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Adjuvants in COVID-19 vaccines: innocent 
bystanders or culpable abettors for stirring 
up COVID-heart syndrome
Sri Harsha Kanuri  and Prapthi Jayesh Sirrkay

Abstract:  COVID-19 infection is a multi-system clinical disorder that was associated with 
increased morbidity and mortality. Even though antiviral therapies such as Remdesvir 
offered modest efficacy in reducing the mortality and morbidity, they were not efficacious in 
reducing the risk of future infections. So, FDA approved COVID-19 vaccines which are widely 
administered in the general population worldwide. These COVID-19 vaccines offered a safety 
net against future infections and re-infections. Most of these vaccines contain inactivated 
virus or spike protein mRNA that are primarily responsible for inducing innate and adaptive 
immunity. These vaccines were also formulated to contain supplementary adjuvants that are 
beneficial in boosting the immune response. During the pandemic, clinicians all over the world 
witnessed an uprise in the incidence and prevalence of cardiovascular diseases (COVID-Heart 
Syndrome) in patients with and without cardiovascular risk factors. Clinical researchers were 
not certain about the underlying reason for the upsurge of cardiovascular disorders with some 
blaming them on COVID-19 infections while others blaming them on COVID-19 vaccines. Based 
on the literature review, we hypothesize that adjuvants included in the COVID-19 vaccines are 
the real culprits for causation of cardiovascular disorders. Operation of various pathological 
signaling events under the influence of these adjuvants including autoimmunity, bystander 
effect, direct toxicity, anti-phospholipid syndrome (APS), anaphylaxis, hypersensitivity, genetic 
susceptibility, epitope spreading, and anti-idiotypic antibodies were partially responsible for 
stirring up the onset of cardiovascular disorders. With these mechanisms in place, a minor 
contribution from COVID-19 virus itself cannot be ruled out. With that being said, we strongly 
advocate for careful selection of vaccine adjuvants included in COVID-19 vaccines so that 
future adverse cardiac disorders can be averted.
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Role of COVID-19 vaccines in casuation of cardiovascular diseases

COVID-19 infection is a multi-system clinical disorder that was associated with increased 
morbidity and mortality. Even though antiviral therapies such as Remdesvir offered mod-
est efficacy in reducing the mortality and morbidity, they were not efficacious in reducing 
the risk of future infections. So, FDA approved COVID-19 vaccines which are widely ad-
ministered in the general population worldwide. These COVID-19 vaccines offered safety 
net against future infections and re-infections. Most of these vaccines contain inactivated 
virus or spike protein mRNA that are primary responsible for inducing innate and adaptive 
immunity. These vaccines were also formulated to contain supplementary adjuvants that 
are beneficial in boosting the immune response. During the pandemic, clinicians all over 
the world witnessed an uprise in the incidence and prevalence of cardiovascular diseases 
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Introduction
Since its origin in China, COVID-19 infection 
has become a global pandemic involving almost 
185 countries worldwide with more than 
3000,000 cases worldwide and approximately 
210,000 deaths. In the United States alone, 
COVID-19 virus accounted for 30.6 million cases 
and 550,000 deaths.1 In a recent study involving 
US veteran affairs of national healthcare data-
bases, a cohort of 153,760 US veterans who lived 
through COVID-19 infection experienced height-
ened risk and 12-month liability for developing 
future cardiovascular diseases.2 Furthermore, this 
study guesstimated that the increased risk was 
directly proportional to the disease severity and 
was more rampant in non-hospitalized COVID-
19 patients.2 That being the case, the incidence 
and prevalence of cardiovascular disorders have 
shown an escalating trend during the COVID-19 
pandemic.

The spectrum of cardiovascular disorders encoun-
tered during the recently concluded pandemic 
included myocarditis, arrythmias, thromboembo-
lism, coronary artery disease, acute heart failure 
and Takotsubo cardiomyopathy.3,4 Keeping in 
mind very propitious reports regarding the 
increased vaccine effectiveness of COVID-19 
mRNA vaccines (25% and 68%) following 

second and third doses, full compliance with the 
vaccination protocol was advocated in the United 
States and the rest of the world.5 Henceforth, 
approximately 230,637,468 or 70% of the US 
population were fully protected with two doses of 
CDC-recommended vaccines (Pfizer-BioNTech, 
Moderna, Johnson& Johnson and Novavax).6,7 
Whole population health study in the United 
Kingdom that scrutinized the electronic health 
records uncovered that these vaccines dwindle 
the risk of developing myocardial infarction in 
older age groups (>70 years and <70 years).8 On 
the contrary these vaccines are also alleged to 
instigate post vaccine cardiovascular complica-
tions including myocarditis [87 (131.7)], venous 
thromboembolism [626 (951.9)], DIC [87 
(45.4)], pulmonary embolism [503 (762.8)], and 
acute myocardial infarction [613 (935.3)] events 
per million person-years.9

Discussion

Culpability of vaccine adjuvants in COVID-19 
HEART SYNDROME: Master regulator for 
triggering the pathological switch
According to CDC, COVID-19 vaccines primar-
ily are composed of COVID-19 spike mRNA and 
vaccine adjuvants or immune boosters.

(COVID-Heart Syndrome) in patients with and without cardiovascular risk factors. Clinical 
researchers were not certain the underlying reason for upsurge of cardiovascular disorder 
with some blaming them on COVID-19 infections while others blaming them on COVID-19 
vaccines. Based on the literature review, we hypothesize that adjuvants included in the 
COVID-19 vaccines the real culprits for causation of cardiovascular disorders. Operation 
of various pathological signaling events under the influence of these adjuvants including 
autoimmunity, bystander effect, direct toxicity, anti-phospholipid syndrome (APS), anaphy-
laxis, hypersensitivity, genetic susceptibility, epitope spreading, and anti-idiotypic antibod-
ies were partially responsible for stirring up the onset of cardiovascular disorders. With 
these mechanisms in place, a minor contribution from COVID-19 virus itself cannot be ruled 
out. With that being said, we strongly advocate for careful selection of vaccine adjuvants 
included in COVID-19 vaccines so that future adverse cardiac disorders can be averted.
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Given the scope of cardiovascular disorders, it 
would be logical to interpret that COVID-19 
spike mRNA might be the likely culprit behind 
inception of these above-mentioned cardiovascu-
lar disorders. In fact, there are few reports that 
speculate the deployment of pathological signal-
ing events post COVID-19 vaccination that keeps 
the ball rolling for materialization of various car-
diovascular disorders. It is likely that an amalga-
mation of malignant aberrations ranging from 
COVID-19 spike mRNA auto-reactivity, molecu-
lar mimicry, autoimmunity, to abnormal immune 
responses were partially incriminated in causation 
of these cardiac disorders.10 On the other hand, 
COVID-19 virus due to its inherent baneful 
potency can provoke these cardiovascular abnor-
malities via cytokine storm, sepsis, autoimmun-
ity, molecular mimicry, and direct cardiomyocyte 
invasion.10–13

Most of the current evidence as of now inculpates 
COVID-19 spike mRNA as the principal and 
supereminent ingredient for instigating these car-
diac abnormalities. However relative contribution 
of immune adjuvants which are innocent bystand-
ers in the vaccine cocktail cannot be completely 
disregarded. As a matter of fact, these immune 
boosters can possibly be equally vicious by infuri-
ating nefarious signaling pathways that can possi-
bly engender COVID-19 heart syndrome. A 
foreseeable scenario is that COVID-19 spike 
mRNA and vaccine adjuvants can work like hand 
in glove for giving rise to these cardiac abnormali-
ties. Although the physiological efficacy of these 
vaccine adjuvants is well known, their relative role 
in triggering cardiac pathology is unexplored. With 
this review, we would like to bring to light some 
vital information regarding the types, physiological 
functioning, and mechanism of commonly used 
vaccine adjuvants in COVID-19 vaccines. Taking 
a step further, we would like to discuss their perni-
cious role in fomenting virulent signaling as well as 
maladaptive immune responses which in close col-
lusion might incite COVID-HEART syndrome.

We strongly advocate that this small step would 
be a future steppingstone for launching future 
research studies with these vaccine adjuvants. 
This would lend a helping hand to thoroughly 
scrutinize their potential role in perturbing the 
protective immune response and maneuvering it 
into a deleterious counterstrike that is sooner or 
later targeted toward cardiac tissues. Even though 

it would be a herculean task to assess their viru-
lent effect separately from COVID-19 mRNA, at 
least a thorough comprehension of their malig-
nant role would be benevolent in making small 
strides for crafting future COVID-19 vaccines 
less cardiotoxic for the general population.

Working strategy of Spike mRNA in COVID-19 
vaccines
The fundamental and primary component of 
COVID-19 vaccines is spike mRNA which is pri-
marily responsible for conjuring anti-viral immune 
response as well as arousing immunological mem-
ory. Once COVID-19 spike mRNA enters the 
systemic circulation, it executes its effect by virtue 
of invoking dendritic cell maturation as well as 
engendering resilient T-cell and B-cell response.14 
Upon entering the cells, it will be spotted by an 
array of endosomal (TLR3, TLR7, and TLR8) 
and cytosolic (PKR, OAS, MDA5 &RIG-1) 
antennae or sensing agents.14 This is a cardinal 
and pre-requisite step which can be the harbinger 
for subsequent downstream signaling events and 
upping of hardy anti-viral immune response. As 
the spike mRNAs are perceived by these sensing 
molecules, the next series of steps are dedicated 
in begetting of type-1 interferons (IFNs) which 
eventually decamps cellular milieu into the blood 
stream. In the systemic circulation these IFNs 
engineer through energizing CD80 and CD den-
dritic cells and stimulating MHC (Major 
Histocompatability Complex) class I and II mol-
ecules. Stimulation of these molecules accom-
plishes their task of maneuvering the immune 
response toward COVID-19 virus.

Why do the COVID-19 mRNA vaccines need 
adjuvants? What is the premise behind 
inclusion of these adjuvants
In the past, whole virus inactivated vaccines were 
administered for vaccination among all the age 
groups. Unfortunately, despite their decent effi-
cacy in kindling reasonable immune response, 
they are associated with deplorable side effects 
particularly in the elderly population.15,16 To cir-
cumvent this issue, researchers started to incor-
porate fractioned viruses or purified antigens in 
the vaccine formulations hoping that this miti-
gates side effects experienced while retaining their 
potency.15,17 Unfortunately, decreased toxicity 
resulting from these vaccine structural alterations 
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were offset by waning vaccine productiveness.15,18 
In the hope of finding a working solution to this 
problem, scientists blended vaccine adjuvants 
with fractionated viral proteins to ensure that vac-
cine efficaciousness is retained along with mini-
mal side effect profile.

The two components of the COVID-19 vaccine 
namely spike mRNA (antigen) and adjuvants 
(accessory) work like hand in glove where antigen 
component to a greater degree is responsible for 
stimulating adaptive immunity while accessory 
component is essentially dedicated to rejuvenat-
ing innate immunity.19,20 These adjuvants are 
comprised of pathogen-recognized molecular 
patterns that are recognized by pattern recogni-
tion receptors (PRRs) such as Toll-like receptors 
(TLRs) present on the membrane of dendritic 
cells.20,21 Appropriate meshing of adjuvants with 
PRRs on the dendritic cells results in their activa-
tion and their subsequent immigration to the 
neighboring lymph nodes (LNs).19 Emigration of 
these dendritic cells in the LNs enables interac-
tion as well as collaboration with resident lym-
phocytes.19 Specifically, T-cell receptor of 
lymphocytes entangles with peptide MHC class II 
molecule receptor on these dendritic cells.20 This 
leads to positive co-stimulation and eventual acti-
vation of T-lymphocytes. Subsequently, these 
T-lymphocytes are metamorphosed into three 
classes namely Th1, Th2, and regulatory lympho-
cytes.20,21 One important thing to underscore 
here is that viral infection dictates the preponder-
ance of Th1 lymphocyte lineage whereas parasitic 
infections mandate the proliferation of Th2 lym-
phocyte family descendants.20 In the next series 
of steps necessary revamping is enacted so that 
these proliferated lymphocytes reach and take ref-
uge in the appropriate target tissue for shielding 
against forthcoming infections. This task is skill-
fully consummated by intertwining target-specific 
homing receptor on their plasma membrane.20 
Post amalgamation of homing receptor, these 
newly generated lymphocytes will depart LN and 
cruise through the blood vessels to reach their 
pre-destined target tissue.20 After taking sanctu-
ary in the target tissue, these lymphocytes are 
encumbered with the responsibility of defending 
the tissue against future microbial infections.20

Types of vaccine adjuvants used in COVID-19 vac-
cines.  The adjuvants used in COVID-19 vac-
cines can be categorized into five classes namely 

Aluminum salt-based, Emulsion-based, TLR 
agonists, Metabolic, Cell death, and Epigene-
tic.15,22 Each of these adjuvants instigate different 
mechanisms that are ultimately responsible for 
onset of spectrum of cardiovascular diseases seen 
in COVID-19 patients and those receiving vacci-
nation (Figure 1). This review provides a brief 
overview of different mechanisms that can be 
arising out of these adjuvants, and each might be 
contributing at least partially to instigate cardio-
myocyte damage.

Modus operandi for plotting cardiotoxicity by 
these adjuvants
Triggering of autoimmunity geared toward myocar-
dium.  Coxsackie virus-induced myocarditis ani-
mal models were previously utilized for exploring 
and understanding the relationship between auto-
immunity and myocarditis.23 It appears that there 
is an element of molecular mimicry involved 
which literally means that there is overlapping  
of sequences between viral epitopes and self- 
antigens expressed on myocardial cells.24 Due to 
this cross-sharing of antigen-epitopes, neo-anti-
bodies provoked by coxsackie viral antigens tra-
verse along circulation and make their way toward 
myocardium.21

In autoimmune myocarditis and dilated cardio-
myopathy, one of most prominent targets for 
inception of myocardial injury is cardiac-specific 
α-myosin isoform.25,26 Some of the patients with 
autoimmune dilated cardiomyopathy have been 
found to have autoantibodies devised against β-1 
adrenergic receptor.27 Most specifically, these 
antibodies that are mass-produced during autoim-
mune phenomenon principally belong to IgG3 
subclass.28 It has been documented that mice 
hearts which have a propensity to develop autoim-
mune myocarditis are bound to express myosin in 
the extracellular matrix over and above its expres-
sion within the cardiomyocytes.29 It is logical to 
assume that this supernumerary extracellular 
expression of myosin is considered a liability as 
auto-antibodies floating around in the circulation 
recognize and interblend with them. Accordingly, 
prior mice studies reveal that overproduced IgG 
antibodies are prone to bind to myosin or myosin-
like protein which is predominantly expressed in 
the extracellular matrix of cardiomyocytes result-
ing in formation of antigen–antibody complexes.29 
Accumulation of antigen–antibody complexes 
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within the extracellular matrix of myocardium can 
be detrimental as it paves the way for incipiency of 
myocarditis.

Vacccines harboring oil emulsion adjuvants and 
TLR agonist adjuvants were shown to instigate a 
spectrum of autoimmune diseases ranging from 
autoimmune diseases ranging from arthritis, 
lupus, hypothyroidism, vitiligo, and hepatitis.30–33 
The underlying premise based on which induction 
of autoimmune disease transpires is via eroding 
self-tolerance, exuberant synthesis of auto-reac-
tive T-cells and massive production of IL-1 and 
IL-17.34–36 It is possible that precedent COVID-
19 infection might have engendered subclinical 
myocardial injury thereby sparking exudation of 
cardiac self-antigens into the circulation. In such a 

scenario, autoantibodies brought into existence 
against these spilled self-antigens along with circu-
lating self-reactive T-cells and cytokine storm can 
rouse the onset of autoimmune myocarditis in 
genetically susceptible individuals. Plausibly, 
some of the adjuvants can induce the generation 
of autoantibodies even without the exposure of 
self-antigens. In rodents and salmon fish, admin-
istration of oil adjuvants in vaccine were associ-
ated with formation of autoantibodies along with 
Systemic Lupus Erythematosus (SLE)-like syn-
drome, immune complex glomerulonephritis, 
arthritis and granulomatous hepatitis.37

Bystander effect.  An alternative mechanism 
called bystander effect has been described in the 
literature where viral infection can potentially 

Figure 1.  Pathological mechanism operating under the influence of vaccine adjuvants. Adjuvants included in the 
COVID-19 vaccine stir up a wide range of pathological events such as direct toxicity, autoimmunity, bystander 
effect, anti-phospholipid syndrome, hypersensitivity, genetic susceptibility, epitope spreading, and anti-idiotype 
antibodies. These processes are set to operate in the background and can wholly or partially be responsible for 
whipping of cardiovascular disorders in patients receiving COVID-19 vaccines. A minor contribution from previous 
COVID-19 infection can also be implicated in aiding the cardiotoxicity of these adjuvants. So, we strongly advocate 
for careful screening of any adjuvants included in the cocktail of COVID-19 vaccines.
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unmask, and release hidden self-antigens from 
the body tissues there launching a chain reaction 
for subsequent development of autoimmu-
nity.38–40 In Coxsackie-induced diabetes, it was 
revealed that that viral infection resulted in local 
pancreatic tissue damage and subsequent 
decamping of concealed islet antigens into the 
systemic circulation.39 Breaking loose of these 
segregated self-antigens from their habitat results 
in budding of re-energized auto-reactive T-cells.39 
These over-reactive and motivated T-cells can be 
a driving force for autoimmune-mediated destruc-
tion of pancreatic tissue thereby instigating the 
onset of pancreatitis in the setting of coxsackie 
viral infections.39 This bystander effect can be a 
potential underlying mechanism for occurrence 
of myocarditis in COVID-vaccinated individuals.

Adjuvants that are currently incorporated in the 
COVID vaccines might conceivably incite subclin-
ical myocardial inflammation and thereby boost 
the extracellular expression of myosin or instigate 
extravasation of myosin from within cardiomyo-
cytes. Exposing of self-antigens such as myosin ini-
tiates a chain of events that will ultimately culminate 
in myocarditis and cardiomyopathy. Autoimmune 
myocarditis is putatively seen more frequently in 
patients in other existing diseases such as Grave’s 
disease, Celiac Disease, and SLE.29,41 As compared 
to the general population, these high-risk patients 
are inherently more fated to develop auto-antibod-
ies if there is unmasking of self-antigens in the 
body tissues. That being the case, this unmasking 
of self-antigens can enkindle the generation of 
autoantibodies which eventually resettle in myo-
cardial tissues. Once they transmigrate into the 
myocardium it will also bring to existence a poten-
tial binding domain for these circulating autoim-
mune antibodies in the blood to interact and 
couple with these unshielded self-antigens. Once 
these auto-antibodies transmigrate to the myocar-
dium, it will sow the seeds for creation of a scaf-
folding where circulating autoimmune antibodies 
can bind with unmasked myocardial self-antigens. 
This lead to formation of antigen-autoantibody 
complexes in the myocardium with the resultant 
un forrseen consequences. On top of that, shack-
ling of IgG-myosin complexes in the extracellular 
milieu of cardiomyocytes might plausibly become 
a launch pad for kickstarting pathogenic signaling 
pathways that ultimately effectuate and abet myo-
carditis as well as dilated cardiomyopathy in the 
susceptible patients.

Over and above that, these exposed self-antigens 
such as myosin can be the driving force for repli-
cation of cardiac-specific auto-reactive T-cells, 
which can subsequently attack the myocardium 
thereby causing myocarditis.42

Direct toxicity of adjuvants.  Some of the adjuvants 
used in the vaccines can be directly toxic to the 
myocardial tissues. For example, aluminum which 
is a commonly used adjuvant is known for its 
nefarious features such as oxidative stress, inflam-
matory gene expression, apoptotic gene expres-
sion, immunotoxicity as well as disruption of 
physiological cellular pathways.43–46 Previous 
reports even unearthed the proposition that alu-
minum-based adjuvants are blameworthy for 
inciting NLRP3 inflammasome activation in den-
dritic cells as well as B&T lymphocytes.47 The 
resulting after-effects from this NLRP3 activation 
in the immune cells can lay the foundation for 
kickstarting disastrous consequences in the myo-
cardial tissues. Furthermore, aluminum adjuvants 
were also notorious to trigger Th2 immune bias 
which is principally characterized by elevated levels 
of IgE and eosinophils.48,49 Vaccination with alumi-
num adjuvant SARS COVID-19 vaccines in mice 
resulted in Th2-type lung immunopathology with 
predominant eosinophilia bringing to light para-
mount presumption of prevailing hypersensitivity 
against these adjuvants.49,50 Pragmatically, substi-
tution of these aluminum-based adjuvants with 
delta inulin-based adjuvants in the COVID-19 
vaccines was associated with decreased risk of 
developing Th2-based lung immunopathology in 
mice.49 Full-fledged engagement of this phenome-
non entails massive production of IL-4, IL-5, and 
IL-13 cytokines which plausibly have deleterious 
consequences in lung as well as neighboring heart 
tissues due to their anatomical proximity.51 On top 
of that, there is also a high probability that this 
Th2-mediated hypersensitivity and inflammation 
can spill over from lung to neighboring myocardial 
tissues thereby inciting pathological consequences 
such as pericarditis, myocarditis, and arrhythmias.

Antiphosphospholipid syndrome.  Mice studies 
have revealed that vaccines containing aluminum 
adjuvants were previously associated with devel-
opment of Antiphosphospholipid syndrome (APS) 
syndrome.48,52,53 The mice developed fetal resorp-
tion and decreased fecundity secondary to super-
lative T-lymphocyte activation and polyclonal 
B-cell stimulation.52 Aluminum’s inherent 
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cytotoxicity along with amassment of uric acid 
and release of intracellular DNA can putatively 
trigger NLRP3 inflammasome in dendritic cell 
and T-lymphocyte populations.54–57 These cellular 
alterations can kickstart revamped adaptive 
immune responses leading to augmented manu-
facture of anti-phospholipid antibodies.58,59 These 
autoantibodies can subsequently bind to nega-
tively charged phospholipids, platelets and endo-
thelial cells giving rise to APS syndrome.58–60 Once 
APS syndrome materializes, secondary inflamma-
tion and hyper thrombotic tendency can fast-track 
the emergence of cardiovascular manifestations 
such as coronary artery disease, valvular disease, 
pulmonary hypertension, intra-cardiac thrombi 
and cardiomyopathy.61 Some of the vaccines that 
are currently in clinical and preclinical trials have 
incorporated TLR agonists (TLR3, TLR4, TLR5, 
TLR7/8, and TLR9) which have a propensity to 
instigate APS syndrome by a combination of 
bizarre immune counterattack, molecular mim-
icry and bystander effect.54,62

Anaphylaxis and hypersensitivity.  Anaphylaxis can 
be one of the important mechanisms that might be 
plausibly responsible for onset of cardiovascular 
diseases particularly with incorporation of specific 
types of adjuvants. In such a scenario, adjuvants 
such as metal ions tend to act as haptens and 
tether with MHC class II complex of αβ T cells.63 
Once this interaction is consummated, there will 
be substantial alteration of binding structure of 
MHC class II molecule on T-cells which ultimately 
becomes the basis for launching a hypersensitivity 
response.63 This type of mechanism holds true 
particularly when metal adjuvants such as alumi-
num, nickel, gold, and mercury are incorporated 
in vaccines.43,63 With the polysaccharide adjuvants, 
activation of complement system, spilling of ana-
phylatoxins, mast cell stimulation, and anaphylac-
toid shock might be the lurking manifestations in 
all likelihood inciting indirect adverse repercus-
sions upon the myocardium.48

Genetic susceptibility.  Autoimmune syndrome 
induced by adjuvants (ASIA) is a clinical spec-
trum characterized by myopathy, arthralgias, neu-
rological impairments, gastrointestinal symptoms, 
respiratory signs, skin involvement, and auto- 
antibodies.64,65 The prevalence of this disorder is 
specifically seen in the individuals with HLA 
DRB1 and HLA DQB1 genes.64,65 Practically 
speaking, it is not feasible to assess the genetic 

profile of all the vaccinated individuals to assess 
their risk of autoimmune syndrome. But these 
reports bring to light genetic susceptibility as a 
lurking risk factor and this presumption needs to 
be taken into account particularly in individuals 
with prior history of autoimmune diseases.

Epitope spreading.  According to Powell and Black, 
A.M. epitope spreading literally means immune 
cells and antibodies develop a proclivity to strike 
not only foreign antigens but also non-specific and 
non-reactive self-antigens during immune surveil-
lance.66 In other words, reactive T-cells develop 
broad specificity so that they are free to carry on 
their crusade against a wide variety of self-antigens 
that become unmasked secondary to tissue dam-
age. Generally, this epitope spreading is bound to 
be protective and offered recovery in animal model 
of acute adjuvant arthritis. Unfortunately in other 
disease models such as multiple sclerosis and type 
I diabetes, haphazard and uncontrolled epitope 
spreading had been instrumental in sparking tis-
sue injury and effectuated in disease progression 
and tissue injury.66 Furthermore, epitope spread-
ing has been implicated in the pathogenesis of 
autoimmune skin diseases, periodontitis, autoim-
mune bullous diseases, multiple sclerosis, and 
autoimmune encephalomyelitis.67–70 In multiple 
sclerosis and autoimmune encephalomyelitis, pro-
pelling of disease progression is primarily contin-
gent upon transition of autoreactivity from 
primary antigen epitopes to secondary antigen 
epitopes.67 Epitope spreading is speculated to be 
occurring in two phases.70 In the first phase, pri-
mary antigen epitope is processed by APC (anti-
gen presenting cells) and presented to T-helper 
cells via MHC class II proteins.70 Subsequently, 
activated T-helper cells collude with local macro-
phages and hereafter trigger tissue damage 
through secretion of mediators such as IFN -γ 
(Interferon gamma), TNFβ (tumor necrosis factor 
alpha) and LT (Leukotrienes).70 In the secondary 
phase this preceding tissue damage instigates the 
spilling of secondary antigen that is eventually 
handled by APCs.70 Sooner or later, this second-
ary antigen is presented to naïve T-cells, and this 
breeds cell- or antibody-mediated autoimmunity 
against secondary antigen.70 This adjuvant medi-
ated epitope spreading can be the underlying 
premise based on which cardiac damage emanates 
thereby prompting the onset of autoimmune-
mediated myocarditis, pericarditis, arrhythmias, 
and cardiomyopathy in vaccinated individuals. 
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Although this phenomenon cannot happen alone, 
it can be presumed to proceed parallelly along 
with other mechanisms set in motion by entry of 
toxic adjuvants into the body.

Idiotypic and anti-idiotype antibodies.  This is one 
of the predominant and plausible mechanisms 
through which adjuvants might sooner or later 
affect myocardial tissues. It is already well estab-
lished that adjuvants by themselves or via uncov-
ering of self-antigens might be influential in 
eliciting the generation of autoantibodies. In this 
hypothesis, these autoantibodies can conceivably 
act as self-antigens and trigger the generation of 
anti-idiotypic antibodies that at some point inflict 
myocardial damage.71 Previous reports theorize 
that autoantibodies were witnessed in 50% of the 
hospitalized COVID-19 patients.72 These anti-
bodies in all likelihood can target self-antigens 
thereby enkindling the onset of autoimmune dis-
eases such as multiple sclerosis, myositis, and oth-
ers in COVID-19 patients.72 In addition to 
targeting self-antigens, these COVID-19 autoan-
tibodies can restructure themselves to display 
novel antigen epitopes and operate as self-anti-
gens.71–73 With that being said, autoantibodies 
assuming a new role as self-antigens can spawn 
the breeding of anti-idiotype antibodies which 
will belatedly target myocardial tissues to trigger 
inflammation and cardiomyopathy.71–73 The 
occurrence of this phenomenon is widely docu-
mented in diseases such as type I diabetes, Sjo-
gren’s syndrome, Systemic lupus erythematosus 
(SLE) and neonatal lupus syndrome.71,74 We pre-
sume that breeding of anti-idiotype antibodies 
might at least have a fair share of culpability in 
impelling the pathogenic signaling pathways that 
ultimately culminate into myocardial inflamma-
tion, cardiomyopathy and arrhythmias in COVID-
19 vaccinated individuals.

COVID-19 restrictions and the impacts on 
cardiovascular risk factors
The prevalence of cardiovascular comorbidities 
and the association of such conditions with 
COVID-19 infection results in increased mortal-
ity and morbidity. Their findings underscore the 
importance of considering cardiovascular health 
in the context of COVID-19.75 Studies emphasize 
the significance of understanding the interplay 
between comorbidities and COVID-19 out-
comes, particularly among the athletes.76 The 

consequences of quarantine measures on increas-
ing cardiovascular risk among COVID-19 
patients has been demonstrated in few prior stud-
ies so far. There are adverse effects of lifestyle 
changes during quarantine, including unhealthy 
dietary habits and reduced physical activity,  
and their potential long-term implications for car-
diovascular health.77 Collectively, these studies 
underscore the complex relationship between 
COVID-19, cardiovascular comorbidities, and 
the broader public health implications of pan-
demic-related restrictions on lifestyle. The pan-
demic has emphasized the importance of vitamin 
D, physical activity, and managing obesity to 
reduce cardiovascular risk.78 The COVID-19 
restrictions introduced many complex factors, 
including changes in lifestyle, social isolation, 
psychological stress, and economic challenges. 
These factors collectively contributed to an 
increased risk of cardiovascular events. Adjuvants, 
in this context, are viewed as potential catalysts 
that exacerbate the underlying mechanisms link-
ing these restrictions to cardiovascular risks. This 
creates a direct link between the restrictions, 
adjuvants, and the heightened cardiovascular risk 
among COVID-19 patients.

Studies about the COVID-19 pandemic and its 
public health responses, including the impact on 
CV risk factors, healthcare access, and mental 
health, highly emphasize the importance of tele-
health interventions in mitigating these risks. 
Telehealth has played a critical role in providing 
healthcare services during the COVID-19 pan-
demic, allowing patients to manage CV risk fac-
tors remotely.79 Studies discuss several challenges 
faced in cardiovascular disease prevention and 
management during the COVID-19 pandemic, 
including disruptions in routine healthcare ser-
vices, delays in elective procedures, reduced 
access to healthcare facilities, and altered patient 
behaviors due to fear and restrictions.80,81 These 
challenges have the potential to impact cardiovas-
cular disease outcomes and risk factor manage-
ment, highlighting the need for solutions to 
maintain and enhance cardiovascular health dur-
ing such pandemic crises.

Which adjuvants are not safe to use in  
COVID Vaccines
Aluminum adjuvants.  Research suggests that  
these adjuvants are associated with serious 
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immunological disorders with high propensity to 
develop autoimmunity, neurological inflamma-
tion, and other associated widespread systemic 
complications including cardiovascular disor-
ders.82,83 Aluminum is associated with autoimmu-
nity-associated adjuvants syndrome (ASIA) as 
well as autism due to hyperactive immune sys-
tem.84,85 A recent study showed that aluminum 
adjuvants are associated with impairment of social 
impairments if administered in early postnatal 
development86. Rare cases of antiphospholipid 
syndrome (APS) have also been reported  
with usage of aluminum adjuvants in tetanus 
vaccines.53

Based on these studies, it would be prudent to use 
some caution and discourage the incorporation of 
aluminum adjuvants in COVID-vaccines to 
reduce the risk of autoimmune and inflammatory 
conditions including cardiovascular disorders.

Oil emulsion Adjuvants (CFA, MF59, AS02, and 
AS03).  Oil emulsion adjuvants are known to trig-
ger the production of pro-inflammatory cytokines 
(IL-1, IL-17).35,48,87 These cytokines are impli-
cated in collapse of self-tolerance.34,48 This will 
permit the percolation of self-reactive T-cell across 
the blood-brain barrier leading to increased pro-
pensity to develop autoimmune diseases includ-
ing multiple sclerosis, experimental allergic 
encephalitis, and narcolepsy.48,87–89 Due to their 
inherent nature to disrupt the self-tolerance, these 
adjuvants might possibly also increase the risk of 
inciting autoimmune cardiovascular disorders.

TLR agonist adjuvants.  TLR9 agonists tagged to 
unmethylated CpG has been used in a wide vari-
ety of vaccines including disease (hepatitis B, 
influenza, malaria, anthrax, human immunodefi-
ciency virus [HIV]), cancer (melanoma, non-
small cell lung cancer) and allergic rhinitis.90,91 
TLR9 agonist used in hepatitis-B vaccination was 
associated with development of autoimmune 
Wegener’s granulomatosis, autoimmunity, Vitil-
igo, and hypothyroidism.33,48,92

Caution is needed regarding the selection of 
adjuvants in COVID-19 vaccines
Keeping in mind the proclivity of some of the 
adjuvants in the causation autoimmune diseases, 
appropriate caution is necessary when future 
COVID-19 vaccines are formulated. Furthermore, 

the susceptibility to develop these autoimmune 
diseases is also dependent on their genetic back-
ground. For example, severe autoimmune reac-
tions were noticed particularly in the individuals 
with DRB01*01 genetic background.93 Also, 
patients with 20%–25% of type-1 diabetes melli-
tus were more prone to develop anti-thyroid anti-
bodies as well as clinical autoimmune thyroid 
disease.94 In these susceptible individuals, the 
interaction between self and microbial antigens 
will most likely transmute a protective immune 
response into a self-destructive pathological 
onslaught toward tissues thereby paving the way 
for developing autoimmune diseases.95,96 The 
need of the hour is careful selection of adjuvants 
and validation of their safety by conducting basic 
scientific and clinical research studies. This will 
helpfully eliminate or reduce the possibility of 
having untoward side effects and improve the 
safety of newly crafted COVID-19 vaccines.

Summary and conclusions
This review explored the potential role of vaccine 
adjuvants in contributing to developing COVID-
19-related heart syndrome. While the primary 
focus of concern has been the COVID-19 spike 
mRNA as a possible culprit, there is also an argu-
ment to be made that vaccine adjuvants, which 
are included to enhance immune responses, may 
play a role in triggering cardiac abnormalities. 
Adjuvants work in tandem with antigens to stim-
ulate adaptive and innate immune responses, 
making them a crucial component of vaccines. 
However, their role in potentially triggering 
adverse effects in the cardiovascular system needs 
to be better understood. Several mechanisms 
have been proposed through which adjuvants 
could lead to cardiovascular disorders. This 
review highlights that adjuvants could lead to 
induced autoimmunity, which could involve 
molecular mimicry, where vaccine components 
resemble self-antigens, leading to a misguided 
immune response against the body’s tissues 
(Figure 1). Another proposed mechanism is the 
‘bystander effect’, the immune system could 
unmask hidden self-antigens in body tissues, 
leading to an autoimmune reaction (Figure 1). 
Direct toxicity, general susceptibility, Epitope 
spreading, and Idiotypic and Anti-idiotype 
Antibodies are other possible mechanisms that 
could result in cardiovascular disorders due to the 
vaccine adjuvants (Figure 1).
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While the primary focus of vaccine safety research 
has been on the efficacy of adjuvants and their 
immune-boosting capabilities, their potential role 
in adverse reactions should not be disregarded. 
This review calls for further research to thor-
oughly investigate the impact of adjuvants on 
immune responses and potential adverse effects, 
especially in the context of COVID-19 heart syn-
drome. This review suggests that a more compre-
hensive understanding of the interaction between 
adjuvants, immune responses, and cardiac tissues 
could lead to the development of safer and more 
effective COVID-19 vaccines for the general 
population.

Limitations of the study
Since this is a non-systematic review based on the 
extensive literature search, the risk of bias in 
interpreting the casual relationship between onset 
of cardiovascular diseases and adjuvants in 
COVID-19 vaccines is moderately high. With this 
being a review based on the current scientific lit-
erature and based upon author’s subjective intui-
tion, appropriate studies should be designed 
based on these hypotheses to ratify the toxicity of 
current adjuvants used in COVID-19 vaccines.97 
Another limitation is that this review did not 
include a qualitative analysis of study findings of 
previous studies and these postulations should be 
proved and tested before these can be applied for 
crafting future COVID-19 vaccines. Additionally, 
since these reviews are not based upon predefined 
protocol, there is every possibility of inclusion of 
subjective selection bias.97

Although we speculated some most probable 
propositions that would link the onset of spec-
trum of diseases included in the COVID-Heart 
syndrome to the adjuvants incorporated in the 
COVID-19 vaccines, the actual underlying mech-
anism is still ambiguous, and thus a matter of 
future investigation. As the level of scientific evi-
dence for association of the inception of cardio-
vascular diseases to the adjuvants in the 
COVID-19 vaccines in low, we propound that 
multi-center clinical cohort studies should be car-
ried out to unravel whether adjuvants are indeed 
responsible for the cardiovascular events in the 
susceptible populations. Furthermore, most 
toxic, and culpable adjuvants should be further 
studied in animal models to ascertain the patho-
genetic mechanisms that come in play for 

provoking cardiovascular diseases. This might 
shed light on probable downstream events and 
molecular targets involved in materialization of 
COVID-Heart syndrome under the influence of 
these adjuvants. By gleaning this information, 
researchers might be extra-cautious during the 
selection of adjuvants so that future COVID-19 
vaccines formulated can be deemed safer for 
reducing or even preventing the onset of cardio-
vascular diseases. Further, we also propose future 
basic scientific research studies so that all the cur-
rently used adjuvants should be classified based 
on their level of toxicity and autoimmune propen-
sity. This information should be standardized and 
available to the pharmaceutical and biotech com-
panies so that less toxic adjuvants are selected for 
manufacturing RNA-virus vaccines. Lastly, we 
also recommend for future studies that would 
craft novel non-toxic and potent adjuvants that 
can be deemed to be safely incorporated into 
future COVID-19 vaccine formulations. Taken 
together, steps taken toward understanding the 
pathogenesis of cardiovascular diseases might be 
beneficial in reducing the morbidity and mortality 
in the COVID-19 vaccine recipients.
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