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Topics We Will Cover

1. Challenges Contributing to the Diagnosis and Treatment of Various Neurologic, Psychiatric 

and Behavioral Disorders

2. Can Infections Trigger Immune System Dysfunction that Leads to Certain Neurologic, 

Psychiatric, and Behavioral Disorders? 

3. What is Molecular Mimicry and How Can this Impact our Immune System: A Medical Model 

for PANDAS/PANS, Neurologic Lyme, and Long-COVID?

4. Antineuronal Antibodies as an aid in a Clinicianôs Diagnosis and Treatment of Patients with 

Autoimmune Neuropsychiatric Disorders Secondary to Infections

5. Therapeutic Modalities that Have Shown Clinical Effectiveness in Treating Autoimmune 

Neuropsychiatric Disorders Secondary to Infections
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What Do You See?



Symptoms Diagnoses
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Most Neurologic, Psychiatric and Behavioral Disorders are Diagnosed and 

Classified by Symptoms, Not Etiology (Cause)

Obsessions

Tics

Repetitive 
Behavior

Hyperactivity

Difficulty in 
School

Separation 
Anxiety

Irritability

Aggression
/ Rage

Bedwetting

Changes in 
Handwriting

Sleep 
Disturbance

Sensory 
Abnormalities

Pediatric

Acute-Onset

Neuropsychiatric

Syndrome 

(PANS)

Autism 

Spectrum 

Disorders

(ASD)

Aspergerôs

Syndrome

Touretteôs

Syndrome

Pediatric 

Autoimmune 

Neuropsychiatric 

Disorder 

Associated with 

Strep (PANDAS) 

Chronic

Depression 

Schizophrenia

Bipolar 

Disorder

Attention 

Deficient 

Hyperactivity 

Disorder 

(ADHD)

Anxiety 

Disorder

Seizure 

Disorders
Epilepsy

Psychosis

Obsessive 

Compulsive 

Disorder

(OCD)

Seizure 

Disorder

Eating

Disorder

¢ƻǳǊŜǘǘŜΩǎ {ȅƴŘǊƻƳŜ /ǊƛǘŜǊƛŀΥ
Presence of motor and vocal tics that occur several times a day, 
every day or intermittently for at least 1 year, begin before age 18 
years



Worldwide ~800 Million Individuals* Suffer from Neurologic, Psychiatric and 

Behavioral Disorders
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Autism

Anxiety 
Disorder

Chronic 
Depressive 
Disorder

ADD
ADHD

Seizure 
Disorder

PANDAS
PANS

Schizophrenia

Eating 
Disorder

Psychosis
Tourette's

Mood 
Disorders

*Hannah Ritchie and Max Roser (2018) - "Mental Health". Published online at OurWorldInData.org.

Bipolar 
Disorder

Obsessive 
Compulsive 

Disorder (OCD) Neuropsychiatric, 
behavioral, and mental 
disorders are diagnosed 

entirely on clinical 
presentation not 

biology, yet most often 
are typically treated 

symptomatically with 
varied responses to 

treatment



7

Our Organ Systems Do Not Operate Independently of Each Other
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Medical Specialization Unintentionally Contributes to This Challenge

Cross-disciplinary and Collaborative Medical Care can Accelerate the Diagnosis and Treatment of Chronic Disorders

Integrated View of Disease Biology

Psychiatry

Psychology

Immunology

Infectious 
Disease

Prevaling Model of Disease Biology

Neurology

Neurology

Psychiatry

Psychology

Immunology

Infectious Disease
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Comorbidities in Patients with OCD

A comorbidity rate of 69% was found in a pooled sample of more than 
15,000 individuals. Mood disorders (major depressive disorder), anxiety 
disorders (generalized anxiety disorder), neurodevelopmental disorders 

(NDDs) and OCRDs were the commonest comorbidities

Sharma, E., et al. (2021). "Comorbidities in Obsessive-Compulsive Disorder Across the Lifespan: A 

Systematic Review and Meta-Analysis." Front Psychiatry 12: 703701. 



GENETIC PREDISPOSITION                                IMMUNE SYSTEM DYSFUNCTION 

Brain Function
(Neurologic, psychiatric, and 

behavioral symptoms)

Immune System
(autoimmune antibodies, inflammation, microglia 

activation, cytokines, mast cell activation)

Infectious/Non-Infectious Triggers
(bacteria, viruses, parasites, microbiome, environmental)

Growing Evidence of a Biological Interconnection

Axis
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Challenge for Clinicians and Patients With Autoimmune Neuropsychiatric 

Disorders Secondary to Infections

άbŜǾŜǊΣ ŜǾŜǊΣ 
think outside 
ǘƘŜ ōƻȄέ



Can Infections Trigger Immune System 

Dysfunction that Leads to Certain Neurologic, 

Psychiatric, and Behavioral Disorders? 



Can Infections Really Trigger Neuropsychiatric Disorders?

March 2019

JAMA Psychiatry: ñHarbingers of Mental Disease 

Infections Associated With an Increased Risk for Neuropsychiatric Illness in Childrenò
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άHow could exposure to infections affect the brain mechanistically to give rise to mental disorders? Circulating 
autoantibodies that enter the brain via a compromised blood-brain barrier and bind to neurotransmitter receptors is a 
potential explanation, and this mechanism has been proposed in PANDAS and other mental disordersΦέ

Kohler-Forsberg, O., et al. (2019) JAMA Psychiatry, 76(3), 271-279 

A large portion of neuropsychiatric disorders are caused by an infection-triggered autoimmune dysfunction

Danish study of 1,098,930 individuals birth to 18 year old: 

If hospitalized for a severe infection, the risk of developing mental disorders  

increased by more than 80% for diagnosis of: 

ÅSchizophrenia, autism spectrum disorder, obsessive-compulsive disorders, 

ADD/ADHD, personality and behavior disorders, ODD/OD and tic disorders



How Does This Occur Biologically?
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Neuropsychiatric Symptoms 

Including Anxiety, 

Aggression, Rage, OCD, Tics, 

Depression, Hyperactivity, 

Insomnia, Phobias 

Microbial, Viral, Fungal 

Infection Occurs

Body Produces Antibodies 

That Recognize Infectious 

organism

Antibodies Cross-React 

With Neurologic Receptors

(molecular mimicry)

Reaction Disrupts

Brain Function (friendly fire)

Autoimmune 
Neuropsychiatric Symptoms 
Myocarditis, Cardiovascular, 

Chronic Fatigue ï like 
Syndrome, MIS-C, Long 

COVID/PASC 



Growing Recognition of the Connection Between Infections, the Immune 

System and Neurologic, Psychiatric and Behavioral Disorders
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March 2019
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Susannah Cahalan ï Brain on Fire ñMy Month of Madnessò
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Anti-N-Methyl-D-Aspartate Receptor 
(NMDAR) Encephalitis

An infection-triggered autoimmune neuropsychiatric 
disorder that targets receptors in the brain

Symptoms of Psychosis, Paranoia, Hallucinations, 
Seizures, Memory loss, Loss of consciousness

ά{ȅƳǇǘƻƳǎ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ǘƘŀǘ ŀŎŎƻƳǇŀƴȅ ǇǎȅŎƘƻǘƛŎ 
ŘƛǎƻǊŘŜǊǎ ƭƛƪŜ ǎŎƘƛȊƻǇƘǊŜƴƛŀ ŀƴŘ ōƛǇƻƭŀǊέ

Susannah Cahalan ς New York Post Journalist
Suddenly developed psychosis, violence and instability 
requiring hospitalization
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Denzel, D., et al. (2023). "Autoantibodies in patients with obsessive-
compulsive disorder: a systematic review." Transl Psychiatry 13(1): 241. 

Endres, D., et al. (2022). "Immunological causes of obsessive-compulsive disorder: is 
it time for the concept of an "autoimmune OCD" subtype?" Transl Psychiatry 12(1): 5



Published Peer-Reviewed Scientific and Medical Literature 

Precedes Standard Medical Practice and Clinical Adoption
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Similar publication growth  

ñCancer Immunotherapyò 

~25 years ago
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General Mechanism of Many Anti-Neuronal Antibodies

https://courses.lumenlearning.com/wm-
biology2/chapter/chemical-and-electrical-synapses/

Mader, S., et al. (2017). "The Role of Brain-Reactive Autoantibodies in Brain 
Pathology and Cognitive Impairment." Front Immunol 8: 1101 



ñ88% of patients (115/130) diagnosed with SLE had at least one 

SLE autoantibody up to 9.4 years prior to clinical diagnosis 

compared to 3.8% (5/130) of age-matched controlsò

Autoantibodies Precede Manifestation of Clinical Disease in Lupus

ñDevelopment of Autoantibodies before the 

Clinical Onset of Systemic Lupus Erythematosusò
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άΧǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ŀǳǘƻŀƴǘƛōƻŘƛŜǎ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ {[9 ǘŜƴŘǎ ǘƻ Ŧƻƭƭƻǿ ŀ 
predictable course, with a progressive accumulation of specific autoantibodies 
ōŜŦƻǊŜ ǘƘŜ ƻƴǎŜǘ ƻŦ {[9Σ ǿƘƛƭŜ ǇŀǘŜƴǘǎ ŀǊŜ ǎǘƛƭƭ ŀǎȅƳǇǘƻƳŀǘƛŎΦέ

Arbuckle, M. R., et al. (2003). "Development of 
Autoantibodies before the Clinical Onset of Systemic 
Lupus Erythematosus." New England Journal of 
Medicine(349): 1526-1533



22

Autoimmune Neuropsychiatric Disorders Triggered by Infections

are not ñNewò

1894: Sir William Osler described 
άōƛȊŀǊǊŜέ and άǇŜǊǎŜǾŜǊŀǘƛǾŜ 
ōŜƘŀǾƛƻǊǎέ of children with άŎƘƻǊŜŀ 
ƳƛƴƻǊΣέ obsessive-compulsive (OCD) 
ǎȅƳǇǘƻƳǎ ŀƴŘ {ȅŘŜƴƘŀƳΩǎ ŎƘƻǊŜŀ ό{/)

Sydenham Chorea Group A StrepAlso known as 

ñSt. Vitus' 

danceò

Å abnormal 

movements 

Å Loss of fine-

motor control

Å Loss of 

emotional 

control

Sydenham
Chorea

Acute Rheumatic 
Fever (ARF)

In 1686, Thomas 
Sydenham described 
what he termed 
άŎƘƻǊŜŀ ƳƛƴƻǊέ
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Certain Infections Are More Frequently Associated with Autoimmune 

Encephalopathies and Neuropsychiatric Symptoms

ÅGroup A streptococci 

Å Influenza A

ÅVaricella (chickenpox)

ÅMycoplasma

ÅLyme disease

ÅBabesia

ÅBartonella

ÅCoxsackie virus

ÅOthers
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COVID-19 Pandemic Impact: Cases of Strep Throat Dramatically Dropped But 

Resurged Post Pandemic

https://epicresearch.org/articles/strep-throat-infections-up-
30-from-2017-peak-after-pandemic-drop
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www.gov.uk/government/publications/group-a-streptococcal-infections-activity-
during-the-2022-to-2023-season/group-a-streptococcal-infections-report-on-
seasonal-activity-in-england-2022-to-2023#fig1

2022/2023

Post-COVID Emergence of Scarlet Fever in the UK
Group A Strep: S. pyogenes
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Streptococcal Subtypes: Group A Strep (GAS) S. pyogenes

Group A strep (GAS) causes:
ÅStrep throat 
ÅScarlet fever - an illness that follows strep throat. 
Å Impetigo - a skin infection
ÅToxic shock syndrome
ÅCellulitis and necrotizing fasciitis (flesh-eating 

disease)

Group B strep can cause:
Åblood infections, pneumonia and meningitis in 

newborns 
Åurinary tract infections
Åskin infections and pneumonia in adults

Strep is short for Streptococcus, a type of bacteria. There are 
several types. (A, B, C, G) Two of them cause most of the 
strep infections in people: group A and group B



What is Molecular Mimicry and How Can this Impact 

our Immune System: A Medical Model for 

PANDAS/PANS, Neurologic Lyme, and Long-COVID?
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What is Molecular Mimicry? How is Our Immune System Involved? 

Molecular mimicry is a process that occurs 
when sequence similarities between foreign 
and self-peptides result in the activation of 

self-reactive T or B cells

Mimicry in Nature

нл ά[ŜǘǘŜǊǎέ ƻŦ ǘƘŜ tǊƻǘŜƛƴ !ƭǇƘŀōŜǘ
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How is Our Immune System Involved: 

Antibodies Recognize ñEpitopesò on Infectious Agents

Bacteria

Epitope

Epitope: the part of a 
molecule to which an 

antibody attaches itself
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Autoimmunity Occurs when Antibodies Recognize Self Proteins as Foreign

Bacteria

Epitope

Neuron

Similar 
Epitope

Autoimmune response through
άaƻƭŜŎǳƭŀǊ aƛƳƛŎǊȅέ 



Our Immune System Preemptively Recognizes Over 

50,000,000,000,000 (5 x 1013) Unique Antigens
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This also means

self-reactive lymphocytes 

are generated in the process

Our immune system is 

PREPROGRAMED to 

recognize ANY antigen it sees 

presently or in the future

Antibody diversity comes from combination of variable 
and constant domain gene elements. The B Cell locus is 
composed of multiple individual Variable, Diversity, and 
Joining gene segments which are randomly assembled 
into a functional gene exon through V(D)J recombination

Taylor, Joshua & Hutchinson, Mark & Gearhart, Patricia & Maul, Robert. (2022). Antibodies in action: the role of humoral 
immunity in the fight against atherosclerosis. Immunity & Ageing. 19. 10.1186/s12979-022-00316-6. 



How Does Our Body Eliminate Self-Reactive Immune Cells? 

Self/Non-Self Discrimination

ά/ŜƴǘǊŀƭ ¢ƻƭŜǊŀƴŎŜέ
where most self-reactive, early lymphocytes are eliminated
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άtŜǊƛǇƘŜǊŀƭ ¢ƻƭŜǊŀƴŎŜέ 
T and B cells that escape central tolerance 

are prevented from maturing

https://www.creative-diagnostics.com/Autoimmunity.htm

Bone Marrow Thymus Spleen and Lymph

https://www.creative-diagnostics.com/Autoimmunity.htm
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Autoimmunity is a Breakdown of Self/Non-Self Discrimination

Molecular Mimicry 
άCǊƛŜƴŘƭȅ CƛǊŜέ 

The most relevant genetic factors for autoimmune diseases located in the 
Å Major Histocompatibility Complex (MHC) and loci from 
Å Human Leukocyte Antigen (HLA) class I and class II 

A family history of autoimmune dysfunction is 
typically found in patients with immune-

mediated neuropsychiatric disorders



Molecular Mimicry
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ÅάCǊƛŜƴŘƭȅ CƛǊŜέ 

ÅMechanism of action that is 
implicated in many chronic 
debilitating diseases

ÅInfections that lead to 
autoimmune responses with 
debilitating symptoms including 
neuropsychiatric 



ÅGuillain-Barré Syndrome

ïCampylobacter jejuni

ÅSydenham Chorea

ïGroup A Streptococcus

ÅSystemic Lupus Erythematosus 

(Lupus)

ïEpstein-Barr virus (EBV nuclear 

antigen -1)

ÅMultiple Sclerosis

ïEBV, measles and HHV-6

ÅMyasthenia Gravis 

ïHerpes Simplex Virus Type 1 (gpD)

ÅCardiomyopathy (myocarditis)

ïCoxsackie virus, Group A 

Streptococcus

ÅCrohnôs Disease

ïGram-positive bacterial 

peptidoglycans

ÅDiabetes Type 1

ïCoxsackie B virus, rubella, 

herpesvirus, rotavirus 

ÅPsoriasis

ïStreptococcus pyogenes 

(Streptococcal M Protein)
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Other Autoimmune Disorders Associated with Infections through Molecular 

Mimicry*

*M.F. Cusick, et. al., Clin Rev Allergy Immunol. 2012 February, 42(1): 102-111



Molecular Mimicry Between Strep (Group A Strep) and Self-Antigens

M protein

Group A Beta-Hemolytic 

Streptococcal Cell Wall

Group A Carbohydrate

Similar antigenic determinants between host and infecting microorganisms

Molecular 

Mimicry

Martin, W. J., Steer, A. C., Smeesters, P. R., Keeble, J., Inouye, M., Carapetis, J., & Wicks, I. P. (2015). Post-
infectious group A streptococcal autoimmune syndromes and the heart. Autoimmunity Reviews, 14(8), 710-725
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Molecular Mimicry Between Borrelia burgdorferi (Lyme) and Streptococcus

Epitope 
M Protein

ά{ŜǉǳŜƴŎŜ ǎƛƳƛƭŀǊƛǘȅ ōŜǘǿŜŜƴ 
the B. burgdorferi protein OspA 

and the S. pyogenes M5 proteinέ

Epitope
OspA 

ProteinBorrelia burgdorferi

Streptococcus pyogenes

ά¢ƘŜ LƎa ŀƴǘƛ-.Φ ōǳǊƎŘƻǊŦŜǊƛ Χ ŎǊƻǎǎ-reacted with S. pyogenes M and myosin, both 
of which share sequence homology with B. burgdorferi OspA, suggesting a role for 

molecular mimicry in the generation of these Ab reactivities



Sequence Homology Between Human Dopamine Receptors

and SARS-CoV-2 Spike Protein
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Sequence Homology


