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Some are trying to ‘humanize’ the AAV
genome, to make it less likely to activate
immune pathways. For example, in humans,
when the DNA base C is followed directly in
the genome sequence by the base G, it often
carries a chemical group called a methyl.
AAVs have a higher percentage of CG groups
without a methyl — a potential red flag to the
immune system. Wright presented datashow-
ing thatincreasing the methylation of CG-rich
regions decreased the activation of inflamma-
tion-promoting molecules called cytokines.
But, headded, thereisapotential trade-off:the
same methylation, if used too heavily, might
alsosuppress gene expression, including that
of the therapeutic gene carried by the AAV.

Suppressed immunity

Others are working on ways to suppress
harmful immune responses. Gene therapies
are often given with immunosuppressants
such as steroids, but there are concerns that
such treatments are sometimes ineffective,
and canrender recipients vulnerable toinfec-
tion. Anastasia Conti, who studies stem cells
atthe San Raffaele Telethon Institute for Gene
TherapyinMilan, Italy, reported at the ASGCT
meeting that a drug called anakinra reduced
inflammation triggered by gene editing.
The drug might also enhance the potency of
gene-editing treatment by reducing the num-
ber of edited blood stem cells that become
senescent — meaning that they are still alive
but have stopped dividing.

At Selecta Biosciences in Watertown,
Massachusetts, researchers are developing
nanoparticles designed to be taken up by
immune cells and coupled to a drug called
rapamycin, which is sometimes used to sup-
press the immune system after organ trans-
plantation. Innon-human primates, the team
found that three monthly doses of the nano-
particles prevented antibody responses tothe
AAV’s protein shell, chief scientific officer Kei
Kishimoto said at the meeting. And research-
ersatSpark have tested adrugthatinhibits an
immuneregulator called IL-6. They found that
the treatmentlowered the level of antibodies
against AAV shellsin non-human primates. In
mice, it reduced immune responses enough to
allow multiple rounds of gene therapy.

In the end, it will probably take a “toolbox
of strategies” to tackle the inflammation
problem, said Chan. And as the reach of gene
therapies continues to expand, researchers
need to develop tools to monitor potentially
dangerousinflammationindifficult-to-access
partsof thebody, such as thebrain, headded.
Many studies on inflammation have been
conducted in the eye, where researchers can
relatively easily visualize changes that occur
even months after therapy. “How will we really
know whatis happeningin the central nervous
systemor the ear?” Chan asked. “We could fool
ourselves foralongtime.”
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CAN VACCINES CONTAIN
THE GLOBAL MONKEYPOX

OUTBREAKS?

Smallpox vaccines can be used to protect people
exposed to the virus. But challenges remain.

By Max Kozlov

s global monkeypox cases con-

tinue to rise, public-health officials

and researchers are questioning

whether the current outbreaks can

be contained. The World Health
Organization (WHO) has said that the situation
is unlikely to escalate into a full-blown pan-
demic. Butthere are now more than1,400 con-
firmed infections in more than 30 countries
where outbreaks do not usually occur (see
‘Unusual spread’).

Countries including Canada, the United
Kingdom and the United States have begun
implementing a strategy called ring vaccina-
tionto try to halt the spread of the virus. This
involves administering smallpox vaccines —
which are thought to be effective against mon-
keypox because the viruses are related — to
people who have been exposed to monkeypox
through close contact with aninfected person.

But there are unknowns and challenges that
come with this strategy, says Natalie Dean, a
biostatistician at Emory University in Atlanta,
Georgia. Although the vaccines are considered
safe and effective for use in people with small-
pox infection, they have had limited testing
against monkeypox. The strategy also relies

Thereis anarrowing window
of opportunity to prevent
thevirusfromgaininga
more permanent foothold.

onrigorous contact tracing, which might not
beimplementedinevery country,and people
mustagreeto beinoculated with vaccines that
cantrigger rare, but serious, side effects.

Ring vaccination can be a powerful tool,
Dean says, but to be effective, it needs to
be used early — while case numbers are still
manageable. “As the numbers crop up and
you think about the number of contacts each
individual has, the logistics just become more
complicated.” She adds that thereisanarrow-
ing window of opportunity to prevent the virus
from gaining a more permanent foothold in
human or animal populations in countries
where the outbreaks are occurring.

These concerns were heightened on 3 June,
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when the US Centers for Disease Control and
Prevention (CDC) reported genomic data
showing that there are at least two strains of
the monkeypox virusresponsible for the out-
breaks. This finding suggests that the virus
might have been circulating internationally
for longer than was thought. But Andrea
McCollum, an epidemiologist who heads the
poxvirus team at the CDCin Atlanta, Georgia,
says that, although the new genomic data do
not change the agency’s efforts to contain the
virus, they will complicate the investigation
into the outbreak’s origins.

Smallpox stockpiles

Some countries maintain stockpiles of small-
pox vaccines, mainly because public-health
officials have been worried that variola — the
virus that causes smallpox, which was erad-
icated more than 40 years ago and that kills
about 30% of the people who get it — could
be weaponized or accidentally released from
laboratories where samples are still kept. Two
main types of smallpox vaccine are available
today. Each contains a live poxvirus, called
vaccinia virus, that is closely related to the
smallpox virus. ‘Second-generation’ vaccines
can causerarebutserious side effects because
they contain vaccinia that canreplicatein a
person’s cells. ‘Third-generation’ versions
have fewer side effects because they contain
aweakened virus.

These smallpox vaccines are thought to
be about 85% effective against monkeypox
infection, accordingtothe CDCandthe WHO,
whichboth cite “past datafrom Africa”, where
outbreaks have occurred for decades, to sup-
port their assessments. But the highly cited
figure is “shaky”, Dean cautions.

It comes from a 1988 observational study*
carried out in Zaire (now the Democratic
Republic of the Congo) involving 245 people
infected with monkeypox and 2,278 of their
contacts, according to McCollum. Because
the second- and third-generation smallpox
vaccines produce an antibody response in
people thatis comparable to that induced by
the now-obsolete first-generation vaccines
administered in the study, scientists think
that the newer vaccines would have a similar
efficacy against monkeypox. Thereisalso com-
pelling evidence from animal studies that the
vaccines would work against monkeypox, but
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UNUSUAL SPREAD

Monkeypox outbreaks have been occurring in West and Central Africa for years. Occasionally, there are
cases reported outside those regions — but this year has seen an explosion of monkeypox outside Africa.
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they haven’t been directly tested against that
disease in people, Dean says.

Unlike their response to COVID-19,
public-healthofficials aren’t currently mulling
amass-vaccination campaign for monkeypox.
That’s because countries have stockpiled
more second-generation smallpox vaccines
thanthird-generation versions —and theside
effects of the second-generation ones prevent
them from being given to children, pregnant
individuals, people who are immunocom-
promised or those with one of a spectrum of
skin conditions that are classified as ‘eczema’.
Third-generation vaccines, which fewer coun-
tries have access to, have fewer side effects
and could therefore be given to more people.

At the moment, the risk posed by monkey-
pox to the general public isn’t high enough
to warrant mass vaccination, given the side
effects and availability issues, says Daniel
Bausch, the director of emerging threats and
global health security at FIND, the global alli-
ance for diagnostics in Geneva, Switzerland.
But if the virus starts spreading in vulnera-
ble populations, such as pregnant people
or children, or if it turns out to have a higher
fatality rate than expected, the risk-benefit

calculation could change.

No deaths from monkeypox have been
reported outside Africa so far this year; how-
ever, 4.7% of people who have contracted
monkeypox across seven countries in Westand
Central Africa in 2022 have died. This makes
the discussion of a ring vaccination (or even
broader) campaign in nations outside Africa
sting for researchers on the continent who
have been fighting monkeypox outbreaks
for decades, says Ifedayo Adetifa, the head
of the Nigeria Centre for Disease Control in
Abuja. WHO member nations have pledged
more than 31 million smallpox vaccine doses
totheagency for use insmallpox emergencies,
yet these doses have never been used against
monkeypox in Africa.

Usually, monkeypox causes fever, swol-
len lymph nodes and sometimes-painful
fluid-filled skin lesions. Left untreated, the
infection can clear in afew weeks — especially
inthose with access to health care.

Bavarian Nordic, the biotechnology firm
basedin Hellerup, Denmark, that created the
third-generation smallpox vaccine MVA-BN,
said on 30 May that it has been taking orders
in response to global demand. If countries
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had a larger stockpile of third-generation
smallpox vaccines, says Raina MaclIntyre,
aninfectious-disease epidemiologist at the
University of New South Wales in Sydney,
Australia, it would be a “no-brainer” to use
them for a robust ring vaccination campaign
against monkeypox.

Challenges ahead

So far, the United States has been offering
either a second- or third-generation small-
pox vaccine regimen to people at ‘high’ or
‘intermediate’ exposure risk, which the CDC
defines as a person who had “unprotected
contact” with the skin or bodily fluids of
someone with monkeypox, or who was within
1.8 metres (6 feet) of aninfected person. Small-
pox vaccines are thought to protect against
monkeypox infection if administered within
four days of exposure, according to the CDC.

But there are limited real-world data to
support this guidance. Whereas the sec-
ond-generation vaccine stockpiled in the
United States is meant to be administered as
asingle dose, MVA-BN is a two-dose vaccine,
given with 28 days between shots. Because
of alack of testing against monkeypox, it is
unknown whether a single dose of MVA-BN
wouldbeenough tostopinfection, evenifgiven
within four days of exposure, McCollum says.

Evenifmore nations procure smallpox vac-
cines and begin aring vaccination campaign,
there is a large difference between theory
and reality when it comes to implementing
the strategy, MacIntyre warns. In theory,
monkeypoxis conducivetoaringvaccination
campaignbecauseit spreads slower than most
viruses that an infect people and has along
incubation period. But in reality, the success
of this approach relies on robust testing and
contact-tracinginfrastructure, she says.

And getting people totake vaccinescould be
difficult. As of 24 May, only 15 of 107 commu-
nity contacts and 169 of 245 health-care work-
ersin the United Kingdom had opted to take
the MVA-BN vaccine after possible monkey-
pox exposure during the current outbreaks,
according to areportin Eurosurveillance®.

To avoid tensions and misinformation,
health officials will have to communicate
very clearly to the public why the campaign
isnecessary and why only certainindividuals
arereceiving vaccines, says Bausch, who has
worked for the WHO and the UK government
toaddress Ebola outbreaks. Another worry is
the stigmathatis building up around the out-
breaks: many of the cases have been in men
who have sexwithmen. Bausch says that, if the
disease continues to be stigmatized, people
might not want to comply with contact-tracing
efforts, which would make ring vaccination
much harder.
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