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What Do You See?




Most Neurologic, Psychiatric and Behavioral Disorders are Diagnosed and

Classified by Symptoms, Not Etiology (Cause)
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Worldwide ~800 Million Individuals* Suffer from Neurologic, Psychiatric and

Behavioral Disorders
Obsesswe

Eating
Disorder

Neuropsychiatric,
,_;(M‘ a;&“; behavioral, and mental
disorders are diagnosed
entirely on clinical
presentationnot
biology, yet most often
are typicallytreated
symptomaticallywith
varied responses to
treatment
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*Hannah Ritchie and MalRosel(2018)- "Mental Health". Published online at OurWorldinData.org



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

Prevaling Model of Disease Biology Integrated View of Disease Biology

—— Y

chia
Psychology

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




Comorbidities Iin Patients with OCD

? frontiers
in Psychiatry

Comorbidities in

Obsessive-Compulsive Disorder
Across the Lifespan: A Systematic

! Review and Meta-Analysis

Eesha Sharma™, Lavanya P. Sharma?, Srinivas Balachander?®, Boyee Lin*,
Harshini Manohar', Puneet Khanna', Cynthia Lu®, Kabir Garg®, Tony Lazar Thomas',
Anthony Chun Lam Au*, Robert R. Selles®, David R. M. A. Hajgaard®,

Gudmundur Skarphedinsson” and S. Evelyn Stewart*

A comorbidity rate of 69%wvas 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.
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Growing Evidence of a Biological Interconnection

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)



Challenge for Clinicians and Patients With Autoimmune Neuropsychiatric

Disorders Secondary to Infections

b SOSNE
think outside
6KS 02E¢é

“Never, ever, think outside the box.”

il



Can Infections Trigger Immune System
Dysfunction that Leads to Certain Neurologic,
Psychiatric, and Behavioral Disorders?



Can Infections Really Trigger Neuropsychiatric Disorders?

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

March 2019

JAMA Psychiatry JAMA Psychiatry: AHar bi ngers of Ment al DI s e
: Infections Associated With an Increased Risk for Neuropsychiatric lliness in Childreno

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:

A Schizophrenia, autism spectrum disorder, obsessive-compulsive disorders,
ADD/ADHD, personality and behavior disorders, ODD/OD and tic disorders

oHow could exposure to infections affect the brain mechanistically to give rise to mental diso@ierslating
autoantibodies that enter the brairvia a compromised blocdrain barrier andind to neurotransmitter receptorss a
potential explanation, and this mechanism has been propos@RANDAS and other mental disord€rs

13 KohlerForsberg, O., et al. (2019AMA Psychiatry, 18), 271279



How Does This Occur Biologically?

Body Produces Antibodies

_ _ Antibodies Cross-React Reaction Disrupts
Microbial, Viral, Fungal That Recognize Infectious With Neurologic Receptors Brain Function (friendly fire)
Infection Occurs organism (molecular mimicry)
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 ——— Myocarditis, Cardiovascular,
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Growing Recognition of the Connection Between Infections, the Immune

System and Neurologic, Psychiatric and Behavioral Disorders
March 2019

a frontiers
in Psychiatry

Autoimmune Diseases and Psychotic
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Neural Autoantibodies

I = Nuclear and cytoplasmic (classical paraneoplastic antibodies)
M = Intracellular, synaptic

Trim9, Trim67
neurochondrin

B = Plasma membrane antibodies ARHGAP26/GRAF1* I TPR1*
c o+ Septin-5
o 2 Neurexin3o.
AChR Ganglionic* KLHL11
GADGS* , LGI1* G
MOG™ DNER DPPX* ARGHAP26
™ mGIRY GABAb R* PO
Hu e Maz® AV Gyre
Yo Ri Amph* Mal* AQP4* NMDAR* MGIURS Y PDE10A
e | | | | | | | |
7/ | | | I | | |
1965 1983 2000 2004 2007 2013 2017 2020

[@j’ ROCKY MOUNTAIN
wwanaconss  MS CENTER _Uchealth

*Antibody testing commercially available as of December 2020  aciuis v canpus e



Susannah Cahalani Br ai n on FiI re nMy

Anti-N-Methyl-D-Aspartate Receptor
(NMDAR) Encephalitis

\

BRAIN ON FIRE

SusannaftCahalang New York Post Journalist
Suddenly developed psychosis, violence and instability SUSANNAH CAHALAN LAy IR
requiring hospitalization TSRS - IR i |

17

Symptoms of Psychosis, Paranoia, Hallucinations,
Seizures, Memory loss, Loss of consciousness
a{@vYLiz2ya N5 aAYAfI N G2

RAE2NRSNAE fA1S aOKAT 2 LI

An infectiontriggered autoimmune neuropsychiatric
disorder that targets receptors in the brain




Translatlonal Denzel, D., et al. (2023). "Autoantibodies in patients with obsessive
PSYChlatrY compulsive disorder: a systematic revieWranslPsychiatry 13(1): 241.

SYSTEMATIC REVIEW W) Gheck for updates
Autoantibodies in patients with obsessive-compulsive disorder:

a systematic review

Dominik Denzel', Kimon Runge(®’, Bernd Feige(®', Benjamin Pankratz', Karoline Pitsch', Andrea Schlump', Kathrin Nickel
Ulrich Voderholzer'*3, Ludger Tebartz van Elst', Katharina Domschke @, Miriam A. Schiele'* and Dominique Endres®"*™

1
r

REVIEW ARTICLE M)} Check for updates

Immunological causes of obsessive-compulsive disorder: is it
time for the concept of an “autoimmune OCD” subtype?

Dominique Endres(®"2*, Thomas A. Pollak (%>, Karl Bechter (% Dominik Denzel?, Karoline Pitsch? Kathrin Nickel'?,
Kimon Runge(®'?, Benjamin Pankratz?, David Klatzmann (3>°, Ryad Tamouza ()’, Luc Mallet(’, Marion Leboyer (7,
Harald Priss 8'9, Ulrich Voderholzer m'”, Janet L. Cunningham 12, ECNP Network Immuno-NeuraPsychiatry,
Katharina Domschke®''®, Ludger Tebartz van Elst"*'* and Miriam A. Schiele*'*

Endres, D., et al. (2022). "Immunological causes of obsessmpulsive disorder: is
it time for the concept of an "autoimmune OCD" subtyp@ansIPsychiatry 12(1): 5

18



Published Peer-Reviewed Scientific and Medical Literature

Precedes Standard Medical Practice and Clinical Adoption
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General Mechanism of Many Anti-Neuronal Antibodies

Presynaptic

The Role of Brain-Reactive
afrontiers Autoantibodies in Brain Pathology

e , and Cognitive Impairment
terminal. in Immunology

neuron

Simone Mader, Lior Brimberg and Betty Di

The Fainstain institute for Medical Research, The Center for. i A and F intic Diseases,
Northwell Health System, Manhasset, NY, United States

Axon terminal

Ca?* entry causes
neurotransmitter-containing
synaptic vesicles to release
their contents by exocytosis.

Synaptic cleft oltage-gated Ca?*
pnnels open and
[+ enters the
aybn terminal.

Neurotransmitter diffuses across
the synaptic cleft and binds to
ligand-gated ion channels on the
postsynaptic membrane.

N y Altered synaptic
function P
b -
~ \ ”~
-
-~ -
ok == —— — - i

FIGURE 1 | Upon penetration of anti-DNA/anti-NMDA receptor antibodies (DNRADs) into the central nervous system through the impaired blood-brain barrier,
the antibodies trigger two different pathomechanisms dependent on the antibody concentration. At high concentrations (continuous line), the antibodies lead to
mitochondrial stress and leads to neuronal apoptosis through receptors containing GIUN2A. If the neuronal loss occurs in the hippocampus, the antibody binding
results in spatial memoery impaiment and cognitive dysfunction. Binding of antibodies in the amygdala affects the stress response. At lower concentrations
(dotted fine), antibody binding resuits in altered synaptic function.

ion ch: |
Cyoplaim Open ligand-gated annel

Binding of neurotransmitter opens ligand-gated @ Reuptake by the presynapic neuron, enzymatic degradation,
ion channels, resulting in graded potentials. and dliffusion reduce neurotransmitter levels, terminating the
signal.
https://courses.lumenlearning.com/wm Mader, S., et al. (2017). "The Role of Bieeactive Autoantibodies in Brain

biology2/chapter/chemicaand-electricalsynapses/ 20 Pathology and Cognitive Impairment.” Front Immunol 8: 1101



Autoantibodies Precede Manifestation of Clinical Disease in Lupus

ADevel opment

Autoanti bodi

Clinical Onset of Systemic Lupus Erythematosuso

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE

Development of Autoantibodies before the
Clinical Onset of Systemic Lupus

Erythematosus

Melissa R. Arbuckle, M.D., Ph.D., Micah T. McClain, Ph.D.,
Mark V. Rubertone, M.D., R. Hal Scofield, M.D., Gregory J. Dennis, M.D.,
Judith A, James, M.D., Ph.D., and John B. Harley, M.D., Ph.D.

& e NEW ENGLAND
2=/ JOURNAL of MEDICINE

Arbuckle, M. R., et al. (2003). "Development of

Autoantibodies before the Clinical Onset of Systemic
Lupus Erythematosus." New England Journal of

Medicine(349): 1524533

N 8 8 @bpatients (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) ofage-mat ched control so

21
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Autoimmune Neuropsychiatric Disorders Triggered by Infections

are not NnNNewoO

Sydenham Chorea Group A Strep

Also known as

nSt . Vitus'

dancebo

A abnormal
movements

Sydenham
Chorea

A Loss of fine-
motor control

A Loss of
emotional
control

Acute Rheumatic
Fever (ARF)

C HOREA

In 1686, Thomas
Sydenham described
what he termed :
GOK2NBI YAY

1894: Sir William Osler described

GOATl BANANIIENE SOSNI GA DS

0 S K| @df éhidlers withd OK 2 NB |

Y A Y DiéEssiveeompulsive (OCD)
aevyLlizya FtyR {8RSYKIY

Wl THOMA
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Certain Infections Are More Frequently Associated with Autoimmune

Encephalopathies and Neuropsychiatric Symptoms

A Group A streptococci
A Influenza A

A Varicella (chickenpox)
A Mycoplasma

A Lyme disease

A Babesia

A Bartonella

A Coxsackie virus

A Others




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

Resurged Post Pandemic

FIGURE 2 r _
Percentage of Encounters for Strep Throat by Age E m M‘d’

n=982.3 million encounters eeesms All Patient Ages

9% with strep throat diagnosis
National COVID Emergency Declaration

Mar 13, 2020 COSMOSSTUDY
o Strep Throat Infections Up 30% From 2017

Peak After Pandemic Drop

7%

April 19,2023

- i 00000
9ta 13 yo TeamA: Kersten Bartelt, RN » Alex Piff

Team B: Christopher Alban, MD e Brendan Joyce

https://epicresearch.org/articles/stregthroat-infectionsup-
30-from-2017-peakafter-pandemiedrop

13to 18 yo

18 to 36 yo
Cd

2017 2018 2019 2020 2021 2022 2023
"Percentage of Encounters for Strep Throat by Age,” 2023. EpicResearch.org

Figure 2. Percentage of office visit and emergency encounters with a strep pharyngitis or strep tonsillitis diagnosis by
month from January 2017 to February 2023 stratified by age.
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PostCOVID Emergence of Scarlet Fever in the UK
Group A Strep: S. pyogene:

Figure 1. Weekly scarlet fever notifications in England, by season, 2017 to 2018
onwards

—2017/18 2018/19 = = 2019/20 -~ 2020/21 w=——?2021/22 ——2022/23
2500 -

2000 - _~ 2022/2023

1500 -

1000 -

Number of notifications

500 +

Week number

www.gov.uk/government/publications/group-streptococcainfectionsactivity- the name 'Scar Iet f ever g came ,ate'; When Br i tiSh Ph}’SiCian

duringthe-2022t0-2023season/groupa-streptococcainfectionsreport-on- Thomas Sydenham labeled it febris Scarlatina in 1676
seasonahctivity-in-england2022to-2023#figl



Streptococcal Subtypes:

Group A Strep (GAS) S. pyogenes

Streptoccocus

Strep is short for Streptococcus type of bacteria. There are

0000

Gram positive cocci in chains, catalase negative

‘ Hemolysis

Partial hemolysis B V

. No hemolysis
Complete hemolysis

Optochin sensitivity P
rowth in 6.5% Na

No Yes
No Yes

S. pneumoniae
(encapsulated)

Viridans strep

(unencapsulated)
*S. mutans
*S. mitis

Enterococci
*S. faecium
*S. faecalis

S. bovis

Bacitracin sensitivity

No

Group B strep l

Group A strep
*S. agalactiae \
~

*S. pyogenes 2

N--—’

© Lineage

Moises Dominguez

Hemolysis of Streptococci- Types and Examples

26

several types. (A, B, C, G) Two of them cause most of the
strep infections in people: group A and group B

Group A strep (GAS) causes:

A Strep throat

A Scarlet fever an illness that follows strep throat.

A Impetigo- a skin infection

A Toxic shock syndrome

A Cellulitis and necrotizing fasciitis (fleshting
disease)

Group B strep can cause:

A blood infections, pneumonia and meningitis in
newborns

A urinary tract infections

A skin infections and pneumonia in adults



What is Molecular Mimicry and How Can this Impact

our Immune System: A Medical Model for
PANDAS/PANS, Neurologic Lyme, and Long-COVID?



What is Molecular Mimicry? How is Our Immune System Involved?

Mimicry in Nature

Molecular mimicry is a process that occurs
when sequence similarities between foreign
and seltpeptides result in the activation of
selfreactive T or B cells

/4 “ “ I3 7 A~ | -
HAN af SUUSNRe Z2F UKS t NRBUS
o LT — MSTLEGRGFTE--EQEALVVKSWSAMKENAGELGLKFFLKIFEIAPSAQ 47
G Glycine Gly P Proline Pro P68871.2  ommmmoooo oo MUHLTPEEE A~ —————— VTALWG-EV-NVDEVGGEALGRLLVVYPHTQ 40
. . CBATT743.1 MHSSIVLATVLFVAIASASHTRELCMKSLEHAKVG-TSKEAKQDGIDLYKHMFEHY PAMK 59
A Alanine Ala V Valine Val AAMR29766.1 MHSSIVLATVLFVAIASASHIRELCMKSLEHAKVG-TSKEAKQDGIDLYKHMFEHY PAMK 59
L Leucine Leu I Isoleucine Ile P : R EEE
M Methionine  Met C Cysteine Cys CAR37898.1 KLFSFLKDSNVPL--ERNPKLKSHAMSVFLMTCESAVOLRKAGKVIVRESSLKKLGASHF 105
F Phenylalanine Phe Y Tyrosine Tyr PG8BTL.2 RFFESFGDLSTPDAVMGN PEKVEAHGKEVLG-AFS——————- DGL-—-—-AHLDNLKGTFAT 88
T : CBATT743.1 KYFKHRENY-TPADVQKDPFFIKQGONILL-ACHVLCATY -DDR-———ETFDAYVGELMA 112
W Tryptophan Trp H Histidine His ARA29796.1 KYFKHRENY -TPADVQKDPFFIKQGONILL-ACHVLCATY -DDR--—-ETFDAYVGELMA 112
K Lysine Lys R Arginine Arg e s T P e e : )
Q Glutamine Gln N Asparagine  Asn CAA37898.1 KHGVAD-- - ----EHFEVTKFALLETTKEAVPETWSPEMKNAWGEAYDKLVAATKLEMKP 158
: : : : SELHCDKLHVDPENFRLLGNVLVCVLAHHES BV OARYOKUVACUANALAHK - —— 145
E Glutamic Acid Glu D Aspartic Acid Asp P6E871.2 LSELHCDKLAVDPENERLLGNVLYCYLARECEE T B EVOARLY QALY ANALARK - -
) ) CAATTT43.1 RHE-—-RDHVKI PNDVWNHFWEHFIEFLG-} SKTTLDEPTKHAWQE IGKE]SHEI SHHGRH 168
S Serine Ser T Threonine Thr AAR29796.1 RHE--RDHVKVENDYVWNHFHEHFIEFLG-} SKTTLDEPTKHAWQEIGKEYSHET SHHGRH 168
. . .. - . * . .
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How is Our Immune System Involved:

Anti bodi es Recogni ze

; . Antibody
Presenting antigens memory bank

s

B2\ el
3 )

> ;

s
—
‘.
a\
\¢ N

T-cell

ol
A o /
” ¥
, R ok
,’é -3
Plasma cell Memory B-cell
releasing
antibodies

Antigen
presentation

Antibody _\“ Pro-inflammatory
production cytokine
production

Epitope: the part of a
molecule to which an
antibody attaches itself

Anti-inflammatory
cytokine production
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Autoimmunity Occurs when Antibodies Recognize Self Proteins as Foreign

Similar .
Epitope ‘;‘.\'\\n \

Autoimmune response through
Gazf SOdzf I NJ aA YAONEE

30



Our Immune System Preemptively Recognizes Over

50,000,000,000,000 (5 x 1013) Unique Antigens

A Variable Gene Diversity Gene Joining Gene
Segments Segments
-PEE-E- {on o} ----- "8 Q | |
S ™ Our Immune system Is
Heavy VD] / Light V] Combinational Diversi
P @"'" : PREPROGRAMED
Gene Recombination —- Juz— Junctional Diversity ] ] .
i B recognize ANY antigen It see
B o presently or in the future
Locus ~TlBIIHHEDER H@-H&H@H&%@- G
.\m’ Repair by NHE] tun [J Leader Sequence (] switch Region @Constantbomam
Antibody diversitycomes from combination of variable This also means
and constant domain gene elements. The B Cell locus is  selfreactive lymphocytes
composed of multiple individudariable, Diversity, and are generated in the process

Joining gene segmentghich are randomly assembled
Into a functional gene exon throughD)J recombination

Taylor, Joshua & Hutchinson, Mark & Gearhart, Patricia & Maul, Robert. (2022). Antibodies in action: the role of humoral 31
immunity in the fight against atherosclerosis. Immunity & Ageing. 19. 10.1186/s4227903166.



How Does Our Body Eliminate Self-Reactive Immune Cells?

Self/Non-Self Discrimination

a/ SYiNIt ¢2f SNy yOS¢é at SNRALIKSNI £ ¢
where most selfreactive, early lymphocytes are eliminated T and B cells that escape central tolerance
are prevented from maturing

Spleen and Lymph

Bone Marrow

Low affinity self
antigen recognition

High affinity self
antigen recognition

self -reactive
B cell

Receptor editing:
expression of new, Apoptosis R°°”°?° re_oeptqr
Fab expression,signaling

Non-self reactive . Anergc
B cell Do B cel

Reglation by
inhibitory
receptor

T cell response Anergy Apoptosis

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

32


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

Molecular Mimicry
GCNRASYRf & CANBE

The most relevant genetic factors for autoimmurisehsesocated in the
A Major Histocompatibility Complex (MHG@d loci from
A Human Leukocyte Antigen (HLA) class | and class II (

- 4 - _S\
I A famlly history of aut0|mmune dysfunctlon IS -

typically found in patients with immune
mediated neuropsychiatric disorders

S : = > . W =
< . -



Molecular Mimicry

AGCNASYRE & CANBE

A Mechanism of action that is
Implicated in many chronic
debilitating diseases

A Infections that lead to
autoimmune responses with
debilitating symptoms including
neuropsychiatric

34



Other Autoimmune Disorders Associated with Infections through Molecular

Mimicry*

AGuillain-Barré Syndrome ACardiomyopathy (myocarditis)

I Campylobacter jejuni i Coxsackie virus, Group A
ASydenham Chorea Streptococcus

I Group A Streptococcus ACrohnoés Disease
ASystemic Lupus Erythematosus i Gram-positive bacterial

(Lupus) peptidoglycans

I Epstein-Barr virus (EBV nuclear A Diabetes Type 1

anﬁlgen -1) | i Coxsackie B virus, rubella,

AMultiple Sclerosis herpesvirus, rotavirus

i EBV, measles and HHV-6 A Psoriasis
AMyasthenia Gravis i Streptococcus pyogenes

I Herpes Simplex Virus Type 1 (gpD) (Streptococcal M Protein)

*M.F. Cusick, et. al., Clin Rev Allergy Immunol. 2012 February, 42(1): 102-111
35



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

Similar antigenic determinants between host and infecting microorganisms

Group A Carbohydrate

M protein

Cell Wall

Group A Beta-Hemolytic
Streptococcal Cell Wall

Oropharynx and Skin

PRIMARY INFECTION
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Sequence Homology Between Human Dopamine Receptors
and SARS-CoV-2 Spike Protein
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