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Supplementary Table 1 | Distribution of 452 bacteria isolated from 260 clinical mastitis (CM) sample in 50 smallholding dairy farms of 

Bangladesh  

 

 

 

 

 

 

 

 

 

 

Farm 

location 

Staph. aureus E. coli Klebsiella spp. Enterobacter spp. Shigella spp. Bacillus spp. 

Sample Isol.1 Sample Isol.1 Sample Isol.1 Sample Isol.1 Sample Isol.1 Sample Isol.1 

Chattogram  24 40 16 29 20 36 12 22 10 16 18 32 

Dhaka  10 17 8 14 7 11 4 7 4 5 7 13 

Gazipur  8 15 5 9 8 14 6 10 5 7 8 13 

Manikgonj  11 20 9 17 6 10 5 9 3 4 6 11 

Sirajgonj  8 15 10 18 9 16 5 8 2 3 6 11 

Total 61 107 48 87 50 87 32 56 24 35 45 80 
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Supplementary Table 2 | Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) values (μg/mL) for the 

metals against tested six bacteria demonstrating that chromium and cobalt displayed the most inhibitory concentrations (MIC), and cobalt, 

chromium and nickel demonstrated the most potent MBCs.  

 

 

 

 

 

Cu=copper, Zn=zinc, Cr= chromium, Co=cobalt, and Ni=nickel. 

 

 

 

 

 

 

 

Tested 

metals 

S. aureus E. coli Klebsiella sp. Enterobacter sp. Shigella sp. Bacillus sp. 

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

Cu 33.21±1.1 38.44±0 29.11±0 36.22±1.8 21.42±0 31.2±0 23.10±0 25.60±2.5 7.5±1.9 25.12±0 19.0±0.5 35.12±2.1 

Zn 38.1±0.9 41.23±1.2 19.21±0 24.21±1.3 22.4±0.2 30.2±2.3 19.72±0 25.14±1.3 7.5±1.8 33.11±0 27.1±0 41.21±1.4 

Cr 13.2±0 11.32±0.7 7.42±0 13.02±0 5.82±0.8 12.02±0 9.4±0 25.52±0.8 3.4±0.7 15.82±0 9.3±0 19.44±0 

Co 8.74±0.6 21.32±0 10.4±0.6 14.3 ±0.4 7.8±1.2 19.33±2.3 17.2±0 19.2±0 5.0±0.5 27.02±0.8 15.3±0 15.28±0.2 

Ni 20.1±0.9 23.1±2.2 28.21±0.2 
35.11 

±1.2 

26.8 

±1.6 
34.0±1.3 22.12±0 24.45±0 3.5±1.4 28.12±0 19.3±0.5 31.33±0.7 
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Supplementary Figure 1 | Study areas. This study was conducted in two different regions of Bangladesh. The lower red circle indicates the 

southeast coastal region (SER); Chattogram district, and the top red circle represents the central region (CR) which includes four different 

(Dhaka, Gazipur, Manikgonj and Sirajgonj) districts of Bangladesh. A total of 260 CM samples (SER, 100; CR, 160) were collected from four 

different dairy breeds.  
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Supplementary Figure 2 | Genera/species-level prevalence and distribution of six bacteria isolated from bovine CM milk. Microorganisms 

identified in bovine CM samples originated from two different regions (a) southeastern region; (b-e) central region) of Bangladesh. The 

southeastern region (SER) included 175 isolates and the central region (CR) included 277 isolates. The prevalence of the identified 

microorganisms varied significantly (P = 0.01) between (SER, CR) and within (b-e) the study regions. This study demonstrated S. aureus as 

the chief etiology of bovine CM in Bangladesh while Shigella species remained as the least frequently detected bacterial pathogen causing 

mammary gland inflammation of the dairy cows. 
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Supplementary Figure 3 | Phylogenetic diversity of the bovine clinical mastitis (CM) pathogens. (a) consensus tree based on alignment of 

the whole metagenome sequencing (WMS) data. (b) consensus tree based on alignment of the ribosomal (16SrRNA) gene sequencing. The 

first phylogenetic tree was constructed with >80% taxonomic identity using the neighbor-joining method in Clustal W while the second one 

in MEGA, and both trees were visualized through FigTree. The same bacterial species and/strains identified in both WMS and 16S sequencing 

have presented with same color codes such as S. aureus in black, Bacillus species in deep yellow, Enterobacter species in green, Klebsiella 

species in paste, Shigella species in pink and E. coli in blue colors. The scale bars indicate 2.0 and 0.02 substitutions per nucleotide position 

respectively in WMS and 16S gene sequences. More details about the relative abundance of the identified strains in WMS can be found in the 

text and in Supplementary Data 1. 
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Supplementary Figure 4 | Disk diffusion method for antimicrobial susceptibility tests against CM pathogens: (a-b) Ampicillin (AMP), 

Doxycycline (DOX), Tetracycline (TCN), Ciprofloxacin (CIP), Imipenem (IMP), Chloramphenicol (CHL), and (c-d) Gentamycin (GEN), 

Nalidixic acid (NAL), Nitrofurantoin (NIT), Cefoxitin (CFX), Vancomycin (VAN) and Erythromycin (ERY). 
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Supplementary Figure 5 | Agar well diffusion tests of different metals against different bacterial strains isolated from bovine clinical mastitis 

(CM): (a) Cu (CuSO4), (b) Zn (ZnO), (c) Cr (K2Cr2O7), (d) Co (CoCl2), (e) Ni (NiCl2) and (f) Zn (ZnO). 
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Supplementary Figure 6 | Projection of the clinical mastitis (CM) milk metagenome onto KEGG pathways. The whole metagenome 

sequencing (WMS) reveals significant differences (Kruskal–Wallis test, P = 0.001) in functional microbial pathways. A total of 26 genes 

associated with bacterial chemotaxis were found in CM microbiomes. Black lines with green circles demarcate the distribution of the 

chemotaxis related genes across the CM milk samples. The diameter of the circles indicates the relative abundance of the respective genes. 

More details about the relative abundance of the identified genes can be found in the text and in Supplementary Data 2. 
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Supplementary Figure 7 | Projection of the clinical mastitis (CM) milk metagenome onto KEGG pathways. The whole metagenome 

sequencing (WMS) reveals significant differences (Kruskal–Wallis test, P = 0.001) in functional microbial pathways. Five genes associated 

with proteolytic activities were found in CM microbiomes. Black lines with yellow circles demarcate the distribution of the resistant genes 

according to their class across the metagenome. The diameter of the circles indicates the relative abundance of the respective genes. More 

details about the relative abundance of the identified genes can be found in the text and in Supplementary Data 2. 

 


