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SUMMARY  Breastfeeding has repeatedly been shown to be the ideal form of feeding for 
infant development, including its correlation with a reduced risk of obesity, cardiovascular 
disease, allergies, and other health conditions. In particular, breastfeeding has been shown to 
influence the infant gut microbiome, which may then directly or indirectly impact overall 
health outcomes from infancy to adulthood. In this study, we hope to validate and further 
explore the effects of exclusive breastfeeding on the developing infant gut microbiota. Using 
the dataset generated by Rhee et al., we examined the differences in microbial diversity and 
composition between exclusively breastfed and non-exclusively breastfed infant gut 
microbiomes by comparing diversity metrics, differential and relative abundance analyses, 
and indicator taxa between the two feeding models. We found that the exclusively breastfed 
infants had lower alpha and beta diversity, and their bacterial taxa were dominated by those 
that were directly linked with lactose production or consumption within their gut 
microbiomes. Overall, these findings support the current literature surrounding the effect of 
feed-type on the infant gut microbiome. 
 
INTRODUCTION 

xclusive breastfeeding (EBF) refers to when an infant receives no other source of food 
or liquid, including water (1). EBF is recommended for the first six months of life and 

accepted as the nutritional standard for healthy infant development (2). On an ideal feeding 
schedule, infants start with EBF for the first 6 months followed by the introduction of 
nutritionally appropriate and safe foods, complemented with continual breastfeeding for up 
to 2 years (2). Compared to other forms of feeding, EBF is preferred because breast milk 
supplies the infant with the correct quantity and quality of nutrients in a way that is easily and 
efficiently digested (3). Additionally, nutrient compositions in breast milk are self-adjust over 
infant maturation to support optimal growth (4).  

Beyond the baseline nutrients needed for growth, breastfeeding is recognized for playing 
many other short- and long-term roles in infant health and development. Breastmilk consists 
of various bioactive factors including anti-infective immunoglobulins, white blood cells, and 
factors that stimulate the maturation of the small intestine that aid with digestion and 
absorption of nutrients (5, 6). Accordingly, breastfeeding appears to protect against 
gastrointestinal infections and has been identified as a potential factor in the pathophysiology 
of various diseases (7).  

In infants, the first major event for their developing microbiota is birth and, therefore, the 
mode of delivery appears to play a significant role in establishing the gut microbiome (8). 
Beyond this, feed type, i.e., whether an infant is breastfed or formula fed, and peri-/post-natal 
antibiotic exposure, also both significantly affect infant microbiota development in the first 
year of life (9–12), and feed type alone has been shown to influence both the microbial 
diversity and the taxonomic composition of an infant’s gut microbiota (9, 13, 14). In 
particular, the microbiota of breastfed infants are generally less diverse and display an 
increased relative abundance of Bifidobacterium and Bacteroides when compared to those of 
formula-fed infants (15). Our aim was thus to expand on these findings by examining the role 
of exclusive breastfeeding in particular, on the diversity and taxonomic composition of the 
infant gut microbiome. To do this, we will be using a dataset generated by Dr. Rhee et al., 
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which includes infant gut samples and associated feed information.  This dataset is publically 
available on the European Nucleotide Archive (ENA) Browser under accession PRJEB39437. 
 
METHODS AND MATERIALS 
Dataset description. The dataset utilized in this paper was generated by Dr. Kyung Rhee et 
al. from the Department of Pediatrics at the University of California. It consists of stool 
samples from 82 infant-mother dyads collected at 2 weeks, 2 months, 4 months, 6 months, 
and 12 months of the infant’s life, along with 171 fields of accompanying metadata, 
describing each subject’s diet, medications and supplements, health, weight and feeding 
behaviours when available. Microbial sequences were obtained using 515fbc and 806r 
primers, following the Earth Microbiome Protocol (15) and provided as Illumina sequences 
for the V4 region of the 16S rRNA gene. The dataset is publicly available on the European 
Nucleotide Archive (ENA) Browser under accession PRJEB39437. 
 
Preliminary data processing. The metadata and corresponding manifest file were filtered to 
remove samples from the mother, samples collected at time points other than 2 months, and 
any samples where the data for our metadata category of interest, feed, was not collected. To 
improve statistical power, the “Combined” feed type (n=10), which represents a mixture of 
formula and breastfeeding, and the “formula” feed type (n=9) were grouped together to form 
a larger, “non-exclusively breastfed” category (n=19) within the “feed” metadata column. 
The “breast” feed type (n=42), which is considered the “exclusively breastfed” category, was 
not altered. All metadata processing described above was performed in R (version 4.1.2) (16), 
and RStudio (version 1.4.1717) (17) along with the R packages: dplyr (version 1.0.7) (18) 
and tidyverse (version 1.3.1) (19).  These steps along with all subsequent analysis in R are 
detailed in the supplemental R script (script1.R). 

The rearranged metadata and corresponding sample sequences were then imported into 
QIIME2 (version 2021.4) (20) for downstream processing and analysis. The entire read length 
of 150 base pairs was retained, since all base positions maintained a median Phred quality 
score over 30. The Divisive Amplicon Denoising Algorithm 2 (DADA2) (21) in QIIME2 was 
used to correct for sequencing errors and identify unique amplicon sequence variants (ASVs). 
Based on the alpha-rarefaction curve (Fig. S1), a sampling depth of 15,000 was selected, 
which maximized the number of samples and features retained. These steps along with all 
subsequent analysis using QIIME2 are detailed in the supplemental QIIME2 script 
(script2.txt).    
 
Taxonomic analysis. ASVs were assigned taxonomy using a Naive Bayes classifier (22) pre-
trained on the SILVA 138 99% OTU database (23, 24) for the 515F/806R (V4) region of the 
16S rRNA gene in QIIME2. Results were incorporated in downstream taxonomic abundance 
analyses. 
 
Alpha and beta diversity analysis. To determine phylogenetic distances for QIIME2 core 
diversity analyses, a rooted phylogenetic tree was generated using MAFFT (25) for sequence 
alignment and FastTree (26) for phylogeny construction. Alpha diversity metrics (Shannon 
diversity (27), Faith’s phylogenetic diversity (Faith’s PD)  (28) , Pielou’s evenness (29) and 
observed features) and beta diversity metrics (Bray-Curtis (30), Jaccard (31), Weighted (32)  
and Unweighted (33) UniFrac distance) were calculated using QIIME2’s core diversity 
command at a sampling depth of 15,000 as determined during data pre-processing . 
Significance for alpha and beta diversity metrics were determined using the Kruskal-Wallis 
(34) and PERMANOVA (35) tests respectively via QIIME2’s group significance command. 
To generate a weighted UniFrac diversity Principle Coordinate Analysis (PCoA) plot, the 
phyloseq package (version 1.36.0) (36) in R (16) was used. QIIME2 generated outputs 
(features table with taxonomic classification, phylogenetic tree and metadata) were imported 
into R (16) and combined into a phyloseq object. The samples were then rarefied to a 
sampling depth of 15,000, and weighted UniFrac principal coordinate analysis was performed 
using the ordinate function from the phyloseq package (36) with the following parameters: 
method was set as “PCoA” and the distance was set as “wunifrac”. The results were then 
visualized as a PCoA plot using the plot_ordination function in phyloseq (36).      
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Relative and differential abundance analysis. Relative and differential abundances 
between the two feed types were then calculated and compared in R using the same phyloseq 
object described above. Relative abundances were calculated using a user-defined function 
(see script1.R), and low-abundance ASVs (>0.005% of the total sequencing reads in the 
dataset) were removed. Differential abundance analysis was performed using the DESeq2 
(version 1.32.0) (37), tidyverse (19), vegan (version 2.5.7) (38) and ape (version 5.5) (39) 
packages. DESeq2 results were filtered to retain only the taxa with an adjusted Wald test P-
value of <0.05. Values were then log2 transformed and visualized using ggplot2 (version 
3.3.5) (40). Between the two feed types, the relative abundances of the differentially abundant 
taxa were compared using the Kruskal-Wallis test statistic (34) with ggpubr (version 0.4.0) 
(41) and visualized using ggplot2. 
 
Indicator Taxa Analysis. The features table with taxonomic classification and the associated 
metadata were imported into R from QIIME2, then grouped by species using the dplyr (18) 
and phyloseq (36) packages. Indicator taxa analysis was performed on the data using the 
indicator_multipatt function from the indicspecies package (version 1.7.9) (42) in R. This was 
done using default parameters except for the “duleg” argument which was set to “TRUE” in 
order to restrict the analysis to only individual groups without site group combinations.  

 
RESULTS 
 
Infant gut microbial diversity differs based on feed type. To determine the impact of feed 
type on the average microbial diversity of the infant gut microbiome, various alpha diversity 
analyses were conducted, including for observed features, Shannon’s diversity, Pielou’s 
evenness, and Faith’s PD. For all alpha diversity metrics that were examined, the average 
microbial diversity for EBF infants was lower than for NEBF infants (Table S1). However, 
upon statistical comparison using the Kruskal-Wallis test, only the observed features and 
Shannon diversity metrics, which are quantitative measures of the microbial richness aspects 
of diversity respectively, were statistically significant (Fig. 1A, Table S1).  

FIG. 1 Microbial diversity differs between 
EBF and NEBF infant guts. (A) Boxplot 
using Shannon's index to compare alpha 
diversities of EBF (red) and NEBF (blue) 
samples. The box represents the interquartile 
range, and the middle line represents the 
median and whiskers denote 95% confidence 
intervals. * indicates a significant difference, p 
= 0.015 (Kruskal-Wallis test). (B) Principal 
coordinate analysis (PCoA) plot using 
weighted UniFrac distances to compare beta 
diversity between EBF (red) and NEBF (blue) 
samples. EBF n=33, NEBF n=16.  
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To determine the impact of feed type on between-group diversity, PCoA plots were 
generated for Bray-Curtis, Jaccard, weighted and unweighted UniFrac distances. Although 
all plots show some degree of overlap, the weighted UniFrac distance metric displayed the 
most distinct clustering and highest variance along axis 1 (Fig. 1B, Fig. S2). In general, this 
PCoA plot shows two clusters formed by the EBF and NEBF categories, with moderate 
overlap seen between the two (Fig. 1B). To confirm differences between feed types, box-
plots for the Bray-Curtis, Jaccard, weighted and unweighted UniFrac distances were 
generated. From this, it was found that the differences between the two groups (EBF vs 
NEBF) were slightly greater than within group differences (EBF vs EBF, or NEBF vs NEBF) 
(Fig. S3). Although these differences were small, pairwise PERMANOVA tests reveal that 
they are statistically significant (Fig. S2). Box plots were generated for the other beta diversity 
metrics as well, and similar patterns were also seen (Table S2). Taken together, these results 
suggest that feed type is correlated with differences in the microbial diversity of the infant 
gut, with an overall decrease in diversity for EBF infants. 
 
Bifidobacteria abundance significantly differs based on feed type. To determine whether 
feed type has an impact on taxonomic composition and more specifically, the abundance of 
specific organisms within the infant gut, we performed differential abundance analysis at the 
genus level, which was the most resolved taxonomic level possible. Between the EBF and 
NEBF categories, 10 genera were found to be differentially abundant. Three genera were 
found to be higher in the NEBF category, namely Megasphaera, Proteus and Actinobacter, 
and seven genera were higher in the EBF category, namely Bacteroides, Bifidobacterium, 
Haemophilus, Lactobacillus, Staphylococcus, Clostridium sensu stricto, and Veillonella (Fig. 
2A). However, relative abundance analysis for each differentially abundant genus revealed 
that only Bifidobacterium demonstrated a significantly higher abundance among EBF infants 

FIG. 2 Differentially abundant genera and 
relative abundance of Bifidobacterium. (A) 
Bar plot of differentially abundant genera 
between EBF (red) and NEBF (blue) samples. 
Bars represent log2 fold change, with negative 
values indicating higher abundance in the EBF 
group and positive values indicating higher 
abundance in the NEBF group. Only genera 
with a significant fold change (adjusted p-value 
< 0.05) are shown. (B) Box plot comparing the 
relative abundance of Bifidobacterium in EBF 
(red) and NEBF (blue) categories. The box 
represents the interquartile range, the middle 
line represents the median and whiskers denote 
95% confidence intervals. * indicates a 
significant difference between group means, p 
= 0.029 (Kruskal-Wallis test). EBF n=33, 
NEBF n=16. 
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compared to NEBF infants, as confirmed by its Kruskal-Wallis p-value of 0.029 (Fig. 2B, 
Table S3).  
 
Indicator taxa analysis shows a higher number of strongly associated species in the 
NEBF category. Indicator taxa analysis was performed to parse out certain species that were 
highly correlated with each feed category and revealed 13 species (or genera if the taxa could 
not be resolved to species level) that were strongly correlated with the NEBF category, and 3 
species highly correlated with the EBF infants category as shown in Table 1. Species were 
determined to be good indicators if the indicator value (IV) was greater than 0.3 and the p-
value was less than 0.05 (43). Haemophillus and Staphylococcus were found to be the 
strongest indicator species in the EBF category, with IVs greater than 0.5 and p-values less 
than 0.05. Within the NEBF category, Intestinibacter was seen to have the highest IV of 0.43. 
We observed that although the EBF category had a significantly lower number of indicator 
species compared to the NEBF category, the 3 species in the EBF category were the strongest 
indicator species with the highest IVs.   

 
DISCUSSION 
Prior literature has demonstrated that breastfeeding appears to be ideal for healthy infant 
development in terms of being protective against the development of certain diseases (e.g. 
asthma), overweightness and obesity in adulthood, and the development of allergies as 
indicated by the World Health Organization (https://www.who.int/health-
topics/breastfeeding)(44). Our study explored the differences in the gut microbiome that may 
arise due to differential feeding types for infants at 2 months of age in order to further 
elucidate the benefits of breastfeeding for infants. We focused on various diversity metrics 
and taxonomic differences using differential abundance, relative abundance, and determining 
indicator taxa between the two feed groups for our analysis. The infants within our dataset, 

Feed 
Type 

Phylum Class Order Family Genus species p value Indicator 
Value 

Good 
Indicator? 

Exclusive 
Breastfed 
Infants 

Proteobacteria Gammaproteobacteria Pasteurellales Pasteruellaceae Haemophilus sp. 0.015 0.55 Y 

Firmicutes Bacilli Staphylococcales Staphylococcaceae Staphylococcus sp.  0.035 0.53 Y 

Actinobacteriota Actinobacteria Micrococcales Micrococcaceae Rothia sp.  0.005 0.48 Y 

Non-
exclusive 
Breastfed 
Infants 

Proteobacteria Gammaproteobacteria Xanthomonadales Xanthomonadaceae Stenotrophomonas 
sp. 

0.005 0.33 Y 

Pseudomonadales Moraxellaceae Acinetobacter sp.  0.015 0.33 Y 

Enterobacterales Morganellaceae Proteus sp.  0.025 0.17 N 

Pseudomonadales Moraxellaceae Acinetobacter sp.  0.015 0.33 Y 

Firmicutes Clostridia Lachnospirales Lachnospiraceae Lachnoclostridium 
sp.  

0.020 0.35 Y 

Tyzzerella sp.  0.005 0.32 Y 

Anaerostipes sp.  0.025 0.31 Y 

Peptostreptococcales-
Tissierellales 

Peptostreptococcaceae Intestinibacter sp.  0.005 0.43 Y 

Clostridioides 
difficile 

0.040 0.31 Y 

Clostridiales Clostridiaceae Clostridium sensu 
stricto sp. 

0.015 0.22 N 

Oscillospirales Ruminococcaeceae   0.010 0.22 N 

Negativicutes Veillonellales-
Selenomonadales 

Veillonellaceae Negativicoccus 
succinicivorans 

0.015 0.27 N 

Megasphaera sp.  0.015 0.22 N 

Bacilli Erysipelotrichales Erysipelotrichaceae Clostridium 
innocuum  

0.005 0.33 Y 

Table 1. Indicator taxa analysis shows more unique species in the NEBF category. 13 species were found in NEBF 
infants that were not found in EBF infants, and 3 species in EBF infants that were not found in the NEBF category, organized 
from Phylum to Species with common taxa grouped together. Species were determined to be good indicators if > 0.3 and 
p-value < 0.05.  
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generated by Rhee et al., were divided into those who were exclusively breastfed, termed 
EBF, and those who received either exclusive formula feeding or a combination of formula 
and breastfeeding, termed NEBF. Ultimately, we found that the EBF group had an overall 
reduced diversity and had taxa that were specific to lactose production or consumption. In 
contrast, the NEBF group had higher diversity and more closely resembled the complex adult 
microbiome. These results corroborate current literature. 
 
EBF may lower overall diversity of the infant gut microbiome. The results from our 
diversity metrics corroborate those of previous studies that have demonstrated that diversity 
in EBF groups of infants tend to be lower than NEBF groups (44). Formula-fed infants 
typically have a gut microbiome that resembles the adult microbiome, which tends to be 
significantly more complex, at an earlier point in development (13). Interestingly, though 
higher diversity is associated with overall better health outcomes in adults, the opposite trend 
is proposed for infants (44, 46).  Nevertheless, there is a clear difference in diversity when 
looking at the weighted UniFrac distance metric between the EBF and NEBF groups, and a 
decrease in overall diversity in the EBF group as shown by alpha diversity analysis. Together, 
this suggests that exclusive breastfeeding, not only breastfeeding in general, may be necessary 
to obtain the full benefits of breastmilk.        
 
EBF may increase the abundance of beneficial lactose metabolism-associated 
Bifidobacteria. Several of the genera found to be differentially abundant in the EBF group 
of infants are supported in literature. The Bifidobacterium sp. bacteria were found to be both 
differentially and relatively abundant within the EBF group in our analysis (Fig. 2B). They 
are known users of the lactose in human milk oligosaccharides (HMOs), and are highly 
associated with exclusive breastfeeding in infants (47). Increased prevalence of 
Bifidobacteria in the infant gut is associated with many health benefits including lower rates 
of obesity, long-term asthma, and may prevent the development of allergies (48). 
Furthermore, the predominating Bifidobacterium bacteria population in the gut microbiome, 
may out-compete other bacterial species in populating the developing microbiota, and is 
therefore considered to be a potential reason for the decreased microbial diversity observed 
in breastfeeding infants (44). 

Our results also demonstrate that lactate-associated bacterial genera are more prevalent 
within infants in the EBF group compared to the NEBF group. Specifically, Veillonella, 
Lactobacillus, and Haemophillus, which are more abundant in the EBF group (Fig. 2A), are 
known, respectively, to utilize lactate, produce lactic acid, and positively correlated with 
duration of exclusive infant breastfeeding (47). While it is unclear in literature whether 
Bacterioides sp. is associated with infant feed or naturally present in all infants after 
introduction of complex foods, the presence of the Bacteroides genus, nevertheless, has been 
linked to the development of healthy and complex gut microbiomes later in life (13).  

For the differential abundance in the NEBF group of infants, there is seemingly little 
research surrounding the correlation of Proteus and Acinetobacter genera and feed-type. The 
existing literature on the Proteus genus primarily explored the bacteria’s role in 
pathogenicity; even this, though, has not been well-established (49). Although there is some 
support for Acinetobacter bacteria being more prevalent with infants who are non-exclusively 
breastfed, greater focus is placed on the opportunistic pathogenicity of Acinetobacter in early 
life in the literature (13, 50). An interesting result observed lies in the apparent differential 
abundance of the Megasphaera genus in the NEBF group, despite having been found to be 
strongly associated with EBF infants within the literature (47). This can likely be attributed 
to the limitations in the size of our dataset, which may allow outliers to greatly skew the data.  
 
EBF indicator taxa are associated with feed-type and healthy infant development in 
literature. An exploration of the different indicator taxa in the EBF versus NEBF groups 
provided an alternative method to look at taxonomic differences in the gut microbial 
composition that may arise due to feed-type. Overall, the indicator taxa observed within the 
EBF group are well supported in the literature and associated with both healthy infant 
development and breastfeeding. The Rothia genus is one of the earliest colonizers observed 
in infants that tends to be found throughout the gastrointestinal tract and is a commensal group 
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of bacteria associated with breast milk (51, 52). Staphylococcus bacteria are typically 
associated with pathogenesis and the literature surrounding colonization in the infant gut 
primarily reflects this role (53). Further research is required to elucidate the role of feed type 
on early Staphylococcus colonization of the infant gut, given that the genus appeared to be 
both differentially abundant within the EBF group (Fig. 2A) and an indicator taxa for the EBF 
group within our analysis (Table 1). 
 Most NEBF indicator taxa are associated with feed-type and disease in literature. The 
prevalence of most indicator taxa in the NEBF group (namely Lachnoclostridium, 
Clostridium innocuum, Tyzzerella, and Anaerostipes) were also well-supported (13, 54–56). 
It is interesting to note that some of these taxa have been previously linked to certain diseases. 
Tyzzerella bacteria for example, have been linked to cardiovascular disease, and are typically 
found at lower abundances in breastfed infants (56, 57). In contrast, Anaerostipes bacteria 
have been linked to decreased rates of allergy development, and are typically observed in a 
healthy infant gut microbiome starting at around 4 months of age for breastfed infants, as they 
begin to wean-off of exclusive breastfeeding (54, 58). Further longitudinal analysis of infant 
feeding practices in the future may allow for a greater understanding of the positive and 
negative effects that feed-type may have on infant gut microbiome development.  
 
Certain NEBF indicator taxa have not been conclusively associated with feed-type in 
literature. However, the role of feed-type on the distribution of some indicator taxa found in 
the NEBF category, Clostridioles difficile, Intestinbacter, Proteus, Acinetobacter, and 
Stenotrophomonas, does not appear to be supported conclusively by literature (49, 59, 60). 
C. difficile has been associated with negative health outcomes, and appears to be highly 
prevalent within the infant gut microbiome (61). The effects of this species on the 
development of the gut microbiome, interestingly, appears to differ based on feed-type (61).  
While it does not appear to greatly alter the gut microbiome of exclusively formula-fed (EFF) 
infants, EBF infants colonized with C. difficile appear to develop a more adult-like gut 
microbiome compared to their non-colonized EBF infant counterparts (61).  

Given both the Proteus and Acinetobacter genera appeared in both our taxonomic and 
differential abundance analyses, further exploration into the role of these genera on the gut 
microbiome in the context of feed-type may be required. The Stenotrophomonas genus in the 
literature is primarily associated with breast milk, however it has been noted that it is seen in 
infants with a delayed onset of breastfeeding (60). Since our NEBF group of infants included 
those who received combined feeding, these results may be supported, but would benefit from 
further research and analysis. Negativicoccus succinicivorans is not a well-studied or 
established organism within the literature, and did not appear to have significant results within 
our study as well (62). An interesting result observed within the indicator taxa for the NEBF 
group was the presence of the Clostridium sensu stricto bacteria, which appeared to be 
differentially abundant within the EBF group in our analysis. Literature suggests that 
Clostridium sensu stricto may be prevalent in the composition of most infant gut 
microbiomes, however an imbalance is linked to pathogenesis (63). Given the contradictory 
results, further research for this species would likely be beneficial. 
 
Limitations A major limitation of this study was the size of the dataset. In particular, the 
sample sizes between feed types were both small and unbalanced; the majority of infants were 
exclusively breastfed, while only a small subset were exclusively formula fed. To ensure that 
statistically relevant observations could be made, we were prompted to group samples by 
exclusive breastfeeding and non-exclusive breastfeeding, which included the combined and 
formula feed type. However, in doing so, we could no longer explore the differences between 
all three feed types (breastfed, formula fed and combined), which could have yielded more 
distinct results. In the weighted UniFrac PCoA plot, although clusters were observed between 
the NEBF and EBF groups, there was significant overlap between the NEBF and EBF groups 
(Figure 1B). We believe that the compilation of the combined and formula-feeding infants 
into one category may have ultimately resulted in the greater amount of overlap between our 
two groups of interest. 

This limited sample size also prevented us from appropriately filtering to control for 
confounding variables. For instance, factors such as birth type, use of medication, use of 
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probiotics and maternal characteristics, like age and weight, have been previously associated 
with changes in the infant gut microbiome (8, 64, 65). By controlling for these variables, we 
could better isolate the specific effects of feed-type on the infant gut microbiome.     

Finally, all infants within this dataset were born in Michigan, USA. As a result, due to 
their shared geographical origin and social environment, the microbiomes of these infants 
may be more similar to each other than to infants from other locations. Therefore, caution 
must be applied when extrapolating our results.  

 
Conclusions Our study aimed to observe the effects of EBF on the developing infant gut 
microbiome. We found that EBF, in comparison to NEBF, is associated with a decrease in 
microbial diversity and a shift towards the dominance of lactose metabolism-related microbial 
taxa in the infant gut microbiome.  More specifically, alpha and beta diversity analysis 
revealed a significant difference between the microbial diversity observed in the EBF and 
NEBF groups, with the former having a lower diversity overall. Differential and relative 
abundance analysis, as well as indicator taxa analysis, revealed a difference in the bacterial 
genera and species that occupied the EBF and NEBF groups. In particular, the taxonomic 
composition of the EBF group was dominated by bacterial taxa associated with lactose 
metabolism. Taken together, this suggests that EBF, and not just breastfeeding in general, is 
correlated with differences in the microbial diversity and composition of the infant gut 
microbiome which further supports and expands on previous literature findings.  
  
Future Directions If possible, the generation of a larger and more robust dataset that includes 
or controls for potential confounding factors, as well as factors such as length of hospital stay, 
whether or not the infants were preterm, and a more consistent sampling schedule across the 
infants within the dataset would likely yield more significant and reliable results (8, 13). 

In this study, we demonstrated that differential feed type has an impact on the taxonomic 
composition of the infant gut microbiome. To build upon the observations in our analysis, it 
would be interesting to explore whether differential feed type has an impact on the metabolic 
composition of microbial communities as well. Since differences in microbial gut metabolism 
can impact nutrient acquisition and may correlate with certain health outcomes later in life, 
this may have therapeutic implications and would be worthwhile to explore (54, 66, 67).   
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