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Disclaimer

Nothing in this presentation should be construed as medical advice. This 

document is educational in nature, prepared by a childbirth educator who is 

not a medical provider. It is strictly intended to provide a general overview of 

the research literature; the topics may not apply to you as an individual. It is 

not intended to be, nor should it be used as, a substitute for prenatal care and 

advice from a medical provider (e.g., midwife, nurse, nurse practitioner, 

doctor, etc.). Prenatal care is important; please see your medical provider for 

consultations, care, and advice. The author assumes no responsibility for your 

actions or decisions based upon your reading of this presentation.
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The Microbiome: What is It?

 Our microbiome consists of all of the organisms that live within and on us (e.g., bacteria, 
fungi, viruses, protozoa)

 1,000 species in the intestines

 700 species in the mouth

 300-400 species in the vagina

 700 species on the skin

 We need diversity in our microbes in order to fight pathogens and stave off disease—they 
are integral to our immune and metabolic health—but we have collectively lost about 1/3 
of our microbes due in large part to:

 Antibiotics and antimicrobial products (which kill off the good bacteria as well as the 
pathogens)

 Lifestyle/diet (Blaser, as quoted in Harman T, Wakeford A 2014)

 The National Institutes of Health (NIH) launched the Human Microbiome Project in 2007 to 
study how our microbiomes may lead to various non-communicable diseases (NCDs)

(All information from Harman T, Wakeford A 2014)

© Lori Nicholson 2015
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The Microbiome: Why Does it Matter?

Unbalanced microbiome results in “a low-grade, long-
lasting inflammatory response”

“Leakiness” of the child’s intestinal lining results in 
abnormal processing of food (protein and 
carbohydrates find their way into the bloodstream)

Potentially chronic conditions later in life

(Reference: Sloan 2012)

© Lori Nicholson 2015
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The Microbiome: Why Does it Matter?

The health of the microbiome has been associated with several non-
communicable diseases:

 Allergies

 Asthma

 Celiac disease

 Diabetes

 Eczema

 Irritable bowel syndrome (IBS)

 Mental health issues, such as Autism Spectrum Disorder

 Necrotic enterocolitis (NEC) in newborns

 Obesity (Harman T, Wakeford A 2014)

© Lori Nicholson 2015
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Summary of the factors affecting gut 

microbiota colonization in infants

Factors affecting colonization 

of gut microbiota before birth

Factors affecting colonization 

of gut microbiota during/at 

birth

Factors affecting 

colonization of gut 

microbiota after birth

Intra-uterine environment Mode of delivery (Cesarean vs. 

vaginal delivery)

Breastfeeding vs. formula

feeding

Maternal exposures or 

practices: Stress

Environment at the time of 

delivery

Weaning or food

supplementation

Maternal exposures or 

practices: Antibiotic use

Contact with the mother Antibiotic exposure

Maternal exposures or 

practices: Smoking

Contact with the health care 

staff

Home or family setting (rural 

vs. urban)

Length of gestation (term vs. 

pre-term)

Home structure (contact 

with siblings, other family 

members)

Reference: Munyaka PM, Khafipour E, Ghia J-E 2014© Lori Nicholson 2015
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Factors affecting colonization of gut 

microbiota in neonates and infants or 

children
Factor Observed effect on microbiota Specific health 

condition/disorder/disease

Intrauterine 

environment

Presence of bacteria in the uterus, 

amniotic fluid, or meconium

Remote history of antenatal infections 

such as urinary tract infection during the 
first trimester; could contribute to preterm 
birth

Stress during pregnancy Low counts of beneficial bacteria Allergic reactions

Probiotic use during 
pregnancy

Increased colonization by beneficial 
bacteria, increased bacterial 
diversity

Reduced incidence of allergic reactions

Antibiotic use during 
pregnancy

Delayed colonization or reduced 
abundance of beneficial bacteria

Increased allergic reactions (asthma, 
allergic sensitization, allergic rhinitis), 
Irritable bowel syndrome (IBS), 

Inflammatory bowel disease (IBD)

Smoking during 
pregnancy

Microbial dysbiosis Increased risk of IBD

Reference: Munyaka PM, Khafipour E, Ghia J-E 2014© Lori Nicholson 2015
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Factors affecting colonization of gut 

microbiota in neonates and infants or 

children (continued)

Factor Observed effect on microbiota Specific health 
condition/disorder/disease

Length of gestation 
period – preterm

Slow rate of bacterial colonization, 
reduced bacterial diversity, high 
interindividual difference in 
colonization, increased level of 

potential pathogenic bacteria

Necrotic enterocolitis (NEC)

Length of gestation
period - term

Increased abundance of beneficial 
bacteria, high bacterial diversity

Lower incidence of NEC

Cesarean delivery Reduced bacterial richness and 
diversity, reduced colonization by 

beneficial bacteria, increased 
colonization by potential pathogens

Increased risk of asthma, allergic 
reactions, Type 1 diabetes, atopic 

eczema, obesity and NEC

Vaginal delivery Increased microbial diversity Decreased risk of asthma, allergic 
reactions

Reference: Munyaka PM, Khafipour E, Ghia J-E 2014© Lori Nicholson 2015
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The Microbiome: Why Does it Matter?

In other words:

We lay the groundwork for the 
life-long health of our children 
through the way in which we 

prepare our bodies for 
conception, care for our 

bodies during pregnancy, birth 
our babies, and feed our 

babies

Photo Credit: http://www.babyknowledge.co.uk/wp-

content/uploads/2013/08/bk-laughing-baby_postcard.jpg
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The Development of the Microbiome

 Human microbial colonization begins in utero and develops in a non-

random way (i.e., the starting point determines the development); 

essentially the baby inherits its microbiome from its mother

 The gastrointestinal tract is the largest source of microbial exposure, which is 

why mothers-to-be should address their gut health before conception 

(Mueller et al. 2015)

Photo Credit: www.healthcastle.com
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Prenatal Nutrition and The Microbiome

 Our gut microbes impact our brain tissues and nervous system tissues through the 

“Brain-gut-enteric microbiota axis” (Horvath Marques et al. 2013)

 One study showed a reduction in gestational diabetes when women took probiotics 

early in pregnancy (Barrett et al. 2014); other research on the use of prebiotics and 

probiotics during pregnancy and labor show mixed results (Mueller et al. 2015)

 The fetal microbiome, and therefore the development of the baby’s immune 

system, depends on adequate maternal nutrition; certain micronutrients (and a 

fatty acid) are especially important:

 Folate and other B-vitamins

 Iodine

 Vitamin D

 Docosahexanoic acid (DHA), an omega-3 fatty acid

© Lori Nicholson 2015
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Prenatal Nutrition and The Microbiome:

Folate

 Folate (or folic acid, the synthetic form of folate) is necessary for normal fetal 
spine, brain, and skull development, thus protecting against neural tube defects 
(Morse 2012)

 Is needed for DNA methylation, which helps cells to control gene expression 
(Martino D, Prescott S 2011)

 Helps modulate epigenetic mechanisms that help the immune system develop, 
protecting against allergic risk and asthma development (Martino D, Prescott S 
2011)

 New research suggests that prenatal folic acid supplements may lower the risk 
of severe language delay (Roth et al. 2011), autistic disorder (Surén et al. 2012), 
and autism spectrum disorders (Schmidt et al. 2012)

 Dark green vegetables like broccoli and spinach, and dried legumes such as 
chickpeas, beans and lentils, are good sources of folate

© Lori Nicholson 2015

13



Prenatal Nutrition and The Microbiome:

Iodine

 Essential for thyroid hormone production, which is necessary for: normal 

brain and nervous system development (Morse 2012); and modulating 

immune response (De Vito et al. 2011)

 Helps prevent mental retardation (Trumpff et al. 2013)

 Sea vegetables, cranberries, organic yogurt and cheese, and strawberries 

are good sources of iodine

Photo Credit: chefjjs.com© Lori Nicholson 2015
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Prenatal Nutrition and The Microbiome:

Vitamin D

 Helps maintain the pregnancy and lower the risk of preeclampsia (Morse 2012)

 Is crucial in skeletal and brain development and the development of the 
immune system (Morse 2012)

 Regulates antimicrobial innate immune responses, can inhibit lymphocyte 
proliferation, and can decrease the risk of respiratory syncytial virus (RSV) 
infection during an infant’s first year of life (Wang et al. 2004; Horvath Marques 
et al. 2013)

 Current animal research implies that it may decrease the risk of 
neurodevelopmental disorders as well (Horvath Marques et al. 2013)

 Fish, fish oils, mushrooms, beef liver, cheese, milk and egg yolks are high in 
Vitamin D (“the sunshine vitamin”)

Photo Credit: www.pinterest.com© Lori Nicholson 2015
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Prenatal Nutrition and The Microbiome:

DHA

 Necessary for cell membrane formation in the brain and central nervous 

system, which ensures proper fetal growth (Morse 2012)

 Prolongs gestation in high-risk pregnancies (Morse 2012)

 Increases baby’s birth weight, head circumference, and birth length (Morse 

2012)

 Enhances baby’s visual acuity, hand/eye coordination, attention 

processing, problem solving ability, information processing and neurological 

outcomes (Morse 2012)

 Good dietary sources of DHA include: algae, fatty fish (salmon, halibut, 

anchovies, tuna), liver (organ meat), fish oil, and egg yolks

© Lori Nicholson 2015
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The Development of Baby’s Healthy 

Microbiome

 The intrauterine environment, the environment in which the baby is born, and the people 
with whom the baby comes in contact all help form the baby’s microbiome

 Early exposures impact the intestinal microbiota of the baby—they “train the baby’s 
immune system” (Mueller et al. 2015)

 The baby’s brain tissues and nervous system tissues are dependent upon the “seeding” 
and diversity of microbes in the gut

 Exposure to pathogens, and/or lack of exposure to beneficial microbes, are associated 
with childhood diseases that may persist into adulthood

 The greatest challenges to the healthy development of the baby’s microbiome are:

 Cesarean delivery

 Antiobiotic exposure before, during, or after birth

 Formula feeding (Mueller et al. 2015)

© Lori Nicholson 2015
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The Development of Baby’s 

Microbiome

According to the experts interviewed for the documentary MICROBIRTH, there 

are three crucial steps in the formation of an infant’s healthy microbiome:

 Step 1: Vaginal birth

 Step 2: Immediate skin-to-skin contact with the mother following birth

 Step 3: Breastfeeding (Harman T, Wakeford A 2014)

© Lori Nicholson 2015
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The Healthy Microbiome Model

Vaginal Birth
Skin-to-Skin 

Contact
Breastfeeding

Healthy 

Microbiome
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The Microbiome: Step 1

Vaginal Birth

Vaginal Birth
Skin-to-Skin 

Contact
Breastfeeding

Healthy 

Microbiome

© Lori Nicholson 2015

20



The Microbiome: Step 1

Vaginal Birth

 Birth is a “programming event” where genes can be switched on and off 
(epigenetics) (Schulfer A, Blaser MJ 2015)

 Key bacterial species gather in the vagina and the breasts in the days leading 
up to the birth

 The baby acquires the mother’s bacteria while coming down the birth path 
(swallowing amniotic fluid)

 This is the “major seeding event” for the infant’s gut microbes, which are crucial 
to the development of the child’s immune system

 Disrupting this “major seeding event” due to a C-section delivery may increase 
the risk of asthma, allergies, Type 1 diabetes, eczema, and obesity in the baby

 Using antibiotics during birth may have a much greater impact genetically than 
using antibiotics at other times during your life (Schulfer A, Blaser MJ 2015)

© Lori Nicholson 2015
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The Microbiome and Cesareans

From the perspective of the microbiome, babies born via C-section are not 
getting the “seeding” of their immune system that they require:

 Have less diverse and less rich gut microbiota than vaginally delivered babies
(Arrieta et al. 2014; Azad et al. 2013)

 Difficult for their immature immune systems to determine which bacteria are 
good (and should be tolerated) and which are harmful (and should be 
attacked)

 Induction, antibiotics, Pitocin, C-section, forceps—all of these interventions may
change the baby’s epigenome

 The baby’s metabolism may not stabilize

 The baby’s immune system may not mature (or may be “incomplete”)

 If you have one non-communicable disease (NCD) early in life, you are at 
greater risk for other NCDs later in life (association—not causation) (Harman T, 
Wakeford A 2014)

© Lori Nicholson 2015
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The Microbiome and “The Completed 

Self”

Dietert and Dietert have created an immunological model called “The 

Completed Self”:

 The Completed Self forms in the neonate, so prenatal and perinatal 

protection of the development of The Completed Self is crucial

 Three major components affect the formation and integrity of The 

Completed Self: “1) useful epigenetic programming, 2) effective immune 

development, and 3) complete microbiota acquisition” 

 Will the child’s microbiome become “complete,” leading to a life of health?

OR

 Will the child’s microbiome remain “incomplete,” leading to a life of disease?

(Dietert R, Dietert J 2012)

© Lori Nicholson 2015
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The Microbiome and Cesareans

 It is possible to “seed” the baby born via C-section

 These “seeded” babies look more like vaginally born babies than like 

C-section babies, from the perspective of the microbiome

 If babies are born via C-section, they should have the benefits of:

 Immediate skin-to-skin

 “Seeding” through vaginal swabbing, to help establish their microbiome

 Extended breastfeeding (6 months or more)

Photo Credit: www.oneworldbirth.net© Lori Nicholson 2015
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The Role of the Birthing Environment

 When the baby is born, s/he is “seeded” with 

mom’s microbes and the microbes in her/his 

environment

 As discussed, the foundation for baby’s long-term 

health is laid at this time

 We have no research to inform what impact 

different birthing environments may have on the 

baby’s microbiome; however:

 Being in one’s home environment may support 

this “seeding” process—exposing baby only to 

his/her own family’s microbes

 Babies born in a hospital or birthing center may 

benefit from being exposed only to those items 

that have been brought from home (e.g., 

blankets, clothing) immediately following birth

Photo Credit: www.drperlmutter.com
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Antibiotic Exposure and the Baby’s 

Microbiome

 One small study examined the gut microbiota of nine newborns who were given 
IV ampicillin and gentamicin within 48 hours of birth (the research did not look 
at the infant’s gut microbiota as a result of the mother receiving IV antibiotics 
during labor) (Fouhy et al. 2012)

 Stool samples were taken at 4 weeks and 8 weeks after the infants completed 
their antibiotics, and these were compared to the stool samples of nine 
untreated infants

 At 4 weeks after completing the course of antibiotics, the treated infants had:

 Significantly lower levels of beneficial Actinobacteria, including Bifidobacterium and 

Lactobacillus

 Significantly higher levels of Proteobacteria

 Less diversity of their gut microbe (Fouhy et al. 2012)

© Lori Nicholson 2015
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Antibiotic Exposure and the Baby’s 

Microbiome

 By week 8, the treated infants had:

 Significantly higher Proteobacteria levels (still)

 Recovered levels of Actinobacteria, Bifidobacterium, and Lactobacillus similar to 

those in the control samples

 Fewer different Bifidobacterium species present (i.e., less diversity still) (Fouhy et 

al. 2012)

 The authors concluded that “the combined use of ampicillin and 

gentamicin in early life can have significant effects on the evolution of the 

infant gut microbiota, the long-term health implications of which remain 

unknown” (Fouhy et al. 2012)

© Lori Nicholson 2015

27



Perinatal Maternal Antibiotic Usage 

and the Baby’s Microbiome

 When women are given antibiotics during labor, it is 
often because they have tested positive for Group B 
Strep, a common bacterium carried in the intestines 
or lower genital tract (Mayo Clinic 2015)

 12-27% of pregnant women worldwide are 

“colonized” with GBS (they carry it in their bodies, but 
are not harmed by it) (Johri et al. 2006)

 Although typically harmless to adults, GBS can cause 
life-threatening complications in infants, including: 

 “Inflammation of the lungs (pneumonia)

 Inflammation of the membranes and fluid 
surrounding the brain and spinal cord 
(meningitis)

 Infection in the bloodstream (bacteremia)” 
(Mayo Clinic 2015)

Photo Courtesy of Dr. Richard 

Facklam, CDC, Laboratory Slide Set, 

http://www.cdc.gov/groupbstrep/gu

idelines/slidesets.html

Positive 

agglutination

GBS is present

Negative 

agglutination

GBS is not present
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Perinatal Maternal Antibiotic Usage 

and the Baby’s Microbiome

 The standard of care for GBS-positive women during labor is multiple doses 

of IV antibiotics, administered four hours apart (CDC 2010)

 IV antibiotics are effective at protecting babies from GBS infection; in 

clinical trials, the risk of early GBS infection dropped by 83% when 

antibiotics were administered (Ohlsson A, Shah VS 2014, as referenced in 

Dekker 2014)

 However, we do not understand the long-term impact of this antibiotic 

exposure on the baby’s developing microbiome, so researchers are 

seeking alternatives; one option is maternal probiotic usage

Photo Credit: www.families.com© Lori Nicholson 2015

29

http://www.families.com/


Probiotic Usage and the Baby’s 

Microbiome

 Three studies have found that probiotics (various strains of Lactobacilli and

Florajen 3) strongly inhibit the growth of GBS in vitro (i.e., in a petri dish), thus 

supporting probiotics as a potential preventative for neonatal GBS 

infections (Açkigöv et al. 2005—article in Turkish; Zárate G, Nader-Macias 

ME 2006; Ephraim et al. 2012)

 Other research has found that prenatal probiotic therapy has the potential 

to reduce GBS colonization, but that the intervention is correlated with daily 

adherence to taking the probiotic regimen (i.e., those who took their 

probiotics regularly had lower levels of GBS colonization than those who 

skipped days of taking their probiotics) (Hanson et al. 2014)

© Lori Nicholson 2015
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Probiotic Usage and the Baby’s 

Microbiome

 Non-pregnant women in a small clinical trial were able to increase the level 

of Lactobacilli in the vagina from wearing panty liners saturated with 

probiotics; the women with higher levels of Lactobacilli in the vagina also 

had lower levels of GBS (Rönnqvist PD, Forsgren-Brusk UB, Grahn-Håkansson

EE 2006)

 A large clinical trial is currently underway at Stanford University “to 

determine if oral probiotic supplementation during the second half of 

pregnancy decreases maternal GBS recto-vaginal colonization at 35-37 

weeks’ gestational age, thereby decreasing need for maternal antibiotic 

administration at time of labor”: 
https://clinicaltrials.gov/ct2/show/NCT01479478?term=probiotics+AND+group+b+strep&ra

nk=1
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The Microbiome: Step 2

Immediate Skin-to-Skin Contact (SSC)

(aka Kangaroo Care)

Vaginal Birth
Skin-to-Skin 

Contact
Breastfeeding

Healthy 

Microbiome
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The Microbiome: Step 2

Immediate Skin-to-Skin Contact (SSC)

(aka Kangaroo Care)

 “Separation of human mothers and newborns is 
unique to the 20th century and is a complete 
break from natural human history” (Dekker 2013)

 Kangaroo Care, or Kangaroo Mother Care (KMC) 
includes three major components:

1) Skin-to-Skin Care/Contact (SSC)

2) Frequent and exclusive (or nearly exclusive) 
breastfeeding

3) Treating the mother and baby as a dyad—what is 
sometimes referred to as “couplet care”

(Conde-Agudelo A, Diaz-Rossello JL 2014; Wildner
2012; Dekker 2013)

Photo Credit: 

www.ecobabysteps.com
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The Microbiome: Step 2

Immediate Skin-to-Skin Contact (SSC)

(aka Kangaroo Care)

 When researchers study human mother-newborn 

contact, keeping mothers and babies together is 

always considered the “experimental” intervention

 When researchers study non-human mammals, the 

“experimental” intervention is separating newborns 

from their mothers (Moore et al. 2012, as reported in 

Dekker 2013)

Photo Credits: www.fanpop.com and www.dailymail.co.uk

© Lori Nicholson 2015

34

http://www.fanpop.com/
http://www.dailymail.co.uk/


The Microbiome: Step 2

Immediate Skin-to-Skin Contact (SSC)

(aka Kangaroo Care)

 Neuroscientists believe that the newborn period is a “sensitive time” that 
meets the mom’s and baby’s biological needs—helping program 
physiology and behavior for the future (Hung KJ, Berg O 2011)

 Skin-to-skin promotes:

 Neurobehavioral development (Ludington-Hoe SM, Swinth JY 1996)

 Infant temperature stabilization (Moore et al. 2007; Bergman NJ, Linley LL, Fawcus
SR 2004)

 Less infant crying  (Moore et al. 2007)

 Higher infant blood glucose (Moore et al. 2007)

 Increased maternal satisfaction and confidence (Moore et al. 2007)

 Improved breastfeeding relationship (Ferber SG, Makhoul IR 2004; Radzyminski
2005; Moore et al. 2007)

© Lori Nicholson 2015
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The Microbiome: Step 2

Immediate Skin-to-Skin Contact (SSC)

(aka Kangaroo Care)

 Immediate skin-to-skin for the mom-baby dyad following birth leads to the 

skin-to-skin transfer of skin bacteria to the baby

 Baby has to get his or her microbes from somewhere; we want the baby’s 

immune system primed with the right type of bacterium (as discussed, this 

impacts the choice of birthing environment/facility as well)

 This is when the baby’s immune system learns what is friend versus foe

 Scientists believe the microbes have one chance to do this—during birth 

and immediately thereafter: you can correct the “balance” of microbes 

with probiotics later in life, but you cannot retrain the immune system

© Lori Nicholson 2015
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Skin-to-Skin after Cesarean

 C-sections are getting safer, so the threshold of risk at which OBs and women 
resort to C-sections is getting lower and lower (Philip Steer, Emeritus Professor of 
Obstetrics, Imperial College, London, as quoted in Harman T, Wakeford A 2014)

 Yet, in 2009 only 32% of US hospitals implemented SSC for most mother-baby dyads 

within two hours of an uncomplicated C-section (CDC 2009, as reported in Dekker 

2012)

Photo Credit: www.pinterest.com, Kristin Jent Photography
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Skin-to-Skin after Cesarean and the 

Development of the Microbiome

 Babies born vaginally have a microbial 
profile resembling their mother’s vagina

 Babies born via Cesarean acquire their 
first microbes from the skin of people who 
contact them (preferably a parent)

 C-section babies tend to have 
microbiota more associated with the skin 
than with the gut or the vagina, which 
may lead to less diverse and less rich gut 
microbiota, and thus, a less robust 
immune system (Schulfer A, Blaser MJ 
2015; Arrieta et al. 2014)

Photo Credit: www.keloland.com
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The Microbiome: Step 3

Breastfeeding

Vaginal Birth
Skin-to-Skin 

Contact
Breastfeeding

Healthy 

Microbiome
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The Microbiome: Step 3

Breastfeeding

 Breastfeeding is the postnatal method for mother-baby microbial exchange; it 
“seeds” and selects for particular populations of bacteria (Mueller et al. 2015)

 Breastmilk has anti-inflammatory hormones, antibodies, and sugars 
(oligosaccharides), which are indigestible by the baby

 Those sugars (oligosaccharides) are eaten by the good bacteria that are newly 
seeded in the baby’s gut; in other words, breastmilk helps the good bacteria 
thrive

 By the end of baby’s first year, the microbiome has become more complex and 
stable

 The child’s microbiome will be similar to an adult microbiome by three years of 
age; in other words, the child’s microbiome at three years old is likely to be that 
individual’s “lifelong signature” of microbiota (Mueller et al. 2015; Groer et al. 
2014)

© Lori Nicholson 2015
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Breastfeeding and The Microbiome

 One study found that the microbiota in breast milk differed between women 
who delivered vaginally versus those who had an elective Cesarean (Cabrera-
Rubio et al. 2012)

 One study observed more than two times more “good bacteria” cells in 
breastfed infants compared to formula-fed infants (Berzirtzoglou E, Tsiotslas A, 
Weilling GW 2011)

 Rich in prebiotics, breast milk “selects for the persistence of beneficial bacteria 
and limits colonization of harmful ones” (Song SJ, Dominguez-Bello MG, Knight R 
2013)

 Formula, even in small amounts while breastfeeding, “can alter the structure 
(Mackie et al. 1999) and relative abundances (Guaraldi F, Salvatori G 2012) of 
the bacterial communities in the breastfed infant’s gut”

 Exclusive breastfeeding may help restore bacterial abundance to previously 
formula-fed infants (Mueller et al. 2015)

Photo Credit: www.birthbootcamp.com© Lori Nicholson 2015
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Breastfeeding and The Microbiome

 Breast milk may provide the gut microbiome with greater plasticity to ease 

the transition into solid foods (Thompson et al. 2015)

 Introduction of solid foods, the types of solid foods consumed, and certain 

nutrients such as iron and fatty acids influence the diversity and 

composition of gut bacteria (Dewey 2013)

 There is little information on how dietary composition or nutrient intake 

affects the microbiome of children and the health consequences of 

differences in the gut microbiome (Dewey 2013)

 A new project entitled the Breast Milk, Gut Microbiome, and Immunity 

(BMMI) Project aims to discover new ways to promote healthy growth in 

infants and children through studying the development of the microbiome 

(Dewey 2013)
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The Microbiome

Further information can be found at:

 American Microbiome Institute: 
http://www.microbiomeinstitute.org/?gclid=CJDxpefzksgCFdYUHwodF3wDRQ

 Gut Microbiota Worldwatch (the European Society of 

Neurogastroenterology and Motility): 

http://www.gutmicrobiotawatch.org/en/home/

 Microbiome, the journal: http://www.microbiomejournal.com/

 NIH Human Microbiome Project: http://hmpdacc.org/
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Summary: Development of the 

Microbiome

 We need diversity in our microbes in order to fight pathogens and stave 

off disease; they are integral to our immune and metabolic health 

(Harman T, Wakeford A 2014)

 Human microbial colonization begins in utero and develops in a non-

random way—the baby inherits its microbiome from its mother (Mueller 

et al. 2015)

 The “seeding” of microbiota that the baby receives from his/her mother 

“trains the baby’s immune system” (Mueller et al. 2015)
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 The fetal microbiome, and therefore the development of the baby’s immune system, 
depends on adequate maternal nutrition; the mother’s intake of the micronutrients 
folate, iodine, and Vitamin D, and the fatty acid DHA, is especially important

 An unbalanced microbiome has been associated with several health challenges 
including: asthma, eczema, diabetes, and obesity (Munyaka PM, Khafipour E, Ghia J-
E 2014)

 The greatest challenges to the healthy development of the baby’s microbiome are: 
Cesarean delivery; antibiotic exposure before, during, or after birth; and formula 
feeding (Mueller et al. 2015)

 The most important steps that can be taken to ensure the proper “seeding” of the 
baby are:

 Step 1: Vaginal birth

 Step 2: Immediate skin-to-skin contact with the mother following birth

 Step 3: Exclusive breastfeeding (preferably for at least six months) (Harman T, 
Wakeford A 2014)

Summary: Development of the 

Microbiome
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Summary: Vaginal Birth and the 

Microbiome

 The baby acquires the mother’s bacteria while coming down the birth path 
(swallowing amniotic fluid)

 Vaginal birth is the “major seeding event” for the infant’s gut microbes, which 
are crucial to the development of the child’s immune system

 Disrupting this “major seeding event” due to a C-section delivery may increase 
the risk of asthma, allergies, Type 1 diabetes, eczema, and obesity in the baby 
(Schulfer A, Blaser MJ 2015)

 From the perspective of the microbiome, babies born via C-section are not 
getting the “seeding” of their immune system naturally that they require

 It is possible to “seed” the baby born via C-section immediately following birth

 These “seeded” babies look more like vaginally born babies than like C-section 
babies, from the perspective of the microbiome (Harman T, Wakeford A 2014)
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Summary: Skin-to-Skin Care and the 

Microbiome
 Immediate or very early SSC has both physiologic and psychologic benefits to 

the mother-baby dyad, at a very sensitive developmental time for both 
bonding and the microbiome

 Early SSC has a positive effect on: breastfeeding, respiration, blood glucose, 
and lessened crying for the babies; and less breast engorgement and anxiety 
for the mothers—all with “no apparent short- or long-term negative effects” 
(Moore et al. 2012)

 SSC may be even more important for low birthweight babies than for normal 
babies, as it leads to: lower rates of mortality, sepsis, hypothermia, severe illness, 
respiratory problems, and long hospital stays, while assisting those low 
birthweight babies with better growth, breastfeeding, temperature regulation, 
and bonding with their mothers (Conde-Agudelo A, Diaz-Rossello JL 2014; 
McCall et al. 2010)

 Skin-to-skin care is the second stage in the all-important development of the 
baby’s microbiome, and thus the baby’s immune system for life—there is no 
“do-over” for this critical contact
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Summary: Breastfeeding and the 

Microbiome

 Breastfeeding is extremely beneficial—in both the short-run and the long-
run—to both babies and their mothers (WHO 2015; Stuebe 2009; WebMD 
2015; WHO 2013; LLL 2015; Horta et al. 2007)

 Breastfeeding is the third crucial step in helping the baby develop a 
healthy microbiome (Harman T, Wakeford A 2014; Mueller et al. 2015; 
Berzirtzoglou E, Tsiotslas A, Weilling GW 2011; Cabrera-Rubio et al. 2012; 
Song SJ, Dominguez-Bello MG, Knight R 2013; Praveen et al. 2015; Guaraldi 
F, Salvatori G 2012; Thompson et al. 2015; Dewey 2013)

 Rich in prebiotics, breast milk “selects for the persistence of beneficial 
bacteria and limits colonization of harmful ones” (Song SJ, Dominguez-Bello 
MG, Knight R 2013)

 Breast milk may provide the gut microbiome with greater plasticity to ease 
the transition into solid foods (Thompson et al. 2015)
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What Would Baby Want?

As the baby who wants to be conceived, I want:

 My mom to be of healthy weight, with a good, healthy microbiome herself 

(i.e., vaginal microbiome rich in lactobacilli, which is typically found in 

normal, healthy pregnancies) (Mueller et al. 2015)

 Following good nutritional guidelines

 Fermented foods and those with live cultures are especially good for gut health

 Following the micronutrient/fatty acid recommendations, per a discussion with her care 
provider

 Exercising regularly

 Non-smoker

 Low stress levels

Photo Credit: Lori Nicholson. Picture of Grace Kuhlmann, my youngest daughter.
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As the baby who has been conceived, I want:

 To experience a vaginal birth, where I will be “seeded” with my mom’s healthy microbes

 To experience birth without the use of any antibiotics or other interventions

 To birth at home (in my own bacterial environment) and to have only blankets and clothes 
from that environment touch me

As the baby who has been born, I want:

 To experience immediate skin-to-skin with my mom and no separation from mom (to 
experience rooming-in, if in a hospital)

 Care providers to do any newborn checks while I am experiencing SSC with my mom—
“hands-off” from the care providers, as much as possible

 My mom to exclusively breastfeed me for six months, at which time I will be introduced to 
solid foods

 My mom to continue breastfeeding me from six months up to two years (or longer!) as I 
also eat solid foods

What Would Baby Want?
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