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Source: 1. Pahari 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 antigen2 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

Infection-induced autoimmunity via molecular mimicry

ά! ǎŜǉǳŜƴŎŜ ƘƻƳƻƭƻƎȅ ōŜǘǿŜŜƴ 
foreign and self-peptides leads to 
cross-activation of autoreactive 
¢ ŎŜƭƭǎέ1

*

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: 1. SfrisoP, GhirardelloA, BotsiosC, et al. Infections and autoimmunity: the multifaceted relationship. J LeukocBiol. 2010;87:385ς95; 2. Sundaresan B, 
ShirafkanF, RippergerK, RattayK. The Role of Viral Infections in the Onset of Autoimmune Diseases. Viruses. 2023 Mar 18;15(3):782, Fig 1; 
https://www.ncbi.nlm.nih.gov/books/NBK459437/; SfrisoP, GhirardelloA, BotsiosC, et al. Infections and autoimmunity: the multifaceted relationship. J Leukoc
Biol. 2010;87:385ς95.

Bystander activation: nearby uninfected cells get caught in
the assault in an antigen-ǳƴǎǇŜŎƛŦƛŎ ƳŀƴƴŜǊΥ άŎƻƭƭŀǘŜǊŀƭ ŘŀƳŀƎŜέ 

Bystander activation is when intense local inflammation damages tissue 
and accidentally unleashes dormant autoreactive immune cells
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CƻǊ ŦǳǊǘƘŜǊ ŘŜǘŀƛƭΥ ά!ǳǘƻƛƳƳǳƴƛǘȅΥ CǊƻƳ .ŜƴŎƘ ǘƻ .ŜŘǎƛŘŜά

Source: https://www.ncbi.nlm.nih.gov/books/NBK459437/
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Source: Arévalo-Cortés A, Rodriguez-Pinto D, Aguilar-Ayala L. Evidence for Molecular Mimicry between SARS-CoV-2 and Human Antigens: 
Implications for Autoimmunity in COVID-19. Autoimmune Dis. 2024 Aug 31;2024:8359683. 

άaƻƭŜŎǳƭŀǊ ƳƛƳƛŎǊȅ ōŜǘǿŜŜƴ {!w{-CoV-2 and human
ŀƴǘƛƎŜƴǎ ƻŎŎǳǊǎ ƛƴ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǉǳŀƴǘƛǘȅέ

SARS CoV-2

ά¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǇǊƻǾŜ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ƳƛƳƛŎǊȅ ōŜǘǿŜŜƴ ǘƘŜ 
causative agent of COVID-мф ŀƴŘ ƘǳƳŀƴ ŀƴǘƛƎŜƴǎΦέ



Autoimmunity after infection with SARS-CoV-2
SARS CoV-2

Source: Talwar S, Harker JA, Openshaw 
PJM, Thwaites RS. Autoimmunity in 
long COVID. J Allergy Clin Immunol. 
2025 Apr;155(4):1082-1094.



SARS CoV-2

άwŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ 
specific sequence motifs in the 
SARS-CoV-2 spike proteinτsuch as 
TQLPP and ELDKYτthat share 
homology with human proteins like 
thrombopoietin, PRKG1, and 
ǘǊƻǇƻƳȅƻǎƛƴέ

When the immune system 
mounts a response against the 
SARS-CoV-2 spike protein, 
cross-reactivity can 
inadvertently target vital self-
proteins.



Wang EY et al. Diverse functional autoantibodies in patients with COVID-19. Nature. 
2021 Jul;595(7866):283-288.
Hileman CO et al. New-onset autoimmune disease after COVID-19. Front Immunol. 2024 
Feb 8;15:1337406.
Sharma C, BayryJ. High risk of autoimmune diseases after COVID-19. Nat Rev 
Rheumatol. 2023 Jul;19(7):399-400.
MobasheriL et al. SARS-CoV-2 triggering autoimmune diseases. Cytokine. 2022 
Jun;154:155873.
Chang SE et al.New-onset IgG autoantibodies in hospitalized patients with COVID-
19.Nat Commun. 2021 Sep 14;12(1):5417.
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-
many-covid-19
KocivnikN et al. The intersection of COVID-19 and autoimmunity. J Clin Invest. 2021 Dec 
15;131(24):e154886.
Sapna F et al. Unveiling the Mysteries of Long COVID Syndrome: Exploring the Distinct 
Tissue and Organ Pathologies Linked to Prolonged COVID-19 Symptoms. Cureus. 2023 
Sep 2;15(9):e44588.
GarmendiaJV et al. Autoimmunity and Immunodeficiency in Severe SARS-CoV-2 
Infection and Prolonged COVID-19. Curr Issues Mol Biol. 2022 Dec 21;45(1):33-50.
Rojas M et al. Autoimmunity is a hallmark of post-COVID syndrome. J TranslMed. 2022 
Mar 16;20(1):129.
Liu Y, SawalhaAH, Lu Q. COVID-19 and autoimmune diseases. Curr OpinRheumatol. 
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References: SARS-CoV-2 and autoimmunity
SARS CoV-2Selection

https://pubmed.ncbi.nlm.nih.gov/34521836/
https://pubmed.ncbi.nlm.nih.gov/34521836/
https://pubmed.ncbi.nlm.nih.gov/34521836/
https://pubmed.ncbi.nlm.nih.gov/34521836/
https://pubmed.ncbi.nlm.nih.gov/34521836/
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19
https://www.nih.gov/news-events/nih-research-matters/autoimmune-response-found-many-covid-19


Agenda

11

¶ Mechanisms by which pathogens can trigger autoimmunity

¶ The scourge of SARS-CoV-2

¶ Bacterial and viral involvement in specific autoimmune conditions
¶ Type 1 Diabetes and Autoimmune Diabetes insipidus

¶ Multiple Sclerosis

¶ Rheumatoid arthritis

¶ IŀǎƘƛƳƻǘƻΨǎκDǊŀǾŜǎΨ

¶ Methods of bacterial and viral testing
¶ B cells: IgG, IgM, IgA

¶ T cells: EliSpots

11



Source: https://www.jwatch.org/jw198807290000007/1988/07/29/cytomegalovirus-associated-with-type-1-diabetes

ά/a±-positive diabetic patients significantly more likely 
to have autoantibodies than those who were CMV-ƴŜƎŀǘƛǾŜέ

ñCMV has a lytic action on 

the ɓ-cells of the islets of 

Langerhans responsible for 

insulin productionò

T1D

Viruses
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CMV virus



T1D patients 8x more likely to have an enterovirus infection 
than controls in a recent (2022) study

Source:Isaacs, Sonia Rebecca and Roy, Anju and Dance, Brieanaand Ward, Emily J. and Foskett, 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 Review and Meta-Analysis of Molecular Studies. 
Available at SSRN:https://ssrn.com/abstract=4308770or http://dx.doi.org/10.2139/ssrn.4308770; https://www.easd.org/media-centre/home.html#! 
resources/enterovirus-infection-and-risk-of-islet-autoimmunity-and-type-1-diabetes-systematic-review-and-meta-analysis-of-molecular-studies

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) 

T1D

Viruses

https://ssrn.com/abstract=4308770
https://dx.doi.org/10.2139/ssrn.4308770
https://www.easd.org/media-centre/home.html
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Key Findings of the Study:

ÅViruses as Triggers: The Coxsackie B virus 
attacks the insulin-producing cells in the 
pancreas, leading to an autoimmune reaction 
where the immune system mistakenly attacks 
healthy cells.
ÅParticularly Affected: The infection is 
particularly common in young children, of whom 
a small but growing proportion later develop 
Type 1 diabetes.
ÅImmune System Response: Researchers found 
that the immune system of affected children 
shows only a limited defenseresponse against 
the virus, which explains the persistent infection 
and the subsequent autoimmune process.

Source: Carré A, Vecchio F, Flodström-TullbergM, You S, MalloneR. Coxsackievirus and Type 1 Diabetes: Diabetogenic Mechanisms and Implications for 
Prevention. EndocrRev. 2023 Jul 11;44(4):737-751.

ά¢ƘŜ ǎǘǊƻƴƎŜǎǘ ŜǾƛŘŜƴŎŜ ŦƻǊ ŀƴ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ¢м5 Ǉƻƛƴǘǎ 
ǘƻ 9ƴǘŜǊƻǾƛǊǳǎ ƛƴŦŜŎǘƛƻƴΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƻ /ƻȄǎŀŎƪƛŜǾƛǊǳǎ .έ

T1D

Viruses



T1D

Source:Diaz-Horta, Oscar & Sarmiento, Luis & Baj, Andreina& Cabrera-Rode, Eduardo & Toniolo, Antonio. (2011). Echovirus Epidemics, 
Autoimmunity, and Type 1 Diabetes.

Molecular methods detect Human Echovirus RNA more often 
in T1D patients at onset than in non-diabetic controls

άLƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ǿŜ 
provide epidemiological 
and experimental data 
indicating HEV as possible 
agents involved in islet 
cell associated 
ŀǳǘƻƛƳƳǳƴƛǘȅ ŀƴŘ ¢м5έ

Viruses
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ά9ǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ǎǘǳŘƛŜǎ 
and meta-analyses 
reported an increase in the 
incidence of type 1 
diabetes mellitus during 
the COVID-19 pandemic as 
well as an association 
between SARS-CoV-2 
infection and the risk of 
new-onset type 1 diabetes 
ƳŜƭƭƛǘǳǎΦέ

Strong connection between Type 1 Diabetes and Covid
T1D

Source:DebuysschereC, NekouaMP, AlidjinouEK, HoberD. The relationship between SARS-CoV-2 infection and type 1 diabetes mellitus. Nat Rev 
Endocrinol. 2024 Jun 18.

άΦΦƘǳƳŀƴ ǖ-cells express SARS-CoV-2 
ǊŜŎŜǇǘƻǊǎ Χ {!w{-CoV-2 can infect 
and replicate in ß-cells, resulting in 
structural or functional alterations 
ƻŦ ǘƘŜǎŜ ŎŜƭƭǎΦέ 

Viruses



Source: Rizzo A, Paolillo R, IafuscoD, Prisco F, Romano CarratelliC. Chlamydia pneumoniae infection in adolescents with type 1 diabetes mellitus. J Med Microbiol. 
2012 Nov;61(Pt 11):1584-1590.

C. pneumoniae5b! ŘŜǘŜŎǘŜŘ ƛƴ псΦр ҈ ƻŦ Ǉκǘǎ ǿƛǘƘ T1DM; 
higher prevalence than in non-diabetic paediatric controls

ά²ƘƛƭŜ ƴƻǘ ŘƛǊŜŎǘƭȅ ŎŀǳǎƛƴƎ 
Type 1 Diabetes,Chlamydia 
pneumoniae infection can 
exacerbate complications in 
individuals with the condition, 
particularly affecting beta cells 
and potentially worsening 
glycemiccontrol.Studies 
suggest a higher prevalence of 
C. pneumoniae DNA in patients 
with Type 1 Diabetes compared 
to non-diabetic controls, 
according to a study by the 
bLIΦέ

T1DM

Bacteria



Source: Chua WK, Hong YK, Hu SW, Fan HC, Ting WH. A Significant Association between Type 1 Diabetes and Helicobacter pylori Infection: A Meta-

Analysis Study. Medicina (Kaunas). 2024 Jan 9;60(1):119.

A significant association was observed betweenH. pylori
and T1DM

ά!ƴ ƛƴ-depth analysis of 
the quantitative 
breakdown showed that 
the prevalence of H. pylori 
infection was higher in the 
diabetes cohort (45.87%, n 
= 561) than in healthy in 
individuals (24.27%, n = 
пмоύ ΧaƻǊŜƻǾŜǊΣ IΦ ǇȅƭƻǊƛ 
infection was significantly 
associated with T1DM (OR 
1.77, 95% CI 1.47ς2.12, p 
< 0.0001), with hetero 
geneity: Tau² = 0.47; Chi² = 
57.07, df = 11 (p < 0.0001); 
Lч Ґ ум҈έ

T1DM

Bacteria
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1. CMV EliSpotlytic and latent (Test No. 29)

2. Coxsackie A & B IgG & IgA antibodies (33)

3. Echovirus IgG/IgA/IgM antibodies (86)

4. SARS-CoV-2 T-cells (C6) and IgG/IgA (C1)

Diabetes Type 1: Laboratory tests suggested
T1D

1. Chlamydia pneumoniae IgG & IgA antibodies (16)/EliSpot(15)

2. H pylori Blot IgG/IgA HLO-AK with CagAand VacA(106)
Please do a H pylori test that can detect the cytotoxin-associated 
gene A(CagA) and vacuolating cytotoxin A (VacA) ςthose are the 
genotypes of the most virulent strains

Viruses

Bacteria
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Source: 1. https://www.ncbi.nlm.nih.gov/books/NBK2494/; 2. MarrodanM, Alessandro L, FarezMF, CorrealeJ. The role of infections in multiple sclerosis. 
Mult Scler. 2019 Jun;25(7):891-901; https://www.mssociety.org.uk/research/latest-research/latest-research-news-and-blogs/more-evidence-about-role-ebv-
infection-development-ms#:~:text=97%25%20of%20the%20people%20who,32%2Dfold%20after%20EBV%20infection.

It has long been known that viruses can be involved in 
demyelinating diseases

1

MSMS

ά¢ƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ŎŀǳǎŜ ƛǎ ŀ ǾƛǊǳǎ 
because more than 90% of patients 
with MS have high concentrations 
of IgG, manifest as oligoclonal 
ōŀƴŘǎΣ ƛƴ ǘƘŜ ōǊŀƛƴ ŀƴŘ /{CΦέ2

Viruses

https://www.ncbi.nlm.nih.gov/books/NBK2494/


Source:https://news.harvard.edu/gazette/story/2022/01/epstein-barr-virus-may-be-leading-cause-of-multiple-sclerosis/

ά¢ƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ 9.± ŎŀǳǎŜǎ a{ Ƙŀǎ 
been investigated by our group and others 
for several years, but this is the first study 
providing compelling evidence of 
ŎŀǳǎŀƭƛǘȅΣέ ǎŀƛŘ !ƭōŜǊǘƻ Ascherio, 
professor of epidemiology and nutrition 
at Harvard Chan School and senior author 
ƻŦ ǘƘŜ ǎǘǳŘȅΦ ά¢Ƙƛǎ ƛǎ ŀ ōƛƎ ǎǘŜǇ ōŜŎŀǳǎŜ ƛǘ 
suggests that most MS cases could be 
prevented by stopping EBV infection, and 
that targeting EBV could lead to the 
ŘƛǎŎƻǾŜǊȅ ƻŦ ŀ ŎǳǊŜ ŦƻǊ a{Φέ

Harvard study published on 13thWŀƴǳŀǊȅ нлнн ƛƴ ά{ŎƛŜƴŎŜέ
MS

Viruses
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Source:https://www.science.org/doi/10.1126/science.abj8222; https://www.eurekalert.org/news-releases/939665

The study found that the risk of developing MS increased 
32-fold following EBV infection 

MS

ά¦ǎƛƴƎ Řŀǘŀ ŦǊƻƳ ƳƻǊŜ 
than ten million United 
States military recruits 
monitored over a 20-year 
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 were 
EBV-negative 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."

Viruses

https://www.science.org/doi/10.1126/science.abj8222
https://www.eurekalert.org/news-releases/939665
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Source: 1. https://multiplesclerosisnewstoday.com/news-posts/2023/01/10/ms-could-be-triggered-covid-19-via-molecular-mimicry/; Lake CM, Breen JJ. 
Sequence similarity between SARS-CoV-2 nucleocapsid and multiple sclerosis-associated proteins provides insight into viral neuropathogenesis following 
infection. Sci Rep. 2023 Jan 8;13(1):389.

έ/h±L5-19 could trigger MS via Molecular Mimicry, study 
ǎƘƻǿǎέ1

ά{!w{-CoV-2 
nucleocapsid 
exhibits significant 
homology with MS-
associated proteins 
across both 9- and 
15mer peptide 
ƎǊƻǳǇέ

MS

Viruses
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άI9w±-W has been found to 
be more prevalent in MS 
patients compared to 
controls and has been 
associated with a poorer 
ŎƭƛƴƛŎŀƭ ƻǳǘŎƻƳŜ ΧΦ 
HHV-6 may participate in the 
activation of human 
endogenous retroviruses 
όI9w±ǎύέ

Source: Jeanne Billioux B et al. HHV-6 and Multiple Sclerosis. Human Herpesviruses HHV-6A, HHV-6B & HHV-7. 2014:123ҭ42.

MSάII±-6 DNA has been found in MS plaques compared to 
ƘŜŀƭǘƘȅ ōǊŀƛƴ ǘƛǎǎǳŜέ Viruses



Source: Sotelo J, Corona T. Varicella zoster virus and relapsing remitting multiple sclerosis. Mult SclerInt. 2011;2011:214763.

MS

Some evidence of the link to VZV, too Viruses
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Source: Landry RL, Embers ME. The Probable Infectious Origin of Multiple Sclerosis. NeuroSci. 2023 Sep 7;4(3):211-234.

Borrelia, Chlamydia pneumoniae and H pylori all 
implicated in the etiology of MS

1

MSMS

άThe association between 
spirochetes and MS dates 
back to 1925 when Adams et 
al. conducted an experiment in 
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 1957, Ichelson
successfully cultivated 
spirochetes from the spinal 
fluid of MS patients [221]. 
Newman et al. replicated 
LŎƘŜƭǎƻƴΩǎculture method and 
detected spirochetes in the 
spinal fluid of MS patients, 
although in a lower 
ǇŜǊŎŜƴǘŀƎŜΦέ

Bacteria



MS and Borrelia ςresearch over 4 decades

Dr. Vincent 
aŀǊǎƘŀƭƭΩǎ 
exhaustive research 
ŦǊƻƳ ǘƘŜ улΩǎ 
showed spirochetes 
on the axons of 
nerves of MS 
patient autopsies in 
Europe.

Source:http://www.medical-hypotheses.com/article/0306-9877(88)90023-0/abstract
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Infection with Bartonella also detected

Source:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2546763/, https://www.lymeneteurope.org/forum/viewtopic.php?t=2445

άhŦ ǘƘŜ ǎƛȄ ǊŜǎŜŀǊŎƘ ǎǳōƧŜŎǘǎΣ 
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 
ǿŀǎ ǊŜƳƻǾŜŘ ŦǊƻƳ Ƙƛǎ ŀƴƪƭŜΦέ
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Powerful evidence for Chlamydia pneumoniae being 
a causal factor in some MS variants

Source: http://www.davidwheldon.co.uk/ms-treatment1.html

ά!ŦǘŜǊ ƳǳŎƘ ŎƻƴǘǊƻǾŜǊǎȅ 
there is now powerful 
evidence for the 
respiratory pathogen
Chlamydophila 
(Chlamydia)pneumoniae
being a causal factor in 
some variants of the 
neurological illness 
ƳǳƭǘƛǇƭŜ ǎŎƭŜǊƻǎƛǎΦέ
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Source: Nicolson GL. Chronic Bacterial and Viral Infections in Neurodegenerative and Neurobehavioral Diseases. Lab Med. 2008 May;39(5):291ï

9; Yao S-Y, Stratton CW, Mitchell WM. CFS oligoclonal bands in MS include antibodies against Chamydophila antigens. Neurol 2001; 51: 1168-
1176

82% of MS patients tested positive for Chlamydia 
pneumoniae in oligoclonal antibodies in this study

MSMS

ά9ȄŀƳƛƴŀǘƛƻƴ ƻŦ a{ ǇŀǘƛŜƴǘǎ 
for oligoclonal antibodies 
againstC. pneumoniaerevealed 
that 82% of MS patients were 
positive, whereas none of the 
control non-MS neurological 
patients had antibodies that 
were absorbed byC. 
pneumoniaeelemental body 
ŀƴǘƛƎŜƴǎέ
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Source:Gavalas E, KountourasJ, BozikiM, Zavos C, Polyzos SA, Vlachaki E, et al. Relationship between Helicobacter pylori infection and 
multiple sclerosis. Ann Gastroenterol. 2015;28(3):353ς6.

άI ǇȅƭƻǊƛ ƛƴŦŜŎǘƛƻƴǎ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ƛƴ a{ 
ǇŀǘƛŜƴǘǎέ

1

MSMS

άThe overall prevalence of 
histologically confirmed 
activeHp infection in 44 MS patients 
was 86.4% vs. 50% in 20 matched 
anemiccontrol participants (P=0.002, 
odds ratio 6.33, 95%CI 1.85-нмΦспύ Χ

Hp infection appears to be more 
frequent in MS patients. If confirmed, 
this might indicate either a common 
factor that causes susceptibilities to 
both MS andHp infection or 
that Hpmight be a causal factor for 
developing MS. If a causal link 
betweenHp infection and MS is 
confirmed in the future, this may have 
a major impact on the pathophysiology 
ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ a{Φέ
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1. EBV EliSpot(Test No. 26)

2. HHV6 EliSpot(34a)

3. SARS-CoV-2 (C1)

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

5. Echovirus IgG, IgM & IgA (86)

Multiple Sclerosis: Possible laboratory tests
MS

Bacteria

1. Borrelia EliSpot(1) and TickPlexBasic (74)

2. Bartonella Elispot(9a)

3. Chlamydia pneumoniae IgG/IgA (16) and EliSpot(15)

4. H pylori Blot IgG/IgA HLO-AK (CagA, VacA) (106)

Viruses
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Infection-induced autoimmunity in rheumatic disease 
has long been recognised

RA

Source: Rashid T, EbringerA. Autoimmunity in Rheumatic Diseases Is Induced by Microbial Infections via Crossreactivityor Molecular 
Mimicry. Autoimmune Dis. 2012;2012:539282.



Need to consider Borrelia in the differential diagnosis of 
Rheumatoid Arthritis

RA

Source: Hsieh YF, Liu HW, Hsu TC, Wei JC, Shih CM, Krause PJ, Tsay GJ. Serum reactivity against Borrelia burgdorferi OspAin patients 
with rheumatoid arthritis. Clin Vaccine Immunol. 2007 Nov;14(11):1437-41.
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ά¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀ ƘƛƎƘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ w! 
patients have systemic mycoplasmalƛƴŦŜŎǘƛƻƴǎέ

άSystemic mycoplasmal
infections may be an 
important cofactor in 
the pathogenesis of 
RAέ

Source: Haier J, Nasralla M, Franco AR, Nicolson GL. Detection of mycoplasmalinfections in blood of patients with rheumatoid arthritis. 
Rheumatology (Oxford). 1999 Jun;38(6):504-9.

Bacteria

RA



Professor Garth Nicolson recommends testing for 
Chlamydia pneumoniae in RA

RA

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

άaŀƴȅ w! ŀƴŘ ƻǘƘŜǊ 
patients have this 
ǎȅǎǘŜƳƛŎ ƛƴŦŜŎǘƛƻƴέ

Bacteria

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


Many symptoms of Yersinia overlap with those of 
fibromyalgia/rheumatoid arthritis

Source: BerghoffW. Chronic Lyme Disease and Co-infections: Differential Diagnosis. Open Neurol J. 2012; 6: 158ς178; Larsen JH. Yersinia enterocolitica 
infections and rheumatic diseases. Scand J Rheumatol. 1980;9(3):129-37.

Implicated more in reactive arthritis, 
but may still be a consideration

Bacteria

RA

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/


άhǳǊ ǎǘǳŘȅ ǎƘƻǿŜŘ IΦ ǇȅƭƻǊƛ ƛƴŦŜŎǘƛƻƴ ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊƘŜǳƳŀǘƻƛŘ ŀǊǘƘǊƛǘƛǎέ

RA

Source: Lee 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.

άLƴ ǘƘŜ ғ ол ȅŜŀǊǎ 
old subgroup, the 
risk was highest, 
especially in 
women < 30 years 
old with H. pylori 
ƛƴŦŜŎǘƛƻƴΦέ

άIΦ ǇȅƭƻǊƛ CagA-positive 
patients develop more 
severe RAΦέ

2 million individuals, 2000 - 2017

Bacteria



άPrompt diagnosis and management decisions on P. gingivalis 
ŀƴǘƛƳƛŎǊƻōƛŀƭ ǘƘŜǊŀǇȅ ǿƻǳƭŘ ǇǊŜǾŜƴǘ ǊƘŜǳƳŀǘƻƛŘ ŀǊǘƘǊƛǘƛǎέ

MS

Bacteria

Source: Li 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 Meta-Analysis. Front Cell Infect Microbiol. 2022 Jul 18;12:956417.

ά{ǘǊƛƪƛƴƎƭȅΣ ǘƘŜ 
association between 
RA and PD 
[periodontal disease] 
is because of the oral 
pathobiont P. 
ƎƛƴƎƛǾŀƭƛǎέ



Rheumatoid arthritis and bacterial infections
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T, Gilroy CB, BebearC, DehaisJ, Taylor-Robinson D. Mycoplasma fermentans, but not M. penetrans, detected 
by PCR assays in synovium from patients with rheumatoid arthritis and other rheumatic disorders. J. Clin. 
Pathol. 1996; 49: 824-828 18. 
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άhǳǊ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ 
RA was positively associated 
with Herpes Zoster risk, 
particularly in RA patients 
ǿƛǘƘ ǇǊŜŘƴƛǎƻƭƻƴŜ ǳǎŜΦέ2

άtŀǘƛŜƴǘǎ ǿƛǘƘ w! ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
higher numbers of circulating EBV-
infected B cells and EBV DNA loads in 
saliva. Several studies have shown 
that levels of EBV DNA and mRNA are 
much higher in the synovium of 
patients with RA than in that of 
healthy controls.1

Sources: 1. CostenbaderKH, Karlson EW. Epstein-Barr virus and rheumatoid arthritis: is there a link? Arthritis Res Ther. 2006;8(1):204;
2. Dlamini ST et al. Herpes Zoster Risk in Patients with Rheumatoid Arthritis and Its Association with Medications Used. Int J Environ Res Public Health. 
2023 Jan 24;20(3):2123.3. PeraA et al. Cytomegalovirus as a Driver of Excess Cardiovascular Mortality in Rheumatoid Arthritis: A Red Herring or a 
Smoking Gun? CircRes. 2017 Jan 20;120(2):274-277.4. ArleevskayaMI et al. How Rheumatoid Arthritis Can Result from Provocation of the Immune 
System by Microorganisms and Viruses. Front Microbiol. 2016 Aug 17;7:1296.

ά¢Ƙƛǎ ǾƛŜǿǇƻƛƴǘ ŎƻƳōƛƴŜǎ ŜǾƛŘŜƴŎŜ 
from seemingly independent lines 
of investigation to demonstrate that 
CMV is likely to be a major driver of 
ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ƳƻǊǘŀƭƛǘȅ ƛƴ w!Φέ3

EBV, CMV and VZV all positively associated with 
Rheumatoid Arthritis

RA

4

Viruses



Source: DewanjeeS et al. COVID-19 and Rheumatoid Arthritis Crosstalk: Emerging Association, Therapeutic Options and Challenges. Cells. 
2021 Nov 24;10(12):3291.

COVID-19 and RA share similar immune-inflammatory 
features of disease pathogenesis

ά/h±L5-19 and RA share a common 
mechanistic pathway of immuno-
pathogenesis mediated through 
ŀōŜǊǊŀƴǘ !/9κ!/9н ŀŎǘƛǾƛǘƛŜǎέ

RA

Figure 3.Angiotensin-converting enzyme 
(ACE)-dependent pathway showing the 
mechanistic similarity between SARS-CoV-2 
infection (A) and RA (B). ACE catalyses the 
conversion of angiotensin I to angiotensin II, 
which is involved in the pathogenesis of 
both COVID-19 and RA by promoting 
inflammation, fibrosis, vasoconstriction, and 
apoptotic activities. In contrast, ACE2 
catalyses the conversion of angiotensin II to 
angiotensin-1-7 and shares identical 
protective functions in both COVID-19 and 
RA.

Viruses
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ArleevskayaMI et al. How Rheumatoid Arthritis Can Result from Provocation of the Immune 
System by Microorganisms and Viruses. Front Microbiol. 2016 Aug 17;7:1296.

RA

References: Viruses and Rheumatoid Arthritis
Selection

Viruses



1. Borrelia EliSpot(Test No. 1), TickPlexBasic (74)

2. Mycoplasma pneumoniae (19)

3. Chlamydia pneumoniae (16)/trachomatis (18)

4. H pylori Blot IgG/IgA HLO-AK (CagA, VacA) (106)

5. Yersinia enterocolitica IgG/IgA (22)

6. Porphyromonas gingivalis

Rheumatoid Arthritis: Possible lab tests
RA

1. EBV antibodies including Early Antigen (27) + EBV EliSpot(26)

2. CMV EliSpot(29)

3. HSV1/2 IgG/IgA/IgM antibodies (28) + HSV1/2 EliSpot(28b)

4. SARS-CoV-2 IgG/IgA (C1)

Viral tests

Bacterial tests
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Borrelia burgdorferi can cross-react with thyroid tissue, 
triggering Hashimotos

άΧ ƛƴ ǎƻƳŜ ƎŜƴŜǘƛŎŀƭƭȅ ǇǊŜŘƛǎǇƻǎŜŘ ǎǳōƧŜŎǘǎΣ .ƻǊǊŜƭƛŀ 
ƛƴŦŜŎǘƛƻƴ Ŏŀƴ ōŜ ǘƘŜ ǘǊƛƎƎŜǊ ƻŦ IŀǎƘƛƳƻǘƻΩǎ ǘƘȅǊƻƛŘƛǘƛǎ 
and/or lichen sclerosusέ

IŀǎƘƛƳƻǘƻΩǎ

Source: Guarneri F, Guarneri C.Molecular mimicry in cutaneous autoimmune diseases.World J Dermatol2013;2(4): 36-43 

Bacteria



High Yersinia titres found in thyroid disorders

Source: Chatzipanagiotou, Stylianos & Legakis, Ioannis& Boufidou, Fotini& Petroyianni, V & Nicolaou, C. (2001). Prevalence of Yersinia plasmid-encoded 
outer protein (YOP) class-specific antibodies in patients with Hashimoto's thyroiditis. Clinical microbiology and infection : the official publication of the 
European Society of Clinical Microbiology and Infectious Diseases. 7. 138-43. 10.1046/j.1469-0691.2001.00221.x.

άтр҈ ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ 
thyroid disorders have 
been found to have 
high Yersinia titres, 
especially in 
IŀǎƘƛƳƻǘƻΩǎ ŀǎ ǿŜƭƭ ŀǎ 
DǊŀǾŜΩǎ ŘƛǎŜŀǎŜΣ 
because molecular 
mimicry can cause it to 
cross-react with the 
ǘƘȅǊƻƛŘ ƎƭŀƴŘΦέ

IŀǎƘƛƳƻǘƻΩǎκDǊŀǾŜΩǎ

Bacteria



Source: BenvengaS, Santarpia L, Trimarchi F, Guarneri F. 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 Recpetor. Thyroid. 2006;16:225ɀ236.

Homology of HLA-DR molecules and T-cell receptors 
from human thyroid autoantigens and Yersina/Borrelia

IŀǎƘƛƳƻǘƻΩǎκ
DǊŀǾŜΩǎ

ά5ŀǘŀ ŦǊƻƳ ǘƘƛǎ ǎǘǳŘȅ 
suggests that a restricted 
number of Borrelia and 
Yersinia proteins might 
have the potential to 
trigger AITD n persons with 
certain HLA-5w ŀƭƭŜƭŜǎέ

Bacteria



Source: Bassi V, Marino G, IengoA, FattorusoO, Santinelli C. Autoimmune thyroid diseases and Helicobacter pylori: the correlation is present only in 
Graves's disease. World J Gastroenterol. 2012 Mar 14;18(10):1093-7.

άA marked correlation was found between the presence of 
H. pylori and, in particular, Cag-! ǇƻǎƛǘƛǾŜ ǎǘǊŀƛƴǎ ƛƴ DǊŀǾŜǎΩ έ

DǊŀǾŜǎΩ

Bacteria

ñOf 112 ATDs patients, 43/52 (82%) in the GD group and 28/60 (46%) in 

the HT group were positive for H. pylori infection, vs 43 [43.0%, P Ò 

0.0001, OR 6.3 (2.7-14.3) vs the GD group, not significant vs the HT 

group] of 100 controlsò 
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LƴŎƛŘŜƴŎŜ ƻŦ IŀǎƘƛƳƻǘƻΩǎκDǊŀǾŜǎΩ 5ƛǎŜŀǎŜ 
increases with SARS-CoV-2 infections

IŀǎƘƛƳƻǘƻΩǎκDǊŀǾŜǎΩ
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1. EBV EliSpot(26)

2. HSV 1 & 2 IgG/IgA/IgM (28)

3. CMV EliSpot(29)

4. Parvovirus B19 IgG & IgM (50)

5. SARS-CoV-2 IgG/IgA (C1)

IŀǎƘƛƳƻǘƻΩǎκDǊŀǾŜǎΩΥ tƻǎǎƛōƭŜ ƭŀōƻǊŀǘƻǊȅ ǘŜǎǘǎIŀǎƘƛƳƻǘƻΩǎκDǊŀǾŜǎΩ

Hashimotoôs Gravesô

1. SARS-CoV-2 IgG/IgA (C1)

2. Possibly the Herpes viruses

Viruses

Bacteria

Hashimotoôs

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

2. Yersinia enterocolitica IgG/IgA (22)

Bacteria

Gravesô
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IgM (Immunoglobulin M) vs. IgG (Immunoglobulin G)

ñIn 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.ò

Antibodies

Source: http://www.microbiologybook.org/mayer/Ab%20formation2000.htm; http://www.microbiologybook.org/mayer/ab1-8.jpg

http://www.microbiologybook.org/mayer/Ab%20formation2000.htm
http://www.microbiologybook.org/mayer/ab1-8.jpg
http://www.microbiologybook.org/mayer/ab1-8.jpg
http://www.microbiologybook.org/mayer/ab1-8.jpg


Source: 1. https://www.labtestsonline.org.au/learning/test-index/antibody-tests; 2. https://www.genscript.com/IgM-antibody.html

ά¢ƘŜ ǘƛƳŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ LƎD ŀƴǘƛōƻŘƛŜǎ ŦƻƭƭƻǿƛƴƎ I{± ƛƴŦŜŎǘƛƻƴ ǾŀǊƛŜǎ ŦǊƻƳ 
21 to over 42 days with most individuals having detectable IgG 21ς28 days after exposure to 
the infection and probably lasting for life.7ς,9 IgM antibodies are usually detectable 9ς10 
days after exposure and last 7ς14 days, although they may remain detectable for up to 6 
weeks in a minority of individuals.9ς,11 IgM antibodies may be detectable during recurrences 
ƻŦ ǘƘŜ ƛƴŦŜŎǘƛƻƴΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƛǘƘ ǎƻƳŜ ƻŦ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ 9[L{!ǎΦέ2

ά5ŜǘŜŎǘƛƻƴ ƻŦ LƎa ŀƴǘƛōƻŘƛŜǎ ǘŜƴŘǎ ǘƻ ƛƴŘƛŎŀǘŜ ŀ ǊŜŎŜƴǘ ƛƴƛǘƛŀƭ ŜȄǇƻǎǳǊŜ ǘƻ ŀƴ 
antigen, whereas detection of total or IgG antibodies indicates exposure 
ǎƻƳŜ ǘƛƳŜ ŀƎƻΦέ2

IgM antibodies are the first type of antibody produced, 
and usually do not persist

Antibodies
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