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mRNA vaccines against COVID-19 und their
effects on the central nervous system

In Depth | Popular Science

Michael Palmer, MD and Sucharit Bhakdi, MD

This document was written to answer three questions posed to us by a lawyer
who is challenging COVID-19 vaccine approvals and mandates in his home
country. The answers may be of interest to the readers of this website as well.
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1. What evidence is currently available to
show that mRNA vaccine particles cross the
blood-brain barrier?

This question has not been rigorously studied in humans or animals. An
overview of the limited evidence available follows.

1.1. Animal testing with model vaccines

Both Pfizer [1] and Moderna [2] have conducted animal studies with model
vaccines that contained the same lipids as the respective COVID-19 vaccines, but
different mRNAs. In both cases, components of these model vaccines were also
found in brain tissue; Pfizer detected the lipid component, and Moderna
detected the mRNA. In both cases, the concentrations in brain tissue were
significantly lower than those in the blood. However, as will become clear
below, these findings do not mean that these vaccines won’t harm the brain.

1.2. On the mechanism of transport through the blood-brain barrier

In vivo, lipid nanoparticles of the type used in Pfizer and Moderna vaccines will
acquire a “biomolecular corona”, i.e. an outer coating consisting of the body'’s
own proteins. With this coating, they then behave similarly to the body’s own
natural fat transport particles, the lipoproteins. The cellular uptake of the lipid
nanoparticles and their transport across the blood-brain barrier are mediated in
particular by coating with the proteins ApoB and ApoE [3,4], which also serve
the same purpose with the body’s own lipoproteins.

1.3. Can the spike protein affect transport across the blood-brain
barrier?

While the lipid nanoparticles are important, one should not overlook a possible
role of the mRNA contained in the vaccine. It is known that the spike protein of
SARS-CoV-2 can impair the function of the blood-brain barrier [5-8]. Quite
possibly, the vaccine particles may initially be taken up by cells outside the brain,
which then produce and release spike protein into the bloodstream. This



circulating spike protein could then act on the blood-brain barrier and facilitate
the passage of further vaccine particles into brain tissue. Thus, it would have
been very important to perform these animal studies with the real COVID-19
vaccines rather than with model vaccines only. This would not have been
particularly difficult from a technical point of view. In all likelihood, the
manufacturers either did conduct these studies but chose to keep the results in
the poison cabinet, or they deliberately skipped these experiments to avoid the
risk of obtaining results unfavorable to them.

1.4. Blood-brain barrier and booster injections

The blood-brain barrier consists of two cell layers: the endothelia of the small
blood vessels form the inner layer, and glia cells of the surrounding brain tissue
form the outer layer. It is well known that the blood-brain barrier becomes
permeable during inflammation. Until proven otherwise, it must be assumed
that this also applies to inflammation of blood vessels (vasculitis) in the brain
which was induced by the mRNA vaccines; that these vaccines indeed cause
various forms of vasculitis is now amply documented in the literature [9-14].

Against this background, it seems likely that the first injection of an mMRNA
vaccine may lead to inflammation of brain vessels, which would soften up the
blood-brain barrier. The vaccine particles applied with the second injection could
then pass unhindered into the brain tissue. It is therefore not sufficient to
investigate the transport of mMRNA vaccines across the blood-brain barrier only
after a single injection, as Pfizer and Moderna did in their animal experiments;
instead, the transport should have been measured after repeated injections
also.

1.5. Accidental intravenous injection of the vaccines

The COVID-19 vaccines are injected intramuscularly. With this form of
application, one aims to apply the drug or vaccine in question into the
extracellular space outside the bloodstream, so that it remains in the tissues, at
least initially; from there, it may then make its way into the bloodstream only
slowly or not at all. The above-cited manufacturers’ animal studies found that
indeed a large proportion of intramuscularly injected model vaccines remained



in muscle tissue. The risk assessments released by the various national and
international regulatory agencies all assume that this will always be the case.

Each medical doctor should know, however, that even with careful technique—
i.e., with prior aspiration [15-17]—injection can occur accidentally into the
bloodstream. In animal studies, it has been observed that myocarditis caused by
mRNA vaccines is more severe after intravenous than after intramuscular
injection [18]. The same must be assumed to be the case with humans and with
damage to other organs, including the brain.

1.6. Conclusion

In summary, the available data do not suffice for a reliable quantitative
estimation of the transport of mMRNA vaccines across the blood-brain barrier, but
they qualitatively prove nevertheless that the lipid nanoparticles enter the
brain. The optimistic assessments of the requlatory authorities on this issue
disregard serious risks and important confounding factors and are therefore
unrealistic.

2. How long can the vaccine nanoparticles
remain in the brain?

One should first clarify that the nanoparticles as such probably do not last very
long anywhere in the body—soon after uptake into a cell, the lipids will separate
from the RNA. Only after the RNA has been released in this manner can it
initiate the synthesis of the spike protein within the cell. From then on, the time
span of biological activity is most likely decided by the stability of the RNA,
although the lipid components can also contribute to mRNA vaccine toxicity.

As with the question of transport into the brain, the manufacturers have not
provided sufficient and reliable data on the persistence of the vaccine mRNAs in
brain tissue. The EMA document on Moderna again only contains data on the
model vaccine, not on the actual COVID vaccine. Reportedly, at three days after
the injection, the model vaccine mRNA remained detectable only in muscle
tissue, lymph nodes, and spleen. Pfizer reported no direct measurements of



RNA, but only data on the activity of the protein encoded by the model vaccine
(luciferase). This activity decayed with a half-life of approximately one day [1].
However, no measurements were carried out on the brains of the animals.

In both cases, it remains uncertain to what extent these findings from animal
experiments apply to the lifespan, within the human brain, of the mRNA which
encodes the SARS-CoV-2 spike protein. However, we will see in the next section
that there is reason to believe that the expression of the spike protein in the
human brain, induced by vaccination, can last much longer than these animal
data suggest.

3. What damage can vaccine nanoparticles
cause to the brain?

We should note at the outset that, when it comes to damage to the brain, the
blood-brain barrier is less crucial than one might assume; the reasons will
become clear in the following.

3.1. Stroke

It is now clear that adverse events caused by the genetically engineered COVID
vaccines (both mRNA- and adenovirus-based) begin very often with damage to
the blood vessels (see Figure 1). Vascular injury then leads to the formation of
blood clots; the tissues and organs which depend on these obstructed vessels
for their blood supply will then be damaged or even perish. Stroke and heart
attack are straightforward and practically important examples of this
pathogenetic mechanism [19-21]. Another variation is hemorrhage following
the rupture of vessels subject to vaccine-induced inflammation [22-24]. For
these forms of injury, it suffices that the vaccine particles be taken up from the
circulating blood into the cells of the blood vessel walls. These cells will then
express the spike protein, a foreign antigen, and thereby incur the wrath of the
immune system, which then causes the actual damage. Note, however, that in
this scenario the particles need not cross any major anatomical barriers; and in
particular, they need not cross the blood-brain barrier in order to damage the
brain vessels and cause stroke.
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Figure 1: How COVID-19 mRNA vaccines damage blood vessels and cause
clotting. After the vaccine lipid nanoparticles have entered the circulation, they
are taken up by the endothelial cells, and the mRNA is released. The spike protein
is then expressed; some molecules are fragmented and presented on the cell
surface by a special carrier protein (MHC1). This causes the endothelial cells to be
attacked by cytotoxic T-cells. Destroyed endothelial cells slough off, facilitating
leakage of vaccine particles into the adjacent tissues. This also exposes the
deeper layers of the vessel wall to the blood, which triggers thrombocyte
aggregation and blood clotting.

3.2. Inflammation of the brain and spinal cord

In addition to stroke, the mRNA vaccines have also caused many cases of
encephalitis and myelitis, i.e. inflammation of the brain and spinal cord,
respectively, and sometimes also of both at once (encephalomyelitis). The
pathogenetic mechanisms are the same with all three diseases; for the sake of
simplicity, we will use only the term ‘encephalitis’ in the following.

3.2.1. Encephalitis due to an immune reaction against spike protein



This pathogenetic mechanism must be expected to operate from first principles
of immunology. How might it be proven in a given case of encephalitis? The
following criteria would make such a diagnosis at least highly likely:

1  occurrence within days to a few weeks of the vaccine injection;
2  detection of lymphocytes and other inflammatory cells within brain tissue;

3  detection of spike protein in the foci of inflammation.

It should be noted that criteria 2 and 3 can only be satisfied by histopathological
examinations; with the brain, these are usually performed only after autopsy,
since biopsies on this organ are particularly precarious.

Even though this mechanism is likely of great importance, the supporting
evidence so far is scant—simply because pathologists have not been looking for
it. However, a first case report that fulfills all of the above criteria has just been
published [25] (see Figure 2). This very meticulous study also ruled out that the
detected expression of spike protein was caused by infection with the virus
itself rather than by vaccination.

The patient in question had initially received a single injection of AstraZeneca’s
adenovirus-based vaccine, followed by two injections of Pfizer's mRNA vaccine.
The last injection had been given three weeks before the time of death. Marked
expression of the spike protein was detected in the brain capillaries and also in
the glia cells of the brain tissue, very likely caused by the most recent dose of
mMRNA vaccine. It must therefore be assumed that the spike protein survives for
at least several weeks after application of the mRNA vaccines, and it most likely
is also continuously synthesized during this time. This finding echoes previous
studies on various tissues other than brain and on blood [26—29]. The expression
of spike protein in glia cells also shows unequivocally that either or both of the
vaccines can cross the blood brain barrier.



Figure 2: Detection of SARS-CoV-2 spike protein in brain tissue from a deceased
patient with vaccine-induced encephalitis by immunohistochemistry. Deposits of
brown pigment indicate presence of spike protein within the wall of a small blood
vessel (red arrow) and within several glia cells of the surrounding brain tissue
(blue arrow). Photograph taken from Morz [25].

3.2.2. Autoimmune encephalitis

In this pathogenetic mechanism, the connection with the vaccination is indirect:
the vaccine first triggers an inflammation, which might not even have to directly
affect the brain; and in the context of this inflammation an immune response is
activated not only against the spike protein but also against one or more of the
body’s own proteins or other biomolecules (autoantigens). The immune system
may then attack these same autoantigens within initially unaffected target
organs, including the brain, and trigger inflammation there as well.



The clinical symptoms, and also the autopsy findings when using routine
methods, will likely be very similar as with an immune reaction to the spike.
Therefore, how might one decide whether the encephalitis is triggered by the
spike protein or by an autoantigen? In a true autoimmune encephalitis, one
should expect the following findings:

1  autoantibodies to the autoantigens in question should be detectable in blood
samples;

2  the spike protein should not be detectable in the inflammatory lesions;

3  the temporal connection to the vaccination might be less close, because
autoantigens are produced in the body perpetually.

Jarius et al. [30] reported a case of autoantibody-positive encephalitis in a
patient who had initially received two doses of AstraZeneca’'s adenovirus-based
vaccine, followed by one dose of Pfizer's mRNA vaccine. In this patient, a protein
expressed in the brain—myelin oligodendrocyte glycoprotein (MOG)—was the
autoantigen. These authors also provided an overview of twenty other cases
previously reported in the literature. In three of these cases, an mMRNA vaccine
had been used, whereas the remaining seventeen cases were associated with
the AstraZeneca vaccine. Since none of these cases were fatal, no positive or
negative histopathological evidence of spike protein expression was obtained.

Asioli et al. [31] reported four cases of encephalitis in which autoantibodies
against the LGI1 protein were detected. Three of these cases, all from the same
city (Bologna), occurred after injection of mMRNA vaccines. A particularly striking
case was reported by Poli et al. [32]. This patient developed three different
autoimmune diseases simultaneously—demyelinating encephalitis, myasthenia,
and thyroiditis. However, no specific autoantibodies were detected that could
account for the encephalitis in this case.

3.2.3. Antibody-negative autoimmune encephalitis

In several case reports of encephalitis after injection of mMRNA vaccines, the
diagnosis “antibody-negative autoimmune encephalitis” was made ([33-35]. Itis



certainly reasonable to assume that in many such cases an unidentified
autoantigen may have been causative. On the other hand, without
histopathology, it will often be impossible to decide whether a given case of
encephalitis was caused by an immune reaction against an unknown
autoantigen or against the spike protein.

3.3. Conclusion

Numerous cases of encephalitis, myelitis, and encephalomyelitis have been
reported after the use of mMRNA vaccines and also of adenovirus-based vaccines.
Both autoimmune reactions and an immune reaction against the spike protein
have been proven causative in specific cases. The respective proportion of each
form among the total number of all clinical cases of encephalitis cannot be
determined on the basis of the currently available evidence.

4. Summary

There are numerous case reports of central nervous system disorders following
the use of mMRNA vaccines against COVID-19. These disorders include stroke,
cerebral hemorrhage, and encephalitis. It is not necessary for the vaccines to
cross the blood-brain barrier to harm the brain; however, this must be
considered possible, especially after repeated injections or accidental
intravenous injection, and it is likely to aggravate the clinical course of
encephalitis.
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