Health-care workers test a resident of Mumbai, India, for coronavirus infection using a rapid antigen assay.

FAST CORONAVIRUS
TESTS ARECOMING

Rapid antigen tests are designed to tell in afew minutes
whether someoneisinfectious. Will they be game changers?

By Giorgia Guglielmi

he United States leads the world in
COVID-19 deaths but lags behind
many countries — both large and
small —intesting capacity. That could
soon change.

Atthe end of August, the US Food
and Drug Administration (FDA)
granted emergency-use approval

to anew credit-card-sized testing device for
the coronavirus that costs US$5, gives results
in15minutes and doesn’trequire alaboratory
oramachine for processing. The United States
is spending $760 million on 150 million of
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these tests from health-care company Abbott
Laboratories, headquartered in Abbott Park,
lllinois, which plans to ramp up productionto
50 million per month in October.

The tests detect specific proteins — known
as antigens — on the surface of the virus, and
canidentify people who are at the peak of infec-
tion, whenvirus levels in the body are likely to
be high. Proponents argue that this could be a
game changer. Antigentests could help tokeep
the pandemicatbay, because they canberolled
outinvastnumbersand canspotthose whoare
atgreatestrisk of spreading the disease. These
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testsarealsoakey elementinthetestingstrate-
gies of other countries, such as India and Italy.

Antigen assays are much faster and cheaper
than the gold-standard tests that detect viral
RNA using a technique called the polymerase
chainreaction (PCR). But antigen tests aren’t
assensitive asthe PCR versions, which can pick
up minuscule amounts of the SARS-CoV-2 virus
that causes COVID-19.

This difference raises some concerns
among specialists, who worry that antigen
tests will miss infectious people and resultin
outbreaks in countries that have largely con-
trolled coronavirus transmission. Others view
the lower sensitivity as an attribute, because
some people who receive positive PCR test
results are infected, but are no longer able to
spread the virus to others. So antigen tests
could shift the focus to identifying the most
infectious people.

Atpresent, antigen tests are administered by
trained professionals, but some companies are
developing versions thatare simple enough to
be used at home — similar to pregnancy tests.

“Making the tests faster, cheaper, easier
is definitely the goal — and I think the anti-
gen test is the way to get there,” says Martin
Burke, a chemist at the University of lllinois
at Urbana-Champaign, who is co-developing
rapid tests, including antigen-based assays.
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“This is by no means the perfect solution, it’s
justthe fastest thing we could get going now,”
he says.

What tests are there and how do
they work?

Tests for COVID-19 fall into two categories:
diagnostic tests such as PCR and antigen
assays, which detect parts of the SARS-CoV-2
virus, and antibody tests that sense molecules
that people produce when they have been
infected by the virus. Antibodies can take
several days to develop after aninfectionand
often stay in the blood for weeks after recov-
ery, soantibody tests have limited usein diag-
nosis (see ‘Catching COVID-19").

The high-sensitivity PCR tests are almost
100% accurate in spotting infected people,
whenthey are administered properly. Butsuch
testsgenerally require trained personnel, spe-
cificreagents and expensive machines that take
hours to provide results.

CountriessuchasSouth Koreaand New Zea-
land have succeeded in boosting PCR-based
testing, but scaling up these tests has proved
difficult elsewhere. The United States, for
example, has seen a slow and poorly coordi-
nated response to outbreaks, faulty tests from
the Centers for Disease Control and Prevention
(CDC) and problems with the supply chain. All
of'this has hindered efforts to collect and pro-
cess samples for PCR, pushing waiting times
to days or even weeks. These delays, along
with a lack of tests, have contributed to the
rampant spread of COVID-19 across the coun-
try, which by 18 September had seen almost
200,000 deaths from the disease.

A typical antigen test starts with a health-
care professional swabbing the back of a per-
son’snose or throat — although companies are
developing kits that use saliva samples, which
are easier and safer to collect thanaswab. The
sampleis then mixed withasolution thatbreaks
thevirus openand frees specific viral proteins.
The mix is added to apaper strip that contains
anantibody tailored to bind to these proteins,
ifthey’re presentinthesolution. A positive test
result can be detected either as a fluorescent
glow or as adark band on the paper strip.

Antigentestsgiveresultsinless than 30 min-
utes,don’thavetobeprocessedinalabandare
cheap to produce. Yet that speed comes with
a cost in sensitivity. Whereas a typical PCR
test can detect a single molecule of RNA in
amicrolitre of solution, antigen tests need a
sample to contain thousands — probably tens of
thousands — of virus particles per microlitre to
produceapositiveresult'.So, ifa person haslow
amounts of virus in their body, the test might
give afalse-negative result.

When used on people who were positive for
SARS-CoV-2in astandard PCR test, Abbott’s
antigen assay correctly spotted the virus in
95-100% of casesifthe samples were collected
within a week of the onset of symptoms. But

that proportion dropped to 75% if samples
were taken more than aweek after peoplefirst
showed symptoms. The sensitivity — or the
rate of detecting infections correctly — of the
otherantigen tests used in the United States is
between 84%and 98%if apersonistestedinthe
week after showing symptoms.

Companies and academic research labs
are also rolling out other tests that are faster,
cheaper and more user-friendly than standard
PCR assays, although they are not being pro-
ducedonthesamescale asantigentests. Some
of these other tests use the gene-editing tool
CRISPR to zero in on genetic snippets of the
coronavirus. Others are quicker variants of the
PCR test that use different reagents, meaning
they’re not limited by the same supply-chain
problems. Saliva-based PCR tests, for example,
arebeing used as screening toolsin universities
and for professional basketball teams.

Which tests tell whether someoneis
infectious?

Although the PCR method can test whether
someone is infectious, it also detects people
who havethevirusbutarenotlikely tospreadit.

Antigen-based testing, by contrast, could
help to rapidly identify people who have high
levels of virus — those who are most likely to be
infectious toothers —andisolate them fromthe
community, says Marion Koopmans, a virolo-
gist at the Erasmus University Medical Centre
inRotterdam, the Netherlands. “The question
is, what is the safe limit? Because the moment
you get that wrong, the whole idea implodes,”
she says. It’s still unclear what viral load is the

CATCHING COVID-19

Different types of COVID-19 test can detect the
presence of the SARS-CoV-2 virus or the body’s
response to infection. The probability of a positive
result varies with each test before and after
symptoms appear.

PCR-based tests detect small amounts of viral
genetic material, so a test can be positive long
after a person stops being infectious.

= Rapid antigen tests detect the presence of viral
proteins and can return positive results when a
person is most infectious.

Antibody tests detect the body’s immune
response to the virus and are not effective at
the earliest phase of infection.
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threshold below which a personis no longer
contagious, says Koopmans, who is working
with the World Health Organization (WHO) to
determineastandardto validate rapid tests. “It
would be very worrying if everyone does that
ontheirown, using different criteria,” she says.

Viral load peaks early in SARS-CoV-2 infec-
tions and then gradually declines, with tiny
amounts of virus RNA staying in someone’s
nose or throat for weeks or possibly months?.,
And although there are not enough data to
equate different virallevels with how infectious
people are, there is evidence that individuals
are unlikely to spread the virus about eight to
ten days after showing symptoms?>.

“If you're at risk of transmitting the virus to
somebody else, you're going to have plenty of
viral particles —those would certainly show up
inantigen tests,” says Michael Mina, an infec-
tious-disease immunologist at the Harvard
T. H. Chan School of Public Health in Boston,
Massachusetts, who has been a vocal propo-
nent of antigen tests.

There are challenges at the start of the
infection, when people have low levels of the
virus. The answer, says Mina, is frequent test-
ing — done multiple times per week. This could
quickly identify infected people, eveniif the
assaysare less sensitive thana PCR-based test,
because theamount of virusin their noses and
throats rises within hours, he says.

Mina and his colleagues have used statisti-
calmodelstoassessthis strategy.Inapreprint
updated on 8 September, they suggest that test-
ing people twice aweek witharelatively insensi-
tive test could be more effective at curbing the
spread of SARS-CoV-2 than are more-accurate
tests done once every two weeks'. Another
study that modelled different scenarios for
safely reopening university campuses reported
similar findings*.

To slow outbreaks, the focus should be on
identifying those who are at risk of spreading
SARS-CoV-2 to other people, rather than on
spotting anyone who is infected with it, some
experts say.

When used as ascreeningtool to frequently
assess as many people as possible, rapid antigen
tests could be “agame changer”, says Rebecca
Lee Smith, an epidemiologist at the University
of lllinois.

How do countries plan to use
antigen tests?
At the beginning of April, as coronavirus
outbreaks raged across the world, India had
tested only about 150,000 people — one of the
lowest testing rates per capitaworldwide. On
21 August, the country conducted more than
onemillion coronavirustestsinasingle day. It
reached that milestone after Indian authorities
began using antigen assays to boost testing
capacity.

Delhiwas the first Indian state to begin using
rapid antigen tests, inJune. By mid-July, the
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A technician in a mobile unit conducts rapid antigen tests for COVID-19 in New Delhi.

number of cases there had decreased and the
daily death counts had plateaued, suggest-
ing that the tests might have played some
part in controlling the spread of the virus.
Epidemiologist K. Srinath Reddy, president
of the Public Health Foundation of India, a non-
profitorganizationin New Delhi, says that the
Delhiexampleisinteresting, but not clear-cut:
he notes that the government started to lift
lockdownrestrictions in August, whichled to
asurgeininfections. “Rapid antigen tests have
picked up the increased number of cases, but
whether they have been successful in limit-
ingthe spread of COVID, we’llonly knowin the
next couple of months,” Reddy says.

So far, India has approved the use of three
antigen tests for screening large numbers of
people, whether or not they have symptoms.
One of the kits was evaluated by the Indian
Council of Medical Research (ICMR) and the All
Indialnstitute of Medical Sciences, which found
that the test detected infections between 51%
and 84% of the time. Guidance from the ICMR
says that people who have a negative result
fromanantigen test should also get aPCR test
if they show symptoms, to rule out the possi-
bility that the rapid test missed aninfection.

The WHO and the US CDC have also advised
gettinga PCRtest if people showing symptoms
test negative with a rapid antigen test. The US
FDA hasso far granted emergency use authori-
zation for four antigentests, each of which has
ahighersensitivity thanthose usedinIndia. The
150 million tests bought from Abbott will be
usedinschools and “other special needs popu-
lations”,according tothe Department of Health
and Human Services. The FDA, however, has
authorized antigen-based tests only for people
who have had symptoms for 12 days or fewer.
Tests must be prescribed by a physician and
administered by a health-care professional.
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Other countries are also considering the use
of rapid antigen tests to meet targets. In July,
the Philippine Society for Microbiology and
Infectious Diseases issued temporary guide-
lines for clinicians and health-care workers,
saying that antigen tests could be used as an
alternative to PCR for diagnosing a coronavi-
rus infection during the first week in people
with symptoms. But it also recommend15 ss
that all negative results should be confirmed
witha PCR-based assay, says Edsel Salvaiia, an
infectious-diseases expertat the University of
the Philippines Manila, whois advising Philip-
pine officials on rapid testing.

Antigen-based tests arebeing usedinsome
of Italy’s major airports to screen people who
arrive from four Mediterranean countries

“Testing shouldbecomea
part of life:in the morning
you take your cereals, your
vitamins, and you quickly
checkyour status.”

considered to have a high risk of infection.
Negative results do not have to be confirmed
with a PCR test. The Italian health minister,
Roberto Speranza, has announced plans to
use antigen tests to screen passengers at all of
the country’sairports,and agroup of experts
has urged the Italian government to use the
rapid tests in schools and universities.

But others don’t think rapid antigen tests
areagoodidea. When trying to contain small
outbreaks, such as those happening in Italy,
public-health authorities should use assays
that are highly accurate, because missing
even just one positive individual could lead
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toasteepincreasein the totalnumber of cases,
says Andrea Crisanti, a microbiologist at the
University of Padua.

Some researchers worry that there won’t be
enough antigen tests available togreatly expand
their use. “Rapid tests right now are for the
happy few,” Koopmans says. “If we want to take
theseassaysresponsibly forward, we should talk
about whether they can be produced to levels
that would make them globally available.”

Could antigen assays be used at
home like pregnancy tests?

Several experts have promoted the idea of
developing an antigen test that is cheap and
simple enough to use at home, without a
health-care worker administeringit.

Burke says what’s needed is something as
easy as a pregnancy test. “You just spitinto a
tube, put a piece of paper initand you get the
result within minutes,” Burke says. “Testing
should become a part of life: in the morning
you take your cereals, your vitamins, and you
quickly check your status,” he says.

A few companies are developing simple
paper-strip antigen tests. But drug regulators
have not yetapproved themforemergency use.
“Wedon’t havealot of real-life experience with
these tests, and a lot of the validations have
onlybeendoneinthelaboratory,” Salvaiiasays.

Beyond concerns about costs and availabil-
ity, researchers worry that, with an over-the-
counter test, people who get positive results
might not follow up with public-health author-
ities, so their contactswon’tbe traced. Another
risk would be people “gaming the system”,
Smith says — for example, getting someone
elsetotaketheir test —sothey canbesure ofa
negative resultand avoid quarantine. Without
incentives such as freely available tests and
aliving salary for those who have toisolate,
testing and self-isolation could become a
luxury reserved for wealthier people, others
have argued.

Another concern is that people will get a
false sense of security fromtests that have only
limited accuracy. “There’s a big risk that the
moment these tests become widely available,
peoplewilljust use them and say, ‘It’s negative,
soI'mclear,” Koopmans says.

Even when testing negative, people should
continue towash their hands, wear masks and
avoid gathering in big groups, she says. Test-
ing, she adds, “cannotreplace the basic control
measures that need to be in place to keep this
virus controlled”.

Giorgia Guglielmi is a science journalist in
Basel, Switzerland.
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