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A B S T R A C T

Brachyspira hyodysenteriae and Brachyspira pilosicoli cause economically important enteric disease in pigs.
Treatment of these infections often includes antimicrobial administration, which can be most effective when
therapeutic options are informed by antimicrobial susceptibility testing data. Here we describe a method for
broth dilution antimicrobial susceptibility testing of these bacteria, both of which are difficult to culture in vitro.
The protocol was evaluated for its fitness for use in an inter-laboratory ring trial involving eight laboratories
from seven countries, and employing eleven test strains (5 Brachyspira hyodysenteriae including the type strain
B78T and 6 Brachyspira pilosicoli) and six antibiotics. Overall intra- and inter-laboratory reproducibility of this
method was very good (> 90 % MICs at mode +/- 1 log2). Whole genome sequencing revealed good corre-
spondence between reduced susceptibility and the presence of previously defined antimicrobial resistance de-
terminants. Interestingly, lnu(C) was identified in B. pilosicoli isolates with elevated MICs of lincomycin, whilst
tva(B) was associated with elevated MICs of pleuromutilins in this species. We designated two new control
strains with MICs lying within currently tested ranges, including for the pleuromutilins, in contrast to the control
strain B. hyodysenteriae B78T. These were deposited at the DSMZ-German Collection of Microorganisms and Cell
Cultures GmbH. The validation of a standard protocol and identification of new control strains facilitates
comparisons between studies, establishment of robust interpretative criteria, and ultimately contributes to ra-
tional antimicrobial use when treating infected livestock.

1. Introduction

The genus Brachyspira comprises nine recognised species, most of
which are confirmed pathogens causing diarrhoeal-like diseases
(Burrough, 2017; Hampson et al., 2019; Mappley et al., 2014). Bra-
chyspira hyodysenteriae, the main aetiological agent of swine dysentery
(SD) in pigs, and Brachyspira pilosicoli, the agent of intestinal spir-
ochetosis (IS) in humans, pigs, and avian species are important veter-
inary pathogens. Both diseases are globally distributed and of con-
siderable economic significance (Alderton, 2012; Burrough et al.,

2013). Livestock producers seek to prevent and control SD and IS due to
the costs they impose. An important control option available to veter-
inarians is antimicrobial therapy, the effectiveness of which is enhanced
by accurate antibiotic susceptibility data. For treatment of SD and IS,
antibiotics such as the pleuromutilin tiamulin are widely used (van
Duijkeren et al., 2014). However, in many jurisdictions, including the
EU, few other antibiotics are licenced for treatment (e.g. certain for-
mulations of lincomycin, tylvalosin, and tylosin). B. hyodysenteriae
isolates with reduced susceptibility to pleuromutilins and/or other an-
tibiotics have been reported in Europe, North America, and Australia
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and the prevalence of such isolates has increased over the past 10 years
in many countries (Hampson et al., 2019). Suboptimal or ineffective
antibiotic treatment results in increased economic impact to producers,
decreased animal health and welfare, and can contribute to the devel-
opment of antibiotic resistance.

The combination of limited therapeutic options to treat SD and IS,
and the development of resistance to the few authorised antibiotics
available presents a significant risk to the continued control of disease.
Effective and accurate antimicrobial susceptibility testing (AST) of
Brachyspira spp. for the key antibiotics used in the treatment of SD and
IS is therefore of critical importance. However, Brachyspira spp. are
slow growing fastidious anaerobic spirochetes that require specialist
equipment, media, and expertise for successful culture in the labora-
tory. This presents a challenge to undertaking AST, as many procedures
developed for other organisms are different from those required to grow
Brachyspira.

The Clinical and Laboratory Standards Institute provides informa-
tion for AST of B. hyodysenteriae (Wayne, 2017). However, no detailed
and internationally accepted standard AST methodology currently ex-
ists for Brachyspira spp., although a number of in-house techniques have
been developed. The main methods employed have been agar dilution
(AD) (Karlsson et al., 2003) and broth dilution (BD) (Pringle et al.,
2012), but considerable variations remain in the specific methodologies
used. In 2005 an international trial of B. hyodysenteriae AST in-house
methods using a defined isolate panel showed substantial differences in
Minimum Inhibitory Concentrations (MICs) obtained by the different
AD and BD methods employed (Råsbäck et al., 2005). Differences in
AST methods compromise surveillance and our capability to compare
results from different studies and establish interpretative criteria (i.e.
clinical breakpoints and epidemiological cut-off (ECOFF) values). These
shortcomings in current practices highlight the urgent need for stan-
dardisation of AST methods for Brachyspira spp. (Kulathunga and
Rubin, 2017). A commercial BD plate has been developed (VetMIC-
Brachy, SVA) for AST of Brachyspira species (Karlsson et al., 2003) and
is used in several studies in different countries (Hampson et al., 2019).
VetMIC-Brachy provides a useful degree of standardisation, however, a
detailed protocol and ring trial assessment is lacking. Additionally, the
B. hyodysenteriae type strain B78T ATCC 27164, originally proposed as a
susceptibility standard for AST of B. hyodysenteriae (Pringle et al.,
2006), has limited value as a control due to its low MIC to both tiamulin
and valnemulin (Rohde et al., 2004).

The aim of this project was to establish a standard BD AST protocol
for Brachyspira spp., with emphasis on B. hyodysenteriae and B. pilosicoli,
and assess test performance in an international ring trial. To provide

further benefit the study included whole genome sequencing (WGS) of
the ring trial isolates to screen for the presence of genetic determinants
which have been associated with reduced susceptibility and assess their
relationship to isolate susceptibilities as determined by AST. Another
aim of this project was to identify a control strain with reproducible
pleuromutilin MICs that fall within the range of tiamulin and valne-
mulin concentrations routinely used for Brachyspira spp. AST. This
project aimed to deliver tools that will enable harmonised surveillance
of Brachyspira antibiotic susceptibilities, facilitate the development of
interpretative criteria by analysis of MIC distributions, and help to
prevent ineffective antibiotic treatment, ultimately preventing the de-
velopment of resistant strains. These project goals align with the OIE
Strategy on Antimicrobial Resistance and the Prudent Use of
Antimicrobials (Anonymous, 2016), and with the strategy and remit of
VetCAST, a EUCAST standing subcommittee dealing with AST of bac-
terial pathogens of animal origin (Toutain et al., 2017).

2. Methods

2.1. Bacterial strains and participating laboratories

Eight laboratories from seven countries (Canada, Sweden, Denmark,
France, Germany, Netherlands and two in United Kingdom) partici-
pated in this study. The ring trial isolate panel comprised four B. hyo-
dysenteriae and six B. pilosicoli field strains from culture collections held
by the participating laboratories. Isolates were selected based upon
their previously determined antimicrobial resistances to ensure a di-
versity of MICs for each antimicrobial agent present within the panel.
The panel included isolates of North American and European origin.
Distribution of the isolates for the ring trial was operated by VETQAS,
and samples were each allocated a unique identification number to
ensure blind testing by the participating laboratories. Isolates were
distributed in Portagerm tubes (BioMérieux) and upon receipt were
cultured anaerobically on Fastidious Anaerobe Blood Agar (FABA) at 37
°C (+/- 1 °C) or Columbia sheep blood agar at 41 °C (+/- or 1 °C) for
three to five days, followed by subculture and storage at −80 °C.

2.2. Antimicrobial susceptibility testing

On three independent occasions, the isolates were cultured from
frozen stock at each laboratory, sub-cultured twice after thawing on
FABA with 10 % horse or sheep blood (FABA), and tested for anti-
microbial susceptibility. A detailed protocol based on earlier publica-
tions (Karlsson et al., 2003; Pringle et al., 2012) was provided to

Table 1
Mode variation (log2 steps) for each isolate tested.

aMIC modal value± 1 MIC step indicated by the grey shaded area.
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participating laboratories (Supplementary File S1). The MIC was de-
termined for six antimicrobial agents (tiamulin, valnemulin, tylosin,
tylvalosin, doxycycline and lincomycin) by broth dilution using VetMIC
Brachy plates (National Veterinary Institute, Uppsala, Sweden). The
concentration ranges used for each antimicrobial spanned their pro-
posed clinical breakpoints and ECOFF values (Hampson et al., 2019;
Pringle et al., 2012). In brief, two charged 1 μl loops of bacterial growth
from FABA were suspended in 2 ml Brain Heart Infusion Broth (BHIB)
and 300 μl of this suspension were added to 30 ml of BHIB supple-
mented with 10 % Foetal Calf Serum (FCS) to obtain the target con-
centration of 106 CFU/ml. Then 0.5 ml of this preparation were added
to each well of the VetMIC plate and incubated anaerobically at 37
°C± 2 °C with shaking at 80 rpm for 4 days. The MIC was recorded in a
standardised template as the lowest concentration of antimicrobial that
prevented visible growth. If a single skipped well for B. pilosicoli was
observed with lincomycin, tylosin, or tylvalosin, as has been reported
previously (Karlsson et al., 2004; Mirajkar et al., 2016; Mirajkar and
Gebhart, 2016), the MIC was recorded as the higher concentration that
prevented visible growth. B. hyodysenteriae strain B78T ATCC 27164
was sourced independently by each laboratory and used as a control

strain alongside every AST undertaken Pringle et al., 2006). Results
were considered valid if the following acceptance criteria were met:
growth in control well; inoculum size within specified range; purity
check passed; and MICs obtained for the control strain within the de-
fined quality control ranges (Pringle et al., 2006) (Supplementary File
S1). All participating laboratories used the same batch of VetMIC
Brachy plates, but utilised routine suppliers for BHIB, FCS and FABA
agar.

2.3. Evaluation of the antimicrobial susceptibility test results

Laboratories were allocated an identification code to ensure anon-
ymity and each submitted their results to VETQAS via an online re-
porting tool. Antimicrobial agent/isolate combinations that gave
growth in all wells were recorded as having an MIC> than the highest
concentration tested on the plate and combinations that gave no growth
in any well were recorded as having an MIC ≤ to the lowest con-
centration on the plate. Following submission of all data the results
were evaluated and analysed by a central institution. The modal MIC
(the most frequently determined MIC) was calculated for each

Table 2
Mode variation (log2 steps) for each antimicrobial agent a) all isolates, b) B. hyodysenteriae isolates, c) B. pilosicoli isolates.

aMIC modal value± 1 MIC step indicated by the grey shaded area.
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antimicrobial agent/isolate combination. For this calculation anti-
microbial agent/isolate combinations that gave growth in all wells were
scored as having an MIC of one doubling concentration higher than
highest concentration tested on the plate; combinations that gave no
growth in any well were scored as having an MIC at the lowest con-
centration on the plate. To evaluate assay performance the log2

variation from the mode was determined and analysed by bacterial
isolate, antimicrobial agent, and laboratory. The acceptable range for
variation was defined as the modal MIC± 1 dilution step and accep-
table performance in the ring trial required that ≥ 80 % of all MIC data
were within this range, in accordance with similar studies (Wallmann
et al., 2006).

Table 3
Mode variation (log2 steps) for each participating laboratory a) all isolates, b) B. hyodysenteriae isolates, c) B. pilosicoli isolates.

aMIC modal value± 1 MIC step indicated by the grey shaded area.
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2.4. Whole genome sequencing and analysis

DNA extracts were prepared using PrepMan Ultra (Life
Technologies, UK) according to the manufacturers’ instruction and
Illumina HiSeq whole genome sequencing (WGS) performed on the
Brachyspira spp. isolates. The resulting raw sequences were analysed
using the Nullabor pipeline (Seemann, 2020), using the published
genome B. hyodysenteriae strain WA1 (Bellgard et al., 2009) as re-
ference, SPAdes (Bankevich et al., 2012) for genome assembly and
annotation with Prokka (Seemann, 2014). The genomes were evaluated
for the presence of lnu(C) and tva(A), lincomycin and pleuromutilin
resistance genes respectively (Card et al., 2018; De Luca et al., 2018),
and SNPs in chromosomal genes associated with resistance to the an-
tibiotics tested: fusA, 16S rRNA, 23S rRNA and the 50S ribosome pro-
teins L2, L3, L4 and L22 (Card et al., 2018; Hidalgo et al., 2011; Hillen
et al., 2014; Karlsson et al., 1999; Pringle et al., 2007, 2004). The
presence of genetic resistance determinants was then correlated with
the antimicrobial resistance phenotype as established by AST, and in-
terpreted using the proposed B. hyodysenteriae epidemiological cut-off
(ECOFF) values (Pringle et al., 2012). When the MIC was above the
ECOFF isolates were defined as having reduced susceptibility, although
this interpretation was done cautiously for B. pilosicoli, as recommended
(Hampson et al., 2019; Pringle et al., 2012). MICs were also interpreted
using proposed clinical breakpoints (Hampson et al., 2019).

The whole genome sequences were deposited in the European
Nucleotide Archive under study accession number PRJEB35898.

3. Results

Participating laboratories received 10 Brachyspira spp. isolates and
each was tested in triplicate alongside the control strain B78T for sus-
ceptibility to six different antimicrobial agents. Laboratory 1834 was
unable to recover the B. hyodysenteriae isolates following shipment and
tested only the six B. pilosicoli strains and B78T. Consequently, the four

B. hyodysenteriae field isolates were tested at seven laboratories, re-
sulting in 21 MIC values for each isolate/antimicrobial agent combi-
nation (i.e. 126 MICs per strain for all antimicrobial agents)
(Supplementary File S2). All laboratories tested B. hyodysenteriae B78T

and, due to batching of samples, 174 MICs were submitted for all an-
timicrobial agents combined. The B. pilosicoli isolates were tested at all
eight laboratories, resulting in 24 MICs for each isolate/antimicrobial
agent combination (i.e. 144 MICs per strain for all antimicrobial agents)
(Supplementary File S2). The log2 mode variations were determined
and analysed by bacterial isolate, antimicrobial agent, and laboratory.

3.1. Differences in MIC data with regard to bacterial isolate

When examined by isolate, 90 % of total results were within
mode± 1 dilution step, indicating a very good reproducibility by iso-
late (Table 1). At the species level 92 % of the MICs recorded for B.
hyodysenteriae and 89 % for B. pilosicoli were within the expected range.
Examined individually, eight field isolates had ≥ 80 % of all MIC data
within the expected range and the control strain B78T had 97 % of MIC
results within this range. The B. pilosicoli isolates 1923 and 1928 fell
below 80 % due to skipped wells for a subset of tylosin or tylvalosin
MIC results. Four laboratories reported skipped wells for 1923 with
tylosin or tylvalosin and two reported skipped wells for 1928 with ty-
losin. This resulted in a broadening in the range of MIC values reported.

3.2. Differences in MIC data with regard to antimicrobial agent

Very good reproducibility was obtained with regard to anti-
microbial agent, with 90 % of total results within mode±1 dilution
step (Table 2a). For individual antimicrobial agents, the MICs within
the expected range varied from 86 % (tylosin) to 98 % (doxycycline).
Grouping results by species showed that for B. hyodysenteriae MICs
within the expected range spanned 81 % (tylvalosin) to 97 % (tylosin)
and for B. pilosicoli isolates ranged from 76 % (tylosin) to 100 %

Table 4
Expected MIC ranges for proposed control strains.

Isolate Species Tiamulin Valnemulin Doxycycline Tylvalosin Lincomycin Tylosin

1922 (DSM 110985) B. hyodysenteriae 0.25-1 0.25-1 ≤0.125-0.25 0.5-4 ≤0.5-4 ≤2-8
1926 (DSM 110984) B. pilosicoli 0.25-1 0.25-1 ≤0.125 > 32 16-64 > 128
B78T (ATCC 27164) B. hyodysenteriae 0.016-0.063 0.008-0.031 0.063-0.5 0.5-4 0.125-1 2-16

Table 5
Whole genome sequencing, AMR gene and SNP presence, compared to mode MIC.

Isolate Species TIAa VALa tva 23S
rRNA
G2032A

L3 N148S L22 F76Y DOXa 16S
rRNA
G1058C

TYLa LINa TSNa lnu(C) 23S
rRNA
A2058T

23S
rRNA
A2059C/
G

1919 B. hyodysenteriae 8 >4 tva(A) A Y ≤0.0125 1 2 4
1920 B. hyodysenteriae 0.25 0.063 S 1 C >32 32 >128 T
1921b B. hyodysenteriae 0.5 1 tva(A) 1 C 8 16 >128 T
1922b B. hyodysenteriae 0.5 1 tva(A) ≤0.0125 1 2 4
1923 B. pilosicoli 8 1 tva(B) ≤0.0125 4 64 >128 Present
1924 B. pilosicoli >8 0.5 tva(B) ≤0.0125 1 2 4
1925 B. pilosicoli 0.25 ≤0.031 tva(B)d ≤0.0125 8 8 >128 C
1926 B. pilosicoli 0.5 0.5 tva(B) ≤0.0125 >32 32 >128 Present G
1927 B. pilosicoli 4 0.5 tva(B) 2 C >32 32 >128 T
1928 B. pilosicoli >8 1 tva(B) ≤0.0125 4 32 8
ATCC 27164c B. hyodysenteriae ≤0.063 ≤0.031 ≤0.0125 1 ≤0.5 4

Escherichia coli numbering was used for SNPs in the 16S rRNA and 23S rRNA genes; and polypeptide sequences mutations were numbered according to sequence in
Brachyspira hyodysenteriae strain WA1.

a MIC modal distribution value (mg/L), numbers in bold are above the ECOFF value. TIA tiamulin, VAL valnemulin, DOX doxycycline, TYL tylvalosin, LIN
lincomycin, TSN tylosin.

b The WGS for isolates 1921 and 1922 has been published previously as BH15 and BH24 respectively (Card et al., 2018).
c The WGS for ATCC27164 has been published previously (Black et al., 2015).
d 1925 has a truncated tva(B) gene present.
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(doxycycline). The tylosin results for B. pilosicoli fell below the expected
target range due to the occurrence of skipped wells for certain isolates,
as noted above.

3.3. Intra and inter laboratory comparison

Ninety percent of total results obtained by all laboratories were
within mode± 1 dilution step (Table 3a) and individual laboratories
achieved between 79 % and 97 % of MICs in this range. All laboratories
achieved ≥ 80 % of MICs within the expected range for B. pilosicoli. For
B. hyodysenteriae two laboratories reported 75 % within expected range,
one submitted no data, and the remaining five obtained 93 %–100 %.
The majority (112/143; 78 %) of MICs out of range were lower than the
expected modal range.

3.4. Proposed additional control strain for Brachyspira spp. AST

The reference strain B78T has been defined as a control for anti-
microbial susceptibility testing of Brachyspira spp. (Pringle et al., 2006),
but has acceptable quality control MIC ranges for five of the six anti-
microbial agents tested below proposed ECOFF values. From this study
we have identified B. hyodysenteriae strain 1922 and B. pilosicoli strain
1926 as potential additional controls. Strain 1922 had MICs at or above
ECOFF values for three antimicrobial agents and strain 1926 had five
MICs at or above ECOFF values; thereby providing controls with re-
duced susceptibility to the pleuromutilins (tiamulin and valnemulin)
and other antibiotics. Strains 1922 and 1926 demonstrated good intra-
and inter-laboratory reproducibility with 92 % and 99 %, respectively,
of MIC results within the expected range. Quality control MIC ranges
are proposed in Table 4. Isolates 1922 and 1926 have been deposited at
the DSMZ-German Collection of Microorganisms and Cell Cultures
GmbH, under the numbers DSM 110985 and DSM 110984 respectively.

3.5. Whole genome sequencing

Eight isolates were newly sequenced for this work and the WGS of
all 11 Brachyspira isolates were examined for antimicrobial resistance
determinants and correlated with AST phenotype. There was good
correspondence between reduced susceptibility and the presence of
previously defined resistance determinants (Table 5). In the B. hyody-
senteriae isolates tested tva(A) was associated with reduced suscept-
ibility to pleuromutilins and with MICs above the clinical breakpoint
when present together with mutations in chromosomal genes associated
with pleuromutilin resistance, as described previously (Card et al.,
2018). Five B. pilosicoli isolates harboured tva(B), a gene related to tva
(A) that has been described in this species (Card et al., 2018). These five
isolates did not have mutations in chromosomal genes associated with
pleuromutilin resistance. B. pilosicoli isolate 1926 had tiamulin and
valnemulin MICs above the ECOFF values but below the clinical
breakpoint (Table 5). The other four B. pilosicoli isolates had tiamulin
MICs exceeding the proposed clinical breakpoint of> 2 mg/l (Hampson
et al., 2019) but exhibited valnemulin MICs that were marginally above
the ECOFF value (Pringle et al., 2012) (Table 5). B. pilosicoli isolate
1925 was susceptible to both tiamulin and valnemulin (MICs below the
ECOFF values) and harboured a truncated tva(B) gene. The truncated
gene had a stop codon at amino acid position 397, leading to loss of the
second ABC signature and Walker B motifs. Both motifs are important
for functionality (Sharkey et al., 2016) and therefore the protein en-
coded by this truncated gene was predicted to have reduced function-
ality or be non-functional. The lincomycin resistance gene lnu(C) was
present in two B. pilosicoli isolates that had reduced lincomycin sus-
ceptibility, of which one lacked the 23S rRNA gene mutations asso-
ciated with macrolide and lincosamide resistance (Table 5).

4. Discussion

B. hyodysenteriae and B. pilosicoli are important veterinary patho-
gens that many livestock producers seek to control and eliminate due to
the costs imposed by infection. An important treatment option available
to veterinarians is antimicrobial therapy, the effectiveness of which is
enhanced by rational use based upon accurate antibiotic susceptibility
data. In this study we have defined and validated an AST method for B.
hyodysenteriae and B. pilosicoli in a multi-centre ring trial. Test perfor-
mance was evaluated against internationally recognised acceptance
criteria (Huys et al., 2010; Wallmann et al., 2006) and met the
minimum requirement of having ≥ 80 % of MIC results within the
expected range of mode MIC±1 dilution step. Indeed, overall test
performance was considerably higher than this minimum, with 90 % of
MIC results falling within the expected range when analysed by isolate,
by antimicrobial, and by laboratory. This indicates a very good re-
producibility and therefore the successful validation of a method for
susceptibility testing of these species. Detailed analysis identified two
sources of reduced assay performance: skipped wells and laboratory
experience. Lower test performance was associated with ‘skipped wells’
in B. pilosicoli for lincomycin and macrolide antibiotics. This phenom-
enon has been reported previously (Karlsson et al., 2004; Mirajkar
et al., 2016; Mirajkar and Gebhart, 2016) and likely arises because
spontaneous mutations in the 23S rRNA gene conferring resistance to
these antimicrobials can be readily selected (Karlsson et al., 2004). It
appeared that some isolates of B. pilosicoli were more prone to the
phenomenon of skipped wells (1923 and 1928) and therefore would not
be suitable as control strains. WGS did not reveal mutations in the 23S
rRNA gene associated with macrolide or lincomycin resistance for these
two isolates. We noted that most out-of-range MIC results were below
the mode MIC. This is likely a consequence of difficulties associated
with culture of this fastidious anaerobe, and the degree of experience
the laboratory has with the organism and procedure; less experienced
laboratories reported a greater number of (lower) out of range results.

The identification of a new control strain for B. hyodysenteriae and B.
pilosicoli that have MICs within the concentration ranges tested will
provide enhanced assurance of successful testing by inexperienced as
well as experienced laboratories. Control strains were deposited at the
DSMZ-German Collection of Microorganisms and Cell Cultures GmbH.
Validation of this method is currently restricted to B. hyodysenteriae and
B. pilosicoli. For other Brachyspira species, further validation may be
required, especially with regard to inoculum preparation which may
have to be adjusted to achieve the required inoculum density of 106

CFU/ml.
The antibiotic susceptibility phenotypes correlated well with re-

sistance determinants identified in the genomes of ring trial isolates,
and provided novel insights into the genetic basis for antimicrobial
resistance in B. pilosicoli. Here we report the identification of lnu(C) in
B. pilosicoli, and show an association with reduced susceptibility to
lincomycin. This study also provides the first evidence for an associa-
tion between tva(B) and reduced pleuromutilin susceptibility in B. pi-
losicoli: all isolates harbouring an intact tva(B) had pleuromutilin MICs
above the ECOFF values. The pleuromutilin susceptible isolate 1925
harboured a truncated tva(B), predicted to be of reduced/absent func-
tionality. This naturally occurring loss-of-function mutant therefore
provides additional evidence to support a role of tva(B) in pleuromutilin
susceptibility in B. pilosicoli. The inclusion of isolate 1925 with a mu-
tated tva(B) gene in the ring trial panel was fortuitous as Brachyspira
spp. are extremely recalcitrant to genetic manipulation and conse-
quently not generally amenable to the generation of knock out muta-
tions in vitro.

5. Conclusion

We have validated a protocol for AST of B. hyodysenteriae and B.
pilosicoli, demonstrating good intra- and inter-laboratory
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reproducibility in an eight laboratory ring trial. The detailed protocol
(presented in Supplementary File S1) will enable consistency and re-
producibility of testing between laboratories. This will facilitate the
monitoring of trends in susceptibility prevalence, comparison between
studies, and refinement of interpretative criteria. The identification of
alternate control strains for B. hyodysenteriae and B. pilosicoli with MICs
that fall within informative ranges, especially for pleuromutilin anti-
biotics important for treatment of SD and IS, provides an additional
opportunity for rigour in AST of these organisms. This validated AST
method for Brachyspira will enhance antibiotic susceptibility surveil-
lance and inform rational antimicrobial use when treating infected li-
vestock, thereby helping to prevent ineffective antibiotic treatment.
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