
Microbiome and The Social Brain – How 
the Gut and the Brain Mature Together 

Dr. Siobhain O’Mahony

Snr. Lecturer, Department of Anatomy and 
Neuroscience, APC Microbiome Ireland, 

University College Cork
Cork 

Ireland 



Overview of Talk   

• The gut microbiome 
• Friends with social benefits

• Development of the microbiome-gut brain axis
• Influential factors

• Social development 
• Role of microbiome

• Pre-clinical studies 

• Human studies

• Key messages 
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Parallel Development of the Gut Microbiome and the Brain                    

Microbiota 
stability

Microbiota 
instability

Brain Development 
❖ Brain size at birth – 1/3 of an adult; 

doubles in 1st y; and increases 35% by 3rd y
❖ Synaptic density quadruples in 1st and will 

be 150-200% greater than an adult by 3rd y-
to be pruned/selectively strengthened 

Microbiome Development
❖ Virtually sterile at birth
❖ 6-12 mo – increase in α-diversity and 

reduced β-diversity; microbiomes capable 
capacity to metabolise nutrients necessary 
for brain growth

❖ 2nd and 3rd y – increase in certain phyla
❖ 3 y old – almost reached structural 

composition and functional capacity of 
adulthood and is less amenable to change 

Neither develop in a vacuum!



Social-Emotional Developmental Milestones   

❖<6 mo – Spontaneously orient and respond to social stimuli, beginning of 
attachment to caregiver

❖6 mo – Emergence of babbling, pointing, eye contact; attachment has been 
established

❖6-12 mo – Joint attention, imitation, orientation to own name, first words, 
use of gestures

❖12 mo – 2.5 y – Phrase speech, expansion of vocabulary, instrumental 
helping, expression of concern, comforting others, self-awareness, self-
regulation, impulse control and empathetic understanding

❖3-5 y – Emergence of theory of mind skills, attributing mental states, social 
understanding



Social Preference 

Microbiome is Essential for Social Development 
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Perinatal Antibiotic Affects Microbiome, Social Behaviour, 
Brain Tight Junctions and Cytokines  
in mice   Social Preference Social Recognition 

Brain Tight Junctions
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Brain Cytokines



Maternal high fat diet induces social deficits in offspring 
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Microbial reconstitution reverses maternal diet-induced 
social deficits in offspring 

Co-housing MHFD offspring with MRD reduced impact and Fecal Microbiota from MRD, but not MHFD, Offspring 
Improves Germ-Free (GF) Recipient Social Behavior



Microbial reconstitution reverses maternal diet-induced 
oxytocin deficits in offspring 

Oxytocin administration also improved social deficits as well as 
synaptic deficits 
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❖Autism spectrum disorders (ASD)-
neurodevelopmental disorders
❖Deficits in social interaction, communication, 

presence of limited, repetitive stereotyped 
interests and behaviors

❖link between ASDs and the microbiota-
gut-brain axis

❖Expanding on the evolutionary theory-
when microbiota are associated with 
adverse health-inhibition of social 
development-reduce transmission
❖Specific genetic variants might be linked to

microbiota-related social deficits 

Human Social Disorders and the Microbiome-Evidence from 
ASD studies 



http://apc.ucc.ie 

• Clostridia, Desulfovibrio, Sutterella, and Bacteroidetes -elevated in the stool of ASD children

• Firmicutes, Prevotella, and Bifidobacter -reduced in these patients

• Alterations in fecal concentrations of SCFAs (PPA) and urinary concentrations of amino acids and ammonia

• Conflicting reports exist-antibiotics and probiotics being useful 

Gut Microbiome and Autism 



❖75 infants 
❖Randomized to Lactobacillus rhamnosus GG or 

placebo during the first 6 mo of life were 
followed-up for 13 y

❖At the age of 13 y, ADHD or AS was diagnosed in 
17.1% children in the placebo and none in the 
probiotic group

❖Bifidobacterium species bacteria in feces during 
the first 6 mo of life was lower in affected 
children 

❖Bifidobacteria species are highly prevalent in 
early life particularly in breast-fed infants
❖Brain development

❖Stress system development

Early Probiotic Intervention Reduces Development of 
Neuropsychiatric Disorders 



Prebiotic Intervention Improves Social 
Scores in Autistic Children   

❖ Exclusion diets had a significant impact on gastrointestinal problems and a general trend of 
reduction in GI problems was reported after B-GOS®

❖ 23% of participants (two ASD following unrestricted diet and one under exclusion diet) 
benefited from B-GOS®



Microbiota Transfers Improves Gut and 
Autistic Symptoms in Children   
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Key Messages  

❖Symbiotic microorganisms, specifically the 
microbiota that reside within the gut, may 
influence neurodevelopment and programming 
of social behaviors across diverse animal species

❖This relationship between host and microbes 
hints that host-microbiota interactions may 
have influenced the evolution of social 
behaviors

❖Further understanding of how microbiota 
influence the brain may be helpful for 
elucidating the causal mechanisms underlying 
sociability and for generating new therapeutic 
strategies for social disorders in humans, such 
as autism spectrum disorders (ASDs)


