients. But PCR tests cost about
$100 each, require specialized machinery
and reagents, and typically take at least
1 to 2 days to return results.

The recent increase in coronavirus cases
across the United States has added to the de-
lay, pushing wait times to 2 weeks in some
places. While they wait, people who are in-
fected but don’t yet know it may continue
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their 15,648 contacts, defined as people
who had been within 1 meter of a positive
person between 2 days before and 14 days
after the person’s symptoms began. Based
on which contacts were infected and when,
the researchers estimated that people were
most likely to spread the virus 1.8 days be-
fore the onset of symptoms. The finding
suggests testing people only when they
show symptoms and giving them test re-
sults days to weeks later does little to slow
viral spread, says Daniel Larremore, an ap-
plied mathematician at the University of
Colorado, Boulder.

Larremore and his colleagues have mod-
eled the benefits of more frequent tests,
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108 infections. “A higher frequency of
testing makes up for poor sensitivity,”
Paltiel says.

Smith says these and related stud-
ies have prompted UIUC to set up
tests for all 60,000 students and fac-
ulty multiple times per week when
the students return to campus this
fall. The approach relies on an experi-
mental fast PCR setup described in an
18 June preprint that bypasses some of
the usual slow procedures for isolat-
ing viral RNA and tests saliva rather
than nasal swabs, says Martin Burke,
a UIUC chemist who was one of the
test’s developers. Smith says her team
predicts that if the university tests
everyone every 3 to 4 days, on average,
it will detect positive cases half a day
before those people reach peak infectivity.

Antigen tests, which immobilize anti-
bodies on a test strip, promise an even
greater speedup. Those antibodies detect
viral proteins in saliva or a nasal swab.
Such tests cost as little as $1 to $2 each,
give a yes/no readout within minutes,
much like a pregnancy test, and are al-
ready used to detect influenza, HIV, and
other viruses. Two companies—Quidel
Corporation and Becton, Dickinson and
Company (BD)—have received emergency
use authorization from the U.S. Food and
Drug Administration to sell antigen tests
for SARS-CoV-2. Other companies have
similar tests in the works.
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Because antigen tests don’t amplify viral
material but simply detect what is present
in the sample, they are less accurate than
PCR. Some antigen tests correctly detect
only one-half to three-quarters of infections.
But they could still be a valuable health tool
if performed often enough; few infected
people would be missed in multiple rounds
of tests. And people who receive a positive
antigen test could be isolated and retested
with a PCR test to confirm the result.

Among the hurdles facing widespread,
repeat screening is the scarcity of such
tests. Quidel and BD together manufacture
about 3 million antigen tests per week. But
a national screening strategy would likely
require 25 million fast tests or more, says
Jonathan Quick, who heads pandemic re-
sponse for the Rockefeller Foundation. On
16 July, the foundation released a national
COVID-19 testing plan calling on the fed-
eral government to spend $75 billion on
providing 30 million screening and diag-
nostic tests per week.

Quick says companies are reluctant to
ramp up production dramatically if they
are unsure of the market for the products.
One solution, he adds, could be a promise
by the federal government to buy tens of
millions of tests, much as it has done with
vaccine doses. In one such effort, the gov-
ernors of six U.S. states announced this
week they are banding together to ask
Quidel and BD for a total of 3 million tests.

Or the Trump administration could take
over test production using the Defense
Production Act, which allows the federal
government to direct private companies to
meet national defense needs. “I don’t think
it’s either/or,” Quick says. “It’s and/both.
We don’t have time to wait.”

Help could also come from a National
Institutes of Health test development pro-
gram, which last week announced nearly
$250 million in awards to seven companies
for scaling up production of novel rapid
SARS-CoV-2 tests, with a goal of reaching
some 42 million tests per week by the end
of this year.

Even with federal help, broad screening
programs are likely to be costly. Paltiel’s
study estimated that testing 5000 students
every 3 days for an abbreviated 80-day
semester would cost about $1.5 million,
which may be beyond the reach of many
universities, let alone high schools and
small businesses.

But if organizations won’t or can’t make
the investment, Paltiel asserts, “they have
to ask themselves if they have any business
reopening.” Quick adds: “Investing will be
far less costly for the nation than another
economic shutdown, which will happen if
we don’t contain the outbreaks.” m
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With working parents and children stuck at home, interruptions are the new normal.

COVID-19

Pandemic hits scientist

parents hard

New data quantify lost work hours and productivity

By Katie Langin

hen COVID-19 hit the United King-

dom, Michele Veldsman—a postdoc

at the University of Oxford—took

her 2-year-old daughter out of day

care. She and her husband split

child care responsibilities so they

could each work half days. However, by the
time the cognitive neuroscientist responded
to urgent emails, she had little time left to
dive into the data analyses and writing she’d
hoped to make progress on. Nor did she have
time for things such as virtual conferences,
journal clubs, or collaborations. “I really need
to be going to the stage of independence,’
says Veldsman, who hopes to land a faculty
position. “Collaborations ... show that inde-
pendence, which I don’t have time to do now.”
For months, stories such as Veldsman’s
have flooded social media. “All it takes is
5 minutes on Twitter to see how much
people are struggling right now,” says Mi-
chelle Cardel, an assistant professor at the
University of Florida College of Medicine.
Parents in all professions are under strain
as the pandemic keeps children home from
day care or school. But scientists who have
young children often face maximum profes-
sional pressure at the same time, as they
apply for jobs and bid for tenure. And data
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quantifying the scale of their struggles are
starting to emerge.

In the early weeks of the pandemic, sci-
entists who had children 5 years of age or
younger reported working 38% fewer re-
search hours than normal, and those with
children between ages 6 and 11 worked 32%
fewer hours. That’s compared with a 16%
drop for all other scientists, according to
a survey of about 4500 U.S. and European
principal investigators published last month
in Nature Human Behaviour. A survey of
about 3300 Brazilian academics, posted as
a preprint last month on bioRxiv, found
that parents—especially mothers of young
children—struggled to submit manuscripts
as planned. A study that Cardel co-authored
on US. faculty members, now in review,
found similar results, she says.

“It’s just been a constant juggling act,” says
Larry Snyder, a professor of industrial and
systems engineering at Lehigh University
and the father of 8- and 12-year-old girls. In
May, he and his wife—an English professor at
Lehigh—found that their children needed as-
sistance 15 times per hour. Interruptions take
“your attention away, and it takes a while to
get your attention back,” Snyder says. (While
speaking with Science, one of his daughters
interrupted to ask to use his iPad for her
math exercises. “I didn’t stage that,” he joked.)
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