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Agenda: 

Key concepts

The parents' role in the baby biota 
How the baby’s biome supports their
needs 
How the baby’s microbial make-up
differs from adults
Discussion of the factors affecting the
development of a robust microbiome
The affects of both breastmilk and
formula-fed nutrition on babies'
microbiome
Artificial breastmilk: Boon or bust?
How to optimize the children’s biome





A Healthy Microbiome
A vast community of microorganisms, including bacteria,
fungi, viruses, protozoa, and archaea
Dynamic: Diet, lifestyle, medications, stressors, environmental
exposures
Imbalances: Dysbiosis: Can create digestive disorders,
autoimmunity, metabolic disruption, etc.
Food matters!
The process how the food was made matters!
Microbes eat the rainbow, too!



Archaea:
Microbes similar
to bacteria
No cell wall
Can live in
extreme
environments
(geysers, Artic,
etc.)





What Does the Microbiome Do?

Metabolism of xenobiotics: Microbes contain enzymes
metabolizing toxics
Production of short-chain fatty acids (SCFAs): Butyrate, acetate,
and propionate: Regulate inflammation, support gut barrier
integrity, and enhance liver function
Protect and enhance the gut barrier
Modulates the immune response









What do Microbes Like to Eat?

Polyphenols: found in colorful foods like berries,
herbs, spices, nuts, and seeds - microbes break them
down into smaller compounds to be used by our
bodies
If dysbiotic, food intolerances can be created
If depleted, (Bifidobacteria, Lactobacilli), the
production of neurotransmitters can be affected (like
GABA)



Dysbiosis
Mainstream medicine:

https://www.webmd.com/dige
stive-disorders/what-is-
dysbiosis
When the gut microbial
community becomes
imbalanced



Dysbiosis and Babies

US infants have a low
abundance of beneficial
bacteria 
High levels of potentially
pathogenic bacteria which
carry antibiotic resistant genes  
These issues confer serious
long-term health
consequences
Why? Many factors: Glyphosate
and other antibiotic
microbiome disruptors



Pregnancy

Changes that occur during
pregnancy encourage
energy storage in fat that
benefits fetal growth and
lactation. The microbes
affect these states.



Microbe-Mediated Immune Education Begins
During Gestation

Both bacteria-produced molecules and maternally derived antibodies drive
immune development in utero
Maternal antibodies which cross placenta and in breast milk, can bind
certain pathologic bacteria 
Maternal microbial metabolites have a wide-range of immune-modulatory
functions
Moms are the stewards of immune education via their microbiome
Prenatal antibiotic exposure (https://doi.org/10.1016/j.jaut.2016.05.001) can
modify the offspring's immune systems (links to DM, asthma, obesity, colitis,
and ASD)

https://www.sciencedirect.com/science/article/abs/pii/S089684111630052X?via%3Dihub


The Vaginal Microbiome
During pregnancy, the composition of the microbiota
undergoes changes with increases in beneficial
Lactobacilli, creating an acidic, inhospitable environment
for pathogens
Colonization after birth begins, playing a role in the
development of the innate immune system
C-Section babies have a different microbial profile
Breastfeeding provides microbial exchanges with the
infant via retrograde flow - by 3 months, the baby’s
microbiome looks like a vaginally-delivered baby’s
microbiome
By 3 y/o the microbiome is established



https://www.the-scientist.com/features/the-role-of-mom-s-microbes-during-pregnancy-69009

Bacteria-produced
molecules or
metabolittes and
maternally derived
antibodies appear to
drive immune
development in utero.

Mom and microbes are
working together!



www.the-scientist.com/the-role-of-mom-s-mcirobes-during-pregnancy-69009



In 2015, researchers from Yale University showed that prenatal
antibiotic exposure influenced the development of Type I
diabetes in the offspring. (https://doi.org/10.1016.j.jaut.2016.05.001)

www.the-scientist.com/the-role-of-mom-s-mcirobes-during-pregnancy-69009



Do Fetuses Have Their Own Microbiota?

Microbes have been detected in meconium (infants' first stool), amniotic
fluid, and placenta
Microbes in meconium (PMID: 24614698), ~60% are similar to those in
amniotic fluid; fetus may be swallowing amniotic fluid - gestational age and
mode of delivery have largest influence on microbial community - play a
role in prematurity (1 in 10 in the US, < 37 weeks)
At birth, mostly facultative anaerobes (Enterobacteriaceae family mostly
from mom); by 6 months, Bifidobacteria, Clostridia, and Bacteroides -
different from 100 years ago 
Role of other microbes (phages, archaea, fungi, and viral) -  not well
understood

https://pubmed.ncbi.nlm.nih.gov/24614698/
https://www.frontiersin.org/articles/10.3389/fnint.2020.00044/full
https://pubmed.ncbi.nlm.nih.gov/28190400/
https://pubmed.ncbi.nlm.nih.gov/28190400/


Parallel development of the   
GI tract and the brain in first
3 years 
Increase in microbial
abundance and diversity,
enterocyte maturation, and
ENS maturation occurs
rapidly 
Developmental timing of the
cellular events may vary
across different regions of
the brain

https://www.frontiersin.org/articles/10.3389/fnint
.2020.00044/full



Bacteroides fragilis

"A study by Carlson et al. (PMID: 28793975) showed that
infants with a high relative abundance of Bacteroides in their
stools had better cognitive performance in terms of receptive
language and expressive language. In contrast, infants with a

high level of Faecalibacterium in their stools had lower
cognitive performance."



Preterm vs Full Term Births
Comparisons of full-term and
preterm infants 1st 1000 days
after birth
Preterm infants; higher
abundance and longer
persistence of facultative
anaerobes and opportunistic
pathogens 
Physiological immaturity?
Increase in oxygen level in the
gut lumen, which inhibits the
proliferation/ colonization of
anaerobic microbes?

https://www.frontiersin.org/articles/10.3389/fni
nt.2020.00044/full



"The life so
short, the craft

so long to
learn."



Microbe Superstars: Summary
Immune function: 70-80% of immune function stems from gut microbes
Digestion: Aids in the breakdown of complex carbs, protein, and fats; provides
nutrients and energy from our food
Nutrient absorption: Produces vitamins (K, folate, biotin, cobalamin, nictotinic acid,
pantothenic acid, pyridoxine, riboflavin, thiamine)

Gut barrier integrity: Protects against
inflammation and immune system activation
Metabolism: Production of SCFAs and other
metabolites that regulate energy balance,
appetite, and fat storage; Impacts metabolic
health
Gut-brain-microbiome-axis (GBMA):
Communicates bidirectionally with the CNS:
Influences mood, behavior, cognitive function
Protects against pathogens



Factors Affecting Microbiome Diversity



Is the Uterus Sterile?

Immunity of the mother depends on
the lower genital tract
Placental microbiome (Firmicutes,
Tenericutes, Bacteroidetes, etc.),
similar to oral microbiome
Placenta has innate and acquired
immune system; mother, placenta,
and fetus all possess unique innate
immune systems 
Vaginal flora is stable throughout
pregnancy and changes at delivery

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6929482/#B21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929217/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6929482/


Benefits of Probiotics During Pregnancy?

https://media-cldnry.s-nbcnews.com/image/upload/t_nbcnews-fp-1024-512,f_auto,q_auto:best/rockcms/2022-05/220511-the-baby-hbo-mn-1510-f83f76.jpg


Probiotics coined in 1965 by Lilly and
Stillwell as “growth-promoting factors
produced by microorganisms 

Probiotic supplementation with B.
infantis within the first month
postnatal, in combination with breast
milk, resulted in stable colonization
that persisted until at least 1 year
postnatal

Formula? Probiotics introduced in 2004:
Reduction in colic and antibiotic usage
(Several infant formulas now contain B.
Lactis and Lactobacillus GG)

Probiotics for
Mom and Baby:
Health or
Hype?

https://science.sciencemag.org/content/147/3659/747
https://www.nature.com/articles/s41390-020-01350-0
https://academic.oup.com/ajcn/article/79/2/261/4690090


Brast mik increased the number of bifidobacterium in the gut via
human milk oligosaccharides (HMOs = prebiotics)



Probiotics and Some Beneficial
Effects on Pregnancy

Lactobacillus rhamnosus improves glucose
metabolism (PMID: 32399477) and aids in
heavy metal detoxification
(https://doi.org/10.1128/mBio.01580-14)
Lactiplantibacillus plantarum improves lipid
profile (PMID: 33000822)
Preterm labor may be due to a decrease in
lactobacilli (PMID: 19538417)

https://pubmed.ncbi.nlm.nih.gov/32399477/
https://journals.asm.org/doi/10.1128/mBio.01580-14
https://pubmed.ncbi.nlm.nih.gov/33000822/
https://pubmed.ncbi.nlm.nih.gov/19538417/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6189679/



Summary of Probiotic Benefits

Decrease gestational
DM
Prevent infant
obesity/metabolic
issues
Decrease infant
eczema/allergies

Lower the risk of preterm
labor
Decreased risk of
miscarriage
Improve infant brain
health
Decrease maternal/infant
stress

Reduce the risk of ASD
Decrease pregnancy
constipation
Increase colostrum
nutrition
Reduce mastitis



MOM
Organic diet
Fiber-enriched foods - increase fetal
regulatory T cells (Tregs); reduce
inflammation/prevent autoimmunity
Fermented products
Probiotic supplements (oral and
intravaginally)
Diet hi in omegas; may need supplement 
Testing mom (GI and vaginally)

https://journals.aai.org/jimmunol/article/199/10/3516/106185/Maternal-High-Fiber-Diet-during-Pregnancy-and


Glyphosate and the
Microbiome

Antibiotic
US Patent 7,771,736
Effective against Lactobacilli,
Bifidobacteria, and Enterococcal
species

Resistant against Clostridium species
and Salmonella
Affects microbes via the shikimate
pathway - makes aromatic amino
acids - necessary to produce
neurotransmitters/thyroid hormone





The Journey of the Baby Biota:

Placenta
Acquisition through the birth canal
Breastfeeding
Skin-to-skin transfer
Family pooch

What About
C-sections?



Global C section
rates



Adverse Affects on the Baby Biota:

Infertility
Surrogacy
Gestational age at birth
Prenatal stress
Low milk production/no BF
Antibiotics
Inhospitable hospitals
In-laws

Dad?







Key Point:
Mother's microbiome may modulate

neurodevelopment in the offspring, even
providing protection from neurological

diseases later in life.

https://www.cell.com/cell/fulltext/S0092-8674(17)31432-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867417314320%3Fshowall%3Dtrue
https://www.nature.com/articles/s41586-020-2745-3


Breastmilk is Best for Babies
Contains approximately 600 kinds of
bacteria
Can contain up to 200 different
carbohydrates (human milk
oligosaccharides/HMOs): Some are
prebiotics (nourishment for the baby
biota)
Infant formulas (organic only) have
added probiotics to replicate the
nutritional composition of breast milk
Improving the ecosystem helps mom
and baby: Prebiotics, probiotics,
organic/diversified diet, time in nature,
loving relationships
The microbiota is set by about 3 years
old, but 20-30% may be manipulated
and changed
Symbiogenesis with our microbes

Infant gut dysbiosis is a
widespread health problem
in US newborns
Casaburi et al. Scientific Reports. 2021: 11:1472

Intestinal dysbiosis in infants
can disrupt immune
development
Frese SA et al. mSphere. 2017: 2(6):e00501-17



Human Milk Oligosaccharides (HMOs)

Bifidobacterium
infantis encodes  
proteins that bind
and transport all
types of HMOs into
its cell and digest
them internally and
externally.

The acidic
environment
creates a less
hospitable
environment for
pathogens 

Complex
carbohydrates
that microbial
species of the
milk-oriented
microbiome can
use as a food
source.

Digestion by
Bifidobacterium
results in the
production of SCFAs
that are secreted
into the gut lumen.



The concept of a baby biota is not new
Dr. Logan, a pathologist from Scotland,
reported in 1913 that the fecal smears
of breastfed infants were nearly a
monoculture of Bacillus bifidus (now
termed Bifidobacterium)
Formula-fed infants were noted to
have a microbial mix with less diversity
and fewer Bifidobacterium comparable
to breastfed babies today
This loss of bifido species has
produced a subsequent rise in fecal pH
and subsequent loss of protection from
pathogens. 

Bifido's History





Short-chain fatty acids (SCFAs) are
produced when gut bacteria ferment dietary
fiber

The gut bacteria  produce three types of
SCFAs; acetate, butyrate, and propionate

SCFAs reduce the risk of inflammatory bowel
disease, colon cancer, promoting healthy
weight, improve blood sugar control, etc.

High-fiber foods include legumes, beans,
green beans, avocados, apples, oats, and
citrus fruits; support mom's microbiota



Interferon-beta:
Polypeptide produced by fibroblasts
(cells that synthesize the
extracellular matrix and collagen)
Antivital and antiproliferative effects
Th17 maintain mucosal immunity,
when dysregulated, involved with
autoimmune inflammation



“...The beneficial effects of vitamin C supplementation
may be attributed to modulation of the gut
microbiome and the subsequent health benefits...”







© LAURIE O’KEEFE

https://www.the-scientist.com/infographics/infographic-the-changing-infant-gut-microbiome-67569



Infant
Formula

https://www.whattoexpect.com/news/first-year/homemade-baby-formula-unsafe/



From the Experts:

Ingredients: Although most infant formulas are basically the same,
experts say, some varieties contain additional ingredients that may
be beneficial for baby or target different concerns, such as prebiotics
or probiotics to support immune health. We’ve included a few such
options, noting the types of conditions they might benefit. Most infant
formulas are made from non-genetically modified ingredients, which
we also made sure is true of each product on this list.

Is This True?



From the Experts:

To help, we’ve included some resources below on what to do if your-
go to formula is sold out. Keep in mind that homemade formula is
never safe for your baby, and it’s also not safe to water down
powdered formula to make it last longer — this could result in your
baby not getting enough critical nutrients. If you’re struggling to find
formula in your area, reach out to your pediatrician for guidance.

Is This True?

https://www.whattoexpect.com/news/first-year/homemade-baby-formula-unsafe/
https://www.whattoexpect.com/news/first-year/homemade-baby-formula-unsafe/


https://www.westonaprice.org/health-topics/formula-homemade-baby-formula/



Infant Formula Overview
Major US producers are Abbott (Similac), Nestle (Gerber), Mead Johnson
(Enfamil), and Perrigo (generic formulas)
Turn of the 20th C., wet nurses: Dates back 2000 B.C.
Various animal milks have been offered also over 2,000 years
Improved sanitation largely eliminated contamination, however an
outbreak in 2022 created shortages
Toxicants have been found: Melamine, toxic/heavy metals (FDA)

There is NO safe level of heavy metals for children.





D.C.

F I E L D  T R I P





$259.99

Aluminum and Autism
UK study showed high levels of Al in ASD male brains
Al was found in neurons, microglia, white blood cells: Indicates it enters
the brain via the lymphatic system
Authors point out ~.25% of ingested Al is absorbed into circulation; may be
more if there is intestinal mucosa damage
Nearly 100% of AlOH (adjuvant in vaccines enters the circulation when
injected IM)
The injected Al binds with transferrin, which allows it to cross the blood-
brain-barrier and the blood-CSF barrier.  Unlikely to be excreted once it
enters the brain
Glyphosate binds Al 6 different ways and can transport it across the BBB

Mold M, et al. Aluminium in brain tissue in autism. J Trace Elements in Medicine and Biology. 2018;46:76-82.



What Does Aluminum Do in the Brain?

Al promotes the formation and accumulation of insoluble
amyloid beta protein (AD)
Al increases Fe-induced oxidative injury
Al disrupts Ca regulation
Al is a mutagen - with subsequent alterations in the
expression of genetic materials
Al is an immunogen - this reactivity may play a role with Al
and autoimmunity

Exley: https://www.tandfonline.com/doi/full/10.1586/14737175.2014.915745





HFCS
Dr. Dufault, FDA whistleblower/US Public
Health Service Officer
Found undisclosed mercury residues in HFCS
FDA commanded her to stop her
investigation
Manufacturers are not required to report
heavy meals to regulators.
Oct. 23, Newsom signed AB-899 that requires
manufacturers to test for arsenic, cadmium,
lead, and mercury in finished baby foods
Baby food does not include infant formula



Enfamil NeuroPro Gentlease
Powder Infant Formula - 27.4oz
$51.99 ($1.90/reconstituted ounce (USA))



Biomilq - targeting infant nutrition by attempting to reproduce mother’s breast milk
in a lab from culturing mammary epithelial cells
The co-founders hope that the breast milk will help reduce the carbon footprint from the
global infant formula market

Protect
Babies
Now!



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6189679/t of body text

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6189679/




“...Will help reduce
the carbon footprint

from the global infant
formula market...”



Are breastmilk and
breastfeeding to be

replaced by a
motherboard?







Study Details
In breastmilk, lipids are the primary source of calories, as triacylglycerols
(TAG)
Assists in the absorption of essential nutrients and confers immunological
and anti-inflammatory propertites
Modified prototheca morifomis via mutagenesis to increase palmitic acid
(fatty acid)
The “improved” strain was then genetically modified
Algae oil was produced by the GMO strain
Infants fed this formula had higher bone mineral mass - no long-term
studies, reduced crying episodes



“A comprehensive food safety evaluation will be
essential before introducing this new ingredient to
the market, ensuring compliance with regulatory

approvals in various legislations.”

The authors of the study were all employees of the Biotech firm:
https://checkerspot.com/about-us/



NURSING
BASICS...
BACK TO MOM...

Baby impacts moms' milk through retrograde
flow back into the nipple

Microbial exchange gives mom info to alter her
milk ingredients to assist baby

Cessation of BF was identified as a major factor
in determining gut microbiota maturation with
shifts in signature species

Teddy Study: 1st y of life key phase for
development of the microbiome via BM: 2nd y
of life transitional: 3rd y of life microbiome
stabilized

Temporal development of
the gut microbiome in
early childhood from the
TEDDY study (10.2018)
Stewart, et al

https://www.milkgenomics.org/?splash=protective-cells-in-breast-milk-for-the-infant-and-the-mother
https://www.milkgenomics.org/?splash=protective-cells-in-breast-milk-for-the-infant-and-the-mother
https://www.nature.com/articles/s41586-018-0617-x


ADULTS 
VS
BABIES

Probiotics may not be effective in babies if
there is a mismatch 

Carbohydrate needs of the probiotics and
HMOs in BM need to be aligned

B. Infantis consumes almost all HMOs found in
BM

Allows B. Infantis to outcompete pathologic
and/or proinflammatory microbes





Allergies
Obesity
Neuropsychiatric

Both ends of the spectrum:
"A double-blind, placebo-controlled
clinical trial reported that B. breve A1
supplementation resulted in a
significant improvement in cognitive
function in older individuals."

Diseases
Associated

with the Gut
Microbiota

https://pubmed.ncbi.nlm.nih.gov/31116628/
https://pubmed.ncbi.nlm.nih.gov/31116628/
https://experts.illinois.edu/en/publications/gut-brain-axis-in-the-early-postnatal-years-of-life-a-development
https://content.iospress.com/articles/nutrition-and-healthy-aging/nha210129


The Genome Complexity
Conundrum

Scientists began to realize that we humans
are not just the product of our human genes.

Instead, we are a bacteria-controlled
superorganism.  Scientists now realize that
the bacteria in our microbiome, with their
vast quantities of DNA, play a major role

either directly or indirectly, in controlling how
we develop and function as human beings.

We are not just "us"... we are "us" plus "them".
Ross Pelton, RPh, PhD



Take-aways

Microbe-mediated education begins during gestation
Both maternal and fetal microbiota play a role
Parallel development of the GI tract and the brain occur
in the first 3 years
Organic regenerative food!
Probiotics can benefit mom and baby during pregnancy
Sporebiotics can mitigate the effects of glyphosate-
based herbicides 
Avoid ALL factors that can offset mom and baby‘s
microbiome                                         



https://gmoscience.org/the-new-mds/
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