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Isolation of Drug-Resistant Gallibacterium
anatis from Calves with Unresponsive
Bronchopneumonia, Belgium

Appendix

Materials and Methods

Whole-Genome Sequencing

Trimmomatic 0.36 (1) was first used to trim raw reads setting the following options:
“ILLUMINACLIP: NexteraPE-PE.fa:2:30:10”, “LEADING:10”, “TRAILING:10”,
“SLIDINGWINDOW:4:20", and “MINLEN:40”". Afterwards, trimmed reads were de novo
assembled using SPAdes 3.10.0 (2) setting the following options: “-careful”, and ““~cov-cutoff
off””. Orphaned reads resulting from trimming (i.e., reads where only one read of the pair
survived) were also provided to the assembler as unpaired reads. Assembly statistics such as
genome size, N50 (the length at which contigs of equal or longer length contain at least 50% of
the assembled sequence), and number of contigs >1000 bases were calculated with QUAST 4.4

(3) using default settings, and are presented in Appendix Table 2.

Virulence Genotyping

Genotypic virulence gene detection was performed as described for antimicrobial
resistance genotyping (see main article), but using the VirulenceFactor (4) full database
(database accessed 04/03/2019). Results are presented in Appendix Table 4. Only one virulence
gene, namely FimC (http://www.mgc.ac.cn/cgi-bin/VVFs/gene.cgi?GenelD = VFG004079) coding

for a type-1 fimbrial protein, was detected in some isolates.

SNP-Based Phylogenetic Analysis

Phylogenetic analysis was done using an in-house copy of the CSI phylogeny pipeline as
follows: Trimmed reads (see “Whole genome sequencing’’) were used for read mapping against
the NCBI RefSeq Genome entry for G. anatis (accession number NC_015460) for every sample
with Bowtie2 2.3.0 (5) setting the following options: “—end-to-end”’, ““—phred33”’, and “-

Page 1 of 8


https://doi.org/10.3201/eid2604.190962

sensitive”. The “mpileup’ program of Samtools 1.3.1 (6) was then used to create pileups setting
the following options: “—count-orphans”, and “~VCF”’, after which the “call’” program of
Bcftools 1.9 (7) was used to call SNPs setting the following options: “-O’ 2, ““~consensus-
caller”, “~variants-only”’, “—ploidy 1", and **—skip-variants indels’. The “filter”” program of
Bcftools was used to apply several quality filters to called SNPs by setting the following options:
having a SNP depth of at least 10x with at least one forward and reverse read covering the
position (““—exclude “DP<10 || DP4[0]+DP4[2]<1 || DP4[1]+DP4[3]<1”); having a SNP quality
of at least 25 (“—exclude QUAL<25""); and having a mapping quality of at least 30 (“~exclude
MQ<30”"). Custom in-house scripts were used to apply two additional filters: keeping only one
randomly selected SNP if two or more SNPs were located within the same window of 10 bases;

and having a minimal Z-score and Y-multiplier of 1.96 and 10 (8), respectively.

cgMLST-based Phylogenetic Analysis

All 27 publically available genomes for G. anatis in the NCBI genome database were
downloaded on 17/09/2019. An overview of the accession numbers for these samples is provided
in Appendix Table 5. These genomes together with the assemblies of all Belgian isolates were
used to construct a de novo cgMLST scheme with chewBBACA v2.0.17.2 (9). A prodigal
training file was created using Prodigal v2.6.3 (10) using the NCBI RefSeq Genome entry for G.
anatis (accession number NC_015460) as input and setting the ““-p”” parameter to ““single”. A
draft cgMLST scheme was then created using the chewBBACA ““CreateScheme” function and
setting the “—ptf”” option to the aforementioned training file and providing all genomes as input.
The ““AlleleCall’” function was used to perform allele calling for all loci in the draft scheme.
Afterwards, the “RemoveGenes” function was used to remove paralogs and duplicate loci.
Allele calling on the resulting scheme was done as described by Bogaerts et al., 2019 (11). A
phylogeny based on the allele call matrix was created using GrapeTree 2.0 (12) setting the
“method” option to “MSTreeV2”, and afterwards visualized within the GrapeTree interface.
Host information for the NCBI genomes was retrieved from the “FEATURES” sections in their

corresponding GenBank files.
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Appendix Table 1. Genotypic resistance determinants and their corresponding MIC values for 16 antimicrobials commonly used to
treat infectious bronchopneumonia of all investigated bovine G. anatis isolates

Isolate Antimicrobial Resistance
name agent MIC (ug/mL) gene/mutation
GB2 Penicillin 2 /
Ampicillin 2 erm(B)
Ceftiofur <0.03 sul2
Amoxi/clav <0.12/0.06 tet(M)
Tylosin 128 catAl
Tilmicosin 64 catA3
Tulathromycin >128 floR
Trim/sulfa 16/304 aadAl
Tetracycline 64 aadB
Doxycycline 16 aphAl
Florfenicol 32 StrA
Spectinomycin 128 strB
Gentamicin 8 gyrA 83S—-Y
Kanamycin >128 gyrA 87D—A
Enrofloxacin 16 parC 80S—lI
GB3 Penicillin >128 blaCARB-8
Ampicillin >128 bla-TEM-2
Ceftiofur 0.06 erm(B)
Amoxi/clav 2/1 sull
Tylosin 128 sul2
Tilmicosin 64 tet(B)
Tulathromycin 128 tet(M)
Trim/sulfa 2/38 tet(Y)
Tetracycline 128 floR
Doxycycline 32 aadAl
Florfenicol 32 aadB
Spectinomycin >128 aphAl
Gentamicin 8 StrA
Kanamycin >128 strB
Enrofloxacin 16 gyrA 83S—Y
gyrA 87D—>A
parC 80S—l|
GB4 Penicillin 128 bla-TEM-2
Ampicillin >128 erm(B)
Ceftiofur 0.06 dfrAl
Amoxi/clav 2/1 sul2
Tylosin >128
Tilmicosin 128 tet(B)
Tulathromycin >128 tetM)
Trim/sulfa 16/304 catAl
Tetracycline 128 aac(6')-aph(2")-1
Doxycycline 16 aadAl
Florfenicol 32 aph(3")-1ll
Spectinomycin 128 StrA
Gentamicin 32 gyrA 83S—Y
Kanamycin >128 gyrA 87D—A
Enrofloxacin 32 parC 80S—lI
GB5 Penicillin 0.5 /
Ampicillin 1 erm(B)
Ceftiofur <0.03 dfrAl
Amoxi/clav 0.25/0.125 sul2
Tylosin >128 tet(B)
Tilmicosin 128 tet(M)
Tulathromycin >128 catAl
Trim/sulfa 32/608 floR
Tetracycline 128 aadAl
Doxycycline 16 aadB
Florfenicol 4 aphAl
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Isolate Antimicrobial Resistance
name agent MIC (pg/mL) gene/mutation
Spectinomycin 128 StrA
Gentamicin 8 gyrA 83S—-Y
Kanamycin >128 gyrA 87D—A
Enrofloxacin 16 parC 80S—l|
GB6 Penicillin 128 bla-CARB-8
Ampicillin >128 bla-TEM-2
Ceftiofur 0.06 erm(B)
Amoxi/clav 2/1 dfrAl
Tylosin >128 sull
Tilmicosin 64 sul2
Tulathromycin >128 tet(B)
Trim/sulfa 32/608 tet(M)
Tetracycline 128 tet(Y)
Doxycycline 32 floR
Florfenicol 8 aadAl
Spectinomycin 128 aphAl
Gentamicin 8 StrA
Kanamycin >128 strB
Enrofloxacin 16 gyrA 83S—F
gyrA 87D->G
parC 80S—l|
GB7 Penicillin >128 bla-TEM-2
Ampicillin >128 erm(B)
Ceftiofur <0.03 sul2
Amoxi/clav 2/1 tet(B)
Tylosin 128 tet(M)
Tilmicosin 128 catAl
Tulathromycin 32 catA3
Trim/sulfa 32/608 aadAl
Tetracycline 128 aadB
Doxycycline 16 aphAl
Florfenicol 1 StrA
Spectinomycin >128 strB
Gentamicin 16 gyrA 83S—F
Kanamycin >128 gyrA 87D—-G
Enrofloxacin 16 parC 80S—l|
GB8 Penicillin >128 bla-TEM-2
Ampicillin >128 erm(B)
Ceftiofur 0.06 mph(E)
Amoxi/clav 1/0.5 mrs(E)
Tylosin >128 dfrAl
Tilmicosin >128 sul2
Tulathromycin >128 tet(B)
Trim/sulfa >128/2432 tet(M)
Tetracycline >128 catAl
Doxycycline 32 catA3
Florfenicol 1 aadA23
Spectinomycin >128 aadB
Gentamicin >128 aphAl
Kanamycin >128 StrA
Enrofloxacin 8 gyrA 83S—F
gyrA 87D—>A
parC 80S—l|
GB9 Penicillin 128 bla-TEM-2
Ampicillin >128 erm(B)
Ceftiofur <0.03 dfrAl
Amoxi/clav 2/1 sul2
Tylosin >128 tet(B)
Tilmicosin 128 tet(M)
Tulathromycin >128 catAl
Trim/sulfa 16/304 aac(6')-aph(2")-1
Tetracycline >128 aadAl
Doxycycline 16 aph(3")-1ll
Florfenicol 1 StrA
Spectinomycin 128 gyrA 83S—Y
Gentamicin >128 gyrA 87D—A
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Isolate Antimicrobial Resistance

name agent MIC (pg/mL) gene/mutation
Kanamycin >128 parC 80S—lI
Enrofloxacin 32
GB10 Penicillin >128 /
Ampicillin >128 erm(B)
Ceftiofur <0.03 sul2
Amoxi/clav 3/1.5 tet(B)
Tylosin 128 tet(M)
Tilmicosin 16 catAl
Tulathromycin 4 floR
Trim/sulfa 32/608 aadAl
Tetracycline 128 aadB
Doxycycline 8 aphAl
Florfenicol 8 StrA
Spectinomycin >128
Gentamicin 0.5 gnrD1
Kanamycin >128 gyrA 83S—-Y
Enrofloxacin 16 gyrA 87D—A
parC 80S—l|
GB11 Penicillin 128 bla-TEM-2
Ampicillin >128 erm(B)
Ceftiofur 0.25 dfrAl
Amoxi/clav 0.5/0.25 sul2
Tylosin >128 tet(B)
Tilmicosin >128 tet(M)
Tulathromycin >128
Trim/sulfa 32/608 catAl
Tetracycline 128
Doxycycline 16 aac(6')-aph(2”)
Florfenicol 1 aadAl
Spectinomycin >128 aph(3")-1ll
Gentamicin 32 StrA
Kanamycin >128 gyrA 83S—-Y
Enrofloxacin 32 gyrA 87D—A
parC 80S—l|

Appendix Table 2. Overview of WGS summary statistics expressed as number of raw paired-end reads, genome assembly length,
N50, and number of contigs >1,000 bases

Genome No. contigs
Isolate No. paired-  assembly >1,000
name end reads length N50 bases
GB2 428,631 2,549,575 80,564 62
GB3 375,338 2,440,244 99,746 57
GB4 332,655 2,398,744 110,501 53
GB5 276,532 2,507,524 89,941 65
GB6 382,662 2,427,176 89,568 59
GB7 344,368 2,524,470 129,663 55
GB8 326,968 2,466,991 68,465 74
GB9 452,788 2,597,989 122,205 73
GB10 369,907 2,499,083 157,729 48
GB11 380,273 2,352,964 131,690 44
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Appendix Table 3. Mapping rates and number of SNPs after filtering for all isolates using either G. anatis UMN179 or GB8 as

reference

Isolate Reference = G. anatis UMN179 Reference = GB8

name Mapping rate, % No. SNPs after filtering Mapping rate, % No. SNPs after filtering
GB2 71.26 15,189 72.35 10,855
GB3 77.43 14,597 84.21 8,978
GB4 76.71 14,767 82.14 9,173
GB5 77.73 14,583 78.33 10,688
GB6 78.28 14,593 84.84 8,979
GB7 78.15 15,162 76.61 11,137
GB8 80.22 14,795 95.4 1
GB9 74.36 14,814 79.41 9,216
GB10 71.36 15,234 73.15 10,941
GB11 78.54 14,967 85.01 9,303

Appendix Table 4. Overview of NCBI accession numbers for all G. anatis isolates used for constructing a cgMLST scheme and

resulting topology

Name

Accession number (NCBI assembly)

GCF_000209675
GCF_000379785
GCF_000464615
GCF_000771775
GCF_000771785
GCF_000771795
GCF_000771805
GCF_000771855
GCF_000771915
GCF_000771935
GCF_000771955
GCF_000771975
GCF_000772265
GCF_000772275
GCF_000772285
GCF_000772295
GCF_000772345
GCF_000772365
GCF_000772385
GCF_000772395
GCF_000772425
GCF_000772445
GCF_001678465
GCF_001678565
GCF_002263255
GCF_002263295
GCF_900450735

GCF_000209675.1_ASM20967v1
GCF_000379785.1_ASM37978v1

GCF_000464615.2_Ga_12656_12_1.0

GCF_000771775.1_ASM77177v1
GCF_000771785.1_ASM77178v1
GCF_000771795.1_ASM77179v1
GCF_000771805.1_ASM77180v1
GCF_000771855.1_ASM77185v1
GCF_000771915.1_ASM77191v1
GCF_000771935.1_ASM77193v1
GCF_000771955.1_ASM77195v1
GCF_000771975.1_ASM77197v1
GCF_000772265.1_ASM77226v1
GCF_000772275.1_ASM77227v1
GCF_000772285.1_ASM77228v1
GCF_000772295.1_ASM77229v1
GCF_000772345.1_ASM77234v1
GCF_000772365.1_ASM77236v1
GCF_000772385.1_ASM77238v1
GCF_000772395.1_ASM77239v1
GCF_000772425.1_ASM77242v1
GCF_000772445.1_ASM77244v1
GCF_001678465.1_Gal26
GCF_001678565.1_Gal27
GCF_002263255.1_ASM226325v1
GCF_002263295.1_ASM226329v1
GCF_900450735.1_49950_EO1

Appendix Table 5. Overview of all hits for the VirulenceFactor full database

Contig

Position in contig

Sample Locus HSP/Locus
name detected % ldentity length

GB2 Fim (CVF003) 98.59 1347/2052
GB3 Fim (CVF003) 100 1237/2052
GB4 Fim (CVF003) 99.76 1240/2052
GB5 Fim (CVF003) 99.68 1253/2052
GB6 Fim (CVF003) 100 1237/2052
GB9 Fim (CVF003) 99.92 1241/2052
GB11 Fim (CVF003) 98.81 1347/2052

NODE_3_length_239488_cov_37.058585
NODE_13_length_55171_cov_37.453256
NODE_13_length_56472_cov_27.581205
NODE_12_length_71610_cov_28.199852
NODE_13_length_55173_cov_41.462704
NODE_25_length_22235_cov_39.928714
NODE_9 length_76651_cov_35.885030

162028..163374
45256..46492
1..1240
1..1253
8680..9916
1..1241
55233..56579
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Appendix Figure. Phylogeny of Gallibacterium anatis isolates based on SNP genotyping when using G.
anatis UMN179 as a reference. Node labels indicate bootstrap support values (expressed as decimals).

Branch lengths and the scale bar are expressed as average substitutions per site.
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