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Learning Objectives
1. Understand how perturbations to the host such as the 

introduction of antibiotics, birth mode and diet can 
shape maturation of the microbiome during early life

2. Evaluate whether absence of one microbe can result 
in the development Autism Spectrum Disorder (ASD)

3. Analyze the role that microbes play in first 100 days of 
human life to the future development of a chronic 
inflammatory immune disorder recognized as Asthma  



Summary 
• The first birthday gift we each 

received was identical in name and 
given freely from our mothers

• It was literally delivered precisely at 
the time of our birth, providing us 
with an inter-generational hand-off 
that serves as the foundation for our 
13th organ system, our microbiome., if 
you will, that one more thing 

• Today, we will explore 
how perturbations made to this, our 
13th organ system, or microbiome, 
can profoundly influence our lives. 



Human Microbiome
• What do we know?  

–You are 1 part 
human  & 1 part 
microbe –
formerly it was 
thought it was 10
parts microbe:1 
part human

https://pubmed.ncbi.nlm.nih.gov/27541692/


Human Microbiome
• What do we know?  
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human - 1 part 
bacteria -
formerly thought 
it was 10 parts 
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Today
Our journey will take us into the world of the 
human microbiome and explore why I believe 
this needs to be our next moon shot.

We’ll do this in three parts, with some fun facts 
along the way to help you retain what we’re 
going to experience.   

With the end goal being that you achieve an 
awareness of how the microbiome is paramount 
to human health.



Consider the following as background



Did you know?
• At this moment 2 to 6 

pounds of microbes are 
living in and on you?  
– Who are they?

– Where are they?

– What do they do?

– Are they good or bad?

– Can they be dragooned
for good? 



Where do our bacteria come from?



Human Microbiome
– Fun Facts for future figuring or trival pursuit 

championships...
Your belly button can harbor over 2,300 species of bacteria



Where do our bacteria come from?



Mostly, from Mom



With 

Some, from Family and friends



With 

some from the environment and diet



Even the 
Molly the dog

https://phys.org/news/2015-03-friend-medicine.html


What we know
• The human microbiome before birth

– Blaser, MJ and Dominguez-Bello, MG 
– Bottom line…
– The conservation of the microbiota within humans and 

other hominids suggests an ancient assembly that has 
been selected to optimize host fitness. 

– Pregnancy induces changes in the maternal microbiome 
just before the inter-generational hand-off of the 
microbiota. 

– Interventions, including peri-partum antibiotics and 
Cesarean sections, may have unintended effects on babies.

https://doi.org/10.1016/j.chom.2016.10.014
https://doi.org/10.1016/j.chom.2016.10.014


Your first microbial encounter…
• Partial restoration of the 

microbiota of cesarean-
born infants via vaginal 
microbial transfer

• Nature Medicine 22, 250–
253 (2016) 
doi:10.1038/nm.4039



7 Vaginal-birth 
deliveries and 
vaginal 
microbiota

11 C-section 
babies with 4 
of babies 
receiving a 
vaginal wipe

However for the most part, its Mom 

https://pubmed.ncbi.nlm.nih.gov/26828196/


Your first microbial encounter…



Or,  your first microbial encounter…

Be violent, bold, and firm. Laugh at the power of other men, because nobody born from a woman will 
ever harm Macbeth. Unfortunately for Macbeth, the Scottish nobleman Macduff was "from his mother's 
womb/ Untimely ripped," and thus not naturally "born of woman" (V.vii). Macduff was the only agent 
capable of destroying Macbeth. He killed Macbeth in battle.   William Shakespeare, Macbeth Act 5, 
Scene 7



Will this prevent

Asthma, Allergies, Type 1 diabetes, Celiac Disease, Obesity?

based on 4  C-Sections, first month of life and 
over 1,500 microbial samples



Vaginal-birth 
baby and 
vaginal 
microbiota

C-section 
baby and 
mother’s skin

N=1200 with 3-5 years microbial follow-up 

How long till we get an answer as to body comp, rate of 
asthma or allergies?   

It will be much more difficult to determine 
whether the transfers have any 
consequences on health. Dominguez-Bello 
estimates that her team will need to enroll 
around 1200 children and follow them for at 
least 3–5 years to explore whether the 
procedure leads to any differences in body 
composition or rates of asthma or allergies.



• Antibiotics, birth mode, and diet 
shape microbiome maturation during 
early life

Two studies of more than 80 infants followed for the first 2 to 3 years of life now reveal the 
effects of birth mode, diet and antibiotic treatment on gut microbiome development 
(Yassour et al., Bokulich et al.) The investigators show that antibiotics, cesarean delivery and 
formula feeding can alter development of the infant microbiome, reduce bacterial diversity 
and transiently increase the presence of antibiotic resistance genes

https://pubmed.ncbi.nlm.nih.gov/27306664/


One more thing…

Findings highlight 
1. Critical role of the local environment in 

establishing the gut microbiota in very early 
life, 

2. Identify colonization with antimicrobial-
resistance-containing opportunistic 
pathogens as a previously under appreciated 
risk factor in hospital births 

https://www.nature.com/articles/s41586-019-1560-1.pdf


Take home … 1

• Antibiotics, birth mode, and 
diet can shape microbiome 
maturation during early life

• But to what extent will this 
have on life?
– Stay tuned… by the time 

your ready to have children 
of your own, we will 
hopefully have answers



Autism



Facts about Autism
• Autism now affects 1 in 68 children and 1 in 42 boys
• Autism prevalence figures are growing
• Autism is one of the fastest-growing developmental 

disorders in the U.S.
• Autism costs a family $60,000 a year on average
• Boys are nearly five times more likely than girls to have 

autism
• There is no medical detection or cure for autism
• $169M goes directly to investigate this condition from the 

NIH (0.54% of 2018 NIH budget)



The inspiration –
• human epidemiological studies

• maternal obesity during pregnancy 
could increase children's risk of 
developing neurodevelopmental 
disorders, including Autism 
Spectrum Disorders (ASDs)

What might be the mechanism?

http://dx.doi.org/10.1016/j.cell.2016.06.001 

http://dx.doi.org/10.1016/j.cell.2016.06.001
http://dx.doi.org/10.1016/j.cell.2016.06.001


Single species of gut bacteria can reverse autism-related social behavior in mice!

https://www.youtube.com/watch?v=bmR_aQhHJLU



Single species of gut bacteria can
reverse autism-related social
behavior in mice!
• Maternal high-fat diet (MHFD) induces 

behavioral alterations in offspring

– Equivalent of fast food , several times per 
day, N=60.  

• •MHFD causes alterations in gut 
microbial ecology in offspring

– Could predict from simply from pattern 
that the offspring would be impaired!  
WOW!

• •MHFD offspring show deficient synaptic 
plasticity in the ventral tegmental area 
(VTA)and oxytocin production

– Attended to Mechanism

• •L. reuteri treatment restores oxytocin 
levels, VTA plasticity and social behaviors

– One microbe, restores activity WOW!



Lactobacillus reuteri
• What do we know about L. reuteri in humans?

1. Found in GI, UT, Skin and breast milk
• Abundance varies among humans
• Can produce antimicrobial molecules

– Organic acids, EtOH and reuterin
» Reuterin induces oxidative stress in cells, most likely by modifying thiol 

groups in proteins and small molecules

• Can benefit host immune system
– Reduce the production of pro-inflammatory cytokines while promoting 

regulatory T cell development/function

• Has an ability to strengthen the intestinal barrier
– Decreases microbial translocation from gut lumen to tissues

2. Decrease in abundance in humans over the past decades is 
correlated with an increase in the incidence of inflammatory 
diseases



• Niche
– Bacterial surface 

molecules that 
facilitate binding to 
the mucus layer …so 
called mucus binding 
proteins 
(MUB)/adhesins

– Resistant to low pH 
2° to gastric acids and 
bile salts of upper 
intestine

– Vitamins (13 needed)
• B12 (cobalamin) and 

B9 (folate)

https://pubmed.ncbi.nlm.nih.gov/29725324/


Take home … 2

• Single species of gut bacteria 
can reverse autism-related 
social behavior in mice! 

• Lactobacillus reuteri
• But to does this observation 

extend to humans?
– For Autism unknown but 

administration via oral capsule 
could restore vaginal flora in 
postmenopausal women 
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can reverse autism-related 
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could restore vaginal flora in 
postmenopausal women 



Asthma and the Microbiome
✓ Globally, affects over 300 

Million
✓ Symptoms – Narrowing  and 

inflammation of airways
✓ Origin from a synergy 

between environmental and 
genetic factors

✓ Viral infections with an 
abundance of Proteobacteria, 
specifically Haemophilus and 
Moraxella

✓ Dysbiosis leads to activation of 
inflammatory pathways and 
contributes to 
bronchoconstriction and 
bronchial hyperresponsiveness 



Asthma and the Microbiome
• Chronic Inflammatory immune disorder of the 

airways affecting 1:10 children in westernized 
countries (300 Million people worldwide), 25M in 
the US (1 in 13 Americans) with Adult Women 
more likely than Adult Men but more common in 
boys than girls.  Tragically, about 10 deaths per 
day in US!

• Does it run in families?
– Yes, variations in two genes, ORMDl3 and GSDML 



Microbe-rich environments may trigger the immune system, prevent asthma

https://www.niehs.nih.gov/news/newsletter/2016/9/papers/asthma/index.htm






Asthma and the Microbiome

• Gut microbial dysbiosis in human atopic 
diseases is characterized NOT by GLOBAL 
changes to the composition of the intestinal 
microbial population but by taxa-specific shifts

• Impacts- human immune system… which is 
most plastic during this window



Asthma and the Microbiome
• Hygiene hypothesis (Strachan)

– Are we too clean during our first 100 days?

– Now includes… mode of birth, abx exp, pets, farm life, etc)

• Microflora hypothesis
– “it is clear that there is a microbial-immune cell interface, in which cross-talk between microbes 

and immune cells aids in the development of immune tolerance

• Gut-Lung Axis 
– How does the gut talk to the lung?

• PAMPs (pathogen associated molecular patterns)

– LPS, Peptidoglycan, CpG

• Microbial-derived metabolites… Short chained fatty acids (SCFAs)
– Three major ones – Acetate, Propionate and butyrate (60:20:20) molar ratio

• Modify  gene expression in humans through inhibition of histone deacetylases (HDACs) and cytokine and 
chemokine production, and cell differentiation, proliferation and apoptosis!





For Asthma, Age is critical



Age is critical



Take Home 3
Asthma and the Microbiome

• Chronic Inflammatory immune disorder of the 
airways affecting 1:10 children in westernized 
countries (235 Million people worldwide)  with a 
tragic 9 deaths per day in US!

• Studies suggest that the ideal time to use 
microbes as preventative treatments or 
diagnostics for asthma in humans is within the 
first 100 days of life! Allergy Asthma Clin Immunol. 2017; 13: 3.



What’s Next?
Integration and Big Data



Your Genes



Closing thoughts… Microbially Unique

All people have a unique microbiome, because 
each of us live!



• Some will prove 
wrong but for the 
most part, our 
microbes are likely 
our oldest organ 
system

Finally

X



One more thing…
Without our bacteria we would be  so 
much colder, 93.2°F/33°C rather than 
the 98.6°F/37°C







THE NEXT MOON SHOT?
12 September 1962 – 57 years ago… President John F. Kennedy at Rice University, Texas
• We set sail on this new sea because there is new knowledge to be gained, and new rights to be 

won, and they must be won and used for the progress of all people. For space science, like nuclear 
science and all technology, has no conscience of its own. Whether it will become a force for good or 
ill depends on man, and only if the United States occupies a position of pre-eminence can we help 
decide whether this new ocean will be a sea of peace or a new terrifying theater of war. I do not say 
that we should or will go unprotected against the hostile misuse of space any more than we go 
unprotected against the hostile use of land or sea, but I do say that space can be explored and 
mastered without feeding the fires of war, without repeating the mistakes that man has made in 
extending his writ around this globe of ours.

• There is no strife, no prejudice, no national conflict in outer space as yet. Its hazards are hostile to 
us all. Its conquest deserves the best of all mankind, and its opportunity for peaceful cooperation 
may never come again. But why, some say, the Moon? Why choose this as our goal? And they may 
well ask, why climb the highest mountain? Why, 35 years ago, fly the Atlantic? Why does Rice play 
Texas?[5]

• We choose to go to the Moon! ...[6] We choose to go to the Moon in this decade and do the other 
things,[7] not because they are easy, but because they are hard; because that goal will serve to 
organize and measure the best of our energies and skills, because that challenge is one that we are 
willing to accept, one we are unwilling to postpone, and one we intend to win ...



OUR MOON SHOT, 4.5% OF US FED BUDGET?

2021 US Budget $6.8 Trillion
Microbiome $873 Million (0.13%)

2021 Total NIH Budget $43B
2021 NASA – $23.3B (0.34%) 



Thank you!

Questions?

https://www.microbe.tv/twim/
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