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With coronavirus disease 2019 (COVID-
19), it is now clear that the preparedness
of the healthcare system for the levels of
morbidity and mortality that could occur
with a serious pandemic, whether due to
influenza or COVID-19, is uncertain, but
what is certain is the need for vaccine plat-
forms that can be rapidly developed and
scaled up to combat current and future pan-
demics. Prior to the emergence of severe
acute respiratory syndrome (SARS)-corona-
virus 2 (CoV-2), the virus that causes
COVID-19, researchers were preparing for
the next influenza pandemic. Influenza pan-
demics have occurred throughout history
and continue to be a threat, but existing
vaccines will be inadequate. Antibody re-
sponses induced by current influenza vac-
cines can protect against homologous vi-
ruses but are less effective against
antigenic variants and provide little, if any,
protection against genetically shifted vi-
ruses. In addition, the logistics and time
frame for the manufacture and administra-
tion of conventional killed or live attenu-
ated influenza virus vaccines require at least
6 months from the identification of a strain
to vaccine distribution and then an addi-
tional 1–2 months for widespread delivery.
Such a time frame will limit vaccine avail-
ability during a worldwide pandemic. A sig-
nificant challenge, therefore, is to develop
new vaccine strategies that have shortened
production times. In addition, for influenza,
and possibly SARS-CoV-2, the most effec-
tive pandemic vaccine will need to address
genetic drift and shift by providing broad
spectrum protection against divergent
influenza strains. Such a universal influenza
vaccine is believed to be possible if it
can induce immune responses against
conserved regions of influenza.

Nucleic acid vaccines, including RNA and
DNA vaccines, offer the greatest potential
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to meet these needs because they can be
quickly designed to encode any viral
sequence and manufactured rapidly,
requiring minimal to no process develop-
ment for new antigenic variants. As
mRNA vaccines do not require costly and
time-consuming cell-based manufacturing,
culture, or fermentation, they can be
rapidly produced through simple synthesis
methods. In addition, the formulated prod-
ucts demonstrate improved stability and, in
multiple phase I human clinical trials, have
been shown to be very safe. Importantly,
both DNA and RNA vaccines can be de-
signed to precisely focus the response on
any given antigen of the virus, including
more conserved antigen sequences that
will need to be targeted by a universal
influenza vaccine capable of inducing
immunity against both seasonal drift and
unknown future pandemics. With the like-
lihood that the continued spread of SARS-
CoV-2 could be exacerbated during flu
season,1 the development of a universal
influenza vaccine remains a high priority.

Even before mRNA vaccines caught the
world’s attention as the first COVID-19 vac-
cine approach to enter phase I human clin-
ical trials,2 they were making quick headway
as an emerging front-runner for a universal
influenza vaccine. The first mRNA vaccines
were investigated in the early 1990s, but
they were not initially pursued due to poor
stability, limited capacity for scale up, and
inefficient in vivo delivery. Since then, im-
provements in the delivery and stability of
mRNA vaccines have placed them at the
forefront of the pandemic response for
COVID-19 and, even before that, in prepara-
tion for the next influenza pandemic. These
include incorporation of RNA structural
and sequence elements as well as purification
methods to increase antigen expression and
RNA stability and the development of lipid
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nanoparticles to enhance intracellular deliv-
ery of RNA into cells.3–12

In this issue of Molecular Therapy, Freyn
et al.13 describe the development of an intra-
dermally delivered combination lipid nano-
particle (LNP) mRNA vaccine candidate
and break down antibody and T cell re-
sponses to each antigen component as well
as the efficacy associated with those re-
sponses. In terms of antigen selection, the
authors decided on 3 structural gene-derived
antigen candidates, including a previously
described mini hemagglutinin (HA),
comprising a structurally-optimized HA
stem design, as well as neuraminidase (NA)
and the matrix-2 (M2) ion channel and
then a nonstructural gene-derived antigen
based on the nucleoprotein (NP).

Using a nucleoside-modified co-transcrip-
tional RNA production and capping process
followed by purification using a dsRNA-
removal process, they then demonstrated
low, single-dose potency in mice following
LNP-formulated intradermal vaccination.
While the potency of this approach has
been previously attributed to this particular
preparation and delivery method, the au-
thors have provided additional insight into
the effect of combining multiple mRNA-en-
coded antigens into a single immunization
on immunogenicity and efficacy compared
to the individual components administered
independently. While the combination of
all 4 vaccines was able to completely protect
against escalating challenge doses of H1N1
as well as diverse heterologous challenge vi-
ruses, including drifted H1N1 variants,
H5N8, and a chimeric H6 virus, neuramini-
dase (NA) alone was only protective against
H1N1 challenges, including the high-dose
challenge (500 � 50% lethal dose [LD50]).
Additionally, while NP alone provided broad
protection from mortality, albeit with varied
levels of morbidity, this protection was not
provided solely by antibody or T cells
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independently. In contrast, while broad pro-
tection with variable morbidity was observed
following vaccination with eitherM2 ormin-
iHA alone, with little to no protection at the
high-dose challenge, this protection was
largely mediated by antibodies alone. In all
challenge cases, however, the combination
of miniHA, M2, NA, and NP provided for
complete protection from morbidity and
mortality, even following a 500 � LD50

challenge.

The observation that a combination vaccine
does not appear to induce any interference
and that resulting immune responses are
consistent with an additive effect in mice
supports the continued development of
this approach in larger animal models and
eventually humans. However, the complex-
ities and costs associated with releasing 4
separate drug products for a single clinical
trial, in this case, may necessitate the testing
of a single mRNA candidate encoding these
4 antigen genes or evaluating fewer combi-
nations to determine the minimal composi-
tion of a universal flu vaccine. Additionally,
minimizing the number of antigens in the
combination while adding a booster dose
may alleviate the need for multiple vaccine
candidates in a single product, as the au-
thors showed that booster doses improved
antibody responses as well as efficacy,
particularly for the miniHA candidate
where antibody affinity maturation may
contribute to the improved morbidity
outcome.
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With the emergence of COVID-19, the sub-
stantial progress made in the last 10 years in
the development of new and better DNA and
RNA vaccine technologies is suddenly com-
ing of age as these technologies, long believed
to have considerable potential for pandemic
preparedness, are put to the test in the very
real pandemic unfolding before us. The
work reported here by Freyn et al.13 high-
lights the feasibility and considerable prom-
ise of combination mRNA vaccines for
developing a universal influenza vaccine as
a strategy that could pre-empt a possible
future flu pandemic. While the jury is still
out on whether or not these types of vaccines
will prove safe and efficacious in the human
population, we are certainly very close to
finding out, with first-in-human data antici-
pated this year.
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