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Abstract: Influenza viruses pose a continuing public health challenge due to their high mutation rate and the 

need for annual vaccine updates. A recent advancement in nanoparticle-based vaccine technology for 

developing a universal influenza vaccine. We focused on four key studies investigating the use of lipid 

nanoparticles (LNPs), nanoparticle immunogens, and multivalent epitope-based nanoparticles. The studies 

demonstrated promising results. The single-dose mRNA -LNP vaccine targeting five influenza B virus antigens 

effectively protected mice from a broad range of strain. Additionally, nanoparticle immunogens designed to 

display multiple influenza virus strains induced broad protective immunity in mice. Furthermore, LNPs 

enhanced the efficacy of mRNA and protein subunit vaccines by stimulating robust T follicular helper cell and 

humoral responses. Finally, an intranasal multivalent epitope-based nanoparticle vaccine offered broad 

protection against diverse influenza viruses. These findings highlight the potential of nanoparticle-based 

approaches for developing a universal influenza vaccine that offers long-lasting and broad-spectrum 

protection. Further research is needed to evaluate the safety and efficacy of these novel vaccines in humans. 

Keywords: influenza virus; nanoparticle vaccine; mRNA-LNP vaccine; lipid nanoparticle; 

multivalent epitopes; universal influenza vaccine 

 

Introduction 

Viruses pose a serious challenge to human health, causing a wide range of diseases from the 

common cold to more severe illnesses such as HIV/AIDS and covid-19 (Sankaran & Weiss, 2021). The 

treatment and prevention of viral infections are crucial areas of research and have led to the 

development of various strategies to combat these pathogens (Cheng et al, 2017). Drug delivery 

methods for antiviral agents are an essential aspect of these strategies, enabling the effective targeting 

and elimination of viruses within the human body (Kausar et al, 2021). 

One of the primary methods of treating viral infections is the use of antiviral drugs that inhibit 

the replication of the virus (Vardanayan & Hruby, 2016). These drugs work by targeting specific 

stages of the viral life cycle, such as entry into the host cell, replication, or release of new viral particles 

(De Clercq, 2007). The effectiveness of these drugs often depends on their ability to reach the site of 

infection in sufficient concentrations, making drug delivery systems an essential component of 

antiviral therapy (Sharma et al, 2012). 

An innovative and increasingly research method involves the use of nanoparticles for enhanced 

delivery of antiviral agents (Milovanovic et al, 2017). Nanoparticles, due to their small size and the 

ability to be engineered with specific properties, offer a promising approach to overcoming the 

challenges associated with traditional drug delivery systems (Patel et al., 2019). These nanostructured 

materials can be designed to improve the solubility, stability, and bioavailability of antiviral drugs, 

as well as to facilitate targeted delivery to the site of viral infection, thereby maximizing therapeutic 

efficacy while minimizing side effects (Singh et al., 2017). 
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Nanoparticles can be made from a variety of materials, including lipids, polymers, and metals, 

and can be tailored to carry both small-molecule drugs and biologics, such as peptides, proteins, and 

nucleic acids (Siddiqi et al., 2018). Lipid-based nanoparticles, for example, have been extensively 

studied for their ability to encapsulate and deliver RNA-based therapeutics, a strategy that has 

proven pivotal in the rapid development and deployment of mRNA vaccines against COVID-19 

(Zhang et al., 2020). These lipid nanoparticles protect the RNA molecules from degradation, facilitate 

their entry into host cells, and ensure the efficient expression of the viral antigen, eliciting a robust 

immune response (Hou et al., 2021). 

Polymeric nanoparticles are another class of carriers that have shown promise in antiviral drug 

delivery. They can be engineered to release their payload in a controlled manner, ensuring sustained 

drug levels at the target site and reducing the frequency of dosing (Gupta et al., 2019). Additionally, 

the surface of these nanoparticles can be modified with ligands that recognize and bind to specific 

receptors on the surface of infected cells, thereby achieving targeted delivery of antiviral agents 

(Kumar et al., 2020). 

Metallic nanoparticles, such as silver and gold nanoparticles, have also been explored for their 

antiviral properties. These nanoparticles can inactivate viruses directly or can be used as carriers for 

antiviral drugs, enhancing their therapeutic effectiveness (Elechiguerra et al., 2005). Furthermore, the 

unique optical properties of gold nanoparticles have been utilized in the development of diagnostic 

tools for viral infections, demonstrating the versatile applications of nanoparticles in the field of 

virology (Yeh et al., 2020). 

In conclusion, the application of nanoparticles in the field of antiviral drug delivery represents 

a significant advancement in our ongoing battle against viral infections. By harnessing the unique 

properties of nanoparticles, including their small size, customizable surface characteristics, and 

ability to encapsulate a wide range of therapeutic agents, researchers are developing more effective, 

targeted, and less toxic antiviral therapies. As this systematic review will further explore, the 

innovative use of lipid, polymeric, and metallic nanoparticles offers promising strategies for 

enhancing the delivery and efficacy of antiviral agents. These nanotechnology-based approaches not 

only hold the potential to revolutionize the treatment of existing viral infections but also to rapidly 

respond to emerging viral threats, thereby contributing to global public health security and resilience. 

Methods 

Objective: 

The objective of this systematic review  is to evaluate and synthesize the advancements in 

nanoparticle-based vaccine technology for broad-spectrum protection against influenza viruses. 

Specifically, it aims to assess the efficacy, immunogenicity, and potential for universal vaccine 

development presented by the latest research on lipid nanoparticles and nanoparticle-enhanced 

vaccines targeting multiple influenza virus strains. 

Search Strategy: 

To identify relevant empirical studies on the use of nanoparticles for drug delivery in humans, 

particularly for combating influenza viruses, a comprehensive search was conducted in PubMed. The 

search covered a period from 2018 to 2024, focusing on the most recent and relevant studies in the 

field. The following keywords and Boolean operators were used to refine the search: ("Drug delivery 

methods in humans" AND "Virus" AND "nanoparticles" AND "Influenza").  

Inclusion and Exclusion Criteria: 

Inclusion Criteria: 

The review includes empirical studies focused on human subjects, specifically investigating the 

efficacy and mechanisms of nanoparticles in drug delivery systems for treating or preventing 
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influenza. These studies must be published between 2018 and 2024 and accessible through PubMed, 

providing direct insights into the advancement of nanoparticle technology in virology. 

Exclusion Criteria: 

Excluded from the review are non-empirical articles such as reviews, editorials, and 

commentaries. Studies published outside the specified date range, research not involving human 

subjects or unrelated to drug delivery methods, and papers focusing on viruses other than influenza 

are also omitted. This delineation ensures the collected data is relevant and contributes meaningfully 

to understanding nanoparticle-based interventions against influenza. 

Data Extraction: A matrix table has been used to display each selected paper. A descriptive 

analysis was done to review each article. 

Data Analysis: The data was synthesised manually, to create a narrative discussion 

Results 

Our systematic review process was meticulously structured to ensure a comprehensive analysis 

of the literature pertinent to our research question. The initial stage of the process involved an 

exhaustive search of electronic databases to identify relevant studies. This primary search was 

conducted through PUBMED, which was chosen for its extensive repository of medical and life 

science journals. We employed a combination of keywords and MeSH terms tailored to our study 

objectives, yielding a total of 39 potential studies for inclusion. 

Subsequent to the identification process, we implemented a rigorous screening procedure to 

assess the eligibility of the retrieved records. This involved a preliminary review of titles and 

abstracts, leading to the exclusion of studies that did not meet the predefined inclusion criteria. 

Records that were deemed irrelevant based on their titles (n=2) were first removed, followed by a 

more detailed examination of abstracts, resulting in a further exclusion of 5 studies. 

The remaining articles underwent a thorough full-text review to determine their relevance to the 

research topic. A total of 28 studies were excluded at this stage based on criteria such as insufficient 

data, inappropriate study design, or lack of alignment with the research focus. The full-text review 

was conducted independently by two reviewers to ensure objectivity, with any disagreements 

resolved through discussion or consultation with a third reviewer. 

Following the multi-level screening process, 4 studies were found to be eligible and were 

included in the final systematic review. The selection process is graphically summarized in the 

PRISMA flow diagram (Figure 1). 
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis). 

The included studies were subjected to a qualitative synthesis, and where possible, a 

quantitative meta-analysis. Each study was evaluated for its methodological quality using 

appropriate appraisal tools, the results of which are presented in subsequent Table 1. 

Table 1. Summary of papers in this systematic review. 

Name Authors Summary Objective 

Development of 

broad spectrum 

pentavalent 

nucleoside-

modified mRNA 

vaccine against 

influenza B viruses 

Pardi et 

al, 2022 

Numerous studies have 

indicated that broadly 

protective responses against 

IAVs have been successful by 

utilizing vaccination regimens 

that target the conserved HA 

stalk domain (Nachbagauer R, 

The objective of this study 

was to develop a universal 

vaccine against Influenza B 

viruses using a new mRNA-

LNP platform. A vaccine 

was designed targeting five 

antigens and evaluated its 
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 et al., 2021). The study found 

that all five antigens induced 

antibody responses in mice, 

with the exception of the B/Col 

NP which elicited a weaker 

response. The strongest 

response was seen in the NP 

and M2 antigens. Overall, the 

study suggests that all five 

antigens have the potential to 

be included in a universal 

influenza B virus vaccine. 

 

effectiveness in mice. The 

findings showed that a single 

dose of this vaccine 

protected mice from various 

influenza B viruses, 

suggesting its potential for 

broad protection in humans. 

Quadrivalent 

influenza 

nanoparticle 

vaccines induce 

broad protection 

Boyoglu-

Barnam 

et al 

(2021) 

The study explored the use of 

two-component, 

computationally generated 

nanoparticle immunogens for 

broad protection against 

various influenza viruses. The 

nanoparticles, which contained 

20 hemaglutinin trimers, 

produced antibody responses 

against vaccine-matching 

strains that were comparable or 

better than those from 

commercial vaccinations. They 

also generated protective 

antibody responses against 

viruses distinct from the 

vaccination strains, suggesting 

that nanoparticle immunogens 

could be a universal influenza 

vaccination. 

A nanoparticle immunogen 

was designed to display 

multiple influenza virus 

strains and induce a broad 

immune response. This 

immunogen was tested on 

animals, it was found to be 

as effective/ better than other 

existing vaccines, it also 

protected against a wider 

range of viruses. 

Lipid nanoparticles 

enhance the 

efficacy of mRNA 

and protein 

subunit vaccines by 

inducing robust T 

follicular helper 

cell and humoral 

responses- 

Alameh 

et al, 2021 

LNPs have been used widely in 

preclinical and clinical 

evaluation of mRNA-based 

vaccines (Alameh et al., 2020). 

These vaccines utilize 

proprietary LNPs that protect 

mRNA from degradation and 

facilitate delivery into the 

cytoplasm of host cells for 

subsequent expression and 

presentation to the immune 

system (Alameh et al., 2021). 

The study found that LNPs 

promote the production of 

crucial immune cells called T 

follicular helper (Tfh) cells. 

These Tfh cells act as 

The objective of this paper 

was to study how lipid 

nanoparticles can improve 

mRNA and protein subunit 

vaccines. Nanoparticles 

could induce strong immune 

responses in mice, 

specifically focusing on T 

follicular helper cells and 

humoral responses. 

Influenza virus and SARS-

CoV-2 mRNA and protein 

subunit vaccine in their 

study. The findings suggest 

that these lipid nanoparticle 

have built-in adjuvant 
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commanders, directing B cells, 

the antibody-producing 

soldiers, to target invaders. 

Additionally, LNPs encourage 

the formation of long-lived 

memory B cells and potent 

antibody-producing plasma 

cells, leading to a more robust 

and long-lasting immune 

response. Notably, LNPs 

outperform existing adjuvants, 

suggesting their potential to 

create more effective vaccines. 

The versatility of LNPs across 

various vaccine types further 

expands their possibilities, 

paving the way for a future 

with more durable and 

effective vaccines against a 

wider range of infectious 

diseases. While further 

research is needed to fully 

unlock the full potential of 

LNPs, this study offers a 

promising future with more 

robust and versatile vaccine 

strategies. 

activity which helps create a 

stronger immune response. 

An Intranasal 

Multivalent 

Epitope-Based 

Nanoparticle 

Vaccine Confers 

Broad Protection 

against Divergent 

Influenza Viruses- 

Pan et al, 

2023 

This might be attributed to the 

fact that the tandem epitopes 

preferentially stimulate the 

antigen-binding sites of B cells 

with more than one antigen, 

while the mixture generates 

antigenic competition with a 

probable loss of efficacy for one 

or more components 

(Kanekiyo, M. et al., 2019). 

Another explanation would be 

that epitope combinations 

evoked antibodies with a poly 

reactive capacity of binding 

more than one target site (Neu, 

K. E. et al., 2016). The vaccine 

showed strong antibody 

responses against all five 

antigens, except for the B/Col 

NP. The NP and M2 antigens 

induced the strongest 

responses, suggesting their 

potential in future vaccine 

formulation. This research 

This study aimed to develop 

a broadly protective vaccine 

against influenza A and B 

viruses. A Nanoparticle 

vaccine containing three 

conserved epitopes from the 

influenza virus was 

developed. This design 

induced an  immune 

response in mice that 

protected them from various 

influenza A and B virus 

strains. 
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suggests intranasal delivery of 

multivalent epitope-based 

nanoparticle vaccines as a 

promising strategy for 

developing a long-lasting, 

broadly protective vaccine 

against influenza B viruses. 

Further studies are needed to 

assess safety and efficacy in 

humans. 

Discussion 

Development of Broad Spectrum Pentavalent Nucleoside-Modified mRNA Vaccine against Influenza B 

Viruses- 

A new approach to developing an influenza B virus vaccine involves using lipid nanoparticle-

encapsulated nucleoside-modified mRNA (mRNA-LNP). A single dose of a pentavalent vaccine 

containing five different antigens, including hemagglutinin and neuraminidase proteins, 

nucleoprotein and matrix protein, protected mice from a wide range of influenza B viruses. The 

mRNA-LNP is delivered to cells, where it is translated into proteins that stimulate the immune 

system to produce antibodies against the virus. Most monovalent mRNA-LNP vaccine formulations 

protect mice from challenges with most influenza B viruses. 

B/Yamagata/16/1988-like lineage HA antigen: 

Evaluation of  the immunogenicity and protective efficacy of a B/Yamagata/16/1988-like lineage 

HA antigen was tested by vaccinating mice with 5 µg of the antigen and challenged with influenza B 

viruses. The antigen demonstrated broad protective immune responses and outperformed other 

antigen constructs, suggesting potential for further investigation as a vaccination regimen. 

B/Victoria/2/1987-like lineage HA antigen: 

The B/Victoria/2/1987-like lineage HA antigen was tested for its protective immunity. Mice 

vaccinated with 5 µg showed protection against most influenza B viruses after a single dose, and 

modest improvements in functional antibody responses indicated its potential effectiveness. 

NA antigen: 

A new influenza B virus vaccine was tested on mice which included the NA antigen. Vaccination 

with a B/Victoria/2/87-like NA from B/Colorado/06/2017 (V) provided protection against both 

B/Yamagata/16/88-like and B/Victoria/2/87-like viruses. Although the B/Yamagata/16/1988-like NA 

reduced viral titers, it did not produce measurable NAI activity. 

NP antigen: 

The NP antigen has been found to induce robust antibody responses and protect mice from 

influenza virus challenge, but it did not lead to the production of neutralizing antibodies. It was 

found that NP-mediated protection is not antibody-dependent, and targeting T cell epitopes has 

shown high efficacy in protecting mice. The B/Col NP mRNA-LNP vaccine induced strong antigen-

specific CD4+ and CD8+ T cell responses after a single dose, with particularly strong IFN-γ+CD8+ T 

cell responses. The observed protection in NP mRNA-LNP-vaccinated animals likely stemmed from 

T cell-mediated immunity. 

M2 antigen: 

The M2 antigen was tested for its ability to induce broad protective immune responses in 

vaccines. Although not fully protective, it significantly reduced viral titers, suggesting M2 could be a 

valuable antigen for multivalent vaccines, though further research is needed to determine its efficacy. 
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Quadrivalent Influenza Nanoparticle Vaccines Induce Broad Protection- 

Two-component nanoparticle immunogens were used, designed to display 20 hemagglutinin 

trimmers, to induce broad protection against various influenza viruses. These nanoparticles induced 

antibody responses comparable to or better than commercially available vaccines, and also broad 

protective responses against viruses different from the vaccine strains by targeting the conserved HA 

stem region. The findings suggest that nanoparticle immunogens could be a universal influenza 

vaccine. 

Lipid Nanoparticles Enhance the Efficacy of mRNA and Protein Subunit Vaccines by Inducing Robust T 

Follicular Helper Cell and Humoral Responses- 

Lipid nanoparticles (LNPs) as adjuvants were tested to enhance the immune response to 

vaccines. It reveals that LNPs can significantly improve the efficacy of mRNA and protein subunit 

vaccines, offering a promising new approach to vaccine development. LNPs can induce robust T 

follicular helper (Tfh) cells and humoral responses, which are crucial for activating B cells and 

generating long-lived memory B cells and antibody-producing plasma cells. The study shows that 

LNPs outperform other adjuvants like MF59 in stimulating both Tfh cell and humoral responses, 

suggesting that LNPs can significantly improve the effectiveness of mRNA and protein subunit 

vaccines. The research suggests that LNPs can be broadly applicable to various vaccine types, 

potentially improving the efficacy of a wide range of vaccines. 

An Intranasal Multivalent Epitope-Based Nanoparticle Vaccine Confers Broad Protection against Divergent 

Influenza Viruses- 

Intranasal Multivalent Epitope-Based Nanoparticle vaccine is a novel approach to developing a 

broad-spectrum vaccine against influenza B viruses. The research uses lipid nanoparticles to deliver 

five different antigens from influenza B viruses, including hemagglutinin and neuraminidase 

proteins from the B/Yamagata and B/Victoria lineages, as well as nucleoprotein and matrix protein 2 

from the B/Victoria lineage. This multivalent approach aims to target diverse influenza B strains and 

potentially overcome the limitations of current seasonal vaccines. 

The development of universal anti-influenza vaccines requires the use of suitable epitopes, such 

as three conserved peptides from HA, NA, and M2e proteins. These peptides cover most mutations 

in current influenza strains. Combining these peptides on a ferritin nanoparticle simulates natural 

viruses, resulting in superior immune responses and cross reactive protection. The inclusion of 

multiple conserved epitopes from different virus proteins is a good strategy for the universal 

influenza vaccine goal. The study also found that tandem epitopes in HMNF perform better than 

their mixture array. 

Limitations 

Despite the comprehensive approach of this systematic review, it is important to acknowledge 

several limitations that might affect the generalizability and interpretation of the findings. The 

limitations are inherent in the research design, the selection of studies, and the nature of the subject 

matter. 

Firstly, the review was restricted to studies available in the PubMed database and published 

between 2018 and 2024. Although PubMed is a widely recognized database for health-related 

research, the exclusion of studies from other databases may have resulted in publication bias, 

potentially overlooking significant contributions from studies published elsewhere or in languages 

other than English. 

Secondly, the selection criteria necessitated that the studies involve human subjects and focus 

on the efficacy and mechanisms of nanoparticles in drug delivery systems for treating or preventing 

influenza. This requirement means preclinical studies, often essential in understanding the 

mechanistic underpinnings and in the early development of therapeutic strategies, were omitted. 

Consequently, the review does not encompass the full spectrum of research activities, such as animal 
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model studies that could provide additional insights into the potential of nanoparticle-based 

vaccines. 

Another limitation is the reliance on empirical studies that specifically address nanoparticles' 

role in drug delivery, which narrows the scope of the review and excludes a broader range of 

nanotechnologies that may be applicable to antiviral therapies. The rapid pace of development in 

nanomedicine means that emerging technologies may not be adequately represented in the current 

literature. 

The data extraction was based on a narrative synthesis rather than a quantitative meta-analysis. 

This approach may introduce a subjective bias in interpreting the results, as the process relies heavily 

on the reviewers’ expertise and judgement. Quantitative data that could offer a more objective 

comparison between studies is thus underrepresented. 

Lastly, the review acknowledges the innovative potential of intranasal multivalent epitope-

based nanoparticle vaccines, but it also recognizes the need for further studies to assess safety and 

efficacy in humans. This highlights the nascent stage of some of the technologies discussed and 

implies that more comprehensive clinical trials are necessary to establish these approaches' clinical 

relevance. 

Conclusion 

In summary, recent developments in influenza B virus vaccination strategies have shown 

promise in providing broad-spectrum protection. The utilization of lipid nanoparticle-encapsulated 

nucleoside-modified mRNA (mRNA-LNP) technology to deliver a pentavalent vaccine has 

demonstrated potential in stimulating a comprehensive immune response, with encouraging 

outcomes in preclinical models. 

Research findings indicate that antigens derived from both the B/Yamagata and B/Victoria 

lineages, at doses as low as 5 µg, are capable of eliciting robust protective immunity in mice, 

suggesting their potential incorporation into future vaccine formulations. The inclusion of the NA 

antigen, despite the absence of neuraminidase inhibitor activity, has reduced viral titers, hinting at 

alternative protective mechanisms. 

The role of the NP antigen in eliciting a strong T cell-mediated immune response further 

diversifies the immune targets in vaccine design, emphasizing the importance of cellular immunity. 

Meanwhile, the partial protection offered by the M2 antigen supports its inclusion in a multivalent 

approach, warranting further study. 

The success of nanoparticle immunogens in inducing broad protection by focusing on conserved 

regions of the virus suggests a step towards a universal influenza vaccine. Additionally, the 

enhancement of immune responses by lipid nanoparticles (LNPs) positions them as a highly effective 

adjuvant technology for both mRNA and protein subunit vaccines. 

The innovative approach of an intranasal multivalent epitope-based nanoparticle vaccine also 

stands out as a promising strategy to counteract various influenza B strains. This underscores the 

potential for such vaccines to move beyond the limitations of current seasonal vaccines and offer 

more extensive protection. 

Overall, the research on influenza B virus vaccines is moving towards multivalent and broadly 

protective strategies, integrating novel antigens, delivery systems, and adjuvants. These advances are 

laying the groundwork for the next generation of influenza vaccines, aiming for a wider range of 

efficacy and the prospect of universal protection against influenza viruses. 

Note: This paper did not receive any external funding, and the authors declare no conflict of 

interest 
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