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Supplementary Fig. 1 Details of the preliminary trial conducted to test the safety of oral
FMT in calves

a Design of the preliminary FMT trial in calves. b Procedures for the preliminary FMT trial.
Twenty grams of feces from one healthy donor calf was homogenized and diluted in buffer
solution composed of 4% saline [4.68% sodium citrate (w/v), 2.29% sodium propionate (w/v),
3.92% sodium acetate (w/v), 5.59% sodium chloride (w/v), 3.56% potassium chloride (w/v),
75.23% glucose (w/v), 0.1% sunset yellow (w/v), 3.0% silicon dioxide (w/v), and 1.62%
potassium dihydrogen orthophosphate (w/v)] and 10% glycerol cryoprotectant. Six recipient
calves were administered 40 ml fecal suspension (0.0005 g/ml final concentration) twice daily.
¢ Images of the feces collected per rectum from recipient calves 0, 1, 2, 4, 8, and 16 days after
the treatment commenced. d PCoA, based on the weighted UniFrac distance matrix, of the
bacterial 16S rRNA gene sequence data for the feed pellet, maternal milk, and fecal samples 0,
2,4, 8, 16, 32, and 48 days after the start of treatment. e The number of ASVs shared between
the feces of recipient calves and the healthy donor calf. f The relative abundances of the
abundant bacterial families (>0.5% of the mean abundance) shown by metataxonomic analysis
of fecal samples are displayed as bar graphs. FMT, fecal microbiota transplantation. Source

data are provided as a Source Data file.
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Supplementary Fig. 2 Estimation of the contribution of each source of bacteria to the

microbial communities of the recipient calves in the preliminary trial

a-b Results of SourceTracker analysis, showing the mean contributions of each source of
bacteria to the bacterial communities of the recipient calves (a) on day 0 and (b) day 16 after
the start of treatment. The sources of the bacteria were the gut microbiota of donor feces, food
pellets, and maternal milk. Related to Supplementary Fig. le. Source data are provided as a

Source Data file.
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Supplementary Fig. 3 Contributions of donor feces to the bacterial communities in the

CON, ABX, and FMT calves

a—b The number of ASVs shared between the feces of healthy donor calves and the CON, ABX,
and FMT calves on (a) day 0 and (b) day 48 after the start of treatment. The percentages of
ASVs shared are shown. c—d Results of SourceTracker analysis showing the mean
contributions of donor feces to the bacterial communities in the CON (n = 14), ABX (n = 23),
and FMT (n = 20) calves on (¢) day 0 and (d) day 48. Source: gut microbiome of donor calves;
sinks: CON, ABX, and FMT calves. CON, control; ABX, antibiotic; FMT, fecal microbiota
transplantation. Data are shown as mean = SEM. The P-values were determined using the
Mann—Whitney U-test (two-tailed). Related to Fig. 21. Source data are provided as a Source
Data file.



a Rectal Iuminal microbiota (16S rRNA gene) in the CON calves
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Supplementary Fig. 4 Relative abundances of the intestinal microbial taxa in the groups
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a—c The relative abundances of the abundant bacterial families (>0.5% of the mean abundance)

shown by metataxonomic analysis of CON (a), ABX (b), and FMT (c) fecal samples are



displayed as bar graphs. CON, control; ABX, antibiotic; FMT, fecal microbiota transplantation.

Related to Fig. 2a—c. Source data are provided as a Source Data file.
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Supplementary Fig. 5 Changes in the relative abundances of the predominant bacterial

phyla and families during the trial

a—e The abundances of the phyla (a) Firmicutes, (b) Bacteroidetes, (¢) Proteobacteria, (d)

Verrucomicrobia and (e) Actinobacteria are shown, according to treatment group (CON, n =

14; ABX, n =23; FMT, n = 20). f—j The abundances of the families (f) Ruminococcaceae, (g)

Bacteroidaceae, (h) Paraprevotellaceae, (i) Lachnospiraceae and (j) Lactobacillaceae are

shown, according to treatment group (CON, n = 14; ABX, n = 23; FMT, n = 20). Data are

shown as mean £ SEM. The P-values were determined using the Mann—Whitney U-test (two-

tailed). *Comparison of the CON and FMT groups; #comparison of the ABX and FMT groups;
and Tcomparison of the CON and ABX groups. CON, control; ABX, antibiotic; FMT, fecal

microbiota transplantation. Related to Fig. 3e. Source data are provided as a Source Data file.
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Supplementary Fig. 6 Relative concentrations of fecal metabolites 48 days after the start

of treatment

The relative concentrations of the fecal metabolites are displayed as bar chart and dot plots
(CON, n = 14; ABX, n = 23; FMT, n = 20). Data are shown as mean = SEM. The P-values
were determined using the Mann—Whitney U-test (two-tailed). Related to Fig. 4b—d. Source

data are provided as a Source Data file.
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Supplementary Fig. 7 Body mass gain of the cattle

Body mass gain of the cattle (n = 50) during their 6 months (a, from 6-month-old to 12-month-
old) and 12 months (b, from 12-months-old to 24-months-old) of life. Bar graphs and dot plots
are colored according to sex and treatment. Data are shown as mean £ SEM. The P-values were
determined using the Mann—Whitney U-test (two-tailed). CON, control; ABX, antibiotic; FMT,
fecal microbiota transplantation. Related to Fig. 5a—d. Source data are provided as a Source

Data file.
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Supplementary Fig. 8 Relative abundances of the intestinal microbiota in 12-month-old

CON, ABX, and FMT cattle

a The relative abundances of the abundant bacterial families (>0.5% of the mean abundance)
shown by the metataxonomic analysis of fecal samples are displayed as a bar graph. b The
predicted functional abundance of the rectal microbiota in 12-month-old CON, ABX, and FMT
cattle, as determined using LEfSe and PICRUS, respectively. The abundances are represented
by LDA scores (>2.0). CON, control; ABX, antibiotic; FMT, fecal microbiota transplantation.

Related to Fig. Se—i. Source data are provided as a Source Data file.
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Supplementary Fig. 9 Relative concentrations of serum metabolites in 12-month-old

cattle

The relative concentrations of serum metabolites are displayed as bar chart and dot plots (CON,
n = 11; ABX, n = 19; FMT, n = 20). Data are shown as mean = SEM. The P-values were
determined using the Mann—Whitney U-test (two-tailed). Related to Fig. 6a—b. Source data are

provided as a Source Data file.



Supplementary Table 1 Description of the samples collected during the preliminary trial

Sample ID Sample #Sample Sex Age (days) Analysis
Donor Feces 1 M 24 16S rRNA sequencing
Recipient 1 Feces 6 M 14-30 16S rRNA sequencing
Recipient 2 Feces 6 F 12-28 16S rRNA sequencing
Recipient 3 Feces 6 F 19-35 16S rRNA sequencing
Recipient 4 Feces 6 F 22-38 16S rRNA sequencing
Recipient 5 Feces 6 M 10-26 16S rRNA sequencing
Recipient 6 Feces 6 M 9-25 16S rRNA sequencing
Mother 1 Milk 1 F N/A 16S rRNA sequencing
Mother 2 Milk 1 F N/A 16S rRNA sequencing
Mother 3 Milk 1 F N/A 16S rRNA sequencing
Mother 4 Milk 1 F N/A 16S rRNA sequencing
Mother 5 Milk 1 F N/A 16S rRNA sequencing
Mother 6 Milk 1 F N/A 16S rRNA sequencing
Feed 1 Feed 1 N/A N/A 16S rRNA sequencing
Feed 2 Feed 1 N/A N/A 16S rRNA sequencing

Abbreviations: M, male; F, female; #, number of samples; N/A, not applicable.



Supplementary Table 2 Details of the CON samples collected during the validation trial

Sample ID Sample (#) Sex Age (days) Remission Death Analysis

CON1 Feces (8) Serum (2) F 19 N N 16S rRNA sequencing, Metabolomics
CON2 Feces (8) Serum (2) M 10 N N 16S rRNA sequencing, Metabolomics
CON3 Feces (8) Serum (2) F 11 N N 16S rRNA sequencing, Metabolomics
CON4 Feces (8) Serum (2) M 21 N N 16S rRNA sequencing, Metabolomics
CONS5 Feces (8) Serum (2) M 16 Y N 16S rRNA sequencing, Metabolomics
CONG6 Feces (8) Serum (2) M 17 Y N 16S rRNA sequencing, Metabolomics
CON7 Feces (8) Serum (2) F 24 Y N 16S rRNA sequencing, Metabolomics
CONS Feces (8) Serum (2) F 28 N N 16S rRNA sequencing, Metabolomics
CON9 Feces (7) - M 13 N Y 16S rRNA sequencing
CONI10 Feces (8) Serum (2) M 14 Y N 16S rRNA sequencing, Metabolomics
CON11 Feces (8) Serum (2) F 20 N N 16S rRNA sequencing, Metabolomics
CONI12 Feces (8) Serum (2) F 17 N N 16S rRNA sequencing, Metabolomics
CON13 Feces (5) - F 27 N Y 16S rRNA sequencing
CON14 Feces (8) Serum (2) M 15 Y N 16S rRNA sequencing, Metabolomics

*pP-value for FMT vs. CON 0.583 0.699 0.0003 0.069 -

*P-value for FMT vs. ABX 0.831 0.549 <0.0001 0.016 -

Abbreviations: M, male; F, female; Y, yes; N, no; #, number of samples.

*Data were analyzed using the Mann—Whitney U-test (two-tailed).



Supplementary Table 3 Details of the ABX samples collected during the validation trial

Sample ID Sample (#) Sex Age (days) Remission Death Analysis

ABX1 Feces (7) - F 15 N Y 16S rRNA sequencing

ABX2 Feces (7) - M 15 Y 16S rRNA sequencing

ABX3 Feces (7) - M 11 N Y 16S rRNA sequencing

ABX4 Feces (8) Serum (2) M 22 N N 16S rRNA sequencing, Metabolomics
ABXS5 Feces (8) Serum (2) M 20 N N 16S rRNA sequencing, Metabolomics
ABX6 Feces (8) Serum (2) F 19 N N 16S rRNA sequencing, Metabolomics
ABX7 Feces (3) - F 18 N Y 16S rRNA sequencing

ABXS8 Feces (8) Serum (2) M 8 N N 16S rRNA sequencing, Metabolomics
ABX9 Feces (8) Serum (2) F 11 N N 16S rRNA sequencing, Metabolomics
ABX10 Feces (8) Serum (2) M 29 N N 16S rRNA sequencing, Metabolomics
ABX11 Feces (8) Serum (2) M 26 N N 16S rRNA sequencing, Metabolomics
ABX12 Feces (8) Serum (2) F 13 N N 16S rRNA sequencing, Metabolomics
ABX13 Feces (8) Serum (2) F 15 Y N 16S rRNA sequencing, Metabolomics
ABX14 Feces (8) Serum (2) F 16 N N 16S rRNA sequencing, Metabolomics
ABX15 Feces (8) Serum (2) M 13 Y N 16S rRNA sequencing, Metabolomics
ABX16 Feces (8) Serum (2) F 15 Y N 16S rRNA sequencing, Metabolomics
ABX17 Feces (8) Serum (2) M 11 Y N 16S rRNA sequencing, Metabolomics
ABX18 Feces (8) Serum (2) M 21 Y N 16S rRNA sequencing, Metabolomics
ABX19 Feces (8) Serum (2) F 25 Y N 16S rRNA sequencing, Metabolomics
ABX20 Feces (8) Serum (2) M 18 N N 16S rRNA sequencing, Metabolomics
ABX21 Feces (8) Serum (2) F 22 N N 16S rRNA sequencing, Metabolomics
ABX22 Feces (8) Serum (2) M 20 N N 16S rRNA sequencing, Metabolomics
ABX23 Feces (8) Serum (2) M 24 N N 16S rRNA sequencing, Metabolomics

*P-value for FMT vs. CON 0.583 0.699 0.0003 0.069 -
*P-value for FMT vs. ABX 0.831 0.549 <0.0001 0.016 -

Abbreviations: M, male; F, female; Y, yes; N, no; #, number of samples.

*Data were analyzed using the Mann—Whitney U-test (two-tailed).



Supplementary Table 4 Details of the FMT samples collected during the validation trial

Sample ID Sample (#) Sex Age (days) Remission Death Analysis
Donor 1 Feces (1) - M 34 - - 16S rRNA sequencing
Donor 2 Feces (1) - F 31 - - 16S rRNA sequencing
Donor 3 Feces (1) - M 36 - - 16S rRNA sequencing
Donor 4 Feces (1) - F 48 - - 16S rRNA sequencing
Donor 5 Feces (1) - M 34 - - 16S rRNA sequencing
Donor 6 Feces (1) - M 40 - - 16S rRNA sequencing
FMTI1 Feces (8) Serum (2) M 15 Y N 16S rRNA sequencing, Metabolomics
FMT2 Feces (8) Serum (2) M 11 Y N 16S rRNA sequencing, Metabolomics
FMT3 Feces (8) Serum (2) M 21 Y N 16S rRNA sequencing, Metabolomics
FMT4 Feces (8) Serum (2) F 25 Y N 16S rRNA sequencing, Metabolomics
FMTS5 Feces (8) Serum (2) F 16 Y N 16S rRNA sequencing, Metabolomics
FMT6 Feces (8) Serum (2) M 16 Y N 16S rRNA sequencing, Metabolomics
FMT7 Feces (8) Serum (2) F 17 Y N 16S rRNA sequencing, Metabolomics
FMTS8 Feces (8) Serum (2) M 28 Y N 16S rRNA sequencing, Metabolomics
FMT9 Feces (8) Serum (2) M 24 Y N 16S rRNA sequencing, Metabolomics
FMTI10 Feces (8) Serum (2) F 20 Y N 16S rRNA sequencing, Metabolomics
FMTI11 Feces (8) Serum (2) F 9 Y N 16S rRNA sequencing, Metabolomics
FMTI12 Feces (8) Serum (2) M 16 Y N 16S rRNA sequencing, Metabolomics
FMTI13 Feces (8) Serum (2) F 15 N N 16S rRNA sequencing, Metabolomics
FMTI14 Feces (8) Serum (2) M 23 Y N 16S rRNA sequencing, Metabolomics
FMT15 Feces (8) - M 19 Y N 16S rRNA sequencing, Metabolomics
FMTI16 Feces (8) Serum (2) M 21 Y N 16S rRNA sequencing, Metabolomics
FMT17 Feces (8) Serum (2) F 27 Y N 16S rRNA sequencing, Metabolomics
FMTI18 Feces (8) Serum (2) M 17 Y N 16S rRNA sequencing, Metabolomics
FMTI19 Feces (8) Serum (2) M 10 Y N 16S rRNA sequencing, Metabolomics
FMT20 Feces (8) Serum (2) F 21 Y N 16S rRNA sequencing, Metabolomics
*P-value for FMT vs. CON 0.583 0.699 0.0003 0.069 -
*P-value for FMT vs. ABX 0.831 0.549 <0.0001 0.016 -

Abbreviations: M, male; F, female; Y, yes; N, no; #, number of samples.

*Data were analyzed using the Mann—Whitney U-test (two-tailed).



Supplementary Table 5 The composition of the diets

Dietary Ingredients ; Troporfon 1)
component (2—6(Ijl?(:f1ths) (7—igvril;ﬂihs) (ll)gitzlzlurll)ﬁ)slffl?st) Adult mother
Corn - 5 15 4
Concentrated feed 10 10 10 10
Wheat 10 10 10 10
Brewers’ grain 10 10 10 10
Corn Gluten Feed - 5 6 5
Solid feed = Wheat gluten - 5 5 5
Rice bran - 4 5 4
Soybean curd residue 3 5 5 5
Oil cake 2 4 4 6
Soybean meal 5 5 2 -
Solid feed total 40 63 72 75
Timothy 25 11 - -
Alfalfa 30 5 - -
Roughage  Sudan grass - 10 10 15
Annual Ryegrass - - 7 16
Roughage total 55 26 17 13
Others Water 4.7 10.8 10.9 9.8
Vitamin (PK-BV3) 0.3 0.2 0.1 0.2

100 100 100 100




Supplementary Table 6 Diagnostic multiplex PCR findings in fecal samples from apparently healthy donor calves

Donor
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Group A rotavirus +

Host

Group A rotavirus
Group B rotavirus +
Group C rotavirus + + + 4+ + +
Bovine coronavirus +
Bovine coronavirus
Bovine torovirus
Viruses
Bovine torovirus
Bovine norovirus +
Bovine enteric Nebraska-like calicivirus
Bovine nebovirus
Bovine viral diarrhea virus +
Bovine viral diarrhea virus + +

Bovine viral diarrhea virus + +

Clostridium perfringens +
Clostridium perfringens +
Salmonella enterica
Salmonella enterica typhimurium

Bacteria Enterotoxigenic Escherichia coli +
Shigatoxigenic Escherichia coli +
Shigatoxigenic Escherichia coli +
Shigatoxigenic Escherichia coli

Enterohemorrhagic Escherichia coli

Protozoa Eimeria zuernii +

Abbreviations: dsRNA segment 6, double-stranded RNA genome segment 6; VP, viral protein; N, nucleocapsid protein; S, S glycoprotein; M, membrane
protein; RARp, RNA-dependent RNA polymerase; MCP, major capsid protein; BstEII, restriction enzyme BstEIl; sefB, chaperone protein SefB coding gene;
rfbJ, CDP-abequose synthase coding gene; K99, K99 region 1 gene; stx/, shiga toxin type 1; stx2, shiga toxin type 2; eaed, enterohemorrhagic E. coli
O157:H7-specific intimin; 4lyA, plasmid-encoded enterohemolysin; ITS-1, internal transcribed spacer 1 region of ribosomal RNA gene.



Supplementary Table 7 Primer sets used for the diagnostic multiplex PCR assay

Sequence (5’ to 3°)

Host Target gene Forward Reverse Reference
Viruses  Group A rotavirus dsRNA segment 6 GGCTTTTAAACGAAGTCTTC GGTCACATCCTCTCACTACG !
Group A rotavirus VP7 GCCTTTAAAAGCGAGAATTT GGTCACATCATACAAYTC TA 2
Group B rotavirus VP7 GGAAATAATCAGAGATG CTACTCGTTTGGCTCCCTCC 3
Group C rotavirus VP6 TCAAGAAATGGWATGCAACC CATAGCMGCTGGTCTWATCA 4
Bovine coronavirus N GCAATCCAGTAGTAGAGCGT CTTAGTGGCATCCTTGCCAA 3
Bovine coronavirus S ATGTTTTTGATACTTTTAATTTCC ACACCAGTAGATGGTGCTAT 4
Bovine torovirus M TTCTTACTACACTTTTTGGA ACTCAAACTTAACACTAG AC 4
Bovine torovirus N TAATGGCACTGAAGACTC ACATAACATCTTACATGG 6
Bovine norovirus RdRp AGTTAYTTTTCCTTYTAYGGBGA AGTGTCTCTGTCAGTCATCTTCAT 7
Bovine enteric Nebraska-like calicivirus ~ RdRp-MCP TTTCTAACYTATGGGGAYGAYG GTCACTCATGTTTCCTTCTCTAAT 7
Bovine nebovirus Capsid CCACCATTATCACCAAATTGC CATAATCAGAATAGAAGGCGC 8
Bovine viral diarrhea virus BstEII GATTTCAAGGGGACTTTTTT ACATCTCCTACTAAGTAGTA o
Bovine viral diarrhea virus BVDV1 genotype GTAGTCGTCAGTGGTTCG GCCATGTACAGCAGAGAT 9
Bovine viral diarrhea virus Polyprotein ACAAACATGGTTGGTGCAACTGGT CAGACATATTTGCCTAGGTTCCA 10
Bacteria  Clostridium perfringens 16S rRNA gene AAAGATGGCATCATCATTCAAC TACCGTCATTATCTTCCCCAAA 1
Clostridium perfringens alpha-toxin genes GCTAATGTTACTGCCGTTGACC TCTGATACATCGTGTAAG 1
Salmonella enterica sefb AGATTGGGCACTACACGTGT TGTACTCCACCAGGTAATTG 12
Salmonella enterica typhimurium rfbJ CCAGCACCAGTTCCAACTTGATAC GGCTTCCGGCTTTATTGGTAAGCA 13
Enterotoxigenic Escherichia coli K99 GCTATTAGTGGTCATGGCACTGTAG TTTGTTTTGGCTAGGCAGTCATTA 14
Shigatoxigenic Escherichia coli stxl GACTGCAAAGACGTATGTAGATTCG ATCTATCCCTCTGACATCAACTGC 15
Shigatoxigenic Escherichia coli stx2 ATTAACCACACCCCACCG GTCATGGAAACCGTTGTCAC 15
Shigatoxigenic Escherichia coli eaeA GACCCGGCACAAGCATAAGC CCACCTGCAGCAACAAGAGG 16
Enterohemorrhagic Escherichia coli hlyA GCATCATCAAGCGTACGTTCC AATGAGCCAAGCTGGTTAAGCT 16
Protozoa Eimeria zuernii ITS-1 GCAAAAGTCGTAACACGGTTTCCG CTGCAATTCACAATGCGTATCGC 17

Abbreviations: dsRNA segment 6, double-stranded RNA genome segment 6; VP, viral protein; N, nucleocapsid protein; S, S glycoprotein; M, membrane
protein; RARp, RNA-dependent RNA polymerase; MCP, major capsid protein; BstEII, restriction enzyme BstEIl; sefB, chaperone protein SefB coding gene;
rfbJ, CDP-abequose synthase coding gene; K99, K99 region 1 gene; stx/, shiga toxin type 1; stx2, shiga toxin type 2; eaed, enterohemorrhagic E. coli
0157:H7-specific intimin; AlyA, plasmid-encoded enterohemolysin; ITS-1, internal transcribed spacer 1 region of ribosomal RNA gene.
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