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Abstract: Delineating the epidemic of vaccine injury from the coterminous condition long covid is 

a challenging prospect, but one with many implications not just for treatment, but also has 

important legal considerations for settlements of vaccine injury. The shared etiological factor of the 

spike protein in both vaccine injury and long covid make differentiation difficult, and while 

treatment is largely similar between vaccine injury and long covid, there are important distinctions. 

Furthermore, diagnostics are important for monitoring treatment progress and assessing the extent 

of subclinical vaccine injury in population having received a covid-19 vaccine. The development of 

rigorous diagnostics is an important step towards the recognition of both long covid and vaccine 

injury, as those suffering these conditions have faced immense challenges in having their conditions 

recognized, treated, and compensated by insurance companies or national health services.  
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Introduction 

Adverse events after vaccination have been far more common with Covid-19 vaccines than any 

other licensed vaccine[1]. Not only are the rates of clinical conditions associated with Covid-19 

vaccines high, but there is also extensive subclinical damage. Due to the pathological mechanisms of 

the vaccine encoded spike protein, the potential for damage can exist at low levels for long periods 

of time, and those having received a vaccine can be in a ‘sword of Damocles’ situation for years or 

even decades. Frankly, there is a lot left unknown about the long-term effects of Covid-19 vaccines[2]. 

The extent of subclinical danger, as well as the increase in sudden and unexplained deaths 

motivates the diagnosis of vaccine injury through biomarkers. One immediate biomarker that comes 

to the fore is testing for the presence of the spike protein or its subunits in plasma[3], as it is a major 

pathological agent driving vaccine injury, long covid, as well as acute covid-19 infection[4].  

This conflation has important legal implications for those seeking compensation after injury 

following Covid-19 vaccination. Pathologists can assign causality to covid-19 vaccination (as opposed 

to infection) by immunostaining for the nucleocapsid (N) protein in addition to the spike (S) 

protein[5]. Since Covid-19 infection will express both N and S proteins, whereas vaccination only 

expresses the S protein, the simultaneous presence of the S protein and absence of the N protein is 

strong evidence for vaccine induced causation[5]. 

Furthermore, there are two important differentiations between the spike protein induced by 

vaccination and the spike protein from infection. First, the viral spike protein will change as the virus 

mutates, whereas the vaccine spike protein only changes when the sequence is updated (as with the 

bivalent booster). Secondly, the vaccine spike protein is locked into a prefusion conformation through 

two proline mutations, and will adopt a more rigid conformation than the viral spike protein[6]. 

There are three important ways to differentiate spike protein from viral infection from that of 

the vaccine. The following factors can be used to differentiate vaccine damage from viral damage 

(Table 1).  
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Table 1. Basis of diagnostic difference between vaccine damage and damage from SARS-CoV-2. 

Vaccine Spike Viral Spike 

No N protein present N protein present 

Sequence identical to vaccine sequence Sequence much less constrained, reflects 

currently circulating variants 

Locked into prefusion conformation Conformationally flexible 

Diagnostics 

General 

In guiding treatment, there are multiple biomarkers that one can test with to gain insight into 

the progression of the injury sustained from the vaccine. These are non-specific to vaccine injury and 

are general biomarkers of cardiovascular risk. These include troponin, D-dimer and C-reactive 

protein[3].  

[4]. These biomarkers are specific to cardiac injury, and will not be able to determine disease 

aetiology. 

Troponin is a general biomarker associated with diagnosis of acute coronary syndromes[7,8], as 

troponins are released into the blood following damage to cardiac muscle[9]. D-dimer is a biomarker 

associated with the breakdown of fibrin clots by the fibrinolytic system [10]. As the test measures 

breakdown of clots, a high measure can indicate a high level of clot burden, as well as a high degree 

of breakdown[11], and this must be taken into consideration by the clinician.  

C-reactive protein is an inflammatory biomarker, and higher values are associated with 

increased cardiovascular risk[12]. 

Table 2. Altered biomarkers in vaccine injury. * For patients 50 years or older. 

Biomarker Upper limit of normal 

Peak cardiac troponin (T) 14 ng/L [3] 

Brain natriuretic 

Peptide (BNP) 

100pg/mL [3] 

N-terminal prohormone of brain natriuretic 

peptide (NT-proBNP) 

450pg/mL [3] 

C-reactive protein (CRP) 8mg/L [3] 

D-dimer  (patient’s age in years x 10mcg/L)* [13] 

Specific 

A recent paper by Yonker surveyed the biomarkers of vaccinated individuals, both with and 

without post-vaccination myocarditis. The main differentiator between the group with myocarditis 

and those without was the persistence of full length spike protein, unbound by antibodies[3]. Given 

that this is the sole gene encoded by most of the vaccines and has multiple documented pathological 

mechanisms[4], it is a likely aetiological factor in post-vaccination syndrome. 

Cases of blood thrombosis after vaccination typically occur within one month of receiving the 

injection[14,15]. A test for spike protein contains two important quantities, the concentration of spike 

protein, as well as the time since vaccination. While most often after injection spike protein 

concentration drops off quickly after one week [16], persistence of high levels of spike protein for 

months after injection has been documented in a subset of vaccinated individuals [17]. It is unclear 

what the individual factors are affecting long-term spike protein levels; we propose a model for the 

long term persistence of spike protein. 
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The first factors are the variations in the initial dose of spike protein encoding mRNA, which can 

vary due to storage, dilution and administration. Once the mRNA is in the body, the level of spike is 

in competition between mRNA degradation and protein expression from the mRNA (Figure 1). We 

also propose a third alternative between degradation and expression, that of conversion to a 

reservoir. Reverse transcription into the genome is possible [18]. Additionally, a discovery of DNA 

contamination in a broad swathe of mRNA vaccine vials[19], potentially opening the possibility of 

but microbiota transfection through the mechanism of horizontal gene transfer [20]. 

 

Figure 1. A model for long-term spike protein persistence in vaccine injured individuals. 

While the half-life of RNA is well known, and endogenous mRNA has a half life of 

approximately 10 hours [21], it is known that pseudouridinylated RNA is far more persistent[22,23], 

and less is known about the degradation of the N1-methyl-psuedouridnylated RNA used in the 

mRNA vaccines[2]. Persistence of spike protein appears to be the factor which differentiates those 

with post-vaccination myocarditis vs vaccinated people without myocarditis[3]. 

Causes of interpersonal variation 

In interpreting the causes of interpersonal variation in vaccine response, we will restrict our 

analysis to disease etiologies tracing to the spike protein in the vaccines. While there may be other 

contributing factors, they are outside the scope of this review.  

Administration and dosing 

Variation in the dosing of the vaccine can greatly influence the response to the vaccine. It is 

observed that there was significant variation in the adverse event rate of different batches. 

Furthermore, the rates of AEs differed significantly depending on whether or not aspiration was 

performed. A strong relationship has also been shown between the dose of mRNA received and the 
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rates of AEs, both when comparing brands (Moderna Covid-19 vaccine delivers a higher dose of 

mRNA than the Pfizer BNT162b2) and when comparing AE rates by total cumulative dose (i.e. 

comparing those receiving boosters with those receiving the initial series). 

However, assuming the delivery is constant, there are still important sources of individual 

variation which can impact the vaccination response. 

Individual variation 

Viewing the series of events sequentially, the RNA must enter the cell, be read by the ribosome 

to express spike protein, after which it is degraded (in principle). Lacking an intact degradation 

pathway, the modified RNA will linger around and keep producing spike protein in principle. 

Minimal information is known about the biodegradation of modified mRNA in humans [2]. 

Variation in cell uptake and biodistribution 

The most important factor here is whether the injection was performed into the deltoid muscle, 

as intended, or some escaped into the bloodstream, which is largely set by the conditions of the 

injection itself (if aspiration was standard procedure). Still, individuals vary in their cellular affinity 

to take up extracellular RNA via endocytosis [24–26]. While it is unclear of their relevance in this case, 

there are genetic variations in endocytic pathways [27,28] 

It is possible that gross blood flow parameters, such as coagulability and blood pressure 

influence biodistribution. As hypercoagulation is an etiology behind vaccine injury[29] and long 

covid[30], genetic factors underlying coagulability may be associated with the prognosis of either 

condition. A Genome wide association study (GWAS) found that gene polymorphisms of proteins 

involved in coagulation were associated with acute Covid-19 prognosis[31]. These include MBL2[32], 

ADAMTS13[33], F8[34] and PDGFRL[34], which are involved in clotting and have also been observed 

to be associated with acute Covid-19 severity. Our search reveals limited GWAS studies of long 

covid[35,36] or Covid-19 vaccine adverse events[37], though GWAS studies of SARS-CoV-2 vaccine 

antibody responses have been performed[38,39] and several mechanistic factors behind the 

differential vaccine response are identified [40]. Genetic correlates of vaccine adverse reactions have 

been studied in the context of Hepatitis B, measles, rubella, and other vaccines [41]. 

Several factors impact the immune response to Covid-19 vaccines, including time of day[42,43], 

level of recent sleep [44–47] and prior infection[48]. Several interventions have undergone clinical 

trials to determine their impact on the vaccine immune response, including iron supplementation 

(NCT04915820), mushroom mixtures (NCT04951336), immunomodulators (NCT04877496 [49] and 

NCT05060991), the ketogenic diet (NCT05163743), metformin (NCT03996538), probiotics 

(NCT05195151) and osteopathy (NCT04928456 and NCT05069636). Of these trials, only the trial on 

the immune impact of anti-CD20 therapy has results, which were not significantly different from 

controls [49]. 

The existing study on genetic determinants of Covid-19 vaccine adverse events is very 

limited[37]; likewise, we may have to proceed from mechanistic understanding. After endocytosis, 

the modified mRNA is present in the cytosol to be expressed, which can be highly variable depending 

on host genetics[50,51]. From this point on, the major factor regulating the amount of pathogenic 

spike protein produced are largely the clearance and degradation mechanisms acting on the 

chemically modified mRNA. As mentioned before, while pseudouridinylated RNA is far more stable 

than RNA[22], the degradation curve of N1-methyl pseudouridinylated RNA is less known, though 

N1-methyl-pseudouridine in mRNA has been observed to enhance translation[52]. Individual 

genetic variation influences the degradation of exogenous RNA [53]. 

Furthermore, other wildcards include the potential for reverse transcription into the host 

genome[18]. Another point of concern is the observed contamination of mRNA vaccine vials with the 

DNA plasmid vector[19], which may possibly be a factor in the observed persistence of spike protein 

in vaccine injured patients [3]. This could be explained by transfection of bacteria in the human gut 

[54–56]. Were this a significant factor, we would expect differential vaccine injury susceptibility based 

on gut microbiota composition. Long covid susceptibility varies according to gut barrier health[57], 

and acute SARS-CoV-2 infection severity is negatively associated with gut microbial diversity[58]. 

Still, it is unknown to what degree this ‘gut reservoir’ hypothesis for spike protein persistence means. 
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Long covid is associated with higher levels of Ruminococcus gnavus, Bacteroides vulgatus and lower 

levels of Faecalibacterium prausnitzii [59]. 

Causation 

There is an unprecedented wave of vaccine injury, in addition to any disease burden from long 

Covid. The origins of Covid notwithstanding, establishing causation for those experiencing vaccine 

injury is an important step both in allowing them to receive just compensation, as well as to establish 

the true role of vaccination in the mortality and morbidity burdens. The latter is useful both for 

informing regulatory policy going forward, as it is necessary for regulators and the public to know 

the true risk profile of this class of intervention. Additionally, establishing causation is useful for legal 

settings, including compensation for injured recipients as well as prosecution of any wrongdoing. 

The extent of liability is important, as those seeking treatment often have few options, and little 

resources, owing to the often debilitating nature of their illness, and its lack of acknowledgement and 

subsequent compensation by health systems[60]. Vaccine injury compensation schemes are 

uncommon [61,62].  

The experience of the vaccine injured has largely been one of gaslighting and being ignored, and 

only now are their concerns being heard[60]. Still, treatment is limited, and limited resources exit for 

injury compensation [63]. Treatment of long Covid is receiving some attention and research funds 

[64], while treatment of vaccine injury is limited. For example, in the US clinical trials database 

(clinicaltrials.gov, accessed July 11, 2023) there is currently one study to test treatment of Covid-19 

vaccine injury; the study is not yet recruiting and was last updated May 24, 2022. Multiple studies 

exist to treat long Covid, reviewed in [65]. No large university hospital or academic medical center 

has published a treatment protocol for vaccine injury, and the current literature is scant [65].  

Conclusion 

While the situation of the vaccine injured presents a pessimistic view, the situation is improving. 

Vaccine injury is increasingly being recognized, as a recent acknowledgement by German health 

minister Karl Lauterbach exemplifies [66]. Still, for those affected, it is a long road to recovery. 

Diagnostics are a necessary part of the path towards health in those experiencing post-vaccination 

syndrome and long covid. In some cases, the diagnostics are similar, but the potential also exists to 

discriminate the two conditions with diagnostics, as well as by patient history.  

Developing rigorous diagnostics is an important step towards gauging treatment progress and 

informing the science of treating vaccine injury, as well as long covid. Diagnostic development 

ensures that those affected receive the recognition and treatment they deserve, and ensures the 

integrity of compensation claims, a and can inform legal action against regulators, pharmaceutical 

manufacturers and public health officials.  
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