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measurements. Additional investigation is also warranted to clarify the role of COVID-19 vaccinations and spike protein in musculoskeletal

pathology and to evaluate preventive and therapeutic strategies.
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Introduction

The global rollout of COVID-19 mRNA vaccines in December 2020
was unprecedented in scope and speed. These vaccines were based
on novel technology incorporating pseudo-uridylated mRNA
sequences delivered systemically via lipid nanoparticle carrier
systems. Although synthetic mRNA technology had been studied for
decades, questions have been raised regarding the extent of
preclinical evaluation in areas such as pharmacokinetics,
pharmacodynamics, teratogenicity, oncogenicity, genotoxicity,
immune toxicity, and autoimmune outcomes.

Synthetic mRNA encoding the spike protein, without an
intrinsic, regulatory mechanisms to turn off protein expression
results in sustained spike protein production. This has been
hypothesized to contribute to spike protein accumulation, persistent
elevated antibody levels, and severe inflammation throughout the
body with concerning clinical consequences in nearly every organ
system. Spike protein is known to be a foreign antigen with
homology to dozens of human epitopes — also known as molecular
mimicry - risking autoimmunity ' Additionally, the spike protein
is highly inflammatory %!, The spike protein encoded by the vaccine
possess severe inflammatory effects throughout the body and the
capacity to cross physiologic barriers, including the blood—brain
barrier, blood—testis and ovarian barriers, and the placental barrier.

Multiple peer-reviewed case studies have documented an
association of inflammatory myositis with COVD-19 mRNA
vaccination in addition to autoimmune phenomena, and to a lesser
extent overt autoimmune disease involving hematological, central
nervous system, hepatic, and endocrine tissues. The
immunopathogenesis of this, for the most part, remain poorly
understood P!, There is also accumulating evidence that the mRNA
vaccines can severely affect mitochondrial function. First
documented in tissue culture and animal studies involving the highly
pathogenic early viral strains, by 2024 it was realized that spike
protein expression could cause major mitochondrial dysfunction and
various aberrations in a variety of tissues. These include amplifying
inflammation, rewiring energy metabolism with reduced tissue ATP
production, altered mitochondrial signaling, multiple alterations in
gene expression patterns, modulation of the immune response,
cytoskeletal changes, apoptosis induction, and premature cellular
senescence 71,

In the first 15 months following the rollout of the COVID-
19 vaccines, 1,366 studies were published in peer-reviewed medical
journals reporting adverse outcomes after COVID-19 vaccination ¢,
Of these, more than 10% described autoimmune-related
mechanisms.

Polymyalgia rheumatica (PMR) is an autoimmune and
inflammatory rheumatic condition that primarily affects individuals
aged 50 years and older. The estimated annual incidence of PMR
ranges from 18.6 to 96 cases per 100,000 persons in this age group,
with a higher prevalence among women and individuals of Northern
European ancestry !,

Although PMR is often classified within the spectrum of
autoimmune disorders, its pathophysiology is more closely
associated with autoinflammatory processes driven by innate
immune activation. This includes macrophage and dendritic cell
infiltration into synovial structures, including the tenosynovium,
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bursae, and joint synovium %2, Proposed contributing factors

include genetic susceptibility—particularly certain HLA-DRBI
alleles—as well as environmental triggers such as infectious agents,
which may disrupt immune tolerance *'. This immune
dysregulation is characterized by altered T-cell homeostasis,
including reduced regulatory T-cell populations and increased Th17
cells, culminating in enhanced cytokine production—especially
interleukin-6—which sustains systemic inflammation "*!!l,

Clinically, PMR presents with debilitating bilateral
proximal muscle pain and stiffness, most prominently affecting the
shoulders, neck, and pelvic girdle. Symptom onset is insidious and
includes prolonged morning stiffness lasting several hours, systemic
fatigue, weight loss, and laboratory evidence of inflammation,
including elevated erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) levels 715161,

Despite being a common inflammatory syndrome in the
elderly population, important gaps remain in the literature,
particularly regarding precise, etiologic mechanisms and long-term
prognostic data ['*!4l_ There is no single confirmatory diagnostic test
for PMR; diagnosis relies on careful clinical assessment guided by
established criteria from the European Alliance of Associations for
Rheumatology and the American College of Rheumatology. These
criteria emphasize symptom duration, age at onset, and a rapid
response to glucocorticoid therapy, while carefully excluding
alternative diagnoses such as giant cell arteritis and inflammatory
arthritis "7,

Initial treatment typically consists of prednisone at doses of
20-40 mg daily, followed by gradual tapering over 1-2 years to
achieve sustained remission 2%, Relapses are common occurring
in approximately 50% of patients during corticosteroid tapering,
underscoring the need for close monitoring, including serial CRP
measurements 18211,

The purpose of this study is to review PMR, examine reports
of PMR in a government adverse-event database, and describe the
association between PMR, COVID-19 vaccination, and spike
protein antibody levels.

Methods

This observational retrospective study utilized the MedAlerts
platform *?! to query the CDC/FDA Vaccine Adverse Event
Reporting System (VAERS) database. VAERS employs the Medical
Dictionary for Regulatory Activities (MedDRA), a clinically
validated international medical terminology system used for
regulatory and biopharmaceutical purposes. MedDRA is organized
into a five-level hierarchical structure of medical terms. The lowest
level, referred to as “Lower Level Terms” (LLTs), represents the
most granular classification and includes specific diagnoses.
VAERS was queried for the period January 1, 1990, through January
30,2026. The analysis focused exclusively on one LLT: polymyalgia
rheumatica (PMR). This timeframe encompasses 433 months for all
vaccines; however, COVID-19 vaccines were available for only 61
of those 433 months (January 1, 2021, through January 30, 2026).
Odds ratios over time (ORt) were calculated to assess
disproportionality by comparing cases of PMR following COVID-
19 vaccination with cases following influenza vaccination and with
cases following all other vaccines combined — including influenza
vaccines.

94


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

A recent publication analyzing the VAERS database applied
disproportionality testing using three exposure measures: adverse
events (AEs) per time, AEs per vaccination dose, and AEs per
individual vaccinated 1**!. That study used Poisson distributions to
perform disproportionality analyses by time, vaccination dose, and
number of individuals vaccinated, with Poisson exact tests to
calculate p-values. Denominators for COVID-19 vaccine doses
administered and the number of individuals vaccinated were
obtained from Our World in Data . Denominators for influenza
vaccine doses and numbers of vaccinated individuals were derived
from historical data supplemented by Monte Carlo simulation
modeling. These additional analyses, AEs per vaccine dose and AEs
per individual vaccinated, were not repeated in the present study, as
AEs per unit time had previously been validated against AEs per
dose and AEs per individual vaccinated %3,

The null hypothesis was tested; specifically, that the odds
ratio over time (ORt) would be similar, with overlapping 95%
confidence intervals and a p-value greater than 0.05, when
comparing COVID-19 vaccines with other vaccines *>?%1. ORt
values were calculated on a time basis as previously validated **!
and were applied in accordance with the CDC/FDA Vaccine Adverse
Event Reporting System (VAERS) Standard Operating Procedures
271, As described on page 15 of the CDC/FDA Standard Operating
Procedures, disproportionality testing compares the proportion of a
specific adverse event (AE) following a particular new vaccine with
the proportion of the same AE following an established vaccine. The
CDC/FDA further states that a disproportionality measure > 2
constitutes a safety signal 17!,

Standard statistical methods were used to calculate ORt
values, along with 95% confidence intervals, p-values, and Z
statistics, using MedCalc® Statistical Software version 23.4.8
(MedCalc Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2026). The Z statistic indicates how many
standard deviations a data point lies above or below the mean of a
distribution. It may be positive (above the mean) or negative (below

the mean) 1%, The Z statistic provides additional information
beyond the p-value by quantifying the magnitude of deviation from
the expected value within a given distribution. MedCalc® Statistical
Software version 23.4.8 reports p-values as < 0.0001 when smaller
than this threshold or as an exact value when > 0.0001.

Case descriptions of three exemplary patients diagnosed
with PMR after SARS-CoV-2 infection or vaccination in the
authors’ recent clinical experience are also reviewed.

Results

Data were obtained from the U.S. Centers for Disease Control and
Prevention (CDC) and the U.S. Food and Drug Administration
(FDA). The CDC/FDA Vaccine Adverse Event Reporting System
(VAERS) was queried for reports of polymyalgia rheumatica (PMR)
from January 1, 1990, through January 30, 2026. This period
encompasses 433 months for all vaccines; however, COVID-19
vaccines were available to the public for only 61 of those 433
months (January 1, 2021, through January 30, 2026).

The null hypothesis was rejected. Significant safety signals
were observed when comparing PMR following COVID-19
vaccination with PMR following influenza vaccination. This
association persisted even when PMR following COVID-19
vaccination was compared with PMR following all other vaccines
combined including the influenza vaccines.

There were 2,227 reported cases of PMR following COVID-
19 vaccination during the 61 months after vaccine rollout. In
comparison, 233 cases were reported following influenza
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vaccination, and 526 cases were reported following all other
vaccines combined over a 433-month period.

Data are presented as odds ratios over time (ORt) with
corresponding 95% confidence intervals (CI), p-values, and Z
statistics, as follows:

e COVID-19 vaccination versus influenza vaccination:
69.4,51.4-93.6,p<0.0001,27.7;

e COVID-19 vaccination versus all other vaccines
combined: 30.7, 23.1 - 40.8, p <0.0001, 23.6

Case 1

A Sl-year-old previously healthy male developed symptoms
consistent with severe PMR in late 2025. An extensive evaluation
was performed and was unremarkable, except for elevated
inflammatory markers including an erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP). He had declined and never
received a COVID-19 vaccination but had a documented SARS-
CoV-2 infection in 2020. His PMR symptoms responded promptly
to a corticosteroid injection. Oral prednisone 20 mg daily was
initiated and gradually tapered to 15 mg; he remains in the process
of tapering to the lowest effective dose. Adjunctive measures include
nutraceutical supplementation, red light therapy, and sauna sessions.

A quantitative spike protein antibody assay (LabCorp)
demonstrated a level exceeding 21,000 U/mL. In the absence of
COVID-19 vaccination, elevated antibody level may have resulted
from prior infection or other exposure. The patient was a physician
and reported frequent close contact with recently vaccinated
individuals.

Case 2

A 65-year-old previously healthy male received two doses of the
Pfizer COVID-19 vaccine in 2021. In 2022, he developed severe
PMR symptoms characterized by bilateral shoulder pain and hip
muscle pain and stiffness. An extensive evaluation was
unremarkable except for elevated ESR and CRP levels. The
diagnosis of PMR was confirmed by a rheumatologist. He was
treated with oral prednisone 40 mg daily, followed by a gradual taper
to 5 mg daily over six months. He remains asymptomatic on a
maintenance dose of prednisone 5 mg daily.

Case 3

A 59-year-old previously healthy male physician developed PMR
symptoms two weeks after his second COVID-19 vaccine dose,
characterized by severe bilateral shoulder pain and hip pain and
stiffness. An extensive evaluation was negative except for elevated
ESR and CRP levels. Initial treatment included intramuscular
glucocorticoids for pain control, followed by oral prednisone
therapy. After a two-year course of treatment, the patient achieved
remission.

Discussion

We suspect the spike protein from SARS-CoV-2 infection or
COVID-19 vaccination can be a trigger for the onset of PMR.
Because vaccination did not prevent infection from SARS-CoV-2, it
is likely vaccinated individuals also had additional exposure to the
spike protein from infection. We identified significant safety signals
in the CDC/FDA Vaccine Adverse Event Reporting System
(VAERS) associated with COVID-19 vaccination and polymyalgia
rheumatica (PMR). The CDC/FDA considers a disproportionality
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ratio > 2 to constitute a safety signal 7!, After adjusting for the
duration of vaccine availability (in months), the odds ratio over time
(ORt) for PMR following COVID-19 vaccination compared with
influenza vaccination was 69.4 (95% CI, 51.4 - 93.6), p-value <
0.0001, and Z statistic = 27.7. Similarly, the ORt compared with all
other vaccines combined was 30.7 (95% CI, 23.1 - 40.8), p <0.0001,
and Z statistic = 23.6.

The Z statistics are useful in evaluating disproportionality
because it represents the number of standard deviations above the
mean. For example, a Z statistic greater than 6 is generally
considered  statistically —improbable, indicating that the
disproportionality lies far in the upper tail of the distribution and that
the likelihood of the observed association occurring by chance alone
is extremely low.

These findings demonstrate a disproportionate increase in
reports of PMR following COVID-19 vaccination. However, given
the passive nature of VAERS data, such findings indicate a signal
rather than establish causation. Prior publications are consistent with
our findings **4,

Our three case reports and findings are consistent with the 2024
study by Irani and colleagues, which also described three cases of

- ESR t

- CRP t
. Rapid steroid Compared to influenza vaccination:
espontse OR¢ = 69.4 (95% Ci: 51.4 — 93.6, p < 0.0001, Z = 27.7)

| Compared to all other vaccines:

OR¢ = 30.7 (95% Ci: 23.1 — 40.8, p < 0.0001, Z = 23.6)

VAERS COVID-19 Vaccine PMR Odds Ratios

PMR following COVID-19 vaccination *’!. The authors proposed
three potential mechanisms:

1. Preexisting factors that predispose individuals to PMR
following vaccination, such as the HLA-DRB1%*13:01
allele, potentially triggered by vaccine adjuvants;

2. Autoimmune syndromes induced by vaccine adjuvants;
and

3. Activation of Toll-like receptors, specifically TLR7 and
TLR9, which may contribute to the development of PMR
following immunization.

In addition to the mechanisms proposed by Irani et al., other
hypotheses include viral infections as potential triggers **=?1,

The body of evidence and association versus causation
linking COVID-19 infection and vaccination and PMR is extensive
and continues to evolve ¥ Although a causal relationship
between SARS-CoV-2 infection and or COVID-19 vaccination and
PMR has not been established, the observed temporal associations
may satisfy certain elements of the Bradford Hill criteria for
causation '%!. A schematic representation of the clinical phenotype
and proposed immunoinflammatory mechanisms underlying
COVID-19 vaccine—associated PMR is shown in Figure 1.

mRNA—LNP complex

'»,,

uuuu NA' i

TLR activation — Th17 skewing — IL-6 amplification
Dysregulated autoinflammatory response

Figure 1. COVID-19 vaccine-induced polymyalgia rheumatica.

Clinical depiction of bilateral proximal bursitis and synovitis characteristic of polymyalgia rheumatica (PMR) temporally associated with COVID-
19 vaccination. Shown are the VAERS odds ratios over time (ORt) for PMR following COVID-19 vaccination compared with influenza
vaccination (ORt = 69.4; 95% CI, 51.4-93.6; p < 0.0001; Z =27.7) and compared with all other vaccines combined (ORt = 30.7; 95% CI, 23.1—
40.8; p <0.0001; Z = 23.6). The schematic panel illustrates proposed mechanisms including lipid nanoparticle-mediated mRNA delivery, spike
protein expression, Toll-like receptor (TLR7/9) activation, Th17 skewing, and IL-6-mediated autoinflammatory amplification.

As illustrated in Case #1, another potential mechanism could involve
elevated spike protein exposure from SARS-CoV-2 infection
unrelated to COVID-19 vaccination or other vaccinations. Such
elevations may contribute to persistent inflammation through
cytokine dysregulation or molecular mimicry, potentially
exacerbating innate immune responses in susceptible individuals
(156571 n the authors’ clinical experience, spike antibody levels as
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high as those observed in Case #1 (>21,000 U/mL) have not been
seen following COVID-19 infection without vaccination, especially
five years after the acute COVID-19 infection.

One proposed explanation for the spike protein antibody
levels observed in Case #1 is not only infection from SARS-CoV-2
but also exposure to recently vaccinated individuals referred to as
shedding. It is conceivable that the patient developed PMR
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following such an exposure, particularly given that symptom onset
occurred approximately five years after his documented COVID-19
infection. This consideration may be relevant because the patient is
a physician with frequent close contact with recently vaccinated
individuals. Peters and colleagues and others describe the
occurrence of post-vaccination shedding, suggesting transmission of
spike protein, lipid nanoparticles, or vaccine mRNA via exosomes
or other bodily fluids *%¥. A recent study documents the presence
of vaccine mRNA and spike protein found in placentas even when
vaccination occurred before pregnancy — this contradicting the false
narrative that the vaccine mRNA and spike protein are cleared from
the body immediately [*I. This study [** supports many clinicians’
experience documenting the mechanism for the shedding event
occurring in some vaccinated individuals: the mRNA and spike
protein remain in the blood for an extended period of time and may
be shed through exosomes in bodily fluids, sweat, semen, or
breathing.

Polymyalgia rheumatica is a systemic inflammatory
condition characterized by severe bilateral proximal pain and
stiffness involving the shoulders and hips, marked morning stiffness,
fatigue, and elevated inflammatory markers such as C-reactive
protein (CRP). Symptoms typically respond promptly to
glucocorticoid therapy '®°!. Pathologically, PMR is associated with
bursitis, synovitis, and tenosynovitis, with minimal myositis,
distinguishing it from primary myopathic disorders "', Genetic
susceptibility, including associations with HLA-DR4 alleles, in
combination with environmental triggers such as infections, appears
to promote macrophage and T-cell infiltration into synovial
structures 131,

Beyond rheumatologic  manifestations, orthopedic
complications have been reported in association with COVID-19
and spike protein exposure, though they may be underrecognized in
clinical discussions and the medical literature. It has been
hypothesized that spike protein exposure—whether related to viral
infection or vaccination—may contribute to endothelial dysfunction
and microvascular thrombosis, potentially affecting musculoskeletal
tissue integrity and repair mechanisms %%l It is plausible that the
presence of high levels of spike protein contribute not only to acute
injuries, but also to delayed healing. McCullough expanded on these
concerns reporting on painful osteoporotic microfractures and
orthopedic injuries in younger persons after COVID-19 vaccination
671 The mechanisms lie in spike protein-driven immune
dysregulation, RANKL/OPG imbalance, and cytokine-driven bone
resorption '®!. McCullough reviews other studies documenting
orthopedic injuries after COVID-19 vaccinations °¢%°, [66-69]

Ursini reported a spectrum of short-term inflammatory
musculoskeletal manifestations after COVID-19 vaccination in a
report of 66 cases '®®l. Park also has published a retrospective,
nationwide cohort study in preprint medRxiv analyzing the Korean
National Health Insurance database !""!. They found that a variety of
inflammatory musculoskeletal disorders such as plantar fasciitis,
rotator cuff syndrome, adhesive capsulitis, herniated intervertebral
disc, spondylosis, bursitis, Achilles tendinitis, and de-Quervain
tenosynovitis were more likely to occur in COVID-19 vaccinated
versus unvaccinated individuals !, Similar hypotheses have been
advanced regarding post-vaccination musculoskeletal symptoms,
suggesting that inflammatory and oxidative stress mechanisms may
contribute to connective tissue disruption *°!,

A notable real-world example involves the San Francisco
49ers professional football team, which experienced an increase in
soft tissue injuries—including Achilles tendon ruptures and muscle
strains—during the 2020-2021 seasons, a period coinciding with
widespread COVID-19 exposure among athletes "I, Some,
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including the NFL Player Association "?! consider the possibility
that these injuries could be related to electromagnetic fields (EMF)
from a nearby substation while others dismiss these claims 7>74I,
COVID-19 vaccination induced spike protein-driven inflammation
is a more plausible explanation 5%, It is possible that COVID-19
vaccine induced spike protein-driven inflammation could be
potentiated by EMF and other factors. In 2023 McCullough and
colleagues reviewed strategies to reduce the spike protein burden
including nutraceutical agents such as nattokinase, bromelain, and
curcumin 5751 These nutraceuticals mitigate inflammation,
oxidative stress, and thrombotic risk **75!. However, robust clinical
evidence supporting these interventions in this specific context
remains limited.

The limitations of this study include its retrospective design.
The case reports are anecdotal but are supported by other research
studies discussed above. Passive surveillance systems like VAERS
may underestimate the true incidence of an adverse outcome. The
Harvard Pilgrim Project demonstrated that only about 1% of vaccine
injuries were picked up by VAERS, although the exact sensitivity
would vary by the specific vaccine injury "% In the case of PMR,
delayed symptom onset could further reduce reporting rates to far
lower than 1%. Given these considerations, there could be more than
250,000 cases of PMR associated with the COVID-19 vaccines.

Conclusions

In this retrospective VAERS analysis, we identified a strong safety
signal between COVID-19 vaccination and polymyalgia
rheumatica. The strength of the signal, its statistical robustness, and
its consistency with observed clinical cases and biologically
plausible immunoinflammatory mechanisms suggest the need for
heightened clinical awareness of PMR occurring temporally
following COVID-19 vaccination. Future research should prioritize
validation of direct assays for spike protein detection rather than
relying solely on surrogate antibody measurements. Additional
investigation is also warranted to clarify the role of COVID-19
vaccinations and spike protein in musculoskeletal pathology and to
evaluate preventive or therapeutic strategies that may mitigate the
high spike protein burden.
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