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Introduction: Hepatitis B virus (HBV) is a major cause of chronic liver disease. 
While the hepatitis B vaccine has been proven effective in preventing HBV 
infection, concerns regarding Events Supposedly Attributable to Vaccination 
or Immunization (ESAVI) persist. This study aims to utilize the Vaccine Adverse 
Event Reporting System (VAERS) database to explore potential associations 
between the hepatitis B vaccine and musculoskeletal system AEs, providing a 
scientific basis for vaccine safety evaluations.

Methods: This study analyzed VAERS data from 1990 to 2024, focusing on 
76,887 reports associated with hepatitis B vaccines. Disproportionality analysis 
methods, such as the Proportional Reporting Ratio (PRR) and Reporting Odds 
Ratio (ROR), were applied to identify the distribution and signal strength of 
musculoskeletal-related AEs. Furthermore, multivariable logistic regression 
analysis was conducted to explore association between patients with HBV 
vaccine and death.

Results: Musculoskeletal system ESAVIs constituted a significant portion of all 
reports, including tendon fibrosis (ROR = 251.82), myofascitis (ROR = 107.51), 
fasciitis (ROR = 71.52), and osteoarthritis (ROR = 7.56). Tendon fibrosis 
demonstrated the strongest association, potentially linked to chronic 
inflammatory responses and abnormal tissue repair induced by aluminum 
adjuvants. Most AEs occurred within 30 days post-vaccination, though some, 
such as myofascitis, had a longer mean onset time (1,671 days), reflecting 
the slow-release properties of aluminum adjuvants. In multivariable logistic 
regression analysis, we concluded that male and combination vaccine treatment 
were risk factors while age from18-64 years was a protective factors of death.

Conclusion: This study identifies potential associations between hepatitis 
B vaccination and musculoskeletal system AEs, emphasizing the need for 
thorough pre-vaccination assessments and post-vaccination monitoring for 
high-risk individuals.
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1 Introduction

Hepatitis B virus (HBV) is a major cause of chronic liver disease 
worldwide, affecting approximately 296 million people globally (1). As 
an effective preventive measure, the hepatitis B vaccine has been 
widely used to combat HBV infection and is considered a priority 
vaccine under the World Health Organization’s (WHO) Global 
Immunization Program. However, with the increasing coverage of 
vaccination, concerns about vaccine-related safety have also risen. 
Although the hepatitis B vaccine is widely regarded as safe, with most 
adverse events being benign, mild, and transient, increasing public 
concerns over rare and severe adverse events warrant comprehensive 
safety evaluations.

While pre-licensure clinical trials provide initial evidence of 
vaccine safety, the limited scale and selective populations of these 
trials may fail to identify rare Events Supposedly Attributable to 
Vaccination or Immunization (ESAVI) or those more common in 
specific subpopulations (2). To address this limitation, the Vaccine 
Adverse Event Reporting System (VAERS) in the United  States 
continuously collects and analyzes post-vaccination AE data through 
a spontaneous reporting mechanism, offering crucial support for post-
marketing safety surveillance.

Aluminum-based adjuvants, which are the most widely used 
adjuvants in vaccines, are present in approximately one-third of 
currently licensed vaccines (3). Once absorbed into the body, 
aluminum disperses into various tissues, with the majority 
accumulating in bones, the liver, lungs, and the nervous system. This 
issue is particularly critical for individuals with chronic kidney 
disease, where aluminum cannot be effectively cleared from the body, 
leading to cumulative effects over time, especially in the skeletal and 
nervous systems (4). Thus, vaccine-related musculoskeletal system 
reactions warrant attention.

Although the hepatitis B vaccine has demonstrated favorable safety 
profiles in most populations, research focusing on musculoskeletal 
system ESAVIs remains scarce. Existing literature primarily consists of 
case reports or small-scale analyses, suggesting that vaccination might 
trigger immune-mediated inflammatory responses or other mechanisms, 
leading to muscle pain, fasciitis, and other musculoskeletal abnormalities 
(5–7). However, these conclusions are often based on limited data and 
lack systematic understanding, with the underlying mechanisms yet to 
be elucidated. Given the limited research on musculoskeletal system 
ESAVIs following hepatitis B vaccination, this study aims to utilize the 
VAERS database to explore the association between the hepatitis B 
vaccine and musculoskeletal system ESAVIs and investigate potential 
mechanisms. This will provide a scientific basis for vaccine safety 
evaluations and reinforce public confidence in vaccination programs.

2 Methods

2.1 Data source

This study utilized the publicly available VAERS database, a 
platform developed and operated by the U.S. Centers for Disease 
Control and Prevention (CDC). VAERS is designed to monitor 
vaccine safety, detect atypical and rare vaccine-related adverse events, 
and identify risk factors contributing to these events. The database 
comprises reports from patients, parents (on behalf of minor patients), 

healthcare providers, vaccine manufacturers, and regulatory agencies 
worldwide. To ensure data confidentiality, patient information in the 
reports is de-identified and anonymized before inclusion in the 
database. Consequently, the study was exempted from review by the 
Human Research Ethics Committee at the University of Adelaide.

ESAVI reports in VAERS include patient demographic 
information, dates of vaccination and ESAVI onset, detailed ESAVI 
history, clinical history, current medications, comorbidities, and 
unstructured narratives describing post-vaccination clinical 
manifestations and ESAVI diagnoses. The ESAVI symptom names 
cited in this study are encoded using the preferred terms (PTs) from 
the Medical Dictionary for Regulatory Activities (MedDRA) to 
standardize the terminology for ESAVIs internationally.

2.2 Data screening

The study utilized MedDRA to filter cases where the product 
name was identified as the hepatitis B vaccine and categorized as the 
primary suspected drug. Patient information, drug details, and ESAVI 
data were extracted. Further screening criteria included the exclusion 
of duplicate and incomplete reports to form the raw dataset for ESAVI 
analysis. Between January 1990 and October 2024, a total of 76,887 
original entries related to the hepatitis B vaccine were recorded in the 
VAERS database.

2.3 Statistical analysis

To identify potential ESAVI signals, four disproportionality 
analysis methods were applied: the Reporting Odds Ratio (ROR) (8), 
Proportional Reporting Ratio (PRR) (9), Bayesian Confidence 
Propagation Neural Network (BCPNN) (10), and Multi-item Gamma 
Poisson Shrinker (MGPS) (11). ROR is the frequentist method 
comparing the odds of a specific ESAVI with a given vaccine versus 
all other vaccines; PRR calculates the proportion of a specific ESAVI 
among reports for a given vaccine relative to other vaccines; BCPNN 
is a Bayesian approach used by WHO-UMC to estimate the strength 
of association based on information components; MGPS is a Bayesian 
data mining method used by the FDA that adjusts for data sparsity by 
shrinking observed-to-expected ratios. A signal was considered 
present if the number of observed cases (a) was ≥3 and the lower 
bound of the 95% confidence interval (CI) for ROR exceeded 1.

ESAVI signals identified under the condition of a ≥ 3 were coded 
and categorized using MedDRA Version 23.0 (updated in March 
2020) based on system organ class (SOC). The SOC classification 
groups terms by etiology, site of manifestation, or purpose. Due to the 
multi-axial structure of MedDRA, a single PT can belong to multiple 
SOCs; however, each PT has only one primary SOC for classification 
purposes (12). Using SOC, further analyses were conducted to 
characterize the distribution of ESAVIs in the population vaccinated 
with the hepatitis B vaccine.

To investigate factors associated with fatal outcomes (Death), 
we  performed multivariable logistic regression analysis. The 
independent variables included age, gender and treatment group 
(HBV vaccine alone and combination treatment). Age was 
categorized into three groups: <18 years, 18–64 years and ≥65 years. 
p-values less than 0.05 were considered statistically significant.
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3 Results

3.1 Baseline characteristics of adverse 
event reports among hepatitis B vaccine 
recipients

A total of 76,887 reports were received from hepatitis B 
vaccine recipients. The vaccine manufacturers involved included 
MERCK & CO, GlaxoSmithKline Biologicals, SmithKline 
Beecham, Dynavax Technologies Corporation, Sanofi Pasteur, and 
VBI Vaccines. Among the states reporting ESAVIs, the top five 
were foreign state, California, Texas, New York, and Michigan. In 
terms of gender distribution, females (52.1%) significantly 
outnumbered males (34.1%). Regarding age, a substantial 
proportion of recipients were aged <18 years (40.0%) and 
18–64 years (36.8%). Between January 1990 and October 2024, the 
highest number of ESAVI reports was recorded in 1993. Most 
reports involved recipients receiving one dose (25.3%) or two 
doses (21.8%) of the vaccine. In terms of severity, 13,354 cases 
(17.4%) exhibited serious clinical symptoms, including 1,411 
deaths, 1,585 life-threatening events, and 2,939 disabilities 
(Table 1; Figures 1, 2).

3.2 Analysis of musculoskeletal adverse 
events among hepatitis B vaccine 
recipients

Based on the system organ class (SOC) classification, 
musculoskeletal system ESAVIs ranked sixth among all SOCs [ROR 
(95% CI): 0.89 (0.87–0.90)] and therefore warrant attention 
(Supplementary Table S1). A total of 16,921 ESAVIs related to the 
musculoskeletal system were identified. Disproportionality analysis 
revealed 32 preferred terms (PTs) associated with hepatitis B 
vaccination. Among these, the top  20 PTs were categorized 
as follows:

Bone-related PTs (7 types): The top five included arthritis [ROR 
(95% CI): 3.2 (2.93–3.49)], osteoarthritis [ROR (95% CI): 7.56 (6.76–
8.45)], rheumatoid arthritis [ROR (95% CI): 2.45 (2.18–2.76)], 
arthropathy [ROR (95% CI): 5.18 (4.5–5.97)], and bone disorder [ROR 
(95% CI): 8.69 (6.73–11.23)]; Muscle-related PTs (11 types): The top five 
included muscle twitching [ROR (95% CI): 2.34 (2.13–2.56)], 
myofascitis [ROR (95% CI): 107.51 (86.82–133.12)], fasciitis [ROR (95% 
CI): 71.52 (57.25–89.35)], fibromyalgia [ROR (95% CI): 3.06 (2.6–3.59)], 
and muscle atrophy [ROR (95% CI): 4.73 (3.95–5.65)]; PTs involving 
both bone and muscle: Nuchal rigidity [ROR (95% CI): 16.19 (14.17–
18.49)] and systemic lupus erythematosus [ROR (95% CI): 5.82 
(5.04–6.73)].

Based on ROR values, the top five PTs were Fibrosis tendinous 
[ROR (95% CI): 251.82 (157.34–403.04)], myofascitis [ROR (95% 
CI): 107.51 (86.82–133.12)], fasciitis [ROR (95% CI): 71.52 
(57.25–89.35)], nuchal rigidity [ROR (95% CI): 16.19 (14.17–
18.49)], and osteoarthritis [ROR (95% CI): 7.56 (6.76–8.45)]. 
These findings suggest a higher correlation between muscle-related 
PTs and ESAVIs in hepatitis B vaccine recipients (Table  2; 
Figure 3).

3.3 Onset time of adverse events among 
hepatitis B vaccine recipients

Regarding the onset time of ESAVIs among hepatitis B vaccine 
recipients, the majority of ESAVIs were acute, occurring within 
0–30 days post-vaccination, with 53,466 cases reported. An analysis of 
whether different vaccine brands influenced ESAVI onset time 
revealed that HEP B (GENHEVAC B) had the longest mean ESAVI 
onset time, while HEP B (RECOMBIVAX HB) had the shortest, with 
most events occurring on day 0. These finding merits further 
investigation. Focusing on musculoskeletal-related ESAVIs, myofascitis 
had the longest mean ESAVI onset time (1,671 days), whereas muscle 
twitching had the shortest mean onset time (13.39 days) (Table 3; 
Figures 4, 5).

TABLE 1 Baseline data of hepatitis B vaccine reported in the VAERS 
database.

Characteristic N Percentage

State

Foreign state 12,586 16.4%

California 5,269 6.9%

Texas 3,903 5.1%

New York 3,030 3.9%

Michigan 2,878 3.7%

Missing 6,284 8.2%

Age

<18 30,759 40.0%

18–64 28,297 36.8%

65–84 846 1.1%

≥85 19 0.0%

Unknown 16,966 22.1%

Sex

Female 40,078 52.1%

Male 26,213 34.1%

Unknown 10,596 13.8%

Serious symptom

No 63,533 82.6%

Yes 13,354 17.4%

Alone medication

No 31,078 40.4%

Yes 45,809 59.6%

Outcome

Recovered 33,810 44.0%

Hospitalization 9,421 12.3%

Disable 2,939 3.8%

Life threat 1,585 2.1%

Died 1,411 1.8%

Prolonged hospitalization 907 1.2%
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3.4 Multivariable logistic regression analysis

Table 4 summarizes the multivariable logistic regression models 
assessing factors associated with fatal outcomes (Death) in patients 
receiving treatment. Males had a significantly higher risk of death than 
females, which revealed an adjusted OR of 1.499 (95% CI = 1.323–1.699, 
p < 0.001), indicating that male patients are 49.9% more likely to 
experience fatal outcomes. Patients treated with other vaccines also 
demonstrated a higher likelihood of death, with an adjusted OR of 1.276 

(95% CI = 1.107–1.475, p = 0.001). Conversely, patients between ages of 
18 and 64 had a reduced risk of death, with an adjusted OR of 0.153 (95% 
CI = 0.123–1.188, p < 0.001).

4 Discussion

Our study systematically reviewed nearly two decades of 
anonymized reports of hepatitis B vaccine within the VAERS database. 

FIGURE 1

Baseline data of hepatitis B vaccine stratified by sex. (A) Distribution of vaccine manufacturers. (B) Outcome distribution of vaccine; distribution of 
vaccine doses. (C) Gender distribution of different vaccine dose.

FIGURE 2

Distribution of hepatitis B vaccine annual reporting frequency in VAERS database.
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This analysis aimed to offer a comprehensive overview of medications 
that potentially cause musculoskeletal-related adverse events. 
We compiled and analyzed data from 76,887 reports to summarize a list 
of the top 20 PTs most frequently associated with hepatitis B vaccine. 
Employing disproportionality analysis, we  identified 5 PTs that 
significantly increase the risk of musculoskeletal-related adverse events. 

This selective approach not only provides robust data support for 
guiding individualized medication strategies for patients with HBV but 
also contributes valuable supplementary information for potential 
musculoskeletal adverse reactions to be included on vaccine labels.

Fibrosis tendinous exhibited the highest ROR value 
(ROR = 251.82) among all PTs, suggesting a strong association with 

TABLE 2 Top 20 signal strength of ESAVI reports for hepatitis B vaccine at the preferred term (PT) level in the VAERS database.

PT Number ROR (95%CI) PRR (χ2) EBGM05 IC025

Arthritis 550 3.2 (2.93–3.49) 3.19 (765.37) 3.02 (2.81) 1.6 (1.47)

Muscle twitching 503 2.34 (2.13–2.56) 2.33 (361.25) 2.26 (2.09) 1.17 (1.04)

Osteoarthritis 367 7.56 (6.76–8.45) 7.55 (1741) 6.47 (5.89) 2.69 (2.53)

Myofascitis 321 107.51 (86.82–133.12) 107.39 (8866.72) 28.88 (24.15) 4.85 (4.64)

Nuchal rigidity 310 16.19 (14.17–18.49) 16.17 (3099.04) 11.65 (10.43) 3.54 (3.36)

Rheumatoid arthritis 288 2.45 (2.18–2.76) 2.45 (232.46) 2.36 (2.14) 1.24 (1.07)

Fasciitis 223 71.52 (57.25–89.35) 71.47 (5391.49) 25.52 (21.18) 4.67 (4.43)

Arthropathy 218 5.18 (4.5–5.97) 5.18 (646.96) 4.68 (4.16) 2.23 (2.02)

Systemic lupus 

erythematosus
211 5.82 (5.04–6.73) 5.82 (730.62) 5.18 (4.59) 2.37 (2.16)

Fibromyalgia 158 3.06 (2.6–3.59) 3.06 (202.33) 2.9 (2.53) 1.54 (1.3)

Muscle atrophy 136 4.73 (3.95–5.65) 4.72 (355.26) 4.31 (3.72) 2.11 (1.85)

Fibrosis tendinous 132 251.82 (157.34–403.04) 251.71 (4337.14) 33.99 (22.93) 5.09 (4.74)

Posture abnormal 116 2.55 (2.11–3.07) 2.55 (102.18) 2.45 (2.09) 1.29 (1.02)

Muscle disorder 106 4.8 (3.92–5.87) 4.8 (282.88) 4.37 (3.69) 2.13 (1.83)

Myopathy 82 9.15 (7.19–11.64) 9.14 (479.77) 7.57 (6.19) 2.92 (2.57)

Bone disorder 72 8.69 (6.73–11.23) 8.69 (399.03) 7.26 (5.86) 2.86 (2.49)

Polyarthritis 68 2.7 (2.11–3.45) 2.7 (67.9) 2.59 (2.11) 1.37 (1.01)

Tendon disorder 47 3.15 (2.34–4.24) 3.15 (63.72) 2.99 (2.33) 1.58 (1.15)

Synovitis 45 3.83 (2.82–5.21) 3.83 (85.54) 3.57 (2.76) 1.84 (1.39)

Tenosynovitis 36 5.32 (3.76–7.54) 5.32 (110.87) 4.79 (3.58) 2.26 (1.76)

FIGURE 3

The PT in the musculoskeletal system of hepatitis B vaccine is classified according to muscle, bone and skeletal-muscle.
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hepatitis B vaccination. Tendon fibrosis, characterized by excessive 
extracellular matrix (ECM) deposition (13), may be driven by chronic 
inflammatory responses induced by vaccine adjuvants. Aluminum-
based adjuvants, for instance, stimulate macrophages, dendritic cells, 
and Th2-type immune responses, triggering a chronic inflammatory 
cascade (12, 14, 15). This process may lead to aberrant tissue repair 
and fibrosis formation at local sites. While direct evidence linking 
tendon fibrosis to hepatitis B vaccination is currently unavailable, 
studies have reported that hepatitis B vaccination can exacerbate liver 
fibrosis (16). Furthermore, one study found that fibrosis significantly 
reduces antibody titers (17), indicating a possible interplay. The 
chronic nature of fibrosis tendinous aligns with its long onset time 
(occurring years post-vaccination) (18), potentially due to prolonged 
immune activation or an imbalance in tissue repair following 
localized damage.

Myofascitis and fasciitis displayed ROR values of 107.51 and 
71.52, respectively, indicating significant muscle and fascial-related 
ESAVIs following hepatitis B vaccination. Studies suggest that 
aluminum adjuvants can persist at the injection site, forming 

“aluminum granulomas,” and induce macrophagic myofasciitis 
(MMF), leading to both local and systemic symptoms (19, 20). The 
prolonged latency of myofascitis supports the hypothesis that the 
slow-release properties of aluminum adjuvants play a critical role (21). 
Fasciitis may arise from an imbalance in the immune-inflammatory 
network triggered by vaccination (22). This condition can be caused 
by various factors, including mechanical overload (e.g., excessive 
plantar pressure), eosinophilic infiltration, macrophage and monocyte 
proliferation, degeneration, or bacterial infection (23).

Nuchal rigidity, with an ROR value of 16.19, represents a 
moderate signal. It often reflects acute inflammation of local 
muscles or fascia, potentially linked to short-term immune 
activation following vaccination. The rapid release of 
pro-inflammatory cytokines (e.g., IL-6, TNF-α) may cause 
localized muscle tension (24). A case report documented Isaac’s 
syndrome, characterized by peripheral nerve hyperexcitability, 
spontaneous muscle twitching, and stiffness, following HPV 
vaccination. This condition is typically associated with contactin-
associated protein-like 2 (CASPR2) and leucine-rich glioma 
inactivated 1 (LGI1) antibodies (25). Temporal analysis revealed 
that the average onset time for nuchal rigidity was relatively short 
(6.993 days), supporting its primary mechanism as acute immune-
inflammatory response rather than chronic changes (26).

Osteoarthritis showed an ROR value of 7.56, indicating a potential 
but weaker association with hepatitis B vaccination. Although 
osteoarthritis is typically a degenerative disease, vaccination may 
accelerate its progression through immune-mediated inflammatory 
processes (27). Brief but intense systemic inflammation post-
vaccination could trigger oxidative stress and matrix degradation 
within joint tissues (28, 29). Individual susceptibility, such as a history 
of joint disease or genetic predisposition, might exacerbate this 
process. Research suggests that vaccination-induced activation of 
inflammatory pathways, including IL-1β and TNF-α, can induce 

FIGURE 4

The distribution of hepatitis B vaccine brands in the occurrence time of adverse reactions.

TABLE 3 Onset time of ESAVIs for hepatitis B vaccine.

Group N

0–30 days 53,466

121–150 days 318

151–180 days 256

181–360 days 733

31–60 days 1,443

61–90 days 726

91–120 days 432

>360 days 1,405
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chondrocyte apoptosis and overexpression of matrix 
metalloproteinases, thereby accelerating joint degeneration (30).

This study has certain limitations. First, the VAERS database is 
a spontaneous reporting system that relies on voluntarily submitted 
adverse event reports, which may result in underreporting and 
missing data. Second, the data in VAERS is reported voluntarily by 
healthcare providers, vaccine manufacturers, patients, and their 

families. Inaccurate descriptions may hinder the accurate 
assessment of ESAVI occurrence rates or the determination of 
causal relationships with vaccination. Furthermore, VAERS cases 
frequently lack complete information, such as dosage, 
comorbidities, onset times, and other essential details. Therefore, 
while the findings derived from data mining provide valuable 
insights, further evaluation and validation are necessary. This 
should involve the application of appropriate causal inference 
methods, integrating results from data mining, clinical trials, and 
real-world ESAVI cases.

5 Conclusion

These findings underscore the importance of monitoring and 
intervening in vaccine-related musculoskeletal ESAVIs. For 
individuals with a history of musculoskeletal or inflammatory 
diseases, such as arthritis, thorough pre-vaccination assessments and 
post-vaccination follow-ups may help reduce ESAVI incidence. 
Collecting comprehensive patient history is critical for optimizing 
vaccination safety. Furthermore, the development of safer and more 
effective adjuvants, along with mechanistic studies on vaccine-induced 
ESAVIs, should be prioritized in future research. Such efforts not only 
reduce the occurrence of adverse events but also bolster public 
confidence in vaccination programs.

FIGURE 5

Onset time of ESAVIs of the top 20 PT in musculoskeletal system.

TABLE 4 Multivariable logistic regression analysis of death for hepatitis B 
vaccine.

Characteristics OR 95%CI P-value

Age

<18 Reference

18–64 0.153 0.123–1.188 <0.001

≥65 1.286 0.859–1.850 0.196

Gender

Female Reference

Male 1.499 1.323–1.699 <0.001

Vaccine alone

Yes Reference

No 1.276 1.107–1.475 0.001

https://doi.org/10.3389/fpubh.2025.1560973
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2025.1560973

Frontiers in Public Health 08 frontiersin.org

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found at: https://vaers.hhs.gov/.

Ethics statement

Ethical review and approval was not required for the study of 
human participants in accordance with the local legislation and 
institutional requirements. Written informed consent from the 
patients/participants or patients/participants legal guardian/next of 
kin was not required to participate in this study in accordance with 
the national legislation and the institutional requirements.

Author contributions

YS: Conceptualization, Data curation, Methodology, Software, 
Writing  – original draft, Writing  – review & editing. BZ: Data 
curation, Software, Writing  – original draft. XL: Data curation, 
Validation, Writing – original draft. ZL: Validation, Writing – original 
draft. WB: Conceptualization, Funding acquisition, Project 
administration, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported by the 
National Natural Science Foundation of China (81672187) and Key 
Research and Development Program of Shaanxi (2023-YBSF-594).

Acknowledgments

The authors would like to thank all reviewers for their 
valuable comments.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1560973/
full#supplementary-material

References
 1. Hsu Y-C, Huang DQ, Nguyen MH. Global burden of hepatitis B virus: current 

status, missed opportunities and a call for action. Nat Rev Gastroenterol Hepatol. (2023) 
20:524–37. doi: 10.1038/s41575-023-00760-9

 2. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. Serious adverse 
events of special interest following mRNA COVID-19 vaccination in randomized trials in 
adults. Vaccine. (2022) 40:5798–805. doi: 10.1016/j.vaccine.2022.08.036

 3. Goullé J-P, Grangeot-Keros L. Aluminum and vaccines: current state of knowledge. 
Med Mal Infect. (2020) 50:16–21. doi: 10.1016/j.medmal.2019.09.012

 4. Facciolà A, Visalli G, Laganà A, Di Pietro A. An overview of vaccine adjuvants: 
current evidence and future perspectives. Vaccines. (2022) 10:819. doi: 
10.3390/vaccines10050819

 5. Al Khames Aga QA, Alkhaffaf WH, Hatem TH, Nassir KF, Batineh Y, Dahham AT, 
et al. Safety of COVID-19 vaccines. J Med Virol. (2021) 93:6588–94. doi: 
10.1002/jmv.27214

 6. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety 
and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med. (2020) 
383:2603–15. doi: 10.1056/NEJMoa2034577

 7. Antuña VL, Puchades F, Tapial JM, Ribelles JC, Sanz F, Tamarit JJ. Eosinophilic 
fasciitis following SARS-CoV-2 vaccination. JAAD Case Rep. (2023) 36:11–4. doi: 
10.1016/j.jdcr.2022.11.038

 8. Yan M-M, Zhao H, Li Z-R, Chow J-W, Zhang Q, Qi Y-P, et al. Serious adverse 
reaction associated with the COVID-19 vaccines of BNT162b2, Ad26.COV2.S, and 
mRNA-1273: gaining insight through the VAERS. Front Pharmacol. (2022) 13:921760. 
doi: 10.3389/fphar.2022.921760

 9. Shin J, Shim SR, Lee J, Ryu HS, Kim J-Y. Otorhinolaryngologic complications after 
COVID-19 vaccination, vaccine adverse event reporting system (VAERS). Front Public 
Health. (2023) 11:1338862. doi: 10.3389/fpubh.2023.1338862

 10. Chen S, Fang W, Zhao L, Xu H. Safety assessment of cenobamate: real-world 
adverse event analysis from the FAERS database. Front Pharmacol. (2024) 15:1369384. 
doi: 10.3389/fphar.2024.1369384

 11. Zhu H, Qu Y, Du Z, Zhou Q, Shen Y, Jiang Y, et al. Mining and analysis of adverse 
event signals of Cariprazine based on the real-world data of FAERS database. J Affect 
Disord. (2024) 347:45–50. doi: 10.1016/j.jad.2023.11.076

 12. Lee W, Suresh M. Vaccine adjuvants to engage the cross-presentation pathway. 
Front Immunol. (2022) 13:940047. doi: 10.3389/fimmu.2022.940047

 13. Nourmahnad A, Javad Shariyate M, Khak M, Grinstaff MW, Nazarian A, 
Rodriguez EK. Relaxin as a treatment for musculoskeletal fibrosis: what we know and 
future directions. Biochem Pharmacol. (2024) 225:116273. doi: 10.1016/j.bcp.2024.116273

 14. Masson J-D, Badran G, Domdom MA, Gherardi RK, Mograbi B, Authier FJ, et al. 
Advances on the early cellular events occurring upon exposure of human macrophages 
to aluminum oxyhydroxide adjuvant. Sci Rep. (2023) 13:3198. doi: 
10.1038/s41598-023-30336-1

 15. Nies I, Hidalgo K, Bondy SC, Campbell A. Distinctive cellular response to 
aluminum based adjuvants. Environ Toxicol Pharmacol. (2020) 78:103404. doi: 
10.1016/j.etap.2020.103404

 16. Alukal JJ, Naqvi HA, Thuluvath PJ. Vaccination in chronic liver disease: an update. 
J Clin Exp Hepatol. (2022) 12:937–47. doi: 10.1016/j.jceh.2021.12.003

 17. Kayhan B, Karaca ZM, Canpolat E, Ersan V, Gül M, Yologlu S, et al. Is 
hepatitis-B immunization effective during chronic liver fibrosis? Investigation of 
secretory and cellular immune responses on an experimental model. 
Immunopharmacol Immunotoxicol. (2023) 45:102–13. doi: 
10.1080/08923973.2022.2121925

 18. Najafi Z, Rahmanian-Devin P, Baradaran Rahimi V, Nokhodchi A, Askari VR. 
Challenges and opportunities of medicines for treating tendon inflammation and 

https://doi.org/10.3389/fpubh.2025.1560973
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://vaers.hhs.gov/
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1560973/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1560973/full#supplementary-material
https://doi.org/10.1038/s41575-023-00760-9
https://doi.org/10.1016/j.vaccine.2022.08.036
https://doi.org/10.1016/j.medmal.2019.09.012
https://doi.org/10.3390/vaccines10050819
https://doi.org/10.1002/jmv.27214
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/j.jdcr.2022.11.038
https://doi.org/10.3389/fphar.2022.921760
https://doi.org/10.3389/fpubh.2023.1338862
https://doi.org/10.3389/fphar.2024.1369384
https://doi.org/10.1016/j.jad.2023.11.076
https://doi.org/10.3389/fimmu.2022.940047
https://doi.org/10.1016/j.bcp.2024.116273
https://doi.org/10.1038/s41598-023-30336-1
https://doi.org/10.1016/j.etap.2020.103404
https://doi.org/10.1016/j.jceh.2021.12.003
https://doi.org/10.1080/08923973.2022.2121925


Sun et al. 10.3389/fpubh.2025.1560973

Frontiers in Public Health 09 frontiersin.org

fibrosis: a comprehensive and mechanistic review. Fundament Clin Pharma. (2024) 
38:802–41. doi: 10.1111/fcp.12999

 19. Matsumura N, Shiro R, Tsunoda I. Critical evaluation on roles of macrophagic 
myofasciitis and aluminum adjuvants in HPV vaccine-induced adverse events. Cancer 
Sci. (2023) 114:1218–28. doi: 10.1111/cas.15714

 20. Martinez-Lavin M, Tejada-Ruiz M. Gulf war illness, post-HPV vaccination 
syndrome, and Macrophagic Myofasciitis. Similar disabling conditions possibly linked 
to vaccine-induced autoimmune dysautonomia. Autoimmun Rev. (2020) 19:102603. doi: 
10.1016/j.autrev.2020.102603

 21. Masson J-D, Badran G, Gherardi RK, Authier F-J, Crépeaux G. Widespread 
myalgia and chronic fatigue: phagocytes from Macrophagic Myofasciitis patients 
exposed to aluminum Oxyhydroxide-Adjuvanted vaccine exhibit specific inflammatory, 
Autophagic, and mitochondrial responses. Toxics. (2024) 12:491. doi: 
10.3390/toxics12070491

 22. Faissner S, Richter D, Ceylan U, Schneider-Gold C, Gold R. COVID-19 mRNA 
vaccine induced rhabdomyolysis and fasciitis. J Neurol. (2022) 269:1774–5. doi: 
10.1007/s00415-021-10768-3

 23. Ide S, Kurozumi A, Takeshige A, Shimomura A, Watanabe R, Inagaki T. Fasciitis 
of the lower leg after COVID-19 vaccination. IDCases. (2022) 28:e01475. doi: 
10.1016/j.idcr.2022.e01475

 24. Fourati S, Tomalin LE, Mulè MP, Chawla DG, Gerritsen B, Rychkov D, et al. Pan-
vaccine analysis reveals innate immune endotypes predictive of antibody responses to 
vaccination. Nat Immunol. (2022) 23:1777–87. doi: 10.1038/s41590-022-01329-5

 25. Yang B, Wei W, Duan J, Xiao P, Jing Y, Tang Y. Isaacs syndrome with LGI1 and 
CASPR2 antibodies after HPV vaccination: a case report. Medicine. (2023) 102:e35865. 
doi: 10.1097/MD.0000000000035865

 26. Finsterer J, Scorza FA, Youn T, Yang H. Ischemic stroke of the Corpus callosum after 
SARS-CoV-2 vaccination. J Korean Med Sci. (2021) 36:1–13. doi: 10.3346/jkms.2021.36.e288

 27. Liu J, Wu H, Xia S-L. New-onset arthritis following COVID-19 vaccination: a 
systematic review of case reports. Vaccine. (2023) 11:665. doi: 10.3390/vaccines11030665

 28. Ntouros PA, Vlachogiannis NI, Pappa M, Nezos A, Mavragani CP, Tektonidou 
MG, et al. Effective DNA damage response after acute but not chronic immune 
challenge: SARS-CoV-2 vaccine versus systemic lupus erythematosus. Clin Immunol. 
(2021) 229:108765. doi: 10.1016/j.clim.2021.108765

 29. Khan M, Khan A, İqbal Z, Khan S, Jamil M, Özdemir B, et al. Oxidative stress and 
menstrual complications caused by vaccination of COVID-19 among females athletes. 
Cumhuriyet Med J. (2022) 44:38–43. doi: 10.7197/cmj.1035772

 30. Tahtinen S, Tong A-J, Himmels P, Oh J, Paler-Martinez A, Kim L, et al. IL-1 and 
IL-1ra are key regulators of the inflammatory response to RNA vaccines. Nat Immunol. 
(2022) 23:532–42. doi: 10.1038/s41590-022-01160-y

https://doi.org/10.3389/fpubh.2025.1560973
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1111/fcp.12999
https://doi.org/10.1111/cas.15714
https://doi.org/10.1016/j.autrev.2020.102603
https://doi.org/10.3390/toxics12070491
https://doi.org/10.1007/s00415-021-10768-3
https://doi.org/10.1016/j.idcr.2022.e01475
https://doi.org/10.1038/s41590-022-01329-5
https://doi.org/10.1097/MD.0000000000035865
https://doi.org/10.3346/jkms.2021.36.e288
https://doi.org/10.3390/vaccines11030665
https://doi.org/10.1016/j.clim.2021.108765
https://doi.org/10.7197/cmj.1035772
https://doi.org/10.1038/s41590-022-01160-y

	Musculoskeletal adverse events reported post-hepatitis B vaccination in the vaccine adverse event reporting system
	1 Introduction
	2 Methods
	2.1 Data source
	2.2 Data screening
	2.3 Statistical analysis

	3 Results
	3.1 Baseline characteristics of adverse event reports among hepatitis B vaccine recipients
	3.2 Analysis of musculoskeletal adverse events among hepatitis B vaccine recipients
	3.3 Onset time of adverse events among hepatitis B vaccine recipients
	3.4 Multivariable logistic regression analysis

	4 Discussion
	5 Conclusion

	References

