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The chromosomal DNA of spirochetes isolated from human, swine, dog, mouse, rat, and chicken intestine

or feces was subjected to restriction enzyme analysis and hybridization with three different DNA probes,
derived from a flagellin gene, a hemolysin gene, and the 16S rDNA sequence of the pathogenic swine intestinal
spirochete Serpulina hyodysenteriae. This genetic analysis showed that intestinal spirochetes represent a

heterogenous but related population of bacteria. In general, unique genotypes were distinguished among

isolates from the same host species; they were not present among isolates from other host species. This suggests

the host specificity of some strains. An exception to this are isolates from humans and dogs suffering from
gastrointestinal disorders; these isolates showed highly similar or even identical genotypes. None of them
resembled any of the genotypes of isolates found in other host species without apparent disease.

The spirochete Serpulina hyodysentenae (formerly called
Treponema hyodysenteriae) is the causative agent of swine
dysentery, a mucohemorrhagic enteritis of the colon of
swine (20, 38, 39). Similar organisms have been found in the
intestine of humans (26) and several animal species, includ-
ing mice (24), dogs (21, 31, 37, 42), rats (6, 10), and chickens
(11). An immunological (14) and genetic (7, 15) relationship
between S. hyodysenteriae and spirochetes isolated from
humans with gastrointestinal disorders has been reported,
and it was suggested that domestic animals may be sources

of spirochetes pathogenic for humans (7).
Currently, the epidemiology of intestinal spirochetes is

poorly understood, and their role in gastrointestinal disease
is obscure. A major reason for this is the difficulty in typing
these organisms by conventional techniques. Typing tech-
niques that are commonly used to identify and classify S.
hyodysentenae isolates, such as serological assays (based on
lipopolysaccharide) (3, 28, 30), have been used. However,
even S. hyodysentenae isolates do not always fit into the
typing scheme, and the outcome of the test may be difficult
to interpret because certain isolates possess multiple lipo-
polysaccharide antigen specificities and therefore react with
more than one typing serum (19). Nonserological typing
methods have also been used to type swine intestinal spiro-
chetes. These methods are mainly based on enzymatic
profiles of the organisms. Although these methods are of
some use in discriminating between S. hyodysentenae and
the apathogenic swine spirochete Serpulina innocens (1, 5,
23, 29), often these tests are not sensitive enough to discrim-
inate among individual isolates of S. hyodysenteriae, much
less to distinguish them from other intestinal spirochetes.
The outcome of these tests can also be influenced by
environmental and culture conditions. Thus, there is an

obvious need for a method that can be used for the classifi-
cation and identification of new isolates of intestinal spiro-
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chetes. DNA-based typing methods may be suitable for this
purpose (8, 9).
To investigate the relatedness between intestinal spiro-

chetes of human and animal origin, we used restriction
endonuclease analysis of chromosomal DNA combined with
hybridization to three different DNA probes, derived from a

16S rDNA sequence, a flagellar gene (27), and a hemolysin
gene (33) of S. hyodysentenae. rDNA typing with a 16S
rDNA probe has been used successfully in the characteriza-
tion of a variety of bacterial species (2, 12, 16-18, 32).
Analysis of aligned 16S rRNA sequences has been used to
investigate the relationship between representatives of a

number of spirochetal species (34). It showed that strains of
S. hyodysentenae and S. innocens form a very tight cluster
(e.g., 16S rRNA sequence identity of more than 99%) which
is distantly related to the other spirochetes. Probes derived
from the flagellin gene or hemolysin gene of S. hyodysente-
riae may be useful in discriminating between pathogenic and
apathogenic intestinal spirochetes, since these genes may be
involved in the virulence of S. hyodysenteriae. The hemoly-
sin probe has been used to discriminate between S. hyodys-
enteriae and S. innocens (33), whereas with the flagellin
probe, 10 different genotypes could be distinguished among
11 individual isolates of S. innocens (40).
The spirochetes used in this study are listed in Table 1.

The human intestinal spirochetes were independent clinical
isolates from human immunodeficiency virus-positive men

with intestinal disorders (25a, 26) and a stool isolate from a

woman with gastrointestinal complaints (strain number 16).
Other intestinal spirochetes originated from the intestines of
dogs suffering from diarrhea or from mice (Mus musculus) or

rats (Rattus norvegicus) that showed no pathological lesions
in the gut (4). Mouse and rat isolates designated DM and DR,
respectively, originated from a farm where swine dysentery
was a problem, whereas isolates designated FM and FR,
respectively, were cultivated from rodents captured on a

farm with no history of swine dysentery. The chicken

intestinal spirochete was isolated from an animal with diar-
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TABLE 1. Description of strains used

No. Strain Source Hemolysisa Remarks Origin or reference

1 S. hyodysenteriae C5 Swine S Pathogenic 41
2 FM2 Mouse W From farm without history of SDb Amtsberg and Beckman
3 DM12 Mouse W From farm with SD Amtsberg and Beckman
4 DM18 Mouse W From farm with SD Amtsberg and Beckman
5 DM23 Mouse W From farm with SD Amtsberg and Beckman
6 DR5 Rat W From farm with SD Amtsberg and Beckman
7 DR7 Rat W From farm with SD Amtsberg and Beckman
8 DR10 Rat W From farm with SD Amtsberg and Beckman
9 FR1l Rat W From farm without history of SD Amtsberg and Beckman
10 A3036 Dog W Dog had diarrhea Amtsberg and Beckman
11 A3888 Dog W Dog had diarrhea Amtsberg and Beckman
12 A5660 Dog W Dog had diarrhea Amtsberg and Beckman
13 A3077 Dog W Dog had diarrhea Amtsberg and Beckman
14 A5687 Dog W Dog had diarrhea Amtsberg and Beckman
15 D126 Human W Gastrointestinal complaints Kasbohrer et al.
16 D65 Human W Gastrointestinal complaints Kasbohrer et al.
17 D71 Human W Gastrointestinal complaints Kasbohrer et al.
18 D160 Human W Gastrointestinal complaints Kasbohrer et al.
19 D26 Human W Gastrointestinal complaints Kasbohrer et al.
20 D14 Human W Gastrointestinal complaints Kasbohrer et al.
21 D117 Human W Gastrointestinal complaints Kasbohrer et al.
22 S16 Human W Gastrointestinal complaints Kasbohrer et al.
23 D51 Human W Gastrointestinal complaints Kasbohrer et al.
24 D200 Human W Gastrointestinal complaints Kasbohrer et al.
25 Brachyspyra aalborgi Human W NCTC 11492 22
26 Borrelia burgdorferi B31 Human A ATCC 35210 25
27 4742 Chicken I Chicken had diarrhea H. F. Smit
28 S. innocens B256 Swine W Nonpathogenic 3
29 S. hyodysenteriae B204 Swine S Pathogenic 3
a Hemolysis was tested on blood agar plates. S, strong; I, intermediate; W, weak; A, absent.
b SD, swine dysentery.

rhea (kindly provided by H. F. Smit, Doorn, The Nether-
lands). S. hyodysenteriae C5 was isolated from the intestine
of a swine severely affected by swine dysentery (41) and is
the origin strain for the flagellar gene probe and 16S rDNA
probe used in the present study. S. hyodysenteriae B204 (3)
is the origin strain for the hemolysin gene probe. S. innocens
B256, Borrelia burgdorferi B31, and Brachyspyra aalborgi
have been described elsewhere (3, 22, 25). Human, mouse,
rat, dog, swine, and chicken intestinal spirochetes and the
spirochete Brachyspyra aalborgi were cultured anaerobi-
cally at 37°C on tryptic soy agar (Becton Dickinson, Cock-
eysville, Md.) plates supplemented with 10% sheep blood,
400 ,ug of spectinomycin per ml, and 0.06% yeast extract
(Oxoid, Basingstoke, England). On these plates, S. hyodys-
enteniae is strongly hemolytic, the chicken isolate shows
intermediate hemolysis, and all other intestinal spirochetes
examined in this study are weakly hemolytic. Borrelia
burgdorferi was cultured in modified Barbour-Stoenner-
Kelly medium as described before (36).
Chromosomal DNA was isolated from approximately 109

spirochetes. Spirochetes were collected from blood agar
plates or from broth cultures in phosphate-buffered saline
containing 5 mM MgC12 (pH 7.2) and centrifuged at 10,000 x
g. The bacterial pellet was washed once with TE (10 mM
Tris-HCI, 1 mM EDTA [pH 8.0]) and resuspended in 2 ml of
buffer containing 100 mM Tris-HCI (pH 8.0), 100 mM
EDTA, 150 mM NaCl, and 10 mg of lysozyme per ml.
Following a 1-h incubation at 37°C, bovine pancreatic RNase
A was added to a final concentration of 20 ,ug/ml, and
incubation was continued for an additional 20 min at 70°C.
Cells were lysed by the addition of 0.2 ml of 30% Sarkosyl
and gentle mixing, and the cells were incubated at 65°C for

20 min and then at 37°C for 1 h. Proteinase K was added to
a final concentration of 500 ,ug/ml, and incubation was
continued for 4 h at 37°C. The lysate was dialyzed overnight
at 4°C in TE and then extracted once with an equal volume
of TE-saturated phenol-chloroform (1:1) and once with an
equal volume of chloroform-isoamyl alcohol (24: 1). The
chromosomal DNA was subsequently precipitated with iso-
propanol and dissolved in 0.5 ml of TE.
Chromosomal DNA was digested with the restriction

endonuclease EcoRV (Pharmacia, Woerden, The Nether-
lands) according to the specifications of the manufacturer.
Restriction fragments were separated on a 0.6% agarose gel,
stained with ethidium bromide, illuminated with UV light,
and photographed. A large number of restriction fragments
were generated throughout the length of the gel (Fig. 1). A
wide range of different patterns was observed, but some
similarities were obvious as well. For instance, three of four
mouse isolates showed related or identical restriction pat-
terns, and the human isolates clearly have several bands in
common. However, because of the large number of bands,
the differences and similarities among the isolates are some-
times difficult to interpret.
For more detailed analysis, EcoRV-digested chromosomal

DNA was therefore Southern blotted and hybridized to a
hemolysin gene probe, a flagellin gene probe, and a 16S
rDNA probe. The digested DNA was transferred from the
agarose gel to a Hybond-N membrane (Amersham, Buck-
inghamshire, England) by standard procedures (35). After
blotting, DNA was fixed to the filters by exposure to UV
light. Filters were prehybridized in 6x SSPE (lx SSPE is
0.18 M NaCl,10mM NaPO4, and 1 mM EDTA [pH 7.7])-5x
Denhardt's reagent-0.5% sodium dodecyl sulfate (SDS)-100
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FIG. 1. Restriction fragment length polymorphisms in spirochetes of human and animal origin. Chromosomal DNA was digested with
restriction endonuclease EcoRV, separated on a 0.6% agarose gel, stained with ethidium bromide, illuminated with UV light, and
photographed. Numbers above the lanes correspond to the strain numbers listed in Table 1. Positions of molecular size markers are indicated
(in kilobases).

,ug of heat-denatured salmon sperm DNA per ml for 6 h at
45°C. Radiolabeled flagellin or hemolysin probe was added,
and hybridization was performed at 45°C for 16 h. With the
16S rDNA probe, prehybridization and hybridization were
performed at a higher temperature (65°C) because 16S rDNA
sequences are strongly conserved among bacteria. After
hybridization, the filters were washed with 2x SSPE-0.1%
SDS at 68°C. Autoradiography was performed with intensi-
fying screens at -70°C with Fuji XR film (Fuji Photo Film
Co., Ltd., Tokyo, Japan).
The flagellin probe was derived from phage Xfla6, contain-

ing a flagellar sheath gene of S. hyodysenteriae C5 (27). The
hemolysin probe was derived from plasmid pJBA, contain-
ing the tly hemolysin gene of S. hyodysenteriae B204 (33). In
order to be able to obtain a DNA probe containing the entire
open reading frame of the genes without adjacent noncoding
sequences, the polymerase chain reaction (PCR) was used.
Phage Xfla6 DNA was used in the PCR with oligodeoxynu-
cleotides (Pharmacia) 5'-TTAACAAACTCAACTTTG-3'
and 5'-TTATTGAGCrJlGTTCITT-3' (nucleotides 160 to 177
and nucleotides 1065 to 1049, respectively [27]) to amplify
the flagellar sheath gene. Plasmid pJBA was used in the PCR
with oligonucleotides 5'-ATGCGATTAGATGAATATGT-3'
and 5'-TCGTGATAATAATAGAAGCG-3' (nucleotides 471
to 490 and nucleotides 1449 to 1430, respectively [33]) to
amplify the hemolysin gene. The 16S rDNA probe was
obtained by performing PCR amplification of the chromo-
somal DNA of S. hyodysenteriae C5 with oligonucleotides
fDl and rDl. This oligonucleotide pair, described by Weis-
burg et al. (43), is capable of amplifying the 16S rDNA of
most bacteria and produces an rDNA fragment of approxi-
mately 1,500 bp. PCR was performed (35 cycles) on 10 ng of
DNA with the following cycle parameters: 1 min at 95°C, 1
min at 48°C, and 2 min at 72°C. All of these PCR-amplified
DNA probes were purified from agarose gels with Gene-
Clean (Bio 101, La Jolla, Calif.) and labeled with [a-32P]
dATP (Amersham) with a random-primer labeling kit (Boehr-
inger, Mannheim, Germany).

The results of the Southern blot hybridization experiments
are shown in Fig. 2. The photographs are composites of
autoradiographs exposed for different periods because the
probes hybridized more strongly to S. hyodysenteriae chro-
mosomal DNA than to DNA from the other spirochetes.
Sequences homologous to the hemolysin gene (Fig. 2A) and
flagellin gene (Fig. 2B) of S. hyodysenteriae were present in
all the intestinal spirochetes tested (human, dog, rat, mouse,
and chicken origin) but not in Brachyspyra aalborgi or
Borrelia burgdorferi (this study) or in Treponema pallidum,
Treponema phagedenis, or Spirochaeta aurantia (unpub-
lished observations).
With the hemolysin probe and the flagellin probe, three

related hybridization patterns were distinguished among the
10 human intestinal spirochetes and 5 dog isolates tested.
These patterns did not occur among isolates from other host
species. Likewise, three of four mouse isolates had an
identical and unique hybridization pattern that was not found
among the isolates from other host species. The banding
patterns of isolates from rats were unique to this species.
Two rat isolates had a number of bands in common. Apart
from S. hyodysenteriae, the chicken isolate hybridized most
strongly to the probes. The hybridization patterns obtained
with the 16S rDNA probe confirmed these findings: isolates
that showed similar or identical banding patterns with the
flagellin or hemolysin probe gave similar or identical patterns
with the 16S rDNA probe as well (Fig. 2C). The appearance
of two hybridizing fragments in S. hyodysenteriae C5 with
the flagellin probe is explained by the presence of an EcoRV
restriction site in the probe. Apparently, the flagellin gene of
S. hyodysenteriae B204 is different; this bacterium shows a
different pattern of hybridization with the flagellin gene
probe. Recently, we showed that two distinct patterns occur

among 43 isolates of S. hyodysenteriae with the flagellin
probe (40). When weakly hemolytic swine spirochetes were

examined, the flagellin probe appeared to be more discrim-
inatory; 10 different patterns occurred among 11 isolates
(40).
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FIG. 2. Autoradiographs of the gel shown in Fig. 1 probed with the hemolysin gene (A), the flagellar sheath gene (B), and a 16S rDNA
sequence (C) of S. hyodysenteriae. Lanes and size markers are the same as in Fig. 1.
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The results of the present study indicate that the intestinal
spirochetes of humans, dogs, rats, mice, and chickens are
related to S. hyodysenteriae. However, their precise taxo-
nomic positions are unclear, since their restriction endonu-
clease patterns and hybridization patterns differ consider-
ably from those of type strains of S. hyodysenteniae. In
addition, they do not resemble the patterns of S. innocens or
any of the patterns observed at our laboratory for a large
collection of swine spirochetes (40). Perhaps the intestinal
spirochetes from humans and various animal species repre-
sent different populations of bacteria or even different spe-
cies.
Although the number of isolates from each host species

examined in this study is small, our findings suggest that
some intestinal spirochetes are host restricted. For instance,
identical genotypes were observed among isolates from mice
that had been captured on different farms, whereas these
genotypes did not occur among intestinal spirochetes from
other hosts, not even among isolates from rats captured at
the same farm. Also, the hybridization pattern of the single
chicken isolate differed from that of all other isolates tested.

In contrast, identical genotypes were found among inde-
pendent isolates originating from humans and dogs with
gastrointestinal disorders. These genotypes were not ob-
served among isolates from other host species without
apparent disease, indicating that intestinal spirochetes may
be transmitted between human and dog. The reduced genetic
diversity observed among isolates from humans and dogs
suffering from gastrointestinal disorders also suggests a role
of these organisms in disease. This hypothesis is supported
by the recent findings of Dettori et al. (13). Using four
randomly cloned genomic DNA fragments from a human
intestinal spirochete as a probe, they found essentially two
types of hybridization patterns among nine human intestinal
spirochetes that were isolated from the feces of patients
suffering from various intestinal disorders. Both our findings
and those of Dettori et al. (13) show that the hybridization
patterns of human intestinal spirochetes are different from
those observed among S. hyodysenteriae isolates. Hence, it
seems unlikely that pigs are a reservoir of intestinal spiro-
chetes that are pathogenic for humans. It could be that
pathogenic intestinal spirochetes are transmitted between
dog and human, but at the moment this is not proven.
Considering the wide genetic diversity observed among
intestinal spirochetes, it could be speculated that both patho-
genic and commensal strains exist. The typing methods used
in the present study will enable more extensive epidemio-
logical studies to elucidate the role of intestinal spirochetes
in clinical diseases and to investigate transmission between
different host species.
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Netherlands.
We thank C. Buskens for technical assistance and A. ter Huurne

for contributing her experimental data on the genetic analysis of
Dutch S. hyodysenteriae and S. innocens isolates.

REFERENCES
1. Achacha, M., and S. Messier. 1991. Identification of Treponema

hyodysenteriae and Treponema innocens using two four-hour
identification systems. J. Vet. Diagn. Invest. 3:211-214.

2. Andersen, J. K., and N. A. Saunders. 1990. Epidemiological
typing of Yersinia enterocolitica by analysis of restriction frag-
ment length polymorphisms with a cloned ribosomal RNA gene.
J. Med. Microbiol. 32:179-187.

3. Baum, D. H., and L. A. Joens. 1979. Serotypes of beta-

hemolytic Treponema hyodysenteriae. Infect. Immun. 25:792-
796.

4. Beckmann, G. T. 1990. Ph.D. thesis, Tierarztliche Hochschule,
Hannover, Germany.

5. Belanger, M., and M. Jacques. 1991. Evaluation of the An-Ident
system and an indole spot test for the rapid differentiation of
porcine treponemes. J. Clin. Microbiol. 29:1727-1729.

6. Blaha, T. 1983. Beitrag zur Epizootiologie der Schweinedysen-
terie-die Ratte als mogliches Erregerreservoir. Zentralbl. Vet-
erinaermed. Reihe B 30:141-144.

7. Coene, M., A. M. Agliano, A. T. Paques, P. Cattani, G. Dettori,
A. Sanna, and C. Cocito. 1989. Comparative analysis of the
genomes of intestinal spirochetes of human and animal origin.
Infect. Immun. 57:138-145.

8. Combs, B. G., D. J. Hampson, and S. J. Harders. 1992. Typing
of Australian isolates of Treponema hyodysenteriae by serology
and by DNA restriction endonuclease analysis. Vet. Microbiol.
31:273-285.

9. Combs, B. G., D. J. Hampson, J. R. L. Mhoma, and J. R.
Buddle. 1989. Typing of Treponema hydosyenteriae by restric-
tion endonuclease analysis. Vet. Microbiol. 19:351-359.

10. Cowley, H. M., and R. H. Hill. 1986. The isolation of spirochetes
from the rat cecum. Lett. Appl. Microbiol. 3:105-107.

11. Davelaar, F. G., H. F. Smit, K. Hovind-Hougen, R. M. Dwars,
and P. C. van der Valk. 1986. Infectious typhlitis in chickens
caused by spirochetes. Avian Pathol. 15:247-258.

12. de Buyser, M. L., A. Morvan, F. Grimont, and N. El Solh. 1989.
Characterization of Staphylococcus species by ribosomal RNA
gene restriction patterns. J. Gen. Microbiol. 135:989-999.

13. Dettori, G., R. Burioni, R. Grillo, and P. Cattani. 1992. Molec-
ular cloning and characterization of DNA from human intestinal
spirochetes. Eur. J. Epidemiol. 8:198-205.

14. Dettori, G., L. Polonelli, D. Speziale, P. Cattani, T. Spanu, and
R. Grillo. 1988. Antigenic analysis of human intestinal spiro-
chetes: cross-reaction with T. hyodysenteriae and T. pallidum
(Nichols). Ig. Mod. 89:1085-1099.

15. de Wergifosse, P., and M. M. Coene. 1989. Comparison of the
genomes of pathogenic treponemes of human and animal origin.
Infect. Immun. 57:1629-1631.

16. Gottleib, P., and R. Rudner. 1985. Restriction site polymor-
phism of ribosomal ribonucleic acid gene sets in members of the
genus Bacillus. Int. J. Syst. Bacteriol. 35:244-252.

17. Graves, L. M., B. Swaminathan, M. W. Reeves, and J. Wenger.
1991. Ribosomal DNA fingerprinting of Listeria monocytogenes
using a digoxigenin-labeled DNA probe. Eur. J. Epidemiol.
7:77-82.

18. Grimont, F., and P. A. D. Grimont. 1986. Ribosomal ribonucleic
acid gene restriction patterns as potential taxonomic tools. Ann.
Inst. Pasteur Microbiol. 137B:165-175.

19. Hampson, D. J., J. R. L. Mhoma, B. Combs, and J. R. Buddle.
1989. Proposed revisions to the serological typing system for
Treponema hyodysenteriae. Epidemiol. Infect. 102:75-84.

20. Harris, D. L., R. D. Glock, C. R. Christensen, and J. M. Kinyon.
1972. Swine dysentery: inoculation of pigs with Treponema
hyodysenteriae (new species) and reproduction of the disease.
Vet. Med. Small Anim. Clin. 67:61-64.

21. Harris, D. L., and J. M. Kinyon. 1974. Significance of anaerobic
spirochetes in the intestines of animals. Am. J. Clin. Nutr.
27:1297-1304.

22. Hovind-Hougen, K., A. Birch-Andersen, R. Henrik-Nielsen, M.
Orholm, J. 0. Pedersen, P. S. Teglbjaerg, and E. H. Thaysen.
1982. Intestinal spirochetosis: morphological characterization
and cultivation of the spirochete Brachyspira aalborgi gen.
nov., sp. nov. J. Clin. Microbiol. 16:1127-1136.

23. Hunter, D., and T. Wood. 1979. An evaluation of the API ZYM
system as a means of classifying spirochaetes associated with
swine dysentery. Vet. Rec. 104:383-384.

24. Joens, L. A., and J. M. Kinyon. 1982. Isolation of Treponema
hyodysenteriae from wild rodents. J. Clin. Microbiol. 15:994-
997.

25. Johnson, R. C., F. W. Hyde, and C. M. Rumpel. 1984. Taxon-

omy of the Lyme disease spirochetes. Yale J. Biol. Med.
57:529-537.

VOL. 31, 1993



J. CLIN. MICROBIOL.

25a.Kasbohrer, A. Unpublished data.
26. Kasbohrer, A., H. R. Gelderblom, K. Arasteh, W. Heise, G.

Grosse, M. L'Age, A. Schonberg, M. A. Koch, and G. Pauli.
1990. Intestinale Spirochatose bei HIV-Infektion. Dtsch. Med.
Wochenschr. 115:1499-1506.

27. Koopman, M. B. H., 0. S. de Leeuw, B. A. M. van der ZeiJst,
and J. G. Kusters. 1992. Cloning and DNA sequence analysis of
a Serpulina (Treponema) hyodysentenae gene encoding a

periplasmic flagellar sheath protein. Infect. Immun. 60:2920-
2925.

28. Lemcke, R. M., and M. R. Burrows. 1979. A disc growth-
inhibition test for differentiating Treponema hyodysentenae
from other intestinal spirochaetes. Vet. Rec. 104:548-551.

29. Lymbery, A. J., D. J. Hampson, R. M. Hopkins, B. G. Combs,
and J. R. L. Mhoma. 1990. Multilocus enzyme electrophoresis
for identification and typing of Treponema hyodysenteriae and
related spirochaetes. Vet. Microbiol. 22:89-99.

30. Mapother, MN. E., and L. A. Joens. 1985. New serotypes of
Treponema hyodysenteriae. J. Clin. Microbiol. 22:161-164.

31. Meier, C., B. Srisopar, and G. Amtsberg. 1985. Occurrence of
Treponema in dogs with diarrhoea. Berl. Muench. Tieraerztl.
Wochenschr. 95:185-188.

32. Moureau, P., I. D. D. Gregoire, M. Janssen, and G. R. Cornelis.
1989. Campylobacter species identification based on polymor-
phism of DNA encoding rRNA. J. Clin. Microbiol. 27:1514-
1517.

33. Muir, S., M. B. H. Koopman, S. J. Libby, L. A. Joens, F.
Heffron, and J. G. Kusters. 1992. Cloning and expression of a

Serpula (Treponema) hyodysenteriae hemolysin gene. Infect.
Immun. 60:529-535.

34. Paster, B. J., F. E. Dewhirst, W. G. Weisburg, L. A. Tordoff,
G. J. Fraser, R. B. Hespell, T. B. Stanton, L. Zablen, L.
Mandelco, and C. R. Woese. 1991. Phylogenetic analysis of the
spirochetes. J. Bacteriol. 173:6101-6109.

35. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular

cloning: a laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.

36. Schonberg, A., C. Camey, 0. Kahl, B. Wilske, V. Preac-Mursic,
and K. Hovind-Hougen. 1988. First isolation of Borrelia burg-
dorferi, the agent of Lyme borreliosis, from Ixodes ricinus
(Acari: Ixodidae) in Berlin (West). Zentralbl. Bakteriol. Mikro-
biol. Hyg. A 168:487-494.

37. Songer, J. G., R. D. Glock, K. J. Schwartz, and D. L. Harris.
1978. Isolation of Treponema hyodysenteriae from sources
other than swine. J. Am. Vet. Med. Assoc. 172:464-466.

38. Stanton, T. B. 1992. Proposal to change the genus designation
Serpula to Serpulina gen. nov. containing the species Serpulina
hyodysenteniae comb. nov. and Serpulina innocens comb. nov.
Int. J. Syst. Bacteriol. 42:189-190.

39. Taylor, D. J., and T. J. L. Alexander. 1971. The production of
dysentery in swine by feeding cultures containing a spirochete.
Br. Vet. J. 127:58-61.

40. ter Huurne, A. A. H. M., M. van Houten, M. B. H. Koopman,
B. A. M. van der Zeijst, and W. Gaastra. 1992. Characterization
of Dutch porcine Serpulina (Treponema) hyodysentenae iso-
lates by restriction endonuclease analysis and DNA hybridiza-
tion. J. Gen. Microbiol. 138:1929-1934.

41. ter Huurne, A. A. H. M., M. van Houten, S. Muir, J. G. Kusters,
B. A. M. van der Zeijst, and W. Gaastra. 1992. Inactivation of a
Serpulina (Treponema) hyodysenteriae hemolysin gene by ho-
mologous recombination: importance of this hemolysin in the
pathogenesis of S. hyodysentenae in mice. FEMS Microbiol.
Lett. 92:109-114.

42. Turek, J. J., and R. C. Meyer. 1977. Studies on a canine
intestinal spirochete. I. Its isolation, cultivation and ultrastruc-
ture. Can. J. Comp. Med. 41:332.

43. Weisburg, W. G., S. M. Barns, D. A. Pelletier, and D. J. Lane.
1991. 16S ribosomal DNA amplification for phylogenetic study.
J. Bacteriol. 173:697-703.

716 NOTES


