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	()*+
�,`% genus Mycobacterium  M.

tuberculosis complex "�	
�& �)L���< �
	
��' M. tuberculosis DE�% M. bovis, M.

bovis BCG, M. africanum, M. microti, M. canettii,

M. caprae -r]��-% 4�5
�61 ��
'2!�% sM N�CLt89;��3% 16 S

rRNA �B���^ DNA�DNAuvwxyvz{
|}~1�B����C1 '�V);0��9;
�< 8E8% ����1)�[% M. tuberculosis

H37Rv �'O���- M. bovis BCG �'ZP89
;��)% �]` RD (regions of di#erence) 0��
����O�-Q5E0)`% 4�6R08��	
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����� 1�� ����� 1��	
�� �� �
������ M. tuberculosis H37Rv, M. bovis BCG

Tokyo �������
2. �������
2� �� PS�� �������� ! "� 37#,

3$4%&����'�()*+,�-� (n.52)�
/0123 TB ���456789:;/7<7�

�� != 1�>? �	@ 1 mm! 
A'B�CD�E
FG 0.2 ml �HI��JA� K�LGB���M'
G 0.1 ml��-�� Mycobacterial protein fraction

from BCG of Rm 0.64 in electrophoresis (MPB 64)

NOA������ (n.47)� GB��L� PQ�
RB�MPST'��U6V ���WXY2Z[��
� ! ,\)�� ]5^3_[6 3D ���WXY
2Z[��� ! ����`
��
aTbcd*+ �e���fg��� ST'h

�i;6!= 1/2�>? �	@ 3 mm! 
A'B�aT
bcd*G,��j� 37#� 1�����aTcd�
kG�lm� 5�jAkn�op��� �-qkrs
�-qk��t� kAKKAJA�ut��� ��
�� (n.42)�

vXwx7-2-yVU7Tz{_|{ (TCH) �M*
+ �e���fg��� != 1�>? �	@ 3 mm!

A'B��'}�� 2.5 ml,HI�� ~A 0.1 ml

� TCH 1 mg/L���� TCH 10 mg/L(����
��� s�,�������,\)�� 37# 2%&
j,����MA��op��� 2%&j� ���
�,�M��s�r
���,L� �s, 1$2%
&A�����`
�� TCH 10 mg/L������
,�M��JA� M. tuberculosis, �M�r
�J
A� M. bovis K�L M. bovis BCG ����� (n.
42)�
��'�h�� PCR� �HuardsA��2)!= �R
��L� IS1561�� 4)�A RD �A�,��'
)�!������*��� (�"� ��RD��
��A primer� Table 1 ,� (')A IS1561� �
RD �A#����K�����$� Table 2 ,
��� �TACD,L� 37�2�3���]5^2
��RBPQ�*�i;6 II �� Z8¡�3¢£¤
^:;5¤��� ! ��-�� %¥¦�L initial

denaturation step � 94# 5�� ~Aj 94# 1��
56# 1�� 72# 1�� 25§�5V� final elonga-

Table 1. Primers of PCR amplification for di#erentiation from Mycobacterium tuberculosis complex.

Primer type and target locus Forward/Reverse Nucleotide sequence (5��3�)

IS1561� (Rv3349c) Forward GCT GGG TGG GCC CTG GAA TAC GTG AAC TCT
Reverse AAC TGC TCA CCC TGG CCA CCA TTG ACT

Rv1510 (RD4) Forward GTG CGC TCC ACC CAA ATA GTT GC
Reverse TGT CGA CCT GGG GCA CAA ATC AGT C

Rv1970 (RD7) Forward GCG CAG CTG CCG GAT GTC AAC
Reverse CGC CGG CAG CCT CAC GAA ATG

Rv3877/8 (RD1) Forward CGA CGG GTC TGA CGG CCA AAC TCA TC
Reverse CTT GCT CGG TGG CCG GTT TTT CAG C

Rv3120 (RD12) Forward GTC GGC GAT AGA CCA TGA GTC CGT CTC CAT
Reverse GCG AAA AGT GGG CGG ATG CCA GAA TAG T

Table 2. An algorithm to identify individual Mycobacterium tuberculosis complex subspecies.

Organism
IS1561�

(Rv3349c)
Rv1510

(RD4)
Rv1970

(RD7)
Rv3877/8

(RD1)
Rv3120
(RD12)

M. tuberculosis ¨ ¨ ¨ ¨ ¨
M. africanum subtype II ¨ ¨ ¨ ¨ ¨
M. canettii ¨ ¨ ¨ ¨ ©
M. africanum subtype I ¨ ¨ © ¨ ¨
M. caprae ¨ ¨ © ¨ ©
M. bovis ¨ © © ¨ ©
M. bocis BCG ¨ © © © ©
M. microti © ¨ © ¨ ¨
Nontuberculosis mycobacteria © © © © ©

ª«&�8	'()*8¬+®8,¯°�8±²³´8µ¶-·8¸ �.ª«&�8	'()*8¬+®8,¯°�8±²³´8µ¶-·8¸ �.

��/¹0O1º»¼ Vol. 18 No. 3 2008.16

178



tion step � 72� 10 ���� 1.5��	
����
������ ���� (Table 2) ������� (n�
52) !"#$��%&�'� M. tuberculosis, M.

africanum subtype II �(�)*��+,�-�.
/0� 12�� M. africanum ��340.�6)5��
67.89:;<=��>�?@A'BC? M. tu-

berculosis ��� 
3. ����������	
1) RD1: ��� PCR � M. bovis BCG ���+

,�-�.D�(��E�?'� F&� PCR &
GTalbot :�%&4)H � RD1 �IJ�KL�� MN
�OP�'� �-QRS�TUSVWXRYZ[\�
]^_`abc II �$�� defg' initial dena-

turation step � 94� 5 �� h�� 94� 30 i� 65�
30 i� 72� 30 i� 30 jUW�� final elongation

step � 72� 10 ���� 1.5��	
������
���� ���kD� 

2) RD9, RD10, hsp65 gene l�Wm-�n ��
� PCR � M. canettii ���+,�-�.D�(�
�E�?'� PCR � RD9, RD10 �op�� l�Wm
-�� hsp65 gene � 631 qr�st�KL�kD
�2), 3) %&' Huard :� PCR &�)u�kD� 
hsp65 gene l�Wm-��'� ABI PRISM 3100

Genetic Analyzer (Applied Biosystems), DNASIS

Pro G1vwxcYy�m-z{�R-|}~��H
����kD� 

Table 3. Results of conventional methods and PCR amplification for 50 strains of M. tuberculosis.

Strain
No. of

isolates
Capilia

TB
Nitrate

reduction

Growth on TCH PCR results

1 mg/L 10 mg/L IS1561� Rv1510
(RD4)

Rv1970
(RD7)

Rv3877/8
(RD1)

Rv3120
(RD12)

1, 4�8, 11, 13,
15�20, 22�27,
29, 30, 33,
35�41, 43�46,
48�52

39 � � � � � � � � �

10, 14, 21, 31,
34

5 � NT NT NT � � � � �

2, 3, 9, 12 4 NT NT NT NT � � � � �

42 1 � � � � � � � � �

32 1 � � � � � � � � �

Positive 45 41 41 41 50 50 50 50 49
Negative 1 0 0 0 0 0 0 0 1

Total 50 46 41 41 41 50 50 50 50 50

NT: not tested

Table 4. Results of conventional methods and PCR amplification for 2 strains of M. bovis BCG.

Strain
No. of

isolates
Capilia

TB
Nitrate

reduction

Growth on TCH PCR results

1 mg/L 10 mg/L IS1561� Rv1510
(RD4)

Rv1970
(RD7)

Rv3877/8
(RD1)

Rv3120
(RD12)

28 1 NT NT NT NT � � � � �

47 1 � � � � � � � � �

Positive 1 1 0 0 2 0 0 0 0
Negative 0 0 1 1 0 2 2 2 2

Total 2 1 1 1 1 2 2 2 2 2

NT: not tested

@M����F@M����F
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3) mpb64 gene ������� mpb64 gene �	

����������� hsp65 gene �����
���� mpb64 gene ���������� !
�7), 8)"

� �
#$%&�'()*�#+� Table 3, 4 �� PCR

��,-./#+� Fig. 1, 2 �01"
2) 52�3 No. 42, 32, 28, 47 45� 48��6
7� 39� (No. 1, 488, 11, 13, 15820, 22827, 29,

30, 33, 35841, 43846, 48852) �� 9:;<= TB

>?� @ABCD)*>?� TCH 1EFG 10 mg/L

H?� PCR� IS1561�, RD4, RD7, RD1,EFG RD12

I�J�>?� M. tuberculosis �?K�LMN�" 9

��OPQR�ST� 5� (No. 10, 14, 21, 31, 34) �
9:;<= TB� PCR�U� 4� (No. 2, 3, 9, 12) �
PCR�UVWN�#+� M. tuberculosis ��XY�
� (Table 3)"

No. 42 ��� 9:;<= TB�UZ?�� X[\
M. tuberculosis �]^���
_!��� mpb64

gene ���������#+� 63-bp`a b`acd
1968258e � M. tuberculosis �fgh��i!
�"

No. 32 ��� PCR� IS1561�, RD4, RD7, RD1 �
>?� RD12 Z?� M. canettii �]^���_!�"
jk)*�N�� RD9>?� RD10>?� hsp65 gene

� 631lm�Bn� C�fgh��opN�" #$
%&�67 RD9, 10 ��q�>?�_g�� M. tu-

berculosis � M. canettii �U9)�� Yr� hsp 65

gene � 631lm�Bn� C��_s T�fg��
#$%&�67 M. canetti �U2)�fg" t� M.

canettii � S[uv�016)�� No. 32 �� R[uv
�f!�" h�r�#+Fw� No. 32 �� M. tuber-

culosis �xyr��"
No. 28 �� PCR� IS 1561 � >?� RD 4, RD 7,

RD1 EFG RD12Z?� No. 47 ��� 9:;<=
TB>?� @ABCD)*>?� TCH 1 EFG 10

mg/L z{?� PCR� IS1561� >?� RD4, RD7,

RD1 EFG RD12Z?�f!� (Table 4, Fig. 1)"
Yr�|��q�jk)*�N� RD1�`a�op

Fig. 1. PCR results using primers for di#erentiation from Mycobacterium tuberculosis complex.
Lane M, 1 kb DNA size marker; 1, IS1561�; 2, RD4; 3, RD7; 4, RD1; 5, RD12

}~����������������������L������� ��}~����������������������L������� ��
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����� M. bovis BCG ������ (Fig. 2)	 
�
� 2� M. bovis BCG �����������
���� �Table 5 ���	
�� 1: 77�� � 	 �!"�#��$��%� "

�&�'()*+,-./ 10� 1 60�����2
3���	 ��234�5	
� 6�789:.�
%�; 3���<=���%� >??@�ABC
��DE�	 � 1FGH 40������ IJK
LMN�O$�	 IJKL4�PQ&������R
�ST�5� BCG�P�AU���� ����V
No. 28�	
�� 2: 25�� W 	 BCGXLYZ�[\].^

H 4FG4�_`�	 �a[�5b�6c�d6c�
�6.e5��DE�	 4�4��fST���

g� � �hi� X-CGD gp91-phox jk�lm�
��	 25�4� n oZpqi!A�%����%r

sR"#.tu���
g� �vRw ����V No.

47� A�����	 �&�� xyzLoZ${�|%
 ��$�A� L}Z~����Z TB-2 G ����
��&�-I-�-��+'� �� ��$�	 M.

tuberculosis ���vRw;��ST���
g�
M. bovis BCG ������ 
����������

�A'���	

� �
����Z�o����vRw DNA% ��$�

52��� 50�A M. tuberculosis ��� 1�A
mpb64 gene (���� 2�A M. bovis BCG ��$
�	
���o� TB � M. tuberculosis, M. bovis, M.

bovis BCG, M. africanum� M. microti �;�% �
O��%�vRwR]��)�*�+���	 �0
�,�;� &��tu�+��$��vRw 47�
�� 46�A% ��� 97.9�� ��5� �vRw
��9� �%D-.��5� �T7/4�� 15��
��
�� Q "0&��TA�+���
�&
�� ¡¢ �£1 2&�;3���T�¤��
A� �vRwR]��)�*�+���	 ?�� No.

42 ����� mpb64 gene jk¥(�� ¦��
�$D� �vRw��$D;� .§¨R�A 0.8�
©ª¨�
�A4«��DE�8)	 ���� 5�v 
rsR M. marinum ���¬% 4«;�510)�
���o� TB6�®.��7¯A8/����
�����	
°�� ±s²³´��� M. tuberculosis � M. bo-

vis BCG �).¨�
���µO&$�	 ¶·��
M. bovis, M. bovis BCG �;�±s²³´� �¸

Fig. 2. PCR results using RD1 primers.
Lane M, 1 kb DNA size marker; 1, M.

tuberculosis H37Rv; 2, M. bovis BCG Tokyo; 3,
Strain No. 28; 4, Strain No. 47

Table 5. Two cases of patients infected with M. bovis BCG.

Case Age/Sex Underlying disease
Periods of isolation afer BCG

immunotherapy
Specimen Strain No.

1 77/F Renal pelvic cancer 1 day�1 month Blood 28

2 25/M Chronic granulomatous desease 25 years Lymph node 47

Table 6. Di#erence of clinical management between M. tuberculosis and M. bovis BCG.

Treatment Pyrazinamide Isolation Law�

M. tuberculosis Necessary E#ect Necessary Category II

M. bovis BCG Not necessary Ine#ect Unnecessary Not reported

� The Law Concerning the Prevention of Infectious Disease and Medical Care for Patients of Infections
Category II: to be hospitalized depending upon conditions and reported.

�vRw�)�vRw�)
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�������� 	
�� M. bovis BCG Tokyo 
���������	����������5), 11)� �
���� M. tuberculosis � M. bovis BCG ����
����� �!"��#��$%

TCH&'�� TCH��� M. tuberculosis �� (
)�� M. bovis *M. bovis BCG �+,- ����	

������� ./�!��0$1��� M. tuber-

culosis 41� M. bovis BCG 1��� ����
�2$% ��	�	3��	45�	���0�
������67 *8� 4�9-� :$�;�
<�0
�� 	3�����=>���% :$� M. tuberculo-

sis ���� TCH()�?� 11@�A ����B
�0�3)� ������C D2�0�%

Huard��EF?G��
 PCR��� ���� 
�� :$&H�!"�#$ �%IJKL&'M?�
&N'O�#$ � TCH&'�PQ	()��*D
�� ER�#$�5��01$% ./�!���� �
��P� M. tuberculosis 49� M. bovis BCG 2
�+$ �����2$% ,<��� M. bovis M M.

africanum �!-������0�12), 13)� S�PQ	
./�?T+$��	
��#���% No. 32 �
0U&'1�ERP� M. tuberculosis �+$��$
�� RD12�!-�2V� PCR�2W3X�Y4��
���#��$%
:$� Talbot �� PCR ��� RD1 �65�Z6

[ M. bovis BCG 2��+$ �����2$% [

[� RD1���7\�� M. bovis BCG ]<�3�
?T
#� �����2V� BCG(8�^4_�
��7\��`	
�0�% PCR��� ��
a9Z
	!"��0��� ?T�+$�0$1��� :;b
<M=>c?de@�'!"�ER�Af�� B\#
C��gD�[�
����D2�0���#��
$%
./�!���� M. bovis BCG (8. 2/�Z6

��$% M. tuberculosis ]<�EF?G�P�(8
./�EF�G	4 *�!��� 3.8@-� hijkl
H�[�Im@����&'�nQ���	���#
��$% [
[� �./�o'[� p��!"���
EF?G����qJ�0���� TCH&'M PCR

��PQ	��rK	!"��0���� M. tubercu-

losis � M. bovis BCG (8.��(8sLMtM�
u��0��� (Table 6) 	3� !"v�NO��
�1��
	7�w	�	��Yx�y(�f��
$% :$� EF?G���7\� M. tuberculosis �
z
� M. bovis BCG 	3�P�(8.�rK��0
����PQ{|R#	7�w	�V� }~���

�iSTM��jkUT�p�� ���V�'<�Z
6 ����W�	#C�X�	�% No. 47 �.
/��� EF?G DNA��� ��h��k2W^�
��0���

��V� ��k�����k TB-2

G����01$% ��k�����k TB-2G�Y

��������k����� (ESAT-6, CFP-10)

�EF?G�� M. tuberculosis, M. bovis, M. africa-

num �Z[��� M. bovis BCG ��Z[��	�%
��k�����k TB-2 G��\�� :$�]A�
EF�^C_`�a@�[$!"�0��� M. bovis

BCG (8.�_Q21
7��	�#���#��
$%
b������� BCGcdefM��z
� g?�

���jkUT� BCG(8����	1���/�
0�% 3��hi�g?���� UT�j�kldM
jm�k�n�dk��k�n��&?op� 4�
:$� qr�V��F��a¡¢�V��F�^C�
)7	�Q£� BCGUT�)7�¤/�0�$x�
0�% 1951¥2006st:���u�&?[$ BCG

UT�P�Wv	w2W�./� 39./��B��
���� S�Q£ 19/�x�y¦§.� W.z\¨
V�{|� Mendelian Susceptibility to Mycobacte-

rial Disease 	3�qr�V��F�+x� ©�
�
ª}�V��F�6x�����14)% ~«�o'[$
No. 47 �./�a���� M��x�y¦§.�
^C�����)7$��jkUT� BCG(8��
���#��$% ¬A� ��P� BCGUT�®¯
�?° 6���� �:�������� .°�g?
�� BCG(8�&?�±������% ���� ,
<���� HIV (8� *��- � BCG (8�z��
B�����15)� :$ M. bovis M M. africanum �
�B/�0�$x� �²dM HIV ��U����E
F?G�������� rK��0�% �Q[$�
u<��³M� ~«�� BCG (8./�o'��:
#� tM���´$M�e""� (8sL�����
EF?G��ª	+$�W��0���#��$%
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Mycobacterium tuberculosis complex (MtbC) includes some subspecies such as M. tuberculosis,
M. africanum, M. bovis (along with the attenuated M. bovis bacillus Calmette�Guér in [BCG]). Most cases of
MtbC infection are caused by M. tuberculosis, but some cases of M. bovis BCG are reported in Japan. We
identified 52 strains of MtbC isolated in Kyushu University Hospital between 2004 and 2006. They could
not be identified fully by a nitrate reduction test which was one of the conventional methods. Thiophene-
2-carboxylic acid hydrazide (TCH) test and the PCR-based methods, however, could distinguish M. bovis

BCG strains from M. tuberculosis. Fifty strains (96.2�), including one of a deletion in mpb64 gene, were
M. tuberculosis and two (3.8�) were M. bovis BCG. Especially, the PCR-based methods were rapid and
useful tool rather than TCH test. Some cases of M. bovis BCG infection due to an intravesical BCG therapy
and BCG vaccination are reported. In our study, 2 cases were infected with M. bovis BCG, which were a
renal pelvic cancer with intravesical BCG therapy and a chronic granulomatous disease 25 years after BCG
vaccination. This study indicates the PCR-based methods are essential to distinguish subspecies from
MtbC and necessary for clinical laboratories to report appropriate information for the purpose of clinical
therapies, infection controls and epidemiology.
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