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Abstract

Current influenza vaccines, while being the best method of managing viral outbreaks, have several major drawbacks that 
prevent them from being wholly- effective. They need to be updated regularly and require extensive resources to develop. 
When considering alternatives, the recent deployment of mRNA vaccines for SARS- CoV- 2 has created a unique opportunity to 
evaluate a new platform for seasonal and pandemic influenza vaccines. The mRNA format has previously been examined for 
application to influenza and promising data suggest it may be a viable format for next- generation influenza vaccines. Here, we 
discuss the prospect of shifting global influenza vaccination efforts to an mRNA- based system that might allow better control 
over the product and immune responses and could aid in the development of a universal vaccine.

INTRODUCTION: THE RISE OF mRNA VACCINATION
Vaccines against influenza viruses have been used for more than 80 years but are still an active area of research and a major draw 
on public health resources as they need to be updated often to accommodate constantly- changing viruses [1]. The first vaccine 
for influenza was employed in the mid- 1930s, influenza A viruses (IAVs) having just been discovered at Mill Hill a few years 
previously. Initially, immunization involved subcutaneous inoculation with formalin inactivated viruses grown in mouse lungs; 
soon after, egg- grown inactivated viruses were developed by Jonas Salk and Thomas Francis, Jr. for the United States military [2]. 
In the decades since, influenza vaccines have been expanded to include both IAVs and influenza B viruses (IBVs) and have become 
widely recommended for annual receipt. These vaccines are essential tools for controlling seasonal influenza and responding to 
influenza pandemics.

IAV and IBV, members of the Orthomyxoviridae family of negative- sense RNA viruses, are associated with respiratory disease 
in humans [3]. The influenza virus genome comprises eight segments and encodes ten essential proteins [4]. Influenza viruses 
are diverse and IAVs are subtyped based on the serological properties of their two surface glcyoproteins, hemagglutinin (HA) 
and neuraminidase (NA) [5, 6]. HA mediates entry into cells and receptor preferences of HA are a major determinant of viral 
species tropism [7]. NA releases newly- formed viruses from the originating cell by removing receptors from the cell surface [8]. 
Two distinct lineages of IBV, termed Yamagata and Victoria, and IAV of the H1N1 and H3N2 subtypes circulate in a sustained 
fashion in the global human population, causing recurrent outbreaks of respiratory illness [5]. Zoonotic transmission of IAV 
from birds or pigs occurs occasionally and can lead to pandemics, in which a novel IAV lineage is established in humans [9].

To allay seasonal illness, three types of influenza vaccines are used annually: inactivated, live- attenuated, and recombinant [10]. 
In all three platforms, the vaccine includes components from three or four influenza virus lineages that circulate endemically: one 
H1N1 subtype IAV, one H3N2 subtype IAV, and one or both of the Yamagata and Victoria IBV lineages [11]. Inactivated vaccines 
present the body with components of the viral envelope from killed viruses that are non- infectious [12]. These can be whole virus, 
split, where virions are disrupted by detergents, or subunit, where specific proteins are purified. Inactivated vaccines are delivered 
intramuscularly or intradermally and produce systemic immune responses. Live- attenuated vaccines (LAIV) contain replication- 
competent viruses that have cold- adapted and temperature- sensitive phenotypes and are thus maladapted to the temperature of 
the lower respiratory tract [13, 14]. LAIV are used in an intranasal format well- suited to eliciting mucosal immune responses at 
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the major point of infection. For both inactivated vaccines and LAIV, the method developed in the 1930s of growing viruses in 
embryonated chicken eggs is still largely employed in production, though animal cell- based vaccines have become available more 
recently. Recombinant vaccine, made by producing HA in insect cells, is another more recent addition to the influenza vaccine 
market and is garnering approval in many countries [11].

Despite the current vaccination options, seasonal influenza viruses are estimated to cause several million illnesses and are associ-
ated with up to 650 000 deaths per year globally [15, 16]. Vaccine policies and coverage vary dramatically between countries: 
vaccination of those 65 or older ranged from less than 6 % of the population to more than 70 % in 2019 [17]. Even in countries with 
high vaccine uptake, seasonal influenza viruses impose a heavy disease burden that can be partially attributed to shortcomings of 
current vaccines [18]. The variability of the influenza virus surface antigens necessitates yearly vaccine administration to match 
currently- circulating strains; however, the time needed for vaccine production constrains efforts to respond to viral evolution 
in real time. Mismatching of the vaccine to prevalent strains can occur, leading to reduced vaccine effectiveness [19]. Even if 
matched well, the immunogenicity of current vaccines can be low in some high- risk groups, like older adults and those who are 
immunocompromised, who have diminished capacity to develop effective immune responses [20, 21]. For these reasons, improved 
vaccines that are safe, affordable, and elicit stronger, longer- lasting immunity is a key facet of the World Health Organization’s 
(WHO) Global Influenza Strategy to better control seasonal outbreaks [22].

When considering alternative vaccine platforms for seasonal influenza, the expedited rollout of COVID- 19 vaccines has propelled 
mRNA to the forefront of scientific and political discussion. A number of vaccine formats are in use in different countries, 
including two based on mRNA: Moderna’s mRNA- 1273 and Pfizer- BioNTech’s BNT162b2. Both comprise messenger RNA 
encoding the spike protein of SARS- CoV- 2 encapsulated in lipid nanoparticles. These formulations are injected intramuscularly 
in two doses three to 4 weeks apart [23, 24], with booster doses administered 6 months after receipt of the second dose. Additional 
boosters have been recommended in various countries for individuals at heightened risk of severe disease, to ensure protection 
is maintained as the pandemic continues [25, 26]. mRNA vaccines deliver transcripts encoding viral protein to cells, which use 
their own machinery to synthesize and express these proteins (Fig. 1). Viral peptides are then presented on the surface of cells 
and activate both humoral and cellular immune responses, mimicking a natural infection without the use of infectious virus. 
The SARS- CoV- 2 vaccines using this method boast high efficacy and significantly reduce the frequency of severe illness and 
hospitalization in those who have received two doses [23, 27].

Influenza vaccines using mRNA platforms have been in development for many years. In 2012, in vitro- synthesized mRNA 
vaccines of multiple IAV subtypes were tested in mice, ferrets, and swine [28]. These vaccines were found to be immunogenic 
and protective against both matched and heterologous challenges. Non- human primates also responded well to mRNA vaccines 

Fig. 1. mRNA vaccine structure and function. (a) mRNA vaccines have multiple components, each of which can be optimized for administration: a 5’ 
cap, untranslated regions at the 5’ and 3’ ends, a coding region containing the antigens of choice, and a poly- A tail. The BNT162b2 SARS- CoV- 2 mRNA 
vaccine contains the sequence of the spike protein with mutations that maintain it in a pre- fusion conformation [24]. The poly- A tail of 100 residues has 
a stabilizing sequence (GCAUAUGACU) placed after the first 30 nucleotides. An experimental vaccine in trials by Moderna encodes the hemagglutinin of 
influenza A/Jiangxi- Donghu/346/2013 (H10N8) virus [96]. (b) Lipid nanoparticles are used to protect and deliver mRNA vaccines via injection into the 
deltoid muscle. Once inside cells, the mRNA is translated and the encoded viral protein is expressed, as well as processed into peptides and presented 
on MHC I molecules on the cell surface. Antigen- presenting cells can additionally internalize the expressed proteins and display viral peptides on MHC 
II molecules.
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delivered in lipid nanoparticles, showing sustained humoral responses at levels comparable to a licensed inactivated vaccine [29]. 
mRNA vaccine production and delivery technology has improved dramatically in the intervening decade; this progress has been 
comprehensively reviewed elsewhere [30, 31]. With the success of the SARS- CoV- 2 mRNA vaccines, the possibility of a new 
generation of influenza vaccines based on this platform should be considered.

ADVANTAGES OF mRNA VACCINES FOR MANUFACTURING AND DISTRIBUTION
Current challenges
The constant antigenic evolution of influenza viruses necessitates annual updating of influenza vaccines. The Global Influenza 
Surveillance and Response System (GISRS) under the WHO collects and evaluates samples to characterize the antigenicity of 
prevalent circulating strains and make recommendations for strains to be included in the Northern and Southern Hemisphere 
vaccines. Strain recommendations are made at least 6 months in advance of the next influenza season to allow time for licensing, 
manufacturing, and distribution [32].

Many drawbacks of current influenza vaccination systems relate to the time required each year to select, then manufacture these 
updated vaccines (Fig. 2). Delays at any point in the process could become significant impediments to timely distribution and 
revisions are not feasible if the predicted strains do not ultimately match the circulating viruses. The interval between vaccine 
strain recommendation and vaccine distribution also allows time for circulating viruses to evolve, which could lead to vaccine 
mismatch and reduced effectiveness [33].

A shorter timeline for production
Given the challenging timeline for annual updating, an ideal new platform for influenza vaccines would significantly reduce the 
time required for production. Concomitantly, such a platform would allow quicker formulation and deployment of vaccines 
in the event of an influenza pandemic. mRNA vaccines offer clear advantages in this regard. In response to the SARS- CoV- 2 
pandemic, mRNA vaccines were the first to enter clinical trials. Moderna produced an initial batch of the mRNA- 1273 vaccine 
within a month of the viral genome sequence becoming publicly available and injected their first phase I trial participant 63 days 
after receipt of the sequence [34, 35]. Once manufacturers optimize an mRNA format for encoding influenza virus antigens, 
which includes introduction of structural features to ensure efficient translation, the protein coding sequence could be updated 
as needed [36]. This approach could eliminate much of the delay between strain selection and vaccine deployment [37].

Although original COVID- 19 vaccines have not been updated to date, the SARS- CoV- 2 pandemic may provide an example 
of this approach. Because available COVID- 19 mRNA vaccines show reduced protection against newer variants, the idea of 
updating them to encode the Spike protein of currently prevalent strains is being pursued [38]. Moderna is conducting trials 
on a booster vaccine based on the Omicron variant, mRNA- 1273.214, as well as a vaccine formula that may offer protection 
against a broader set of variants [39]. Policy and manufacturing hurdles encountered in this context can give insight into 
the feasibility of rapid- response vaccine updates to seasonal or pandemic influenza viruses.

Fig. 2. The speed of vaccine production varies dramatically between formats. a. The general timeline of the current influenza vaccine development 
process for inactivated vaccines, which occurs twice annually for preparation of vaccines for Northern and Southern Hemispheres. b. A putative 
timeline of mRNA- based annual influenza vaccines.
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Geographically targeted strain selection
Rather than relying on a hemispheric system for vaccine strain selection, finer geographic resolution may also be a 
possibility with mRNA vaccines. Once a suitable mRNA template is developed, replacing the protein coding region would 
allow customization for different geographical areas. This approach could be useful in years when predominant sub- clades 
differ between regions of the Northern or Southern Hemisphere. An mRNA platform could also create opportunities 
to address heterogeneity in the timing of epidemics. Countries in the tropics frequently have outbreaks that are out of 
sync with their hemisphere, which poses problems for the timing of vaccine distribution and administration [40, 41]. 
Tailoring vaccine deployment to specific regions would be more feasible with a quicker production system and may 
improve effectiveness.

The end of egg production?
Burnet’s 1936 discovery that influenza viruses could be grown in embryonated chicken eggs was a major breakthrough that 
laid the foundation for influenza research and vaccine development [42]. Nearly a century later, eggs are still the primary 
substrate for production of both inactivated and live attenuated influenza vaccines [43]. Reliance on eggs engenders multiple 
concerns: robust viral propagation requires that the HA and NA of circulating strains be recombined with the internal genes 
of a virus adapted to replicate in eggs, adding to the time and labour required for vaccine strain development. Current H3N2 
seasonal strains propagate particularly poorly in eggs, which hinders their initial isolation [44, 45]. Culturing human- derived 
viruses in eggs can select for mutations in the HA head that affect antigenicity and can therefore result in mismatch of the 
vaccine product to the circulating strain [46]. Finally, this production method requires a steady supply of eggs, which can 
be an issue when there are wide- spread shipping delays or poultry illnesses.

Cell culture- based propagation of vaccine strains is one currently- used alternative to egg- based vaccines, though yields are 
lower than those of eggs and cell- based vaccines can cost up to 1.5 times more than egg- based inactivated vaccines [47]. 
Recombinant subunit vaccines, which were first approved in the U.S. in 2013, also circumvent eggs (Fig. 3). Here, the HA 
protein of the vaccine strain is expressed in insect cells, with the benefit that, once the cDNA of the vaccine strain is obtained, 
no infectious influenza virus is involved in the process. This simplifies biosafety and eliminates the potential for the antigen 
to change as a result of viral evolution in the production substrate. Similarly, a switch to mRNA vaccines would eliminate 
the need for eggs and propagation of viruses altogether.

Fig. 3. Comparison of recombinant influenza vaccines and mRNA vaccines. Recombinant influenza vaccines and mRNA vaccines share a number of 
advantageous features.
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IMMUNOGEN CONSIDERATIONS FOR INFLUENZA mRNA VACCINES
The perennial problems of antigenic drift and shift
Current influenza vaccines are designed to elicit responses primarily to the HA protein on the surface of the virus. Selective 
pressure from antibodies, however, causes antigenic drift whereby the immunodominant regions of the HA and NA proteins 
accumulate mutations which allow immune escape [48, 49]. While H1N1 and H3N2 subtypes of IAV circulate through the 
human population in a recurring fashion, drifted variants of each routinely replace ancestral strains, rendering the vaccine 
antigens outdated.

Aside from annual seasonal outbreaks, influenza viruses have caused four pandemics in the past century. The worst of these, 
beginning in 1918, led to an estimated more than 50 million deaths worldwide [50]. Pandemics are caused by antigenically novel 
strains that can move quickly through a naïve population and are difficult to predict. Sporadic animal- to- human transmission 
of IAV can result in a pandemic if the virus achieves sustained inter- human transmission [51]. Responding to a newly- arisen 
pandemic influenza virus with an effective targeted vaccine takes time. During the 2009 influenza pandemic, the first human 
infections were reported in mid- April and vaccine distributions began in late September, by which time the virus had gained a 
foothold in more 200 countries with more than 400 000 confirmed cases globally [52]. Currently, stockpiles of vaccines against 
strains of concern are held in reserve for early deployment during an outbreak, but there is no guarantee they will ultimately 
be used [53]. Vaccines that can provide protection against a broad swath of potentially- pandemic influenza viruses, as well as 
seasonal strains, would allow more efficient preparation and quicker deployment.

A universal goal
A necessary consideration when evaluating new vaccine platforms for influenza vaccination is the potential to elicit immune 
responses robust to antigenic change. Taking this logic further, the possibility of a ‘universal’ flu vaccine that would offer 
protection against all influenza viruses rather than just the seasonal strains is extremely attractive [54]. This would negate the 
need to match strains each season, minimize the impact of new variants on vaccine effectiveness, and allow better preparation 
for outbreaks since vaccine manufacturing would not be subject to the same time restraints as the current system demands. 
In the last decade, effectiveness of the seasonal influenza vaccines has ranged from 20–60 %, largely dependent on whether the 
final vaccine product matched the circulating strains [55]. Switching to an annual universal vaccine that is effective against all 
potential IAVs each season could prevent up to 17 million illness cases per year in the United States alone at the current vaccine 
uptake rate [56].

Two techniques to achieve more universal responses to influenza viruses are to use poly- valent vaccines or incorporate conserved 
antigens. Poly- valency is currently used in each year’s seasonal vaccines, which contain one H1N1, one H3N2 and up to two 
IBV strains. Increasing the number of strains could allow protection against a broader set of co- circulating viruses and is likely 
feasible [57]. Poly- valency is used for licensed human papilloma virus vaccines, with up to nine serotypes included in a dose 
[58]. However, this method is subject to the same production limitations as current formulations, which would be even more 
cumbersome for a larger number of strains. Protection would furthermore continue to be limited by the included strains. A 
promising alternative is vaccination with one or more antigens that are both immunogenic and broadly- conserved. Re- targeting 
vaccine- induced immunity in this way could offer protection across drifted strains, subtypes, or potentially all influenza viruses 
and lead to a truly universal vaccine.

Opportunities offered by mRNA
The flexibility of the mRNA vaccine platform may allow use of alternative antigens that are more highly conserved than HA, as 
replacing the protein encoded in the mRNA sequence is fairly simple. Since the sequence is translated directly from the delivered 
mRNA within target cells, developers can make modifications to improve stability or immunogenicity. In the case of the SARS- 
CoV- 2 spike protein encoded by the Moderna and Pfizer vaccines, there are two rigid proline residues inserted to maintain the 
protein in a conformation that better elicits neutralizing responses [23, 24].

There are several targets in influenza viruses that hold potential as universal antigens and could be encoded as- is or in a tailored 
form in a next- generation mRNA vaccine. HA and NA, while highly variable, contain regions conserved between viral strains 
[59]. Several studies examining whether responses to these regions can be produced with mRNA have been published over the 
past decade. An mRNA- lipid nanoparticle vaccine encoding full- length HA elicits responses to the stem region of HA in mice, 
rabbits, and ferrets after a single dose and mice were protected from heterologous influenza challenges [60]. Mice vaccinated with 
NA- mRNA from an H1N1 influenza virus were fully protected from lethal challenge with the homologous strain and a majority 
of mice survived challenge with an H5N1 virus [28].

Combining conserved antigens with polyvalency, possibly including internal viral protein antigens, is an avenue to improved 
protection via both humoral and cellular immunity [61–63]. Multivalent immunization using the mRNA format has been shown 
to confer broad cross- protection in mice even at low doses [64]. Including multiple antigenic sources in mRNA vaccines is a 
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realistic avenue toward a more universal vaccine, though development of assays to evaluate the correlates of protection for protein 
targets other than HA is needed for proper determination of the effectiveness of this strategy.

mRNA vaccines also offer potentially important advantages related to the glycosylation of antigens. The glycan content of HA 
and NA can modulate receptor binding, mask antigenic sites, and affect immune recognition [65]. Differences in glycan patterns 
of vaccine antigens compared to the circulating strains have been implicated in decreased effectiveness of the vaccine due to 
poor virus neutralization [65–68]. Since the glycans added to HA can vary with the cell type in which the protein is expressed, 
production in eggs, insect cells or mammalian cells produces differentially glycosylated antigens, each of which may differ again 
from circulating influenza viruses [66, 69]. In the case of mRNA vaccines, protein glycosylation would occur in the vaccinated 
individual, eliminating species- specific glycosylation differences.

mRNA vaccine immunogenicity
An additional factor to consider when evaluating the mRNA vaccine platform is the intrinsic immunogenicity seen in both the 
RNA itself and the delivery vehicles. Synthetic mRNA can trigger pattern recognition receptors within cells if recognized as 
originating externally, which can lead to production of Type one interferon, recruitment of immune cells, and anti- viral responses 
[70, 71]. This property allows mRNA to act as an adjuvant [72], precipitating a potent immune response that pulls in a wide variety 
of immune effectors. However, this response could also impede the development of safe and effective vaccines, as reactogenicity 
and the targeted destruction of mRNAs before optimal translation has occurred are possible. With knowledge of the molecular 
mechanisms governing innate immune responses to mRNA vaccines, their properties can be manipulated to enhance or dampen 
immune triggers [73, 74]. For example, immunogenicity can be modulated by altering the 5′ cap, optimizing codon usage, using 
modified nucleosides, controlling the potential for secondary structure formation, and shielding mRNA from pattern recognition 
receptors within a delivery vehicle [72].

The details of innate immune activation of the mRNA vaccines in use for SARS- CoV- 2 are beginning to be understood and 
can inform future mRNA vaccine development [75]. Although several immunogenicity- dampening methods were used in the 
development of the mRNA used for these vaccines, inflammatory side- effects, from swelling at the injection site to myocarditis, 
have been reported [23, 24, 76–78]. Evaluation of mRNA vaccine recipients suggests that an innate response to the first dose 
occurs but is enhanced following the second dose [79]. Vaccine- delivered mRNA has been detected in a variety of innate cells and 
tissues, including the spleen, and is associated with markers consistent with mRNA immune activation [80]. Immune activation 
has also been linked to the lipid nanoparticle vehicle used in these vaccines [81].

In addition to offering manipulatable immunogenicity determinants, mRNA offers an attractive opportunity to improve longevity 
of antigen presence in the vaccinee through the use of self- amplifying mRNA vaccines. In this approach, the transcript for a 
replicase is included in the mRNA construct. Upon expression within target cells, the replicase produces more mRNA to prolong 
the expression of the viral antigens, bolstering innate and adaptive responses. This method has been pursued with a number of 
viruses and a self- amplifying SARS- CoV- 2 mRNA vaccine is in clinical trials, which have reported positive initial data [82]. While 
IAV self- amplifying vaccines have not made it to trial yet, several have been reported in animal studies: a self- replicating mRNA 
vaccine encoding an HA from an H1N1 IAV was found to be comparably immunogenic in mice to current seasonal vaccines at 
low doses [83] and other self- replicating HA- mRNA vaccines have shown heterologous protection from viral challenges [84].

Adjuvanted inactivated influenza vaccines are already in use for those 65 years or older, however most current influenza vaccines 
are non- adjuvanted [12]. Recombinant vaccines are known to be poorly immunogenic in some populations, an issue that could 
potentially be addressed with the addition of adjuvants [85]. As the complexities of the intrinsic immunostimulatory properties of 
mRNA and lipid nanoparticles are defined, we are likely to see exciting opportunities for fine- tuning of mRNA vaccine products 
to achieve an optimal balance of immunogenicity and reactogenicity.

THE REAL-WORLD POTENTIAL OF mRNA VACCINES FOR INFLUENZA
Early progress
A handful of pre- clinical and early clinical trials are already completed or in progress for mRNA- based influenza vaccines. A 
phase I trial of lipid nanoparticle mRNA vaccines encoding the full- length HA of H10N8 or H7N9 IAV, avian viruses with 
pandemic potential, was performed to examine safety of both intramuscular and intradermal administration [86]. The vaccines 
were well- tolerated and elicited high, long- lasting antibody titres, comparable to existing vaccines. The reported adverse events 
from that 2019 study, which included injection site pain and swelling, myalgia, and fatigue, are similar to those reported since 
for coronavirus mRNA vaccines [87].

Moderna has enrolled subjects in trials to test mRNA- 1010, a quadrivalent seasonal formulation, and initial data from their phase I 
study in adults and older adults has shown it to be safe and to elicit antibody responses [88]. Similarly, Pfizer is currently enrolling 
subjects over age 65 for a phase I trial of mRNA vaccines for seasonal influenza. Several companies are investigating the possibility 
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of a multivalent vaccine containing both SARS- CoV- 2 and influenza virus antigens: Novavax is testing a recombinant nanoparticle 
vaccine and Moderna has announced that they are combining influenza and SARS- CoV- 2 antigens into a single vaccine [89].

Potential barriers
As a large proportion of those with access to mRNA vaccines received at least one dose in 2021, it may be expected that an 
mRNA influenza vaccine would be well- received as an alternative to the standard influenza vaccines. Vaccine hesitancy and 
disinformation have become hurdles, however, in the endeavour to achieve herd immunity against SARS- CoV- 2. In the United 
States, politicization of public health protocols and partisan uptake discrepancies have hampered pandemic control [90, 91]. Poor 
vaccine perception and hesitancy has impacted deployment in many countries, even when vaccine supply is ample, leading to 
uneven coverage within countries and across geographical regions. Polarized vaccine acceptance may impact public perception 
of future mRNA formulations for viruses other than SARS- CoV- 2.

Deploying mRNA vaccines globally will also present obstacles. A stark divide appeared during the distribution of coronavirus 
vaccines, with some high- income countries like Canada and Spain attaining vaccination rates in excess of 80 % of their total 
population while some low- income countries had not reached 10 % by January of 2022 [92]. Influenza vaccines also show a 
distribution disparity, with 95 % distributed within the Americas, Europe, and the West Pacific in 2015, regions that are home 
to only 50% of the global population [93]. Developing a vaccine system that is cheap, safe, quick, and easily transportable may 
alleviate some of these inequalities. mRNA vaccines have the potential to check many of those boxes for more accessible and 
equitable distribution, particularly in ease of production and affordability. A pitfall that still needs to be resolved, however, is the 
need for cold storage of mRNA vaccines. Current coronavirus vaccines must remain frozen during transport and storage, which 
impedes dissemination to rural areas; however, as stability data have become available, storage requirements have become less 
stringent [94, 95]. Nevertheless, storage innovations are necessary to provide broader access and are potentially attainable, as 
a lyophilized influenza mRNA vaccine was shown to remain stable at 37 °C for several weeks [28]. Current seasonal influenza 
vaccines require refrigeration but eliminating the need for a cold chain altogether is necessary to distribute vaccines equitably 
to rural and low- income areas.

The road ahead
While mRNA vaccines for influenza have been under development for many years, the success of the SARS- CoV- 2 mRNA vaccines 
has brought their clinical use to the forefront of possibility. The ease of producing large quantities of custom, well- controlled 
vaccines in a relatively short time span is attractive compared with the current vaccine platforms. Many of the regulatory questions 
and logistical considerations that might arise from deploying a new technology are being confronted during the roll- out of the 
coronavirus vaccines, which should pave a smoother road for next- generation influenza vaccines in the near future.
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