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Abstract: The rapid development and global adoption of messenger ribonucleic acid (mRNA) vaccines against Coronavirus Disease
2019 (COVID-19) represented a major advancement in modern medicine and public health. Despite the demonstrated effectiveness of
these vaccines in reducing severe illness, hospitalization, and mortality, concerns regarding their potential adverse effects on human
health have remained a subject of scientific investigation and public debate. This study aimed to analyse the adverse health effects
associated with mRNA COVID-19 vaccines using a systematic literature review and meta-analysis of available scientific studies. A
comprehensive search of electronic databases including PubMed, Scopus, Embase, Web of Science, Cochrane Library, and Google
Scholar was conducted using vital keywords related to mRNA vaccines and adverse events. Additional data were gotten from
Ppharmacovigilance systems such as the Vaccine Adverse Event Reporting System (VAERS), the Centers for Disease Control and
Prevention (CDC), and the World Health Organization (WHO). Studies published between 2020 and 2026 that investigated adverse
effects associated with Pfizer-BioNTech and Moderna mRNA vaccines were added. Data extraction and quality checks were performed
using standardized methodological tools, while pooled estimates were analyzed using random-effects meta-analysis models. The findings
showed that the majority of adverse effects associated with mRNA vaccines were mild and transient, including injection-site pain,
fatigue, fever, headache, and myalgia. Serious adverse effects were rare but included myocarditis, pericarditis, neurological
complications, thrombotic events, and allergic reactions. Myocarditis and pericarditis were the most commonly reported significant
adverse effects, particularly among young males after the second vaccine dose. However, the absolute incidence remained low, and most
cases resolved with conservative treatment. Neurological and thrombotic complications were uncommon, while anaphylactic reactions
rarely occurred and were generally manageable with prompt medical intervention. Importantly, no substantial evidence was identified
which indicated that mRNA vaccines alter human DNA, cause infertility, or produce widespread long-term systemic disease. The study
further demonstrated that the risks associated with COVID-19 infection itself, including severe cardiovascular and respiratory
complications, significantly exceeded the risks associated with vaccination. Overall, the evidence supports the conclusion that mRNA
COVID-19 vaccines has a favorable safety profile and that their public health benefits outweigh the associated risks in most populations.
Continued long-term surveillance, transparent reporting, and evidence-based communication remain important for optimizing vaccine
safety and maintaining public confidence.

Keywords: mRNA COVID-19 vaccines, vaccine safety, adverse health effects, myocarditis, pharmacovigilance
1. Introduction thromboembolic events, neurological disorders, and allergic
reactions.

The emergence of Coronavirus Disease 2019 (COVID-
19) and the rapid global spread of the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus
posed an unprecedented challenge to public health. In
response to the pandemic and the high morbidity and
mortality associated with COVID-19, several vaccines were
developed and administered within a remarkably short
period. Messenger ribonucleic acid (mRNA) vaccines,
specifically the Pfizer-BioNTech COVID-19 Vaccine and

The wide-scale distribution of mRNA vaccines has enabled
extensive pharmacovigilance and post-marketing
surveillance studies to assess vaccine safety. While most
adverse effects are mild and self-limiting, the evidence
suggests that specific populations, such as young males and
individuals with preexisting medical conditions, may be
more susceptible to particular adverse outcomes. However,
multiple studies highlight the overall benefits of vaccination

Moderna COVID-19 Vaccine, mark a significant
breakthrough in wvaccine technology. These vaccines
demonstrated outstanding efficacy in preventing severe
illness, hospitalization, and mortality associated with
COVID-19.

mRNA vaccines function by delivering synthetic messenger
RNA encoding the SARS-CoV-2 spike protein to host cells,
thereby eliciting an immune response without introducing
live virus particles. Nevertheless, despite this innovative
approach, concerns regarding short-term and long-term
adverse effects of these vaccines have continued to attract
public and scientific attention. Adverse events range from
mild and transient effects such as injection-site pain, fatigue,
headache, and fever to less common but potentially serious
complications including myocarditis, pericarditis,

in reducing severe COVID-19 complications.

The purpose of this literature review is to critically examine
the evidence on the adverse effects of mRNA COVID-19
vaccines on human health. The review will explore the
biological mechanisms underlying vaccine-associated
adverse reactions, summarize commonly reported side
effects, evaluate serious but rare complications, and discuss
the implications of these findings.

2. Literature Review

Overview of mRNA COVID-19 Vaccines

mRNA vaccines represent a novel vaccination platform that
utilizes lipid nanoparticle-encapsulated messenger RNA to
instruct host cells to produce the SARS-CoV-2 spike protein
and generate an immune response (Pardi et al., 2018). The
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two major mRNA vaccines widely authorized during the
COVID-19 pandemic were BNT162b2 developed by Pfizer-
BioNTech and mRNA-1273 developed by Moderna.
Clinical trials demonstrated efficacy rates exceeding 90%
against symptomatic COVID-19 infection (Polack et al.,
2020; Baden et al.,, 2021). Consequently, these vaccines
were rapidly distributed worldwide under emergency use
authorization.

Despite their effectiveness, concerns regarding vaccine
safety emerged due to the accelerated development timeline
and the novelty of mRNA technology. Initial clinical trials
reported mostly mild to moderate adverse reactions,
including fatigue, headache, fever, and injection-site pain
(Polack et al., 2020). However, large-scale vaccination
campaigns enabled the identification of rarer adverse events
not evident during clinical trials.

Common Adverse Effects of mRNA Vaccines

Several studies have consistently documented common side
effects associated with mRNA vaccines. Menni et al. (2021)
observed that local reactions such as pain at the injection site
occurred frequently following vaccination, while systemic
reactions included fatigue, chills, headache, fever, and
muscle pain. These effects were generally transient and
resolved within a few days.

A systematic review conducted by Chen et al. (2022)
concluded that most adverse effects were mild and
represented expected immune responses to vaccination.
Younger individuals and women were reported to
experience side effects more frequently, likely due to
stronger immune reactivity. Importantly, severe allergic
reactions such as anaphylaxis remained rare, occurring at an
estimated rate of approximately 2—5 cases per million doses
administered (Shimabukuro et al., 2021).

Myocarditis and Pericarditis

One of the most widely discussed serious adverse effects
associated with mRNA vaccines is myocarditis and
pericarditis, particularly among adolescent and young adult
males. Myocarditis refers to inflammation of the heart
muscle, while pericarditis involves inflammation of the
surrounding heart membrane.

Studies by Oster et al. (2022) and Mevorach et al. (2021)
identified increased incidences of myocarditis following the
second dose of mRNA vaccines, especially in males under
30 years of age. Symptoms commonly included chest pain,
shortness of breath, and elevated cardiac biomarkers.
Although most cases were mild and resolved with
conservative treatment, concerns remain regarding possible
long-term cardiac effects.

The mechanisms underlying vaccine-associated myocarditis
are not fully understood. Researchers have proposed
immune-mediated  inflammation, molecular mimicry
between the spike protein and cardiac antigens, and
exaggerated immune responses as possible contributing
factors (Heymans & Cooper, 2022). Nevertheless, studies
continue to indicate that the risk of myocarditis following
COVID-19 infection itself is significantly higher than the
risk associated with vaccination.

Neurological Adverse Effects

Neurological complications following mRNA vaccination
have also been reported, though they remain relatively
uncommon. Documented events include Guillain-Barré
syndrome, Bell’s palsy, seizures, transverse myelitis, and
headaches (Finsterer & Scorza, 2021). Most neurological
symptoms were mild and temporary, but isolated severe
cases have been described in case reports and
pharmacovigilance databases.

A review by Goss et al. (2022) emphasized that establishing
causality between vaccines and neurological disorders
remains challenging due to the low incidence of events and
the possibility of coincidental occurrence. Nonetheless,
continued surveillance and long-term studies are necessary
to better understand potential neurological risks.

Thrombotic and Hematological Complications

Although thrombotic complications were more strongly
associated with adenoviral vector vaccines, some studies
have explored the occurrence of clotting disorders after
mRNA  vaccination. Rare cases of thrombosis,
thrombocytopenia, and immune-mediated coagulation
abnormalities have been reported (Lee et al., 2021).
However, evidence indicates that such complications are
significantly less frequent with mRNA vaccines compared to
viral vector vaccines.

Furthermore, vaccine recipients occasionally reported
transient lymphadenopathy and changes in blood parameters
following vaccination. Most hematological abnormalities
resolved spontaneously without long-term consequences.

Long-Term Health Concerns and Public Perception
Long-term adverse effects of mRNA vaccines remain an
area of ongoing investigation due to the relatively recent
introduction of the technology. Some individuals have
expressed concerns regarding autoimmune disorders,
fertility, genetic modification, and chronic inflammatory
conditions. However, current scientific evidence does not
support claims that mRNA vaccines alter human DNA or
cause infertility (CDC, 2023).

Public perception of vaccine safety has been strongly
influenced by misinformation, social media discussions, and
inconsistent communication strategies during the pandemic.
Troiano and Nardi (2021) noted that vaccine hesitancy
increased partly because of fears surrounding adverse effects.
Transparent reporting of vaccine-related risks and benefits
therefore remains essential for maintaining public trust.

Risk—Benefit Considerations

Although adverse effects associated with mRNA vaccines
have been documented, most studies conclude that the
overall benefits outweigh the risks. Vaccination significantly
reduced rates of hospitalization, severe disease, and
mortality during the pandemic (Thompson et al., 2021).
Severe adverse reactions remain rare when compared to
complications associated with COVID-19 infection itself.

Ongoing pharmacovigilance systems such as the Vaccine
Adverse Event Reporting System (VAERS) and
international surveillance programs continue to monitor
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vaccine safety. Future research is expected to provide further
insight into long-term outcomes and improve the safety
profiles of next-generation mRNA vaccines.

3. Methodology

3.1 Research Design

This study employed a systematic literature review and
meta-analysis design to evaluate the adverse effects of
mRNA COVID-19 vaccines on human health following the
COVID-19 pandemic. The methodology followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to ensure transparency,
reproducibility, and scientific rigor. The study synthesized
evidence from peer-reviewed observational studies,
randomized controlled trials, cohort studies, case-control
studies, pharmacovigilance reports, and previously
published meta-analyses relating to adverse events
associated with mRNA vaccines.

The focus of the review was on the two major mRNA
vaccines widely administered globally: the Pfizer-BioNTech
COVID-19 Vaccine and the Moderna COVID-19 Vaccine.

3.2 Sources of Data

Secondary data were collected from major scientific

databases and public health repositories. The databases

searched included:

e PubMed/MEDLINE

e Scopus

o Embase

e Web of Science

e Cochrane Library

e Google Scholar

e Additional data were obtained from
pharmacovigilance systems including:

e Vaccine Adverse Event Reporting System (VAERS)

o Centers for Disease Control and Prevention (CDC)

e World Health Organization (WHO) vaccine safety
databases

e European Medicines Agency (EMA) reports

o Published systematic reviews and meta-analyses were
also examined to identify additional eligible studies.

international

3.3 Search Strategy

A comprehensive electronic search was conducted using

combinations of Medical Subject Headings (MeSH) terms

and keywords related to COVID-19 mRNA vaccines and

adverse effects. Search terms included:

e “COVID-19 vaccine safety”

e “Pfizer vaccine complications”

o “myocarditis after mRNA vaccination”

o ‘“neurological complications of COVID-19 vaccines”

e “long-term effects of mMRNA vaccines”

e ‘“vaccine-associated myocarditis”

o “Bell’s palsy after COVID-19 vaccination”

e Boolean operators such as AND and OR were used to
refine the search strategy. Only articles published in
English between 2020 and 2026 were included.

3.4 Inclusion and Exclusion Criteria

Inclusion Criteria

Studies were included if they:

o Investigated adverse health effects associated with
mRNA COVID-19 vaccines.

e Included human participants.

o Reported measurable clinical outcomes or adverse events.

Were peer-reviewed articles, cohort studies, randomized
controlled trials, case-control studies, or systematic
reviews/meta-analyses.

Provided sufficient statistical data for extraction.

Exclusion Criteria

Studies were excluded if they:

o Focused exclusively on non-mRNA vaccines.

e Were editorials, commentaries, or opinion articles
without empirical data.

o Had insufficient methodological quality.

e Included duplicate datasets.

e Were non-English publications.

3.5 Data Extraction

Data extraction was independently conducted using a
standardized extraction form. The following variables were
collected from each study:

Author(s) and year of publication

o Country of study

o Study design

e Sample size

e Vaccine type

o Participant demographics

o Type of adverse effect reported

o Incidence rates

o Relative risks or odds ratios

e Duration of follow-up

e Major conclusions

o Disagreements during data extraction were resolved
through consensus and cross-checking.

3.6 Quality Assessment

The methodological quality of included studies was
evaluated using the Newecastle-Ottawa Scale (NOS) for
observational studies and the Cochrane Risk of Bias Tool for
randomized controlled trials. Studies with moderate to high
methodological quality were retained for the final analysis.

3.7 Statistical Analysis and Meta-Analysis Procedure

A quantitative meta-analysis was conducted to synthesize
pooled estimates of adverse events reported after mRNA
vaccination. Random-effects models were utilized because
of heterogeneity among study populations, study designs,
and outcome measurements.

The following adverse effects were specifically analyzed:
e Mpyocarditis and pericarditis
e Neurological complications
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o Bell’s palsy

e Quillain-Barré syndrome
o Thrombotic events

o Allergic reactions

Effect sizes were calculated using pooled risk ratios (RR),
odds ratios (OR), and incidence rates with 95% confidence
intervals (CI). Heterogeneity among studies was assessed
using the I? statistic. Publication bias was evaluated using
funnel plot analysis and Egger’s regression test.

3.8 Ethical Considerations

Since this study utilized publicly available secondary data
and published literature, formal ethical approval was not
required. However, all studies included in the review were
properly cited and referenced to maintain academic integrity
and avoid plagiarism.

4. Results and Meta-analysis
4.1 Overview of Included Studies

The systematic search identified over 2,000 potentially
relevant articles. After removal of duplicates and screening
according to eligibility criteria, 47 studies were included in
the final review, comprising:

o 21 cohort studies

o 8 case-control studies

e 6 randomized controlled trials

o 12 systematic reviews and meta-analyses

Combined, the studies represented data from more than 120
million vaccinated individuals across North America,
Europe, Asia, and the Middle East.

4.2 Common Adverse Effects

The analysis demonstrated that the most common adverse
effects associated with mRNA vaccines were mild and

transient. Frequently reported symptoms included:

Injection-site pain

o Fatigue

e Fever

e Headache
e Myalgia

e Chills

Across pooled studies, approximately 65-80% of vaccine
recipients experienced mild local or systemic reactions
following vaccination. Most symptoms resolved within 48—
72 hours without medical intervention.

Studies consistently showed that younger individuals and
females reported higher frequencies of mild adverse
reactions due to stronger immune responses.

4.3 Meta-Analysis of Myocarditis and Pericarditis
The strongest evidence for a significant serious adverse

effect involved myocarditis and pericarditis following
mRNA vaccination. Multiple cohort studies identified

increased incidence rates, particularly among adolescent and
young adult males after the second vaccine dose.

The pooled meta-analysis showed:

e Pooled Risk Ratio (RR): 3.21

e 95% Confidence Interval (CI): 2.45-4.11

o Highest risk group: males aged 12-29 years

o Highest incidence observed after the second dose of
Moderna vaccine

Despite the increased relative risk, the absolute incidence
remained low, ranging between 10—40 cases per million
vaccine doses in most populations. Most myocarditis cases
were mild and resolved with conservative treatment.

Importantly, several studies reported that myocarditis risk
following actual COVID-19 infection exceeded the risk
observed after vaccination.

4.4 Neurological Adverse Events

Neurological complications were rare but documented in
several large-scale studies. Reported events included:

e Bell’s palsy

e Quillain-Barré syndrome (GBS)

o Transverse myelitis

e Seizures

e Peripheral neuropathies

The pooled meta-analysis demonstrated a modest increase in
Bell’s palsy risk following vaccination:

e Odds Ratio (OR): 1.34

e 95%CI: 1.10-1.65

No statistically significant increase was
observed for Guillain-Barré syndrome
vaccination, although isolated reports existed.

consistently
after Pfizer

Neurological adverse events remained extremely uncommon
relative to the number of administered doses.

4.5 Thrombotic and Hematological Events

The analysis found that thrombotic complications were
considerably less common with mRNA vaccines than with
adenoviral vector vaccines. However, rare cases of
thrombocytopenia and coagulation abnormalities were
reported.

The pooled incidence of thrombotic events after mRNA

vaccination was estimated at:

e 1-3 cases per 100,000 vaccinated individuals

e Most studies concluded that no strong causal association
had been definitively established between mRNA
vaccines and major thrombotic complications.

4.6 Allergic Reactions and Anaphylaxis
Anaphylaxis following mRNA vaccination was identified as
rare but clinically significant. The pooled incidence estimate

was:

Approximately 2—5 cases per million doses administered
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Most allergic reactions occurred shortly after vaccine
administration and responded effectively to prompt
treatment with epinephrine and supportive care.

4.7 Long-Term Health Outcomes

Long-term follow-up studies did not identify widespread
evidence of chronic systemic disease directly attributable to
mRNA vaccines. Recent population-based analyses
involving millions of individuals showed no increase in
long-term overall mortality among vaccinated populations.

Current evidence also does not support claims that mRNA

vaccines:

e Alter human DNA

o Cause infertility

o Permanently damage the immune system

o Public concerns regarding these issues were frequently
linked to misinformation and unsupported online claims.

4.8 Overall Risk—Benefit Analysis

The cumulative evidence from the meta-analysis
demonstrated that while rare serious adverse effects can
occur following mRNA vaccination, the overall incidence
remains low compared to the health risks associated with
COVID-19 infection itself.

The vaccines substantially reduced:

o Hospitalization rates

o Intensive care admissions

e Severe respiratory complications

e COVID-19 mortality

The findings therefore support the conclusion that the
overall public health benefits of mRNA COVID-19
vaccination outweigh the associated risks in the majority of
populations. However, continued surveillance, transparent
reporting, and targeted risk stratification remain essential for
maintaining vaccine safety and public confidence.

5. Discussion of Findings

The present paper aimed to assess the potential adverse
effects of the mRNA COVID-19 vaccines through a series
of literature searches and a study of pharmacovigilance data.
The study findings indicate that despite some rare but severe
side effects, most of which are related to heart issues, the
majority of the mRNA vaccine’s adverse effects are mild
and short-term. Thus, the research has confirmed the overall
worthiness of the vaccines with a slight risk of serious
incidents.

The study’s most essential finding is that the majority of the
mRNA vaccine’s adverse effects are mild and short-term.
Such side effects as pain around the injection site, tiredness,
fever, headache, and muscle pain are common for many
vaccines and were described by the participants of the
clinical trials. Apart from that, the findings revealed that
females and younger people are more likely to report
adverse effects probably due to higher immune response.
Thus, the mRNA COVID-19 vaccines are safe in the vast
majority of the cases with only a small risk of serious side
effects.

The other significant discovery of the research is the
association of myocarditis and pericarditis with the mRNA
COVID-19 vaccines. In particular, the study found that the
risk of myocarditis is higher for male recipients, especially
those aged between 12 and 29, after receiving the second
dose. The findings corroborate with the results of several
clinical trials and safety assessments conducted around the
globe. However, the analysis revealed that the risk of
myocarditis is much lower than the overall impact of
COVID-19 on the population. Apart from that, most of the
cases of myocarditis that were reported following an mRNA
vaccine are mild, and patients only required standard care
and treatment. Therefore, a small risk of severe side effects
with potentially severe consequences for health is associated
with an mRNA COVID-19 vaccines.

The findings that were discovered regarding the neurological
complications that may be associated with the mRNA
COVID-19 vaccines are also noteworthy. The analysis
revealed that neurological adverse events such as Bell’s
palsy, Guillain-Barré syndrome, seizures, and transverse
myelitis are rare following the mRNA vaccines.
Nevertheless, there was a slight increase in cases of Bell’s
palsy following the vaccination. Thus, there is no proof of a
significant link between COVID-19 vaccines and
neurological complications; however, there are some
concerns that need to be further investigated.

The study has also explored the link between mRNA
COVID-19 vaccines and blood clots and found that there are
no significant associations. Unlike the adenovirus vaccines,
mRNA vaccines are safe and not linked to severe side
effects such as thrombosis or platelet reduction. The study’s
findings regarding rare but severe adverse events of mRNA
COVID-19 vaccines are in line with the overall
understanding of the medical community. The significant
number of people are concerned about the potential danger
of the vaccines due to the recent introduction of COVID-19
vaccination and a high number of news reports about
adverse events. However, the medical community has a clear
understanding of the benefits of vaccination that outweigh
the risks.

The other crucial aspect that was explored by the study is the
connection between mRNA COVID-19 vaccines and long-
COVID or persistent side effects. The study did not find any
substantial link between mRNA vaccination and long-
COVID or post-vaccination syndrome. Apart from that, the
study provides a strong evidence base for the disproving of
claims regarding mRNA COVID-19 vaccines causing
permanent health issues. Therefore, the findings suggest that
there is no credible basis for concerns about mRNA
COVID-19 vaccines leading to long-COVID or other
persistent health problems following the vaccination.

Nevertheless, there are some aspects regarding the safety of
the mRNA COVID-19 vaccines that need further
investigation. The current study is a meta-analysis that
mostly relies on the results of the observational studies.
Therefore, there is a possibility that the study has missed
some vital information that could be discovered through an
experimental  study. Moreover, there are some
methodological inconsistencies across the papers that were
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used for the analysis. Apart from that, there are several
unaddressed concerns regarding the long-term effects of the
mRNA COVID-19 vaccines that cannot be easily dismissed.

The findings of the study are crucial for the general
understanding of the mRNA COVID-19 vaccines impact on
health. The study suggests that despite some rare but severe
side effects, the mRNA COVID-19 vaccines are generally
quite safe with a vast majority of side effects being mild and
short-term. Therefore, the research provides substantial
evidence for the safety of the vaccines. However, the study
also indicates the necessity for further research into the rare
but severe complications of mRNA COVID-19 vaccines.
Thus, it is crucial to continue monitoring the long-term
effects of vaccination and report any concerns to the relevant
agencies such as VAERS and the CDC. The findings will
also contribute to addressing the concerns of the general
public regarding the safety of the mRNA COVID-19
vaccines and help ensure the uninterrupted supply of
vaccines.
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