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Abstract

The enormous progress made in public health over the last century is largely thought to be due to
the gradual introduction of numerous vaccines, which have helped to control, if not eradicate, the
most serious and common infectious diseases, particularly those affecting children. Due to its past
successes, vaccination has become such a dominant public health strategy that discussing its potential
drawbacks calmly within the scientific community is virtually impossible. At the same time, the
public is becoming increasingly wary of vaccines, especially the latest mRNA-based vaccines, with
social media spontaneously reporting a growing number of highly diverse adverse reactions. Given
the unreliability of these reports, their extreme diversity, and the absence of proof of causality, it is
extremely difficult to determine whether these are really adverse effects of vaccination or mere
coincidences. Yet the incidence of chronic diseases is steadily increasing, from the most benign
(allergies) to the most serious (neurodegenerative, aggressive cancers), including strictly individual
perplexing ailments. In this article, without taking sides on the origin or even the reality of these
health problems, I propose a theoretical hypothesis which, based on our current knowledge of
immunology, could effectively call into question the generally accepted harmlessness of vaccination.
According to this hypothesis, the extreme individuality of the immune response, coupled with the
frequent occurrence of autoimmune reactions, could trigger extremely diverse “private” pathologies,
whose frequencies of reproducibility might be too low to deduce causality.
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Introduction

The enormous progress made in public health over the last century is traditionally attributed to
the gradual introduction of numerous vaccines, which have helped to control, if not eradicate, the
most serious and common infectious diseases, particularly those affecting children [1,2]. Given its
past successes, vaccination has now become the undisputed panacea against infectious diseases and
a medical paradigm that is virtually impossible to criticize in most Western countries, without being
branded a conspiracy theorist [3,4], in particular for healthcare workers [5,6].

However, the authoritarian management of the recent Covidil9 epidemic and the sometimes
clumsily aggressive pro-vaccine public health policies [7], together with the unusual haste with which
the most recent mRNA-based vaccines were put on the market [8-10] prompted an increase in vaccine
hesitancy, fueled by the continuous report of new adverse effects on social networks [11,12]

In parallel, puzzling case reports, unfortunately most of which published in low impact journals,
have started to accumulate in the literature. For the most part, these reports are ignored (if not
ridiculed) by the medical authorities, on the basis that most of these so-called adverse effects appear
both weird and strictly individual [see for instance [13-17]]. If it is difficult to distinguish fanciful
reports from those describing actual post-vaccination ailments, it is even more illusory to prove their
causal link due to their irreproducibility. Except for the most immediate (e.g., allergic reactions), or
the most recurring ones [e.g., [18-22]] for which a statistical signal is expected in large population
studies [23,24], It is impossible to eliminate doubt in cases of virtually unique adverse events.
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In this paper, rather than speculate about the reality of such diverse individual adverse effects,
I rather ask the question: whether real or not, are they at least compatible with the immune response
as we know it?

Answering positively leads me to propose the worrying hypothesis that vaccinations might
frequently trigger autoimmune responses generating ailments whose extreme diversity makes it
impossible, for statistical reasons, to attribute the cause to the vaccine. Only the most recurrent (i.e.,
common) side effects, yet expected to be rare given the individuality of the immune response, would
be detectable, hence wrongly providing vaccination its undisputed reputation for extreme safety.

The sound scientific basis of this (admittedly provocative) hypothesis should justify a thorough
re-examination of the merits of indiscriminate vaccination of the general population, at a time when
the trend is to introduce its against diseases of lesser frequency or lethality or as a substitute for
established drug-based curative therapies [e.g., [25,26]].

The Adaptive Inmune Response: Key Features

The presentation of my hypothesis requires a basic knowledge of molecular immunology and of
the basic principles governing the adaptive immune response. This section is therefore intended for
readers with no prior knowledge of immunology.

The adaptive immune response is the the body’s defense reaction to the detection of specific
macromolecules (mostly proteins) recognized as foreign (i.e., “non-self”), either originating from
microbial pathogens or altered self-proteins (e.g., from mutated cancer cells). Any molecule capable
of eliciting such a specific immune response is referred to as “antigen”.

This immune response is carried out by two sets of circulating white blood cells, engaged in a
network of complex interactions differentially modulated by the presence of a heterogeneous set of
soluble proteins, called interleukins (currently numbering up to 37) [27].

One set consists of the antigen-presenting cells (APC) (among which macrophage, dendritic
cells, and B cells) whose role is to convert antigens into fragments that are exposed on their surface.

The second set consists of specialized lymphocytes (T-cells) whose role is to recognize these
antigens and trigger and/or perform different responses. For instance, CD8 + cytotoxic T-cells will
kill the cells carrying the recognized antigen, while CD4+ helper T-cells will deliver a proliferative
signal, for instance to the antibody producing B cells.

The two kinds of adaptive immune responses (cytotoxicity and antibody production) are thus
mediated by the same central process, the formation of a peptide bridge between an antigen bearing
cell, and a T-lymphocyte. However, this conceptual simplicity hides molecular details that are the
very source of our biological individuality (and, in particular, our inability to tolerate transplants
from each other).

Antigen Presentation: Two Different Kinds of MHC Molecules Interacting with
Two Different Kind of T Cells

There are two kinds of MHC (for Major Histocompatibility Complex) molecules, quite similar
in structure and function, but devoted to different physiological role. Class 1 MHC molecules are
found at the surface of all nucleated cell types where they are presenting peptidic fragments derived
from intracellularly synthetized proteins, either normal “self” proteins or foreign proteins produced
by infecting pathogens (typically viruses).

The recognition of peptides presented by Class 1 MHC is restricted to the CD8 co-receptor-
bearing cytotoxic T-cell (CD8+ T lymphocytes)). These peptides (Classl restricted T cell
epitopes) are typically 9 to 10 amino-acid long [28].

In contrast, Class 2 MHC molecules are only expressed on professional antigen presenting cells
(APC) cells, such as macrophages, monocytes, dendritic cells, and B cells, and present peptidic
fragments derived from internalized exogenous sources. The recognition of peptides presented by
Class 2 MHC is restricted to the CD4 co-receptor-bearing T-cell (CD4+ “helper” T lymphocytes)).
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MHC class II presented peptides thereby are critical for the initiation of the antibody (humoral)
immune response. These MHC class 2 restricted T cell epitopes are 12 to 20 amino-acid long [29].

There are three pairs of MHC Class 1 genes in human (HLA-A, HLA-B, and HLA-C) and three
pairs of MHC Class II genes (HLA-DR, HLA-DP, and HLA-DQ) (HLA: Human Leukocyte Antigen).
Each of these surface proteins are capable of binding different repertoires of peptides sharing
identical (or similar) amino-acids at two “anchor” positions (usually near the peptide extremities).
The large and very diverse peptide repertoire presented to a given individual’s immune system
constitutes his “immunopeptidome” (Reviewed in [30].

MHC/HLA Coding Genes Are Highly Polymorphic

For a given isotype (e.g, HLA A), and a given allele (e.g., HLA-A02:07), the mono-allelic
peptide repertoire may consist of up to 3500 unique “self” peptides [31]. A fully heterozygous
individual (expressing 3 class1 HLA and 3 class2 HLA different alleles) would thus be expected to
present up to 21,000 different peptides for each class.

Importantly, the presentation of these peptides constitutes the basis of the immunological
self/non-self-discrimination, by causing the deletion of self-reactive T-cells, first during their initial
maturation in the thymus, or later on by contact with peripheric tolerogenic dendritic cells [32].

As the size of this self-peptidome is approximately equal to the total number of proteins encoded
in the human genome [33], it theoretically predicts that each human proteins will only be represented
by a one or two of peptides in average. In fact, a much smaller fraction of the human proteome is
screened, as a large fraction of the presented peptides are only derived from abundant and/or high
turnover proteins (some accounting for more than 1% of the total).

These numbers also suggests that the self-immunopeptidome is not large enough to include
peptides originated from up to 200,000 alternatively spliced human mRNAs [33]. Hence, a mutation,
or a transient change in expression level or mRNA processing of a gene may potentially trigger an
autoimmune response following the recognition of a new self-peptide following the lack of
tolerization of cognate T cells (such as CD8+ cytotoxic T cell). Thus, only a partial set of human
proteins participate to the definition of the immunological self through its selection by the class 1 and
class 2 HLA alleles expressed by each individual.

For instance, the analyses of the immunopeptidomes of 18 individuals revealed that peptides
bound to 27 highly prevalent HLA-I molecules were derived from only 10% of the expressed genome
[34]. Other studies indicate a total HLA-1 associated peptidome of no more than 5500 peptides [35].
This allows for quite a big hole in the definition of the peptidic self, leaving wide open the possibility
of autoreactivity.

Although crudely defined, this “peptide self” [36] is highly variable and private to any given
individual due to the extreme polymorphism of the presenting molecules: up to 200 alleles for each
of the HLA loci with each allele being present at a relatively high frequency in the population. There
are thus millions of possible HLA combinations, generating distinct immunopeptidomes providing
each of us with a private landscape of the human proteome, despite its high sequence conservation
within the human population (average 0.6% base pair variations, most of which are silent) [37].

So, if we are all members of the same species and are made of extremely similar proteins, the
vision of “selves” presented to the immune system is very unique to each individual across the
population. The boundary between self and non-self is thus differently mapped within each of us,
dynamically delineated by each individual immune system.

In the context of our private self, an infection by a given pathogen (or a vaccine mimicking it)
will also result in the presentation of distinct subsets of foreign peptides, providing each individual
immune system with a different molecular picture of the threat.

The polymorphism of the antigen presentation process is one of the main reasons (but not the
only one - see below) why a challenge with the same antigen can produce a wide variety of individual
responses [38].
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The Stochastic Generation of T Cell-Receptors and Antibody Specificities

Adaptive immune responses are triggered by the recognition of a presented peptide by a specific
receptor (T-cell receptor, or TCR) expressed at the surface of CD4+ or CD8+ T cells. The antigen-
binding site of the TCR is generated by the random recombination of different gene segments
(selected from a gene catalog at the V, J and D loci), the addition of random nucleotides at their
splicing sites, and somatic mutations (reviewed in [39]). A similar random generation process
(although at a different genomic locus) is used to generate the antibodies expressed and secreted by
B-cells upon their activation by CD4+ T-cells (reviewed in [40])

In consequence, and given the almost infinite number of different TCRs that can be generated
by this combinatorial process, one cannot expect two different individuals (including identical twins)
to produce identical reactive T-cells (or antibodies) against a given antigen, even though they would
bind the same presented peptide (for T-cell) or the same epitope (for B-cells).

In addition to the polymorphic antigen presentation process, this is the second main reason why
a challenge with the same antigen will again produce a wide variety of individual responses. These
responses could both differ in intensity [41,42] or by the targeted epitope [43].

The Looming Danger of Autoimmunity

Without dwelling on the detailed molecular processes governing the synthesis of TCRs or
antibodies, which are for the most part well elucidated, we shall retain only one concept that is central
to the rest of our discussion: the affinity of TCRs or antibodies for a given antigen is fortuitous, and
does not result from any prior interaction with it. This affinity only manifests itself a posteriori,
among all the naive T-cells that have not been eliminated following their confrontation with the self-
immunopeptidome.

As the initial affinity of a TCR for an antigen is not the result of a selection process, there is no
reason why their interaction should be particularly strong or specific. This has been experimentally
confirmed. For instance, It has been shown that a single peptide-MHC class II complex positively
selects at least 10° different TCR (defined by different V3 variable gene rearrangements) [44]. Among
these TCR, many will also display a functional affinity (i.e., trigger the activation of the corresponding
T cell) for a large spectrum of unrelated peptides [45]. Experimentally, a single TCR has been shown
to recognize more than a million peptides [46]. This was to be expected, given that the universe of
potential antigens is orders of magnitude larger than the number of unique TCRs in an individual,
necessitating a highly cross-reactive TCR repertoire [47,48].

Therefore, the proliferation of each T-cell clone triggered by any natural or vaccine-induced
immune response intrinsically carries the risk of triggering autoimmunity, the target of which is both
unpredictable and possibly strictly individual. Autoimmunity will then manifest itself through a
wide variety of detrimental processes. Auto-antibody (promoted by self-reactive CD4+ helper T cells)
[49] can bind and inhibit key enzymatic functions, interfere with hormonal signaling by binding to
ligands or receptors, or interfere with the activation of different cell-types by binding to surface
proteins. Self-reactive cytotoxic CD8+ T cells will start killing specific cell types impairing their
normal biochemical, regulatory or structural functions in various tissues or organs [e.g., [50]].

However, and in stark contrast with drug-induced adverse side effects, which tend to be
reproducible among categories of individual sharing similar metabolic characteristics (and/or genetic
background), immunologically-induced adverse effects are expected to be extremely diverse,
eventually unique (“private”) to a single individual due to the multiple stochastic processes
governing the immune response described above. This raises the worrying possibility that the strong
immunization triggered by vaccinations might not be as innocuous as it has been presented for years,
as to become one of the most unassailable medical paradigms.

Our Hypothesis: All Vaccinations Might Be the Cause of a Multitude of
Unrecognized Patient-Specific Adverse Effects
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The excellent reputation of vaccines is inferred from their efficacy against the various targeted
infectious diseases and the rarity of recurrent adverse effects (that is with identical manifestations in
different people). However, I hypothesize that the rarity of these “public” adverse events (expected
from the stochastic nature of the immune response) could conceal a much higher (cumulative)
frequency of “private” vaccine accidents that remain statistically undetectable due to their non-
reproducible occurrence within the vaccinated population.

In absence of a significant statistical signal, these private ailments, even when duly reported to
the vaccine adverse event reporting systems (VAERS), end up interpreted as mere coincidences with
no connection to the vaccination process other than temporal.

Most of these reports will end up being published on social networks [11,12] by the patients
themselves, without any way of assessing their veracity. Others will be published as isolated case
reports in low-quality scientific journals (e.g., [13-17]), and in the worst case, will be branded as ‘fake
news’ deliberately propagated by “anti-vax” conspiracy theorists.

Given the extreme diversity of the reported post-vaccination symptoms, ranging from simple
itching and headaches, to severe allergic reactions, neurological manifestations, cardiovascular
conditions, up to the eventual triggering of various cancers or autoimmune diseases, it is difficult for
today’s medical profession, compartmentalized into its various specialties, to assume and search for
a common etiology, at the risk of undermining the pillar of public health policy that vaccination has
become.

Moreover, despite its huge progresses during the last 40 years, it could be argued that
immunology has not thus far contributed much to vaccine development, in that most of the vaccines
we use today were developed and tested empirically [26]. The principle of vaccination and its
generalized use largely predate our detailed understanding of the processes governing the different
types of immune responses, and their intricate regulation by multiple interleukins (reviewed in [51]).
An update to our knowledge could have prompted a reassessment of the risks associated with
vaccination, but this has not yet happened. Vaccination it is a complex phenomenon involving the
interaction of numerous cell types in distinct compartments all within a systemic context shaped by
the history of an individual’s immune stimuli. Such a complex biological system is expected to exhibit
two properties: 1) it cannot function without randomly generating some errors [52], and 2) its
operation results in different physiological states that reflect the spectrum of individual physiological
and genetic variations within populations [53]. This last point highlights the paradox of vaccinating
populations according to uniform protocols rather than making vaccination an archetype of
personalized medicine. Fortunately, “vaccinomics” has now emerged as a new research area
dedicated to the understanding the heterogeneity in vaccine immune response [54].

What we now know about the immune system works, predicts that recurrent (i.e., public)
adverse effects should be rare. They could, for example, involve individuals sharing mutations of
various immune system components [55,56], sharing detrimental HLA alleles (e.g., [57-59]), and/or
expressing rare public self-reactive TCRs [60-62]. These features may overlap with to those increasing
the severity of common infectious diseases [23,63-65].

In contrast, private adverse effects could originate from every unique combination of slight
genome/proteome variation, rare HLA haplotypes (and the corresponding immunopeptidome), and
the stochastic selection/expression of totally private TCRs one of which could inadvertently lead to
autoimmunity. Many studies have also shown that the immune response is error prone,
autoimmunity being frequently observed following repetitive (hyper) immunization as caused by the
multiplication of booster shots [49,66,67].

After years of neglecting research into the mechanisms behind the adverse effects of
vaccinations, a new generation of immunologists seems at last to be taking an interest [23].

Unfortunately, only statistically proven, - that is the most frequent-, recurrent adverse effects
will be targeted by those vaccinomics studies.

On the other hand, the study of isolated unique adverse events in vaccinated populations poses
a fundamental methodological problem, as similar repeated observations of a given phenomenon are
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at the very basis of the scientific approach. Without the ability to analyze several independent
occurrences of the same adverse events, it seems impossible to distinguish a mere simple coincidence
from a causal link with vaccination. Although derived from well-established properties of the
immune system, our hypothesis could therefore be considered unfalsifiable and therefore
unscientific. However, symmetrically, the safety of vaccination then becomes similarly undecidable.

However, even in the absence of repetitions, the analysis of a series of strictly individual adverse
events could give rise to concordant clues, albeit without providing a formal proof. For instance,
patients with suspected post-vaccination complications could systematically be tested for the
presence of anti-nuclear antibodies, considered a recurrent sign of autoimmunity against a broad
range of self-antigens. Proteome-wide screening methodologies could then be used to identify new
autoantibody against unrecognized autoantigens [68]. Unfortunately, the identification of the
autoantigen targeted by autoreactive CD4+ or CD8+ T cell on a large scale remains challenging [69].

Past confidence in the safety of vaccines has meant that no significant changes have been made
to the structure of clinical trials for new vaccines. First, a vaccinal antigen is designed as to trigger a
strong production of neutralizing antibodies, with little or no analysis of the concomitant cellular
response. The immunization is then tested (Phase III) on a relatively large cohort (=30.000) for its
global efficacy in preventing the cognate disease and estimating the frequency of serious (recurrent)
adverse effects.

No measurement is made of the variability of individual immune responses and their eventual
links with the genotypic characteristics of patients (or even their HLA haplotypes). Moreover, the
period dedicated to the monitoring of eventual adverse effects (e.g., sometimes shorter that 6 months
[9,70]) is not compatible with the usually long incubation period of autoimmune diseases, hence not
suited to invalidate our hypothesis.

There are already some serious criticisms about the insufficiency of vaccine clinical trial [70,71],
some of which reactivated by the rushing of SARS-CoV2 vaccines [8,73]. Yet, these criticisms are
targeting specific methodological weaknesses without globally questioning the immaculate
reputation of efficacy and safety acquired by vaccination since the last century.

Nevertheless, the history of medicine is full of examples of therapeutic approaches that were
once universally praised but are now abandoned or even considered dangerous nowadays (e.g., over
the counter drugs such as codeine and aspirin, prophylactic appendectomy, prophylactic
tonsillectomies, arsenic-based drug to treat syphilis, etc.).

In this article, I suggested that the detailed knowledge we now have of the immune system
should lead us to rigorously reassess the benefit/risk ratio of vaccination, which is currently
considered unassailable. Pending this reassessment, promoting a more personalized use of vaccines
by developing vaccinomics [74] and limiting their use against the most serious (deadly) diseases
seems to be the most rational attitude.
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