
Vanzin, A., Giannotta, G., Bisutti, V., Secchi, G., Giannuzzi, D., Zappaterra, M., Barberio, A., Cassandro, M., Marusi, M., Finocchiaro, R., 
Cecchinato, A., Pegolo, S. (2026) Decoding the milk microbiome-host interaction in mastitis susceptible and resistant Holstein cows with 

subclinical intramammary infection, Proceedings 13th World Congress on Genetics Applied to Livestock Production 

23960: https://doi.org/10.31274/wcgalp.23960             ©2026 Vanzin, et al. CC BY-NC-ND 

 

Decoding the milk microbiome-host interaction in mastitis 

susceptible and resistant Holstein cows with subclinical 

intramammary infection 
 

A. Vanzin1, G. Giannotta1, V. Bisutti1, G. Secchi1, D. Giannuzzi1, M. 

Zappaterra2, A. Barberio3, M. Cassandro1,4,5, M. Marusi4, R. Finocchiaro4, A. 

Cecchinato1, and S. Pegolo1* 

 
1University of Padova, Legnaro (PD), Italy; 2University of Bologna, Bologna, Italy; 3Istituto 

zooprofilattico Sperimentale delle Venezie, Legnaro (PD) Italy; 4Associazione Nazionale 

Allevatori della Razza Frisona, Bruna e Jersey Italiana, Cremona, Italy; 5Federazione delle 

Associazioni Nazionali di Razza e Specie, Roma, Italy; *Corresponding author: 

sara.pegolo@unipd.it 

 

Introduction 

Milk microbiome represents a critical aspect of mammalian health, as it can interact with the 

mammary immune system and modulate inflammatory responses, thereby influencing 

mammary gland pathophysiology of diseases such as mastitis  (Rainard and Riollet, 2006). 

Mastitis, an inflammatory condition of the mammary gland, is mostly caused by bacterial 

intramammary infection (IMI), which can disrupt the resident microbial ecosystem. 

Accordingly, recent studies have shown that bovine mastitis is associated with marked 

alterations in both the composition and structure of the milk microbiome compared with 

healthy milk (Derakhshani et al., 2018; Hoque et al., 2019); however, alterations in microbial 

community structure may also precede infection and contribute to increased susceptibility to 

IMI (Derakhshani et al., 2020), suggesting a bidirectional relationship between microbiota 

dysbiosis and disease onset. Among the factors influencing the milk microbiome, host 

genetics plays a key role (Tarrah et al., 2022); however, it may act as a confounding factor in 

milk microbiome-mastitis associations. Indeed, differences in microbial composition 

observed during IMI may reflect not only disease-driven dysbiosis, but also underlying host 

genetic effects, making it difficult to determine whether microbiome alterations are a cause or 

a consequence of IMI. 

Given the significant impact of bovine mastitis on the dairy sector, in terms of both 

economics and animal welfare, as well as public health with the raising concerns on 

antibiotic resistance, interest in understanding the milk microbiome and its intricate microbe-

microbe and microbe-host interactions has grown. Advances in high-throughput 

technologies, including shotgun metagenomics, and their increasing affordability now allow 

not only precise identification of microbial community members but also characterization of 

their functional capacities, metabolic activities, and genetic traits that may influence the onset 

and development of the disease (Couvillion et al., 2023). A comprehensive understanding of 

the microbial community and its molecular cross-talk with the host is essential to clarify the 

microbial etiology of mastitis and to enhance the development of effective prevention and 

treatment strategies. For this reason, in the present study we aim to characterize the milk 

microbiome of mastitis-resistant and mastitis-susceptible Holstein cows with subclinical IMI 

(sIMI) using shotgun metagenomics. This approach will provide insights into the functional 

and genetic features of the milk microbiome and its potential role in host resistance to 

mastitis. 
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Materials & Methods 

Experimental plan. Lactating Holstein cows of a commercial herd (n  = 1,200 lactating 

cows) located in Padova province (Italy) were ranked for mastitis resistance using official 

estimated breeding values (ANAFIBJ, 2025) for somatic cell count (SCC) and SCC 

phenotypic data from previous lactations (data provided by ANAFIBJ). Based on this 

ranking, two groups were selected: TOP = high resistance (n = 200) and BOTTOM = low 

resistance (n = 200). All the selected animals had more than 60 days in milk, parity ≥ 2, and 

no history of clinical disease and pharmaceutical treatments during the previous six months.  

At time zero (T0), single-quarter milk samples were collected by sterile manual milking and 

subjected to initial microbiological screening at the Istituto Zooprofilattico Sperimentale 

delle Venezie. Based on the results, animals were classified as positive (Pos) if at least one 

quarter tested positive for Staphylococcus aureus (S. aureus), Streptococcus uberis, or 

Streptococcus dysgalactiae, or as negative (Neg) if all quarters tested negative. 

Samples with coinfections or other microbial contaminations were excluded from the study. 

Finally, 86 animals were selected for longitudinal evaluation and resampled two (T1) and 

five (T2) weeks after T0. At each sampling time point, single-quarter milk samples were 

collected for microbiological analysis, and pooled milk samples were collected for shotgun 

metagenomic analysis, all obtained by sterile manual milking. Experimental procedures have 

been reviewed and authorized by the University of Padua Ethical Committee for the Care and 

Use of Experimental Animals (OPBA, Organismo Preposto al Benessere degli Animali), 

according to the national legislation (D. Lgs 26/2014), which transposes the rules defined in 

the Directive 2010/63/EU (authorization with protocol n. 23578, 7/02/2024). 

 

Shotgun metagenomics.  Milk metagenome was analyzed in an initial batch of 32 samples 

(n = 16 collected at T1 and n = 16 at T2). Total genomic DNA was extracted from milk 

samples using the DNeasy PowerFood Microbial Kit (Qiagen). Library preparation was 

performed using the Illumina Nextera XT kit, and sequencing was carried out on an Illumina 

NovaSeq X Plus platform to generate 150 bp paired-end reads at approximately 80X 

coverage. 

Raw sequencing reads were assessed for quality using FastQC. Adapter sequences and low-

quality bases were removed with Trimmomatic, retaining only paired reads. Host- and 

human-derived reads were identified and removed by mapping against the respective 

reference genomes using Bowtie2. Reads-based taxonomic profiling was performed with 

Kraken2, and taxon abundance was estimated using Bracken.  

Analyses of α- and β-diversity, and differential taxonomic abundance were initially 

performed on samples collected at T1 (n = 8 Neg, n = 4 Pos), comparing different 

microbiological conditions regardless of mastitis resistance classification. This time point 

was selected as it corresponded to the peak of SCC, representing the stage most likely to 

capture the greatest extent of microbiome alterations following sIMI. Metagenome-

assembled genomes (MAGs) from this T1 sub-batch were reconstructed by de novo assembly 

using MEGAHIT: given the low number of microbial-associates reads, three different co-

assembly were performed, putting together samples which clustered together (1 group of Pos, 

2 groups of negative). Then, for each sample, the contig binning was done using MetaBAT2. 

Genome completeness and contamination were assessed using CheckM2. MAGs were 

taxonomically assigned using PhyloPhlAn and annotated with Prokka. 

 

Results & Discussion 

Among the batch of 32 samples analyzed for metagenomes, n = 7 tested positive for S. 

aureus in at least one quarter, while 25 tested negative for all the quarters.  
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A mean of 94,571,698 reads per sample were obtained, however a mean of 94 % belonged to 

the host. This data was highly expected in matrix such as milk, were microorganisms 

represent just a small fraction if compared to leukocyte end epithelial cells (Duarte and 

Porcellato, 2024). However, the ~32±14% of the remaining reads per sample were 

taxonomically classified, identifying 1,362 distinct species across all samples. Of these, 905 

species were exclusive to Neg samples, 20 to Pos samples, and 406 were shared between 

groups.  

The most abundant classified species in Pos samples was S. aureus, reaching up to 70% 

relative abundance, reflecting the ability of the pathogen to dominate over other microbial 

species. However, S. aureus was also detected, albeit at lower abundances, in samples that 

tested negative by culture-dependent analysis. This may be due to the presence of low 

bacterial loads or residual DNA from non-viable cells. In contrast, Corynebacterium and 

Glutamicibacter were the most abundant genera in Neg samples, in line with previous reports 

(Addis et al., 2016; Zhu et al., 2023). Interestingly, several Corynebacterium species 

colonizing the teat apex and teat canal are known to produce a wide range of bacteriocins, 

which can inhibit the growth of major mastitis pathogens (Rainard and Foucras, 2018). The 

higher abundance of Corynebacterium in negative samples may thus play a role in conferring 

colonization resistance against mastitis-associated pathogens. 

Analyses of diversity indices and differential taxonomic abundance on samples collected at 

T1 showed no significant differences in α-diversity, even though sIMI has been previously 

associated with lower richness and evenness in bovine milk microbiota (Secchi et al., 2025). 

The absence of this pattern may be due to the lack of clinical signs associated with a low-

grade inflammatory state typical of subclinical mastitis   and the low sample size limiting 

statistical power. In contrast, β-diversity analysis using the Bray-Curtis metric revealed a 

significant separation between Pos and Neg samples (PERMANOVA R2=0.28, P < 0.01; 

Figure 1), indicating that, in this reduced cohort, sIMI appears to alter community 

composition rather than overall within-sample diversity. Moreover, S. aureus was the only 

taxa resulted to be significantly different in terms of abundance (adjusted P-value < 0.01) 

between Pos and Neg. 

 

 
Figure1. Principal Coordinates Analysis (PCoA) of milk microbiome profiles based on 

Bray–Curtis dissimilarity. 

 

High-quality MAGs were successfully recovered from almost all samples. In particular, the 

S. aureus genome was reconstructed in all the Pos samples with high quality, and 

interestingly, the strain was found to harbor multiple efflux pump-related genes (tetA, tet38, 
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mdtD, norB), suggesting a potential role in antimicrobial tolerance and biofilm-associated 

persistence (Sinha et al., 2024). 

 

Conclusions 

To conclude, our findings indicate that sIMI by S. aureus significantly alters the composition 

of the milk microbiome. The dominance of S. aureus in positive samples, alongside the 

prevalence of potentially protective genera such as Corynebacterium in negative samples, 

suggests a possible role of the resident microbiota in conferring colonization resistance. 

Reconstruction of high-quality MAGs further revealed the presence of efflux pump genes in 

S. aureus, highlighting mechanisms that may contribute to persistence and antimicrobial 

tolerance. The next step will involve the analysis of the remaining samples to evaluate how 

host susceptibility or resistance to mastitis (TOP vs BOTTOM cows) influences the 

composition and function of the milk microbiome and the host response to IMI. Overall, 

these results provide new insights into the functional and compositional dynamics of the milk 

microbiome in bovine sIMI providing insights that could support mastitis prevention and 

management strategies. 
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