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Agenda

► Lyme Disease and autoimmunity: 

mechanisms and focus on specific 
conditions

► Lyme Disease in degenerative conditions

► Viral involvement in autoimmunity: 

mechanisms and some specific 
conditions 

► Tailored testing protocols: A few examples
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Borrelia is associated with multiple 
autoimmune conditions

► Rheumatic fever, reactive arthritis, rheumatoid 

arthritis – all can potentially be forms of Lyme arthritis

► Molecular mimicry in neuroborreliosis

► Neuropathy

► Vasculitis 

► Autoimmune thyroid disease/Hashimoto’s

► Multiple sclerosis

► ….. 



4
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Lyme arthritis: the first link between 
Borreliosis and autoimmune disease

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody 
reactivity to OspA and OspB of Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M 
et al. Identification of LFA-1 as a candidate autoantigen in treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.

The first indication that treatment-resistant Lyme borreliosis might be an autoimmune 
disease came from a study analysing MHC (major histocompatibility complex) II alleles 
(HLA-DR4) in patients with Lyme arthritis. MHC class II molecules play a critical role in 
activation of the immune system.

PX with chronic treatment-resistant Lyme arthritis have been found to have MHC II 
alleles associated with rheumatoid arthritis, partic. HLA-DRB1* 0401 and 0101 alleles.

These PX also develop anti-OspA antibodies correlating with the duration of their 
arthritis [138], suggesting that OspA may be involved in the autoimmune process.

Gross et al. suggested that  LFA-1 (human leucocyte function-associated antigen 1) 
can serve as a cross-reactive autoantigen for OspA-reactive Th1 cells, leading to 
treatment-resistant Lyme arthritis.  One potential explanation for antibiotic-resistant 
Lyme disease is thus generation of A/I directly or indirectly mediated by the 
pathogen and based on molecular mimicry. 
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Intracellular persistence of Bb in synovial 
cells - molecular mimicry in Lyme arthritis

Source: Singh SK, Girschick HJ. Lyme borreliosis: from infection to autoimmunity. 2004. Clinical Microbiology and Infection (CMI), 10, 
598–614

Antigen-presenting cells (monocytes, macrophages, dendritic cells and synovial fibroblasts) 

present peptides generated from borrelial OspA and host LFA-Ia (human leucocyte function-

associated antigen 1), which induce a cross-reactive T-cell response
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Autoimmunity in rheumatic diseases induced by 
microbial infections increasingly recognised
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Important to consider Borrelia in the 
differential diagnosis of rheumatoid arthritis
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Molecular mimicry in chronic neuroborreliosis

Source: Hemmer B, Gran B, Zhao Y et al. Identification of candidate T-cell epitopes and molecular mimics in chronic Lyme disease. 
Nat Med 1999; 5: 1375–1382

Hemmer et al. demonstrated that several T-cell clones responded to Borrelia
peptides and endogenous host peptides
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Anti-axonal IgM antibodies have been found in 
the serum of PX with neurological Lyme Disease

Source: Sigal LH1, Williams S A monoclonal antibody to Borrelia burgdorferi flagellin modifies neuroblastoma cell neuritogenesis in vitro: 
a possible role for autoimmunity in the neuropathy of Lyme disease Infect Immun. 1997 May;65(5):1722-8. ; Dai, Z. Z. (1993). Definition 
of the Epitope on the 41-kDa Flagellin of Borrelia burgdorferi for a Monoclonal Antibody H9724 and Identification of a H9724-Reactive 
ProteinFromCalf Adrenal Gland, PhDThesis, Rutgers University 4; * :Sigal, L. H., and A. H. Tatum. 1988. Lyme disease patients’ serum 
contains IgM antibodies to Borrelia burgdorferi that cross-react with neuronal antigens. Neurology 38:1439–1442

“Previous studies have demonstrated that 
patients with LD-associated neuropathy have 
serum and cerebrospinal fluid antibodies
to B. burgdorferi flagellin, often binding to the 
H9724-defined epitope”

The H9724-defined epitope cross-reacts 
with human peripheral nerve axons*

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sigal LH[Author]&cauthor=true&cauthor_uid=9125553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams S[Author]&cauthor=true&cauthor_uid=9125553
https://www.ncbi.nlm.nih.gov/pubmed/9125553
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Vasculitis in affected nerves has been reported 
as part of the neuropathological process

Source: Meier, C., F. Grahmann, A. Engelhardt, and M. Dumas. 1989. Peripheral nerve disorders in Lyme-borreliosis: nerve biopsy studies from 
eight cases. Acta Neuropathol. 79:271–278; Camponovo F, Meier C (1986) Neuropathy of vasculitic origin in a case of Garin-Bujadoux-
Bannwarth syndrome with positive borrelia antibody response. J Neurol 233: 69- 72

Perivasculitis of 
epineurial vasa 
nervorum in sural
nerve biopsies from 
patients with PNS 
complications of 
Lyme-Borreliosis
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Borrelia burgdorferi can cross-react with thyroid 
tissue triggering Hashimoto′s

“… in some genetically predisposed 
subjects, Borrelia infection can be the 
trigger of Hashimoto’s thyroiditis 
and/or lichen sclerosus”
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IgG antibodies that cross-react with myelin basic 
protein discovered in sera from Lyme disease PX

Source: Meier, C., F. Grahmann, A. Engelhardt, and M. Dumas. 1989. Peripheral nerve disorders in Lyme-borreliosis: nerve biopsy 
studies from eight cases. Acta Neuropathol. 79:271–278; Sigal, L. H., and A. H. Tatum. 1988. Lyme disease patients’ serum contains  
IgM antibodies to Borrelia burgdorferi that cross-react with neuronal antigens. Neurology 38:1439–1442; Garcia-Monco JC, 
Coleman JL, Benach JL (1988) Antibodies to myelin basic protein in Lyme disease. J Infect Dis 158 : 667- 668

Sera from Lyme disease patients contain antibodies to Bb that crossreact with nervous 
tissue antigens. Sigal and Tatum found IgM antibodies that cross-reacted with axonal 
antigens, and Garcia-Monco et al. found IgG antibodies that cross-reacted with myelin 
basic protein

“A statistically significant (p=0.0422) relationship 

was found between the clinically confirmed 
diagnosis of multiple sclerosis and the 
positive serologic reaction with Borrelia
antigen”
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Multiple Sclerosis, myelopathies, polyneuropathies, brain tumor,

encephalopathy. (Neurosurgery.1992 May;30(5): 769-73)

1986 (USA): Relapsing fever/Lyme disease – Multiple sclerosis. Medical 

Hypotheses, volume 21, issue 3, pages 335-343

2000 (Poland): Lyme borreliosis and Multiple sclerosis: Any Connection? A 

Seroepidemic study. Ann Agric Environ Med. issue 7, 141-143

2001 (Norway): Association between Multiple sclerosis and Cystic Structures 

in Cerebrospinal Fluid. Infect 29:315

2004 (Switzerland): Chronic Lyme borreliosis at the root of Multiple 

sclerosis – is a cure with antibiotics attainable?

Multiple Sclerosis
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Borrelia burgdorferi as well as viruses 
associated with neurological disease

► Clear role in neurodegenerative and

neurobehavioural conditions: likely driver/s

► Alzheimer’s

► Parkinson’s/Parkinsonism

► Even found in ALS/motor neurone disease

► …



15
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Professor Garth Nicolson: clear role of Bb in 
neurodegenerative and neurobehavioural disease

“Evidence of Mycoplasma species,
Chlamydia pneumoniae, Borrelia
burgdorferi, human herpesvirus-1, -6 and -
7 and other bacterial and viral infections 
revealed high infection rates in the above 
illnesses that were not found in controls.”
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Spirochete-stimulated brain tissue evidences 
reactive astrogliosis/inflammation in the brain 
parenchyma

“The high number of significantly perturbed 
transcripts of genes that regulate immune 
function, as revealed in our microarray 
analysis of live spirochete-stimulated brain 
tissues, subscribes to the notion that 
spirochetes can have a powerful effect on 
the regulation of inflammation in the brain 
parenchyma.”
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Amyloid plaques in Alzheimer′s Disease –

protection against microbial infection?

"Our findings raise 
the intriguing 
possibility that 
Alzheimer's 
pathology may arise 
when the brain 
perceives itself to be 
under attack from 
invading pathogens”

“When you look in the 
plaques, each one had a 
single bacterium in it,” 
says Tanzi. “A single 
bacterium can induce 
an entire plaque 
overnight.”
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Numerous studies have found connections 
with Parkinson′s/Parkinsonism

Source: * Ramesh G et al. Interaction of the Lyme Disease Spirochete Borrelia burgdorferi with Brain Parenchyma Elicits 
Inflammatory Mediators from Glial Cells as Well as Glial and Neuronal Apoptosis. Am J Pathol. 2008 Nov; 173(5): 1415–1427

“Infectious burden consisting of CMV, EBV, HSV-1, 
B. burgdorferi, C. pneumoniae and H. pylori is associated 
with PD. This study supports the role of infection in the 
etiology of PD.”

Drosophila-like 4 gene, which is associated with 
inflammation and neuronal death and is up-regulated 
in Parkinson’s disease, was up-regulated in 
spirochete-stimulated tissues by 9.98-fold*

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2570132/
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Even MND may be associated with Borrelia and 
coinfections – patient recovered when treated 
accordingly

“… positive testing for Borrelia burgdorferi
….. The patient has continued to be free of 
MND signs and symptoms for 15 months, 
although some symptoms consistent with 
disseminated Borreliosis remain.”
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Viral involvement in autoimmunity is well 
documented

► Viruses: molecular mimicry, bystander activation or

viral persistence? – possibly a perfect storm of all 
three

► Examples: 

► SLE (Lupus)

► Type 1 Diabetes

► Sarcoidosis

► Myasthenia Gravis

► Graves Disease
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Viruses have cross-reactive epitopes with 
host self proteins

Source: Fujinami RS et al. Molecular Mimicry, Bystander Activation, or Viral Persistence: Infections and Autoimmune Disease. Clin. 
Microbiol. Rev., Jan 2006; 19: 80 -94.; Fujinami, R. S. et al. 1983. Molecular mimicry in virus infection: Cross-reaction of
measles virus phosphoprotein or of herpes simplex virus protein with human intermediate filaments. Proc. Natl. Acad. Sci. USA 
80:2346–2350.

Bystander activation: An indirect or 
non-specific activation of autoimmune 
cells caused by the inflammatory 
environment present during 
infection. When one part of the 
immune system becomes activated 
this leads to the activation of other 
parts which can kill both viral-infected 
cells, and healthy cells as well

Molecular mimicry: A foreign antigen 
shares a sequence or structural 
similarities with self-antigens. This can 
result not only in the production of 
antibodies against the virus, but can 
also lead to autoantibodies against the 
human cells due to the similarities in 
the proteins
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EBV and SLE

Source: McClain MT, Heinlen LD, Dennis GJ, Roebuck J, Harley JB, James JA. Early events in lupus humoral 
autoimmunity suggest initiation through molecular mimicry. Nature Medicine 2005;11(1):85-89
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Also found in SLE: Parvovirus B19, CMV, HSV, 
VZV

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody 
reactivity to OspA and OspB of Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M 
et al. Identification of LFA-1 as a candidate autoantigen in treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.
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Diabetes Type 1: B1 strain of Coxsackie B has 
antigens similar to those in pancreatic beta cells

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody 
reactivity to OspA and OspB of Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M 
et al. Identification of LFA-1 as a candidate autoantigen in treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.
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Association with Cytomegalovirus ...

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody 
reactivity to OspA and OspB of Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M 
et al. Identification of LFA-1 as a candidate autoantigen in treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.

“the results indicate significant association (P
value 0.025) of cytomegalovirus IgG antibodies 
with type I diabetes mellitus in children. The 
study reveals significant relation (P value 0.003) 
of cytomegalovirus IgG antibodies with type I 
diabetes mellitus in age group (5-9 years).”
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... and with other enteroviruses: Echovirus

“This study shows the association 
between Type 1 diabetes and the 
presence of neutralizing antibodies 
to Echovirus 4, suggesting the 
possible participation of this virus 
as an environmental trigger of this 
autoimmune disease.”



27
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Also Rotavirus, Rubella, Mumps ... 



28
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Sarcoidosis: EBV, CMV, HSV  ...

Source: http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/pulmonary/sarcoidosis/
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Myasthenia Gravis and EBV

“Dysregulated EBV infection in the 
pathological thymus appears 
common in Myasthenia Gravis”
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Grave′s Disease and EBV

“In Graves' disease patients with TSH 
receptor antibodies (TRAb) levels ≥ 10%, EA 
antibody levels, which indicate EBV 
reactivation, were moderately but 
significantly correlated with the levels of 
TRAb”
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Tailored testing protocols – a few examples

► Rheumatoid arthritis
► Hashimoto′s ?
► MS
► Alzheimer’s/Dementia
► Parkinson’s/Parkinsonism
► SLE (Lupus) ?
► Type 1 Diabetes ?
► Sarcoidosis ?
► Myasthenia Gravis ? 
► Graves Disease ?
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Rheumatoid Arthritis: Laboratory tests suggested

1. Borrelia SeraSpot + Borrelia EliSpot + CD57-cells

2. Chlamydia pneumoniae IgG/IgA antibodies + Chlamydia 
pneumoniae EliSpot

3. Chlamydia trachomatis IgG/IgA-antibodies + Chlamydia 
trachomatis EliSpot

4. Mycoplasma pneumoniae IgG/IgA antibodies

5. Ehrlichia/Anaplasma IgG/IgM antibodies + Ehrlichia/Anaplasma
EliSpot

6. Rickettsia IgG/IgM antibodies

7. Yersinia IgG/IgA antibodies + Yersinia EliSpot

8. Coxsackie Virus IgG/IgA antibodies

9. HHV6 IgG/IgM antibodies

10.ANA (antinuclear antibodies) + CCP (cyclic citrullinated peptide) 
antibodies
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Hashimoto’s: Laboratory tests suggested

1. Borrelia SeraSpot + Borrelia EliSpot + CD57-cells

2. Yersinia-antibodies + Yersinia EliSpot

3.?

4.?

5.?
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Multiple Sclerosis: Laboratory tests suggested

1. Borrelia SeraSpot + Borrelia EliSpot + CD57-cells

2. Chlamydia pneumonia IgG/IgA antibodies + Chlamydia 
pneumoniae EliSpot

3. Mycoplasma pneumoniae IgG/IgA antibodies

4. Bartonella IgG/IgM antibodies

5. Coxsackie Virus IgG/IgA antibodies

6. EBV EliSpot

7. CMV EliSpot

8. HHV6 IgG/IgM antibodies
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Alzheimers / Dementia

1. Borrelia SeraSpot + Borrelia-EliSpot + CD57 cells

2. Chlamydia pneumoniae IgG/IgA antibodies + Chlamydia 
pneumoniae EliSpot

3. Mycoplasma pneumoniae IgG/IgA antibodies

4. Coxsackie Virus IgG/IgA antibodies

5. Herpes simplex virus 1 / 2 IgG/IgA/IgM antibodies + Herpes 
simplex virus EliSpot

6. EBV EliSpot

7. CMV EliSpot
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Parkinsonism

1. Borrelia SeraSpot + Borrelia EliSpot + CD57 cells

2. Chlamydia pneumoniae IgG/IgA antibodies + Chlamydia 
pneumoniae EliSpot

3. Mycoplasma pneumoniae IgG/IgA antibodies

4. Bartonella IgG/IgM antibodies

5. Coxsackie Virus IgG/IgA antibodies

6. EBV EliSpot

7. CMV EliSpot
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