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Objectives 
 
• The participant will be able to discuss the general 

makeup of the intestinal microbiome in health.  
• The participant will be able to delineate potential 

mechanisms that cause an alteration in the stable 
microbiome, predisposing to disease. 

• The participant will recognize potential pathways to 
minimize disruption of the microbiome. 

• The participant will be able to determine how medical 
treatments and dietary interventions may affect the 
intestinal microbiome and the potential “brain-gut” 
impact and potentially autism. 
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2014 Autism Prevalence: CDC 

 

 

 

 

 

 

 

 

 

 

Prevalence and Characteristics of Autism Spectrum Disorder Among Children Aged 8 Years — Autism and 
Developmental Disabilities Monitoring Network, 11 Sites, United States, 2012 Surveillance Summaries / April 1, 
2016 / 65(3);1–23 MMWR 



Autism is Heterogeneous 

• Co-morbidity is commonly discussed regarding:  
– 1) Genetic syndromes 
– 2) Associated psychopathology 
– 3) Medical Conditions 

• A) Epilepsy 
• B) Gastrointestinal Disorders 
• C) Food Allergy, Immune Dysregulation 
• D) Catatonia 

 

 
  



Prevalence of GI issues in autism 

                                                                                       McElhanon BO et al. Pediatrics. 2014 May;133(5):872-
83 

 

So, newer data support a more consistent prevalence of 
45-70% of children with autism have GI issues. 

 Meta-analysis (1980-2012) of 15 qualified studies  
 Number of pooled patients = 961 



GI Findings in Children with Autism 

Inflammation   Horvath K et al. Curr Gastroenterol Rep 2002 Jun; 4(3): 251-8. 

Increased intestinal 
permeability  

 D'Eufemia P et al. Acta Paediatr 1996 Sep;85(9):1076-9. 

Impaired digestion of 
carbohydrates 

 Horvath K et al. Curr Gastroenterol Rep 2002 Jun;4(3):251 -8. 
 Kushak RI et al. Autism. 2011 May;15(3):285-94.  
 Williams BL. PLoS ONE 2011 6(9): e24585. 

Disruption of typical 
microbiota  
 

 Finegold SM et al. Anaerobe. 2010 Aug;16(4):444-53.  
 Williams BL. PLoS ONE 2011 6(9): e24585. 
    Kang DW, el al. PLoS One. 2013 Jul 3;8(7):e68322.  

Altered immune response to 
inflammation 

 Ashwood P et al. Clin Dev Immunol. 2004 Jun;11(2):165-74 

Others have built on the suggestion that many children with autism suffering GI 
symptoms have a variety of GI findings including: 



Clinical Work and Research Merge  



Autism Consensus Statements 

Key Statement (Statement 1): Individuals with ASDs who 
present with GI symptoms warrant a thorough evaluation, 
as would be undertaken in individuals without ASDs who 
have the same symptoms or signs.  
Statement 6: Individuals with ASDs and GI symptoms are at 
risk for problem behaviors.  When patients with GI 
disorders present with behavioral manifestations, the 
diagnostic evaluation can be complex. 





Microbiomes 
mi·cro·bi·ome 
ˌmīkrōˈbīōm/ 
noun 
plural noun: microbiomes 
the microorganisms in a particular environment (including the 
body or a part of the body). 
"we depend on a vast army of microbes to stay alive: a 
microbiome that protects us against germs, breaks down food to 
release energy, and produces vitamins" 
the combined genetic material of the microorganisms in a 
particular environment. 
 



More than microbiomes, an 
integrated garden (flora) 

• Archaea-single celled organisms  
• Fungome-fungal proteins implicated in 

pathogenesis 
• Virome-the collection of viruses in and on the 

human body. Viruses in the human body infect 
both human cells as well as other microbes such 
as bacteria. 

• Metabolome-the total number of metabolites 
present within an organism, cell, or tissue. These 
metabolites are products of digestion and also 
products of the microbiota 
 
 







Or maybe not! 











Antibiotic effects 

 

• Monthly microbiome, metabolomic and genomic testing on 39 
infants for 3 years. 

• Supports vaginal vs. C-sections biome differences (C-section 
often lacking protective Bacteroides species) 

• Antibiotic exposure diminished diversity and promoted 
antibiotic resistance genes 

 
 
 
 

 
Natural history of the infant gut microbiome and impact of antibiotic treatment on bacterial 

strain diversity and stability 
Moran Yassour et al 

Science Translational Medicine  15 Jun 2016: 
Vol. 8, Issue 343, pp. 343ra81 

 





Limitations of available studies 

• Only within the last 2-3 years is it possible to 
evaluate the microbiome to species rather 
than phyla (families of organisms) using 
current technology 

• Even now, proposals looking only at species 
without metabolic or proteomic studies are 
finding difficulty getting funded 





Twin Studies in Colitis-Microbiome 

• Patients with UC had different gene expression 
profiles and lower levels of biodiversity than their 
healthy twins, as well as unusual aerobic bacteria. 

  
• Patients with UC had lower percentages of         

potentially protective bacterial species than their 
healthy twins (lactose fermenters). 

Twin Study Indicates Loss of Interaction 
Between Microbiota and 

Mucosa of Patients With Ulcerative Colitis 
PATRICIA LEPAGE, et al, GASTROENTEROLOGY 

2011;141:227–236 







Abnormal Microbiome in Autism 

• A growing number of studies point to altered 
microbiome in populations of children with autism. 

• A consistent pathogen has not been reported 

• Patterns of microbe alterations are being described 
and the effects vetted, high Clostridial species, 
diminished Bacteriodetes  

 

 

Potential Etiologic Factors of Microbiome Disruption in Autism, 
Clinical Therapeutics,  Buie, T       

Volume 37 Number 5, 2015  

 



Duodenal Microbiome in Autism 

CORRELATION BETWEEN INTESTINAL DISACCHARIDASES AND MICROBIOME IN CHILDREN 
WITH AUTISM   

Rafail I. Kushak, Timothy M. Buie et al 

•In autism group, 17 out of 21 subjects and in controls 18 out of 19 subjects were 
lactase deficient.  
• In samples from autism subjects, the relative abundance of genus Bacteroides, 
Faecalibacterium, and Clostridium showed a statistically significant positive 
correlation with lactase activity.  
• The duodenal microbiome in neurotypical children was different than in children 
with autism.  
Conclusion: There are differences at the genus and species level in the duodenal 
microbiota in children with autism that could be influenced by maldigestion of 
lactose or nutritional differences in food consumption.                                      
Paper accepted JPGN 10/2016 





Athletes had a higher diversity of gut micro-organisms, representing 22 distinct phyla, which 
in turn positively correlated with protein consumption  

Gut Microbiota of elite athletes (represented by black dots) vs. low BMI 
(red dots) and high BMI (green dots) controls.  





Is there a way to fix anything? 

• The microbiome is relatively established early 
in childhood at 2-3 years of age (setting point). 

• Subsequent to this, there are disruptions like 
antibiotic exposures or illness but following 
these, over weeks to months, the microbiome 
migrates closely back to it’s previous baseline 
(whether healthy or unhealthy at the time). 

• Establishing a healthy microbiome by this 
setting point should be our goal. 



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjlzu_mjoDQAhUI6SYKHQrVD18QjRwIBw&url=https://www.amazon.com/Well-Fed-Microbiome-Cookbook-Recipes-Repair-ebook/dp/B01HQZZSIU&psig=AFQjCNE-nTr1tMuBgnukauosZlAyEOFiKQ&ust=1477833885234809
https://www.google.com/imgres?imgurl=http://d.gr-assets.com/books/1396672138l/20821391.jpg&imgrefurl=http://www.goodreads.com/genres/must-read-books-for-career&docid=y9pkXfN1MF5trM&tbnid=rf0lrwIzKpGh8M:&w=315&h=475&bih=690&biw=1600&ved=0ahUKEwj5v5u7j4DQAhVL6yYKHWx7D5cQxiAIAygB&iact=c&ictx=1
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjbuNf_j4DQAhVL4iYKHc17CK4QjRwIBw&url=https://www.amazon.de/Microbiome-Diet-Scientifically-Restore-Permanent/dp/0738218111&psig=AFQjCNE-nTr1tMuBgnukauosZlAyEOFiKQ&ust=1477833885234809


Definitions 

Prebiotic: pre·bi·ot·ic ˌprēˌbīˈätik/  
Noun:prebiotic 
a non-digestible food ingredient that promotes the growth of 
beneficial microorganisms in the intestines 

Probiotic pro·bi·ot·ic ˌprōbīˈädik/ 
Adjective:  denoting a substance that stimulates the growth 
of microorganisms, especially those with beneficial 
properties (such as those of the intestinal flora). Beneficial 
bacteria 

Xenobiotic: xen·o·bi·ot·icˌ zenəbīˈätik,ˌ 
Noun: substances that are foreign to the body or to an 
ecological system. 









Fiber 

A Prospective Study of Long-term Intake of Dietary Fiber and Risk of Crohn's Disease and Ulcerative Colitis  
Ashwin N. Ananthakrishnan et al    Gastroenterology Vol 145, Issue 5, Nov 2013, Pages 970–977 

 

• 269 incident cases of CD (incidence, 8/100,000 person-years)  
• 338 cases of UC (incidence, 10/100,000 person-years).  
 
• High fiber intake in the highest quintile was associated with a 40% 
reduction in risk of CD  
 
• This apparent reduction appeared to be greatest for fiber derived 
from fruits 
 
• Fiber from cereals, whole grains, or legumes did not modify risk 
 
• Neither total intake of dietary fiber nor intake of fiber from specific 
sources appeared to be significantly associated with risk of UC. 

http://www.sciencedirect.com/science/article/pii/S0016508513011402
http://www.sciencedirect.com/science/article/pii/S0016508513011402
http://www.sciencedirect.com/science/article/pii/S0016508513011402
http://www.sciencedirect.com/science/article/pii/S0016508513011402
http://www.sciencedirect.com/science/journal/00165085
http://www.sciencedirect.com/science/journal/00165085/145/5
http://www.sciencedirect.com/science/journal/00165085/145/5
http://www.sciencedirect.com/science/journal/00165085/145/5














Probiotics are not all alike 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwia1d-fkYDQAhVIWSYKHX-tCYkQjRwIBw&url=http://www.worldgastroenterology.org/guidelines/global-guidelines/probiotics-and-prebiotics/probiotics-and-prebiotics-english&bvm=bv.136811127,d.amc&psig=AFQjCNH_MdpRQuwyMCgt26OAVkpEfcciJQ&ust=1477834624779444
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwia1d-fkYDQAhVIWSYKHX-tCYkQjRwIBw&url=http://www.worldgastroenterology.org/guidelines/global-guidelines/probiotics-and-prebiotics/probiotics-and-prebiotics-english&bvm=bv.136811127,d.amc&psig=AFQjCNH_MdpRQuwyMCgt26OAVkpEfcciJQ&ust=1477834624779444
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwikqYKqkoDQAhWFSiYKHcxPB_EQjRwIBw&url=http://www.remedicajournals.com/ijcr/BrowseContent/June-2012/Article-Probiotics in Gastroenterology&bvm=bv.136811127,d.amc&psig=AFQjCNEXELMz2fccd93nq6GNzqpiIUBCOw&ust=1477834850108834


Probiotics DO NOT Set Up Residence 

30% of those supplemented established long term engraftment 
Maldonado-Gomez et al., 2016, Cell Host & Microbe 20, 515–526 October 12, 2016 



Gut-Brain Connections 







Mouse Model 

Cell 2013 





Probiotics Affect Brain Function 

Consumption of fermented milk product with 
probiotic modulates brain activity. 

•   Yogurt culture (Bifidobacterium Lactis, 
Streptococcus  thermophiles, Lactobacillus 
bulgaricus, and  Lactococcus lactis) 

 

 

Gastroenterology. 2013 Jun;144(7):1394-401, 1401.e1-4.  

doi: 10.1053/j.gastro.2013.02.043. Epub 2013 Mar 6. Tillisch K1, 

Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat B, Guyonnet D, 

Legrain-Raspaud S, Trotin B, Naliboff B, Mayer EA  
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Let’s get to the fixing part 



Prevention 

• Evaluate C-Section Delivery, can we turn the 
pattern of elective, convenience delivery? 

• Judicious antibiotic exposures to mother and 
baby 

• ? Probiotics supplemented for “health” 

• Focus families back onto breast feeding for as 
long as possible 

• Fiber as food is back, fruit may be best 



C-Section Rates Nationally 

• The overall rate of caesarean section births in 
the U.S. was 32.7 percent in 2013 

• The WHO supports that approximately 10 
percent to 15 percent of C-section deliveries 
are medically necessary 

• It is important to evaluate why high rates are 
present, risk, monitoring concerns, 
medicolegal concerns 

http://www.cdc.gov/nchs/fastats/delivery.htm


C-section Rates HI 

• In 2014, the cesarean delivery rate was 27.2% 

• In Hawaii, the rate of C-Section delivery has 
gradually risen where nationally the rate has 
begun to decline 

• This rate is close to the national average 
currently 



Antibiotics, birth mode and diet 
 

• Breast Milk for 3 months or longer supported higher diversity 
of the microbiome for the first 2 years of life compared to 
formula fed infants 

• C-Section Delivery brought lower diversity compared with 
vaginal delivery for up to 2 years. (In another study performed 
by this group, diversity improved if infants born by C-section 
were exposed to maternal vaginal secretions) 

• Antibiotics lowered diversity for up to 2 years. The worst 
impact on the microbiota was antibiotic exposure from 6-12 
months of age 
 
 

Antibiotics, birth mode, and diet shape microbiome maturation during early life 
• Nicholas A. Bokulich1,  

• Science Translational Medicine  15 Jun 2016: 
Vol. 8, Issue 343, pp. 343ra82 

 
  

 
 
 
 
 
 

http://stm.sciencemag.org/content/8/343/343ra82.abstract


Diet 

Particular diet models:  

• Moderate/low Carbohydrate 

• Protein maximized, ? Fat (at least no high fat) 

• Fruit based fiber 

• Yogurt/Fermented sources offering probiotics 

• Nutrient conscious: Vitamin D,C iron etc 

• Unique restrictions need vetting 







Supplements 

• Supplement all you can through good food 

• Nutrient absorption is better when delivered 
as food 

• Prebiotics and probiotics are available, watch 
for ingredients if restricted diet, watch for side 
effects  



Resources: GI, Autism 
http://www.gikids.org/ 

 

  
 

 

 

https://medlineplus.gov/autismspectrumdisorder.html 
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