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THE MICROBIOME
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The LANCET series on ECD Series I

www.thelancet.com Published Online October 4, 2016 http://dx.doi.org/10.1016/50140-6736(16)31698-1

Advancing Early Childhood Development: from Science @ ®
toScale1 >4

Early childhood development coming of age: science through
the life course

Estimates, based on proxy measures of
stunting and poverty, indicate that 250
million children (43%) younger than 5 years
In low-iIncome and middle-income countries
are at risk of not reaching their
developmental potential.



Global percentage of children younger than 5 years
at risk of poor development 2010
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Chunling Lu, Maureen M Black, Linda M Richter, The Lancet Global Health, 2016,



Microbiota development/maturation

The concept that impaired postnatal gut microbiota development
(maturation) is causally related to childhood undernutrition.
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Preclinical evidence that gut microbiota immaturity is
causally related to childhood undernutrition
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Early life
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Adult life

The theory of disappearing microbiota

Increasing incidence of:
obesity, asthma, hay fever, juvenile
diabetes, inflammatory bowel
disease and autism spectrum?
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REGULAR ARTICLE

Antibiotics in the first year of life and subsequent neurocognitive outcomes

Rebecca E Slykerman (rslykerman@auckland.acnz)’, John Thompson', Karen E. Waldie?, Rinki Murphy®, Clare Wall®, Edwin A. Mitchel’

1. Department of Paediatrics: Child and Youth Health, University of Auckland, Auckland, New Zealand
25chool of Psydchology, University of Auddand, Auckland, New 7ealand

% Depanment of Medicine, University of Audkland, Auckland, Mew Zealand

4 Department of Nutation, University of Auclland, Auckand, New Zealand

871 children Hyperactivity
27% mother received AB
70% received AB first year
92% received AB 1- 32 year
Depression

Antibiotic use in the first year of life was Behavioral
associated with small statistically significant problems
differences in cognitive, behavioural and mood
measures in children at 3.5, 7 and 11 years.
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Germ-free (GF) mice are born and raised
under strict sterile conditions




Battery of behavioural tests
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GF mice display increased
spontaneous motor activity

SPF
ABDD y
‘ OSPF
I 500 - mGF *
E
T 400 A
GF e
2 300 4
3
§ 200 - 3
* 5
100 +
Representative track of movements 0
Center Periphery Total

Heijtz et al. PNAS (2011)



GF mice display reduced anxiety-like
behaviour in the Elevated Plus Maze
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GF mice display altered social behaviour
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Expression profiling

GF

SPF

of GF mice and SPF mice brains
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GF mice show altered expression of synaptic plasticity related genes
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Current Findings from
Germ Free Mice
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Microbiome-Gut-Brain interactions: Potential Mechanisms
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Can bacterial PGN fragments translocate from
the intestinal gut mucosa into brain?
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Pattern recognition receptors (PRR) of the innate
Immune system that recognize peptidoglycan (PGN)

Toll-like receptor family
NOD-like receptor family
Peptidoglycan recognition proteins
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Are PRRs expressed in the brain during development?
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Does manipulation of the gut microbiota influence the
expression of PRRs within the brain?
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Does genetic disruption of PG2 affect social behaviour?
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Absence Peptldoglycan recognltlon protein 2 leads to:
1) alterations expression of autism risk gene c-Met
2) sex-dependent changes in social behaviour

The central activation of PRRs by microbial products

could be one of the signalling pathways between the
gut microbiota and the developing brain.
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Microglia has two
different functions

Classical glia function Classical immune functions
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Fig. 3 Main cellular functions
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Microbiome influences prenatal and adult
microglia in a sex-specific manner
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Microbial Reconstitution

Reverses Maternal Diet-Induced

Social and Synaptic Deficits in Offspring
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Autism spectrum disorders and ‘g gi: Karalinsk

gastro-intestinal problems

Prevalent Gl-problems
—> Diarrhea/constipation, gastric reflux, abdominal pain
—> Affected gut epithelium and intestinal permeability

Correlation of Gl symptoms with autism severity
Excessive use of oral antibiotics
Potential effect of probiotics

Atypical gut microbiota
- > Clostridium, Lactobacillus, Desulfovibrio
- < Bacteroidetes/Firmicutes ratio

Immune alterations
- Microglia activation, altered cytokine profile




Human Brain Development

Epigenetics

Brain /

Heritability 50-83% Maternal infections

ﬂ Early viral
Late bacterial

Autism SD.?_?: Elev. cytokines amniotic fl.
L Danish medical birth register

—> early activation of
the immune system
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Anaerobe 49 (2018) 121-131

Contents lists available at ScienceDirect
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journal homepage: www.elsevier.com/locate/anaerobe

Anaerobes in the microbiome

Differences in fecal microbial metabolites and microbiota of children | g

L - - w
with autism spectrum disorders =
Table 4
Species level phylotypes significantly different after multiple testing correction.

Taxonomic assignment (family/genus/species)” Two-tailed Mann-Whitney U test Median" (25%/75%)

p value adjusted p Neurotypical (n=21) ASD (n=23)
Pasteurellaceae/Haemophilus/parainfluenzae <0.001 0.006 0.01 (<0.01/0.06) 0(0/0)
Ruminococcaceae/Faecalibacterium/prausnitzii <0.001 0.02 8.84 (5.62/12.97) 1.06 (0.53/3.41)

4 Detailed information with a whole list of species level phylotypes are listed in the Dataset 51.
b Unit: the percentile (%) abundance from a total bacteria.
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Fig. 4. Principal coordinate axis values (PC1 and PC2) and corresponding 3-dimensional PCoA plots based on unweighted (above) and weighted (below) UniFrac analyses. * and **
indicates two-tailed Mann-Whitney U test p values less than 0.05 and 0.0005, respectively.



Kang et al. Microbiome (2017) 5:10
DOI 10.1186/540168-016-0225-7

Microbiota Transfer Therapy alters gut
ecosystem and improves gastrointestinal

and autism symptoms: an open-label study

Microbiome

@ CrossMark

Microbiota Transfer Therapy (MTT)

not to exceed 2 mg per day

20 s e asaath Aaily

o Vancomycin: 40 mg/kg by mouth per day, divided into three doses,

and beneficial changes of

 80% reduction of Gl symptoms
 Improvements of behavioural ASD symptoms
 Engraftment of donor microbiota
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Fig. 1 Study design timeline. The trial consists of 10-week Microbiota Transfer Therapy (MTT) and 8-week follow-up observation period after treatment
stopped. Schematic timeline represents a series of treatments that were performed during MTT (top) and frequencies of sample collection and

Gl/behavior assessments (bottom; neurotypical and ASD group colored in green and purple, respectively)
.




Lactobacillus reuteri can rescue social behaviour in ASD mouse models
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L. reuteri treatment corrects social deficits through the vagus nerve
and the oxytocin- reward system
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Sgritta et al Neuron 2018
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1. 240 million children worldwide are at risk not reaching their
developmental potential due to poverty and undernutrition

2. Gut microbiota (child and pregnant mother) influence development

3. Experimental studies (gnotobiotic mice) show that microbiota
iInfluences behaviour, brain structure & function, and gene expression

4. Early programming - critical period gives life long outcome
5. Several gut-brain pathways

6. Antibiotics reduces diversity and influence cognitive development
mood, and behaviour

7. Emerging role for gut microbiome in Autism Spectrum Disorder and
other neurodevelopmental disorders
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