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Abstract. Swine dysentery in Europe is classically attributed to Brachyspira hyodysenteriae. 21 

However, other Brachyspira species have been increasingly associated with intestinal 22 

disorders in pigs. This case report describes the first diagnosis of a “Brachyspira hampsonii” 23 

infection in European pigs. In a routine quarantine monitoring protocol, two gilts were 24 

presented for necropsy, in which soft watery non-haemorrhagic colonic content was found. 25 

Microbial culture from the colonic content and from faecal samples revealed the presence of 26 

strongly haemolytic, ring-phenomenon positive spirochetes indicative for Brachyspira 27 

hyodysenteriae. A diagnostic commercial PCR could not confirm the presence of B. 28 

hyodysenteriae. Phenotypic characterisation and PCRs targeting the 16S rRNA, 23S rRNA, 29 

nox, hlyA and tlyA genes of different swine-related Brachyspira spp. were performed. 30 

Phylogenetic analysis of sequences of the partial nox and 16S rRNA genes and multi locus 31 

sequence typing demonstrated that the isolates in this case were “B. hampsonii” isolates. This 32 

case report shows that the diagnosis of infections caused by new, emerging Brachyspira 33 

species is not self-evident and that the combination of microbial culture and PCR is 34 

recommended, completed with more extensive genotyping if necessary. 35 
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Case report: first isolation of “Brachyspira hampsonii” from pigs in Europe 43 

 44 

Infections with Brachyspira spp. in swine occur in most swine-rearing countries and 45 

can result in substantial economic losses. Of all swine-related Brachyspira spp. infections 46 

classical swine dysentery, caused by Brachyspira hyodysenteriae, results in the most severe 47 

clinical symptoms (eg. mucohaemorrhagic diarrhea, weight loss, poor feed conversion). B. 48 

hyodysenteriae was first recognized as the cause of swine dysentery in 1971 (Taylor and 49 

Alexander 1971). At that time, the strong haemolysis of B. hyodysenteriae appeared indicative 50 

for pathogenicity since other, weakly haemolytic Brachyspira (formerly Serpulina, Serpula 51 

and Treponema) appeared to be commensal and were therefore named Brachyspira innocens 52 

(Kinyon and Harris 1979). Several reports of clinical disease caused by weakly hemolytic 53 

Brachyspira indicated that not all weakly hemolytic Brachyspira spp. were non-pathogenic 54 

for pigs (Taylor and others 1980, Neef and others 1994). Further research of these weakly 55 

haemolytic isolates including DNA-DNA hybridisation, resulted in the designation of three 56 

more weakly haemolytic species namely B. intermedia, B. murdochii and B. pilosicoli (Trott 57 

and others 1996, Stanton and others 1997).  58 

These weakly haemolytic species of Brachyspira diverge in the severity of clinical 59 

symptoms they cause. B. pilosicoli is pathogenic and causes spirochetal colitis in pigs, which 60 

is marked by non-haemorrhagic diarrhea and a poor feed conversion. For B. intermedia and 61 

B.murdochii the pathogenic potential is less clear-cut. Although both species have been 62 

isolated from clinical cases of diarrhea, the clinical symptoms are mild or absent in 63 

experimental infections and yet high numbers of spirochetes are necessary to cause an effect 64 

(Jensen and others 2004, Jensen and others 2010).  65 

Recently, a new type of Brachyspira  infection has been described. Outbreaks of 66 

mucohaemorrhagic diarrhea, caused by strongly haemolytic Brachyspira strains inconsistent 67 
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with B. hyodysenteriae, were reported in the USA and Canada. Phylogenetic analysis of these 68 

strains showed such a large genetic divergence between those isolates and all other 69 

Brachyspira spp. that these isolates likely represent a novel species, for which the name 70 

“Brachyspira hampsonii” has been proposed (Chander and others 2012). The current case 71 

report describes, to the best of our knowledge, the first confirmed “B. hampsonii” infection in 72 

pigs outside North-America. 73 

Two gilts, imported from the Czech Republic, were presented for necropsy in a routine 74 

quarantine monitoring protocol. General macroscopic findings consisted of a low body weight 75 

and dilated large intestines in which soft watery non-haemorrhagic colonic content was 76 

present. Histological examination of these large intestines was not performed. Microbial 77 

culture of the colonic content was performed on Tryptic Soy Agar (BD, Heidelberg, 78 

Germany) supplemented with 5% sheep blood (IMP, Brussels, Belgium), 0.1% yeast extract 79 

(Oxoid, Aalst, Belgium) and following antimicrobials: spectinomycin (200µg/ml), spiramycin 80 

(25 µg/ml), rifampin (12.5 µg/ml), colistin (6.25 µg/ml), and vancomycin (6.25µg/ml) 81 

(Hommez and others 1998). The microbial cultures revealed strongly haemolytic, ring 82 

phenomenon-positive spirochetes, indicative for B. hyodysenteriae (Fellström and others 83 

1995, Hommez and others 1998). Some of the pigs, housed in the same group as the two gilts 84 

presented for necropsy, showed mild diarrhea. From the next batch of gilts from the same 85 

origin, additional faecal samples were taken in the quarantine. Strongly haemolytic 86 

Brachyspira isolates, with ring phenomenon, were again found on microbial culture, whereas 87 

commercial diagnostic PCR analysis (Adiavet Brachy, Paris, France) did not confirm the 88 

presence of B. hyodysenteriae in these samples. All faecal samples were negative for 89 

Salmonella.  90 

Phenotypic characterisation tests were performed on pure cultures which were 91 

obtained by at least three subcultures on Tryptic Soy Agar (TSA) plates supplemented with 92 
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5% defibrinated sheep blood and 0,1% yeast extract (Jenkinson and Wingar, 1981). 93 

Phenotypic characterisation was performed on 4-day old cultures and was based on beta 94 

haemolysis, indole production, hippurate hydrolysis and the presence or absence of α-95 

galactosidase, α-glucosidase and β-glucosidase (Fellström and others 1995). Indole 96 

production was determined using a spot-indole test (Remel BactiDrop, Dartford, UK) and for 97 

the other biochemical characteristics commercial discs were used according to the 98 

manufacturer’s instructions (Rosco Diatabs, Taastrup, Denmark). Type strains of B. 99 

hyodysenteriae (ATCC 27164), B. pilosicoli (ATCC 51139) and B.innocens (ATCC 29796) 100 

were included to provide positive controls for all the phenotypic characteristics that were 101 

examined. 102 

Several species-specific PCRs were performed, based on the following genes: tlyA 103 

(Råsbäck and others 2006), 23S rRNA (Leser and others 1997) and nox (Phillips and others 104 

2006) for B. hyodysenteriae, nox (Phillips and others 2010) and 23s rRNA (Leser and others 105 

1997) for B. intermedia , 16S rRNA (Phillips and others 2006) for B. pilosicoli and nox 106 

(Atyeo and others 1999) for B.murdochii/B.innocens. Additionally, PCR’s were performed for 107 

the haemolysis related genes hlyA and hlyA-ACP (Barth and others 2012). 108 

Forward primer 5’ TAGCYTGCGGTATYGCWCTTT 3’ and reverse primer 5’ 109 

GCMTGWATAGCTTCRGCATGRT 3’ were used to partially sequence the nox gene 110 

(Weissenböck and others 2005). A product of 1014 base pairs was obtained. Forward primer  111 

5’ GTTTGATYCTGGCTCAGARCKAACG 3’ and reverse primer 5’ 112 

CTTCCGGTACGGMTGCCTTGTTACG 3’ were used to partially sequence the 16S rRNA 113 

gene of which a 1044 base pair product was obtained (Johansson and others 2004). 114 

Sequencing reactions were performed on purified PCR-product with the same primers as for 115 

PCR. Nox and 16S rRNA sequences from other Brachyspira isolates were retrieved from 116 
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GenBank and compared with the sequences of the described field case isolate (D52) by 117 

BLAST analysis.  118 

The sequences of the nox gene of the strain retreived in this case report (D52), of B. 119 

hyodysenteriae, B. intermedia, B. murdochii and B. innocens ATCC type strains and of 42 120 

additional strains of several Brachyspira spp. retrieved from GenBank were aligned using 121 

ClustalW. Sequences of clade I strain 30599 and clade II strain 30446 of B. “hampsonii” 122 

were also included (Rubin and others, 2013b). Phylogenetic analysis was performed with an 123 

alignment sequence fragment of 540 bp and Kimura distance calculation and neighbour-124 

joining method were used.  125 

For multilocus sequence typing (MLST) primers and PCR conditions as described by 126 

Råsbäck and others in 2007(b) were used to analyse genes encoding alcohol dehydrogenase 127 

(adh), esterase (est), glutamate dehydrogenase (gdh), glucose kinase (glpK), 128 

phosphoglucomutase (pgm) and acetyl-coA acetyltransferase (thi). For each locus the 129 

sequence obtained from the D52 isolate was matched with the online MLSTdatabase 130 

(www.pubmlst.org/brachyspira). 131 

 The phenotypic characteristics of isolate D52 corresponded to those of B. “hampsonii” 132 

as described by Chander and others (2012). The isolate was strongly beta haemolytic, indole 133 

negative, hippurate negative, negative for α-galactosidase and α-glucosidase, and positive for 134 

β-glucosidase. Although not exclusively, most isolates of clade I are positive for β-135 

glucosidase as compared to clade II, in which most isolates are negative for β-glucosidase. 136 

 Table 1 shows the PCR results. Isolate D52 generated a positive result in the two 137 

species-specific PCRs for B. intermedia based on the 23S rRNA and nox gene respectively. 138 

Interestingly, the PCR targeting tlyA, presumed typical for B. hyodysenteriae, also generated a 139 

positive result. The PCRs for several haemolysis associated genes, hlyA and ACP(fabF-fabG), 140 

were positive as well. 141 
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The nox sequence of isolate D52 (GenBank accession nr KF202498) showed a 142 

similarity of 100% over 547 basepairs with B. “hampsonii” isolate NSH-16, which is 143 

described by Chander and others as the reference strain of B. “hampsonii” clade I (Chander 144 

and others 2012). Besides, the nox sequence of isolate D52 showed a similarity of more than 145 

99% over 874 basepairs with previously described isolates KC35 en EB106 (JX197410.1 and 146 

JX197409.1) (Burrough and others 2012b). These isolates, originally described as strongly 147 

haemolytic B. intermedia are recently refered to as “B. hampsonii clade I” (GenBank). With 148 

the type strain B. hampsonii 30599 (clade I, NZ_AOMM01000255.1) as described by Rubin 149 

and others (2013b), the nox sequence of our isolate showed a similarity of 99% over 1014 bp 150 

(difference of 2 nucleotides). The 16S rRNA sequence of isolate D52 (GenBank accession nr 151 

KF586484 ) showed a sequence similarity of 99% over 1044 bp with “B. hampsonii” isolate 152 

NSH-16. 153 

Phylogenetic analysis of the nox sequence of isolate D52 and nox sequences of other 154 

Brachyspira spp. clearly place isolate D52 in the cluster of isolates comprising clade I of “B. 155 

hampsonii” (fig. 1) 156 

As described for “B. hampsonii” in previous studies (Chander and others 2012) three 157 

of the seven loci for MLST could not be amplified. From the sequences of the 4 loci that 158 

could be amplified (est, pgm, glp and thi), none of them gave an exact match with known 159 

alleles in the MLST database. The thi sequence matched closest with allele 24 of “Serpulina 160 

sp. P280/1” (difference of 21 nucleotides) in accordance with the findings of Chander and 161 

others, 2012, for “B. hampsonii”. 162 

The results of the phenotypic characteristics, sequence comparisons, MLST and 163 

phylogenetic analysis based on the nox sequence, identify the D52 isolate as “B. hampsonii”  164 

clade I. To the best of our knowledge it is the first time that “B. hampsonii”isolates from 165 



 
 

8 

porcine origin are described in Europe, although the isolate Serpulina sp. P280/1 (Neef and 166 

others 1994) in retrospect also may belong to “B. hampsonii”.  167 

The isolates of strain D52 obtained from the current field case, all contained the hlyA, 168 

tlyA and ACP(fabF,fabG) genes. HlyA is the protein responsible for the strong haemolysis in 169 

B. hyodysenteriae (Hsu and others 2001). In order to adequately perform its actions, the hlyA 170 

gene has to be correctly placed between the accompanying fab-F and fab-G genes, coding for 171 

an ACP-reductase and –synthetase (Zuerner and others 2004). Although the presence of hlyA 172 

has been reported in some weakly haemolytic Brachysira spp. isolates, the fabF and fabG 173 

genes were in those cases absent (Barth and others 2012), probably rendering the hlyA gene 174 

functionally inactive. Another hemolysin, namely tlyA is consistently found in B. 175 

hyodysenteriae. Although it has also been twice reported in weakly haemolytic species (Pati 176 

and others 2010, Wanchanthuek and others 2010), these sequences show low sequence 177 

similarity (82-83%) with tlyA of B. hyodysenteriae (Barth and others 2012). The presence of 178 

both these hemolysin encoding genes in the isolates in the current field case may be 179 

responsible for the strong haemolysis displayed by these isolates.  180 

Rubin and others (2013a) could experimentally induce mucohaemorrhagic diarrhea in 181 

swine when infected with a “B. hampsonii” strain 30446. The clinical signs were 182 

indistinguishable from swine dysentery. It should, however, be noted that the strain 30446 183 

clearly falls into the cluster II isolates of “B. hampsonii” whereas the strain from this case 184 

falls into cluster I as shown in the phylogenetic tree in figure 1. Although experimentally “B. 185 

hampsonii” strain 30599, which belongs to clade I, can induce severe clinical symptoms 186 

(Harding and others, 2013), the symptoms in this case report were rather mild. This could be 187 

due to difference in pathogenic potential between strains of clade I or be related to 188 

Brachyspira colitis being a multifactorial disease. Environmental or nutritional factors may 189 

alter the severity of clinical signs. 190 
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This case report and the recent case reports from Canada and USA (Burrough and 191 

others 2012a, Rubin and others 2013a) indicate that new, emerging species of Brachyspira 192 

can be important in swine-rearing countries. The results of the species-specific PCRs show 193 

that diagnosis of infections caused by these emerging species can be confusing. When 194 

diagnosis is solely based on microbial culture, all strongly haemolytic isolates will be reported 195 

as B. hyodysenteriae, whereas they could belong to the provisionally named species “B. 196 

hampsonii”, “B. suanatina” (Chander and others 2012, Burrough and others 2012a, Råsbäck 197 

and others 2007a, Rubin and others 2013a) or even other emerging Brachyspira species. On 198 

the other hand, when diagnosis is entirely based on PCR, strongly haemolytic isolates 199 

inconsistent with B. hyodysenteriae could easily be missed. For now, the combination of 200 

microbial culture and PCR, complemented with sequencing if necessary, is presumably the 201 

most complete method for diagnosis of Brachyspira spp. infections.  202 

 203 

Declaration of conflicting interests 204 

Sources of financial support have been acknowledged and the authors declare that they have 205 

no competing interests. 206 

 207 

 208 

Funding 209 

This work was supported by the Institute for the Promotion of Innovation by Science and 210 

Technology in Flanders (IWT Vlaanderen), Brussels, Belgium (grant IWT Landbouw 211 

100850) and by ‘Veepeiler Varken’, the Fund for Animal Health, Belgium. 212 

  213 



 
 

10 

References 214 

 ATYEO, R. F., STANTON, T. B., JENSEN, N. S., SURIYAARACHICHI, D. S. & 215 
HAMPSON, D. J. (1999) Differentiation of Serpulina species by NADH oxidase gene 216 
(nox) sequence comparisons and nox-based polymerase chain reaction tests. Veterinary 217 

microbiology 67, 47–60. 218 

 BARTH, S., GÖMMEL, M., BALJER, G. & HERBST, W. (2012) Demonstration of 219 
genes encoding virulence and virulence life-style factors in Brachyspira spp. isolates 220 
from pigs. Veterinary microbiology 155, 438–43. 221 

 BURROUGH, E., STRAIT, E., KINYON, J., BOWER, L., MADSON, D., 222 
SCHWARTZ, K., FRANA, T. & SONGER, G. (2012a) Comparison of atypical 223 
Brachyspira spp. clinical isolates and classic strains in a mouse model of swine 224 

dysentery. Veterinary microbiology 160, 387–94. 225 

 BURROUGH, E. R., STRAIT, E. L., KINYON, J. M., BOWER, L. P., MADSON, D. 226 
M.,  WILBERTS, B. L., SCHWARTZ, K. J., FRANA, T. S. & SONGER, G. S. 227 
(2012b) Comparative virulence of clinical Brachyspira spp. isolates in inoculated pigs. 228 
Journal of veterinary diagnostic investigation : official publication of the American 229 

Association of Veterinary Laboratory Diagnosticians, Inc 24, 1025–34. 230 

 CHANDER, Y., PRIMUS, A., OLIVEIRA, S. & GEBHART, C. J. (2012) Phenotypic 231 
and molecular characterization of a novel strongly hemolytic Brachyspira species, 232 

provisionally designated “Brachyspira hampsonii”. Journal of veterinary diagnostic 233 
investigation : official publication of the American Association of Veterinary 234 
Laboratory Diagnosticians, Inc 24, 903–10. 235 

FELLSTRÖM, C., PETTERSSON, B., UHLÉN, M., GUNNARSSON, A. & 236 
JOHANSSON KE. (1995) Phylogeny of Serpulina based on sequence analyses of the 237 

16S rRNA gene and comparison with a scheme involving biochemical classification. 238 

Research in Veterinary Science 59:5-9. 239 

HAMPSON, D. J. (2012) Brachyspira infections in pigs: an update on pathogenesis 240 
and control. Proceedings of the 4th European Symposium of Porcine Health 241 
Management, pp 86-91, April 25-27, Brugge, Belgium 242 

HARDING, J. C. S., LEMIEUX, H., FERNANDO C., DETMER, S.E., COSTA, M.O., 243 
RUBIN, J. AND HILL, J.E. (2013) Experimental reproduction of mucohaemorrhagic 244 

diarrhoea following inoculation with “Brachyspira hampsonii” clade I (Canadian 245 
isolate 30599) Proceedings of the 6th Conference on colonic spirochaetal infections in 246 

animals and humans, p 60, September 5-6, Surrey, UK 247 

HOMMEZ, J., CASTRYCK, F., HAESEBROUCK, F. & DEVRIESE, L. A. (1998) 248 
Identification of porcine Serpulina strains in routine diagnostic bacteriology. 249 
Veterinary microbiology 62, 163–9. 250 

 HSU, T., HUTTO, D. L., MINION, F. C., ZUERNER, R. L. & WANNEMUEHLER, 251 
M. J. (2001) Cloning of a beta-hemolysin gene of Brachyspira (Serpulina) 252 

hyodysenteriae and its expression in Escherichia coli. 69, 706–711. 253 



 
 

11 

JENKINSON, S. R. & WINGAR C.R. (1981) Selective medium for the isolation of 254 

Treponema hyodysenteriae. The Veterinary record 109, 384-385 255 

JENSEN, T. K., BOYE, M. & MØLLER, K. (2004) Extensive intestinal spirochaetosis 256 
in pigs challenged with Brachyspira pilosicoli. Journal of medical microbiology 53, 257 
309-312  258 

JENSEN, T. K., CHRISTENSEN, A. S. & BOYE. M. (2010) Brachyspira murdochii 259 
colitis in pigs. Veterinary Pathology 47, 334-338 260 

JOHANSSON, K.E., DUHAMEL, G. E., BERGSJÖ; B., ENGVALL, E. O., 261 
PERSSON, M., PETTERSON, B. & FELLSTRÖM, C. (2004) Identification of three 262 

clusters of canine intestinal spirochaetes by biochemical and 16S rDNA sequence 263 
analysis. Journal of medical microbiology 53, 345–350. 264 

KINYON, J. & HARRIS, D. (1979) Treponema innocens, a new species of intestinal 265 
bacteria, and emended description of the type strain of Treponema hyodysenteriae. 266 
International Journal of Systematic Bacteriology 29,102–109.  267 

LESER, T. D., MØLLER, K., JENSEN, T. K. & JORSAL, S. E. (1997) Specific 268 
detection of Serpulina hyodysenteriae and potentially pathogenic weakly beta-269 
haemolytic porcine intestinal spirochetes by polymerase chain reaction targeting 23S 270 

rDNA. Molecular and Cellular Probes 11, 363–372. 271 

 NEEF, N. LYSONS, R. J., TROTT, D. J., HAMPSON, D. J., JONES, P. W. & 272 
MORGAN, J. H.(1994) Pathogenicity of porcine intestinal spirochetes in gnotobiotic 273 

pigs. Infection and immunity 62, 2395–403. 274 

 PATI, A., SIKORSKI, J., GRONOW, S., MUNK, C., LAPIDUS, A., et al. (2010) 275 

Complete genome sequence of Brachyspira murdochii type strain (56-150
T
). Standards 276 

in Genomic Sciences 2, 260-269 277 

PHILLIPS, N. D., LA, T. & HAMPSON, D. J. (2006) Development of a two-step 278 

nested duplex PCR assay for the rapid detection of Brachyspira pilosicoli and 279 
Brachyspira intermedia in chicken faeces. Veterinary Microbiology 116, 239–245.  280 

PHILLIPS, N. D., LA, T., AMIN, M.M. & HAMPSON, D.J. (2010) Brachyspira 281 
intermedia strain diversity and relationships to the other indole-positive Brachyspira 282 

species. Veterinary Microbiology 143, 246-254 283 

RÅSBÄCK, T., FELLSTRÖM, C., GUNNARSSON, A & ASPÁN, A. (2006) 284 

Comparison of culture and biochemical tests with PCR for detection of Brachyspira 285 

hyodysenteriae and Brachyspira pilosicoli. Journal of Microbiological Methods 66, 286 

347–353. 287 

RÅSBÄCK, T., JANSSON, D. S., JOHANSSON, K. & FELLSTRÖM, C. (2007a) A 288 
novel enteropathogenic , strongly haemolytic spirochaete isolated from pig and 289 
mallard, provisionally designated “Brachyspira suanatina” sp . nov . Environmental 290 
Microbiology 9, 983–991. 291 



 
 

12 

RÅSBÄCK, T., JOHANSSON, K., JANSSON, D. S., FELLSTRÖM, C., ALIKHANI, 292 

M.Y., LA, T., DUNN, D. S. & HAMPSON, D.J.(2007b) Development of a multilocus 293 
sequence typing scheme for intestinal spirochaetes within the genus Brachyspira. 294 
Microbiology 153, 4074-4084  295 

 RUBIN, J. E., COSTA, M. O., HILL, J. E., KITTRELL, H. E., FERNANDO, C., 296 
HUANG, Y., O'CONNOR, B. & HARDING, J. C. S. (2013a) Reproduction of 297 
mucohaemorrhagic diarrhea and colitis indistinguishable from swine dysentery 298 

following experimental inoculation with “Brachyspira hampsonii” Strain 30446. PloS 299 
one 8, e57146. doi:10.1371/journal.pone.0057146 300 

RUBIN, J. E., HARMS, J. N., FERNANDO, C., SOOS, C., DETMER, S. E., 301 

HARDING, J. C. S. & HILL, J. (2013b) Isolation and characterization of Brachyspira 302 
spp. including Brachyspira “hampsonii” from Lesser snow geese (Chen caerulescens 303 
caerulescens) in the Canadian arctic. Microbial ecology  doi:10.1007/s00248-013-304 

0273-5 305 

TAYLOR, D. J. & ALEXANDER, T. J. (1971) The production of dysentery in swine 306 

by feeding cultures containing a spirochaete. The British Veterinary Journal 127, 58–307 
61. 308 

 TAYLOR, D. J., SIMMONS, J. R. & LAIRD, H.M. (1980)  Production of diarrhoea 309 

and dysentery in pigs by feeding pure cultures of a spirochete differing from 310 
Treponema hyodysenteriae. The veterinary record 106:324-332 311 

TROTT, D. & STANTON, T. (1996) Serpulina pilosicoli sp. nov., the agent of porcine 312 
intestinal spirochetosis. International journal of Systematic bacteriology 46, 206–215.  313 

 WANCHANTHUEK, P., BELLGARD, M. I., LA, T., RYAN, K., MOOLHUIJZEN, 314 

P., CHAPMAN, B., BLACK, M., SCHIBECI, D., HUNTER, A., BARRERO, R., 315 

PHILLIPS, N. D. & HAMPSON, D. J. (2010) The complete genome sequence of the 316 
pathogenic intestinal spirochete Brachyspira pilosicoli and comparison with other 317 
Brachyspira genomes. PloS one 5, e11455. doi:10.1371/journal.pone.0011455   318 

 WEISSENBÖCK, H., MADERNER, A., HERZOG, A. M., LUSSY, H. & 319 
NOWOTNY, N. (2005) Amplification and sequencing of Brachyspira spp. specific 320 
portions of nox using paraffin-embedded tissue samples from clinical colitis in 321 
Austrian pigs shows frequent solitary presence of Brachyspira murdochii. Veterinary 322 

microbiology 111, 67–75. 323 

 ZUERNER, R. L., STANTON, T. B., MINION, C., LI, C., CHARON, N. W., TROTT, 324 
D. J. & HAMPSON, D. J. (2004) Genetic variation in Brachyspira : chromosomal 325 

rearrangements and sequence drift distinguish B. pilosicoli from B. hyodysenteriae. 326 
Anaerobe 10, 229–237. 327 

 328 

  329 



 
 

13 

Tables and figures 330 

Table 1: Primers used in PCRs and results for B.hyodysenteriae reference strain ATCC 27164, B. intermedia 331 

reference strain ATCC 51140 and the field case isolate D52. 332 

Target 

Gene 

Species-specificity Primer 

name 

Primer Sequence 

(5’-3’) 

Result  
D 52 

Result 
ATCC 27164 

B.hyodysente

riae 

Result  
ATCC 51140 

B. intermedia 

hlyA Non- specific hlyAFo TCG ATG AAA 

TTA AAG ATG TTG 

TT 

positive positive positive 

  hlyARe TTT TTC TTG ATC 

TTC TTG AGG A 

   

ACP(fabF-

fabG) 

Non-specific ACPFo AGG IGA AGT IAT 

AGC IGT TGA CG 

positive positive positive 

  ACPRe GAA ACA CCA 

TTA AGI AIA TTA 

TCC CA 

   

23S B. hyodysenteriae Hyo23SFo CGG TAA GTG 

ATG TAC TTG 
negative positive negative 

  Hyo23SRe AGC CTC AAC CTT 

AAA GA 
   

nox B. hyodysenteriae HyonoxFo ACT AAA GAT 

CCT GAT GTA TTT 

G 

negative positive negative 

  HyonoxRe CTA ATA AAC 

GTC TGC TGC 
   

tlyA B. hyodysenteriae tlyAFo GCA GAT CTA 

AAG CAC AGG AT 
positive positive negative 

  tlyARe GCC TTT TGA AAC 

ATC ACC TC 
   

nox B. intermedia IntnoxFo AGA GTT TGA 

AGA CAC TTA 

TGA C 

positive negative positive 

  IntnoxRe ATA AAC ATC 

AGG ATC TTT GC 
   

23S B. intermedia Int23SFo CCG TTG AAG GTT 

TAC CGT G 

positive negative positive 

  Int23SRe CGC CTG ACA 

ATG TCC GG 

   

16S B. pilosicoli Pilo16SFo AGA GGA AAG 

TTT TTT CGC TTC 

negative negative negative 

  Pilo16SRe GCA CCT ATG TTA 

AAC GTC CTT G 

   

nox B. innocens/      

B. murdochii 

Innmurdnox

Fo 

CCT GAA AGT TTA 

AAA GCT G  

negative negative negative 

  Innmurdnox

Re 

CGA TGT ATT CTT 

CTT TTC C  
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Figure 1: Phylogenetic tree based on the alignment (540bp) of the nox gene of Brachyspira  spp. The 334 

alignment was created using CLUSTALw, distance calculation (Kimura) and neighbour joining using PHYLIP. 335 

Bootstrap values are indicated. Scale bar indicates 0,02 substitutions per site.  336 
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