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Model for Infections/Immune 
Stimulation Contributing to 
Autism Spectrum Disorders



This presentation
l Overview of immunity
l What we know about immunity in 

children with autism:
l Blood 

l Ability/Inability to fight off infections
l Allergies
l Autoimmunity

l GI tract 
l Brain

l Therapies



Immune and Nervous systems

l Sample the “outside” world
l Have a memory
l Communicate with chemical messages
l Interact with each other extensively
l Normal immunity is necessary for normal 

neurodevelopment

BOTH:



Improving Immune Function May 
Improve Neurologic Function

PSYCHONEUROIMMUNOLOGY



The Department of Defense
l The immune system is the body’s  

defense system, guarding against   
foreign invaders.

l Just as we have an army, air force, police, 
jails, etc. to keep us “safe”, the immune 
system has different branches which do 
different things but coordinate to protect 
our body to promote out survival. 



The “Ideal” Immune System will…
l Recognize all foreign organisms.

l Bacteria, viruses, parasites (fungi, worms)

l Efficiently and rapidly destroy invaders.

l Prevent a second infection with the 
same microbe (have a good memory).

l Never cause damage to self.



Innate 
(non-specific)

Acquired (specific)

1st line
of defense



YOUR ACTIVE IMMUNE DEFENSES

INDUCTION OF AN IMMUNE 
RESPONSE

Foreign invaders - viruses, bacteria, allergens, toxins and 
parasites- constantly bombard our body. 

Innate Immunity
- invariant (generalized)
- early, limited specificity
- the first line of defense

Adaptive Immunity
- variable (custom)
- later, highly specific
- ‘‘remembers’’ infection

1.  Barriers - skin, tears
2.  Phagocytes - neutrophils, 

macrophages
3.  NK cells and mast cells
4.  Complement and other proteins

1. APCs present Ag to T cells
2.   Activated T cells provide help to 

B cells and kill abnormal and 
infected cells

3.   B cells - produce antibody 
specific for antigen



Humoral vs Cellular Immunity



Michele Pietzak MD



Cytokines: Chemical messages that are the 
main communication system between cells of the 
immune system (and others, incl. nervous system).

Can be divided several ways:
l Th1 (adaptive/memory, cell mediated): IL-2, IFN-γ
l Th2 (adaptive/memory, antibodies):IL-4, IL-5, IL-13, IL-10,TGF-β
l Innate: TNF-α, IL-1, IL-6, IL-12
l Pro-inflammatory: TNF-α, IL-1, IL-6
l Anti-inflammatory: TGF-β, IL-10
l Regulatory: IL-10, IL-12,TGF-β

Multiple roles makes this confusing!!!!
Can do different things in different contexts.

RESEARCH TOOLS ONLY - not practical to do commercially



Coordinated
“Attack” with
Feedback 
Loops

BALANCE !!!





Things that can go wrong…
l Immune deficiency/dysfunction:  

defective or ineffective response.
l Hypersensitivity: Over-reaction to 

innocuous foreign material, out of 
proportion  to potential damage  - Allergy.

l Autoimmunity: Inappropriate reaction 
towards self, loss of self-recognition.

l Inflammation: Too vigorous attack  
against invaders with “bystander” 
damage to normal tissue.  



Inflammation
l Acute Inflammation

l Early response to injury/infection, lasts days
l Swelling, redness, heat, pain at site
l Beneficial - leads to elimination of infection and tissue 

healing
l Innate cells and mediators (non-specific attack)

l Chronic Inflammation
l Late or sustained response to intracellular pathogens 

or self antigens (autoimmunity)
l Harmful - results in tissue destruction
l Adaptive and innate cells and mediators (specific and 

non-specific attack)
l Often LOCAL at site of injury/infection
l Can be related to oxidative stress (toxic byproducts of 

metabolism)



PRO -
INFLAMMATORY

CYTOKINES





Mitochondrial Dysfunction as a Neurobiological Subtype of Autism Spectrum Disorder
Evidence From Brain Imaging 
Goh S, et al JAMA Psychiatry. 2014;71(6):665-671. 
doi:10.1001/jamapsychiatry.2014.179

MITOCHONDRIAL 
DYSFUNCTION 
is PREVALENT in ASDs 

The “ENERGY FACTORY”
OF OUR CELLS…
so if mitochondria are not working 
well, lots of things don’t work well !



Immunopathology in ASDs
l Dysregulation of immunity in autistic 

children leads to all four problems:

Deficiency / dysfunction 

Hypersensitivity / allergy 

Autoimmunity

Inflammation





Dysregulation and Inflammation!
l Nearly every study finds that some children have poor 

regulatory function so that immune responses do not 
turn “off” normally, staying “activated” or turned on and 
resulting in inflammation.

l Cytokines  (chemical messages used for cell-to-cell 
communication) are often “pro-inflammatory”.

l There is evidence of over-activity of all parts of the 
immune system, with inflammation in the blood, in 
the brain, and in the GI tract of many  of these 
children.



Immunopathology in ASDs: 
Blood

l Specific immune abnormalities have been found in            
~ 20-70% of patients with autism in a wide variety of 
studies. 

l Studies are generally small with not-well-characterized 
children or are limited to a single subgroup so it is hard   
to draw firm conclusions, BUT  few studies have 
demonstrated no abnormalities.

l Abnormalities have been found in immunoglobulin 
numbers and function, cytokine levels, NK cells and other 
innate factors, and T lymphocyte numbers and function.



l Antibodies are divided up into classes
l IgA: Mucosal surfaces - if low, predisposes to 

respiratory and GI infections as well as 
autoimmunity; often low in ASD children

l IgM: Rapid response bloodstream antibody 
made at the beginning of an infection; can be 
high or low in ASD

l IgG: Slower but longer lasting bloodstream 
antibody; can be high or low in ASD

l IgE: Allergy; can be high or normal in ASD

Immunoglobulins

***All big labs can measure these but normal ranges must be age adjusted***



Reduced levels of IgG and IgM are indicative of an under-
lying defect in the immune system of children with autism.

M.I.N.D.
Institute

Low IgG Low IgM

Low Normal IgA
Huge 

variation 
in IgE



Blood findings in ASD:
Allergy

l Some children have allergy (atopy) with       
high levels of IgE.

l Traditional IgE allergies can be measured either 
by blood testing (RAST) or by skin prick testing.

l It is well documented that in neuro-typical 
children, untreated allergies cause poor memory 
and concentration as well as poor sleep.



Allergy



Allergy in Children with Autism

l Children on the spectrum who have seasonal 
allergies may have marked deterioration in 
their behavior during “their” season – often 
Spring tree pollen season.

l Those with perennial allergens – dust mite, 
furred pets if they are in the home – may 
have increased behavior problems all the 
time without treatment.



Allergy or Immune Deficiency 
Evaluation in ASD
Bottom line #1: A child on the autism 

spectrum with recurrent infections 
deserves an immune evaluation for 
immunodeficiency.

Bottom line #2: A child on the autism 
spectrum with eczema, chronic nasal 
symptoms, asthma, significant GI 
symptoms, or recurrent respiratory 
infections deserves an allergy evaluation 
for IgE inhalant and food allergies.



ABC: Aberrant Behavior 
Checklist subscales

I (irritability)
II (lethargy)
III (stereotypy)
IV (hyperactivity)
V (inappropriate speech)

Changes in scores in each Aberrant Behavior Checklist subscale 
when an autism spectrum disorder child is sick or well 

A 7-year-old ASD Child with Untreated Chronic Sinusitis and Otitis Media 
His behavioral symptoms, especially irritability, hyperactivity and self-injurious behaviors 
were significantly worse until infections were aggressively treated

Harumi Jyonouchi     Expert Rev Clin Immunol. 2010;6(3):397-411. 



Immune Reactivity to Food
in Children with Autism

l Some have “traditional” IgE allergy to 
foods – tend to have skin symptoms 
(eczema, hives) and if severe, sometimes 
respiratory symptoms (runny nose, 
wheeze). 

l This can be tested with prick skin testing 
or blood testing (which should be done at 
Quest/Labcorp, not by a machine in        
the office).



Immune Reactivity to Food     
in Children with Autism

l Others have abnormal release of chemical 
messengers (cytokines) in response to 
foods which results in behavioral changes; 
there is no commercial test for this ! 

l Taking the food out of the diet (elimination) 
and putting it back in after at least a week 
(challenge) is the only reliable current way to 
determine if a child has this.



Immune Reactions to Food –
Jyonouchi 2005 

(Neuropsychobiol and J. Peds)

l Immune cells from autistic children with GI 
symptoms showed strong pro-inflammatory
response and a reduced ability to switch off the 
immune response compared to normal children.

l Immune reactivity to milk and wheat common 
with or without GI symptoms. Soy and corn next 
most common.

l Still no test or good predictors (although a few 
children did have IgE antibodies which can be 
measured) - elimination and challenge best.



TNF (pro-inflammatory cytokine)        
is increased with 
consumption of cow’s milk in 
many children with ASDs

TNF

ASD DPI Sib Control
TNF production from PBNCs
from ASD and DPI children, 
ASD siblings, and control 
normal children in response 
to cow’s milk protein
(H. Jyonouchi)



Food allergy and ASD: is there a link?  Cur 
Allergy Asthma Reports (2009) 9(3):194-201

ASD pts with non-IgE 
mediated food reactivity
to milk had low TGF beta
levels which increased
on a casein free diet.

REGULATORY CYTOKINE
LEVEL INCREASED 
WHILE ON A CASEIN
FREE DIET IN SENSITIVE
CHILDREN

H. Jyonouchi



“Official” stance on diet

l “Mindful of the fact that in vitro reactions 
may have very little relevance to clinical 
responses, these findings do support the  
rather “gray” literature on unusual dietary 
responses in autism.” Editorial: Journal of Pediatrics May 
2005, p. 582-4

l Management of Children With Autism Spectrum 
Disorders – Pediatrics November 2007 120: 
1162-1182. http://www.pediatrics.org/cgi/content/full/120/5/1162

l Treatment options include gfcf diet if parents 
wish to try it



Changes in scores in each Aberrant Behavior Checklist subscale 
In an autism spectrum disorder child on an avoidance diet

ABC: Aberrant Behavior 
Checklist subscales

I (irritability)
II (lethargy)
III (stereotypy)
IV (hyperactivity)
V (inappropriate speech)

A 5-year-old ASD Child with Non-IgE Food Allergy.
His behavioral symptoms, especially hyperactivity and irritability, were significantly 
worse with recurrence of NFA symptoms following accidental exposure to offending food

Harumi Jyonouchi     Expert Rev Clin Immunol. 2010;6(3):397-411. 



Immune Reactivity to Food          
in Children with Autism

l IgG4 testing to foods
l IgG4 is the NORMAL response to food molecules 

that get into the blood stream and are indicative of 
tolerance (or an attempt at tolerance) – ie, they
do not stimulate an inflammatory response.

l Measuring IgG to foods can be done, but having a 
lot of positives indicates that there likely is 
inflammation in the gut so that food proteins are 
“leaking” and the blood stream is “seeing” them in 
abnormal amounts, not that the food itself is 
causing a problem. 



Immune Reactivity to Food     
in Children with Autism

l The presence of high serum IgG4 antibodies 
to many foods indicates increased GI tract 
permeability. 

l The problem is not with the food, but with     
the gut itself; healing the gut often will lead to 
tolerating the food without difficulty.

l Other children have difficulty with digesting 
carbohydrates: GAPS diet and similar





Autoimmunity 
(Reaction to “self”)

l There is a tendency towards a positive family history of 
autoimmunity in families with an ASD child, and a 
genetic tendency towards autoimmune disorders as 
well.

l Many, many types of autoantibodies (against “self” 
tissues) have been found in the blood of ASD children 
but the significance of the many types of anti-brain 
antibodies is not clear.

l Antibodies in the circulation of some mothers of children 
with regressive autism react against brain tissue – not 
yet clear yet what the significance is of these either.





GI Tract - Mucosal findings
l Gut inflammation in some children

l Abnormal lymphocyte profiles: lots of
T cells present where none should be.

l Abnormal cytokine profiles: pro-inflammatory
with lots of TNF-α and too little regulatory IL-10.

l Gut bacteria in some children skewed towards 
atypical microbes.





GI Tract - Evaluation
l Stool studies – stool calprotectin usually 

elevated if significant inflammation is present.
l Other traditional stool studies – fecal fat, blood 

or white cells, pH and reducing substances for 
carbohydrate malabsorption.

l Alternative practioners will typically do more 
assays for gut bacteria, both good and bad.

l Poor weight gain, severe diarrhea or 
constipation (or alternating) needs a Peds GI 
physician to formally evaluate.





Immunopathology in ASDs: 
BRAIN

l CSF with increased pro-inflammatory cytokines
l Tissue with evidence of anti-brain antibodies
l Increased innate and adaptive immune 

response suggesting that localized brain 
inflammation and autoimmune disorder may be 
involved in the pathogenesis of ASD

l Immune cells found to play a crucial role in brain 
development by ensuring that the number of 
synapses is normal



MHC Class I Limits Hippocampal Synapse Density by Inhibiting Neuronal Insulin Receptor Signaling
Tracy J. Dixon-Salazar TJ et al, 
The Journal of Neuroscience, 27 August 2014, 34(35): 11844-11856; 
doi: 10.1523/JNEUROSCI.4642-12.2014                   Image courtesy Lisa Boulanger, Princeton University

Researchers found that a key immune-system molecule (MHCI) also plays a 
crucial role in brain development by ensuring that the number of synapses, or 
brain-cell connections (yellow dots), is not too high. Previous research has 
associated autism with an over-abundance of synapses in certain brain regions. 

IMMUNE CELLS
help normalize
synapse
development 
in the brain



Brain findings: Vargas 2005
l We demonstrate an active neuroinflammatory 

process in the cerebral cortex, white matter, and   
notably in cerebellum of autistic patients. 

l Immunocytochemical studies showed marked activation 
of microglia and astroglia. 

l Our findings indicate that innate neuroimmune 
reactions play a pathogenic role in an undefined 
proportion of autistic patients, suggesting that future 
therapies might involve modifying neuroglial responses 
in the brain.

Vargas et al, 
Neuroglial activation
and neuroinflammation
in the brain of patients
with autism. 
Ann Neurol. 2005,
57(1):67-81.



Immune system & Autism:
An overview      [Pardo 2005]



Structural and functional features of central nervous system lymphatic vessels
Nature 523, 337–341 (16 July 2015) doi:10.1038/nature14432

Old Concept:
Blood-Brain Barrier 

New Concept: 
Peripheral 
Immune System 
has Direct Access 
to the Brain



Front. Psychiatry, 09 September 2015. http://dx.doi.org/10.3389/fpsyt.2015.00121



Mount Everest



Therapies

Many simple things support the immune system 
and promote immune regulation: 
l Dietary intervention 
l Probiotics
l Omega-3 fatty acids 
l Vitamin D
l Anti-oxidants 
l Metabolic support with supplements



Improving Immunity
l Diet

l Remove foods causing immune              
stimulation

l Healthy, well balanced
l Free of toxins

l Supplements to support metabolism
l Vitamins
l Minerals
l Antioxidants



Effects of Probiotics on the 
Immune System  

l Produce natural anti-microbials
l Block adhesion of toxins and pathogens
l Decrease gut permeability
l Modulate immune response

l Enhanced natural killer cell activity
l Increase mucosal and secretory IgA
l Decrease pro-inflammatory cytokines 
l Increase anti-inflammatory cytokines and T regs
l Barrier function



Proven uses of Probiotics

l Treatment of Inflammatory Bowel Disease
l Treatment as well as prevention of antibiotic-

associated diarrhea
l Reducing the duration and severity of colds 

and flu-like illnesses
l Treatment and prevention of pediatric atopic 

dermatitis



Pietzak



Unknowns

l Don’t know what species/brand is most beneficial 
– does it vary by disease state?

l Mix of strains or single strain?
l Dose? 
l Do you have to continue to ingest them daily or do 

the benefits stop when you stop taking them?
l Who is at risk of severe adverse event?
l How good are the marketed supplements?



Microbial Reconstitution 
Reverses Maternal Diet-Induced 
Social and Synaptic Deficits in 
Offspring
Buffington SA et al 
Volume 165, Issue 7, p1762–1775, 16 June 2016
DOI: http://dx.doi.org/10.1016/j.cell.2016.06.001

PRO –
BIOTICS

Lactobacillus 
reuteri 



Vitamin D

l Critical role in innate immunity and 
autoimmunity – really a hormone with 
receptors on many many cells

l Very frequently low in patients with 
autoimmune or allergic disease

l Low in people with darker skin or little sun 
exposure – made in skin when in sunlight

l Can measure 25 (OH) D level in the blood
l Want  levels 50 – 80 ng/ml range
l 1000 - 2000 IU per day safe without levels



Immune functions of Vit D

l Nonclassic actions of Vitamin D. Bikle D. J Clin 
Endocrinol Metab January 2009, 94(1): 26-34. 
l Inhibits T cell proliferation
l Increases IL-10 and TGF-beta (regulatory cytokines)
l Increases T regs
l Decreases  innate inflammation

l Evidence that vitamin D3 reverses age-related 
inflammatory changes in the rat hippocampus. 
Moore ME et al. Biochemical Society Transactions (2005) 33(4): 573- 577.

l … vitamin D3 acts as an anti-inflammatory agent and 
reverses the age-related increase in microglial 
activation in the brain.



l Safe to give children under 40 lbs 1000 IU per 
day, older children 2000 IU and adults up to a 
max of 4000 IU daily of D3 (cholecalciferol) 
without checking a blood level.

l If measured value is low (< 30 ng/ml 25(OH)D), 
can give higher doses. Every 1,000 IU 
consumed raises the level about 10 ng/ml.; 
don’t go above 10,000 IU per day.

l Adults with levels < 20 are often given 50,000 IU 
of Ergocalciferol once a week for 3 months.

l Check levels, aim for 50-70;  keep < 90 ng/ml.

Vitamin D Dosage



Antioxidants –
CoQ 10 and Quercetin

l CoQ-10 is anti-inflammatory/anti-oxidant
l Start with 50 mg a day, can go to 100 - 200 mg  

l Quercetin
l Natural antihistamine (for allergies)
l Quercetin also has anti-inflammatory properties
l Dose – start with 100 mg a day, can go to 200 mg



Antioxidants –
Curcumin (Turmeric)

l Antioxidant and anti-inflammatory    
properties of curcumin.                                  
Adv Exp Med Biol. 2007;595:105-25. 

l The anti-inflammatory effect of curcumin is most 
likely mediated through its ability to inhibit 
cyclooxygenase-2 (COX-2), lipoxygenase (LOX), 
and inducible nitric oxide synthase (iNOS), all 
important enzymes that mediate inflammation. 

l Cook with it or use supplements: 
http://superfoodly.com/best-turmeric-curcumin-
supplement/ also Lee Silsby – Enhansa; start slow, 
work up to ~ 300 + mg. 



Omega-3 Fatty Acids
l Omega-6 fatty acids (in many processed foods) are    

pro-inflammatory.
l Omega-3 fatty acids (fish oil, flax seed oil) are         

anti-inflammatory - can have marked influence on both 
specific and nonspecific immune responses in modifying  
inflammatory precursors and replacing Omega-6 FAs in 
cell membranes.  

l 1 - 2 grams a day can be given safely. Start with a low 
dose and work up.

l See Handout for food content and supplement brands  
*** http://www.wfubmc.edu/Center-for-Integrative-
Medicine/Patient-Resources/Dietary-Supplements.htm ***




