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Infection-induced autoimmunity via molecular mimicry
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Molecular mimicry

Pathogen antigens may structurally resemble self-antigens. When the
Immune system mounts a response against the infectious agent, the
resulting B and T cells cross-react with similar-looking self-molecules,
triggering an autoimmune response against host tissue.

Source: 1Pahari S, Chatterjee D, Negi S, Kaur J, Singh B, Agrewala JN. Morbid Sequences Suggest Molecular Mimicry between Microbial Peptides
and Self-Antigens: A Possibility of Inciting Autoimmunity. Front Microbiol. 2017;8:1938; * An epitope is the specific part of an antigen? that the immune
system recognizes and binds to, made up of a small group of amino acids or chemical units; an antigen is any substance that enters the body and
triggers an immune response



Bystander activation: nearby uninfected cells get caught in.
the assault in an antigeflzy 8 LISOA FA O Y I Yy SNJ
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Bystandemactivation iswhen intense local inflammation damages tissue
and accidentally unleashes dormant autoreactive immune cells

Source: 1SfrisoP,GhirardelloA, BotsiosC, et al. Infections and autoimmunity: the multifaceted relationshipukodiol. 2010;87:38605; 2.Sundaresan B,
ShirafkarF,RippergerK, RattayK. The Role of Viral Infections in the Onset of Autoimmune Diseases. Viruses. 2023 Mar 18;15(3):782, Fig 1;

1 BfrisoP, GhirardelloA, BotsiosC, et al. Infections and autoimmunity: the multifaceted relationsHigukoc
Biol. 2010;87:38605.
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Chapter 19 Infection and autoimmune diseases

Maria-Teresa Arango, Yehuda Shoenfeld, Ricard Cervera, and Juan-Manuel Anaya.

Introduction Go to: (¥

Autoimmune diseases (ADs) are chronic pathologies triggered by the loss of immunological
tolerance to self-antigens, which can cause systemic or organ specific damage. ADs are common,
with an estimated prevalence of 3,225/100,000. They are also a frequent cause of morbidity and

mortality (1,2). Genetic and environmental factors are the main ones involved in the j
of ADs. Infections and exposure to pathogens or opportunistic organisms are among 1
environmental factors and may induce the initiation or exacerbation of ADs (3-5). Mz
infection may influence one or more of these diseases, and a single organism may be
more than one AD (1,6). In this chapter, the evidence indicating a causal role of infec
development of ADs is reviewed.

Infectious agents and ADs

Autoimmune response is mediated by autoreactive T and B lymphocytes responsible
production of soluble mediators (e.g., cytokines, nitric oxide, etc.) and autoantibodieg
lead to tissue damage that may be systemic in the case of systemic lupus erythematos
organ specific such as in type I diabetes (T1D) (7).

AUTOIMMUNITY
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Autoimmune Diseases

Review Article 3 OpenAccess () @

Evidence for Molecular Mimicry between SARS-CoV-2 and
Human Antigens: Implications for Autoimmunity in COVID-19

Andrea Arévalo-Cortés %4, Daniel Rodriguez-Pinto, Leonardo Aguilar-Ayala

First published: 30 August 2024 | https://doi.org/10.1155/2024/8359683 | ~* VIEW METRICS

Academic Editor: Rizgar Mageed
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Source ArévalaCortés A, Rodrigueinto D, AguilaAyala L. Evidence for Molecular Mimicry between SB&®& and Human Antigens:
Implications for Autoimmunity in COMVI®. Autoimmune Dis. 2024 Aug 31;2024:8359683.



Autoimmunity after infection with SARE0\V2
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SourceTalwar S, Harker JA, Opensh
PJM, Thwaites RS. Autoimmunity in

long COVID. J Allergy Clin Immunol.
2025 Apr;155(4):1082094.

SARS Co¥

SARD-Cov2 Possible mechanisms of action
1. Modulation of responses through direct
binding
Chronic infection/ :
delayed viral DC
;« : _‘ clearance \ :lmotropic effects
g &y . function the Dhdog &
N ’
7 ~ 2. Activation of innate immune cells
AV Y
Autoreactive T cell v " ]
Sustained IFN production g FeR s !rL,'JFE_.
Innate cell activation )\ .6 . lissue
\\’ / ( ; ol L8 damage
. NET relea
initial wave of tissue neutrophil monocyte hronad
damage and cell debris
. 3. Complement activation
T e
o Lk 2O
\ C3 hydrolysis
Neo (self) antigen release antigen- c;q
v antibody
- - ' @ * gependem '
cytotoxicity
: 4 A s i ~ 4. Immune complex deposition
Epitope spreading i - =
activation of T and g
B cells ; )
V NK coll medated
LV Cytotouity
&YJ_ " }=={ 5. Triggering coagulation
dotheliel coll .
o LY. — activation and -.6 S
Autoantibody aPL antibody clot formation

FIG 1. Autoimmunity after virus challenge. Infection with virus (here, SARS-CoV-2} can result in tissue

anage and neoantigen release through direct molecular mimicry with self-antigen and/or sustained

interferon production. This can then lead to activation of bystander T and B cells and autoantibody
production, triggering a loop of autoimmune responses and further tissue damage. 1, Direct binding of au-
toantibodies to different sites on a protein can exhibit varying effects on function (eg, prevent binding to
target receptor/ligand). 2, Fc receptor engagement on immune cells such as neutrophils and monocytes
can trigger cytokine and NET release, potentially contributing to surrounding tissue damage. 3, Autoanti-
body-antigen immune complexes can trigger the classical complement pathway, leading to C3 hydrolysis
and complement deposition/cytotoxicity. 4, Immune complex deposition in tissue can trigger antibody-
mediated cellular cytotoxicity. 5, Specific autoantibodies such as those specific to phospholipids can induce
endothelial cell activation. facilitating vascular thrombosis. Created with BioRender.com.
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Article
Potential Autoimmunity Resulting from Molecular Mimicry
between SARS-CoV-2 Spike and Human Proteins

Janelle Nunez-Castilla ', Vitalii Stebliankin 2, Prabin Baral 3, Christian A. Balbin !, Masrur Sobhan (),
Trevor Cickovski 2, Ananda Mohan Mondal 24, Giri Narasimhan 2%, Prem Chapagain 30, Kalai Mathee >®
and Jessica Siltberg-Liberles 1-3-# a | EELDKYFK |
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When the immune system Ft' N S | HE R S .
mounts a response agalnst the I2I‘.i 33'-![.'143 524‘336‘5514 51/52 !r'll} l233| 1273

SAR& 02 spike protein, n c
crossreactivity can

Occurrence of Pentapeptides in Reference Human Isoforms

inadvertently target vital self =
proteins. : =

specific sequence motifs in the WU teLokvk
SAR_S:OVZ Spl ke protel 1 SUCh as Figure 1. Molecular mimicry with autoimmune potential across SARS-CoV-2 Spike. (a) Overview

of molecular mimics (solid arrow: 3D-mimic, dashed arrow: AF-3D-mimic) for Spike in the linear

TQLP P and ELDKm at Share sequence showing Spike domains (NTD: N-terminus domain of 51 subunit (green), RBD: receptor

homology Wlth human protel ns ||ke binding domain of 51 subunit (orange), CTD: C-terminus domain of 51 subunit (cyan), 52: 52 domain
(purple)) as predicted by Pfam [51] based on the NCBI reference sequence (YP:009724390.1). The

thrombopOIetl n, PRKG 11 and boundary between the 51 and 52 subunits is indicated at 51/52. (b) Surface representation of Spike

l',j NE LJ2 Y' é 2 é A Y' é (PDB id: 6XR8 [23]) colored by subunit (pink, beige, light blue) with residues colored by number
of occurrences in a molecular mimic (blue: 1, green: 2, purple: 3, orange: 4 or more). Structural
visualization generated with PyMOL 2.5.0 [30]. (c) The number of occurrences of the sequence motif
in human RefSeq Select isoforms arranged in order from the N-terminus to the C-terminus and
colored by predominant secondary structure element (magenta: a-helix, yellow: [i-sheet, blue: coil)
based on Spike PDB id 6XR8 chain A.
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ASSOCIATION OF CYTOMEGALOVIRUS IN
AUTOIMMUNE TYPE 1 DIABETES

ChinY. Pak « RobertG. Mcarthur « Hyone-Myong Eun « Ji-Won Yoon

Published: July 02, 1988 « DOI: https://doi.org/10.1016/50140-6736(88)92941-8

Abstract Abstra ct

Article info

The lymphocytes from 59 newly diagnosed type 1 diabetic patie
of human cytomegalovirus (CMV) genome by molecular hybridis
genome was found in 13 (22%) of 59 diabetic patients, butin 1 (:
antibody (ICA) and 41% had cytotoxic beta cell surface antibody
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ACMV has a |yt
t h ecells of the islets of

Langerhans responsible for
Il nsulin produc

Ip)

s than those who were CMYW/ S 3 | (. V/uses

Submit Ar

FECTION WITH

SUMMARY AND COMMENT | GENERAL MEDICINE
July 29, 1988

CYTOMEGALOVIRUS ASSOCIATED WITH TYPE 1
DIABETES.

HGA, reviewing Pak CY; Eun H M; McArthur R G; Yoon | W. Lancet 1988 Jul 2

Viral infections have long been suspected of causing the destruction of pancreatic beta cells, leading to diabetes.
These investigators looked for the presence of human . . .

Viral infections have long been suspected of causing the destruction of pancreatic beta cells, leading to
diabetes. These investigators looked for the presence of human cytomegalovirus (CMV) in the lymphocytes
of 59 patients with newly diagnosed type 1 diabetes and 38 healthy controls. Serum levels of islet-cell
antibody (ICA) and cytotoxic beta-cell surface antibody (CBSA) were measured in all subjects.

AI Cl\&-speciﬁ ggnotne lvasgreant in anmcantly more diabetics than controls (22 versus 2.6 percent), as
was serum ICA (39 versus 2.6 percent). Diabetic patients who were CMV-positive were significantly more
likely to have autoantibodies than those who were CMV-negative (62 versus 33 percent had ICA, and 69
versus 33 percent had CBSA). The single control subject who was CMV-positive did not have either

alitodniit@dy O

The authors conclude that the presence of both human CMV- specific viral genome in lymphocytes and
islet-cell autoantibodies in serum from patients with type 1 diabetes suggests a possible link between
diabetes and CMV infection. Persistent CMV infection may trigger beta-cell autoimmune disease.

Sourcehttps://www.jwatch.org/jw198807290000007/1988/07/29/cytomegalovirassociatedwvith-type-1-diabetes
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T1D patients 8x more likely to have

than controls in a recent (2022) study

Enterovirus infection and risk of islet autoimmunity and type 1 diabetes: systematic review and
meta-analysis of molecular studies

an enterovirus infecti n T1D
Viruses

S.R. Isaacs'?, A. Roy?, B. Dance', D.B. Foskett'?, A.J. Maxwell'?, W.D. Rawlinson'?, K.W. Kim'?,
M.E. Craig"*;

'School of Women's and Children’s Health, Faculty of Medicine, University of New South Wales,
2Serology and Virology Division, NSW Health Pathology, Virology Research Laboratory, Prince of
Wales Hospital, *School of Medical Sciences, Faculty of Medicine, University of New South Wales,
“Institute of Endocrinology and Diabetes, Children's Hospital at Westmead, Sydney, Australia.

Background and aims: Molecular methods of enterovirus (EV) detection have been widely adopted in

Those with new-onset T1D were in
fact over 16x more likely to present
with an EV infection than controls (EV
detected within one month of onset)

recent years, especially within large prospective cohort studies of islet autoimmunity (IA) and type 1
diabetes (T'1D). Here, we present a major update to our previous systematic review of molecular detection
of EV infection and (i) [A or (ii) TID.

Materials and methods: A systematic search of controlled ol

Funnel Plot of Precision by MH log odds ratio

using PubMed and Embase databases until August 2021 (PRC .
language restrictions. Eligible studies included cohort or case-
protein in blood, stool, or tissue of individuals with [A or TIL 71
bias using the Newcastle-Ottawa Scale and NHMRC levels of
RevMan v5.4 using the Mantel-Haenszel method and random a
CIs and p-values for each outcome.

Results: The initial search returned 3266 publications; remov, ol
studies left 897 relevant articles for full-text screening. After «
records meeting eligibility criteria were assigned to 61 study t
nested case-control/NHMRC-II), where 41 examined T1D, ni
ranged from 2 to 8, with 34 studies scoring >6, indicating goo
cases could be further separated into multiple groups, resultin;
67 for T1D). There were 11975 participants altogether, includ
T1D) and 5972 controls. Study design, quality, and method of
statistical heterogeneity. Meta-analysis of 56 studies demonst
infection and IA (17 studies, OR 2.16; 1.28-3.64; p=0.004; »2 '
5.16-13.69; p<0.00001; %2/df=6.59); within one month of T1I

TBC p<0.00001; ¥2/df=3.50). o
Conclusion: There is a clinically significant association betw:

This further supports the rationale for development of EV-targ * - * - *
prevent and reduce the impact of T1D. Large prospective stud

ENDIA and DIPP-novum) will provide insight into the tempo

83 g e T

development of IA and TID in early life. Participants with T1D 8X more likely to have EV infection
43 estimable studies, OR 8.0 (95% C1 4.9 to 13.0), P<0.00001, x2/df=6.75

Sourcelsaacs, Sonia Rebecca and Roy, Anju and DRrieanaand Ward, Emily J. arkbskett Dylan B. and Maxwell, Anna J. and Rawlinson, William and Kim, Ki
Wook and Craig, Maria E., Enterovirus Infection and Risk of Islet Autoimmunity and Type 1 Diabetes: Systematic ReviewAaalydeof Molecular Studies.
Available at SSRNttps://ssrn.com/abstract=4308770r http://dx.doi.org/10.2139/ssrn.43087 7thttps://www.easd.org/mediacentre/home.htmi#

resources/enterovirusnfectionrandrisk-of-isletautoimmunityandtype-1-diabetessystematiereview-and-meta-analysisof-molecuar-studies
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» Endocr Rev. 2023 Jul 11:44(4):737-751. doi: 10.1210/endrev/bnad007.

Coxsackievirus and Type 1 Diabetes: Diabetogenic
Mechanisms and Implications for Prevention

Alexia Carré 1, Federica Vecchio 1, Malin Flodstrém-Tullberg 2, Sylvaine You 1, Roberto Mallone 1 3

Affiliations + expand
PMID: 36884282 DOI: 10.1210/endrev/bnad007

Free article

Abstract

The evidence for an association between coxsackievirus B (CVE) infection, pancreatic islet
autoimmunity, and clinical type 1 diabetes is increasing. Results from prospective cohorts and
pancreas histopathology studies have provided a compelling case. However, the demanstration of a
causal relationship is missing, and is likely to remain elusive until tested in humans by avoiding
exposure to this candidate viral trigger. To this end, CVE vaccines have been developed and are
entering clinical trials. However, the progress made in understanding the biology of the virus and in
providing tools to address the long-standing question of causality contrasts with the scarcity of
information about the antiviral immune responses triggered by infection. Beta-cell death may be
primarily induced by CVB itself, possibly in the context of poor immune protection, or secondarily
provoked by T-cell respanses against CVB-infected beta cells. The passible involvement of epitope
mimicry mechanisms skewing the physiological antiviral response toward autcimmunity has also been
suggested. We here review the available evidence for each of these 3 non-mutually exclusive
scenarios. Understanding which ones are at play is critical to maximize the odds of success of CVE
vaccination, and to develop suitable tools to monitor the efficacy of immunization and its
intermingling with autoimmune anset or preventian.

Viruses

F 2 |TID
2

Key Findings of the Study:

AViruses as Triggerdhe Coxsackie B virus
attacks the insulisproducing cells in the
pancreas, leading to an autoimmune reaction
where the immune system mistakenly attacks
healthy cells.

AParticularly Affected The infection is
particularly common in young children, of whom
a small but growing proportion later develop
Type 1 diabetes.

Almmune System ResponsResearchers found
that the immune system of affected children
shows only a limitedefenseresponse against
the virus, which explains the persistent infection
and the subsequent autoimmune process.

SourceCarré A, Vecchio FlodstrémTullbergM, You SMalloneR. Coxsackievirus and Type 1 Diabetes: Diabetogenic Mechanisms and Implications for

Prevention. EndocrRev. 2023 Jul 11;44(4):7-3B1.



Molecular methods detect Human Echovirus RNA more ft_EHD
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Echovirus Epidemics, Autoimmunity,
and Type 1 Diabetes

Oscar Diaz-Horta!?, Luis Sarmiento?, Andreina Baj’,
Eduardo Cabrera-Rode! and Antonio Toniolo?
INational Institute of Endocrinology, Havana

2" Pedro Kouri" Tropical Medicine Institute, Havana
‘University of Insubria, Varese

L2Cuba

taly

1. Introduction

Type 1 diabetes mellitus [T1D] results from the autoimmune destruction of insulin-
producing beta cells triggered by environmental factors (Hyoty & Taylor, 2002; Jun & Yoon,
2003). Genetic predisposition accounts for 36-50% of disease susceplibility as demonstrated
in monozygotic twin studies (Barnett et al., 1981; Hemminki et al., 2010; Redondo et al.,

2001). Differences in the incidence of T1D among countries are thought to be due to the

roportions of HLA susceptibility haplotypes; hm‘. ever, other genes seem Lo be involved in r 4 p% ~ .4

an[i::_‘rnng risk. On the {]1]i1e| hand ﬁk I:-EIk of new TID cases lack family history of the C( L y. U K 7\ a O K I LJU S
disease, altogether indicating that the contribution of exogenous factors to disease . . - .
pathogenesis is important. Among examined environmental agents, human enteroviruses prOVIde epldemIOIOglcaI
(HEVs) seem to play a prominent role (Hyoty & Tavlor, 2002). .
HEVs are common RNA viruses spreading through the fecal-oral route. The genus comprises and experlmental data
over 100 different virus types (Simmonds, 2006). The positive sense single-stranded 7.5 kb . . . .
ENA genome contains a single open reading frame flanked by two untranslated regions |nd|cat|ng HEV as pOSS|b|e
(termed 5" and 3° UTRs). A translated single poly-protein is cleaved generating four structural . . .
proteins (VP1, VP2, VI3 to VP4) and seven nonstructural proteins (2A, 2B, 2C and 3A, 3B, 3C, agents |nVO|Ved |n |S|et
3D). VP1 te VP4 proteins form the viral capsid comprising epitopes involved in virus .
neutralization; they are responsible for the type-specific protective immunity. Nonstructural Ce" aSSOC|ated
proteins determine virus replication and cellular pathology (Agol, 2006). . z 4
Although prediction of T1D using genetic, immunologic, and biochemical markers is rather | dzu 2 7\ Y Y dzy }\ U 6

accurate (Hirai et al., 2008; Notkins, 2007), the cost-benefit ratio of periodical determinations
appears not to justify large scale screening programs. Unfortunately, primary, secondary
and tertiary prevention siralegies evalualed so far have failed to prevent or halt the

<

SourceDiazHorta, Oscar & Sarmiento, Luidd&j Andreina& CabreraRode, Eduardo &oniolg Antonio. (2011). Echovirus Epidemics,
Autoimmunity, and Type 1 Diabetes.
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Abstract

Environmental factors, in particular viral infections, are thought to have an important role in
the pathogenesis of type 1 diabetes mellitus (TIDM). The COVID-19 pandemic reinforced this
hypothesis as many observational studies and meta-analyses reported a notable increase in
the incidence of TIDM following infection with SARS-CoV-2 as well as an association between
SARS-CoV-2infection and the risk of new-onset TIDM. Experimental evidence suggests that
human B-cells express SARS-CoV-2 receptors and that SARS-CoV-2 can infect and replicate in

B-cells, resulting in structural or functional alterations of these cells. These alterations

& ® d K dzyelsyexpriess SARSOV2
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and replicate in Bcells, resulting in
structural or functional alterations
2T GKS&aS OSftf aodé
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and metaanalyses
reported an increase in the
incidence of type 1
diabetes mellitus during
the COVIBL9 pandemic as
well as an association
between SARE 02
infection and the risk of
new-onset type 1 diabetes
YSt t A(dza o¢
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Chlamydia pneumoniae, an intracellular bacterium, is associated with respiratory diseases, reinfectivity and chronic diseases such as
cardiovascular disease, hypertension and stroke. The risk of infection is higher and infections are a serious clinical problem in patients
with type 1 (insulin-dependent) diabetes mellitus (T1DM). Although diabetes mellitus and hyperglycaemia are considered possible risk
factors for various types of aetiological agents, the epidemiological evidence concerning C. pneumoniae infection is scanty. The aim of the
present study was to evaluate the impact of glycosylated haemoglobin (HbAlc) levels, an indicator of a hyperglycaemic state, on C.
pneumoniae infection and disease chronicity, in addition we compared the duration of diabetes with the occurrence of € pneumoniae
infection. C. pneumoniae blood real time PCR and serology (1gG, IgA and IgM) assays by an ELISA method were performed. €. pneumoniae
DNA was detected in 46.5% [95% confidence interval (Cl)=35.1-57.9%)] of the patients with T1DM; this prevalence is higher {(P<0.05) than in
non-diabetic paediatric controls, 10.5% (95% Cl=3.6-17.4%). IgG/IgA C. pneumoniae antibody positivity was significantly (P<0.05) more
common in patients in poor metabolic control (HbAc >9%) versus patients in good metabolic control (HbATc <7%), suggesting that the
metabolic control of the disease is compromised in the patients with TIDM. In conclusion, adolescents with T1DM were more likely to show
signs of infection with C pneumoniae compared with healthy adolescents and the results suggest an increased risk of progressing from an
acute C. pneumoniae infection to a chronic form.

RSOUSOUSR Ay TIDM®
higher prevalence than in nowliabetic paediatric controls

T1DM

Bacteria
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Type 1 Diabete€Zhlamydia
pneumoniae infection can
exacerbate complications in
individuals with the condition,
particularly affecting beta cells
and potentially worsening
glycemiccontrol. Studies
suggest a higher prevalence o

C. pneumoniae DNA in patient

with Type 1 Diabetes compare
to non-diabetic controls
according to a study by the
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Abstract

Background and Objectives: Type 1 diabetes mellitus (T1DM) is a chronic and serious
condition that is characterized by inadequate pancreatic-§3-cells’ insulin production. The
connection between T1DM and Helicobacter pylori infection remains uncertain. This study
aimed to conduct a systematic meta-analysis to examine the association between H.
pylori infection, hemoglobin Alc levels, and the development of TIDM. Materials and
Methods: The initial search identified 451 articles on the association between H. pylori
infection and T1DM. Among them, 12 articles had 2797 participants who met the
inclusion criteria for an advanced meta-analysis. Results: A significant association was
observed between H. pylori infection and TIDM (OR 1.77, 95% C1 1.47-2.12, p < 0.0001),
with heterogeneity: Tau? = 0.47; Chi% = 57.07, df = 11 (p =< 0.0001); IZ = 81%. Subgroup
analysis showed that H. pylori infection was significantly associated with a longer
duration of T1DM and higher hemoglobin Alc levels (p < 0.001 for both) but not with age
at T1DM diagnosis (p = 0.306). Conclusions: These findings contribute to the
understanding of the association between H. pylori infection and T1DM and highlight the
potential role of H. pylori in influencing the duration and glycemic control of diabetes.
Therefore, pediatric patients who have longstanding T1DM and poor glycemic control
should be screened for H. pylori infection.

a ! y-deptlyanalysis of
the quantitative
breakdown showed that
the prevalence of H. pylor
infection was higher in the
diabetes cohort (45.87%,
= 561) than in healthy in
individuals (24.27%, n =
nMoUO Xa2z2Nb2d
infection was significantly
associated with T1DM (Ol
1.77,95% Cl 1.42.12, p
< 0.0001), with hetero
geneity Tau2 = 0.47; Chi2

57.07,df = 11 (p < 0.0001);
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Analysis Study. Medicina (Kaunas). 2024 Jan 9;60(1):119.
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Diabetes Type 1: Laboratory tests suggested

Viruses

CMVEIiSpotytic and latent (Test No. 29)
Coxsackie A & B IgG & IgA antibodies (33)
Echovirus IgG/IgA/IgM antibodies (86)
SAR& 02 T-cells (C6) and IgG/IgA (C1)

N e

Bacteria

1. Chlamydia pneumoniae IgG & IgA antibodies @63pot(15)

2. H pyloriBlot IgG/IgA HL@AK withCagAand VacA(106)
Please do a H pylori test that can detect tiy¢otoxinassociated
gene A(CagA andvacuolating cytotoxin AMacA ¢ those are the
genotypes of the most virulent strains
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It has long been known that viruses can be involved in

demyelinating diseases Viruses

Chapter 6 Viruses and Multiple Sclerosis

Donatella Donati and Steven Jacobson.
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Ihial
Multiple sclerosis (MS) 1s a complex demyelinating disease of the central nervous system (CNS) affecting mostly D nicrol =707
young adults. Its first description by Charcot and colleagues dates back more than 100 years. However, despite the ZS eas e S
abundance of research and the plethora of reports regarding MS 1n the literature, many aspects of its etiology and
pathophysiology remain unclear. In part, this is due to the difficulty in diagnosis and the variability in the course and L. l{ .

prognosis of this disease. Several non-mutually exclusive factors are believed to contribute to the etiology of MS. A
widely accepted view of MS is that it 1s an inflammatory disease with autoimmune characteristics influenced by
environmental or infectious factors in genetically susceptible individuals. Therefore, the etiology of MS 1s likely to
involve multiple factors that interact with each other, ultimately resulting in this chronic, progressive neurologic

disease.

The role of infectious and viral agents i MS etiology and pathogenesis is still under debate. The epidemiology of MS
suggests that infectious agents might affect the development and clinical course of MS, and the list of viruses studied
as candidate etiologic agents is rather long. A clear association with a particular viral pathogen has not been found.
However, a few viruses, including human herpesvirus 6 (HHV-6), are accun 1
support for a role in MS. Tt is also possible that one or more viruses or infec Virally Induced Demyelinating Diseases
and trigger an autoimmune response.

Not only can viruses induce direct damage of the infected cells, but they can also trigger autoimmune reactions
leading to demyelination. Virus-induced demyelinating autoimmunity is strongly supportive for an infectious etiology
of MS and can help to shed light on the role of a possible microbial agent(s) in the pathogenesis of this disease. Such

The Chmc# course of MS tends to result in progressive neumloglcal}mpau models have been extensively studied and are thought to develop by either bystander activation or molecular mimicry.
well as during the course of the disease, may vary greatly among patients, d

which may theoretically affect any myelinated tract in the white matter. Hov Bystander activation implies that once a viral infection has been established, a wide sequence of different events can
formation exist, making symptoms such as eptic neuritis, paresthesia, imb1  oceur (175). Infection can elicit cytokine and chemokine production, or expression of a host's otherwise quiescent
onset. Cortical signs. such as aphasia, apraxia, SeLzues. of ex‘_rapwm‘ial 5 genes, or unveiling of hidden selfantigens. This cascade of events induces a selfgenerating inflammation with
more rarelv. Following the first attack. MS patients will exvenience one of fi . . .

continuous cell damage and subsequent release of host antigens and activation of bystander T cells. Inflammatory

y 2 v % 2 weytokin 1ch as, TNF- asave be demons‘rrat d to dlrﬁ dum elination (19). Bystander effects are a
a ¢ K S Y 2 a u t A 1 S f om.mog ]iu.a to pla;x r(a in ma1v autolm¥eir as for diabetes in mice infected with
because more than 90% of patienjgexsckie B4 virus (52
Wlth M S h ave h Ig h conce ntratl ons Molecular mimicry is an alternative mechanism by which a viral component can induce an immune cross-reaction

Clinical Features

with myelin proteins. The involvement of such mechanisms has been demonstrated in the induction of EAE in rabbits

Of IgG , Mman |fest as OI |gOC|O nal by hepatitis B virus polymerase peptides showing homology with MBP (46). MBP-specific T-cell clones have also

= I S v 7 A = nsigated t to minpicryrpep, w\m a group of herpesviruses (Epstein-Barr virus [EBV],

0 I y R a z 7\ y u I:<Z S 0 I\ijpes?:_\pi;uruj yc Ecvtm egal w_ng % influenza viruses, and papillomaviruses (177).
Source: 1L /42.MarrodanM, Alessandro LFarezMF,Correalel. The role of infections in multiple sclerosis.

Mult Scler 2019 Jun;25(7):89201; https://www.mssociety.org.uk/research/latesesearch/latestresearchnewsand-blogs/moreevidenceaboutrole-ebv
infectiondevelopmenims#:~:text=97%25%200f%20the%20people%20who,32%2Dfold%20after%20EBV%20infection.
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The Epstein-Barr virus may be
leading cause of MS

Harvard
Gazette

Cells infected with Epstein-Barr,a common
herpes virus that can cause mononucleosis
and establishes a latent, lifelong infection of
the host.

CDC

G¢CKS KeLRGKSaAra 0KI
been investigated by our group and others
for several years, but this is the first study
providing compelling evidence of

Ol dza I f A G @ Z&scharigA R ! f g
professor of epidemiology and nutrition

at Harvard Chan School and senior author
2F 0KS &a0dzRéd Ga¢KAaA
suggests that most MS cases could be
prevented by stopping EBV infection, and
that targeting EBV could lead to the

RAaOZ2QUSNE 2% | O dzNb Fi:Fs% Mdﬁté pqggvide ‘compelling evidence of
causality’
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Stronger evidence for viral

The studyfound that the risk of developing MS increased
32-fold following EBV infection
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Longitudinal analysis reveals high prevalence of
Epstein-Barr virus associated with multiple sclerosis

+2 authors Authars Infa & Affilistions

RELATED PERSPECTIVE

Epstein-Barr virus and multiple sclerosis

Abstract

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the
central nervous system of unknown etiology. We tested the hypothesis that MS is
caused by Epstein-Barr virus (EBV) in a cohort comprising more than 10 million
young adults on active duty in the US military, 955 of whom were diagnosed with
MS during their period of service. Risk of MS increased 32-fold after infection with
EBV but was not increased after infection with other viruses, including the simi-
larly transmitted cytomegalovirus. Serum levels of neurofilament light chain, a
biomarker of neuroaxonal degeneration, increased only after EBV seroconversion.
These findings cannot be explained by any known risk factor for MS and suggest
EBYV as the leading cause of MS.

Viruses

G!airy3a RIEOGF |F
than ten million United
States military recruits
monitored over a 2§/ear
period, 955 of whom were
diagnosed with MS during
their service Kjetil
Bjorneviket al.tested the
hypothesis that MS is
caused by EBV. They found
that the risk of developing
MS in individuals who wer¢
EBVnegative increased by
32-fold following EBV
infection. "These
findings," say the authors,
"cannot be explained by
any known risk factor and
suggest EBV as the leading
cause of MS."
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OPEN Sequence similarity
between SARS-CoV-2 nucleocapsid
and n'.lU|tIp|e ?clerf)sn?-assocnated o 1-Go2
proteins provides insight nucleocapsid
into viral neuropathogenesis exhibits significant
following infection homology with MS

Camille M. Lake" & Joseph J. Breen? aSSOCIated prOtelnS
The novel coronavirus SARS-CoV-2 continues to cause death and disease throughout the world,

underscoring the necessity of understanding the virus and host immune response. From the start across bOth gan d

of the pandemic, a prominent pattern of central nervous system (CNS) pathologies, including 1

demyelination, has emerged, suggesting an underlying mechanism of viral mimicry to CNS proteins. 15 mer pe ptl d e

We hypothesized that immunodominant epitopes of SARS-CoV-2 share homology with proteins J

associated with multiple sclerosis (MS). Using PEPMatch, a newly developed bicinformatics package 3 N\E dZL\]E

which predicts peptide similarity within specific amino acid mismatching parameters consistent with
published MHC binding capacity, we discovered that nucleocapsid protein shares significant overlap
with 22 MS-associated proteins, including myelin proteolipid protein (PLP). Further computational
evaluation demonstrated that this overlap may have critical implications for T cell responses in MS
patients and is likely unique to SARS-CoV-2 among the major human coronaviruses. Our findings
substantiate the hypothesis of viral melecular mimicry in the pathogenesis of MS and warrant further
experimental exploration.

Source: 1L ; Lake CM, Breen JJ.
Sequence similarity between SAB&V2 nucleocapsid and multiple sclerosissociated proteins provides insight into viral nquathogenesis following
infection. Sci Rep. 2023 Jan 8;13(1):389.
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HHV-6 and Multiple Sclerosis

Bridgette Jeanne Billioux®, Roberto Alvarez Lafuente®, and Steven
Jacobson®

“The Johns Hopkins University, Baltimore, Marviand, "Hospital Clinice San Carlos, Madrid,
Spain, “National Insttute of Newrological Disorders and Stroke, Navional Institute of Health,
Bethesda, Marviand

INTRODUCTION

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central
nervous system (CNS). Although the cause of MS is unknown, it is thought to
be an autoimmune condition mediated by autoreactive lymphocytes. The patho-
genesis of MS seems to be multifactorial in nature, and it is thought to be trig-
gered by multiple environmental factors in genetically susceptible individuals.'
Viruses have long been suspected to play a role in the development of MS, and
there seems to be increasing evidence of a link between MS and several different
viruses. Although viruses may not be causal to the development of MS, there is
speculation that they may act as environmental triggers in susceptible individuals.
While multiple viruses have been linked with MS, including Epstein-Barr virus
(EBV), human endogenous retroviruses (HERVs), varicella zoster virus (VZV),
and measles, to name a few, some of the most compelling evidence for a viral
etiology of MS has been found in studies of HHV-6.> This chapter will review
the current evidence linking viruses and, more specifically, HHV-6 with MS.

MULTIPLE SCLEROSIS

Multiple sclerosis is the most common inflammatory demyelinating disease
of the CNS and is estimated to affect between 2 to 2.5 million people world-
wide. It is a heterogeneous disease with variable clinical presentations and
pathological findings. MS is a chronic degenerative disease that involves CNS
inflammation and demyelination in acute presentations, as well as axonal dam-
age in the long term. It is classically characterized by white matter lesions dis-
seminated in space and time.” MS is also characterized by gray matter atrophy,
which is less well defined but may be related to neuronal degeneration caused
by white matter lesions and axonal loss.” In the most common form of MS,
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SourceJeanne Billioux B et al. HHV-6 and Multiple Sclerosis. Human Herpesviruses HHV-6A, HHV-6B & HH\+7. 2014:1237142.



Some evidence of the link to VZV, too
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Review Article
Varicella Zoster Virus and Relapsing Remitting Multiple Sclerosis
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Mexico City 14269, Mexico
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Multiple sclerosis (MS) is an immune-mediated disorder; however, little is known about the triggering factors of the abnormal
immune response. Different viruses from the herpes family have been mentioned as potential participants. Here, we review
the evidences that support the association of varicella zoster virus (VZV) with MS. Epidemiological studies from geographical
areas, where incidence of MS has increased in recent decades, pointed out a high frequency of varicella and zoster in the clinical
antecedents of MS patients, and also laboratory investigations have found large quantities of DNA from VZV in leucocytes and
cerebrospinal fluid of MS patients restricted to the ephemeral period of MS relapse, followed by disappearance of the virus during
remission. The above observations and the peculiar features of VZV, mainly characterized by its neurotropism and long periods of
latency followed by viral reactivation, support the idea on the participation of VZV in the etiology of MS. However, as with reports
from studies with other viruses, particularly Epstein Barr virus, conflicting results on confirmatory studies about the presence of
viral gene products in brain tissue indicate the need for further research on the potential participation of VZV in the etiology of MS.

SourceSotelo J, Lorona 1. varicelia zoster virus ana relapsing remitting muitpie SCIeroSISCIRIUM. ZUL1;ZU11:214/03.
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The Probable Infectious Origin of Multiple Sclerosis
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Abstract: Multiple sclerosis (MS) is an immune inflammatory disease that causes demyelination of
the white matter of the central nervous system. It is generally accepted that the etiology of MS is multi-
factorial and believed to be a complex interplay between genetic susceptibility, environmental factors,
and infectious agents. While the exact cause of MS is still unknown, increasing evidence suggests
that disease development is the result of interactions between genetically susceptible individuals and
the environment that lead to immune dysregulation and CNS inflammation. Genetic factors are not
sufficient on their own to cause MS, and environmental factors such as viral infections, smoking, and
vitamin D deficiency also play important roles in disease development. Several pathogens have been
implicated in the etiology of MS, including Epstein-Barr virus, human herpesvirus 6, varicella-zoster
virus, cytomegalovirus, Helicobacter pylori, Chlamydia pneumoniae, and Borrelia burgdorferi. Although
vastly different, viruses and bacteria can manipulate host gene expression, causing immune dysregu-
lation, myelin destruction, and neuroinflammation. This review emphasizes the pathogenic triggers

that should be considered in M5 progression.

GThe association between
spirochetes and MS dates
back to 1925~vhen Adams et
al. conducted an experiment if
which rhesus monkeys
(Macaca mulatta) were
inoculated with material from
MS cases [219]. Several

months later, spirochetes were

observed in the ventricular
fluid of these monkeys. In
1952, Steiner reported the
presence of spirochetes in
plaques obtained from
autopsied MS patients [220].
Additionally, in 1957Ichelson
successfully cultivated
spirochetes from the spinal
fluid of MS patients [221].
Newman et al. replicated

L OK S feuitigeyi@thod and
detected spirochetes in the
spinal fluid of MS patients,
although in a lower
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SourcelLandry RL, Embers ME. The Probable Infectious Origin of Multiple Sciesi3Sci2023 Sep 7;4(3):21234.
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Multiple Sclerosis is a chronic central nervous system
infection by a spirochetal agent

Vincent Marshall
Animal Vaccine Laboratory, 255 Ellioft Street, Council Bluffs, lowa 51501 USA
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Abstract

Multiple Sclerosis (MS) is a chronic central nervous system (CNS) infection similar to Lyme Disease (1) or
Neurosyphilis in its latency period, pathogenesis, symptoms, histopathology and chronic CNS involvement. It
does not have as yet a fully identified spirochetal eticlogical agent. Much research and clinical support for this
hypothesis was published before 1954 and is based on silver staining of neural lesions, animal isolation of the
etiologic agent and the characteristic symptoms and pathogenesis of the disease. If this hypothesis is correct,
the disease should be treatable with antibacterial agents that penetrate the CNS (such as high dose antibiotics),
diagnosible by specific immunaological tests, and preventable by early treatment or by the use of vaccines in high
risk populations.

Sourcehttp://www.medical-hypotheses.com/article/0368877(88)90023/abstract
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Infection with Bartonella also detected
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Bartonella sp. Bacteremia in Patients with Neurological and
Neurocognitive Dysfunction —

E. B Breitschwerdt,"" R G Maggi," W. L. Nicholson,2 N A Cherry," and C. W.Woods®

Author information » Article notes » Copyright and License information »

This article has been cited by other articles in PMC.

ABSTRACT Go to: (¥

We detected infection with a Bartonella species (B. henselae or B. vinsonii subsp. berkhoffii) in blood
samples from six immunocompetent patients who presented with a chronic neurological or neurocognitive
syndrome including seizures, ataxia, memory loss, and/or tremors. Each of these patients had substantial
animal contact or recent arthropod exposure as a potential risk factor for Barronella infection. Additional
studies should be performed to clarify the potential role of Bartonella spp. as a cause of chronic
neurological and neurocognitive dysfunction.

Bartonella henselae causes a prototypical illness characterized by fever and regional lymphadenopathy
following a cat scratch or bite (8, 9). Cat scratch disease (CSD) is usually self-limited, and antibiotic

Sourcehttps://www.ncbi.nim.nih.gov/pmc/articles/PMC2546763i{
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including Barnes, that
Breitschwerdtused in his study,
two were veterinarians who
reported frequent bites from
cats, dogs, pocket pets and other
animals, one reported a severe
scratch from a cat, one had
frequent arthropod exposure and
had been bitten by a pig and
pecked frequently by various
fowl, another owned a horse
farm and had frequent arthropod
exposure and cat scratches, and
the sixth was a teenager who
developed severe debilitating
migraine headaches after a tick
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Powerful evidence for Chlamydia pneumoniae being

a causal factor in some MS variants

Source:

Empirical antibacterial treatment of
infection with Chlamydophila pneumoniae
in Multiple Sclerosis

David Wheldon MB FRCPath

After much controversy there is now powerful evidence for the respiratory pathogen
Chlamydophila (Chlamydia) pneumoniae being a causal factor in some variants of the
neurological illness multiple sclerosis. A series of remarkable studies finds:

& the presence of C. pneumoniae gene sequences in the cerebrospinal
fluid of patients who have the disease, and culture of the organism when
sensitive cultural methods are used [Sriram S, Stratton CW, Yao S, Tharp A,
Ding L, Bannan 1D, Mitchell WM. Chlamydia pneumoniae infection of the central
nervous system in multiple sclerosis. Ann Neurol. 1999 Jul;46(1):6-14.]

* an association of new C. pneumoniae respiratory infections with
episodes of clinical relapse [Buljevac D, Verkooyen RP, Jacobs BC, Hop W, van
der Zwaan LA, van Doorn PA, Hintzen RQ. Chlamydia pneumoniae and the risk
for exacerbation in multiple sclerosis patients. Ann Neurol. 2003 Dec;54(6):828-
31.]

* a statistically significant elevation of C. pneumoniae-specific serum
antibody levels when the disease shifts into the progressive form
[Munger KL, Peeling RW, Hernan MA, Chasan-Taber L, Olek MJ, Hankinson SE,
Hunter D, Ascherio A. Infection with Chlamydia pneumoniae and risk of multiple
sclerosis. Epidemiology 2003 14:2 141-147]

+ antibodies to C. pneumoniae in the cerebrospinal fluid of patients with
the disease [(1.) Yao, S., Stratton, C.W., Mitchell, W.M., Sriram, S. (2001). CSF
oligoclonal bands in multiple sclerosis represent antibodies against
Chlamydophila. Neurology 56, 1168-76. (2.) Fainardi, E., Castellazzi, M.,
Casetta, I. et al. (2004). Intrathecal production of Chlamydia pneumoniae-
specific high-affinity antibodies is significantly associated with a subset of
multiple sclerosis patients with progressive forms. Journal of the Neurological
Sciences 217, 181-8.]

¢ evidence of active C. pneumoniae protein synthesis in the central
nervous system, with production of a bacterial protein evoking an
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82% of MS patients tested positive for Chlamydia
pneumoniae in oligoclonal antibodies in this study

Chronic Bacterial and Viral Infections in
Neurodegenerative and Neurobehavioral Diseases

Garth L. Nicolson, PhD

(Department of Molecular Pathology, The Institute for Molecular Medicine, Huntington Beach, CA)

DOI: 10.1308,/86M3BWYP42L118FU

Abstract

Oiten, patients with neurodegenerative or
neurobehavioral diseases have chronic,
neuropathic infections that could be important
in disease inception, disease progression, or
increasing the types or severities of signs and
symptoms. Although controversial, the majority
of patients with various neurodegenerative

or neurobehavioral conditions, such as
amyotrophic lateral sclerosis, multiple sclerosis,

Alzheimer’s disease, Parkinson's disease, and
autistic spectrum disorders, show evidence of
central nervous system or systemic bacterial
and viral infections. For example, using
serology or polymerase chain reaction evidence
of Chlamydia pneumoniae, Borrelia burgdorferi,
Mycoplasma species, human herpesvirus-1
and -6, and other bacterial and viral infections
revealed high infection rates that were not
found in control subjects. Although chronic

infections were not found in some studies,

and the specific role of chronic infections in
neurological disease pathogenesis has not
been determined or is inconclusive, the data
suggest that chronic bacterial or viral infections
could be common features of progressive
neurodegenerative and neurabehavioral
diseases.

MS

Bacteria

Neurodegenerative diseases are chronic degenerative diseases
of the central nervous system (CNS) that cause dementia. For
the most part, the causes of these brain diseases remain largely
unknown." They are characterized by molecular and genetic
changes in nerve cells that result in nerve cell degeneration and
ultimately nerve dysfuncrion and death, resulting in neurological
signs and symptoms and dementia.’? In addition to neurode-
generative diseases, there are also neurobehavioral diseases that
mainly, but not exclusively, appear in the young, such as autistic
spectrum disorders (ASD) that encompass autism, attention
deficit disorder, Asperger’s syndrome, and other disorders.”

There appear w be genetic links to neurodegenerative and
neurobehavioral diseases, bur the genetic changes that occur and
the changes in gene expression that have been found in these
diseases are complex and not directly related ro simple genetic
alterations."* In addition, it is thought that nuuitional deficien-
cies, environmental toxins, heavy metals, chronic bacterial and
viral infections, autoimmune immunological responses, vascular
diseases, head trauma and accumulation of fluid in the brain,
changes in neurotransmitter concentrations, among others, are

diseases.'*"* Since they are usually systemic, such infections can
affect the immune system and other organ systems, resulting in
a variety of systemic signs and symproms.'>1#

Amyotrophic Lateral Sclerosis

Ampyotrophic lateral sclerosis (ALS) is an adult-onset,
idopathic, progressive neurodegenerarive disease affecting both
central and peripheral motor neurons. Patients with ALS show
gradual progressive weakness and paralysis of muscles due to de-
struction of upper motor neurons in the motor cortex and lower
motor neurons in the brain stem and spinal cord, ultimarely
resulting in death, usually by respiratory failure.'*?" The overall
clinical picrure of ALS can vary, depending on the location and
progression of pathological changes found in nervous tissue.*!

In ALS, the role of chronic infections has attracted atten-
tion with the finding of enterovirus sequences in a majority of
spinal cord samples by polymerase chain reaction (PCR).>+**
This finding is not without controversy, since others failed o
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for oligoclonal antibodies
againstC. pneumoniaegevealed
that 82% of MS patients were
positive, whereas none of the
control non-MS neurological
patients had antibodies that
were absorbed byC.
pneumoniaeelemental body
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SourceNicolson GL. Chronic Bacterial and Viral Infections in Neurodegenerative and Neurobehavioral Diseases. Lab Med. 2008 May;39(5):2911
9; Yao S, Stratton CW, Mitchell WM. CFS oligoclonal bands in MS include antibodies againsChamydophila antigens. Neurol 2001; 51: 1168 -
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Relationship between Helicobacter pylori infection and multiple sclerosis

Emmanuel Gavalas E'B. Jannis Kountouras #, Marina Boziki b: Christos Zavos ?, Stergios A Polyzos ?, Efthymia
Vlachaki 2, loannis Venizelos 2, Dimitrios Tsiptsios °, Georgia Deretzi ©
» Author information » Article notes = Copyright and License information

PMCID: PMCA4480172 PMID: 26126617
Abstract
Background

Recent data indicate the presence of immunomodulating properties of Helicobacter pylori
(Hp) (Hp Sydney Strain-1 antigen) in an experimental model of multiple sclerosis (MS),
and there are limited contradictory epidemiologic data regarding Hp serology in MS

patients.
Methods

The aim of this prospective, comparative study was to validate the incidence of active Hp
infection by histology and the endoscopic abnormalities, in 44 patients with relapsing-

remitting MS and 20 anemic controls.
Results
The overall prevalence of histologically confirmed active Hp infection in 44 MS patients

was 86.4% vs. 50% in 20 matched anemic control participants (P=0.002, odds ratio 6.33,

9594CI 1.85-21.64). Concomitant diseases of autoimmune origin including
e
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GThe overall prevalence of
histologically confirmed

active Hpinfection in 44 MS patients
was 86.4% vs. 50% in 20 matched
anemiccontrol participants (P=0.002,
odds ratio 6.33, 95%CI 1.8bm ®c n (

Hpinfection appears to be more
frequent in MS patients. If confirmed,
this might indicate either a common
factor that causes susceptibilities to
both MS andHpinfection or

that Hp might be a causal factor for
developing MS. If a causal link
betweenHpinfection and MS is
confirmed in the future, this may have
a major impact on the pathophysiology

)
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SourceGavalas B ountourasl],BozikiM, Zavos C, Polyzos SA, Vlachaki E, et al. Relationship between Helicobacter pylori infection and
multiple sclerosis. Ann Gastroenterol. 2015;28(3)353
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Multiple Sclerosis: Possible laboratory tests

Viruses

1. EBMEIliSpofTest No. 26)

2. HHVEEIiSpot(34a)

3. SARE0V2 (C1)

4. Coxsackie Virus A & B IgG & IgA (33)

5. Echovirus IgG, IgM & IgA (86)

Bacteria

1. BorreliaEliSpot(1) andTickPlexBasic (74)

2. BartonellaElispot(9a)

3. Chlamydia pneumoniae IgG/IgA (16) &lbpot(15)
4. H pylori BlotigG/IgA HLAK CagAVacA (106)
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1 Mechanisms by which pathogens can trigger autoimmunity
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Infection-induced autoimmunity in rheumatic disease
has long been recognised
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Need to consider Borrelia in the differential diagnosis of EA_
Rheumatoid Arthritis Bacteria

] Clinical and Vaccine
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Serum Reactivity against Borrelia burgdorferi OspA in Patients with
Rheumatoid Arthritis”

Yu-Fan Hsieh,' Han-Wen Liu,! Tsai-Ching Hsu,! James C.-C. Wei ? Chien-Ming Shih,* Peter J. Krause,* and Gregory J
Tsay'?
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ABSTRACT Go to:

Lyme arthritis and rheumatoid arthritis share common clinical features and synovial histology. It 1s unclear
whether they also share similar pathogenesis. Previous studies have shown that the severity and duration of
Lyme arthritis correlate directly with serum concentrations of antibody against outer surface protemn A
{OspA) of the causative pathogen Borrelia burgdorferi. We tested the sera of 68 subjects with rheumatoid
arthritis, 147 subjects with other autoimmune diseases, and 44 healthy subjects who had never had Lyme

SourceHsieh YF, Liu HW, Hsu TC, Wei JC, Shih CM, Krause PJ, Tsay GJ. Serum reactivity against Borrel@spAigduatemts
with rheumatoid arthritis. Clin Vaccine Immunol. 2007 Nov;14(11):3437
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Detection of Mycoplasmal Infections in Blood of
Patients with Rheumatoid Arthritis

Jorg Haier', Marwan Nasralla', A. Robert Franco’, and Garth L. Nicolson"*

'"The Institute for Molecular Medicine, 15162 Triton Lane, Huntington Beach, CA 92649-1041
The Arthritis Center of Riverside, Riverside, CA 92501

SUMMARY

Objectives: Mycoplasmal infections are associated with several acute and chronic illnesses. Some
mycoplasmas can enter a variety of tissues and cells and cause system-wide or systemic signs and
symptoms.

Methods: Patients (14 female, 14 male) diagnosed with Rheumatoid Arthritis (RA) were investigated for
mycoplasmal infections in their blood leukocytes using a forensic Polymerase Chain Reaction (PCR)
procedure. Amplification was performed with genus- and species-specific primers, and a specific radio-
labeled internal probe was used for Southern hybridization with the PCR product. Patients were
investigated for presence of Mycoplasma spp., and positive cases were further tested for infections with
the following species: M. fermentans, M. hominis, M. pneumoniae and M. penetrans.
Results: The Mycoplasma spp. sequence, which is not entirely specific for mycoplasmas, was amplified
from the peripheral blood of 15/28 patients (53.6 %), and specific PCR products could not be detected in
13 patients (46.4 %). Significant differences (p<0.001) were found between patients and positive healthy
controls in the genus-test (3/32) and in the specific tests (0/32). Moreover, the incidence of mycoplasmal
infections was similar in female and male patients. Using species-specific primers, we were able to detect
infections of M. fermentans (8/28), M. pneumoniae (5/28), M. hominis (6/28) and M. penetrans (1/28) in
RA patients, In 36% of the patients we observed more than one mycoplasma species in the blood
leukocytes, All multiple infections occurred as combinations of M. fermentans with other species,

Conclusions: The results suggest that a high percentage of RA patients have systemic mycoplasmal
infections. Systemic mycoplasmal infections may be an important cofactor in the pathogenesis of RA, and
their role needs to be further explored.
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SourceHaier J, Nasralla M, Franco AR, Nicolson GL. Detectioycoplasmainfections in blood of patients with rheumatoid arthritis.

Rheumatology (Oxford). 1999 Jun;38(6):%04



Professor Garth Nicolson recommends testing for [RA_
Chlamydia pneumoniae in RA Bacteria

The Institute for Molecular Medicine

Clinical Testing Suggestions

For chronic illnesses (CFS, FMS, RA, Lupus, neurodegenerative diseases, among other
illnesses) that could have an infectious component, The Institute for Molecular Medicine
suggests the following lab tests (codes are CPT codes or test description/ordering codes):

THE INSTITUTE . .
FOR t 1. Mycoplasma Test Panel (CPT: 87581 )—Mycoplasma species tested by PCR. Th.lE‘t Is a
Mycoplasma test on over 20 Mycoplasma species. Alternatively, the most common species of
MOLECUL AR Mycoplasma (M. pneumoniae, M. ferementans, M. hominis, M. genitalium, M. penetrans)
can also be ordered as individual tests. Justification: Almost 60% of CFS/FMS and 50% of
MEDICINE Rheumatoid Arthritis (RA) and 50% other autoimmune patients have one or more

intracellular, systemic mycoplasmal infections similar to those found in a variety of chronic
illnesses [Nicolson et al. Mycoplasmal infections in chronic illnesses: Fibromyalgia and
Chronic Fatigue Syndromes, Gulf War Illness, HIV-AIDS and Rheumatoid Arthritis. Medical
Sentinel 1999; 5: 172-176]. Ultrasensitive and ultraspecific mycoplasma tests can only be
done by a small number of labs. Recommended Labs: Clongen Laboratories, 12321
Middlebrook Road #120, Germantown, MD 20874: Tel: 301-916-0175; Fax: 301-916-0175;
customer support: cs@gclongen.com (Test description and order forms can be downloaded
i - digectly L from their site: http://www.clongen.com/index.php?
aal ye w! Iy 2 opliolcon Nadtent & view=article&id=13&Itemid=94) Spiro Stat Technologies, 1004

. . Garfield Dr., Bld 340, Lubbock, TX 79416: Tel: 806-885-2929, Fax: 806-885-2933,
patlents have th|S Specimen Requirements: Contact laboratory for a specimen kit and instructions for

é é é l:l S Y A é }\ y‘ F jséprﬂengwy‘ecémmend overnight courier shipment.

2. Chlamydia pneumoniae Test (CPT: 87486)—Chlamydia pneumoniae tested by PCR.
Justification: Many CFS, FMS, MS, RA and other patients have this systemic infection
along with viral infection(s). We were among the few labs that developed the molecular tests
that are now done for this type of infection. Recommended Lab: Clongen Laboratories,
12321 Middlebrook Road #120, Germantown, MD 20874 Tel: 301-916-0175; Fax: 301-916-
0175; customer support: cs@gclongen.com (Test description and order forms can be
downloaded  directly  from  their  site: http://www.clongen.com/index.php?
option=com_content&view=article&id=13&Itemid=94) Specimen Requirements:

X0«
NA

w»

Sourcehttps://www.immed.org/clinical _testing.html



https://www.immed.org/clinical_testing.html

Many symptoms of Yersinia overlap with those of RA
filoromyalgia/rheumatoid arthritis Bacteria

Table 7. Yersiniosis (Y. enterocolitica) Symptomatology

Stages Symptoms

Early stage Gradual development of gastroenteritis, pharyngitis. complications due to inflammation of the intestinal wall. mesenteric lymphade-

nopathy.

Excretory for months after abatement of gastroenteritis

Late stage Articular manifestations: Reactive arthritis in hip, knee, upper ankle. sacroiliac joints, arthralgias. ankylosing spondylitis, rheumatoid
arthritis, sacroiliitis

Erythema nodosum. iridocyelitis. conjunctivitis. gastrointestinal complaints, abdominal pain. diarrhea. ulcerative colitis, nephritis,
insulin-dependent diabetes mellitus. hepatitis (ANA positive, theumatoid factor positive). mvocarditis (rare). central and peripheral

nervous system manifestations, multisystem disease

Disease progression in stages with intervals of fewer complaints
Correlation with thyroiditis

Positive LTT

Oscillating serological findings (correlation with disease expression)

QOriginal Article

Yersinia Enterocolitica Infections and Rheumatic Diseases

Jergen Hannover Larsen

Pages 129-137 | Received 21 Aug 1979, Published online: 12 Jul 2008

&& Cite this article hteps://doi.org/10.3109/03009748009098143

& References && Citations L Metrics & Reprints & Permissions Read this article I m pI i Cated m 0 re i n reactive arth riti S h
Abstract but may still be a consideration
Yersinia enterocolitica (Y. ent.) infections are rather frequently complicated by acute reactive inflammation in R
SourceBerghoffW. Chronic Lyme Disease andi@ections: Differential Diagnosis. ; Larsen JH. Yersinia enterocolitica

infections and rheumatic diseases. Scafhdumatol 1980;9(3):12387.
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Inﬂuence of He!tcobaderpy{orl infection on risk of 2 million individuals. 2000 2017
rheumatoid arthritis: a nationwide population-based !

study

Tzu-Hsuan Lee Meng-Che Wu, Ming-Hung Lee, Pei-Lun Liao, Chish-Chung Lin & James Cheng-Chung Wei
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old subgroup, the
risk was highest,

The relationship between Helicobacter pylori infection and rheumatoid arthritis has been . .

investigated, but the results remain controversial. This study aims to determine the association eS peCIal Iy I n

betwesn the two diseases via a 17-year retrospective cohort study. Using the National Health < 30 q

nsurance Research Database, a nationwide population based in Taiwan, we ic Figure 2 Women year\-

individuals with K. pylori infection and matched controls between 2000 and 2 rom: Infiuence of Helicobacter pyior intection o risk of teumateid arthritis: 3 nationwide populztion-based study 0 I d With H pyl O ri

propensity score matching at a 1:1 ratio. The adjusted hazard ratio of rheuma
59 = Control A N
+seees HP-infected group A y -'F S O U 7\ 2 s/. q) 8

Log-rank p<0,0001

Metrics

Abstract

determined by multiple Cox regression. The incidence rate of rheumatoid art!

10,000 person-maonths in the H. pylorl cohort, with a higher risk compared to

group. In the < 30 years old subgroup, the risk was highest, especially in wom
with H. pylori infection. Patients with < 1 year follow-up showed 1.58 times hi

susceptibility to rheumatoid arthritis. Individuals with follow-ups of 1-5 years

demonstrated 1.43 and 1.44 times higher risks of rheumatoid arthritis, respec

;s al & ICagipdditike
patients develop more
21 severe R ¢

showed H. pylori infection was associated with the development of rheumato
Clinicians should note higher risk, especially < 30 years old, More research ne

understand underlying mechanism.

Cumulative probability (%) of Rheumatoid Arthritis

14
.-...--.--""
.-'..‘. ~
Months of Follow-up
0 T T T T T T T 1
0 24 48 72 96 120 144 168 192

nat risk
Control 97533 92866 84704 753381 65354 53966 42043 27745 10460

HP-infected group 97533 93627 86301 77497 67644 56397 44150 29273 11246

Kaplan—Meier curves of cumulative probability of RA in study groups. HP, Helicobacter pylori.

SourceLee TH, Wu MC, Lee MH, Liao PL, Lin CC, Wei JC. Influence of Helicobacter pylori infection on risk of rheumatoid arthritis: a nationwide
population-based study. Sci Rep. 2023 Sep 13;13(1):15125.



oPrompt diagnosis and management decisions on P. gingivali
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The Relationship Between
Porphyromonas Gingivalis
and Rheumatoid Arthritis:
A Meta-Analysis
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Reviewed by: Rheumatoid arthritis (RA) is a systematical autoimmune disease, characterized by
Shheat L,fi?f”ff; chronic synovial joint inflammation and hurt. Porphyromonas gingivalis(P. gingivalis)
MulnJun L, can cause life-threatening inflammatory immune responses in humans when the host
Pianin Medical University, Gz nathpgenic clearance machinery is disordered. Some epidemiological studies have
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*‘:“"""‘-"‘r”_"’”’“*" reported that P. gingivalis exposure would increase the prevalence of RA. However, the

Ling Leng L . : i

,t\n,g.-;r,g..;.gm,-rgm_,_ijc,.._:,.j results remain inconsistent. Therefore, a meta-analysis was done to systematically
tong Yang  analyze the relationship between P. gingivalis exposure and the prevalence of

‘T‘arqu‘::’j:q rheumatoid arthritis. Database including Cochrane Library, Web of Science, PubMed,

Sourceli Y, Guo R, Oduro PK, Sun T, Chen H, Yi Y, Zeng W, Wang Q, Leng L, Yang L, Zhang J. The Relationship Between Porphyromonas

Gingivalis and Rheumatoid Arthritis: A Métaalysis. Front Cell Infelticrobiol. 2022 Jul 18;12:956417.
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Rheumatoid arthritis and bacterial infections Bacteria
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EBV, CMV and VZV all positively associated with RA
Rheumatoid Arthritis Viruses
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COVIE19 and RA share similar immuraflammatory
features of disease pathogenesis
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Figure 3 Angiotensinconverting enzyme
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Rheumatoid Arthritis: Possible lab tests

Bacterial tests

S o o A

BorreliaEliSpotTest No. 1)TickPlexBasic (74)
Mycoplasma pneumoniae (19)

Chlamydia pneumoniae (16)/trachomatis (18)
H pylori BloigG/IgA HLEAK CagAVacA (106)
Yersinia enterocolitica IgG/IgA (22)
Porphyromonas gingivalis

Viral tests

» WD

EBV antibodies including Early Antigen (27) +HEo1(26)
CMVEIiSpot(29)

HSV1/2 IgG/IgA/IgM antibodies (28) + HS\AIIZpot(28Db)
SARZ0V2 IgG/IgA (C1)
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Borrelia burgdorferi can crosezact with thyroid tissue, |1 I a KA Y|
triggering Hashimotcs Bacteria
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High Yersinia titres found in thyroid disorders

ORIGINAL ARTICLE

Prevalence of Yersinia plasmid-encoded outer protein (Yop) class-specific
antibodies in patients with Hashimoto's thyroiditis
S. Chatzipanagiotou', J. N. Legakis®, F. Boufidou", V Petroyianni® and C. Nicolaou'

"Department of Clinical Microbiology, Aeginition Hospital, Medical School, 23rd Department of Medicine, Sotiria
Hospital, Medical School and *Laboratory of Medical Biopathology and Molecular Diagnosis, Medical School, National
University of Athens, Athens, Greece

Objective To investigate the prevalence of class-specific antibodies (IgG, IgA) to Yersinia enterocolitica plasmid-
encoded outer proteins (Yops) in patients with diagnosed Hashimoto’s thyroiditis.

Methods Seventy-one patients with Hashimoto’s disease, 464 healthy blood donors and 250 patients with
non-postinfectious rheumatic disorders (matched controls) were tested for class-specific antibodies to Yops.
Anti-Yop antibodies were determined by ELISA and Western blot.

Results The prevalence of class-specific antibodies to Yops as determined by ELISA was 14-fold higher (20 of
71; 28.2%) in people with Hashimoto’s thyroiditis than in the two control groups. These results were
confirmed by the Western blot, with 16 positive sera, three equivocal and one negative.

Conclusions There is strong clinical and seroepidemiologic evidence for an immunopathologic causative
relationship between Yersinia enterocolitica infection and Hashimoto’s thyroiditis. Further investigation
concerning the mechanisms involved and the possible effects of antibacterial chemotherapy on the outcome
of Hashimoto’s disease is warranted.

Keywords Yersinia enterocolitica, Yersinia outer proteins (Yops), Hashimoto’s thyroiditis
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Human Thyroid Autoantigens and Proteins of Yersinia and
Borrelia Share Amino Acid Sequence Homology That
Includes Binding Motifs to HLA-DR Molecules
and T-Cell Receptor
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Salvatore Benvenga,' 3 Libero Santarpia,! Francesco Trimarchi,' and Fabrizio Guamneri* SUggeStS that a reStriCted
number of Borrelia and

| _ Yersinia proteins might
We previously reported that the spirochete Borrelia burgdorferi could trigger autoimmune thyroid diseases .
(AITD). Subsequently, we showed local amino acid sequence homology between all human thyroid autoanti- have the pote nt|al to
gens (human thyrotropin receptor [hTSH-R], human thyroglobulin [hTg], human thyroperoxidase [hTPO], hu- . .
man sodium iodide symporter [hNIS]) and Borrelia proteins (n = 6606), and between hTSH-R and Yersinia en- tr|gger AITD N persons W|th
terocolitica (n = 1153). We have now updated our search of homology with Borrelia (n = 11,198 proteins) and . A
extended our search on Yersinia to the entire species (n = 40,964 proteins). We also searched the homologous certain H L% W I f f S f
human and microbial sequences for peptide-binding motifs of HLA-DR molecules, because a number of these
class II major histocompatibility complex (MHC) molecules (DR3, DR4, DR5, DR8, and DR9) are associated
with AITD. Significant homologies were found for only 16 Borrelia proteins (5 with hTSH-R, 2 with hTg, 3 with
hTPO, and 6 with hNIS) and only 19 Yersinia proteins (4 with hTSH-R, 2 with hTg, 2 with hTPO, and 11 with
hNIS). Noteworthy, segments of thyroid autoantigens homologous to these microbial proteins are known to be
autoantigenic. Also, the hTSH-R homologus region of one Borrelia protein (OspA) contains an immunodomi-
nant epitope that others have found to be homologous to hLFA-1. This is of interest, as the hLFA-1/ICAM-1
ligand/receptor pair is aberrantly expressed in the follicular cells of thyroids affected by Hashimoto’s thy-
roiditis. A computer-assisted search detected antigenic peptide binding motifs to the DR molecules implicated
in AITD. In conclusion, our in silico data do not directly demonstrate that Borrelia and Yersinia proteins trigger
AITD but suggest that a restricted number of them might have the potential to, at least in persons with certain
HLA-DR alleles.

SourceBenvengasS, Santarpia L, Trimarchi F, Guarneri F. Human Thyroid Autoantigens and Proteins of Yersinia and Borrelia Share Amino AqittSee
Homology That Includes Binding Motifs to HLADR Molecules and ICell Recpetor. Thyroid. 2006;16:225236.
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Autoimmune thyroid diseases and Helicobacter pylori: The
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group] of 100 control so
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COVID-19-induced autoimmune thyroiditis:
Exploring molecular mechanisms
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Abstract

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) damages multiple organs, including
the thyroid, by direct invasion and cell entry via angiotensin-converting enzyme 2 or indirectly by
promaoting excessive inflammation in the body. The immune system is a critical factor in antiviral
immunity and disease progression. In the context of SARS-CoV-2 infection, the immune system may
become overly activated, resulting in a shift from regulatory to effector responses, which may

he incidence of

subsequently promote the development and progression of autoimmune diseases.

autoimmune thyroid diseases, such as subacute thyroiditis, Graves' disease, and Hashimoto's
hyroiditis, increases in individuals with COVID-19 infection.ilslERelst=lateli t-IalelaWasF- 1PN o T-R-Yut g [o]V v To B o]
aberrant responses of T-cell subtypes, the presence of autoantibodies, impaired regulatory cell
function, and excessive production of inflammatory cytokines, namely interleukin (IL)-6, IL-1p,
interferon-y, and tumor necrosis factor-a. Therefore, insights into the immune responses involved in
the development of autoimmune thyroid disease according to COVID-19 can help identify potential
therapeutic approaches and guide the development of effective interventions to alleviate patients'
symptoms.

Keywords: ACE2; COVID-19; SARS-CoV-2; autoimmune thyroiditis; immune response.
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Viruses

Hashi mot ods Gr aveso

1. EBVEIiSpot(26) 1. SARE0V2 IgG/IgA (C1)

2. HSV 1 & 2 IgG/IgA/igM (28) 2. Possibly the Herpes viruses
3. CMVEIiSpot(29)

4. Parvovirus B19 IgG & IgM (50)

5. SAR&0V2 IgG/IgA (C1)

Bacteria Bacteria

Hashi mot oés Gravesbo

1. Borrelia (1/74) H pglori (106)

2. Yersinia enterocolitica IgG/IgA (22)
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IgM (Immunoglobulin M) vs. IgG (Immunoglobulin G
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Antibodies

“In the primary response, the major class of antibody
produced is IgM, whereas in the secondary response it
is IgG (or IgA or IgE). The antibodies that persist in the
secondary response are the IgG antibodies.”
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IgM antibodies are the first type of antibody produce( Antibodies
and usually do not persist
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antigen, whereas detection of total or IgG antibodies indicates exposure
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21 to over 42 days with most individuals having detectable Ig@&ilays after exposure to

the infection and probably lasting for life,” IgM antibodies are usually detectablecQ0

days after exposure and lasici4 days although they may remain detectable for up to 6

weeks in a minority of individuais,** IgM antibodies may be detectable during recurrences
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