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Introduction. The importance of breast milk in infant health is well established, recent research sug-
gests that early nutrition affects the infant’s gut microbiome, development of their immune system, and
their health throughout life [1]. Feeding patterns significantly influence the gut microbiota in infants,
and several studies have compared the effects of human milk versus formula milk on the infant micro-
biome [2, 3, 4].
Objectives. We will use Machine learning-based feature selection algorithms to identify taxonomic dif-
ferences between breast milk and formula, and analyze its relationship with infant health.
Methods.
Data. Table 1 details the three datasets, downloaded from NCBI repository, used in this study.

Table 1: Characteristics of the selected datasets

Accession Number Samples Labels Taxa (features)

PRJNA633365 [2] 65
22 - breastfeed

43 - formula-feed 1,202

DRA007599 [3] 60
24 - breastfeed

36 - formula-feed 2,521

PRJNA515307 [5] 40
20 - breastfeed

20 - formula-feed 1,779

Feature Selection. We applied a methodology that combines a DADA2-based script and the Recursive
Feature Selection (REFS) algorithm designed for biomarker discovery [6], to identify taxa differences
between breast milk and formula using three independent datasets: one as a discovery dataset (PR-
JNA633365) and the remaining two for testing (DRA007599 and PRJNA515307).
Results. After applying the methodology to the three datasets, nine bacteria were identified in the dis-
covery dataset PRJNA633365. At the genus level, these bacteria are: Cutibacterium, two Lactobacillus,
Bacteroides, two Bifidobacterium, Bilophila, and Romboutsia. At the order level, Enterobacterales were
identified. After searching the resulting bacteria in the testing datasets DRA007599 and PRJNA515307
we found five out of nine and tree out of nine respectively. For the tree datasets, the algorithm with the
best performance after the testing phase was KNeighbors with AUCs of 0.77 for PRJNA633365, 0.63
for DRA007599 and 0.75 for PRJNA515307. In Fig. 1 is illustrated the effectiveness of the nine bacteria
in making the difference between the breastfeed and formula-feed groups.

Certain microbes provide protection to gut health, while others are more prevalent in infants with
allergic diseases. For example:

• Cutibacterium and Bacteroides play a protective role in atopic dermatitis (AD) [7, 8].

• Bilophila increases in infants with AD [9].

• Bifidobacterium serves as a biomarker for investigating allergic infants [10], including those with
asthma [11] and cow’s milk allergy [12].
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Figure 1: PCA plot using rbf kernel.

• Lactobacillus is used as a probiotic in the treatment of allergic rhinitis [13]. Both Lactobacillus
and Bifidobacterium seem to be protective against the development of food allergies (FA) [8].

• Romboutsia is found more frequently in patients with neurodevelopmental disorders (NDD) [14].
Specifically, Romboutsia timonensis has been associated with autism diagnosis [4].

• Phylum Proteobacteria class and Gammaproteobacteria (Enterobacterales order) may be associ-
ated with the development of allergic respiratory diseases [9].

Conclusion. We identified taxonomic differences between breast milk and formula by applying a
methodology to analyze microbiome datasets. The literature analysis of the resulting taxa show that
breast-fed infants have a higher abundance of beneficial microbes, such as Bifidobacterium and Lacto-
bacillus, which protect against allergic diseases and infections. The next steps of this work will be to
expand the analysis to more datasets and study the relationship between infant health and the microbiome
present in breast milk and formula.

References

[1] Erigene Rutayisire, Kun Huang, Yehao Liu, and Fangbiao Tao. The mode of delivery affects the
diversity and colonization pattern of the gut microbiota during the first year of infants’ life: a
systematic review. BMC gastroenterology, 16:1–12, 2016.

[2] Jingran Ma, Zhenghong Li, Wenjuan Zhang, Chunli Zhang, Yuheng Zhang, Hua Mei, Na Zhuo,
Hongyun Wang, Lin Wang, and Dan Wu. Comparison of gut microbiota in exclusively breast-fed
and formula-fed babies: a study of 91 term infants. Scientific reports, 10(1):15792, 2020.

[3] Emma Alving-Jessep, Edith Botchway, Amanda G Wood, Anthony C Hilton, and Jacqueline M
Blissett. The development of the gut microbiome and temperament during infancy and early child-
hood: A systematic review. Developmental psychobiology, 64(7):e22306, 2022.

[4] Chloe X Yap, Anjali K Henders, Gail A Alvares, David LA Wood, Lutz Krause, Gene W Tyson,
Restuadi Restuadi, Leanne Wallace, Tiana McLaren, Narelle K Hansell, et al. Autism-related
dietary preferences mediate autism-gut microbiome associations. Cell, 184(24):5916–5931, 2021.

2



[5] Ziyi Wang, Achal Neupane, Richard Vo, Jessica White, Xiuqing Wang, and Shin-Yi Lee Marzano.
Comparing gut microbiome in mothers’ own breast milk-and formula-fed moderate-late preterm
infants. Frontiers in microbiology, 11:891, 2020.

[6] David Rojas-Velazquez, Sarah Kidwai, Aletta D Kraneveld, Alberto Tonda, Daniel Oberski, Johan
Garssen, and Alejandro Lopez-Rincon. Methodology for biomarker discovery with reproducibility
in microbiome data using machine learning. BMC bioinformatics, 25(1):26, 2024.

[7] Nermin Kamal Saeed, Mohammed Al-Beltagi, Adel Salah Bediwy, Yasser El-Sawaf, and Osama
Toema. Gut microbiota in various childhood disorders: Implication and indications. World Journal
of Gastroenterology, 28(18):1875, 2022.

[8] Veronica Notarbartolo, Maurizio Carta, Salvatore Accomando, and Mario Giuffrè. The first 1000
days of life: How changes in the microbiota can influence food allergy onset in children. Nutrients,
15(18):4014, 2023.

[9] Juanjuan Lyu, Fangfang Kou, Xiangyu Men, Yinhui Liu, Li Tang, and Shu Wen. The changes in
bacterial microbiome associated with immune disorder in allergic respiratory disease. Microorgan-
isms, 10(10):2066, 2022.

[10] Bengt Björkstén, Epp Sepp, Kaja Julge, Tiia Voor, and Marika Mikelsaar. Allergy development and
the intestinal microflora during the first year of life. Journal of allergy and clinical immunology,
108(4):516–520, 2001.

[11] Victoria Ronan, Rummanu Yeasin, and Erika C Claud. Childhood development and the micro-
biome—the intestinal microbiota in maintenance of health and development of disease during
childhood development. Gastroenterology, 160(2):495–506, 2021.

[12] Ruggiero Francavilla, Maria Calasso, Laura Calace, Sonya Siragusa, Maurice Ndagijimana, Pamela
Vernocchi, Luigia Brunetti, Giuseppe Mancino, Giuseppe Tedeschi, Elisabetta Guerzoni, et al.
Effect of lactose on gut microbiota and metabolome of infants with cow’s milk allergy. Pediatric
allergy and immunology, 23(5):420–427, 2012.

[13] Gui Yang, Zhi-Qiang Liu, and Ping-Chang Yang. Treatment of allergic rhinitis with probiotics: an
alternative approach. North American journal of medical sciences, 5(8):465, 2013.
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