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Developmental origin of health and 
disease

Deleterious
environment during the
critical periods in
development, including
conception, pregnancy, 
and early postnatal life, 
can alter offspring
structures, functions, 
and molecular
phenotypes
consistently in the
whole lifetime

2Li et al. (2017) Birth Defects Res, 109 (10), 744-757



Outline 
• Microbiome 

development in early 
life

• Potential bacterial 
sources

• Maternal-infant 
microbiome 
transmission
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Learning objectives
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Explain why it is important to
understand early life
microbiome development Describe theories about

microbial succession and
community assembly

Critically evaluate the
events that could alter
early life microbiome
development

Suggest an experimental approach
to study month-infant bacterial
transmission



Microbiome in developmental origin 
of health and disease

5Stiemsma &Michels . Pediatrics. 2018;141(4):e20172437

Critical window 
overlaps with early 
life development of:
• Microbiome 
• Immune system
• Metabolic 

homeostasis



Early life microbiome and risk of 
disease later in life

Early life 
microbiome

Mechanism
?

Disease 
later in life
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Diversity
Maturation index
Abundance of 
bacteria and fungi

Asthma & atopic disease
Obesity/stunting
Necrotizing enterocolitis
Neurodevelopmental 
disorders

Immune system
Metabolic 
programming
Epigenetic 
Other?



Discuss with neighbor 
If the early life microbiome composition can
alter the risk of disease later in life, is there a
possibility of a preventive intervention?
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Infant microbiome development

8Laforest-Lapointe & Arrieta (2017) Front. Immunol. 8:788 



Primary succession

The identity of the infant gut pioneer species is 
influenced by factors such as:
• Maternal factors (e.g., body weight and stress)
• Delivery mode
• Breastfeeding 9

Pattern of changes in a community after the opening of a new
patch to colonization



Discuss with neighbor 
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What are some of the characteristics of pioneer
bacterial species colonizing infant gut?

• O2 tolerance?
• Nutrient?



Factors associated with early life 
microbiota development

11Milani et al. 2017. Microbiol Mol Biol Rev 81:e00036-17
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Community 
composition

Vellend M. Q Rev Biol 2010; 85(2): 183–206

Vellend’s framework of community 
assembly

• Selection: by biotic (interactions among 
members) and abiotic factors 
(physicochemical characteristics)

• Drift: Random changes in organism’s
abundance

• Speciation: generation of a new species
• Dispersal: migration of species



Discuss with neighbor 
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Applying what we have learned about
community assembly, think about the
mechanism(s) the early life factors might affect
infant microbiome development.
Factors Vellend’s factor

Birth mode

Antibiotics 

Breastfeeding 

Geographic location
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Factors 
Potential affect 
on gut 
microbiota

Vellend’s factor

Delivery  

At home vs. in the 
hospital
Caesarean section 
(C/S)

Colonisation Dispersal
Selection?

Antibiotics Prepartum
Postpartum  

Colonisation 
and/or 
succession 

Dispersal 
Speciation 

Feeding Formula vs. 
breastfeeding 

Colonisation 
and/or 
succession

Selection 

Geographic 
location

Rural vs. urban
Different countries Colonisation Dispersal 

Moossavi & Bishehsari (2019) Obesity Rev 20 (3), 407-419



Microbial transfer to the newborn 
infant

Vertical transfer
• From mother to the infant
• Directly during birth

– Vaginal delivery: exposure to
vaginal and fecal
microbiomes

– Surgical delivery: exposure to
skin microbiome

• After birth
– Breastfeeding: transfer of
maternal bacteria via
breastmilk

Horizontal transfer
• From household members:

– Interaction with the infant: 
exposure to hand, mouth, &
skin microbiomes

• Environmental exposure:
– Indoors: built-in
environment, pets, & toys
microbiomes

– Outdoors: soil and plant
microbiome

• Food
15
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Which bacterial source is the most important
for infant microbiome development? And why?

Discuss with neighbors



Bacterial transfer in 
obligate symbionts
• Vertical transfer: e.g. 
Buchnera aphidicola in
aphids

• Horizontal transfer: 
– From environment e.g. 
Vibrio fischeri in squid

– From other members of
the host population (e.g. 
core Gram negative
bacteria in honey bees)

17Haag. Genet Mol Biol 2018; 41:189-97.



Discuss with neighbors
Which types of bacterial transmission occur
in humans?
Are humans considered obligate symbionts? 
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Holobiont as a unit of selection

19Theis et al. 2016. mSystems 1(2):e00028-16.

A holobiont is an 
assemblage of a 
host and the many 
other species living 
in or around it, 
which together
form a discrete 
ecological unit.



Human-microbiome co-evolution 

By coevolving
with the host, the
microbiome has
shaped phenotypes
in our ancestral
lineages. 

20
Dominguez-Bello MG, et al. 
Gut 2019;68:1108–1114



Discuss with neighbors
If human and microbiome have co-evolved
together over thousands of years, could the
recent life style changes in the last century
have an impact on the human/microbiome
relation?
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Research proposal exercise
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• Which host will you choose to
study? Mouse, human, primate, 
etc.?

• What experiments do you include?

Imagine that you are an assistant professor at a
university or a scientist in the R&D department of a
biomedical company and you intend to apply for
funding to do research on establishing bacterial
transfer from mother to infant. 
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