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Protesters outside the White House in Washington DC demand action on long COVID.
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Long COVID researchrisks losing
momentum — we need a moonshot

Lisa McCorkell & Michael J. Peluso

Investing US$1billion every
year for the next ten years
intolong COVID research
couldimprove the lives of
millions and save trillions in
economic costs.

OVID-19 offers researchers their best
chance yet to understand, and find
treatments for, achronicillness asso-
ciated with aninfectious disease.

Infection-associated chronic
conditions are not widely understood.
Partly because of this, people who develop
such conditions often face scepticism and
stigma; health-care systems are ill-equipped
to deal with them; and cases are likely to be
under-reported. When it comes to COVID-19,
millions of previously healthy people were
infected with SARS-CoV-2 at the same time,
and many of those infections were confirmed
through testing. Patient-advocacy groups
and the media highlighted that symptoms
persisted’in some of these people, and govern-
mentsglobally started toinvestin programmes
totackle what, by late 2020, was understood to
beawidespread infection-associated chronic
condition —long COVID.

Since the earliest days of the pandemic, we
have been on the front lines of care, research
and advocacy concerning long COVID —
defined here as symptoms, such as cognitive
dysfunction, fatigue, breathlessness and pain,
that persist for months or years after SARS-
CoV-2 infection. On many fronts, progress
in the past three years has been impressive.
But we are increasingly worried that the
momentum will not hold.

Research on long COVID continues to be
uncoordinated, with many researchers and cli-
nicians communicating only with other experts
from their own field, be they pulmonologists,
neurologists or cardiologists, for example.
Few clinical trials are testing interventions that
address the root causes of the condition. And
the lack of infrastructure for the rapid imple-
mentation of long COVID trials, as well as the
absence of long-term resourcing for the field,
means that many scientists and companies with
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A person in Brazil with long COVID undergoes a physical assessment.

potential therapeutics are hesitating to engage.
Meanwhile, the world is desperate to move on
from COVID-19 —even as thereis another global
uptickinthe spread of SARS-CoV-2.

We call for a moonshot for long COVID, a
commitment — from the US government — to
invest at least US$1 billion annually over the
nexttenyearstoaddress the problem.Suchan
investment would inspire governments around
the globe to respond in kind to this health
challenge, which exists on every continent.

There are precedents for this. In 2016, the
US Congress directed more than $1.8 billion
towards cancer research through the 21st
Century Cures Act. Among the various efforts
funded was the Cancer Moonshot initiative,
supporting more than 240 research projects,
many of which focused on improving under-
standing of cancer biology. Since then, billions
more have been proposed for cancer research
across multipleinitiatives. Meanwhile, across
the US National Institutes of Health (NIH),
more than $3 billion each year is spent on
improving testing and treatment for HIV/AIDS,
and driving progress towards a cure.

Such aninvestment will more than pay itself
back. According to the US Centers for Disease
Control and Prevention, around 6% of US
adults are experiencing symptoms following
aSARS-CoV-2infectionthat donotresolve for
months or years, and that might not resolve at
all. Other studies have estimated that 18 mil-
lionadultsin the United States?and 65 million
people globally® have long COVID (see ‘Too
many to ignore’). Children are also affected.
For the United States alone, the economic cost
of long COVID is estimated to be $3 trillion
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over the next five years*.

Besides reducing economic costs, identify-
ing the biological differences between people
with long COVID and those who recover from
COVID-19 with no lasting effects, and probing
these pathways to establish treatments, could
improvethelives oftens, if not hundreds, of mil-
lions of people globally. This includes people
who have other infection-associated chronic
conditions. It could lessen morbidity and dis-
ability for generations to come, and prompt
bothresearchers and clinicians to think about
infectious diseases in a very different way.

Progressso far

Infection-associated chronic conditions, in
whichinfections cause debilitating symptoms
that persist for months, years or indefinitely?,
areunder-studied. There are no well-accepted
measures or biomarkers for diagnosing them.
Although shared biological mechanisms
almost certainly underlie these conditions,
none has yet been identified. And no treat-
ments targeting root causes, rather than
symptoms, have been approved by regulators.

Yet even beforelong COVID, such conditions
were highly prevalent. In 2020, up to 2.5 mil-
lion peopleinthe United States and 24 million
globally had myalgic encephalomyelitis, also
known as chronic fatigue syndrome®, which
hasbeen linked to herpesvirus and enterovirus
infections. In 2020, up to 1.9 million people
in the United States alone might have had
post-treatment Lyme disease, in which neu-
rological symptoms, fatigue and other effects
persist even after treatment of the infection’.
Meanwhile, muscle aches, fever, fatigue and

other problems that persist for up to two years
followinginfection have been reported by up
to 75% of Ebola survivors® (mainly in Sierra
LeoneandLiberia), and diarrhoea and fatigue
that persist for up to a decade by as many as
40% of people infected with the parasitic
microorganism Giardia duodenalis®.

So far, long COVID has been an outlier in
terms of theamount of attentionit has received
compared with other infection-associated
chronic conditions, which have historically
garnered little attention relative to disease
burden. Thanksinpart toteams studying other
conditions, such as HIV and Ebola, being able
to redirect resources towards long COVID,
various research and clinical programmes to
addressitwereestablishedin 2020 —including
at the University of California, San Francisco,
where one of us (M.].P.) is directing a long
COVID research programme'. Today, epide-
miological studies are under way to better
establish how many people are affected, who
is affected and to what degree. Larger initia-
tives, such as the NIH Researching COVID to
Enhance Recovery (RECOVER) programme,
launched in 2021, are building on the smaller
efforts that jump-started the field, including
one of our ownorganization’s (L.M.s) patient-
led research studies. And biological mecha-
nisms and potential therapeutic targets are
beginning to emerge.

Itis now known, for instance, that one of at
least six mechanisms (or any combination of
these) could be contributing to the persistence
of symptoms long after a person has been
infected with SARS-CoV-2 (ref. 3).

Multiple studies have identified
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inflammation markers, both in blood" and in
tissues™. Others have found that the Epstein-
Barr virus, normally dormant in adults, can
be reactivated in people with long COVID?,
Researchers in the United States, South
Africa and the United Kingdom have shown
that SARS-CoV-2 can alter clotting proteins,
generating microscopic clots that might
affect tissue function®. Some people experi-
ence autoimmune conditions after getting
COVID-19, suggesting that a contributing
factor to long COVID could be the immune
system attacking the body>. SARS-CoV-2 can
alter mitochondrial health? offering a poten-
tial explanation for why many people withlong
COVID experience fatigue and post-exertional
malaise. Even the idea that SARS-CoV-2is a
transient invader is being challenged®, with
multiple studies showing that fragments of
the virus can stay in the body for more than
sixmonths.

Many questions remain. Yetacquiring even
this understanding in such a short time sug-
gests that precisely defining long COVID’s
biology, identifying biomarkers and design-
ing and testing targeted treatments should
be possible —so long as the funding is there.

Six priorities

We estimate that by this point, more than
$1.5 billion globally has been dedicated to
long COVID research. But most of this funding
has been limited to amaximum of four years.
Building on the progress made so far is going
torequire billions more, and for resources to
be committed over at least a decade. It will
also need funders, regulators, researchers,
pharmaceutical companies, the patient com-
munity and other stakeholders to prioritize
six goals.

Agree onwhatlong COVIDis. Studies of long
COVID define the conditionin different ways.
Someinvestigatorsinclude medical comorbid-
itiesassociated with COVID-19, from diabetes
and cardiovascular disease to Alzheimer’s

disease. Insome studies, symptoms must have
lasted for atleast three months; in others, for
just 30 days. Various attempts at standard-
ization have been made or are still under
way, including efforts by the World Health
Organization and the US National Academies
of Sciences, Engineering, and Medicine. But
most people working onlong COVID continue
to use the definition that is most convenient
for them. This meansresearchers are compar-
ing apples to — at best — oranges. The lack of
clear definitions also feeds scepticism over
whether the condition can even be studied in
thefirst place.

For now, research funders and publishers
could encourage more consistency by requir-
ing that, at the very least, researchers state
which formal definition they are usingin their
funding applications and manuscripts.

The clarity of a single, formal definition
mightbe unobtainable. Definitions developed
inthe comingyears could require more specific
patient data, and might not easily be applied

“Eventheideathat
SARS-CoV-2isa

transientinvaderis
being challenged.”

to parameters capturedin2020 or 2021. Also,
it'sunclear whether a single definition can be
applied across cohorts, such asthose who were
hospitalized with COVID-19 and those who
were not. The population of people with long
COVID but without a positive COVID test, either
because their test was inaccurate or because
they weren’t able to obtain a test, is clinically
importantand must alsobe accounted for.Soit
could bethat aset of case definitions with vary-
ing degrees of specificity will be most useful.
In clinical settings, a broad definition of long
COVID could ensure that people are eligible for
care. Inresearch, anarrower definition might
be warranted, although investigators should

TOO MANY TO IGNORE

Over the next decade, the number of people with long COVID could

approach the number who currently have heart disease.

Infection-associated chronic conditions

65 million people currently estimated
to have long COVID globally*
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*Assuming that 10% of confirmed SARS-CoV-2 infections so far result in long COVID;

tAssuming that half of the world’s population contracts COVID-19 over the next 10 years, and 5% of those people develop long COVID;

*Myalgic encephalomyelitis, also known as chronic fatigue syndrome.

strive to ensure that any definition they use is
asinclusive as possible.

Bolster team science. The first major inter-
national multidisciplinary meeting focused
on long COVID — the Keystone symposium
on long COVID — was held in Santa Fe, New
Mexico, this August. This is exactly the kind
of event needed to bring together clinical
scientists, infectious-disease experts, neuro-
scientists, cardiologists, pulmonologists and
many other researchers (including patients
themselves) studying the mechanisms that
might be at work in people with long COVID.

Various efforts have already been made to
bring together different groups working on
long COVID. Foundations and patient groups,
for instance, are hosting seminars and con-
necting people online. But the creation of pub-
licly funded multidisciplinary centres specific
to infection-associated chronic conditions,
including long COVID, would help to drive
much more collaboration.

In the United States, the creation of an NIH
Office for Infection-Associated Chronic Con-
ditions Research would help to coordinate
research across organizations. This would be
similar to the Office of AIDS Research, which
has budgetary authority and ensures the
coordination and prioritization of HIV/AIDS
research across the NIH. Equivalent institu-
tions could be established in other countries.

Curateresources fromthe ‘pristine period’.
Studying long COVID is more complicated now
thanin the first 18 months of the pandemic.
Backthen, researchersdidn’t have to factorin
the emergence of new variants or vaccines and
treatments. Testing for SARS-CoV-2, although
not accessible or accurate for all, became
widely available in many countries by mid-
2020.And because people wore masks and iso-
lated from others, few other pathogens were
circulating. By contrast, researchers are now
trying tostudy long COVID against abackdrop
of several circulating SARS-CoV-2 variants;
reinfections that often go undiagnosed; and
variability in the number, timing and type of
SARS-CoV-2 vaccine doses people have had.
Fortunately, in 2020, some groups were
well-positioned to establish clinical and bio-
specimen repositories. What’s needed now
isaninitiative to ensure that all the samples
collected during this ‘pristine period’ are
properly catalogued, and to facilitate data
sharingamongresearchers. This effort could
besimilar tothe various centralized reposito-
ries established foracute COVID-19 during the
early months of the pandemic — such asthose
set up by the European Biobanking and Bio-
Molecular Resources Research Infrastructure.

Accelerate biomarker discovery. Althoughwe

don’t think researchers and drug developers
should wait for biomarkers to be identified and
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validated before forging ahead, the discovery
of reliable biomarkers for long COVID would
be transformative. Researchers are unlikely
tofind auniversal biomarker because multiple
mechanisms seem to be at play, and different
combinations of these could be involvedin dif-
ferent people. Yet consistent and measurable
abnormalities have already been documented.
Several teams, for example, have identified
SARS-CoV-2 proteins in the blood of people
with long COVID, which might come from
the virus persisting in certain tissues®. Other
parameters, such as a person’s capacity to
exercise™, are also being evaluated. Eventu-
ally, combinations of biomarkers might prove
most useful®.

Ultimately, biomarkers should be validated
using samples from multiple large-scale col-
lections, such as those amassed by RECOVER,
or specimens collected during the ‘pristine
period’. Such validation efforts could be
coordinated by our proposed Office for Infec-
tion-Associated Chronic Conditions Research.

Invest in experimental medicine. A search
for ‘long COVID’ in the registry ClinicalTrials.
gov (which holds information on more than
400,000 trials worldwide) returns some
412 trials. Of 240 classed as interventional,
only 91 are recruiting. And only 12 are testing
pharmacological interventions rather than
interventions that focus on behavioural mod-
ification or rehabilitation®®.

Big pharmaceutical companies are
currently on the sidelines, awaiting clarity on
long COVID case definitions and biomarkers
before pursuing clinical trials. Meanwhile,
many small, less-risk-averse biotech com-
panies lack the resources for drug develop-
ment. (It takes ten years, on average, to bring
adrugto market?.) Although foundations and
private donors have helped to fill the gap, in
our view, aUS Office for Infection-Associated
Chronic Conditions Research and equivalent
bodies elsewhere should establish high-risk,
high-reward funding mechanismsthatincen-
tivize many more investigators, including
fromindustry, to conductlong COVID clinical
trials — especially proof-of-principle trials.
Such trials might involve just 10-50 people
and are not designed to demonstrate the effi-
cacyofadrug. Butthey canuse existing drugs
to probe the effects of interveningin various
biological pathways'® — and, by driving the
science, help to accelerate the discovery of
treatments.

Using foundation funds, one of us (M.).P.)
is conducting a proof-of-concept trial to
investigate whether monoclonal antibodies
canclear SARS-CoV-2 fromtissues thatretain
the virus. Other potential therapeutics that
could be trialled include drugs that modify
the immune response (immunomodulators)
or that stop blood clotting (anticoagulants).
Inthe United States, people with long COVID
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have even presented the Food and Drug
Administration (FDA) with a list of potential
therapeutics to trial, chosen on the basis of
lived experience.

A key challenge is that no rapid funding
mechanisms are available to take these and
other promising leads forwards. Unless they
use foundation money or discretionary funds,
researchers face review times for proposals
of 6-12months. Even once a project hasbeen
funded, it can take more than a year before a
trial canbegin. Added to thisis the lack of clar-
ityaround what regulatory requirements need
tobefulfilled for clinical trials to be approved.

“Long COVIDislikely to
have mostimpactonthose
populations thathavebeen
disproportionately affected
throughout the pandemic.”

What datawill regulators require to assess peo-
ple’s eligibility for such a trial, for instance?
Will patient-reported measures suffice for a
regulator to approve a potential treatment?

Agencies such as the FDA or the European
Medicines Agency could take steps to expe-
dite the review of treatments intended to
treat long COVID — just as they did for those
for acute COVID-19. In the United States,
‘fast track’ or ‘breakthrough’ therapy desig-
nations — used for interventions for people
with serious unmet medical needs or drugs
that could be substantially better than exist-
ing ones — could be applied. Likewise, until
researchers identify reliable biomarkers for
long COVID, regulators could allow them to
use patient-reported measures of symptoms
and quality of life.

Link research efforts to coordinated clinical
programmes. In 1991, the Ryan White CARE
Act made more than $220 million in federal
funds available for HIV care for low-income,
uninsured and under-served people through-
outthe United States. Since then, the amount
spenton this has grown to more than $2 billion.
For more than 30 years, this programme has
reduced stigma, provided treatment annually
to more than 500,000 largely marginalized
people and trained thousands of providersto
deliver HIV care.

Long COVID is likely to have most impact
on those populations that have been dis-
proportionately affected throughout the
pandemic — communities of colour, with less
accessto health care, and a higher prevalence
of comorbidities”. Similar coordinated clin-
ical programmes for long COVID and other
infection-associated chronic conditions could
help those most in need and make it easier
for diverse populations seeking care to get

involvedinresearch efforts. Such programmes,
which are beginning to be established, would
helptoensurethatanyadvancesintreatments
are transferred to the clinic equitably.

Holisticresponse

Investment now in long COVID will help to
ensure that when the next pandemic comes,
efforts tostudy potential infection-associated
chronic conditions are a core part of the ini-
tial response. That meansinvesting notjustin
research, but also in education programmes
that enable health professionals and train-
ees to learn about such conditions. And it
means providing grant funding, training
programmes and salaries specifically for
early-stage investigators wanting to pur-
sue careers in such conditions, including
long COVID.

By challenging the long-held assumption
that treating infectious disease is all about
tacklingacute infection,amoonshotinitiative
for long COVID could ultimately change the
way all of us think about the effects of patho-
gens on our health.
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