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1.Discuss various presentations of Autoimmune Encephalopathy of  
infectious etiology and mitochondrial dysfunction
2. Explore the etiologies and major drivers ofneuroinflammation

3.Discuss mechanisms, biomarkers and treatments to address  
mitochondrial dysfunction, and quietening the immunesystem
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Learning Objectives



Outline
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ñAll models are flawed, but some areusefulò

George E.P.BOX
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What if the beginning,

isnõt thebeginning?

GARYKAPLAN
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Å One of the most common chronic painconditions

Å Affects an estimated 10 million people in the U.S. and an estimated  

3-6% of the world population

Å Itis most prevalent in women, 75-90% of the people who have FM are  
women

Å The diagnosis is usually made between the ages of 20 to 50 years, but  

the incidence rises with age so that by age 80, approximately 8%  of 

adults meet the American College of Rheumatology  classification of

fibromyalgia.

Demographics: Fibromyalgia

1,10,11



Å Between 836,000 and 2.5 million affected in U.S.

Å As many as 25% homebound or bedridden

Å Pediatric prevalence estimates vary from 0.1 to 0.5%

Å 84-91% of adult patients have not beendiagnosed

Å In adolescents, 3-4 times as many girls as boys diagnosed

29

Demographics: ME/CFS



Å Prevalence is at least 170/100,000

Å 40% of patients with CFS also suffer fromPOTS

Å Genetic as well as non-genetic factors such as trauma, bacterial or viral  

infection, and pregnancy may predispose to POTS

Å Strong female predominance

310

Demographics:POTS
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14.8 million

3.3 million

6.8million

7.7 million  

6 million

Major Depressive Disorder  

Dysthymia or Chronic Depression  

Generalized Anxiety Disorder  

PTSD

Panic Disorder

Total = 38.6 Million People

Demographics: Neuropsychiatric Disorders

4,5,6,7,8,9



Demographics:PTLDS

Å PTLDS prevalence estimates for 

2016 ranged  from 69,011 persons 

to 1,523,869

Å Prevalence in 2020 predicted to be 

as high as  1,944,189 cases
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Å 1 in 200 children in U.S.

Å Approximately 500,000 children are diagnosed with OCD inU.S.

Å Approximately 138,000 children are diagnosed with TouretteSyndrome  
in the U.S.

Å 1.5 million+ children were diagnosed with serious anxiety/ phobia/  
OCD/ bipolar in a given year (1994-2011)

ÅñDr. Swedo estimates that (PANDAS) kids may make up as much as 25  

percent of children diagnosed with OCD and tic disorders,such

as Tourette syndrome.ò
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Demographics: PANS/PANDAS
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Comorbidities of Neuroinflammatory Diseases

Depression Fibromyalgia

Depression
67.7%

ME/CFS

Depression
45.2%

ME/CFS
60-70%

PTLDS

Depression
45.2%

ME/CFS??
ME/CFS
37-70%

POTS
21%

POTS
40%POTS

45.2%

Fibromyalgia
65.7%

OtherChronic  

Pain

15%
Chemical  

Hypersensitivity  

71.6%

POTS

Depression

Mild-moderate

87%

ME/CFS
48%

GIsymptoms
80%

Fibromyalgia
21%

POTS
Caseseries

7 patients

Fibromyalgia
8%

GAD
25.8%

Migraines 55%

Fibromyalgia
57%

Sleep Apnea

49%

Autoimmune
20-30%

SleepDisorder

90%
[84-106]



Neuroinflammatory  

Disease

PANS/PANDAS

Fibromyalgia

ME/CFS

CDH

POTS
Depression

Tick Borne  

Diseases

PTLDS

Neuroinflammatory Diseases
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What is Inflammation?
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Neuroinflammation

15,1617

Å Activation of reactive CNS elements in response to altered brain homeostasiscaused  

by infections (PAMPs) and other initiators of cell death such as trauma, ischemia,  

hypoxia and toxins (DAMPS)

Å A coordinated response in the brain involving the innate immune system (microglia,  

astrocytes, mast cells) and the peripheral immune system, which infiltrate into the  

CNS following injury

Å Alternatively, and perhaps concurrently the activation of theadaptive immune  

system directed towards neuronal cells (autoimmune Encephalopathy)



Neuroinflammatory Diseases

15,1618

Å PANDAS/PANS

Å Fibromyalgia

ÅME/CFS

Å POTS

Å PTLDS

Å Neuropsychiatric Disorders

Å Multiple Sclerosis

Å Amyotrophic Lateral Sclerosis

ÅParkinsonôsDisease

ÅAlzheimerôsDisease



ÅNeuroinflammation is:

1. Neurodysregulatory

2. Neurodegenerative

13,1419

NEUROINFLAMMATION



Aspects of Neuroinflammation
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Immune Cells in the CNS
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Innate ImmuneSystem
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Astrocytes

GlialCells

Innate Immune Cells in the CNS

Mast Cells

Mast Cells
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Innate Immune System Major Players

MICROGLIA

Å Microglia are resident cells of the brain involvedin  

regulatory processes critical for development,  

maintenance of the neuronal environment, injury  

andrepairò

Å ñElectriciansò of the Central Nervous System(CNS)

Å Innate immune cells of theCNS

18, 19, 20,21
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Innate Immune System Major Players

Astrocytes

Å Support the blood brain barrier and modulate blood flow in the brain

Å Structural support

Å Modulate synaptic transmission

Å Modulate microglial activity

Å Role in spinal and central sensitization

Å Role in nervous system repair ñglialscarò

Å Metabolic support contain glycogen and are capableof  

gluconeogenesis. Provided nutrients to theneurons

31,32,33
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Mast cells release immune-modulators,  

chemo-attractants, vasoactive compounds,  

neuropeptides and growth factors in  

response to allergens, pathogens,emotional  

stress and tissue damage constituting a first  

line of hostdefense

Innate Immune System Major Players

MASTCELLS

35,36,37,38,39,107
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Innate Immune System Major Players

MASTCELLS

Mast cells are capable of selective  

degranulation, of pre-formed mediators  

and newly synthesized mediators

ñNot an all or noneresponseò



Innate Immune System Major Players

MASTCELLS

4033



PAMPs Activate Innate Immune Cells in the Brain

Å TSPO, a mitochondrial protein highly increased  

by activated microglia and reactiveastrocytes

Å PET scan data showed higher levels of TSPO

within 8 brain regions in patients with  

persistent symptoms following treated Lyme  

Disease compared to healthy controls

Data suggest that if spirochete antigens remain in the CNS after antibiotic  

treatment, they may facilitate a persistent neuroimmune response linked to  

neuropsychiatric symptoms of PTLDS

34 117
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Innate Immune System

CNS Mediators of Neuroinflammation

40, 41, 42,43,44,45
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GutMicrobiome

Innate Immunity

37



Bidirectional communications between the gut and the brain occur via:

Å Central Nervous System

Å Autonomic Nervous System

Å Enteric Nervous System

Å Endocrine-Hypothalamic-Pituitary-Adrenal

Å Immune

Å Humoral

4638

Microbiome-Gut-Brain Axis
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ÅControls the maturation and development of the Enteric

Nervous  System (ENS) and Central Nervous System(CNS)

ÅResilience- influences stress activity

Microbiome-Gut-Brain Axis

47, 48,49
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ÅMemory via regulation of BDNF

Å Cognitive functioning

Å Blood brain barrier

Leaky gut= leaky brain Leaky brain = leaky gut

Microbiome-Gut-Brain Axis

50,51,52,53
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Å Structural bacterial components such as  

LPS provide low-grade tonic stimulation of  

the innate immune system.

Å Excessive stimulation due to bacterial  

dysbiosis, small intestinal bacterial  

overgrowth, or increased intestinal  

permeability may produce systemic and/or  

central nervous system inflammation

Gut Microbiome and Innate Immune System in the CNS

108, 109
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Gut Dysbiosis and Autoimmunity

Å 70% of the immune system is located in the GItract

Å Interaction between the gut microbiome and the gut wall determines the health  

and development of the adaptive immunesystem

Å Evasion of microbial species through the permeable gut wall into systemic  

circulation can initiate autoimmunity, in hosts with a geneticpredisposition

Unhealthy Gut = Unhealthy Immune System = UNHEALTHYUS

54
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Å Anxiety/Depression

Å Autism Spectrum Disorders

ÅParkinsonôsDisease

Å Multiple Sclerosis

ÅAlzheimerôsDisease

Å Chronic Fatigue Syndrome

Neuroinflammatory Disease Associated with Disruption  

of the GutMicrobiome

55,56,57,58,59,60,61
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Chronic Pain Conditions Associated with Alteration  

Of Gut Microbiota

Å Chronic Prostatitis

Å Chronic Pelvic Pain

Å Visceral Pain

Å Migraine

Å Fibromyalgia

Å Arthritis

62,63,64
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A New Map ofNeuroinflammation

40, 41, 42,43,44,45



GutMicrobiome

Innate Immunity Adaptive Immunity
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Adaptive Immune System

6547

When Things GoWrong

Å Autoimmunity is a condition where the adaptive immune system is attacking  

its own healthy cells andtissues

Å Autoimmune Disease is the result of the aberrantimmune response

Å About 5% of the population suffers from an autoimmunedisease

Å Examples of Autoimmune Disease:

ǐ Multiple Sclerosis

ǐ Rheumatoid Arthritis

ǐ Systemic Lupus Erythematosus

ǐ Sjörgren's

ǐ HashimotoôsThyroiditis



Adaptive Immune System

Depression Model

48 68



Innate-Adaptive SystemsCommunication

Microglia- T CellEquilibrium

49 69



Autoimmune Encephalopathy

Extends beyond the recognized clinical and radiological spectrum of  
òlimbic Encephalitisò... Includes a subacute or insidious onsetof:

Å Confusional state

Å Psychosis

Å Delirium

Å Memory loss

Å Hallucinations

Å Movement disorder

Å Sensory or motor complaints

Å Seizures

Å Dyssomnia

7050

Å Ataxia

Å Eye movementproblems

Å Nausea

Å Vomiting

Å Inappropriate antidiuresis

Å Coma

Å Dysautonomia or hypoventilation



What Is Autoimmune Encephalopathy of Infectious Etiology?

ClinicalPresentations

ÅNeuropsychiatric symptoms

ÅChronic headaches
Å Sensory or motor complaints

Å Seizures
ÅDyssomnia
ÅChronic Fatigue

Å Fibromyalgia
Å Dysautonomia

InfectiousEtiologies

Å Streptococcus

ÅMycoplasma Pneumoniae
Å Bartonella

Å Toxoplasmosis
Å Influenza
Å Babesia

Å Borrelia
Å Epstein Barr Virus

51

Autoimmune Encephalopathy of Infectious Etiology

72



Autoimmune Mechanisms

Molecular  

Mimicry

Epigenetics

Microbial  

Persistence

Bystander  

Activation

52
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GutMicrobiome

Innate Immunity Adaptive Immunity

Mitochondrial  
Dysfunction
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Cell Danger Response: Mitochondrial Dysfunction

ÅMitochondria are evolved to sense all of the chemical, physical and microbialthreats  

according to the induced changes in electron flow available for normal metabolism

ÅMitochondria are located at the hub of the wheel of metabolism

ÅMitochondrial proteome is regulated according to tissue- specific needs, responds to  

injury, food quality, exercise, environmental pollution, and coordinatesCDR

Å Contains 1300 proteins tailored to meet the needs of each different cell type, and  

catalyze over 500 chemical reactions in metabolism

Å Mitochondria represents the frontlines in cellular defense and innate immunity

79,80,81



Cell Danger Response: Mitochondrial Dysfunction

7956



Mitochondrial Dysfunction and Gut Microbiome

8057

Å Chronic activation of CDR alters both the physical habitat of the distal Bowel and the  

availability of resources in the form of dietary nutrients

Å The increase in oxidizing conditions associated with the CDR in thegut lining lead to  

changes in the uptake, intracellular processing of different metabolites leadingto:

1. An increase in gluten sensitivity

2. Alteration in permeability and speciescomposition
3. Dysbiosis with alternated diarrhea andconstipation
4. Changes in behavior resulting from communication abnormalities between the  

ENS and CNS



Mitochondrial Dysfunction and ME/CFS
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Å Abnormal mitochondrial morphology in muscle biopsy tissue and defects in aerobic  

metabolism not characteristic of muscle disuse was seen in patient diagnosed withME/CFS

Å Evidence of Lowered ATP production, impaired oxidative phosphorylation and mitochondrial  

damage

Å Increased levels of pro-inflammatory cytokines, such as interleukin-1 and tumor necrosis

factor-Ŭ, and elastase, and increased O&NS may inhibit mitochondrial respiration, decrease  

the activities of the electron transport chain and mitochondrial membrane potential,  

increase mitochondrial membrane permeability, interfere with ATP production and cause  

mitochondrial shutdown



Mitochondrial Dysfunction and Fibromyalgia
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Mitochondrial Dysfunction and Depression

11060



Mitochondrial Dysfunction and Lyme Disease

Å Results have shown a significant rise in  

mitochondrial superoxide, indicative of a stateof  

oxidative stress in Lyme borreliosis patients.

Å Evidence of a significant decrease in levels of  

cytosolic ionized calcium in PBMCs.

Å These imbalances could cause oxidative stress,  

depolarization of the mitochondrial membrane,  

disruption of intracellular communication, anda  

release of pro-inflammatory cytokines

11161



GutMicrobiome

Innate Immunity Adaptive Immunity

Mitochondrial  
Dysfunction

Testing

62



Neuroinflammatory  

Disease

PANS/PANDAS

Fibromyalgia

ME/CFS

CDH

POTS
Depression

Tick Borne  

Diseases

PTLDS

History Intake

Our Model
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H i s t o r y I n t a k e

1 .  F i n d t h e

O r i g i n / E t i o l o g y

Å

Å

Å

Å

Å

Å

V i r u s   

B a c t e r i a   

M o l d T o x i n s

P e s t i c i d e s  & H e r b i c i d e s   

I n j u r y

T r a u m a / A b u s e / P T S D

Å

Å

Å

T e s t i n g :   

V i r a l T i t e r s

I G E N E X ,  T L a b , A v i s e ,   

M y c o t o x i n P a n e l

T r e a t m e n t :

Å

Å

Å

Å

A n t i b i o t i c s , A n t i f u n g a l s   

A n t i v i r a l s

T o x i n s C h e l a t i o n   

P s y c h o t h e r a p y

I n n a t e  I m m u n e S y s t e m A u t o i m m u n i t y

2 .   I d e n t i f y A s p e c t s

o f  I m m u n e   

D y s f u n c t i o n

D A M P s

P A M P s

Å

Å

Å

M i c r o g l i a   

M a s t C e l l s   

A s t r o c y t e s

Å

Å

Å

Å

E p i g e n e t i c s   

M o l e c u l a r  m i m i c r y   

M i c r o b i a l P e r s i s t e n c e   

B y s t a n d e r A c t i v a t i o n

D A M P s /   

P A M P s

C y t o k i n e s

C h e m o k i n e s

T e s t i n g :

Å M a s t C e l l  I V  P r o t o c o l

Å

Å

Å

T e s t i n g :   

C u n n i n g h a m P a n e l   

C e l l T r e n d   

I m m u n o g l o b u l i n

T r e a t m e n t :

Å

Å

Å

Å

M i n o c y c l i n e
H 1 & H 2 b l o c k e r s   

L D N

K e t o t i f e n

T r e a t m e n t :

Å

Å

Å

I V I g
R i t u x i m a b   

P l a s m a p h e r e s i s

M i t o c h o n d r i a l D a m a g e

N A D I V   

C o Q 1 0

T r u N i a g e n

Å

Å

Å

Å I n t e r m i t t e n t   

F a s t i n g

Our Model



Identify the issue:

Eliminate DAMPs & PAMPs

Identify and eliminate DAMPs and PAMPs and other etiologic and perpetuatingagents

Patient History

IschemiaAutoimmune

Å CeliacDisease

Å Hashimotoôs
Å Sjogrenôs

Å PANS/PANDAS

Psychological

Å PhysicalAbuse
Å EmotionalAbuse
Å Grief

Å PTSD

Metabolism

Å Thyroid
Å MTHFR
Å Metabolic Syndrome

Å POTS

Å CVA

Allergies

Å Food
Å Environmental
Å Medications

Testing

Antibodies Testing  

Cunningham Panel
Psychotherapy Hormonal Panel  

Genomic Testing

Tilt TableTest  

MRI

Testing for MCAS  

IgG, IgE testing

Our Model
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Identify the issue:

Eliminate DAMPs & PAMPs

Identify and eliminate DAMPs and PAMPs and other etiologic and perpetuatingagents

Patient History

HypoxiaToxins

Å Mold

Å HeavyMetals
Å Pesticides

Å Herbicides

Pathogens

Å Spirochetes
Å Parasites
Å Bacteria

Å Viruses

Dysbiosis

Å Intestinal Permeability
Å SIBO
Å SIFO/Yeast

Å SleepApnea

Medication

Å Opioids
Å Antibiotics
Å PPI

Å NSAIDS

Testing

HeavyMetals  

Mold Toxicity
Infectious Disease GI health  

Organic AcidTesting

SleepStudy Genomic Testing

Our Model
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Beighton Score Ehlers Danlos Syndrome
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Testing:POTS

Å Formal testing for POTS is done under thesupervision  

of a physician with a tilt table test.

Å Testing can also be done in the office or athome:

Å After lying for 5 minutes, the patientôsblood pressure

and heart rate will be measured. This will be repeated

upon standing, and at 3, 5, and 10minutes.

Å The test is positive for POTS when there is an increase  

in heart rate of 30 BPM in adults and 40 BPM in  

children and adolescents.

68



Treatment for POTS

ÅWater intake

Å Salt pills

ÅCompression clothing

Å Exercise

Å Beta blockers

Å Fludrocortisone

Å Midodrine

Å Quinton water

69
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Testing: Heavy Metals Panel
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Testing: Mycotoxin Panel
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Mycotoxin Transmission Health Impact

Aflatoxins: B1, B2, G1, G2, M1, M2 Å Peanuts and peanut products, corn, wheat,

rice, cottonseed, nuts, eggs, dairy products,

figs

Å Water-damagedbuildings

Hepatotoxicity, bile duct hyperplasia, hemorrhage of intestinal tract and  

kidneys, carcinogenesis (liver tumors), immunotoxin, mutagenic,neurotoxic.

OchratoxinsA Å Cereal grains (wheat, barley, oats, corn), dry  

beans, moldy peanuts, cheese, coffee,  

raisins, grapes, dried fruits, wine

Å Water-damagedbuildings

Nephrotoxic, liver damage, teratogenesis, kidney tumors, neurotoxic,  

immunotoxin, class 2B possible human carcinogen

Trichothecenes (T-2, Deoxynivalenol,  

diacetoxyscirpenol (DON),Satratoxin)

Å Corn, wheat

Å Water-damagedbuildings

Å Biologic warfare

Neurotoxins, Immunotoxin, Digestive disorders, oral lesions, hemorrhage of  

stomach, heart, intestines, lungs, bladder, kidney,edema

Gliotoxin Å Water-damagedbuildings

Å GI Tract infections

Immunotoxin, cytotoxic, genotoxic, apoptotic cell deathinducer

Patulin Apples, apple juice, wheat, moldy feed Brain and lung edema, lung hemorrhage, paralysis of motornerves,  

convulsions, carcinogenesis

Zearalenone Corn, hay Estrogenic effects (edema of vulva, uterine enlargement), testicular atrophy,  

enlargement o mammary glands,abortion

Mycotoxins

112, 113, 114,115



Treatment of Mycotoxicity
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Remediation

Å The most important component of treatment is complete avoidance of  

further exposure to the water-damagedenvironment

Å In addition to all items contaminated by theseenvironments



Treatment of Mycotoxicity
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Å Shoemaker Protocol

Å Sequestering Agents:

Ø Cholestyramine

Ø Clay

ỏ Chlorella

ỏ Charcoal

Å Glutathione, antioxidants

Å Amphotericin B Nasal spray: 5mg capsule in 24cc distilled  

water with LoxaSperse & EDTA 1%. Irrigate nostrilsBID

Å Probiotics

Å Hypoallergenic Diet

Å Saunas and Exercise



Testing: Lyme Disease
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INTRACELLULAR

ÅDoxycycline
ÅMacrolides
ÅFluoroquinolones

EXTRACELLULAR

ÅCephalosporin

ÅPenicillin

PERSISTERS

ÅDisulfiram

ÅDapsone

L-FORM/CYSTIC

ÅFlagyl

ÅTindamax

Treatment of LymeDisease
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DAPSONE DISULFIRAM
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ÅNovel potential treatment for chronicLyme

Borreliosis

ÅHas anti-mycobacterial properties

ÅAnti-parasitic properties (Babesia)

ÅHas been recognized to have anti-cancer  

agents, and reduces plaque-burden in a  

mouse model of Alzheimerôsdisease

ÅEffective treatment against slow growing,

intracellular persister bacteria like leprosy

ÅAnti-parasitic properties (Babesia)

ÅPatients report significant improvements  

in Lyme and Babesia related symptoms

ÅHas anti-inflammatory effects in

autoimmune conditions

New Treatments of Lyme Disease



Treatment of LymeDisease
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Detoxification

Å Glutathione

Å N-acetylcysteine

Å Methylated B complex(MTHFR)

Å IV Vitamins

Å Epsom Salt Baths

Å Infrared Sauna

Å Dry Brushing

Å Gentle Exercise

Å Acupuncture

Å Magnesium citrate/taurate/glycinate

Å Activated Charcoal

Å Ultra Binder/ GIDetox

Å Hypoallergenic Diet/Detox food plan

Å Lymphatic Drainage



Testing:Bartonellosis
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