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The objectives of this study were to characterize Brachyspira hyodysenteriae isolates
and to evaluate the antimicrobial susceptibility patterns of strains obtained from pigs in
Brazil based on the minimal inhibitory concentration test (MIC). The MIC was performed
for 22 B. hyodysenteriae isolates obtained from 2011 to 2013 using the following antimicro-
bial drugs: tylosin, tiamulin, valnemulin, doxycycline, lincomycin and tylvalosin. Outbreaks
of swine dysentery were diagnosed based on clinical presentation, bacterial isolation, gross
and microscopic lesions, duplex PCR for B. hyodysenteriae and B. pilosicoli and nox gene se-
quencing. All obtained MIC values were consistently higher or equal to the microbiological
cut-off described in the literature. The MIC 90 values for the tested drugs were 8ug/ml for
doxycycline, >4ug/ml for valnemulin, 8ug/ml for tiamulin, 32pg/ml for tylvalosin, >64ug/
ml for lincomycin and >128pg/ml for tylosin. These results largely corroborate those re-
ported in the literature. Tiamulin, doxycycline and tylvalosin showed the lowest MIC re-
sults. All of the samples subjected to phylogenetic analysis based on the nox gene sequence
exhibited similar results, showing 100% identity to B. hyodysenteriae. This is the first study
describing the MIC pattern of B. hyodysenteriae isolated in Brazil.

INDEX TERMS: Inhibitory concentration, Brachyspira hyodysenteriae, swine dysentery, MIC, diarrhea,

antimicrobial sensitivity, nox gene.

RESUMO.- [Concentracdo inibitéria minima de cepas
Brachyspira hyodysenteriae brasileiras.] Os objetivos
deste trabalho foram a caracterizagdo de isolados de Bra-
chyspira hyodysenteriae e avaliar os padrdes de sensibilida-
de antimicrobiana de isolados obtidos a partir de suinos no
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Brasil com base no teste de concentracgio inibitéria minima
(MIC). A MIC foi realizada em 22 isolados de B. hyodysen-
teriae obtidos entre 2011 a 2013 usando os seguintes an-
timicrobianos: tilosina, tiamulina, valnemulina, doxiciclina,
lincomicina e tilvalosina. Surtos de disenteria suina foram
diagnosticados com base na apresentacdo clinica, isola-
mento bacteriano, lesdes macroscépicas e microscépicas,
PCR duplex para B. hyodysenteriae e B. pilosicoli e sequen-
ciamento do gene nox. Todos os valores de MIC obtidos fo-
ram consistentemente mais elevados ou igual ao ponto de
corte microbiolégica descrito na literatura. Os valores de
MIC 90 para os farmacos testados foram de 8 pg / mL para
a doxiciclina, > 4 pg/ml de valnemulina, 8 pg / mL para a
tiamulina, 32 pg / ml para tilvalosina, > 64 ug / ml para a
lincomicina e > 128 pg / ml de tilosina. Estes resultados
corroboram em grande parte com os relatados na litera-
tura. Tiamulina, doxiciclina e tilvalosina apresentaram os
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menores resultados de MIC. Todas as amostras submeti-
das a andlise filogenética com base na sequéncia do gene
nox exibiram resultados semelhantes, indicando 100% de
identidade com B. hyodysenteriae. Este é o primeiro estudo
que descreve o padrdo MIC de B. hyodysenteriae isoladas
no Brasil.

TERMOS DE INDEXACAO: Concentracéo inibitéria minima, Bra-
chyspira hyodysenteriae, disenteria suina, MIC, diarreia, sensibili-
dade antimicrobiana, sequenciamento do gene nox.

INTRODUCTION

Brachyspira hyodysenteriae and Brachyspira pilosicoli are
the most pathogenic species of spirochetes in grow-finish-
ing pigs (Taylor & Alexander 1971, Taylor et al. 1980). B.
suanatina and B. hampsonii (clades I and II) have also been
described as causative agents of swine dysentery (Rasback
et al. 2007, Chander et al. 2012), but only B. hyodysente-
riae has been described in Brazil. Swine dysentery causes
severe mucohaemorrhagic diarrhoea with high morbidity
and mortality in untreated animals (Taylor & Alexander
1971).

Since 2007, an increasing number of cases of swine dys-
entery have been described, mainly in the United States of
America and Canada (Clothier et al. 2011, Chander et al.
2012). In Brazil, between 2010 and 2014, the Veterinary
Pathology Laboratory of the Universidade Federal de Mi-
nas Gerais (UFMG) diagnosed 18 new swine dysentery out-
breaks, which raised concern due to the previous history of
only sporadic cases with a low economic impact. In 2012,
the major pig-producing region in South Brazil, comprising
the three major producing states, reported confirmed cas-
es of swine dysentery. One explanation for this increasing
number of swine dysentery cases in many countries is the
reduction of bacterial sensitivity to antimicrobial agents
that are commonly used for the treatment and control of
this disease. The presence of Brachyspira spp. strains with
a low response to previously effective antimicrobial agents
has been demonstrated in different studies in several coun-
tries (Karlsson et al. 2004, Lobova et al. 2004, Duinhof et
al. 2008, Pringle et al. 2012). Thus, evaluation of the an-
timicrobial susceptibility of clinical isolates is essential to
obtain a better understanding of this situation.

Despite its clinical importance, no data on the antimi-
crobial sensitivity of Brazilian B. hyodysenteriae strains is
available. Thus, eradication and control programmes for
swine dysentery in Brazil are being based on the interna-
tional literature (Guedes 2010).

The objectives of the present study were to isolate and
characterize circulating B. hyodysenteriae strains in Brazil
and to determine the minimal inhibitory concentration
(MIC) patterns of these strains.

MATERIALS AND METHODS

Samples. A total of 30 sections of the large intestine or faeces
samples collected from pigs with diarrhoea suspected of having
swine dysentery from the states of Rio Grande do Sul, Santa Ca-
tarina, Sdo Paulo, Minas Gerais and Mato Grosso were received
for diagnosis at the Veterinary Pathology Laboratory of the Veteri-
nary School of the UFMG, between 2012 and 2013. The samples
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were subjected to histopathology, bacterial isolation, duplex PCR
for Brachyspira hyodysenteriae and B. pilosicoli and nox gene se-
quencing.

Gross and histopathological analysis. The large intestine
samples were evaluated for the presence of macroscopic lesions,
and fragments were processed via the routine histological tech-
nique of dehydration and paraffin embedding. After this pro-
cedure, tissue fragments were cut into 3 pm-thick sections and
stained with haematoxylin and eosin (Luna 1968).

Bacterial isolation. The faecal and large intestine samples
were subcultured in trypticase soy agar with 5% sheep blood
(TSA) containing 12.5mg/1 of rifampicin, 200mg/1 of espectino-
micin, 50mg/1 of vancomicin and 12.5mg/1 of colistin (Leser et al.
1997), under anaerobic conditions with N, (80%), CO, (10%) and
H, (10%), at 42°C and examined for growth at 72 and 96 hours.
To obtain pure colonies culture, sequential passages in selective
medium were performed, and the absence of contaminants was
evaluated under phase microscopy.

Duplex PCR for Brachyspira hyodysenteriae and B. pilosi-
coli. DNA was extracted from faecal samples and mucosal scra-
pings using a commercial kit PSP® Spin Stool DNA Kit (Invitek,
Berlin, Germany). The isolated colonies obtained as described
above were also used to extract DNA: following growth on pla-
tes, the isolated colonies were washed with 1 ml of sterile PBS
for bacterial recovery. The recovered samples were then placed in
1.5 ml microtubes. DNA was extracted from the bacterial colonies
via lysis using guanidine thiocyanate, according to Chomczynski
(1993).

PCR testing was performed through double amplification tar-
geting the B. hyodysenteriae nox gene and the B. pilosicoli 16S RNA
gene, according to the protocol described by La et al. (2003). Brie-
fly, the amplification reactions were subjected to an initial step
for 5 min at 95°C to activate Taq DNA polymerase, followed by
35 cycles of denaturation at 95°C for 30s, annealing at 52°C for
45s and extension at 72°C for 1 min. The last step consisted of a
final extension at 72°C for 10 min. The PCR products amplicons
were subjected to electrophoresis on a 1% agarose gel with 1X
TAE buffer, then stained with ethidium bromide and viewed un-
der ultraviolet light.

The primers used were H1 (5’-ACTAAAGATCCTG-ATGTATT-
TG-3") and H2 (5’-CTAATA-AACGTCTGCTGC-3’), targeting a 354
bp region of the nox gene of Brachyspira hyodysenteriae, and P1
(5’-AGAGGAAAGTTTTT-TCGCTTC-3’) and P2 (5-GCACCTATGT-
TAA-ACGTCCTTG-3’), targeting a 823 bp region of the 16S seg-
ment of B. pilosicoli rRNA.

Nox PCR and sequencing. A total of 30 different isolates, pre-
ferably from different herds, were selected for nox gene amplifica-
tion to identify species belonging to genus Brachyspira and sub-
sequent genomic sequencing, according to Chander et al. (2012).
The following primers were used (primer): Brachy nox F 5’-GTT
CTT GCG CTG TAA CTC CTC CTA T-3’) and Brachy nox R (5’-GCA
ACA ATA CCC ATT CTT ACA G -3"), both of which are nox -specific
and target a highly variable region of the gene (Atyeo et al. 1999).

The PCR products were purified using the commercial Invitro-
gen PureLink PCR Purification Kit (Invitrogen, Carlsbad, CA, USA)
and sequenced in both directions by a specialized company (BGI
Tech Solutions Co., Ltd.) using a Sanger automated sequencer. The
obtained sequences were aligned with the sequence alignment
programs SeqScape V2.7 and Mega 5.1. The sequence data were
presented using a dendrogram, comparing the obtained data with
those available in GenBank.

Minimal inhibitory concentration. All of the B. hyodysente-
riae strains subjected to the MIC assay were obtained from pure
cultures grown previously in blood agar with 5% ovine blood for
48 hours under an anaerobic atmosphere. To recover bacteria in
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liquid suspensions, the blood agar plates were washed with brain
and heart infusion broth (BHI), forming a homogenate with a 10°
CFU/ml final concentration, adjusted via the MacFarland scale.

Antimicrobial susceptibility testing was performed using the
broth microdilution method on 22 samples, which represented
at least one isolate per herd. The VetMIC™Brachy SVA commer-
cial kit was used, which contained the following antimicrobial
drugs: tiamulin (0.063-8 pg/ml), valnemulin (0.031-4pg/ml),
doxycycline (0.125-16pg/ml), tylvalosin (0.25-32pg/ml), linco-
mycin (0.5-64ug/ml) and tylosin (2-128ug/ml), according to the
kit specifications. Each well in the plate kit was inoculated with
0.5ml of (BHI) supplemented with 10% foetal bovine serum and
approximately 10° CFU/ml of B. hyodysenteriae.

The inoculated plates were incubated in anaerobic atmos-
phere, under agitation, at 37°C. The MIC is the lowest concentra-
tion that inhibits visible bacterial growth, measured based on the
medium turbidity. After four days of incubation, all wells were
analysed for possible contaminants that could interfere with the
test results. The obtained results were compared with microbio-
logical cut-offs described by Pringle et al. (2012).

Statistical analysis. The MIC results were stratified and sum-
marized considering the median, the mode and the MIC value at
which 90% of the isolates tested were susceptible (MIC 90).

RESULTS

Gross and histological lesions

Gross. Fibrinonecrotic colitis was the most frequent le-
sion associated with abundant mucohemorrhagic contents
in the intestinal lumen. In these cases, there was moderate
mesocolon oedema and moderate-to-marked hyperaemia
of the large intestine. Moderate thickening of the large in-
testinal wall and watery intestinal contents with a modera-
te to severe amount of mucus, sometimes associated with
blood, were frequently observed. Occasionally, fibrin and a
diphtheritic membrane covering the mucosa were also ob-
served.

A difteric membrane was frequently present. In some
cases, discrete hyperaemia of the serosa and mild lesions
were observed, associated with greenish liquid contents
with a moderate amount of mucus. Two animals submitted
for a routine survey of enteropathogens from a herd with
no history diarrhoea or gross lesions were also evaluated.

Histopathology. The observed histological lesions
ranged from multifocal moderate catarrhal colitis to severe
necro-hemorhagic neutrophilic colitis combined with go-
blet cell hyperplasia. Circulatory changes such as conges-
tion and moderate multifocal haemorrhage were common-
ly found. Superficial erosions associated with multifocal
necrosis were also observed in most of the cases. Various
degrees of goblet cell hyperplasia, neutrophil infiltration
and crypt abscesses were present in all samples. In the lu-
men of the colon, an amorphous sparingly basophilic ma-
terial (mucin) was found. In addition, fibrin and cellular
debris were visualized. In the large intestinal lumen and
the crypts, spiral-shaped bacteria associated with areas of
necrosis were often observed.

The large intestinal samples from the two animals that
did not have any clinical signs or gross lesions, as described
above, exhibited focal mild colonic lesions characterized by
superficial necrosis associated with discrete hyperplasia of
goblet cells (C7001 and C7003).

Bacterial identification through isolation and duplex
PCR

Beta haemolytic Brachyspira isolates were obtained
from all 30 sections of large intestine submitted for diag-
nosis. These isolates were obtained from 16 herds located
in five different Brazilian states from years 2011 to 2013
(Table 1). The bacterial colonies isolated from the received
samples exhibited strong beta haemolysis in blood agar
and were usually not observed at the agar surface. How-
ever, uniform, translucent superficial bacterial growth was
occasionally observed spreading from the haemolytic area.
Motile bacteria with a spiral morphology were observed
under phase contrast microscopy.

All 30 obtained isolates were positive for B. hyodysen-

Table 1. Distribution of Brachyspira hyodysenteriae obtained
from 16 swine herds from five differrent Brazilian states

from 2011 to 2013
Isolate States* Herd Year Number of
samples
A4441 MT 1 2011 1
A5001, A5002, A50012 SP 2 2011 3
A6002, A6005, A6007, A60011 MG 3 2011 4
B5746,B5747,B57413 SC 4 2012 3
B6731 SC 5 2012 1
B6741 MG 6 2012 1
B7031 RS 7 2012 1
B7201 SC 8 2012 1
B829 SC 9 2012 1
B9001, B9002 SC 10 2012 2
C1526,C€1527,C1529 MG 11 2013 3
C3651 SC 12 2013 1
C4941 SC 13 2013 1
C5001 MG 14 2013 1
€6000, C6001, C6013 MG 15 2013 3
C7001, C7002,C7003 SP 16 2013 3

*Mato Grosso (MT), Minas Gerais (MG), Sdo Paulo (SP), Santa Catarina
(SC) and Rio Grande do Sul (RS).

Table 2. Median, mode value and minimum inhibitory
concentration at which 50% and 90% (MIC 50, 90) of isolates
of B. hyodysenteriae are sensitive to each antibiotic teste

Variable Median Mode Minand Max MIC 50 MIC90
pg/ml  pg/ml pg/ml

Tiamulin 8 8 0,063->8 8 8
Valnemulin 2 4 0,031->4 2 >4
Doxicycline 2 2 1-8 2 8
Tylvalosin 16 32 1-32 16 32
Lincomycin 64 64 2->64 64 >64
Tylosin >128 >128 4->128 >128 >128

Table 3. Microbiological cut-off points compared with the
values (MIC90) for the isolates in the present study
(Pringle et al. 2012)

Antimicrobial MIC90 Microbiological cut-off point§
Tiamulin 8 > 0,25 pg/ ml
Valnemulin >4 > 0,125 pg/ ml
Doxycycline 8 > 0,5 pg/ ml
Tylvalosin 32 >1 g/ ml
Lincomycin >64 >1 pg/ ml

Tylosin >128 >16 pg/ ml

§ Point of microbiological cut-off is aimed at separating susceptible and
resistant isolates compared to wild type. (Pringle et al. 2012).
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teriae and negative for B. pilosicoli via duplex PCR. For iso-
lates C7001, C7002 and C7003, obtained from pigs origi-
nated from a herd with no clinical signs of swine dysentery,
the positive diagnosis of B. hyodysenteriae via duplex PCR
was obtained only after bacterial isolation.

Phylogenetic analysis

Nox sequencing was performed on 30 isolates. Of these
isolates, 29 were confirmed as Brachyspira hyodysenteriae,
showing 100% similarity in the 596 base pair segment to
the following B. hyodysenteriae strains: ATCC 27164, ATCC
3140, AN 2420/97, AN 174/92, AN 383:2/00, AN 1409:
2/01 and B78. A single isolate (C7003) showed divergent
results and was identified as Brachyspira murdochii (Fig.1).
This sample (C7003) was not included in the MIC test.

Minimal inhibitory concentration

Twenty-two B. hyodysenteriae isolates, one or two from
each herd, were selected and used for the antimicrobial
sensitivity test. The MIC values obtained using the six anti-
microbial agents in 22 B. hyodysenteriae isolates are shown
in Figure 2. Twenty-one isolates exhibited higher MIC va-
lues for all active principles than the previously established
microbiological cut-off (Pringle et al. 2012). Comparisons
between the MIC 90 values and cut-offs are shown in Table
1and 2.

When the obtained results were compared with the
cut-offs described by Pringle et al. (2012) for the wildtype
strain (Table 3), the proportion of strains showing low sen-
sitivity was determined to be 90.9% for tiamulin, 91% for
valnemulin, 95% for doxycycline, 95% for tylvalosin, 100%
for lincomycin and 95% for tylosin.

High MIC values were obtained for tylosin, with one
strain falling above the cut-off point (mode =128). The
strains from Sao Paulo and Minas Gerais were more sensiti-
ve than those from Santa Catarina and Mato Grosso, among
all tested antimicrobials. Only one isolate from Minas Ge-
rais was sensitive to all of the tested antimicrobials (tiamu-
lin = 0.063 pg/ml; valnemulin = 0.031 pg/ml; doxycycline =
0.5 pg/ml; tylvalosin = 1 pg/ml; lincomycin = 2pg/ml; tylo-
sin = 4pg/ml), showing similar or lower results compared
with the microbiological cut-off proposed by Pringle et al.
(2012).

DISCUSSION

This is the first study to investigate the antimicrobial sus-
ceptibility pattern of Brachyspira hyodysenteriae strains
isolated from pigs with swine dysentery in Brazil. Although
the prevalence of this illness was not determined, it was
possible to observe this agent in herds from important Bra-
zilian pig-producing regions (IBGE 2013). Swine herds in
these regions are located in highly pig-dense areas, which
may increase the likelihood of transmission due to the geo-
graphical proximity of the herds and the presence of roads
with a high flow of trucks and/or potential vector move-
ment between nearby properties (Hampson et al. 2006).
Atypical behaviour was observed for C7003 compared
with the other isolates. Despite showing a positive result
for B. hyodysenteriae by PCR, this isolate exhibited a high
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Fig.1. Filogenetic tree based on the NOX gene sequence of a popu-
lation of 30 Brachyspira sp. isolates aligned (596 bp). The align-
ment was created using distance calculation (Kimura) and Nei-
ghbour-joining. Asterisks representisolates of the present study.

degree of identity with the species B. murdochii in the phy-
logenetic analysis. Additionally, milder histological lesions
were observed in this case. However, the strong beta hae-
molysis observed on blood agar and the positive result for
B. hyodysenteriae obtained via PCR were intriguing. One
possible explanation for these results could be co-culture of
the strains B. hyodysenteriae and B. murdochii in the same
blood agar plates, even after multiples passages (Stanton
etal. 1997).
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Other isolates (C7001, C7002) from the herd without
clinical signs of dysentery was identified according to the
nox gene sequence as B. hyodysenteriae. There are studies
reporting the presence of some atypical low-pathogenicity
strains that have the ability to colonize, but not to induce
clinical disease (Lysons et al. 1982, Thomson et al. 2001).
Further studies are necessary for the characterization of
C7001 and C7002 as atypical strain and to clarify the pos-
sible impacts caused by this strain when introduced into a
naive herd.

According to the results, there were no differences be-
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tween the strains isolated in different Brazilian states and
herds based on nox gene sequencing before or after the
outbreaks in 2012. The sequence of the nox gene is able to
differentiate isolates to the species level, but it is not suf-
ficiently discriminatory to differentiate strains within spe-
cies. Therefore, further studies, using, for example, the mul-
tilocus sequence typing (MLST) technique, are required to
better understand the epidemiology of the disease in Brazil.

Identifying the sensitivity pattern of Brazilian strains
is important for establishing swine dysentery control and
eradication programs, mainly due to the emergence of B.
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Fig.2. Antimicrobial susceptibility. MIC distribution of six antimicrobial drugs for 22 B. hyodysenteriae isolates in Brazil. The black arro-
ws indicate the cut-off values with respect to the wild type (Pringle et al. 2012).
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hyodysenteriae strains with reduced susceptibility to multi-
ple antimicrobials, based on microbiological cut-off points,
which was observed in both the present work and other
studies in different countries (Karlsson et al. 2002, 2003,
Rohde et al. 2004, Hidalgo et al. 2009, 2011, Zmudzki et al.
2012, Alvarez et al. 2013, Mirajkar & Gebhart 2013). In ad-
dition, low sensitivity is relevant for resistance monitoring
programmes as it is an indication of early resistance and al-
lows the implementation of measures to prevent the emer-
gence of strains with high resistance (Pringle et al. 2012).

The MIC results presented here were compared with
the literature involving the same broth microdilution tech-
nique (Rohde et al. 2004). The results for tylosin were
similar to those found in the literature regarding both the
MIC50 and MIC90 (Table 1). High resistance to tylosin was
expected based on the selective pressure caused by the
widespread use of this drug in therapeutic and prophylac-
tic programmes in recent years (Karlsson et al. 2002, 2003,
Rohde et al. 2004, Hidalgo et al. 2009, 2011, Zmudzki et al.
2012, Alvarez et al. 2013, Mirajkar & Gebhart 2013). The
mechanism of tylosin resistance is related to mutations in
the 23S ribosomal RNA gene at position 2058, inhibiting its
binding (Karlsson et al. 1999, 2004).

All of the results obtained for tylvalosin in this study
were below the values reported in the literature. Few stud-
ies have specifically evaluated the reduction of tylvalosin
sensitivity. Hidalgo et al. (2011) identified a mutation in
the 23S gene at position 2059 associated with resistance
to tylvalosin. For lincomycin, the MIC50 was higher com-
pared with that reported in the literature (Karlsson et al.
1999, Karlsson et al. 2002, Karlsson et al. 2003, Rohde et
al. 2004, Hidalgo et al. 2011, Zmudzki et al. 2012, Mirajkar
& Gebhart 2013), however, the MIC 90 was similar to those
obtained by Hidalgo et al. (2009) and Alvarez et al. (2013).

For doxycycline, the MIC50 values were comparable
to those found by Zmudzki et al. (2012) and Alvarez et al.
(2013), but the MIC90 was elevated compared with the
previously described values (Karlsson et al. 2002, 2003,
Rohde et al. 2004, Pringle et al. 2007, Hidalgo et al. 2009,
2011, Zmudzki et al. 2012, Alvarez et al. 2013, Mirajkar &
Gebhart 2013). Decreased susceptibility to doxycycline has
been associated with a mutation at position 1058 of the
16S rRNA gene for B. hyodysenteriae (Pringle et al. 2007).

Valnemulin and doxycycline exhibited the lowest MIC
values. For valnemulin, the results were similar to those
previously reported (Karlsson et al. 1999, 2002, 2003,
Rohde et al. 2004, Hidalgo et al. 2009, 2011, Zmudzki et al.
2012, Alvarez et al. 2013, Mirajkar & Gebhart 2013). The
MIC50 results for tiamulin were higher than those pub-
lished elsewhere, but the MIC90 was similar to the results
obtained by Rohde et al. (2004), Hidalgo et al. (2011) and
by Alvarez et al. (2013). The resistance related to tiamulin
and to the other pleuromutilins is derived from point muta-
tions in the V domain of the 23S rRNA gene and the riboso-
mal protein L3 (Hidalgo et al. 2011).

Antimicrobial use is differentially regulated depend-
ing on the country. Therefore, the interpretation of MIC
results should consider the frequency of drug use and the
availability of certain drugs at each location. In countries
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where carbadox use is allowed, such as the USA, the MIC
for tiamulin is low because it is less commonly utilized than
in other countries where carbadox is prohibited. This phe-
nomenon is observed in American strains, as demonstrated
by Mirajkar & Gebhart (2013).

Despite the fact that swine dysentery occurs sporadical-
ly in Brazilian pig herds, it has increased in relevance since
2010. Therefore, studies are needed to better understand
the resistance mechanisms and the correlation between
pre-existing strains and those present in recent outbreaks.

Reduced efficacy of these drugs leads to an increased
risk of spreading resistant strains and emerging high-path-
ogenicity clones (Duinhof et al. 2008). Therefore, monitor-
ing the resistance of clinical isolates is highly recommend-
ed (Karlsson et al. 2002 & Rohde et al. 2004).

In recent years, the development of antimicrobial re-
sistance to B. hyodysenteriae strains has become a relevant
concern. A decrease in susceptibility to tiamulin in different
countries has been observed (Karlsson et al. 2004, Lobova
et al. 2004, Duinhof et al. 2008, Pringle et al. 2012). Other
commonly used drugs, such as lincomycin and tylosin, show
high levels of resistance (Hommez et al. 1998, Karlsson et
al. 2002). The resistance detected among Brachyspira spe-
cies is mainly found among B. hyodysenteriae strains, but
this trend has also been observed for B. pilosicoli (Duhamel
etal. 1998, Fossi et al. 1999, Karlsson et al. 2001, 2004, Lo-
bova et al. 2004, Rohde et al. 2004).

Duhamel (2011) suggested two mechanisms for the
decreased response to antimicrobials. The first is natural
selection of a resistant mutant strain due to constant expo-
sure to antibiotics. The second is horizontal achievement
via a bacteriophage known as VSH-1. This bacteriophage
is important in gene transfer between its host cells and
can contribute to genetic changes in strains through the
transduction of new gene sequences between species or
Brachyspira strains (Humphrey et al. 1997, Bellgard et al.
2009, Hampson & Ahmed 2009). These changes may alter
phenotypic properties, potentially modifying antimicrobial
susceptibility, colonization or virulence (Duhamel 2011).

The use of sub-inhibitory concentrations of antimicro-
bials is also considered a significant factor under a genetic
and evolutionary scenario, as bacterial exposure to sub-
inhibitory concentrations of antimicrobials promotes the
activation of mobile components of the bacteria, such as
prophages and transposons (Stanton et al. 2008).

CONCLUSIONS

The MIC results obtained in this study demonstrated
resistance to the majority of antimicrobials used against
Brachyspira hyodysenteriae, including pronounced resist-
ance to tylosin and lincomycin.

Tiamulin, doxycycline and tylvalosin exhibited better
results in comparison with other studies. Epidemiologi-
cal studies and the use of other molecular techniques will
be important for understanding the dynamics of the out-
breaks that occurred in 2012 in Brazil.

Future studies involving phenotypic and genotypic char-
acterization of low-pathogenicity B. hyodysenteriae strains
are needed to evaluate their potential impact in naive pigs.
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