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Overview

• The One Health Concept

• The Brain Gut Microbiome System 101

• A Holistic View of Brain and Gut 

• Take home message



The 85 Year Journey From a Steam Engine Model to 
an Integrative View of Brain Gut Interactions and the 

One Health Concept

Progress in Brain Research, 2000Fritz Kahn, 1926
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Delegation from the Dalai Lama



The One Health Concept

• The "One Health" concept is a 

collaborative, multi-disciplinary  

approach that recognizes the 

interconnectedness of mind and body, 

and of human, animal, and 
environmental health.

• It emphasizes that the health of each 

domain is interdependent and that 

many health challenges, including brain 
gut microbiome disorders can be better 

understood and addressed through an 

integrated, multidimensional approach.

• The microbiome is a central linking factor across these systems



Microbes Don’t Just Live in our Gut: 
they are the most Ancient and Universal Ecosystem

• Microbes inhabit every part of the planet.

• They play crucial roles in the health of humans, animals, plants, 

soil, and marine environments

• Shared principles of ecosystems: diversity, richness, resilience, 

adaptation

• The microbiome serves as a keystone for ecosystem health

Ma et al. Microbiome (2020)



• There are five nonillion (1 followed by 54 zeros) bacteria in the Earth's 

ecosystem, including the ones found in living beings

• Microbes are the oldest and most abundant lifeform on the planet (>4 B years)

• Microbes are the second biggest biomass on earth (70 G tons, 15% of global) only 

surpassed by plants

• Microbes make up 70% of marine biomass

The Planetary Microbiome

Ma et al. Microbiome (2020)



The Interconnectedness of the Planetary Microbiome

Ma et al. Microbiome (2020)

• Earth microbial co-

occurrence network from:

• 23,595 samples and 

12,646 exact sequence 

variants

• from 14 environments in 

the Earth Microbiome 

Project dataset.

• Microbiomes of various 

environments were 

clustered into two groups, 

• Clusters bridged by the

microbiomes of plant and 

animal surface.



3.5 billion 500 million

1 million

Year
s

The Origin Story of the Human Gut Microbiome with the Brain

• Oldest and most abundant life form on 
planet

• Developed universal biological language

• Perfected communication with mammalian 
nervous system for 500 million years

The Mind Gut Connection, 2016



Presented by Dr. R. Knight at NIH Emerging Themes symposium, August 16-18, 2017

The Human Microbiome – We Are Only Scratching On the Surface



The Brain Gut 

Microbiome 

Immune System

The brain, gut, microbiome and 

immune system are 

interconnected via multiple 

bidirectional communication 

loops.  This BGM systems receives 

input from interoceptive bodily 

signals and from the exposome.

Bhatt, Ryu, Mayer, Molec Psych 2023

Brain Connectome

Gut Connectome

Exposome



The Microbiome Translates Food Components into 
Thousands of Biologically Active Metabolites 

Circulating throughout the Body, Including the Brain

Cox et al. Genome Medicine 2022

Exposome 



The Gut Microbiome is a Key Interface between the 

Exposome And Our Immune, Nervous Systems & Metabolism

Courtesy of E. Sonnenburg

Exposome 



Tillisch, Mayer et al, Gastroenterology 2013

Microbes in the Gut Can Talk to the Brain 
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Gut Microbial Transformation

Short-Chain Fatty Acids

• Simple Phenols

• Estrogens

• Neurotransmitters

• Indoles
• Polyamines
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Associated Modular 
Patterns (MAMS, LPS)

Secondary Bile Acids

Active Hormone

Metabolites
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Biological Psychiatry 2023

The Gut Talks to the Brain



The Gut Microbiome Influences Systemic Estrogen Levels

Courtesy from David Meriwether 

• Estrogen glucuronides formed in the liver are secreted with the bile into the small 

intestine

• Gut microbes in the ileum convert some of these metabolites into absorbable molecules

• These reabsorbed estrogen molecules increase the estrogen levels in the systemic 

circulation



Psychosocial 

Stress

Anxiety, fear

Anger

Sadness

• Regional GI motility and transit

• Intestinal fluid and mucus secretion (biofilm?)

• Gastric/bile acid secretion

• Paneth cell secretion (antimicrobials)

• Enteroendocrine cell function

• Intraintestinal pH

• Immune modulation

• Epithelial & blood brain barrier permeability Rhee et al. NRGH 2009

Changes of the microbial habitat: Changes in microbial behavior:

The Gut and its Microbiome Are a Mirror Image of our Emotions



What Has Gone Wrong in the Human 

Microbial Ecosystem?



Traditional Symbiotic Relationship of Gut Microbiome and 

Gut Connectome

Symbiotic relationship between ancient gut 

microbiome with human GI tract over a 1 M years



Multiple Bidirectional Interactions of Gut Associated Immune 

System with Gut Microbiome 

Baeckhed et al, Cell Host & Microbe 2012



• As people increasingly move to cities, their lifestyles 

profoundly change. 

• The shift of recent generations from rural, outdoor 

environments to urbanized and industrialized settings has 

profoundly affected our biology and health. 

• The signals of change are seen most strikingly in the reduction 

of commensal microbial taxa and loss of their metabolic 

functions.

• The extirpation of human commensals is a result of 

bombardment by new chemicals, foodstuffs, sanitation, and 

medical practices. 

One world, One Health

Vulnerability of the Industrialized Microbiota

Sonnenburg & Sonnenburg, Science 2019



Rapid Adaptation of the Gut Microbiome to Changing 

Exposome during past 75 Years

Dramatic changes of 

exposome during 

past 75 years

changing exposome



Early Programming of Gut Microbiome 

Prenatal Programming Postnatal Programming

Lyons et al, Nutrients 2020

Jasarevic & Bale, 2019



• >73 billion doses worldwide yearly

• 258 million courses (833/1000) in USA (2010):

• 2.7 courses by age 2; 10.9 courses by age 10

CCourtesy from M. Blaser

Antibiotic Consumption by the Numbers



Immune system 

activation, metabolic 

endotoxemia; 

disease in vulnerable 

individuals

Poor Gut Health Can Have Widespread Effects on the Body

Mismatch

Slow (10-15,000 

years) adaptation) of 

gut to altered 

microbiome (20,000 

genes)

Exposome 



Healthy Diet

• Complex carbohydrates

• High fiber

฀ Fiber degradation

฀ Gut microbiome 

diversity

฀ Abundance of mucus-

stimulating 

microorganisms

฀ Prevotella abundance

฀ Mucus thickness

Intact gut barrier

Healthy Gut “Leaky” Gut
Chronic Stress

Western diet

• Refined carbohydrates, 

sugar

• High fat

• Low fiber

฀ Fiber degradation

฀ Gut microbiome diversity

฀ Abundance of mucus-

stimulating microorganisms

฀ Prevotella abundance

฀ Mucus thickness

฀ Gut barrier

NAFLD Cognitive decline (AD)Colon cancer Parkinson’s Disease

Increased genetic risk

Modified from Mayer et al, Nature Rev GH 2020

Depression

• Metabolic endotoxemia

Metabolic syndrome Osteoporosis



Systems View of the Effects of Chronic Stress on Brain Gut 

Microbiome Interactions

Interactions of multiple gut 

and microbe derived 

molecules

Mod from Martin, Mayer et al, Cell Mol Gastro Hepatol 2018

Brain-targeted 
Stress

Dietary Stress

Gut-Associated 
Immune System

Exposome Internalome

Allostatic load

Loneliness, isolation

Discrimination

Low fiber, high sugar

Chemicals

Ultra processed

Cardiovascular, 

muscular, pulmonary 

signals



The Detrimental Effects of Combined Chronic 

Psychological and Dietary Allostatic Load on Health 

Mediated by the Gut Microbiome 



Depression

Parkinson’s 
Disease

Alzheimer’s
Disease

Autism
Spectrum
Disorder

Obesity

Gut Health

Colon
Cancer

Cardiovascular
Disease

Nonalcoholic
Fatty Liver

DiseaseMetabolic
Syndrome

The Mind Gut Immune Connection, 2021

Gut Health is at the Center of the Chronic Non-Communicable 

Disease Network

Osteoporosis

Allergies, 
Autoimmune

IBD



Depression:  
Fecal Microbial Transfer of Altered Gut Microbiota from Patients 

with Major Depressive Disorder to GF Mice

Jiang et al, 2015; Kelly et al, 2016; Zheng et al, 2016



Flemish Gut Flora Project, n = 1,054

• Butyrate-producing Faecalibacterium 

and Coprococcus bacteria were 

associated with higher QOL indicators.

• Gut–brain module analysis of faecal 

metagenomes indicated a potential 

role of microbial GABA production in 

depression. 

• Together with Dialister, Coprococcus 

spp. were also depleted in depression



Gut Microbiome Alterations in 
Depression

Thirteen microbial taxa, including genera Eggerthella, Subdoligranulum, Coprococcus, Sellimonas, 

Lachnoclostridium, Hungatella, Ruminococcaceae, Lachnospiraceae, Eubacterium and family Ruminococcaceae

were associated with depressive symptoms.

“These bacteria are known to be involved in the synthesis of glutamate, butyrate, serotonin and gamma amino 
butyric acid (GABA), which are key neurotransmitters for depression”





Mayer EA. The Gut Immune Connection, 2021

The Planetary Microbiome Connects Different Domains of Health



Courtesy from F. DeClerck



Plant Health & Human Food Supply in the Age of 

Extinction

Courtesy of Tina Owens



Animal Health & the Microbiome

• Livestock and companion animals depend on healthy gut 

microbiota

• Dysbiosis in pigs, calves and chickens associated with 

Intestinal inflammation and mortality and treated with 

antibiotics

• Influences disease resistance, growth, and welfare

• Zoonotic interface: role of microbial ecosystems in pandemics

Plant & Soil Microbiomes

• Rhizosphere microbiome: nutrient cycling, disease suppression, 

stress resilience

• Impacts of pesticides, herbicides, monocultures, climate change

• Role of regenerative agriculture



The Close Connection Between Soil Health and the 

Health of the Gut Microbial Ecosystems

The Gut Immune Connection

1 gram of soil harbors 

10 trillion (1010) microbial cells

10 000 different microbial species

Healthy soil 

microbial 

ecosystem

Healthy gut 

microbial 

ecosystem



Modern Food Production is 

Detrimental for            thePlanet 



Food
Planet
Health

The EAT-Lancet 

Commission on

Healthy 

Diets From 

Sustainable Food 

Systems



EAT Lancet Commission Report, 2019



EAT Lancet Commission Report, 2019

Global USA

Transformation to healthy diets by 2050



Healthy Diet for Humans and the Planet

“Food is the single strongest lever to optimize human health and environmental 
sustainability on Earth”

EAT Lancet Commission Report, 2019

Healthy Diets
2500 kcal/day



G Oppenheimer Center for Neurobiology of Stress and Resilience

Microbiome Science is Leading US 

Towards an Ecological View of Health
An ecosystem is a community of living organisms 

in conjunction with the nonliving components of 

their environment (air, water and mineral soil), 

interacting as a system



Conclusions

• The microbiome with its billions of years of evolution stored in 

millions of genes is the thread weaving human, animal, plant, 

and planetary health

• The human gut microbiome has the highest density of 

microorganisms on the planet and it translates dietary factors 

and environmental toxins into signals modulating the immune, 

metabolic and nervous system.

• Major disturbances of the health of our natural ecosystems by 

how we grow our food, how we interact socially, our exposure 

to chronic stress and how we treat our gut microbiome during 

the past 75 years are being translated into different aspects of 

human health and chronic diseases.



Conclusions

• Ecosystem deterioration and exctinction of key players 

decreasing diversity, and richness is impacting key determinants 

of human and animal health:

• Widespread low grade immune system activation 

• Reduced resilience to perturbations by the exposome to 

natural and pathogenic perturbations leading to reduced 

resilience

• The understanding and treatment of our most common chronic 

diseases require a systems biological understanding based on 

the interconnectedness of multiple ecosystems on planet Earth



Courtesy of E. 

Schadt

Is Microbiome Science Causing a Fundamental 
Transformation of Our View of Health?

Science is a series of peaceful 

interludes punctuated by 

intellectually violent revolutions 

… in each of which one 
conceptual world view is 

replaced by another..

The Structure of Scientific Revolutions, 
Thomas S. Kuhn, 1962



G Oppenheimer Center for Neurobiology of Stress and Resilience

Harvard Symposium on Consciousness-
Science, Spirituality and Social Impact, Boston Oct 26-27, 2023



Thank You! 

Learn more at 

emeranmayer.com
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