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Clarifying the evidence on SARS-CoV-2 antigen rapid tests in
public health responses to COVID-19

The use of rapid lateral flow antigen testing (LFT)
for SARS-CoV-2 has been questioned™ with uncor-
roborated* reports of poor LFT sensitivity. The debate
surrounding the use of the Innova Lateral Flow
SARS-CoV-2 Antigen Test in the UK risks confusing
policy makers internationally and potentially stalling
deployment of LFTs in other countries.® As scientists
and health professionals evaluating some of the
world’s largest pilots of LFT, we wish to challenge those
interpretations and clarify the evidence on how such
testing might be used to detect SARS-CoV-2 in minutes
and improve COVID-19 control measures.

Testing for SARS-CoV-2 is central to COVID-19 manage-
ment and has relied on quantitative reverse transcriptase
polymerase chain reaction (PCR) technology. PCR seeks
the genetic code of the virus from nose or throat swabs
and amplifies it over 30-40 cycles, doubling each cycle,
enabling even miniscule, potentially single, copies
to be detected. PCR is thus a powerful clinical test,
specifically when a patient is, or was recently, infected
with SARS-CoV-2. Fragments of RNA can linger for weeks
after infectious virus has been cleared,® often in people
without symptoms or known exposures.”

However, for public health measures, another approach
is needed. Testing to help slow the spread of SARS-CoV-2
asks not whether someone has RNA in their nose from
earlier infection, but whether they are infectious today.
It is a net loss to the health, social, and economic well-
being of communities if post-infectious individuals test
positive and isolate for 10 days. In our view, current PCR
testing is therefore not the appropriate gold standard for
evaluating a SARS-CoV-2 public health test.

Most people infected with SARS-CoV-2 are contagious
for 4-8 days.” Specimens are generally not found to
contain culture-positive (potentially contagious) virus
beyond day 9 after the onset of symptoms, with most
transmission occurring before day 5.% This timing fits
with the observed patterns of virus transmission (usually
2 days before to 5 days after symptom onset), which
led public health agencies to recommend a 10-day
isolation period.® The short window of transmissibility
contrasts with a median 22-33 days of PCR positivity
(longer with severe infections and somewhat shorter

among asymptomatic individuals).” This suggests that
50-75% of the time an individual is PCR positive, they are
likely to be post-infectious.**

Once SARS-CoV-2 replication has been controlled
by the immune system, RNA levels detectable by PCR
on respiratory secretions fall to very low levels when
individuals are much less likely to infect others.>* The
remaining RNA copies can take weeks, or occasionally
months,*” to clear, during which time PCR remains
positive.’

A public health test for detecting someone who might
be contagious is, by logical deduction, expected to have a
sensitivity of around 30-40% versus PCR when testing a
random sample of asymptomatic people in a steady-state
outbreak.” Furthermore, the asymmetry of RNA reflecting
more infectiousness nearer to the time of exposure, means
that the sensitivity of the ideal test of infectiousness when
measured against PCR may vary across the epidemic curve,
from as high as 50-60% when an outbreak is surging
t020-30% or less as infections decline.”

LFT and the UK testing programme have been
criticised™* for poor sensitivity in people without
symptoms. In our view, these criticisms misinterpreted
data from the interim report on the pilot of community
testing in Liverpool, UK**** When paired LFT and PCR
testing was done in Liverpool, the epidemic curve was
declining.” At this point, a priori one should expect a

www.thelancet.com Published online February 17,2021 https://doi.org/10.1016/50140-6736(21)00425-6

@®

CrossMark

Published Online
February 17,2021
https://doi.org/10.1016/
$0140-6736(21)00425-6

Jeff | Mitchell/Getty Images


http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(21)00425-6&domain=pdf
mdvrdrmn
Highlight

mdvrdrmn
Highlight

mdvrdrmn
Highlight

mdvrdrmn
Highlight


Comment

public health test that is highly sensitive for detecting
infectious virus to show low overall sensitivity relative to
PCR in people without symptoms or known exposures.

Further confusion reigns over PCR cycle threshold (Ct)
values, viral loads, and infectiousness. In the Liverpool
pilot, Innova LFT picked up 19 of 24 (79%) samples
with Ct below 20 and ten of 11 (91%) samples with Ct
below 18.* The 66% sensitivity in the Liverpool interim
report® was based cautiously on Ct below or equal to 25
indicating viable virus. For the laboratory processing of
the Liverpool samples, Ct values of 21-18 most likely
reflect the 100000 to 1 million RNA copies per mL,
quantities below which virus cultures usually become
negative and transmission risks are low.?? Other
laboratories place this threshold at a Ct of 30.% There is
no international standardisation between laboratories
and assays, leaving Ct calibration with viral load poorly
reported and easy to misunderstand.

Early findings, widely reported? from a study by
Ferguson and colleagues,® suggested that LFT had
only 3% sensitivity for detecting SARS-CoV-2 among
PCR-positive students at Birmingham University. Test
underperformance was implied to explain finding only
two positive results among 7189 individuals tested
with Innova LFT.* In that study,” in a random sample
of 710 (10%) LFT-negative individuals there were
six PCR-positive results. That finding was extrapolated
to 60 cases in the whole cohort, giving an extrapolated
sensitivity of two of 62 (3-2%). The Ct values from the
six PCR-positive samples were projected to Ct values
for the 60 cases (54 unobserved plus six observed);
in all six observed cases, viral loads were very low
(Ct 229 reflecting around <1000 RNA copies per mL in
the laboratory used)—when LFT should be negative. By
comparison, the Liverpool pilot saw virus levels 1000
to 1 million times higher.”” In our view, the Birmingham
study showed that PCR-positive asymptomatic students
at a time of falling COVID-19 incidence had low viral
loads compared with symptomatic members of the
public attending testing centres and that LFT was
working as expected.”

We wholeheartedly support healthy scientific debate
to inform policies promptly. The COVID-19 road
ahead looks challenging; therefore, we need big, bold
actions across science and society, such as the Liverpool
community testing pilot. The prompt evidence from
such pilots can inform policies and help maintain public

confidence in the public health responses needed to
navigate this pandemic’s onward path.
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Faith in Quick Test Leads to Epidemic That Wasn't

Dr. Brooke Herndon of Dartmouth-Hitchcock
Medical Center, shown at left this month, was told
last spring that she appeared to have whooping
cough.

Jon Gilbert Fox for The New York Times

By Gina Kolata

Jan. 22, 2007

Dr. Brooke Herndon, an internist at Dartmouth-Hitchcock Medical Center, could not stop
coughing. For two weeks starting in mid-April last year, she coughed, seemingly nonstop,
followed by another week when she coughed sporadically, annoying, she said, everyone who
worked with her.

Before long, Dr. Kathryn Kirkland, an infectious disease specialist at Dartmouth, had a
chilling thought: Could she be seeing the start of a whooping cough epidemic? By late April,
other health care workers at the hospital were coughing, and severe, intractable coughing is
a whooping cough hallmark. And if it was whooping cough, the epidemic had to be contained
immediately because the disease could be deadly to babies in the hospital and could lead to
pneumonia in the frail and vulnerable adult patients there.

It was the start of a bizarre episode at the medical center: the story of the epidemic that
wasn’t.

For months, nearly everyone involved thought the medical center had had a huge whooping
cough outbreak, with extensive ramifications. Nearly 1,000 health care workers at the
hospital in Lebanon, N.H., were given a preliminary test and furloughed from work until
their results were in; 142 people, including Dr. Herndon, were told they appeared to have the
disease; and thousands were given antibiotics and a vaccine for protection. Hospital beds
were taken out of commission, including some in intensive care.
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Then, about eight months later, health care workers were dumbfounded to receive an e-mail
message from the hospital administration informing them that the whole thing was a false
alarm.

Not a single case of whooping cough was confirmed with the definitive test, growing the
bacterium, Bordetella pertussis, in the laboratory. Instead, it appears the health care
workers probably were afflicted with ordinary respiratory diseases like the common cold.

Now, as they look back on the episode, epidemiologists and infectious disease specialists say
the problem was that they placed too much faith in a quick and highly sensitive molecular
test that led them astray.

Infectious disease experts say such tests are coming into increasing use and may be the
only way to get a quick answer in diagnosing diseases like whooping cough, Legionnaire’s,
bird flu, tuberculosis and SARS, and deciding whether an epidemic is under way.

There are no national data on pseudo-epidemics caused by an overreliance on such
molecular tests, said Dr. Trish M. Perl, an epidemiologist at Johns Hopkins and past
president of the Society of Health Care Epidemiologists of America. But, she said, pseudo-
epidemics happen all the time. The Dartmouth case may have been one the largest, but it
was by no means an exception, she said.

There was a similar whooping cough scare at Children’s Hospital in Boston last fall that
involved 36 adults and 2 children. Definitive tests, though, did not find pertussis.

“It’s a problem; we know it’s a problem,” Dr. Perl said. “My guess is that what happened at
Dartmouth is going to become more common.”

Many of the new molecular tests are quick but technically demanding, and each laboratory
may do them in its own way. These tests, called “home brews,” are not commercially
available, and there are no good estimates of their error rates. But their very sensitivity
makes false positives likely, and when hundreds or thousands of people are tested, as
occurred at Dartmouth, false positives can make it seem like there is an epidemic.

“You’re in a little bit of no man’s land,” with the new molecular tests, said Dr. Mark Perkins,
an infectious disease specialist and chief scientific officer at the Foundation for Innovative
New Diagnostics, a nonprofit foundation supported by the Bill and Melinda Gates
Foundation. “All bets are off on exact performance.”

Of course, that leads to the question of why rely on them at all. “At face value, obviously they
shouldn’t be doing it,” Dr. Perl said. But, she said, often when answers are needed and an
organism like the pertussis bacterium is finicky and hard to grow in a laboratory, “you don’t
have great options.”



Waiting to see if the bacteria grow can take weeks, but the quick molecular test can be
wrong. “It’s almost like you’re trying to pick the least of two evils,” Dr. Perl said.

At Dartmouth the decision was to use a test, P.C.R., for polymerase chain reaction. It is a
molecular test that, until recently, was confined to molecular biology laboratories.

“That’s kind of what’s happening,” said Dr. Kathryn Edwards, an infectious disease
specialist and professor of pediatrics at Vanderbilt University. “That’s the reality out there.
We are trying to figure out how to use methods that have been the purview of bench
scientists.”

The Dartmouth whooping cough story shows what can ensue.

To say the episode was disruptive was an understatement, said Dr. Elizabeth Talbot, deputy
state epidemiologist for the New Hampshire Department of Health and Human Services.

“You cannot imagine,” Dr. Talbot said. “I had a feeling at the time that this gave us a shadow
of a hint of what it might be like during a pandemic flu epidemic.”

Yet, epidemiologists say, one of the most troubling aspects of the pseudo-epidemic is that all
the decisions seemed so sensible at the time.

Dr. Katrina Kretsinger, a medical epidemiologist at the federal Centers for Disease Control
and Prevention, who worked on the case along with her colleague Dr. Manisha Patel, does
not fault the Dartmouth doctors.

“The issue was not that they overreacted or did anything inappropriate at all,” Dr.
Kretsinger said. Instead, it is that there is often is no way to decide early on whether an
epidemic is under way.

Before the 1940s when a pertussis vaccine for children was introduced, whooping cough was
a leading cause of death in young children. The vaccine led to an 80 percent drop in the
disease’s incidence, but did not completely eliminate it. That is because the vaccine’s
effectiveness wanes after about a decade, and although there is now a new vaccine for
adolescents and adults, it is only starting to come into use. Whooping cough, Dr. Kretsinger
said, is still a concern.

The disease got its name from its most salient feature: Patients may cough and cough and
cough until they have to gasp for breath, making a sound like a whoop. The coughing can
last so long that one of the common names for whooping cough was the 100-day cough, Dr.
Talbot said.



But neither coughing long and hard nor even whooping is unique to pertussis infections, and
many people with whooping cough have symptoms that like those of common cold: a runny
nose or an ordinary cough.

“Almost everything about the clinical presentation of pertussis, especially early pertussis, is
not very specific,” Dr. Kirkland said.

That was the first problem in deciding whether there was an epidemic at Dartmouth.
The second was with P.C.R., the quick test to diagnose the disease, Dr. Kretsinger said.

With pertussis, she said, “there are probably 100 different P.C.R. protocols and methods
being used throughout the country,” and it is unclear how often any of them are accurate.
“We have had a number of outbreaks where we believe that despite the presence of P.C.R.-
positive results, the disease was not pertussis,” Dr. Kretsinger added.

At Dartmouth, when the first suspect pertussis cases emerged and the P.C.R. test showed
pertussis, doctors believed it. The results seem completely consistent with the patients’
symptoms.

“That’s how the whole thing got started,” Dr. Kirkland said. Then the doctors decided to test
people who did not have severe coughing.

“Because we had cases we thought were pertussis and because we had vulnerable patients
at the hospital, we lowered our threshold,” she said. Anyone who had a cough got a PC.R.
test, and so did anyone with a runny nose who worked with high-risk patients like infants.

“That’s how we ended up with 134 suspect cases,” Dr. Kirkland said. And that, she added,
was why 1,445 health care workers ended up taking antibiotics and 4,524 health care
workers at the hospital, or 72 percent of all the health care workers there, were immunized
against whooping cough in a matter of days.

“If we had stopped there, I think we all would have agreed that we had had an outbreak of
pertussis and that we had controlled it,” Dr. Kirkland said.

But epidemiologists at the hospital and working for the States of New Hampshire and
Vermont decided to take extra steps to confirm that what they were seeing really was
pertussis.

The Dartmouth doctors sent samples from 27 patients they thought had pertussis to the
state health departments and the Centers for Disease Control. There, scientists tried to grow
the bacteria, a process that can take weeks. Finally, they had their answer: There was no
pertussis in any of the samples.



“We thought, Well, that’s odd,” Dr. Kirkland said. “Maybe it’s the timing of the culturing,
maybe it’s a transport problem. Why don’t we try serological testing? Certainly, after a
pertussis infection, a person should develop antibodies to the bacteria.”

They could only get suitable blood samples from 39 patients — the others had gotten the
vaccine which itself elicits pertussis antibodies. But when the Centers for Disease Control
tested those 39 samples, its scientists reported that only one showed increases in antibody
levels indicative of pertussis.

The disease center did additional tests too, including molecular tests to look for features of
the pertussis bacteria. Its scientists also did additional P.C.R. tests on samples from 116 of
the 134 people who were thought to have whooping cough. Only one P.C.R. was positive, but
other tests did not show that that person was infected with pertussis bacteria. The disease
center also interviewed patients in depth to see what their symptoms were and how they
evolved.

“It was going on for months,” Dr. Kirkland said. But in the end, the conclusion was clear:
There was no pertussis epidemic.

“We were all somewhat surprised,” Dr. Kirkland said, “and we were left in a very frustrating
situation about what to do when the next outbreak comes.”

Dr. Cathy A. Petti, an infectious disease specialist at the University of Utah, said the story
had one clear lesson.

“The big message is that every lab is vulnerable to having false positives,” Dr. Petti said. “No
single test result is absolute and that is even more important with a test result based on
PC.R”

As for Dr. Herndon, though, she now knows she is off the hook.

“I thought I might have caused the epidemic,” she said.

Correction: Jan. 29, 2007

The credit for pictures last Monday with the continuation of a front-page article about a
whooping cough scare at Dartmouth-Hitchcock Medical Center omitted the photographer's
surname. He is Jon Gilbert Fox.
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