Comparative study of breast and intestinal microecology between healthy women during lactation and patients with mastitis
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[bookmark: _Hlk120096739]Abstract：Objective: Our objectives were to compare the abundance and diversity of bacteria in milk and feces of healthy lactating women and patients with lactation mastitis; explore the pathogenesis of lactation mastitis; and formulate new ideas for the treatment, and prevention of lactation mastitis from a microbiological perspective. Methods: Prospectively recruited subjects included 19 breastfeeding mastitis cases and 19 lactating healthy subjects. Both healthy lactating women and patients with lactation mastitis provided feces and milk samples for collection. Applying 16sRNA sequencing techniques, the microbial diversity and abundance of populations of bacteria detected in milk and feces were compared. Results: The examination of bacterial composition and distribution in the milk and feces of lactating  women who were healthy and those who had mastitis differed significantly, according to the analysis of α and β diversity. Conclusions: Lactating mastitis patients exhibit gut and milk microbiome dysregulation. Modulation of the gut-mammary axis might be a viable method for the prevention or treatment of mastitis. 
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[bookmark: _Hlk117977237][bookmark: _Hlk117977320][bookmark: _Hlk117977436][bookmark: _Hlk117977660][bookmark: _Hlk117977786]The World Health Organization considers breastfeeding to be the gold standard for infants feeding [1]. Breastfeeding has many health benefits for the baby and mother[2]. In the developing infant's stomach, human breast milk provides Staphylococcus, Streptococcus, and lactic acid bacteria through symbiosis, mutualism, and/or possible probiotics at a concentration of about 106 bacteria per milliliter[3,4]. Breast-fed babies are more resistant to a number of illnesses than formula-fed babies are, including irritable bowel syndrome, necrotizing enterocolitis, respiratory infections, asthma, diabetes, obesity, Crohn's disease, and syndrome of sudden infant death[5].In summary, breastfeeding improves the infant's health and immune function, and reduces morbidity and mortality from gastrointestinal diseases. The indisputable evidence for breastfeeding endorses breast milk as the best functional food[5-7]. At the same time, breastfeeding is also with maternal protection against breast cancer, ovarian cancer, and diabetes [8]. Approximately to 33percent of the surveyed of breastfeeding women experience breast tissue inflammation, which is a crucial risk factor in the decision to stop nursing[9]. 
[bookmark: _Hlk117978275][bookmark: _Hlk117978332][bookmark: _Hlk117978373][bookmark: _Hlk117978420][bookmark: _Hlk117978458]Previous studies reported that acute mastitis during lactation was caused by milk stasis and exogenous bacterial infection. The wide use of second-generation gene sequencing technology has promoted human microbial research. The human microbiome project (HMP), which started in 2000, found that thousands of bacterial species live in the human gut, reproductive system, skin, mouth, and breast [10,11]. In 2003, the diversity of bacteria in healthy breast milk was first reported through bacterial culture [12,13]. Since then, a growing volume of investigations have used gene sequencing and culture to analyze the bacterial colonies in breast milk[14-17]. Therefore, the traditional theory of bacterial invasion being the cause of mastitis cannot be confirmed [12,13,18,19]. Similar to the flora of other body parts, the breast microflora also contains a variety of microorganisms, ranging from probiotics to potentially pathogenic bacteria, and forms a complex "microbiota-host" ecosystem with the human host. The ecosystem is the result of the co-evolution and mutual adaptation of hosts and microorganisms. once the balance is disturbed, mastitis may occur. The dysbiosis of the mammary gland microbiome is linked to lactation mastitis, according to a growing number of research [19].
[bookmark: _Hlk117978677][bookmark: _Hlk117978735][bookmark: _Hlk117978763][bookmark: _Hlk117978817][bookmark: _Hlk117978905]The gut lies at the intersection of health and illness, and its role is interwoven with that of other organs. Researchers have investigated an increasing number of axes that emphasize the connection between the gut and certain other human organ functions over the last few decades, such as the gut-brain, gut-liver, gut-kidney, and gut-vaginal axes[20-23]. The gut-mammary axis, which is fundamental for animal evolution, is frequently overlooked. Because of the complex interactions between the intestinal and mammary glands, the intestinal and mammary gland adaptations in lactating women are synchronized, which explains how changes in the intestinal microecology affect the mammary gland microecology and cause mastitis[24]. Healthy mature anaerobic intestinal flora were detected in the breast and human milk by Loy et al[25]. After oral delivery of Lactobacillus fermentosa and Lactobacillus salivaris to the mothers, the probiotics reached the mammary glands and were found in breast milk, according to a research of probiotics for acute mastitis during lactation [26,27]. Based on these results, the gut-mammary axis may be a way for bacteria from the mother's gut to move from the gut to the mammary glands and breast milk while the mother is breastfeeding. 
[bookmark: _Hlk117978936]Currently, lactation mastitis is treated using antibiotics, with poor therapeutic effects. The most common treatment for mastitis is empiric antibiotics, which have been available for use for a long time. Unfortunately, a large number of mastitis patients do not improve with treatment because of antibiotic resistance brought on by a variety of causes, comprising intrinsic resistance, antibiotic resistance gene transfer and/or biofilm building [28]. Therefore, new management strategies for mastitis are needed. It is important to keep in mind that the use of probiotic strains generated from breast milk is appropriate in this context among techniques for managing the mammary bacterial communities[18]. In that study, a strain of probiotic bacteria isolated from breast milk was used to prevent and treat mastitis.
Milk and stool samples from lactation women in good health and patients with lactation mastitis were collected for this investigation. Using 16sRNA gene sequencing, the bacterial populations in milk and stool samples from the two groups were compared. This study investigates the pathophysiology of lactation mastitis along the gut-mammary axis and provides novel thoughts for its therapy.
Materials and methods
Clinical data
From June 2022 to May 2021, 19 individuals with lactation mastitis were proactively chosen at the hospital. 19 healthy lactating women served as the study's controls. The study included lactation women aged 20–40 years, with breast lumps, pain, skin redness, fever (temperature of 37.5°C), and ultrasound showing lactation mastitis. The patients gave consent to take part in the study and had not recently received probiotics or antibiotics. Patients with additional infections (e.g., puerperium infection), obesity, asthma, inflammatory bowel disease, and other inflammatory illnesses were excluded from the study. In addition, the participants provided consent for study participation. We excluded healthy lactating women with a history of mastitis indicated by medical history, physical examination, or imaging (B-ultrasound), acute or chronic diarrhea, constipation, or antibiotic use within the last two weeks. The following categories were created from the milk and feces samples that were gathered from the two groups of women: milk of healthy women during lactation (C), milk of patients with lactation mastitis (BM), stool of healthy women during lactation (FH), and stool of patients with lactation mastitis (FM).
Methods
Sample collection: (1) Milk sample collection: Before the milk was collected, sterile water was used to clean and sterilize the breast, nipple, and areola. Choosing to discard the first 5 milliliters of milk, the researcher put on sterile gloves and then collected 50 milliliters of milk in sterile test tubes.To remove the upper fatty layer, we centrifuged 50 mL of milk at a low speed for 5–10 min and stored the liquid that had settled down in a refrigerator at −80°C until DNA extraction.(2) Fecal sample collection: Before fecal sample collection, subjects were asked to pass urine to avoid fecal contamination. A sterile stool collection box was placed in the back of a squat toilet to ensure that the stool was emptied into the box. The cotton tip of a sterilized cotton swab was inserted into the feces and lightly stirred. Until DNA extraction, a sample the size of a soybean (approximately 50 mg) was collected in sterile cryopreservation tubes and kept in a Ziploc bag in the refrigerator at -80°C. PCR amplification and DNA extraction: The study's reagent is efficient in preparing DNA from the majority of bacteria and can recover DNA from minuscule amounts of samples.  Blank water was produced by using water that was free of nuclear contamination. The complete DNA sample was eluted into 50 microliters of elution buffer, which was then frozen at -80 degrees Celsius until the PCR analysis could be performed (LC-Bio Technology Co., Ltd., Hang Zhou, Zhejiang Province, China). Stool and milk DNA was extracted using the E.Z.N.A.® Feces DNA Kit and E.Z.N.A.® Water DNA Kit, respectively, according to the official guidelines. We assessed the purity of the isolated DNA by electrophoresis on agarose gels. A UV spectrophotometer was used to quantify the amount of DNA present. Utilized is the general primer primer 341F (5'-CCTACGGGNGGCWGCAg-3'). The bacterial 16S rRNA gene's V3-V4 region was subsequently amplified by the 805R (5'-gactachVggGTATctaatcc-3') . The bacterial ITS2 region was amplified with the primers F (5'-gtGartCATCGAATCTTTG-3') and R (5'-TCCTCCGCTTATTGATATGC-3'). In 12.5 U of Phusion Hot Start Flex 2X Master Mix L, we added 2.5 microliter of forward primer, 2.5 microliter of reverse primer, 25 microliter of DDH2O, and 50 anogram of template DNA. Initial denaturation was conducted at 98 degrees Celsius for 30 seconds, followed by denaturation at 98 degrees Celsius for 10 seconds, followed by denaturation at 54 degrees Celsius for 30 seconds; this cycle was repeated 30 times, followed by heating at 72 degrees Celsius for 30 seconds, extension at 72 degrees Celsius for 10 minutes, and indefinite extension at 4 degrees Celsius. Universal primers were sequenced, and each sample's 5' ends were barcoded. A 2% agarose gel electrophoresis confirmed PCR results. In order to prevent false-positive PCR results, the DNA extraction negative control used ultrapure water. We utilized AMPure XT beads (Beckman Coulter Genomics, Danvers, MA, USA)  and Qubit (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA) instruments in order to accomplish purification and quantification of PCR output. An Agilent 2100 Bioanalyzer (Agilent, Wilmington, DE, USA) and the Illumina Library Quantification Kit were used to measure the size and quantity of the amplicon libraries before sequencing (Kapa Biosciences, Woburn, MA, USA). NovaSeq PE250 sequenced libraries.
Data analysis
Based on the unique barcodes assigned to each sample, paired-end reads were truncated by removing the primer sequences from each sample:Software: cutadapt;Version: cutadapt-1.9;Paired-end reads into long amplicon fragments 16S (V3+V4):Software: FLASH;Version:FLASH-1.2.8;ITS2:Software:PEAR;Version:PEAR-0.9.6; Denoise; Software:qiime2DADA2; Version:2019.7; Sequence alignment;Software:qiime2 feature-classifier
Results
Sequencing summary
76 samples were evaluated in total (19 milk samples from healthy lactating women, 19 milk samples from lactating mastitis patients, 19 stool samples from healthy lactating women, and 19 stool samples from lactating mastitis patients).
Variations in the abundance of microflora among samples
We compared the observed OTUs index between the two groups of same kind of sample. Milk samples from groups C and BM showed a significantly different index of observed otus in Figure 1A (p < 0.05; p = 0.0079). The OTUs in stool samples from the FM and FH groups differed, although the difference was not statistically significant (p = 0.63), as shown in Figure 1B. The composition and distribution of the top 20 species with the highest relative abundances differed between the milk and fecal samples collected from the two groups (Figure 1C and 1D).
Variations in the evenness of microflora among samples
The Simpson index shows a significant difference in the evenness of microflora between the milk samples from lactating healthy women and lactation mastitis patients (p = 0.00037; Figure 2A) when compared between the milk and stool samples from the two groups. The microbial diversity of the stool samples from lactation mastitis patients and healthy lactating mothers did not differ significantly, however (p > 0.05; p = 0.91; Figure 2B).
Variations in the beta-diversity of microflora among samples
The main coordinates analysis of weighted unifrac of milk and fecal samples from the two groups revealed that milk samples from lactation mastitis patients and lactating healthy women differed considerably in terms of microbiota composition and distribution (p < 0.05; p = 0.001; Figure 2C). It should be highlighted that lactation mastitis patients and healthy breastfeeding mothers had significantly different bacterial compositions and distributions in their stool samples  (p < 0.05; p = 0.021; Figure 2D).
Analysis of microflora composition
According to the relative abundance analysis, we concluded that the predominant phyla in breast milk are Proteobacteria, Firmicutes, and Actinobacteria. The relative abundances of these bacteria varied between lactating healthy women and patients with lactating mastitis. The abundances of Firmicutes and Actinobacteria between the two groups are significantly different, as shown in Figure 3A(p < 0.05). the microbial composition of Stool samples from lactating women were predominanted byfour phyla: Firmicutes(FH group: 35.28%; FM group: 51.81%), Bacteroides(FH group: 25.87%; FM group: 24.63%), Actinobacteria(FH group: 24.08%; FM group: 19.02%), and Proteobacteria(FH group: 12.97%; FM group: 3.72%); their relative abundance differed between lactating mastitis patients and healthy lactating women. Firmicutes and Proteobacteria abundances between the two groups were significantly different (p < 0.05; Figure 3C). And furthermore,  as shown in Figure 3B and 3D, both groups differed significantly in terms of the abundances of several bacterial communities at the genus level (p < 0.05).
For assessing differences between species at many levels, a linear discriminant analysis effect size (LEfSe) was carried out (with a threshold of LDA value > 3 and p=0.05). Individual samples from the two groups were compared to identify taxa with significant differences from the phylum to genus levels. Figure 4A and 4B shows significantly different species with LDA values > 3. The biomarkers with significant differences are indicated by different colors in the bar chart, whereas the length reflects the LDA value (i.e., the degree of influence of the differences in species between the groups). Generally, longer lengths correlate with greater influence.
Using LEfSe analysis, we identified two differentially abundant phyla in milk samples from the two groups (Figure 3A). The milk of healthy breastfeeding women contained a total of 13 differently enriched genera, including Acinetobacter, Bradyrhizobium, Bradyrhizobiaceae_unclassified, Ralstonia, Comamonas, Gemella, Enhydrobacter, and Neisseria. In contrast, Burkholderia, Staphylococcus, Brevundimonas, Sphingopyxis, and Actinobacteria_unclassified were more abundant in the milk of lactating mastitis patients. In addition, 16 differentially enriched families were identified.
According to the LEfSe analysis, the feces of the two groups contained two distinct phyla: Proteobacteria and Firmicutes. Ten highly differential genera were identified in the feces of healthy lactating women, including Escherichia_Shigella, Pantoea, Enterobacter, prevotellace_unclassified, Coprococcus_3, and Anaerococcus. in contrast, Faecalibacterium, Ruminococcus_1, Gammaproteobacteria_unclassified and other bacteria had greater abundance in the feces of lactation mastitis patients.
Discussion
Previous research on the microecology of breast milk has revealed that it is a source of beneficial flora for the infant gastrointestinal tract and that mastitis has a substantial impact on weaning in nursing moms. However, few studies have examined the etiology of mastitis from the microbiological perspective. This study aimed to examine the differences between healthy lactating women and patients with mastitis from the standpoint of mammary gland and intestinal microbes, as well as to investigate the pathogenesis of mastitis.
[bookmark: _Hlk117979094][bookmark: _Hlk117979130][bookmark: _Hlk117979200]The microecological studies that have examined lactation mastitis are limited. Bacterial species diversity is shown to be lower in patients with autoimmune illnesses, diabetes, obesity, cardiovascular and inflammatory enteritis, cerebrovascular diseases, and gastrointestinal cancer in earlier studies [29,30]. We present a thorough picture of the microbial dysbiosis related to mastitis using α and β diversity measures. In agreement with prior studies [30-32], we found that mastitis-affected milk samples contained less microbial diversity and species richness than controls. By analyzing the β diversity using weighted UniFrac matrices, significant microbial differences were identified between healthy controls and mastitis patients. The microbial composition of breast milk mainly consists of Proteobacteria, Firmicutes, and Actinobacteria. Their relative quantity varies based on the mother's state of health(i.e., healthy or suffering from mastitis). These findings are consistent with previous studies. Firmicutes and Actinobacteria had substantially different abundances between the groups (p < 0.05; Figure 3A), consist with earlier report[30].
[bookmark: _Hlk117979322]There were notable differences in the composition and distribution of fecal flora between the two groups, despite the fact that there was no discernible difference between the healthy control and mastitis groups in terms of the richness and variety of fecal flora overall.
[bookmark: _Hlk117979348][bookmark: _Hlk117979380][bookmark: _Hlk117979595][bookmark: _Hlk117979572][bookmark: _Hlk117979650][bookmark: _Hlk117979768]Intestinal flora abnormalities are tightly associated to metabolic diseases including diabetes and nonalcoholic fatty liver disease in addition to causing intestinal diseases[33], inflammatory bowel disease [34], and adiposity. Additionally, previous studies suggest that intestinal flora may be related to infectious diseases, such as mastitis, and that regulating the intestinal flora can reduce the risk of pneumonia due to Streptococcus pneumoniae[35]. Numerous follow-up studies have confirmed the link between intestinal flora and mastitis via the bacterial metabolites, such as lipopolysaccharides (LPSs)  [36] and short-chain fatty acids [37,38]. LPSs produced in the rumen are passed through the epithelium of the rumen to the bloodstream and then throughout the body to reach the organs and tissues. Large amounts of LPS from the blood reach the mammary gland during breastfeeding, eventually causing inflammation of the mammary gland [36]. When dietary fiber is fermented in the intestines, it produces short-chain fatty acids that have anti-inflammatory properties. According to Several studies, they decreased the degenerative modification of breast tissue brought on by LPS and suppressed the generation of pro-inflammatory cytokines[38,39]. The manipulation of gut flora is therefore promising for reducing mammary gland inflammation.
The specific mechanism of such gut-mammary axis is still unclear. Several investigations have shown that dendritic cells (DCs) and CD18+ cells can penetrate the tight junctions of intestinal epithelial cells, ingest non-invasive bacteria, and transport them to other MALT locations, including the mammary gland during lactation. Due to DC-expressed tight junction proteins, the integrity of the intestinal epithelial barrier is maintained[40-42]. Additionally, it has been demonstrated that specific strains of lactic acid bacteria isolated from breast milk can enter monolayer Caco-2 cells via CD-mediated pathways[1]. Multiple in vitro investigations, animal studies, and human research have supported the notion that physiological bacterial transmission occurs throughout late pregnancy and breastfeeding[4346].Recent studies have shown that in spite of the differences in bacterial composition between maternal feces and milk, a strong canonical correlation has been demonstrated between them[47].
Immunological and microbiological environments are present in the mammary gland, which, like the gastrointestinal system, contains immunoglobulin A (IgA) as well as microflora. Interleukin-1, a pro-inflammatory cytokine, bacterial flagellin, and the microbial metabolite butyrate all have the ability to increase CCL28 production in the colon[48,49]. Butyrate also helps colonic epithelial cells express pIgR in a constitutive manner [50]. IgA synthesis in milk is dependent on the mammary gland's CCL28 and pIgR expression levels, which are both critically important [48]. Therefore, we suggest that in healthy mammary glands, immune cells and bacteria have a complex, reciprocal connection. Milk somatic cell counts (SCCs) and relative Staphylococcus abundance were shown to be positively correlated by Boix-Amorós et al. in their study of the association between total somatic cell counts and  breast milk microorganisms[51]. Sphingomonas, Novosphingobium, Serratia, Ralstonia, Pseudomonas, and Bradyrhizobium were found to have inverse correlations with  neutrophil  and SCCs numbers in a separate investigation.The proportional numbers of macrophage/secretory epithelial (MSE) cells, however, were favorably correlated with Bradyrhizobium, Sphingomonas, Gemella, Granulicatella, and Actinomyces[52]. Further study is required to determine the exact mechanism underlying the relationship between milk cytokines/chemokines and the bacterial population makeup.
[bookmark: _Hlk117980178]According to earlier research, the microbiota in the mother's milk may be influenced by things like her food and/or the bacteria in her digestive system [47]. In the research conducted at our laboratory, we found the abundance of Firmicutes in the two groups' milk and stool samples were drastically different. In contrast to a control group of healthy individuals, stool samples had elevated Firmicutes whereas milk samples had lower amounts of this bacteria. Furthermore, the DNA of some enteric-related strictly anaerobic bacteria (Faecalibacterium and Veillonella) was detected in our study, which indirectly supports the enteric-mammary pathway hypothesis. Previous studies have shown that Lactobacillus salivarius Ren significantly reduces the number of ruminococcus, while in our study, the concentration of g__Ruminococcus_1 was higher in the feces of patients with lactation mastitis. We speculate that regulating the gut-mammary axis by reducing the number of ruminococcus in the intestinal flora of lactation mastitis  may be useful for treating mastitis. However, the study only provides preliminary conjectures, and further research is required to confirm our speculation.
[bookmark: _Hlk117980225]Mastitis treatment using probiotics and other medications that affect the gut-breast axis represents an innovative and potentially fruitful direction to pursue. Considering that mastitis is a disorder, rebalancing the microbiome with probiotics seems to be a possible corrective measure. The term probiotics refers to living microbes that, when provided in sufficient quantities, may benefit the host's health. Probiotics can be isolated from milk because certain gut bacteria migrate to the breast, and there is a symbiotic relationship between milk bacteria and the human digestive system. There is some evidence that these microbes may prevent breast infections. Several bacterial strains, including Lactobacillus salivary, Lactobacillus paracalactium, Lactobacillus plantarum, and Lactobacillus fermentosa, have been identified from human milk and are classified probiotics and safe by the European Food Safety Authority [53].
Conclusion
Several previous studies  have indicated that lactation mastitis is related to disturbed flora in both the milk and feces of patients. Furthermore, the DNA of some enteric-related strictly anaerobic bacteria (Faecalibacterium and Veillonella) was detected in milk samples, and pro-inflammation taxa ruminococcus was enriched in fecal sample of mastitis suggesting potential value of gut-mammary axis targeting mocrobiome treatment in lactation mastitis. However, further research is required to elucidate the specific mechanism underlying this disorder.
Declarations
Acceptance of participation and ethical clearance
Acceptance of participation and ethical clearance The initial trial protocol was authorized by a central institutional review board at the Zhejiang Hospital of Traditional Chinese Medicine in Hangzhou, Zhejiang, China, and it was carried out in accordance with the 2013 amendments to the Declaration of Helsinki and best practices for clinical research. Each subject's written informed consent was obtained before they took part in any trial-related activity.
Access to materials and data
All of the raw dataand/or analyzed results from this study may be found in the NCBI archive.https://dataview.ncbi.nlm.nih.gov/object/PRJNA913391?reviewer=gpvq2eb6ajeq5eau2lcas22bct.
Permission to publish
Not relevant.
conflicts of interest
The authors claim to have no conflicts of interest.
Funding
Self-funded.
Contributions of authors
The study questions were conceived by Wenjun Wang, who also collected the data, performed the statistical analysis, produced the initial and revised articles, and approved the submitted version of the paper.
Fenhua Wang, Chaonan Li, Xiaohong Xie, Qi Zhu, Shuyao Fan, and Xidong Gu assisted with the research design, data collection and entry, statistical analysis, initial article drafting, and final article submission.
References
[bookmark: _Hlk117980316][1] Kramer M S, Kakuma R. Optimal duration of exclusive breastfeeding[J]. Cochrane Database Syst Rev, 2012, (8): CD003517.
[2] Moubareck C A. Human milk microbiota and oligosaccharides: A glimpse into benefits, diversity, and correlations[J]. Nutrients, 2021, 13(4).
[3] Nadimpalli M L, Bourke C D, Robertson R C, et al. Can breastfeeding protect against antimicrobial resistance?[J]. BMC Med, 2020, 18(1): 392.
[4] Jimenez E, Delgado S, Maldonado A, et al. Staphylococcus epidermidis: A differential trait of the fecal microbiota of breast-fed infants[J]. BMC Microbiol, 2008, 8: 143.
[5] Lyons K E, Ryan C A, Dempsey E M, et al. Breast milk, a source of beneficial microbes and associated benefits for infant health[J]. Nutrients, 2020, 12(4).
[6] Mosca F, Gianni M L. Human milk: Composition and health benefits[J]. Pediatr Med Chir, 2017, 39(2): 155.
[7] Klement E, Cohen R V, Boxman J, et al. Breastfeeding and risk of inflammatory bowel disease: A systematic review with meta-analysis[J]. Am J Clin Nutr, 2004, 80(5): 1342-1352.
[8] Victora C G, Bahl R, Barros A J, et al. Breastfeeding in the 21st century: Epidemiology, mechanisms, and lifelong effect[J]. Lancet, 2016, 387(10017): 475-490.
[9] Xylander M S I D S v. Mastitis :Causes and management[J]. W orld Health Organization：Geneva, (2000).
[10] Group N H W, Peterson J, Garges S, et al. The nih human microbiome project[J]. Genome Res, 2009, 19(12): 2317-2323.
[11] Human Microbiome Project C. Structure, function and diversity of the healthy human microbiome[J]. Nature, 2012, 486(7402): 207-214.
[12] Heikkila M P, Saris P E. Inhibition of staphylococcus aureus by the commensal bacteria of human milk[J]. J Appl Microbiol, 2003, 95(3): 471-478.
[13] Martin R, Langa S, Reviriego C, et al. Human milk is a source of lactic acid bacteria for the infant gut[J]. J Pediatr, 2003, 143(6): 754-758.
[14] Fernandez L, Langa S, Martin V, et al. The human milk microbiota: Origin and potential roles in health and disease[J]. Pharmacol Res, 2013, 69(1): 1-10.
[15] Jost T, Lacroix C, Braegger C, et al. Assessment of bacterial diversity in breast milk using culture-dependent and culture-independent approaches[J]. Br J Nutr, 2013, 110(7): 1253-1262.
[16] Hunt K M, Foster J A, Forney L J, et al. Characterization of the diversity and temporal stability of bacterial communities in human milk[J]. PLoS One, 2011, 6(6): e21313.
[17] Sakwinska O, Moine D, Delley M, et al. Microbiota in breast milk of chinese lactating mothers[J]. PLoS One, 2016, 11(8): e0160856.
[18] Fernandez L, Pannaraj P S, Rautava S, et al. The microbiota of the human mammary ecosystem[J]. Front Cell Infect Microbiol, 2020, 10: 586667.
[19] Shen-Li T, Ze-yu L, Ping N. Relationship between breast milk microecology and lactation acute mastitis[J]. Chinese Journal of Breast Disease (electronic edition), 2020, 14(6): 371-374.
[20] Banks W A. Evidence for a cholecystokinin gut-brain axis with modulation by bombesin[J]. Peptides, 1980, 1(4): 347-351.
[21] Towfigh S, Heisler T, Rigberg D A, et al. Intestinal ischemia and the gut-liver axis: An in vitro model[J]. J Surg Res, 2000, 88(2): 160-164.
[22] Meijers B K, Evenepoel P. The gut-kidney axis: Indoxyl sulfate, p-cresyl sulfate and ckd progression[J]. Nephrol Dial Transplant, 2011, 26(3): 759-761.
[23] Taghinezhad S S, Keyvani H, Bermudez-Humaran L G, et al. Twenty years of research on hpv vaccines based on genetically modified lactic acid bacteria: An overview on the gut-vagina axis[J]. Cell Mol Life Sci, 2021, 78(4): 1191-1206.
[24] Rodriguez J M. The origin of human milk bacteria: Is there a bacterial entero-mammary pathway during late pregnancy and lactation?[J]. Adv Nutr, 2014, 5(6): 779-784.
[25] Loy A, Pfann C, Steinberger M, et al. Lifestyle and horizontal gene transfer-mediated evolution of mucispirillum schaedleri, a core member of the murine gut microbiota[J]. mSystems, 2017, 2(1).
[26] Arroyo R, Martin V, Maldonado A, et al. Treatment of infectious mastitis during lactation: Antibiotics versus oral administration of lactobacilli isolated from breast milk[J]. Clin Infect Dis, 2010, 50(12): 1551-1558.
[27] Fernandez L, Cardenas N, Arroyo R, et al. Prevention of infectious mastitis by oral administration of lactobacillus salivarius ps2 during late pregnancy[J]. Clin Infect Dis, 2016, 62(5): 568-573.
[28] Marin M, Arroyo R, Espinosa-Martos I, et al. Identification of emerging human mastitis pathogens by maldi-tof and assessment of their antibiotic resistance patterns[J]. Front Microbiol, 2017, 8: 1258.
[29] Zackular J P, Baxter N T, Iverson K D, et al. The gut microbiome modulates colon tumorigenesis[J]. mBio, 2013, 4(6): e00692-00613.
[30] Patel S H, Vaidya Y H, Patel R J, et al. Culture independent assessment of human milk microbial community in lactational mastitis[J]. Sci Rep, 2017, 7(1): 7804.
[31] Amadou Togo1, Jean-Charles Dufour3, Jean-Christophe Lagier1,2, Gregory Dubourg1,2,, Didier Raoult1 M M, 1,2. Repertoire of human breast and milk microbiota :A systematic review[J]. Future Microbiol, 2019.
[32] Jimenez E, de Andres J, Manrique M, et al. Metagenomic analysis of milk of healthy and mastitis-suffering women[J]. J Hum Lact, 2015, 31(3): 406-415.
[33] Koukias N, Buzzetti E, Tsochatzis E A. Intestinal hormones, gut microbiota and non-alcoholic fatty liver disease[J]. Minerva Endocrinol, 2017, 42(2): 184-194.
[34] Xu J, Chen N, Wu Z, et al. 5-aminosalicylic acid alters the gut bacterial microbiota in patients with ulcerative colitis[J]. Front Microbiol, 2018, 9: 1274.
[35] Schuijt T J, Lankelma J M, Scicluna B P, et al. The gut microbiota plays a protective role in the host defence against pneumococcal pneumonia[J]. Gut, 2016, 65(4): 575-583.
[36] Zhang K, Chang G, Xu T, et al. Lipopolysaccharide derived from the digestive tract activates inflammatory gene expression and inhibits casein synthesis in the mammary glands of lactating dairy cows[J]. Oncotarget, 2016, 7(9): 9652-9665.
[37] Wang J, Wei Z, Zhang X, et al. Propionate protects against lipopolysaccharide-induced mastitis in mice by restoring blood-milk barrier disruption and suppressing inflammatory response[J]. Front Immunol, 2017, 8: 1108.
[38] Wang J J, Wei Z K, Zhang X, et al. Butyrate protects against disruption of the blood-milk barrier and moderates inflammatory responses in a model of mastitis induced by lipopolysaccharide[J]. Br J Pharmacol, 2017, 174(21): 3811-3822.
[39] Hu X, Li S, Fu Y, et al. Targeting gut microbiota as a possible therapy for mastitis[J]. Eur J Clin Microbiol Infect Dis, 2019, 38(8): 1409-1423.
[40] Vazquez-Torres A, Jones-Carson J, Baumler A J, et al. Extraintestinal dissemination of salmonella by cd18-expressing phagocytes[J]. Nature, 1999, 401(6755): 804-808.
[41] Rescigno M, Urbano M, Valzasina B, et al. Dendritic cells express tight junction proteins and penetrate gut epithelial monolayers to sample bacteria[J]. Nat Immunol, 2001, 2(4): 361-367.
[42] Macpherson A J, Uhr T. Induction of protective iga by intestinal dendritic cells carrying commensal bacteria[J]. Science, 2004, 303(5664): 1662-1665.
[43] Jost T, Lacroix C, Braegger C P, et al. Vertical mother-neonate transfer of maternal gut bacteria via breastfeeding[J]. Environ Microbiol, 2014, 16(9): 2891-2904.
[44] Makino H, Kushiro A, Ishikawa E, et al. Transmission of intestinal bifidobacterium longum subsp. Longum strains from mother to infant, determined by multilocus sequencing typing and amplified fragment length polymorphism[J]. Appl Environ Microbiol, 2011, 77(19): 6788-6793.
[45] Asnicar F, Manara S, Zolfo M, et al. Studying vertical microbiome transmission from mothers to infants by strain-level metagenomic profiling[J]. mSystems, 2017, 2(1).
[46] Treven P, Mrak V, Bogovic Matijasic B, et al. Administration of probiotics lactobacillus rhamnosus gg and lactobacillus gasseri k7 during pregnancy and lactation changes mouse mesenteric lymph nodes and mammary gland microbiota[J]. J Dairy Sci, 2015, 98(4): 2114-2128.
[47] Williams J E, Carrothers J M, Lackey K A, et al. Strong multivariate relations exist among milk, oral, and fecal microbiomes in mother-infant dyads during the first six months postpartum[J]. J Nutr, 2019, 149(6): 902-914.
[48] Niimi K, Usami K, Fujita Y, et al. Development of immune and microbial environments is independently regulated in the mammary gland[J]. Mucosal Immunol, 2018, 11(3): 643-653.
[49] Ogawa H, Iimura M, Eckmann L, et al. Regulated production of the chemokine ccl28 in human colon epithelium[J]. Am J Physiol Gastrointest Liver Physiol, 2004, 287(5): G1062-1069.
[50] Kvale D, Brandtzaeg P. Constitutive and cytokine induced expression of hla molecules, secretory component, and intercellular adhesion molecule-1 is modulated by butyrate in the colonic epithelial cell line ht-29[J]. Gut, 1995, 36(5): 737-742.
[51] Boix-Amoros A, Collado M C, Mira A. Relationship between milk microbiota, bacterial load, macronutrients, and human cells during lactation[J]. Front Microbiol, 2016, 7: 492.
[52] Williams J E, Price W J, Shafii B, et al. Relationships among microbial communities, maternal cells, oligosaccharides, and macronutrients in human milk[J]. J Hum Lact, 2017, 33(3): 540-551.
[53] Hong-feng X, Huan L, Yan L, et al. Probiotics in the prevention and treatment of lactation mastitis[J]. Chinese Journal of Clinicians(Electronic Edition), 2019, 13(10): 775-777.
[image: ]
Figure1:1A,1B:Comparison of OTU quantity observed between the two specimen groups;1C,1D:Composition and distribution of the 20 species with the hightest relative abundance of species at the phylum level across the two specimen groups.
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Figure2：2A,2B:Simpson Index comparison among different samples;2C,2D:PCoA analysis between different samples (Weighted_UniFrac).
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Figure 3:Analysis of significant differences among groups of bacteria(3A:phylum-level analysis of milk samples;3B:generic-level analysis of milk samples;3C:phylum-level analysis of fecal samples;3D:genus-level analysis of fecal samples)

[image: ]
Figure 4:4A;4B:Categories corresponding to diverse microbial communities.
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