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8(��&'


�"!�
������=�����!��
;�#�I���=|6��8�&�8��� LF9 ��! LD5 IC�#������!'���#8&8�8��

����%���6%�
 (MAb) �)%��F;%9��
�����,8��=,�� (genus Leptospira) ��!��F;%��,8��=,��

������+1�	
�$)%8�� (pathogenic Leptospira) ��&�����6 MAb ��$8���	�;#�%#8����
;�,<� IgG1 

��!&
���&�G��!�)%8,��
��%#��F;%��,8��=,��IC�#&
���� 38 $�8���������! 35-36 $�8����

��� ��&�����6 �"!�
������=��9�� MAb ��$8��� LD5 (MAbLD5) �,<����F�%#&F%9�$�����'���!

��6�%�������G��!�%#��F;%��,8��=,��������+1�	
�$)%8��9����%�)�#���#�)#���� (specimens) 

��$�
�,?����!���%�)�#��$���8��=����H���,<��1�����	
�9��'��$$���%# dot-blot ELISA ��! 

sandwich ELISA

���'��6���%�)�#��$&�1U��	
�9������'��%�������%#��,8��=,����;�&
	�;#,-����! I
��& 

����&� ��!����&� + buffy coat 8��=�����%�)�#�
�,?����$8�#���6����&�')#9����

%
���IC�#�,<� endemic areas �%#8����,8��=,8�I
� �%$��$�
;��#=���$�6���%�)�#��$�
�,?��

$�1)&��6�1&��!��,$������

�
�,?����,8��=,8�I
�$�1)&	
� 1 ������ 60 ����$8�#���6����#'����%��$)� IC�#

��	�������G����&%�$���)��,<�8����,8��=,8�I
�8��9���$"���%#%#��$��%��&��8�$ �
�,?��

$�1)&�
;&
%�$��,?���G�
�� 2.97 ���$)%�=,8�#���6�� 9������$$)%�$����$U���	��=�����!

��F%���$I
��&��F�%����'��%���6%�
8��9�� IgM dipstick I
��&�%#�
�,?�����9�9'���6�$$��!



xix

B
$�)#=,�F����������+
 MAT �)%=, �
�,?�����	
�I
��&9������$9'��� IgM dipstick �,<��6�!B
$

���!��F%�	��%6I;��9����	
� 5, 6 '�F% 7 ��!B��,��$��)����9�9'���6�$ IgM dipstick $��!

	��%6�F�������� MAT ��)�$�� �%$��$�
;��	����#=���$�6���%�)�#,-����!��$�
�,?��	1$��9�

�����$	
�=,8�#���6����F�%����'��%�������%#��F;%��,8��=,��������+
 MAb based-dot-

blot ELISA 	
�=����H���C;� �6�)��
�,?��$�1)&�
;9'���6�$ IgM dipstick ����,<� cumulative 

positivity ��$$������I
��&�%#���;#��&$�� 53.85% (	��6����&9����	
� 7) ��! MAT &
 % 

cumulative positivity (sensitivity) 40% (	��6�����'��#�)#I
��&=,���� 4 ��F%� '�F%���

$�)���;�) 9��"!	
�,-����!IC�#�$�6��
�#���;#��
��9������$	
��
�,?��=,BC#8�#���6��&
 % 

positivity 61.67% ��!9������9�$��	��%6��
�# 1-2 ����8&#

�
�,?��$�1)&	
� 2 �,<��
�,?����$8�#���6��&'���� ��#'����������
&� 	
���	�������G��

�6F;%#�����&%�$���)��,<�8����,8��=,8�I
������� 8 �� &
=��&������G�
�� 6.9 ���$)%�=,8�#

���6�� ��$������I
��&8�� MAT �6�)� 4 ��$ 8 ��� (50%) 9'���6�$ (	��6�����'��#

�)#I
��&=,���� 4 ��F%�'�F%���$�)���;� ��!��%#�)#I
��&&�$$�)�'�C�#���%�)�#) ���%�)�#,-����!

	
��$�69������$��$�
�,?��$�1)&�
;�&F�%����'��%������������+
 MAb based-dot-ELISA �6�)�&


��6�$BC# 5 ��� ��$�
�,?�� 8 ��� (62.5%) ��!�&F�%����,-����!�
�,?�� 3 ���	
�9'����69�

�����$%
$���;#'�C�#�6�)�9'���6�$	�;# 3 ��� ��#��;���6�$�!�& (% cumulative positivity 

'�F% sensitivity) �%#$������'��%�������C#�,<� 100%

�
�,?��$�1)&	
� 3 �,<��
�,?���%#8�#���6���%��$)�	
���	�������G����&%�$���)��,<�

8����,8��=,8�I
� &
%�$��,?��&������G�
�� 3.4 ��� 9������$	
�=,8�#���6��=��B
$���!

��F%���F�%	��%6���� IgM dipstick ��)���
��$�6$�1)&	
� 1 �&F�% IgM dipstick 9'���6�$$�=���)#I


��&��;�L=,�F����������+
 immunofluorescence antibody test (IFA) IC�#���9�	
�9'���6�$ IFA 

$��!B
$�)#�)%=,	��%6'� MAT titer �)�����9�	
�I
��&�%#�����$9'����6�&F�%�������� IgM

dipstick $��!B
$����I;����)���
��$�6$�1)&	
� 1 9����	
� 5, 6 '�F% 7 �
�,?��$�1)&�
;��	��=���$�6���

%�)�#,-����!9������$��!���	
� 2, 3, 7 ��! 14 (Days 1, 2, 3, 7, ��! 14) ��F�%����'�

�%������ �6�)� IgM dipstick &
 % cumulative positivity 69.4%, IFA ��$���%�)�#	
�9'���

6�$ IgM dipstick ���� &
 % positivity 64% ��! MAT ��$���%�)�#	
�9'���6�$	�;# IgM

dipstick ��! IFA ���� &
 % positivity 85.7% $������'��%������9����%�)�#,-����!9����

��$&
 % positivity 75.0% ��!����&�,<� 88.9%, 97.2%, 97.2% ��! 100% 9����	
� 2, 3, 7 

��! 14 ��&�����6

�
�,?��$�1)&	
� 4 ������ 22 �� ��$8�#���6����#'���%16����+��
 �,<��
�,?��	
�9'���

6�$��$$�����!��F;%��,8��=,��9���F%���!/'�F%�;����$=����'��# (	��6�� 6 ��F%�'��#

,?��) '�F%&
��6�$ MAT (	��6�����'��#�)#I
��&=,���� 4 ��F%�) �
�,?��$�1)&�
;&
%�$��,?��

&�$)%������G�
�� 4.2 ��� ���%�)�#,-����!IC�#�$�6��$�
�,?��9������$ ��!���	
� 2, 3, 4, 5, 6 
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��! 7 ��!	��$������'��%������������+
 MAb based-dot-blot ELISA �6�)�&
 % positivity 

81.8%, 95.5%, 100%, 100%, 100% ��! 100% ��&�����6

�%$��$�
;��#=��	��%6���&�G��!��!���&�&)�����%#�1����� MAb based-dot-

ELISA 	
�=����H���C;�$�6,-����!��$�
�,?��$�1)&��6�1&��!��$��,$��8������'��%������

9�,-����! IC�#=������#�
;

�
�,?��$�1)&��6�1&������ 26 �� ��$8�#���6���%��$)�IC�#&
%�$��=��8��=&)	��6

���'�1 (P.U.O.) ��)�)%&��6�)���&��B�����$=����#�
; �
�,?��&!���#	)%�;���
 (cholangio-

carcinoma; CCA) 10 ��� �
�,?��8���&��%%�8�I
� (��$$�������G����&%�$��) 8 ��� �
�,?��

&�����
� (�6��F;%9���F%�) 3 ��� �
�,?������6=	�-� (�6�%���6%�
8��$������	�#I
8�8��
) 

1 �����!�
������F;%���+�96=&���6 4 ��� ��$������,-����!	
��$�6��$�
�,?�����! 1 ���;#�6

�)�&
�
�,?�� 3 ��� 	
���	�������G����&%�$���)��,<��&��%%�8�I
�9'���6�$�)%$������'�

�%�������%#��F;%��,8��=,8�I
� IC�#��$$�����,-����!�%#�
�,?�� 3 ����
;=,	��%6������+


����	%���6�%	�6�)�&
�B6�%������-�%���6%�
 ��#����'�)# 38 $�8������� �&F�%�������� 

MAbLF9 ��!&
�B6�%������-�%���6%�
��#����'�)# 35-36 $�8������� �&F�%�������� 

MAbLD5 IC�#�,<�$���F�����)���$������'��%�������%#��F;%��,8��=,���,<���6�$���# 

�)��%
$ 23 ���9'����6

��$���%�)�#,-����!�%#���1����,$�� 120 ��� IC�#�,<����%
�����)���
��$�6�
�,?��

��,8��=,8�I
��6�)�&
�%�������%#��F;%��,8��=,��9�,-����! 1 ��� �&F�%�������� MAb 

based-dot-blot ELISA %�)�#=�$��
��F�%#��$=&)&
���%�)�#�'�F%�%���'��6$�������F����������+


����	%���6�%	�C#=&)%��6%$=���)��,<���6�$,�%&'�F%��6�$���# $�"
�
;�
������&
���&�'��

�)�%���,<�����!$����#�����F;%8��=&)&
%�$��,?�� '�F%���,?����)=����6,�!	�����%#��!'��

������)��#�#&
��F;%%�
)$��,<�=��

�%$��$$����H���1����� MAb based-dot-blot ELISA ���'��6����'��%������9�

,-����!���� �
��������#=����H���1�����'��%������9���F%�������+
 PAb-MAb based-

sandwich ELISA ���� ��!�6�)�$������'��%������9���F%�8��9��I
��&��!����&���;�&


���&=����� �)��$��9������&���! buffy coat ��&$��9'����&=��
# 100%

�1�����'��%������9�,-����!��#$�)�����#���=��B
$���=,9������$�%#�����$����&	
�

���&
,�!����$���	�#����!8����,8��=,8�I
��6�)���&��B9��=�����


�%$��$�
;�"!�
��������#=����H���	�����
I
%�����F�%9������$��,��,`j%���F;%��,8��

=,��9����%�)�#�;����F;%��� (semen) ��$���#�;����F;%�%#$%#��&�	
�& $�&,�1��������� IC�#$��
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����$�%#��#$�)���!�)��9'�'�
$��
��#$��9�� contaminated semen 9�$����&�	
�&��F�%,J%#

$��$���	�#�
$�%#�&)���

��������3���'� 2

����
%��������1'����������������
0�*�
�����	�
�������� �!���-������?'����	���� 

� ���� '���8# (�' ��8#) [�#�3� O157 "#$�#�3��'�>#��
����A ��� (Shiga toxin producing-

E. coli; STEC)]

�"!�
������=����H����+
 monoclonal antibody based dot-ELISA (dot-ELISA) ��F�%

���������G��8�������F;%%
8�=�$�1)& O157 ��! STEC 8��$������=|6��8�&�IC�#����#��!'���#

8&8�8������%���6%�
 (MAb) �G��!�)% O157 lipopolysaccharide (LPS) ��!�����U��$�

	�;#����	
� 1 (Shiga toxin 1) ��!����	
� 2 (Shiga toxin 2) 	�;#�)%�)���% (A subunit) ��!�)��6


(B subunit) �%#�����U	�;#�%#�����F% MAbO157, MAbStx1A, MAbStx1B, MAbStx2A ��! 

MAbStx2B ��!9�� MAb �'�)��
;�,<� detection reagents ��F�%����'��%������9����%�)�#

%1����!��!/'�F% rectal swabs ��$�
�,?��%1����!�)�#�
�$�1)&�,�
�6�	
�6$�6��+
���!��$��F;%8��

��+
&������ (conventional culture method) ���%�)�#9�	
�9'���=&)��#$�� =�������F��������

��+
	
���&�F%��+
 Verocytotoxic assay ��F�%����'� Shiga toxin '�F%��+
	
��
��F%��+
 Western blot 

analysis ��F�%����'� O157 lipopolysaccharide (O157 LPS)

���%�)�#%1����!�
�,?��	
�9��9�8��#$���)%�	
� 2 �
;�6)#�,<� 4 $�1)& $�1)&	
� 1 �,<� rectal 

swabs ��$�
�,?��%1����!�)�#������ 499 ����$8�#���6����!�%&�$��� ��#'�������61�
 

$�����!��$��F;%8����+
���!��F;%&������	��	
�8�#���6����!�%&�$���8����$�	����$��

��	���%#8�#���6�� �)�� rectal swabs IC�# enriched 9� buffered peptone water (BPW) 

�)#=,����'��%������	
���������1��
���	����!%�&&��8�8��
 �"!��������������%� 

$�1#�	�� ��$��	��%6���&��,�
�6�	
�6$�����'��#��$	��%6�����	�;#'&�	1$���%�)�#����

	�;#�%#��+
 $�1)&	
� 2 �,<����%�)�#%1����!�%#�
�,?��%1����!�)�#����
�,1?������� 5 ���%�)�# IC�#

�$�68�� Dr. A. Kai, Department of Microbiology, Tokyo Metropolitan Research 

Laboratory of Public Health, Tokyo ,�!�	��
�,1?� $�����!��$��F;%	��8�� Dr. A. Kai �)��

$��	��%6'��%������	��	
��"!��������������%� &'���	�����&'��� $�1#�	�� 8����+
 

dot-ELISA ���������&��	
�6$�����'��#�������������	�;#�%#��+
 ���%�)�#$�1)&	
� 3 �,<� rectal 

swabs 9� buffered glycerol saline (BGS) �%#�
�,?��%1����!�)�#�����
����&������ 42 �� 

IC�#=,�%��6$����$U�	
� 108 Hospital, Hanoi $�����!��$��!����'���F;%	��	
�'�%#,��6���$��

�%# 108 Hospital ��!$������'��%������8�� dot-ELISA 	��	
��"!��������������%� 

&'���	�����&'��� $�1#�	�� ���%�)�#$�1)&	
� 4 �,<� rectal swabs 9� BPW �%#�
�,?��%1����!

�)�#������ 82 �� IC�#=,�%��6$����$U�	
�8�#���6��6���������
� ��#'�����	61�
 $�����!
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��$��F;%	��	
�8�#���6��6���������
� �)��$������'��%������8�� dot-ELISA 	��	
��"!

��������������%� &'���	�����&'��� $�1#�	�� ��)���
��$�6���%�)�#$�1)&	
� 1, 2 ��! 3

��$������'��%������ O157 ��! Shiga toxins 9����%�)�#%1����!��! rectal 

swabs 	�;#'&� 628 ��� �6�)�&
���,<�6�$��
�# 9 ��� �F% ���%�)�#%1����!��$����
�,1?� 5 

�����!���=	���$8�#���6����!�%&�$��� �����61�
 4 ��� ��$�����!��$��F;%�6�)���$

%1����!�%#�
�,?������
�,1?� 5 ��� ��&��B��$�6�	
��
�=����#�
;�F% 1 ���=�� E. coli non-

O157, stx1+, stx2+, 2 ���=�� E. coli O157, stx1-, stx2+, 1 ���=�� E. coli O157, stx1+, stx2+,

��! 1 ����,<� E. coli O157, stx1+, stx2- �)�� rectal swabs ��$�
�,?�����=	� 4 ��� 	
�9'�

��6�$ dot-ELISA ��;� 1 ���9'���6�$�)% MAbO157 %
$ 3 ���9'���6�$�)% MAbStx2A 

��! MAbStx2B ��!��$�����!��$��F;% ��$=�� E. coli ��)=&)��&��B type =�� %�)�#=�$��


Western blot analysis �%#���%�)�#	
�9'���6�$�)% MAb O157 8�� dot-ELISA �6�)�&
 O157 

LPS %�
)���#��! 3 ���%�)�#	
�9'���6�$�)% MAbStx2A ��! MAbStx2B 8�� dot-ELISA �6�)�

9'���6�$�&F�%	��%6���� Verocytotoxic assay IC�#���#�)�&
 Shiga toxin %�
)9����%�)�#���# 

��)��F�%#��$,��&�"�%#���%�)�#&
��%��C#=&)��&��B���=,	��	��%6��F�%'������%# Shiga 

toxin 8����+
 neutralization �)��,<� Stx1 '�F% Stx2 =��

�%$��$�
;�"!�
��������#=��������'���F;% STEC ��! O157 E. coli  ��$%1����!���-

����IC�#&
���#����$,�!�	�%F��L�)��,<��'�)#$�$�1���F;% (reservoir) STEC 8���$�6���%�)�#

��$���-���� 9� 5 ��#'����F% ���,�& ���61�
 ��61�
 ��	61�
 ��!%16����+��
 �6�)���$

������%1����!�%#���,$�� 139 ��� ��&��B isolate STEC =�� 48 ������+1���! O157 E. coli 

1 ������+1���&�,<� 49 ������+1� ��$$���C$U��
8�	��,���!��8�	��,�������+
����&������+1$��&

����,��$�����
$8I)8��
�&%��� (�
I
%���) &��������$I��
I
%��� �%���-�
I
%��� (ERIC-PCR) 

�C$U�����&����!$���F;%��,���
��!�6�)� STEC ��! O157 E. coli 	
���$=����$%1����!���-

���� ������ 22 ������+1���$ 49 ������+1��,<� non-O157, stx1+/stx2+, 22 ��$ 49 ������+1�

�,<� non-O157, stx1-/stx+, 4 ������+1��,<� non-O157, stx1+/stx2-, ��! 1 ������+1��,<� 

O157+stx1-/stx2- IC�#��$��	��%6���� Verocytotoxic assay  ��! MAb O157 dot-ELISA 9'�

����#$�6�
I
%�����!&��������$I� �
I
%��� ��$ 49 ������+1��6�)� 38 ������+1�&
 hlyA gene 

��$$�����������
I
%��� ��! 37 ��$ 38 ������+1��
;���� hemolysin IC�#	��9'��$�� �-

hemolysis 9� blood agar plates ��$$������I
8�$�1�,�%#��F;%	�;# 49 ������+1����� 

serogroup specific antisera �6�)���&��B6%$I
8�$�1�,=����
�# 16 ������+1��F% 7 ������+1�

�,<� O8 ��! 3 ������+1��,<� O15 �)��%
$ 6 ������+1��6�)��,<� O27, O29, O142, O152, 

O157 ��! O168 I
8�$�1�,�! 1 ������+1� ���'��6 33 ������+1�	
� type =&)=����;� �6�)�&
 stx

gene (s) 	1$������+1���! 30 ������+1��,<� smooth variants �)��%
$ 3 ������+1��,<� rough 

mutants ��$������+1�	
� type =���6�)� 2 ������+1�	
��,<� O15 &
 eae ��! tir genes IC�#�,<� 
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virulence factors 	
�������9�$��$)%8�� �&F�%�C$U�'� genes %F��L9�����&���F% etpD ��! 

katP �6�)�=&)&
 isolate 9�&
 etpD gene ��! 3 ������+1�&
 katP gene ��$$���������&=�

�)%��,���
��! (�%&��I����� 10 =&8��$��& ��%��&�����%� 30 =&8��$��& �I��8�	�� 30 

=&8��$��&��!I�����&	�%$I�8I�-�����&8	���& 25 =&8��$��&) �6�)� 48 ��$ 49 ������+1�

=� (sensitive; S) �)%��	
�	��%6 ��!&
��
�# 1 ������+1�	
��F;% (resistant; R) ���%&��I����� 

��%��&�����%���!I�����&	�%$I�8I�-�����&8	���& ��$$�������$ STEC  ��! O157 E. 

coli 	�;# 49 ������+1�8��9�� genes 9�8��8&8I&��!����&����!���&=� (S) '�F%���&�F;%

(R) �)%��,���
��! �6�)���&��B�����$=���,<� 9 $�1)&��!$�1)&	
��6&�$	
��1��F% $�1)&	
� 1 IC�#

�,<� non-O157, stx1+/stx2+, eae-, tir-, etpD-, hlyA+, katP-, S

�%$��$�
;��#��&��B�����$�6�	
��
�	�;# 49 ������+1���&��������!�����%#

����&��%%$�,<� 10 $�1)& 8�� 46 ������+1�&
����&���)�#$���,<� 9 $�1)&��! 3 ������+1�=&)

&
����&�� ����������&��	
��6&
��;#��) 1-9 plasmids ��!&
������;#��) 1-9 Kb ��$$��9��

�	���� ERIC-PCR �6�)���&��B�����$�6�	
��
�	�;# 49 ������+1� =���,<� 11 $�1)& �F%&
 

bands 3-6 bands IC�#&
�����)�#$����;#��) >100 - 3,000 bp

��%&
��'�)��
;���#9'��'���)� STEC ��! O157 E. coli 	
��69����-�����1����,$��

9�,�!�	�=	�&
�
8�	��,���!��8�	��,�	
�'��$'��� ��!�&��)��!��#=&)�6�)��6�	
��
�������+1�

9�&
 virulence genes 	
���6B������'��6$)%8��9�&�1U����)$��	
�&
�6�	
��
�	
�&
 virulence 

genes �)�#L$��%�
)9�%1����!���-���������
��$�� '�F%>
#��
��$�� %���%F;%9'��$��$��B)��	%�

�
��!'�)�#�6�	
��
���!	��9'���F;%&
����H��$���,<���F;%$)%8��9���=��

��������3���'� 3

������'��
3��(�$���<���
�&'�()���
�����*����� ������"#$�����
��(�$
��1�

���<��"�-�	�"���� ���=*�3

�
������=������ recombinant E. coli clones IC�# carry genes 9�$������# toxin co-

regulated pili (tcpA) ��! genes 	
���6�1&$������#�����U (ctxA/ctxB) �%#��F;%%'�������!=��

���
�& purified TcpA ��! CT ��$ recombinant clones ��F�%9���,<� vaccine components 

8��$)%�9��=����� CT =,6)&�������&��%������&�,<���U�%#�)���%�$F%6'&���)�)��6
��#�#

%�
)��!��6$���,<�8&��$1�����9'�) (polymers) ��F�%����& immunogenicity ��!��
�$8&��$1�

�%# CT 	
��,�
����,�#=,�)� procholeragenoid '�F% P ��$��;����
�& vaccine component 

%
$����'�C�#�F% V. cholerae lipopolysaccharide (LPS) ������� LPS, TcpA ��! P =,���
�&

���I
��
���)�#L 6 formulations ����$���F% vaccine 1 ,�!$%6���� LPS, TcpA ��! P [��&

��
�$�)� antigen (Ag)] 9�)9���8�8I& (liposome; L) ��!��& bacterial CpG (vaccine 1= Ag 

+ L + CpG), vaccine 2 ,�!$%6���� Ag + L + non CpG DNA, vaccine 3 ,�!$%6���� L + 
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Ag, vaccine 4 ,�!$%6���� CpG DNA + Ag, vaccine 5 ,�!$%6���� non CpG DNA + Ag 

��! vaccine 6 ,�!$%6���� Ag (LPS, TcpA ��! P) �	)���;� ������I
�	�;# 6 formulations =,

	��%69�'�
 Wistar rats 6 $�1)& 8��9'�'�
��)�!$�1)&$�����I
���)�!��������! 3 8�� 8������

�!�!')�#$���!'�)�#8�� 14 ��� �%$��$�
;��#&
'�
$�1)&��6�1&%
$ 3 $�1)& IC�#=����6���I
�'�%$ 
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=����6���I
�'�F%  placebos 8���1�	������� 7 ���=�����!��F%�'�
 rats 	1$�����F�%'��!��6I��8�

=��� ��&	�;#=��������6�������I���	
������%���6%�
�)%�%������	�;#��&����9����=���)�����
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�#�$�69����	
� 7 '��#��$'�
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Subproject I

Development of a Ready- to- Use Diagnostic Test Kit for Leptospirosis

Hybridomas secreting specific monoclonal antibodies (MAb) to all members of

the genus Leptospira (clone LF9) and those that are specific only to the pathogenic

species (clones LD5 and LE1) were produced.  MAb LF9, which was immunoglobulin

G1 (IgG1), reacted to a 38-kDa component of the sodium dodecyl sulfate-

polyacrylamide gel electrophoresis-separated whole-cell homogenates of all Leptospira

spp., while MAb LD5 and MAb LE1, which were IgG1 and IgG2a, respectively, reacted

to the 35- to 36-kDa components of homogenates of all serogroups of the pathogenic

species of Leptospira.  The MAb LD5 was used in a dot blot-enzyme-linked

immunosorbent assay (dot-ELISA) for detecting Leptospira antigen in urine samples

either singly collected or serially collected from four groups of patients diagnosed with

leptospirosis, i.e., group 1: 60 patients clinically diagnosed leptospirosis using WHO

criteria.  They had had fever for the average of 2.97 days before hospitalization.  Single

urine samples were collected from individual patients upon hospital arrival and before

any treatment; group 2 included 8 clinically diagnosed patients. Urine samples were

collected from them three times, i.e. days 1, 7-19 and 22-38; group 3 were 36  

clinically diagnosed leptospirosis patients. Urine samples were collected on days 1, 2, 3,

7 and 14 of hospitalization and group 4 were 22 patients whose samples were either

culture positive for Leptospira spp. or MAT positive. Urine samples were collected from
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them on days 1-7.  The serum samples of patients were tested serologically by IgM

dipstick assay, indirect immunofluorescence assay (IFA), and/or microscopic

agglutination test (MAT).  Urine samples of 26 patients diagnosed with other illnesses

and 120 healthy individuals serve as controls.

For the first group of patients, their blood samples taken at the first day of

hospital arrival and 5, 6 or 7 days later revealed cumulative positivity at 53.85% by IgM

dipstick and 40% by MAT (the results were obtained about 4 months after sending the

sera).  Their single urine samples collected on the first day of hospitalization gave

61.67% positivity by MAb based-dot-ELISA and the test time was only 1-2 hours. For

the second group of patients, who had been ill for an average of 6.9 days before

hospitalization, the MAT were positive for 4 of 8 (50%) patients, while the Leptospira

antigenuria tested by the MAb based-dot-ELISA was positive for 62.5%, 100% and

100% of the urine samples collected on days 1, 7-19 and 22-38, respectively. For the

third group of patients who were 36 clinically diagnosed leptospirosis and who had been

ill for an average of 3.4 days before hospitalization, the IgM dipstick (tested twice), IFA

and MAT were positive for 83.3%, 70% and 85.7% of patients, while the Leptospira

antigenuria tested by the MAb based-dot- ELISA was positive for 75%, 88.9%, 97.2%,

97.2% and 100% on days 1, 2, 3, 7 and 14 of hospitalization, respectively.  All but 1 of

11 patients whose serum samples collected on the first day of hospitalization were IgM

seronegative, were positive by urine antigen test on day 1.  This is a strong evidence

that detection of antigen in urine can provide diagnostic information that could be useful

in directing early therapeutic intervention.  For the fourth group of patients who had

been ill for an average of 4.2 days before hospitalization, the cumulative positivity of

MAT (tested twice on two serum samples and the results were obtained after 4 months)

was 72.7% and the Leptospira antigen was found in 77.3%, 81.8%, 95.5%, 100, 100,

100, and 100% of the patients’ urine samples collected on days 1, 2, 3, 4, 5, 6, and 7 of

hospitalization, respectively.  Leptospira antigenuria was found in 3 of the 26 patients

diagnosed with other illnesses (3 clinically diagnosed melioidosis) and 1 of the 120

healthy controls.  Western blot analysis revealed that the samples really contained

Leptospira specific antigens.  The detection of antigen in urine by the monoclonal

antibody-based dot-ELISA has high potential for rapid, sensitive, and specific diagnosis

of leptospirosis at a low cost.
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Besides urine antigen detection, we have developed an antigenemia detection

assay in the form of PAb-MAb sandwich ELISA.  The test revealed 100% specificity and

sensitivity when buffy coat + plasma of patients who were MAT and IFA positive for

leptospirosis were tested.

The urine antigen detection assay was also applied to study leptospirosis in

cattle. The experiments and their results are the following:

Forty-five serum samples of leptospirosis suspected cattle [(serum MAT titer �
1:50 as tested by the National Institute of Animal Health (NIAH)] were re-tested by MAT

using a larger panel of live Leptospira serovars.  On the day of serum collection, urine

samples from these cattle were also collected for Leptospira culture, dark-field

microscopy plus Fontana’s Silver staining and Leptospira antigen detection by dot-

ELISA.  Serum and urine samples from twenty healthy cattle were used as negative

controls.

Thirty of 45 (66.67%) serum samples of leptospirosis suspected cattle were

positive by the re-tested MAT.  Among them, 40% had antibodies to serovar hardjo,

26.67% of them had antibodies to serovar ranarum and sejroe, while antibodies to

serovars ballum, hyos and wolffi were found in 16.67%, 13.33% and 13.33%,

respectively.  Fifty percent of the MAT positive serum samples revealed antibodies to

more than one Leptospira serovar.  All serum samples of the 20 healthy cattle were

negative by MAT.

Dark-field microscopy for direct visualization of Leptospira in the freshly

collected urine samples after centrifugation and Fontana’s Silver staining revealed that

12 of 45 (26.7%) contained Leptospira spp.  Among these 12 samples, Leptospira could

be cultured from 6 of the different aliquots of same urine samples.  Dot-ELISA for

Leptospira antigen detection was positive for 21 of 45 (46.67%) urine samples

Thus, the diagnostic sensitivity, diagnostic specificity, accuracy, and positive

and negative predictive values of the dot-ELISA in comparison with the DFM were

100.0%, 72.72%, 80.00%, 57.14% and 100.0%, respectively; and when compared with

the culture method, the figures were 100.0%, 61.54%, 66.68%, 88.51% and 100.0%,

respectively.  There were 9 urine samples which were dot-ELISA positive but DFM

negative.  Similarly, there were 15 samples which were dot-ELISA positive but culture
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negative.  All urine samples showing uncomformed results by dot-ELISA and DFM or

culture were subjected to PCR using a pair of oligo-nucleotide primers designed from

Leptospira 16S RNA, in order to detect the DNA of the organisms.  It was found that all

of the 21 dot-ELISA positive urine samples revealed Leptospira DNA amplicon (331 bp)

by PCR which confirmed that the results of dot-ELISA antigen detection results were

correct.  Moreover, Leptospira DNA was detected by the PCR in one of the dot-ELISA

negative, DFM negative and culture negative urine sample.  The urine sample was

MAbLF9 based dot-ELISA positive for non-pathogenic Leptospira spp.  antigen,

indicating that the PCR detects both pathogenic and non-pathogenic Leptospira DNA

while dot-ELISA detects only pathogenic Leptospira antigen.  The diagnostic sensitivity,

diagnostic specificity, accuracy, and positive and negative predictive values of the dot-

ELISA in comparison with the PCR were 95.45%, 100.0%, 97.77%, 100.0% and

95.83%, respectively.  The DNA amplification by PCR could detect Leptospira DNA in

semen specimens (30%) in this study.  It is, therefore, useful for the screening of a

semen in semen bank for work on artificial insemination of cattle.  Dot-ELISA was not

reactive when tested on urine samples of 20 healthy cattle which indicates 100%

specificity of the assay.

Dot-ELISA detects only pathogenic Leptospira antigen at the diagnostic

accuracy equal to PCR.  The dot-ELISA is rapid, easy to perform and relatively and

arbitrarily inexpensive.  It appears to be a very useful test for diagnosis of leptospirosis

in cattle where this disease predominates.

The dot-ELISA has been formulated into a test kit called “Lepto-Dot” for

detection of antigenuria while the sandwich ELISA has been formulated into “A

plate sandwich ELISA” for antigenemia detection.  Both test kits are now ready for

marketing.

Subproject II

Development of Diagnostic Method for Enterohemorrhagic Escherichia coli  (Shiga

toxin producing-E. coli) Infection

Hybridomas secreting monoclonal antibody (MAb) to lipopolysaccharide (LPS)

of  enterohemorrhagic Escherichia coli (EHEC) serogroup O157 and Shiga toxins 1 and

2 and their A and B subunits were produced.  The mono-epitope specificities of the MAb
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were screened using the homologous antigen and a wide range of heterologous

antigens.  The MAb to O157 LPS and MAbs to A-and B-subunits of Stx-1 and Stx-2

were used in a dot-ELISA for the detection of their respective antigens in stool  rectal

swab samples collected from patients with diarrhea.  The MAb-based dot-ELISA, when

performed in double-blinded manner, was positive for 9 samples (5 Japanese and 4

Thai samples) of 628 patients with diarrheas.  Bacterial isolations from the dot-ELISA

positive samples revealed 1 sample with non-O157, stx-1+, stx-2+ E. coli, 2 samples with

O157, stx-1-, stx-2+ E. coli, 1 sample with O157, stx-1+, stx-2+ E. coli, 1 sample with

O157, stx-1+, stx-2-  E. coli, and 4 samples with untypeable E. coli.  The results of the 5

Japanese samples tested by the culture and isolation method and the dot-ELISA were

conformed.  However, the 4 stool samples of the Thai patients were found to harbour E.

coli  but the serotyping was not performed.  The MAbO157 dot-ELISA positive sample

was subjected to Western blot analysis and O157 lipopolysaccharide was revealed.  The

3 samples which were Stx2 positive by dot-ELISA were subjected to Verocytotoxic

assay which the positive results were obtained indicating the presence of Stx.  The dot-

ELISA was negative for other samples.

Shiga toxin producing-Escherichia coli (STEC) has not yet been identified as an

important etiologic agent of human disease in Thailand.  To evaluate the potential for

STEC to contribute to human disease in Thailand, 139 fecal samples were collected

from healthy cattle from 5 different provinces and the isolated bacteria were analyzed by

genotypic and phenotypic methods for STEC.  Of 139 samples, 27 (19.4%) were

positive for stx1 and/or stx2 by multiplex polymerase chain reaction, or for O157

lipopolysaccharide (LPS) by immunoassay.  Isolates positive for stx and/or O157 were

subdivided into 49 strains that varied in the presence of the virulence determinants:

stx1+/stx2+ (22 strains), stx2+ 
(22 strains), stx1+ (4 strains), and O157 LPS (1 strain).

Within these 49 distinguishable strains, other virulence determinants varied as follows:

hlyA+ (77.6%), eae+ and tir+ (4.1%), and katP+ (6.12%).  The most predominant profile

(22 isolates) was stx1+/stx2+, eae-, tir-, etpD-, hlyA+, katP-.  For further characterization of

the isolated strains 2 molecular typing assays, plasmid profiles and ERIC PCR, were

performed.  The results suggest that the genetic and phenotypec profiles of STEC

associated with human disease are not prevalent at this time in cattle in Thailand.

The antigen detection assay, i.e. dot-ELISA is easy to perform and relatively

inexpensive compared to the culture, verocytotoxic assay and DNA amplification (PCR)



xxx

methods.  The procedure requires only 90 min; thus, the results are useful for treatment

indication.  The dot-ELISA provides multi-sample testing at a single time without

significant increase in the turn around time.  It does not require additional equipment

and does not produce large quantities of contaminated waste.  Most of all, the test using

a cocktail of MAbs to the A-and B-subunits of both Stx offers detection of the respective

antigens in clinical specimens of patients infected with non-O157 Shiga toxin-producing

bacteria.

Subproject III

Preparation of oral cholera vaccine component and efficacy testing of a new

vaccine adjuvant

Recombinant V. cholerae toxin co-regulated pili (TcpA) and cholera toxin (CT)

clones were produced.  An oral cholera vaccine made up of three Vibrio cholerae

antigens, i.e. recombinant toxin co-regulated pili (rTcpA), procholeragenoid (P) which is

a heat treated-high molecular weight CT, and lipopolysaccharide (LPS) has been

formulated into six different formulations.  Eight-week-old Wistar rats were divided into

nine groups.  The first group received the oral vaccine 1 consisting of the three antigens

(rTcpA, P and LPS) associated with a liposome (L) and bacterial CpG-DNA

(ODN#1826), whereas the rats of groups 2 and 3 received oral vaccines 2 and 3

consisting of the liposome-associated three antigens with and without non-bacterial

CpG-DNA (ODN#1982), respectively.  Rats of groups 4 received oral vaccine 4

consisting of the three antigens mixed with the ODN#1826 whereas rats of groups 5

and 6 received oral vaccines 5 and 6 consisting of the three antigens with and without

ODN#1982, respectively.  Rats of groups 7, 8 and 9 received oral placebos, namely

ODN#1826 (CpG), liposomes (L), and vaccine diluent, i.e. 5% NaHCO3 solution,

respectively.  All vaccines were given orally in three doses at 14-day intervals.  It was

found that liposomes and ODN#1826 in vaccine 1 displayed better adjuvant properties

in terms of evoking the highest immune response to V. cholerae antigens compared to

other vaccine formulations and placebos, as measured by the appearance of antigen-

specific antibody-producing cells in the intestinal lamina propria.  The immunogenicity in

the order of magnitude of immune response: V1>V2=V3>V4>V5=V6>V7=V8=V9.  The

results of this study indicate that CpG-DNA and liposome may be effective as a mucosal

adjuvant and a delivery vehicle, respectively, for an oral vaccine.  Similar vaccine

formulations should be tested in humans.
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,-�'�$�������G��8����,8��=,8�I
�'�F%8��=��G
�'�
 (Leptospirosis) %�
)	
�$������'�

��F;%$)%8����$���%�)�#���#�)#������$�
�,?�� (specimens) 	��=����$�������'�1'���,�!$�� 

��)� ��F;%��������68����&�$9�%�'�����!��
;�# %�'�����!��
;�#���
�&��$ $�����!��F;%&
,-�'�

$��,��,`j%�8����F;%�6�	
��
�%F��L ��!��F;%��=��#)��	��9'����!��F;%��,8��=,��=&)�C;� &
���&=�

����&�$ (sensitivity) ��!9���������'�����F%�$�)��!	��6�� $������'���F;%8����#����$��

��%&�
'�F%9��$��%#�����F;�	C6��# (dark field - microscope) ������&�G��! $��G
����������

	��%#9�����������!$)%9'��$��,-�'�	�#���#�����%& ����!�����%��$����,<��'�)#$�$�1���F;% 

(reservoir) ��!��%#&
8�#��
;�#�����	��%# $��9���	����	�#�
���	���!��68&��$1� ��)� $������

'�������+1$��& [�
� (genes)] �%#��F;%8��������&�G��! &
���&=���������!&
�����6��;#

,��$����� (inhibitors) 9����%�)�#���#�)#���� �)�9���)���
#��!��%#9�����F�%#&F%����U ��&	�;#��%#9��

�
�������9�$��	��$��	��%6 $������'��%���6%�
�)%��F;%��,8��=,��9�I
��&�%#�
�	
��#����)�

�����F;%IC�#%#��$��%��&��8�$��!���9'�9����+
	��%6�66=&8���%$$�
������� (Microscopic 

agglutination test; MAT) ��+
�
;��%#9���%�������F%��F;%��,8��=,��&
�
���'���$�1)&��!'���

������+1�IC�#��
;�#��$ $��	��%69��������� $�!6��$���1)#��$��!������&=�8���G��!

%�)�#���#9��!�!,?���G
�6���� (acute infection) ��!�&F�%��F;%	
�9���,<��%������=&)��%6��1&��F;%

	
��,<����'�1�%#%�$��,?�� �%$��$�
;��#%����%#���!��F%���$�
�,?���%#���;#')�#$�� 7-10 ��� 

$��	��%6�,�����$8���G��!%�)�#���#9�$�"
	
��
�,?��&
�
&�������%�
)9�	�%#B���	
�&
8����,8��

=,8�I
�,�!���B��� (endemic) �	���� MAT �
;����,<���%#	��9�'�%#,��6���$��	
�&
���&���%&��)� 

�
����')#����'�F%�B�6��	
���6�%#8��%#��$��%��&��8�$ �C#	��9'���%#�%��$��	��%6�,<�����

���'�����F%�����!'�%#,��6���$��	���=,=&)��&��B	��=�� ��#��;���$�������G���C#=&)��&��B9��

�,<���%&
���F�%�)��6)#�
;$����$U�=�� 9�,-��16��&
��+
	��%6'��%���6%�
	
������&	��9'�#)����!

9��������%��# ��)� $������'��%���6%�
�����%�& (IgM antibodies) 8��$��9���	)#�1)&

(dipstick) '�F%��+
%�&&��8���
%%����I��	� ��)$��6�)���#������&=�8���G��!%�)�#���#9��!�!

,?���G
�6���� '�F%�%������	
�9�����
�& dipstick IC�#	����$�)�#,�!�	�=&)��%6��1&��F;%	
��,<�

���'�1�%#8��9��
�,?�����=	�

��#��;��"!�
�������C#=����H����+
�����G��8����,8��=,8�I
�9'&) 8���,�
�����������!

��+
��$$������'������F;%8����+
���!��F;%'�F%$������'��%���6%�
�)%��F;%=,�,<���+
����'�

�%�������G��!�%#��F;%��,8��=,��9����%�)�#���#�)#������$�
�,?�� ��)� ,-����!��!��F%�8��

9��8&8�8������%���6%�
�G��!�)%��F;%��,8��=,��������+1�	
�$)%8���,<����������6

(detection reagent) �%������
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�"!�
������=������8&8�8������%���6%�
IC�#&
���&�G��!�)%�6�	
��
�9��
�����,8��

=,��	1$������+1�	�;#	
�$)%8����!=&)$)%8����!9'��F�%8&8�8������%���6%�
�)� “MAbLF9” IC�#

�,<�%�&&��8�$�%6
��������� IgG1 �%$��$�
;��#=������8&8�8������%���6%�
	
�&
���&�G��!

�)%��F;%��,8��=,��	
�$)%8���	)���;���!=&)	��,��$����$�6�%�������%#��F;%	
�=&)$)%8����!9'��F�%

8&8�8������%���6%�
�)� MAbLD5 ��! MAbLE1 IC�#�,<�%�&&��8�$�%6
��������� IgG1 ��! 

IgG2a ��&�����6

���'��6���%�)�#��$&�1U��	
�9������'��%�������%#��,8��=,����;�&
	�;#,-����! I
��& 

����&� ��!����&���&$�66����8�	 (buffy coat) IC�#&
�&����F%������&%�
)���� 8��=�����

%�)�#�
�,?����$8�#���6����&�')#9����%
���IC�#�,<��F;�	
�	
�&
8����,8��=,8�I
� �%$��$�
;

��#=���$�6���%�)�#��$�
�,?��$�1)&��6�1&��!��,$������

�
�,?����,8��=,8�I
�$�1)&	
� 1 : ������ 60 ����$8�#���6����#'����%��$)� IC�#

��	�������G����&%�$���)��,<�8����,8��=,8�I
�8��9���$"���%#%#��$��%��&��8�$ �
�,?��

$�1)&�
;&
%�$��,?���G�
�� 2.97 ���$)%�=,8�#���6�� 9������$$)%�$����$U���	��=�����!��F%�

��$I
��&��F�%����'��%���6%�
8��9���	)#�1)& (IgM dipstick) IC�#���������$�)�#,�!�	� I
��&�%#

�
�,?�����9�9'���6�$$��!B
$�)#=,�F����������+
 MAT �)%=, �
�,?�����	
�I
��&9������$9'����6

IgM dipstick �!B
$���!��F%�	��%6I;��9����	
� 5, 6 '�F% 7 ��!B��,��$��)����9�9'���6�$ 

IgM dipstick $��!	��%6�F�������� MAT ��)�$�� �%$��$�
;��	����#=���$�6���%�)�#,-����!

��$�
�,?��	1$��9������$	
�=,8�#���6����F�%����'��%�������%#��F;%��,8��=,��������+
 

MAb based-dot-blot ELISA 	
��"!�
������=����H���C;� �6�)��
�,?��$�1)&�
;9'���6�$ IgM dipstick 

����,<���6�$�!�& (cumulative positivity) ��$$������I
��&�%#���;#��&$�� 53.85% ��! 

MAT &
 % cumulative positivity [���&=� (sensitivity)] 40% (	��6�����'��#�)#I
��&=,���� 

4 ��F%�'�F%���$�)���;�) 9��"!	
�,-����!IC�#�$�6��
�#���;#��
��9������$	
��
�,?��=,BC#8�#

���6�� 9'���6�$  61.67% ��! 9������	��%6��
�# 1-2 ����8&#

�
�,?��$�1)&	
� 2 �,<��
�,?����$8�#���6��&'���� ��#'����������
&� 	
���	�������G��

�6F;%#�����&%�$���)��,<�8����,8��=,8�I
������� 8 �� &
=��&������G�
�� 6.9 ���$)%�=,8�#

���6�� ��$������I
��&8�� MAT �6�)� 4 ��$ 8 ��� (50%) 9'���6�$ (	��6�����'��#�)#

I
��&=,���� 4 ��F%�'�F%���$�)� ��!��%#�)#I
��&&�$$�)�'�C�#���%�)�#) ���%�)�#,-����!	
��$�6

9������$��$�
�,?��$�1)&�
;�&F�%����'��%������������+
 MAb based-dot-ELISA �6�)�&
��6�$

BC# 5 ��� ��$�
�,?�� 8 ��� (62.5%) ��!�&F�%����,-����!�
�,?�� 3 ���	
�9'����69������$%
$

���;#'�C�#�6�)�9'���6�$	�;# 3 ��� ��#��;� % cumulative positivity (sensitivity) �%#$������'�

�%�������C#�,<� 100%
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�
�,?��$�1)&	
� 3 ������ 36 �� �,<��
�,?����$8�#���6���%��$)�	
���	�������G����&

%�$���)��,<�8����,8��=,8�I
� &
%�$��,?��&������G�
�� 3.4 ��� 9������$	
�=,8�#���6��=��

B
$���!��F%���F�%	��%6���� IgM dipstick ��)���
��$�6$�1)&	
� 1 �&F�% IgM dipstick 9'���6�$$�

�!�)#I
��&��;�L=,�F����������+
 immunofluorescence antibody test (IFA) IC�#���9�	
�9'���6�$ 

IFA $��!B
$�)#�)%=,	��%6'� MAT titer �)�����9�	
�I
��&�%#�����$9'����6�&F�%�������� 

IgM dipstick $��!B
$����I;����)���
��$�6$�1)&	
� 1 9����	
� 5, 6 '�F% 7 �
�,?��$�1)&�
;��	��=���$�6

���%�)�#,-����!9������$��!���	
� 2, 3, 7 ��! 14 ��F�%����'��%������ �6�)� IgM dipstick &
 

% cumulative positivity 69.4%, IFA &
 % positivity ��$���%�)�#	
�9'���6�$ IgM dipstick 64% 

��! MAT &
 % positivity ��$���%�)�#	
�9'���6�$	�;# IgM dipstick ��! IFA 85.7% $������'�

�%������9����%�)�#,-����!9������$&
 % positivity 75.0% ��!����&�,<� 88.9%, 97.2%, 

97.2% ��! 100% 9����	
� 2, 3, 7 ��! 14 ��&�����6

�
�,?��$�1)&	
� 4 �,<��
�,?��	
�$�����!��F;%��F;%��,8��=,��9���F%���!/'�F%�;����$=����

'��#'�F%$��	��%6I
��&8�� MAT 9'���6�$ (	��6�� 4-6 ��F%�'��#,?��) ������ 22 �� ��$

8�#���6����#'���%16����+��
 �
�,?��$�1)&�
;&
%�$��,?��&�$)%������G�
�� 4.2 ��� �&F�%	��$��

����'��%������������+
 MAb based-dot-blot ELISA �6�)�,-����!IC�#�$�6��$�
�,?��9������$ 

��! ���	
� 2, 3, 4, 5, 6 ��! 7 &
 % positivity 81.8%, 95.5%, 100%, 100%, 100% ��! 100%

��&�����6

�%$��$�
;��#=��	��%6���&�G��!��!���&�&)�����%#�1����� MAb based-dot-

ELISA 	
�=����H���C;�$�6,-����!��$�
�,?��$�1)&��6�1&��!��$��,$��8������'��%������9�

,-����! IC�#=������#�
;

�
�,?��$�1)&��6�1&,�!$%6���� �
�,?��IC�#��	��9'�$�������G���6F;%#����)�&
=��8��=&)

	��6���'�1 (P.U.O.) ������ 26 �� ��)�)%&��6�)���&��B�����$=����#�
; �
�,?��&!���#	)%�;���
 

(cholangiocarcinoma; CCA) 10 ��� �
�,?��8���&��%%�8�I
� (��$$�������G����&%�$��) 8 

��� �
�,?��&�����
� (�6��F;%9���F%�) 3 ��� �
�,?������6=	�-� (�6�%���6%�
8��$������	�#

I
8�8��
) 1 �����!�
������F;%���+�96=&���6 4 ��� ��$������,-����!	
��$�6��$�
�,?�����! 1 

���;#�6�)�&
�
�,?�� 3 ��� 	
���	�������G����&%�$���)��,<��&��%%�8�I
�9'���6�$�)%$������

'��%�������%#��F;%��,8��=,8�I
� ��#��;��C#���,-����!�%#�
�,?�� 3 ����
;=,	��%6������+
���

�	%���6�%	�6�)�&
�B6�%������-�%���6%�
 ��#����'�)# 38 $�8������� �&F�%�������� 

MAbLF9 ��!&
�B6�%������-�%���6%�
��#����'�)# 35-36 $�8������� �&F�%�������� MAbLD5 

IC�#�,<�$���F�����)���$������'��%�������%#��F;%��,8��=,���,<���6�$���# �)��%
$ 23 

���9'����6
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��$���%�)�#,-����!�%#��,$�� 120 ��� IC�#�,<����%
�����)���
��$�6�
�,?����,8��

=,8�I
��6�)�&
�%�������%#��F;%��,8��=,�� 1 ��� %�)�#=�$��
��F�%#��$=&)&
���%�)�#�'�F%�%

���'��6$�������F����������+
����	%���6�%	�C#=&)%��6%$=���)��,<���6�$,�%&'�F%��6�$

���# $�"
�
;�
������&
���&�'���)�%���,<�����!$����#�����F;%8��=&)&
%�$��,?�� '�F%���,?����)=��

��6,�!	�����%#��!'��������)��#�#&
��F;%%�
)$��,<�=��

�%$��$$����H���1����� MAb based-dot-blot ELISA ���'��6����'��%������9�

,-����!���� �
��������#=����H���1�����'��%������9���F%�������+
 PAb-MAb based-sandwich 

ELISA ���� ��!�6�)�$������'��%������9�I
��&'�F%����&���;�&
���&=����� ��)$��9��

����&���! buffy coat ��&$���,<����%�)�#���'��6����9'����&=��
# 100% 	�;#9������	
�	��%#

9'������F;%��!9��
�,?��

�1�����'��%������9�,-����!��#$�)�����#���=��B
$���=,9������$�%#�����$����&	
�

���&
,�!����$���	�#����!8����,8��=,8�I
��6�)���&��B9��=�����


�%$��$�
;�"!�
��������#=����H���	�����
I
%�����F�%9������$��,��,`j%���F;%��,8��=,

��9����%�)�#�;����F;%��� (semen) ��$���#�;����F;%�%#$%#��&�	
�& $�&,�1��������� IC�#$������

$�%#��#$�)���!�)��9'�'�
$��
��#$��9���;����F;%IC�#,��,`j%� (contaminated semen) 9�$����&

�	
�&��F�%,J%#$��$���	�#�
$�%#�&)���

��������3���'� 2

����
%��������1'����������������
0�*�
�����	�
�������� �!���-������?'����	���� 

� ���� '���8# (�' ��8#) [�#�3� O157 "#$�#�3��'�>#��
����A ��� (Shiga toxin producing- 

E. coli; STEC)]

�"!�
������=����H����+
 monoclonal antibody based dot-ELISA (dot-ELISA) ��F�%

���������G��8�������F;%%
8�=�$�1)& O157 ��! STEC 8��$������=|6��8�&�IC�#����#��!'���#8&

8�8������%���6%�
 (MAb) �G��!�)% O157 lipopolysaccharide (LPS) ��!�����U��$�	�;#

����	
� 1 (Shiga toxin 1) ��!����	
� 2 (Shiga toxin 2) 	�;#�)%�)���% (A subunit) ��!�)��6
 (B 

subunit) �%#�����U	�;#�%#�����F% MAbO157, MAbStx1A, MAbStx1B, MAbStx2A ��! 

MAbStx2B ��!9�� MAb �'�)��
;�,<� detection reagents ��F�%����'��%������9����%�)�#
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Executive Summary

Subproject I

Development of a Ready- to- Use Diagnostic Test Kit for Leptospirosis

Hybridomas secreting specific monoclonal antibodies (MAb) to all members of

the genus Leptospira (clone LF9) and those that are specific only to the pathogenic

species (clones LD5 and LE1) were produced.  MAb LF9, which was immunoglobulin G1

(IgG1), reacted to a 38-kDa component of the sodium dodecyl sulfate-polyacrylamide gel

electrophoresis-separated whole-cell homogenates of all Leptospira spp., while MAb LD5

and MAb LE1, which were IgG1 and IgG2a, respectively, reacted to the 35- to 36-kDa

components of homogenates of all serogroups of the pathogenic species of Leptospira.

The MAb LD5 was used in a dot blot-enzyme-linked immunosorbent assay (dot-ELISA) for

detecting Leptospira antigen in urine samples either singly collected or serially collected

from four groups of patients diagnosed with leptospirosis, i.e., group 1: 60 patients

clinically diagnosed leptospirosis using WHO criteria.  They had had fever for the average

of 2.97 days before hospitalization.  Single urine samples were collected from individual

patients upon hospital arrival and before any treatment; group 2 included 8 clinically

diagnosed patients. Urine samples were collected from them three times, i.e. days 1, 7-19

and 22-38; group 3 were 36 clinically diagnosed leptospirosis patients. Urine samples

were collected on days 1, 2, 3, 7 and 14 of hospitalization and group 4 were 22 patients

whose samples were positive either by culture for Leptospira spp. or by MAT.  Urine

samples were collected from them on days 1-7.  The serum samples of patients were

tested serologically by IgM dipstick assay, indirect immunofluorescence assay (IFA),

and/or microscopic agglutination test (MAT).  Urine samples of 26 patients diagnosed with

other illnesses and 120 healthy individuals serve as controls.

For the first group of patients, their blood samples taken at the first day of

hospital arrival and 5, 6 or 7 days later revealed cumulative positivity at 53.85% by IgM

dipstick (tesed twice at 5-7 days interval) and 40% by MAT (the results were obtained

about 4 months after sending the sera).  Their single urine samples collected on the first

day of hospitalization gave 61.67% positivity by MAb based dot-ELISA and the  test time

was only 1-2 hours. For the second group of patients, who had been ill for an average of

6.9 days before hospitalization, the MAT were positive for 4 of 8 (50%) patients, while the

Leptospira  antigenuria tested by the MAb-based dot-ELISA was positive for 62.5%, 100%



x

and 100% of the urine samples collected on days 1, 7-19 and 22-38, respectively.  For

the third group of patients who were 36 clinically diagnosed leptospirosis and who had

been ill for an average of 3.4 days before hospitalization, the IgM dipstick (tested twice),

IFA and MAT were positive for 83.3%, 70% and 85.7% of patients, while the Leptospira

antigenuria tested by the MAb based dot- ELISA was positive for 75%, 88.9%, 97.2%,

97.2% and 100% on days 1, 2, 3, 7 and 14 of hospitalization, respectively.  All but 1 of 11

patients whose serum samples collected on the first day of hospitalization were IgM

seronegative, were positive by urine antigen test on day 1.  This is a strong evidence that

detection of antigen in urine can provide diagnostic information that could be useful in

directing early therapeutic intervention.  For the fourth group of patients who had been ill

for an average of 4.2 days before hospitalization, the cumulative positivity of MAT (tested

twice on two serum samples and the results were obtained after 4 months) was 72.7%

and the Leptospira antigen was found in 77.3%, 81.8%, 95.5%, 100, 100, 100, and 100%

of the patients’ urine samples collected on days 1, 2, 3, 4, 5, 6, and 7 of hospitalization,

respectively.  Leptospira antigenuria was found in 3 of the 26 patients diagnosed with

other illnesses (3 clinically diagnosed melioidosis) and 1 of the 120 healthy controls.

Western blot analysis revealed that the samples really contained Leptospira specific

antigens.  The detection of antigen in urine by the monoclonal antibody-based dot-ELISA

has high potential for rapid, sensitive, and specific diagnosis of leptospirosis at a low cost.

Besides urine antigen detection, we have developed an antigenemia detection

assay in the form of PAb-MAb sandwich ELISA.  The test revealed 100% specificity and

sensitivity when buffy coat + plasma of patients who were MAT and IFA positive for

leptospirosis were tested.

The urine antigen detection assay was also applied to study leptospirosis in

cattle. The experiments and their results are the following:

Forty-five serum samples of leptospirosis suspected cattle [(serum MAT titer �
1:50 as tested by the National Institute of Animal Health (NIAH)] were re-tested by MAT

using a larger panel of live Leptospira serovars.  On the day of serum collection, urine

samples from these cattle were also collected for Leptospira culture, dark-field microscopy

plus Fontana’s Silver staining and Leptospira antigen detection by dot-ELISA.  Serum and

urine samples from twenty healthy cattle were used as negative controls.
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Thirty out of 45 (66.67%) serum samples of leptospirosis suspected cattle were

positive by the re-tested MAT.  Among them, 40% had antibodies to serovar hardjo,

26.67% of them had antibodies to serovar ranarum and sejroe, while antibodies to

serovars ballum, hyos and wolffi were found in 16.67%, 13.33% and 13.33%, respectively.

Fifty percent of the MAT positive serum samples revealed antibodies to more than one

Leptospira serovar.  All serum samples of the 20 healthy cattle were negative by MAT.

Dark-field microscopy for direct visualization of Leptospira in the freshly collected

urine samples after centrifugation and Fontana’s Silver staining revealed that 12 of 45

(26.7%) contained Leptospira spp.  Among these 12 samples, Leptospira could be

cultured from 6 of the different aliquots of the same urine samples.  Dot-ELISA for

Leptospira antigen detection was positive for 21 of 45 (46.67%) urine samples.

Thus, the diagnostic sensitivity, diagnostic specificity, accuracy, and positive and

negative predictive values of the dot-ELISA in comparison with the DFM were 100.0%,

72.72%, 80.00%, 57.14% and 100.0%, respectively; and when compared with the culture

method, the figures were 100.0%, 61.54%, 66.68%, 88.51% and 100.0%, respectively.

There were 9 urine samples which were dot-ELISA positive but DFM negative.  Similarly,

there were 15 samples which were dot-ELISA positive but culture negative.  All urine

samples showing uncomformed results by dot-ELISA and DFM or culture were subjected

to PCR using a pair of oligo-nucleotide primers designed from Leptospira 16S RNA, in

order to detect the DNA of the organisms.  It was found that all of the 21 dot-ELISA

positive urine samples revealed Leptospira DNA amplicon (331 bp) by PCR which

confirmed that the results of dot-ELISA antigen detection results were correct.  Moreover,

Leptospira DNA was detected by the PCR in one of the dot-ELISA negative, DFM

negative and culture negative urine sample.  The urine sample was MAbLF9 based dot-

ELISA positive for non-pathogenic Leptospira spp.  antigen, indicating that the PCR

detects both pathogenic and non-pathogenic Leptospira DNA  while dot-ELISA detects

only pathogenic Leptospira antigen.  The diagnostic sensitivity, diagnostic specificity,

accuracy, and positive and negative predictive values of the dot-ELISA in comparison with

the PCR were 95.45%, 100.0%, 97.77%, 100.0% and 95.83%, respectively.  The DNA

amplification by PCR could detect Leptospira DNA in semen specimens (30%) in this

study.  It is, therefore, useful for screening of a semen in semen bank for the work on

artificial insemination of cattle.  Dot-ELISA was not reactive when tested on urine samples

of 20 healthy cattle which indicates 100% specificity of the assay.
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Dot-ELISA detects only pathogenic Leptospira antigen at the diagnostic accuracy

equal to PCR.  The dot-ELISA is rapid, easy to perform and relatively and arbitrarily

inexpensive.  It appears to be a very useful test for diagnosis of leptospirosis in cattle

where this disease predominates.

The dot-ELISA has been formulated into a test kit called “Lepto-Dot” for

detection of antigenuria while the sandwich ELISA has been formulated into “A plate

sandwich ELISA” for antigenemia detection.  Both test kits are now ready for

marketing.

Subproject II

Development of Diagnostic Method for Enterohemorrhagic Escherichia coli  (Shiga

toxin producing-E. coli) Infection

Hybridomas secreting monoclonal antibody (MAb) to lipopolysaccharide (LPS) of

enterohemorrhagic Escherichia coli (EHEC) serogroup O157 and Shiga toxins 1 and 2

and their A and B subunits were produced.  The mono-epitope specificities of the MAb

were screened using the homologous antigen and a wide range of heterologous antigens.

The MAb to O157 LPS and MAbs to A-and B-subunits of Stx-1 and Stx-2 were used in a

dot-ELISA for the detection of their respective antigens in stool  rectal swab samples

collected from patients with diarrhea.  The MAb-based dot-ELISA, when performed in

double-blinded manner, was positive for 9 samples (5 Japanese and 4 Thai samples) of

628 patients with diarrheas.  Bacterial isolations from the dot-ELISA positive samples

revealed 1 sample with non-O157, stx-1+, stx-2+ E. coli, 2 samples with O157, stx-1-, stx-2+

E. coli, 1 sample with O157, stx-1+, stx-2+ E. coli, 1 sample with O157, stx-1+, stx-2-  
E.

coli, and 4 samples with untypeable E. coli.  The results of the 5 Japanese samples

tested by the culture and isolation method and the dot-ELISA were conformed.  However,

the 4 stool samples of the Thai patients were found to harbour E. coli  but the serotyping

was not performed.  The MAbO157 dot-ELISA positive sample was subjected to Western

blot analysis and O157 lipopolysaccharide was revealed.  The 3 samples which were Stx2

positive by dot-ELISA were subjected to Verocytotoxic assay which the positive results

were obtained indicating the presence of Stx.  The dot-ELISA was negative for other

samples.
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Shiga toxin producing-Escherichia coli (STEC) has not yet been identified as an

important etiologic agent of human disease in Thailand.  To evaluate the potential for

STEC to contribute to human disease in Thailand, 139 fecal samples were collected from

healthy cattle from 5 different provinces and the isolated bacteria were analyzed by

genotypic and phenotypic methods for STEC.  Of 139 samples, 27 (19.4%) were positive

for stx1 and/or stx2 by multiplex polymerase chain reaction, or for O157

lipopolysaccharide (LPS) by immunoassay.  Isolates positive for stx and/or O157 were

subdivided into 49 strains that varied in the presence of the virulence determinants:

stx1+/stx2+ (22 strains), stx2+ 
(22 strains), stx1+ (4 strains), and O157 LPS (1 strain).

Within these 49 distinguishable strains, other virulence determinants varied as follows:

hlyA+ (77.6%), eae+ and tir+ (4.1%), and katP+ (6.12%).  The most predominant profile (22

isolates) was stx1+/stx2+, eae-, tir-, etpD-, hlyA+, katP-.  For further characterization of the

isolated strains 2 molecular typing assays, plasmid profiles and ERIC-PCR, were

performed.  The results suggest that the genetic and phenotypec profiles of STEC

associated with human disease are not prevalent at this time in cattle in Thailand.

The antigen detection assay, i.e. dot-ELISA is easy to perform and relatively

inexpensive compared to the culture, Verocytotoxic assay and DNA amplification (PCR)

methods.  The procedure requires only 90 min; thus, the results are useful for treatment

indication.  The dot-ELISA provides multi-sample testing at a single time without

significant increase in the turn around time.  It does not require additional equipment and

does not produce large quantities of contaminated waste.  Most of all, the test using a

cocktail of MAbs to the A-and B-subunits of both Stx offers detection of the respective

antigens in clinical specimens of patients infected with non-O157 Shiga toxin-producing

bacteria.

Subproject III

Preparation of oral cholera vaccine component and efficacy testing of a new vaccine

adjuvant

Recombinant V. cholerae toxin co-regulated pili (TcpA) and cholera toxin (CT)

clones were produced.  An oral cholera vaccine made up of three Vibrio cholerae

antigens, i.e. recombinant toxin co-regulated pili (rTcpA), procholeragenoid (P) which is a

heat treated-high molecular weight CT, and lipopolysaccharide (LPS) has been formulated

into six different formulations.  Eight-week-old Wistar rats were divided into nine groups.
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The first group received the oral vaccine 1 consisting of the three antigens (rTcpA, P and

LPS) associated with a liposome (L) and bacterial CpG-DNA (ODN#1826), whereas the

rats of groups 2 and 3 received oral vaccines 2 and 3 consisting of the liposome-

associated three antigens with and without non-bacterial CpG-DNA (ODN#1982),

respectively.  Rats of groups 4 received oral vaccine 4 consisting of the three antigens

mixed with the ODN#1826 whereas rats of groups 5 and 6 received oral vaccines 5 and 6

consisting of the three antigens with and without ODN#1982, respectively.  Rats of groups

7, 8 and 9 received oral placebos, namely ODN#1826 (CpG), liposomes (L), and vaccine

diluent, i.e. 5% NaHCO3 solution, respectively.  All vaccines were given orally in three

doses at 14-day intervals.  It was found that liposomes and ODN#1826 in vaccine 1

displayed better adjuvant properties in terms of evoking the highest immune response to

V. cholerae antigens compared to other vaccine formulations and placebos, as measured

by the appearance of antigen-specific antibody-producing cells in the intestinal lamina

propria.  The immunogenicity in the order of magnitude of immune response: V1>V2=V3>

V4>V5=V6>V7=V8=V9.  The results of this study indicate that CpG-DNA and liposome

may be effective as a mucosal adjuvant and a delivery vehicle, respectively, for an oral

vaccine.  Similar vaccine formulations should be tested in humans.

Keywords  : Leptospirosis, Leptospira spp., hybridoma, monoclonal antibodies,

enterohemorrhagic Escherichia coli, Shiga toxin, Vibrio cholerae, cholera,

vaccine, ELISA, diagnosis, genetic engineering, adjuvants
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;$�������G��8��

	�#��	���
&��1�&$��'���L��+
 ��#��&��B9�������$�
�,?���)�$����#�����F;% (acute/current 

infection) ��������F;%�&F�%=&)���&��
; (recent infection) '�F%��������F;%9�%�
� (past-cured 

infection) =��%
$���� '�����+
��&��B9��,�!�&����$����$U��)��
�,?��'���������'�F%=&) %
$

	�;#&
,�!8�����)%$���C$U�	�#��	��$���!6���%#8��%��&
�1�,�!�#����F�%,J%#$�� ��6�1& 
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� ��������3���'� 1

$����H���1�������������
,���'��6�����G��8����,8��=,8�I
� (Development of a 

ready-to-use diagnostic test kit for leptospirosis)

� ��������3���'� 2

$����H����+
�����G��8�������F;%�%���	%8�|
8&����$ �%���%����
�8�=�

(Development of diagnostic method for enterohemorrhagic Escherichia coli

infection)

� ��������3���'� 3

$�����
�&�)��,�!$%6�%#���I
�,J%#$��8��%'���������$����!$��	��%6,�!��	+�

����%#�%���
����	�����9'&)

(Preparation of oral cholera vaccine component and efficacy testing of a new 

vaccine adjuvant)

�
�W�(�$
���

�
�W�(�$
���<����������3���'� 1

��F�%��H����+
$�������G����!�����1�������������
,���'��6�����G��8����,8��=,8�I
�

9��
�,?���!�!�G
�6���� (acute) %�)�#������� (9��������%�) ��!�&)���� (&�$$�)���+
	
�&
%�
)

���&) 8��$������'��%�������G��!�%#��F;%9�,-����!��!/'�F%9���F%��%#�
�	
��#����)��,<�

8�� 8��$��9��8&8�8������%���6%�
�G��! genus Leptospira ��!8&8�8������%���6�


�G��!�)% pathogenic species �,<� detection reagents

�
�W�(�$
���<����������3���'� 2

��F�%��H��$��&��+
	�#%�&&��8���	�����'��6�����G��8�������F;% enterohemorrhagic 

Escherichia coli (EHEC) 8��$��9�� specific monoclonal antibodies �,<� detection 

reagents ��F�%����'� Shiga toxins ��! O-antigen �%# EHEC (O157) 9� ���%�)�#�)#����

(specimens) ��$�
������F;%
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� ��F�%���
�& recombinant clones IC�#���� Vibrio cholerae adhesin (TcpA) 8����+
	�#���+1

����$��& ���'��6	
��!9�� TcpA �,<��)��,�!$%6����'�C�#9���&�����%# oral cholera 

vaccine

� ��F�%�C$U�,�!��	+�����%# oral adjuvant ����9'&)�F% bacterial CpG-DNA ���'��6���I
�

,J%#$��8��%'����� IC�#�,<����I
�����$��

�$��'����1'��	
��'��
��8�����
��(

��������3���'� 1:  �����%���6%�
����8&8�8�����	
�&
���&�G��!�)%�6�	
��
�

��!$
���,8��=,�� ��! pathogenic species ��$�I���=|6��8�&�8��� LF9 ��! LD5 	
�&
%�
)

����8����
;�#�I���9�%�'�����'��6���!��
;�#��!9���%���6%�
�'�)��
;�,<����F�%#&F%9�$������
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�,?��$����#�,<�

8����,8��=,8�I
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&������9�,-��16��

��������3���'� 2:  9���	����=|6��8�&�9�$�������I���=|6��8�&� IC�#����#�%���6%�
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&�IC�#����#�%���6%�
�G��!�)%8%�%�������%#%
8�=������%���	%8�|
8&����$ $�1)& O157 ��!
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;9�$��������6�%�������,J�'&��9����%�)�#���#�)#������$�
�
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��	�� �,�
�6�	
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�����G��8��	
�&
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)���& IC�#�)%����#�1)#��$��!�)�9���)���
# ��)� ��+
���!

��$��F;% ��+
����'�	�%$I������ bioassay (cytotoxic test) ��!/'�F%��+
����&�����
�8��

�	�����
I
%���

��������3���'� 3:


3���'� 1: ��F�%���
�& recombinant fimbrial antigen (Toxin-coregulated pili A; 

TcpA) �%#��F;%%'�����8������&��$$�� ���
�& PCR probe ��F�%���=,9��	�� Southern 

hybridization ��! colony hybridization ��F�%��F%$ enzyme digestion fragments 	
��'&�!�&

�%# genomic DNA ��$��F;%%'�����������+1�	
����� fimbriae (TcpA) ��� PCR product �%# 

fragments 	
���F%$=��=, clone 9� vector 	
��'&�!�&��F�%9�)����=,9� host ��$��;���F%$ 

recombinant host 	
� carry fimbrial (tcp A) gene ��� gene fragment (insert) 	
�%�
)9� 

recombinant host &������
 sequence �)�&
 homology �)% fimbrial gene (tcp A) '�F%=&) 
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$)%���� selected recombinant clone =,��
;�#9'�����# recombinant protein %%$&�&�$L

(TcpA) ���� purify protein 	
���%#$��8�� commercialized protein purification system


3���'� 2: ��� purified fimbriae (TcpA) ��$�)��	
� 1 &�9���,<��)��,�!$%6�)��'�C�#

9���&�����%#���I
�%'���������$�� �%������%
$�%#����9����I
� �F% ��8�8��
�I���=��� 

(LPS) ��!8,��%��%���
�%��� (P) IC�#���
�&8��$�� extract ��$��F;%%'�������!��$ 

recombinant clone IC�# carries cholera toxin gene (ctx) ��&�����6 ����%������	�;#��&���� 

&���&��&$��9�����)��	
��'&�!�&�������=,	��%6 immunogenicity 8��,J%�9'��$)�����

	��%#�F% Wistar rats 	
��6)#�,<�$�1)& L 8����)�!$�1)&=����6 formulations =&)�'&F%�$�� �F%

$�1)&	
� 1 =����6�%��������&���� (LPS, TcpA ��! P) IC�#9�)=��9���8�8I& 

(Liposome; L) ��!��& CpG-DNA (�%���
����	�����9'&)) 8��&
 5% NaHCO3 ,��&��� 3 

&�. �,<� vaccine diluent (vaccine 1)

$�1)&	
� 2 =����6�%������	�;#��&����IC�#9�)=��9���8�8I&��!��&$�6 non-CpG-DNA 

8��&
 5% NaHCO3 ,��&��� 3 &�. �,<� vaccine diluent (vaccine 2)

$�1)&	
� 3 =����6�%������	�;#��&����IC�#9�)=��9���8�8I& (=&)&
 CpG-DNA) 8��&
 

5% NaHCO3 ,��&��� 3 &�. �,<� diluent (vaccine 3)

$�1)&	
� 4 =����6�%������	�;#��&������& CpG-DNA 9� 3 &�. 5% NaHCO3 (=&)&


��8�8I&) (vaccine 4)

$�1)&	
� 5 =����6�%������	�;#��&������& non-CpG-DNA 9� 3 &�. 5% NaHCO3

(vaccine 5)

$�1)&	
� 6 =����6�%������	�;#��&����9� 3 &�. 5% NaHCO3  (=&)&
��8�8I& ��!

CpG-DNA) (vaccine 6)

$�1)&	
� 7 =����6��8�8I&9� 3 &�. 5% NaHCO3 (placebo 1)

$�1)&	
� 8 =����6 CpG-DNA 9� 3 &�. 5% NaHCO3 (placebo 2)

$�1)&	
� 9 =����6 3 &�. 5% NaHCO3 (placebo 3)

'�
	1$$�1)&�!B
$ treat �66��
��$�6	
�$�)�����#���%
$�%#���;# ')�#$�� 14 ��� '��#

��$��;�  7 ��� �C#���!��F%���F�%�$�6I
��&���'��6����'� specific antibodies ��!������6 

antibody producing cells �)%�%��������)�!%�)�#8����+
 antibody sandwich 

immunofluorescence �,�
�6�	
�6������ antibody producing cells 9�$�1)&�)�# L ��F�%

,�!�&��,�!��	+�������&�,<��%���
����	��%#��8�8I& ��! CpG-DNA 9�$�� enhance 9'�

8|�	�����#�%���6%�
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��"#$��1'���  (Materials and Methods)

I.  ������$�#'!�� Leptospira spp. serovars �3��B ��������'��"�����	� "#$������'��

heterologous antigens

Leptospira serovars �)�# L ��!�6�	
��
�%F�� L ��&	�;#=���� ����$��I
���!��F;%�� 	
�9���,<�

�%������9�8��#$��������)%�	
� 1 �
;=�����#=��9�����#	
� 1.1

=����� Leptospira ��$ seed cultures 	
�IF;%&���$$�&��	��������$����	��&����!��
;�#9�

%�'����
;�#	�;#�����'�� (liquid medium) �F% EMJH (Ellinghausen, McCullough, Johnson and Harris)

medium ��!��C�#���#��C�#�'�� (semisolid medium) �F% EMJH + 0.2% bacto-agar (semisolid EMJH)

��*���'�= �=�����#'!��� �!� Leptospira

1. Liquid medium

%�'����
;�#��F;%��������U �F�% EMJH medium �6)#�,<� 2 �)���F% EMJH basal medium ��!�)��

	
��,<� supplements IC�#,�!$%6���� bovine serum albumin (BSA), pyruvate, Tween-80, Ca
++

, Mg
++

, 

Mn
++

, Cu
++

, Zn
++

 ��! vitamin B12 	��9'�,�����$��F;%8��$��$�%#��� supplements �)�� sterile filter 

membrane 	
�&
���� pore size 0.22 �m '��#��$��;����& supplements �)�#L�#9� EMJH basal medium

(�)��$���C�#�)���F;%���� autoclave 	
� 121/lb/inch
2
 ��� 15 ��	
) 9�%�����)�� 1:10 ��!$)%����=,9��=��

�����%6$)%��)�,�%���$$��,��,`j%�8�����=,%6	
�%1"'�
&�'�%# 5-7 ��� ����)9��)�,�����$��F;%���� 

�C#�$�6=��	
� 4�C ��$�)��!���&�9��

2. Semisolid medium

���
�&�'&F%� liquid medium ��)��& bacto agar (Difco, USA) 0.2% 9� EMJH basal medium

'��#��$ autoclave 	
� 121 lb/inch
2 

��� 15 ��	
���� �%9'������#	
�%1"'�
&�����$�)� 55�C �C#���& 

supplements �#��&9'�����$�� �6)#9�)'�%� '�%��! 5 &�. 9�$���6)#9�)'�%� ��%#	���������&

�!&���!��#%�)�9'�&
�%#%�$�� 	�;#=��9'����#��� ��$��;������%6$��,��,`j%���$��F;%%F��$)%����=,9��
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$�� culture '�F% subculture 	1$���;#��%#	���������&�!&���!��#%�)�#&�$ ��F�%#��$ bacteria

�$F%6	1$������!��F;%���)�#L ��&��B��������68�9�%�'������	
�9����
;�#��F;% Leptospira =��

9�$�"
$���$�6���%�)�#��F�%���&����!��F;%=��9�� supplemented EMJH semisolid medium 	
�&


�� 5-Fluorouracil (5-FU) 200 �g/ml ��&%�
)���� �)�� medium 	
�9��9�$�� subculture ��F;%9�� EMJH 

liquid medium '��#��$ subculture ��%#��
;�#��F;% Leptospira =��	
�%1"'�
&� 28-30�C 9�	
�&F� ���'��6��F;% 

Leptospira 	
��!���&����
�&�%��������)�! serovars ��;��&F�% culture =��BC# stationary phase ���� 

(,�!&�" 7-14 ���) ��%#���&������
����$��%#�1�	��������� dark-field �)�=&)&
 bacteria ����%F��'�F%��F;%

����F%,���!��%#	��%6$)%�$�� harvest 8��$�� streak culture �#6� Tryptic Soy Agar (TSA) slant

������� TSA =, incubate 	
� 37�C ,�!&�" 3-7 ��� ��F�%9'���)9��)���F;% Leptospira ��$ culture =&)&
$��

,��,`j%�8�� bacteria ����%F�� L ��!��F;%��

II. ������'�� Leptospira homogenates "#$ homogenates 	�� bacteria ����B 8��

 �����-��&'�

"#$� �!���

��� Leptospira spp. serovars �)�# L 	
� subculture =��9� liquid EMJH �,<����� 7-14 ��� &�,-��

	
� 10,000 � g 	
� 4�C �,<����� 30 ��	
��!,-�����#�����;��$���� 3 ���;# $)%����=, sonicate 	
� 20 kHz 	
� 4�

C, 5 ��	
 3 ���;# ���=,'��;��'��$�'�# (dry weight) ��!,��&�"8,��
�

���'��6 homogenates �%#�6�	
��
��)�#L $�	����)���
��$�� 8����� packed bacterial cells 	
�=��

��$$��,-�� overnight broth culture &� suspend 9��;��$����$)%����=, sonicate

Extracts �%# =�����)�#L =��IF;%&���$$�&��	��������$����	�� extract �%#��$�$��I
�=����6

��$��#����������� %�&�!,�� ��������1��
���	����!%�&&��8�8��
 �"!��������������%� &'���	�����

&'���  ��F;%�� (Candida albicans) =����6��$ in vitro culture 8����#���������$U"� �1���&� ��������1��
�

��	�� �"!�	����$����	�� &'���	�����&'��� =������I���&����
�& homogenate ��)���
��$�6�6�	
��
�

�)�#L

III.  "�������'�3�� �!��#(��
8(��

3.1 ������#��#"�������' (Monoclonal anitibodies; MAb)

MAb 	
�9��9�$��������
;&
���&�G��!�)%��F;% Leptospira ��!���
�&��$ hybridomas  2 clones �F% 

clone LF9 ��! clone LD5 �%#6��U�	 Science Development and Management Ltd. $�1#�	� 8�����

�I����%#	�;#�%#8���&����!��
;�#9� flasks 	
�&
%�'����
;�#�I��� RPMI-1640 	
� supplemented ���� 7%

bovine serum (BS) 9� 5% CO2 incubator



������'� 1.2   Characteristics �%#8&8�8������%���6%�
 (MAb) LF9 ��! (MAb) LD5

Ig isotypeHybridoma

H-chain L-chain

Reciprocal indirect ELISA

titer*

LF9 	1 kappa 512

LD5 	1 kappa 1,024

*  Reciprocal indirect ELISA titer against homologous antigen of the spent culture medium when the cells have

grown to stationary phase



	
� 37�C �&F�%�I�����������68����&	
���!BC#�!�! stationary phase �����$�6 culture supernatants ��&=��

�,<� pool �%# MAb �)���I���9� flasks ���&��
;�#�)%=,8�����&%�'����
;�#�I���9'&)�#=, characteristics 

�%# MAb ��$ clone LF9 (MAb LF9) ��! clone LD5 (MAb LD5) =�����#=��9�����#	
� 1.2

=����� MAb LF9 ��! MAb LD5 =,	��%6������+
 dot-blot ELISA (��% 11.2.2) �)%�%�������%# 

Leptospira serovars �)�# L ��!�%������	
����
�&��$�6�	
��
�%F�� L =���� ����$��I
� ��!��F;%�� (8,���


����#	
� 1.1) �6�)� MAb LF9 &
���&�G��!�)%��F;% Leptospira 	1$ serovar ��!=&) react �)%�%��������$

�6�	
��
�%F�� L (�
,	
� 1.1, lanes B �%# Blocks I ��! II) IC�#���#���&�G��!�%# MAb LF9 �)% 

Leptospira homogenates �%#	1$ serovars �&F�%	��%6���� dot-blot ELISA �)�� MAb LD5 ��;��!9'�

,��$������G��!�)% �%�������%# Leptospira serovars 	
�$)%8���	)���;���)�!=&) react $�6�%�������%# 

non-pathogenic serovar ��)� L. biflexa serovar patoc (�
,	
� 1.1, lanes C �%# Blocks I ��! II) ��!

�%��������$��F;%%F�� L

�&F�%��� MAb LF9 ��! MAb LD5 =,	�� Western blot analysis $�6 SDS-PAGE separated- 

homogenates �%# Leptospira serovars �)�# L �6�)� MAb LF9 react $�6 component ,�!&�" 38 kDa

�%# homogenates ��$	1$ serovar 	�;# pathogenic serovars ��! non-pathogenic serovars (��)� L. 

biflexa serovar patoc) ��) reaction pattern �!��$�)�#$�� $�)���F% �&F�% MAb LF9 react $�6

homogenates �%# pathogenic serovars �!,��$¡�,<� doublets �%# upper ��! lower bands (�
,	
� 1.2, 

Block I, lanes B, C ��! E) ��)�&F�% react $�6�%�������%# non-pathogenic strain �!9'���
�# upper band

�	)���;� (�
,	
� 1.2, Block I, lane D)

MAb LD5 9'�,��$�����9� Western blot analysis ��#����'�)#,�!&�" 35.5-36 kDa �%#

�%������	
����
�&��$ pathogenic serovars (�
,	
� 1.2, Block II, lanes B, C ��! E) ��)�!=&)&
 reaction 

$�6�%��������$ non-pathogenic serovar (�
,	
� 1.2, Block II, lane D)

�C#��1,=���)� MAb LF9 �!��&��B react =��$�6�%��������$ Leptospira 	1$ serovars %�)�#

�G��!���!�#8��=&) react $�6�%�������%#��F;%%F�� L 	
�=&)9�) Leptospira 9��"!	
� MAb LD5 =&) react $�6

��F;%%F�� L 	
�=&)9�) Leptospira ��!=&) react $�6�%�������%# non-pathogenic Leptospira

9�#���������;��)%=,=��9�� MAb LD5 IC�#&
���&�G��!�)% pathogenic Leptospira ���'��6��H���1�

���������G��8����,8��=,8�I
� 8��$������'��%������9����%�)�#�)#�����)�#L



3.2 Polyclonal antibodies (PAb)

=�� immunized $�!�)�� (�;��'��$,�!&�" 2.5 $�8�$��&) ���� heat-killed whole cells Leptospira

serovar icterohaemorrhagiae ,��&�" 150 �g 9� 1 &�. normal saline solution (NSS) ����������F%� 

marginal ear vein '��#��$��;�G
�I;��%
$�%#���;#���� route ���&��!�%���������& 8�������!�!')�#��$$��

G
����;#$)%�,�!&�"�%#��,��'� 9���%������9�8��	
��%#,��&�" 300 �g ��!8��	
���&,��&�" 600 �g

'��#��$��;� 7 ���=��	�� test bleeding ��!���I
��&=,����'��!��6�%���6%�
8����+
 indirect ELISA (8,��

�
��% 11.2.1) �)% homologous antigen �6�)�&
 titer 1:409,600 (4,096,000 EU/ml) �C#���!��F%���$'��9�

$�!�)��,��&���,�!&�" 50 ml ��$I
��&�$�6=���,<� antiserum �)% Leptospira '��#��$��;�9'�$�!�)����$

9�8�#��
;�#�����	��%#,�!&�" 1 ��F%� �����C#9'� booster dose ���� 1.2 mg 9� 1 ml NSS ����������F%�

	1$��F%���F�%�,<� source �%# antiserum ��!=�����
�& immunoglobulins 8��$���$�!$%� rabbit 

antiserum ���� saturated ammonium sulphate �����C#��$ IgG %%$&�������+
 protein-A affinity column 

chromatography ��F�%9���,<� polyclonal antibodies (PAb) ���'��6 antigen detection assay �)%=,



��(�'� 1.1 Dot-blot ELISA results showing specificities of MAb LF9 and MAb LD5 against boiled 

homogenates of various Leptospira serovars

Rows 1 to 7 of “Block I” were blotted with antigens of serovars cynopteri (strain 3522C), 

andamana (strain CH11), bangkok, grippotyphosa, hebdomadis, javanica and icterohaemorrhagiae 

(positive control), respectively; row 8 was blotted with PBS (negative control)

Rows 1 to 7 of “Block II” were blotted with antigens of serovars autumnalis (strain Akiyami 

A), bullum, djasiman, saigon, wolffi, patoc and icterohaemorrhagiae (positive control); row 8 was 

blotted with PBS (negative control)

Strip A was reacted with culture supernatant of P3x-63-Ag8.653 myeloma cells (Ab 

negative control); strips B and C were reacted with MAb LF9 and MAb LD5, respectively

Note:   MAb LD5 did not react to homogenate of serovar patoc (non-pathogenic) in strip C, row 6 of 

Block II



��(�'� 1.2 Western blot (WB) patterns of MAb LF9 and MAb LD5 against SDS-PAGE-separated

homogenates of Leptospira spp. (Blocks I and II, respectively)

Lanes B, C, D and E contain SDS-PAGE homogenates of L. interrogans serovar 

icterohaemorrhagiae, L. biflexa serovar andamana (strain CH11), L. biflexa serovar 

potoc (strain Patoc 1) and L. interrogans serovar djasiman, respectively

Lanes A contain SDS-PAGE-separated standard molecular weight markers

Numbers at left of each block indicate moleculat weights in kDa

Note:   MAb LF9 also reacted to homogenate of non-pathogenic serovar patoc (lane D, Block I) 

but only reveals upper band of the doublet

MAb LD5 did not react to homogenate of non-pathogenic serovar patoc (lane D, Block 

II)



III. �
���3��
3����	

4.1 �
���3��
3����		�����A�� (human specimens)

Human specimens 	
�9��9�$�������8��#$���)%�	
� 1 ,�!$%6����

- (X

��$ ��F�%����'� Leptospira  antigen ��!��F�%���!��
;�# Leptospira

- Fresh blood ��F�%���!��F;% Leptospira

- Clot blood  ��F�%��$�%�I
��&

- Heparinized blood ��F�%�$�6 buffy coat ��!����&����'��6����'� Leptospira

antigen

- Cerebrospinal fluid (CSF) ��F�%���!��
;�# Leptospira

Specimens �'�)��
;�6)#�,<���&$�1)&����$�� �F%

3.1.1 Specimens ��$�
�,?��	
���	�������G����&%�$��	�#�����$�)��,<�8����,8��=,8�

I
�

3.1.2 Specimens ��$�
�,?��	
���	�������G����&%�$����!/'�F%8��$������	�#'�%#

,��6���$���)��,<�=����F�%#��$8��%F��	
�=&)9�)��,8��=,8�I
�

3.1.3 Samples ��$��,$��	
�=&)&
%�$��,?��9�L

4.1.1  >��(}�� Leptospirosis

�
�,?�� leptospirosis �,<��
�,?��IC�#=,�6��	��	
�8�#���6����&�')#9���#'���9�����!���%%$

�G
�#�'�F% �F%8�#���6���%��$)� 8�#���6��&'���� ��!8�#���6����#'���%16����+��


�#F�%�=�$����F%$�
�,?����,8��=,8�I
�9�� clinical criteria ��! score ��&�66 World Health 

Organization (WHO, 1982) �F% Part A score =���$) ,���
�U!�1���#��!�$���C;�%�)�#,-��16��	���)�� (2 

�!���) &
=��&�$$�)� 38.5�C (2 �!���) &
��G��� (conjunctival suffusion) 	�;#�%#���# (4 �!���) &
%�$��

�%#�!66�&%# (4 �!���) ,��$���&��F;% 8���G��!%�)�#���#$���&��F;%�)%# (4 �!���) '�$�
�,?��&
%�$�� 

3 %�)�# �F% ��G��� &
%�$��	�#�&%# ,��$���&��F;%�)�&$��9'� 10 �!��� �
I)�� (1 �!���) &
=�)���9�

,-����! (albuminuria) '�F% nitrogen retention (2 �!���) �
�,?��	
�&
�!��� clinical features 26 �!���

'�F%&�$$�)�BF%�)��,<� “presumptive leptospirosis” �%$��$�
;��#9�� part B score ��! part C score �%# 

WHO (1982) %
$���� $��9'��!��� parts B ��! C &
��#�
;�F% part B �,<���%&
�	�#�!6����	��=���$) 



%��
���!8%$��	
��
�,?���!��&���$�6�'�)#��#8��	
�&
��F;% Leptospira ��)� 	����� 	���� ��
;�#����� ��)�;��'�F%

�����1��;�� '�F%��&������/�;��	
� contaminate ���� Leptospira ��&���I�$�����/������"����$�����	
��,<���#8�� 

�,<���� '�$�
�,?��&
,�!������!8%$����#$�)��9'� 10 �!��� ���'��6 part C =���$) ��$������ specimens 

�%#�
�,?��	�# serology ��)���+
 microscopic agglutination test (MAT) IC�# WHO (1982) $��'���)� '�$

�,<� single serum specimen ��!=�� titer �
# (> 1:200) 9�$��	��%6���� MAT 9'��!��� 10 �!��� ��)

B�� titer ���� (< 1:200) 9'��!��� 2 �!��� ��!B����&��B���� paired serum specimens �6 rising titers 

9'� 10 �!��� �
�,?��	
� Parts A + B + C &
�!��� 25 '��%&�$$�)�BF%�,<� “presumptive leptospirosis” 

�"!	
� score �!'�)�# 20-25 BF%�,<� “possible, uncomfirmed leptospirosis”

�
�,?��'�F%�
��	���&$�'&���%#�
�,?������%&�����)�&8��#$�� ���'��#��$��	���
��)�&�����=��

%+�6��9'�	��6BC#���B1,�!�#����!��+
$���%#$������� 8��=���I��96����%& (informed consent)

�
�,?����,8��=,8�I
� ���'��68��#$���)%�	
� 1 �6)#�,<� 6 $�1)& ��#�
;

�#�3��'� 1:  ������ 60 ��� (����#	
� 1.3) ��$8�#���6���%��$)� �
��)�&������F% �����	�� +�

��� ���1H���!��#���$����� 8B&��$�� =���$�6 single urine samples ��! clot blood samples �&F�%�
�

,?��=,BC#8�#���6��9������$ (8�#���6���%��$)�) $)%�=����6$����$U� (D1) 8���
�,?��$�1)&�
;&
=��&�

���� 2-5 ��� (�G�
�� 2.97 ���) $)%�=,8�#���6�� �
�,?��=����6$�������G����&%�$��8��9�� criteria �%# 

WHO =���$�6 urine samples 9�) freezer –20�C =����!�)%&�=���)#=,����'��%������	
���������1��
�

��	����!%�&&��8�8��
 �"!��������������%� &'���	�����&'��� $�1#�	� �)�� serum samples =��B
$

	��%6���� IgM dipstick (6��U�	 Organon, Belgium) $)%��)#=,'� MAT titer �G��!	
� IgM dipstick 9'���

6�$ 	
��
�������!���%%$�G
�#�'�F%�%#$�&��	��������$����	�� IC�#	��6��9� 4 ��F%��)%&� '�F%'��#

��$��;� 8��BF%�)� MAT low titers �F% 1:100-1:400 ��! MAT high titers �F% > 1:400 (8,���
$�1)&	
� 3 

����)

�#�3��'� 2 : �
�,?�� 8 ��� ��$8�#���6��&'���� ��#'����������
&� (����#	
� 1.4) �
�,?��$�1)&�
;&


=��&����� 5-11 ��� (�G�
�� 6.9 ���) =���$�6��F%���$I
��&��!�$�6 urine samples 9������$	
��
�,?��=,8�#

���6�� (D1) ��!�$�6 follow-up urine samples %
$ 2 ���;#9��)�#���	
� 7-19 (F1) ��!���	
� 22-38 (F2) 

��&�����6 �
�,?��$�1)&�
;9'� MAT titer > 1:320 '�F%9'� � four-fold rising titer 8��$������8�� WHO 

Leptospirosis Reference Culture 	
�,�!�	����+%�������

�#�3��'� 3 : ������ 36 �� ��$8�#���6���%��$)� (����#	
� 1.5) =���$�6 urine samples 9����

��$	
�=,8�#���6����!�$�6 follow-up samples 9����	
� 2, 3, 7 ��! 14 �
�,?��&
=��&����� 1-8 ��� (�G�
�� 

3.4 ���) I
��&	
��$�6�����$B
$	��%6���� IgM dipstick �%#6��U�	 Organon, Belgium 9�$�"
	
�I
��&9�9'�

��6�$=���)#=, confirm ���� IFA test 	
��
�����	��������$����	�� �
�,?����9�	
�I
��&9������$	
�=,BC#8�#

���6��9'����6���� IgM dipstick �!B
$���!��F%���F�%����I
��&I;������ IgM dipstick %
$���;#'�C�#9����	
� 



5, 6 '�F% 7 �&F�%9'���6�$$��!B
$�)#=, confirm ���� IFA test ��)�$�� I
��&�%#�
�,?��	
�9'���6�$8�� IgM 

dipstick ��! IFA �!B
$�)#=,����'� MAT titers �)%=, �)�� urine samples 	�;# D1, D2, D3, D7 ��! D14

B
$�$�6=��	
� -20�C IC�#�)%&�=��B
$�)#=,����'��%������8����+
	
���H���C;�&�9'&) �F% MAb based dot-blot 

ELISA 	
���������1��
���	����!%�&&��8�8��
 �"!��������������%� &'���	�����&'���

�#�3��'� 4: ������ 22 ��� ��$8�#���6����#'���%16����+��
 �
�,?��$�1)&�
;&
%�$��,?��&����� 1-

15 ��� (�G�
�� 4.2 ���) (����#	
� 1.6) =���$�6,-����!��;#��)�����$	
�=,8�#���6����!	1$��� ��BC#���	
� 7 

(D1, D2, D3, D4, D5, D6 ��! D7) ��&	�;#=��	��$�����!��F;%��$��F%���!/'�F%�;��=����'��# (cerebro-

spinal fluid; CSF) ���� �%$��$�
;��#����'� MAT titers 9�I
��&	
��$�6�%#���;#�F% 9������$ (1
st
 sample)

��!���	
� 5, 6 '�F% 7 (second sample) ����

�#�3��'� 5: �
�,?�������� 45 ��� ��$8�#���6���%��$)� IC�#��	�������G����&%�$��8�� WHO 

criteria �)��,<���,8��=,8�I
� �
�,?��$�1)&�
;&
=��&����� 1-8 ��� (�G�
�� 3.34 ���) (����#	
� 1.7, 1.8, 1.10, 

1.11 ��! 1.12) =���$�6I
��& 41 ��� ����&� 34 ��� ��!,-����! 45 ��� ��F�%����'� IgM �)% 

Leptospira ���� IgM dipstick ���� IFA ��! MAT titers ��)���
��$�6$�1)&	
� 1 ��!����'��%������9�I


��& ����#	
� 1.7 ��! 1.10 9�����&� (����#	
� 1.8 ��! 1.11) ��!9�,-����! (����#	
� 1.12) 8�� 

sandwich ELISA

�#�3��'� 6: �
�,?��	
���	�������G���)��,<� leptospirosis ������ 3 ��� ��$8�#���6��&'���� 

��#'����������
&� �
�,?�� 3 ����
; 9'���6�$ Leptospira hemoculture ��! MAT titers =�����! 

heparinized blood �$�6 plasma ��! buffy coat ��F�%9���,<� samples ���'��6����'� Leptospira 

antigenemia 8�� sandwich ELISA
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4.1.2  >��(}���#�3������� ( Patient controls )

=���$�6���%�)�#,-����!��$�
�,?��	
�&
=����!��	��=��9'�$�������G���6F;%#����)�&
=��8��

=&)	��6���'�1 (pyrexia with unknown origin; PUO) ������ 26 �� ��$8�#���6��

�%��$)� �)%&����'��#�6�)� 10 ��� �,<� cholangio-carcinoma (CCA) 8 ���B
$�����G��

��&%�$���)��,<� melioidosis (IC�# &
 endemic area %�
)9����%
���) 3 ����6�)��,<�

&�����
� 3 ��� (�6��F;%&�����
� 9� blood smears) =������6=+�-� 1 ��� (antibody-

positive) ��! �����F;%���+�96=&���6������ 4 ���

4.1.3  �#�3�������#� ( Negative controls )

 4.1.3.1  =���$�6 urine samples ��$��,$��	
�=&)&
%�$��,?��9�L ��!&
�
&�������

9����%
��� (endemic areas �%#��,8��=,8�I
�) ������ 120 ��� 8���$�6,-����!=��	
�     

-20�C $)%��)#=,	��%6'��%�������%# Leptospira 	
���������1��
���	����!%�&&��8�8��
 

�"!��������������%� &'���	�����&'��� ������+
 MAb based-dot-blot ELISA

4.1.3.2  Heparinized blood samples �%#��,$��	
�=,�����)�#$��,�!���,�	
�

8�#���6��&'���	�����+��&������ ��!��$�C$U���& 100 �� ��$����&���! buffy coat 

=����F�%�,<� negative controls 9�$������'��%�������%# Leptospira 9���F%�8����+
 

sandwich ELISA

4.2 �
���3��	���
�

4.2.1 �
���3��(X

��$"#$�#���

4.2.1.1 �
���3��	���
��'�����(Y�����#(��
8(��&'
 (Test samples)

=���$�6���%�)�#��F%���!,-����!��$����&��!�����F;%��$����&'���L�')#9���#'���

��61�
 ��!��#'����%��$)� ��$$������I
��&�%#���$�1)&�
;������+
 microscopic agglutination 

test (MAT) 8���B�6���1����������')#���� $�&,�1����� $�!	��#�$U����!�'$�"� 9��)�# 

2-3 ��F%� $)%��$�6���%�)�#��F�%#��������
;�6�)�=����6�$��!�,<���%6)#�
;�)�����,<� 

leotospirosis

Inclusion criteria 9�$����F%$���	
�����,<�8����,8��=,8�I
�,�!$%6����

1. �&)��� 25 ��� ��$����&	
�&
,�!����$���	�#�
$��$$�������F;% Leptospira IC�#=����%

&
���$�B�6���1����������')#���� ��!�&F�% 2-3 ��F%�$)%� &
 MAT titer �	)�$�6'�F%&�$$�)� 

1:50 �&)����'�)��
;=&)�6�)��,<�8�� brucellosis ��$$������I
��&������+
 rapid plate 

agglutination test
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=���$�6I
��&��!,-����!��$�&)����'�)��
;	��	
	
�	��6�� MAT ��$$������8��

�B�6���1����������')#���� ���I
��&=,����I;��8�� MAT ��!,-����!��9������'���F;%8�� 

dark-field microscopy (DFM) ��!�$�6,-����!�)��	
��'�F%�$�6=��	
� –70�C ��F�%9������'�

�%������8����+
 dot-ELISA 9����'��#

2. �)%��������� 20 ��� ��$����&��
��$�6�&)��� ��% 1 IC�#�)%����'�)��
;���&
 MAT 

titers �	)�$�6'�F%�
#$�)� 1:50 =���$�6I
��&��!,-����!=,������)���
��$�6�&)���

4.2.1.2 �
���3��	���
��'�8�3�(Y�����#(��
8(��&'
 (Control samples)

=���$�6��F%���!,-����!��$�&)�����!�)%���%�)�#�! 10 �����$����&��
��$�6 test 

samples IC�#����'�)��
;=&)���&
,�!����,?���,<�8����,8��=,8�I
���!I
��&9'����6�&F�%����

���� MAT 8���B�6���1����������')#���� =���$�6��!������%�)�#I
��&��!,-����!=,������)�

��
��$�6 test samples

Processing of cattle samples

�.  �
���3��(X

��$

=���$�6 mid-stream urine 9�)�#9����,�%���F;%9����+
�$�6����$�� induce 9'����B)��

,-����! 8��$�����6����"	�%#��%� '�F%�$�6,-����!��$$��B)����&,$���%#��� '��

,-����! 1 '�� 9�)�#9� semisolid EMJH medium 	��	
��F�%$�����!��$��! identify ��F;% 

Leptospira ,-����!9������!9� EMJH =��B
$���$��6=,��#'�%#,¡�6���$��	
���������1��
�

��	����!%�&&��8�8��
 �"!��������������%� &'���	�����&'��� $�1#�	�� 9������
��$��

8��9���B�����,��6%�$����F�%9'�%1"'�
&��%# specimens ��! EMJH medium %�
)�!'�)�# 

25-30�C �&F�%=,BC#'�%#,¡�6���$��=�����'�%� semisolid EMJH medium =, incubate 	
� 28-

30�C �)��,-����!9���� �)��'�C�#�6)#�$�6=��	
� -70�C ��F�%9������'��%������8�� dot-

ELISA %
$�)��'�C�#���=,����'���F;% Leptospira 8����#������+
 dark-field microscopy ��!

$����%& samples ������+
 Fontana’s Silver staining

<.  �
���3���#���

�����F%������)�!���IC�#���!��$ coccageal veins  �������&�6%�� 18 ��! ,�)%�9'�

��F%�='����� venoject tubes ,-����$�%�I
��&�$�6=��	
� -20�C ��F�%$������'� antibody titers 

������+
 MAT �)%=,

4.2.2.  �
���3�� semens <���
�

=����6���%�)�# frozen semen �%#�)%��� 10 ��� IC�#�$�6=��9� semen bank ��F�%$��

	����&�	
�& (artificial insemination) �%#$%#��&�	
�& $�&,�1����� $�!	��#�$U����! 
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�'$�"� ���%�)�#�1��
;9����F�%$����H����+
�
I
%�����F�%����'� DNA �%#��F;% Leptospira 9� 

contaminated semen samples

V. ������$� �!� Leptospira 	�� specimens <��>��(}��

$�����!��F;%�6�	
��
���$ clinical specimens �%#�
�,?��BF%�,<���+
&������ (Gold 

standard) ���'��6$�������G��8��	�#�1��
���	�� %�)�#=�$��
��F;% Leptospira �,<��6�	
��
�	
�

���!��$=����$$�)��6�	
��
�����%F�� L &�$ %�'����
;�#��F;% Leptospira &
�)��,�!$%6	
�I�6

I�%� &
������# ���
�&��$ �%$��$�
;��F;% Leptospira 9�%�'����
;�#��F;%��#&
���&�,��!6�#

��!���=��#)��B��%1"'�
&�=&)�'&�!�& &
��#��)�# '�F%&
$��,��,`j%��%# specimen 	
����&�

���!��F;%������F;%�6�	
��
�'�F% saprophytes %F��L ���#�'�)��
;	��9'�$�����!��$��F;%

Leptospira 9�	�#�1��
���	��&
���&=����� (low sensitivity) �&��)��!�,<���+
	
�&
���&�G��! 

(100% specificity) ��!�&)������)�%� (accurate and definite) 	
��1�$���&

������$"��� �!� Leptospira 	���#���<��>��(}�� (hemoculture)

���!��F%��
�,?����$������F%�������� sterile technique ,�!&�" 1-2 &�. '����F%��#

9� semisolid EMJH medium 	��	
 8��9�� EMJH 3 '�%� (triplicate) $��'����%#9�� sterile 

capillary pipette '�� 8�� EMJH '�%�	
� 1 '����F%� 1 '�� '�%�	
� 2 '����F%� 2 '�� 

��!'�%�	
� 3 ������ 3 '�� 6��	C$�F�%�
�,?�� ���	
��$�6���%�)�#��!������'���%#��F%�	
�9�)

�#9�'�%� ���'�%�=,6)&	
�%1"'�
&� 28-30�C 9�	
�&F�	��$�������
����$��%# dark-field 

microscope 	1$��,��'��,<����� 2-6 ��F%� ��F%��)��	
��'�F%,�)%�9'����#���������$I
��&�$�6

=��

������$"�� Leptospira 	���
���3��(X

��$<��>��(}��

�$�6,-����!�)�#$��# (mid-stream) ,�!&�" 50 &�. ����9�� sterile capillary tube

'��,-����!�#9� sermisolid EMJH 1 '�� 	��	
 label '�%���)���
��$�6$�����!��$��$

��F%� ��!���=,6)&��)���
��$�� ����'���F;%9� culture 	1$��,��'� 2-6 ��F%� ��)�$�� ,-����!

�)��	
��'�F%�$�6	
� -20�C ��F�%9��9�$��������)%=,

VI. ������	*�� �!�=� culture ���� dark-field microscope

%�'�� EMJH 	
�&
��F;% Leptospira ��������68�%�
)�!&
�#�'������1)� (Dinger’s ring) 

9�� sterile capillary pipette �
�%�'��6����"�#�'������1)�'���#6�$�!�$�=��� 1 '�� 

(�!&���!��#=&)9'� culture &
 contamination) 9�� cover slip ,���#6�'���%# medium �������

=,��������$��%# dark-field microscope �!&%#�'����F;% Leptospira 	
�&
�
����,<��	)#�$�
��

6�#�������)�� (spirochete) ���������)��
���$��#,�!&�" 0.1 �m &
���&���,�!&�" 6-
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20 �m ,������#'�C�#'�F%	�;#�%#���#8��##%�,<��
,������!�% (hooks) ��!���F�%�='�����&�$

8��$��'&1����=,�%6 L 6�#���;##%���=,&� (8,���
�
,	
� 1.3)

VII. ��� subculture � �!� Leptospira

Leptospira ��$ specimens �%#�
�,?��	
����!��
;�#=��9� semisolid EMJH ��%# 

subculture =����F�%$���C$U�������)%=, IC�#	��8��$��9�� sterile capillary pipette �
� medium 

6����"	
�&
�#�'���
����1)�,�!&�" 0.5 &�. 9�)�#9� medium �����'�� neopeptone

,�!&�" 5 &�. 8�� sterile technique �������=,6)&	
� 28-30�C 9�	
�&F� 7 ��� �����
%
$���;#

���� dark-field microscopy ����B)����F;%��$ neopeptone 1 '�� �#9� semisolid EMJH 

����6)&	
� 28-30�C 9�	
�&F���)����& $�� subculture �!�)��9'�=�� Leptospira 	
��,<� pure 

culture &�$�C;�

VIII. �����
������
� Leptospira =� specimens �'����$�#'!��8��

9����+
 direct immunofluorescence 8�������F;%	
��'�F%9�'�%� neopeptone =,,-��	
� 

5,000 � g 10 ��	
 �
� supernatant 	�;#�������& NSS �#=,9� sediment 5 &�. ,-�����# 3 

���;#���� NSS ���=,,��6���&�1)�9� NSS 9'��	)�$�6 Standard McFarland no. 0.5 �
���F;% 10 

�l '���#9�'�1&�%# slide '�1& ,�)%�9'��'�#���� fix �������&��%� '�� MAb �G��!�)% 

Leptospira (MAb LD5) �#9�'�1&	
�&
�%������ fix %�
)���� incubate 	
� 37�C �,<����� 30 

��	
 ���# slide '��� L ���;# ���� PBS, pH 7.4, blot-dry ����'�� anti-mouse 

immunoglobulins-FITC conjugate �#6� slide 6)&	
� 37�C %
$ 30 ��	
 ���# slide ���� PBS

��� slide =, mount ���� mounting glycerol ,�� slide ���� cover glass ���������
���� 

fluorescent microscope ��F;% Leptospira �!����
 fluorescein ,��$¡9'��'���,<��
, �	)#

�$�
���
��
��-�'�F%#
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��(�'� 1.3  ��� electron micrograph <�� Leptospira �'�"����	��>��(}��

Electron microscopy B)�����8�� ��. %1=� =����
 (%����������������+���	��

�����%� �"!��������������%�)
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IX. Serological assays �'�= ����	*� antibodies =�&'�
�<��>��(}�� presumptive

leptospirosis

Microscopic agglutination test (MAT)

 $������'� MAT titer ��! serovar(s) �%#��F;% Leptospira 	
��,<����'�1�%#8��9�

�
�,?�� presumptive leptospirosis 9�8��#$��������
;	��	
��
�����	��������$����	�� ��#'���

�%��$)� 	
� WHO Collaborating Center 	
����+%������� '�F%	
���������1��
���	����!%�&&��

8�8��
 �"!��������������%� 8��	
&#���%#�
������ IC�#	�;#��&�')#9��'��$$����!��+
$��

��
��$��

*#
����<�� MAT

9�� living Leptospira 	
����!��
;�#=��%�)�#��%� 26 serovars �%$��$�
;��#9�� serovars 

	
���$=��9'&)9�,�!�	�=	����� �����)�! serovar &�	��,��$�����$�6 serial dilution �%#I
��&

�%#�
�,?��	
� heat-inactivate ��F�%$������%&��
�&������� I
��&�
�,?�� dilution 9�	
�&
�%���6%�


�)% Leptospira serovar 9�$��!	��9'� Leptospira serovar ��;��$�!$���,<�$�1)& 

(microagglutination) IC�#&%#�'��=�����9�� dark-field microscopy

��1'���

1. ��F%��#I
��&�
�,������ PBS, pH 7.4 �,<� 1:50

2. �
� diluted serum '���#9�B��'�1& 26 '�1& '�1&�! 50 �l

3. ���& living Leptospira 	
����!��
;�#=��9� liquid EMJH (8,���
��% III) �,<�

���� 5-6 ��� &�'���# serovar �! 1 '�1& ('�1&�! 50 �l) �$�6B��'�1&=��	
�%1"'�
&�'�%# 2 

�&. %)���� agglutination ����$��%# dark-field

4. I
��&	
�9'���6�$�)% serovar 9� ���=,'� titer �)% serovar ��;� L 8��	�� 

serial dilution �%# serum ����&��$ 1:50, 1:100, 1:200 �,<����=, �������& serovar 	
����9'�

��6�$�#=, 50 �l 9�'�1&	
�&
 diluted serum 50 �l ��)�$�� incubate 	
�%1"'�
&�'�%#����%)��

�� titer �F% dilution �
#�1��%#I
��&	
���&��B agglutinate ��F;% Leptospira serovar ��;� L =�� 

50%

X. ��1'  Immuno-fluorescence assay (IFA)

*#
����

�%���6%�
9�I
��&�
�,?����,8��=,8�I
��!	��,��$������)%�%�������%#��F;%�,<�

immune complexes 	
�&%#=&)�'��IC�#�&F�% immune complexes B
$��%&	�6���� anti-human 

immunoglobulins 	
����G��$���� fluorescein (FITC) ��!���=,�������� fluorescence 
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microscope �!,��$¡$����F%#��#�
��
��-�'�F%# 8��	
� anti-human immunoglobulin-FITC

%���,<� anti-human IgM-FITC ��!/ '�F% anti-human IgG-FITC $�=�� ��&��B6%$ 

immunoglobulin isotype �%#�%���6%�
9�I
��&�
�,?���)% Leptospira =����$�����%# FITC 

conjugate IC�#9'���6�$9�$��	��%6

��1'���

1. ����%�������%# Leptospira serovar(s) 	
��6�)��,<����'�19� endemic area

��;�L &� fix �#6� microscopic slide �������&��%�

2. '��I
��&�
�,?��	
���F%��# 1:50 ,��&��� 10 �l �#6�'���%������ 8��6� slide

��%#&
 positive control (I
��&�%#�
�,?��	
�	��6��)����)��,<�8����,8��=,8�I
�) ��! negative 

control (I
��&�%#��,$��) 	
�'���#6��%�������%# Leptospira %�
)����

3. 6)& slide 	
� 37�C 9� humid chamber 30 ��	
�������#���� PBS '��� L ���;#

4. '�� anti-human immunoglobulin (class specific, i.e. anti-IgM ��!/ '�F% anti-

IgG–FITC conjugate) �#6� slide �������=,6)&	
� 37�C %
$ 30 ��	
 9� humid chamber ���# 

slide ���� PBS %
$'��� L ���;# blot-dry �=��� �������=, mount ���� mounting glycerol ,��

	�6���� cover slip �������=,����,��$�������� fluorescence microscope ���I
��&�%#�
�,?��

	
�9'���6�$,'� titer 8��	�� serial dilution ����	��%6��)�! dilution �66���& titer �F% 

dilutions �
#�1��%#I
��&	
���#9'���6�$9�$��	��%6

XI. ����
%����1' monoclonal antibody-based dot-blot ELISA (MAb dot-ELISA) �����

���	*�"�����	�<��� �!� Leptospira =�(X

��$<��>��(}��

11.1 ������'�� detection reagent (monoclonal antibodies ����$�3�� �!� 

Leptospira)

=����F%$ hybridoma clone LD5 ��F�%$������ monoclonal antibodies (MAb) 	
��!9��

�,<� detection reagent 	�;#�
;����! MAb ��$ clone LD5 (MAbLD5) 9'�,��$������G��!�)% 

pathogenic Leptospira �	)���;� 9��"!	
� MAb ��$ clone LF9 9'�,��$�����	�;#$�6�%������

�%# pathogenic ��! non-pathogenic Leptospira spp. �%���6%�
��$ clone LD5 �,<� 	1

immunoglobulins IC�#�,<� isotype 	
��'&�!���'��6 functional assay

�&F�%��� clone LD5 &����!��
;�#��BC# stationary phase �6�)� spent culture 

medium &
��F;%�%���6%�
 10,240 indirect ELISA units (EU) �)% 1 &�. 9�$��9���,<� 

detection reagent ��F�%����'� Leptospira antigen 9�,-����!�%#�
�,?���
������=��,��6���&

���&����%# MAb LD5 �,<� 80 EU/&�.
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11.2 ELISAs

11.2.1 Indirect ELISA

Coat homogenate �%# Leptospira serovar icterohaemorrhagiae (homologous 

antigen) '�F% heterologous antigens (Table 1.1) ���&���&��� 10 �g �)%&�. 9� carbonate-

bicarbondte buffer, pH 9.6 �#9���)�!'�1&9� microtiter plates ('�1&�! 100 �l) ���� 

incubate plate 	
� 37�C 9� humid chamber �,<����� 2 ����8&# ��� plate =,�$�6	
� 4�C ���&

�F� ��$��;����#�%� unbound antigen %%$���� washing buffer �F% phosphate buffered 

saline (PBS), pH 7.4 	
�&
 Tween-20 ��&%�
) 0.5% (PBST) ����	��$�� block unoccupied 

sites 9�'�1&��)�!'�1&����$�����& 1% bovine serum albumin (BSA) 9� PBS, pH 7.4 �#

=,'�1&�! 100 �l  ��� plate =, incubate 	
� 37�C �,<����� 1 ����8&# ���#�%� excess BSA 

%%$���� washing buffer $)%����&�%���6%�
	
��!����'� titer ,��&�" 100 �l �#=, (serial 

dilutions ���'��6 immune mouse sera ��! spent culture medium �%# selected hybridmas 

'�F% ���& undiluted spent medium �%# hybrids ��$��)�!'�1&�&F�% screen '� antibody 

producing cells 9���)�! culture well) 9���)�! plate &
 negative control �F% spent culture 

medium �%# P3x-63-Ag 8.653 ��! blank �F% PBS, pH 7.4 %�
)����	1$ plate ��$��;� 

incubate plate 	
�  37�C �,<����� 1 ����8&# ��F�%9'��$��,��$������!'�)�#�%������	
� fix %�
)6� 

solid surface 9�'�1&$�6 antibody 	
����&�#=, '��#��$��;����#	1$'�1&���� washing buffer 

�������& rabbit anti-mouse immunoglobulins (Ig)-horseradish peroxidase conjugate

(Dakopatts Glostrup, Denmark) IC�# dilute =������ 1:1,000 ���� PBS  	
�&
  0.2% BSA ��! 

0.2% gelatin ��&%�
) �#=,'�1&�! 100 �l '��$��$ incubate �,<����� 1 ����8&#	
� 37�C �C#

���#�%� excess Ig-enzyme %%$���� PBST �������& peroxidase substrate �#=,'�1&�! 100 

�l �$�6 plate 9�	
�&F��,<����� 30 ��	
���� ���& 1 N NaOH �#=,'�1&�! 50 �l ��F�%'�1�

,��$����� ��$��;���� plate =, %)�� optical density (OD) �%#��)�!'�1&���� ELISA Reader 

(Multiscan Ex,  Labsystems, Helsinki, Finland) �,����,<� ELISA titer ��! ELISA units 

(EU) 8�� ELISA titer =���$) dilution �
#�1��%# antibody preparation 	
�9'� OD � 0.05 �&F�%

����)� OD �%# blank ��! negative control %%$=,���� �)�� EU �F% ,��&�"��%�	
��1��%#

�%���6%�
	
���#�#9'���6�$���� indirect ELISA �F% OD � 0.05

11.2.2 Monoclonal antibody-based dot-(blot) ELISA (MAb dot-ELISA)

=����H����+
 MAb dot-ELISA ���'��6$��	��%6���&�G��!��!,��$�������&�%# 

monoclonal antibodies 	
� secrete %%$&���$ hybridomas �)�#L ��! ��F�%9������'�

�%�������%#��F;% Leptospira 9����%�)�#,-����!��$�
�,?�� ����!�%
��&
��#�)%=,�
;
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9�$���������&�G��!�%# MAb �)% homologous antigen IC�#=&)&
,��$��������&

$�6 heterologous antigens %F��L �%$��$ Leptospira ��;�	��8��$����&�%�������,<����� 

30 ��	
 $)%�����%��%������ 3 �l (1 mg/ml) =,'���#6� nitrocellulose membrane (NC) 

������ 2 ��;� (duplicates) ���'��6$������'��%�������%# Leptospira spp. 9�,-����!�%#

�
�,?��9�� slot-blot machine (BioRad, USA) 9�$�� apply ���%�)�#,-����! ���%�)�#�!

,�!&�" 200-300 �l �#6� nitrocellulose strip ��)�! strip 8��	�� duplicates ��)�$�� 9�$��

	�� dot-ELISA 	1$���;# ��%#&
 positive control �F% homogenate �%# serovar 

icterohaemorrhagiae ��! homogenate �%# E. coli �,<� negative control 6� NC ��
��$��

���� ,�)%�9'� NC 	�;#�%#��;��'�# �����C#���=,��)9� blocking solution �F% 5% skim milk 9�

PBS, pH 7.4 	
�%1"'�
&�'�%#�,<����� 10 ��	
 '��#��$��;����# NC ���� washing buffer A 

������� NC 1 ��;� (Test strip) =, incubate $�6 MAb LD5 (80 EU/ml) 9��"!	
������;�	
� 2 

(control strip) IC�#'�����%�)�#��
��$�6 NC ��;�	
� 1 =, incubate $�6 spent medium �%# 

P3x-63- Ag8.653 �,<����� 20 ��	
	
�%1"'�
&�'�%# �&F�%��6�����������# NC ���� washing 

buffer A ,�!&�" 3-4 ���;#���� incubate NC $�6 biotinylated rabbit anti-mouse Ig (1:2,000; 

Dakopatts) �,<����� 30 ��	
�������# NC 	1���;���)���
��$�6���;#$)%� ��$��;� incubate $�6 

alkaline phosphatase-conjugated streptavidin (1:2,000; Dakopatts) '��#��$ incubate 20 

��	
	
�%1"'�
&�'�%#�������# NC 	1$��;����� washing buffer A 2-3 ���;#��!���;#�1�	������#���� 

washing buffer B ������� NC 	1$��;�=,9�)9� substrate solution �,<����� 5 ��	
 ���# NC 

�����;��$����������#6�$�!��U$�%#8�� '#������	
�'�����%�)�#�C;� ,�)%� NC 9'��'�#����

�C#%)������#�
; ��6�$ (&
�%������9�,-����!�
�,?�� '�F% MAb &
,��$�����$�6�%������	
�'��

=��6� NC) $��!�'���)���#6����"	
�'�����%�)�#'�F%�%������=��6� Test NC &
�
�;���#��,�

&)�# IC�#��$�)�#��$�
6� control strip IC�#���%�)�#'�F%�%��������
��$��	
�'��=��6� Control 

NC =&)=�� react $�6 MAb

11.3 ������'���
���3��(X

��$����������
��*� Leptospira antigen

���'��6���%�)�#	
��$�6��$8�#���6���
����%��$)� 60 ���%�)�# (����#	
� 1.3) ��! 

���%�)�#�1���$	
��$�6��$8�#���6��&'���� ��#'����������
&� 8 ���%�)�# (����#	
� 1.4) 

�6)# aliquots �%#��)�!���%�)�#%%$&���&9� water bath �,<�����%�)�#��%� 20 ��	
 $����&

���%�)�#&
�1�,�!�#�� 3 ,�!$�� �F% (1) 	����� endogenous enzymes 9����%�)�#IC�#'�$=&)

��&�! interfere $�6 enzyme 	
�9��9� dot-ELISA 	��9'�%)������$ (2) ��F�%�)���F;%�)�#L 	
�%��

�,<� pathogens ��!,��,`j%�%�
)9�,-����! �%#�
�,?����&	�;#��F;% Leptospira ���� ��! (3) 

��F�% release antigen �,J�'&��%%$&���$ intact Leptospira 9'�&�$�C;� '��#��$��&���� ���

%�)�#	�;# 2 �1��
;���=, slot-blot �#6� nitrocellulose membrane 2 ��;� (Test strip ��! 
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Control strip) ���%�)�#�! 300 �l �)%�1� ��#$�)������9���% 11.2.2 ���������%6'� 

Leptospira antigen �)%=,8�� MAb dot-ELISA

���'��6���%�)�#,-����!�1�%F��L ��;�=��������%�)�#�! 3-10 &�. =,,-��	
� 12,000 � g

�,<����� 15 ��	
 ��$��;��
� supernatant %%$=,���'�F%,�!&�" 0.5 &�. ����)��	
��'�F%=,

��&	
� 100�C �,<����� 20 ��	
$)%� slot-blot �#6� nitrocellulose membrane 2 ��;� (�,<� 

duplicates; Test strip ��! Control strip) ���%�)�#�! 200 �l 6� NC ��)�!��)� �&F�% NC �'�#

�����C#���=,����'��%������ 8����+
 MAb dot-ELISA �)%=, $��,-��	��9'� sensitivity �%#

$������'��%����������&�C;�

XII.  ����0� SDS-PAGE "#$ Western blot analysis (WB)

$����$�%���������� SDS-PAGE ��;�	��9� vertical slab gel apparatus (BioRad) 

��&��+
�%# Laemmli (1970) 8��9�� stacking gel 4% ��! separating gel 12.5% $�� 

transblot �%�������#6� nitrocellulose membrane =��9����+
�%# Towbin et al.  (1979) '��#

��$ electrotransblot �%�������#6� NC ���� block NC ���� blocking buffer (3% BSA, 5% 

gelatin 9�  PBS, pH 7.4) 	
�%1"'�
&�'�%#6� rocking platform �,<����� 1 ����8&# ���# NC 

���� washing buffer ����,�)%�9'�	��,��$�����$�6 antibodies (monoclonal '�F% polyclonal) 

�,<����� 1 ����8&# ���#���� washing buffer %
$���;#'�C�#����9'� NC 	��,��$�����$�6 rabbit 

anti-mouse Igs-horseradish peroxidase conjugate (Dakopatts) 1:1,000 9� PBS, pH 7.4 

'��#��$ incubate $�6 substrate 5 ��	
 �����C#���# NC �����;��$���� ��!,�)%�9'��'�# Ag-Ab 

reactive bands �!,��$�9'��'���,<��
�;�������#

9�$�"
�%#���%�)�#,-����!�
�,?��	
�,��$���$�������,<� culture-negative, 

antibody-negative ��) MAb dot-ELISA positive ��;��
������=��9�� Western blot analysis ��F�%

�����F�����)�9�,-����!�%#�
�,?��&
�%�������%#��F;% Leptospira %�
)���# ('�F%%
$���'�C�# �� 

MAb dot-ELISA �,<� true positive =&)9�) false positive) 8�����,-����!,�!&�" 10 &�. =,

,-��	
� 12,000 � g �,<����� 30 ��	
 '��#��$ discard �)�� supernatant %%$=,�$F%6'&�

���� ����)��$��'�%�=,��$���� SDS-PAGE $)%����=, react $�6 monoclonal antibodies 

(MAbLD5 '�F% MAb LF9) %�)�#=�$��
9�$�� reveal antigen-antibody band ��;� =��9�� 

reagents ��!��+
$��	
��)�#%%$=,���$��%���$ Western blot 	
����9��&�$)%� 	�;#�
;��F�%����& 

sensitivity �%#$��	��%6 ��F�%#��$=&)	��6�)�9����%�)�#,-����!&
 Leptospira antigen %�
)

&�$-��%� ��
�#9� $�)���F% 9�� biotinylated rabbit anti-mouse Igs �	� enzyme labelled-

rabbit anti-mouse Igs ��!�&F�%���# NC �����C# react $�6 streptavidin-enzyme conjugate 

���#%
$���;#'�C�# �������& enzyme substrate ��&�����6 ��6�$ (&
�%�������%# Leptospira
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9�,-����!) $��!�6 Ag-Ab reactive band ��#����'�)# 35-36 kDa ��! 38 kDa �&F�%9�� 

MAbLD5 ��! MAbLF9 �,<� antigen detection reagent ��&�����6

XIII. ����
%�������� PCR ���������	�
����(��(����� �!��#(��
8(��=�(X

��$"#$

semen bank  <���
�

13.1 ��� extract DNA 	���
���3��<���
�

������%�)�#,-����!&� extract �%� DNA 8��9�� Chelex ��&��+
�%# Cano et al.

(1993) �)�����%�)�# semens =�� extract 8����+
 protenase-K treatment, phenol/chloroform 

extraction ��! ethanol precipitation (Ausubal et al., 1993) 8��&
����!�%
����#�)%=,�
;

 ��� extract DNA 	��(X

��$

������%�)�#,-����!,��&��� 1.5 &�. &�,-��	
� 12,000 � g �,<����� 30 ��	
 	
� 4�C 

��� sediment 	
�=��&� suspend 9��;��$���� 100 �l '��#��$��;����& Chelex (5% Chelex-100) 

�#=, 200 �l ��&9'�����$��8�� vortexing ���� incubate 	
� 55�C �,<����� 1 ����8&# ������&

%
$ 8 ��	
 $)%����=,,-��	
� 12,000 � g ��� 3 ��	
 ��$��;��$�6 supernatant &� precipitate 

���� ethanol 9�%�����)�� absolute ethanol 500 �l �)% supernatant 200 �l ��! 3 M 

sodium acetate, pH 4.2 ,��&��� 20 �l �$�6=��	
� -20�C ���&�F� '�F% -70�C �,<����� 1 ����

8&#,-��	
� 12,000 � g �,<����� 15 ��	
 ��F�%9'� DNA �$�,<� pellet ���# pellet '�C�#���;#���� 

70% ethanol ,�)%�9'��'�#$)%����=,�!���9� TE buffer 20 �l

��� extract DNA 	�� semen

��� semen sample ,��&��� 500 �l &�,-��	
� 12,000 � g �,<����� 30 ��	
 ��� 

sediment =, suspend 9� TE buffer ���& 10% SDS ��! protienase-K �#=, 30 �l ��!     

3 �l ��&�����6 mix 8�� invert '�%�'��� L ���;# ���� incubate 	
� 55�C �,<����� 1 ����8&# 

��� precipitate 	
�=��=, extract ���� phenol ��! chloraform �����
��$�6��;�6� (aqueous) 9�)

'�%� Eppendorf '�%�9'&) 	��$�� precipitate DNA 8��9�� 3 M sodium acetate, pH 4.6 

,��&��� 1/10 ��! absolute ethanol ,��&��� 2.5 �	)��%#,��&��� DNA �$�6�%#��&	
�       

-70�C �,<����� 1 ����8&# ��� pellet =,,-��	
� 12,000 � g �,<����� 20 ��	
 ���# pellet ���� 

70% ethanol ����,�)%�9'��'�#�,<����� 15-30 ��	
 ���=,�!���9��;��$���� 15 �l

13.2 PCR Primers

=��9�� oligonucleotides �%#�
)9�$�� amplify Leptospira DNA 8�� generate ��$ 

rrs gene (16S RNA) �F% oligonucleotides A ��! B IC�# correspond $�6 nucleotides 38-57 
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��! 348-368 9� primary structure �%# L. interogans serovar canicola strain Moulton 16S 

RNA gene ��&�����6

13.3 DNA amplification

Mixture 	
����=,	�� DNA amplification &
,��&���	�;#'&� 25 �l ,�!$%6���� 2 �M 

dNTPs, 10 � PCR buffer, 50 pM �%# primers ��)�!��� (A ��! B) ��! 0.25 units �%# 

Taq DNA polymerase (Amersham, USA) 8��9�� DNA extract ,��&��� 5 �l �,<� template 

	��$�� amplify �������F�%# Perkin-Elmer 9600, Thermal Cycler (Roche Molecular System 

Inc, Branchburg, New Jersey, USA) 8����;#������#9'� maintain first cycle �F% denaturation 

	
� 94�C �,<����� 3 ��	
 annealing 	
� 63�C �,<����� 1.5 ��	
 ��! extension 	
� 72�C �,<�

���� 2 ��	
 ������	�;#'&� 30 cycles ��&���� extension cycle 	
� 72�C %
$ 10 ��	
$)%��6 

cycles

13.4 ������	 PCR products

�����%# expected PCR product �F% 331 bp IC�#�!�����6=���&F�%��� PCR 

mixture =, run 9� 0.8% agarose gel- electrophoresis ��!9�� ethidium bromide ��%&$)%�

�����
���� U-V transilluminator

13.5 Analytical sensitivity <�� PCR

=��	��$������'� analytical sensitivity �%# PCR 8��$�� 9�� bacteria �)�#L ��! 

genomic DNA 8��=�����
�& DNA ��$ pure Leptospira serovar bataviae ��$$�����!��
;�#

��!���&���6�������I���9���)�! &�. �%# culture 8��9�� Petroff-Hausser chamber 8�� 

original DNA extract =��&���$ 10
7 
�I���/&�. ������F%��#9'��#=,��BC# 1 �I���/&�. ���=,,-��

	
� 12,000 � g �,<����� 30 ��	
 ��! extract 8�� Chelex ��)���
��$�6$�� extract DNA ��$

���%�)�#,-����! ��$��;����=,	�� PCR ��!����'� PCR amplicon 8�� 0.8% agarose gel-

electrophoresis

���'��6 genomic DNA �%#��F;% Leptospira ��! genomic DNA �%# bacteria %F��L 

=�����
�&8����+
 CTAB lysis ��&��+
 Asubel et al. (1993) ���&� run 9� 0.8% agarose gel-

electrophoresis ������%&���� ethidium bromide ��F�%�����
���&���&�%# DNA 8��9�� 

molecular marker �F% �-HindIII 8��BF%�)�,��&��� DNA �F% 50 ng �&F�%�	
�6�	)�$�6���&���&

����%# marker ��$��;���F%��# DNA 9'�&
���&���&����,<� 5 ng BC# 0.5 fg �����;���$�F%,$�� 

���=, run 	
� 0.8% agarose gel-electrophoresis ��!��%&���� ethidium bromide $)%�%)����
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13.6 Analytical specificity (��������$) <�� PCR

=�����
�& DNA ��$�6�	
��
�%F��L 	
�=&)9�) Leptospira %
$ 26 ������+1� (����#	
� 9) 

��F�%���&�	���,<� templates ���'��6 PCR ��$��;� run amplicons 9� 0.8 % agarose gel-

electrophoresis ��!��%&���� ethidium bromide ��)�$��

XIV. ����
%��������	����	�
�����#(��
8(��&'
=������������	*�"�����	�         

=��
���3���#���

14.1 ���%�)�#��F%� ��!$�����
�&���%�)�#��F�%����'��%������

14.1.1 ���%�)�#$�1)&	
� 5  9��I
��& ����&� ��!,-����!

14.1.2 ���%�)�#$�1)&	
� 6 �
�,?����,8��=,8�I
�	
���	�������G���6F;%#�����&%�$�� 

(WHO criteria) �)��,<���,8��=,8�I
� ��!�)%&���$������ IgM Dipstick, IFA ��! MAT 

�,<�6�$������ 3 �� ��$8�����6��&'���� ��#'����������
&� �$�6���%�)�#�)�#��F%�

+�����& 2545 ($�1)&	
� 6)

14.1.3 $�1)&��6�1&�6 (negative contytrols) �,<����%�)�#��F%��%#��,$�������� 

100 �� (��$�C$U�&'���	�����+��&��������!��$�
�&������1����,�!���,�	
�8�#���6��

&'���	�����+��&������) ���!��F%��%#��)�!��9�)9�'�%�	
�&
 heparin ��F�%$����F%����#��� 

	1$��=����6 verbal informed consent ��$�
������$)%����!��F%�����! 3 &�. �����F%�=,,-��	
�

%1"'�
&�'�%# ���&���� 10,000 � g �,<����� 5 ��	
 �$�6����&� 60 �l ��&$�6 buffy coat 

���=,���&�#9��)����&�%#�;��$���� 50 �l 10% SDS 25 �l ��! 2% Triton X-100 25 �l ��!

���=,��& 20 ��	
 $)%�9������'��%������������+
 sandwich ELISA

14.2 Sandwich ELISA &
��;��%���#�)%=,�
; �F%

- Coat wells 	1$ well �%# Maxisorb ELISA plates ���� 100 �l rabbit polyclonal 

antibodies (PAb) �)% Leptospira 9� coating buffer (20 �g  protein/ml) �$�6	
� 4�C ���&�F�

- ���# unbound antibodies %%$���� washing buffer ���� coat ��)�!'�1&���� 

blocking solution (200 �l / well) incubate 	
� 37�C, 1 ����8&#

- ���# plates �������& sample ��)�! sample �#9���)�!'�1& (sample �F% plasma + 

buffy coat IC�#��&9� SDS ��! Tritron X-100 =������) 	�;#�
;	1$���;#��%#&
 Leptospira antigen 

�,<� positive control ��! E. coli lysate �,<� negative control ����	1$���;# incubate 	
� 37�C, 

2 ����8&#
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- ���# plate �������& MAb LD5 (256 indirect ELISA units / well) incubate 	
�    

37�C, 2 ����8&#

- ���#�������& rabbit anti-mouse immunoglobulin IC�# labelled ���� Biotin (diluted 

1:1,000) �#=,	1$'�1& '�1&�! 100 �l ���� incubate 	
� 37�C, 1 ����8&#

- ���# plates �������& streptavidin – horseradish peroxidase conjugate (dilution 

1:1,000) �#	1$'�1& '�1&�! 100 �l ���� incubate 	
� 37�C, 1 ����8&# �������# 5 ���;#

- ���& freshly prepared substrate solution �#	1$'�1& '�1&�! 100 �l ���� 

incubate  9�	
�&F� 30 ��	


- '�1�,��$����8��$�����& stop solution �#=,	1$'�1& '�1&�! 50 �l

- 9�� ELISA reader ��;#��F�����&B
���#	
� 492 nm %)�� optical density (OD) �%# 

content 	1$'�1& against blank IC�#�,<�'�1&	
�=&)=�����&����&� buffy coat ��)���& SDS ��! 

Triton X-100 	
�9���,<� lysis buffer �%# sample �	� (���=,��&��)���
��$�6���%�)�#���� 

buffy coat + ����&�) �	�
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>#�����	
���������3�� �'� 1

1. >#������	*� Leptospira antigen =��
���3�� (X

��$<����

=����� urine samples �%#�
�,?�� leptospirosis $�1)&	
� 1 ��! 2 =,��& 30 ��	
 8��

9�� 96-well slot-blot machine (Pierce, USA) '�� 300 �l �%#���%�)�#��)�!���%�)�#�#6� 

nitrocellulose membrane (NC) ,�)%�9'��'�#�����C# block '��#��$��;�9'�	��,��$����$�6 MAb 

LD5 9�$��	��%6�66 dot-blot ELISA

���'��6���%�)�#,-����!$�1)&	
� 3 ��! 4 =�������)�!���%�)�#,��&��� 3-10 ml =,,-��	
� 

12,000 � g �,<����� 10 ��	
	
�%1"'�
&�'�%# '��#��$ discard supernatant %%$=,���'�F%

,�!&�" 0.5 ml ���� ����)��	
��'�F%9�'�%�=,��&�,<����� 30 ��	
 $)%����=, slot-blot �#

6� NC ���� 96-well slot-blot machine ,�)%�9'��'�# block NC $)%����=, react $�6 MAb 

LD5 ��)���
��$�6$�1)&	
� 1 ��! 2 ��$��;�	��,��$�����$�6 reagent �)�#L ��&�����6�%#��+
 dot-

blot ELISA ��$�!	��# positive control (urine �%#��,$�� + whole cell homogenate �%#

��F;% Leptospira serovar icterohaemorrhagiae) �,<��1��
&)�# '�F%�;���#��,�&)�# �)�� 

negative control (urine �%#��,$�� + whole cell homogenate �%#��F;% E. coli K12) �,<��


%F��'�F%=&)&
�


�
���3���#�3��'� 1  ��$������'��%������9�,-����! 8�� MAb based - dot-blot 

ELISA �%#�
�,?�� leptospirosis $�1)&	
� 1 ������ 60 �� IC�#&
=���G�
�� 2.97 ���$)%�=,8�#

���6�� �6�)� urine samples 37 ��$ 60 samples (61.67%) 9'���6�$ (����#	
� 1.3,

column �1�	���) 9��"!	
� serum samples �%#�
�,?��$�1)&�
; 24 ��$ 60 ��� (40%) 9'���

6�$8�� MAT (	��6�����'��#�)# serum samples ,�!&�" 4 ��F%�) 9������� 60 ����
; 

=��	��%6I
��&���� IgM dipstick 52 ��� �6�)� 28 ��� (53.85%) 9'���6�$ 9��
�,?��	
��� 

MAT �,<�6�$ 24 �����;��6�)� 15 ���9'���6�$ antigen test 8�� dot-blot ELISA  ���� 

�%$��$�
; antigen test 8�� dot-blot ELISA ��#9'���6�$�$) urine samples �%#�
�,?��%
$ 22 

��� ��$ 36 ���	
�9'��� MAT �,<��6 �)��9�$�1)&�
�,?�� 28 ���	
�9'��� IgM dipstick �,<�

6�$��;��6�)� 17 ��� (60.7%) �����6�%������9�,-����!������+
 dot-blot ELISA ��!�
�

,?�� 21 ��� IC�#�� IgM dipstick ��! MAT �,<��6 �6�)� 14 ��� (66.7%) 9'���6�$����

$������'��%������ (����#	
� 1.3)

�
���3���#�3��'� 2  �
�,?��$�1)&�
;&���$8�#���6��&'���� ��#'����������
&� &
=��

&����� 6.9 ��� �6�)�I
��&�%#�
�,?�� 4 ��$ 8 ��� (50%) 9'��� MAT �,<�6�$ �)�����%�)�#

,-����!	
��$�69������$	
��
�,?��=,BC#8�#���6�� 5 ��$ 8 ��� (62.5%) �6�)�&
�%�������%# 

Leptospira ��!�&F�%	��%6���%�)�#,-����!�%#�
�	
�9'����69������$ (D1) 9����%�)�#	
��$�6
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I;�����;#	
� 1 (F1) ��!�$�6I;�����;#	
� 2 (F2) �6�)�9'���6�$8�� antigen detection dot-blot 

ELISA (����#	
� 1.4) ��#��;� diagnostic sensitivity �%# antigen detection assay �%#�
�,?��

$�1)&	
��%#�
;�C#�,<� 100%

�
���3���#�3��'� 3  ���%�)�#$�1)&�
;�,<��
�,?����$8�#���6���%��$)� 36 ��� IC�#

��	�������G����&%�$��9��6F;%#����)��,<� leptospirosis �
�,?��&
=��&����� 1-8 ��� (�G�
�� 3.4 

���) =���$�6 urine samples 9������$	
��
�,?��=,8�#���6�� (D1) ��! D2, D3, D7 ��! D14

��&�����6 =��	��%6I
��&�%#�
�,?��9������$	
�=,8�#���6������ IgM dipstick '�$���9�9'�

���6$��!	��%6I;��%
$���;#'�C�#9����	
� 5, 6 '�F% 7 �)%&� I
��&�%#���9�9'��� IgM dipstick 

�,<�6�$�!B
$�)#=, confirm ���� IFA ��!�����F%$I
��&	
�9'���6�$	�;# IgM dipstick ��! IFA

�!B
$�)#=,�������� MAT ��F�%'� responsible serovar(s)

��$��	��%6�%������9� urine samples �%# D1 ������ 36 ��� �6��6�$

������ 27 ��� (75.0%) ��!�&F�%	��%6 D2, D3, D7 ��! D14 urine samples �6�)�9'���

6�$�%����������,<� cumulative positivity 32 ��� ��$ 36 ��� (88.9%), 35 ��$ 36 ��� 

(97.2%), 35 ��$ 36 ��� (97.2%) ��! 36 ��$ 36 ��� (100%) ��&�����6 ���%# IgM 

dipstick �%#���%�)�#I
��&	
��$�69������$�6��6�$ 25 ��$ 36 ��� (69.4%) ��!I
��& 25 

����
; 16 ��� (64%) 9'���6�$�&F�%�������� IFA ���%�)�#I
��&	
� IgM dipstick 9'����69����

��$ (������ 11 ���) �&F�%	��%6I;��9����	
� 5, 6 '�F% 7 �6�)� 5 ��$ 11 ��� 9'���6�$IC�#

	��9'� cumulative percent positivity �%# IgM dipstick 9����	
� 7 �%#$��%�
)8�#���6���,<� 

83.3% I
��& 5 ��� 	
�9'���6�$ IgM dipstick ���'��#�
;9'���6�$ IFA 	1$��� ��#��;� 

cumulative percent positivity �%# IFA �&F�%	��%6I
��&	
� IgM dipstick �,<�6�$�C#�,<� 21 

��� ��$ 30 ��� (70%) I
��& 21 ���	
�9'���6�$	�;# IgM dipstick ��! IFA �
; 18 ��$ 21 ��� 

(85.7%) 9'���6�$ MAT (	��6���'��#�)#I
��&=,�����,<����� 4 ��F%�'�F%���$�)���;�) 

(����#	
� 1.5)

��F�%�F�����)�&
�%�������%#��F;% Leptospira %�
)���#9����%�)�#,-����!�%#�
�,?�� 6 

�� IC�#9'����6�&F�%����'��%���6%�
	�;#��&��+
 (No. 31-36 ����#	
� 1.5) ��!9'���6�$

�%������9�,-����! �
������=��������%�)�#,-����!	
��'�F%=, dialyse 9��;��$�������� lyophilized 

�&F�%�'�#������� concentrated urine samples =,��$���� SDS-PAGE ���� react $�6 MAb 

LF9 ��! MAb LD5 ��&���� biotinylated-rabbit anti-mouse immunoglobulins, streptavidin-

horseradish peroxidase conjugate ��! substrate ��&�����6 8��9�� homogenate �%# 

Leptospira serovar icterohaemorrhagiae 9�)9� urine samples �%#��,$���,<������6�1&

6�$ �� Western blot analysis �6�)� dot-ELISA results B
$��%#����!9����%�)�#,-����!	�;# 

6 ��� 	
�$��	��%6'��%������9'���6�$��;�&
 Ag-Ab bands ��#����'�)# 35-36 kDa �&F�% 
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SDS-PAGE separated-urine samples react $�6 MAb LD5 ��!&
 Ag-Ab reactive band ��#

����'�)# 38 kDa �&F�% react $�6 MAbLF9 (Figure 1.4)

�
���3���#�3��'� 4  �
�,?��$�1)&�
;=��=,�6��	��	
�8�#���6����#'���%16����+��
 

�,<�$�1)&	
��6��F;% Leptospira spp. ������+
$�����!��F;%��$ clinical specimens (��F%� ��!/

'�F% CSF) '�F%9'���6�$ MAT �
�,?��&
=��&������G�
�� 4.2 ��� =���$�6���%�)�#,-����!9����

��$	
��
�,?��=,�6��	�� ��!���	
� 2, 3, 4, 5, 6 ��! 7 ��&�����6 ��$������'��%������9�

,-����!8�� MAbLD5 dot-blot ELISA �6�)� 17 ��$ 22 D1 samples (77.3%) 9'���6�$

��! cumulative positivity �%# antigenuria ����&�,<� 18 ��$ 22 (81.8%), 21 ��$ 22 

(95.5%), 22 ��$ 22 (100%), 22 ��$ 22 (100%) ��! 22 ��$ 22 (100%) 9����	
� 2, 3, 4, 5, 

6 ��! 7 ��&�����6 ���'��6$������'��%���6%�
���� MAT �6�)�I
��&	
��$�69������$ (D1) 7

��$ 22 ��� (31.8%) 9'���6�$ ��!�&F�%����I;��%
$���;#'�C�#8���$�6���%�)�#I
��&9��)�#���	
� 

7-14 �%#$��%�
)8�#���6���6�)�9� cumulative positivity �,<� 72.2% $�)���F%���%�)�#I
��& 

16 ��� ��$ 22 ��� 9'���6�$ MAT '��#��$�)#I
��&=,����'�����F%� (����#	
� 1.6)

������	*� Leptospira antigen 	���
���3��(X

��$<��>��(}���#�3�������"#$��(���

>��(}���#�3������� (�#�3� 4.1.2)

����#	
� 1.9 ���#��$������'��%�������%#��F;% Leptospira 9�I
��&�%#$�1)&��6

�1&	
��,<��
�,?��&
=�������� 26 ��� IC�#��	�������G���6F;%#����)��,<�=��8��=&)	��6���'�1 

(P.U.O.) ��!�)%&�=�������G������&���&�6�)� 10 ����,<� cholangiocarcinoma (CCA) 8 ���=��

B
$�����G����&%�$���)��,<� melioidosis 3 ����6�)��,<�&�����
�8�������6��F;%9� blood 

smears 1 ��� �,<�����,=+�-� (positive antibody) ��! 4 ����,<�8�������F;%���+�96=&���6 

(Opisthorchiosis viverrini) ��$$������'��%�������%#��F;% Leptospira 8�� MAb LD5 dot-

blot ELISA �6�)�,-����!�%#�
�,?�� clinically diagnosed melioidosis 3 ���9'���6�$ ��!

�&F�%��� urine samples �)��	
��'�F%�%#�
�,?��	�;#��&����
;=,	�� Western blot analysis ��! 

react $�6 MAb LD5 ��! MAb LF9 �6�)�9'� Ag-Ab reactive bands ��#����'�)# 35-36 kDa 

��! 38 kDa ��&�����6IC�#���#�)�&
�%�������%# Leptospira %�
)9����%�)�#,-����!���# �C#

%���,<�=,=���)��
�,?����&����
;�,<� mixed infection �%# Leptospira ��! Burkholderia 

pseudomallei '�F%�,<�����!$�� diagnosis �)��,<� melioidosis ��)��$��;�	��8���
��$

%�$��,?��IC�#%��=&)�&)������$ 	�;#�
;����!%�$��,?���%# melioidosis ��! leptospirosis &


���&�������C#$��&�$
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��(�'� 1.4 Western blot patterns of representative samples which MAb dot-ELISA 

were positive for Leptospira antigen but the serum antibody tests (IgM 

dipstick, IFA "#$ MAT) were negative

Note: The presence of Ag-Ab band at the 38 kDa region when the MAbLF9 

was used in the WB (II) and at the 35 kDa region when the MAbLD5 was 

used in the WB (I)
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�
���3��<����(���	�� endemic area <�� leptospirosis (�#�3� 4.1.3.1)

��$ urine samples ������ 120 samples IC�#=��&���$��,$��	
�=&)&
%�$��,?��9�L

9����%
�����;� �6�)�$������'��%�������%#��F;% Leptospira 9����%�)�#,-����!9'���6�$ 

1 ��� %�)�#=�$��
��F�%#��$���%�)�#,-����!�%#����
;&
�'�F%=&)�%	
��!	�� Western blot 

analysis ��F�%�F����$��&
%�
)�%#�%�������%# Leptospira 9����%�)�# �C#�����U����)��
��
;���

��F;% Leptospira 8��=&)&
%�$��9�L (asymptomatic) '�F%����#'����$$���,<�=�� (mild 

leptospirosis) ��!��#&
�%������%�
)$��,<�=��

2. Antibody Sandwich ELISA �����������	*�"�����	�=�&'�
� �#�
�� "#$

(X

��$<���
���3���#�3��'� 5

9�$������'��%������9����%�)�#�%#$�1)&	
� 5 ���� sandwich ELISA ��;� �"!�
�

�����=��9��	�;# polyclonal IgG anti-Leptospira ��$$�!�)�� (PAb IgG) '�F% MAb �,<� capture 

reagent ���'��6 coat wells 9� ELISA plates (Greiner, Germany) 8��9�� antibody 10 �g/ml 

carbonate-bicarbonate buffer, pH 9.6 (100 �l per well) '��#��$ incubate plates 	
� 37�C 

��$�!	��#�'�#���� =�����# unbound antibodies %%$���� PBST ��$��;� block ���� 1% BSA 

(200 �l per well) 	
� 37�C �,<����� 1 ����8&# ���& urine samples '�F% known antigen       

(1 �g-15.6 ng/ml) �#=, incubate ���# �������& MAb LD5 (9�$�"
 PAb IgG �,<� capture 

antibody) '�F%���& PAb IgG (9�$�"
9�� MAb �,<� capture antibody) �#=,�,<� detection 

reagent ��$��;�	����&��;��%��%# sandwich ELISA ����6	1$��;��%� �6�)�$��9�� PAb 

�,<� capture antibody =�����
$�)�$��9�� MAb  �,<� capture antibody

����#	
� 1.10, 1.11 ��! 1.12 ���#��$������'��%������9����%�)�# I
��& 

����&���!,-����!�%#�
�,?�� leptospirosis $�1)&	
� 5 8��9�� PAb �,<� capture antibody 

�,�
�6�	
�6$�6��$������'��%���6%�
8����+
 IgM dipstick, IFA ��! MAT ��&�����6 �!

�'���)�$������'��%������9����%�)�#	�;#��&����9'���=&)�)%��
��$ �F%9'���6�$��
�# 2/41 

(4.9%), 6/34 (17.6%) ��! 0/40 (0%) ��&�����6 IC�#��&��B��1,=���)�$��9����+
 sandwich 

ELISA ��F�%����'��%������9����%�)�# I
��& ����&� ��!,-����! ��#=&)&
���&=�=&)��
�#

�%

3. Antibody Sandwich ELISA ��������	*�"�����	�<�� Leptospira =��
���3���#�3�

�'� 6

=��������%�)�#��F%��%#��$�1)&	
� 6 IC�#�$�6�,<� heparinized blood samples 9� 

hematocrit tubes &�,-��9� hematocrit centrifuge ��$��;��$�6����&���! buffy coat ��$ 
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hematocrit tubes 3-4 '�%��%#��)�!��&���&$�� (60 �l) ���=,��&�;��$���� 50 �l IC�#&
 

10% SDS %�
) 25 �l ��! 2% Triton x-100 %�
) 25 �l ��$��;����=,��& 20 ��	
 $)%����=,

����'��%������������+
 sandwich ELISA

����#	
� 1.13 ���#�)� optical densities �%#����&� + buffy coat �%#��,$�� 

100 �� �&F�%	��%6 sandwich ELISA �6�)�	
� 492 nm �!&
�)� OD %�
)�!'�)�# 0.052-0.071 

�)� mean ��! SD %�
)	
� 0.061 ��! 0.004 ��&�����6

�&F�%9���)� mean + 3 SD (OD 0.073) �,<� cut-off limit �!'�)�#��6�$��!���6 

Leptospira antigenemia �6�)����%�)�#����&� + buffy coat �%#�
�,?��$�1)&	
� 6 	�;#��&���

9'���6�$ antigenemia �F%&
 OD 1.083, 1.063 ��! 0.168 ��&�����6 (����#	
� 1.14)

���#�)�$������'��%�������%#��F;%��,8��=,��8��9������&���! buffy coat 

�,<����%�)�#���#�)#����	
�&
���&=���!���&�G��! 100 %
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������'� 1.9  ���%#$������'��%������9�,-����!�%#�
�,?��$�1)&��6�1&������ 26 ���

Results of Leptospira antigen detection in

urineDiagnosis NO. of patients

positive negative

CCA 10 0 10

Malaria 3 0 3

Melioidosis* 8 3 5

Scrub typhus 1 0 1

O. viverrini infection 4 0 4

Total 26 3 23

* Clinically diagnosed
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������'�  1.10. Results of IgM Dipstick, IFA, MAT and double antibody sandwich-ELISA performed on serum

samples of the clinically diagnosed leptospirosis patients (fifth batch)

IgM MAT titer(s) to serovar(s)Patient no. Day(s) of fever
before hospital

arrival 1st 2nd

IFA Results of
antigen detection

in serum

1 3 � + + 1:100 copenhageni and saigon �

2 3 � + + 1:400 bratislava �

3 3 � + + 1:100 sejroe �

4 6 � + + 1:100 bangkok, copenhageni and saigon �

5 3 � + + 1:200 sejroe �

6 3 + 0 + 1:100 bratislava �
7 4 � 0 + 1:100 bangkok and sejroe; 1:200 bratislava and

icterohaemorrhagiae; 1:400 rachmati
�

8 7 + 0 + 1:100 bratislava; 1:200 saigon �

9 8 + 0 + 1:100 bangkok and sejroe; 1:200 bratislava �
10 4 + 0 + 1:100 bangkok and sejroe; 1:200 bratislava �

11 4 + 0 + 1:200 saigon; 1:400 pyrogenes �

12 4 + 0 + 1:100 pyrogenes and sejroe; 1:200 autumnalis
(Akiyami A) and bratislava

�

13 3 + 0 + 1:100 bangkok and copenhageni; 1:200 sejroe;
1:400 rachmati; 1:800 saigon

�

14 3 + 0 + 1:100 saigon; 1:200 autumnalis (Akiyami A);
1:400 copenhageni; 1:800 bangkok and

�

15 2 + 0 + 1:100 bangkok, sejroe and rachmati; �

16 5 + 0 + 1:200 saigon �

17 3 + 0 + 1:100 wolffi �

18 3 + 0 + 1:100 wolffi; 1:800 bratislava �

19 1 + 0 + � +
20 4 + 0 + � �

21 3 + 0 + � �

22 4 + 0 � 0 �

23 4 + 0 � 0 �

24 3 + 0 � 0 �

25 2 + 0 � 0 �

26 2 + 0 � 0 �

27 3 + 0 � 0 �

28 2 + 0 � 0 �

29 2 + 0 � 0 �

30 3 + 0 � 0 �

31 3 + 0 0 0 �

32 2 + 0 0 0 �

33 3 + 0 0 0 �

34 4 + 0 0 0 �

35 4 + 0 0 0 �

36 3 � 
 
 0 �

37 3 � 
 
 0 �

38 4 � 0 0 0 +

39 2 � 
 
 0 �

40 2 � 
 
 0 �

41 3 � 
 
 0 �

3.34*

Positive / total 32/41 5/5 22/31 18/21 2/41
% Positivity 78.0 100 70.9 85.7 4.9

Cumulative positivity (%) 32/41(78.0) 37/41(90.2) 22/31(70.9) 18/21 (85.7) 2/41 (4.9)

+, positive result; �, negative result; 0, sample not available;  * , days of fever before hospital arrival
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������'� 1.11. Results of IgM Dipstick, IFA, MAT and double antibody sandwich-ELISA performed on plasma

samples of the clinically diagnosed leptospirosis patients (fifth batch)

IgM MAT titer(s) to serovar(s)Patient no. Day(s) of fever
before hospital

arrival 1st 2nd

IFA Results of
antigen detection

in plasma
1 3 � � � 1:100 copenhageni and saigon �

2 3 � � � 1:400 bratislava �

3 3 � � � 1:100 sejroe �

4 6 � � � 1:100 bangkok, copenhageni and saigon �

5 3 � � � 1:200 sejroe �

6 3 � 0 � 1:100 bratislava �
7 4 � 0 � 1:100 bangkok and sejroe; 1:200 bratislava and

icterohaemorrhagiae; 1:400 rachmati
�

8 7 � 0 � 1:100 bratislava; 1:200 saigon �

9 8 � 0 � 1:100 bangkok and sejroe; 1:200 bratislava �

10 4 � 0 � 1:100 bangkok and sejroe; 1:200 bratislava �

11 4 � 0 � 1:200 saigon; 1:400 pyrogenes �

12 4 � 0 � 1:100 pyrogenes and sejroe; 1:200 autumnalis
(Akiyami A) and bratislava

�

13 3 � 0 � 1:100 bangkok and copenhageni; 1:200 sejroe;
1:400 rachmati; 1:800 saigon

�

14 3 � 0 � 1:100 saigon; 1:200 autumnalis (Akiyami A);
1:400 copenhageni; 1:800 bangkok and bratislava

�

15 2 � 0 � 1:100 bangkok, sejroe and rachmati; �

16 5 � 0 � 1:200 saigon �

17 3 � 0 � 1:100 wolffi �

18 3 � 0 � 1:100 wolffi; 1:800 bratislava �

19 1 � 0 � � �
20 4 � 0 � � �

21 3 � 0 � � �

22 4 � 0 � 0 �

23 4 � 0 � 0 �

24 3 � 0 � 0 �

25 2 � 0 � 0 �

26 2 � 0 � 0 �

27 3 � 0 � 0 �

28 2 � 0 � 0 �

29 4 � 0 0 0 �

30 3 � 
 
 0 �

31 3 � 
 
 0 �

32 4 � 0 0 0 �

33 2 � 
 
 0 �

34 3 � 
 
 0 �

3.47*

Positive / total 26/34 5/5 7/28 18/21 6/34

% Positivity 76.5 100 25.0 85.7 17.6

Cumulative positivity (%) 26/34 (76.5) 31/34 (91.2) 7/28 (25.0) 18/21 (85.7) 6/34 (17.6)

+, positive result; �, negative result; 0, sample not available; * , days of fever before hospital arrival
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������'� 1.12. Results of IgM Dipstick, IFA, MAT and double antibody sandwich-ELISA performed on

urine specimens of the clinically diagnosed leptospirosis patients

IgM MAT titer(s) to serovar(s) Results of urine antigen
detection performed on urine

samples collected at day

Patient
no.

Day(s) of
fever before

hospital
arrival

1st 2nd

IFA

1 2

1 3 � + + 1:100 copenhageni and saigon - 


2 3 � + + 1:400 bratislava - -

3 3 � + + 1:100 sejroe - -

4 6 � + + 1:100 bangkok, copenhageni and saigon - -

5 3 � + + 1:200 sejroe - 0

6 3 + 0 + 1:100 bratislava 
 -

7 4 � 0 + 1:100 bangkok and sejroe; 1:200 bratislava and
icterohaemorrhagiae; 1:400 rachmati

- -

8 7 + 0 + 1:100 bratislava; 1:200 saigon - -
9 8 + 0 + 1:100 bangkok and sejroe; 1:200 bratislava - -
10 4 + 0 + 1:100 bangkok and sejroe; 1:200 bratislava - 


11 4 + 0 + 1:100 pyrogenes and sejroe; 1:200 autumnalis
(Akiyami A) and bratislava

- 


12 3 + 0 + 1:100 bangkok and copenhageni; 1:200 sejroe;
1:400 rachmati; 1:800 saigon

- -

13 3 + 0 + 1:100 saigon; 1:200 autumnalis (Akiyami A);
1:400 copenhageni; 1:800 bangkok and
b i l

- 


14 2 + 0 + 1:100 bangkok, sejroe and rachmati;
1:200 bratislava


 -

15 5 + 0 + 1:200 saigon - -
16 3 + 0 + 1:100 wolffi - -
17 3 + 0 + 1:100 wolffi; 1:800 bratislava 
 -
18 1 + 0 + � - -
19 4 + 0 + � - -

20 4 + 0 � 0 - -

21 4 + 0 � 0 - 


22 3 + 0 � 0 
 -

23 2 + 0 � 0 - -

Continued next page
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������'� 1.12. Results of IgM Dipstick, IFA, MAT and double antibody sandwich-ELISA performed on urine

specimens of the clinically diagnosed leptospirosis patients (continued)

IgM MAT titer(s) to serovar(s) Results of urine antigen
detection performed on urine

samples collected at day

Patient
no.

Day(s) of
fever before

hospital
arrival

1st 2nd

IFA

1 2

24 2 + 0 � 0 - -

25 3 + 0 � 0 
 -

26 2 + 0 � 0 - -

27 3 + 0 � 0 - -

28 2 � � 0 0 - 


29 6 0 0 0 1:200 sejroe - 0

30 3 0 0 0 1:200 sejroe - 0

31 15 0 0 0 1:3,200 bratislava - 0

32 5 0 0 0 1:1,600 bratislava - 0

33 4 0 0 0 1:200 saigon - 0

34 4 0 0 0 1:200 bangkok, saigon; 1:1,600 sejroe - 0

35 4 0 0 0 � - 0

36 1 0 0 0 � - 0

37 4 0 0 0 � - 0

38 4 0 0 0 � - 0

39 3 0 0 0 � - 0

40 6 0 0 0 � - 0

41 1 0 0 0 � - 0

42 2 0 0 0 � - 0

43 9 0 0 0 � - 0

44 4 0 0 0 � - 0

45 3 0 0 0 � - 0

3.88*

Positive / total 25/31 5/5 21/30 24/35 0/40 0/21

% Positivity 80.6 100 70 68.6 0 0

Cumulative positivity

 (%)

25/31
(80.6)

30/31
(96.8)

21/30 (70) 24/35 (68.6) 0 0

+, positive result; �, negative result; 0, sample not available;  * , days of fever before hospital arrival



26

������'� 1.13 "
�� optical densities <�� sandwich ELISA ��������	*�"�����	�<��

� �!� Leptospira =� buffy coat <����(��� 100 ���

No. OD No. OD No. OD

1 0.059 36 0.066 71 0.058

2 0.063 37 0.071 72 0.064

3 0.063 38 0.060 73 0.058

4 0.061 39 0.062 74 0.054

5 0.060 40 0.065 75 0.058

6 0.061 41 0.060 76 0.055

7 0.061 42 0.062 77 0.058

8 0.062 43 0.060 78 0.055

9 0.063 44 0.062 79 0.052

10 0.065 45 0.065 80 0.060

11 0.058 46 0.062 81 0.054

12 0.059 47 0.065 82 0.055

13 0.062 48 0.062 83 0.059

14 0.070 49 0.056 84 0.061

15 0.062 50 0.057 85 0.056

16 0.062 51 0.059 86 0.058

17 0.075 52 0.056 87 0.054

18 0.072 53 0.058 88 0.058

19 0.071 54 0.059 89 0.056

20 0.060 55 0.066 90 0.058

21 0.070 56 0.061 91 0.060

22 0.071 57 0.056 92 0.060

23 0.062 58 0.061 93 0.055

24 0.062 59 0.058 94 0.056

25 0.066 60 0.067 95 0.059

26 0.071 61 0.061 96 0.054

27 0.065 62 0.066 97 0.056

28 0.059 63 0.061 98 0.066

29 0.063 64 0.066 99 0.068

30 0.063 65 0.058 100 0.063

31 0.062 66 0.054

32 0.062 67 0.061 Mean 0.061

33 0.068 68 0.059 SD 0.004

34 0.065 69 0.064 %CV 6.557

35 0.069 70 0.058 Cut-off OD 0.073
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������'� 1.14 >#������	*�"�����	�<��� �!��#(��
8(��=��
���3��	��>��(}���#(

��
8(��&'
 3 ��� &@��"��������	�
��������� "#$ IgM Dipstick =*�>#

���=����"�� "#$����># IFA "#$ MAT �3�=*�>#������*#
�	�����

���	*�"�����	�

Patient No. Some clinical

features

IgM

Dipstick

IFA* MAT* Sandwich ELISA

OD at 492 nm

1 Fever 38.0�C + + 1:100 1.083

2 Fever 38.5�C + + 1:100 1.063

3 Fever 37.5�C + + 1:400 0.168

* 	��6�����'��#$������'��%���������� sandwich ELISA
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�������	�
��#(��
8(��&'
=��
���3��	���
�

1. Dark-field microscopy (DFM) "#$ Fontana’s Silver stain

1.1 ���%�)�#,-����!	
��$�6&�9'&)L ��$���=�����&�,-��	
� 12,000 � g �,<����� 20 ��	
 

�
� supernatant 	�;#���$F%6'&� ���)�'�%���F�% suspend sediment 9�,-����!�)��	
��'�F%

%�
) ��$��;����=,'��6� microscopic slide ��������'� Leptospira ����$��%# dark-field 

microscope 9�$�"
&
��F;% Leptospira �!�'�� spirochete �	)#6�#L��!���F�%�='�=��%�)�#

�������

1.2 ������� urine sediment ���� Fontana’s Silver strain (Potha and

Panutumpon, 1970)

 *#
���� : Leptospira spp. �,<� spirochete IC�#�,<� argyrophilic ��#��;��C#�%6 

take up Silver stain

��1'������� : ��� urine sediment ��$��% 1.1 &� smear 6� microscopic slide 

,�)%�	�;#=��9'��'�# ��$��;�'�� Ruge’s fluid �#=,6� slide 9'�	)�&�%� smear ��;� �$�6 slide 

9�$�)%#�F;��,<����� 30 ��	
 ���# slide ���� absolute ethanol ��!	��9'� alcohol �!�'�=,

�������&��%� '�� tannic acid solution �#6� slide ��$��;� heat-evaporate tannic acid 

�������# slide �����;��$����$)%����=,�1)&9� Fontana’s Silver stain ��!	��9'� Fontana’s Silver 

stain �!�'��'�#=,�������&��%���)�$�� 	�;#=��,�!&�" 2-3 ��	
 rinse �)�#��;�L �����;��$���� 

�����1)& slide 9� 95% ethanol ��! absolute ethanol ��&�����6 ��$��;� clear slide ���� 

xyline $)%����=, mount ���� synthetic mounting medium 	��$������'� Leptospira ����

$��%#�1�	�����$����#���� 40 � �&F�%�6 spirochetes IC�#�#����)�%���,<� Leptospira �C#����

�
����$����#�������� 100 � �)%=, ��F;% Leptospira �!����
&)�#���&�$F%6�����!&
��$U"!

�G��! (Figure 1.5) �F% brunt ends �,<��)�� hooks ��!�,<� delicate shape (short spiral 

wave-length)

2. ������$�#'!�� Leptospira 	��(X

��$�
�

EMJH medium IC�#9�),-����!���'�C�#'���%�=����;� �&F�%���=,BC#'�%#,¡�6���$��=�����

=, incubate 	
� 30�C ��������'���F;% Leptospira 	1$L 5-7 ��� B��&
��F;% Leptospira $�&�$�!

�6�)�6����"�����#��$��� medium ,�!&�" 1 I&. �!&
�#�'��	
���
�$�)� Dinger’s ring 9�

$�������!��%#9�� medium 6����" Dinger’s ring '���#6� glass slide ���������
���� 

dark-field microscope IC�#�!�'�� spirochete 	
����F�%�='�%�)�#������� �&F�%=&)�6��F;%��%# 

incubate culture �)%=,%
$%�)�#��%� 18 ��,��'� 8�������
	1$ L 5-7 �����)����& B����#9'���

�6���'��# incubate &����� 18 ��,��'� �C#�!BF%�)�9'��� culture negative 9�$�"
	
� 

positive =��	��$�� subculture ��F;%�#9� liquid EMJH ��F�% maintain �,<� pure culture �)%=, 
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Diagram �'� 1: "
�� flow-chart <�������	
� leptospirosis =��
�

DFM, dark-field microscopy for direct visualization of Leptospira

MAT, microscopic agglutination test

DNA, deoxyribonucleic acid

PCR, polymerase chain reaction

Cows Bulls

-  previous history of abortion
               and

-  MAT titer � 1:50 (suspected leptospirosis)

- MAT titer � 1:50

Serum samples Urine samples

MAT -  DFM + Fontana’s staining
-  Leptospira culture
-  Dot-blot ELISA
-  DNA amplification (PCR)

Retested

Flow chart of experiments
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3. Microscopic agglutination test (MAT)

I
��&�%#���	1$���9�$�1)& test ��! control =�����&�'� MAT titer 8����+
�%# Faine 

(1982) 9'&)%
$���;#'�C�#8�����I
��&��)�!���%�)�#&�	��9'���F%��# 1: 10 ���'��6 screening test 

��! 1: 50 ���'��6 confirmatory test 8�� dilute 9� PBS, pH 7.4 	
�,�%���F;%��!9'�&
,��&���

50 �l ��$��;����& 7-day old live Leptospira culture ��)�! serovar ��$ typing panel �#=,

��&$�6 diluted serum sample ,��>� plate ���� plastic wrap ��F�%,J%#$��$���!�'��'�#���� 

incubate 	
� 30�C �,<����� 90 ��	
 %)����8��$�� transfer �%#��&��$��)�!'�1&,��&��� 

1 '���#6� glass slide ��������,��$������$�!$�1)&����$��%# dark- field ,��$�����6�$'&��

BC#��F;% Leptospira 	
����&�#=,%�)�#��%� 50% B
$��6�,<�$�1)&

4. ��1'���
W���

=��9����+
�%# Galen (1980) 9�$�������"'� diagnostic sensitivity, diagnostic 

specificity ��! accuracy �%# Lepto-Dot 9�$�������G��$�������F;% Leptospira �%#��� 8��

�,�
�6�	
�6$�6 MAT, dark-field microscopy (+ Fontana’s staining) ��! culture method

�%$��$�
;��#�����"'��)� kappa coefficient 8����+
�%# Cohen (1990) ��! kappa

probability 8����+
�%# Fleiss (1973) ��F�%6%$ reliability �%#��$������'��%�������%#��F;% 

pathogenic Leptospira 9�,-����!���� Lepto-Dot �,�
�6�	
�6$�6��+
 dark-field microscopy 

��! culture %
$���� $���6)#�!��6���&�)���F�%BF%��$�)��%# kappa %�
)�!'�)�#  0-1 (Landis 

and Koch, 1977) 8��BF%�)� kappa value 1 '&��BC# $��	��%6	�;#�%#��+
&
 perfect 

agreement �)� kappa 0.81-0.99 �,<� excellent agreement �)� kappa 0.61-0.80 �,<� very 

good agreement �)� kappa 0.41-0.60 �,<� good agreement �)� kappa 0.21-0.40 �,<� fair 

agreement ��!�)� kappa ��%�$�)� 0.20 �,<� poor agreement �!'�)�#$��	��%6	�;#�%#��+
 

��! agreement =&)=���$��8��6�#�%�� (by chance) (����#	
� 1.15)
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A

B

��(�'� 1.5 Leptospira spp. �'����	��=�(X

��$�
� *#
�	���������� Fontana’s

Silver stain

A 10 � ocular, 40 � objective

B 10 � ocular, 100 � objective



32

>#�����	
� (Results)

1. ># MAT <��&'�
��
��
!� 45 �
�"#$ controls 20 �
� &@���(Y�<����#����	��
W��
�
�<

���

���"*3� ���

���	�;# 45 ���IC�#��F%$&�9��9�$��������)���
;9'���6�$��$$���������� MAT 8��

�B�6���1����������')#���� $�&,�1����� $�!	��#�$U����!�'$�"� �,<������$��#'�����61�
 

15 ��� ��$�%��$)� 30 ��� �%$��$�
;��#	��6���%# serum reactive serovars ���� (����#

	
� 1.16)

���%
$ 20 ���	
�9���,<� negative controls 9�$���C$U�������)���
;9'��� MAT negative 

�)% Leptospira 9� typing panel 26 serovars �F% ballico, bataviae, canicola, celledoni, 

djasiman, grippotyphosa, hebdomadis, hyos (tarassovi) copenhageni, 

icterohemorrhagiae, javanica, saigon, pomona, pyrogenes, ranarum, sarmin, hardjo, 

sejroe, wolfi ��! patoc

2. >#������	���� MAT (���	&!0����= �&'�
��'��	�$���*#
����	��
!�"��(�$��� 

2-3 �����), dark-field microscopy (DFM), culture "#$ Dot-ELISA

����#	
� 1.17 ���#��$������ leptospirosis ��� 45 ���IC�#���9'���6�$ MAT ��$

���#���%#�B�6���1����������')#���� ������+
 MAT (����I;��8��9��I
��&IC�#���!���'��#�� 

MAT ���;#��$�,<�6�$ 2-3 ��F%�) ��+
 DFM $�����!��F;%��$,-����! ��!$������'�

�%������9�,-����!���� Lepto-Dot (dot-ELISA)

�(�'����'��>#<�� Lepto-Dot �
� DFM (������'� 1.18)

��$,-����!��� 45 ����6�)� 21 samples (46.67%) 9'���6�$ �F% &
�%������9�

,-����!�&F�%9�� Lepto-Dot =���$) samples �%#������	
� 3, 7, 8, 9, 11, 15, 19, 20, 21, 22, 31, 

32, 33, 34, 35, 38, 39, 40, 41, 43 ��! 44 �)��,-����!�%# controls 20 ��� 9'����6��$

$������'��%������������+
 Lepto-Dot 9��)���%#���%�)�# 21 ���%�)�#	
�9'���$������

�%�������,<�6�$ �6�)� 12 ���%�)�# (26.7%) 9'��� DFM �,<�6�$���� (true positive) �F%

���%�)�#	
� 9, 15, 19, 20, 22, 32, 33, 34, 39, 40, 43 ��! 44 &
%�
) 9 ���%�)�#	
���$������'�

�%�������,<�6�$��! DFM �,<��6 �F% 3, 7, 8, 11, 21, 31, 33, 38 ��! 41 (false positive) 

9����%�)�#	
���$������'��%�������,<��6 24 ���%�)�# $�=&)�6��F;% Leptospira �&F�%����

������+
 DFM ��)�$�� (true negative)

Diagnostic sensitivity, diagnostic specificity, accuracy ��! positive ��! negative 

predictive values �%#$������'��%������9�,-����!���8��9���1����� Lepto-Dot �,�
�6
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�	
�6$�6��+
 DFM =���� 100 %, 72.72%, 80.0%, 57.14% ��! 100% ��&�����6 ��!&
�)� 

kappa coefficient �	)�$�6 0.5872 IC�#�,<� good agreement �%#$��	��%6������+
$��	�;#�%#

��+
 ��) Lepto-Dot &
���&=� (sensitivity) &�$$�)� DFM

�(�'����'��>#<�� Lepto-Dot �
���1' culture

��$$�����!��F;%9�,-����! �6�)�&
���%�)�#,-����!��
�# 6 ���%�)�#�	)���;�	
��6$��

���68��%#��F;% Leptospira �F% ���%�)�#	
� 15, 19, 20, 22, 32 ��! 40 %�)�#=�$���&	�;# 6 ���

%�)�#	
���&��B���!��F;%=���
;&
��$�������%# Lepto-Dot �,<���6�$��)�$�� (True positive) 

15 ���%�)�#9'��� Lepto-Dot �,<�6�$��)���!��F;%=&)�C;� (false positive) 24 ���%�)�#9'����6

	�;#�%#��+
 (True negative) ��#��;� diagnostic sensitivity, diagnostic specificity, accuracy, 

positive predictive value, negative predictive value, kappa coefficient, kappa probability 

��! p value �C#�,<� 100.0%, 61.54%, 66.67%, 28.57%, 100%, 0.2991, 2.8128 ��!        

< 0.0025 ��&�����6 (����#	
� 1.19)
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������'� 1.15: "
���3� kappa coefficient "#$ interpretation

Value of kappa Strength of agreement between the two test beyond

chance

< 0.20 Poor

0.21-0.40 Fair

0.41-0.60 Good

0.61-0.80 Very good

0.81-0.99 Excellent

1.00 Perfect

$�������"�)� kappa coefficient �����"��$�&$����#�)%=,�
;:

kappa coefficient (k) = 2 (ad – ac )

p1q2 – p2q1

�&F�%   a = true positive (TP), b = false negative (FN)

c = false positive (FP) ��! d = true negative (TN)

p1 = TP + FN

q1 = FP + TN

p2 = TP + FP

q2 = FN + TN
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������'� 1.18: �(�'����'��>#<��������	*�"�����	�=�(X

��$������1' Dot-ELISA

"#$ DFM

DFMDot-ELISA results

Positive Negative

Total

Positive 12 9 21

Negative 0 24 24

Total 12 33 45

Diagnostic sensitivity 100.0%

Diagnostic specificity 72.72%

Accuracy 80.0%

Positive predictive value 57.14%

Negative predictive value 100.0%

Kappa coefficient 0.5872

Standard error of kappa 0.0184

Kappa probability 4.3245

p-value <0.0001
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������'� 1.19: �(�'����'��># Dot-ELISA "#$ ��1'���$� �!�

CultureDot-ELISA results

Positive Negative

Total

Positive 6 15 21

Negative 0 24 24

Total 6 39 45

Diagnostic sensitivity 100.0%

Diagnostic specificity 61.54%

Accuracy 66.67%

Positive predictive value 28.57%

Negative predictive value 100.0%

Kappa coefficient 0.2991

Standard error of kappa 0.0113

Kappa probability 2.8128

p-value <0.0025
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3.  >#������	*� Leptospira =��
���3��	���
� �����1' PCR

3.1 Analytical sensitivity <�� PCR

��������%�	
��1��%# Leptospira  	
� PCR ��&��B amplify 9'�&%#�'�� amplicon 9� 

0.8% agarose gel-electrophoresis =���F% 10
4
 cells/ml '�F% 100 cells 9� 10 �l (,��&���	
�9��

9� PCR) (8,���
�
,	
� 1.6)

,��&�" DNA �%#��F;% Leptospira 	
���&��B�����6=������ PCR �F% 500 fg (9�

,��&��� 10 �l 	
�9��9� PCR) (8,���
�
,	
� 1.7)

3.2 Analytical specificity <�� PCR

�
,	
� 1.8 ���#���&�G��!�%# PCR 8���&F�%	��$�������%6 DNA �%#��F;% 

Leptospira ������ 26 serovars (25 pathogenic ��! 1 nonpathogenic serovars) $���&��B

�����6 PCR amplicon 	
� 331 bp ��$	1$ serovar (8,���
�
,	
� 1.8) 9��"!	
�$��������F;%

�6�	
��
�%F��L ������ 29 ������+1� (�$�&�6 28 ������+1� ��!�$�&6�$'�C�#������+1�) (��

��#	
� 1.20) =&)�6 PCR amplicon IC�#���#�)� PCR &
���&�G��! 100 % (8,���
�
,	
� 1.9)

3.3 >#������	*� Leptospira =��
���3��(X

��$�
�������1' PCR (diagnostic 

sensitivity)

��$���������%�)�#,-����!��������� 45 ���%�)�#��$���	
�&
,�!���������F;% 

Leptospira �6�)� 22 ��$ 45 ���%�)�#&
 amplicon ���� 331 bp �F%���%�)�#	
� 3, 7, 8, 9, 11, 

15, 19, 20, 21, 22, 25, 30, 32, 33, 34, 35, 38, 39, 40, 41, 43 ��! 44 ��!=&)�6 DNA 

amplicon 9����%�)�#,-����!�%#���,$��	�;� 20 ��� (8,���
����#	
� 1.21)

3.4 >#������	� �!� Leptospira =��
���3���!0�� �!��
�	�<���
�	�� semen bank 

<�����(,�

��� (diagnostic sensitivity)

��$���%�)�#�;����F;%%�1�� 10 ���%�)�#�6�)� 3 ���%�)�# (30%) &
 DNA amplicon 	
� 

331 bp 8�� PCR (8,���
�
,	
� 1.10)



42

������'� 1.20 "���'��'��3��B �'�= �
0�*�
����	��������$ (analytical specificity)

<�� PCR primers

Gram-positive Staphylococcus aureus (ATCC 29213)

Gram-negative

Salmonella enterica Shigella spp. Vibrionaceae

S. Agona S. flexneri V. cholerae,

S. Albany S. sonnei Ogawa, El Tor

S. Anatum Escherichiae V. cholerae,

S. Blockley E. coli (ATCC 25922) Inaba, classical

S. Cholerae-suis Nonfermentive Gram-negative bacilli

S. Enteritidis Other enterobacteriaceae

S. Lexington Citrobacter diversus

S. Ohio C. freundii

S. Panama Klebsiella pneumoniae

S. Parathyphi Yersinia enterocolitica

S. Rissen

S. Schwazonium

S. Stanley

S. Typhi

S. Thyphimurium

S. Worthington

S. Weltevraden
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��(�'� 1.6 Analytical sensitivity of PCR for detection of Leptospira DNA from

cells

Lane M, Molecular size marker

Lanes 1-8, 10
7
 cells/ml, 10

6 
cells/ml, 10

5 
cells/ml, 10

4 
cells/ml, 10

3 
cells/ml,

10
2 
cells/ml, 10

 
cells/ml, 1

 
cell/ml ��&�����6 (9�� template 10 �l

�%#��)�! dilution 9� PCR)

Lane 9, Negative control (E. coli)

�6�)������� 10
4
 cells/ml '�F% 100 cells 9� 10 �l �F%����������� Leptospira

��%�	
��1�	
��!��&��B detect =��8�� PCR

Expected amplicon = 331 bp
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��(�'� 1.7 Analytical sensitivity of PCR for detection of Leptospira genomic DNA

Lane M, Molecular size marker

Lanes 1-8, DNA amounts of 5 ng, 500 pg, 50 pg, 5 pg, 500 fg, 50 fg ��!

5 fg ��&�����6

Lane 9, Negative control

Expected amplicon = 331 bp
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��(�'� 1.8 Representative results of DNA amplicon for detection of DNA of

Leptospira spp. (various serovars)

Lane M, Molecular size marker

Lanes 1-9, Leptospira serovars autumnalis, ballico, ballum, bangkoki,

bataviae, bratislava, canicola, celledoni ��! djasiman ��&

�����6
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��(�'� 1.9 Representative results of DNA amplicon by PCR when DNA of bacteria

other than Leptospira were used as DNA templates

Lane M, Molecular size marker

Lanes 1-9, Genomic DNA of Salmonella Typhi, S. Typhimurium, S. 

Enteritidis, Shigella flexneri, S. sonnei, Klebsiella pneumoniae, 

Citrobacter freundii, E. coli and Leptospira serovar bataviae 

(positive control) ��&�����6

PCR &
 analytical specificity 100% ����!=&) amplify DNA �%# �6�	
��
�

%F��L  	
�=&)9�) Leptospira
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������'� 1.21 Comparative results of Leptospira antigen detection in urine

samples of cattle by MAb-based dot-ELISA and DNA amplification by

PCR

PCR
Dot-ELISA

Positive Negative
Total

Positive 21 0 21

Negative 1 23 24

Total 22 23 45

The diagnostic sensitivity of antigen detection by dot-ELISA =  95.45 %

The diagnostic specificity of antigen detection by dot-ELISA =  100 %

The diganostic efficacy =  97.22 %

The positive predictive value =  100 %

The negative predictive value =  95.83 %

Kappa coefficient =  0.9555

Standard error of Kappa =  0.0222

Z =  6.4159

p-value = � 0.0001
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��(�'� 1.10 Representative results of positive and negative PCR for the detection

of Leptospira DNA in semen samples of cattle

Lane M, DNA marker

Lane 1, negative control (E. coli)

Lane 2, negative semen sample

Lane 3, positive semen sample

Lane 4, positive control (Leptospira serovar bataviae)
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�	�������������������������������� ����������		���!�

����	�"��#�$�#��%��� genotypes ���  phenotypes ��� Shiga toxin producing E. coli 
�

reservoir hosts  �%� ��� ���	 ���!��	

��%�&'"#�������

I. ������������������������������
�
����
������������
���
��������!" (��
 
���!"��


)"�� ������
�*��

1. ��������� homogenates (��
 lysate (Ly) ���'-��������	�� / (�������
 2.1)

�&��'������	��� stock cultures #� streak ��'� trypticase soy agar (TSA) plate

���� incubate ��� 37�C �*+����� 18-24 /����#� �������
/� loop $�! colonies (2-3 colonies)

��� overnight plate 
�
��
� 50 ml trypticase soy broth (TSB) 
� flask ���! 150 #�. �&�

flask �* incubate ��� 37�C 
� shaking incubator �*+����� 4-6 /����#� �&� culture �**<=���� 

10,000 � g ��� 4�C �*+����� 20 ���� �&� bacterial pellet �* suspend 
� deionized distilled 

water 
>��!� optical density �*+� 2.0 ��� 540 nm �&��* sonicate ��� 20 kHz �*+����� 5 ���� 2 

����� �'
� �*+� aliquots ��?�@ ������?'������ -20�C

2. ��������� lipopolysaccharide (LPS) ��� E. coli serogroup O157

�������	�!���' E. coli O157 X[���*+� clinical isolate #����*����\]��*^_� 
�����$��	# 

LPS �!��&��'������	��� stock culture #� plate ��'� TSA �/
��!�	���'����$��	# whole 

cell lysate ���� pick growing colonies ��� plate �* inoculate ��
� TSB, incubate ��� 37�C

�*+����� 4-6 /����#� �&��'������	
� TSB �* inoculate ��
� Roux bottles ���#� agar slants

�$��	#��� TSA 250 #�. ��!�� 3 #�. ���	���!�*#��"%��
>� inoculum ���'��^#����"%�����

��� agar slant ���� incubate ��!����>#!��� 37�C �*+����� 48 /����#� ��?'��'��# bacteria 

�������]'�"%�������� agar slants �!	
/�������� (glass beads) ��� sterile normal saline 

solution (NSS) ������*#�
>��'������	>�^!������������ agar slants ����!�!���#�*<=����� 

bacteria !��	 NSS !��	���#��?� 10,000 � g ��� 4�C, 3 ����� ������� 20 ���� �&� bacterial 

pellet ������*<=�����������^!���	 �* suspend 
� NSS �!	�&����
>��!� bacterial weight 

10-20 mg/ml. ��# 90% phenol *��#�$���
������
� bacterial suspension �&������#�*

�̂
���� 65-68�C 
�����!�	����
>�����	
���������#�&���#��*+����� 20-30 ���� *�
�	
>�

�	?�������̂�>|�#�>���������?'���
>��	?���� 4�C �
���&��**<=���� 5,000 � g  �*+����� 20 ���� 

�"%��
>��	��*+�/��� @ 
/� serological pipettes !�!�	�/�����&� (aqueous phase) X[���*+�/���'�

��?'��#��� ($�����#�!������#

>�!�!/�������X[���*+�/��� nucleic acid >�%�/����
��X[���*+� protein 
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*�#�) �&�/��� aqueous phase �����?'#��!�#���!*��#�$�������#��' absolute ethanol

*��#����
��������/
�	?������� 4�C 
/�
	����X[��X������>��	@ /��� ����$������� @ ������!�[��

�����?'�
������*+���&�#���#��' absolute ethanol ��� 4 *��#�$� ��?' preparation ������ 4�C

�����%������&��**<=���� 5,000 � g ��� 4�C �*+����� 20 ���� �&�$��������!��*����	��&�

*��#�$����	@ dialyse 
���&����%��&���!�����}��~���
>�>#!���!� crude LPS >�%����	��
�

�*+� first extracted LPS �����&��*���!!��	�����X�&������������!� second extracted LPS �&�

preparation �**<=���� 100,000 � g, 4�C �*+����� 3 /����#� �&� pellet ����!�#�����	
���&������

*��#�$����	 @ 
>��*+� homogeneous solution �&��*>� dry weight �����'
���?'�*+� 

alipuots ��?�@ (pure LPS) ��*��� 2.1 ��!� SDS-PAGE-separated E. coli: O157 Ly ��� 

LPS ���	��#!��	 Coomassie brilliant blue (��*��� 2.1, Block I) ��� Silver stain (��*��� 2.1, 

Block II)

3. ������(�'"#��������� Toxins �	��/

3.1 Cholera toxin (CT) X%�����'����� Sigma Chemical Company, USA

3.2 Heat-labile enterotoxin (LT) ����/%�� enterotoxigenic E. coli �$��	#��� 

recombinant clone ���#� hlt gene X[���!���'���#��^����� Professor Dr. Hisao Kurazono, 

Head, Department of Medical Technology, Institute of Health Sciences, University of 

Okayama, Japan ���X[���*+� collaborator �!	����$��
�����$��	# LT �!�*��'�$�$�#������� 

Clements and Finkelstein (1978) ��� Uesaka et al. (1994) �!	#����!�!�*����?����	 !�����

�&� recombinant bacteria #� grow 
� LB broth X[��#� ampicillin ��#�	�
 100 �g/ml 

��� 37�C 
� shaking incubator �*+����� 18 /����#� �&� culture #�*<=���� 10,000 � g ��� 4�C 

�*+����� 20 ���� �"%�� collect bacterial cells �&� bacterial pellet ����!�#� suspend 
� 10 mM 

Tris-HCl buffer, pH 8.6 X[��#� NaCl ��#�	�
 0.9% ��������&�
>��X��~����'������	�$��!	 

sonication ��� 20 kHz 2 ���� 5 ����� >�������&���! cell debris ����*�!	���*<=�!����
������

$����������>�[�������[��&� supernatant X[���*+� lysate ����X��~#� precipitate !��	 65% 

ammonium sulphate �%�
�
�� ammonium sulphate 398 ���#/supernatant 1 ��$� $�������

�!����*+� crude LT �&��*����	
� TEAN buffer ���� dialyse 
� buffer �!�	���������� 4�C

�����%� ������!�
� protein content (Bradford, 1976) 
�����$���^!���	�&� crude LT �*�
�� 

immobilized galactose column �!	X%�� resin /��!���#����'����� Pierce Co. �#%�� 

Rockford, USA �!	 pack 
� glass column ���! 1.5 � 10.0 X#. >������ equilibrate 

column !��	 TEAN buffer �&� crude LT #��
�����*X[�� LT ����'��' galactose 
� column 

�
������#
��'��' galactose �������������*
>�>#!!��	 TEAN buffer �����[� elute bound LT

������ column �!	
/� 0.5 M galactose 
� TEAN buffer ��?' eluates �*+� fractions ��?�@ 

fraction �� 1 #�. �&��*�
�� optical density (OD) ��� 280 nm >�����������[� pool ��# 
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fractions ���#� optical density ����!��	������*+� pool ��� pure LT �&��* concentrate �!	*<=�


� Centriprep-30 ������!�
� protein content (Bradford, 1976) ��*��� 2.2 ��!� SDS-PAGE 

separated pure LT ���	��#!��	�� Coomassie brilliant blue ���>?��
�*����'!��	 A ��� B 

subunits � $&��>�
� 32.2 kDa (A subunits) ��� 11.8 kDa (B subunits) �'
���?' pure LT 

�*+� aliquots ��?� @ ������ -20�C X[��$
�#�
/��*+� heterologous toxin �"%��$��� specificities

��� monoclonal antibodies $
� O157 LPS, Stx-1 ��� Stx-2

3.3. Purification of Stx-1 '"# Stx-2

Source ��� Stx-1 �%� recombinant E. coli M1061 X[�� carry 2.1 kb BamH1-BglII 

fragment ��� stx-1 ��� ligate �	�
��' vector pUC118 �!	�!���'#���� Professor Hisao

Kurazono (Kurazono et al., 1987), Professor and Head, Department of Medical 

Technology, Institute of Health Sciences, University of Okayama, Japan �
�� source ��� 

Stx-2 �%� recombinant E. coli M1061 X[�� carry 4.6 kb EcoRI fragment ��� stx-2 X[�� ligate

�	�
��' pCH253 vector (Yutsudo et al., 1987a) ��� purify Stx-1 
/�������� Kurazono et al. 

(1987) ������ purify Stx-2 
/�������� Yutsudo et al. (1987b) �!	!�!�*����?����	 ��	

�����	!�������$��	##�!�����:-

�&��'������	��� carry stx-1 �* grow 
� Luria-Bertani (LB) broth X[����# Ampicillin

�	�
 100 �g/ml �!	 incubate 37�C shaking incubator �*+����� 48 /����#� �
���'������	X[�� 

carry stx-2 gene �&��* grow 
� Mueller-Hinton broth X[��#� Trimethoprim ��#�	�
 10 �g/ml 

�#%����' 48 /����#� �&� cultures �**<=��"%�� pack bacterial cells ��� 5,000 � g, 4�C �*+����� 

15 ���� �����&� pellet �* resuspend 
� phosphate buffered saline (PBS), pH 7.4 �����# 

Polymyxin B ��� 6,000 units/ml �&� bacterial cells �*�&�
>��$��!	 sonication ��� 20 kHz 2 

���� 5 ����� >������*<=���� cell debris ������� �&� supernatant �* precipitate !��	 80% 

ammonium sulphate (516 g/l) $���� precipitate ����!��&��*����	
� 50 mM Tris-HCl, pH 

8.6 ���� dialyse 
� buffer �!�	���������� 4�C �����%� preparation ������	��
� crude toxin X[����

�&��* purify $
�!��	 DEAE-fast flow chromatography (column size 2.0 � 45.0 cm) X[�� 

equilibrate !��	 50 mM Tris-HCl, pH 8.6 ������� >������ apply crude toxin �������� 

column !��	 buffer �!�#���� elute protein ���#��!	
/� 0-0.5 M NaCl 
� Tris-HCl buffer, 

pH 8.6 ��?' fraction �� 10 ml ����$��� OD ����̂� fraction ��� 280 nm �������$����
� 

fraction 
!#� toxin �!	�&��*�!��'!��	���� double diffusion �!	���!�*�����	����

precipitation ��� fraction ��' rabbit polyclonal antibodies $
� Stx-1 >�%� Stx-2 (Yutsudo et 

al., 1987b) "'�
� fractions ���#� toxin (
>� precipitin bands $
� anti-toxin) ��� elute ���#�


�/
����>�
�� 0.12 - 0.24 M (NaCl) (��*��� 2.3) �&� fractions ���#� toxin #� pool ��#��� �&�

�$
�� pool �* concentrate !��	 Amicon PM10 membrane ultrafiltration ��� Centriprep-30
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�������
 2.1 List of heterologous antigens used for testing cross-reactivity of MAbs to 

EHEC O157 LPS, Stx-1 and Stx-2

No. Strain/ Antigen   No. Strain/ Antigen

1 Shigella flexneri 1a 46 Plesiomonas shigelloides
2 S. flexneri 1b 47 Pseudomonas aeruginosa
3 S. flexneri 2a 48 Aeromonas hydrophila
4 S. flexneri 2b 49 Escherichia coli (K12)
5 S. flexneri 3a 50 E. coli O86
6 S. flexneri 3b 51 E. coli O125
7 S. flexneri 4a 52 E. coli O126
8 S. flexneri 4b 53 E. coli 49/32
9 S. flexneri 6 54 EIEC 54/32

10 S. flexneri x 55 EHEC (VT1)
11 S. flexneri y 56 EHEC (VT2)
12 S. dysenteriae 1 57 EHEC (VT2vh)
13 S. dysenteriae 2 58 EHEC (VT2vp)
14 LPS of S. dysenteriae 1 59 EHEC (MC1061)
15 S. boydii 1 60 EHEC (VT2, K243)
16 S. boydii 2 61 EHEC (SLT I, CG-94-2017-1)
17 S. boydii 4 62 EHEC (SLT I, SPH-1624-1)
18 S. boydii 12 63 EHEC (SLT I, II, CP-32-1)
19 S. sonnei phase I 64 EHEC O111ac:H40 (V-474-2)
20 S. sonnei phase II 65 EHEC O111ac:H40 (V-826-2)
21 LPS of S. sonnei phase I 66 ETEC (SPH-2389-1)
22 Salmonella Paratyphi A 67 ETEC (SPH-2436-1)
23 S. Paratyphi C 68 ETEC (CJ-612-6)
24 Salmonella group C 69 E. coli (LT, ST, CJ-1270-1)
25 Salmonella group E 70 E. coli (ST, CAM-10-1)
26 S. Typhi 71 E. coli (LT, CJ-1417-1)
27 S. Typhimurium 72 E. coli (LT, CP-10-1)
28 S. Panama 73 EAggEC (W 177-1-1)
29 Klebsiella pneumoniae 74 EPEC (W 393-1-1)
30 Enterobacter aerogenes 75 EPEC (W 225-1-2)
31 E. cloacae 76 EPEC (467-1-1)
32 Citrobacter diversus 77 EPEC (215-1-1)
33 C. freundii 78 EPEC (412-1-1)
34 Seratia marcescens 79 DAEC (WC 407-1-4)
35 Proteus rettgerii 80 DMS 1 (S. sonnei phase I)
36 P. vulgaris 81 DMS 2 (S. flexneri 2a)
37 Morganella morganii 82 DMS 3 (untyped)
38 Vibrio fluvialis 83 DMS 4 (S. sonnei phase I)
39 V. alginolyticus 84 DMS 5 (S. flexneri 6)
40 V. cholerae Inaba 85 DMS 6 (S. flexneri 6)
41 V. cholerae Ogawa 86 DMS 8 (untyped)
42 V. cholerae non-O1 87 DMS 10 (S. flexneri 2a)
43 V. cholerae 215/35 88 DMS 11 (S. boydii 5)
44 V. cholerae 287/35 89 Cholera toxin (CT)
45 V. cholerae 536/35 90 Heat-labile enterotoxin (LT)

CT, cholera toxin; DAEC, diffusely adherent E. coli; DMS, Department of Medical Sciences, Ministry of Public Health, 
Thailand; EAggEC, enteroaggregative E. coli; EHEC, enterohemorrhagic E. coli; EIEC, enteroinvasive E. coli; EPEC, 
enteropathogenic E. coli; ETEC, enterotoxigenic E. coli; LT, heat-labile enterotoxin of ETEC; ST, heat-stable enterotoxin of 
ETEC; SLT, Shiga-like toxin or VT,
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�46��
 2.1 '%�� patterns $
� SDS-PAGE-separated homogenate (lanes B, C '"# D) 

'"# LPS (lanes E, F '"# G) $
� E. coli O157

Block I 	��#!��	 Coomassie Brilliant Blue

Block II 	��#!��	 Silver stain
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�46��
 2.2 '%�� SDS-PAGE-separated pure LT $
� enterotoxigenic E. coli ��
 elute



������ immobilized galactose-resin column

Lanes B-J: SDS-PAGE-separated patterns of fractions eluted from the 

galactose-resin column

A subunits at 32.2 kDa

B subunits at 11.8 kDa

Lane A, broad range molecular weight markers

Numbers at the left are molecular weights in kDa

A subunits

B subunits
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�46��
 2.3  Chromatogram $
� Stx-1 ��
 elute 

������ DEAE fast flow column

Bar �����	� (���\�/��) ��!� fractions ���#� Stx-1 ������$�����'!��	 double 

diffusion test $
� rabbit anti-Stx-1 ���>?��
� Stx-1 ��� elute ���#�
�/
�� 0.12-0.24 M 

NaCl
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(Amicon, Beverly, MA, USA) �#%�� concentrate ���� preparation ����!� (3 ml) ���	��
� Stx-

IEC �&��* dialyse 
� 25 mM immidazole-HCl buffer, pH 7.4 ����&��* apply 
� 

polybuffer exchanger PBE 94 column (1.0 � 45.0 cm) ('����� Pharmacia Fine Chemical, 

Sweden) X[�� equilibrate ���!��	 immidazole buffer ���� elute protein ���#�!��	 gradient 

pH 7.0 �[� 4.0 �!	
/� polybuffer 74, pH 4.0 (Pharmacia Fine Chemical, Sweden) �&��$
�� 

fraction (fraction ��� Stx-CF) �*$���>� toxin �!	����!����
������$�� "'�
�"'�
� Stx

positive fractions ��� elute ���#�
�/
�� pH 5.5 �[� 6.6 (��*��� 2.4) �&� toxin positive 

fractions�*$�����'�!	����	�!��	���� SDS- PAGE ����	��#��!��	 Coomassie Brilliant 

blue �"%�� identify toxin bands (A subunits ��� Stx-1 ��� Stx-2 ���	�
$��$&��>�
� 33.5 

��� 33.7 kDa $�#�&�!�' �
�� B subunits ��� Stx-1 ��� Stx-2 ���	�
$��$&��>�
� 6.6 ��� 

6.5 kDa $�#�&�!�') (Takeda et al., 1993) "'�
�'�� fractions #�#����
� 2 bands (��*��� 

2.5) !�! fractions ���#� toxin �!	���$���!��	 double diffusion ���
�����	�!��	 SDS-

PAGE ������	��#��*���� bands $��$&��>�
� A subunits ��� B subunits ���$������
>� 

SDS-PAGE pattern �''�!�	���� #���#����!��	��� ���� dialyse 
� buffer ����>#���#�!	


/� 50 mM PBS, pH 6.0 ���#� 0.2 M NaCl �&�>��' Stx-1 ���
/� 50 mM PBS, pH 8.0 �&�>��' 

Stx-2 >������ dialyse �����&��* concentrate �!	
/� Centriprep-30 �#%���&��$
�� pool �*

�	�!��	 SDS-PAGE ����	��#����������>�[�� (��*��� 2.6 ��!� SDS-PAGE patterns ��� Stx-

CF pools) ���>?��!��
� pools ��� fractions 10 ��� 11 (lane B) ��� pool ��� fractions 12-

14 (lane C) 
>� bands 2 bands $����'$&��>�
� Stx-1A ��� Stx-1B !������ 2 pools ����[��*+� 

pure Stx-1 �
�� pools �%�� (pools ��� fractions 15 ��� 17, fraction 16, pools ��� 

fractions 18-19, 20-21 ��� 22-24 [lanes D, E, F, G ��� H]) #� bands #����
� 2 bands 

(partially purified Stx-1]) �&� pools ��� fractions 15 ��� 17, fraction 16, pools ��� 

fractions 18 ��� 19, 20 ��� 21, ��� 22-24 �* concentrate ���>�*��#���*�$�����	� 

preparation �
������
� “Stx-CF” X[��$����&��* purify $
�!��	���� gel filtration �!	
/� fast 

protein liquid chromatography (FPLC) (Pharmacia Fine Chemical, Sweden) ��������!	
/�

Superose-6HR 10/30 prepacked column �*+�����$���^!���	 ��*��� 2.7 ��!� chromatogram 

��� Stx-1-CF pools $
�� @ ��� chromatofocusing column ���>?��
� Stx-CF pool 
!����*+�

partially purified toxin �?��
>� chromatogram #����
� 1 peak �
�� Stx-CF pool ���#� pure 

toxin �	�
���� �/
� pool 12-14 �?���>?� peak �!�	�
� chromatogram 
���� purify Stx 
�����

$���^!���	!��	 Superose-6HR FPLC ���� �&� Stx-CF ���#� protein range 3-5 mg *��#�$� 

150 �l �����������#� inject �
�� sample loop ��� column >���������� elute !��	

equilibrate buffer (50 mM PBS, pH 6.0 containing 0.2 M NaCl �&�>��' Stx-1; Tris-HCl, pH 

8.0 �&�>��' Stx-2) �!	
/� flow rate 0.4 #�/����/>��! �*+����� 1 /����#� �!	*�
�	
>� 

eluent ����
�����#���� column 
>� detect OD �!�!��	 UV-1, 280 nm 0.2 AUFS ������?'

!��	 fraction collector (Frac 100, Pharmacia Fine Chemical, Sweden) ��! OD ����$
��
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�46��
 2.4  Chromatogram $
� Stx-1 ��
 elute 

������ chromatofocusing column 

(fraction volume 5 ml)

�����[' (���\�/��) ��!� fractions ���#� toxin ������$���!��	 gel double 

diffusion test $
� rabbit anti-Stx-1 X[����� elute ���#�
�/
�� pH 5.5 �[� 6.6
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�46��
 2.5 SDS-PAGE patterns $
� fractions ��
�� Stx-1 ��
 elute 

������

chromatofocusing column

Lanes A of (a) and (b) are molecular weight markers

(a) Lane B, SDS-PAGE-separated crude Stx-1

Lanes C-J, patterns ��� fractions 8-15

(b) Lanes B-J, patterns ��� fractions 16-24

A subunits at 33.7 kDa

B subunits at 6.6 kDa

Numbers at the left are molecular weights in kDa



88

�46��
 2.6   '%�� SDS-PAGE patterns $
� concentrated pools �	�� / ����46��
 2.4 '"# 

2.5 ��


Lane B, pool ��� fractions 10 ��� 11 (pure Stx-1)

Lane C, pool ��� fractions 10 – 14  (pure Stx-1)

Lane D, pool ��� fractions 15 ��� 17 (partially purified Stx-1)

Lane E, fraction 16 (partially purified Stx-1)

Lane F, pool ��� fractions 18-19 (partially purified Stx-1)

Lane G, pool ��� fractions 20-21 (partially purified Stx-1)

Lane H, pool ��� fractions 22-24 (partially purified Stx-1)

Lane A, molecular weight standard markers

Numbers at the left are molecular weights in kDa

kD
206125

88
47 7

34 9

29 6

20 4

7 0

A B C D E F G H
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�46��
 2.7   '%�� FPLC chromatograms $
� Stx-1-CF fractions �	�� /

(a) pool ��� fractions 22-24 (lane H ��*��� 2.6) X[���*+� partially purified Stx-1 #�

>��	 peaks 
� chromatogram

(b) fraction 16 (lane E ��*��� 2.6) = partially purified Stx-1 #�>��	 peaks 
�

chromatogram

(c) pool ��� fractions 12-14 (lane C ��*��� 2.6 = pure Stx-1) #� peak �!�	�
� 

chromatogram

(a)

(b)

(c)
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�46��
 2.8  '%�� SDS-PAGE (non-reducing condition) patterns $
� Stx-1

preparations <�$����
��	�� / $
���� purify

Lane A, molecular weight standard markers

Lane B, crude Stx-1 >������ ammonium sulphate precipitation

Lane C, Stx-1 preparation ��� DEAE-Sepharose column

Lane D, partially purified Stx-1 ��� chromatofocusing column

Lane E, pure Stx-1 ��� chromatofocusing column X[���>#%����' pure Stx-1 

��� FPLC column
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fraction ����"�#"~ chromatogram ���#� >�����������&��$
�� fraction ��� show appropriate 

peak 
� chromatogram �*�!��'��' rabbit polyclonal antibodies $
� Stx �$
��/��! ���

�"%���*+����	%�	���
� preparation �̂!���	����*+� pure Stx �[��!��&��$
�� preparation �* run


� SDS-PAGE 
� non-reducing condition ����	��#!��	�� Coomassie Brilliant blue ��*��� 

2.8 ��!�
>��>?��[� SDS-PAGE-separated patterns ��� Stx-1 
�����$��$
�� @ ������

purify

3.4 ��������� Stx-2 toxoid

��%������ Stx-2 #����#�*+�"��$
�>�� mice #�� �����
/� immunize >�� mice �!	

$�����&�
>�>�� mice $�	�"��� toxic/lethal dose #�*��#��$�&�#���#%�����	'��' 

immunogenic dose !������ 
���� immunize >�� BALB/c �"%���$��	# immune splenocytes

�&�>��'������$ hybridomas �[�#����#�&��*+�$��� detoxify Stx-2 �"%��
>��*+� toxoid �"%���!

���#�*+�"���$
	�������#�*+� immunigen ���	�
�� ����$��	# immunogenic Stx-2 toxoid

�&��!��!	����&� Stx-2-IEC #���%�����*+� 0.5 mg/ml 
� 10 mM PBS, pH 7.4 ��� dialyse

against 0.4% formalin 
� PBS ��� 37�C �*+����� 7 ��� >���������� dialyse �&���!��� trace

��� formalin ���
>�>#!�!	 dialyse 
� PBS ��� 4�C �����%��!	�*���	� buffer >��	 @ ����� 

�������$����
� Stx-2 toxoid 	��#� toxicity $
� Vero cells �	�
���>�%��#
 �!	�$�# toxoid ��
� 

Vero cell culture �����
/� toxoid 
���� immunize BALB/c $
��#%�� preparation �����#
�*+�

"��$
� Vero cells

4.  ��� immunize (�4 BALB/c ���

<(>!�> immune splenocytes

�!� immunize >�� BALB/c �"\�#�	 ��	^ 5-7 ��*!�>~ X[���!���'���#��^�����>~��� 

Armed Forces Research Institute of Medical Sciences (AFRIMS), US Component

��^���"� 3 ��^
# ��^
#�� 3 $�� �!	�
�� immunize �!�������%�!>���$
��$���"%����?'����*+�

normal control serum (NS) >����^
#��� immunize !��	 O157 Ly �
����^
#��� 2 �����^
#��� 3 

immunize !��	 holo Stx-1-IEC ��� Stx-2 toxoid $�#�&�!�' ���$����
� dose ��� ��#��' 

complete Freund’s adjuvant ��!����/
������ (intraperitoneal; I/P) >������������! booster 

doses ��� 2 ����� �^�@ �����*!�>~�$
��# immunogens �!�#
� incomplete Freund’s 

adjuvant *��#�� immunogens 
� dose ����%� O157 Ly 50 �g, Stx-1-IEC ��� Stx-2 

toxoid *��#�� 2 �g �
��
� booster doses �"��# O157 Ly �*+� 70 ��� 100 �g $�#�&�!�' 

�
�� Stx-1-IEC ��� Stx-2 toxoid �"��#�*+��	
���� 5 �g >��������! dose ��� 3 �������

��*!�>~ ������%�!>���^�$���"%���&�#�$��� indirect ELISA titers $
� homologous antigens

���$��� antibody patterns $
� SDS-PAGE-separated homologous antigens !��	

Western blotting (WB) �#%��"'�
�X���#��� immunized mice #� ELISA titers ������
>� WB 
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patterns $
� homologous antigens �>#���# �[��&� spleens ���>��$�����#� titers ����^!�*
/�

�*+� immune splenocytes �&�>��'�$��	# hybridomas $
��*

5. Cell hybridization (fusion) ���

������ hybridomas '"# monoclonal antibodies 

(MAb)

Immunized mice 
��$
����^
#X[��#� serum indirect ELISA titer ����^! ���
>� WB 

patterns $
� homologous antigens �>#���# (�%� X���#>����� immunized !��	 O157 Ly #� 

reactive bands $
��*�$��$
�� @ �>?��*+� bands �!��	���� molecular weights $
�� @ ��� ���#�

antibodies $
� O157 LPS X[���>?��*+� ladder >�%� diffused bands �
��>����� immunized 

!��	 Stx-1-IEC ��� Stx-2 toxoid #� antibody reactive bands $��$&��>�
� A ��� B 

subunits ��� Stx-1 ��� Stx-2) �������%��#��*+� immune splenocyte donors �"%�� fuse ��'

myeloma cells �&�>��'���$ hybridomas

�
������&� cell fusion 4 ����!���!���$^��>�������%��
>��*+� splenocyte donors

!��	 immnogens �!�#����������%�!�!	����	 immunogens *��#����[��>�[����� last booster 

dose 
� NSS *��#�$� 0.2 ml >������ intravenous booster 4 �������*+��������&� cells 

fusion ������%�!>���$
��$���	�X���#����*+� positive (immune) serum (PS >�%� IS) �
�>��

!��	���� cervical dislocation ���� disinfect |�	���$��>���!	�̂
#��
� 70% ethyl alcohol ����

$�� >����������$�!#��#���#��������'!��� spleen cells 
�
��
� RPMI-1640 medium �!	


/� sterile technique �^�����$�� *<=������X��~
� RPMI medium ������'�&�����X��~���#�/���$

�	�

� hemacytometer ���
/� trypan blue exclusion method "'�
� �X��~#�/���$�	�
#����
� 

98% ��� nucleated cells ����>#! �[��&��* fuse ��' P3x-63-Ag8.653 myeloma cells X[�� 

harvest #���� culture flasks 
��������X��~�&�����	�

���	� late exponential phase (cells 

#� viability #����
� 98% �/
����) 
���$���
�� myeloma cells:spleen cells = 1:10 �!	
/�

polyethylene glycol (PEG) 4,000 �*+� fusogen >������*<=� cells 
>��*+� common pellet 

���� resuspend cells 
� RPMI-1640 medium �������� 2-3 ����� ���	�^!�&� cell pellet �* 

resuspend 
� selective medium �%� HAT medium ��# 15% bovine serum �!	*��'
>�#� 

10
6
 cells/ml ��������'
� 200 �l aliquots ��
� 96-wells tissue culture plates ���� incubate 

plates ������ 37�C 
� 5% CO2 incubator $���!� cultures |�	
$� inverted microscope �^���� 

�#%��*�����*+���^
#�X��~ hybrids ��� refractile ��
� background X[��*����'!��	 cell debris 

�[��*���	� medium 
>#

���	���������>#���# >������ hybrids �'
�$���"��#�&����#������ 

�&� undiluted culture supernatants �*$���>����$�'�!�$
� homologous antigens �!	���� 

indirect ELISA �#%��"'�
� �X��~��� culture wells >�^#
!
>���'���!	#� indirect ELISA

optical density �����
� 0.1 �&��X��~���>�^#�����* clone �!	���� limiting dilution �!	#� 

normal splenocytes �*+� feeder cells �"%��
>��!������!��	� (monoclones = hybridomas)
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6. Vero cytotoxic assay


�����&� Vero cytotoxic assay �!�
/� African Green Monkey kidney (Vero) cells 

���������� Gentry ��� Dalrymple (1980) �!	�!���' Vero cells #�����"�	~>]���^�>]��

����$~  ��\������~  |����/���������	�  AFIRMS ��^���"  �!��&� Vero cells #�����	�
� 

MEM tissue culture medium �"%�� maintain �������&� experiments 
�����������
��>�[�� 

cryopreserved ���
� liquid N2 Tank

�#%�����&�����!��'!��
� preparation >�%� sample 
!#� Shiga toxin �!��&� cells #� 

plate ��
� tissue culture wells >�^#�� 100 �l (10
5 
cells) ���� incubate plate ��� 37�C 
� 

5% CO2 incubator ���#�%� �&� sterile toxin preparation >�%�$���	
�������$���>� Shiga 

toxin (undiluted preparation >�%� individual dilutions) #��$�#��
� well ���#� Vero cells >�^#

�� 100 �l �!	
� plate �!�	����#� positive control (Stx-1 >�%� Stx-2 �����$
����) ��� 

negative control ����>#���# (�/
� spent culture medium of P3x-63-Ag8.653, sample 

diluent �*+�$��) �	�
!��	 >������ incubate ��� 37�C 
� 5% CO2 incubator 48 /����#� �����&� 

plate #�$���!� cytopathic effect (CPE) �!	
/� inverted microscope (�*�!!���* 2.11) ���

������	����#�����?' plate ����!���� �!	������� detached cells ��� medium 
�>�^#���
>�

>#!!��	 phosphate buffered saline (PBS, pH 7.4) ����	��#�X��~���	��$�!�	�
��'��� wells 
� 

plate !��	 0.13% crystal violet 
� 5% ethanol-2% formalin-PBS �*+����� 20 ���� �����[�

���� excess stain ���!��	��&������>�%���&�*��*��?�!� *�
�	
>� plate �>�� �����[��&�#�$���!� 

cytotoxicity X[��'���������#
#����%�'�����������! cytotoxicity ����X��~$�	�[�>�^!���������

������� plate ��������!	�*��	'���	'��' negative control X[���� crystal violet ��$�!������ well 

�	
���#�&���#� (�#
#� toxicity) �
�� positive control (#� toxin) ��$���#� unstained area #��

>�%����	�[����'*��#�� toxin ���#�#������X��~$�	>#!�?���>?��
������� wells ���#� positive 

control ��'�#
#���$�!�	�
��	
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(a)

(b)

�46��
 2.9 The cytopathic effect (CPE) of Vero cells caused by Shiga toxin

(a) Monolayer of Vero cells in normal culture condition

(b) CPE of Vero cells in the presence of Shiga toxin (Vero cytotoxicity)
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7. Serological methods �	��/��
<�>����(���������#$
� monoclonal antibodies, 

cross-reactivity checking '"# antigenic specificities

7.1 Indirect ELISA

Indirect ELISA �����������
/��*+�����$���>���!�' antibody titer 
�X���#��� 

immunized mice, screen >� positive hybrids (�&� spent culture medium #�$���) ���

$�����!�' antibody titer 
�spent culture medium ��� selected hybridomas ���� 	��
/�

�&�>��'$��� cross-reactivities ��� MAbs $
��@$
� heterologous antigens (analytical 

specificity) !��	 ����$������&� indirect ELISA �&�>��'�������	
��
������>#%����' indirect 

ELISA �������	
�	��� 1 �^�*�����	��������$�������
/� coat plates X[���$�$
������*$�#

���#�>#���#����^!*�����~�$
�������
�����&�����!��'

7.2 Dot-ELISA

�!�
/� Dot-ELISA �&�>��'$��� analytical specificity ��� MAb $
��@$
� 

homologous ��� heterologous antigens ���������	��
/��&�>��'$���>����$�����*��>#�	


�$���	
���
�$��� (specimens) ������*_�	�̂������
��
�|�	>��� �	
�����?!����� dot-ELISA 

$
����� dot-blot-ELISA ���
/�$���>� Leptospira antigen 
�*<����� �����!����
��������

	
�	��� 1 ��?����	  ��
���%���������
/� slot-blot device >	!$���	
����'� nitrocellulose 
�

�������	
�	��� 2 ���
/� automatic pipette ��� tips >	!$���	
�� 1-3 �l �'' manual ��� 

>������$���	
��'� nitrocellulose �>��!����� ����$��$
��*��� dot-ELISA �&��/
��!�	���'
�

�������	
�	��� 1 ���
/� reagents �!�	�����^�*�����

7.3 SDS-PAGE  '"# Western blot analysis


�����	� antigen !��	 sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) 
��������	
�	��� 2 ��� 
/� 4% stacking gel ��� 12% 

separating gel �&�>��'���\[�������	���' MAb $
� LPS ��� E. coli O157 ���
/� 16% 

separating gel �&�>��'���\[�������	���' Shiga toxins

Western blot analysis �&��!	��� transblot SDS-PAGE-separated antigens ��

'� NC ������� blocked unoccupies sites '� NC !��	 3% BSA, 0.5% gelatin 
� PBS 

�������� NC �
���&��* react ��' antibody preparation >���������� revealed antigen-

antibody reactive bands �!	����&�*�����	���' second antibody-enzyme conjugate ��� 

substrate
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8. Specimens �����&@�J (human specimens)

�!���?'$���	
���̂����� 3 /^! !��	����%�

���
�	���&���
 1 �*+� rectal swabs ������*_�	�̂������
���&���� 499 ��	 ����*��'

��������������"	�'��"����#����� ���>��!�"/�'^�� *����\��	 
�/
���!%��������# �[�

���>��# �!���?' rectal swabs 
�
 Cary-Blair transport medium �
��*�"���/%����� Clinical 

Microbiology Laboratory Unit ������"	�'��"����#����� ���>��!�"/�'^�� >�����������[�

�&� swab �����* enrich !��	 buffered peptone water (BPW) 4 #�. ���#�%� �����'
��*+� 2 

aliquots �	� aliquots ����*$�#�"%��
/��&� MAb-based dot-ELISA  �"%��$���>� O157 LPS,  

Shiga-toxins 1 ��� 2  $
��*  �&�>��' aliquots �������&��*��?'��� -20�C �"%��
/��&� PCR, 

Western blot analysis ���/>�%� Vero cytotoxic assay 
�������� MAb-based dot-ELISA 
>�

���#
$����'������"���/%��

���
�	���&���
 2 �*+� rectal swabs ������*_�	�̂������
�� 42 ��	 /�����	!��# ���

�*��'��������������"	�'��/%�� “108” Hospital ���}���	  �!���?' rectal swabs ������*_�	�$


����
�

� buffered glycerol saline (BGS) X[���*+��"�	� preservation medium (�#

/
 

enrichment medium) *��#�$� 4 #�. �����
��*�"���/%���'������	���>���*��'�$����������

"	�'�� “108” ��������&� BGS >��!�!�	�����*$�# 20 ���� �����
��*$���>� O157 LPS, 

Shiga toxin 1 ��� 2 ���|����/��̂�/�����	������##������	� �����/\��$�~��$���� 

#>����	���	#>�!�  ��^���"�

���
�	���&���
 3 �*+� stool samples ������*_�	/��]��*^_� 5 �� ���#�������^������

�
���'' hemorrhagic colitis X[�� stool samples �>�
������?'���
� freezer ��� Department of 

Microbiology, Tokyo Metropolitan Research Laboratory of Public Health, Tokyo, Japan 

X[�� samples �>�
�����!���'���#��^�����>~����"�	~>]�� ��#��� ���� ����"���	��/%��������

$���>� Shiga toxins �!	 PCR �!��&����*����\]��*^_��$
��?'�����$�����'����
�� �
�����

$���>����$����
� stool aliquots �&��!	������	�\��$�~ ���|����/��̂�/�����	������##����

��	� �����/\��$�~��$����

�����$����!	�����"���/%��������$���>����$�����!	 MAb-based dot-ELISA 

�&�#��*�!"���#������$���	
��
!
>����#
$����� $����&�$���	
���*$���>����$���� �%� 

$���>� O157 LPS �!	 SDS-PAGE ��� Western blot analysis ���$���>� Shiga toxins 

�!	 Vero cytotoxic assay
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)"�������� (Results)

1 ���)"���*""J!�-������ '"#������"��"'
���-
��

1.1 Hybridomas secreting monoclonal antibodies to E. coli O157 LPS

�!�
/�>�� BALB/c ��	^ 6-7 ��*!�>~ �#%������#$����� immunize (whole cell 

homogenate ��� E. coli O157) �&���� 5 $�� �!	
/� dose, route ��� schedule �>#%��@ 

���|�	>������
>� booster dose ������^!���	 �!�$���"'�
�>��$����� 4 #� serum antibody titer 

$
� homologous antigen �������^!�%� 1:51,200 �[�
/� spleen cells ���>��$����� hybridize ��' 

myeloma cells "'�
���#��� aliquot fused cells 
�
��
� 96-wells tissue culture plates 

�&���� 1,488 wells (well �� 200 �l) !��	��� >������ incubate plates ��� 37�C 
� 5% CO2

incubator ����*���	� medium �	
���>#���# "'�
�#� growing hybrids �	�
�&���� 194 wells 

(13%) ����#%���&� spent culture medium ��� wells ���#� growing hybrids �*�!��'>�

���$�'�!�$
� O157 Ly (homologous antigen) "'�
� spent culture medium ����X��~ 

(polyhybrids) �&���� 18 >�^# #����$�'�!�  �[��&��X��~��� 18 >�^#����*�	��*+��X��~�!��	� 

(monocloning) ����!��'���#�&��"��������$�'�!�
� spent culture medium ��� 

monoclones (hybridomas) "'�
� hybridomas ��� 4 wells #����$�'�!���"��$
� O157 

Ly/LPS ��
������!	�#
#� cross-reaction $
� heterologous antigens �%��@�����!����
�$������� 

2.1 �������	�!���%�� hybridoma /%�� clone 13C9 #�����	��&�>��'������$ monoclonal 

antibodies (MAb) 
>�#��"��"%��
/��*+� detection reagent $
��*

Characteristics ��� MAb ��� clone 13C9 (MAb13C9) �!���!����
�$������� 2.4 

���>?��
� MAb13C9 �*+� immunoglobulin /��! �3 ��� light chain �*+� kappa (�) ���#����#

�&��"��$
� O157 LPS ����#%���X��~�"��#�&�����[� stationary phase ���� spent culture 

medium #� indirect ELISA titer 1:2,048 (20,480 EU/ml) ��� MAb13C9 
>� Western blot 

pattern $
� O157 LPS �*+� smears/ladders !����!�
� Block I ��*��� 2.10

1.2 Hybridomas secreting monoclonal antibodies to A and B subunits of Shiga 

toxin-1 (Stx-1)

�!� immunized >�� BALB/c �&���� 5 $�� �/
��!�	����  |�	>���
>� booster dose 

�^!���	���� 7 ��� "'�
� serum antibodies  $
� homologous antigen ��� immunized mice 

�^�$�� (Stx-1-IEC) #� titer #����
� 1:10,240 �#%���!��'!��	  indirect ELISA ���������	��

�!��&�X���#���>���$
��$���*�������>~!��	 Western blot analysis �
�#����$�'�!�$
� Stx-1A 

��� Stx-1B >�%��#
�!	
/� SDS-PAGE-separated Stx-1-IEC >�%� Stx-1-CF �������	�!�
/�>��

$����� 2 X[��#� serum antibody titer $
� homologous antigen �������^! ���#� reactive bands $
� 
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Stx-1 �*+� spleen cell donor �!	�&� splenocytes ���>��$������* fuse ��' myeloma cells 

P3x-63-Ag8.653 
�������$ hybridomas �#%�� hybridized ���� "'�
�#��X��~��� 532 tissue 

culture wells �������>#! 1,080 wells ���#� growing hybrids (49.3%) ��� 532 wells ��� spent 

culture medium ��� 20 wells #����$�'�!�$
� homologous antigen �%� Stx-1-IEC >�%� Stx-

1-CF ���#� bands $
� Stx-1A ���/>�%� Stx-1B 
� Western blot analysis !�������[��&��X��~

��� 20 wells ����*�&� monocloning �!	���� limiting dilution method X[���!� hybridomas 51 

clones !��	��� (Table 2.2) �!	 31 clones ����� MAb $
� Stx-1A ��� 12 clones ����� MAb 

$
� Stx-1B immunoglobulins ������$�!	 clones ����>#!�*+� � (�1, �2a >�%� �2b) ��� �
isotypes ����#
 cross-react ��' heterologous antigens 
� Table 2.1 �#%��$�����'�!	���� 

indirect ELISA ��� dot-ELISA ����������	�!���%�� hybridomas /%�� clones 11G3 ��� 3D4

����"%�����$ MAb $
� Stx-1A ��� Stx-1B $�#�&�!�' (�*�!!���*
� Block II �����*��� 2.10) ����

��� clones �#%������	�
� tissue culture ���[� stationary phase ��*�
�	 MAb ���#�
� 

spent culture fluids ��!�*+� indirect ELISA titers �!� 1:1,280 ��� 1:320 (12,800 EU/ml ��� 

3,200 EU/ml) $�#�&�!�' ($������� 2.2)

1.3 Hybridomas secreting monoclonal antibodies to Shiga toxin-2 (Stx-2)


�����!������
/� BALB/c �&���� 10 $�� �&�#� immunize �!	
/� Stx-2 toxoid �*+� 

immunogen |�	>��� booster dose ������^!���	 1 ��*!�>~  >�� mice �^�$��#� serum 

antibody titer �����
� 1:10,000 ��� #� antibodies ��� reactive $
� Stx-2A ��� Stx-2B �#%��

$���!��	 Western blot analysis $
� SDS-PAGE-separated Stx-2-IEC �[���%��>��$����� 1 

X[��#� serum antibody titer 1:12,800 $
� homologous antigen �*+� spleen cell donor X[��

��#��� aliquoted fused cells ��
� tissue culture wells �!� 1,088 "'�
�#� 229 wells (21%) 

���#� growing polyhybrids �	
�����?!�"'�
�#��"�	� cells ��� tissue culture well �"�	�>�^#

�!�	������������$�'�!�$
� Stx-2B �[��&� cells ��� well ����* monocloning ���"'�
��!� 8 

hybridomas X[�����$ MAb $
� Stx-2B ��� immunoglobulins �*+� �2a� �!���%�� clone /%�� 

13D2 ����&�>��'���$ MAb $
� Stx-2B �&�>��'
/��*+� antigen detection reagent $
��* �#%��

clone 13D2����]�$�'�$�$?#��� "'�
� spent culture medium #� indirect ELISA titer 1:2,560 

(25,600 EU/ml)

��%������
� first cell fusion �#
��#������$ hybridomas X[��#����#�&��"��$
� 

Stx-2A !�������"%��
>�#� hybridomas X[��>���� MAb $
� Stx-2A �[��!�
/� immunized mouse ��� 

1 $�� X[��#� serum antibody titer 1:25,600 $
� homologous antigen 
�����&� cell 

hybridization ��������>�[�� ��� tissue culture wells �&���� 1,612 wells "'�
��^� wells #� 

growing hybrids (100%) ��� 460 wells (28.5%) 
>����$�'�!�$
� Stx-2-CF �������	�!��&�

�X��~��� 13 wells �*�&� monocloning ����!� hybridomas 23 clones X[�����$ MAb $
� Stx-
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2A subunits ��� immunoglobulins �*+� � (�1 >�%� �2a) �!���%�� clone 26F9 X[�� secrete 

MAb /��! �1 
� spent culture medium ����X��~����]�$?#������#� indirect ELISA titer 

1:160 (1,600 EU/ml) ���
/�
��������	$
��* $������� 2.3 ��!���	�����	!��� hybridomas 

$
� Stx-2

�^��#'�$�$
��@ ��� clone 13C9 (MAb $
� O157 LPS), 11G3 (MAb $
� Stx-1A), 

3D4 (MAb $
� Stx-1B), 26F9 (MAb $
� Stx-2A) ��� 13D2 (MAb $
� Stx-2B) �!���!����
�

$������� 2.4 �&�>��' Western blot patterns 
� Blocks I, II ��� III �����*��� 2.10 $�#�&�!�' 

��!�
>��>?� antigenic specificities �!���!����
�$������� 2.4

��*��� 2.11 ��!�$���	
�� hybridoma clone 
� tissue culture
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�������
 2.2 List of hybridomas generated against Stx-1 and the characteristics of their 

secreted monoclonal antibodies

No. Hybridoma Specific to
subunit of

Stx1*

Indirect
ELISA titer

ELISA units
(EU/ml)**

Max. Stx1 dose
neutralized by

MAb***

IgG
subclass

1 1E11B5 A-subunit 1: 160 1,600 nd nd

2 1E11B6 A-subunit 1: 320 3,200 nd nd

3 1E11C2 A-subunit 1:160 1,600 <10CD50 IgG2a, �

4 1E11C4 A-subunit 1:320 3,200 <10CD50 IgG2a, �

5 1E11C10 A-subunit 1:320 3,200 nd nd

6 3C9B5 B-subunit 1:160 1,600 �1000CD50 IgG1, �

7 3C9B10 B-subunit 1:320 3,200 nd nd

� 8 3C9D4 B-subunit 1:320 3,200 �1000CD50 IgG1, �

9 6C8F7 B-subunit 1:320 3,200 �1000CD50 IgG1, �

10 6C8G7 B-subunit 1:160 1,600 �1000CD50 IgG1, �

11 6G5A4 A-subunit 1:160 1,600 nd nd

12 6G5A5 A-subunit 1:320 3,200 nd nd

13 6G5A6 A-subunit 1:160 1,600 nd nd

14 6G5B9 A-subunit 1:640 6,400 10CD50 IgG1, �

15 6G5C4 A-subunit 1:160 1,600 10CD50 IgG1, �

16 8B4E4 A-subunit 1:640 6,400 nd nd

17 8B4E7 A-subunit 1:640 6,400 10CD50 IgG1, �

18 8B4E9 A-subunit 1:1280 12,800 nd nd

19 8B4F6 A-subunit 1:640 6,400 nd nd

20 8B4G3 A-subunit 1:640 6,400 nd nd

21 8B4H2 A-subunit 1:1,280 12,800 nd nd

22 8B4H4 A-subunit 1:1,280 12,800 10CD50 IgG1, �

23 9G6E4 A-subunit 1:640 6,400 10CD50 IgG1, �

� 24 11E3G3 A-subunit 1:1,280 12,800 100CD50 IgG1, �

25 11E3G11 A-subunit 1:1,280 12,800 100CD50 IgG1, �

26 11E3H2 A-subunit 1:640 6,400 nd nd

27 12D7B3 B-subunit 1:640 6,400 nd nd

28 12D7B4 B-subunit 1:160 1,600 100CD50 IgG1, �

(�������	
��
)
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 �������
 2.2 List of hybridomas generated against Stx-1 and the characteristics of their

secreted monoclonal antibodies (cont.)

No. Hybridoma Specific to
subunit of

Stx1*

Indirect ELISA
titer

ELISA units
(EU/ml)**

Max. dose of
Stx1 neutralized

by MAb***

IgG
subclass

29 12D7B5 B-subunit 1:640 6,400 nd nd

30 12D7B10 B-subunit 1:1,280 12,800 100CD50 IgG1, �

31 12D7C10 B-subunit 1:1,280 12,800 nd nd

32 12D9E11 A-subunit 1:640 6,400 10CD50 IgG1, �

33 12D9F3 A-subunit 1:320 3,200 nd nd

34 12D9F6 A-subunit 1:320 3,200 nd nd

35 12D9F7 A-subunit 1:320 3,200 nd nd

36 12D9G3 A-subunit 1:160 1,600 10CD50 IgG1, �

37 12D9G5 A-subunit 1:640 6,400 nd nd

38 13C10C11 A-subunit 1:640 6,400 10CD50 IgG2a, �

39 14B8C2 B-subunit 1:320 3,200 �1000CD50 IgG2b �

40 14B8D4 B-subunit 1:1,280 12,800 �1000CD50 IgG2b �

41 16D5B7 A-subunit 1:640 6,400 nd nd

42 16D5B9 A-subunit 1:640 6,400 nd nd

43 16D5B11 A-subunit 1:640 6,400 nd nd

44 16D5C1 A-subunit 1:640 6,400 nd nd

45 16D5C5 A-subunit 1:80 800 nd nd

46 16D5C11 A-subunit 1:1,280 12,800 nd nd

47 16D5C12 A-subunit 1:1,280 12,800 10CD50 IgG1, �

48 16D5D1 A-subunit 1:640 6,400 nd nd

49 16D5D2 A-subunit 1:320 3,200 nd nd

50 16D5D7 A-subunit 1:640 6,400 nd nd

51 16D5D12 A-subunit 1:1,280 12,800 nd nd

* = The subunits of Stx1 were specified by the locations of the reaction bands on NCM

** = One indirect ELISA unit was the smallest amount of the antibody in 100 �l of the
MAb preparation that still gave the positive ELISA reaction (OD � 0.05)

*** = The highest amount of Stx1-IEC that can be neutralized by 1ml of undiluted MAb.
The data are expressed as the number of CD50 of Stx1-IEC

nd = not done

� = Monoclone chosen for further characterization of their MAb
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�������
 2.3 Hybridomas generated against Stx-2 and the characteristics of their 

secreted monoclonal antibodies

No. Hybridoma Specific to
subunit of

Stx2*

Indirect ELISA
titer

ELISA units
(EU/ml)**

Max. dose of
Stx2 neutralized

by MAb***

IgG
subclass

� 1 1D10D7 A-subunit 1:20 200 nd IgG2a �

� 2 1D10H6 A-subunit 1:10 100 nd IgG2a �

3 3D11B8 A-subunit 1:160 1,600 nd nd

4 3D11D2 A-subunit 1:80 800 nd nd

5 3D11E3 A-subunit 1:160 1,600 nd nd

6 3D11F3 A-subunit 1:160 1,600 <10CD50 nd

� 7 3D11G7 A-subunit 1:160 1,600 <10CD50 nd

8 3D11H8 A-subunit 1:320 3,200 nd IgG1 �

9 3E9C11 A-subunit 1:320 3,200 100CD50 IgG2a �

10 7D8C10 A-subunit 1:10 100 nd nd

� 11 7D8D2 A-subunit 1:160 1,600 100CD50 nd

12 7D8H8 A-subunit 1:20 200 <10CD50 IgG1 �

13 8B7C4 A-subunit 1:80 800 nd nd

14 8B7E7 A-subunit 1:160 1,600 <10CD50 IgG1 �

15 8B7F4 A-subunit 1:40 400 nd nd

16 8B7H6 A-subunit nd nd nd nd

17 26E9B3 A-subunit 1:80 800 nd nd

18 26E9C1 A-subunit 1:160 1,600 nd nd

19 26E9C5 A-subunit 1:160 1,600 100CD50 nd

20 26E9C6 A-subunit 1:160 1,600 nd nd

21 26E9D9 A-subunit 1:80 800 nd nd

(�������	
��
)
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�������
 2.3 Hybridomas generated against Stx-2 and the characteristics of their 

secreted monoclonal antibodies (cont.)

No. Hybridoma Specific to
subunit of

Stx2*

Indirect ELISA
titer

ELISA units
(EU/ml)**

Max. dose of
Stx2 neutralized

by MAb***

IgG

subclass

22 26E9D11 A-subunit 1:160 1,600 nd nd

� 23 26E9F9 A-subunit 1:160 1,600 100CD50 IgG1 �

24 13D4C2 B-subunit 1:640 6,400 nd IgG2a �

25 13D4C4 B-subunit 1:640 6,400 1000CD50 IgG2a �

26 13D4C8 B-subunit 1:640 6,400 nd IgG2a �

27 13D4C9 B-subunit 1:1280 12,800 nd IgG2a �

28 13D4C10 B-subunit 1:1280 12,800 nd IgG2a �

� 29 13D4D2 B-subunit 1:2560 25,600 1000CD50 IgG2a �

30 13D4D3 B-subunit 1:1280 12,800 nd IgG2a �

31 13D4D5 B-subunit 1:2560 25,600 100CD50 IgG2a �

* = The subunits of Stx2 were specified by the locations of the reactive bands on

NCM

** = One indirect ELISA unit was the smallest amount of the antibody in 100 �l

of the MAb that still gave the positive ELISA reaction (OD � 0.05)

*** = The highest amount of Stx1-IEC that can be neutralized by 1 ml of undiluted

MAb.  The data are expressed as the number of CD50 of Stx2-IEC

nd = not done

� = Clones which their MAb had cross-reactivity to some heterologous antigens.

� = Monoclones which their MAb were chosen for further characterization
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�������
 2.4 Specific hybridomas, their secreted Ig isotypes, antigenic specificities of

their MAb, and the indirect ELISA titers of their culture fluids at stationary

phase of in vitro growth

Ig IsotypesHybridoma
clone

H chain L chain

Antigenic specificity
of MAb revealed by
WB

Reciprocal indirect
ELISA titer against
homologous antigen

13C9 �� � O157 LPS 2,048

11G3 �	 � Stx-1A 1,280

3D4 �	 � Stx-1B 320

26F9 �	 � Stx-2A 160

13D2 �2a � Stx-2B 2,560
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�46��
 2.10 Western blot (WB) patterns of monoclonal antibodies secreted by the

selected hybridomas, i.e., clone 13C9 (Block I), clones 11G3 and 3D4

(Block II) and clones 26F9 and 13D2 (Block III) against SDS-PAGE-

separated homologous antigens

Numbers at left of all blocks are molecular weight in kilodaltons

Lanes A of all blocks are standard molecular weight markers

Lanes B, C and D of block I are WB patterns of mouse immune serum, MAb 13C9 and

culture fluid of P3x-63-Ag8.653 myeloma cells, respectively against the SDS-PAGE-

separated O157 LPS

Lane B of block II is SDS-PAGE-separated purified Stx-1 stained with Amido black.

Lanes C-G are WB patterns of mouse immune serum, MAb 11G3, MAb 3D4,

combination of MAb 11G3 and MAb 3D4 and culture fluid of P3x-63-Ag8.653 myeloma

cells, respectively against the SDS-PAGE-separated pure Stx-1

Lanes B, C and D of block III are WB patterns of mouse immune serum, MAb 26F9 and 

MAb 13D2, respectively against the SDS-PAGE-separated Stx-2-IEC
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�46��
 2.11 Representative hybridoma in tissue culture



107

1.4 )"�������(�'
������'"#������#-'��'"# identify ����
������
�	��%�
�%	�

�������)4>6N��

1.4.1 ��������� antigen detection reagents �"%��$���>����$����$
��@ 
� stools 

��� rectal swab cultures !�����

Detection antigen �&�>��'$���>� O157 LPS �!���
 monoclonal antibodies 

(MAb) ��� clone 13C9 (specific $
� E. coli O157 LPS)

Detection reagent �&�>��'$���>� Shiga-toxin 1 �!���
 combination of MAb ��� 

clones 11G3 (specific $
� Stx-1A) ��� 3D4 (specific $
� Stx-1B)

Detection reagent �&�>��'$���>� Shiga-toxin 2 �!���
 combination of MAb ��� 

clones 26F9 (specific $
� Stx-2A) ��� 13D2 (specific $
� Stx-2B)

�!	�$��	#
>��$
�� preparation #���%�� antibodies $
� specific epitope 80 indirect 

ELISA units (80 EU) $
� 1 #�.

1.4.2 )"�������(�'
������$
� enterohemorrhagic E. coli <����
�	��


&����#'"# rectal swab cultures ���)4>6N��

������
/����� dot-ELISA �!	
/� MAb ��"�������� 1.4.1 �*+� detection reagents

�!���!�����

1. #�$���	
���̂�����/rectal swab cultures �&���� 9 $���	
���������>#! 546 $��

�	
�� ���
>���'���!	���� MAb-based dot-ELISA �%�

Stool samples ������*_�	/��]��*^_����� 5 $���	
��

Rectal swab cultures ������*_�	/����	 4 $���	
�� ��� 499 $���	
��

$���	
���̂�����/rectal swabs �&���� 537 ��� 546 $���	
��#������$���>�

���$��������/%�� enterohemorrhagic E. coli �!	 MAb-based dot-ELISA �*+��'�!���
  495  

$���	
��������*_�	/����	���  42 $���	
��������*_�	/�����	!��#

2. Stool samples 5 $���	
�� ������*_�	/��]��*^_����
>���'�� �!	 dot-ELISA #�

��	�����	!�%�

2 $���	
��
>��� O157 LPS
+
, Stx-1

-
, Stx-2

+

1 $���	
��
>��� O157 LPS
+
, Stx-1

+
, Stx-2

-

1 $���	
��
>��� O157 LPS
+
, Stx-1

+
, Stx-2

+
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1 $���	
��
>��� O157 LPS
 -
, Stx-1

+
, Stx-2

+

3. Rectal swab samples ������*_�	/����	 4 $���	
�����
>��� dot-ELISA �*+�

'�� #���	�����	! !�����

1 ��	
>��� O157 LPS
+
, Stx-1

-
, Stx-2

-

3 ��	
>��� O157 LPS
-
, Stx-1

-
, Stx-2

+

1.4.3 )"������#-'�� '"# identify ����
�����������Q��'"#��� confirm �>��

PCR ���

����(����$
� O157 LPS '"# stx-1 '"# stx-2

����"��-�	���� identify �/%�����$���	
���̂������������&� PCR �"%��>� O157 

LPS gene, stx-1 ��� stx-2 
�$���	
������^�����������*_�	/��]��*^_� �&����>���*��'�$�����^�

/�����	���� Tokyo Metropolitan Research Laboratory of Public Health, Tokyo, Japan 

�!	 Dr. Akemi Kai �*+�����&������?'������!��'������#%���!�������!��'!��	 dot-ELISA 

�����[��&�#� reveal "'�
��!���$������^�*����� �%�

�*+� E. coli O157 4 isolates

2 isolates �*+� Stx-1
-
, Stx-2

+

1 isolates �*+� Stx-1
+
, Stx-2

-

1 isolates �*+� Stx-1
+
, Stx-2

+

����*+� E. coli serogroup �%�� 1 isolate �%� non-O157 E. coli Stx-1
+
, Stx-2

+

����"��-�	���� identify �/%����� rectal swab cultures ������*_�	/����	�&�������

"	�'��"����#����� ���>��!�"/�'^�� �&���� 499 ��	 �
������"��-�	���� identify �/%��

���$���	
�����*_�	/�����	!��# 42 ��	 �&���� “108” Hospital, Hanoi

����^*�������"��-�	���� identify �/%��������$���>����$����
�$���	
���!	 

MAb-based dot-ELISA �!���!����
�$������� 2.5



109

�������
 2.5 ������"��-�	���� identified �/%�� ��� MAb-based dot-ELISA �"%��$���>�

���$����
�$���	
���̂�����/rectal swab cultures �&���� 628 $���	
��

�/%�����$���"' (�&����$���	
��) �>�
����#����$���	
�� ����� MAb-based dot-ELISA

�#%��
/� MAb ���#����#��"��$
�

O157 LPS Stx-1 Stx-2

���
�	����
)" dot-ELISA �6U�-��

E. coli O157 (2) /��]��*̂_� + - +

E. coli O157 (1) /��]��*̂_� + + -

E. coli O157 (1) /��]��*̂_� + + +

E. coli non-O157 (1) /��]��*̂_� - + +

Untypeable E. coli (1) /����	 + - -

Untypeable E. coli (3) /����	 - - +

���
�	����
<(>)" dot-ELISA �6U�"-

Aeromonas hydrophila (2) /����	 - - -

Enteropathogenic E. coli (8) /����	 - - -

Plesiomonas shigeloides (9) /����	 - - -

Salmonella spp. (67) /����	 - - -

Salmonella spp. and Shigella spp. (5) /����	 - - -

Salmonella spp. and Vibrio parahaemolyticus (2) /����	 - - -

Shigella spp. 40 Vietnamese, 58 Thai - - -

Staphylococcus aureus (7) /����	 - - -

Vibrio parahaemolyticus (42) /����	 - - -

Vibrio cholerae Ogawa (1) /����	 - - -

No pathogens were isolated (378) 2 Vietnamese, 376 Thai - - -

+, dot-ELISA positive

-, dot-ELISA negative
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1.5 Multiplex PCR ���

����(����$
� O157 LPS '"# stx-1 '"# stx-2

��%������
�����"��-�	���� identify �/%������^�����/rectal swabs ������*_�	X[��

�&� ������"	�'��"����#����� ���>��!�"/�'^���!	*�$���	����"�	��
�
� rectal swab

cultures ������*_�	�̂������
�� $���"' E. coli �!	�#
"' pathogens �%�� �$
�#
�!��&�

serogrouping >�%� serotyping ����/%�� E. coli ���"' ��#�����#
��?'�/%�� E. coli ���!��	 (>�
�	

'��������>���*��'�$�����^�/�����	�������"	�'���
��
>]
�#
��?' E. coli ����"���"'#��

�^���� ����	����"�	� enteropathogenic E. coli ��
�����) �[��#
#� E. coli isolates ������*_�	

/����	 4 ��	 (X[�������$���>����$�����!	���� dot-ELISA �*+�'��)  �&�>��'#�$���>�

O157 LPS >�%� Stx-1 ��� Stx-2 >�%��&� PCR ����/%���!	$���!�

!�������������	�[��!��&� rectal swab samples ������*_�	���
>��� dot-ELISA �*+�'������

4 ��	#�
/��*+� DNA template �����!	$�� >�%�����������! DNA !��	����#�$����������
/�

Chelex �����&�#��&� multiplex PCR �"%��>� DNA ��� O157 LPS, Stx-1 ��� Stx-2 �!	�!�

��' Primer mixture #���� Professor Dr. Shinji Yamasaki, Research Institute International

Medical Center of Japan �$
��%������ multiplex PCR primers �!�����'�$�����[��#
��#���

�*�!��	 content ��� sequences ��� primers �!� �	
�����?!� PCR amplicons ��� O157

LPS, stx-1 ��� stx-2 DNA X[�� amplify �!	 multiplex primers #����! 457 bp, 349 bp ���

112 bp $�#�&�!�'

PCR reaction mixture *����'!��	

- 17.35 �l sterile ultra-pure distilled water

- 2.5 �l dNTP mixture (2.5 mM each, Takara Co., Japan)

- 3 �l ��� 10 � PCR buffer

- 3 �l each of primer (10 pM/�l)

- 0.15 �l Taq DNA polymerase (5U/ml, Perkin Elmer, USA)

- 1 �l DNA template

PCR condition �!���


- Initial warming ��� 94� C, 5 ����

- 35 cycles of denaturation ��� 94� C, 1.5 ����

- Annealing ��� 55� C, 1.5 ����

- Extension ��� 72� C, 1.5 ����

- Final extension ��� 72� C, 7 ����
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�!	
/� Thermal Cycler Gene Amp
 PCR System model 9700, PE Applied

Biosystem, Perkin-Elmer, USA

�&� PCR products �* electrophoresed 
� 2% agarose 
� TAE buffer, pH 8.0 ���

80 Volts �*+����� 30 ���� >�%��#%�� dye font ���%�������*���!���	�����[�*��#�� 60% ���

gel length �&� gel �*	��#!��	 ethidium bromide solution (0.5 �g/ml) �*+����� 15 ���� ����

!��	��&����������!� amplicons !��	 UV Transilluminator (Fotodyn Incorporation, Wisconsin,

USA) �!	
/� clinical isolates �%� E. coli O157 ���#� stx-1 ��� stx-2 �*+� positive controls

"'�
� �#
��#��� amplify DNA ��� O157 LPS ��� stx-1 ��� stx-2 ��� rectal swab

samples ������*_�	/����	 4 ����� �����$���!��	 MAb-based dot-ELISA 
>��� positive

�!	 MAb $
� O157 LPS (1 sample) ��� 3 samples ��� positive �!	 MAb Stx-2 �!� 
����

��� positive controls 
>���$������^�*����� (�*�!!���*��� 2.12)
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�46��
 2.12 )" multiplex PCR ���

 amplify genes of O157 LPS, stx-1 '"# stx-2 <�

stool samples *X
�<(>)"-����� MAb-Based dot-ELISA

1, marker (� � 174 HaeIII)

2, negative control

3, positive control O157, stx-1

4, positive control O157, stx-2

5-8, stool samples which were dot-ELISA-positive (�#
��#��� amplify �!� ����


��
� stool samples #� Taq polymerase inhibitors) �[��*���	��*�&� Western 

blotting ��� Vero cytotoxicity test ��� ���"'�
�$���	
��#� O157 LPS (��*��� 

2.13) >�%� Stx ���� (�#
�!���!���)
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�*+�������'����!	�����*�
���� amplify DNA ��� stool samples �#

��
�!���!���� 

��������"��� stool samples #��#� Taq DNA polymerase inhibitors �'���  ������ positive 

controls 
>������$����*+��"��� positive controls �*+� pure isolates �#

/
 stool sample ���

�"%��	%�	���
� stool samples #� DNA polymerase inhibitors ��������!�
�
 positive controls ��


� stool samples �����&��*�&� PCR �/
��!�# ��*�����
��#
��#��� amplify DNA ��� 

positive controls 
� stool samples �!� ��!��
� stool samples #� PCR inhibitors ����

1.6 Western blot analysis '"# Verocytotoxicity test ���

����(� O157 LPS

'"# Stx-2 <� MAb-based dot-ELISA positive rectal swab samples

�!��&� rectal swab cultures ������*_�	���� 4 ��	���
>���'��$
� MAb-based dot-

ELISA �* dialysed 
���&���������� lyophilized �"%�� concentrate ��������&��* run 
� SDS-

PAGE �����&� Western blot analysis �!	
/� MAbO157 LPS �&�>��'$���	
����� MAb-dot-

ELISA 
>���'�� O157 LPS ���
/� MAbStx-2 
� Western blot analysis ��� samples ��� 

dot-ELISA 
>���'�� Stx-2

����� Western blot analysis (WB) "'�
� 
� rectal swab sample ���
>���'�� 

MAbO157 LPS #� O157 LPS �	�
�����!	 WB 
>����*+� smear pattern ��' MAbO157 LPS 

��� clone 13C9 (�*�!!���*��� 2.13) 
������� rectal swab samples ���
>���'�� MAbStx-2 

dot-ELISA #���#
�>?� bands ��� Stx-2 �#
�
����*+�$��$&��>�
� Stx-2A (
 33 kDa) >�%� 

Stx-2B (
�7.0 kDa) �?$�#

!������ rectal swab samples ������# samples �[�����&��*�!��' Vero cytotoxicity 

test �!	�&��*�����
�� millipore membrane �"%���&�
>�*��!�/%�������&��*�$�#��
� Vero 

cell culture ��*�����
�������# samples �
�
>����! cytopathic effect $
� Vero cell ���� �!	

#����>�^!����X��~�/
��!�	���'�������!����
���* 2.11(b) X[����!��
�������#$���	
��#� Shiga-

toxin �	�
���� �	
�����?!�$���	
��������#$���	
��#�*��#���#
�"�	�"�������&� neutralization test

�!	 MAbStx-2A + MAbStx-2B >�%�
/� polyclonal antibodies $
� Stx-2 �!�
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�46��
 2.13 Western blot pattern $
� rectal swab culture $
�)4>6N��*X
�)"���

�����>�� MAb-based dot-ELISA �6U�-�����

<�> MAbO157 LPS ���

clone 13C9 �6U� detection reagent

Lane 1, molecular weight markers

Lane 2, WB of the dot-ELISA positive control (E. coli O157 LPS)

Lane 3, WB of O157 LPS positive sample
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II. ���YX�@�����
 Shiga- toxin producting E. coli  (STEC) ������
�	��
&����#��� -

���� <�6�#��Y!�� '"#���YX�@� genotypes '"# phenotypes �	��/

Shiga-toxin producing E. coli (STEC) >�%� Verocytotoxin producing E. coli >�%�

enterohemorrhagic E. coli (EHEC) X[���*+����>$^��� hemorrhagic colitis (HC) ���/>�%�

hemolytic uremic syndrome 
������� �*+�������'���!��
�#� ���-���	 �*+� reservoir host ��

��$�!�/%���!	���'���|����$|���~��� ���-���	 ���#� E. coli �>�
����*��*�����	�
 �/
� !%�#�# ��'

*�������%��'! �/
� �}#�'��~����~����#
�^� ��'*��������!�'���
/�#�����-���	�*+�*^�	 >�%� ��&�

���
/��!�������������#����*��*�����̂��������-���	 �!	�#
�!�����
>�����! �*+�$�� �����'�!

������$�!�/%�� EHEC #���	���'
�	@ 
�*����\���"�������� �/
� ]��*^_� ����!� �	��#�� 

������ ��?�$���!~ ����$����	 �*+�$�� �&�>��'
�*����\��	 ���#������	���'�/%�� EHEC

>�%� STEC #����	#�� '"#���

��������������
�%�
<��������$
����������
��&�% ����

����	
���
 2 !�>%Z������	
��Z�(����"� �[#)4>������X�!�>$�����������

�!6<�%	��$
�

���%Z����(�����
 STEC <�
&����#$
����-����<�6�#��Y!�� ������� YX�@� 

genotypes '"# phenotypes $
�����
�("	�����>��

��	�����	!����������	#�!��$
��*���

1. ��� isolate ����
 STEC ���
&����#���-����

�!���?' fecal samples ����̂��������-���	 �������	��!	/��'���'�������'@ 

��^���"#>���� ������>��!�%��@ �&���� 139 $���	
���!	��?'*��#��$���	
���� 100 ���# 


�

��^�"���$������!�����&����'�*	��>���*��'�$��������� �#%���[�>���*��'�$�����!� incubate 

$���	
���$
��$���	
��*��#�� 1 loop 
�
��
� EC broth ���� enriched ���
� shaking 

incubator 37�C ���#�%� >�����������&� culture #�$���>��
�#� Shiga-toxin producing E. coli

(STEC) ��� E. coli O157 >�%��#
�!	���� multiplex PCR ��������&�$���	
�����
>���'���*�&� 

serial dilution 
� PBS �&� dilution 10
-5
 ��� 10

-6
 *��#�� 100 �l �* spread ��'� Mac 

Conkey agar plates ���� incubate ��� 37�C, 24 /����#� ������� picked colonies ����$
�� 

plate *��#�� 50-60 colonies $
� plate �* screen >� O157, stx-1 ��� stx-2 �!	 

multiplex PCR ��������>�[�� ��?' colonies ���
>���'������&�>��'���\[���$
��*

2. PCR ���

��� detect E. coli O157, stx-1 '"# stx-2

�!�
/� primers X[��$�"�#"~��������!	 Pal et al. (1999) �!���
��
��� 1 �%� EVT1 5�-
CAACATGGATCTCAG-3�; ��� EVT2-5� CCCCCTCAACTGCTAATA-3�; ��
��� 2 �%� EVS-

5� ATCAGTCGTCACTCACTGGT-3�, ��� EVC2-5� CTGCTGTCACAGTGACAAA-3� �"%�� 
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amplify stx-1 ��� stx-2 $�#�&�!�' �
�� primers �&�>��' E. coli O157 �*+� patent 

sequences ���'�����
�*����\]��*^_� �[��#
��#����*�!��	�!�

����$������&� PCR #�!�����

�&� bacterial culture ��� enrich �������#� dilute 
� TE ����$�#
���&��!%�! 20 ���� 

���
/� sample ���$�#��������*+� PCR template �
�� PCR reaction mixture *����'!��	 

ultra-pure distilled water 9.125 �l, primers �$
��$�� 3 �l (10 �M), dNTP mixture 2.5 �l 

(2.5 mM �$
��$��), Tag DNA polymerase 0.375 �l (2 units/�l) ��� DNA template 3 �l 

�
�� PCR condition �!���
 ��� warm ��� 94�C 5 ���� ���� denaturation 35 cycles ��� 94�C 

�*+����� 1.5 ���� annealing ��� 55�C �*+����� 1.5 ���� extraction ��� 72�C, 1.5 ���� ��� 

final cycle extraction 7 ���� ��� 72�C �!	
/� Thermal Cycler GeneAmp
 PCR System 

Model 9700, PE Applied Biosystem Perkin Elmer, U.S.A. ��������&� amplicons �* 

electrophoresed 
� 2% agarose 
� TAE (Tris-acetate EDTA, pH 8.0) buffer ��� 100 volts 

*��#�� 30 ���� >�%��#%�� dye font ���%�������**��#�� 60% ������#	����� gel �[�>	^!

���������������&� gel �*	��#!��	 ethidium bromide (0.5 �g/ml) �*+����� 15 ���� ����!� 

amplicons !��	 UV trans-illuminator �!	 positive results ��"'�
�#� amplicons ���! 450 

bp, 349 bp ��� 112 bp �&�>��' E. coli O157, stx-1 ��� stx-2 $�#�&�!�' (��*��� 2.14)

�&� enriched culture X[��
>��� positive PCR �* plate ��'� Mac Conkey agar 

���� incubate ��� 37�C �*+����� 24 /����#� picked colonies 50-100 single colonies �* 

screened >� gene ��� E. coli O157, stx-1 ��� stx-2 �!	 multiplex PCR �/
��!�	���'���

���'�	�����������$��

"'�
����$���	
���̂�������� 139 samples #� 27 samples ���
>���'�� O157, stx-1

���/>�%� stx-2

�#%���&��$
�� colonies ��� 27 $���	
�����
>��� multiplex PCR �*+�'���*$���>� 

O157, stx-1 ��� stx-2 ��������>�[��"'�
� 48 colonies (strains) 
>���'��
� 49 isolates ��� 

22 isolates (44.9%) 
>���'������ stx-1 ��� stx-2 ��� 22 isolates (44.9%) 
>���'����"�� 

stx-2,  4 isolates 
>���'�� stx-1 (8.2%) �"�	��	
���!�	� ��� 1 isolate (2%) 
>���'�� E. 

coli O157 amplicon ($������� 2.6) STEC isolates ����!����&��*\[��� genotypes �%��@��� 

phenotypes $
��@ �/
� $���>� O157 LPS, Stx-1 ��� Stx-2 !��	 MAb-based dot-ELISA 

$���>� hemolysin �!	
/� blood agar plates $���>� Shiga toxin !��	 Vero cytotoxic 

assay $���>� serogroups ��� serotypes �!	 polyvalent ��� monovalent antisera ���

�������!�\[��� plasmid profiles ���rRNA �!	 ERIC-PCR �[����#��#"���~
���!�' genome 

����/%�����
/����� PCR �"%��>� virulence genes �%��@ �/
� eae, hlyA, etpD ��� katP !��	
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�������
 2.6 Phenotypic and genotypic characteristics of the 49 E. coli isolates

Sserogroup O157

LPS

Hemolysis Vero-

cytotoxicity

Chromosomal genes Plasmid genes Resistotype*Sample

no.

Strain

code

stx1 stx2 eae tir etpD hlyA katP O157

1

3

5

9

12

14

20

27

50

52

53

58

59

62

68

69

84

89

90

91

93

115

119

120

125

127

130

TC 1-16

TC 1-17

TC 1-21

TC 1-22

TC 3

TC 5-7

TC 9-28

TC 12

TC 14-3

TC 14-5

TC 20-7

TC 27-32

TC 50-22

TC 50-25

TC 50-28

TC 52-2

TC 52-6

TC 53-4

TC 58-2

TC 58-3

TC 58-6

TC 59-1

TC 59-3

TC 59-10

TC 62-24

TC 68-8

TC 68-76

TC 69-5

TC 84-6

TC 84-10

TC 89-3

TC 89-43

TC 90-1

TC 90-2

TC 90-5

TC 90-42

TC 90-48

TC 91-39

TC 93-28

TC 115-21

TC 119-21

TC 120-3

TC 120-12

TC 125-9

TC 127-2

TC 127-5

TC 130-22

TC 130-24

TC 130-25

ONT

ONT

ONT

Rough

O15

ONT

O157

O15

ONT

ONT

ONT

O142

ONT

ONT

ONT

ONT

O8

ONT

ONT

Rough

ONT

ONT

O152

O15

O29

ONT

ONT

ONT

ONT

ONT

Rough

ONT

ONT

ONT

ONT

ONT

ONT

O27

ONT

ONT

ONT

O8

O8

O8

ONT

O168

O8

O8

O8

-

-

-

-

-

-

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

    -

    -

    -

    -

    -

    -

    -

    -

    -

    -

   -

   -

   -

   -

   -

   -

   -

   -

   -

   -

   -

   -

   -

  -

+

+

+

+

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

-

+

+

+

+

+

+

+
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3. MAb-based dot-ELISA ���

����(� O157 LPS, Stx-1 '"# Stx-2 (Chaicumpa et 
al., 1998b)

�&��/%��X[���
�� enrichment ��� 37�C ���#�%�*��#�$� 500 �l �*$�# 30 ���� �
���&�

�*�!��'!��	 dot-ELISA �!	>	! sample �� 3 �l ��'� NC strips, blocked ���� reacted 

��' MAb �$
�� specificity �%� O157, Stx-1 ��� Stx-2 �
�� control NC strip X[��>	! 

samples ����/
��!�	����
>� reacted ��' spent medium ��� P3x-63-Ag8.653 myeloma cells 

���� NC strips >������ incubated ��' MAb >�%� medium control 20 ���� �&� NC strips ����

��
�*�̂
#
� rabbit anti-mouse immunoglobulin-enzyme conjugate �*+����� 20 ���� ��������

�&��* reacted ��' substrate �"%�� develop ��

4. ERIC-PCR


/� genomic DNA �*+� template ���
/� ERIC Primers �%�:

IR 5�-ATGTAAGCTCCTGGGGATTCAC-3�
��� 2 5�-AAGTAAGTGACTGGGGTGAGCG-3�

PCR reaction mixture *����'!��	 ultra-pure distilled water 28.5 �l, 10 � PCR 

buffer 5 �l, primers �$
��$�� (10 �M) 5 �l, dNTP mixture (2.5 mM �$
��$��) 4 �l, Taq 

DNA polymerase (5 units/�l) 0.5 �l ��� DNA template 2 �l

PCR condition �%�:

initial warming 94�C, 2 ����

denaturation 25 cycles ��� 94�C, 1 ����

annealing ��� 65�C, 1 ����

extension ��� 72�C, 1 ����

�!	
/� Thermal Cycler GeneAmp
 PCR System model 9,700, PE Applied 

Biosystem, Perkin-Elmers, USA

�&� Amplified product ����!��* electrophoresed 
� 2% agarose 
� TAE (Tris-

acetate EDTA, pH 8.0) buffer ��� 100 volts �*+����� 30 ���� �����[��� stain gel !��	 0.5 

�g/ml ethidium bromide �*+����� 15 ���� ����!� amplicons !��	 UV Trans-illuminater 

(Fotodyn Incorperation, Wisconsin, USA)

5. ���YX�@� Plasmid profiles

�$��	# plasmid DNA ��� STEC �!	�����!��� culture �������	����#�%�
� broth 

*��#�$� 3 ml �!	
/� alkaline lysis method $�#������� Kado ��� Liu (1981) �&� plasmid 
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�* electrophoresed 
� 0.5% agarose gel �!	
/� TAE buffer ����	��# gel !��	 ethidium 

bromide ����$���!�!��	����� UV !������$�� �!	�� estimate molecular sizes ��� plasmid 

!��	����*��	'���	'������%��������' plasmids ������'���!�#���^��	�
���� (extract ��� E. 

coli EDL 933 reference strain)

6. ����Z� serogrouping '"# serotyping

���&� positive STEC isolates �*$���>� serogroups ��� serotypes �!	������� 

Bettelheim ��� Thomson (1987) ��� Chandler ��� Bettelheim (1974) $�#�&�!�' �!	��


/� full range O sera (O1 to O169) ��� H sera (H1 to H56) $�#�&�!�'

7. Cytotoxic assay

�*�!!������&�
��������	
�	��� 2

8. Hemolytic activity testing

�� streak �'������	��'� tryptic soy agar (Difco) plate X[��#� 5% washed human 

blood cells ��#�	�
 >������ incubate plate *��#�� 18 /����#� ��� 37�C �[�$���!��
�#� 

hemolysis ��'@ bacterial colonies >�%��#
 (Schmidt et al., 1999)
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)"��������

�����\[��� virulence genes $
��@��� plasmid profiles ����/%�� E. coli ����	��!�

���������� 49 ��	"���^~�!���!����
�$������� 2.6

���\[��� plasmid profiles ����/%������ 49 isolates "'�
���#����	��!��*+� 8 ��^
# 

$�#$������� 2.7

��#�����^*�����\[��� phenotypes ��� genotypes �!�!�����

1. ��� 49 isolates "'�
�#��"�	� strain TC9-28 ("' amplicon ��� gene O157) 

��
��������
>���'�� MAb-based-dot-ELISA $
� monoclonal antibodies ��"��$
� O157 LPS

2. �&���� (	����� TC9-28) 48 isolates 
>��� Vero cytotoxic assay �*+�'�� ��!�

�
��/%��#����#��#���
�������$ Shiga toxin �!�����

3. 37 isolates ��� 49 isolates ���$ hemolysin ����&�
>����! �-hemoysis (�#

/
 

typical enterohemolytic phenotype) �%� zone �� clear #����!
>]
�>?��!�/�!|�	>��� 

incubate �/%������*��#�� 18 /����#�

4. Virulence gene profiles #�!�����:-�&������	"���^~���#� genes eae, tir, etpD, hlyA

��� katP �%� 2, 2, 0, 38, ��� 3 strains $�#�&�!�' �!	 isolates ���
>���'�� eae gene 

(encode intimin adhesin) �%� TC3 ��� TC12 X[��������� isolates ���
>���'�� tir gene 

(encode translocated intimin receptor X[���*+� type III secretion system) ����*+� 

serogroup O15 ���������	"���^~

5. �^� isolates ���#� hlyA gene (38 isolates) ���$ hemolysin �!��!	���>?�������

��� hemolysis �#%������	�'� human blood group O agar 	����� isolate TC3 X[��$���"' 

hlyA gene �$
�#
���$ hemolysin (Hly)

6. �#%��"������ isolates ������#� virulence genes $
��@ �%� chromosomal genes: 

stx-1, stx-2, eae ��� tir ��� plasmid genes �%� hlyA, katP ��� etpD ����"'�
���#���

�	� isolates �!��*+� 8 ��^
# ($������� 2.7) �!	 predominant profile �%� profile ��� 1 (stx
1+,2+

, 

eae-, tir-, etpD-, hlyA
+
 ��� katP

-
) X[��#��[� 22 isolates

7. ���� 49 isolates #����#��$
�	�*��/����$�# criteria ��� National Committee for 

Clinical Laboratory Standard (NCCLS) 	����� TC12 isolate X[��!%��	� ampicillin, 

chloramphenicol ��� trimethoprin/ sulfamethoxazole
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�������
 2.7 Eight groups of virulence gene profiles and serogroups of strains of each

profile

Virulence genes
Group Number (%)

Serogroup

(No.) stx-1 stx-2 eae tir etpD hlyA katP

1 22 (44.9) ONT (14)

Rough (3)

O8 (3)

O27 (1)

O29 (1)

+ + - - - + -

2 2 (4.08) O15 (2) - + + + - + -

3 1 (2.04) O157 (1) - - - - - + -

4 10 (20.41) ONT (5)

O8 (2)

O15 (1)

O142 (1)

O152 (1)

- + - - - + -

5 3 (6.12) ONT (1)

O8 (2)

+ - - - - + -

6 3 (6.12) ONT (3) - + - - - - +

7 7 (14.29) ONT (6)

O168 (1)

- + - - - - -

8 1 (2.04) ONT (1) + - - - - - -
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8. �������>#! 49 isolates "'�
���#�����!�'
� 46 isolates ����!��*+� 9 plasmid 

profiles �
����� 3 isolates �#
#� plasmid 
!@ (�����������! 5 �����) �&���� plasmid ���

�$
�� strains ����*���� 1-8 plasmids ���#����!$
��@ ��� ��� 1-9 kb ($������� 2.8)

9. ������\[���!��	 ERIC-PCR "'�
���#����	����� 49 isolates $�# 

amplimers ����!���� ERIC-PCR ����*+� 14 profiles ($������� 2.9) �%�
>� bands 3-6 bands 

���#����!$����$
 <100 �[� 3,000 bp
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�46��
 2.14 The stx-1, stx-2 and O157 LPS amplicons at 110, 349 and 457,

respectively

M, DNA markers

Pos, Positive control (O157 amplicon at 457 bp, and stx-1 and stx-2

amplicons at 349 and 110 bp, respectively)

Lanes 1-4, 6, 9-11, positive stx-1 and stx-2 (stx
1+

, stx
2+

)

Lanes 5 and 8, positive stx-2 only (stx
1-
, stx

2+
)

Lane 7, positive O157 (stx
1-2-

, O157)

M  Pos    1     2     3     4      5     6      7     8      9    10     11

O157 (457)
stx-1 (349)

stx-2 (110)

Gene (bp)
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�46��
 2.15 The representative amplicons of STEC virulence genes  on 0.8% agarose gel

electrophoresis

M, 1 kb marker; Lane 1, the 350 bp amplicon of eae gene;  Lane 2, the 1,550 bp

amplicon of tir gene; Lane 3, the 1,062 bp amplicon of etpD gene; Lane 4, the

1,515 bp amplicon of hlyA gene; Lane 5, the 2,125 bp amplicon of katP gene

Numbers at the left are sizes of DNA in basepairs

10,000

5,000

2,000
1,500

1,000

3,000

bpp

M 1 2 3 4 5 M

350 (eae)

1550 (tir)
1515 (hlyA)

1062 (etpD)

2,125 (katP)
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�������
 2.8  The overall results of plasmid profiles

Profile Number positive (%)     Number of

      plasmid (s)

Plasmid size

(kb)

1

2

3

4

5

6

7

8

9

1

5

1

2

3

17

7

2

8

(2.04)

(10.20)

(2.04)

(4.08)

(6.12)

(34.69)

(14.29)

(4.08)

(16.33)

5

8

1

2

2

1

2

2

4

9,7.5, 7, 1.4, 1

9, 8, 7.5, 7, 5, 4.5, 1.4, 1

5

5 , 2.5

9, 8

9

8, 4.5

8, 5

8, 5.5, 5, 4

No plasmid 3 (6.12) 0 -
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�������
 2.9  Overall results of ERIC-PCR

Profile Number(%) Number of band (s) DNA fragments size (kb)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

26

2

1

2

1

1

1

1

5

2

4

1

1

1

(53.07)

(4.08)

2.04)

(4.08)

(2.04)

(2.04)

(2.04)

(2.04)

(10.21)

(4.08)

(8.16)

(2.04)

(2.04)

(2.04)

3

4

6

3

4

3

5

3

3

6

4

5

4

4

1.2, 0.25, 0.1

1.2, 1, 0.2, 0.1

2, 1.2, 0.7, 0.35, 0.2, 0.1

1, 0.2, 0.1

1.2, 0.5, 0.2, 0.1

1.2, 0.3, 0.1

2.5, 1, 0.35, 0.2, 0.1

1.2, 0.2, 0.1

0.7, 0.2, 0.1

2.5, 1.5, 1.2, 0.3, 0.2, 0.1

2.5, 1, 0.2, 0.1

2.5, 1.2, 1, 0.2, 0.1

1.2, 0.3, 0.2, 0.1

1.2, 0.25, 0.2, 0.1

Total 49 (100)
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��������	
���
 3 %	����
 1

���)"�� V. cholerae O1 Toxin co-regulated pili (Tcp) �������&��Y��������

������

fimbriae (pilin) 6����[���%Z�(��-<�>�6U� oral cholera vaccine component

��%�&'"#�������

1. ��������� probe ��� V. cholerae classical biotype,  Inaba serotype

Nucleotide sequence ��� pilin subunit (tcpA; toxin co-regulated pilus) �!�#���� 

gene bank database; accession number M33514 Oligo primers 1 ��
 �!���%��#��"%���������� 

PCR product ���!*��#�� 500 bp X[�� PCR product ����&��*
/�
�����$��	# PCR probe �!	

����$������$��	#��
�
 DIG labelling ��
� master mix ��� PCR probe ������&��*
/�
���� 

screening genomic DNA library $
��*

���

�'-- PCR primers

tcpA DNA
position

AAAAAATAAA AAACACAGCA AAAATGACAT CTGTCAATTG TAGGTGACTT 50

TGTGTGGTTA AATGTGCGTG TTGCTTACGT TATCTAAAAA AGACCAAGCG 100

ACGCATTTCT TTAAAGACAG TAAAATGGTG GAGTTACATA AATATGCAAT 150

TATTAAAACA GCTTTTTAAG AAGAAATTTG TAAAAGAAGA ACACGATAAG 200

AAAACCGGTC AAGAGGGTAT GACATTACTC GAAGTGATCA TCGTTCTAGG 250

CATTATGGGG GTGGTTTCGG CGGGGGTTGT TACTCTGGCG CAGCGTGCGA 300

TTGATTCGCA GATTATGACC AAGGCCGCGC AAAGTCTCAA TAGTATCCAA 350

GTTGCACTGA CACAGACATA CCGTGGTCTA GGTAATTATC CAGCAACAGC 400

TGATGCGACA GCTGCTAGTA AGCTAACTTC AGGCTTGGTT AGTTTAGGTA 450

AAATATCATC CGATGAGGCA AAAAACCCAT TCAATGGTAC AAATATGAAT 500

ATTTTTTCAT TTCCGCGTAA TGCAGCAGCT AATAAAGCAT TTGCAATTTC 550

AGTGGATGGT CTGACACAGG CTCAATGCAA GACACTTATT ACCAGTGTCG 600

GTGATATGTT CCCATATATT GCAATCAAAG CTGGTGGCGC AGTAGCACTT 650

GCAGATCTAG GTGATTTTGA GAATTCTGCA GCAGCGGCTG AGACAGGCGT 700

TGGTGTGATC AAATCTATCG CTCCCGCTAG TAAGAATTTA GA TCTAACGA 750

ACATCACTCA CGTTGAGAAA TTATGTAAAG GTACTGCTCC ATTCGGCGTT 800

GCATTTGGTA ACAGCTAATT CAAATAAGTT TGTTTAACTT AATCTTAACG 850

TTGCCCATTA AATAATGGGC AACTTATTAA ATTCAATGTG GTATCAATAT 850

GAGAAAATAC CAACAAGGTG TCGGATTATT GGAGGCGATT CTGGCTTCTG 900

CGTATTAGGG ATGGCATTGG TCGCTGCTGG GAGCTATTAC AAGCGGGAAG 1000

CTGAACTCAT GATTAAATCC AGTAACGCAT TTGATGTTAT TGAGTTGT 1050

P-1 forward primer design from position 253 to 271
5�….. TTA TGG GGG TGG TTT CGG ……3�
P-2 Reverse primer design from position 713 to 731 in the reverse complement view
5�….. GCG GGA GCG ATA GAT TTG ……3�
���!��� PCR product �%� 475 bp
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��������� DIG-labeling PCR probe


����\[����������� DNA probe ���
/�
����'����� Southern hybridization ��� colony 

hybridization ������[���!	���� PCR ��� oligo primers �������''�������$�� ��� genomic DNA

��� V. cholerae, classical biotype strain 569B �������$�
� gene tcpA ����&�#�\[���������

�'' primer �*+���� classical biotype �[��!�
/� genomic DNA ��� strain 569B X[���*+� classical 

biotype �/
��!�	����#��*+� template �!���	�!���
/� genomic DNA ��� strain O17SR El Tor 

biotype �*+� template �$
��
 oligo primers �����%������#
��#��� amplify O17SR �!� ��!��
��&�!�' 

nucleotide sequence ��� tcpA ��� V. cholerae ������� biotypes ����#����#�$�$
�����

*������	� PCR �"%������$��	# probe #��
��*����'!�����

2.5 �l 2mM dNTPs

2.5 �l 10 � Taq buffer

0.5 �l 10 � DIG labeling nucleotide (DIG-dUTP) (Roche)

1.0 �l primer I

1.0 �l primer II

17.25 �l DW

0.25 �l Taq polymerase enzyme

25.0 �l total volume

Amplification cycle ���&�X�&� 35 ��' X[���$
����'*����'!��	

Denaturation ����̂�>|�#� 94�C �*+����� 1 ����

Annealing ����̂�>|�#� 55�C �*+����� 1 ����

Extension ����̂�>|�#� 72�C �*+����� 1 ����

PCR product ����!��&��*�	��!	 agarose gel electrophoresis ����$�! PCR product

������ gel ����&��*����	
� hybridization buffer 
>��!����#���#������ DNA *��#�� 50-

100 ng/ml

2. Southern hybridization $
� PCR probe ��
%�>����� tcpA V. cholerae $
� classical 

biotype

�&� Genomic DNA ��� V. cholerae ���� classical ��� El Tor biotypes �*	
�	!��	

restriction enzyme $
�� @ X[��#��	�

� multiple cloning sites ��� plasmid vector pBluescript II 

KS !�����; BamHI, ClaI, HincII, HindIII, EcoRI, EcoRV, Xbal �����[��&� genomic DNA �>�
�����*

�	�!��	����������'� agarose gel ����&���� transfer DNA �*	�� nylon membrane �!	���� 

capillary transfer $�#���������	����!	 Southern et al. (1975) ���������!�������&�
>�������'

���!���/��!��� restriction enzyme-fragments ��� DNA ��� gene tcpA $����	�
 �#%����%���!��
��� 
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clone /����
�� DNA /��!
! ���!������ genomic library ���/����
�� DNA ���$�!!��	 restriction 

enzyme /��!���� @

�����*��� 3.1 /����
�� DNA ��� V. cholerae El Tor biotype strain O17SR ���$�!!��	

restriction enzyme ClaI ��� HincII #����!*��#�� 4.5 kb ����*+����!����>#���#
�������� 


��������!���%���&�������� ClaI-DNA ��%������ ClaI �#%��	
�	 DNA ���!�/����
������*+� sticky end 

X[�����
�	
�������� 
������� HincII ���!�/����
�� DNA ����*+� blunt end X[���&�
>�*�������|�"

������'����� ligation ���/����
���>�
�����#
!���
������� ����� Southern hybridization �>�
����

�[��!���%����������� /����
�� DNA X[���!����������$�!!��	 restriction enzyme ClaI

��������$����� Southern hybridization �%� probe ���������[����� V. cholerae Classical 

biotype ��#�������� hybridize $
� El Tor biotype ��!��
� tcpA ���������� biotypes #����#

����	��[���� �#��
����#
 identical �$

����\[�����������#��̂!*�����~��������� tcp ��� El Tor 

biotype, Ogawa serotype X[���!�#���	��������'�!
�/
�� 10 *�����
��#�

3. ���%�>�� library $
�����%	�� genomic DNA $
� V. cholerae El Tor biotype, strain 

O17SR ��
����>�� restriction enzyme ClaI

�$��	# Genomic DNA ��� V. cholerae O17SR ����/%���������	�
� liquid medium �*+�

���� 18-24 /#. �!	���� CTAB precipitation X[����	����!	 Ausubel et al. (1993) �����&� 

genomic DNA ����!��*$�!!��	 restriction enzyme ClaI �*+����� 24 /#. $
��������>	^!*������	�

��� enzyme �!	�&��* incubate 
� water bath ����̂�>|�#� 70�C �*+����� 15 ����

�$��	# DNA ��� plasmid pBluescript II KS �!	����X[����	����!	 Birnboim et al. 

(1979) �����&� plasmid DNA �*$�!!��	 restriction enzyme ClaI �*+����� 24 /#. �����&���!

�#���^� PO4 �
��*��	�����	 DNA ��� �!	
>��&�*������	���' calf intestine alkaline 

phophatase 1 unit ����̂�>|�#� 37�C �*+����� 30 ���� $
���������&���! alkaline phosphatase 

enzyme ������ DNA �!	���!!��	�������	 phenol *��#�$���
�$����� DNA �����[�
/����

����	 chloroform *��#�$���
�$�� ���!��� phenol ���>���>�%��	�

��������	 DNA $
���������[�

$�$���� DNA �!	���� ethanol precipitation �!	���
�
 3 M sodium acetate, pH 4.6 
�*��#�$� 

1/10 ����������	 DNA ���
�
 absolute ethanol 
�*��#�$� 2.5 ��
�����������	 DNA $
�#�

�[�*<=�$���� DNA 
� microcentrifuge ��� 13,000 � g �*+����� 15 ���� >����������$���� DNA 

!��	 70% ethanol �����[��&�
>��>�� �������	
���&������*��#�� 20-40 �l

*������	� ligation �"%���/%��#$
� plasmid DNA ��' genomic DNA ����$����� V. cholerae

O17SR �&��!	
/� enzyme T4 DNA ligase (Roche) �!	
/� plasmid vector 
�*��#�� 10 ng ��� 

insert DNA 
���!�
�� 1 : 3 (vector : insert) �!	
/� enzyme 1-5 unit 
�*��#�$� 20 �l ��� 



138

incubate ��� 16�C �*+����� 16-18 /#. $
�#��&� preparation �*�&��>���!	 vacumm 

centrifugation �����[����� DNA pellet !��	 70% ethanol �&�
>��>�������[�����	
���&������ 20 �l 

$
�#��&� preparation *��#�$� 2 �l #�
/�
����'����� transformation �*��
 electrocompetent 

E. coli DH5� �!	
/����%��� Electroporator EC-100 �����&� E. coli cells ������ transform �*

recover 
� SOC medium �!	��	
���� 37�C �*+����� 1 /#. �����[��&��* spread 
� LB agar ���

*����'!��	 100 �g/ml Ampicillin ��� 0.16 �g/ml X-gal. Library ���#� DNA insert ��*�����*+�

colonies ����� ����
�� colony ����&�����X[���*+��X��~���#��$
 vector �������&�����!���"'�
� #�

��!�
����� colony �����#����
� 70% X[�� library ����!��&��*
/�
����'����� colony 

hybridization �"%����� screen >� clone ���#� tcpA

4. Colony hybridization

���!̂ �����#�����������	 buffer ���
/�

Nitrocellulose membrane; diameter 82 mm (Whatmann)

Hybridization buffer

0.1% N-laurylsarcosine Na-salt

0.02% SDS

5% milk powder in 5 � SSC solution

Denaturation solution; 0.5 N NaOH, 1.5 M NaCl

Neutralization solution; 1.0 M Tris-HCl, pH 7.5; 1.5 M NaCl

2 � SSC buffer; 0.3 mM NaCl, 30 mM sodium citrate, pH 7.0

Proteinase K; 2 mg/ml Proteinase K in 2 � SSC buffer

Low stringency washing solution; 2 � SSC, 0.1% SDS

High stringency washing solution; 0.1 � SSC, 0.1% SDS

Anti-Digoxigenin-AP* (750 units/ml Anti-Digoxigenin, Fab fragments conjugated to 

alkaline phosphatase [Roche])

NBT solution (75 mg/ml nitroblue tetrazolium salt in 70% dimethylformamide [v/v])

BCIP solution (50 mg/ml 5-bromo-4-chloro-3-indolyl phosphate [BCIP], toluidinium 

salt in 100% dimethylformamide)

Washing buffer (100 mM maleic acid, 150 mM NaCl, pH 7.5, 0.05% Tween-20 [v/v])

Blocking solution (5% skim milk in 100 mM maleic acid, 150 mM NaCl, pH 7.5)

Detection buffer (100 mM Tris-HCl, 100 mM NaCl, pH 9.5)
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Colony lift

�&���� spread E. coli cell library ��'� LB agar plate �!	
>��!��&���� colonies 

*��#�� 100-300 $
� plate >������ incubate ���#�%������[�
/� nitrocellulose membrane disc 

(Whatmann �����
�\��	~���� 82 mm) ���'���� LB agar �"%�� transfer colony �*	�� membrane 

$
���������&���
� membrane �*�&�*������	���'�������	 denaturation 5 ���� �������	

neutralization 15 ���� ����������	 2 � SSC 10 ���� �!	����&����!������ Whatmann 3 

mm �*�&�
>��*�	�!��	�������	����$�����������
� membrane ��'����!���������� 
>� 

colony �	�
!���'� $
���������[��&����'����� cross-linked DNA �!	�&��*�'
� vacuum oven 

��� 80�C �*+����� 30 ����

Proteinase K treatment

�&���
� membrane ����'��������*�&�
>��*�	�!��	�������	 2 � SSC ����
�
�������	

proteinase K (2 mg/ml) *��#�$� 0.5 ml ��'���
� membrane ��� incubate ����̂�>|�#� 37�C 

�*+����� 1 /#. $
��������������� cell debris ���!��	�������	 2 � SSC

Hybridization

�&���
� membrane �*�&� pre-hybridization �!	 incubate ��' hybridization buffer ��� 

68�C �*+����� 1-2 /#. �����&��* incubate ��' DIG-labeling PCR probe ��� 68�C �*+����� 16-

18 /#.

Stringency washes

>���������'����� hybridization �&���
� membrane �*����!��	 low stringency 

washing solution ����̂�>|�#�>����*+����� 5 ���� �������!��	 high stringency washing solution 

����̂�>|�#� 68�C �*+����� 15 ���� ��� 2 �����

Colorimetric detection

������
� membrane !��	 buffer I �����&��* incubate 
� blocking buffer ����̂�>|�#�>���

�*+����� 30 ���� $
�#��&� membrane �* incubate 
��������	 anti-dioxigenin-alkaline 

phosphatase ������#��%���� 1: 10,000 
� blocking buffer ����̂�>|�#�>����*+����� 30 ���� $
�

����������� membrane !��	 washing buffer 2 ����� ����&��*�/

� buffer III (detection buffer) 

�
�������
�
 color substrate X[���$��	#�!	�����# NBT solution *��#�$� 45 �l ��� BCIP 

solution *��#�$� 35 �l 
� 10 ml buffer III �����&��* run 
� gel electrophoresis membrane 
�

�^�"���$�������?'
����#%!�	
�����	 12 /#. ����>	^!*������	�!��	��&������ colony ���
>���'����#�

��#
��  �&� colony �>�
�����* inoculate ��
� LB broth ���#� Ampicillin ���#���#��� 100 �g/ml ��#

�	�
�����[��&� E. coli culture ����*���!��� plasmid �"%���*+����	%�	���
�#�	���~ tcpA �	�

� clone ���

��%���������
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�46��
 3.1 Results of Southern hybridization of PCR probe derived for tcp of V. 
cholerae classical biotype, Inaba serotype, strain 569B against some 

restriction enzyme-digested DNA of V. cholerae El Tor biotype strain 

O17SR.

The positions of HindIII-digested lambda DNA size markers (kb) are shown in 

the most left lane
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��� plasmid ����	
���	
�������������� tcpA insert ���
����� enzyme ClaI ���������

run �� gel electrophoresis ��	�
����� electrophoresis gel ����� insert ��� 4 kb ����� Southern 

hybridization 	
� tcpA probe �������� ClaI DNA ���������	�����
���!"��#�
��������$"	�%

5. Automated DNA sequencing

��� plasmid DNA &$" clone ����'�����	���(��
������ tcpA 
��	%)���	�% 

sequencing 
����� ABI Prism BigDye Terminator cycle sequencing kit.  Oligo primers ��������#�

primers ���%*�������$�+��� pBluescript plasmid vector �($ RP ��) UP ,!�"������'��"$�+����)&��"

&$" multiple cloning site ����	����
� nucleotide &$" plasmid ��	 clone VC1 ����������%-�(�

�
������� clone ����������������!"	
� tcp locus &$" V. cholerae ��	 Classical biotype 

accession no. � 74730

6. ��� subclone VC1

�/(�$�(��
������������!"��$ tcpA sequence &$" El Tor biotype ��)�/(�$'� subclone 

����'��)������) express protein ��	 tcpA gene ��		�% subclone VC1

	�%���$"������5��5�"'����/(�$�%��'� tcpA gene ���$�+��������'��" restriction site �� 

�/%�)��$"	�%����) express �6/�)���� TcpA 
�%��������
�� ��	�% subclone ������ restiction 

enzyme 1 �����
� DNA ��#�����&�����8	�" �����!"����� ligate 	
� pBluescript II KS ����
����� 

restiction enzyme ���������	
� 
��	�$���� vector �� ligate �������9�	%��� phosphatase 	
� 

vector �
���/(�$�:$"	
� 	%)���	�% re-ligation &$" vector  ��$����� ligated DNA �� transform 

�&���+� E. coli DH5�  ��		�%�����" E. coli �� LB agar plate �6/�) clones ����� insert &$" 

pBluescript II KS �����
�� �!"�)&!���� LB agar ����� Ampicillin ��#�$"�=�%)	$� ��$���	
� 

plasmid ��	 E. coli ����) clone ������$����� restriction enzyme �����	
��������
�	�$���� ligation  

����� run electrophoresis ,!�" electrophoresis profiles �)���"�'��'8�&���&$" insert ������) 

clone

������ universal primer ��) reverse primer &$" vector �/(�$'���� tcpA gene $�+���� 

subclone �� �
"���"�� �����	 3.3  tcpA gene ����%��5��)/��� EcoRV insert &����%)��> 0.8 

kb  ��(�$����%�)'= DNA sequence &$" clone ���,!�"�(�$��� VC7 /������&���������� 869 bp ��(�$

���������%�)'= protein translation /���� start codon ATG ,!�"�)�%��" methionine �%����������
����

��� 119 ��)�����5��������
������� 791 �����!"�������  stop codon TTA  �
"���"�� �����	 3.4  
�%�

�
"�	���� VC7 clone �� ribosome binding site '%($ Shine-Dalgarno sequence ������+%>=  
�%���

��	 VC7 clone �%)	$����� 224 amino acids ��)�� molecular weight 23234 daltons  &�$
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�
"�	��	����	
� promoter region �������5� expression &$" VC7 clone �
"���"�� �����	 3.5 

plasmid map &$" pBluescript II KS /���� start codon &$" tcpA $�+�J�����	�%����5���	 T7 

promotor ������ T3 promoter '%($ lacZ

 ��$���!"��� clone VC7 ��M!	Q���� �)����%- express protein ���'%($��� 
����� 

pBluescript II KS ��#� negative control ��	�%����%������W�	�%���%*����	�%��%��� whole cell 

lysate, soluble protein fraction ��) insoluble fraction �
"��%���)�$���	�%��%����
"���

Whole cell lysate ��%���
����� culture 1 ml �� centrifuge ��� 10,000 � g ��#����� 10 

����'�
"��	�+� supernatant ���"������� pellet ���)����� sample buffer (for SDS-PAGE) 100 

�l

 Soluble 
�� insoluble protein fractions ��%���
����� culture 1 ml �� centrifuge 

��� 4,000 x g ��#����� 10 ���� '�
"��	�+� supernatant ���"��������� pellet ���)����� lysis 

buffer (0.1M NaH2PO4, 0.01M Tris-HCl pH8.0; 8M urea) 100 �l ��$��	�
������� mix 
�� 

Vortex ��) sonicate ��� 4�C, 3 �%
�" �%
�"�) 20 ������  �����!"����� centrifuge ��� 10,000 � g ��� 

4�C ��#����� 20-30 ���� ���� supernatant �($ soluble protein fraction ��)���� pellet �($ 

insoluble fraction ����
�" 2 �������������� sample buffer �/(�$��� electrophoresis ��	�%��	 

proteins ��$��

��	�%���$"�%
�"��������������% IPTG ��	�% induction��� �/%�)��M��"&$" promoter ���

����5� start codon &$" tcpA ����������	 lacZ ��	��	�%����%�)'= protein fraction ���"] 
�� 

SDS-PAGE ���/�������	���"��%)'���" vector ��) VC7 clone ���$���"��

7. ��� subclone EcoRV insert 
�� VC7 ���	���� start codon ��� tcpA ����������������

��� lacZ

7.1 ������! tcpA gene ����"�� low copy number plasmid, pWSK29

��	�� sequencing ��) restriction map &$" pBluescript II KS ����
� VC7 clone ���� 

enzyme BamHI ��) ClaI ,!�"�)����%-�
���	 vector ��) insert $$	��		
� ��)&���&$" 

insert �%)��> 800 bp ������������  �� sequencing ���"������ ���� start codon $�+�������� 

BamHI site ����&$" insert ��������		�%�
����� enzyme &��"��� ��(�$�������	�� agarose gel 

electrophoresis �)�'8�����&$" vector (2.9 kb) ��) insert (0.8 kb) ��$��	�
���
��6/�)����&$" 

insert $$	��	 gel �����!"���	�% elute DNA $$	��
����� QIAEX II Gel extraction kit 

(QIAGEN) ��$��	�
���
� vector pWSK29 ���� enzyme BamHI ��) ClaI ��������� ligate 	
�  

DNA insert ��� extract $$	��	 gel ��� ligation mixture ����� transform �&��  E. coli DH5� host 
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��		�%���$"����%���� clone �(�$ VC13 ,!�"��(�$ sequence insert &$" clone ����%-�(��
�������

��#� tcpA gene �%�" ��)����M��"&$" start codon $�+����	�%����5�&$" lacZ� (�����	 3.6 )

7.2 ������! tcpA gene ����"�� pUC18 derived plasmid, pHSG 398 (Takara 

Biochemical)

�'�5������+����
���($	��� pHSG 398 vector �/%�) vector ����������� copy number &$" 

plasmid �+"�($ 500-700 copies �� 1 cell ��) pHSG 398 ������=�(�$�� chloramphenicol (Cm
�

) 

�!"��$�&��""�����	�%
��� insert ��	 VC7 ����� Ampicilin resistant gene  
�������($	
��������

	�%�(�$�� chloramphenicol �����
�� ��	�%���$"�������
� insert ��	 VC7 ��) pHSG 398 vector 

���� restriction enzyme EcoRI ��) HincII '�
"��	 heat-inactivated enzyme ��� 70�C ��#����� 

15 ���� �!"��� vector ��) insert ����$	
�
��&���	�% ligation ��$���!"��� ligated plasmid �� 

transform �&���+� E. coli DH5� host �����!"��($	�6/�) clone �����#� white colony (�� insert) ��)��

	�%�(�$�� chloramphenicol  ���  clone �(�$ VC20, VC21 ,!�"��(�$ confirm 
����W� sequencing 

����%-�(��
��������� tcpA gene �%�" ��)����M��"&$" start codon $�+����	�%����5�&$" lacZ�

(�����	 3.7)

8. Protein expression ��� clone ��	�� tcpA gene 
���#$������ initiation codon �����!

�#$�����	�������%� lacZ ���� T3 promoter

	�%���$"������ clone ����� vector $���"�������%��������	
� clone ����� insert &$" tcpA 

��)��(�$"��	 clones ���"]����%��"&!��$�+�����M��"	�%����5�&$" lacZ� �
"�
���!"��$"��	%)���

	�% induction ���� 1mM IPTG 
����%��� overnight culture �� LB broth 5 ml ��)�����
�%5�"&!�� 

subculture 0.5 ml &$" overnight culture �"�� LB broth 5 ml '�$��'��  ����� incubate /%�$�

�&������ 200 rpm ��) 37�C ��#����� 1-2 ��. ��	%)�
�"��� OD �%)��> 0.6 ���" culture 1 ml ��

������'%
���%��� pre-induction whole cell lysate �������� IPTG �"���� culture �'���������&��

&���%)��> 1 mM �����!" incubate ��$$�	�%)��> 3 ��. ���" 1 ml �/(�$��� whole cell lysate 

��)$�	 1 ml �/(�$��� soluble protein fraction ��) non-soluble protein fraction �
"������$W������

'
�&�$��� 1 �����	 3.8 ���" protein profiles &$" clone ����� insert ��%��������	
� clone ����� vector 

$���"����� ��	 samples ����	8��$��%������	�$� induction ��) 3 ��. '�
"��	 induction ���� 1 

mM IPTG 
�� VC13 clone (specimen B) ��%��������	
�  parental vector pWSK29 (specimen 

A) ���� VC20 (specimen D) ��) VC21 (specimen E) ��%��������	
� parental vector 

pHSG398 (specimen C)  ��	�%���$"��� ���/�������	���"%)'���" clone ����� insert ��) 

parental vector �� protein �����%�����	�������"]�
�" whole cell lysate, soluble ��) insoluble 

protein fractions
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9. Protein expression �%��&�������� T7 RNA polymerase promoter

	�%���"$$	&$"����=J�����	�%����5�&$" T7 RNA polymerase ��&�$�����%��� E. coli

RNA polymerase '����%)	�% ������#� enzyme ��� active ,!�"����%-����)�
"��%�)'= RNA ��

$
�%�����+"	��� RNA polymerase &$" E. coli '������� 
��������-�������$���	��	�%'�5� 

transcription �$	��	��� T7 RNA polymerase �
"����������/�)����)�
"��%�)'=��	 T7 promoter 

(PT7) �����
�� ��)�)�����	�%�%������ transcription ��	 promoter sequence $(��]&$" E. coli DNA

�+����
����%)�� Two-plasmid system ��	%)���	�% expression 
��%)���%	��� 

expression vector pBlueScript II KS (Strategene) ,!�"�� DNA sequence &$" T7 promoter ��#�

$"�=�%)	$� ��	�����	 3.5 
�%��
"�	�5��� ���'%
� VC7 clone ��M��"&$" start codon &$" tcp $�+�

����M��"�����	
� T7 promoter ���� plasmid ��%)����� 2 ���%
�����$�5��%�)'= E. coli strain ����� 

plasmid pGP1-2 (Tabor and Richardson, 1985) (E-2096) ��	 University of Adelaide, 

Australia  (�����	 3.9)  �� plasmid ��� enzyme T7 RNA polymerase �)$�+����	�%����5�&$" �pL

promoter��)����%--+	�
��
�"
�� repressor protein C1857 ,!�"����������$$5>'J+��	�����($ ���

$5>'J+������ (30�C) repressor protein �)�
��
�"	%)���	�% transcription ��	 �pL promoter  ��

&>)�����(�$$�+���$5>'J+���+" (42�C) repressor protein �)-+	 inactivate �����'��	��	�%�%��" 

enzyme T7 RNA polymerase �$	��	��� plasmid pGP1-2 �
"�%)	$���������=����(�$�� 

Kanamycin ,!�"�)�)��	��	�%��($	
������������=�����$"	�%

�+����
��!" transform gene �����$"	�% express �&���+� E. coli strain ����� plasmid  pGP1-2

(E-2096) 
����%��� chemical competent &$" E-2096 
����W�&$" Hanahan (1970) &�$��%%)�
"

��	�%�����"��(�$ E-2096 �($��$"/����������"���$5>'J+������	�� 30�C ��) chemical competent 

cells ����������%-�	8���#� aliquots ������ -70�C ��$���!"���	%)���	�% transformation gene ���

��$"	�% 
�����$"��%��������	
� parental plasmid vector ,!�"���������($ pBlueScript II KS 

vector

��	�% transformation �&�� chemical competent cells ������ plasmid �%���> 500 ng-1 

�g ���%����% 1-5 �l ��������� incubate 	
� chemical competent cells ��� 4�C ��#�����

�%)��> 30-40 ���� ��$��	�
����� cells �� heat-shock ��� 42�C ��#����� 90 ������ ������������

�������&8"��� 4�C $�	��#����� 10 ���� �����!"���������� LB broth 1 ml ����� incubate 30�C

/%�$��&�����#����� 1 ��. ��$��	�
������� spread �"�� selective medium ���������� 

Kanamycin (50 �g/ml) ��) Ampicillin (100 �g/ml) ���� incubate ��� 30�C, 2-3 �
� colonies ���

&!�� �� plates ������"����� Ampicillin resistant gene ��	 pBlueScript ���-+	����&���+� E-2096 ����� 

Kanamycin resistant gene �������  clone ����������� expression ��$��
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��	�% express protein �����%��� overnight culture �� LB broth �%���> 5 ml ����� 

Kanamycin ��) Ampicillin ���$�+� �����
���$����� overnight culture �%����% 100 �l �� 

inoculate �"�� medium '�$��'�� ��)����� incubate ��� 30�C /%�$��&�����#����� 3-5 ��. ��

	%)�
�" OD590 � 0.4 ��$��	�
������� incubate ��� 42�C ��#����� 30 ���� ����������&�����$��� 37�

C ��	�
���	8��
�$���"'�
"��	 incubate ��� 60 ���� 120 ���� ��) 150 ���� �������
� �/(�$�����

��%��� whole cell lysates, soluble protein fractions ��) insoluble protein fractions �/(�$M!	Q���� 

��	�%�%��"
�%�����:�'����/����� clone ����� DNA insert '%($���

�����	 3.10 ��%�������� expressed proteins &$" E. coli strain E-2096 ,!�"�� pBlueScript 

II KS vector (3.10 a) ��) E-2096 ,!�"�%)	$����� VC7 clone (3.10 b) �)�'8���� VC7 clone ,!�"�� 

insert &$" tcpA ����%-�%��"
�%������ molecular weight �%)��> 23 kDa ,!�"��#�&���&$"


�%���������'�
"������$����� �����	 3.4 
����(�$�����	
� E-2096 ����� vector $���"����� ����� 

protein ��� 23 kDa $���"�
����


���%5��+����
�����%- express toxin-coregulated pillus protein (TcpA) ,!�"�����%��"��

�����#� subunit protein �������������
{��	�%	�$
%� (pathogenesis) $'����=  
����(�$ V. cholerae 

��) TcpA ����������%-��	�%	%)�5�� host �'��%��"J+���5��	
�  �!"��#� vaccine candidate 

(Attridge et al., 1999) ��)J+���5��	
� (immunogenicity) &$" TcpA protein ����������/�)��$����) 

biotype �����
�� ���� J+���5��	
���$ TcpA ��	 El Tor biotype �)�������%-�:$"	
� host ��	 $'�

���=����	����	��(�$ Classical biotype ��� (Attridge et al., 1999)  $���"�%	8����+����
������($	����) 

clone ��) express tcpA gene ��	 El Tor biotype ,!�"��%��"��	�%%)������$"-����M�%%Q

'�
"���
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�����	 3.4 Translation of VC7 clone 
"%� Open reading frame 
���'�
�!�� base ��	

119-791

NA 61        TTAAAAAAGGACCAAGCAATGCATTTCCTTAAAACACAAATGGTGGAGTTATATAAATAT
AA 1                                                                    M

NA 121       GCAATTATTAAAACAGCTTTTTAAGAAGAAGTTTGTAAAAGAAGAACACGATAAGAAAAC
AA 2           Q  L  L  K  Q  L  F  K  K  K  F  V  K  E  E  H  D  K  K  T

NA 181       CGGTCAAGAGGGTATGACATTACTCGAAGTAATCATTGTTCTGGGTATTATGGGTGTGGT
AA 22          G  Q  E  G  M  T  L  L  E  V  I  I  V  L  G  I  M  G  V  V

NA 241       CTCAGCGGGTGTTGTTACGCTGGCTCAGCGTGCGATTGATTCGCAGAATATGACTAAGGC
AA 42          S  A  G  V  V  T  L  A  Q  R  A  I  D  S  Q  N  M  T  K  A

NA 301       TGCGCAAAATCTAAACAGCGTGCAAATTGCAATGACACAAACTTATCGTAGTCTTGGTAA
AA 62          A  Q  N  L  N  S  V  Q  I  A  M  T  Q  T  Y  R  S  L  G  N

NA 361       TTATCCAGCTACCGCAAACGCAAATGCTGCTACACAGCTAGCTAATGGTTTGGTCAGCCT
AA 82          Y  P  A  T  A  N  A  N  A  A  T  Q  L  A  N  G  L  V  S  L

NA 421       TGGTAAGGTTTCAGCTGATGAGGCAAAGAATCCTTTCACTGGTACAGCTATGGGGATTTT
AA 102         G  K  V  S  A  D  E  A  K  N  P  F  T  G  T  A  M  G  I  F

NA 481       CTCATTTCCACGAAACTCTGCAGCGAATAAAGCATTCGCAATTACAGTCGGTGGCTTGAC
AA 122         S  F  P  R  N  S  A  A  N  K  A  F  A  I  T  V  G  G  L  T

NA 541       CCAAGCACAATGTAAGACTTTGGTTACAAGCGTAGGGGATATGTTTCCATTTATCAACGT
AA 142         Q  A  Q  C  K  T  L  V  T  S  V  G  D  M  F  P  F  I  N  V

NA 601       GAAAGAAGGTGCTTTCGCTGCTGTCGCTGATCTTGGTGATTTCGAAACGAGTGTCGCAGA
AA 162         K  E  G  A  F  A  A  V  A  D  L  G  D  F  E  T  S  V  A  D

NA 661       TGCTGCTACTGGCGCTGGCGTAATTAAGTCCATTGCACCAGGAAGTGCCAACTTAAACCT
AA 182         A  A  T  G  A  G  V  I  K  S  I  A  P  G  S  A  N  L  N  L

NA 721       AACTAATATCACGCATGTTGAGAAGCTTTGTACAGGAACTGCTCCATTCACAGTAGCTTT
AA 202         T  N  I  T  H  V  E  K  L  C  T  G  T  A  P  F  T  V  A  F

NA 781       TGGTAACAGTTAATCTACACCATTATCTTGATAATTTAATAATAATTTGCCCATGGAAAT
AA 222         G  N  S

Universal code; Total amino acid number: 224, MW=23234 daltons

'����'�5  NA  =  Nucleic acid

 AA  =  Amino acid
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�����	 3.5 
"%� plasmid vector pBluescript II KS vector ��	�&��!��� cloning ����

�! VC7 ������%��� tcpA gene ��	"����+/ 
���#$������ initiation 

codon �����!������������� T7 promoter
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�����	 3.6 
"%� plasmid vector pWSK29 ��	�&��!��� clone fragment 
�� VC7 

���	�����#$������ initiation codon �����!������������� lacZ�
promoter

�
"���"��%+� clone VC13 �������		�%�
� insert &$" VC7 ���� restriction 

enzyme BamHI ��) ClaI ��) clone �&���+� pWSK29 ����
����� enzyme �5������	
�
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�����	 3.7 
"%� plasmid vector pHSG398 (Takara) ��	�&��!��� clone fragment 


�� VC7 ���	�����#$������ initiation codon �����!������������� 

lacZ� promoter

�
"���"��%+� clone VC20 ��) VC21 �������		�%�
� insert &$" VC7 ���� 

restriction enzyme EcoRI ��) HincII ��) clone �&���+� pHSG398 ����
����� enzyme �5�

�����	
�
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�����	 3.8 
"%� protein expression �! clone ��	�� gene tcpA ��	"����+/ �%���	 

initiation codon ��� clone �����!�:�����!�#$�����	�������%� lacZ 
��

�����!�#$������ T3 promoter

A, Clone ������6/�) vector pWSK29

B, VC13 clone (vector pWSK29 ����� insert &$" tcpA &����%)��> 0.8 kb)

C, Clone ������6/�) vector pHSG398

D, VC20 clone (vector pHSG398 ����� insert &$" tcpA &����%)��> 0.8 kb)

E, VC21 clone (vector pHSG398 ����� insert &$" tcpA &����%)��> 0.8 kb)

��(�$"��	 clone ���"]�'������ $�+�J�����	�%����5�
�� lacZ �
"�
���!"��	�% induce 

���� IPTG 1 mM ��(�$ bacterial cells ����
��&���+� exponential phase ��	�
���!"��%�������� 

electrophoresis &$" proteins ��������	 whole cell lysate, insoluble fraction ��) soluble 

fraction &$" bacterial cells
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�����	 3.9 plasmid vector pGP1-2 ������%��� gene ��	�'��!����	"���� T7 RNA

polymerase ;<	�������������������� �pL promoter

Vector ����
"�%)	$����� gene c1857 ����%��"
�%��� � repressor ,!�"�) express 

J�����	�%����5�&$" E. coli plac promoter ,!�"���$5>'J+������
�%��� repressor ����)�
��
�"

	%)���	�% transcription ��	 �pL promoter $���"�%	8������$5>'J+�� 42�C repressor 

protein �)-+	 inactivate ,!�"�)�����'��	��	�% induction &$" �pL promoter ��)������+�

	%)���	�%�%��" T7 RNA polymerase
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�����	 3.10 Protein expression 
�� E. coli strain E-2096 ;<	�=%� transform plasmid


�� pBlueScript II KS (a) 
�� VC7 (b)

A = whole cell lysate preparation

B = soluble protein fraction

C = insoluble protein fraction ��	�%���$"�%��	8� specimen ����������"] �($ 1, 

2 ��) 2 1/2 ��. '�
"��	 induction &$" enzyme T7-RNA polymerase


�%��
"�	�5��� VC7 clone �)�'� protein &��� 23 kDa ����
���� ,!�"���/��� 

clone ������6/�) vector
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10. ����>?!������!������	�@�#� TcpA protein �!��#��+���

��	 E. coli strain E-2096 ����%)	$����� plasmid 2 �����($ pGP1-2 ��) VC7 ���

���$"�/����%���> 
�������"�� 50 ml LB broth ����� kanamycin 50 �g/ml �� flask &��� 

250 ml 
�������"���$5>'J+�������%)��> 30�C 	�$� ����� OD550 �%)��> 0.6 ��$��	�
���!"

�/���$5>'J+��&!������� 42�C ��#����� 30 �����/(�$ inactivate repressor protein �/(�$����'���

	�%�%��" enzyme T7 RNA polymerase ��) enzyme ����)	%)�5�� T7 promoter �'��	��

transcription &$" VC7 plasmid ,!�"�������%)	$�&$" T7 promoter $�+�'�������= tcpA ��$

��	�
���!"�����"��(�$��$�����$5>'J+�� 37�C ��#����� 2 �� 	�$���� bacterial culture �� 

centrifuge ��� 8,000 � g ��#����� 15 ���� ��� cell pellet ���������)����� inclusion body 

solubilization buffer (50 mM Tris-HCl, pH 8.0; 1 mM EDTA, pH 8.0; 50 mM NaCl; 0.5% 

Triton X-100; 8 M urea) ���
����� 3 ml ��$ bacterial wet weight 1 	%
� ��$��	�
���!"����� 

sonicate �/(�$�����'��,��=��	��&!�� ������� cell lysate �������� centrifuge ��� 10,000 � g �/(�$

��	�$� cell debris $$	��)��� supernatant �������� dialyse ������	�
��  ��(�$��� crude 

protein (�� supernatant) ����������	���� acrylamide gel electrophoresis /������ protein 

band ����%)��> 25 kDa ,!�"��������#� TcpA �
���� 
������%���>
�%�����	 LB broth 2 

���% �%)��> 15 	%
�

11. Immunogenicity ��� TcpA protein

�+����
���� immunize '�+ mice ���� crude bacterial lysate (lysate &$" recombinant 

E. coli) �/(�$M!	Q���� TcpA ����%-	%)�5���'��
��=���$"�$���$"����%)��J+���5��	
�
��

	�%�%��"�$����$����$ TcpA ���'%($��� (immunogenicity &$" TcpA) 
����� immunize �
�"

��" intraperitoneal ��) oral routes ��	�% immunize ��" intraperitoneal route ������ 

crude bacterial lysate �%���> 250 �g 
����� immunogen 	
� adjuvant ��)6���
�"'��

��� doses '��"	
��%
�"�)�$"�
���'= �� dose �%	��� immunogen 	
� complete Freund 

adjuvant ��)��� incomplete Freund adjuvant �� doses ����$"��)��� '�
"��	6��
��������

����'�!�"�
���'=�!"���)��($�'�+��� immunized �����$�'��$����$����$ homologous 

antigen

 ���'%
�	�% immunize ��" oral route ������ crude bacterial lysate 1 mg �:$�'�+

����)�
� 
���'��
�"'�����
������	
���)����%)�)'��"����)�%
�"�$"�
���'= '�
"��	 

immunize �%
�"�5�����'�!�"�
���'=������)��($�'�+����)�
��/(�$������%���
�%)�
��$����$��

���������	
� (��	�%�:$�'�+	�5���������'�'�+���$"	����%�)��� 5% sodium bicarbonate 

�%����% 0.1 ml 	�$��:$� immunogen �/(�$	
�����'� immunogen -+	��������		%���

	%)�/�))
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�$	��	����
"������ Western blot analysis �/(�$�%�����,�%
�&$"'�+���$"���-+	

immunized ���� crude bacterial lysate ��	�%�%��"�$����$����$ TcpA protein '%($��� 
��

��� nitrocellulose membrane ��� blot ������� SDS-PAGE separated-crude bacterial lysate  

����� ���	%���	
�,�%
�&$" immunized mice �����($��" 1:200 (,�%
�����)���$� ���-+	����� 

absorbed ���� E. coli 2096 	�$��/(�$�� background antibody ��$ E. coli 2096 ,!�"��#� host 

strain) ��	�%���$"��� Western blot analysis /���� mice ���-+	 immunized ���� TcpA + 

adjuvant ��" intraperitoneal route �%��"�$����$����$
�%������ molecular weight �%)��> 

25 kDa (Figure 3.11, lanes 3 ��) 4) 
�����/� antibody ����� serum 	�$� immunize 

(Figure 3.11, lanes 1��) 2) ���� mice ���-+	 immunize ��" oral route 	8����%-�%��" 

antibody ��$
�%������ molecular weight �%"	
�����%��"�� mice 	�5����� immunized 
�� 

intraperitoneal injection ����	
� (Figure 3.11, lanes 7 ��) 8)

12. ���@�#� purified TcpA protein

��	�%M!	Q� immunogenicity &$" TcpA �����������#���$"��� purified TcpA 

protein ��	�%�%������
��=���$"�'����
���%��"�$����$����$ TcpA �%�" �
"�
���!"���/����� 

purified TcpA 
����� Sephadex G-75 gel filtration chromatography ��) DEAE 52 anion 

exchange chromatography ����������%- purify TcpA �'��%��5�W�� 100% �������%8� ��$���!"

��������W� affinity column chromatography 
���%��"
�%��� TcpA ����� histidine 6 
���	5����

$�+�������� C-terminal ��) histidines �'����������%-�
�	
� resin �����
�') nickle ��#�$"�=

�%)	$� �!"����'�����%- elute 
�%����������������/�)�
��] $$	����	 column ���J��'�
"

��		�%���"�$������%)	$�$(�� ] &$" E. coli �� host �������
�	
� column $$	��'������

	�%���
���������� 2 &
���$� �($&
���$����'�!�"��#�	�%
��� tcpA gene �&���+� vector 

pTrcHis2 (Invitrogen) ����� histidine ������ 6 
���	5����$�+�������� C-terminal ��)��(�$��� 

clone ����%��"
�%��������$"	�%���� �!"����� induce �'��%��"
�%����%���>��	] 	�$�������+�

&
���$�����$"�($	�%���
�%��������� Probond resin affinity column ,!�"�
������	
�
���	5�

&$" histidine �����!" elute 
�%���$$	��'�
"��	���"����$(���������
�	
� column $$	������

��&
���$� cloning ������ plasmid ��	 VC7 clone ���
����� restriction enzymes 

BamHI ��) XhoI ��������� clone �&���+� vector ������� �($ pTrcHis2A, pTrcHis2B ��) 

pTrcHis2C ,!�" vector ������������������	���"	
��������&$" multiple cloning site $
���#�

���'� reading frames &$"
�%�������) transtate $$	�����"	
� ������ vector �
�"������������

�
����� enzyme �
�"�$"����&��"����($ BamHI ��) XhoI ��������� ligate 	
� 0.8 kb DNA 

fragments &$" VC7 clone ��� elute $$	����	 agarose gel  ��$���!"��� ligated DNA �� 

transform �&���+� E. coli DH5� host ���� screen '� clone ������
��	�%��%��� plasmid 

(miniprep) �����
� plasmid DNA ���� restriction enzyme BamHI ��) XhoI ��)�����($	
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�������� insert ����� express 
�����	�% induce ���� 1 mM IPTG �����" early log phase 

growth &$" recombinant clone ���� culture ��$��$�	 2 �� ��-!" late log phase ��	�
���!"

���������%����	 clone ���"]����%��� whole cell lysates �����%�������	�%�%��" 

recombinant protein ��	 insert DNA '%($��� 
����%��������	
� whole cell lysate ��	 

vector �
������	
��������� insert

��	�% clone tcpA gene �&�����
" vector �
�"������� /���� tcpA insert ��� clone 

�&���+� pTrcHis2A �����
������%��" recombinant protein ��	 Figure 3.12  �)�'8���� clone �����

�/��" vector pTrcHis2A 	�$� (lane 1) ��)'�
" (lane 2) 	�% induce ���� 1 mM IPTG �)���

��	�%�%��"
�%���/��MQ��] �/���&!����	
�%����	�� ���
�%�����	 clones A3, A5, A6 ����� 

tcpA insert /������	�%�%��"
�%���&����%)��> 25 kDa ��(�$	�% induce ���� 1 mM IPTG

(lanes 4, 6, ��) 8) ��)��%��������	
� protein profile 	�$� IPTG induction (lanes 3, 5 

��) 7)

��(�$/���� recombinant clone ����%- express 
�%�����:�'�����������!"��� E. 

coli clone �������"�/(�$��%��� cell lysate &
���$�	�%��%���
����$ �($��� bacterial culture ��� 

induce ���� 1 mM IPTG 50 ml �� centrifuge �'���� cell pellet �����!"������)����� 

guanidinium lysis buffer, pH 7.8 �%����% 10 ml 
�����$��'��	�� cell lysis ���$5>'J+��'�$"

�%)��> 5-10 ����  ��$��	�
���!"����� sonicate �������8� �/(�$ shear DNA ��) RNA 	�$�

����� centrifuge �/(�$��	 cell debris $$	�� ����������� supernatant �����"��#� 2 ����]

�) 5 ml �/(�$��� affinity column ��$��

��� E. coli lysate 5 ml �%	�� incubate 	
� Invitrogen’s Probond resin ��#����� 

10 ���� �/(�$�'� polyhistidine-tagged protein �
�	
� nickle �� resin �������"�'� resin �	

�)	$��"���$" ('%($$����� low speed centrifugation; 800 � g 	8���) ��$��	�
����	�������

��#�����$$	�� ��)��� 5 ml lysate ������� 2 ���,���&��"��� '�
"��	�
�����" protein $(��] ������

�
�	
� nickle �� resin �
"���

� ���" 2 �%
�"���� denaturing binding buffer (�%����% 4 ml � 2) (8M urea, 20 

mM sodium phosphate, 500 mM sodium chloride, pH 7.8)

� ���" 2 �%
�"���� denaturing wash buffer 6.0 (4 ml � 2) (8M urea, 20 mM 

sodium phosphate, 500 mM sodium chloride, pH 6.0)

� ���" 2 �%
�"���� denaturing wash buffer 5.3 (4 ml � 2) (8M urea, 20 mM 

sodium phosphate, 500 mM sodium chloride, pH 5.3)
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&
���$��5������($	�% elute protein ��:�'���$$	����	 column ���� denaturing 

elution buffer 4.0 (5 ml) (8M urea, 20 mM sodium phosphate, 500 mM sodium chloride, 

pH 4.0) 
���	8���	 elute ��#� fractions (1 ml) ��)�������) fraction���
� OD280 ����� 

protein -+	 elute $$	���%�" ��$��	�
�����
�%���������) fraction �� dialyse �� 10 mM 

Tris, pH 8.0, 0.1% Triton X-100 �/(�$	���
� urea $$	�� �����������) fraction ���%���+ 

protein profile ������W� SDS-PAGE �/(�$�+��� protein �%��5�W�������$"	�%$�+���� fraction �� ��	 

Figure 3.13 �)�'8���� protein profile &$" fractions 1 ��) 2 ���-+	 elute ��	 affinity column

��
�%���&��� 25 kDa ,!�"����)��#� TcpA

13. ��������� recombinant cholera toxin (rCT) 
�� procholeragenoid (P)

�����%)	$�'�
	&$" oral cholera vaccine ����>)�+����
�������$����($ 

lipopolysacharide, TcpA (fimbriae) ��) procholeragenoid (P) ,!�" P 	8�($ heat-inactivated, 

high molecular weight cholera toxin (CT) ,!�"���������#�/�Q�($ A-subunit �)-+	��������

�	($�'�� �'�($ B-subunit ,!�"��#� immunogen �������
{&$" oral vaccine ����)	%)�5���'�%��"

	��&$"
���=�%��"�$����$����$ B-subunit ,!�"�)&
�&��"	�%�
�&$" CT 	
� GM1 

gangioside �+����
������� recombinant E. coli strain MC1061 ,!�"���� cholera toxin (CT) ���

���%���>��	�������#� source &$" cholera toxin 
�������W�	�%��%��� cholera toxin ,!�"���

$W�������
�� Uresaka et al., 1994 ,!�"�%5����
����$�($�����" E. coli strain MC1061�� LB 

broth ����� ampicillin ���$�+� 100 �g/ml 
���&�����(�$��� 37�C &����(� �����!"�	8� cell pellet 


�� centrifugation ��$��	�
����� cell pellet ���)����� 10 mM Tris-HCl buffer, pH 8.6 ,!�"

��� 0.9% NaCl ������� bacterial cell suspension �� sonicate �/(�$�'��,��=��	 ��	�
�� 

centrifuge �/(�$��	 cell debris $$	��	�$�������� supernatant ���	�)	$�
�%��� 
������

��% ammonium sulfate �'���������&��&�� 65% saturation (516 g/litre)  �����!"�	8��)	$�


�%���������
�� centrifuge ��� 10,000 � g ��#����� 20 ���� �)	$�
�%���������������)����� 

TEAN buffer (50 mM Tris-HCl buffer pH 7.4 containing 0.2 M NaCl, 3 mM NaN3, 1 mM 

EDTA) ��������� dialyse &����(� �� buffer �����	
����  
�%������������������ immobilized 

galactose column ��)��(�$"��	 B-subunit &$" CT ��������� galactose �!"����%-�
�	
� 

column ������ ��$��	�
�����"
�%���$(��] &$" E. coli host $$	���'�'������ TEAN buffer ��

	%)�
�" eluate ����� OD280 ��#� 0 ��$��	�
���!" elute CT $$	��	 immobilized column ���� 

0.5 M galactose �� TEAN buffer ��)�	8� 1 ml fractions ����� dialyse ������	�
�� ��)�%��

�+ protein profile 
����W� SDS-PAGE �)�'8���	 Figure 3.14 ��� CT ���-+	 elute $$	����(�$

���������� sample buffer ����� 2-mercaptoethanol ���$�+��)��� protein bands ��� molecular 

weights 30 ��) 10 kDa ,!�"�%"	
� ����'�
	&$" A ��) B subunits &$" CT �������
�
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Recombinant CT protein ���������������(�$����� heat-inactivated �/(�$���������� A-

subunit ,!�"��#����� active toxin �������'��	��$�	�%$5���%)%��"�%��	��� procholeragenoid (P) 

,!�"�)�����#������%)	$�&$" oral cholera vaccine ���'%
�	�%���
���&
����$��
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�������������	 3 "��!��	 2:

����%"�����"#�J#M����� liposome 
�� CpG DNA

$"�=�%)	$�&$" oral cholera vaccine ������$
���>)�+����
��)�%)	$�����

fimbriae '%($ toxin co-regulated pili protein (TcpA), procholeragenoid ��) 

lipopolysaccharide ��	 V. cholerae O1 �+����
��)���$��
�,��
����� adjuvant 2 ���� �($ 

liposome ��) CpG DNA ��� adjuvants �
�"�$"��������)����%-�/��� immunogenicity &$" 

vaccine ���'%($��� 
���)���	�%���$"��'�+ rat ��)�)�%�����'�+�'�������%��"�$����$����$ 

immunogen ����)$���"��	-��$��/��"�� 
���)�%���+�������,��=��������$����$�� (plasma 

cells) �������������/�)��$ immunogen ����)���� �� lamina propria tissue section
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�����	 3.11 Western blot analysis ��� mouse serum ��� bacterial lysate ��� E. coli
clone ��	@�#� TcpA protein

'�+	�5���%	-+	 immunize 
����" intraperitoneal route; Lanes 1 ��) 2 ��#� 

serum samples &$"'�+�	��	�$�-+	 immunize ���� TcpA + adjuvant ��" 

intraperitoneal route ��) lanes 3 ��) 4 ��#� serum samples &$"'�+�$"�
�

����'�
"��	-+	 immunized ���� TcpA ���� 3 doses

'�+	�5������$"-+	 immunized 
����" oral route; Lanes 5 ��) 6 ��#� serum 

samples 	�$����%
� immunogen ��) lanes 7 ��) 8 ��#� serum samples '�
"

��	 immunized ���� 3 doses

�+	M%����%"%)�
� protein band ����������)��#� band &$" immuno complex &$" 

TcpA protein 	
��$����$��
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�����	 3.12 
"%� SDS-PAGE patterns ��������!  ��� expression vector

pTrcHis2A ��	��
��=���� insert ��� tcpA gene

lane 1,  bacterial lysate &$" E. coli strain ����� vector pTrcHis2A 	�$� IPTG induction

lane 2,  bacterial lysate &$" E. coli strain ����� vector pTrcHis2A '�
" IPTG induction

lane 3,  bacterial lysate &$" E. coli strain A3 ����� pTrcHis2A ��) tcpA insert 	�$� IPTG

induction

lane 4,  bacterial lysate &$" E. coli strain A3 ����� pTrcHis2A ��) tcpA insert '�
" IPTG

induction

lane 5,  bacterial lysate &$" E. coli strain A5 ����� pTrcHis2A ��) tcpA insert 	�$� IPTG

induction

lane 6,  bacterial lysate &$" E. coli strain A5 ����� pTrcHis2A ��) tcpA insert '�
" IPTG

induction

lane 7,  bacterial lysate &$" E. coli strain A6 ����� pTrcHis2A ��) tcpA insert 	�$� IPTG

induction

lane 8,  bacterial lysate &$" E. coli strain A6 ����� pTrcHis2A ��) tcpA insert '�
" IPTG

induction

Lane &���5��($ standard molecular weights
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�����	 3.13 Protein profile ��� purified TcpA protein fractions 1 (F1) 
�� 2 (F2) ��	Y��

elute 
�� Probond Nickle affinity column ;<	� purified protein ��

molecular weight �����+ 25 kDa
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�����	 3.14 
"%� protein profiles �!�>:!��!��������� recombinant CT

Lane 1, protein profile &$" E. coli MC1061

Lanes 2-5, protein profiles ��	 fractions ���"] ��� elute $$	����	

immobilized galactose column

�+	M%������ bands &$" CT-A (
 30kDa) ��) CT-B (
 10 kDa) subunits
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 �
�,��$'����=,!�"�%)	$����� immunogens ���������������������$�'� 

immunogenicity ���
��=���$"�($ rat model �� formulations ���"]	
��($:

Vaccine 1: �%)	$����� TcpA, P, LPS (immunogens), liposomes (delivery 

vehicle) ��) CpGDNA (ODN#1826) ,!�"���'��������#� adjuvant �
�"���
��

��� TcpA 5 mg, P 200 �g, LPS 5 mg, CpGDNA 100 �g [
����%��� 

liposomes ��	 cholesterol ��) sphingomyelin �����W�&$" Chaicumpa 

et al. (1990)] �� 3 ml  5% NaHCO3

Vaccine 2: �%)	$����� immunogens �
�"������� (�($ TcpA, P ��) LPS 
������

	
� vaccine 1), liposomes ��) non-CpGDNA (ODN#1928) (100 �g) �� 

3 ml  5% NaHCO3

Vaccine 3: �%)	$����� TcpA, P ��) LPS ��) liposomes 
������� CpGDNA 

(ODN#1826) 
������	
� vaccine 1 �� 3 ml  5% NaHCO3

Vaccine 4: �%)	$����� TcpA, P ��) LPS ��) CpGDNA (ODN#1826) 
������� 

liposomes 
������	
� vaccine 1 �� 3 ml  5% NaHCO3

Vaccine 5: �%)	$����� TcpA, P ��) LPS ��) non-CpGDNA (ODN#1928) 
�����

�� liposomes 
������	
� vaccine 2 �� 3 ml  5% NaHCO3

Vaccine 6: �%)	$����� immunogens �
�"������� (TcpA, P ��) LPS) �����
�� 
��

����	
� vaccine 1 �� 3 ml  5% NaHCO3

�$	��	��������%��� Placebos $�	����+�%�($

Placebo 1: �%)	$����� liposomes �/��"$���"����� �� 3 ml  5% NaHCO3

Placebo 2: �%)	$����� CpG DNA (ODN#1826) �/��"$���"����� (100 �g) �� 3 ml  

5% NaHCO3

Placebo 3: �%)	$����� 5% NaHCO3 solution �%����% 3 ml ,!�"�����#� diluent &$" 

vaccine �5	 formulation �� 3 ml  5% NaHCO3
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��������� recombinant TcpA

��� VC7 clone ,!�" carry tcpA gene ��� ligated $�+�	
� vector pBluescript II KS 
��

�	�� plasmid system ����)��$" maintain ���$5>'J+�������($ 30�C �����(�$������/���$5>'J+����#� 

42�C �)����%- inactivate repressor protein ��)����'���	�%�%��" T7 RNA polymerase

��)���5�������	�% express TcpA ,!�" TcpA ��&����%)��> 23-25 kDa �����(�$"��		�% 

purify tcpA 
�� gel filtration '%($ ion exchange column chromatographies �������5�"��	 

�%��!"��� subclone �&������ vectors pTrcHis 2 A, B ��) C �����!" transform vectors �&���� 

E. coli DH5� /���� plasmid TrcHis 2 A ,!�" transform �&�� E. coli DH5� ����%- 

express TcpA ��� ��� TrcHis 2 B ��) TrcHis 2 C ��� express TcpA

��	�%��%��� TcpA ������ recombinant E. coli �� inoculate �"�� LB broth 3 ml

,!�"��� ampicillin 50 �g/ml ���� incubate ��� 37�C /%�$��&���&����(� �
�%5�"&!����� inoculate 

overnight culture �%���> 1 ml �"�� LB broth 50 ml (��� amplicillin 50 �g/ml) incubate 

��� 37�C /%�$��&��� 3 �
��
�" ���� OD ��� 600 nm = 0.6 (�,��=$�+��� mid-log phase) ���� 

IPTG �"�� culture �'���������&��&�� 1 mM (0.5 ml &$" 100 mM IPTG) ���� incubate ��$

$�	 2 �
��
�"��� 37�C ��	�
����� culture ��������� 8,000 � g ��� 4�C ��#����� 15 ���� ��� 

pellet �� resuspend �� denaturing binding buffer ������������� purify ProBond

Purification System �/(�$�����#��
�,����$��

��������� LPS

��� extract LPS ��	 Vibrio cholerae biotype El Tor strain O17SR 
�� phenol-

water extraction method (Westphal and Jann, 1965)

��������� Procholeragenoid (P)

Procholeragenoid (P) �($ heat-mediated conversion of CT (cholera toxin '%($ 

choleragen) �/(�$�'���#� cholera toxoid (B-subunits ,!�"�� trace activity of A-subunit �'�($

$�+�����	�� 5% &$" holotoxin) �
�"���
��	�%��� CT �� heat ��� 65�C ��#����� 15 ���� -�� 

heat ���	������ (25 ����) �)�� activity &$" subunit A (toxicity) �'�($ 1 % 	�%������������ 

activity &$" CT A-subunit �'�'��	8�/%�)��$"	�%�'� A-subunit ��#� adjuvant ��) break 

oral tolerance ��$ protein antigen ����

�����%��� CT ��	 recombinant E. coli MC 1061 (pKTJ5-15X) ,!�"��� clone ctx

genes ������� 
����� recombinant E. coli �� streak �� agar plate ,!�"�� ampicillin ���$�+� 

100 �g/ml �/(�$�'���� single colonies '�
"��	 incubate &����(���� 37�C ��� colonies ��	 
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plate �%)��> 1 loop �� inoculate �� LB broth ,!�"��� ampicillin (100 �g/ml) ���� 

incubate /%�$��&������ 37�C ��#����� 3 �
��
�" ��	�
������� inoculate �"�� LB broth 500 

ml (��� ampicillin 100 �g/ml) ���� incubate /%�$��&������ 37�C &����(�

���
�%5�"&!����� culture �������/(�$�'���� cell pellet ��	�
�� resuspended pellet �� 

10 mM Tris-HCl buffer, pH 8.6 ,!�"��� 0.9% NaCl ��	�
����� cell suspension ������'�

�,��=��	
����� sonication ��� 20 kHz, 2 ���� 5 �%
�" �����$� supernatant ����������	

�)	$�����	�%���� ammonium sulfate �'���#� 65% saturation (516 g/liter) ������� 

precipitate ���)����� TEAN buffer, pH 7.4 '�
"��	 dialyse �$� ammonium sulfate $$	

�� buffer �����	
������)��� “crude CT”

��� crude CT �� purify �'���� pure CT 
����� galactose column chromatography 

(Pierce Co., Rockford, USA) ��)��� technique �'�($�	
���W���%��� LT ��	 ETEC (
�%��+

��W�	�%��
�%"	�%��$���� 2 '��� 41 ��) 42)

��������� rabbit anti-CT immunoglobulins

��� immunized 	%)���� (2-2.5 kg) ���� cholera toxin �����%�"��� 3.1

������)��($���	'
���	%)�������
���� 64 (Day 64) ������	,�%
��/(�$������	�)	$�

�$� immunoglobulins 
����� ammonium sulfate precipitation (50% saturation)

��������� rabbit anti-TcpA

��� immunized 	%)���� ���� purified TcpA

'�
"��	 immunized �%
�"�5����������$"�
���'= ������)��($���	'
���	%)������

��	�$�,�%
��/(�$��%��� immunoglobulins ���������	
�	�%��%��� rabbit anti-CT 

immunoglobulins

��������� Anti-V. cholerae O1 LPS

��� mouse monoclonal antibodies ,!�" specific ��$ V. cholerae O1 LPS ��	 

hybridoma clone 27E10 
�����%
������$(�$����$��	�%�Q
� Sciences Development and 

Management Ltd. ,!�",(�$���W��
�% clone �
"	��������	 ����. (Chaicumpa et al., 1995)
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�������	 3.1  Rabbit immunization schedule and dosages of CT

Day CT (�g/ml NSS)

0 4

8 10

15 20

33 40

43 40

50 40
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">��/�%���
����� immunize

�
��=���$"��������	�%���
���������($ Wistar rats ,!�"��$��5 8 �
���'=&>)�%���	�%

���$" 
��,(�$����	����
	�
��=���$"�'�"���� �'�������
��'��� ���"$$	��#� 9 	�5�� 	�5��

�) 5 �
�(�����"%��	
� 5 �
���$'�!�"	%") ��� sterile woodchips ��#� bedding ��)�����"����

$�'�%'�+,(�$��	�%�Q
� ,� /� ���������(����#�����	%$"��)'�$"�%
�$�	�M

	�$��%���	�%���$"��������"'�+�'�$�+���'�$"�����"�
��=����>)���M���%=�&�%�$���#�

����'�!�"�
���'=�/(�$�'����	
��J��)'�$"�����"�'�� ��)����������%����"

����'�'�+$�$�'�%��#����� 15 �
��
�" 	�$��:$��
�,���
��)'�!�"
��,!�"�)���$�+��� 

5% NaHCO3 �%���> 3 ml 
����� Luer fitting cannula ,!�"������#�
�')	�� �$��&���� 

esophagus (Campbell, 1991)

'�+����)	�5�����%
� oral vaccine '%($ placebo %���
�"�����
��)���
�� 
������

%)�)'��"%)'���"
���$"�
���'=

�����[��>������
��������
!>�
'�!�!�;��/��	@�#�
�!�#��%��!�'�="�

'�
"��	�:$��
�,��
���5������%���8��
� ����'�'�+ rats $�$�'�%��#����� 24 �
��


�" (����'������(������	��) ��"�����'�+ rat ����)�
����� diethylether ����������� �!"���)

��($��/(�$��	�$�;��>� ��) peripheral blood mononuclear cells (PBMC) 	�$����'�+
����W� 

cervical dislocation ��	�
���������'�����$"'�+����)�
� �
��$���������8	��$��������$$	

�����"�
�"���� serosal ��) mucosal surface ���� cold PBS, pH 7.2 �
���������8	��	 

pyrolus �%)��> 28-32 ,�. ��#���������%)��>�����) 1 ,�. �	8��� disposable molds ,!�"�� 

OCT (frozen section medium) �%%�5$�+� ������	8���� –70�C �/(�$����%��'���)�
������� 

antibody producing cell (AbPC) �� lamina propria ��$�� ������W� double antibody 

sandwich method of immunofluorescence ,!�"��&
���$��
" Diagram 2

��	�%�
��������,��=����%($"��" fluorescein (AbPC) ��$�$����������)������� 

tissue sections ������ 2 sections ��$'�+ 1 �
� %�� 10 sections �� ����)	�5�� (	�5���) 5 

�
�) ������) section ����
������� AbPC �� 25 microscopic fields (	���
"&���&>)�
��,��= 

10 ocular � 10 objective) %���
�"����������)	�5���)�
��,��=�
�"'���� 250 microscopic 

fields �/(�$�����'�����6���� ( X ) ��) standard deviation (SD)
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Diagram 2 : 
"%��>:!��!������
��
��!>�
'�!�! antibody producing cells

(AbPC) �! jejunal sections ��� immunized rats %����#J� double

antibody sandwich method of immunofluorescence

blocked with 10% normal rabbit serum in PBS,    

pH 7.2

 fixed with methanol (3-5 min), air-dried

 washed with PBS, pH 7.2 (10 min)

washed with PBS, pH 7.2 (30 min)

washed with PBS, pH 7.2

washed with PBS, pH 7.2, blot dried

Jejunal sections (5 �m)

Incubate 30 min with antigen (either 10 �g/ml pure TcpA,

10 �g/ml pure LPS or 2 �g/ml pure CT)

Incubate 30 min with either anti-TcpA, anti-LPS, or anti-CT

Incubate 30 min with either swine anti-rabbit- or rabbit anti-mouse

immunoglobulins labeled with FITC

Count fluoresced cells in lamina propria using fluorescence microscope

(10 � 10)
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@�����#
>�

	�%���$� Immunogenicity &$"�
�,���
�" 6 formulations ��) 3 placebos ��	�% 

induce AbPC ��������&$"'�+ rat ���$" �/(�$�+��� CpGDNA �)�����#� oral adjuvant �� 

mucosal vaccine ���'%($��� ��%��������	
� placebos 3 	�5�� ������
"��$�����

��%�"��� 3.2 ���"������ antibody producing cells (����6������) standard

deviation) ��(�$�
����� microscopic magnification 10� ��) objective 10� ��$ 1

microscopic field

/���� ������ anti-LPS &$"	�5����� 1-9 �($ 118.72�2.47, 109.23�2.59, 108.06�
2.27, 86.85�2.11, 80.11�2.20, 80.08�2.58, 12.15�0.39, 8.48�0.31, ��) 8.02�0.41

�������
�

��������6���������� anti-TCP producing cells &$"	�5����� 1-9 �($ 47.70�0.54,

43.10�0.67, 43.17�0.64, 37.30�0.58, 34.24�0.65, 34.68�0.43, 7.10�0.23, 5.70�
0.19, ��) 5.74�0.17 �������
�

����6���������� anti-CT producing cells ��$ 1 microscopic field �($ 111.73�2.55,

94.38�2.13, 93.51�2.27, 83.44�2.21, 74.74�2.16, 74.80�2.02, 9.04�0.41, 5.59�
0.44, ��) 5.01�0.18 �������
�

�
"�
�� vaccine formulation 1 ,!�"���$�������
�"��������($ LPS, TCP ��)

procholeragenoid (P) associate 	
� liposome (L) ��)��� bacterial CpG DNA (# OKN

1826) �!"�� immunogenicity �+"����5� ,!�"����%-�&��� order of magnitude &$"

immunogenicity ��� �
"���

1>2, 3>4, 5, 6>7, 8, 9 (p<0.05)
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�������	 3.2 
"%�
'�!�! antigen specific antibody producing cells �! intestinal 

(jejunal) sections ����!� rats �>:������������	=%��>��>�;�!�>:��� 

formulations 
�� placebos "��&!#%

Average numbers (� S.E.) of  AbPCs specific to:
Group no.

Anti-LPS Anti-TcpA Anti-CT

1   118.72 (� 2.47)*   47.70 (� 0.54)*   111.73 (� 2.55)*

2 109.23 (� 2.59) 43.10 (� 0.67)   94.38 (� 2.13)

3 108.06 (� 2.27) 43.17 (� 0.64)   93.51 (� 2.27)

4  86.85 (� 2.11) 37.30 (� 0.58)   83.44 (� 2.21)

5  80.11 (� 2.20) 34.24 (� 0.65)   74.74 (� 2.16)

6  80.08 (� 2.58) 34.68 (� 0.43)   74.80 (� 2.02)

7  12.15 (� 0.39)   7.10 (� 0.23)     9.04 (� 0.41)

8    8.48 (� 0.31)   5.70 (� 0.19)     5.59 (� 0.44)

9    8.02 (� 0.41)   5.74 (� 0.17)     5.01 (� 0.18)

* �
���	 2 sections &$"'�+����)�
� section �) 10 microscopic fields ,!�"������)

	�5����'�+ 5 �
� �
"�
��������)	�5���!"��#�����6������	 250 microscopic fields (	���
"&��� 10

ocular � 10 objective)
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Figure 3.15 a)  Anti-LPS producing cells in jejunal lamina propria of rat at villous

core (group 1); 10 � ocular, 10 � objective

b)  Liposome control

a)

b)

AbPC

AbPC

AbPC

AbPC

AbPC
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����
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���������+�$/�/���J
� �
"'�
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3.6 �%%�����)�'�	�%��	$�%���)�+"���	� Mrs. Chee Chean Gan, WHO Fellow ��	

�%)��M�����,�� %)'���"�
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�$� ��) strongyloidiasis 
��	%%���W���"$�����
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%"/������
"'�
�&$��	��

��#����

4. 
'�!�!@���!
%"#�J#�>��

4.1 	���
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"�������	�%�/(�$&$���W��
�%�%(�$"���%�
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�	�%�����(�$ STEC ��) E. coli O157 $���"%���%8�
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"�������	�%�/(�$�����W��
�%	�%�%�������6
�
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>����!����
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����J� ���'��������#��
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�%5���'��

%�� 7 �� �
"���
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$���%�=%)�
� 6 �����(�$���#��+�����M���%���%�= %)�
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"����)���"

�����$� �>)���M���%=�&�%�$� �'�������
��'��� (�5� post-doc �	�.)
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$���%�=%)�
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� 6 J�������5�����������)$�����
�
�

�� �>)���M���%=�&�%�$� �'�������
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�/)�'��

$���%�=%)�
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"%��%����"���/(�$&$����'��"�+�����M���%���%�= J�������5����

�������)$�����
�
��� �>)���M���%=�&�%�$� �'�������
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���J�  �5%�
�

$���%�=%)�
� 5 �����(�$���#��+�����M���%���%�= %)�
� 6  �>)�
���/��M���%= �5 ��"

	%>=�'�������
� (�5� post-doc �	�.)

5.5 �M. �/��='{�" �%. $
{���  �
�"�%"���%

J�������%�������� �>)�/��M���%=M�%�%��/����� (�5� post-doc �	�.)

5.6 �/.{. ��%)�%%>  ���)�
��	%
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�%)��>������� ��������
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5.7 �%. /
�%���%=  ��"��%!	
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�M%���%���% ��
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%��=  ����%8�	�%M!	Q��� 2544  �
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1. Test Kits for detection of pathogenic Leptospira antigen in Urine

The diagnostic test kits, namely Lepto-Dot, for detection of Leptospira antigenuria

was provided by Science Development and Management Ltd. (SDM), Thailand.

General description of the test kits

A. Starter kit

 Each starter kit contains :

A.1 Slot-blot device

A.2 Suction pump

A.3 Water trapping flasks

A.4 Rubber bungs and vacuum tubing (A.4)

A.5 Plastic boxes ; Test (T) box (A.5.1) and Control (C) box (A.5.2)

A.6 Antibody conjugate (0.3 ml)

A.7 Enzyme conjugate (0.3 ml)

A.8 Substrate (40 ml)

B. Test kit

Each test kit contains :

B.1 Monoclonal antibodies, 100 ml

B.2 Blocking Solution, 100 ml

B.3 Washing buffer A (100 ml of stock solution). Working solution of washing

buffer A is prepared by mixing 100 ml of the stock solution provided In the

test kit with 2.4 litres of distilled water. This diluted buffer A should be kept

in a tightly sealed container at room temperature for future use.

B.4 Washing buffer B, 100 ml

B.5 Control pieces, 20 pieces contained in a small plastic vial with cap

B.6 Nitrocellulose membrane (NC); 80 x 100 mm, 2 pieces

B.7 Filter paper; 80 X 110 mm, 2 pieces

B.8 Work sheet

* Note : Always store the following reagents/materials at 4�C : A.6, A.7, A.8, B.1, B.2,

B.4, B.5 and B.6
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2. Specimen

2.1 Fresh urine samples, urine stored at 4�C not over than 24 hours or urine 

stored at -20�C (to wait till the sample is dissolved).

2.2 Aliquot individually 1.5 ml of samples to 4 Eppendorf and mark appropriately.

Six ml of urine samples was centrifuged at 12,000 � g for 10 min at room

temperature; 5.5 ml of the supernatant was discarded.  Boil at 100�C in the

water bath for 20 minutes.

3. Procedure of the test

3.1 One NC sheet can be used for 48 urine samples by dividing the NC into two 

portions, i.e. Test NC (T1-T48) and Control NC (C1-C48), as shown below:

1 2 3 4 5 6 7 8 9 10 11 12

A T1 T2 T3 T4 T5 T6 C1 C2 C3 C4 C5 C6

B T7 T8 T9 T10 T11 T12 C7 C8 C9 C10 C11 C12

C T13 T14 T15 T16 T17 T18 C13 C14 C15 C16 C17 C18

D T19 T20 T21 T22 T23 T24 C19 C20 C21 C22 C23 C24

E T25 T26 T27 T28 T29 T30 C25 C26 C27 C28 C29 C30

F T31 T32 T33 T34 T35 T36 C31 C32 C33 C34 C35 C36

G T37 T38 T39 T40 T41 T42 C37 C38 C39 C40 C41 C42

H T43 T44 T45 T46 T47 T48 C43 C44 C45 C46 C47 C48
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Place filter paper (B.7) on the sealed gasket of the Slot-blot device (A.1).  Place the 

NC on top, then cover with upper plate of the Slot-blot device and assemble slightly 

screws.  Connect the device to the suction pump (A.2) which was linked with water 

trapping flasks (A.3) by vacuum tubing (A.4)

3.3 Open suction pump and use automatic pipette and tip pipette 200 �l of urine 

sample and dot onto the plate of Slot-blot device correlating to the work sheet, 

i.e. urine sample no. 1 = T1.  Dot the same specimen onto the C1 to make 

duplicate. Dot specimens no. 2 and so on onto the second and respective 
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holes of Slot-blot device. Use 1 pipette tip for 1 urine sample only. When 

finished, screw off the plate, mark the corner of right low paper and place Test 

NC and Control NC into the T box (A.7). Allow air-dry (about 5 minutes).

3.4 Place a control piece (B.5) into T box. Pour adequate volume of blocking 

solution (B.2) to cover the two NC pieces and the control piece. Leave the box 

at room temperature for 10 minutes with occasional rocking then discard the 

blocking solution.

3.5 Wash the NC pieces and control piece three times with diluted washing buffer 

A (B.3).

3.6 Place Control NC (C1-C48) into C box (A.5.2) while keeping Test NC and 

control piece in T box.

3.7 Pour MAb (B.1) to cover the Test NC and the control piece in the T box; pour 

washing buffer A into C box to cover the Control NC. Leave the two boxes at 

room temperature for 30 minutes with occasional shaking. Discard the MAb 

from the T box.

3.8 Wash Test NC and control piece in the T box 2-3 times with washing buffer A.

3.9 Dilute antibody conjugate (A.6) 1:2,000 with washing buffer A. Discard washing 

buffer A from both boxes and pour the diluted antibody conjugate to the two 

boxes. Leave the boxes at room temperature for 20 minutes with occasional 

shaking. Discard the conjugate and wash the membranes in the two boxes 2-3 

times with washing buffer A.

T1 T2 T3 T4 T5 T6

T7 T8 T9 T10 T11 T12

T13 T14 T15 T16 T17 T18

T19 T20 T21 T22 T23 T24

T25 T26 T27 T28 T29 T30

T31 T32 T33 T34 T35 T36

T37 T38 T39 T40 T41 T42

T43 T44 T45 T46 T47 T48

C1 C2 C3 C4 C5 C6

C7 C8 C9 C10 C11 C12

C13 C14 C15 C16 C17 C18

C19 C20 C21 C22 C23 C24

C25 C26 C27 C28 C29 C30

C31 C32 C33 C34 C35 C36

C37 C38 C39 C40 C41 C42

C43 C44 C45 C46 C47 C48
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3.10 Dilute enzyme conjugate (A.7) 1:2,000 with washing buffer A. Pour the diluted 

enzyme conjugate to the two reaction boxes to cover the NC. Leave at room 

temperature with occasional rocking for 20 minutes. Discard the conjugate and 

wash the NC 2-3 times with washing buffer A. Wash all membranes in the two 

boxes 2 times with washing buffer B (B.4).

3.11 Dilute substrate (A.8) 1:2 with washing buffer B. Pour the diluted substrate into 

the two boxes after discarding the washing buffer B. Cover both boxes with 

aluminium foil or keep the boxes in the dark for 5 minutes. Observe the control 

piece. The positive control on the control piece should develop a purplish-blue 

spot while the negative control shows a clear area. Discard the substrate 

solution from the two boxes and wash all membranes with distilled water.

3.12 Place the membranes on a filter paper and let air-dry. Read the results on the 

Test NC; any spot which contains Leptospira should appear as a purplish-blue 

spot on the Test NC distinguishable from the same on the Control NC which 

should reveal either clear area or spot of other "non-specific" color.

Note: Wash the plastic boxes thoroughly after use.  Also, always use the same boxes as

“Test” and “Control” boxes; as MAb might stick to the box and alternate use might give

positive reaction to the “C” NC renders indistinguishable results between the “T” NC and

the “C” NC in subsequent test.  The forceps used with MAb must be thoroughly wash

before using the same for the “C” series.
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