Older adults, like these nursing-home residents in Spain, are more vulnerable to infection and can respond poorly to vaccines.

AGEING AN
COVIDVAC

)
CINES

The new coronavirus poses the greatest threat to older people, in whom
vaccines can work poorly. Here’s how scientists hope to boost their
immune responses. By Cassandra Willyard

nlike fine wine, the human body
does notimprove with age. Hear-
ing fades, skinsags, joints give out.
Even the body’s immune system
loses some of its vigour.

This phenomenon, known as
immunosenescence, might explain
why older age groups are so hard-

hit by COVID-19. And there is another trou-
bling implication: vaccines, which incite the
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immune systemto fight offinvaders, often per-
formpoorlyinolderpeople. The best strategy
for quelling the pandemic might fail in exactly
the group that needs it most.

Scientists have known for decades that
ageing immune systems can leave the body
pronetoinfection and weaken their response
to vaccines. In June, the US Food and Drug
Administration announced thata COVID-19
vaccine would haveto protect at least halfthe
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vaccinated individuals to be considered effec-
tive, but protection in older adults might not
even meet that bar. “No vaccine is going to be
as effectivein the elderly asitis in young peo-
ple,” says Matt Kaeberlein, a gerontologist at
the University of WashingtoninSeattle. “That’s
an almost certainty.”

The human immune system is mind-bend-
ingly complex, and ageing affects nearly
every component. Some types ofimmune cell
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become depleted: for example, older adults
have fewer naive T cells that respond to new
invaders, and fewer B cells, which produce
antibodies that latch on to invading patho-
gens and target them for destruction. Older
people also tend to experience chronic, low-
grade inflammation, a phenomenon known
as inflammageing (see ‘Depleted defences’).
Although someinflammationisakey partofa
healthy immune response, this constant buzz
of internal activation makes the immune sys-
tem less responsive to external insults. “This
overarching, chronic inflammatory state is
what’s driving much of the immune dysfunc-
tionthat we see,” says Kaeberlein. The upshot
isapoorer reaction to infections and adulled
response to vaccines, which work by priming
the immune system to fight off a pathogen
without actually causing disease.

Withabout 50 COVID-19 vaccine candidates
currently being tested in humans, researchers
sayit’snot yet clear how they will fareinolder
adults. Inits phase I study of 40 people aged
56 and over, Moderna in Cambridge, Massa-
chusetts, reported that its candidate mRNA-
1273 elicited similar antibody levels as those
elicited in ayounger age group'. The Chinese
biotech Sinovac in Beijing, which trialled its
CoronaVac candidate in a phase I/Il study
thatincluded 421 adults between 60 and 89
years of age, announced in a press release on
9 September that it seems to work as well in
older adults as it does in younger ones. How-
ever, a phase I study by international pharma
company Pfizer and BioNTech in Mainz, Ger-
many, showed that their vaccine BNT162b2
provokes an immune response that is about
halfasstronginolderadultsasitisinyounger
ones®. The older adults still produced more

“Novaccineisgoing tobeas
effectiveintheelderly asitis
inyoung people.”

antibodiesinresponsetothevaccinethan peo-
ple of asimilar age who had had COVID-19, but
it's not known how these levels translate into
protection from the virus.

Most COVID-19 vaccine trialsinclude at least
some older adults. But a recent analysis of 18
such trials found that the risk of exclusion is
high?. More than halfhad age cut-offsand many
were at risk of excluding older participants for
otherreasons, including underlying conditions.

If COVID-19 vaccines perform less well in
older adults, researchers might be able to
find ways to tweak the shot itself to elicit a
stronger response. Some influenza vaccines,
forinstance, includeimmune-boostingingre-
dients or higher doses of the viral antigen. But
some scientists say there is a better option.
They are developing and testing drugs that
could improve how older adults respond

DEPLETED DEFENCES

The immune system gets less efficient with age for a variety of reasons. One problem is that some immune cells
perform less well or become less plentiful. And ageing often leads to excess inflammation - dubbed

‘inflammageing’ - that can blunt immune reactions.
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Plentiful naive T cells produce
a diverse set of memory T cells
that fight pathogens.

B cells make antibodies that can
stop the virus from infecting cells
and mark it for destruction.

Several immune mechanisms ramp
up inflammation temporarily to help
respond to threats.

Older immune system
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With age, the number and
diversity of naive T cells decline.

Fewer, less-functional B cells
circulate with age, making a
less-diverse crop of antibodies.
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Overactive immune cells, spurred on
by old cells that won't die, contribute
to chronic, low-grade inflammation.

to vaccines and might also help them fight
viruses more effectively in the first place.
Rather than working with the limitations of
the ageingimmune system, they are planning
torejuvenate it.

Forever young

Many researchers have grown old trying to pin-
pointwaystoreverse the ageing process. Inthe
past decade, however, they have made serious
progress in identifying particular molecular
targets that might help in this quest.

One promising class of anti-ageing drug acts
on pathways involved in cell growth. These
drugs inhibit a protein known as mTOR. In
the laboratory, inhibiting mTOR lengthens
lifespan in animals from fruit flies to mice.
“mTOR is one of probably multiple biologic
mechanisms that contribute to why we age and
why our organ systems start to decline,” says
Joan Mannick, co-founder and chief medical
officer of resTORbio, abiotech company based
inBoston, Massachusetts, that aims to develop
anti-ageing therapies.

Inastudy publishedin 2018 and carried out
when Mannick was at the Novartis Research
Institutes in Cambridge, Massachusetts,
she and her colleagues tried damping down
mTOR in elderly adults to see if this could
improve immune function and lower infec-
tion rates*. The 264 participants received
alow-dose mTOR inhibitor or a placebo for
six weeks. Those who received the drug had
fewer infections in the year after the study
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and animproved response to the flu vaccine.
On the basis of her work on mTOR inhibition,
Mannick, by then at resTORbio, launched a
phase lll trial in 2019 to see if a similar mTOR
inhibitor called RTB101 could stave off respira-
toryillnessesin older adults.

That trial failed to show the desired effect,
perhaps because infections were monitored
by self-report of symptoms rather thanrequir-
ing a lab test to confirm infection, as in the
earlier trial. That created “a lot more noise”,
says llaria Bellantuono, co-director of the
Healthy Lifespan Institute at the University
of Sheffield, UK, who was not involved in the
trial. “A much bigger group would have been
required to see a difference.”

Still, the data from this and an earlier trial
suggested that participants whoreceived the
mTOR inhibitor had fewer severe infections
from circulating coronaviruses and recovered
faster fromthem thanthe placebogroup. The
trials pre-date the emergence of SARS-CoV-2,
buttheysuggest that RTB101could lessenthe
severity of infection. resTORbio is now testing
thatideain 550 nursing-homeresidents aged
65and over.

RTB101 is similar to an already approved
mTOR inhibitor, the immune-suppressing
drugrapamycin. At least four other groups are
testing rapamycininsmallnumbers ofinfected
individuals as a possible COVID-19 therapy;
one group is trialling the drug exclusively in
adults aged 60 or older.

The type 2 diabetes drug metformin also
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dampens down mTOR’s activity, albeit indi-
rectly. Some studies suggest that people who
take metformin are less likely to be hospital-
ized or die if they contract COVID-19. A small
retrospective study in China found that the
mortality among hospitalized individuals
with COVID-19 taking metformin was 2.9%
compared with 12.3% in people who didn’t
take the drug’. Researchers at the University
of Minnesotain Minneapolis analysed dataon
hospitalized individuals with COVID-19 who
had an average age of 75, some of whom were
already taking metformin for obesity or dia-
betes. They found a significant reduction in
mortality among women taking metformin,
but not among men®.

Carolyn Bramante, an obesity researcher who
led the University of Minnesota study, points
out that diseases such as diabetes and obesity
lead to some of the same immune deficits as
occurinolderage.Sheand her colleagues plan
to launch atrial of 1,500 people aged 30 and
over to determine whether metformin could
help stave off SARS-CoV-2infection or prevent
the worst outcomes in people already infected.

Meanwhile,JennaBartley, who studies age-
ing at the University of Connecticutin Storrs,
is assessing whether metformin can boost
responses to flu vaccineinasmall trial of older
adults. The idea, based on her work in mice,
is that metformin can improve the energy
metabolism of the T cells of the immune sys-
tem, making them better at detecting new
threats. Bartley has finished collecting data,
but because her lab was shut down owing to
COVID-19,she won’t have the results analysed
for afew more weeks.

If metformin works against COVID-19,
researchers will still have to tease out why.
Kaeberlein points out that no oneis quite sure
how metformin works because it has so many
targets. “It’s about the dirtiest of dirty drugs
outthere,” hesays. It was originally used as an
anti-influenza drug; Bramante says it helps
tamp down inflammation. Aside from the
mechanistic unknowns, the advantage is that
metformin has been used for decades and is
generally safe. Children cantakeit, as can preg-
nantwomen. “Metforminis amedication that
you actually could give prophylactically for
12months without having to do any follow-up,”
Bramante says, “and it costs less than US$4 a
month.”

Soothing balm

mTOR is a classic anti-ageing target, but it’s
far from the only one. In fact, many anti-age-
ing pathways seem to be linked, says James
Kirkland, who studies cellular ageing and
disease at the Mayo Clinic in Rochester, Min-
nesota. “Thatis, if you target one, you tend to
affectalltherest,” he says.Many of theimmune
changes that come with ageing lead to the
sameresult:inflammation. So researchers are
looking at drugs that will calm this symptom.
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Arne Akbar, an immunologist at Univer-
sity College London, has shown that the
anti-inflammatory druglosmapimod, whichis
beingdeveloped asatherapy for muscular dys-
trophy, might help boost immunity. Ina 2018
study, the researchers injected chickenpox
virus into the skin of elderly adults. Although
these people had already been exposed to chick-
enpox, theirimmune response was lacklustre,
hampered by excess inflammation. When the
team gave the study participantslosmapimod,
it ratcheted down inflammation by about 70%
and improved theirimmune responses.

In June, the company currently develop-
ing losmapimod — Fulcrum Therapeutics
in Cambridge, Massachusetts — launched
a400-person phase Il study to investigate
whether the drug could prevent death and
respiratory failure in older people hospital-
ized with COVID-19.

“Wehave tofigure out ways
totargetfundamental
ageing mechanisms.”

Another class of drug, called senolytics, helps
to purge the body of cells that have stopped
dividing but won’t die. These senescent cells
are typically cleared by the immune system,
butasthebody ages, they begintoaccumulate,
ramping up inflammation. In August, Kirkland
andateamatthe Mayo Cliniclaunched a 70-per-
son trial to test whether asenolytic called fise-
tin, which is found in strawberries and sold as
a health supplement, can curb progression
of COVID-19 in adults aged 60 or older. They
also plan to test whether fisetin can prevent
COVID-19infectioninnursing-home residents.

“Senescenceisreally akey factorinageing,”
says Eric Verdin, president and chief executive
of'the Buck Institute for Research on Agingin
Novato, California, whois notinvolved in the
fisetinresearch. No senolytics have currently
beenapproved for clinical treatment, however.
“Thisis oneareathat has been muchless stud-
ied,” he says.

Kaeberleinsaysit’s likely that most compa-
nies will pursue anti-ageing drugs as therapies
before they test them as prophylactics. “It’s
mucheasiertogetatherapyapprovedinpeo-
ple who are already sick,” he says. He thinks
that mTOR inhibitors hold the most promise.
“IfThad the power to go back to the beginning
of this whole COVID pandemic and try one
thing, I'd pick mTOR inhibitors — rapamycin
specifically,” he says. According to his back-of-
the-envelope calculations, if rapamycin works
in the same way in people as it does in mice,
it could reduce COVID-19 mortality by 90%.

Kirkland says he can envisage giving one of
these anti-ageing drugs asaprimer before vac-
cination. “We have to figure out ways to target
fundamental ageing mechanisms at around
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the time that we’re vaccinating people,” he
says, “but we have to find ways of doing this
that are safe and effective.”

Added ingredients

If tweaking the immune system proves too
challenging, there might be ways to juice up
thevaccineitself. For flu, there are two vaccines
aimed specifically at people over 65, which help
worn immune systems to stage a response.
One, Fluzone High-Dose, contains four times
the standard amount of flu virus antigens, and
theother, Fluad, relies onanimmune-boosting
molecule called an adjuvant.

A team led by vaccinologist Ofer Levy at
Boston Children’s Hospitalin Massachusettsis
working onaCOVID-19 vaccine specifically for
olderadults, using anin-vitroscreening system
to identify the best adjuvants. “Vaccines were
typically developed as one-size-fits-all,” he says.
Butalotoffeatures —age, sex,and even the sea-
son —affect vaccineresponses, Levy says. The
best combinations of adjuvantand vaccine they
find will be tested in mice and then in humans.

But, in general, developing medications to
improve immune function seems like amuch
smarter strategy than creating vaccines specif-
ically forelderly people, says Claire Chougnet,
animmunologist at Cincinnati Children’s Hos-
pital Medical Center in Ohio, who is studying
inflammation in aged mice. Vaccine devel-
opment is costly and time-intensive. “In the
case of an emerging virus, when you want a
quick response, that makes things even more
complicated ifyou have to do two types of vac-
cine,” shesays. Plus, individual vaccines target
specific pathogens, but animmune-boosting
medication could be used with any vaccine.
“That could work for flu, that could work for
COVID-19. That would work for COVID-25,” she
says. The approach is “extremely versatile”.

Verdin agrees that supporting the older
immune system should be a priority. “I think
thenetresultofall this willbe renewed interest
in understanding the defect in the immune
responseintheelderly.” That hasimplications
notonly for the coronavirus, but also forahost
of other diseases, including other viral infec-
tionsand even cancer. “COVID-19 hasbrought
tothe front something thatalot of people have
ignored.”

Cassandra Willyard is a science journalist in
Madison, Wisconsin.
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