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have been watching this hot spot carefully,
including immunologist Yunlong Richard
Cao of Peking University. On 11 April, Cao
says, he and his colleagues noticed a pat-
tern: New Omicron sublineages from New
York, Belgium, France, and South Africa all
had changes in L452. “The independent ap-
pearance of four different mutations at the
same site? That’s not normal,” Cao says. The
researchers suspected it was the virus’ re-
sponse to the high levels of immunity gen-
erated by the huge Omicron waves.

They immediately started to make cop-
ies of the spike protein based on the new
sequences and test how well different anti-
bodies could block those proteins, prevent-
ing them from binding to cells. They used
sera from 156 vaccinated and boosted sub-
jects, including some who had recovered
from either BA.1 or severe acute respiratory
syndrome (SARS), the corona-
virus disease that caused a
deadly global outbreak almost
2 decades ago. Like the South
African team, they found that
blood from patients who had
been infected with BA.1 had
only weak ability to neutralize
BA.4 and BA.5; the same was
true for BA.2.12.1. Even less ef-
fective were sera from people
who had previously been infected with
SARS and then vaccinated against COVID-
19, they reported in a 2 May preprint.

The latter finding was surprising. Pre-
vious work by Linfa Wang, a bat corona-
virus researcher at the Duke-NUS Medical
School in Singapore, had shown patients
who had recovered from SARS and were
then vaccinated had strong protection
against earlier SARS-CoV-2 variants—and
even some related animal viruses—a find-
ing that seemed to hold clues to develop-
ing vaccines effective against multiple
coronaviruses, including those that might
trigger the next pandemic. But the new
mutations apparently helped the Omicron
subvariants evade those previously power-
ful antibodies.

Wang notes, however, that the subjects
in the new study were all vaccinated with
CoronaVac, a Chinese vaccine made from
inactivated virus. Subjects in his study were
vaccinated with messenger RNA (mRNA)
vaccines, which might provide a more po-
tent response to the new strains, he says.
But Wang agrees that Omicron’s knack for
immune escape is dramatic. Based on its
immunological profile, it “should be called
SARS-3,” he says—an entirely distinct virus.

Omicron’s rapid evolution creates diffi-
cult decisions for vaccine- and policymak-
ers about whether to shift to a new set
of vaccines or stick with the current for-
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“We need

to focus on
broadening our

immunity.”

Kristian Andersen,
Scripps Research

mulations, which are based on the virus
that emerged in Wuhan, China, more than
2 years ago. Moderna has tested two “bi-
valent” versions of its mRNA vaccine, con-
taining the ancestral strain and either the
Beta variant—which spread in South Africa
for a while in 2021 but is now gone—or the
Omicron BA.1 variant. The company has
not yet reported data on how well they
might protect against the new subvariants.

Pfizer, the other mRNA vaccine pro-
ducer, has tested the efficacy of a booster
and a primary vaccine based on BA.1. Re-
sults are expected by the end of June. The
U.S. Food and Drug Administration has
scheduled a meeting for 28 June to analyze
available data and make vaccine recom-
mendations for the fall.

The limited protection that BA.1 in-
fection provided against the new sub-
variants in lab studies has al-
ready raised questions about
how useful the new Omicron-
specific vaccines might be.
Wang says the virus is evolving
too quickly for strain-specific
vaccines to keep up. Instead, a
broad cocktail of monoclonal
antibodies targeting differ-
ent strains might be the best
way forward, he says.

Such a shot could prevent infections
for several months in those vulnerable
to severe disease, including immuno-
compromised people who don’t respond to
vaccines. Protecting that group is crucial,
he notes, because many researchers sus-
pect new variants emerge during long-term
infections in people whose immune sys-
tems fail to clear the virus. The main
hurdle, Wang says, is cost: A dose of mono-
clonal antibodies is about $1000 per pa-
tient, he notes, “but if someone could find
a way to lower that to $50 or $100,” the
approach could be cheaper than constantly
updating vaccines.

Kristian Andersen, who studies viral
evolution at Scripps Research, draws a
sobering lesson from the newest Omicron
variants. Although we don’t know what fu-
ture variants will look like, he says, “we can
be certain that they’ll continue to be more
and more capable of immune escape,” pos-
sibly leading to lower protection against
not just infection, but also against severe
disease. “We need to focus on broadening
our immunity,” he says.

It’s far from clear what kind of vaccine
might prompt that broadened immunity,
but “we really, really need to get going” to
figure that out, Andersen says. “Simply let-
ting the virus do what viruses do—continue
to infect us, and likely several times a year—
just isn’t an option in my playbook.”

VACCINE DEVELOPMENT

Better lipids

to power next
generation of
mRNA vaccines

New delivery systems aim
to increase vaccine potency
and reduce side effects

By Elie Dolgin

s any dietician will tell you, some
fats are good—and that is surely
true of the little fatty balls found
in two of the world’s most widely
used COVID-19 vaccines. Known as
lipid nanoparticles (LNPs), these
tiny bubbles of fat encase messenger RNA
(mRNA) that encodes a viral protein, help-
ing ferry it into cells and shield it from
destructive enzymes. The technology was
key to the success of COVID-19 shots from
Moderna and the Pfizer-BioNTech collabo-
ration. But as beneficial as these fats are,
there is plenty of room for improvement.

The nanoparticles are a major source of
unwanted side effects when they spread
through the body, triggering the aches
and inflammation many people experience
after vaccination. They do a poor job of
unloading their cargo once inside cells, a
necessary step for the proteinmaking ma-
chinery to turn the mRNA sequences into
immune-priming signals. And because
they tend to fall apart when warm, they
have to be stored at low temperatures, lim-
iting their global use.

“This is a system that clearly has legs,”
says biochemist Pieter Cullis of the Univer-
sity of British Columbia (UBC), Vancouver,
who created the first LNPs, but “we still
need to increase the efficiency of LNPs—
that’s for sure.”

A new generation of LNPs with greater
potency, fewer side effects, increased sta-
bility, and more precise tissue-targeting
properties is now under development at big
pharma and biotech startups. Big money
is at stake: These improved nanoparticles
could lead to better mRNA vaccines for
COVID-19 and other diseases. They might
also help mRNA deliver on its promise as a
therapeutic tool to treat disease. “There are
innovations on delivery that certainly could
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change the game,” says Philip Santangelo,
a biomedical engineer at the Georgia In-
stitute of Technology who has collaborated
with several mRNA companies.

Cullis and colleagues developed the first
LNPs about 20 years ago to carry gene-
silencing drugs into cells. He and others
later tailored the LNPs’ four lipid compo-
nents to deliver disease-correcting mRNA
to faulty cells. Now that they are being put
to a new use, in vaccines, “There is still so
much optimization and development that
needs to happen,” says UBC bioengineer
Anna Blakney, co-founder of the RNA vac-
cine company VaxEquity. And when it comes
to understanding how cells inter-
act with the nanoparticles, “it’s just this
big question mark,” she adds.

mice to produce more protective antibod-
ies than standard delivery systems and had
fewer side effects, according to data posted
last year in preprint form and now under
review at Nature Communications.

Dan Peer, a biochemist at Tel Aviv Uni-
versity and co-founder of the vaccine de-
livery startup NeoVac, has also developed
libraries of new ionizable lipids with atypi-
cal structures. In unpublished experiments,
they seem to enable better mRNA vaccines
with fewer side effects and also extend
their shelf stability at room temperatures.

Other improvements could come from
boosting the uptake of LNPs into cells and

One clue emerged earlier this year
when Genentech scientists showed how
nanoparticles activate a particular in-
flammatory pathway, the interleukin-1
axis, which is critical to generating
protective immune responses but
can also spur side effects. Among the
LNPs tested, one made with SM-102,

The particulars of nanoparticles

To boost vaccine potency and limit side effects, researchers
are altering each of the four ingredients that make up lipid
nanoparticles. Each particle includes ionizable lipids that bind
mRNA and shift their charge from positive to neutral once in
the body to limit the particle’s toxicity. The three other types of
fats contribute to its structure and stability. Helper lipids also
aid particles in fusing with cells, cholesterol helps them escape
from cells’ endosomes, and polyethylene glycol (PEG)-lipids

an “ionizable” lipid that helps bind
and package mRNA into LNPs, proved
an especially strong instigator of this
pathway. That could help explain why
Moderna’s shot, which relies on SM-
102, is both highly effective and prone
to making people feel icky.

The Genentech team did not evalu-
ate the comparable lipid found in the
Pfizer-BioNtech vaccine. But Mohamad-
Gabriel Alameh and colleagues from the
University of Pennsylvania Perelman
School of Medicine tested a closely re-
lated one and found that it triggered a
wide range of inflammatory molecules,
both desired and not. The goal now is
to design ionizable lipids that activate
favorable immune pathways without
overstimulating detrimental ones, says
Alameh, who co-founded AexeRNA
Therapeutics with bioengineer Michael
Buschmann of George Mason Univer-
sity and others. “Is it very simple? No,”
Alameh says, but it should be possible.

Before his death in March,
Buschmann led a team that in 2021 showed
how the electric charge of LNPs is critical to
vaccine success. A negative charge makes the
particle less likely to stay in the muscle and
lymph nodes of injected mice, where it could
elicit beneficial immune responses; instead
it tends to spread widely, raising the risk of
fevers, chills, and other adverse reactions.

To make a less negatively charged
nanoparticle, the researchers tweaked the
chemistry of the ionizable lipid. When
formulated into an mRNA vaccine for
COVID-19, the new LNP carrier prompted
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prevent them from clumping to help prolong their action.
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then enhancing their ability to break free
of the sacs of cell membrane, known as en-
dosomes, that carry them inside. The vast
majority of LNPs get trapped in these recep-
tacles and then destroyed or ejected without
delivering their vaccine payloads, meaning
“there’s a huge amount of RNA that’s not be-
ing used,” says Gaurav Sahay, a bioengineer
at Oregon Health & Science University.

The shape of ionizable lipids affects an
LNP’s ability to disrupt an endosome, as does
cholesterol, one of the other fats in LNPs. To-
gether with Moderna scientists, Sahay and
colleagues reported in 2020 that using differ-

ent forms of cholesterol can enhance rates of
LNP escape from endosomal entrapment. He
has founded a company called Enterx Bio-
sciences to commercialize his discoveries.

Sanofi has begun to evaluate some of its
customized LNPs head-to-head in human
trials. In a study launched in 2021, for ex-
ample, the company assessed two LNP op-
tions for delivering an mRNA flu shot it is
developing. According to preliminary data,
one lipid formulation proved much better
at Kkick-starting anti-influenza immunity,
Frank DeRosa, head of research and bio-
markers at Sanofi’s mRNA Center of Excel-
lence, announced at an investor event in
December 2021. But the same LNP also
provoked more frequent side effects at
higher doses.

Other firms, including BioNTech and
Arcturus Therapeutics, have begun to
explore ways to eliminate polyethylene
glycol, a compound that helps stabi-
lize LNPs but has also been linked to
some types of bad vaccine reactions.
Many more companies, meanwhile, are
focused on optimizing lipids for de-
livering mRNA to treat disease rather
than prevent it. This requires getting
mRNAs that encode disease-correcting
proteins to the precise cells and tissues
where they are needed—not just to
the liver, where current LNP formula-
tions tend to end up following infusion.
“Delivery of LNPs will be key to really
expanding the reach of mRNA” beyond
preventative vaccines, says Dominik
Witzigmann, co-founder and chief ex-
ecutive of the Cullis-founded startup
NanoVation Therapeutics.

The heightened focus on LNP tech-
nologies, along with the profits reaped
from the COVID-19 vaccines, has
brought increased litigation. Alnylam,
which helped develop the first ap-
proved medicine delivered in an LNP—
a gene-silencing drug marketed since
2018 to treat a rare neurodegenera-
tive disorder—claims that its founda-
tional patents cover lipid components
of the Moderna and Pfizer-BioNTech
vaccines. And Arbutus BioPharma, yet an-
other Canadian firm co-founded by Cullis,
is seeking damages from Moderna for al-
legedly infringing on a patent that covers
LNPs comprising certain ratios of lipids.

But these intellectual property disputes
are unlikely to have a chilling effect on
LNP innovation, says Jacob Sherkow, a bio-
tech patent attorney with the University of
Illinois College of Law. “There’s too much
money at play.”

Elie Dolgin is a science journalist based
in Somerville, Massachusetts.
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