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Abstract 

This thesis proposes best practice recommendations for healthcare professionals to 

encourage optimal microbiome development in full-term neonates through a variety of elective 

influences. Newborn care practices immediately following delivery are dependent on the setting, 

maternal decisions, prior education, and risks specific to each family. The effects of proper 

microbiome are important not only for a full-term infant’s health, but also for the child’s long-

term growth. A literature search was conducted using PubMed, CINAHL, and Google Scholar. 

Articles were narrowed to those published from 2007 to 2017. A total of 16 articles were 

reviewed in this thesis. The proposed best practice model for postnatal practice include vaginal 

birth when not medically contraindicated, exclusive breastfeeding, delayed bathing for up to 24 

hours, use of skin-to-skin contact immediately following delivery, and limiting antibiotic 

exposure to the infant. Through education to both the nursing staff and the expecting families, 

hospitals will be able to implement these practices when it is safe to do so. Educating the 

healthcare professionals through a protocol recommendation is pivotal to implementing this 

change, as they have a responsibility to inform the expectant parents on the evidence supporting 

these interventions. 
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CHAPTER 1 

Introduction  

Statement of Purpose 

 The purpose of this thesis is to develop best practices for encouraging optimal gut 

microbiota development in full-term infants. Evidence-based articles that support a variety of 

elective practices that encourage optimal gut microbiota development were reviewed. In 

addition, the background surrounding these practices, as well as the significance of these 

practices, will be discussed. This thesis will focus on postnatal choices that are elective rather 

than a necessity, due to either the health of the baby or the health of the mother. These include 

the choice to have a vaginal or elective cesarean delivery, the choice to exclusively breastfeed, 

delaying immediate newborn care practices such as the first bath, use of skin-to-skin contact, and 

finally the influence of antibiotic or probiotic exposure. After analyzing the information 

presented, the best practice guideline will be established with the intention of improving nursing 

care to laboring and postpartum mothers and assisting them in making the healthiest and safest 

decision for their newborns.  

Historical Background on Newborn Practices 

 Newborn practices immediately following delivery may vary based on setting, maternal 

decision, prior education, and/or the medical risks that could be involved with certain practices. 

This thesis, as mentioned above, is centered around the choices that are elective and safe for the 

newborns. Most newborns currently receive the routine hospital care directly after birth. This 

routine involves taking the baby from the mother after cutting the umbilical cord and 

immediately placing the infant under a warmer, where the APGAR score is determined (Essa, N. 

Ismail & A. Ismail, 2015). Following this quick assessment, the baby is dried, a physical 
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assessment is performed, vitamin K shots are given, and the infant is weighed and measured. 

After this the baby is wrapped in a blanket and placed on the mother’s chest for the initiation of 

breastfeeding (Essa, N. Ismail & A. Ismail, 2015). In some settings, baths were given within 2 

hours of the infant’s birth and outside of the parents view (Preer, Pisegna, Cook, Henri, & 

Philipp, 2013). Unfortunately these traditional practices do not allow for other beneficial 

practices to occur such as practicing skin to skin contact immediately and initiating breastfeeding 

as soon as possible. By delaying other interventions that have previously been considered 

immediate post-birth practices, the “sensitive period” which is the 2 hours right after the birth 

can be strengthened. Ensuring the protection of this period is extremely important not only for 

the attachment and bonding between the infant and the mother, but also to ensure the initiation of 

infant gut colonization (Essa, N. Ismail & A. Ismail, 2015). 

 The American Academy of Pediatrics suggests that the best feeding option for infants is 

exclusive breastfeeding for the first six months of life and researchers have studied strategies that 

will enable successful long-term breastfeeding (Preer et al., 2013). In addition, the Healthy 

People 2020 and the Center for Disease Control and Prevention have developed goals and 

strategies to support not only initiation of breastfeeding, but also the exclusivity. The Healthy 

People 2020 goals specifically recommend to, “Increase the proportion of infants who are 

breastfed” with separate sub-goals that address exclusively breastfeeding until the infant is at 

least six months old and continued supplemental breastfeeding until one year of age (Healthy 

People 2020, 2018). In support of these goals, the World Health Organization in combination 

with UNICEF (2009) implemented the Baby-friendly Hospital Initiative to “protect, promote, 

and support breastfeeding” globally. This combined global effort has been implemented into 

more than 152 countries in an effort to promote breastfeeding through all communities 
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exclusively for the first six months of life (World Health Organization & UNICEF, 2009). The 

strategies implemented by these governmental bodies have included education and 

encouragement on minimizing separation, increasing skin-to-skin contact, discontinuing pacifier 

use, and only supplementing breast milk with formula when medically indicated (Preer et al., 

2013). A variety of these factors are discussed throughout this thesis as a means to increase 

breastfeeding rates to support a healthy gut microbiota.  

Significance of the Problem  

 There are a variety of factors that play an important role in the development of an infant’s 

gut microbiome. Historically, it has been thought that infants are born with a sterile gut, but are 

immediately exposed to a variety of sources, from the mother and environment, that provide the 

basis for growth in the gut microbiota (Biasucci, Rubini, Riboni, Morelli, Bessi, & Retetangos, 

2010). Right after birth, the infant develops a positive oxidation or reduction potential that 

facilitates the growth of facultative aerobes in this gut environment (Penders et al., 2006). Once 

the oxygen has been consumed by this type of bacteria, the bacteria that are left to grow and 

flourish are strict anaerobes. Early factors that influence the development of the gut microbiota 

are delivery type, environment during birth, feeding type, antibiotic exposure, and hygiene 

measures (Penders et al., 2006). In general terms, it is important to encourage excellent 

microbiome development as it serves as a protective barrier for infants from pathogens. This 

stems from the ability of the proper bacteria to perform metabolic functions such as fermenting 

non-digestible fibers, salvaging energy from fatty acids, producing vitamin K, and stimulating 

the immune system cellular production (Penders et al., 2006). These combined activities 

influence the positive health benefits associated with proper gut microbiota development.  

 Bokulich et al. (2016) defined the term of a “mature microbiota” in which age-dependent 
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successional stages have been identified that are associated with the healthy development of 

bacterial communities. With the dysbiosis of these microbiomes in infants, stemming from the 

variety of influential factors discussed throughout this thesis, an infant can suffer from an 

“immature” or delayed microbiota which is representative of a younger child’s microbial 

composition and therefore, the growth of their bacterial communities is stunted (Bokulich et al., 

2016). 

 When considering long-term health benefits for the infant, many are still being 

investigated. However, Dominguez-Bello et al. (2010) revealed that there is evidence cesarean-

delivered infants have a higher probability of developing allergies, asthma, and hospital-acquired 

infections such as methicillin-resistant Staphylococcus aureus (MRSA). Bokulich et al. (2016) 

also found an increased risk of developing type 1 diabetes and obesity following cesarean 

delivery. Supplementing cesarean-delivered infants with probiotics, like lactobacilli, have been 

shown to reduce allergy development, but this is not true for vaginally-delivered infants 

(Dominguez-Bello et al., 2010).  The mode of delivery can affect the initiation of microbiome 

development as numerous studies discovered that infants born by cesarean section had 

microbiomes that closely resembled that of the maternal skin and the birth environment, whereas 

a vaginally delivered infant had a microbiome that closely resembled their mother’s vaginal and 

intestinal sample (Dominguez-Bello et al., 2010). While sometimes cesarean delivery is needed 

to ensure the health and safety of the mother infant dyad, elective cesarean sections have 

increased in prevalence in recent years (Dominguez-Bello et al., 2010). Worldwide, cesarean 

delivery rates have been steadily increasing and in some countries, they have exceeded 50% of 

the total births (Dominguez-Bello et al., 2016). This volume is significantly greater than the 

estimated 15% of births that medically require a cesarean delivery to protect the health of either 
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the mother or her infant (Dominguez-Bello et al., 2016). Not only does birthing method directly 

affect transmission of certain types of bacteria to the infant, but dependent on the type of 

delivery mode, there will be different physiological and hormonal influences that affect which 

microbes primarily characterize the breast milk (Salminen, Endo, Isolauri, & Scalabrin, 2016). 

Simplified, this shows that the mode of delivery will affect the dominant microbes present in the 

breastmilk.  

Antibiotic use, which is common in North American delivery practices as a prophylactic 

measure, is associated with increased infant infection development, childhood asthma, allergies, 

and obesity (Azad et al., 2015). In addition, repeated antibiotic exposure can increase the risk of 

diabetes, inflammatory bowel disease, and cause overall metabolic changes early-on in young 

children (Bokulich et al., 2016). This can partially be attributed to the significant reduction in 

microbiota diversity and composition of bacteria noted in neonates at birth following antibiotic 

administration (Azad et al., 2015).  

According to the Centers for Disease Control and Prevention (CDC) (2018), only one in 

every four infants successfully follows the recommendations to exclusively breastfed throughout 

the first six months of life. Breastfeeding has been demonstrated as being able to enrich the 

vaginally acquired lactic acid-producing bacteria in the infant’s intestines contributing to positive 

intestinal health (Dominguez-Bello et al., 2010). Through breastfeeding, mothers are not only 

able to pass down important gut colonizing bacteria, but also antibodies that help infants directly 

fight infections (Hascoet et al., 2011). Specifically the bacterial species of Bifidobacterium and 

Lactobacillus that are present in breastmilk, help to colonize the gut of the infant and activate the 

immunoglobulin-A producing cells (Khodayar-Pardo, Mira-Pascual, Collado, & Martinez-Costa, 

2014). The actions of these bacteria are further enhanced by the fermentation of the non-
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digestible oligosaccharide compounds found in the breastmilk specifically.  

The dominant presence of Bifidobacteria is considered to be the gold standard of which 

to indicate a healthy microbiome development in infants (Khodayar-Pardo et al., 2014). In 

vaginal deliveries as well as breast milk, this bacteria played an important role and most likely 

contributed to the positive effects of these interventions. Bifidobacteria is associated with 

decreased infection rates, fewer Clostridia species (sp.) in the gut microbiome, and reduced 

allergic responses (Hascoet et al., 2011). By exposing infants to the defensive mechanisms 

included in bacteria transfer via breastfeeding, vaginal delivery, and judicial use of antibiotics, to 

name a few, parents can give their newborns the best chance for optimal health. Education is an 

important aspect of this best practice model because clinicians, including nurses, must be 

knowledgeable of the benefits of these practices to then educate the future parents on the options 

available to them. By informing parents of the practices that are supported by evidence to 

encourage the growth of their infants microbiome and the resulting health benefits this practice 

offers, parents will be able to make informed decisions to provide their child with the best health 

possible early on.  

Summary  

 The purpose of this thesis is to develop a best practices for nursing staff on encouraging 

proper gut microbiome development that focuses on factors the parents are able to control and 

choose from to promote health. This includes encouraging vaginal deliveries when medically 

safe to do so; encouraging initiation and continued exclusive breastfeeding; delaying immediate 

newborn care practices like bathing and medications; initiating and educating on skin-to-skin 

contact; and overall education to the parents on the importance of these practices on the future 

health of their child. These options, while not always medically appropriate, are beneficial 
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nursing interventions that can be implemented to encourage optimal microbiome development.   
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Chapter Two 

Review of Literature 

Introduction 

         This review of literature discusses practices that affect the development of the full-term 

newborn microbiome. These practices include feeding method, mode of delivery, vaginal 

seeding, antibiotic use, and prebiotic supplementation for direct effects on the infant microbiota 

development. Additional practices may be implemented to enhance infant microbiome 

development by encouraging one of these above practices. For example, delayed bathing and 

immediate skin to skin contact encourage the initiation and promote the success of breastfeeding, 

which is a major influence on proper infant microbiome development. The following databases 

were used to retrieve research articles: CINAHL, PubMed, Google Scholar, and the Cochrane 

database. The search terms for these articles included “neonate/infant” and “microbiota” with 

subsearches focused on “bathing,” “vaginal seeding,” “delivery method,” “probiotic,” and 

“feeding method.” The results of these articles were analyzed to determine the best practices in 

promoting development of the microbiome in the infant. There were 16 articles published 

between the years of 2006-2017 that were reviewed. A table of findings (Table 1) summarizing 

these 16 articles is located Appendix A for reference.  

Mode of Delivery  

A study by Biasucci et al. (2008), investigated the effect that mode of delivery has on the 

overall microbiota development and diversity in an infant’s first three days of life. This study 

that was performed in Italy, included 46 participants. The sample included 23 infants delivered 

by cesarean section and 23 infants born by spontaneous vaginal delivery (Biasucci et al., 2008). 

Participants were excluded for the following reasons: premature births, maternal infections or 
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clinical illnesses present in the mom, specific adherence to a dietary regimen, probiotic 

supplementation during the last 2 weeks of gestation, or the use of antibiotics in either the mom 

or the newborn. The infants enrolled were all of Caucasian descent and they were all breastfed 

exclusively, on demand (Biasucci et al., 2008). This study took samples from the participants on 

their third day of life, which was prior to hospital discharge. The samples were analyzed using 

PCR-denaturing gradient gel electrophoresis (DGGE) and PCR-temperature gradient gel 

electrophoresis (TGGE). These methods allowed researchers to study and analyze specific 

microbes to determine the intestinal composition (Biasucci et al., 2008). Overall, the results 

showed an important difference in the infant microbiome dependent on mode of delivery. For 

example, Klebsiella oxytoca and Bifidobacterium pseudolongum were present in all vaginally 

delivered newborn feces (Biasucci et al., 2008). While E. coli and Bifidobacterium-specific 

primers were found in the feces of vaginally delivered infants, they were mostly absent in the 

samples from the cesarean delivered infants (Biasucci et al., 2008). Infants born via vaginal 

delivery displayed greater variation in universal primers and the Bifidobacterium species, 

whereas cesarean delivered infants showed more consistent, linear primer collections and 

noticeably absent presence of Bifidobacterium species at the age of three days. After analyzing 

the data, researchers pronounced a significant difference in the microbiota of infants who 

underwent cesarean section versus vaginal delivery. This difference was theorized to have a 

greater impact overall than the infant’s diet, as most infants at the time of the samples had 

ingested an adequate amount of breast milk (Biasucci et al., 2008). The strengths of this study 

include the use of TGGE and PCR, as this is more sensitive to identifying certain species when 

compared to other tools, such as DGGE which is less specific (Biasucci et al., 2008). In addition, 

the sample time period allowed researchers to determine type of feeding has a less significant 
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impact than the mode of delivery. Lastly, limitations to this study included the restricted sample 

size and the focus on just the 3 days of life, as the microbiome composition is constantly 

changing and therefore results could continue to change throughout the newborn and infant 

period (Biasucci et al., 2008). 

 In a study performed by Dominguez-Bello et al. (2010), the effect of delivery mode on 

the microbiome development in the newborn was analyzed throughout various sources in the 

body. This study recruited subjects over four days from the Puerto Ayacucho Hospital in the 

Amazonas State, Venezuela (Dominguez-Bello et al., 2010). The sample included nine mothers 

and 10 newborns. The mothers were between 21 to 33 years of age. Out of the nine mothers, five 

were delivered by cesarean section, with one dizygotic twin birth; while four had vaginal 

deliveries. None of the mothers received antibiotics during their vaginal deliveries; however, one 

woman did receive antibiotics during her seventh month of pregnancy (Dominguez-Bello et al., 

2010). Prior to surgery, all of the cesarean section mothers received cephalosporin antibiotics. 

The samples were taken across a variety of habitats on the mom one hour before delivery: left 

and right ventral forearms, oral mucosa, and vagina (Dominguez-Bello et al., 2010). Samples 

were taken from the infants almost immediately after delivery (less than five minutes), with the 

exception of the meconium sample that was taken within 24 hours after delivery. The infant 

samples included: their skin before removal of the vernix caseosa, the oral mucosa, 

nasopharyngeal aspirate, and a rectal swab of the meconium (Dominguez-Bello et al., 2010). 

Due to measurement methods, the focus of this study was not on the specific amount of bacteria 

in each location, but rather, the diversity and development from each area. The tool used to 

determine bacterial composition was 16S rRNA gene pyrosequencing. Interestingly, in mothers, 

the samples taken from different parts of the body all had specific bacterial communities present, 
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whereas infants regardless of delivery mode, had undifferentiated communities throughout the 

various sample locations (Dominguez-Bello et al., 2010). In addition, the antibiotics 

administered several hours prior to the cesarean delivery were found to have no effect on the 

maternal samples taken prior to delivery. While the results of the study showed a homogenous 

distribution of bacteria throughout the newborn’s habitats, an overall difference was found in the 

composition based on the mode of delivery. In vaginally delivered newborns, the bacterial 

composition was most similar to the community found in the vagina of the mother (Dominguez-

Bello et al., 2010). The direct vertical transmission of a mother’s unique vaginal microbiome 

communities was depicted through the statistically significant (P < 0.01) association between 

each unique mother and infant dyad, where vaginally delivered infants had a microbiome 

develop that was more closely associated to their own mother’s vaginal composition when 

compared to other vaginally delivered infants (Dominguez-Bello et al., 2010). In contrast, 

cesarean section born infants had a composition that was dominated by the Staphylococcus spp., 

which was more closely associated with the maternal skin communities and lacked any 

colonization of vaginally associated bacteria (Dominguez-Bello et al., 2010). The mother’s oral 

microbiome did not significantly contribute or transfer to the newborn. Instead, for cesarean 

delivered infants, the hospital environment and nonmaternal sources such as the father, could 

significantly impact their microbiome development (Dominguez-Bello et al., 2010).  The results 

showed the dizygotic male twins born by cesarean delivery, had stronger associations to each 

other than compared to the other cesarean delivered infants, indicating an important 

environmental and exposure factor. These findings suggest why cesarean born infants may have 

higher risk of contact with certain pathogens, like MRSA, rather than vaginally born infants who 

inherit protective bacteria from their mothers (Dominguez-Bello et al., 2010). Limitations for 
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this study include the lack of investigation into the effects of nonmaternal forces, such as fathers 

or doctors when analyzing cesarean born infants microbiomes (Dominguez-Bello et al., 2010). In 

addition, the lack of long term study is a limitation and a point of further investigation, as the 

microbiome develops and changes overtime and could have long-term implications on the 

infant’s health (Dominguez-Bello et al., 2010).  

 In a cross-sectional study, Liu et al. (2015) analyzed the effect of elective cesarean 

delivery versus vaginal delivery on the development and composition of newborn’s microbiota. 

This study sampled 25 vaginally delivered infants and 16 cesarean delivered infants from the 

Chongqing Maternal and Child Care Service Centre in Chongqing, People’s Republic of China. 

The study took a total of 41 fecal samples from the full-term infants at two and four days of life; 

however, due to the disparity in in-patient hospital stay for vaginal versus cesarean deliveries, 

some participants were excluded as they were discharged (Liu et al., 2015). In addition, 

participants were excluded for infant prematurity, active infections, antibiotic administration, or 

any anatomical or physiological anomalies of the intestines. In addition, all of the cesarean 

deliveries were elective and the mothers were given flucloxacillin prior to delivery (Liu et al., 

2015). Lastly, there were no statistically significant differences in vaginal or cesarean delivered 

newborns when considering sex, gestational age, body length, head circumference, birth weight, 

or feeding method, as all of the infants enrolled were given a mixed diet of breast and formula 

feeding by the 4th day of life (Liu et al., 2015).  By analyzing these fecal samples using DGGE 

and 16S ribosomal RNA gene sequencing of the clones that related to the degenerating gradient 

gel electrophoresis bands, researchers were able to distinguish distinct communities in infants 

dependent on their mode of delivery (Liu et al., 2015). While the abundance, diversity, and 

distribution of bacteria did not change based on birth mode, the prominent taxa that colonized in 



NEONATAL MICROBIOME DEVELOPMENT  
 

14 

the infants was unique dependent on delivery mode. For vaginally delivered infants, E. coli, 

Bacteroides sp, and Bifidobacterium longum were prevalent when compared to cesarean 

delivered infants that were dominated by Staphylococcus sp, Clostridium sp, Enterobacter sp, 

and Streptococcus sp (Liu et al., 2015). These results were analyzed and were statistically 

significant. Using dendrograms, there was a 29% similarity value on the 4th day of life between 

the vaginally delivered and cesarean delivered infants in terms of composition of the 

microbiome, with a 60% similarity within the group (Liu et al., 2015). These results showed that 

vaginally delivered infants had a closer composition of microbiota that resembled other vaginally 

delivered infants, rather than cesarean delivered, as they were colonized by different sources and 

therefore different taxa (Liu et al., 2015).  

 A prospective cohort study by Azad et al. (2015) analyzed the effects of maternal 

intrapartum antibiotics, birth method, and feeding method on the microbiota development in 

newborns throughout their first year of life. This study sampled fecal samples from198 infants, 

who served as representatives of the Canadian Healthy Infant Longitudinal Development 

(CHILD) cohort, to analyze the influence of these factors on microbiome composition (Azad et 

al., 2015). Participants were recruited from Winnipeg, Manitoba in Canada. They were enrolled 

in the study if their mothers were within their second trimester and were clients of associated 

medical centers where they received prenatal care. There were no significant differences between 

the 198 infants that were selected and the overall CHILD cohort, except this sample had a 

slightly increased maternal age when compared to those in the CHILD cohort (Azad et al., 2015). 

While this study investigated a multitude of variables, this section will specifically discuss the 

findings related to method of birth. This data was taken from hospital records and classified 

participants into categories based on delivery method: vaginal, elective cesarean section or 
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emergency cesarean section (Azad et al., 2015). Using 16s rRNA sequencing of fecal samples at 

3 and 12 months, researchers were able to analyze the infants’ gut microbiota profile as it 

changed and developed with their growth. This study investigated the influence of antibiotics 

associated with both types of delivery, as the sample contained subjects who received antibiotics 

for a variety of reasons or did not receive antibiotics at all. For example, all cesarean deliveries, 

emergency and elective, received antibiotics as prophylaxis against infection. In terms of vaginal 

deliveries, if the mom was Group B Streptococcus (GBS) positive or if there was a premature 

rupture of membranes, these patients were administered intrapartum antibiotics prior to delivery 

(Azad et al., 2015). The overall community structure had a larger impact for intrapartum 

antibiotic administration associated with cesarean delivery with a P value of 0.0001, when 

compared to the effects associated with vaginal delivery that was P < 0.05 (Azad et al., 2015). 

These differences persisted to the 1 year mark for infants who were delivered by emergency 

cesarean section with a P < 0.05; however, these infants also had increased microbiota diversity 

at 1 year with a P < 0.0001(Azad et al., 2015). For vaginally delivered infants, the gut microbiota 

richness decreased with the use of intrapartum maternal antibiotics at the 3 month mark with a P 

of 0.005. For infants who were exposed to maternal antibiotics, the median relative abundance of 

Bacteroides was 24% for vaginally delivered and <1% cesarean delivered (Azad et al., 2015). 

These values compared to unexposed infants, which had a median relative abundance of 

Bacteroides of 46%, shows the drastic effects of maternal antibiotics on the phylum profiles. In 

addition, cesarean delivered and antibiotic exposed infants had higher levels of Firmicutes (P < 

0.01) and Proteobacteria (P < 0.05) when compared to vaginally delivered and non-antibiotic 

exposed infants (Azad et al., 2015). These differences in phylum profiles continued through the 

first year of life for infants delivered via emergency cesarean delivery specifically with antibiotic 
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exposure. However, antibiotic exposed infants born via elective cesarean delivery and vaginal 

delivery had no phylum profile differences that remained at the one year mark (Azad et al., 

2015). In terms of genus level, at the age of 3 months all antibiotic exposed infants had lower 

levels of Bacteroides and Parabacteroides and higher levels of Enterococcus; however, the 

cesarean delivered infants suffered the most significant deficiency with emergency cesarean 

deliveries having the most sustained differences up to one year. For infants delivered either by 

elective cesarean or vaginal deliveries and exposed to antibiotics, there was a higher level of the 

bacteria from the genus Clostridium when compared to elective cesarean deliveries. While all 

antibiotic exposed infants had a higher Proteobacteria level, the abundance of the genus 

Sutterella was lower following antibiotic exposure (Azad et al., 2015). This study’s findings 

were similar to several other studies with similar research investigating mode of delivery on the 

infant microbiota.  

Madan et al. (2016) utilized a prospective observational study to analyze how the six 

week old infant’s gut microbiota is impacted by delivery mode and feeding methods. In total, 

this study included 102 infants from a New Hampshire Birth Cohort Study in the United States. 

The mother kept track of feeding methods through the use of feeding diaries, indicating either 

exclusive breastfeeding, exclusive formula feedings, or a combination of the two (Madan et al., 

2016).  During phone interviews and questionnaires, the mother reported the type of feeding, the 

duration of feedings, and whether or not formula was being used to the researchers. Delivery 

information and the medications administered during delivery, were obtained from medical 

records and phone surveys. Specifically, infants who had been exposed to prescribed antibiotics 

were excluded from the study due to the influence antibiotics has shown on the intestinal 

microbiome (Madan et al., 2016). Stool samples were taken from these 102 infants at a period of 
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6 weeks to be analyzed for DNA sequencing and microbiome composition analysis (Madan et 

al., 2016). When controlled for the effects of feeding method, the mode of delivery had a 

statistically significant impact on the infant’s microbiome development, with a P< 0.001, with no 

significant interaction found between the delivery mode and the method of feeding (P = .66) 

(Madan et al., 2016). Vaginal deliveries, compared to cesarean deliveries, were overall 

associated with higher amounts of Bacteroides and Pectobacterium, and decreased amounts of 

Staphylococcus, Rothia, and Propionibacterium, independent of feeding method (Madan et al., 

2016). This study found that infants who were born vaginally had microbial compositions that 

were more closely related to other babies delivered vaginally, rather than those born by cesarean 

births. When compared with the findings of other studies, Madan et al. (2016) concluded that 

while Lactobacillus plays a role in infant microbiome development, the main influential bacteria 

include Bifidobacteria, Bacteroides, and Streptococcus. Although small sample size limits the 

statistical conclusions that can be drawn from the data, this is one of the largest studies to date 

(Madan et al., 2016). A strength of this study is the direct comparison of delivery mode and 

dietary influences on the microbial development, as both are important to consider when 

evaluating the development of health infant’s microbiomes (Madan et al., 2016).  

In a recent longitudinal study conducted by Bokulich et al. (2016), the total effects of 

antibiotic use, birth method, and diet on the infant’s microbiome development were analyzed. 

This study included a total of 53 mothers initially from New York City from 2011-2014, with a 

2-year follow-up of 43 infants (Bokulich et al., 2016). Participants were between the ages of 18 

to 45 years, and they were excluded if there were high risks for premature delivery, fetal 

anomalies, extensive infant monitoring or treatment, or they were unable meet the obligations of 

the study. A variety of information was collected for this study at various times. For study 
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surveys, they were conducted at time of enrollment, 6 weeks postpartum, 4 months, 6 months, 9 

months, 1 year, and then every 6 months after until the infant reached the age of 3 years 

(Bokulich et al., 2016). In terms of stool samples from the infant, they were collected at 12 to 24 

hours after delivery, every month for the first year, and then every other month for the two final 

years. For the mother’s fecal and vaginal swab samples, researchers took these once prepartum 

and once postpartum (Bokulich et al., 2016). The infant microbial development over the study 

period of three years was consistent with previous studies, including a primary presence of 

facultative aerobic Enterobacteriaceae for the first month of life and a gradual transition to 

anaerobic microbiota as their microbiome began to mature. Examples of these anaerobic 

microbiota included Bifidobacterium, Bacteroides, and Clostridium. The bacterial communities 

and taxa in infants were significantly different between both delivery methods, as measured by a 

significant beta diversity, for the first two years. The maturation in cesarean delivered infants 

was matched with that of vaginally delivered infants throughout the first 6 months of life; 

however, for the remainder of the study, this maturation slowed down for the cesarean delivered 

infants. By the second year of life, the differences in microbiome compositions and maturations 

had resolved and demonstrated the infants progressive maturation toward an adult microbiome 

(Bokulich et al., 2016). The cesarean delivered infants started with a microbiome that was 

characterized with a marked phylogenetic diversity, richness, and evenness, which boded well in 

terms of the strength of their bacterial community. However, starting in the first month of life 

these benefits declined and their microbial maturation stagnated. This poor development 

continued in cesarean born infants until the age of 2 years where as stated above, they began to 

mature (Bokulich et al., 2016). Most significant was the lack of Bacteroides found in cesarean 

delivered infants that allowed Clostridiales and Enterobacteriaceae to flourish in the microbiome 
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of these infants throughout the first year of life (Bokulich et al., 2016).  

Penders et al. (2006), utilized the prospective birth cohort, KOALA, from the 

Netherlands in order to investigate a multitude of factors that affected the bacterial composition 

of the newborn’s intestines within the first month of life. For this study, 1032 infants were 

included and fecal samples were taken within the first month of life. Women with a traditional 

lifestyle were recruited from the ongoing prospective cohort study, while they recruited women 

who led an alternative lifestyle from organic food shops, midwives, magazines, in addition to 

other places (Penders et al., 2006). These alternative lifestyles included specific diets such as 

vegan or vegetarian, supplementation with maternal probiotics, and choosing to deliver at home 

to name a few. In order to determine potential influential factors on the infant’s microbiome, the 

researchers sent out repeated questionnaires. This questionnaire included questions that assessed 

maternal education, maternal diet, maternal probiotic or antibiotic use in pregnancy, prolonged 

rupture of membranes, mode of delivery and setting, hospitalization of dyad after birth, infant 

gender, gestational age, birth weight and season, type of infant feeding in the first month of life, 

fever in the first month of life, number of siblings at home, living somewhere like a farm, or 

having any furry animals at home. Parents were responsible for collecting a sterile fecal sample 

at one month of age and sending it by mail to the researchers for inclusion in the study. (Penders 

et al., 2006). After analyzing fecal samples with real-time PCR assays, a variety of results were 

discovered. Specific to method of delivery, cesarean deliveries when compared to vaginally 

delivered infants, had an overall lower amount of bifidobacteria and B fragilis species, with high 

counts of C difficile and E coli (Penders et al., 2006). After analysis adjustments, these bacterial 

differences were sustained and attributed to the effects of cesarean delivery, except for the high 

amounts of E coli present in the samples which were determined as not associated with delivery 
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method. In general, all infants had an abundance of bifidobacteria when compared to all other 

bacterial groups or species. In addition, most infants had higher numbers of the bacteria E coli 

and B fragilis, with an overall lower amount of the bacteria lactobacilli and C difficile (Penders 

et al., 2006). This study also analyzed home births and found that patients who delivered in the 

hospital had higher amounts of E coli and C difficile than if they had delivered at home (Penders 

et al., 2006).  

Vaginal Microbial Transfer 

Dominguez-Bello et al. (2016) analyzed the microbiome development in newborns after 

utilizing partial microbial restoration on newborns after cesarean section, in relation to vaginally 

delivered infants or cesarean section delivered infants without vaginal exposure. This study 

sample included a total of 18 infants, 7 of which were vaginally born and 11 were born via 

scheduled cesarean delivery due to a previous cesarean delivery. Of the 11 who were born by 

cesarean section, 4 were exposed to vaginal fluids at birth (Dominguez-Bello et al., 2016). This 

study sampled women from Puerto Rico Medical Center. The process of vaginal microbial 

transfer included placing sterile gauze wet with sterile saline into the mother’s vagina for 1 hour, 

that was removed right before the scheduled cesarean delivery started and kept in a sterile 

collector at room temperature. As long as the mother had a negative STD test, was negative for 

group B streptococcus, had no signs of vaginosis or infection, and had a vaginal pH<4.5, this 

gauze would then be used to swab the infant. The processes started first with the mouth, followed 

by the face and then moved downwards, with the back as the last swabbed area (Dominguez-

Bello et al., 2016). This swabbing took a total of 15 seconds and was followed by the routine 

medical examination (Dominguez-Bello et al., 2016). Within 5 minutes of birth, again at 3 

months, and then once a week until a month old, all infants were swabbed for microbial samples 
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from their oral mucosa, forehead, right arm, right foot, and anal area. For mothers, the same 

areas were swabbed in the same time frames, but there was an additional vaginal swab included 

(Dominguez-Bello et al., 2016). A total of 1,519 samples were taken from the mother and infant 

dyad. These samples demonstrated that at one week of life, the microbiomes of vaginally 

delivered infants and infants exposed to vaginal secretions closely resembled one another and 

their mother’s vaginal microbiome more than unexposed cesarean delivered infants (Dominguez-

Bello et al., 2016). While they began to develop region-specific microbiome communities, 

vaginally delivered and exposed cesarean delivered infants continued to express the vaginal 

microbiome that unexposed infants lacked (Dominguez-Bello et al., 2016). Researchers were 

able to confirm that exposed infants had microbiomes that were closely associated with being 

vaginally delivered and were often classified as vaginally delivered rather than cesarean 

delivered, especially in terms of oral and skin samples. If exposed to vaginal fluids, the newborns 

often exhibited an initial growth of Lactobacillus and then a large growth of Bacteroides after 

the second week (Dominguez-Bello et al., 2016). These dominating microbiota were missing in 

babies born by the unexposed cesarean infants especially around the anus and on the skin. The 

gauze that the newborns were swabbed with if exposed was found to be most similar to vaginal 

samples as both had strong communities of Lactobacillus iners (Dominguez-Bello et al., 2016). 

In addition, neonatal bacterial diversity in the anal and oral areas were the highest at birth, but 

the diversity was reduced by the third day. In contrast, the skin diversity in terms of bacterial 

colonization experienced the reverse phenomenon and became more diverse throughout the first 

month (Dominguez-Bello et al., 2016). Feeding method was negated as an influential factor in 

this study (Dominguez-Bello et al., 2016).  

Feeding Method  



NEONATAL MICROBIOME DEVELOPMENT  
 

22 

 Azad et al. (2015) used a representative sample from the CHILD cohort in Canada to 

analyze numerous effects on the infant’s microbiome development including feeding method. 

Specifically in regards to feeding method, mothers were asked to fill out questionnaires at 3, 6, 

and 12 months after delivery to report on their duration and level of exclusivity, or lack thereof, 

of breastfeeding (Azad et al., 2015). At 3 months of age, 52% of infants were exclusively 

breastfeeding, 30% received mixed feedings, and 18% did not receive breastmilk at all (Azad et 

al., 2015). At the age of one year, 49% of the participants were still receiving breast milk. Across 

all four groups of intrapartum antibiotic administration, the breastfeeding rates remained constant 

(Azad et al., 2015). There was a statistically significant inverse relationship found between 

breastfeeding exclusivity and microbiome diversity (P < 0.001) and richness (P = 0.003) when 

the participants were 3 months old (Azad et al., 2015). At 3 months, infants who were exposed to 

antibiotics regardless of breastfeeding status, had a lower amount of Bacteroidetes, of which 

there was a sustained effect from the antibiotic administration at the time of one year if the 

infants had not received at least 3 months of exclusive breastfeeding (Azad et al., 2015). At one 

year, there was a statistically significant positive relationship between microbiome diversity and 

breastfeeding exclusivity and duration (P = 0.003 and P = 0.02 respectively) (Azad et al., 2015). 

At the period of 3 months and 1 year, there were higher levels of Proteobacteria and 

Actinobacteria with significant rates of P < 0.001, if the infants were exclusively breastfed. At 

the 3 month mark, if exclusively breastfed, there was an inverse relationship between 

Bacteroidetes and Clostridiales, but at 1 year, the level of Clostridiales increased to a higher 

proportion (Azad et al., 2015). If the infants were only partially breastfed with supplemental 

formula, the positive effects associated with breastfeeding following intrapartum antibiotic 

exposure did not apply (Azad et al., 2015). Infants who had been exclusively breastfed, received 
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no antibiotics, and were vaginally delivered, overall had statistically different microbiome 

developments compared to the other classifications (P < 0.01) (Azad et al., 2015).  

 Madan et al. (2016) discovered the positive association between breastfeeding and the 

beneficial infant microbiome development. When controlling for the effects of delivery mode, 

feeding method demonstrated a statistically significant (P = 0.01) effect on the bacterial 

composition of the stool sampled. This research demonstrated statistical significance of P = 0.02 

that infants fed solely with breastmilk had distinctly diverse and extensive microbiota 

compositions when compared to other feeding methods (Madan et al., 2016).  Infants who were 

fed a combination of breast and formula had no statistically different microbiome compositions 

(P = .49) when compared with infants who were solely fed formula diets until the age of six 

weeks (Madan et al., 2016). Utilizing the sequencing of the 16S rRNA gene and UniFrac 

measurements, which is a method to compare biological communities in terms of relatedness and 

community members, researchers discovered that the largest phylogenetic distance stemming 

from differences in microbiome community were between infants who were exclusively 

breastfed and those who were either combination fed or exclusively formula fed (Madan et al., 

2016). In addition, the smallest difference as measured by this UniFrac metric, defined above, 

was between the infants who received combination feeding and exclusive formula feeding. This 

further enhanced the statistically significant findings regarding feeding method and its’ effect on 

the microbiome composition in infants. In exclusively breastfed infants, the amounts of 

Lactococcus were depleted when compared to formula fed infants (Madan et al., 2016). In 

addition, Bifidobacterium was found in higher concentrations in the exclusively breastfed 

newborns than any other feeding type. The limitation of this study was the difficulty in ensuring 

the accuracy of participant report, as offering the breast at all within the first few days could have 
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had a significant impact and yet might not be reported. In addition, focusing on the influence of 

combination feeding is important as it is common practice, but not frequently included as a 

variable in other, similar studies.  

 In a longitudinal study Bokulich et al. (2016) utilized infant nutrition documentation 

collected through frequent maternal surveys to determine the frequency and amount of breast or 

formula feeding. In addition, the introduction of solid foods in the infant's diet was recorded to 

determine the effect of feeding method on the microbiome. Specifically, this study measured 

type of intake through the first three months of life; the two groups established were primarily 

breastfed or primarily formula fed (Bokulich et al., 2016). Study results indicated that the 

phylogenetic diversity and richness of the microbiome was greater in infants who were primarily 

breastfed. In fact, formula fed infants exhibited a lack of beta diversity with immature microbe 

presence and maturation from 12 to 24 months of life (Bokulich et al., 2016). In particular, 

Lactobacillus, Staphylococcus, Megasphaera, and Actinobacteria were the primary bacteria 

found in breastfed infants, while Clostridiales and Proteobacteria were the most common genera 

present in formula fed infants. In the first two years of life, individual’s microbiota are constantly 

adjusting and changing as dietary influences change. After this point, the taxa begin to stabilize 

and form patterns associated with adult microbiota compositions (Bokulich et al., 2016). As solid 

foods were introduced at the start of 6 months until 24 months, these microbiota were gradually 

replaced with Clostridiales, which became the dominant bacteria (Bokulich et al., 2016).  

 Penders et al. (2006), analyzed a variety of influences on the development of the infant 

microbiome, including feeding method. The majority of the infants, 700 out of 1032, in this 

study were exclusively breastfed up until the collection time which was one month after birth. 

From the remainder of the sample, there were 232 who were formula fed exclusively and 98 who 
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were fed a combination of both formula and breastmilk (Penders et al., 2006). The results of this 

study showed that exclusively formula fed infants had greater colonization with E coli, C 

difficile, B fragilis group, and lactobacilli in the unadjusted analysis. After adjustments, only the 

increase of C difficile in formula fed infants remained statistically significant when compared to 

breastfed. Even though E coli and B fragilis were still higher in terms of count for formula fed 

infants, they were not statistically significant as their P values were 0.03 and 0.027 respectively 

(Penders et al., 2006). This study analyzed four types of formula, one of which was 

supplemented with oligosaccharides. The infants who received this formula type specifically 

were discovered to have greater numbers of bifidobacteria and lactobacilli than compared with 

infants who received the other formulas (Penders et al., 2006).  

 In a single-center, randomized, double-blinded, controlled study researchers Hascoet et 

al. (2011) analyzed the effects of three different formulas on an infant’s microbiome 

development. This study included 190 healthy, full-term infants who were less than 7 days old, 

had no significant health issues, no antibiotic or probiotic exposure prior to the study, were 

singletons, and their mother’s had decided to either formula feed or breastfeed prior to the start 

of the study (Hascoet et al., 2011).  The infants were separated into experimental groups 

randomly and were chosen to receive either the study formula, the study formula supplemented 

with Bifidobactrium longum, or a control formula. These feeding methods were compared 

against a reference group of breastfed infants. The study formula was characterized by a low 

protein, low phosphate, high lactose, and whey protein composition (Hascoet et al., 2011). In 

addition, the amino acids used in the study formula more closely resembled a human milk profile 

than the control formula did.  These infants were assigned this feeding method from the period of 

4 days through 4 months. Fecal samples were obtained at 2 weeks, 1 month, 2 months, or 4 
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months (Hascoet et al., 2011). The parents were asked to record the feeding and digestive 

tolerance for each infant 3 days prior to sample collection, which helped to measure compliance 

(Hascoet et al., 2011). No other foods were offered to the children during this 4 month period. In 

addition to testing for bacteria presence, growth measurements, digestive tolerance, and IgA 

concentrations were also measured. Utilizing fluorescence in situ hybridization, the fecal 

samples were measured for bacteria. At 2 months, there was the highest amount of bifidobacteria 

in the breast-fed group, followed by infants in the study formula group, infants in the study 

formula supplemented with Bifidobactrium longum, and finally the control formula group 

(Hascoet et al., 2011). The majority of the bowel was dominated by bifidobacteria in the study 

formula groups and the breastfed group; however, the control formula group had much lower 

percentages of this particular bacteria. Statistically significant was the difference between the 

study formula and the control formula group where P = 0.0001 (Hascoet et al., 2011). In terms of 

solely the study formula or the study formula plus the B longum, they had statistically significant 

results when compared to the control groups (P = 0.0002 and P = 0.007 respectively). No 

significant difference was found between study formula and the breastfed group for 

bifidobacteria amounts as P > 0.05 (Hascoet et al., 2011). While the presence of other bacteria 

was not found to be significantly different between the study formula or the control formula 

groups, the breastfed groups did display a lower profile of Clostridia at 2 months of age than 

formula groups (Hascoet et al., 2011). Lastly, the added bacteria, B longum was only found 

within the infant's feces who were fed this strain at 1 month old and by 2 months, the presence 

had completely disappeared from the samples (Hascoet et al., 2011). No significant differences 

were observed when comparing weight gain or growth patterns between the study formula or the 

control formula groups (Hascoet et al., 2011). Important to this study was the presence of IgA in 
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the feces. At one month, there was a significant difference and increase in the abundance of IgA 

for the study formula participants when compared with the control group (P < 0.05). This 

significant difference disappeared for the infants who received the study formula by the second 

month; however, for control formula and breastfed groups these differences remained significant 

(Hascoet et al., 2011). Overall, this shows that while not significantly differentiated, the study 

formula infants had IgA concentrations that were in between that of the breastfed infants and 

control groups. Lastly, digestive tolerance was measured. The results showed that while there 

were no differences in the frequency of stools between the formula groups, there was differences 

in frequency of between the breast-fed groups, which had higher frequency levels, than either 

study group (Hascoet et al., 2011). In addition, the study formula recipients were more likely, 

when compared to the control formula, to have green stools rather than yellow (P < 0.001) 

(Hascoet et al., 2011). In addition, the infants who received the formula stool supplemented with 

B longum were more likely to have soft stools. The variety of formulas allowed researchers to not 

only draw conclusions between certain types of formula, but also between whether enhancement 

with certain bacteria causes a positive change in the infants microbiome development. In 

addition, by providing a breastfeeding reference, the actual ability for the formula to mimic the 

composition of breastmilk was measured based on a variety of factors as described above.  

Prebiotic Supplementation of Formula  

In a double-blind, randomized, prospective study, researchers Salminen et al. (2016) 

analyzed the effects of feeding method on the infant’s gut microbiome as an expansion from the 

hygiene hypothesis. Not only does breast milk serve as a source of bifidobacteria, lactobacilli 

and Staphylococcus, but it is also a source of oligosaccharides which have been found to increase 

the number of staphylococci in the breast milk itself (Salminen et al., 2016).  Specifically, these 
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researchers sampled 228 infants between 21 to 30 days old that were healthy, vaginally 

delivered, and had specific diet classifications. These classifications included three groups: 

infants were exclusively fed cow’s milk based formula, the same formula with 4 g/L of added 

prebiotics: a mix of polydextrose (PDX) and galactooligosaccharides (GOS), and infants who 

were exclusively breastfed (Salminen et al., 2016). The researchers took stool samples from 

infants at the initiation of the study and again at 30 and 60 days of feeding. These samples were 

then analyzed using quantitative real-time polymerase chain reaction. Breastfeeding groups had a 

significantly greater amount of L rhamnosus and L paracasei than PDX/GOS or control groups 

(Salminen et al., 2016). However, PDX/GOS group had higher amounts of L rhamnosus than the 

control group and greater amounts of L fermentum. For the PDX/GOS group, the amount of 

colonization was not significant or differentiated at 30 days, but at 60 days this group had higher 

rate of colonization and microbe development when compared to the breastfeeding group and the 

control group (Salminen et al., 2016). The colonization of S aureus was lower at both 30 days 

and 60 days in the control group or the PDX/GOS group than the breastfeeding group. Overall, 

vaginally delivered infants who were breastfed had a higher amount of colonization of S aureus 

than either formula group (Salminen et al., 2016). These differences were associated with the 

prebiotic supplementation in the PDX/GOS group due to the closer relationship with breast milk 

and the increased development of L rhamnosus (Salminen et al., 2016). This effect was 

associated with the bifidobacteria effect that increased acid production and led to a lowered pH. 

Overall, this study demonstrated that formula fed infants can obtain a microbiome closer to that 

of a breastfed infant through the supplemental administration of prebiotics in the formula itself. 

Specifically increasing the amounts of bifidobacteria, B longum, and B infantis in formula fed 

infants supplemented with PDX/GOS, all of which are associated with a healthier gut 
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microbiome.  

Influences on Breast Milk Microbiota  

In a longitudinal study, researchers Khodayar-Pardo et al. (2014) analyzed the effects of 

lactation stage, gestational age, and mode of delivery on the overall microbiota composition of 

breast milk. This study sample included 32 mothers from Valencia, Spain. The mothers involved 

in the study were all healthy prior to delivery, had chosen to breastfeed early, and had no 

influence of disease or probiotics. Of the total sample, 13 mothers had term deliveries of at least 

37 weeks of gestation, while another 19 had preterm deliveries before 37 weeks of gestation 

(Khodayar-Pardo et al., 2014). From this sample of 32, there were a total of 15 vaginal deliveries 

and 17 cesarean deliveries. Milk samples were taken from mothers at the three different points in 

lactation maturation: colostrum, transitional, and mature milk. Throughout the lactation period, 

the bacterial composition of breastmilk underwent many changes. Most significant was the 

statistically significant increase between each stage of lactation from colostrum to transitional (P 

= 0.002) and from transitional to mature milk (P = 0.001) (Khodayar-Pardo et al., 2014). 

Colostrum had statistically significant (P < 0.001) lower concentrations of total bacteria and a 

lower Enterococcus spp. concentration than the other lactation stages (Khodayar-Pardo et al., 

2014). From the colostrum to transitional stages, there were positive correlations that were found 

to be statistically significant for Bifidobacterium spp., Lactobacillus spp., Staphylococcus spp., 

and Enterococcus counts (Khodayar-Pardo et al., 2014). In addition, researchers found that there 

were higher bacterial concentrations in the breast milk samples during the colostrum and 

transitional stages when mothers had cesarean deliveries versus vaginal deliveries, especially 

Streptococcus spp. (P = 0.014 ) for transitional milk samples where (Khodayar-Pardo et al., 

2014). At the time of mature milk, these differences in concentration leveled out and similar 
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concentrations were detected in total bacterial counts regardless of delivery mode. In vaginally 

delivered infants, there were higher amounts of Bifidobacterium groups and Streptococcus spp. 

in the colostrum (Khodayar-Pardo et al., 2014). Findings of this study are consistent with 

findings of other studies in regards to bacterial compositions in milk samples. While this study 

focused on a variety of influences such as lactation stage, mode of delivery, and gestational age, 

this review solely discussed the impacts of lactation stage and mode of delivery.  

 Cabrera-Rubio, Mira-Pascual, Mira, and Collado (2015) investigated the effects of mode 

of delivery on the breast milk composition of women in Spain. This study sampled 10 healthy 

mothers of full-term infants, with exclusive breastfeeding practices at the period of 1 month, with 

no antibiotic or probiotic exposure, and either a vaginal or cesarean delivery that was 

documented in the patient chart. After analyzing the breast milk samples, there was a higher 

diversity of bacteria found in the milk samples of mothers who endured a vaginal delivery versus 

a cesarean delivery. There were a greater amounts of Staphylococcus and smaller amounts of 

Streptococcus in the breast milk samples from the mothers who delivered via cesarean delivered; 

however, these differences were found to be not statistically significant after comparison with 

vaginal delivery samples (P values of 0.085 and 0.306) (Cabrera-Rubio et al., 2015). In vaginal 

deliveries, breast milk had a higher amounts of Bifidobacterium in it than cesarean delivered 

infants. Milk samples across the board were found to be primarily colonized with Firmicutes and 

Proteobacteria, although each mother had a variable microbiome composition. The main genera 

of Firmicutes that was present in all milk samples were the genera of Streptococcus and 

Staphylococcus spp. This study allows parallels to be drawn between the delivery mode and the 

breast milk composition, demonstrating that microbial profiles of breast milk are correlated to 

delivery type (Cabrera-Rubio et al., 2015).  
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 In a cross sectional study, Hoashi et al. (2016) analyzed how delivery mode affects not 

only breast milk composition but also the glycosylation patterns. Glycosylation patterns were 

included in this study as glycoproteins serve the ability of prebiotic effects that can enhance the 

effects of bacterial growth, such as Bifidobacterium growth in an infant’s gut. This study used 20 

un-identified milk samples from a milk donor bank, 10 of which were from vaginal deliveries 

and 10 of which were from cesarean deliveries. The samples were taken from 3 to 32 weeks 

postpartum, so that this study could analyze the bacterial composition changes at a variety of 

postpartum ages (Hoashi et al., 2016). The main difference observed from these samples was 

between mothers who had vaginal deliveries versus cesarean deliveries, as there was a noticeable 

increase in Bifidobacteriaceae at 3 months of age (Hoashi et al., 2016). Each milk sample was 

individual to the donor; however, the general structure included dominance by Firmicutes, 

Proteobacteria, Bacteroidetes, and Actinobacteria (Hoashi et al., 2016). From these the most 

significant were Lactobacillus, Streptococcus, Pseudomonas, Acinetobacter, and 

Bifidobacterium (Hoashi et al., 2016). In addition, there were changes in glycosylation patterns 

based on delivery mode, with a correlating positive increase in glycosylation presence in those 

who delivered vaginally versus those who delivered by cesarean section. The strengths of this 

study include the technology used to successfully analyze the bacterial composition of breast 

milk or the glycosylation patterns, to accurately reflect the effects of mode of delivery (Hoashi et 

al., 2016). The limitations to this study include the small sample size which was additionally 

restricted by the cross sectional study method. In addition, there was a lack of information on 

each milk donor as the milk was from anonymous samples and therefore there was not much 

information known about each donor.  

Skin to Skin Contact to Encourage Breastfeeding 
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Researchers Essa, N. Ismail, and A. Ismail (2015) utilized a non-randomized control 

study to analyze the effects of immediate skin to skin contact after delivery on breastfeeding 

success. This study was conducted in Egypt at the National Medical Institution in Damanhour, 

Albehera Governorate. Participants were selected on the following conditions: first pregnancy, 

normal full-term pregnancy, single fetus in the correct presenting position, anticipated normal 

delivery, planned breastfeeding at birth, no pharmacological pain techniques used, and willing 

participation (Essa, N. Ismail & A. Ismail, 2015). From this criteria, purposive sampling was 

used to assign the first 50 participants to the control group and the second 50 to the study group, 

for a total sample size of 100. The control group was given the normal postpartum treatment, 

where various interventions were performed on the newborn, while the mother’s perineum was 

repaired and the placenta was delivered. These interventions included drying the infant off, 

assigning APGAR scores, administering the vitamin K shot, conducting a physical assessment, 

weighing, dressing, and wrapping the baby back up in a blanket before handing the baby back to 

the mother (Essa, N. Ismail & A. Ismail, 2015). The study group on the other hand was 

encouraged to provide immediate skin to skin after delivery, with initial assessments and 

APGAR scores performed while on the mother’s chest. All other interventions were delayed 

until at least 2 hours after birth and the successful first breastfeeding. Breastfeeding was more 

successful with the study group, as newborns self-initiated 94% of feedings when compared to 

the control group where only 40% appropriately self-attached to the nipple (Essa, N. Ismail & A. 

Ismail, 2015). In terms of ending the first feeding, 88% in the study group, as compared with 

42% of the control group, were able to successful end the first feeding. In addition to having a 

greater success rate for the first breastfeeding, the study group had a longer first feeding and a 

majority felt successful and confident with breastfeeding prior to discharge (Essa, N. Ismail & A. 
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Ismail, 2015). Lastly, upon discharge, all of the participants in the study group were successfully 

breastfeeding, while only 70% were breastfeeding in the control group by discharge (Essa, N. 

Ismail & A. Ismail, 2015). This study’s strengths include the experimental method and the 

measurement tools to assess breastfeeding. These included a structured scheduled interview, an 

assessment of the third stage of labor, and finally a dual breastfeeding assessment tool to 

determine the effect of skin to skin contact (Essa, N. Ismail & A. Ismail, 2015). 

Delayed Bathing Increases Breastfeeding Rates 

In a retrospective chart review study, Preer et al. (2013) analyzed the effects that a new 

policy of delayed bathing had upon the success and initiation of breastfeeding. After analyzing 

the charts for exclusions, this study included a total of 702 mother and infant pairs. The inclusion 

criteria included eligibility to breastfeed, admission to the well infant nursery, and a healthy 

postpartum mom. If there were signs of infection or increased risk of infection transmission to 

the infant, the infant was excluded from delayed bathing practices (Preer et al., 2013). This study 

was performed at Boston Medical Center and analyzed women who delivered within a 6 month 

period prior to the implementation of the delayed bathing practice and a 6 month period 

following the initiation of the new practice. The initial protocol was that the bath was performed 

about 2 hours after birth and most often occurred in the nursery, where the parents were unable 

to assist or watch (Preer et al., 2013). In the new protocol, the bath was delayed for at least 12 

hours and was performed in the sink in the mother’s hospital room. Parents were encouraged to 

participate in the bath and to perform skin to skin contact immediately after. In addition to 

bathing rates, breastfeed exclusivity and initiation was studied. Exclusively breastfed infants had 

no exposure to formula, water, or glucose water during their hospital stay (Preer et al., 2013).  

While near-exclusive breastfeeding was 90-100% breastmilk and breastfeeding initiation was 
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defined as being exposed to the breast at least once (Preer et al., 2013). The results showed no 

differences in the characteristics of the participants when focusing on before and after the 

implementation of the intervention, except in maternal race.  The average bathing time went 

from 2.4 hours after birth to 13.5 hours after birth, with no adverse health effects observed 

following the change in bathing protocol. Overall, the study found that with delayed bathing 

there was a positive correlation in breastfeeding exclusivity and initiation (Preer et al., 2013).  

The strengths of this study include that this was the first study that analyzed the use of delayed 

bathing practice and the association with breastfeeding. The study also reinforced the positive 

effects of delayed bathing in regards to hypothermia, hypoglycemia, separation, and skin-to-skin 

contact. The limitations of this study included that the method was a chart review. 

Antibiotic Use 

 Aloisio et al. (2016) investigated the effects of intrapartum antibiotic use as prophylaxis 

against group B Streptococcus (GBS) in women in labor and its effects on the infant’s microbial 

development. This study included a total of 20 infants: 10 of whom had no antibiotic exposure 

and 10 of whom had the standardized antibiotic exposure with ampicillin prior to vaginal 

delivery after testing positive for GBS (Aloisio et al., 2016). This study was performed in 

Bologna, Italy and enrollment depended on vaginal delivery, average birth weight according to 

gestational age, exclusive breastfeeding, and no maternal perinatal antibiotic treatment. Feces 

samples were taken from all 20 infants, when they were between 6 to 7 days old. This study 

extracted, amplified, and analyzed the DNA sequences using Ion Torrent PGM (Aloisio et al., 

2016). Overall, samples were characterized by Firmicutes, Bacteroidetes, Actinobacteria, and 

Proteobacteria (Aloisio et al., 2016). However, infants who had not been exposed to antibiotics 

had higher amounts of Actinobacteria and Bacteroidetes, and lower amounts of Proteobacteria 
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when compared to antibiotic exposed infants. In addition, the antibiotic exposed group had 

higher amounts of gram-negative bacteria than the control group (Aloisio et al., 2016). The 

flourishing of the gram-negative bacteria poses somewhat of a concern as this group has a 

variety of pathogenic microorganisms that could potentially cause devastating health effects to 

an infant whose microbiome is not fully maturing due to antibiotic treatments (Aloisio et al., 

2016).  Overall, the control group had a more complex and rich microbial development at the 

time of the samples, when compared with the antibiotic exposed group that had reduced richness 

and a lack of diversity in their microbial communities. Especially notable and clinically 

significant is the enrichment of Bifidobacterium in the control group as it can particularly be 

linked to the antibiotic exposure (Aloisio et al., 2016). The strengths of this study include the 

focus on microbiota at this early of a stage in life and the analysis of the effects of the antibiotic 

maturation of the microbiota. A limitation of this study is the small sample size of 20 infants 

(Aloisio et al., 2016). 

Azad et al. (2015) conducted a longitudinal study to analyze the use of antibiotics in 

relation to the infant microbiome development. Specifically the 198 infants were separated into 

four groups: no maternal intrapartum antibiotics with vaginal delivery, intrapartum antibiotics 

with vaginal delivery, intrapartum antibiotics with elective cesarean delivery, or intrapartum 

antibiotics with emergency cesarean delivery (Azad et al., 2015). All mothers who had cesarean 

deliveries received antibiotics prior to the surgery as prophylaxis against infection; however, 

mothers who had vaginal deliveries also received antibiotics for GBS positive status or if 

premature rupture of membranes occurred. The most commonly prescribed antibiotics were 

cefazolin and penicillin (Azad et al., 2015). In addition to maternal intrapartum antibiotic 

administration, this study recorded the number of infants who received antibiotics after birth. Of 
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the 198 infants, eight were given antibiotics within the first 48 hours of life for suspected sepsis 

and 69 infants received antibiotics within the first year of life. These were included as significant 

antibiotic administrations that could affect the results of microbiome composition. The 

occurrence of intrapartum antibiotic administration was closely associated with emergency 

cesarean delivery. Postpartum antibiotics were also commonly administered if emergency 

cesarean delivery occurred. Postnatal infant antibiotic use was actually found to be equally 

spaced across all intrapartum antibiotic use categories (Azad et al., 2015). At the period of 3 

months, exposure to intrapartum antibiotics resulted in a decrease of Bacteroidetes and an 

increase in the amounts of Firmicutes and Proteobacteria in the microbiome composition of the 

infants. When compared to vaginally delivered infants at the period of one year, infants of 

mothers who had emergency cesarean sections with antibiotic administration during the 

intrapartum period stayed consistent with these findings. At three months, Bacteroides and 

Parabacteroides were found in minimal amounts when intrapartum antibiotics were used 

regardless of the occurrence of breastfeeding, but most significantly noticeable in cesarean 

deliveries (Azad et al., 2015). At one year of age, most of the effects related to antibiotic 

administration had dissipated, unless the infant had not been breastfed exclusively for at least a 

period of three months in which case there were some residual effects experienced. The infants 

who received intrapartum antibiotics either from cesarean or vaginal deliveries, had higher 

amounts of Clostridium if they had been exclusively breastfed (Azad et al., 2015). 

Bokulich et al. (2016) investigated a multitude of factors that affect the development of 

the infant microbiome development, including antibiotic usage. In addition to antibiotic use, this 

study considered birth mode and diet. In total, this study sample included a total of 43 infants 

from the initiation period to the age of 2 years (Bokulich et al., 2016). Stool samples were taken 
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from both the infants and the mothers; however, for the mothers, vaginal and rectal samples were 

also taken as reference. The samples were analyzed for the alpha diversity measurements, the 

total richness of the bacteria, phylogenetic diversity, and species evenness in the sample itself 

(Bokulich et al., 2016). The use of antibiotics, either via maternal intrapartum routes or directly 

administered to the infant, was associated with a statistically significant reduction in 

phylogenetic diversity in the first few months of life with a P < 0.0001 (Bokulich et al., 2016). 

However, by the end of the first year of life, this lack of diversity had reversed and the 

microbiome resembled that of an infant who had never been exposed to antibiotics.  Overall, 

when compared to other factors, antibiotics had a smaller effect than delivery mode or 

gestational age. When exposed to antibiotics there were deficiencies observed in Clostridiales 

and Ruminococcus for the first 3-9 months; however, there were a variety of factors that 

influenced the measureable effects of antibiotics such as the drug, route, duration, previous 

conditions, number of exposures, or the differences between the participants themselves 

(Bokulich et al., 2016). In addition to these specific changes, antibiotic use is also associated 

with a reduced microbiota maturation. This deficiency was most apparent within the first 6-12 

months of life (Bokulich et al., 2016).   

 Penders et al. (2006) analyzed the effects of a variety of influences on the infant 

microbiome development. Of importance, was the focus on maternal intrapartum antibiotic 

administration and the administration of antibiotics for the infant within the first month of life. 

As a prospective birth cohort, this study employed a total of 1032 infants from the KOALA Birth 

Cohort Study in the Netherlands. The researchers found no correlation between maternal 

probiotic or antibiotic use during the pregnancy on the infant’s overall microbial development 

(Penders et al., 2006). Antibiotic treatment for infants in the first month, mainly with 
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amoxicillin, affected the infants by decreasing the abundance of bifidobacteria and B fragilis 

group species. In addition, similar trends were discovered with the use of antimycotic 

miconazole in infants when administered orally (Penders et al., 2006). A major limitation was 

the inability to measure distinct results as they related to different antibiotics used in treatment. 

This was mostly due to the limited number of participants out of this cohort, who required 

antibiotic administration (Penders et al., 2006).  

Conclusion  

 The articles reviewed in this chapter address common practices involved with 

intrapartum, immediate postnatal care, and postpartum care that have an impact on the long-term 

development of the full-term infant’s gut microbiota. These articles employed a variety of 

research methods, with small and large samples sizes, and a variety of populations. Overall, it 

was determined that vaginal delivery transfers the most beneficial bacteria to the infant in the 

long term. In addition, breast milk as the exclusive source of nutrition was found to be the most 

diverse in terms of bacterial composition. Utilizing breast milk exclusively resulted in the most 

diverse, favorable microbiome development in the infant.  Breastmilk not only transfers 

important immune cells as a defense mechanism for the infant, but dependent on the mode of 

delivery, the breastmilk microbial profile also changes, providing infants with certain bacterial 

types. Lastly, avoiding the use of antibiotics when possible prevents adverse effects of antibiotics 

on the infant's gut microbiome. While there are certain practices that may enhance the infants 

microbiota such as vaginal microbiota transfer and delayed bathing, these are practices that 

require additional research to establish their effect on the infants’ microbiota development.  
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CHAPTER 3 

Best Practice Recommendations for Optimal Microbiota Development 

         The purpose of this chapter is to provide best practice recommendations to assist nurses 

and other health professionals to educate expectant families on the choices they can make to 

improve their infant's microbiome composition starting before birth and continuing throughout 

early infancy. This will allow families to make informed decisions that can impact their infant's 

health and mitigate or change the risks associated with improper development of the gut 

microbiota. 

         The literature reviewed in the previous chapter detailed specific practices associated with 

infant gut microbiota development that can be viewed as elective choices on the part of the 

mother and family, when it is not contraindicated in terms of the infant and mothers overall 

health. In certain situations, the ability for the mother to elect to follow these choices could 

potentially put her health or the health of her infant in jeopardy. For this reason, the medical 

team will need to educate the mother on all of her options. For example, despite the positive 

benefits of spontaneous vaginal delivery, this is not always an option as during delivery the 

infant could go into distress and would need to undergo an emergency cesarean delivery. The 

literature in this thesis is synthesized into the best practice recommendations surrounding 

delivery method, feeding method, increasing skin-to-skin contact to increase breast feeding rates, 

supplementing formula with prebiotics, and the judicial use of intrapartum antibiotics. In 

addition, the process of partial restoration of the infant microbiome via vaginal microbe transfer 

and vaginal seeding is a process that is still being investigated as a way to encourage optimal 

microbiome development in cesarean delivered infants. While not yet supported by research, 

delayed bathing is still being investigated as a method to increase microbiota development in 
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infants. View Table 2 below for a complete synthesis of the best practice recommendations. The 

levels of evidence selected are further defined and referenced in Table 3 located in Appendix B.  

Table 2 

Best Practice Protocol for Optimal Gut Microbiota Development in Newborns  

Recommendation Articles that support the 

recommendation 

Level of Evidence 

When clinically appropriate 
and safe to do so, in terms of 
mother and infant health, 
vaginal delivery is preferred 
to cesarean delivery for 
optimal gut microbiota 
development in infants. 

Biasucci et al. (2008) 
Bokulich et al. (2016) 
Dominguez-Bello et al. 
(2010) 
Liu et al. (2015) 
Madan et al. (2016) 
Penders et al. (2006) 

Level IV 
Level III 
Level III 
  
Level III 
Level IV 
Level IV 

Exclusive breast-feeding is 
associated with higher rates of 
health gut colonization of 
microbiota; however, length 
of exclusivity changed based 
on the study ranging from 4 
months to 1 month. In 
addition, combination 
feeding, exposure to both 
breast feeding and formula 
feeding, had a bacterial 
composition that was more 
closely associated with purely 
formula fed infants than 
breastfed infants. Early 
exposure to breastmilk for all 
infants will provide benefits 

Bokulich et al. (2016) 
Hascoet et al. (2011) 
Khodayar-Pardo et al. 
(2014) 
Madan et al. (2016) 
Penders et al. (2006) 

Level IV 
Level II 
Level IV 
 
Level IV 
Level IV 
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such as bacterial diversity as 
stimulates by colostrum. It is 
important for parents to avoid 
early exposure to infants to 
formula.  

Mothers who underwent 
vaginal delivery had 
breastmilk profiles that were 
associated with higher 
bacterial diversity and a 
greater abundance of 
Bifidobacterium spp. and 
lower numbers of 
Staphylococcus spp. all of 
which are positive outcomes 
for infant microbiota 
development. 

Cabrera-Rubio, Mira-
Pascual, Mira, & Collado 
(2015) 
Hoashi et al. (2016) 
Salminen, Endo, Isolauri, 
Scalabrin (2016) 

Level III 
  
 
Level III 
Level II 
 

Beginning skin-to-skin 
contact immediately after 
birth and delaying certain 
post-birth practices, improved 
breastfeeding initiation and 
success rates for the dyads. 
This practice is also supported 
by meta-analysis evidence 
which is considered Level I 
evidence.  

Essa, N. Ismail & A. Ismail 
(2015) 
Preer, Pisegna, Cook, Henri, 
& Philipp (2013) 
 

Level III 
Level IV 
  
 

Restricting the use or using 
judicial judgment on the use 
of maternal intrapartum 
antibiotics is associated with a  
healthy infant microbiota 
development. Certain 
situations regarding mode of 
delivery are associated with 
the necessary use of 
antibiotics, such as mothers 

Aloisio et al. (2015) 
Azad et al. (2015) 
Bokulich et al. (2016) 
Penders et al. (2006) 
 

Level III 
Level IV 
Level IV 
Level IV 
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who are positive for group B 
streptococcus.   

Supplementing formula with 
prebiotics of both 
polydextrose and 
galactooligosaccharides is 
beneficial for infant 
microbiota and can create a 
gut colonization closer 
resembling breastfed infants. 

Salminen et al. (2016) Level II 

Having older siblings at home 
increased microbiota exposure 
and helped a healthy gut 
colonization, which while not 
modifiable is significant for 
parents to note. 

Penders et al. (2006) 
Salminen et al. (2016) 

Level IV 
Level II 

Exposing infants delivered via 
cesarean section to vaginal 
fluids provides partial 
restoration of the microbiota 

Dominguez-Bello (2016) Level III 

  

         As summarized in the above table, certain practices during the delivery process and 

following delivery are elective and can improve infant gut microbiota development. Optimizing 

proper microbiome development is important to the health of infants as it can have short-term 

and long-term effects and influences on health, allergies, and obesity risks later in life. As nurses, 
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it is important to educate the parents about these elective options that will improve the gut 

microbiota development of their infant. However, in order for the nurses to be able to educate the 

family members, they must understand the benefits and importance to making these choices as 

well. Education must be targeted at the healthcare workers and further disseminated to parents.  
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CHAPTER 4  

Implementation and Evaluation 

 This chapter will focus on the strategy to implement an evidence-based protocol that will 

guide nursing practices starting immediately after delivery in the labor and delivery unit 

continuing through to discharge. This protocol will inform the healthcare staff of the practices 

that will be implemented in an effort to prepare these neonates for an optimal microbiome 

development. In addition to a written protocol, a PowerPoint presentation would accompany the 

information for informative information on the change and the evidence that supports these 

interventions. By educating the healthcare staff that will be interacting directly with expecting 

parents, they will be able to answer any questions as well as educate the parents about their 

choices surrounding birth and how it can affect their babies long-term health. While this protocol 

development is the initial step, accepting these practices into hospitals nation-wide will require 

additional education and a variety of strategies to target all parties involved in these decisions. 

For example, using mix-media messages such as pamphlets and educational videos will reach 

additional individuals to educate them on their choices during prenatal visits that have a strong 

impact on their future babies health.  

 Following the strategies of Titler et al.’s (2001) Iowa model of evidence-based practice to 

promote quality care, this chapter will outline the implementation of this protocol into practice. 

As a guide for healthcare workers, the Iowa model utilizes a feedback loop system and problem-

solving to apply evidence-based findings into the direct patient-care setting. The aspects of the 

Iowa model of evidence-based practice to promote quality care that will be discussed in the 

implementation of this protocol include identifying the knowledge focus triggers, determining 

priority for the organization, forming a team, investigating the literature, critiquing and 
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synthesizing the research into practice, piloting the change in practice, determine appropriateness 

of adoption into practice, instituting the change, and finally, monitoring, analyzing and 

disseminating the results. As seen in the steps presented above, chapters one through three of this 

thesis have discussed the relevant literature associated with neonatal microbiome development 

and assembled this literature into a best practice guideline.  Therefore, the remainder of this 

chapter will focus on the implementation strategies starting from determining a sufficient base of 

information to use and continuing through to dissemination of the results. Evaluation of this 

protocol will be discussed throughout these steps as well through the monitoring, analyzing, and 

dissemination of the results that are collected.  

Implementation  

Protocol Creation and Future Education Techniques  

 As an initial step, a best practice protocol has been drafted outlining the steps for nursing 

care and education that will lead to optimal microbiome development in a neonate. In addition to 

this protocol, a slide deck of PowerPoint slides outlining essential findings and information 

would be created to provide additional education to staff in regards to the changes supporting 

this protocol development. After reviewing local hospitals protocol examples, an example of this 

protocol has been created and can be found in Appendix C of this thesis. The information 

presented in this protocol is not new information as it is a summary instead of chapters one to 

three of this thesis presented in a useable format that is targeted to healthcare workers.  

While this protocol specifically focuses on factors that affected microbiome development 

immediately after delivery and throughout the families’ hospital stay, it is important as well that 

the parents are educated not only when arriving at the hospital for delivery, but also throughout 

the prenatal time period. This information on infant microbiome and the choices parents have 
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that can impact the optimal microbiome development should be introduced at every step in the 

process from conception through the child’s life. The parents should be educated starting at the 

first prenatal appointment, in addition to these topics being included during parenting and 

birthing classes. In order to provide this education, an education pamphlet or brochure would 

theoretically be prepared to present the information in an simple and transportable format. In 

addition, an informative video that can be shared to healthcare workers and parents alike could 

be created to target an additional parental population that prefers to receive information 

electronically. These two forms of communication while purely speculative at this point would 

provide excellent mediums to educate the parents about the questions they should be asking and 

the opportunities available to them.  

As the first step in education, the protocol will be extremely important as healthcare 

workers need to understand what practices they should be following to help the infant develop 

the best health early on in their life. By acknowledging these steps as best practice and evidence-

based, practitioners will be able to educate families on their choices and give supporting 

evidence behind this change in procedure.  

Iowa Model of Evidence-Based Practice 

 The Iowa model of evidence-based practice to promote quality care will be used as a 

guideline to the theoretical implementation of this evidence-based protocol into the healthcare 

environment of delivery and post-partum care. As established by Titler et al. (2001), this 

guideline begins with discussing the factors that contribute to trigger an investigation into a 

particular healthcare practice. In this case, the investigation into best practices of neonatal 

microbiome development was spurred by ideas of new research, philosophies of care, and an 

emphasis on developing the microbiome in neonates in recent literature (Titler et al., 2001). 
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Theoretically this protocol would be implemented at a local hospital on their labor and delivery 

and mother-baby units. 

 This topic would definitely be considered a priority from the neonatal perspective as 

many parents will do anything in their power to prepare their infant for the most long-term health 

success. While they may not be aware that the microbiome plays such a significant role in their 

infants health, proper education and awareness on the issue would put this practice into the 

forefront of the neonatal community as a priority. As the importance has been established, a team 

will then be formed according to the Iowa model (Titler et al., 2001). The team that theoretically 

would be established would include a variety of disciplines including but not limited to nurses, 

nurse educators, physicians, neonatologists, researchers, doulas, and a social worker. This 

interdisciplinary team would be able to consider all aspects that would affect the success of this 

practice. According to the Iowa model, the team would then focus on collecting all relevant 

research and condense this research into a format suitable for practice (Titler et al., 2001). This 

step has already been completed and synthesized in chapters two and three, which the team 

would be able to reference with the protocol. As the research collected demonstrated a sufficient 

base to support the guidelines included in the protocol, the next step that will be completed is to 

pilot the change in practice (Titler et al., 2001). 

 Pilot the change in practice. This step is the beginning of the implementation stage 

(Titler et al., 2001). The significant parts of this stage include selecting outcomes, collecting 

baseline data, designing evidence-based practice guidelines, implementing these evidence based 

practice on pilot units, evaluating the process and outcomes, then modifying the practice 

guideline. These aspects will be discussed with the intention of the creation of a best-practice 

protocol.  
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 Select outcomes to be achieved. This protocol implementation is targeted at healthcare 

workers. Therefore, one of the most important outcomes to measure is healthcare worker 

knowledge surrounding practices that influence neonatal microbiome development before and 

after the education that comes with implementing this change (Titler et al., 2001). For that 

reason, there will be a pre-test and a post-test to test the practitioner knowledge on the topic. This 

will allow researchers to study whether or not the education the accompanies this change is 

educating the professionals appropriately. The educational sessions would not only include the 

PowerPoint slides, but dependent on the hospital, could also theoretically include an in-service 

for healthcare professionals or an online training module.  

 In addition to healthcare worker knowledge, another important outcome is whether or not 

parental choices were influenced by this change in practice. The success of changing the protocol 

can be measured by performing a retrospective chart review to analyze specific variables that this 

protocol is working to change.  The information that will be collected on these outcomes will be 

taken from the electronic health record, focusing on the practices that directly follow a delivery 

and subsequent neonatal care. Specifically, the information that will be measured includes 

breastfeeding initiation, duration, and exclusivity; the mode of delivery in terms of vaginal, 

elective cesarean, and emergency cesarean delivery; parental request of partial microbial 

restoration via vaginal seeding following cesarean delivery; time post-delivery neonatal care is 

performed, including hours after birth when bathing is performed; skin-to-skin contact when or if 

performed and length; and whether or not antibiotics were administered. These outcomes have 

both provider and parental influences; however, often parental knowledge is a result of provider 

education regarding the topic at hand. For that reason, these will be the outcomes that will be 

measured following the theoretical implementation of the protocol.  
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 In order to precisely measure the results of these selected outcomes, SMART objectives 

will be established for each of the mentioned aspects of the chart review. Following the 

recommendations set forth by the CDC, a SMART objective will be specific, measureable, 

achievable, realistic, and time-phased (Centers for Disease Control and Prevention, 2009).  

 Collect baseline data. Before implementing this protocol, baseline data will be collected 

from a retrospective chart review six months before this change of practice to be compared with 

the data that will be collected for the six months following the change (Titler et al., 2001). This 

will allow a comparison between parental decisions regarding these factors after practitioners 

have implemented these practices as a part of their daily protocol when caring for this 

population. 

 Design evidence-based practice guidelines. These evidence-based practice guidelines 

have been summarized in chapter three of this thesis; however, this summary have been 

translated into a protocol that is located in Appendix C. It is the design of this protocol that will 

allow the information to truly be applied to a clinical setting (Titler et al., 2001).   

 Implement evidence-based practice on pilot units. This protocol is a theoretical 

implementation of these guidelines into practice and use in the delivery and postpartum care 

units at one local hospital. These units will serve as the pilot units for these guidelines that will 

effectively encourage optimal microbiome development (Titler et al., 2001).    

 Evaluate process and outcomes. As an initial step in the evaluation of this evidence-

based practice, the information that is taken from the six months prior to the beginning of this 

practice change will be compared with the information and statistics that come from the six 

months following the change (Titler et al., 2001). In terms of this data, an initial evaluation can 

be made to determine if the education of the providers was a useful tool in changing parents 
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attitudes and influencing the decisions they make regarding practices that affect their infants 

microbiome.  

 Modify the practice guideline. This is the final step in the piloting process (Titler et al., 

2001). By adjusting and changing the protocol as needed, healthcare practitioners can voice their 

opinion regarding necessary changes and hindrances that this practice is creating for their 

efficiency and care. Following evaluation, this is a useful step as it will allow the protocol to be 

the most effective in terms of improving infant microbiome development.   

Summary  

 The theoretical implementation process for this protocol as guided by the Iowa model 

will serve as a basis to initiate this practice change into the symbiotic units of labor and delivery 

and mother baby. Many of the aspects of this model have already been discussed above, 

including identifying the triggers for change, identifying the importance of this topic, assembling 

the information, and forming a pilot change test. The next steps that will be discussed in the next 

section will be those that focus on the evaluation of this protocol implementation.  

The development of this protocol was suggested as the initial step in educating healthcare 

professionals and parents alike. It would be beneficial however, to pair this with both an 

educational pamphlet and an informative video that parents would be able to access at any time 

throughout their pregnancy and the beginning of their child’s life.  

Evaluation 

 In this final step of the Iowa model for evidence-based practice adaptation, the 

appropriateness of adopting this protocol into practice and evaluation of the pilot study will be 

discussed (Titler et al., 2001).  This will determine if the protocol that was implemented was 

effective in terms of promoting practices that encouraged optimal microbiome development.  
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Appropriateness for Practice Adoption 

 After the pilot protocol has been implemented on the chosen units, an immediate 

evaluation will be done followed by a determination on if it is appropriate to continue to 

implement this change on the same unit and possibly throughout other hospitals (Titler et al., 

2001). If the theoretical pilot units have positive responses and outcomes from this change in 

protocol, then it is likely that this will be adopted into practice long-term. While this initial 

protocol will be adopted, it is important to continually update it based on new information that 

arises surrounding this concept. This information specifically could include delayed bathing 

specifically for microbiome development and the initiation of partial restoration of the 

microbiome through vaginal seeding. As the research develops, it is important to integrate these 

evidence-based practices into hospital protocol including the one presented in this thesis.  

Monitor and Analyze Structure, Process, and Outcome Data 

 Throughout this process, evaluation of the results of this implementation are important to 

ensure that outcomes are being met and there is satisfaction with the results (Titler et al., 2001). 

This step includes short-term evaluation of the goals set forth as described in the implementation 

check point in the beginning. Including an increase in staff knowledge regarding the subject and 

positive changes associated with the different practices that will be recorded six months before 

and after protocol implementation with a retrospective chart review. In addition to the outcomes 

as measured by the statistics mentioned above, in this step as well, the effects to the 

environment, the staff, the cost, the patient, and the family will be investigated (Titler et al., 

2001). This holistic view will allow the hospital and unit where this is being implemented on to 

evaluate not just the benefits this practice brings to a infants microbiome, but also to the hospital 

environment, staff, and patient satisfaction.  
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Disseminate Results  

 After a thorough review, the final step in the Iowa model is to share and disseminate the 

information not only throughout the hospital, but to the medical community as well (Titler et al., 

2001). As this is a practice that is applicable in all delivery and postpartum settings, the 

information that this protocol pilot test provides in terms of outcomes and results will be 

invaluable throughout the community. By demonstrating that a change in protocol and providing 

educational opportunities for practitioners and families alike can influence the outcome of an 

infant’s proper microbiome development, major strides could be made in neonatal immediate 

and long-term health outcomes.  

Strengths, Limitations, and Recommendations for Future Research  

 A strength of this thesis is the inclusion of a thorough literature review which illuminated 

a gap in knowledge of succinct evidence-based recommendations to encourage the optimal 

microbiome development in infants. Although a variety of studies included different factors in 

the same study, this thesis tied these ideas together to present an evidence-based protocol that 

can be theoretically implemented in the hospital. This protocol is included in Appendix C; 

however, as proposed an educational pamphlet and informative video would aid in the efforts of 

educating healthcare professionals and parents.  

 In addition, a strength of this intervention is the target on primary prevention. By 

educating parents about the healthy choices they can make for their children early on, primary 

prevention is the focus as these practices help to prevent further long-term health complications 

as mentioned in chapter one. Therefore, they are targeting this issue before it has made a 

negative impact on the child’s health, when they are still in the stage of susceptibility in the 

natural history of disease.   
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While a majority of these practices had several evidence-based articles supporting their 

use, there were two approaches that lacked sufficient evidence related to effects on the 

microbiome. These two techniques included delayed bathing and partial microbial restoration via 

vaginal seeding. Although mentioned as possibilities for improved microbiome development, 

supporting research has yet to be conducted. These are two techniques that should be further 

researched to determine their effect on microbiome development for the future. Probiotic and 

prebiotic use in formula as a method to supplement microbiota development in infants who are 

unable to be breastfed would be an additional recommendation for future research. Finally, an 

extended research study should be conducted to determine the long-term health effects following 

the implementation of these evidence-based practices. 

Summary  

 The purpose of this thesis was to develop a best practice protocol to educate healthcare 

professionals on delivery and postpartum practices that will encourage optimal microbiome 

development in infants. Research has indicated extensive health effects associated with positive 

microbiome development starting immediately after birth. After an extensive literature review, 

the findings were summarized into best practices and further condensed into a practice protocol 

that can be theoretically implemented in a hospital. Through the use of the Iowa model of 

evidence-based practice, the implementation and evaluation of this theoretical protocol was 

discussed. Thorough evaluation on this protocol would provide feedback for improvements and 

future possibilities of implementation in other hospitals. This evidence-based protocol will 

provide direction to the future of the infant microbiome development, applying concepts that are 

supported by the research into the hospital setting. As most parents are motivated to provide their 

infants with the best possible health trajectory from the very beginning, these practices will allow 
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them to provide positive influences to their infants long-term health.  
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Appendix A 

Table 1  

Table of Findings  

Best Practices in Neonatal Microbiome Development Table of Findings 
Author 
Publishing year 
Location 
Title of Article  
 

Questions, variables, 
objectives, hypotheses  

Design, sample, setting Findings Level of 
Evidence  

Biasucci et al., 
2008, Italy  
 
Cesarean delivery 
may affect the early 
biodiversity of 
intestinal bacteria 

Determining the effects 
of CD vs. SVD on 3-
day old term infants’ 
intestinal microbial 
composition. Utilizing 
PCR-denaturing 
gradient gel 
electrophoresis and 
PCR-temperature 
gradient gel 
electrophoresis, 
researchers analyzed 
fecal samples of 
newborns to determine 
microbiota 
composition.  

Controlled trial without 
randomization. The study 
consecutively recruited all 
eligible infants and 
obtained fecal samples at 3 
days of life, before 
discharge.  
 
46 term infants 
-23 CD (8 males, 15 
females) 
-23 SVD (11 males, 12 
females)  
 
Infants born in October 
2003 at Guglielmo da 
Saliceto Hospital in 
Piacenza, Italy.  

CD have an absence of 
Bifidobacteria sp. and a lack of 
variety in their intestinal 
microbiota composition.  
 
SVD infants have specific, 
individual microbial combinations 
all of which demonstrated an 
abundance of B. longum and B. 
catenulatum.  
 
They detected a clinically relevant 
difference in intestinal flora 
between the separate groups. At 
this early in life, 3 days, the effect 
of type of nutrition is not as 
important of a factor as mode of 
delivery since only two infants 
born by CD had not received an 
adequate amount of breast milk at 
day 3 of life.  

Level III: Well-
designed 
controlled trail 
without 
randomization 
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Dominguez-bello, et 
al. 2010, Venezuela  
 
Delivery mode 
shapes the 
acquisition and 
structure of the 
initial microbiota 
across multiple 
body habitats in 
newborns  

This study was 
performed to analyze a 
community-wide 
perspective on how 
delivery mode and 
body habitat affected 
the neonates first 
microbiota. Utilizing 
16S rRNA gene 
pyrosequencing they 
were able to determine 
and characterize 
bacterial communities 
on the infant and 
compare these 
communities to their 
mother’s.  

Over a period of 4 days, 
the study collected samples 
from 9 women and their 10 
newborns. This study was 
conducted at the Puerto 
Ayacucho hospital in the 
Amazonas State, 
Venezuela. 5 women 
delivered via CD with 3 
females and 3 males 
delivered (male dizygotic 
twins). 4 delivered via 
SVD with 3 males and 1 
female. Samples were 
collected from the mothers’ 
skin (forearms), oral 
mucosa and vagina 1 hour 
before delivery. The babies 
skin (removing vernix 
caseosa), oral mucosa, and 
nasopharyngeal aspiration 
were samples <5 minutes 
and meconium <24 hours 
after delivery.  

While the mothers demonstrated 
differentiated communities, the 
infants had relatively 
undifferentiated microbiota across 
their body habitats. This remained 
constant for both modes of 
delivery. SVD infants had a 
bacterial composition that was 
similar to their mother’s vaginal 
microbiota, whereas CD infants 
had a composition that was closer 
related to the surface of their 
mothers’ skin.  

Level III: Well-
designed 
controlled trail 
without 
randomization 

Liu et al. 2015, 
China 
 
Bacterial 
community 
structure associated 
with elective 
cesarean section 
versus vaginal 

Analyzing fecal 
samples from infants 
on 2 and 4 days of life 
to determine diversity 
of the intestinal 
microbiota in new born 
infants. With a 
combination of PCR-
denaturing gradient gel 

There was a total of 25 
SVD infants and 16 CD 
infants involved in this 
cross-sectional study. From 
these infants, 41 fecal 
samples were obtained. 
The study was performed 
at the Children’s Hospital 
in Chongqing Medical 

In the results of this study, there 
was no difference in the richness 
and evenness of fecal bacterial 
community. Instead, there was a 
difference in the taxa of the 
between the two modes of 
delivery. In SVD infants, the 
dominant microbes were 
Escherichia coli, Bacteroides sp, 

Level III: Well-
designed 
controlled trail 
without 
randomization 
 
Cross-sectional 
study  
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delivery in Chinese 
newborns 

electrophoresis and 
16S rRNA gene 
sequencing that 
corresponded to 
degenerating gradient 
gel electrophoresis 
bands.  

University. The infants 
were matched for factors 
known to affect the 
microbiota to ensure 
cohesiveness.  

and Bifidobacterium longum. In 
CD infants, the most common 
types were Staphylococcus sp, 
Clostridium sp, Enterobacter sp, 
and Streptococcus sp.  

Hascoet et al. 2011, 
France  
 
Effect of formula 
composition on the 
development of 
infant gut 
microbiota  

This study was 
performed to determine 
which diet or formula 
composition would be 
optimal for infant 
microbiota 
development. There 
were specific 
ingredients in each 
formula that would 
provide full nutritional 
support for an infant up 
to 4 months of age, 
with some variation 
between the control 
formula, the study 
formula, and the study 
formula supplemented 
with Bifidobacterium 
longum.  

In a randomized, double-
blind controlled trial a total 
of 190 healthy infants were 
included within the study. 
The infants were either fed 
the study formula with or 
without Bifidobacterium 
longum or control formula 
with exclusively breast-fed 
infants as a reference tool. 
These samples were 
collected at 2 months of 
age. This study was 
conducted at the Maternite 
Regionale Universitaire of 
Nancy, France. Caregivers 
were responsible for 
monitoring feedings and 
digestive tolerance 3 days 
before each visit. There 
were four visits in total.  

In infants who received the study 
formula had higher Bifidobacteria 
counts along with breast-fed 
infants. There were no significant 
differences in the growth 
measurements, digestive tolerance, 
and adverse events between 
groups. The bifidogenic control 
formula had a similar microbiota 
profile to breast-fed infants.  

Level II: well-
designed RCT  
 
Single-center, 
randomized, 
double-blind, 
controlled trial  

Khodayar-Pardo, 
Mira-Pascual, 
Collado, & 
Martinez-Costa, 
2014, Spain  

This study focused on 
several factors that 
determine milk 
microbiota 
composition. As the 

There was a total of 96 
milk samples taken from 
32 mothers. Of these 
mothers, 19 had preterm 
births while 13 were term 

The dominant bacterial groups 
were Lactobacillus, Streptococcus, 
and Enterococcus spp. In addition, 
throughout the lactation period, 
Bifidobacterium and Enterococcus 

Level IV: 
prospective 
longitudinal 
study 
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Impact of lactation 
stage, gestational 
age and mode of 
delivery on breast 
milk microbiota  

microbiota of infant 
health has come into 
study, the role of breast 
milk composition in 
immunological 
development of the 
newborns are 
important.  

gestation births. In 
addition, 15 were SVD and 
17 were CD. As a 
longitudinal study, the 
microbiota compositions 
were studied by 
quantitative PCR. In 
addition, the influence of 
lactation stage, gestational 
age, and delivery mode 
were all studied in the 
influence of breast milk 
composition. This study 
was conducted at the 
Maternity Ward of the 
Hospital Clinico 
Universitario of Valencia 
in Spain.  

spp. increased in terms of total 
bacteria. For mothers who 
delivered term gestation, there 
were higher Bifidobacterium spp. 
than preterm gestation. For mother 
and infant dyads who had 
Cesarean sections, there were 
higher bacterial concentrations in 
colostrum and transitional milk. 
For VD, there were higher counts 
of Bifidobacterium species than 
other delivery methods. Therefore, 
lactation stage, gestational age, 
and delivery mode affected the 
milk composition and intestinal 
colonization of infants.  

Cabrera-Rubio, 
Mira-Pascual, Mira, 
& Collado, 2015, 
Spain 
 
Impact of mode of 
delivery on the milk 
microbiota 
composition of 
healthy women  

The aim of this study 
was to determine the 
impact that mode of 
delivery specifically 
had on the microbiome 
composition and 
diversity in the breast 
milk of healthy 
mothers.  

A total of 10 healthy 
mothers from Spain were 
included in the study and 
gave a 1 month breast milk 
sample after exclusively 
breast feeding. After birth, 
they collected information 
on the delivery and 
gestational age. Using 16S 
rRNA gene 
pyrosequencing and 
targeted quantitative PCR 
sequencing, the bacterial 
composition of these 
samples was determined.  

CD mothers showed a different 
microbial profile than SVD. There 
was a higher bacterial diversity in 
the milk of mothers who had a 
SVD than those who had a CD. 
With higher levels of 
Bifidobacterium spp. there were 
lower levels of Staphylococcus 
spp. Although this study had a 
small sample size, it was able to 
identify a connection between 
delivery mode and bacterial 
composition.  

Level III: 
controlled trials 
without 
randomization 
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Hoashi et al. 2016 
 
Human milk 
bacterial and 
glycosylation 
patterns differ by 
delivery mode  

This study focused on 
mode of delivery and 
the difference in 
abundance and 
glycosylation patterns 
for infants of both CD 
and SVD.  

This study included a total 
of 20 anonymous milk 
samples that were taken 
from a milk bank. These 
samples included 10 SVD 
and 10 CD. In terms of 
postpartum age, the 
mothers ranged from 3 to 
32 weeks after delivery. 
Milk was collected sterilely 
and kept within specific 
limits at the milk bank. 
This study used cross-
sectional study methods.   

The study included analyzing milk 
samples from the milk bank that 
included the time since delivery in 
bacterial abundance and 
glycosylation patterns of the 
women who delivered vaginally.  
The findings support the idea that 
the newborn’s mouth conducts 
bacteria from their type of delivery 
onto the aureole. Depending on 
the type of delivery, the 
colonization of the aureole is 
different. While the results 
confirm that milk composition 
changes over time, it also reflected 
the migration of the infant and 
breast flora that is akin to their 
mode of delivery. In mothers who 
delivered vaginally, there was an 
increase in Bifidobactericeae after 
3 months of delivery.  

Level III: well-
designed study 
without 
randomization 
 
Cross-sectional 
study  

Azad et al., 2015, 
Canada  
 
Impact of maternal 
intrapartum 
antibiotics, method 
of birth and 
breastfeeding on gut 
microbiota during 
the first year of life: 
a prospective cohort 
study  

Through analyzing 
fecal samples, the 
effect of maternal 
intrapartum antibiotic 
as prophylaxis and 
breastfeeding impact 
was measured on the 
infant gut microbiota.  

This study included a sub-
sample of 198 healthy term 
infants from the CHILD 
prospective study. This 
study was performed on 
the Canadian Healthy 
Infant Longitudinal 
Development Study. 
Through reviewing 
hospital records for 
antibiotic exposure and 
birth method and having 

Mothers received antibiotics for a 
variety of reasons such as Group B 
Streptococcus prophylaxis, pre-
labor rupture of the membranes, 
and elective or emergency 
caesarean deliveries. While there 
were 3 month differences with all 
intrapartum antibiotic exposures, 
the difference was especially 
apparent after emergency CD with 
changes (especially with increased 
Clostridiales and decreased 

Level IV: 
prospective, 
longitudinal, 
cohort study  



NEONATAL MICROBIOME DEVELOPMENT  
 

64 

the mothers report their 
breastfeeding practices, 
infant microbiota 
influences were monitored. 
Fecal samples were 
measured at 3 and 12 
months and analyzed with 
Illumina 16S rRNA 
sequencing.  

Bacteroidaceae) that continued to 
12 months, especially among non-
breastfed infants.  

Madan et al., 2016, 
US 
 
Association of 
cesarean delivery 
and formula 
supplementation 
with the intestinal 
microbiome of 6-
week-old infants  

The objective of this 
study was to examine 
the association of 
delivery mood and 
feeding method for 
infants and their 
intestinal microbiome 
composition at 6 weeks 
of life.  

The study included 102 
infants in a prospective 
observational study at 6 
weeks of life. From the 
infants, 70 were SVD and 
32 were CD. In addition, 
70 were exclusively 
breastfed, 26 combination 
fed, and 6 were exclusively 
formula fed. The study was 
prepared in the US 
pregnancy cohort study. 
Delivery method was taken 
from the delivery medical 
records, while feeding 
method before the time of 
the stool was collected was 
taken from a questionnaire.  

The results of the study were 
independent associations between 
microbial community composition 
and delivery mode and feeding 
method. The differences between 
microbial community composition 
between CD and SVD were either 
the same as or larger than the 
differences between feeding 
groups. In addition, combination 
fed and exclusive formula feeding 
has more similar compositions 
than exclusively breastfed infants. 
The researchers discovered an 
immediate connection with 
delivery method and feeding 
method on intestinal microbiota.  

Level IV: cohort 
study/prospective 
observational 
study  

Bokulich et al., 
2016, US  
 
Antibiotics, birth 
mode, and diet 
shape microbiome 

The purpose of this 
study was to identify 
the early-life microbial 
development while 
including antibiotic 
use, CD, and formula 

The initial study was with 
53 mothers; however, only 
43 infants were followed-
up with at 2 years of age. 
The stool samples were 
collected from the infants, 

In the first month of life, the stool 
had mainly facultative aerobic 
Enterobacteriaceae before 
changing to strictly anaerobes, 
especially Bifidobacterium, 
bacteroides, and Clostridium. 

Level IV: 
prospective 
cohort study  



NEONATAL MICROBIOME DEVELOPMENT  
 

65 

maturation during 
early life  

feeding vs. 
breastfeeding were 
included in 
analyzation. As these 
have been implicated 
in obesity, diabetes, 
and allergy 
development later in 
life.  

while stool samples, 
vaginal swabs, and rectal 
swabs were collected from 
the mothers pre-and 
postpartum. In addition, 
birth mode, feeding, and 
antibiotic exposure were 
recorded through hospital 
records from the United 
States hospitals.  

These were displaced between 6 
months and 24 months. They were 
transitioned to a diverse mixture of 
Clostridiales that was related to 
the introduction of solid food. 
Even without the influence of 
antibiotics, there were differences 
found in birth mode and feeding 
method early in life. While the 
microbiota changed throughout the 
first 2 years of life, they began to 
resemble the adult microbiota by 
the 2-year mark.  

Salminen, Endo, 
Isolauri, & 
Scalabrin, 2016  
 
Early gut 
colonization with 
lactobacilli and 
Staphylococcus in 
infants: the hygiene 
hypothesis extended  

The purpose of this 
study was to analyze 
the mode of delivery 
and type of feeding on 
the impact of gut 
microbiota, while 
including the aspect of 
prebiotics and their 
beneficial effects on 
infants who are 
formula fed.  

This study, a double-blind 
randomized study included 
21 to 30-day old term 
infants who were SVD and 
exclusively formula fed 
cow’s milk formula or the 
same formula 
supplemented with the 
prebiotics polydextrose and 
galactooligosaccharides. In 
addition, there was a 
breastfeeding exclusive 
group that served as a 
reference. The stool 
samples were taken at 30 
days and at 60 days. The 
fecal samples were then 
analyzed via quantitative 
real-time polymerase chain 
reaction.  

The study results discovered a 
higher bifidobacteria colonization 
in infants who were breast fed or 
formula fed that was 
supplemented with the prebiotics 
of polydextrose and 
galactooligosaccharides. The 
bacteria that was found in breast 
milk, the lactobacilli and S aureus 
was also found in infant feces. By 
modifying formula with 
prebiotics, infants who are formula 
fed may be able to reach a 
beneficial microbiota closer to that 
of breastfed infants. While 
traditionally some of these 
bacteria, such as Staphylococcus 
aureus, are thought to be harmful 
to the infant, they may be helpful 
in colonizing the gut microbiota 

Level II: double-
blind, 
randomized 
study  
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and bring a positive influence to 
the developing immune system.   

Penders et al., 2006, 
Netherlands  
 
Factors influencing 
the composition of 
the intestinal 
microbiota in early 
infancy  

The aim of this study 
was to analyze external 
influences on the gut 
microbiota 
composition for 
infants. These 
influences included 
delivery method, 
feeding method, 
hospitalization and 
prematurity, antibiotic 
use, and the influence 
of older siblings.  

This study took fecal 
samples from 1032 infants 
from the KOALA birth 
cohort in the Netherlands. 
These samples were taken 
at 1 month of age. The 
samples were analyzed via 
quantitative real-time 
polymerase chain reaction 
assay. Through 
questionnaires, data 
regarding the other factors 
and influences were 
collected.  

The infants born via CD had fewer 
bifidobacteria and Bacteroides, 
while they had higher levels of C 
difficile when compared with the 
SVD infants. Infants who were 
exclusively formula fed rather 
than breast fed had higher levels 
of E coli, C difficile, Bacteroides, 
and lactobacilli. The use of 
antibiotics was connected with a 
decrease in the presence of 
bifidobacteria and Bacteroides. In 
addition, those infants who had 
older siblings at home, had higher 
numbers of bifidobacteria 
colonized in their gut.  

Level IV: cohort 
study 

Preer, Pisegna, 
Cook, Henri, & 
Philipp, 2013, 
Boston, MA, US  
 
Delaying the bath 
and in-hospital 
breastfeeding rates  

The purpose of this 
study was to analyze 
the effect of the first 
bath timing on the in-
hospital breastfeeding 
rates at Baby-Friendly 
urban hospitals.  

The study included a 
retrospective chart review 
of in-hospital breastfeeding 
rates 6 months before and 6 
months after the delayed 
bath was implemented at 
Boston Medical Center in 
Boston, Ma. The study 
included reviewing 702 
infants. Before this delayed 
bathing policy, the infants 
were born at approximately 
2.4 hours of life. After the 
policy, they were bathed at 
an average of 13. 4 hours.  

Following this change in bathing 
delay, in-hospital exclusive 
breastfeeding rates changed from 
32.7% to approximately 40.2%. In 
fact, using a method of 
multivariate logistic regression 
analysis, infants had a 39% higher 
chance of exclusively 
breastfeeding when compared to 
those studied before the 
intervention. In addition, near-
exclusive breastfeeding rates had 
59% greater odds and initiation of 
breastfeeding alone had 166% 
greater chance after the 

Level IV: cohort 
studies, 
retrospective 
chart review  
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intervention. Therefore, delayed 
bathing increased the chance of 
breastfeeding initiation and in-
hospital rates.  

Aloisio et al., 2015, 
Italy  
 
Evaluation of the 
effects of 
intrapartum 
antibiotic 
prophylaxis on 
newborn intestinal 
microbiota using a 
sequencing 
approach targeted to 
multi hypervariable 
16S rDNA regions 

The purpose of this 
study was to analyze 
the intrapartum 
administration of 
antibiotics on the 
mother, especially as 
prophylaxis for group 
B Streptococcus.  

This study included fecal 
samples from 10 infants 
who were born to mothers 
who were group B 
streptococcus negative and 
10 infants born to mothers 
who were group B 
streptococcus positive and 
receiving intrapartum 
antibiotics. This study was 
performed at the Neonatal 
Intensive Care Unit at the S 
Orsola Malpighi Hospital 
of Bologna from April to 
December 2013.  

The results of this study found a 
significant difference in the 
microbiota for infants whose 
mothers received intrapartum 
antibiotic prophylaxis. These 
differences included a lower 
abundance of Actinobacteria and 
Bacteroidetes, as well as more 
Proteobacteria. Those who 
received antibiotics had less 
microbial richness and 
biodiversity and lower bacterial 
families with a dominance of 
Enterobacteriaceae members and 
reduced Bifidobacterium spp.  

Level III: well-
designed 
controlled trials 
without 
randomization 

Dominguez-Bello, 
et al., 2016, US  
 
Partial restoration of 
the microbiota of 
cesarean-born 
infants via vaginal 
microbial transfer  

This study analyzed the 
effects of CD who 
were exposed to 
maternal vaginal fluids 
at birth. The 
researchers identified 
the gap between 
bacteria of VD vs. CD 
infants, which they 
decided to test through 
a method of restoration 
for CD infants via 
exposure to maternal 
vaginal fluids.  

As a pilot study, this study 
included a total of 18 
infants from whom 
samples were collected 
from the mother and infant 
dyad. Of these 18, 7 were 
born vaginally and 11 
delivered by scheduled 
CD. A total of 4 were 
exposed to the maternal 
vaginal fluids at birth 
through transfer of fluid 
via sterile gauze by 
swabbing the infant 

The infant microbiomes 
demonstrated that the four CD 
infants who were exposed to 
vaginal fluids closer resembled 
VD infants, especially within the 
short time of the first week of life. 
In infants exposed superficially to 
vaginal fluids, the gut, oral, and 
skin microbiota community’s 
closer resembled those born by 
VD. Those born via CD without 
exposure to vaginal fluids had a 
significantly underrepresented 
microbiota. While the long-term 

Level III: well-
designed non-
randomized 
controlled trial  



NEONATAL MICROBIOME DEVELOPMENT  
 

68 

starting from the mouth, to 
the face and rest of the 
body. Samples were taken 
from the anal, oral, and 
skin sites of the infant and 
mothers at different times 
throughout the first month, 
1, 3, 7, 14, 21, and 30 days 
after birth. A total of 1519 
samples were taken and 
analyzed to determine the 
similarities.  

effects of this are unknown, it is 
demonstrated that at least partially, 
the microbiota can be restored and 
supplemented in CD infants 
through exposure to vaginal fluids.   

Essa, N. Ismail, & 
A. Ismail, 2015, 
Egypt  
 
Effect of early 
maternal/newborn 
skin-to-skin contact 
after birth on the 
duration of third 
stage of labor and 
initiation of 
breastfeeding  

This study focused on 
determining the effect 
of early skin to skin 
contact between the 
mother and newborn 
on the duration of third 
stage of labor and the 
initiation of 
breastfeeding.  

As a non-randomized 
controlled trial at the 
delivery unit in the 
National Medical 
Institution in Damanhour, 
Albehera Governorate, 
Egypt. Through purposive 
sampling, 100 women were 
included in the sample that 
included 50 who had 
considered skin-to-skin 
contact and a control group 
that had 50 women who 
received the usual routine 
hospital care. There were 
three tools to collect 
information: a structured 
interview for 
sociodemographic 
characteristics, assessment 
of the mothers during the 

The results of this studied 
demonstrated that for women who 
received the skin-to-skin 
intervention there were higher 
numbers of successful first 
breastfeeding experiences. In 
addition, there were improvements 
in the success of the third stage of 
labor. By encouraging successful 
first breastfeeding experiences 
through skin-to-skin contact, this 
practice can be continued to 
provide infants with the health 
benefits associated with 
breastfeeding.  

Level III: non-
randomized 
controlled 
clinical trial 
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third stage of labor, and the 
Breastfeeding assessment 
tool.  

Terms explained:   
CD: cesarean delivery  
SVD: spontaneous vaginal delivery  
VD: vaginal delivery  
PCR: polymerase chain reaction 
rRNA: ribosomal RNA 
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Appendix B 
 

Table 3 

Levels of Evidence Defined 

Level of Evidence Definition 

Level I 

Evidence from systematic reviews or meta-
analyses that include relevant randomized 
controlled trials (RCTs), or evidence-based 
clinical practice guidelines based on a 
systematic review of RCTs. 

Level II Evidence from at least one well designed 
RCT. 

Level III Evidence obtained from well-designed 
control trials without randomization. 

Level IV Evidence obtained from well-designed case 
control studies and cohort studies. 

Level V Evidence obtained from systematic literature 
reviews of descriptive qualitative studies. 

Level VI Evidence obtained from a single descriptive 
or qualitative study. 

Level VII 
Evidence obtained from the opinion of 
authorities and/or reports of expert 
committees. 

Note: Adapted from Burns, Rohrich, and Chung (2011)  
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Appendix C  

Theoretical Protocol 

Clinical Practice Approval Form 
Clinical Practice Title: Optimal Infant Microbiome Development Practice  

Type of Review:  

 New Clinical Practice 

 Revisions of Existing  Clinical Practice  

Original Approval date:  

 

Care Management Council submission date:  
 

Clinical Practice Owner / Author: (e.g., 

CCG and WG Lead(s) named) 
Contact Information 

Trysha Hicks, BSN Honors Student Name: Trysha Hicks 
 Phone: 7074846568 
 email: tryshahicks@email.arizona.edu 
 

Type of Clinical 
Practice:   

      Expected    Recommended  Optional  

Brief Description of Clinical Practice  
This clinical practice is targeting modifiable evidence-based strategies that parents will 

be able to elect to follow during delivery and post-delivery to encourage optimal 

microbiome development in their infants. There are a variety of practices that will be 

addressed throughout this proposal.  

 

Departments/Disciplines Affected 

Labor and Delivery  Mother and Baby Post-

partum unit 

 

 

 

Reviewed History 
Reviewed by (name/group): Date: 

  

  

  

  

  

  

Clinical Practice Toolkit Link:   
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Upon Care Management Council Approval Clinical Practices enter DESIGN Phase in Care 
Management. 
 

Gut Microbiome Development (Neonate) 
  
PRACTICE APPROACH:  
Expected/Recommended/Optional Clinical Practice 

 

 

PRACTICE STATEMENT:  
All full-term infants born after 37 weeks will either receive or be exposed to these practices. The 

infant must be considered medically safe to do so. These evidence-based practices are targeted 

to encourage optimal microbiome development in newborns immediately after birth in order to 

give them the best future health outcomes. These practices include:  

• vaginal delivery,  

• exclusive breastfeeding for at least six months, 

• beginning skin-to-skin contact immediately following birth,  

• delaying post-birth practices including bathing,  

• judicial antibiotic use, 

 

RATIONALE:  
 

At this time, many of these practices are supported by evidence. However, delayed 

bathing in terms of microbiome development, prebiotic supplementation, and partial restoration 

of the microbiota through vaginal seeding, are not supported by sufficient evidence. However, 

providers should be aware of these practices and pending future research.  

 

While many of these practices are dependent on parental choice, healthcare 

practitioners can have a significant impact on parental decisions. Therefore, it is important to 

have proper protocol in place in the event that these are choices brought up by parents as well 

Care Management Council Approval 
 Returned to Author  for Revision Date:       

Comments: 

 

 

 

 

 

 

 

 Approved by Care Management Council Date: 

TITLE:     Optimal Infant Microbiome Development Practice in Full-term Infants  

Number:   
 

Date Posted:    
4/27/2018 

Type:  Clinical Practice Contact:   
Trysha Hicks, BSN Honors Student  

Approved Date:   
 

Implementation Date:   
 

Deactivation Date:  
 

Facilities:  

Approved by:   
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as to educate healthcare professionals that these are the current suggestions for neonates in 

terms of optimal gut microbiota development.   

 

The benefits of a positive microbiome development early-on in a child’s life has been 

demonstrated repeatedly throughout literature. Specifically, Azad et al. (2015) has indicated a 

decrease in the occurrence of infections, childhood asthma, allergies, and obesity with an early 

proper microbiome development. The practices mentioned above, contribute to the 

development of the microbiota and can have a significant impact on these health outcomes, as 

well as a variety of others.  

 

In terms of vaginal delivery, six articles described in the thesis “Best Practices in 

Neonatal Microbiome Development” ranging from Level III to Level IV evidence have 

demonstrated the positive impacts that come with the bacterial exposure from vaginal delivery. 

The infants who are delivered vaginally have demonstrated an abundance of B. longum and B. 
catenulatum, which are both bacteria that are associated with proper microbiome development 

(Biasucci et al., 2008). In addition, there was clinically relevant differences found in the intestinal 

flora for these infants (Biasucci et al., 2008). Furthermore, vaginally delivered infants developed 

bacterial compositions that were more similarly related to that of their own mother’s vaginal 

microbiota than to other women’s vaginal microbial profiles (Dominguez-bello et al., 2010). In 

contrast, cesarean delivered infants where determined to have a bacterial composition closer to 

their mother’s skin than any other surface (Dominguez-bello et al., 2010). 

 

For exclusive breastfeeding practices, five articles were included in the findings of the 

thesis mentioned above. These findings ranged from Level II to Level IV. Breastfeeding has 

been demonstrated to provide infants with an optimal microbiome. Interestingly, for infants who 

were also exposed to antibiotics and cesarean deliveries, the differences in their microbiomes 

persisted through a time period of 12 months (Azad et al., 2015). In addition, when comparing 

formula fed infants, breastfed infants, and combination fed infants (formula and breastmilk), the 

microbiomes were more closely associated in solely formula fed infants and combination fed 

infants than breastfed infants (Madan et al., 2016).  

 

Implementing skin-to-skin contact immediately after birth has been demonstrated by 

Essa, N. Ismail, and A. Ismail (2015) to provide a more successful first-time breastfeeding 

experience and long-term success rates. By contributing to greater breastfeeding success, this 

practice aids in the infant microbiome development greatly (Preer, Pisegna, Cook, Henri, & 

Philipp, 2013). This practice correlates with delaying immediate post-birth practices as 

traditional hospital care has taken the infant immediately away from the mother after birth and 

performed a myriad of assessments and treatments on the infant (Essa, N. Ismail, & A. Ismail, 

2015). By delaying these treatments or implementing them while skin-to-skin contact is 

occurring, the infant will have better health outcomes.  

 

In terms of using antibiotics judicially, it is extremely important as antibiotics can have 

extreme negative effects on the microbiome development of a newborn. Those infants whose 



NEONATAL MICROBIOME DEVELOPMENT 74 

mothers received intrapartum antibiotics for prophylactic means had less microbial richness and 

biodiversity and lower bacterial families (Aloisio et al., 2015).  

 

As demonstrated, these practices can all significantly impact an infant’s microbiome 

development. For more information and evidence please refer to the thesis “Best Practices in 

Neonatal Microbiome Development.” 

 

 
CLINICAL APPROACH:  
 
Procedure Key considerations 

Encourage spontaneous vaginal deliveries 

in all patients during prenatal visits and 

educational sessions. Avoid scheduled, 

elective cesarean deliveries.  

Must be medically appropriate to encourage 

vaginal delivery. 

Educate parents on exclusive breastfeeding for 

six months with no supplemental formula 

usage. Start education during prenatal visits 

and throughout well-baby visits.  

Ensure that you are providing all options to new 

families including the use of a breast pump and 

consider financial restrictions. Suggest 

insurance.  

Begin skin-to-skin contact within five minutes of 

birth. Place the infant to the mothers bare 

chest, with no barriers. Perform assessment, 

injections, and other necessary newborn care 

while infant is on the mothers chest. Delay all 

unnecessary practices such as bathing. 

While skin-to-skin contact is necessary, make 

sure that both the mother and baby are 

medically cleared. Mother may need 

assistance, ensure available if needed.  

Judicial antibiotic use is an important aspect for 

the physician to consider before, during, and 

after birth as each exposure is negatively 

affecting the infant.  

No hesitation when medically necessary. 
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