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EDITORIAL

Modeling, post COVID-19

uch of the public first learned about epidemio-
logical modeling during the early months of the
coronavirus disease 2019 (COVID-19) pandem-
ic. The first models resulted in more confusion
than clarity. Even though coronavirus cases
were rising exponentially in the United States
and Europe, some models predicted a rapid
peak followed by a rapid decline, whereas other mod-
els predicted cycles of infection continuing over several
years. Much has been learned since those early months.
In retrospect, it is clear that modeling requires both reli-
able data and an accurate understanding of how disease
spreads, and that the field of epidemiological modeling
requires a diversity of approaches. Support for this field
must increase and be coordinated,
with a designation of responsibilities
among funding agencies.

Early models relied on sparse,
sometimes unreliable, data, and
modelers did not anticipate the
emergence of important new
facts—frequent transmission by
asymptomatic carriers, the dispro-
portionate impact of superspread-
ers, and the role of aerosol-mediated
transmission. As data accumulated
and new information about trans-
mission was incorporated, the mod-
eling improved.

Basic research in forecasting
epidemics ranges from traditional
models that can be run on a lap-
top to those that simulate the daily
activities of a hundred thousand or more people and
require a supercomputer. However, research on model-
ing is funded haphazardly in the United States, with no
single federal agency having ownership. If the nation
expects to do better in the inevitable next pandemic,
basic research needs more support, and it needs a lead
agency to strengthen coordination across research
groups from a wide variety of disciplines including pub-
lic health, medicine, statistics, computer science, and
the behavioral sciences.

For use in an emergency, models developed through
basic research need to be “operationalized”—that is,
made robust for evaluating specific policy interven-
tions. “Nowcasting” requires models that integrate
incomplete, real-time data and emerging medical
knowledge to provide situational awareness. Such spe-
cialized models can address questions such as, “If we do
this, how many fewer deaths are likely?” Models must

“To conquer the
next pandemic,
it will be

essential to
have a diverse
array of improved
models...”

also incorporate behavioral responses to policy inter-
ventions that may change the course of an epidemic. By
contrast, forecasts of a hurricane’s path and intensity
need not take into account behavioral responses: The
forecaster may tell people to take shelter; whether they
do so does not change the path of the hurricane.

The comparison to weather research and prediction is
helpful when considering the changes needed to bolster
the effectiveness of epidemiological modeling. For the
weather, two federal agencies have clear responsibilities:
The National Science Foundation (NSF) supports basic
research in weather and climate modeling, whereas the
National Oceanic and Atmospheric Administration’s Na-
tional Weather Service distributes results of its operational
models to weather-forecast offices.
The United States needs an analo-
gous structure for epidemiological
modeling and forecasting—one or
more agencies with clearly defined
responsibilities for supporting basic
research in modeling, coordinated
with one or more agencies with de-
fined operational responsibilities.

We and other former members
of the Obama administration’s
President’s Council of Advisors on
Science and Technology (http://
opcast.org), after consultation with
modelers and policy analysts, re-
cently concluded that NSF, because
of its unmatched outreach into
computational and data sciences,
is well-positioned to act as the lead
research agency and should work closely with the Na-
tional Institutes of Health to ensure that epidemiologi-
cal models are consistent with what is known about
human disease. The U.S. Centers for Disease Control
and Prevention should be the lead operational agency,
with a new office for epidemic forecasting and analyt-
ics. The national supercomputing infrastructure of the
Department of Energy could help support the comput-
ing requirements of the combined programs.

To conquer the next pandemic, it will be essential to
have a diverse array of improved models that quickly in-
corporate new data and emerging medical knowledge,
and that simulate the effects of various public policy
interventions. If the United States takes action now by
increasing funding through agencies with well-defined
roles and responsibilities, it will be better prepared to
save lives in the future.

~William H. Press and Richard C. Levin
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FDA OKs at-home COVID-19 test

piAgcNosTIcs | The U.S. Food and Drug
Administration (FDA) issued its first
emergency use authorization last week
for an at-home diagnostic test that can
detect the pandemic coronavirus in just
minutes. However, the test might not
be widely available until spring 2021.
Produced by Lucira Health, a biotech
company, it is expected to cost less than
$50 and require a doctor’s prescription.
The company says it will soon distribute
tests in parts of California and Florida; it
says it needs time to scale up manufactur-
ing for national distribution. Lucira’s test
amplifies viral genetic material, making
it nearly as accurate as laboratory tests
that use the polymerase chain reaction,
the current gold standard. FDA previ-
ously approved at-home tests that must
2% ; be mailed to a laboratory for analysis.

i Ji : Several other companies are working on

? : : ‘ L rapid antigen tests, which detect viral par-
IN B RIE F Edited by Jeffrey Brainard R ticles, for 'home use. Bu.t cc'n'lcerns remain
about antigen tests’ reliability. Still, some

public health specialists consider widely
available, low-cost, at-home testing vital
for controlling the pandemic.

A woman in Equateur province in the DRC is examined for symptoms of Ebola. She tested negative.

INFECTIOUS DISEASES

Congo declares end to Ebola outhreak NIH boosts young scientists

FUNDING | A new U.S. National Institutes
he 11th Ebola outbreak in the Democratic Republic of the Congo of Health (NIH) award will allow early-
(DRC) is officially over, giving the country respite from the dis- career investigators who want to shift
ease for the first time in more than 2 years. On 18 November, the research directions when applying for their

X . first independent award to submit a pro-
World Heglth O.rganlzatlon (WHO) fmnoun.ced tha’F no nev.v cases posal without first generating preliminary
had been identified for 42 days, twice the incubation period for data to support their idea. Reviewers will
the deadly virus. The outbreak, in the western Equateur province, instead assess the soundness of the proj-
started in late May, just as a bigger one in the eastern DRC was coming ?Ct Ss ?Plifoat“i?-tThe lKatngE .awar(}ll is na:med
. - or Stephen Katz, a longtime champion
to an epd. (That outbrea.k had killed 2290 people.) Tpe Equateur out- of young researchers who was director
break sickened 130 and killed 55; a campaign that vaccinated more than of the National Institute of Arthritis and
40,000 people is credited with helping end it. Special portable coolers Musculoskeletal and Skin Diseases when
that keep the vaccine at -80°C for up to 1 week allowed health workers he died in 2018. The grant will build on

.. . o . . . an NIH policy that prioritizes proposals
to administer the shots in communities deep in the rainforest, accessi- Poticy that prio prob
from early-stage investigators—those no

ble only by boat or helicopter. The same technology will be useful in ef- more than 10 years from completing their
forts to distribute COVID-19 vaccines in Africa, says Matshidiso Moeti, training who are applying for their first
WHO’s regional director. The coronavirus pandemic complicated the research grant. The policy has been cred-

ited with raising their numbers from fewer

fight aga.lnst El?ola, WHO sa}./s, but thg expertise ga¥ned by local health than 600 supported in 2013 to more than
workers in earlier outbreaks in the region was a major advantage. They 1300 last year. Applications for the first
will remain on the lookout for potential flare-ups. Katz awards are due on 26 January 2021.
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NIST appointee draws protest

LEADERSHIP | Democrats in Congress say
a political appointee given a senior post
at the U.S. National Institute of Standards
and Technology (NIST) is unfit for the

job because he lacks technical skills and
holds pseudoscientific views about racial
differences on IQ tests. On 9 November,
Jason Richwine, an independent public
policy analyst, took up the new position
of deputy undersecretary of commerce for
standards and technology, and Commerce
Secretary Wilbur Ross subsequently issued
an order that would put Richwine in
charge of the $1 billion research agency

if NIST Director Walter Copan leaves or

is fired. On 17 November, Representative
Eddie Bernice Johnson (D-TX), who leads
the science committee in the U.S. House
of Representatives, asked Ross to justify
the moves. Richwine has advocated for
more restrictive immigration policies,

and his 2009 doctoral thesis argued that
lower IQ scores by Mexican and Hispanic
immigrants suggest a genetic component
to intelligence that is “likely to persist over
several generations.”

Mentoring paper draws scrutiny

DIVERSITY | The editors of Nature

Communications say they are reviewing a
paper that drew scalding criticism after it
suggested that encouraging female junior

scientists to work with female mentors
could “hinder the careers of women.” The
17 November study, led by data scientist
Bedoor AlShebli of New York University,
Abu Dhabi, examined 3 million mentor-
protégé pairs and how gender influenced
the impact of papers later published by
the protégés. Female protégés, it con-
cluded, did better if they worked with
male mentors. Critics pounced, noting
the authors ignored reviewer complaints
about the study’s methods and arguing
the journal was promoting a harmful and
unfounded message. The article’s authors
said they welcome the review.

Europe warns of avian flu spread

ANIMAL DISEASES | European authorities
reported on 19 November they have detected
highly pathogenic avian influenza in

302 birds in eight countries. Only 18 cases
were in poultry; most of the rest were

in wild birds, the European Food Safety
Authority and its partners said. The number
of infected birds is expected to rise with
winter migrations. Several flu strains were
identified, but no people were reported to
be infected, and the risk of that occurring

is considered low; researchers studying the
viruses found no genetic markers indicating
they had adapted to infect mammals. But
the threat to poultry is high, and the report’s
authors recommended bird producers
increase precautions against infections.

B [N OTHER NEWS gy

VACCINE APPLICATION Days after
making public the final analysis of their
40,000-person COVID-19 vaccine trial,
which found 95% efficacy, Pfizer and

its German partner BioNTech filed for
emergency authorization of the messenger
RNA vaccine from the U.S. Food and Drug
Administration—the first such request
for a vaccine during the pandemic. They
plan to seek additional approvals in other
countries soon. Pfizer hopes to supply up
to 50 million doses this year.

REMDESIVIR PANNED A World Health
Organization panel recommended against
using the antiviral drug remdesivir to treat
most hospitalized COVID-19 patients.

Its review of four studies of 7000 people
found that the drug, which the U.S. Food
and Drug Administration approved last
month for hospitalized patients, did not
reduce mortality or speed recovery. But
the panel encouraged further study of it.

AMMO BAN Denmark has become the
first nation to ban all lead-based hunting
ammunition, including bullets and shotgun
pellets, to protect wildlife. Hunters
annually release about 2 tons of lead into
Denmark’s environment; waterbirds

and other species eat the toxic material
and die. European regulators are
considering a ban like Denmark'’s.

MAP: ALLEN CORAL ATLAS

MARINE ECOLOGY
Seeing corals bleach in real time

he Allen Coral Atlas, a project to map

the world’s shallow coral reefs with high-

resolution satellites, last week launched a

monitoring system to detect coral bleach-

ing events as they occur. When corals face
extreme heat, they expel their algal symbionts,
leaving them bone white and vulnerable to stress;
repeated bleaching episodes, growing more com-
mon with global warming, can cause massive
die-offs. The system detects the whitening using
imagery from the privately owned Planet satellite
constellation, processed with machine learning.
A pilot has begun in Hawaii to use the data as an
early warning system for researchers, to help them
identify and study species both vulnerable and
resistant to warming extremes. The monitoring of
bleaching is expected to expand next year to shal-
low reefs globally.

Bleaching corals
(white areas) along
aréef (red) on

the Hawaiian island
of Oahu in September.
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ASTRONOMY

Broken suspension cables have torn through the Arecibo Observatory’s dish panels and threaten to send the 900-ton instrument platform crashing down.

Arecibo radio telescope to he decommissioned

Famed observatory set for demolition after cable failures put it on the brink of collapse

By Daniel Clery

he giant radio dish, nestled in a karst

sinkhole amid lush hills near Arecibo,

Puerto Rico, saw plenty of fame in its

time. It was the first to detect indirect

evidence for gravitational waves, the

first to map Venus’s surface, and the
first to detect exoplanets. Now, following ca-
ble breaks that have brought the 57-year-old
facility to the brink of collapse, the Arecibo
Observatory will be demolished, officials at
the National Science Foundation (NSF) an-
nounced on 19 November.

Researchers are mourning a facility that
won acclaim in many fields: atmospheric
science, planetary science, and astrophysics.
“It’s like the death of a family member,” says
former observatory Director Robert Kerr.
Jill Tarter of the SETI Institute, who used
the 305-meter-wide dish to scan nearby
stars for possible alien communications,
says Arecibo is unlike any other observa-
tory. Its striking appearance earned it sup-
porting roles in movies such as Contact and
GoldenEye. “It’s a really special place, with a
somewhat exotic cultural dimension.”

In an effort to save money for newer
telescopes, NSF in 2018 handed Arecibo’s
management to a consortium led by the Uni-
versity of Central Florida, which shouldered
more of its finances. But Maura McLaughlin,
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co-director of the Nanohertz Observatory for
Gravitational Waves (NANOGrav) project,
says Arecibo was still doing frontier research.
The loss will set back NANOGrav’s hunt by as
much as 10 years, she says. “It’s a real blow.”

NSF officials say Arecibo is now so fragile
that attempting repairs would put staff and
workers in danger. The agency wants to pre-
serve other instruments at the site, as well as
the popular visitor’s center. But they could
be damaged if the 900-ton instrument plat-
form, suspended 137 meters above the dish,
comes crashing down—or if any of the three
support towers fell. “There is a serious risk
of an unexpected and uncontrolled collapse,”
Ralph Gaume, director of NSF’s astronomy
division, said at a news briefing last week.
Over the next few weeks, engineers will plan
for a controlled dismantling beginning in the
spring, which will likely involve an explosive
release of the platform from its cables.

Hurricane Maria battered Arecibo in 2017.
Since December 2019, a string of earthquakes,
including 11 of magnitude 5 or greater, have
shaken the site. It's unknown whether those
stresses contributed to the failures of the two
suspension cables. The first came on 10 Au-
gust, when an auxiliary cable, installed in the
1990s as 300 tons of instruments were added
tothe platform, broke away at one end, damag-
ing some instruments and leaving a 30-meter
gash in the dish below.

Published by AAAS

Engineers investigating the failure no-
ticed a dozen broken wires in a main
suspension cable—one of 12—that was
connected to the same tower as the failed
auxiliary cable. Because these 9-centimeter-
thick cables are made up of 160 wires, they
thought that one could shoulder the extra
load. But on 7 November, it also broke.

The three engineering firms already on-
site set to analyzing the structure’s safety.
NSF sent another firm and the Army Corps
of Engineers. Three of the five said controlled
demolition was the only way forward. “Now
all the cables are suspect,” Ashley Zauderer,
NSF’s program director for the observatory,
said at the briefing. If any of three remaining
main cables on that one tower failed, the en-
gineers found, the platform would collapse.

A forensic examination of the cable fail-
ures is too dangerous at the moment, but
they may have degraded in the warm, moist
environment, which Kerr says is “difficult
for steel.” Keeping the cables in condition
“was always a maintenance challenge,” he
says. Tarter speculates that corners may
have been cut. “When funding has di-
minished, maintenance gets deferred or
minimized,” she says. Gaume said at the
briefing that Arecibo managers “have done
everything they were required to do and in-
spected the cables as necessary.”

From 1960 to 1963, the Pentagon’s Ad-
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vanced Research Projects Agency built Are-
cibo to study Earth’s upper atmosphere for
ballistic missile defense. Astronomers soon
realized the potential of the huge dish to
gather radio signals from outer space, and
in the late 1960s, NSF took it over. The
NASA-funded search for extraterrestrial in-
telligence (SETI) used it to listen to nearby
stars and, after funding was cut in 1992, the
private SETT Institute continued to fund the
Arecibo search. Because Arecibo can gener-
ate as well as receive radio signals, SETI pio-
neer Frank Drake in 1974 turned to it to send
a message out to the star cluster M13.

Later, researchers used its radar beams to
discover icy craters on Mercury and to peer
through the thick sulfurous clouds of Venus,
revealing hidden mountain ranges. From its
early days, Arecibo studied pulsars—rapidly
spinning neutron stars that emit metro-
nomic radio pulses. In 1974, with Arecibo’s
help, Joseph Taylor and Russell Hulse dis-
covered a pulsar-neutron star pair whose
mutual orbit was slowly contracting—a sign
they were shedding energy as gravitational
waves. The researchers won the 1993 Nobel
Prize in Physics for the discovery.

Pulsars that didn’t keep perfect time led
to other discoveries. In 1992, researchers de-
tected variations in the beats from one, which
indicated something was regularly tugging
on it. That turned out to be two planets—the
first confirmed exoplanet detections. At Are-
cibo, Kerr says, “Every night was exciting.”

Many Arecibo researchers can turn to
other facilities. But some need its extreme
sensitivity: The single-dish collecting area
was surpassed only by China’s Five-hundred-
meter Aperture Spherical radio Telescope,
which opened in 2016. McLaughlin’s NANO-
Grav project has for 15 years recorded faint
pulsar beats in the hope that tiny variations
could reveal the passing of gravitational
waves. Two-thirds of its observations were
done at Arecibo.

NASA researchers will also miss Arecibo’s
ability to monitor nearby asteroids that
could threaten Earth. Former Arecibo Di-
rector Michael Nolan used the telescope for
more than 20 years to bounce radio pulses
off asteroid Bennu. The resulting maps
helped guide NASA’s OSIRIS-REx mission,
which last month grabbed a sample from
Bennu and is now heading home. Its ab-
sence “will definitely affect future mission
planning” to other asteroids, Nolan says.

The loss of the telescope will also affect
staff and their families. “The economic im-
pact on the local community really is a sad
note,” Kerr says. “We are thinking of all the
staff at the observatory, who've dealt with
so many setbacks over the past few years,”
McLaughlin says. They “truly have done
anything they can to keep Arecibo going.”
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FUSION ENERGY

Laser fusion reactor approaches
‘burning plasma’ milestone

After a decade, National Ignition Facility nears a self-heated,
sustained reaction, though net energy gain is still elusive

By Daniel Clery

n October 2010, in a building the size of

three U.S. football fields, researchers at

the Lawrence Livermore National Lab-

oratory powered up 192 laser beams,

focused their energy into a pulse with

the punch of a speeding truck, and
fired it at a pellet of nuclear fuel the size of
a peppercorn. So began a campaign by the
National Ignition Facility (NIF) to achieve
the goal it is named for: igniting a fusion
reaction that produces more energy than
the laser puts in.

A decade and nearly 3000 shots later,
NIF is still generating more fizz than bang,
hampered by the complex, poorly under-
stood behavior of the laser targets when
they vaporize and implode. But with new
target designs and laser pulse shapes,
along with better tools to monitor the min-
iature explosions, NIF researchers believe
they are close to an important intermedi-
ate milestone known as “burning plasma”:
a fusion burn sustained by the heat of the

Fire by trial

The National Ignition Facility has closed in on fusion
ignition—getting more energy out than goes in—by
altering its laser pulses and targets. It is even closer
to the temperatures and pressures needed for an
intermediate goal: a self-heating “burning plasma.”
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reaction itself rather than the input of la-
ser energy.

Self-heating is key to burning up all the
fuel and getting runaway energy gain. Once
NIF reaches the threshold, simulations
suggest it will have an easier path to igni-
tion, says Mark Herrmann, who oversees
Livermore’s fusion program. “We’re push-
ing as hard as we can,” he says. “You can
feel the acceleration in our understand-
ing.” Outsiders are impressed, too. “You
kind of feel there’s steady progress and less
guesswork,” says Steven Rose, co-director
of the Centre for Inertial Fusion Studies at
Imperial College London. “They’re moving
away from designs traditionally held and
trying new things.”

NIF may not have the luxury of time,
however. The proportion of NIF shots de-
voted to the ignition effort has been cut
from a high of nearly 60% in 2012 to less
than 30% today to reserve more shots for
stockpile stewardship—experiments that
simulate nuclear detonations to help ver-
ify the reliability of warheads. Presiden-
tial budget requests in recent years have
repeatedly sought to slash research into
inertial confinement fusion at NIF and
elsewhere, only to have Congress preserve
it. NIF’s funder, the National Nuclear Secu-
rity Administration (NNSA), is reviewing
the machine’s progress for the first time
in 5 years. Under pressure to modernize
the nuclear arsenal, the agency could de-
cide on a further shift toward stockpile
stewardship. “Will the ignition program
be squeezed out?” asks Mike Dunne, who
directed Livermore’s fusion energy efforts
from 2010 to 2014. “The jury’s out.”

Fusion has long been held up as a carbon-
free source of energy, fueled by readily
available isotopes of hydrogen and produc-
ing no long-lived radioactive waste. But
it remains a distant dream, even for the
slow-burning, doughnut-shaped magnetic
furnaces like the ITER project in France,
which aims to achieve energy gain some-
time after 2035.

NIF and other inertial fusion devices
would be less like a furnace and more like
an internal combustion engine, producing
energy through rapid-fire explosions of the
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diminutive fuel pellets. Whereas some fu-
sion lasers aim their beams straight at the
pellets, NIF’s shots are indirect: The beams
heat a gold can the size of a pencil eraser
called a hohlraum, which emits a pulse of
x-rays meant to ignite fusion by heating
the fuel capsule at its center to tens of mil-
lions of degrees and compressing it to bil-
lions of atmospheres.

But shots in the first 3 years of the igni-
tion campaign only yielded about 1 Kkilo-
joule (KJ) of energy each, short of the 21 kJ
pumped into the capsule by the x-ray pulse
and far short of the 1.8 megajoules (MJ) in
the original laser pulse. Siegfried Glenzer,
who led the initial campaign, says the team
was “overly ambitious” about reaching ig-
nition. “We were overly reliant on simu-
lations,” says Glenzer, now at the SLAC
National Accelerator Laboratory.

After the failed ignition campaign, NIF
researchers beefed up their diagnostic in-
struments. They added more neutron de-
tectors to give them a 3D view
of where the fusion reactions
were happening. They also
adapted four of their laser
beams to produce high-power,
ultrashort pulses moments af-
ter the implosion in order to
vaporize thin wires close to
the target. The wires act as an
x-ray flashbulb, able to probe
the fuel as it compresses.
“It’s like a CAT scan,” says
planetary scientist Raymond
Jeanloz of the University of
California, Berkeley, who uses
NIF to replicate the pressures
at the core of giant planets such as Jupiter.
(About 10% of NIF shots are devoted to ba-
sic science.)

With their sharper vision, researchers
have tracked down energy leaks from the
imploding fuel pellet. One came at the
point where a tiny tube injected fuel into
the capsule before the shot. To plug the
leak, the team made the tube even thin-
ner. Other leaks were traced back to the
capsule’s plastic shell, so researchers re-
vamped manufacturing to smooth out im-
perfections of just a millionth of a meter.
The improved diagnostics “really helps the
scientists to understand what improve-
ments are required,” says Mingsheng Wei
of the University of Rochester’s Laboratory
for Laser Energetics.

The team has also played with the shape
of the 20-nanosecond laser pulses. Early
shots ramped up in power slowly, to avoid
heating the fuel too quickly and making it
harder to compress. Later pulses ramped
up more aggressively so that the plastic
capsule had less time to mix with the fuel
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“How far can
we get? 'man
optimist.
We'll push NIF
as far as
we possibly can.”

Mark Herrmann,
Lawrence Livermore
National Laboratory

during compression, a tactic that boosted
yields somewhat.

In the current campaign, begun in 2017,
researchers are boosting temperatures by
enlarging the hohlraum and the capsule
by up to 20%, increasing the x-ray energy
the capsule can absorb. To up the pressure,
they’re extending the duration of the pulse
and switching from plastic capsules to
denser diamond ones to compress the fuel
more efficiently.

NIF has repeatedly achieved yields ap-
proaching 60 kJ. But Herrmann says a
recent shot, discussed at the American
Physical Society’s Division of Plasma
Physics meeting earlier this month, has
exceeded that. Repeat shots are planned
to gauge how close they got to a burning
plasma, which is predicted to occur around
100 KJ. “It’s pretty exciting,” he says.

Even at maximum compression, the NIF
researchers believe only the very center of
the fuel is hot enough to fuse. But in an
encouraging finding, they see
evidence that the hot spot is
getting a heating boost from
frenetically moving helium
nuclei, or alpha particles, cre-
ated by the fusion reactions.
If NIF can pump in just a bit
more energy, it should spark a
wave that will race out from
the hot spot, burning fuel as
it goes.

Herrmann says the team
still has a few more tricks to
try out—each of which could
drive temperatures and pres-
sures to levels high enough to
sustain burning plasma and ignition. They
are testing different hohlraum shapes to
better focus energy onto the capsule.
They’re experimenting with double-walled
capsules that could trap and transfer x-ray
energy more efficiently. And by soaking
the fuel into a foam within the capsule,
rather than freezing it as ice to the capsule
walls, they hope to form a better central
hot spot.

Will that be enough to reach ignition? If
these steps don’t suffice, boosting the la-
ser energy would be the next option. NIF
researchers have tested upgrades on four
of the beamlines and managed to get an
energy boost that, if the upgrades were ap-
plied to all the beams, would bring the full
facility close to 3 MJ.

Those upgrades would, of course,
take time and money NIF may not end
up getting. Fusion scientists at NIF and
elsewhere are anxiously awaiting the con-
clusions of the NNSA review. “How far can
we get?” Herrmann asks. “I’'m an optimist.
We’ll push NIF as far as we possibly can.”
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CANCER RESEARCH

Study homes in
on ‘exceptional
responders’ to
cancer drugs

Project reveals clues to
why some patients respond
much better than others

By Jocelyn Kaiser

Ithough even the best cancer drugs

don’t buy much time for most people

with advanced cancer, there are rare

exceptions: patients whose tumors

melt away and who remain healthy

years later. Researchers have long
dismissed these “exceptional responders”
as unexplainable outliers. Now, an effort to
systematically study these unusual patients
is yielding data that could help improve
cancer treatments.

The project, led by the U.S. National
Cancer Institute (NCI), examined tumor
DNA and the immune cells found around
or within the cancers in 111 exceptional re-
sponders. In 26 of the patients, scientists
found clues that may explain why a drug
that didn’t work for most people shrank
the tumors for months or years. Some cases
suggest new drug combinations could yield
better outcomes for other patients. The
study, published last week in Cancer Cell,
“opens new avenues for treating compara-
ble cancers in the wider population,” says
Dale Garsed of the Peter MacCallum Cancer
Centre in Australia.

The former NCI director who launched
the project in 2014 is also excited. “It is
gratifying to see so much novel informa-
tion from this initial survey of patients
who have done unexpectedly well with
existing therapies,” says cancer biologist
Harold Varmus of Weill Cornell Medicine.
The results are “complex,” he says, but
they “promote unique hypotheses” and
highlight the value of conducting genomic
tests of patients’ tumors in order to cus-
tomize treatments.

Varmus was inspired in part by a bladder
cancer patient who responded to a gener-
ally lackluster drug—an outcome traced to
mutations in her tumor. He funded a team
led by NCT’s Louis Staudt and Percy Ivy, who
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with Baylor College of Medicine and other
academic collaborators combed through
some 500 cases, largely cancers that had
spread, for those that fit criteria for an ex-
ceptional response—such as having tumors
shrink or disappear in response to a drug
that worked for less than 10% of patients
overall. After removing cases that lacked
adequate medical data or tumor samples,
they ended up with 111 patients. Their tu-
mors went through a battery of genomic
analyses and tests for immune cells.

In 26 cases, the data appeared to explain
the patient’s exceptional response. For ex-
ample, a patient with brain cancer who
was still alive after more than 10 years had
received a chemotherapy drug called temo-
zolomide that Kkills tumor cells by damag-
ing their DNA. The patient’s tumor had
genomic changes that crippled two DNA
repair pathways, which cells use to coun-
ter the drug’s assault. Another patient, in
remission from colon cancer for nearly
4 years after temozolomide treatment, also
had two disabled DNA repair pathways, and
had received a second drug that blocked a
third. “Every backup system that would
have reversed the damage was inactivated”
in this person, Staudt says. These results
suggest a cocktail of drugs, blocking differ-
ent DNA repair pathways, could help some
patients, Ivy says.

In other cases, tumors shrank after the
patients received a drug that blocks a pro-
tein driving cell growth. The tumors had
DNA changes that spurred activity of the
protein’s gene, which made the tumor cells
highly dependent on the growth signal; as a
result, the drug worked unusually well.

Still other exceptional responders had tu-
mors that were infiltrated with high levels
of certain immune cells. This suggests their
immune systems were primed to swoop
in and destroy tumors once a cancer drug
started to kill some cells, Staudt says.

The findings suggest more genomic test-
ing of tumors could improve treatments.
But the DNA results may still be hard to in-
terpret. Many cancers had confusing com-
binations of DNA and immune cell changes,
and the evidence wasn’t strong enough to
draw firm conclusions in 85 of the cases.
NCI is putting data for all 111 patients in
an online database so that other research-
ers can study it and look for similar cases.
“Maybe we missed something,” Staudt says.

Researchers in North America, Europe,
and Australia have launched similar ex-
ceptional responder projects, and NCI re-
searchers hope some of these efforts can
pool their data. Staudt would like to see a
study of at least 1000 patients. “These are
puzzles to be solved,” he says. “I do think
they teach us something.”
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Potential signs

of life on Venus

are fading fast

Amid mounting criticism,
claims for cloud-borne
phosphine are downgraded

By Paul Voosen

he announcement in September took

the world by storm: In radio emis-

sions from Venus’s atmosphere, re-

searchers found signs of phosphine,

a toxic compound that on Earth is

made in significant amounts only by
microbes and chemists. The unexpected de-
tection could point to a microbial biosphere
floating in the venusian clouds, the re-
searchers suggested in Nature Astronomy.
But almost immediately, other astronomers
began to point out questionable methods or
said they couldn’t reproduce results.

Now, after reanalyzing their data, the
original proponents are downgrading their
claims. Phosphine levels are at least seven
times lower than first claimed, the authors
reported in a preprint posted on 17 Novem-
ber to arXiv. But the team still believes the
gas is there, Jane Greaves, an astronomer at
Cardiff University who led the work, said in
a talk last week to a NASA Venus science
group. “We have again a phosphine line.”

The original observations were made in
2017 at the James Clerk Maxwell Telescope
(JCMT) in Hawaii, and in 2019 at the Ata-
cama Large Millimeter/submillimeter Array
(ALMA) in Chile. In Venus’s radio spectrum,
Greaves and her colleagues detected an ab-
sorption line they attributed to phosphine.
The researchers went to great lengths to
remove confounding effects such as absorp-
tion by Earth’s own atmosphere. But critics
said such aggressive fixes made the discov-
ery of a false positive more likely.

ALMA scientists have since found a new
noise source: telescope calibration errors.
After reanalyzing the ALMA data, Greaves
said her team now finds phosphine at just
1 part per billion (ppb). That’s still above
levels that can be explained by natural pro-
cesses such as volcanic eruptions or light-
ning strikes, Greaves said.

A study published last month in Astro-
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After reanalyzing data from Venus, researchers say
they see much less phosphine, a possible sign of life.

nomy & Astrophysics, led by Therese
Encrenaz, an astronomer at the Paris Obser-
vatory, ruled out higher phosphine levels. Her
team analyzed observations made in 2015 by
NASA’s Infrared Telescope Facility in Hawaii.
Phosphine should have popped out if it had
existed at levels above 5 ppb. “It’s easy to see
there’s no phosphine line,” Encrenaz says.

If the line does exist, it might not be
due to phosphine, according to a critique
submitted to Nature Astronomy. It argues
that the dip in the JCMT spectrum can
be explained by an overlapping absorp-
tion line from sulfur dioxide (SO,), the gas
that makes up most venusian clouds. The
Greaves team concedes the point in its re-
analysis. “We emphasize that there could be
a contribution from SO,,” they write. But the
width of the absorption line in the ALMA
data suggests the feature isn’t “solely SO,,”
they write.

Just where any signal is coming from is
also in dispute. ALMA is only sensitive to
absorption from substances at altitudes
above 70 kilometers (km), Encrenaz says.
But the Nature Astronomy paper suggested
the signal originated some 55 km up, in
warmer, more hospitable cloud layers. “This
is very difficult to conceive,” Encrenaz says.
Greaves and her co-authors argue in their
reanalysis that ALMA is unable to capture
the full width—and therefore depth—of the
signal. “There is no empirical evidence that
[phosphine] lies only above 70 km.”

Colin Wilson, a co-author of the Nature
Astronomy critique, says it’s too early to say
where the “phosphine roller coaster will
end up.” More observations at ALMA might
settle the issue, he says. “Whether or not we
find phosphine, we’re likely to find some-
thing new.”
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COVID-19

Public needs to prep for vaccine side effects

“Take Tylenol and suck it up,” says one researcher. Fever, aches show vaccine works

By Meredith Wadman

his summer, computational biologist

Luke Hutchison volunteered for a

trial of Moderna’s COVID-19 vaccine.

But after the second injection, his

arm swelled up to the size of a “goose

egg,” Hutchison says. He can’t be sure
he got the vaccine and not a placebo, but
within a few hours, Hutchison, who was
healthy and 43, was beset by bone and
muscle aches and a 38.9°C fever. “I started
shaking. I had cold and hot rushes,” he says.
“I was sitting by the phone all night long
thinking: ‘Should I call 911?””

Hutchison’s symptoms resolved after
12 hours. But, he says, “Nobody prepared
me for the severity of this.”

He says the public should
be better prepared than he
was, because a subset of
people may face intense, if
transient, side effects, called
reactogenicity, from Mod-
erna’s vaccine. Some health
experts agree.

“Somebody needs to ad-
dress the elephant: What

ity? While it’s ... not going to
cause any long-term issues
... how is that perception
going to go with the public
once they start receiving
it?” asks Deborah Fuller,
a vaccinologist at the University of Wash-
ington, Seattle, whose lab is developing
second-generation RNA vaccines against
COVID-19. She worries the side effects
could feed vaccine hesitancy. “I feel like it’s
being glossed over.”

Those concerns arise after a week of
good news about coronavirus vaccines:
Both Moderna and Pfizer, with BioNTech,
announced their messenger RNA (mRNA)
vaccines reached 95% efficacy in clinical tri-
als of tens of thousands of people. The firms
added that the trials showed no serious
safety concerns.

Both vaccines consist of a snippet of
genetic code directing production of the
corona-virus’ spike protein, delivered in a
tiny fat bubble called a lipid nanoparticle.

Science’s COVID-19 reporting is supported by the
Pulitzer Center and the Heising-Simons Foundation.
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Special delivery

Two apparently successful coronavirus vaccines use fat
bubbles called lipid nanoparticles to deliver messenger
RNA (mRNA) to cells. Once there, the mRNA directs
cells to produce the virus' spike protein, provoking
animmune response to that foreign protein.
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immune response

SARS-CoV-2 spike protein

Some researchers suspect the immune sys-
tem’s response to that delivery vehicle is
causing the short-term side effects.

Those transient reactions should not
dissuade people from getting vaccinated
in the face of a pandemic virus that Kills
at least one in 200 of those it infects, says
Florian Krammer, a vaccinologist at the
Icahn School of Medicine at Mount Sinai,
who participated in Pfizer’s trial. Sore arms,
fevers, and fatigue are “unpleasant but not
dangerous,” he says. I'm not concerned
about [reactogenicity] at all.”

Most people will escape “severe” side ef-
fects, defined as those that prevent daily
activity. Fewer than 2% of recipients of the
Pfizer and Moderna vaccines developed se-

MRNAM

e

Ribosome

vere fevers of 39°C to 40°C. But if the com-
panies win regulatory approvals, theyre
aiming to supply vaccine to 35 million peo-
ple worldwide by the end of December. If
2% experienced severe fever, that would be
700,000 people.

Other transient side effects would likely
affect even more people. The independent
board that conducted the interim analy-
sis of Moderna’s huge trial found that se-
vere side effects included fatigue in 9.7%
of participants, muscle pain in 8.9%, joint
pain in 5.2%, and headache in 4.5%. In the
Pfizer/BioNTech vaccine trial, the numbers
were lower: Severe side effects included fa-
tigue (3.8%) and headache (2%).

But that’s a higher rate of severe reac-
tions than people may be accustomed to.
“This is higher reactogenicity than is or-
dinarily seen with most flu vaccines, even

the high-dose ones,” says Arnold Monto, an
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epidemiologist at the University of Michi-
gan School of Public Health.

So front-line public health workers will
need “to have a story that gets out in front
of [stories like Hutchison’s]—that responds
to the way that people are going to try to
make that a story about vaccine injury,” says
Bernice Hausman, an expert on vaccine con-
troversy at the Pennsylvania State University
College of Medicine.

Transparency is key, Hausman emphasizes.
Rather than minimizing the chance of fever,
for instance, vaccine administrators could
alert people that they may experience a fever
that can feel severe but is temporary. “That
would go a significant way toward people
feeling like they are being told the truth”
Adds Drew Weissman, an
immunologist at the Univer-
sity of Pennsylvania whose
research contributed to both
vaccines: “The companies
just have to warn people:
‘This is what you need to ex-
pect. Take Tylenol and suck it
up for a day.”

Hausman also sees a
need to support people who
have serious reactions. For
example, people may need
“a hotline with a nurse tri-
aging ... figuring out if you
need to go to the hospital
or not. Will your medical
expenses be covered if you
do? These are important questions.”

Both Moderna’s and Pfizer/BioNTech’s vac-
cines require two doses separated by several
weeks. Reactogenicity is typically higher af-
ter a second dose, Weissman says. The side
effects “mean the vaccine is working well. ...
[It] means you had such a good immune re-
sponse to the first dose and now you are see-
ing the effects of that,” he says.

“We suspect the lipid nanoparticle causes
the reactogenicity, because lipid nano-
particles without mRNA in them do the
same thing in animals,” Weissman says. “We
see production, in the muscle, of inflamma-
tory mediators that cause pain, [redness],
swelling, fever, flulike symptoms, etc.”

Hutchison hopes better vaccines are on the
way. Still, he says, “Given that COVID can kill
or incapacitate people, everybody should bite
the bullet and expect a rough night. ... Get
lots of naproxen.”

sciencemag.org SCIENCE
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In California, a child confronts the new reality of school in the time of COVID-19.

GRADE: INCOMPLETE

As COVID-19 soars in many communities,
schools attempt to find ways through the crisis

chools around the world are again
the site of a large, and largely un-
controlled, experiment.

When schools from New Zea-
land to Norway to Japan reopened
in April and May as the first wave
of COVID-19 cases subsided, the
virus stayed mostly at bay. Health
and education officials cheered,

PHOTO: ® PRENTICE C. JAMES/CSM VIA ZUMA WIRE
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having bet that the huge benefits of in-
person schooling outweighed the risk of vi-
ral spread among children and teachers—
and from schools to wider communities.

As a result, many places that had moved
cautiously at first threw open classroom

Science's COVID-19 reporting is supported by the
Pulitzer Center and the Heising-Simons Foundation.
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By Gretchen Vogel and Jennifer Couzin-Frankel

doors in August and September. Schools
in the United Kingdom, Denmark, and the
Netherlands shifted from cycling in small
groups of students to full-size classes. Cit-
ies like Montreal that had kept schools
shuttered welcomed students back inside.
In Manaus, Brazil, a city with a COVID-19
death toll among the world’s highest, more
than 100,000 students returned to class-
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rooms. Teenagers thronged hallways in
Georgia, Iowa, and Texas. But the back-
drop is very different now: In many areas,
COVID-19 has surged to even higher levels
than early in the year.

In July, Science examined the mostly en-
couraging lessons from the first reopen-
ings, among schools in areas with minimal
COVID-19 percolating. Now, scrutiny of
school openings in countries where the virus
is resurgent paints a more complex picture
of the risks and how they might be managed.

The virus has exposed disparities between
and within countries, and among the most
unsettling are in schools. In many countries,
such as India, Mexico, and Indonesia, most
schools remain shut. In the United States,
students enrolled in urban public schools
from Los Angeles to Chicago, which in nor-
mal times may struggle to provide enough
soap and toilet paper, continue to learn from
home, whereas wealthy private schools have
installed tents for outdoor learning and
hired more teachers to shrink already-small
classes. “The inequities from school to school
are inexcusable and heart-wrenching,” says
Tom Kelly, head of the Horace Mann School,
a private school in New York City that drew
on many resources to open.

Early evidence, often gathered by re-
searchers with children in school or a teacher
spouse, suggests schools can stay open even
in the face of significant community spread,
given strong safety measures and political
will. Many countries are closing restaurants,
bars, and gyms, and begging residents to
steer clear of social gatherings in bids to con-
tain spread and keep schools open. Some-
times, that hasn’t been enough: The Czech
Republic, Russia, and Austria closed schools
in the face of skyrocketing case numbers in
October and early November.

“I think schools should close last,” says
Michael Wagner, a microbial ecologist at the
University of Vienna who is part of a consor-
tium of four universities studying the preva-
lence of the virus in Austria’s schools. But he
cautions that it’s wishful thinking to suggest
open schools can’t fuel spread of the virus.
Closing them can be “one of the most pow-
erful measures we have, but also one of the
most costly” to children.

In Austria, schools hung on until 17 No-
vember. However, other countries, such
as South Korea and Australia, have closed
many schools at the first sign of rising cases
as authorities worked to quash even modest
community transmission. “The conversation
is fairly polarized right now as to whether
schools should be open or should be closed,”
says pediatric infectious disease doctor Nisha
Thampi of the Children’s Hospital of Eastern
Ontario. “People interpret the data one way
or another to justify one end or another.”
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How common are school outhreaks?

A gnawing anxiety for teachers and parents
is the silent spread of virus through hall-
ways and classrooms. Most schools have
layers of protection such as mask require-
ments and physical distancing to impede
an outbreak if a student or staff member
brings COVID-19 into the building. But with
virus cases surging in many communities,
those guardrails are facing a stress test.
“You're on pins and needles all the time,”
says Bradford Gioia, head of Montgomery
Bell Academy in Nashville, Tennessee, an
800-person boys' school that runs from
seventh to 12th grade.

So far, scientists say, school out-
breaks appear less common than initially
feared, although data are sparse. At Duke
University, Danny Benjamin and Kanecia
Zimmerman, both pediatricians and epi-
demiologists, are collaborating with more
than 50 North Carolina school districts
as well as local health departments to
study COVID-19 in schools. The effort
includes gathering data on clusters and
single cases from a subset of six school
districts—50,000 students and staff—in
the first 9 weeks of in-person school.
Community spread has been high, and the
team has recorded 197 COVID-19 cases
acquired outside of school and just eight
confirmed to be “secondary transmission,”
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or spread from one person to another
inside a school. These numbers are almost
certainly missing some asymptomatic
infections. But Benjamin thinks the data
support the approach North Carolina
schools are using, with small classes and
masks for everyone. He estimates that for
every 10,000 people in school, there will be
between one and five cases of secondary
transmission about every 2 months.

Understanding why outbreaks happen
can help schools shore up protections.

In Benjamin's data, one outbreak traced
to a group of teachers who carpooled
unmasked to lunch. Inconsistent masking
in a pre-K class in Tennessee was linked to
a small outbreak there. Kelly, the Horace
Mann head, was alarmed when three
teachers tested positive in quick succes-
sion. He shut the middle and upper school
for 2 weeks. But contact tracing suggested
the cases were unrelated, and no one else
tested positive during the closure.

Multiple cases among students rightly
trigger worries about in-school spread. But
young people’s lives are intertwined, and
the virus has plenty of chances to infect
young people outside of school. “Kids have
dance class, soccer class, a school bus,”
says Gail Carter-Hamilton, a nurse at the
Philadelphia Department of Public Health

sciencemag.org SCIENCE

PHOTO: ANDY BUCHANAN/DIGITAL/AFP VIA GETTY IMAGES



PHOTO: MATTHEW PUTNEY MEDIA

Students crowd the
hallway of a school in
Glasgow, U.K.

who provides support to local schools.
Sequencing the virus could help show
whether multiple cases in a school are re-
lated. But it's almost never done, says Trevor
Bedford, an expert in viral genome sequenc-
ing at the Fred Hutchinson Cancer Research
Center. “It's really frustrating,” he says.
Many experts lament that although
health officials often tout low school case
numbers, record keeping is inconsistent, as
is transparency, particularly on outbreak in-
vestigations. “Show us the data,” says Amy
Greer, an infectious disease epidemiologist
at the University of Guelph. She acknowl-
edges that protecting individual privacy is
a must—but deidentified data can still be
studied and shared. “We have to be able to
understand what the data we have tell us
about school transmission,” she says.
Montgomery Bell Academy offers testing
on-site, and on many days, a few students
are at home after testing positive, with a
larger number quarantined because of
close contact with someone infected. Most
cases have been traced to outside activi-
ties, although three boys in a six-person
study hall contracted the virus. Transpar-
ency about viral reach in a school can be
difficult, but more and more Gioia comes
down on the side of openness. “Most
people appreciate honesty,” he says.

SCIENCE sciencemag.org

Do open schools change risk perception?

Sports. Dating. Birthday parties. Orchestra practice. When schools open, students’ other
activities may be more likely to resume. And that has researchers worried.

“Families look to schools to communicate what's OK," says Jennifer Lerner, who stud-
ies the psychology of judgment and decision-making at Harvard University. Even when
schools are doing all they can to mitigate COVID-19 spread inside their buildings, the mere
act of opening can send an unintended message that mixing together is benign—and
provide more opportunities to do so.

In considering how people assess risk, Lerner points to a seminal paper published in
1987 in Science, in which psychologist Paul Slovic at the University of Oregon wrote that
the more uncertain and uncontrollable something seems, the riskier people deem it.
Activities associated with school feel familiar and controllable and so may seem less
risky, says Greer, of the University of Guelph. She found in a national survey that 40%
of families have their children in at least one after-school activity, and some “have kids
participating in extracurriculars 5 days a week.”

To many people, it's especially hard to imagine school without sports. But the po-
tential for the virus to spread there looms. In the United States, numerous outbreaks in
August were traced to football practices. Early this month, the lowa High School Girls
Athletic Union hosted a state volleyball championship that brought together 20,000
fans and players in an indoor arena, as cases in the host city, Cedar Rapids, hit record
highs and hospitals filled to capacity. In Canada, outbreaks have been linked to youth
hockey; whether COVID-19 spread during play itself or gatherings with family and friends
afterward is not known. “Schools are going to have a really tough time with sports,” says
Benjamin, of Duke University. “It's hard to make them safe.”

Parties, too, have been an issue around the world. In Cape Town, South Africa, a gather-
ing of high schoolers at a bar sparked an outbreak that ultimately infected more than
80 people. At Lerner's daughter’s school, all families signed a pledge that, among other
points, stressed compliance with state restrictions on social gatherings. When several
girls held a party, they were required to quarantine at home for 2 weeks.

For health officials, a tricky balancing act may be in order. The message to school com-
munities, Lerner says, needs to be, “There’'s such an enormous benefit to having schools
open.” And to sustain that, “We have to make sure that we are reducing risk in all other
possible places.”

|
High school athletes celebrated at a volleyball championship in Cedar Rapids, lowa, where cases are surging.
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In Bonn, Germany, children open windows to enhance the flow of outdoor air—and hopefully minimize any virus-laden aerosols in the classroom.

How much fresh air is enough?

As temperatures drop in the Northern Hemisphere, many schools aren’t
radiating the comforting warmth they used to. The coronavirus pan-
demic has created a new routine: Open windows, no matter the weather.

In Germany, students wear coats and winter hats in class. In the
United Kingdom, they're permitted to don extra clothes over uniforms.
It's part of an effort to disperse any exhaled viral particles before some-
one can breathe them in.

“The air flow patterns you have inside make a lot of difference to
your potential exposure,” says Paul Linden, who studies fluid mechan-
ics at the University of Cambridge and in September published a paper
on how ventilation can help prevent viral spread. But with variability in
weather, ventilation systems, and window size and placement, guidance
is elusive. “It's very hard to be prescriptive,” he says.

Rather than dive into calculations for every indoor space, scientists
like Linden are embracing a simple alternative: high-quality carbon diox-
ide (CO,) monitors, which cost as little as $100. Because CO, is exhaled
as people breathe, it can serve as a proxy for how much exhaled air, and
possible virus, has accumulated. Outdoors, the CO, concentration is
about 400 parts per million (ppm). “What we've been recommending
for schools is that CO, be below 700 ppm,” even if everyone is wearing
amask, says Jose-Luis Jimenez, an aerosol scientist at the University of
Colorado, Boulder, who models transmission risk. In a church in Wash-
ington state where a March outbreak among choir members originated,
Jimenez's modeling suggests the CO, levels were about 2500 ppm.

Preliminary evidence from CO, monitors in schools suggests
there’s still work to be done. Linden found CO, levels in classrooms
before the pandemic were about twice as high in winter as in summer.
In Madrid, Javier Ballester, a fluid dynamics expert at the University of
Zaragoza, found that, when windows are closed, a standard classroom
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with 15 students passes 1000 ppm in just 15 to 20 minutes.

Part of the challenge is practical. If children are “freezing cold, that's
not going to help their learning experience,” says Henry Burridge, a fluid
mechanics specialist at Imperial College London. But Ballester's calcula-
tions suggest opening multiple windows by 15 centimeters each is likely
sufficient. Germany is trying a different compromise: Classrooms