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Abstract

Vaccine hesitancy has emerged as a critical public health challenge, fueled by a complex interplay of
immunological misconceptions, psychological factors, and sociocultural influences. This interdisciplinary
study examines the scientific foundations of vaccine efficacy, the origins of hesitancy, and the pervasive
misinformation surrounding vaccines—particularly the unfounded claim that they contain microchips for
surveillance. From an immunological perspective, we analyze the mechanisms of different vaccine platforms
(e.g., mRNA, inactivated, live-attenuated) and their safety profiles, emphasizing rigorous regulatory
oversight. Psychologically, we explore how cognitive biases, distrust in institutions, and low health literacy
contribute to resistance. Sociologically, we assess the role of social media in amplifying conspiracy theories,
such as the microchip narrative, which lacks technical feasibility and scientific merit. By integrating
empirical data, historical context, and behavioral science, we propose evidence-based strategies to combat
misinformation, rebuild public trust, and enhance global vaccination efforts. This synthesis underscores the
urgent need for collaborative engagement among scientists, policymakers, and communicators to address
vaccine hesitancy and safeguard public health.

Keywords: Vaccine hesitancy, Immunological mechanisms, Misinformation, Conspiracy theories, Public
health communication, Sociocultural factors.

Introduction

The Importance of Vaccination in Public Health



Over the past century, vaccination has been recognized as one of the most successful public health
interventions. This strategy has not only significantly reduced the incidence of life-threatening infectious
diseases—such as diphtheria, measles, polio, and smallpox—but also contributed to increased life
expectancy, lower child mortality rates, and overall improvements in global health outcomes (Andre et al.,
2008). Vaccines function by stimulating the immune system, activating both innate and adaptive immune
pathways, which leads to the production of antibodies, memory T cells, and long-term protective immunity
(Plotkin, 2014). Additionally, mass vaccination programs help prevent disease outbreaks among individuals
who cannot receive vaccines (e.g., due to medical contraindications) by establishing herd immunity,
thereby protecting vulnerable populations.

The Rise of Vaccine Hesitancy in the Past Decade

Despite the proven efficacy of vaccines, recent decades have seen the emergence of vaccine hesitancy, a
phenomenon so concerning that the World Health Organization (WHO) listed it among the top ten
global health threats in 2019 (WHO, 2019). Vaccine hesitancy stems from complex factors, including:

Distrust in healthcare authorities and institutions,
Misconceptions about vaccine safety and risks,
Low health literacy, and

The pervasive influence of social media in amplifying misinformation (Larson et al., 2014).

The COVID-19 pandemic exacerbated this issue, as an overwhelming surge of misinformation and
disinformation spread regarding mRNA vaccines, novel vaccine technologies, and alleged adverse effects.
This significantly eroded public confidence in vaccination campaigns and reduced willingness to vaccinate

across diverse populations (Wilson & Wiysonge, 2020).

Unscientific Claims and Conspiracy-Based Narratives

Among the most extreme—yet widely circulated—anti-vaccine claims is the false assertion that vaccines
contain tracking or mind-controlling microchips. This baseless theory, predominantly disseminated
through digital platforms, alleges that vaccines are laced with microdevices capable of surveilling or
manipulating human behavior. Such claims lack any scientific basis and are entirely incompatible with
the known composition, manufacturing processes, and mechanisms of action of vaccines. These rumors
often originate from conspiracy theories and reflect deeper psychological anxieties that tend to escalate

during societal and health crises (Hornsey et al., 2018).
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Figure 1: illustrates the interplay between social influences and scientific evidence in shaping
vaccine hesitancy.



Objective of the Article

This article provides an interdisciplinary analysis of vaccine hesitancy, integrating immunological,
psychological, and sociological perspectives. First, we examine the immune mechanisms underlying
vaccine responses and the development of novel vaccines (e.g., MRNA platforms). Next, we analyze the
psychological basis of rumor susceptibility (e.g., microchip conspiracy theories). Finally, using
sociological and epidemiological data, we propose evidence-based strategies to mitigate vaccine hesitancy
and restore public trust in healthcare systems. This synthesis aims to equip policymakers, researchers, and
clinicians with actionable tools to address this global challenge.

Vaccines from an Immunological Perspective

Definition and Role in Artificial Active Immunity

Vaccines are biological preparations that elicit specific active immunity by stimulating the host immune
system. Unlike passive immunity (transfer of preformed antibodies), active immunity induces antigen-
specific memory cells, enabling rapid pathogen clearance upon re-exposure (Plotkin et al., 2018).

Mechanisms of Innate and Adaptive Immune Responses to Vaccination

Following vaccination, the innate immune system initiates the response. Pattern recognition receptors
(PRRs; e.g., Toll-like receptors [TLRs]) detect pathogen-associated molecular patterns (PAMPS),
triggering macrophage and dendritic cell activation. This phase involves the release of pro-inflammatory
cytokines (e.g., IL-6, TNF-a)), which prime the adaptive immune system (Medzhitov & Janeway, 2000).

Subsequently, dendritic cells migrate to lymph nodes, presenting antigens to T cells. CD4+ T cells
differentiate into helper subsets (e.g., T follicular helper [Tfh] cells), while CD8+ T cells become
cytotoxic effectors. B cells, aided by Tth cells, mature into antibody-secreting plasma cells and memory B

cells (lwasaki & Medzhitov, 2015), establishing long-term immunity (Figure 2).
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Figure 2: Activation of Innate and Adaptive Immune Responses Following Vaccination

Difference Between Inactivated, Live-Attenuated, Recombinant, mRNA, and DNA Vaccines

Table 1 compares the key characteristics of different vaccine types, including inactivated, live-attenuated,
recombinant, mMRNA, and DNA vaccines. The table summarizes differences in replication capability,
adjuvant requirement, stability, immune response potency, and safety profiles."*

*"Figure 3 schematically depicts the activation stages of innate and adaptive immune systems post-
vaccination, including antigen processing by dendritic cells and lymphocyte activation.

Table 1: Comparison of the main characteristics of different types of vaccines, including inactivated, live-
attenuated, recombinant, mMRNA, and DNA vaccines. This table highlights differences in terms of
replication ability, need for adjuvant, stability, immune response strength, and overall safety.

Vaccine Type Replication Adjuvant Stability Immune

Need Response
Strength

Inactivated No Yes High Moderate High
Live- Yes No Low High Moderate (not for
attenuated immunocompromised)
Recombinant | No Sometimes Moderate | Moderate High
mRNA No Encapsulated Low High High

in lipid
DNA No Sometimes High Moderate Under investigation
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Figure 3: Schematic of the stages of activation of the innate and adaptive immune systems after vaccine
injection. This figure illustrates how antigens are processed by dendritic cells and how lymphocytes are
activated.



Vaccine Types and Mechanisms

1. Inactivated Vaccines

Inactivated vaccines contain viruses or bacteria rendered non-replicative through chemical or
thermal treatment. While incapable of causing infection, they retain immunogenicity. For
example, the hepatitis A vaccine (Liang et al., 2009) provides durable immunity but typically
requires booster doses due to its weaker immunogenicity compared to live vaccines (see Table

1 for comparison).

2. Live-Attenuated Vaccines

These vaccines employ live pathogens attenuated to reduce virulence. They often induce robust,
long-lasting immunity with a single dose (e.g., MMR vaccine; Minor, 2015). However,
contraindications exist for immunocompromised individuals due to the risk of vaccine-derived

infection (Figure 4 summarizes safety profiles across vaccine types).

3. Recombinant Vaccines

Produced via recombinant DNA technology, these vaccines express pathogen-specific antigens
(e.g., hepatitis B surface antigen in yeast). They offer high safety and efficacy, as demonstrated
by the hepatitis B vaccine (Schiller & Lowy, 2012).

4. mRNA Vaccines

A groundbreaking platform, mRNA vaccines deliver sequences encoding viral antigens (e.g.,
SARS-CoV-2 spike protein). Host ribosomes translate the mRNA, triggering dual MHC-I/11
presentation and robust adaptive immunity. First deployed during COVID-19, their rapid
development potential is notable (Pardi et al., 2018) (refer to Figure 4 for mechanism

illustration).

5. DNA Vaccines
These utilize plasmid DNA encoding target antigens, delivered via electroporation. Despite
promising preclinical results (Liu, 2011), human applications remain investigational, partly due

to challenges in delivery efficiency.

Immunogenicity and Safety Assessment
Vaccine approval requires sequential preclinical and clinical evaluations:

Preclinical: Immunogenicity/toxicity testing in animal models.
Phase I: Safety assessment in small human cohorts.
Phase Il: Immunogenicity and dose optimization.

Phase I11: Large-scale efficacy trials.



Phase IV (Post-marketing): Surveillance for rare adverse events (e.g., via VAERS; Chen et al., 1994; Plotkin et
al., 2018).
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Figure 4 summarizes the vaccine development pipeline, highlighting transitions from
preclinical research to post-licensure monitoring. Regulatory review occurs at each stage to

ensure safety, efficacy, and manufacturing consistency.

Vaccine Components and Their Biological Effects

Vaccines are composed of several key ingredients, each playing a specific role in stimulating
the immune response. The main components include antigens (such as inactivated viruses,
attenuated viruses, recombinant proteins, or nucleic acids like mMRNA/DNA), adjuvants that
enhance the immune response, preservatives, emulsifiers, and diluents. For example, antigens
are responsible for generating immune memory, while aluminum hydroxide or aluminum
phosphate serve as adjuvants that boost the immune response (Petrovsky & Aguilar, 2004).
Preservatives such as thimerosal are used to prevent vaccine contamination during production,
but only in very low concentrations with high safety profiles (Kumar et al., 2020).
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Figure 5: Schematic representation of the body's immune response to mRNA and protein-based
vaccines. The figure illustrates stages including uptake by dendritic cells, antigen presentation,

activation of T and B cells, antibody production, and the formation of immune memory.

The clearance pathways of these substances vary in the body. Antigens are taken up by immune
cells like macrophages and dendritic cells, and their metabolic processing can last from several

hours to a few days (Janeway et al., 2001). Adjuvants are typically absorbed slowly and

gradually cleared from the injection site, usually within 24 to 72 hours on average (Awate et al.,
2013). Other components, such as preservatives and emulsifiers, are eliminated through the
liver and kidneys, depending on the specific substance, which can range from a few hours to

several days (Offit & Jew, 2003).
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Figure 6: Metabolic and excretory pathways of various vaccine components in the human
body, including antigens, adjuvants, preservatives, and stabilizers. The approximate duration of



persistence and the organs responsible for their elimination (liver, kidneys, lymphatic system,
immune cells) are indicated.

Vaccine-Related Allergies and Adverse Reactions

Vaccine-related allergies range from mild cutaneous reactions to severe anaphylaxis. The most
common triggers include protein components (e.g., egg albumin in influenza vaccines) or
preservatives like gelatin (Kelso, 2014). Type | hypersensitivity (IgE-mediated) manifests as
urticaria, angioedema, or anaphylaxis within minutes to hours post-vaccination. In contrast,
Type 11 (immune complex-mediated) and Type 1V (delayed-type) reactions typically present as

localized inflammation or Arthus reactions (Boyce, 2003).

Anaphylactic shock and thrombosis are rare but critical adverse events. For example,
adenoviral vector COVID-19 vaccines (e.g., AstraZeneca) have been associated with vaccine-
induced immune thrombotic thrombocytopenia (VITT), mediated by anti-PF4 antibodies
(Greinacher et al., 2021). Notably, cerebral or cardiac strokes post-vaccination are often
coincidental and linked to preexisting risk factors (e.g., hypertension, hypercoagulable states)

rather than direct vaccine effects (Hoffman et al., 2021).



Detailed Analysis of Vaccine Components: Pharmacokinetics and Biological Effects

1. Antigens
Types:

Inactivated pathogens (e.g., polio vaccine)
Live-attenuated (e.g., MMR vaccine)
Subunit/recombinant proteins (e.g., HBV vaccine)
MRNA (e.g., Pfizer-BioNTech COVID-19 vaccine)

Mechanisms:

Positive: Activation of germinal center B cells and T follicular helpers, leading to memory B/T cell formation (Janeway et
al., 2001). mRNA vaccines are rapidly degraded by endonucleases (Pardi et al., 2018).

Negative: Transient cytokine release (e.g., IL-6) may mimic autoimmunity in predisposed individuals.

Duration:

Antigen persistence: 6—72 hours (systemic clearance).
MRNA degradation: 24-48 hours (see Table 2).

2. Adjuvants
Aluminum salts (e.g., AI(OH)s):

Mechanism: NLRP3 inflammasome activation — enhanced APC recruitment (Petrovsky & Aguilar, 2004).
= Adverse effects: Granuloma formation (0.1-1% cases) (CDC, 2022).

MF59 (squalene-based):

Mechanism: Triggers local chemokine (CCL2, CCL5) production (O’Hagan et al., 2013).

3. Preservatives
Thimerosal (ethylmercury):

Pharmacokinetics: Rapidly metabolized to thiosalicylate — excreted renally (t%%: 18-48 hours) (Magos, 2001).

Safety: No evidence of neurotoxicity at vaccine doses (WHO, 2020).

4, Stabilizers

Gelatin:



Risk: IgE-mediated anaphylaxis (1:1,000,000 doses) (Stone et al., 2017).

Table 2: Pharmacokinetics of Vaccine Components

Component  Active Duration  Elimination Pathway

Antigens 6-72 hours Phagocytosis (macrophages)

mMRNA 24-48 hours Ribonuclease degradation

Aluminum adjuvants 2 weeks (local) Lymphatic drainage

Thimerosal 18-48 hours Hepatic metabolism — renal excretion

Adapted from Pardi et al. (2018), CDC (2022), and WHO (2020).

Positive vs. Negative Effects of Vaccination
Benefits:

Herd immunity (e.g., measles elimination with >95% coverage).

90-99% reduction in target diseases (e.g., polio, diphtheria).

Risks:

Common: Myalgia, fever (self-limiting; resolves in 48 hours).
Rare: Anaphylaxis (1:1,000,000), VITT (5:1,000,000 with adenoviral vaccines) (Greinacher et al., 2021).

Roots of Vaccine Hesitancy
Hesitancy stems from:

Misinformation: MMR-autism fraud (retracted, Wakefield et al., 1998).
Distrust: Historical abuses (e.g., Tuskegee trials).
Cognitive biases: Overestimation of rare risks (Jolley & Douglas, 2014).



Contributing Factors to Vaccine Hesitancy
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Figure 7. Global vaccine hesitancy drivers (synthesized from Larson et al., 2014; Wilson & Wiysonge,
2020).

A History of Doubts and Hesitations Toward Vaccines

The earliest forms of vaccine hesitancy date back to the 18th century, when the smallpox vaccine was
introduced by Edward Jenner. Despite the vaccine's success in reducing mortality from smallpox,
resistance emerged from the public, religious groups, and even some physicians. In 19th century
England, anti-vaccination movements arose with slogans such as "bodily autonomy," leading to the
enactment of the conscientious objection law in 1898. These resistances were initially driven by safety
concerns, skepticism toward the new science, and feelings of imposed health policies by the government
(Durbach, 2004).

The Role of Media and Social Networks in Spreading Misinformation

In the digital age, social media platforms have played a prominent role in amplifying vaccine hesitancy.
Algorithms on platforms like Facebook, Instagram, and YouTube are designed to promote emotionally
charged, controversial, and often inaccurate content. This has facilitated the rapid spread of baseless
rumors, such as the embedding of microchips in mMRNA vaccines or genetic alteration caused by
vaccines. Users are subconsciously exposed to confirmation bias, favoring information that aligns with

their preexisting beliefs (Wilson & Wiysonge, 2020). Furthermore, fake accounts and targeted campaigns



by anti-science groups or even foreign political actors have exacerbated the situation (Broniatowski et al.,
2018).

Psychological Factors: Distrust, Conspiracy lllusions, and Low Health Literacy

People’s reactions to vaccines often do not follow scientific logic but are filtered through psychological
and cognitive biases. Distrust in the healthcare system—rooted in past experiences, racial discrimination,
or systemic inefficiencies—is a major factor in vaccine hesitancy. For example, a study on African-
American populations showed that memories of unethical studies, such as the Tuskegee Study, still affect
their trust in vaccines (Kennedy, 2007). On the other hand, belief in conspiracy theories—such as
population control or manipulation by big pharmaceutical companies—also reduces vaccine acceptance.
These beliefs tend to be more common in communities with low health literacy and limited access to

reliable scientific resources (Jolley & Douglas, 2014).

Social Factors: Negative Experiences, Cultural Pressure, and Racial Context

Vaccine hesitancy is not only an individual phenomenon but also a social one. Negative experiences such
as vaccine side effects—though rare and usually temporary—can lead to widespread oral narratives in
local communities. In some cultures, traditional or religious beliefs view vaccines as "interference with
God’s will" or "alteration of a child’s fate." Social pressure plays a significant role as well: in
communities where the majority reject vaccines, individuals are more likely to conform to this norm.
This influence is particularly strong in large families, immigrant communities, or certain religious groups
(Larson et al., 2015). Additionally, ethnic groups that have experienced structural discrimination often

perceive vaccines as another tool used by governments for control or harm (Quinn et al., 2017).

Scientific Examination of the Claim Regarding Microchips in Vaccines
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Figure 8: A schematic molecular representation of vaccines including antigens and nanomaterials used
for safe delivery and immune response stimulation, compared with the physical dimensions and structure
of tracking chips (microchips) which cannot be injected via a needle.
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Debunking the "Vaccine Microchip” Conspiracy: A Multidisciplinary Analysis

1. The "Chipset" Conspiracy: Origins and Context

In recent years, a pervasive rumor has claimed that vaccines contain “chipsets™ or microchips designed to
control or track individuals—a narrative that gained traction during the COVID-19 pandemic. This
theory is often linked to misinterpretations of initiatives like the ID2020 project and unfounded
associations with public figures such as Bill Gates. The conspiracy alleges that vaccines serve as a
vehicle for microchip implantation, enabling surveillance by governments or global entities (Ball &
Maxmen, 2020).

2. Origins of the Rumor: 1D2020 and Misattribution to Bill Gates

The 1D2020 Alliance is a digital identity initiative aimed at providing secure identification for
undocumented populations, particularly in low-resource settings. However, online misinformation
distorted its purpose, falsely framing it as a covert program to embed chips via vaccines. Bill Gates, a
philanthropist supporting global health, was inaccurately portrayed as orchestrating this effort, despite

having no involvement in microchip technology or vaccine-delivered tracking (LaFrance, 2020).

3. Technical Feasibility: Why Vaccine-Delivered Microchips Are Impossible

3.1. Needle Size and Chip Dimensions

Vaccine needles (typically 22-25 gauge) have an internal diameter of <0.41 mm, whereas
functional RFID chips (even nano-scale) require a minimum diameter of ~2 mm to house their antenna,
power source, and silicone encapsulation (Chen et al., 2021). Current nanotechnology cannot bypass

this physical limitation (Figure 9).
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Figure 9: Comparative schematic of vaccine needle diameter (25G) vs. smallest functional RFID chip (2

mm).

3.2. Nanoimmunology and Immune Rejection

Nanoimmunology research focuses on enhancing vaccine delivery, not tracking. Even if a hypothetical
nanochip were introduced, the immune system would rapidly recognize and phagocytose such foreign
bodies (Shi et al., 2020). No peer-reviewed studies (PubMed/Scopus) support the feasibility of immune-
evading tracking chips.

4. Economic and Logistical Inconsistencies

Implanting chips via vaccines is economically irrational. Existing tracking tools (e.g., GPS,
smartphone data, digital footprints) are cheaper, more efficient, and scalable (Harari, 2018). For

instance:

Table 3: Cost comparison of population tracking methods (per capita).

ethod 0 D, Pre 0
Smartphone GPS 0.01 High
RFID Implantation | 50+ Low

5. Public Health Impact of Vaccine Hesitancy

Vaccine hesitancy—ranked among the WHO’s top 10 global health threats—directly reduces
immunization rates, enabling resurgences of preventable diseases (WHO, 2019). For example:
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Figure 9: Decline in measles vaccination rates (2010-2020) correlated with outbreaks in the U.S./Europe
(Paterson et al., 2016).

Herd immunity is significantly undermined by this phenomenon.

When a substantial proportion of the population remains unvaccinated, infectious diseases can propagate

rapidly, particularly among vulnerable groups, including pediatric, geriatric, and immunocompromised
individuals (Smith et al., 2021).

From an ethical and legal standpoint,

vaccine hesitancy exacerbates these challenges. The refusal of vaccination not only jeopardizes

individual health but also poses a public health risk, creating tensions between personal autonomy and
societal welfare (Giubilini, 2020).



Trend of Vaccine Hesitancy Over Years
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Figure 1: Trend of vaccine hesitancy in the last 15 years, showing an increase
which correlates with lower vaccination rates and diminished herd immunity.

Figure 10: Longitudinal trend of vaccine hesitancy from 2010 to 2024. The data illustrate a steady
increase in public mistrust toward vaccination, coinciding with the rise of social media misinformation,
political polarization, and the spread of pseudoscientific beliefs. This trend correlates with lower
vaccination coverage and a weakened herd immunity, potentially enabling the resurgence of preventable
infectious diseases.



Psychosocial and Media Factors Influencing Vaccine Hesitancy
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Figure 2: Network model illustrating the interrelated psychological, social, and media factors

that contribute to the development and spread of vaccine hesitancy, including misinformation,
government distrust, and scientific misunderstanding.

Figure 11: Network model of psychological, social, and media-related factors contributing to vaccine
hesitancy. Key nodes include misinformation, distrust in government institutions, and scientific
misunderstanding. Edges represent causal and reinforcing relationships among these factors,

highlighting how digital media platforms amplify health-related fears and pseudoscientific narratives.

The Role of Immunologists and Scientists in Combating Misinformation

Immunologists and biological scientists play a pivotal role in countering misinformation. Their primary
responsibility is to engage in effective science communication with the public. Many rumors arise from
misunderstandings of scientific concepts; therefore, conveying immunological information accurately,

clearly, and transparently is critical (Daly et al., 2021).
Public education on immune responses and vaccine mechanisms is essential for reducing fear and

increasing acceptance. Key concepts—such as antigen recognition by lymphocytes, immune
memory, the distinction between primary and secondary immune responses, and the true objectives

of vaccination (e.g., preventing severe disease and disrupting transmission chains)—must be

communicated in an accessible yet scientifically precise manner [Figure 1].
Moreover, enhancing public health literacy and debunking pseudoscience require multidisciplinary

collaboration among scientific institutions, media, educators, healthcare professionals, and

policymakers. Merely disseminating accurate information is insufficient; the delivery must also be

engaging, relatable, and trustworthy (Betsch et al., 2015).



Conclusion

Although DNA vaccines have shown promise in animal models, they remain experimental in humans,
with limited applications (e.g., certain cancers or emerging diseases). While they offer advantages such
as superior storage stability, their immunogenicity is typically lower than that of mRNA or live-
attenuated vaccines (Kutzler & Weiner, 2008) [Table 1].

Advantages and Disadvantages of Vaccine Platforms in Addressing Hesitancy

A nuanced understanding of vaccine technologies is critical to addressing public concerns. For example,
MRNA vaccines—widely deployed during the COVID-19 pandemic—were frequently
misunderstood, fueling conspiracy theories (e.g., "genetic modification” or "microchip implantation™).
However, mRNA cannot integrate into the genome; it is transiently expressed and degraded within
days (Sahin et al., 2014).

Similarly, lipid nanoparticles (LNPs), used to deliver mRNA, were erroneously linked to surveillance
technology. In reality, LNPs merely protect mRNA and enhance cellular uptake, lacking any capacity

for tracking or data storage [Figure 2].
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