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SUMMARY   As cesarean section and formula feeding become increasingly popular, it is 

important to examine how mode of delivery and diet influence the development and 

composition of the infant gut microbiome. Awareness of the factors that influence an 

infant’s gut flora could help improve their short- and long-term health outcomes. With this 

in mind, here we investigate the influence of delivery and feeding method on the early 

infant gut microbiome; specifically, how vaginal versus cesarean section birth, and 

breastfeeding versus formula feeding impact gut flora. Additionally, we attempt to 

determine whether the type of feed and the method of delivery impact the vertical 

transmission of gut bacteria from mother to infant, and how the infant microbiome 

composition changes over time. We are able to show that breastfed and formula-fed infants 

had similar gut community richness but differed in microbial community composition at 6 

months of age. Microbes belonging to the Veillonellaceae and Pasteurellaceae families 

were found to be more abundant in the gut microbiomes of breastfed infants, whereas 

microbes belonging to the Lachnospiraceae family were more abundant in formula-fed 

infants. Infants delivered via cesarean section and vaginal modes did not significantly differ 

in community richness and microbiome composition at 0.5 months of age. Microbes from 

the Lachnospiraceae family were found to be more abundant in the gut microbiomes of the 

cesarean section infants. All infant groups (cesarean section, vaginally delivered, breastfed 

and formula-fed infants) maintained stable community differences from their mothers over 

the 6-month period tested. 

 

 

INTRODUCTION 

he vast ensemble of microbes harboured in the human gut provide the host multiple 

metabolic capabilities. Without these microbes, extracting energy from indigestible 

dietary products such as polysaccharides would not be possible (1). In addition to aiding in 

digestion, microbial composition and diversity has been associated with other aspects of an 

individual’s health status, such as one’s metabolism and weight (2, 3). The importance of a 

balanced gut microbiota has been highlighted in a study by Turnbaug et al., which found 

that individuals who suffered from obesity had lower flora diversity compared to healthy, 

lean individuals (4). The microbiome has also been implicated in the development of 

immune response pathways in early life, such as the ability to produce appropriate levels of 

immune-related cytokines and growth factors (3). Dysbiosis of the gut flora has been 

associated with immune disorders such as celiac disease (5). 

 Diet is one of the major modulators of the gut microbiome (6). Previous studies have 

shown that different food products can be beneficial or detrimental to flora health. For 

instance, a high intake of dietary fiber has been shown to increase microbial diversity and 

promote expansion of beneficial Bifidobacteria (7). Bifidobacterium are known to provide 

resistance against pathogenic microbe colonization (8) and downregulate host inflammatory 

molecules (9). In contrast to fiber, the intake of fat has been shown to decrease gut 

microbiome diversity and richness (10). Interestingly, human milk has been associated with 

a reduced risk of obesity, by serving as a source of essential nutrition for infant growth and 

development (11). Milk oligosaccharides are believed to enrich beneficial microbiota, 

including Bifidobacteria (12), and are metabolized by certain microbes to produce short-

chain fatty acids that decrease the pH of the intestinal lumen (11). In addition, human milk 

T  

Published Online: September 2021 

Citation: Nabeel Khan, Soomin Lee, Brandon 

Wong, Hellen Xu. 2021. Infant gut microbiome 

shows resilience against mode of delivery but is 

susceptible to feed type. UJEMI 26:1-12 

Editor: Daniela Morales, Stefanie Sternagel and Brianne 

Newman, University of British Columbia 

Copyright: © 2021 Undergraduate Journal of 

Experimental Microbiology and Immunology. All Rights 

Reserved.  

Address correspondence to: 

https://jemi.microbiology.ubc.ca/ 

 

 

 

 

 

s 



UJEMI 
Khan et al. 

September 2021   Volume 26: 1-12 Undergraduate Research Article • Not refereed https://jemi.microbiology.ubc.ca/ 2 

is known to reduce flora bacterial diversity and inhibit pathogen growth (11, 13). 

Mode of delivery has also been determined to be critical for gut flora development (14). 

Caesarean section (c-section) is an alternative to vaginal delivery that is recommended by 

the World Health Organization in high-risk pregnancies (15). The usage of c-sections has 

increased worldwide, being used for 6.7% of births in 1990 and 19.1% in 2014 (15). It is 

thus important to understand how bypassing fecal and vaginal microbiota seeding affects 

infant gut flora (14). Infants delivered by c-section have been previously shown to have a 

high abundance of Klebsiella and Enterococcus strains and a low abundance of 

Bifidobacterium (14). A high Klebsiella to Bifidobacterium ratio in infants has been 

correlated with the development of allergic diseases later in life (9). These differences in 

microbiota composition disappear by 2 months of age as infant gut floras mature to form 

more adult-like profiles (14). 

 

 

With increased understanding of how the gut microbiome influences host health, there is a 

growing interest in factors that have previously demonstrated a vital role in shaping one’s 

microbiome in early life. Diet and mode of delivery have been suggested as major 

modulators of the gut microbiome. We aim to determine whether these factors contribute to 

the shaping of the gut microbiome throughout the first 6 months of life, only immediately 

after birth, not until later in life, or not at all. 

 The inclusion of the mother microbiome population in the selected dataset provided us 

an opportunity to gain insight on the effects of mode of delivery and type of feed on vertical 

transmission of microbes between infant-mother pairs. Using beta diversity analysis, we 

determined that infant-mother compositional differences were not influenced by mode of 

delivery or type of feed. This unique analysis not only provided insight into the maturation 

of the infant microbiome but may also suggest a lack of impact by the mother’s breast milk 

and vaginal microbiota on the rate of gut flora maturation over the first 6 months. 

 

 

METHODS AND MATERIALS 

Data Collection and Description. A dataset was obtained from the European Nucleotide 

Archive concerning infant feeding behaviors and the gut microbiome (16). Collection of 

193 infant and 114 mother stool samples was performed at infant ages of 0.5 months, 4 

months, 6 months, and 9 months. Mode of delivery and type of feed was recorded for each 

FIG. 1 Breastfed and formula-fed infants 

exhibited similar community richness. 

Shannon’s diversity index was calculated and 

graphed using R for breastfed (green; n = 11) 

and formula-fed (red; n = 6) infants at 6 

months of age. (p = 0.67). 
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infant-mother pair. Data on infant weight and eating behaviors, such as their satiety 

responsiveness and working for food, were also collected at each time point. 

 

QIIME2 Sample Filtration and Taxonomy Classification. Infant and mother microbiome 

16s rRNA samples were demultiplexed and imported into QIIME2 v2020.08.0 (16). Data 

was quality filtered using the DADA2 plugin to detect and correct reads where possible. 

Reads were not trimmed due to high (> ~30) scores throughout. Samples were then rarefied 

to 13 000 sequences. A phylogenetic tree was generated using QIIME2. A Naive Bayes 

classifier pretrained on Silvia 138 99% OTUs full-length sequences was used to assign 

taxonomy to the ASVs. ASV and taxonomy information was exported for downstream R 

analysis (17–22). A full QIIME2 script of all commands used can be found in the 

supplement. 

 

R Analysis of Diversity and Differential Abundance. Weighted UniFrac distances were 

calculated to compare microbial composition between different feed and delivery groups. 

Significance of microbial compositional differences was determined with permutation 

multivariate analysis of variance (PERMANOVA) using the Phyloseq package (23). 

Differential abundance of families was determined by performing a differential expression 

analysis using DESeq2 (24). Shannon's diversity index was calculated and a linear 

regression used to test for any changes in microbial alpha diversity between feed and 

delivery groups over time. To determine if there are any microbial compositional changes 

between infant-mother pairs, weighted UniFrac distances between infant-mother pairs were 

calculated. The earliest sample from each mother was used for these infant-mother 

comparisons. The full R script used can be found in the supplement. 

 

 

RESULTS 

Breastfed and formula-fed infants did not differ in alpha diversity. In order to 

determine the effect of feed type on the infant microbiome diversity, Shannon’s diversity 

index was calculated for breastfed and formula-fed infants at 6 months of age. A similar 

level of richness was observed between breastfed and formula-fed infants (Fig. 1). 

 

  

FIG. 2 Microbial community 

composition differed between breastfed 

and formula-fed infants. Weighted 

UniFrac distances were calculated and 

graphed using R for breastfed (green; n = 

11) and formula-fed (red; n = 6) infants at 

6 months of age (p = 0.01). 
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Breastfed and formula-fed infants differed in microbial community composition. To 

investigate whether type of feed is a determining factor in the composition of the infant 

microbiome, a principal coordinates analysis (PCoA) plot based on weighted UniFrac was 

used to compare the microbial communities of breastfed and formula-fed infants at 6 

months of age. The two-dimensional (2D) weighted UniFrac PCoA plot provided a good 

representation of the data, as the two axes combined were able to explain 59% of the 

variation in the data (Fig. 2). Infants appeared to cluster based on feed type, suggesting that 

the microbiomes of breastfed and formula-fed infants were unique (Fig. 2, p = 0.01). 

  

Three differentially expressed families were identified between breastfed and formula-

fed infants. Differential abundance analysis was performed at the family level in order to 

identify potential taxonomic groups responsible for the difference in microbial composition 

between breastfed and formula-fed infants at 6 months of age. Three families were 

differentially expressed (p < 0.05): Veillonellaceae and Pasteurellaceae were more 

abundant in breastfed infants, whereas Lachnospiraceae were more abundant in formula-fed 

infants (Fig. 3). 

  

Infants delivered via c-section and vaginal modes did not significantly differ in alpha 

diversity. Shannon’s diversity index was calculated using R and compared between 0.5-

month-old infants delivered vaginally or by c-section to determine the effect of mode of 

delivery on the infant microbiome diversity. No significant difference in community 

richness was observed between c-section and vaginally delivered infants (Fig. 4). 

  

C-section and vaginally delivered infants had similar microbiome composition. To 

determine whether mode of delivery impacts the composition of the infant microbiome, a 

weighted UniFrac PCoA plot was used to compare the microbiomes of c-section and 

vaginally delivered infants at 0.5 months of age. With 71% of the variance explained in the 

two axes, the 2D plot appears to represent the data well (Fig. 5). No distinct clustering of 

infant samples was observed based on mode of delivery, indicating that c-section and 

vaginally delivered infants did not differ in the composition of their microbiome. 

  

C-section infants were associated with a greater abundance of Lachnospiraceae. 

Although no significant difference in beta diversity was observed based on mode of 

FIG. 3 Three families are 

differentially abundant between 

breast and formula fed infants. ASVs 

were classified to the family level using 

QIIME2 with Silva 138. Families with 

relative abundances above 0.1% were 

used to perform a differential 

abundance analysis with R. Families 

represented in green are relatively more 

abundant in breastfed (n=11) infants 

while those in red are more abundant in 

formula-fed (n=6) infants (p < 0.05). 
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delivery, differential abundance analysis was performed to determine if individual microbial 

families were more abundant in c-section or vaginally delivered infants at 0.5 months of 

age. The Lachnospiraceae family was found to be significantly more abundant in infants 

delivered via c-section than those delivered vaginally (Log 2-fold change = 4.75, p = 0.002). 

  

Beta diversities of infant-mother pairs did not differ significantly over time for 

breastfed and formula-fed infants. Next, we wanted to determine whether the type of feed 

impacts the vertical transmission of flora from mother to infant, and how the composition of 

the infant microbiome changes over time. To investigate this, weighted UniFrac distances 

were calculated between infants and their mothers over a period of 6 months, as grouped by 

type of feed (Fig. 6A). In addition, linear regressions were performed to statistically 

evaluate potential changes in microbial composition over time for breastfed and formula-fed 

infants (Fig. 6B). At all timepoints studied, the weighted UniFrac distances between infants 

and their mothers did not differ between breastfed and formula-fed infants (Fig. 6A). 

Although the values appeared to differ at 0.5 and 6 months, these differences were not 

statistically significant due to the low number of formula-fed samples (Table S1). This 

indicates that breastfed and formula-fed infants had a comparable level of similarity with 

their mothers’ microbiome. As expected, the weighted UniFrac distances between infants 

and their mothers at birth appeared to be similar between breastfed and formula-fed infants, 

according to the intercept of the linear regressions (Fig. 6B, Table S1, p < 2×10-16 and p = 

8×10-9 respectively). Based on the slope of the linear regressions, when compared to the 

microbiomes of their mothers, the microbial composition of breastfed and formula-fed 

infants did not significantly change (p = 0.25 and p = 0.17 respectively) from 0.5 to 6 

months of age (Fig. 6B, Table S1). These results indicate that the differences between 

infants’ and their mother’s microbiomes remained constant over time and do not differ 

significantly between breastfed and formula-fed infants. 

  

Compositional differences between infant-mother pairs remained constant over time 

for c-section and vaginally delivered infants. We then determined how gut microbiome 

composition of vaginally and c-section delivered infants changed from their mothers over 

time. Weighted UniFrac distances between infant-mother pairs were calculated over 6 

months and grouped by mode of delivery (Fig. 7A). Linear regressions were performed to 

determine whether compositional differences were significantly altered between infant-

FIG. 4 Vaginally and c-section 

delivered infants did not differ in 

community richness. Shannon’s 

diversity indexes were calculated and 

graphed using R for c-section (yellow; n 

= 11) and vaginally (green; n = 31) 

delivered infants at 0.5 years of age (p = 

0.294). 
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mother pairs for each delivery group (Fig. 7B). C-section and vaginally delivered infants 

had similar compositional differences from mothers at all timepoints (Fig. 7A, Table S2). 

The intercepts of the linear regressions were similar between c-section and vaginally 

delivered infants (p = 1.7×10-11 and p < 2×10-16 respectively), suggesting both groups had a 

similar microbiome at birth when compared to their mothers (Fig. 7B, Table S2). These 

differences remained stable for both delivery groups over time (Fig. 7B, Table S2, p = 0.88 

and p = 0.13 respectively). These results suggest infant-mother flora composition distance 

did not significantly differ between c-section and vaginally delivered infants, and that this 

distance remained constant over time. 

 

 

DISCUSSION 

Our study analyzed a dataset concerning infant feeding behaviors and the gut 

microbiome that contains 193 infant and 114 mother gut flora samples collected at several 

time points. We focused on method of delivery (c-section or vaginal) and type of feed 

(breastmilk or formula) to study the effects of these categories on microbial diversity and to 

determine the similarity between each group’s and of infant-mother pairs’ communities 

over time. 

 

  

Variance in breastmilk and formula composition may influence the difference in 

microbial community composition. Interestingly, infant microbial community 

composition displayed significant differences between breastfed and formula-fed infants at 

6 months of age. Distinct clusters of the two feed types were observed when plotted on a 

PCoA plot based on weighted UniFrac. This difference in community composition suggests 

that human milk and formula have profound and different effects in modulating the gut 

flora. More specifically, we identified microbes belonging to the Veillonellaceae and 

Pasteurellaceae families to be more abundant in the gut microbiomes of breastfed infants 

when compared to formula-fed infants. In contrast, formula-fed infants displayed a large 

abundance of microbes belonging to the Lachnospiraceae family. To our surprise, we did 

not observe the previously reported characteristic differences in Bifidobacteria between 

breastfed and formula breastfed infants. Newer formulas have been supplemented with 

various prebiotics that promote Bifidobacteria expansion, which may have resulted in 

formula-fed infants achieving a similar abundance to breastfed infants (25). 

 Previously, and in concert with our results, researchers have shown that the increased 

abundance of Veillonellaceae and Pasteurellaceae have been associated with exclusive 

FIG. 5 Microbiome composition did 

not significantly differ between c-

section and vaginally delivered infants. 

Weighted UniFrac distances were 

calculated and graphed using R for c-

section (yellow; n = 11) and vaginally 

(green; n = 31) delivered infants at 0.5 

months of age (p = 0.294). 
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breast-feeding (26, 27). While the role of Pasteurellaceae is unknown, Veillonellaceae is a 

known utilizer of lactose and human milk oligosaccharides found in breast milk, which may 

explain its greater abundance in breastfed infants. Also consistent with our results, most 

studies have found a depletion of Lachnospiraceae in exclusively breastfed infants (27, 28). 

Interestingly, a high abundance of Lachnospiraceae has been previously associated with 

obesity by impairing glucose metabolism which can also promote the onset of type 1 

diabetes (29). Exclusively breastfed infants may be protected against obesity as observed by 

the depletion of Lachnospiraceae. These results suggest that the unique compositions of 

breastmilk and formula create differences in flora composition by promoting different 

bacterial families. Future research into how these compositional differences in feed shape 

the gut flora will allow for further understanding of the gut microbiome and the 

development of therapeutic prebiotics that can shift the microbiome composition in a 

beneficial manner. 

 

No difference between breastfed and formula-fed infant microbial diversity. Previous 

research has shown that gut microbiome diversity was significantly greater in formula-fed 

infants (13). Our analysis suggests that type of feed does not significantly alter microbial 

community richness in infants at 6 months of age. Both breastfed and formula-fed infants 

displayed similar community richness when compared using Shannon’s diversity indices, 

contradicting previous findings. As the differential abundance analysis showed a similar 

level of Bifidobacteria between breastfed and formula-fed infants, consumed formulas may 

be designed to promote this family of healthy bacteria, thus reducing the alpha diversity in 

formula-fed infants. Insight on the types of formulas fed to the infants could help clarify this 

proposal.  

 

 

Gut microbiome richness and composition did not differ between the two modes of 

delivery. Gut microbiome richness in infants born vaginally or via c-section displayed a 

FIG. 6 Breastfed and formula fed 

infant groups maintained stable 

community differences from their 

mothers. Weighted UniFrac 

distances were calculated between 

infant-mother pairs and graphed by 

feed using R. Breastfed and formula-

fed infants had similar community 

differences from mothers (A) which 

remained stable over time (B). 

Number of samples, linear 

regressions, and p-values are 

provided in Table S1. 
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lack of difference in community richness at 0.5 months of age. In a systematic review by 

Rutayisire et al., infants delivered via c-section were shown to display lower gut 

microbiome diversity when compared to infants born vaginally from birth to 7 days of life 

and from 8 to 30 days of life (30). The 7 datasets analyzed by Rutayisire et al. employed 

varying sample collection methods including shotgun sequencing and cultured media, along 

with a focus on the diversity within specific taxa as opposed to overall alpha diversity. It is 

also unclear as to which alpha diversity metric was used. The majority of c-section mothers 

described by Rutayisire et al. were also said to have consumed antibiotics which have 

previously been shown to influence infant microbiome through placenta transfer (31). These 

factors may have contributed to an apparent reduction in the microbiome diversity of infants 

delivered by c-section that differed from our analysis. 

We also observed no significant difference between the gut microbiome composition of 

c-section and vaginally delivered infants at 0.5 months of age. This contrasts a study by 

Reyman et al. which found differences in microbial composition between infants delivered 

vaginally and via c-section until 2 months of age (14). As possible clustering in the PCoA 

plot was observed but statistically insignificant (p = 0.294), a low number of c-section 

infant samples at 0.5 months (n = 11 compared to n = 31 for vaginal) and the impact of 

other factors may have caused this inconsistency compared to previous findings. To confirm 

our present findings, future studies can incorporate a larger dataset. 

FIG. 7 C-section and vaginally 

delivered infant groups maintained 

stable community differences from 

their mothers. Weighted UniFrac 

distances were calculated between 

infant-mother pairs and graphed by 

mode of delivery using R. c-section 

and vaginally delivered infants had 

similar community differences from 

mothers (A) and remained stable over 

time (B). Number of samples, linear 

regressions, and p-values are provided 

in Table S2. 
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 Although no significant difference in microbiome composition was observed, our team 

found a greater abundance of Lachnospiraceae family bacteria in infants delivered via c-

section. These results are consistent with past studies, in which increased abundance of 

Lachnospiraceae was observed in the c-section cohort (32, 33). Although it is unknown 

why Lachnospiraceae may be more abundant in c-section infants, Lachnospiraceae has 

been associated with obesity and impaired glucose metabolism (29). This may suggest a 

reason why infants delivered via c-section have a greater risk of obesity and type 1 diabetes 

compared to those who were delivered vaginally. 

 

The maternal microbiomes may not represent the mature microbiome of the infants. 

To compare maternal and infant community composition in all four cohorts (breastfed, 

formula-fed, vaginally delivered and via c-section), we utilized linear regression and 

weighted UniFrac distances to study the changes in compositional differences over time. 

Our analysis showed that infant and maternal microbiomes of both the breastfed and 

formula-fed groups remained similar in terms of paired compositional differences 

throughout the course of 0.5 to 6 months of age (Fig. 6). Differences in infant-mother beta 

diversity were also constant over time for c-section and vaginally delivered infants (Fig. 7). 

We had initially expected the infant microbiome to increasingly become more adult-like 

as the infants aged due to an acclimatization of gut flora to the external environment and 

intake of food. Past studies supported these expectations, with overall development of 

microbial community composition towards a profile characteristic of the adult 

gastrointestinal tract (14, 34). However, there was no observed decrease in the infant-

mother beta diversities in all four cohorts of our study. It is possible that an alternative beta 

diversity metric such as Bray-Curtis, used by Reyman et al. (14), decreases over time but 

the weighted UniFrac dissimilarity between infants and mothers does not. Bray-Curtis and 

weighted UniFrac both factor in abundance in their calculation, but only weighted UniFrac 

incorporates phylogenetic distance. Phylogenetic distance may not have significantly 

changed during development of the microbiome. 

Originally, we assumed that the microbiome of each infant’s mother would be 

representative of the infants’ eventual adult microbiomes. This represents a limitation of our 

infant-mother beta diversity analysis, as we did not directly test whether the mothers’ 

microbiomes collectively represented an “adult-like” microbiome that could be used as a 

general reference for a mature microbiome. If type of feed or mode of delivery does impact 

infant microbiome development, but the mature microbiome of the infants is not very 

similar to their mothers, this may explain lack of an observed decrease in infant-mother beta 

diversities. 

 

Limitations Limitations in our ability to assess infant-mother beta diversity results 

stemmed from a lack of any analyses demonstrating the collective mothers’ gut microbiome 

to be representative of a mature microflora. A future study should be conducted to show that 

the mothers’ microbiome is representative of the adult microbiome composition, which may 

explain the results of our infant-mother beta diversity analysis. One approach would be to 

perform a beta diversity analysis and PCoA plot to visualize the maternal microbiomes 

alongside the infant microbiomes at a particular age. If the maternal microbiomes form a 

tight cluster that is separate from the microbiomes of the infants, it suggests that the 

maternal microbiomes do indeed represent an “adult-like” microbiome. Alternatively, 

another experimental approach would be to investigate the infants’ own microbiomes at a 

much later time point. This would address the potential issue of infants developing a 

mature, “adult-like” microbiome, but it being unique from the microbiome of their mothers. 

However, this would require a follow-up study to acquire new microbiome data. 

 

Conclusions Our study investigated the influence of type of feed and mode of delivery on 

the infant gut microbiota diversity and composition as well as its development to an adult-

like profile. Contrary to our hypothesis, type of feed did not influence microbiome 

community richness at 6 months of age. However, the composition of the infant 

microbiome does depend on feed type. Neither richness nor composition were found to be 

impacted by mode of delivery at 0.5 months of age, which was inconsistent with previous 
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findings. Additionally, the weighted UniFrac distances showed that there were no 

significant shifts towards increasing or decreasing similarity to the maternal microbiome 

over time in all infant groups (cesarean section, vaginally delivered, breastfed and formula-

fed infants). The groups maintained a stable community difference from their mothers over 

the 6-month period. 

 

Future Directions We found that at 6 months of age, breastfed and formula-fed infants had 

similar gut community richness, but differed in microbial community composition, with the 

Veillonellaceae and Pasteurellaceae families being more abundant in the gut microbiome of 

breastfed infants, and the Lachnospiraceae family being more abundant in formula-fed 

infants. With the knowledge of the differing taxonomies based on the two different feeding 

methods, future studies may continue to look at whether or not these compositional 

differences may correlate with certain short- or long-term diseases associated with the 

varying abundances of a particular taxonomy. Additionally, with the understanding that 

there are differentially abundant bacteria found in the infant gut microbiome based on type 

of feed, it would be useful to conduct future research into how these differentially abundant 

taxa contribute to gut health in breastfed and formula-fed infants, especially as the role of 

Pasteurellaceae is unknown. This would allow for investigation of therapeutic prebiotics 

that shift the microbiome composition in a beneficial manner, inhibiting microbiome-related 

diseases that may arise later in life. 

Furthermore, a future study should be conducted to demonstrate that the mothers’ 

microbiome is representative of the adult microbiome composition, which may explain the 

results of our infant-mother beta diversity analysis. One approach would be to perform a 

beta diversity analysis and PCoA plot to visualize the maternal microbiomes alongside the 

infant microbiomes at a particular age. If the maternal microbiomes form a tight cluster that 

is separate from the microbiomes of the infants, it would suggest that the maternal 

microbiomes do indeed represent an “adult-like” microbiome. Alternatively, another 

experimental approach would be to investigate the infants’ own microbiomes at a much 

later time point. This would address the potential issue of infants developing a mature, 

“adult-like” microbiome, but it being unique from the microbiome of their mothers. 

However, this would require a follow-up study to acquire new microbiome data. 
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