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Microbes, social behaviors, and autism 

 

 

Remarkably, the gut microbiota were shown to be critical for normal social behavior in 

mice. Germ-free mice have aberrant behaviors, including excessive time spent in repetitive self-

grooming, social avoidance, and very little time spent in social investigation. Desbonnet and 

colleagues (2013) remarked that these traits appeared to be similar to those of autistic children. 

Moreover, many of these behavioral traits were made normal by providing the mice with gut 

bacteria early in life. The same year, Hsaio and colleagues (2013) showed that the symbiotic 

bacterium Bacteroides fragilis ameliorated the aberrant communicative, anxiety-like, and 

stereotypic behaviors seen in a mouse model of autism (Figure 1A-C). Moreover, it did so as it 

altered the composition of gut microbiota, improved the integrity of the gut epithelium, and 

reduced the leakage of particular gut metabolites into the blood. Several investigators had seen 

that a subset of autistic children had altered gut bacteria, and the germ-free mice had a similarly 

skewed pattern of microbial species. Once the integrity of the gut epithelium had been restored 

and the population of bacteria changed, different metabolites were seen in the blood. Levels of 

indolepyruvate and ethylphenylsulfate (a chemical that induces anxiety-like behaviors) 

plummeted (Figure 1D).  

Moreover, gut microbes are responsible for controlling the permeability of the blood-

brain barrier, the tight lining of the capillaries feeding the brain.  This barrier shields the brain 

from blood-borne infections and toxins, since most large molecules cannot flow through it.  

However, the blood-brain barrier of germ-free mice is not impermeable to proteins, both as pups 

and adults. This defect could be cured by adding normal gut bacteria back to the gut of the pups 

(Braniste et al 2014). It appears, then, that material from the mother’s symbiotic gut bacteria are 

regulating the permeability of the blood brain barrier while it is being formed in the fetal mice.  



It is likely that neither our brain nor our behaviors develop properly without the appropriate 

symbionts. 

 

 
Figure 1. Effects of germ-free rearing and germ-free bacterial consortium on social behaviors in 
male mice. (A) Measuring social interaction by the difference between ties spent in chambers 
with and without other mice.  (B and C) Germ-free mice had social avoidance. *, p < 0.05 versus 
controls; ##, p < 0.001 versus germ-free mice. Time spent in repetitive self-grooming. Both 
autistic-like behaviors could be relieved by adding microbes later in life.  (D) Ethylphenylsulfate 
levels are extremely high in germ0free mice and can also be removed when epithelial integrity 
is restored by the additions of Bacteroides fragilis. *, p < 0.05 ***, p < 0.001. (A, B, C after 
Desbonnet et al. 2013; D after Hsaio et al. 2013.) 
 
 
Microbial (probiotic) treatment has been beneficial in treating psychological distress and chronic 

fatigue symptoms in humans (Messaoudi et al., 2011; Rao et al., 2009).  In 2020, the absence of 

other bacteria involved in tyrosine metabolism was associated with depression (Valles-Colomer 

et al 2020). So it is possible that several of the diseases that we have come to classify as 

psychological have a root in bacterial metabolism.  

 

       There is even the possibility that certain forms of autism may be caused by microbial 
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imbalances. Obviously, controlled experiments are difficult to do. Still, epidemiological studies 

and clinical experiments point to roles of bacteria in human brain development and behavior. 

Pilot studies show that replacing the gut bacteria of severely autistic children with those of 

normal children can dramatically  improve their sociability (Figure 2; Kang et al 2019). The 

butyrate-producing bacteria Bifidobacterium and Prevotella appear to play a role in this 

amelioration. Conversely, the microbiota from the guts of human autistic patients did not reverse 

the autism-like behaviors when transplanted into germ free mice. However, gut bacteria from 

normally developing people did reverse some of the symptoms (Sharon et al 2019). So it is 

likely that even the thinking "neurological self" may be a holobiont property. Indeed, if bacteria 

make us social, perhaps we are their way for making more environments for their descendants 

(Gilbert 2018; 2021). In helping make us social, both humans and microbes benefit. 

 

Figure 2.  Pilot study of the ability of replacing the microbiota of autistic children 

with microbes from healthy children. At the start of this experiment, 83% of patients were 

ranked as severely autistic. After two years, only 17% of the same patients ranked as severe. 

Their ability to function socially improved with treatment. (From Kang et al 2019.)  
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