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Abstract: In this paper, an attempt is made to shed additional light on the role of infectious agents
(bacteria, viruses, etc.) in autoimmune diseases. While the correlation between them is well
established, many points remain obscure. To offer a concise framework for many of the relevant
research findings, the following conceptual model is discussed: autoimmune diseases are due to
alterations of cells, tissues or organs, which are caused by infectious agents. These alterations evolve
with time. Initially they are small and hardly detectable. As they become more severe, though, they
are traced, and the infected cells are subsequently attacked by the immune system. The
aforementioned process allows for new explanations of the relationship between triggers of
autoimmunity and infectious agents, of the time lag between infection and autoimmune response
and of the progressive nature of autoimmune diseases. It can also offer a new point of view of
molecular mimicry and of epitope spreading. The roles of genetic predisposition, stress, diet habits
and lifestyle fit in its framework, as well. Side effects of malignancy treatments using immune
checkpoint inhibitors can also be explained. A conclusion of the aforementioned reasoning is that
treatments should aim to completely eliminate the cause of these evolving alterations, namely the
infectious agents. Presumably, they could be based on antibiotics and antiviral drugs. To check the
validity of the proposed conceptual model, research directions are suggested in the last section of the

paper.
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1. Introduction

Autoimmune diseases tend to evolve into a scourge, in particular in developed countries. Up to
now, at least 80 diseases have been identified as autoimmune. Their common feature is that the
immune system of the patients attacks and damages cells, tissues or organs of their body as if they
were foreign [1,2].

At a first level, autoimmune diseases are related to some malfunction of the immune system,
e.g., impaired tolerance [3-5], dysregulation by hormones ,e.g., [6], or its deception by infectious
agents (bacteria, viruses, etc.), combined with environmental factors; moreover, mainstream
treatments, aiming at relieving symptoms, are mainly based on immunosuppressive or
immunomodulatory drugs, e.g., [7]. The mechanism and aetiology of autoimmune diseases is still
unclear, though (e.g., [8]).

In this paper, a model of the mechanism that underlies autoimmune response is outlined and
discussed, together with evidence supporting its plausibility. Moreover, research directions, aiming
at development of new treatments for autoimmune diseases are proposed.

2. The Proposed Model and Previous Research Supporting It

The outline of the proposed mechanism of autoimmune response follows: Autoimmune diseases
are due to alterations of the cells, tissues or organs that are subsequently attacked by the immune
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system. These alterations are caused by infectious agents (bacteria, viruses, etc.) and evolve with time.
Initially they are small and hardly detectable by the immune system. When they exceed a certain
threshold, though, the affected cells are targeted and subsequently attacked by the immune system.
It could be said that the cells attacked bear a recognizable “imprint” of the pathogen. Disease
symptoms appear, when cumulative cell damage results in some detectable malfunction, which
depends on the particular autoimmune disease.

This model is in line with observations of many researchers, who have correlated autoimmune
diseases with infectious agents, such as bacteria or viruses, e.g., [9-11]. For example, Coxsackie
enterovirus has been correlated with Type 1 Diabetes [12] and Epstein-Barr virus with Guillain-Barré
syndrome, multiple sclerosis, systemic lupus erythematosus, rheumatoid arthritis and other
autoimmune diseases [13]. Quite recently, SARS CoV-2 virus has been considered as triggering factor
of autoimmune diseases [14]. Even vaccines have been suspected of triggering autoimmune diseases
[15-17].

Regarding correlation with bacteria, a prominent undisputable example is Sydenham's chorea,
e.g., [18]. The attack of immune cells to the basal ganglia is set off by infection of the latter by
hemolytic streptococcus. Even more important, this disease is successfully treated with a high dose
of penicillin, when it is newly diagnosed, in order to eliminate streptococcus completely, followed by
lower long-term prophylaxis dose [19]. Another example is offered by PANDAS, which are by
definition associated with streptococcal throat infections [20].

Moreover, it has been proposed that one autoimmune disease could be induced or exacerbated
by many different microbial or viral infections (e.g., [21]. Multiple sclerosis, for instance, has been
related to viruses of the herpes (e.g., [22]) and the human endogenous retrovirus families, to protozoa
and to bacteria [23], while Guillain-Barré syndrome has been associated mainly with Campylobacter
jejuni, but also with cytomegalovirus (CMV), Epstein-Barr virus, influenza A virus, Mycoplasma
pneumoniae, and Haemophilus influenzae [24].

An exhaustive list of works, correlating autoimmune diseases with viral or microbial infections,
is beyond the scope of this paper.

3. Contribution of the Proposed Model to the Understanding of Autoimmunity

While the correlation of autoimmunity with infectious agents is well established, the proposed
model allows for different explanations of some important features of autoimmune diseases. Their
progressive nature, for instance, can be explained in the following way: The immune system attacks
specific cells (e.g., myelin in multiple sclerosis) that bear already the pathogen’s “imprint”.
Meanwhile, viruses or bacteria, which have not been eliminated completely, are altering previously
unaffected cells, which are attacked in turn.

Relapsing-remitting forms of autoimmune diseases fit in the proposed conceptual model, as
well: The end of a relapsing phase occurs when the number of cells, bearing a detectable pathogen’s
“imprint”, falls below a threshold, which depends on the particular disease. The end of the
inflammatory phase per se, is a cause of relief for the patients. Moreover, it may be accompanied by
a certain degree of recovery, which depends on the resilience of the affected tissues, organs or
systems, and cells’ regeneration rate.

Nevertheless, the infectious agents have not been eliminated completely and the “imprinting”
process continuous. As long as the remitting phase lasts, this process remains undetected, while its
rate might be lower than that of regeneration. Symptoms are noticed again, when cumulative cell
damage, due to the attack of the immune system to altered cells, exceeds a certain threshold. New
infections by pathogens may facilitate the onset of the subsequent relapsing phase, through
accelerating the “imprinting” process and/or through alerting the patients” immune system.

Regarding cure of autoimmune diseases with good prognosis, it occurs when the immune
system (naturally or with the support of antiviral drugs or antibiotics, as in Sydenham’s chorea),
manages to eliminate the infectious agents completely and, consequently, to stop further alteration
of cells.
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Moreover, the role of molecular mimicry that is considered “one of the leading mechanisms by
which infectious or chemical agents may induce autoimmunity” [11], can be seen from a somewhat
different point of view. The basic idea is that autoimmune cells mistake self-cells as foreign, due to
similarities between the host’s protein structures and those of invading bacteria or viruses, e.g., [25].
For instance, Bacteroides fragilis, a member of the normal human gut microbiota, encodes a protein,
which is very similar to human ubiquitin and could trigger autoimmune response [26]. Evidence on
the ability of bacteria to mimic human proteins and to contribute to the onset of autoimmune diseases
and on related clinical implications is mounting up, e.g., [27]. However, molecular mimicry may have
also the “opposite” effect, namely allowing pathogens to evade host’s immune response [28,29].
Actually, this effect could be regarded as more predictable. The model, discussed in this paper, might
offer the “missing link” between the two possible effects of molecular mimicry: At a first stage, the
“invaders” avoid attacks of the immune system and are able to cause alterations of host’s cells. Later
on, when the immune system manages to recognize them, it attacks the cells with the pathogens’
“imprint”, as well. This two-stage process can explain the time lag between infection and
autoimmune response, as it takes some time for the infectious agents to affect a substantial number
of cells to a degree detectable by the immune system. In the same framework, time-lag differences
from disease to disease (and even from case to case for the same disease) can be also explained, as
different infectious agents may be involved.

Another important issue, related to many autoimmune diseases, is epitope spreading, e.g.,
[30,31]. As summarized by Cornaby et al. [32], it can be triggered by assorted viruses, bacterial
infections, and stress. Its occurrence can be justified in the framework of the conceptual model,
presented in this paper: As alteration of the infected cells evolves with time, it is reasonable that
autoimmune response may target different epitopes within the same antigen, namely that epitope
spreading will occur.

4. The Proposed Model and Other Factors Related to Autoimmune Responses

The roles of genetic predisposition, diet habits, stress and lifestyle in developing autoimmune
responses are well documented. These roles, together with the “hygiene hypothesis”, fit well in the
framework of the new approach to the mechanism of autoimmune diseases, as it is explained in the
following paragraphs.

4.1. Genetic Predisposition

The role of genetic predisposition looks indisputable, e.g., [4,33-35]. Genetic predisposition to
autoimmune diseases in general has been reported, e.g., by Criswell et al [36], who studied 265
multiplex families and found out that at least two of “core” autoimmune diseases were present in
each of these families, and by Li et al, [37], who analyzed the relationship between polymorphism of
a particular gene and susceptibility to many autoimmune diseases. On the other hand, genetic
susceptibility of particular organs to autoimmune diseases has been reported as well, e.g., [38].

The findings, which relate autoimmune diseases to genetic factors, fit well in the framework of
the proposed model. If the problem lies with the organ that is attacked, it could be linked to its
susceptibility to certain viruses, the “imprint” of which renders it a target of the immune system. This
explains satisfactorily the variety of autoimmune diseases, each affecting different cell systems.
Moreover, the presence of more than one disease in multiplex families can be due to their members’
infection by the same virus, fueling different autoimmune diseases. Even if the genetic predisposition
is traced to features of the immune system, they could relate to increased ability to discern pathogens’
imprints.

4.2. Correlation with Diet

The correlation of diet with certain autoimmune diseases is statistically sound. A number of
explanations has appeared in the literature, e.g., industrial food processing and food additive
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consumption [39]. According to these authors, “additives increase intestinal permeability by
breaching the integrity of tight junction paracellular transfer. In fact, tight junction dysfunction is
common in multiple autoimmune diseases”. Moreover, diet has been related to the onset of
autoimmune diseases through molecular mimicry [40].

Such observations fit very well in the framework of the proposed model: Unhealthy diet habits
render certain tissues more susceptible to infectious agents and facilitate their alteration, which, in
turn, renders them targets of the immune system.

4.3. The Difference Between Developed and Developing Countries

It is well established that autoimmune diseases are much more widespread in developed
countries than in developing ones, e.g., [41]. The well-known “hygiene hypothesis”, e.g., [42], directly
correlates the decreasing incidence of infections in developed countries with the increase of
autoimmune (and allergic) diseases.

This correlation can be explained in the framework of the proposed mechanism of autoimmune
diseases, in the following way: In areas where low hygienic conditions prevail and treatment means
are lacking, many people die from diseases, which rarely cause deaths in developed countries. In the
latter, though, some of those who are affected, and subsequently treated, are not completely cured;
the infectious agents are not fully neutralized, but they continue to leave their “imprint” on cells,
organs or systems, rendering them targets of the immune system.

4.4. The role of Stress

It has been known, since many years, that stress (mainly chronic stress) can cause
immunosuppression, e.g., [43]. Nevertheless, it may also result in increased risk or exacerbations of
autoimmune diseases, e.g., [6,43-46], which entail increased activity of the immune system. This
apparent contradiction can be resolved in the framework of the proposed mechanism: At a first stage,
stress-induced weakness of the immune system facilitates cell “imprinting” by pathogens. At a later
stage, the immune system manages to recognize mounting alterations of the affected cells and attacks
them. This two-stage process allows for time-lag between stress periods and exacerbations of
autoimmune diseases.

5. Additional Indications Resulting From Disease Treatments

5.1. Treatment of Multiple Sclerosis with B-Interferon

Beta interferon (IFNf) is mildly effective in treating the relapsing-remitting form of multiple
sclerosis. The precise mechanisms through which IFNf3 achieves its therapeutic effects are not fully
understood [47,48].

Regarding interferons (IFNs), in general, it is known that they stimulate cells infected by viruses,
to produce proteins that prevent virus replication within them; in this way, infections are eventually
stemmed. The complex IFN contribution to combating cancer-associated viruses, in particular, is an
issue of ongoing research, e.g., [49].

Given the undisputed antiviral properties of IFNs, and irrespective of the exact mechanism, the
therapeutic effect of INF3 on multiple sclerosis can be reasonably related to its infection-stemming
properties, namely it fits perfectly in the framework of the proposed model, which attributes the
evolution of autoimmune diseases to residual infectious agents.

5.2. Treatment of Malignancy

Some new treatments of malignancy have been related to autoreactivity. These treatments use
immune checkpoint inhibitors (CPIs) to facilitate the patient’s immune system to attack successfully
the cancer cells. Side-effects include a range of immune-related adverse events (IRAEs), from
neurological [50,51] to rheumatological [52]. As CPIs play an essential role in regulating immune
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response, e.g., [53], the appearance of such IRAEs could be expected, at least in the form of
exacerbation of pre-existing autoimmune diseases. Sometimes, though, seemingly unrelated cells
(tissues or organs) are affected, as well. A possible explanation, in the framework of the proposed
model, is that there are two similar, but distinct processes. The underlying similarity is that the
affected cells are not completely healthy; the difference is that in the first case, they bear the
pathogen’s “imprint”, while in the second they bear already a slight cancerous alteration, which
cannot be detected with current diagnostic means. The loosely regulated immune system, upon
detecting alterations, even slight ones, attacks the affected cells, irrespective of the alteration cause.

6. Main Conclusion—Directions for Further Research

The proposed conceptual model, which emphasizes the progressive alteration of host cells (from
non-detectable by the immune system to severe) caused by infectious agents, can offer a coherent
explanation of many aspects of autoimmune diseases. Provided that it is valid, the means to stop the
progress, or even to cure autoimmune diseases, can be found in the development of new antibiotics
or antiviral drugs. These drugs should aim at complete elimination of the infectious agents, which
are responsible for the alteration of the cells, which are eventually attacked by the immune system.
Research along this line could be followed in parallel with research on the function of the immune
system and the particular features of each autoimmune disease.

The following research directions would be very helpful in order to check the validity (or partial
validity) of the proposed model of the mechanism underlying autoimmune diseases and to establish
new treatment protocols, insomuch as it is valid:

(a) Further statistical studies on the temporal correlation between first manifestation or seizures of
autoimmune diseases and infections from viruses or bacteria.

(b) More statistical studies on possible correlations between new malignancy treatments, eventually
aiming at facilitating immune system response, and appearance of IRAEs. Relationship between
cells (tissues or organs) affected by IRAEs and metastatic cancer expansions could be revealing.

(c) Clinical trials of existing and new antibiotic or antiviral drugs to stop further progress of
autoimmune diseases.

(d) Search for unknown infectious agents, affecting organs or tissues that may suffer from
autoimmune diseases.

Acknowledgments: The author would like to thank Dr. V. Aroniadou-Anderjaska for specific comments and
overall help. Moreover, the author would like to dedicate this paper to the memory of Kostas Vassiliou, a close
relative, who passed away in his early forties, after suffering many years from multiple sclerosis.

Competing interests statement: The author has no conflicts of interest.

Funding statement: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

References

1. Rose, N.R. Autoimmune Diseases. In: International Encyclopedia of Public Health (2nd Edition); Quah, S.R.,
Ed.; Academic Press, 2017, pp. 192-195, ISBN 9780128037089, https://doi.org/10.1016/B978-0-12-803678-
5.00029-1.

2. Theofilopoulos, A.; Kono, D.; Baccala, R. The multiple pathways to autoimmunity. Nat Immunol. 2017, 18,
716-724. https://doi.org/10.1038/ni.3731.

3. Meffre, E.; O’Connor, K.C. Impaired B-cell tolerance checkpoints promote the development of autoimmune
diseases and pathogenic autoantibodies. Immunol. Rev. 2019, 292, 90-101.

4. Pisetsky, D.S. Pathogenesis of autoimmune disease. Nat Rev Nephrol. 2023, 19, 509-524.
https://doi.org/10.1038/s41581-023-00720-1

5. Rosenblum, M.D., Remedios, K.A., Abbas, A.K., 2015. Mechanisms of human autoimmunity. The Journal
of Clinical Investigation. 125(6). https://doi.org/10.1172/JCI78088.


https://doi.org/10.20944/preprints202501.0893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0893.v1

6 of 8

6. Stojanovich, L. Stress and autoimmunity. Autoimmun. Rev. 2010, 9(5), A271-A276.
https://doi.org/10.1016/j.autrev.2009.11.014

7. Bluestone, J.A.; Anderson, M. Tolerance in the age of immunotherapy. N. Engl. ]. Med. 2020, 383, 1156-1166.
https://doi.org/10.1056/NEJMra1911109.

8.  Ralowska-Gmoch, W.; Koszewicz, M.; Labuz-Roszak, B.; Budrewicz, S.; Dziadkowiak, E. Diagnostic criteria
and therapeutic implications of rapid-onset demyelinating polyneuropathies, Exp. Mol. Pathol. 2024, 140,
04942, https://doi.org/10.1016/j.yexmp.2024.104942 .

9.  Ercolini, A.M.; Miller, S.D., 2009. The role of infections in autoimmune disease, Clin. Exp. Immunol. 2009,
155(1), 1-15. https://doi.org/10.1111/j.1365-2249.2008.03834 .x.

10. Fairweather, D.; Kaya, Z.; Shellam, G.R.; Lawson, C.M.; Rose, N.R. From Infection to Autoimmunity. J.
Autoimmun. 2001, 16(3), 175-186. https://doi.org/10.1006/jaut.2000.0492.

11.  Rojas, M.; Restrepo-Jiménez, P.; Monsalve, D.M.; Pacheco, Y.; Acosta-Ampudia, Y.; Ramirez-Santana, C,;
Leung, P.S.C; Ansari, A.A.; Gershwin, M.E.; Anaya, ].M. Molecular mimicry and autoimmunity. ].
Autoimmun. 2018, 95 100-123. https://doi.org/10.1016/j.jaut.2018.10.012

12.  Dotta, F.; Censini, S.; van Halteren, A.G.; Marselli, L.; Masini, M.; Dionisi, S.; Mosca, F.; Boggi, U.; Muda,
A.O.; Del Prato, S.; Elliott, J.F.; Covacci, A.; Rappuoli, R.; Roep, B.O.; Marchetti, P. Coxsackie B4 virus
infection of beta cells and natural killer cell insulitis in recent-onset type 1 diabetic patients, Proc. Natl. Acad.
Sci. U.S.A. 2007, 104, 5115-5120. https://doi.org/10.1073/pnas.0700442104

13. Lossius, A.; Johansen, J.N.; Torkildsen, O.; Vartdal, F.; Holmoy, T. Epstein-Barr virus in systemic lupus
erythematosus, rheumatoid arthritis and multiple sclerosis-association and causation. Viruses. 2012, 4,
3701-3730. https://www .ncbi.nlm.nih.gov/pubmed/23342374

14. Sher, EK,; Cosovié, A.; Dzidi¢-Krivié, A.; Farhat, EX.; Pinji¢, E.; Sher, F. Covid-19 a triggering factor of
autoimmune and multi-inflammatory diseases. Life Sci. 2023, 319, 121531.
https://doi.org/10.1016/j.1fs.2023.121531.

15. Vellozzi, C,; Igbal, S.; Broder, K. Guillain-Barre syndrome, influenza, and influenza vaccination: the
epidemiologic evidence, Clin. Infect. Dis. 2014, 58, 1149-1155. https://doi.org/10.1093/cid/ciu005

16. Polykretis, P.; Donzelli, A.; Lindsay, J.C.; Wiseman, D.; Kyriakopoulos, A.M.; Mérz, M.; Bellavite, P.;
Fukushimah, M.; Seneff, S.; McCullough, P.A. Autoimmune inflammatory reactions triggered by the
COVID-19 genetic vaccines in terminally differentiated tissues. Autoimmunity, 2023, 56(1).
https://doi.org/10.1080/08916934.2023.2259123.

17.  Rojas, M.; Herran, M.; Ramirez-Santana, C.; Leung, P.S.C.; Anaya, ].-M.; Ridgway, W.M.; Gershwin, M.E.
Molecular mimicry and autoimmunity in the time of COVID-19. ]. Autoimmun. 2023, 139, 103070.
https://doi.org/10.1016/j.jaut.2023.103070

18. Cardoso, F. Sydenham’s chorea. Curr Treat Options Neurol. 2008, 10, 230-235. https://doi.org/10.1007/s11940-
008-0025-x

19. Bonthius, D.J.; Karacay, B. Sydenham's Chorea: Not Gone and Not Forgotten. Seminars in Pediatric
Neurology. 2003, 10:11-19.

20. VanToorn, R.; Weyers, H.H.; Schoeman, J.F. Distinguishing PANDAS from Sydenham's chorea: case report
and review of the literature. Eur. |. Paediatr. Neurol. 2004, 8, 211-216.

21. Von Herrath, M.; Fujinami, R.; Whitton, J. Microorganisms and autoimmunity: making the barren field
fertile?. Nat Rev Microbiol. 2003, 1, 151-157. https://doi.org/10.1038/nrmicro754

22. Domingues, T.D., Malato, J.,, Grabowska, A.D., Lee, ]J.-S., Ameijeiras-Alonso, J., Biecek, P., Graca, L.;
Mourifio, H.; Scheibenbogen, C.; Westermeieri, F.; Nacul, L.; Cliff, ] M.; Lacerda, E.; Sepulveda, N.
Association analysis between symptomology and herpesvirus IgG antibody concentrations in myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS) and multiple sclerosis, Heliyon. 2023, 9(7) 18250

23. Libbey, J.E.; Cusick, M.E.; Fujinami, R.S. Role of pathogens in multiple sclerosis. Int. Rev. Immunol. 2014, 33,
266-283. https://doi.org/10.3109/08830185.2013.823422.

24.  Willison, H.J.; Jacobs, B.C.; van Doorn, P.A. Guillain-Barré syndrome. Lancet, 2016, 388(10045), 717 — 727.
https://doi.org/10.1016/S0140-6736(16)00339-1.

25. Oldstone, M.B.A. Molecular Mimicry, Microbial Infection, and Autoimmune Disease: Evolution of the

Concept. In: Molecular Mimicry: Infection-Inducing Autoimmune Disease. Current Topics in Microbiology and


https://doi.org/10.20944/preprints202501.0893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0893.v1

7 of 8

Immunology, Oldstone, M.B.A., Ed.; Springer, Berlin, Heidelberg, 2005, Volume 296.
https://doi.org/10.1007/3-540-30791-5_1

26. Stewart, L.; Edgar, ].D.M.; Blakely, G.; Patrick, S. Antigenic mimicry of ubiquitin by the gut bacterium
Bacteroides fragilis: a potential link with autoimmune disease. Clin. Exp. Immunol. 2018, 194(2), 153-165.
https://doi.org/10.1111/cei.13195

27. Suliman, B.A. Potential clinical implications of molecular mimicry-induced autoimmunity. Immun Inflamm
Dis. 2024, 12:e1178. d0i:10.1002/iid3.1178

28. Damian, R.T., 1989. Molecular Mimicry: Parasite Evasion and Host Defense. In: Molecular Mimicry. Current
Topics in Microbiology and Immunology; Oldstone M.B.A., Ed; Springer, Berlin, Heidelberg. 1989, 145,
https://doi.org/10.1007/978-3-642-74594-2_9

29. Wiirzner, R. Evasion of pathogens by avoiding recognition or eradication by complement, in part via
molecular mimicry. Mol. Immunol. 1999, 36(4-5), 249-260. https://doi.org/10.1016/S0161-5890(99)00049-8.

30. Vanderlugt, CJ.; Miller, S.D., 1996. Epitope spreading. Curr. Opin. Immunol. 1996, 8:831-836.
https://doi.org/10.1016/50952-7915(96)80012-4.

31. Venkatesha, S.H.; Durai, M.; Moudgil, K.D. Chapter 5 - Epitope Spreading in Autoimmune Diseases. In:
Infection and Autoimmunity (Third Edition); Mahroum, N.; Watad, A.; Shoenfeld, Y.; Eds; Academic Press,
2024, pp. 61-89, ISBN 9780323991308, https://doi.org/10.1016/B978-0-323-99130-8.00038-6.

32. Cornaby, C.; Gibbons, L.; Mayhew, V.; Sloan, C.S.; Welling, A.; Poole, B.D. B cell epitope spreading;:
Mechanisms and contribution to autoimmune diseases. Immunol. Lett. 2015, 163(1), 56—68.
https://doi.org/10.1016/j.imlet.2014.11.001.

33. Long, H.; Yin, H,; Wang, L.; Gershwin, M. E.; Lu, Q. The critical role of epigenetics in systemic lupus
erythematosus and autoimmunity. J. Autoimmun. 2016, 74, 118-138.
https://doi.org/10.1016/j.jaut.2016.06.020

34. Kahaly, G.J.; Hansen, M.P. Type 1 diabetes associated autoimmunity. Autoimmun. Rev. 2016, 15, 644—648.
https://doi.org/10.1016/j.autrev.2016.02.017.

35. Ma, W.-T,; Chang, Ch.; Gershwin, MLE.; Lian, Z.-X. Development of autoantibodies precedes clinical
manifestations of autoimmune diseases: A comprehensive review. J. Autoimmun. 2017 83 (2017) 95-112.
https://doi.org/10.1016/j.jaut.2017.07.003.

36. Criswell, L.A,; Pfeiffer K.A.; Lum R.F.; Gonzales B.; Novitzke J.; Kern M.; Moser K.L.; Begovich A.B,;
Carlton V.E,; Li W.; Lee A.T,; Ortmann W.; Behrens T.W.; Gregersen P.K. Analysis of families in the
multiple autoimmune disease genetics consortium (MADGC) collection: the PTPN22 620W allele associates
with  multiple autoimmune phenotypes. Am ] Hum  Genet. 2005, 76(4), 561-571.
https://doi.org/10.1086/429096.

37. LiJ;Lin, S.-Y.; Lv, Y.-B,; Tang, H.-M.; Peng, F. Association Study of MMP-9 -1562C/T Gene Polymorphism
with Susceptibility to Multiple Autoimmune Diseases: A Meta-analysis. Archives Med. Res. 2017, 48(1), 105
112, https://doi.org/10.1016/j.arcmed.2017.01.001.

38. Owen K.A.; Price A.; Ainsworth H.; Aidukaitis B.N.; Bachali P.; Catalina M.D.; Dittman ].M.; Howard T.D.;
Kingsmore K.M.; Labonte A.C.; Marion M.C.; Robl R.D.; Zimmerman K.D.; Langefeld C.D.; Grammer A.C;
Lipsky P.E. Analysis of Trans-Ancestral SLE Risk Loci Identifies Unique Biologic Networks and Drug
Targets in African and European Ancestries. Am | Hum Genet. 2020, 107(5):864-881.
https://doi.org/10.1016/j.ajhg.2020.09.007.

39. Lerner A.; Matthias, T. Changes in intestinal tight junction permeability associated with industrial food
additives explain the rising incidence of autoimmune disease. Autoimmun. Rev. 2015, 14, 479-489.
https://doi.org/10.1016/j.autrev.2015.01.009

40. Guggenmos, J.; Schubart, A.S.; Ogg, S.; Andersson, M.; Olsson, T.; Mather, I.H.; Linington, C. Antibody
cross-reactivity between myelin oligodendrocyte glycoprotein and the milk protein butyrophilin in
multiple sclerosis. J. Immunol. 2004, 172, 661-668. https://www .ncbi.nlm.nih.gov/pubmed/14688379

41. Armelagos, G.J.; Brown, P.J.; Turner, B. Evolutionary, historical and political economic perspectives on
health and disease. Social Science & Medicine. 2005, 61(4), 755-765.
https://doi.org/10.1016/j.socscimed.2004.08.066.


https://doi.org/10.20944/preprints202501.0893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0893.v1

8 of 8

42. Okada, H,; Kuhn, C,; Feillet, H.; Bach, J.F. The ‘hygiene hypothesis’ for autoimmune and allergic diseases:
an update. Clin Exp Immunol. 2010, 160(1), 1-9. https://doi.org/10.1111/j.1365-2249.2010.04139.x

43. Pruett, S.B. Stress and the immune system, Pathophysiology. 2003, 9(3), 133-153.
https://doi.org/10.1016/50928-4680(03)00003-8 .

44. Jacobs, R.; Pawlak, C.R.; Mikeska, E.; Meyer-Olson, D.; Martin, M.; Heijnen, C.J.; Schedlowski, M.; Schmidt,
R.E. Systemic lupus erythematosus and rheumatoid arthritis patients differ from healthy controls in their
cytokine pattern after stress exposure. Rheumatology. 2001, 40(8), 868-875.
https://doi.org/10.1093/rheumatology/40.8.868.

45. Mitsonis, C.I; Potagas, C.; Zervas, L.; Sfagos, K. The effects of stressful life events on the course of multiple
sclerosis: A review. Int ] Neurosci. 2009, 119(3), 315-335. https://doi.org/10.1080/00207450802480192.

46. Song, H.; Fang, F.; Tomasson, G.; Arnberg, F.K.; Mataix-Cols, D.; Fernandez de la Cruz, L.; Almqvist, C;
Fall, K.; Valdimarsdoéttir U.A. Association of stress-related disorders with subsequent autoimmune disease.
JAMA. 2018, 319(23), 2388-2400. https://doi.org/10.1001/jama.2018.7028.

47. Dhib-Jalbut, S.; Marks, S. Interferon-f mechanisms of action in multiple sclerosis. Neurology. 74(1)
1_supplement_1, 2010, S17-524. https://doi.org/10.1212/WNL.0b013e3181c97d99

48. Hojati, Z.; Kay, M.; Dehghanian, F. Chapter 15 - Mechanism of Action of Interferon Beta in Treatment of
Multiple Sclerosis. In Multiple Sclerosis; Minagar, A., Ed.; Academic Press, 2016; 365-392, ISBN
9780128007631, https://doi.org/10.1016/B978-0-12-800763-1.00015-4.

49. Zhu, Y.-X,; Li, Z.-Y.; Yu, Z.-L.; Lu, Y.-T.; Liy, J.-X.; Chen, J.-R; Xie, Z.-Z. The underlying mechanism and
therapeutic potential of IFNs in viral-associated cancers. Life Sciences, 2025, Vol. 361, 123301,
https://doi.org/10.1016/j.1fs.2024.123301

50. Graus, F.; Dalmau, J. Paraneoplastic neurological syndromes in the era of immune-checkpoint inhibitors.
Nat. Rev. Clin. Oncol. 2019, 16, 535-548. https://doi.org/10.1038/s41571-019-0194-4.

51. Mohn, N.; Beutel, G.; Gutzmer, R.; Ivanyi, P.; Satzger, I.; Skripuletz, T. Neurological Immune Related
Adverse Events Associated with Nivolumab, Ipilimumab, and Pembrolizumab Therapy-Review of the
Literature and  Future Outlook. Journal of Clinical  Medicine. 2019, 8(11) 1777.
https://doi.org/10.3390/jcm8111777

52. Cano-Cruz, L.G., Barrera-Vargas, A.; Mateos-Soria, A.; Soto-Perez-de-Celis, E.; Merayo-Chalico, J.
Rheumatological Adverse Events of Cancer Therapy with Immune Checkpoint Inhibitors, Archives of
Medical Research. 2022, 53(2), 113-121, https://doi.org/10.1016/j.arcmed.2021.09.004.

53. Zhai, Y., Moosavi, R;; Chen, M. Immune Checkpoints, a Novel Class of Therapeutic Targets for
Autoimmune Diseases. Front. Immunol. 2021, 12:645699. https://doi.org/10.3389/fimmu.2021.645699.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202501.0893.v1

