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��� Clostridium di$cile Toxin A��� Toxin B������/0�123456 CD

789: A & B (ImmunoCard); TOX A/B QUIK CHEK <=>?1@ (QUIK CHEK)	 C.

di$cile�"A#B (C. di$cile-associated diarrhea; CDAD)	C$D%��E���
F	�
�
GHI CDAD	&J'D%�%(/0�K)*
�LF+M;GHNO	 ImmunoCard

	 sensitivity, specificity, positive predictive value (PPV), negative predictive valuePQR
SR 85.2T- 93.2T- 82.1T- 94.4T )��, 27T.- U-- QUIK CHEKP 74.1T- 93.2T-
80.0T- 90.7T /0V- ImmunoCardP QUIK CHEK�VW. 10T sensitivityX/RYZ
HI [	�\]��&0^P*1_`a	23�b���c4���5F�ZH�d&0�L
��ZYW6efR- ImmunoCardP QUIK CHEK�VW 2g87��&0X/RYZHI U
-- ImmunoCard/P8A�9	hi:;Fjkl[�5X 38�5)38T.6efR- Q	
\m 2�5Phi:;�ln���&0	<A)op
.FkHGYZHI [Rfop
�q
ZYP�98A=>	rs?@AtFuv�[;��VwBxC/0yH[;zf- Immuno-

Card/Prs?@At	Du��V-�VZyQ\	&0{�XxC;|}RHI ~f�- Im-

munoCard��� QUIK CHEK/PEF�G��ln�oH
X�]zf�6efR- �
�, 10T	NO	 PPVP 58.0T��� 54.6T�/<AGHI [	�\]oH
�5PIJ
X����57��6���5� (GDH)�%p
/0yH[;zf- ImmunoCard; GDH

�%FK�O}�H 2 step approach(P�%L0 (PPV)	{���eY��;�vfRHI

Key words: ImmunoCard Toxins A & B, TOX A/B QUIK CHEK, Clostridium di$cile
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di$cile Toxin A,�3 Toxin B�4#	$%10)�
5�	
 #�6�&'*��� Toxin B4#(	)
%�!����#���
 4#7��*+11)�5��
 ! Toxin A4#8,	-�%(��'!�) 6�

9. A�B� 	#�:/0;��'(�#����
 !� Toxin B�4#	<1�4=8,�>�?2
3	
4��'(�) #�0@�5A: 2007. 6

B
 C	*�,('.� ! Toxin A,�3 Toxin

B�D4#8,�5� TOX A/B QUIK CHEK EFG
HIJ KQUIK CHEK, &67,L 	)%<1���

��� 2009.��IMNOPQ CDRSTU A & B

KImmunoCard,VIWXYPL .)%<1����#
���
 CDAD�012�894=�:;Z	[	�
�)
\]<=��
 � ! C. di$cile Toxin A,�3

Toxin B�D4#8,�5� ImmunoCard� QUIK

CHEK�$%�>^�?��
@A(�5�0BC�
8_��3���DE(�5F�G8,�H`4I�
a��) 6�
 CJb��DEKL,�3MN� 
4O�%(�cP7�8_.Qd'Re:�)

�������
1. ��
2007. 1B�� 2009. 8B�f�
 S4=T�

C. di$cile4=�?��U#���� 6944O�
!�
 C. D.ghGi?D-1( KjVk7,L
 lFi
IGi( KmWn2L
 ImmunoCard( KVIWX
YPL ��3���DE(� 4(!X�o�. 1(	
Y��p:� 574O�
 #�� 4($q'	r��
p:� 6374O��Zst[#:� 434O�uv
1004O Kw=\] 97^
._ 10OB�93x
`y
55.9xL �5a�:�) #���4O�(z�.4O
U#&��80{�'b|c":
 }%de�T~�'
f��
 toxin4#8,�4I��3�0BC�8_
��:�)

2. 	
� C. di$cile toxin��
� ! C. di$cile Toxin A,�3 Toxin B4#8
,� ImmunoCard,�3 QUIK CHEK�}%:
 (
z�.ghij�����'(�k(�l(Re:

�)
3. ���������	
� C. di$cile Toxin B

��
0BC�8_�%(� toxin[#�����k(12)

�A�'m7:�) $�C�
 � 4O 1n� 2+�
To��Lg� A-����U�$ Eagle’s minimum

essential medium (EMEM, Gibco)� 4n�&�o�
p:
 ��� 10,000��, 2�f�q:�KL���
0.45 mm�T�U�X���P (Millipore)���:
toxin[#��:�)
0BC�8_��r��k(12) �A� Vero0B

KAmerican Type Culture Collection CCL-81,�&'
7,L � Toxin B!p�O (C. di$cile toxin anti-

toxin kit, Techlab)�%('a��) $�C�
 toxin

[#��st� EMEM�g��
 #��� 2��
:
�k� Toxin B!p�O K25ucP}%�L �g
��
 !p�Ovw4O�xvw4O�s7:
 ��
�� 37{� 30�fyA�d�) yA�
 �4O 40

ml� 96 ¡Ii¢£¤PR�z{:�DE0B�
160 ml�g�:
 37{
 5+|¥¦H"���DE:
� K§}� cP~¨ 100uL) 0B��©ª� 24D
f,�3 48Df��«¬:
 50+�K�0B��©
ª	����®!p�O���¯��!p���4
O� Toxin BY����:�)

4. 	
��� C. di$cile ����������
���� !"#$%�&'
� 4O� 99+W�NP��st�u:
 T~�
' 30��1Df��:��
 cycloserine�cefoxitin�
mannitol agar KCCMA
 °W7,L � 100 mlz{:
±²�³�� 48DfDE:�) CCMAK��´��
���µ¢FP�5:�¶M����·�:
 �0�
A�' C. D.ghGi?D-1�Re:'1{����
a��) ��1�CJb�¸�¹�·��
 �r�
�k(13, 14)�A� PCR(���CJ¸�¹4#�'
·�:�) $�C�
 Toxin A¸�¹�4#� NK9-

NK11-NKV011�£¶I¡PºGR�%(�¡�g
£¤GiH PCR( (tcdA-PCR)13)�Re:
 Toxin B

¸�¹�4#� NK104-NK105�£¶I¡PºGR
�%(� PCR( (tcdB-PCR)14) �Re:�) tcdA-

PCR�' 1,266 bp���b�	���
 �® tcdB-

PCR�' 204 bp���b�	����1�
A�B�, tcdA-PCR�' 714 bp���b�	���

�® tcdB-PCR�' 204 bp���b�	����1
� A�B�, tcdA- ,�3 tcdB-PCR�.���b�
	�������1� A�B� ���:�)

K�»c¹?�K�»c¹?�
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5. �������	
�����������
��������

�������	
������ �����
�A�B�1�� A�B�1�� ������ !"#$%
!"&'$()"�*+ (BHI, Becton Dickinson

and Company), 72-.�/� 3,000 rpm, 150
.123� �4���56 0.45 mm478"(&9:
;$ (Millipore),<=3>?@3AB C4���
�DE phosphate-bu#ered saline �PBS� FG@H�
IJ�> 2KL��3� C�M 2N��OP�QRS
3> ImmunoCard, QUIK CHEKTMU�VW�X
���YZ3AB [\]^QR	
A������,
�� ImmunoCard,_XST`A]^ 1QR �A�B�

�� �	
� QRabFcF�DE PBSIJ�>dM
efg 10N��/hM� 2KL��3� �4 2N�
�OP�QRS3> ImmunoCard, QUIK CHEKT
MU�VW�X���YZ3AB

6. � !�"
ij>4klmQn�op	q&% �StatFlex ver-

sion 4.2,r$stu� �v	3� c2wxX4Qnd�

� Yates’yz �10{|4}$;~��i����
���YZ3AB �A p�~ 0.05���klS�n
3AB

# $
1. ��% Toxin A�� Toxin B�&�'�(
)*+

Table 1 �VW�X�����S3A��4 Im-

munoCard��U QUIK CHEK4������3
AB VW�X���>_XST`A 27QR4��
ImmunoCard_X� 23QR� QUIK CHEK_X�
20QR,d`AB VW�X���>�XST`A 73

QR4�� ImmunoCard�X� 68QR� QUIK

CHEK�X� 68QR,d�� VW�X�����S
3A��4 sensitivity, specificity, positive predic-

Table 1. Comparison of ImmunoCard Toxins A & B and TOX A/B QUIK CHEK Test Results with
Cytotoxicity Assay

Assay kit

Cytotoxicity assay
Sensitivity
���

Specificity
���

Positive
predictive

value
���

Negative
predictive

value
���Positive Negative

ImmunoCard Toxins
A & B

Positive 23 5
85.2� 93.2� 82.1� 94.4�

Negative 4 68

TOX A/B QUIK CHEK
Positive 20 5

74.1 93.2 80.0 90.7
Negative 7 68

� Not significant

Table 2. Comparison of ImmunoCard Toxins A & B and TOX A/B QUIK CHEK test results with
toxigenic culture

Assay

Toxigenic culture
Sensitivity
���

Specificity
���

Positive
predictive

value
���

Negative
predictive

value
���Positive Negative

ImmunoCard Toxins
A & B

Positive 23 5
69.7� 92.5� 82.1� 86.1�

Negative 10 62

TOX A/B QUIK CHEK
Positive 20 5

60.6 92.5 80.0 82.7
Negative 13 62

Cytotoxicity assay
Positive 26 1

78.8 98.5 96.3 90.4
Negative 7 66

� Not significant vs. TOX A/B QUIK CHEK

]^� C. di$cile Toxin A��U Toxin B�-Qb�H4k	X��i���Q�]^� C. di$cile Toxin A��U Toxin B�-Qb�H4k	X��i���Q�
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tive value (PPV), negative predictive value (NPV)

�� ImmunoCard � 85.2�� 93.2�� 82.1��
94.4�� QUIK CHEK� 74.1�� 93.2�� 80.0��
90.7����	
 Table 2����������	
��� ImmunoCard, QUIK CHEK�������
� !�"#$%�&�	
 �����'�()*
+ (A,B,, A-B,)�./01	 33.2�34 Im-

munoCard5�� 23.2� QUIK CHEK5�� 20

.2� ���� !5�� 26.2���	
 ��
���' C. di$cile 6��78��(9)*+
(A-B-)�./01	 67.2�34 ImmunoCard

6�� 62.2� QUIK CHEK6�� 62.2� ���
� !6�� 66.2��:� ���������
	��� sensitivity, specificity, PPV, NPV�� Im-

munoCard� 69.7�� 92.5�� 82.1�� 86.1�� QUIK

CHEK� 60.6�� 92.5�� 80.0�� 82.7�� ����
 !� 78.8�� 98.5�� 96.3�� 90.4����	
 ;
	� ���� !�'5����	 27.2�34�
�����' A,B, �./01	 22.2�<=7
sensitivity� ImmunoCard� 90.9�� QUIK CHEK

� 77.3� ��:� A-B, �./01	 4.2�<=
7 sensitivity � ImmunoCard � 50.0�� QUIK

CHEK� 75.0����	

2. �������	
�����������
��������� 

Table 3 ��()*+���>?<@�ABCD.
2�E8	���� !� ImmunoCard����
QUIK CHEK�FGHI !$%�&�	
 A,B, +
���>?�E8	��� ���� !� 128JF
G� ImmunoCard� 64JFG� QUIK CHEK� 8J
FG;�./KL���	
 A-B, +���>?�E
8	���� ���� !� 64JFG� Immuno-

Card� 8JFG;�./KL��:� QUIK CHEK

�MN�O./KL���	
 PQ� ABCD.2�
FGRS��� ���� !� 160JFG� Immu-

noCard� 40JFG� QUIK CHEK� 20JFG;
�./KL���	


3. !"#$%�&'
Table 4 ����� !� ����� Immuno-

Card���� QUIK CHEK� 4��TU�V�W
X�1	.2�YZ�&�	
 Type 1[3�����
 !5�\]�����'�()*+�./01	
.2��7
 ^�34 Type 1� ImmunoCard5��
QUIK CHEK6�� 3.2 _8`1a A,B, +b�

Table 3. Limit of detect by cytotoxicity assay, ImmunoCard Toxins A & B and TOX A/B QUIK CHEK
with toxin extracts and stool sample

Sample Dilution ratio
Cytotoxicity

assay
ImmunoCard
Toxins A & B

TOX A/B
QUIK CHEK

Toxin extracts of A,B, strain 1/8 , , ,
1/16 , , -
1/32 , , -
1/64 , , -
1/128 , - -
1/256 - - -

Toxin extracts of A-B, strain 1/1 , , ,
1/2 , , -
1/4 , , -
1/8 , , -
1/16 , - -
1/32 , - -
1/64 , - -
1/128 - - -

Stool sample� 1/10 , , ,
1/20 , , ,
1/40 , , -
1/80 , - -
1/160 , - -
1/320 - - -

� Fresh stool sample detected A,B, strain

>cdFefg>cdFefg
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Type 2� ImmunoCard��� QUIK CHEK���
1��	A
B� �� Type 3� ImmunoCard� QUIK

CHEK������� 3�� 	A�B� 2�� A
B�

1������ Type 4�������������
���������� !���"#$%&�� 1

����'� ImmunoCard��� QUIK CHEK��
����� Type 5, 6��������������
����� !���"#$�������� (�)
* Type 5� ImmunoCard� QUIK CHEK����
��� 6�� 	A�B� 5�� A
B� 1�� Type 6�
ImmunoCard ��� QUIK CHEK ��� 1��
	A
B� 1� ����� Type 7+9�������
��&,��������� !���"#$%&�
������� (�)* Type 7� ImmunoCard�
�� QUIK CHEK��� 3��� Type 8� Immuno-

Card, QUIK CHEK������ 2��� Type 9�
ImmunoCard��� QUIK CHEK��� 2���
����

� �
-./01�� 234 C. di$cile Toxin A567

Toxin B89�"����� ImmunoCard� QUIK

CHEK��	�:;<
=�� �>?� 	@ABC2
3�� <	D�EF�G<H��� I�AJ� ��
����<KL�M�NO� ImmunoCard� QUIK

CHEK6'� 10P sensitivity�QR� �����
<KL�M�NO��8��AJ�S1$�� ($1
�AJ�� ImmunoCard��TUV=�WX�YZ1
$%D���� QUIK CHEK6'� CDAD[\�5
]� sensitivity��$�D�(�<^_����
�� `a� ����bcde�fg#$�D�hi�

"jk<EF_��� ImmunoCard� Toxin A/B�
�� 3 ng/ml, QUIK CHEK� Toxin A � 0.63 ng/

ml, Toxin B� 1.25 ng/ml�fg#$�D�� ($
1�lm<no�EF_�� QUIK CHEK� Immu-

noCard6'� Toxin A� 4.8p� Toxin B��
2.4p�"jk��$�(��%'� -.�/01�
qr�stR��_�� M&M%�1� �� !��
��uv567wx23��<	D�yzjk���
�� ImmunoCard� QUIK CHEK6'��� !�
���uv� 8p� wx23���� 2p�"jk�
QD(���1&�%'� -.�{01�qr��|
M%DAJ����� �}V=~��<���_�
Toxin A567 Toxin B�"���� �����$
����� �������������E��"jk
���11, 15) (�&1� CDAD[\���M���_
���� 6'�"jk��$���<��_�(��
������
-.	D� ImmunoCard567 QUIK CHEK�

������������<	D�����'� 23
�����yz��������<��M���<�
���������M� #¡�¢	_�� -.��
G�5D�� 234�£�¤¥¦§#�6�����
��
¨©'��ª�%'� ��M����«¬��
� #$%&����� ImmunoCard�� 38�
� (38P)YZ1$� I�®�� ImmunoCard�� 6

��� �� 32������� (�6)%�����
��� ¯��°ª_��"jk�±� 	²�� <
t�M�D�³´��^µ#$�(�&1� Immu-

noCard���� ¯��� 32��4� �����
�������� 2�� 	Table 44� Type 2� 1�
�� Type 3� 1�� <K¶�� �����·�¸

Table 4. Disagreement samples among the results of ImmunoCard Toxins A & B, TOX A/B QUIK CHEK,
cytotoxicity assay and toxigenic culture

Type
Cytotoxicity

assay
Toxigenic

culture
ImmunoCard
Toxins A & B

TOX A/B
QUIK CHEK

Number of
stool samples

Toxin type of isolate

A�B� A
B�

1 Positive Positive Positive Negative 3 3 0
2 Positive Positive Negative Positive 1 0 1
3 Positive Positive Negative Negative 3 2 1

4 Positive Negative Positive Negative 1 � �

5 Negative Positive Negative Negative 6 5 1
6 Negative Positive Positive Negative 1 0 1

7 Negative Negative Negative Positive 3 � �
8 Negative Negative Positive Positive 2 � �
9 Negative Negative Positive Negative 2 � �

234 C. di$cile Toxin A567 Toxin B89�"����	��¹_�EF�G234 C. di$cile Toxin A567 Toxin B89�"����	��¹_�EF�G
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����� �15,000 rpm, 2��� �����	
�
������ ����� ��� 2�	������
���������� �!"� 
�� toxin��
#$%&'����������� ImmunoCard�
(�)�� *+,-./�0�1� �23��45�
�678�
�	$�9�:��� ��45��$
;<&=>� ?��	$@?A���B
�� 
CD)��� E�� ��!F?45���	��D)
�3���������������� �!"�
#G�$H�I��� A�� ImmunoCard&��
���������!"� !"���F�G�J1$
% KL���
M�� �NO� !" !;# 
�P;�#"

�(�)� $%Q&R�8<
�='��(S�� 
�&7?�T)?U*&'�� VW����(�)�
X+,�3Y���Z[9 CDAD��-.� 27\
&'"� ImmunoCard (!] QUIK CHEK� PPV

���^� 82.1\(!] 80.0\ ����/_�0
�12&'��� I��� PPV��`a3��-.�
!�bcdS� �-.$09?�ef='�&R�
4��5��!"0215, 16) 
�� A�� �-.
10\ �gh� PPVi#D� �j� ��^�
58.0\(!] 54.6\k&02D�� ����12��
ImmunoCard'��� QUIK CHEK&'� ?��
�	�6 2l ��-. 27\ �gh� '���6 4l
��-. 10\�gh� �='��	$mk��� 
n7D)("� CDADo81p:)T)?9*&'
�� ��!F?='��9*� Crobach��q:D
)��15)� I��;��� �-. 5\ (nr10,000)�
a3�`�� GDH3< Toxin A(!] Toxin B

�#3< ��-. 5\ &� PPVr55\� =shL
t� 2 step approach"�uvwx.uyz����
='��	{@�!� PPV (89.9\)�6 35\��J
1$�:���� A�� ='��9*H�
��
�|}~�.,��/���.� (GDH)���>�
�2 step approach"� $��&'� ?�15)D)�
����&@���� ImmunoCard&'�CD��
	�`� GDH�� �C. D.�����D-1� ��

� 2 step approach"����A�
�B�&�
C����`
� 100�	�����)�D
��� �GDH������E��F& !D���
����� ����� 2 step approach"���g
h� sensitivity, specificity, PPV, NPV���^�
77.8\� 100\� 100\� 92.4\ ?"� ImmunoCard

GH�/� GDH���=>��8<
� sensitiv-

ity�02$�:������� ImmunoCard�='

����I���
�� $%&'���
ImmunoCard&�� &RJ��KL�B�M!
D� N���KL�$�:���gh�'� M!

�$� O�P���� Q����RN�A�SN�k
&Ik�k?�KL��F�� ���K��
�'�
M!�� T��¡�$� ¢��K��D)�='�
&R$mk��� ?�D)("11)� VW��D&
�UV�£J$�:���� ��&P���� Immu-

noCard'��	�F�� ¢��KCD��	�¤
" GDH��>�
� 2 step approach"����
A�
�B�&�¥� 2 step approach" UV�
�D���� ����� sensitivity, specificity,

PPV, NPV���^� 85.1\� 100\� 100\� 94.8\
 ?"� ImmunoCardGH UW� sensitivity&'
"� A¦ ImmunoCard�='����I���

�� $%&'���D�$�)� ImmunoCard
��� 2 step approach"&�� ��='�&R��
KL��£JXAD� '��	�F�¢��KC
D��	��D)�s GDH��>�
�� �!
"� GDH��=>��8<
� sensitivity02Y
§&7�%�$C¨I�� I�� GDH��>��
!"X©�ª+,�«{��¦?$� ¬I���
VW@���� 
�� C. di$cile Toxin A(!]

Toxin BU®�#3<&'� ImmunoCard QUIK

CHEK�/_��D� ImmunoCard� QUIK CHEK

�/� sensitivitiy$¡9 CDADo8�(S���
�$¡�� $Z�A�?��� I�� Immuno-

Card��������!"¯2�[$C¨I�
�� �ImmunoCard°�
�±��45���\
F=>��H�B��� 3�����������
����� $]kD�� �ImmunoCard �^M
step�  GDH�� �^_ step� =shLt� 2

step approach"���`� (PPV)�J1�p:)
��&'��
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Comparison of Two Immunoassays for Detection of Clostridium di$cile

Toxins A and B in Stool Specimens
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We evaluated the usefulness of two rapid immunoassays, ImmunoCard Toxins A & B (ImmunoCard)
and TOX A/B QUIK CHEK “NISSUI” (QUIK CHEK) for detection of Clostridium di$cile Toxins A & B in
stool specimens, in the diagnosis of C. di$cile-associated diarrhea (CDAD). In comparison with the
cytotoxicity assay as the gold standard for the diagnosis of CDAD, the sensitivity, specificity, positive
predictive values (PPV) and negative predictive values (NPV) were 85.22, 93.22, 82.12 and 94.42 for
ImmunoCard, 74.12, 93.22, 80.02 and 90.72 for QUIK CHEK respectively (at a CDAD prevalence of 272).
The sensitivity of ImmunoCard was about 102 higher than that of QUIK CHEK. Furthermore, the
detection limit of ImmunoCard was superior to that of QUIK CHEK 2 to 8 times by the dilution test with
culture supernatants of toxigenic strains and fresh stool specimens. On the other hand, insu$cient
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absorption of the diluted samples was observed in 38 samples (38�) in ImmunoCard, and two of these
samples showed decrease in the limit of detection due to insu$cient absorption. It seemed that the
sensitivity of ImmunoCard could be increased by application of centrifuge process because such false
negative samples showed positive results by application of the centrifuge process just prior to the sample
addition to test device. There were more than a few samples which showed false positive by nonspecific
reaction in both ImmunoCard and QUIK CHEK, and each PPV fell to 58.2� and 54.6� at the prevalence
rate of 10�, respectively. All of these samples were negative on glutamate dehydrogenase (GDH) test, so
it seemed very useful to use the two-step approach with ImmunoCard and GDH test for ensuring the high
PPV and the correct diagnosis of CDAD.
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