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  ���� ��� �	����������� ��� ����� �	��   �!�" ���	#�� $���#�� ���  

!�
 %��	"�&' �� ��� (��)�������*� +	� �b ����  ��,- �Atf2  ��  

 ./�Enzyme-linked Immunosorbent Assay )ELISA(  

  
����� ��	1 ����
� ��������2 �������� ����3  

  
  

�����  

:����� 	
�	�
��� ��
����� ��� �b )HIb  ��Haemophilus influenza b �
�����	 �� ( �!"#  $�%& �' $�#'�# �' (�)**+ ,
-	 .+�/ 0 �	',+ ,1�� .34�5  $6

,
7  �!"#  �3���#�8HIb .�9�:�� 9	 ��	;<� ;��
7 �� �=%+ 0 >��!�  �1�:�  ?�;�@�A0;�0 .+�/  B:!+ 0(���/ � ���!5 ��$�#'�# �' ;�9 5  �8  D�EF G5

 ;�9 $�#'�#2  �8 ,+ 34�5,
7  �!"# . �3���#�8  .+�H �� �5 G�0)��#7 ?�*I 9	 �;���
& �' J,*�K�0;(���/ (8	 ;LM+ ���!5 ,���.  

��� :�� �' ?�	 GNO�P+J HIb G��8 � Atf2  Q34 	3&(�)**+ G5 R1:+ S'�# �� 9	 J�1��+;� �' �Q34 TR-	 U�V+ �0�H  �Giolitti-Cantoni broth   

)GC broth (34 Q'	' (W# �5 $34  �N� ;�X 9	 3N5 J.-�H (W# .Y0� 9	 Q'��18	 ,1�� 0 Z�
[� \
1[+ ��� $6 ,
7 3���#�8) �PRP  ��  

Polyribosylribitol phosphate ;1
�� 9	 ��:/ 9	 3N5 Q34 G�%� (25/0 ) 9	
# 3�]�!#�� �5 �;1+0;<�+TT  ��Tetanus toxoid .+�H $	�*/ G5 (7 ,*�K�0;

@7 JG�0)��#  �EV+ .3�';� G�0)��#  9���8  6 9	 ��:/ 9	CL-4B  G�0)��#  �EV+ $	�*/ G5 0 34 �9�8	3&PRP-TT (�;� �	;^ Q'��18	 '��+. 

����� :��  �	3_+PRP  G�0)��#  �EV+ �' '�&�+402  9	 �;�0;<�+109 ,
�+ ;� �' �;1#�5  �' '�&�+ ��K
#��3�8	 0 ?�K�0;7 �	3_+ .34 Z�
[� ;1�OPRP  �5 `5�P+

 U8�� Q34 G�-�� �	3_+World Health Organization )WHO ;�9 (1 (���9�5 .'�5 3-�' PRP  9	 Q'��18	 9	 3N5 G�0)��#  �EV+ �' '�&�+  

Sodium deoxycholate )DOC J(58 Q3*�' $�W� G# '�5 3-�' �   �E�	 �A�5 �	3_+PRP ,1�� b8�7 .'�5 G�O0	 ?�K�0;7 0  G�0)��#  �EV+ G�
/ �'�5  

)PRP-TT Y0� �5 ��1!�0 '	)� �5 >� '	9�� �' Q34 G�%� (Enzyme-linked immunosorbent assay )ELISAQ9	3�	 =�_1!+ ;�X (  �	;5 ;1�� ?�;�A�5 0 �;��

 G5 (:!� G�0)��#  �EV+PRP  0 Q�cW��+9� �' Q34 d	;[18	PRP �18	 ��	3�;F '�	3�9	 Q34 G!8M+ � ?�5 $3*O �' �6�O��5 ���'�	3��18	 ,

�O	   

)National Institute for Biological Standards and Control �� NIBSC (G5 (8' 3+� .�' ��;1 1��, '�5� G5 (8' Q3+� 	;5� PRP 
[��Z Q34 0 

Q34 ��	3�;F  9	NIBSC ,1�� ;5	;5 (e
X �'  (^� 0 $6200/1 ,1��  D�
F ;c��W� ?�	 G# 34 Q3�' �'��9 (��:4 �'�5PRP ,+ Q�cW��+9� �' Q34 G�%� 34�5. 

����� :����  Z�
[� Y0�PRP,*��	 0 $��8��0)��# J  ,40� >� '	9�� ,�	��H  3+ �' G�0)��#  �EV+ ,�	9G�;- G5 $0;_+ 0  ,
�/A�5 D�
F �5 (8	  G#

,+  ?!#	0 3�O���' $� 9	 $	��HIb ) A�5 =fH �5Scale up';# Q'��18	 (.  

:����� ������  ��
�����	
�	�
���� ��� bJ 
7, ��9�:�.  J$��8��0)��# J>��!�  �1�:��Enzyme-linked immunosorbent assay  

  

 �!��: ,+'�F J`�4 ,
�/��8	 J'��;� $��*�+	 �3%+. "#���� ���� $��%�	�& ��'(� "�) ���* +(,-� $�� �������. $�� /�#(0�� +(��0�� 1�2,� 

3��4�.� "�) #� 5(���(6� ��7��(�2�% 8�� b ��(. � $�9� Atf2 �& ��� Enzyme-linked Immunosorbent Assay )ELISA( .

G
f+ Q3<W�	' ,<4
7 $�%�-	 1395g 34 )375 :(244-238  
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 ������� 	
��� ��
� ������������ ���������� ��� b   ����� ��	������� � 

�����  

�������� 	
�	����
 )HI �� Haemophilus influenza �(�� ������ 

��� ���� ��� ���� ��  !�" ���# �$��%���&'  (�))�*+� ( #,�	 

)2-1��� 0� (�  0���� 1%�!� ��� #2� %3 (��� ��� (4��� ���5 

,,,��	�,,,� � 33�,,,�� (,,,+%� �,,,�6�  0,,,�2  ,,,��7 x )Hemin � (  

v )Nicotinamide adenine dinucleotide �� NAD) 3%	3 (4-3 .(

"��� 0������ 	�; ������	%	3 ���    <�,� ��,�	 �� 0� (��'� =�'>�

 0� ?�2@�'>�6 B����C a  �Bf 'DB�&  ,�� ) (��,+5	 .( ,�;  @�,F %3� 

�� �G�	 0� #�	�0��� &H�I� � �� %�,��	6�  	(,H  J(,+ 6	 �� ?	%�,� �

	%	3� B =�'>��C b �$ =�'>� K�H 0� (��'��%�����(� ?
 6	 (�4 

5 0���� � � 6���$� (+�� )6��(F	� 6	 � (� %�%�L�  %�L�=��   1��,'�

*2B�  	 .#�	 J(+�; ������� �*� �+ 6	�M  �,B�;  N���  ,�	�7 ,�#  �

�����$�  ?��3�� %35-2 =�� %3 ?�IH #�	 )7.(  

 =�� %31970��$ =�'>� �� ?������'�	� �  �������� �(�%����

R�$ S7�� 	
�	����
  �T�� ?��3�� %3 #�N��� ����2  ;�	 ��	 �(+ =��

 �,,,�6 ?	3	6�,,,� %3 ;,,,'�	�2   0,,,� 	�,,,) U3%	(,,,� ��	%�,,,� =�,,,�  

Polyribosylribitol phosphate )PRP;��� ;�	 %3 V@�" (�  %��7

���
 6	 ���  �,� �D@	 	% �3��  ) (,��8  0,�3  ,�	�	 %3 .( � 80  ?�,DDX� �

 0��7 0��N��� ;'�	� (�@�B 0� Y���HIb   ;,'�	� ;,�	 %3 .(�(+   ��,�

PRP ��  Z��  ��F ;�[B��$ �� 0� 0��N��� 1%�! 0�  ) 3�,+10-

9=��� ���XB #����4 0� (  ����	 ��� =��,� � 3%	3 	%   ��,�T   �,�\

=��� 0� 	% 0�'�	�  ���T ��  �(LB 0�'�	� ) (��8.(  

 =�� %3 ;'�	� #"�� 6	 K$1988� J(X�� 1T��	 %3 J6���	 � 

 ]��B #�N��� 6��� �*���	HIb   �,�6 ?��3�� %35     6	 �,��� 0,� =�,�

5/2  �� %3 3%��100000 .#��� R��� ���  

0��7 ?������'�	� HIb  ?��6�� %3���IH #+	(I� )WHO  ,�� 

World Health Organization(  0,�����  ��+ �  ;,��	    0,� �6�,�

 ?	��7�� ��5 %�I) ;'�	����  ��� _�$ ��5���  6	
,�)�  ,��J� 0��,�� 

3������ B�>��#  �HIb `��'� (� 0,���  #,�	 )9 3 a�,b 6	 .(� ��,c 

@�B�( ;'�	� 0��N��� 0�  �� #,�7	  	�� d,��e�  ,F� (,� @�B ,�( f� ,�� 

����� #2�� 	��� @�B�( PRP� V@�"6��� [B��$��;  ,����N����?� 

��; [B��$�;  �PRP� 	(H6��� =�ZX� 0��N���  6	PRP [B��$ ��; 

3	6
 � ��
 ��6
�R��� @������ 
��0� � T����   	 �,� �,�� .3%	3 ,��;   �,�

 %3 3�LI� 0����*�  6		�; 	
�	 0� � F	���R  #L,'�  3�,�  
� 0,�� 0,� 

3�� (�	�" ��� .�*� 6	 J	%��� 	
�	�R @�B�(   ;,'�	�HIb�   3�,LI�

	�+�] ��I� g�e��	 � (+%�; X��]  	�,� #2�� @�B ,�(    � T�,� J36�,�

,,�h����; 	���(,,� ,,�eB�V ,,����N��� ��?�  1�,,��*�	 6	 J3���,,�	 �,,�

#�	 3�H��.  

��� 	
  

0��� �  � ����������%	(Ic� ]�	�+: HIb 0��� � Atf2  6	 0,�   �,�

	(,,H #,,�N��� 0,,� j�,,L� k3�,,�  %3 � J�c,,2���6
 �B�,,D�DXBHIb  %3

�l0,,'� � �6	% `�% 6	 J3���,,�	 �,,�  6	 J3���,,�	 � ��m�@��,,� ��,,�

���
  �!�Z�"	 �3��HIb`�% �    0,� �,�m�@������� � �����+��� ���

      �,� 0,n@�o� ;,�	 %3 3�,� J(,�3�� ������+ � 	(H 0�+p� 1�n@�o� %3

 `�% 6	 J3����	Polymerase chain reaction )PCR 6	 J3����	 � (

2 $      �	�,� ��,c�3 � 	
�	�,���
 ��,������ ���,���+ �	�� �*� ���	�

 C�B 6	 ?����b	b ) (�3�� (��qB *+ 1	�� .(    1(,� ��T�,b �%	(,Ic� �

=��� 6	 �������   ��,�	��� �,���    =��,'��� �,�70 -  0,H%3 �  ����,�   3	�,�

(�3�� J3����	.  

  

  
��� 1��� .
� Polymerase chain reaction )PCR
����� ��� (� 

��
� ��� �������� � ������ �!�" b) :1 (Lader $  

)2�� (
� � Atf2 $)3�� (
� � American type culture collection 

)ATCC ���' $(bp 350 '�* ����� ��� Haemophilus influenza b 

)HIb����� + ( � Lader .��� ,-�./ ���'  

  

 0��1� + �-�2�' �3����/-� �.2PRP :  J3�,�
 �	�,�   �6�,�

    0,�	3 �0,�@�	 #,2� ]�,X� �	  6	    � (,+ 0�,+	3�� �,����	�� =�,��  0,,�  

50 ���� ���@ 6	  ]�X�Giolitti-Cantoni broth )GC broth) (  3	�,�

 J(��3  �*2B#��+ 6	 Merck ���,F ( 10  ��,�   �,� %3 �,���   �,��@

  ,��7 x )Hemin ()Becton, Dickinson, USA� ( 15/0  ��,� %3 

����  �,��@    ,��7v )NAD( )Merck, Germany(  (,+ 0��,r	 �  %3 �

 ���3 �� %�B���*�	37 0H%3 � �����  � 3	��7  =pH� CO2 5  � (!%3

Shake  �	��8  #7�,�        6	 K,$ 0,�@�	 #,2� ]�,X� .(,+ J3	3 %	�,4

  ) t�,�" �,f� 6	 ��%��  *,+ 2 �(  0,��� ��,� %�� �,� 10  �,��@   ]�,X�  

bp350  
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 ���� ������� 	
��� ��
���������� �������� ��� �b  ����� ��	 ������� � 

GC broth ���F 10 ��� %3 ���� ���@  ) (,+ 0��r	 
����  *,+ 3( .

 K$ #2� ?��'��>���6	 24 #7�� ����� 6	 %�� 6	 K$ � (+ u%�"

R���6
 ��%�� ���  ?
 t��" � �@����%3  %�3xg 6000   ��,�3 %3

4 0H%3 � �����  3	�� 1(� 0�20 0D�43 (+ m���������.  

  

  
��� 2. 4�3 �� �! �������� 5-6 ���/!� "�� ���b �
��  �Atf2  

  

  
 ���3�� �! �������� �.2 .�3����/-� 37 ���  

 
?6�  ) �,B #�$Wet weight    ��,+ 0,� (50    ����,� =��,� ��,�� 

 ?�@���� 1%��v� %3 �#�	1   (,!%3)N-Cetyl-N,N,N-trimethyl-

ammonium bromide ()Merck, Germany��,,,,F (� NaCl   

5/0  1(� 0� � (+ J3	3 %	�4 �%T��3  %3 #7��37 0H%3 � �����  3	�,� 

0� 1(+ ?�*B J3	3 (+ .'��>����?� � !�F �� 3� %xg 4000   1(,� 0�

40 43�0D ��3 %3� 4  0,H%3 �  ���,�� 3	�,�  ����,����   g�,�% � (,+ m�

 !�F M�H%�
� 3���(  =���B	 w�n� %3 �25 �vF (!%3�  ��,F� 

(� 1���	�& 	��� �� x+ %3 4 0H%3 �  ���,�� 3	�,�    .(,+ J3	3 %	�,4

 %�3 �� �K>�xg 16000  1(� 0�40 43�0D ���������� � m��  �,� (��% ;

 =���B	75 (� � (!%3�& .(+ %	�*B 1���	 

%3 g��% 6 �� ,��@� �,� Phosphate buffered saline )PBS   ,F (

 � (+
�
�&��� DNase �RNAase  6�[B��$ �)Fermentas, EU  ?
 0,� (

 � (+ 0��r	��  x+%3 ��3� 4 0H%3 � �����3	�� %	�4 J3	3 (+.  

	��� 6	 ��; ?3��  �,���  ,�	���(�  g�,) �  3	�,� 	6 ,��(  0,�  =�,�X� 

� !�F  <�L+	  ��0�  #L'�1   0,�5   0��,r	�  K>,�  %3%�3 xg 6000   0,�

 1(��� ����� #7�����m�  � (+Re� ����� ��� ��	�� %3 � J(+ 	(H ,�( 

'���& 3�@��
 3���(�I� =�ZX� .��� � 6	���� 45/0   � (,+ J3	3 %�,L7PRP 

0@�@ %3 � !�F ��� % a%�(�$	�0�e ��3 %3 �� 20 - 0H%3 �  ���,�� 3	�,� 

Ic�%	(� (+ .��
�?m @�'>��  `�% ��� ,�=�    6	 J3���,�	 �,�-D %� 6�,L   0,�

 3%	(����	 ?	��7Y��o�  =�(H %3 0) ?
1 J(�
 #�	� J6	(�	���� .(+  

   0,���� � 3%	(���,�	 6�,L�% 6	 `�% ;�	 %3 �0!j" %�b 0�   ��,�

#4% �R���6
 ���    ���,���+ �	�,� =����%�	 a�n� 6	 � 0�IB d��e�

   0,���� �%�,� gp,H �K>� .(�3�� J3����	 6�L�%     u�,� =�,b %3 �,�  

260 ) ���������*>�	 J�c��3 �� �������LKB, France  .(,+ J(,�	�" ( 

 3%	(���,�	 ?	��7 0� ���� ��� ;���L@
 6	 J3����	 �� ;�[B��$ �Z@�"�� 

 ;�[B��$ ������+ �	�� ;�@�� a�n� � ,�0  `�%Lowry �   �;�,�h��

��[���� (��	       u�,� =�,b %3 ���������*>,�	 J�c�,�3 ],��B ���r	  

280 ������� J6	(�	 (+ ����  =�(,H .2� `�% Lowry    6	 J3���,�	 �,�

3%	(����	 #4% ?	��7 0� ���� ��� ;���L@
  	%�� ?�2� .(�3  

�-�
�8 9����6+:��2: PRP   J(,+ V�,�eB  �,�    (,����� ?m����,�

)CNBr  �,,,,�Cyanogen bromide) (Merck, Germany � (

(�y�'��B 6	
� )TT  ��Tetanus toxoid (0�   ,��[B��$  ,��F ?	��7 �

6	 0� Re� Diphtheria �Pertussis � Tetanus )DTP(  0,'�l� � 

 0�IB �6	% (,+  �,� �Ethyl dimethyl aminopropyl carbodimide 

)EDAC ()Merck, Germany (�n� ��$3
 6	 �K>� � (�(+ =(��	 

) (,,,,,�	6	%(�� �3ADH  �,,,,,�Adipic acid dihydrazide (  

)Merck, Germany ( 0�?	��7  �	�� ]�	%  =�,ZB	   ?3�,� 0,��N��� �

 � ;�[B��$PRP (+ J3����	.   !�F ?��'��>���%3  %�3xg 12000 

 1(� 0�20 0D�43  ���3 %34 0H%3 � ����� 3	�� ��������(+ m�.  M���

�,,��%  ���,,F0,,��N��� =�,,ZX� 0,,� 6	  *,,2�� PRP-TT  �3�,,�  

M�H .(�3�� �%�
 

:��	���B����� 0��N��� =�ZX� �   %3 � ,!�F  ?��,� 0,2�+  �	
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 ������� 	
��� ��
� ������������ ���������� ��� b   ����� ��	������� � 

 <��B%	 ��90 �����   �,o4 � ���5/1  ����,�     ���,F 0,� �,�� =m 6%��,�   

CL-4B )Sigma, US   (,+ 0,�e�% �3�,� ( 6	 � NaCl 2/0  %T�,�   �,�  

8  =pH ?	��7 0� �2�'+ ����  J(��3 J3����	   gp,H �J�,� ?
 .(�3��

=��X� �%��  u%�"   %3 ?��,� 6	 J(,+260    (,+ �,�%�� ������,�.  6	

�3  1T�� �'�	) &�(�DOC   �,�Sodium deoxycholate  �	�,� (

J6	(�	  ?	
�� ����PRP    %	�,4 J3���,�	 3%�� 0��N��� =�ZX� 6	 3	6


.#,,���   �0,,!j" %�,,b 0,,�DOC  0,,�  ?��,,� 6	  ,,!�F =�,,�X�

 ��	���B����� (+ 0��r	 ���3 %3 �5 0H%3 � �����   3	�,�   1(,� 0,�

30 0,,D�43   ?3�
,,�	 6	 K,,$ � (,,+ J3	3 %	�,,4HCl 1  %3 %T�,,� %�3  

xg 5000  1(� 0�45 0D�43   ,!�F #�$ � m���������  M,�H  � �%�


 ?	
��PRP  6	 J3����	 �� `�%��=� .(+ ��%��  

;7�/! �
�� 5-�  37 ;7� ��� ��-'ELISA: 3	6�� #��  3	N� 1%

) %��'��Vistar;�� ( 5-4  ?6� �� 6�%4/8-8   ��,�4  %�,�    ?	
,�� 0,�  

5/0 �,,,���   =�,,,ZX� 6	 �,,,��@0,,,��N��� )PRP-TT(  6	  *,,,2��  

115  �����*��PRP 0�!�� �� � 5 6�% 0�F�� %3 �   (,+ Y�%
B z��!

�  Y�%
B (n� 0��� �� %�
3�� 63 �� .(�3��10  (,n� 6�%   ;��,"
 6	

 1% x�4 6	 �Y�%
B?�" ��v�	 ���� .(+ 	(H ?�" ��� � 

<+3 ELISA: ���
 �3��    ) 0,��N��� =�,ZX� 0,��7PRP-TT( 

 J(+ 0�IB 1% ?	3	6�� %3`�% 0� ELISA  J6	(,�	 &�D�'� ��\   ��,��

  0,!j" %�,b 0� .(+ �PRP-TT� PRP   3%	(���,�	� PRP   V�,�eB

 J(+%3 ;�	 J�c2���6
 ���
 ?	��7 0�  ?m #f�\ ��36  �� %3 ���@��*��

=�  #��$ 6	ELISA 1��  �(+ 1(,� 0� 3  #7�,�  %�B�,��*�	 %3   �,�

 ���337 0H%3 �  ����,�   3	�,� %	�,4      %3 x,+ �,� �	�,� � (,+ J3	3

     =�,�X� �,� =�,he� 6	 ?3�,� u%�" 6	 K$ .(�3�� �%	(Ic� =�he�

PBS-tween20 4  0�'+ 0LB�� � �,��) K>�      �,2" ��,+ �,� �,�  

1/0    �	�,,� � kj,,� (,,!%390   %�B�,,��*�	 %3 0,,D�4337 0,,H%3  �

����� 3	��  .(,+ J3	3 %	�4   6	 K,$5   0,LB�� �,2�'+ �,��) �    �,� �,�

 =��X�PBS-tween20   #,4% �,� 1% 3	6�� %3 J(+ 0�IB ��� �1   0,�

10 �50 �100  �200 ���
 ?	��7 0�  =�	 �3��  �,��) 0,�    � 0��,r	 �,�

1(� �	��90 0D�43 ��*�	 6	 K$ .(�3�� 04  0LB���'+   �3(,v� ��,2

���)  �� ����
� 1% 
� 0� 6	(�'�	�$ �� 0��N��� �10000/1  ��PBS 

01/0  �3�� J(+ Y�4% %T�� 
 ?	�,�7 0� �,��     J3	3 R,+�$ 0,����{ �3�,�

(,,+6	 .(� =���,,B	- TMB )Tetramethylbenzidine (  ?	�,,�7 0,,�

 R��	� � J3����	 	��'�����   (,+ d,4��� ��%��@�� (��	  _��,�� . %3

450  ���������%�� (+.  

  

���
	 	
  

 6	10  ���@HIb  %3GC broth  �J(+ |j!	50  ���#�$  #�3 0� �B

(�
. ��$ #f�\  `�% 6	 J3����	 �� (�%����� =���  6�,L�% 6	 J3����	 �� 

)Sigma, US(   3%	(���,�	 ?	�,�7 0�   ) (,+ ;�,�nB =�(,H 1(.   #,f�\

PRP   ?
 %3 0,�  �(LB  ��7 �� 6	 J3����	 ��1  �,���    6�,L�% 6	 ��,�

3%	3 #D��o��� � 55/2 ���� ��$ ��� =���L�%  �6�L�%  (,+ 3%�
�� 1��'� .

;�	  �(LB  ��7�  ���	 ��   �,�$ %3 �%��"�,� =�,���   =�,��L�%  ,�6�L�% 

 ]��B J(+ `%	
� 1��'�Brooks � ?	%�*�� � %	���	 #�	)1(.  

  

=+�� 1;
���� ��-' =��' <+3 37 
�>
3 ���73������� =+�� .  �-�6

Polyribosylribitol phosphate )PRP(  ?@� 37 ;�� 0��1�

 �3��670 -�/����  

	
�����	��� ���� ��� ��� ��� )nm(  ���� )lµ( 

1  0 0  0 

2  095/0 25  5  

3  198/0  50  10  

4  368/0  100  20  

5  718/0  200  40  

6  940/0 300  60  

  

 ���	 ��J6	(�	 ;�	 �����  %	(D�PRP J6	(�	   `�% 0,� J(+ ����

�=��� 402 ���� %3 �����*��  ) �,��@  =3�,n�1  �,���   ��,� %3 �,���   �,��@

PRP%	(D� � (   �,�[���� (��	 � ;�[B��$ ?
 �,�6 1     0,� 3�,� (,!%3

  �,� ���,IH #+	(I� ?��6�� ]��B J(+ 0�!�B %	(D� �� Y��o�   (,+��

)=�(H 2(.  

  

=+�� 237 *�C�+-D E�3-' ��-' �+�6 5-� *�/�>F! ���73������� =+�� .750  <+3 �' -�/����Lowry  

	
�����	��� Blank 10S  20S  40S  80S  100S  

/0 123� )µl( 100  90  80  60  20  0  

BSA )µl(  0  10  20  40  80  100  

/0 123� )µl(  100  100 100  100  100  100  

�&�4� D )cc( 2 2 2 2 2 2 

516� 789&: )µl(  200  200 200 200 200 200  

BSA: Bovine serum albumin 
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 ���� ������� 	
��� ��
���������� �������� ��� �b  ����� ��	 ������� � 

    �,� 0,��N��� �,�\ 6	 0��N��� =�ZX� �6��	(H �0n@�o� ;�	 %3

 6%��� =m ��	���B����� ?��� 6	 J3����	CL-4B     =m <�,� �,� 0,�

 �@�*@�� ?6� ���	 �� � #�	 ?���	�����   =m &�,'�� %3 .(+ ��v�	

 6%���CL-4B =�*@�� #+%3 ��� �B� �� u%�" �B3�6    �,I�B � (��,+

;�[B��$   ��% ;,�	 6	 .(�%	3 gpH &�'�� ;�	 %3 ��PRP    %��"�,� 0,�

 %3 gpH (4�� �3%	(� ���[B��$Ultraviolet )UV(   �;,�	 �� ��� U#�	

�� t�Z�"	 3�" 0� 	% gpH 1(+ %	3��� �B(��� � =�	 ��$  � (�3

�� ?�2� 	% ����� gpH 1(+ 0� �(n� ��$ c������ �(�3 ;�[B��$ �

 �� Y��o� 0��N��� ��\ *+ 4 �� .(+��  

  

  
 ���4.  E��-6���/+-2 9��� 37 �6+:��2 =�HI/ �
����� 3�7���

 
3� �CL-4B$ 9! �3�� ?@� E�3-' 
� JD  37 ��260  K�D .-�/����

*�C�+-D 5+7 K�D + �6+:��2 =�HI/ =+�  �2-� L82�+ 37 �2 �3 E
��

E/ 9�.� $��7-�� .��7  

  

?��'�	��  ���19 -11 M�H      =�,ZX� ?	�,�7 0,� J(,+ �%�


   �0,��N��� =�,ZX� �� J�j7 .#��� %	�4 J3����	 3%�� 0��N���

B�D�,,2��  ;�[B��,,$ 0,,��H 6	 � 3	6
 ��,,� PRP  0,,��N��� �,,�\ 

)Derivatives'3%	3 3�H� ( %	(D� .PRP  0,��N���    �,� J(,+TT 

 J3����	 6	 K$ 6	DOC  J(,��� 	(H �c��2� ?	��7 0� �   =�,ZX�

 ���� 6	 0��N��� 1�D�2�58 ) (+ 3%�
�� (!%3Recovery(.  %3

 R���6
 _����ELISA ���
 #f�\ �&�D�'� ��\ ?m    d,��e� ��,�

36  %3 �����*��100    gp,H � 3�,� =� �� %3 3�H�� ���@��*��

���
 �%��         0,� 0,H�B �,� 1% 3	6�,� ��,� 6	 J(,�
 #,�3 0� �3��  

 *+ 5�  �	��PRP  3%	(����	7/0   �	�,� �PRP    J(,+ V�,�eB

8/0 ���
 ���B �;��h�� .3��   0,��N��� =�ZX� �	�� �3��8/1   0,�  

(�
 #�3.  

  
 ���5E��! K
M�F����
� E�3-' . 9M  �6+:��2 =�HI/ ���  

)PRP-TT 
� Polyribosylribitol phosphate-Tetanus toxoid$( 

PRP ) 73�������PRP-St  �
PRP-standard + (PRP  0��1�

) ;��PRP-Spe  �
PRP-separated E���� 3�7��� �' (  

Enzyme-linked immunosorbent assay )ELISA 37 .(

�N�O E��! 
� -'�-' ��� + 9M E��! �P3 ) �7�'200/1($ E��! -���  ���R �7�'

PRP  + 73�������PRP  
� E2�S �2 ��3�7 ���>� ;�� 0��1�

.��� ;�� 0��1� =�HI/ T��U  

  

#$%  

 V��eB a(� �0n@�o� ;�	 %3PRP     0��,! 0,� ?��,D� T�� t��" ��

   ?��,����N��� (,��	�� 6	 ?����b	 �;��h�� � �3�Z�4	 �f� 6	 ?
 ?3��

����	 ��%�� � %	(��$  3�,� 1% 3	6�� %3 ?
 ��	6.    ��,v�	 1�,n@�o� %3

   J(,+ |j,!	 ]�,X� �T�� J36��  �@3 0� �	�� �J(+ � GC broth  %3

]�X� �� 0'��D�   0,��H 6	 �c�3 ���Brain-heart infusion )BHI( �

Tryptic soy broth )TSB.(�3�� J3����	 ]�X� ;�	 6	 �=�����@ � (  

0��� ;�� �;��h��   �#,�N��� 0� j�L� ?��3�� 6	 J(+ 	(H ��� 6	

0���  �Atf2  #�3 0� �%������� #2� 6	 =�'>� %	(D� ;��BT��(�
 

)12-11 .(��?	
 PRP �eB�V J(+ � %	(D� 6���#�� ?
 %3 �D��0' �� 

���� R��N$ ��� %	(D� I��2�� J3�� #�	 0� 3�" @3���  �,�  �,�3���� 

	�; DXB�Y 0� ;� %�
� �eB�V PRP 6	 ������ ��������  	
�	�,���
 

�� (+�� )13 .(;'�	� ��� @�	�0 �7�0 HIb  0��I�B  ��,F� PRP  �3�,� 

0� @3�  ����# ��
�*� � +������ 3�" %3�4 0� �XB ,��  �,��� 	� ,��� 

@���� � ����@�# T 3�� )14 .(���   %3 #���,Z� 3�v�	 ����	�B �;�	 ��

      ?��,����N��� .#,+	(� 	% ?	3	6�,� ��,������ #,�N���  ��D�PRP 

 0� }����HIb ����	 ����[B��$  ��F ?	��7 0� �6	
� ;�[B��$ ��  � ��	6

���
 (�@�B �� R�	
�	 	% ?��
�� ?(� %3 �!�Z�"	 �3��  (��	�� %3 .(�3

��$ =�'>� ?3��� =�n� 6	 (n� �?������N���   �6	
,� (�y�'��B � �(�%����

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1 ̷10 1 ̷50 1 ̷ 100 1 ̷ 200

A
bs

.(
45

0n
m

)
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 ������� 	
��� ��
� ������������ ���������� ��� b   ����� ��	������� � 

 ]�	% 6	ADH  =�ZB	 %�f�� 0�PRP .(+ J3����	  ��F ;�[B��$ �  

 =�ZB	 �J(+ ��v�	 1�D�DXB YLbADH  �,�$ 0�    (,���$ �(�%���,�

    �,� 3�,v�	 ;�[B��,$ 0,� =�ZB	 0� x'� ��B%	(��$  ) (,��15  ;,�	 %3 .(

 �Y�DXBADH     ?(,+ =�,n� 6	 (,n�PRP      �,� K>,� �  ,Z�� ?
 0,�

.(�3�� 0��N��� ;�[B��$  

   �,���	 �,{	 �0,n@�o� ;�	 %3    0,��N��� ;,'�	� �,�	6 �   �,2���6


���
 �������� _���� �;��h�� � (+ ��%�� 	
�	�ELISA ?���   %�,b

3 0�%  *+ 5 �� J(�3 ���
 6	 #4% ;��BT�� %3 �3�+   #,f�\ %3 �3��

���
 �	�� ��	�� ?m ��n� #��L+ d��e� ���  ;�� �%	3PRP  3%	(����	

 �PRP 0��� 6	 J(+ 0�IB �  ��X�Atf2  %3 #��L+ ;�	 0� 3	3 ?�2�

���
 ���B %	(D�  ;�� t��" #��L+ 6	 ���F ��3��PRP   � 3%	(���,�	

PRP .#�	 J�c2���6
 ;�	 %3 J(+ u	�e��	  

 ?3�� 0��N���  �@3 0�PRP   �,��XB #����4 0� �6	
� ;�[B��$ ��

=��� ��2�� ���
 ���B �3%	3 	% ����	 ���  0,� #L'� ��BT�� �3�� PRP 

 3%	(���,,,�	) 6	 J(,,,+ 0,,,�IBNIBSC ( �PRP %3 J(,,,+ u	�e�,,,�	 

0'��D� %3 �6	% J�c2���6
 �       #,��$ 6	 J(,�
 #,�3 0,� �%�,� gpH

ELISA 0��,,�� 0,,�  �ELISA reader �,,� ?�,,2� 	% ) (,,�316 %3 .(

�� �#��I� 0v��� ?	�B 0��N��� ;'�	� 0� 3�� ���� �    0,� J(,+ (�@�B

=��� ���XB ����	�B �3%	3 	% ����	 ��� `�% 6	 J3����	 ?�*�	   ��,�

R�$ 0���  �2���6
 ;'�	� (�@�B �	�� 	%HIb ~%
� ���D� %3  ��I� �B

��    0,��$ (,��� a	(,�	 ����	% %3 �Y�DXB ;�	 .(�� � WHO    �,� �,�L�

(+ ��v�	 ?�IH %3 =������� #�N��� <��+ ?	
�� R���.  

  

&�����' � ()*+  

;�	 0@�D� J%��+ |�b 6	 0������  �2181890041  0,'�l� g�Z�  �

��� � ;'�	�  �6���� u�� �6	%    �0��,�� ;�(,� .(,+��   ?��(�,'���

      ;,�	 ��,�X�  �,��$ � #���(,� 6	 	% 3�," ��	3%(4 � ��>� xB	��

      R��N,$ ;,�	 6�,�� 3%�,� 1�,��*�	 � �@�� M���� ;��qB #IH 0'�l�

�� �j7	 (�%	3. 
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Enzyme-Linked-Immunosorbent Assay (ELISA) for Measurement of Antibody 

against Polyribosylribitol Phosphate Polysaccharide Capsule Extracted from 

Haemophilus Influenza Type-B Strain-Atf2 

 
Shafagh Khademi1, Farhad Esmaily2, Mehdi Aminian3 

 
Abstract 
Background: Haemophilus influenzae type b (Hib) is an encapsulated bacterium cause meningitis in infants 
worldwide. The capsular Polysaccharide antigen of this organism is a polymer made of ribosylribitol phosphate and 
is the most important virulence factor and the causative agent of many infections in children under 2 up to 5 years 
of age. The capsular Polysaccharide conjugated to a carrier protein is effective in the prevention of such infections.  

Methods: In this study Hib strain Atf2which was isolated and identified from a child with meningitis (previous 
studies), was cultured in a bioreactor (13-L Bio flo 2000(New Bruns Wick Scientific Co. USA)) containing 
Giolitti-Cantoni broth (GC broth). The culture was inactivated and polyribosylribitol phosphate (PRP) was 
extracted by various methods from the bacterial pellet and ultimately filtered through 0.25 µm filter. The filtrate 
was conjugated with tetanus toxoid (TT) as protein carrier and injected in to sepharos CL-4B gel. Fractions 
between 11 to 19 was pooled and used as a conjugate product (PRP-TT). 

Findings: The amount of 402 µg PRP was extracted from 109cfu/ml of bacteria. The amount of protein and 
nucleic acid was under 1% which is the amount recommended by World Health Organization (WHO) .The PRP 
recovery after conjugation which was measured by sodium deoxycholate (DOC) was 58%. The antibody 
response against PRP-TT raised in infant rats showed the highest titer against itself compare to extracted PRP in 
our own  lab and the PRP purchased from National Institute for Biological Standards and Control (NIBSC). The 
similarity between standard PRP and extracted PRP, was shown by antibody titer in 1/200 dilution. 

Conclusion: The amount of 402 µg PRP was extracted from 109cfu/ml of bacteria. The amount of protein and 
nucleic acid was under 1% which is the amount recommended by World Health Organization (WHO). The PRP 
recovery after conjugation which was measured by DOC was 58%. The antibody response against PRP-TT 
raised in infant rats showed the highest titer against itself compare to extracted PRP in our own lab and the PRP 
purchased from NIBSC. The similarity between standard PRP and extracted PRP, was shown by antibody titer in 
1/200 dilution. 

Keywords: Haemophilus influenza type b, Polyribosylribitol phosphate, Conjugation, Enzyme-Linked-
Immunosorbent Assay (ELISA) 
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