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Abstract : This study was performed to report the outbreaks of canine intestinal spirochetosis and to
characterize the canine isolates. Three canine isolates were weakly beta-hemolytic and had sharp end shape
with 5 flagella. Isolates didn’t produce indole but fermented fructose. In API-ZYM® study, isolates were
alpha-glucosidase negative and alpha-galactosidase positive, which is the typical characteristics of B.
pilosicoli. In multilocus enzyme electrophoresis(MEE) study, isolates were divided into 2 electrophoretic
types. Isolates showed different properties with B. hyodysenteriae but closely related with pathogenic canine
intestinal spirochete(B. pilosicoli). This is the first report of the isolation and characterization of canine
intestinal spirochete in Korean dogs. 
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� �

Canine intestinal spirochetes� �� spirochetal diarrhea

� ����� ����� ��� ��� � ����

��� ���� [7, 21] �� ����� ���� B.

hyodysenteriae� ��� ���� �� ����� �

�� ����� ��� [7]. B. pilosicoli� ��� ��

� ��� ����� ����� �� spirochetosis�

����� [5], �� [16], � [18], �� [10], ��� [8]

� �� ���� �� ���� ��� ��. B.

pilosicoli� B. hyodysenteriae�� �� � �� ���

� ��� periplasmic flagella� �� B. hyodysenteriae

� 7-13���� ��� 4-6�� � �� [14]. ��

intestinal spirochetes� de Wergifosse and Coene [3]� �

� ��� intestinal spirochetes� 	����� ���

���� ����, Koopman � [12]� �� ��
 �

�� �� ��� intestinal spirochetes ��� ��� 	

�� ���� ��
 ���	�. Lee � [14]� ��

��� ��� ��� intestinal spirochetes� ��

intestinal spirochetes� ����, 	����� ���

��
 ���	�. 

�� �� B. pilosicoli� ���� 6.9%�� 66% �

� ���� ���� ��� ��� ��� �
��

��� ���� ��
 ��� ����� ����

�� ��� [6]. ��� �� ���� ���� ��,

����, �� �� �� ��� ���� ��, ��

� �� 
��� ��� ��� ���� [15]. B.

pilosicoli� �� �� �� ��� ������ ��

����� [1], ��� �� ��� ����, ����

�	��(AIDS) virus� ��� �� [19] ��� ��

�� ��� ��� ��. ��� ��� �
 � ��

�� ��� ���	 ���� ��� ���� ��

��� �� ���� ���� 
��. �� �� �

�� ���� ���� �� ���� �

� ��

���� �� ���� ���� �� � �� �� �

�� ����� ��� � �� �� ��� ����

�� ���� ���� 	 � ���. �� ����

���� �� �� intestinal spirochetal diarrhea� ��
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�
 ���� ��� �� �
 ���� ��� ��

� ��� ���� �� ����� � �

 ���

	�. 

�� � ��

���

��� ����, �	���� ��� ���� �

� ��� ��� �� � 70��� ���� ���

	�. ��� ���, ��� �� ��� ��
� �

��� ����� �� � 8�� ��� ���	�.

	
 colony� �� �� ��� 2� ��� agar dilution

passage� ���	�� 

� passage ��� �� �

� 	 �� ��� ���	�. ��
�� Jenkinson

and Wingar [11]� ��� ��� ��
�� 3�� �

�	(colistin methanesulfonate 25 µg/ml, vancomycin

hydrochloride 25 µg/ml, spectinomycin dihydrochloride

400 µg/ml)� ���� ���	�. ��� ��
 �

� � GasPak  jar(BBL, USA)�� 37oC� 	����

5-15�� 
��	�. � 	� �� beta-hemolysis� �

�� ��� 3�� ���	�. ���� ����
 �

�� ��
� [13]�� 
�� � B. pilosicoli ���

�(P43/6/78)� ����, �	��, 
����� ��,

���	�. B. pilosicoli ����(P43/6/78)� ��

Murdoch ��� �� .���� �� Dr. D.J. Hampson

����� ���� �
� ���	�. 

�� ��

�� �	�� 	 periplasmic flagella� �� 3%

phosphotungstic acid� negative stain� � TEM
 ��

�� 12,000
� ���� ���	�. �	�� test

� Lee � [14]� ��� ��� indole test� fructose

fermentation test� ���	�. Indole test� �� ��


��� 
�� �� 
�� 1.5-2 ml� ���� �

� �� ��� test tube� ���	�. ��� 0.5 ml

xylene
 �� � 2��� Kovak's reagent� ���	

� pink color ring ����� ���	�. Pink color�

ring� ���� ���� ��� �	� 
�� ���

�. Fructose fermentation test� �� 3-4�� GasPak

jar�� 
� � 
�� 15 mm�15 mm� ��� ��

� slide glass �� ���. Back ground� � 
���

� �� 100% ethyl alcohol� �� 0.2% bromothymol

blue sol. 3-5��
 �����. � 1� � ��� blue-

green color� ��� ���� yellow-orange color� �

�� ��� ����. �� ���� Negative control


� �� test� �	�. ��� ��� Hunter and Wood

[9]� ��� ��� API-ZYM  system(bioMrieux,

France)
 ���� 19� 
�� �� �

 ���	�. 

���������� 	
��
	 	�	��������	��������

MEE� horizontal starch gel electrophoresis� ���

� �
� ��� buffer 	 gel �� 	���, ���

�� � 	���� Lee � [14]� ��� ��� ��

�	�. � 
� � �� �� � pellet
 ultrasonication

���� cell wall
 �� � 15,000 rpm/4oC�� 30�

� ��� ����� � ���
 200 µl � 1.5 ml tube

� ���� �� ��� -70oC� ���	�. Gel� �

���� ����
 ���� � 4�� �� ���

����. 


�� �� ��� ���� �� Lee � [14]� �

�� ��
 �
�� agar overlay method� soaking

method� ���� 15� 
�� �� ��
 ���	

�. Agar overlay method� ADH, AK, FDP, GDA, GDH,

GPI, HK, MPI, NP, PEP, PGM, SOD � 12� enzyme�

���	� soaking method� ACP, ALP, EST � 3�

enzyme� ���	�. 

��
 �� 
��� band� ��� ���� ��

� �� �	 (�)��� ���� ��� ��� �

�, ��� �� band �� 	 ���� �� �� ��

��� ���	�. �� 
�� ��� �� �� ��

�� allele� ���� �� ���
 ���� 
��

� �� �	�� ���� ��� electrophoretic type

(ET), � �������� ��� ����� �� �

�� ���	�. 4�� ����� 	�� ��(D)�

TAXAN 2 Package� ��� “Phentree”�� program


���� �� allele� 

�� loci� ��� ���

�� [14]. Phenogram� 	�� ���� � ����

� fusion strategy� clustering�� unweighted pair-group

method of arithmetric mean(UPGMA)� ��� ���

� �����. 

� �

�� ���� intestinal spirochetes� ���
 	�,

�	�� ���� �� �� �� 70� 	�� ���

���
 ��� 3�� ��� ���	�. �����

���� 	 ��� �� ����, �	�� �
� 	

�� �� Table 1� ��. ��� �	� �� ���

	��(sharp-end shape) flagella� �� 5�� ���	

�(Fig. 1). ��� 
 ���� �� API-ZYM  profiles


 �� Table 2� ���	�. � 	�, ���� ��

� �� intestinal spirochetes� API-ZYM  digit code�
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�� 14-0-4-2-0� �����, �� ����, �	��

�� 	 
��� ��
 �
�� ���� ��� �

�� B. pilosicoli� ���� �����. 

���������� 	
��
	 	�	��������	���

(1) Enzyme activity 

Lee � [14]� intestinal spirochetes� 
���� ��

�� �� ��� 30�� 
� 	 15�� 
�� 	�

�� ��� �	�. � �
��� �� ��� 15�


�� 5�� buffer system
 ���� ���	�. �

� �� ��� 
 
�� ������ �
��� �

� 	 ��� Table 3� ��. ET� �� 1� 
�� �

�� ��� �� ���
 ����, ET� 3� ��


��� ��� 3��� ����� �
 ����.

(2) Genetic diversity


 
�� loci ��� �� Table 4� ��. 
 
�

� locus� allele� �� ��� 1.57�	�. 	�� �

�� �� � 
�� GPI� PGM� 0.469	� ACPH,

AK, ALP, FDP, GDA, HK, MPI, PEP, SOD� �� �

	�� ��� 
��. � GPI� PGM� ET� ���

Table 1. Morphological and biochemical characteristics of Korean isolates (CS-3, 4, 5)

Isolates Hemolysis End shape
No.

of flagella
Indole

production
Fructose

fermentation
Alpha-

galactosidase
Alpha

-glucosidase

CS-3
CS-4
CS-5

Weak
Weak
Weak

Sharp
Sharp
Sharp

5
5
5

-
-
-

+
+
+

-
-
-

-
-
-

Fig. 1. Electron micrograph(TEM) of canine intestinal
spirochete isolated from Korea showing sharp end shape
with 5 periplasmic flagella.

Table 2. Enzyme assay results using API-ZYM® system

Isolates
Enzymes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CS-3
CS-4
CS-5

0
0
0

3
2
3

2
2
3

3
3
3

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

3
2
3

0
0
0

2
1
2

5
5
5

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

Table 3. Allelic frequencies for 15 enzyme loci in ETs of B. pilosicoli (P43/6/78) and Korean isolates

ETs* Isolates
Alleles at the enzyme locus

ACP ADH AK ALP EST FDP GDA GDH GPI HK MPI NP PEP PGM SOD

1
2
3
2

P43/6/78
CS-3
CS-4
CS-5

1
1
1
1

2
2
1
2

1
1
1
1

1
1
1
1

2
1
1
1

1
1
1
1

1
1
1
1

1
2
1
2

1
3
2
3

1
1
1
1

1
1
1
1

2
2
1
2

1
1
1
1

1
2
3
2

1
1
1
1

*: Electrophoretic type
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��� ���� ACPH, AK, ALP, FDP, GDA, HK, MPI,

PEP, SOD� ��� �� ����� �
 ����.

(3) Genetic relationships 

MEE� ��� 4� ����� 	�� ��� Lee �

[14]� ��� 15� ��� 
�� ���
 �		�,

0.4� 	�� ����� ���� ���� ����

��	 � ��� ���, � �
 	� ����� �

���� P43/6/78� �� 0.357� 	�� �� ��

� ���� �� ��� �����. 
 ����

dissimilarity� �	� ��� Table 5� ���	�

� �� 	��
 ��� intestinal spirochete� B.

hyodysenteriea� ���� ��� phenogram� Fig. 2�

��.

� �

�� intestinal spirochetes� Craige [2]� �� �� �

�� �� �� ���� �� � �� 	 �����

���. �� ����� 
�, � ����
 ��� 


� �� ���� ���� [21]. ��� �
 ����

� � 18.7%� ���
 ��� �� ��� ��� �

��� 67.7%��, ��� ��
� 14.4%� ��� �

� ���� intestinal spirochetes� 

� ��	 � �

�� ��� �� [21]. �� Turek and Meyer [20]� �

��� 	�
 scraping�� �� 66.7%� intestinal

spirochetes ���
 ���� ��. ��� � �
�

�� �	������ 	�� �� 70� 	�� 3��

��� ������(4.28%) �� ����� ��� �


�� ��	� ���� �� �� ��	� ���

� �� B. pilosicoli� ���� �� ��� ���

�. � �� intestinal spirochetes� ��� �� ��


Table 4. Alleic frequencies and genetic diversity at 15
enzyme loci in 3 canine intestinal spirochetes
isolated from Korea

Enzyme
locus

Frequencies of
indicated allele Genetic

diversity
1 2 3

ACPH
ADH
AK
ALP
EST
FDP
GDA
GDH
GPI
HK
MPI
NP
PEP
PGM
SOD

1
0.75
1
1
0.25
1
1
0.5
0.25
1
1
0.25
1
0.25
1

0.25

0.75

0.5
0.25

0.75

0.5

0.5

0.25

0
0.281
0
0
0.281
0
0
0.375
0.469
0
0
0.281
0
0.469
0

Mean genetic diversity per locus 0.154

Table 5. Dissimilarity matrix of genetic distances among
B. pilosicoli (P43/6/78) and Korean isolates

Isolates ETs

P43/6/78
CS-3
CS-4
CS-5

1
2
3
2

.000

.286

.357

.286

.000

.357

.000
.000
.357 .000

P43/6/78 CS-3 CS-4 CS-5

Fig. 2. Phenogram constructed by cluster analysis to
demonstrate relatedness amomg porcine and canine isolates,
based on MEE. Lane 1: B. hyodysenteriae B204; 2: CS-
4; 3: CS-3 and 5; 4: B. pilosicoli P43/6/78.
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	�	 � ��� ��
 [20], � �� ��� �� �

��� � � ��
 ���	�. ��� �� intestinal

spirochetes� ���� �� � �� ���� ����

intestinal spirochetes� �� ��� ��� ���� �

�. �� de Wergifosse and Coene [3]� ��� �

� intestinal spirochetes� DNA� ��� intestinal

spirochetes� 56-95% ��� homology� ����

���	�. �� Koopman � [12]� ��� intestinal

spirochetes ��� hemolysin gene 	 flagella gene, 16s

rRNA sequence� �� DNA probe� 
 ���� ��

�� 	
��
 ���� �� �� �� intestinal

spirochetes ��� ���� ���� ��. Duhamel

� [4]� �� intestinal spirochetes� �� 	 ��

spirochetes� 	����� ��� �� ��
 ���


 ��. ��� ���� ���� �� ���� ��

� ��� ����� ���� �� �� [17]. �� �

�� ����� 
� �	��� 
�� ��� ��

���� �
� �� ���� ��� �� ����

�� �
���� ���� 
� ���� ��� �

� �� 	 
�� ���� ��. ��� ���� �

��� B. pilosicoli� �� ���� ���� ���

� intestinal spirochetosis� ���
 ��, �����

� ��� ��� ���. �� ��� ��� ���

intestinal spirochetosis� ���� ����� �� �	

������ 	�� ��� �
�� ���. � �


� 	�, ����� ��� �� ��� ����, �

	�� ����� ���� 	 � �� �� ��� 	

��	�. ��� ��� MEE �
��� �����

B. pilosicoli ����(P43/6/78) ��� 	�� ���

� � �� ���� �� 2�� �
��� ����

� ���	� ��� MEE� 	���� �����

����� 
��
 �� � � � � ���. 
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