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Better, Faster, Stronger: mRNA Vaccines Show Promise for 
Influenza Vaccination in Older Adults
Jenna M. Bartley , Andreia N. Cadar, and Dominique E. Martin

Center on Aging and Department of Immunology, University of Connecticut School of Medicine, Farmington, 
Connecticut, USA

ABSTRACT
Older adults have diminished immune responses that lead to increased 
susceptibility and severity of infectious diseases. Influenza is a leading killer 
of older adults despite the availability of seasonal influenza vaccination. 
Influenza vaccines are strain specific, and their efficacy varies greatly year 
to year based on how well the vaccine virus matches the circulating 
strains. Additionally, older adults have reduced vaccination responses. 
The COVID-19 pandemic highlighted the increased mortality rate in 
older adults for infectious disease, and brought vaccine development to 
the forefront. The speed of vaccine development was met with an equally 
impressive vaccine efficacy. Interestingly, both mRNA-based COVID-19 
vaccines currently available have shown similar efficacy in both young 
and older adults. mRNA vaccine production has significantly reduced the 
production timeline compared to current influenza vaccines, making 
them particularly attractive for influenza vaccine development. Faster 
production coupled with improved efficacy would be a tremendous 
advancement in protecting older adults from influenza morbidity and 
mortality.
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Introduction

Aging is associated with progressive declines in both innate and adaptive immunity, and hence 
increased susceptibility to infections, reduced response to vaccination, and increased prevalence 
of cancers, autoimmune and chronic diseases. Indeed, morbidity and mortality from infectious 
diseases is significantly increased in older adults (Haq and McElhaney 2014). This has been 
evident during the yearly influenza (flu) season with approximately 90% of flu-related deaths in 
those 65 years and older (Thompson et al. 2003). The ongoing COVID-19 pandemic, caused by 
the novel coronavirus SARS-CoV-2, has further highlighted the increased risk in older adults of 
developing severe disease. Nearly 80% of deaths in the United States attributed to COVID-19 
have occurred in individuals 65 years and older. Additionally, when compared to those 
5–17 years old, there is 1100 times increased risk of death for those 65–77, and an even higher 
risk, 7900 times increased, for those over 85 (CDC 2021).

Vaccination is the most effective way to prevent infectious disease. However, dysregu-
lated immune responses have vast effects on vaccine efficacy in older adults. Despite having 
a yearly flu vaccination, flu and pneumonia remain a leading cause of death among persons 
over 65 years old in the United States (Heron 2013). This is likely due to both flu-specific 
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issues, such as the vaccine not matching circulating strains each year, and age-related 
deficits in vaccine responses. Remarkably, the COVID-19 pandemic has brought vaccine 
development to the forefront. Breakthroughs were made at lightning speed, revealing the 
immense potential of mRNA vaccines. This review will summarize the current limitations 
of flu vaccination, and the potential of mRNA vaccines to make major advances in efficacy 
and effectiveness, particularly in vulnerable older adults.

Limitations of current influenza vaccines

Seasonal influenza outbreaks cause severe illness in millions of individuals and result in 
approximately 290,000 to 650,000 deaths each year around the world (Iuliano et al. 2018) 
Influenza is a negative-sense single-stranded RNA virus from the Orthomyxoviridae family 
that can be classified into types A, B, C, or D. Influenza A is further subtyped based on surface 
glycoprotein hemagglutinin (HA) and neuraminidase (NA), while influenza B is delineated by 
antigenic lineage (B/Victoria/2/1987-like and B/Yamagata/16/1988-like). Influenza A and B are 
generally the main causes of outbreaks in humans, while influenza C tends to only induce mild 
symptoms in children, and influenza D is not known to infect humans. Unfortunately, rapid 
mutations of the virus often reduce the ability of pre-existing immunity to provide adequate 
protection for future influenza seasons. Influenza virus can escape recognition due to antigenic 
drift and antigenic shift, which are point mutations to the surface HA and NA glycoproteins and 
reassortment of gene segments across different strains in the same host, respectively (Krammer 
et al. 2018). This results in a constant circulation of new strains, making it difficult to predict what 
strains should be included in the year’s seasonal influenza vaccine.

One of the main limitations of current influenza vaccines is their strain specificity. Today’s 
influenza vaccines generally contain three (trivalent) or four (quadrivalent) different strains. The 
World Health Organization (WHO) established the Global Influenza Surveillance and Response 
System, an organization which conducts year-round surveillance of influenza viruses, as well as 
isolates strains and analyzes patterns of infections. These are evaluated twice per year, in February 
for the Northern Hemisphere and September for the Southern Hemisphere, to make recom-
mendations for vaccine composition (Rockman et al. 2020). The selected circulating strains are 
reassorted with a standard laboratory strain via coinfection of embryonated chicken eggs to 
create vaccine strains. These vaccine strains are then propagated in embryonated chicken eggs 
and either inactivated or attenuated for vaccine formulation (Figure 1a). The use of eggs in the 
production process causes some concern for those with egg allergies. Additionally, the virus can 
adapt and mutate during this egg propagation and cause reduced protection against the intended 
circulating strain (Barr et al. 2018). Moreover, the lengthy timeline from the start of vaccine 
production to influenza season itself allows time for mutations to occur and change the 
predominantly circulating influenza strains, resulting in a mismatch between the year’s vaccine 
and circulating strains. Indeed, there is substantial time needed for the continuous supply of 
fertilized chicken eggs and virus propagation for vaccine production. About 6 to 8 months is 
required to produce large quantities of the vaccine (Chen et al. 2020). This timeline makes it 
nearly impossible to recreate the vaccine if different seasonal or pandemic influenza strains arise.

While influenza vaccination has been around for decades, the efficacy is quite variable for 
many reasons. The age and health of the recipient, virulence of different seasonal strains, subtype 
and lineage of circulating viruses, and degree of similarity between the vaccine components and 
circulating strains all impact vaccine efficacy (Grohskopf et al. 2020). When the vaccine is well 
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matched to circulating strains, the seasonal vaccine is between 70% and 90% effective in 
preventing laboratory-confirmed cases of influenza in healthy adults (Fiore et al. 2010). 
Unfortunately, when not well matched, effectiveness is highly variable, ranging from 29% to 
48% during 2015 to 2019 (Cunningham et al. 2021). Various endpoints are used in different 
studies, which makes it difficult to interpret and combine data. This results in systematic reviews 
and meta-analyses with ranges of findings and focuses. Reported efficacy ranges also vary for the 
different subtypes with lowest efficacy generally in H3N2 strains at around 33% efficacy, while 
H1N1 and influenza B tend to be higher at 61% and 54%, respectively (Belongia et al. 2016). 
Another meta-analysis found that efficacy varies widely each year in different cohorts of subjects 
due to age and other co-morbidities, with an overall pooled efficacy of 59% for the trivalent 
inactivated vaccine in adults aged 18–54 years (Osterholm et al. 2012).

It is important to note that despite variable efficacy, influenza vaccination has been 
shown to prevent severe illness and potential complications from infections. It was esti-
mated that during the 2017–2018 flu season vaccination prevented 7.1 million illnesses, 
3.7 million medical visits, 109,000 hospitalizations, and 8,000 deaths from flu infections, 
despite having an overall effectiveness around 38% (Grohskopf et al. 2020; Rolfes et al. 

Figure 1. Comparative manufacturing process and timeline of inactivated influenza vaccine and SARS-CoV-2 
mRNA Vaccine. (a) Egg-based inactivated influenza vaccine manufacturing process. Circulating strains of 
influenza, chosen based on surveillance data, are reassorted with the high growth standard laboratory 
influenza strain A/Puerto Rico/8/1934 through co-infection of embryonated chicken eggs. The egg- 
adapted vaccine strain virus is then continually amplified in embryonated chicken eggs for mass 
production of the vaccine virus. The allantoic fluid from the infected eggs is harvested and the resultant 
vaccine virus is inactivated and purified. The formulation is optimized, and the vaccine is packaged. (b) 
mRNA COVID-19 vaccine manufacturing process. A plasmid containing the modified SARS-CoV-2 spike 
glycoprotein is introduced into E. coli bacteria. The bacteria are reproduced for mass production of 
plasmids. The DNA plasmids are isolated, linearized, and transcribed into mRNA and purified. The purified 
mRNA is encapsulated in lipid nanoparticles, filtered, packaged and stored. Figure created with 
BioRender.com.
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2019). Nonetheless, these lower efficacies are worrisome given the higher mortality rates 
evident in babies and older adults.

Influenza vaccination efficacy in older adults

It is certainly no surprise that the high risk of mortality in older adults is matched with 
lower influenza vaccine efficacy. It is well known that age-related changes to the immune 
system reduce vaccination responses. This immunosenescence is evident in both innate and 
adaptive immunity. Briefly, the innate immune system becomes dysregulated with both 
diminished responses and hyperreactivity. The adaptive immune system also exhibits 
deficits in both cell-mediated and humoral responses. Reduced lymphopoiesis as well as 
thymic involution lead to altered T and B cell numbers and function with aging. There are 
decreased naïve T cells and increased memory T cells in the periphery and lymphoid tissue 
along with functional deficits in both CD4 and CD8 T cells. These include decreased antigen 
response, proliferation, cytokine secretion, and cytotoxicity. Similarly, there are decreased 
naive B cells and increased memory B cells, as well as a less diverse antigenic repertoire. 
Functionality is diminished with decreased germinal center formation, somatic hypermuta-
tion, and antibody affinity maturation, all leading to decreased antibody quantity and 
quality. These age-related changes in the immune system are reviewed extensively elsewhere 
(Goronzy and Weyand 2013; Kogut et al. 2012; Nikolich-Zugich 2018; Shaw et al. 2013; 
Solana et al. 2012). In totality, older adults have diminished immune responses with 
inefficient cell-mediated and humoral immune responses which are largely responsible 
for reduced vaccine responses (Goronzy and Weyand 2013; Haq and McElhaney 2014).

Predictably, older adults have reduced responses to seasonal influenza vaccination 
compared to young counterparts. In general, we see lower antibody titers, reduced T cell 
proliferation and reduced protection from influenza infection (Murasko et al. 2002). 
Despite year-to-year variability, influenza vaccine efficacy is consistently reduced in older 
adults (Osterholm et al. 2012). Thus, specific influenza vaccines have been developed for 
adults over 65 years of age to overcome these deficits, with two currently FDA approved in 
the United States. The high-dose influenza vaccine contains four times the antigen dose 
compared to the standard dose. This significantly increases antibody titers, seroconversion 
rates, and importantly, better protects against hospitalization and death in older adults 
(DiazGranados et al. 2014; Gravenstein et al. 2017; Lee et al. 2021). An adjuvanted seasonal 
influenza vaccine that contains the squalene-based adjuvant MF59 is also FDA approved for 
older adults and leads to significantly higher antibody production and enhances overall 
protection in older adults (Frey et al. 2014; Nicolay et al. 2019; Van Buynder et al. 2013). 
While these vaccines have consistently elicited more robust immune responses over the 
standard dose influenza vaccine in older adults (Ng et al. 2019), the burden of influenza is 
still high, and overall influenza vaccine efficacy still low. New vaccine platforms that can 
improve vaccine efficacy as well as provide shorter lead time to allow more flexibility to 
changes in circulating strains would be tremendously valuable for at-risk older adults.

mRNA vaccines: a Covid-19 pandemic silver lining

Most vaccines in current use are comprised of inactivated viruses, live-attenuated viruses, or 
protein and peptide subunits. However, viral vector and nucleic acid-based vaccines have been 
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investigated for quite some time despite not being previously approved for clinical use. Indeed, 
nucleic acid therapies, specifically in vitro transcribed mRNAs, were first reported in the 1990s 
showing successful protein production following injection (Jirikowski et al. 1992; Wolff et al. 
1990). Since then, preclinical studies utilizing mRNA vaccines have been extremely promising 
(Geall et al. 2012; Pardi et al. 2017, 2018b; Petsch et al. 2012). However, it wasn’t until the 
COVID-19 pandemic that these new vaccine platforms were pushed to the forefront when speed 
was an absolute necessity as millions of lives were being lost around the world. Fortunately, the 
substantial need for an effective vaccine was met with ample resources that allowed these novel 
vaccines to be developed and tested at lightning speeds.

Unlike most vaccines that take several months for production, mRNA vaccine production is 
incredibly fast once the genetic sequence of the pathogen is known. Not surprisingly, mRNA 
vaccines have been the frontrunners since the beginning of the COVID-19 vaccine race. Pfizer- 
BioNTech (a partnership formed from Pfizer Inc. and a German company BioNTech) and 
Moderna led with their mRNA vaccine development. It is reported that Moderna, for example, 
was able to synthesize enough mRNA-1273 for the clinical trial a mere 45 days from sequence 
selection (Jackson et al. 2020). The selection of the genetic sequence for the vaccine is extremely 
important and needs to consider immunogenicity. For SARS-CoV-2, the mRNA vaccines 
focused on the spike protein since it is the major surface protein and the primary target for 
neutralizing antibodies. Modifications were made to increase immunogenicity that included 
mutations to preserve the neutralization-sensitive epitopes and produce a stabilized prefusion 
spike protein (Corbett et al. 2020), as well as nucleoside substitutions to reduce the initial innate 
immune response that may inhibit translation in vivo (Buschmann et al. 2021). mRNA vaccine 
production begins with in vitro replication of the target DNA sequence in bacterial plasmids 
(Figure 1b). This can occur relatively quickly in large vats, with trillions of DNA plasmids 
produced in only a couple of weeks. The DNA is then purified and linearized before being 
transcribed into mRNA. The mRNA is then encapsulated within lipid nanoparticles (LNPs) 
through an ethanol-drop nanoprecipitation procedure (Corbett et al. 2020). LNPs commonly 
contain ionizable cationic lipids, lipid-linked polyethylene glycol, cholesterol, and naturally 
occurring phospholipids, but exact composition can vary by company (Pardi et al. 2018b). The 
LNPs protect the mRNA from degradation, allow endosomal release of mRNA into the 
cytoplasm, and overall provide stabilization and support to the fragile molecule. Once the 
mRNA is encapsulated in the LNPs, the mixture is neutralized, sterile filtered, and then frozen 
at −70°C. Pfizer-BioNTech reports that this entire process takes about one week to generate an 
experimental batch, while mass production can take a couple of months.

Pfizer-BioNTech and Moderna began clinical trials within months after the pandemic was 
officially declared and received U.S. FDA Emergency Use Authorization on December 11, 2020, 
and December 18, 2020, respectively. Preliminary reports showed promise in the vaccine 
mounting a robust immune response in healthy adults (Jackson et al. 2020; Walsh et al. 2020). 
More strikingly, the results of the phase 3 trials of both Pfizer-BioNTech and Moderna showed 
beyond impressive efficacy. U.S. FDA guidelines outlined that the true vaccine efficacy for 
a candidate COVID-19 vaccine would have to be greater than 30% to be considered for 
Emergency Use Authorization. Reports submitted to the FDA and publications showed that 
the Pfizer-BioNTech BNT162b2 vaccine had 94.6% vaccine efficacy for at least 7 days after 
the second dose among the 36,523 participants (Polack et al. 2020). More remarkably, the efficacy 
was quite similar among different age groups with 16–55 year olds at 95.6%, those over 55 years 
old at 93.7%, and those over 65 years old at 94.7% (Polack et al. 2020). Similarly, Moderna 
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mRNA-1273 showed favorable safety, as well as induction and durability of immune responses in 
older adults with mRNA-1273 in early trials (Anderson et al. 2020; Widge et al. 2021). In line with 
BNT162b2, Moderna’s mRNA-1273 vaccine showed 94.1% efficacy overall at preventing symp-
tomatic SARS-CoV-2 infection in 30,420 participants with 18–65 year olds at about 95.6% and 
those 65 years and older at 86.4% efficacy (Baden et al. 2021). These findings provide substantial, 
albeit unanticipated, hope for aged individuals, but require more rigorous evaluation to confirm.

An important feature of mRNA-1273 vaccine development is the specific testing performed in 
older adults at different doses in early stages (Anderson et al. 2020). This was logical as older 
adults are disproportionately affected by COVID-19, but also adds a unique biological context 
that is not always considered in vaccine development despite the well-known age-related 
reduction in vaccine responses. This study showed similar side effects between the lower and 
higher dose vaccine, and improved responses with the higher dose in older adults (Anderson 
et al. 2020). It is likely that the inclusion of older adults in earlier phases was ideal to select an 
appropriate dosage for this at-risk population. Currently, it is not certain if these mRNA vaccines 
maintain the same vaccine efficacy in older adults since the phase 3 trials were not adequately 
powered for subgroup analyses. However, it seems likely that these patterns will hold true and 
older adults will have similar protection. There are several possibilities as to why mRNA vaccines 
may be more effective in older adults compared to other platforms. Specific to the SARS-CoV-2 
virus, the mRNA platform allows generation of a more immunogenic spike protein than the 
wild-type virus due to prefusion-stabilizing mutations (Corbett et al. 2020). This ability to modify 
the structure combined with the potent LNP delivery system is associated with prolonged protein 
expression, antigen-specific T follicular helper cell induction, and germinal center B cell activa-
tion (Pardi et al. 2018a). The mRNA itself also has the inherent ability to stimulate innate 
immune responses (Liang et al. 2017) and can elicit its response, similar to an adjuvant. 
Furthermore, these mRNA vaccines elicited both T helper 1-biased CD4 T cell responses as 
well as robust cytolytic CD8 T cell responses (Jackson et al. 2020; Sahin et al. 2020; Walsh et al. 
2020). It is possible that the potent T cell responses stimulated by the mRNA vaccines contribute 
to the enhanced protection with age as it has been shown that cell-mediated responses may be 
more indicative of protection in older adults (McElhaney et al. 2006). While the evaluation is still 
in early stages, there seems to be an overall improved efficacy and effectiveness utilizing mRNA 
vaccine platforms in older adults. More rigorous future studies should explore potential 
mechanisms.

mRNA vaccine platform for influenza vaccines

Along with the increased efficacy in older adults, the markedly shorter timeline for the 
production of mRNA vaccines makes them a particularly attractive alternative to seasonal 
influenza vaccines. As illustrated in Figure 1, the mRNA vaccine platform would allow 
vaccine production to be completed in only 2–3 months, compared to 6–8 months using 
egg-based methods. This would allow WHO strain recommendations to occur much closer 
to when seasonal vaccination occurs, reducing the likelihood for vaccine and circulating 
strain mismatch. Additionally, mRNA platforms would not have the potential to have egg- 
adaptive mutations during propagation. Importantly, the shorter timeline for vaccine 
production would also allow for quick recreation of influenza vaccines. This would be 
incredibly advantageous when circulating strains have dramatic antigen drifts in short 
periods of time or if pandemic strains emerge due to antigenic shift. The ability to have 
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highly controlled production that is rapid and scalable would be immensely valuable for 
influenza vaccines.

Not surprisingly, mRNA vaccines for influenza have previously been investigated in both 
preclinical and early phase trials (Meurens 2020; Pardi et al. 2018b; Scorza and Pardi 2018). 
The first study utilized an uncomplexed mRNA vaccine of the HA from Influenza/A/Puerto 
Rico/8/34 that elicited partial protection from homologous virus in mice (Fleeton et al. 
2001). The addition of LNPs to the HA mRNA induced protective antibodies in mice and 
highlighted the favorable production speed (Hekele et al. 2013). Additionally, Lindgren 
et al. showed robust responses including circulating T follicular helper cells and memory 
B cells in nonhuman primates (Lindgren et al. 2017). Similarly, mRNA vaccines with HA as 
the immunogen and various delivery platforms provided homologous virus protection in 
mice, ferrets, pigs, and non-human primates (Bahl et al. 2017; Brazzoli et al. 2016; Chahal 
et al. 2016; Liang et al. 2017; Lutz et al. 2017; Petsch et al. 2012; Vogel et al. 2018). Others 
also showed mRNA vaccines that utilized more conserved internal proteins, such as 
influenza nucleoprotein (NP) and matrix protein 1 (M1), and LNPs increased survival 
after both homologous and heterosubtypic virus infection (Magini et al. 2016; Petsch et al. 
2012). Importantly, similar protection was shown for at-risk populations, such as newborn 
and aged (18 month-old) mice, and vaccination at 2 months of age induced long-lived 
protection with mice still protected 16 months later (Petsch et al. 2012). Despite the 
preclinical success, the number of human trials that utilize the influenza mRNA vaccines 
is more limited likely owing to the rigorous FDA vaccine approval process.

Bahl et al. reported interim results from a Phase I clinical trial supported by a Moderna 
Therapeutics venture of a H10N8 HA-encoding nucleoside-modified mRNA vaccine formulated 
with LNPs in healthy adults (Bahl et al. 2017). Thirty-four individuals received two 100 μg doses 
intramuscularly on days 1 and 22. The reported adverse events were generally mild to moderate. 
Interim immunogenicity data collected at day 43 post-vaccination showed that 100% of subjects 
who received the vaccine had protective antibody responses as indicated by hemagglutination 
inhibition assays (HAI) ≥40. Feldman et al. further examined two avian influenza strain mRNA 
vaccines in the same LNP formulation for H10N8 and H7N9 influenza and explored different 
dosages and routes of administration (Feldman et al. 2019). Adverse events were increased with 
higher dose intramuscular injections and with intradermal injections; however, safety and 
reactogenicity profiles of doses up to 100 µg intramuscularly were reported to be similar to 
adjuvanted influenza vaccines (Della Cioppa et al. 2014). While these are the only currently 
published human trials of influenza mRNA vaccines, many other companies have reportedly 
shown interest in implementing the technology (Scorza and Pardi 2018). Moderna Therapeutics, 
EpiVax, CureVac AG, Pfizer, and other major players in the mRNA vaccine field have plans 
underway for influenza mRNA vaccines (Meurens 2020). The success of the COVID-19 mRNA 
vaccines will likely propel this research forward at great speeds.

Conclusions

Following the release of the SARS-CoV-2 genetic sequence, the process of mRNA vaccine 
production, completion of rigorous safety and efficacy trials, and receiving U.S. FDA 
Emergency Use Authorization spanned only 11 months. This groundbreaking timeline was 
built on decades of previous research on mRNA vaccine platforms and included substantial 
resources and funding. The outstanding efficacy reported with these new mRNA vaccines is 
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a remarkable breakthrough in preventative medicine for infectious diseases. It is important to 
note that influenza sequences are already well mapped out, and new circulating strains are 
routinely identified, sequenced, and monitored by the WHO Global Influenza Surveillance and 
Response System. Additionally, COVID-19 vaccination has paved the way for regulatory 
approval of mRNA vaccines. The COVID-19 pandemic also provided an established infrastruc-
ture for development, production, and distribution on a mass scale. The significantly reduced 
timeline for vaccine production alone would be tremendously advantageous for the development 
of influenza vaccines, allowing the selection of included strains in the vaccine to be made much 
closer to influenza season. Furthermore, the highly controlled production of mRNA vaccines 
avoids egg-adaptive mutations that can occur in current influenza vaccines.

In addition to the advantageous timeline and manufacturing control, preclinical studies of 
mRNA influenza vaccines have shown potent efficacy, even in older mice. Impressively, the first 
approved mRNA vaccines for SARS-CoV-2, report about 95% efficacy overall with similarly high 
efficacy in older adults. It is likely that mRNA influenza vaccines would improve overall efficacy 
due to reduced time for production, allowing a closer match to circulating strains. Additionally, it 
is possible that mRNA platforms may be able to increase immunogenicity overall and particu-
larly maintain efficacy in the older at-risk population. Influenza mRNA vaccines may better 
stimulate T cell responses, as seen with the SARS-CoV-2 mRNA vaccines, which would translate 
to better protection from severe disease, particularly in older adults. Many lines of research point 
to mRNA influenza vaccines as one of the next major breakthroughs in modern medicine. The 
COVID-19 pandemic caused millions of deaths worldwide to date and negatively impacted the 
lives of many; however, it provided an immensely powerful platform for highly effective and 
versatile preventative medicine, as well as highlighted how older adults are more susceptible to 
infectious disease mortality. These major advances in mRNA vaccines in the past year will likely 
translate to millions of older lives saved, not only from COVID-19 but also from influenza and 
other current and future infectious diseases.
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