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-#./0 1��	 ��HIV-1 '�2��� 34���&,.5 �� �6 78� ��98	�'�.8	RNA 8:��!� ��8� "8	�� .,�84� $�
<�� �!�:�=	 �2 �.>.� &��RNA�� ���? @"� �� A��"B� C"=�� 3!�D<�� ��NASBA �RT-PCR "=BE� .

NASBA -!F� �� -)E# &�"GB� &��RT-PCR ��� !�� �"=2 .� ��!H=6�� 'H���� 3NASBA6�D �� 4�8� I
<��7$�:��9	&7J� K�E( � ,�:!��� '�F&L�D 4� M7$�8:��9	&HIV-1 RNA ���8? ���/B8:� ��.8� 
-%�N .
� ���� ��	 ��

#� �G��O� 1.#=� 1.# $� �"	 P�Q4��8 &�����6 &�.� ."4D.RS2.# ,��2 ���� ��11-dig-UTP H=2�� T.SL� �� 
NASBA 'RNA ��"#��# �.D4"	 ".7,��"#��# UJ.VW� ��NNASBA �� $�% �� !�� X!*�V8B5� Y��� Z�
� �� [VB�4D.4� 34�)!"#"	 ".� \]:4�)!��"&�� [*�( !S� Z4	.� -4��.B��B:� �� �"	 �"!"!'�"	 [�B=� 3

^ UJ.VW� ,��6 _��5 � ��.�BE	 A��0� $� \�4*�VB5� ��W� $� 4'H=86�� `7�8� �!�8�# &$�8:��a	
 �N��#.2 ,��2 �%�b�734#c �E2.d!� �B#87F#!&��BE�.: �  7-%�N U�.* ,.

����� ��
�B#!� e�-:�7��6 �d#��# �"��!7 H=6�� NASBA f9D �� 84(�# �84.8#c $� �8g# ��.8� �� P8!� �.8� K��
7$�:��9	&UJ.VW� NASBA �� �� &Ac7h��VW=� $���N !"#�� Z
ij D.RS6.# 4"&�� @"8� �8� T.��� 

� ,��#���� .N��6 �� ��4�&J� <�� !�� �F7$�:��9	&UJ.VW� NASBA '���&-gS^ �
/���!��9 �J.�
 'Y���OD �� ����� 

/�±��/
��-:�7"�.

��� ����� �
�� �!� �� �G��O� 3�N��64�&�N$�^7 �I8:�=� Y��8�'L�D <�� 84V�NASBA-ELISA :�E8( �8� 4� -

*�VB5�4��� J�� -&HIV-1��� $�"#�&"	.
� !��� ! "�:NASBA '�F!J� '�:�.#.�!� 'HIV-1 

������ ����	:��/�/��
����� ����	:��/�/��

�������� ������� � �!" #��� $�#% �!"�	 &�'����  (�)� *�+, &#(���� �  (�)� �-�.��(	 
�/012% 3.1% �:PhD � $�#% �!"�	 &�'����  (�)� *�+, &#(���� ��!���� �  �!.�"  4!��!" 5��6	 � 72� 80#�9 :::�;�<��� 
:�PhD =0�(!% $�#% �!"�	 &�'����  (�)� *�+, &#(���� ��!���� �  ���� 
<;������� �������$�#% �!"�	 &�'����  (�)� *�+, &#(���� �  (�)� �-�.��(	�!" #���  
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@ A� BC� 0� !�0� >� �C�D�	 !0 E��$0� HIV-1  

2" FG�!46% �� � 5�6H ����� �� �%I� JKL �� �� ���K
&��M #��)�(.�0� >&Q0�%� �C�D�	 !R ���#��7��� HIV-1 

�7S% /0�#7% ��@ B" �"T)��U��������4 VI�" 5�7�0 0
% .� B" ���% 0� �C �� BM W#���" �! �X��@ Y &�0� 5���" 

Z	 Q� YS[!!%�� V�� D��	 *#�, /��47L� >!\�[�% B�" E
���� ��H0 ���K,)�(.

A� �%�!]���0� ��72^ �" �C�[�!��2�L ��" _!>X��" �
�" BM $��� " /�9� !-��.��.��`.�%  �% ���7���  W#����"

 D�	 5�`%�!, E.0� YL��% �� ���K!� B!���� ��H0 ))�(.
�0� �C�.�`.�%  ��" �D��	 !EHIV-1 Q �����% �� ���
9�	!% B ���:
�;D���	!������� �� �����K, E�^Q���	 B��" B��M  T&����.

&#� #��)�(.����Q�� 5����% Q� BM T&#�� #.�7% &��. #���):(.
�7� �" ������aT�%Q�F��C��% U6S% )�(.

2" �%�!���-�.��`	 Q� ��C�X� B�" >���6b /�L �� ��Y
��R7[���C���M �� >�G�!Bc��	 /�L �� 0 �d��e�% BM
+9� � 5��f" �4� &��K7�� Y"�[ W#�72C 5�6H �� Q# #���".

�0� &Q0���%� ���C�2��" !�������" �D���	 !.���`.�% E 
"!��4��C���K,  �!% ��6�� W#����` U6% Q� �	�� g��g

�0� �0� >�CRT-PCR % ��" BM #��"���C��)"� B�" ��H� 
6�	 0![ 5���^ V�)!�74 h��!��� /��%�	 ��� �+` �! ���� Q� .

NASBA (Neucleic Acid Sequence Based 
Amplification) �!)�i`	 F�M�0 j�!��� �!k+M�� #�!�� j

������j��	 l��% ���%� 0� Q� B��M >#����"�^Q���mT.0� !���'
	�k+M��!#�)�` Q��C�^Q�mT .���	 Y%�L  �	��%0���T7 

% #��" (B� 0T)��UW����0� >$�`c% ����"RNase H 0
T7 RNA+� !��% &��K7���� Q����4 �4����#)Y(����()n;:(.
NASBA i`	 B" ���[!/��`.�% 0� ��C �RNA 0DNA B�" 

% �'.� 5���, +9� /�Rf% 0 #��" i`	!� �� ��F�M�0 g>
/�`.�%RNA �" BM ��� RNA��� Y4`% �'.� )o(.

[9	
:#�9� 4[�0  ENASBA :[�0 ��7F#!.#��  !E��.m( �� � K.9G� �"==6�N$�^7 ��.D [��( ��D.8���� &T7 '8!�B8	� ZcDNA 
�B5�: ���.	 .�4�)!"DNA/RNA �B5�: `:.D �"	 7F#! RNaseH FQD ��.� !� �B%�N ���? �!A.9S� ZDNA?�� �B	� ZD ���"#�� .\]8:
�N$�^7 ���( �6 P�&��.D �[�9� cDNA ��A.9�.� �� "	��cDNA � [VB� �S� [�0 �� C�.	4$���&7F8#!.#��  8!E�K.89G� �"8==6 8! Z
A.9�.�cDNA�B	� �� �&�B5�:���.	 .\]:7F#! T7 RNA S� 4� ,��� ���? .d�� �� $���!A.9�.� 3cDNA 8]6 ��8�&�"8GB� &$�RNA �� 

�� �$�: .�B	� ZD UJ.VW� �&� H=6�� $� [*�( �# ,�"� "=#�.D4:��.D�#� �� $�4� �S(�� ���� ,.4�)!:�"4"#.	 ,.)�(.
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NASBA-ELISA ��E!D�	 HIV-1 RNA 5���(4C 0  "��6� U��% 

��

c.�p%B��C 3+7D% B�M ��� &��M V�Sq�NASBA ��j
�0� ��" r���% �D�	 !�� E!�C#�k+M�� �!0 j���0� 

B��4� �� �C�.�" !� 5-�	�� 0�C�%!"0�` ���m ���% ��  �
B����4� 0���C�f%!��p ��%  "#����)�n;�(.)% Q��������C�
NASBA S2� �B�" �RT-PCR  �% 5���	 � *#�, Q� �!B�" Q�

 %�	 &�'7��/����� 0 �+`!� *#, )!6" B" Q�!B�� Q������%� �
/�R	� ��C�^Q�mT j�	 ��+, B�" >5���" ��%� F��M�0 *��� 
��")�o(.

�)���� ����h�% B��" &Q0���%��9�R��7A� F!�0� ����C�
D����	!.����`.�% E �������� B���+L�% �� > �Q� >���� j

C!�S���#!9�R7A� 5� �C�'��0�M ��" �.0� !	�k+M���' �! #
% &��K7�� ��� .F�M�0�)�X�)ELISA (��` �0� Q� ��C�

TQ����`����S% �" �C!�S���#!5���� .i`	 VX�Rf%!�
� /���`.�% ���" &#��� ��#�������2��M�' ���- !g)dig(>���" 

�C�'�0�M�9�R7A�  " B" YR7% !	�!C g!�S��&#�� #>B�" 
+� sp�!� ���!0��7��7�� �" &#� &#�#�% YR7% g #���� .

C!�S����C#�� ���" &#��� ��#������ �2��M�' ���- !g>B��" 
T7� ��"��C�T7� �dig  >B^0t��M &#� B"T)��2M��� U!Q�#

��T.�`.!B7�^ YR7% Q�	�K2� g0��72"�� ��uL �� ���g
T)��U>��� v�� F�M�0  % 8�K	�  #7��)��(.)% Q����C�
��� �0� g��C��)"� Q� &��K7��� 0 /0�#�7% 0 ���#��7��� �!)

���	 ���%�% $�7�� ��  #��")��(.
�"  �7S% E!D�	 �0� w� FC0t� g�� �� NASBA-

ELISA *���- Q� x#�C  .���	 �Q�����(�T 0 �!i(	 ���" 
$0��0HIV-1 &�� #� �Q�#��.


 ����
� ��
>���"��� Bc.�p% w� ��  .���	 B!+� �#7"� �C���)�^ ��

 ����" &#��HIV-1  	��,I@� w���" �� NCBI (National 

Center for Biotechnology Information)\��4H 0 ��0T
 *�� l��	 �'% ��)���/:w� 0 ���^ ���[  K��� UC ���% 

B!L�� �0� �" &#� �b�KL BGp�%POL >$0���0 *���- Q� 
#����^ =��D7�� =0��� 0 �^Q�mT  L��@ ���")Y(���(.

�" yz� *��� Q� &��K7��� ���'!.� �^Q��mT  �L��@ ��)���;n>
B�!L��  ������� 0 ��!i(	 ����" r���% =0�� 0 �C�^Q�mT

#�#�  L��@ $0��0 *��- Q� x#C)/0#H�.(

A�">
:���.D H=2�� &��� �"	 �(��n Y��� � �N$�^7 &��NASBA-ELISA 

�N$�^7/Y��� ���.D)5'→3'(��d!�> 
HIFa5´ GTA CAG TGC AGG GGA AAG  3´ <:o�;<:�< 
HIRbAAT TCT AAT ACG ACT CAC TAT AGG GAA AAC´5

CAG AGI AG(C/T) TTT GCT G  3´ <�?<;<<�� 
MSFc5´  TTT ATT ACA GGG ACA GCA GA  3´   <<n�;<<<� 

a:�^Q�mT0��!� 
b:��67�� B" >$�(c% �^Q�mT5' ��	�%0��  .��	 w� >$�(c% �^Q�mT T7YR7% ��� .&#�� ED��%  ��� l�A �" ��	�%0��  .��	

���.
{c:��67�� �� > 9�R7A� =0��5'��� YR7% g!	�!" /�(.�% w� B" )�)�X� �� &��K7�� ��h�% B".(

[9	�:��d!�> �94D��	 -4G?.� ���N$�^7P.#c &�� �� Y��� '
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�A�� RNA�� T�%Q�&�'�)In vitro transcription(:
�#7"�RNA %��-  0�M l��	 $0� �! �+D	 �!ERNA 

)|� �M��>�0 T5�4.(yz�� W����^ ���[ }��D7�� ���% >
@ �F�M�0 jRT-PCR Q� &��K7��� �" >���C�^Q�mT HIF 
0HIR 0 *��- �i`	 ���% $0�!Q� Y�9�L VX�R�f% 0 �
i`	!��7M0 �� >�PTZ57R/T 0��L Q�7�%�� �B�" *0��G% 5- 
T��7� "!	���!���� j ���!+!�0� B��" gT.A��+M !#��� v��� .

4�I�!�C#�M�	�� !/�+� �� r�C��7M�" �� �E.coli �� �B
DH5αy���	 �0� B"�����%!�f% �� 0 #�#� ���0 5�!l
��MLB 0�L�T7� "!	�!�� j �!+!gi`	 ����% �!����[ �
#�7��^ .�	 ��h�% B"!���+M #!F�M�0 >v�PCR 0� �" ���C 

���Q� j5���+M ���C�0� ���" &����M #���� ���f% !��M l��
T7� "!	�!j#� *���� >��� .

��"�4��I� }��D7��� !�C#�M�	�� �!/�+�� Q� r��C�
�7M�"�� ���+M > �C��f% �� &#� *�� y���	 !lLB ��% �\

_S@ yz� W#�#� &��� ��M Y4c.���7���M�!�+D	 �!E
4�I�!#)�M��MN >T5�4.(>DNA 4��I� !#�}��D7��� 
#��� .�6� �����4���I� �!�C#�M�	�� ��!D7���� r>&#��� }��
.��	 ��"� #�#�� �f9 0���+M �!�	 ����% v�� �!� ����[ #

���^ .
.�	 ��h�% B"!/�`.�% #�C�RNA &Q�#��� �" ��� 5�2�` 

��T�#��A��� RNA B�" >��/��`.�% jDNA �pA  B�" >
� �'.� 5���,!% Q� #��" .� B"��0� ��" ���h�% g�4��I� !#

M�	��!0�L r�F�M�0 >�h� ���% Bcp[ PCR K7�� �" Q� &��
��C�^Q�mT 9�R7A�  )�	�%0�� Y%�LT7 ( ���^ V��9 .
/�Rf%PCR BM�/�`.�% jDNA �pA  .���	 Y�%�L  
�	�%0��T7 % �� �� ��'.� 5����, B�" W#���"T�#�� �A��� 

RNA _�S@ yz�� W���^ ���[ &��K7�� ���% Y4c.���7��� 
M!��A��� RNA �� T�%Q �� &�'�)>Q��7�%�� .T5��4 (��" 0

9�A Q� &��K7��!�T)��UT7 RNA+� !��0� �� Q��4 ��2 Q�
���C�'.������ ��	���%0�� T7 >�A���� HIV-1 RNA �� 

T�%Q����^ V��9 >&�'� .RNA B7A�� 	 Q� y� &#� !���4
 l��	DNase І)4��I� x��L ��h�% B"!#(�@ > #���T�� 
+D	!ERNA E.�A ���% Q�����^ ���[ �%� �� 0 ����
ºC�?;A~��!���� &����	 W#��6� �� ������" �B�� ���'.� 5�����,

 F�M�0NASBA^ ���[ &��K7�� ���% !��.

F�M�0NASBA :
F�M�0NASBA � �� BM�Gf	 g!����[ &��K7��� ����% _
>���^ 5T#���% c.�p% �� B�B��C �!�!g*���� �" >��" &#� 
M#�� Z	!!h�	 V��!#� U)�(.��6� U��L �� F�M�0 ���
�%�.0�`!Y%�� /�+f% �7 :/�+f%<?%!+ ��	 �X��%�y�
C!��+M 0�#��" #pH �" �"��" �/�)>Q��7�%�� T5��4.(�% >�!)�U

��+M�#<%!+ �X�% )>Q�7�%�� T5�4.(�+M >���7� #!U�?%!+ 
�X�%)>Q��7�%�� T5��4.(� >�7%�!Y�2�M�K.����S2�� ��" #
4�L �%)>Q�7�%�� T5�4.(></?%!+ ��C Q� �X�% �� Q� j

2��M0Q� 	�k+M�� ��!�C#�;:;��� B	�K2)>Q���7�%��T5���4.(>
/�+f% ��C��/?%!�+ Q� �X��% TQ�������	 g�>V�K2�� 
Q����^��	 g�	 >V�K2�� !4�!#���	 g�V�K2�� )>Q��7�%��

T5�4.(>��/?%!+ � �X�%�2�M�' ��- !g;��;�����#�g
�	�V�K2� )|�>�0T5�4.(>�?�!�C Q� /�%�` �^Q��mT >�

#��L�0T)����UM-MuLV (Moloney Murine Leukemia 

Virus)�M y�����	 �$���`c% Q���7z)>Q���7�%��T5���4.(>?�/?
#L�0T)��URNaseH)>Q�7�%��T5�4.(>�?#�L�0 T7 RNA 
+�!Q����4)>Q���7�%��T5���4.(>��&#����M��6% #��L�0 RNase 
)>Q�7�%��T5�4.(0��%�Q� *�^0�`RNA *����� �'.� #�� .
+M!�h+m �� ���% B�C��" >&#�� �M~ B)�HT)���U�C���0 �

#� F�M�0 ��+D%#�.5���M Q��" ��h�% B")�����	���!5�(
�C��7A������q �BRNA >�[�!G��%�^ B����^����%� �� �

ºC n�UC W���^ V��9 ��!��" g�/�R	� ��C�^Q�mT >�
[�!�� B��GºC <������^�%�^ �#��� .5����M B����e� Q� y���
T)��U��%� �� >F�M�0 ��+D% B" �C�ºC <�V#�% B�" �?
[�!BG#� &��� ���[.

TVX�Rf% �Q����`�NASBA�)�X� �0� B":
��� B" ��h�% B" �#7"�T6" ��h+m 5��0!�� =0��� B��

X� F���M�0������[� >�) ���C���K+7D%  =0���� Q� )�����" ��
C!�S�����#!5�)(|�>�0T5���4.(6	 >��!#��� B.VX�R��f%

NASBA � /�`.�% �" &#� ��#���� �2�M�' ��- !� g�!>)�
[�!�%� �� BG�ºC n��C��7A�� �	 W#�#� &��� ���[ ����q �B

0� ��" ��H�%�RNA ���� ������^ ��#.yz�� RNA ��C �
pA B" &#� �?? �% �.0�`!6	 =0�� /�+f% �7 �! �� &#�� B

��^ B����e� Y��S[ B��+L�%���#./�R��f% 0 =0���� ����+D%
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NASBA-ELISA ��E!D�	 HIV-1 RNA 5���(4C 0  "��6� U��% 

��

NASBA B�" ��% j!+�0�` �! ���� �!0��7��7��� ��" &#�#�g
)���4��� >j��� �M��(��^ Y�G7�% >���� 0 #���� j!�`
%!+�0�`!V#% B" ��?[�!�� BGºC :o����^�%�^ �W#�� 

+� yz�!��C:���72� ����" l��	 BS	�% )|�>�0 5��4.T (
#�7��^ ���[ ��72� ���% .#�c" B+L�% ���??��% �.0�`!�7

B^0t��M Q�T7� ��2M�' �-!g�2�M���!]IS�[ B�M >Q�# �� 
B^0t��M ��RD% ���")|�>�0 T5�4. (� B"�S2�B�" �??

[�!�C B" >��" &#� _�Q� jwC�� ��C %!+�0�`!B���e� �
]��#��% 0 #�� V#�% B��" :?[�!��%� �� B��G�ºC :o�����[ 

���^ .]��#��% Q� y�� :���72� ���" �??��% �.0�`!Q� �7
��72"���T)��2M��� U!Q�#(ABTS) ]�0'�;Q�����;��;

):;	�!	 )�" Y!.0Q�!g;n;#!�� w!.�K.�� ([)|��0>T5�4. (
�" 0 #�� B��e� jC�� �C B"BV#�%:?[�!�� B�GºC :o

���^�%�^�#�.�6� ���% �!.�	 v�� 5�) �! ��q� �� &#�� #
F�M�0T)��U;}�% /�@ �� ��72"�� <?��� �7%���� ��j

����[ &�'7�� X� �^�&Q�#�� ���% �) ^!�����^ ���[ .

F�M�0 *����NASBA!"  %�� B��4� �0� �" ��4:
"�	 ���h�% B�!� �����	 # �F��M�0 NASBA-ELISA �� 
�	D!ERNA 0���0� >�4��I� �� F���%QT NASBA-

ELISA 0� �" �B��4� RNA ���� *��� Q� &#�� }��D7��� 
T0 B" &��.�$0�)�	�!� �" &#�� #B��0!B+F���%QT X� ��0 �)

VI" 5�7�0 (���^ V��9.

����� ��
��+M!0 v��A�� RNA�� T�%Q�&�'�:
L����!��% B0 *����- Q� ���h� ������ l����	 $0� ����C�^Q�mT

9�R7A� @ F�M�0 PCRi`	 !Q���#H 0 ��#�.yz��
 /�R��f%PCR��@  B���0�� T.A��+M !����7M0 B��" v���
PTZ57R/T)0�L�B" �%0�G% 5- T7� "!	�!�� j ��!+!g(

M�	�� ��7M0 0 ���0!�7M�" 50�� B" r�E.coli /�G7�� ���� .
5���+M ���C��7M�" ���� �#���� ���" 0� ���"���f% !0���L l�

T��7� "!	���! jT��z% ���!+!����+M F���M�0 *������ 0 g PCR 
�'.�"�m�#�#�)Y`��:(.4��I� }��D7��� Q� y��!0 #

.��	 �"� .�	 ���h�% B�" >�!��'.� #�DNA �pA  ���" >�
F�M�0 �� �M�� �A��� RNA >F��M�0PCR 0� ��" �

DNA 4�I� !#�0�L �.��	  %��-  0�Q� &��K7��� �" $0�
�^Q�mT��C �	��%0�� Y%�L T7 #�� *����� .����Y�L��% �

�A����� RNA _���S@ >Y4c.���7����� �A����� RNA �� 
�%QT�����^ V��9 &�'�)Y`��<.(� B�" �� 	�	 g�!r��j

" ��7M0!�� M�	�� !r����� .��	  %���-  0��$0�HIV-1 
#� B7A��.

[a	+:�#.S2 H=2�� $� ���/B:� �� o=4#.S2 "4!�DPCR :  ,.B:
'
�'+���Q4B# PCR ,.S2 &�� �� `48W� &�� �8� p8SBL� &��

 -�27�]�7 &��( ��N 34S4: �M)��.a�.� �2���(."8#��bp 
ij 
,��8# '�"8	 �84faD �*�VB5� �GO? �� T.��� q8%.� ���� �"8=��

 ,.S2 �� I42�D.# �.B2� �� �"	 Y�LB#� &�� "	�� .�� �%�8b� "#��
 J�� -gS^ $� �	�# F4# �!.VD &J�� �8� "4�8:r� &�� �82 "8	��

 �� �"���� $�.%��Ba�� $� -8)f� �8Q4B# �4E8/D �� &�4s�8D � �.8	
 �#.S2 H=2��PCR���"# .

[9	�:$�� !���64/4-RNA �B5�: $�.8%��B9�� `8:.D '�"8	 :
,.B:
RNA �B5�: <�� �8� �"	 In vitro transcription  �M'

�.9�.� �6����RNA  -:� ."#��
ij#D.RS6.4"&FB=8: 'RNA �8� 
A.n!� -5�.=9!6 �� �� ,�E94/4� ,��# J�� -�"�� .

bp�??
bp �?? 

M�

bp�on

bp�??
bp �?? 
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��

�!9�R7A�  "��Q���^Q�mT ���M 0TF��M�0  �NASBA �� 
$0��0 *��- Q� x#C B!L�� �!i`	:

Q���"� VX�R�f% NASBA >Q����0�7`.� /- ��" ��j
9�R7A� #��"  �on	�k+M�� !#���� 5��� �� )Y`���.(��

5�7� K�% /�7�M  �!C )!�i`	 B��^!��#�� &#C��% .�7��a>
G��%!F�M�0 �NASBA i`	 �� �� !L�� �!*���- Q� x#C B

��M V�Sq�.

B�7��� ��!!Z	 #�!	�k+M�� ��q�  ���"dig-UTP F��M�0 ��" 
NASBA:

���" ��h�% B" 	�k+M�� �q� �!Z	 #�!! ��B�7��dig-UTP >
VX�R��f%NASBAm 0 ��#������ ��!����� �B��" 0� ���C ��#�

�0!Q�� ����% Q���0�7`.� /- B+��"� ����[ #��7��^ .��7��a
^��M B" ��� 5���!��dig-UTP �C !q��	 B���^ �!�K�% � ��

F�M�0NASBA � �" W���� #C��D� ���0�0 B�M V0��K	 g
/�`.�% �C���2M�' �-!/�Rf% ��7A�� �� gNASBA  >
�@ Q���)�� _�.�`.�% 5Q0 F ��0�7`.� �M�L �6�	 >	��!j

T5��� &��M �	�0#f% ��)Y`�n.(� B�" B�H�	 �" ��gB�M
 VX�Rf%NASBA y�H Q� RNA % ��+, B�" 0 #����"

�����5��" ��#RNA >4�� ��H0!9�R�7A� #��" ���M �� � 
H�	!B�������>�%� q�	 !�K�% � 2�K	 �� !7� �!F��M�0 B��

���� #C��D� .

[9	�:$�� !���*�VB5� 4-�N$�^7��6 ��!7 H=6�� NASBA �8� 
$�.%��B9�� Ac $� ���/B:� :��,.B:
8/=� A�B=6 �',.B8: �"8#�� 


ij D.RS6.# 4"&H=86�� �� T.��� NASBA �,.B8:M'�6��8� 
�.9�.��*�V8B5� "8#�� �
ij D.RS6.# 84"&�.85 �8� ��8g(r� 

���.	 .

[988	j:7��88#4��� � F88!�EUJ.V88W�NASBA^ � ��"#��88# 884 �
#��#��" :,.B: 
A.V8W�NASBA ��"#��8# ',.B8:�A.V8W�

NASBA ̂4��"#��# ��,.B:M�6��� �.9�.��.����dig I>.� 
�F%�!�.9�.� ,$� H���N UJ.V8W� 8!-8:� �"),.B8:
(8���
s�D4�&��6 �� �!7H=6��NASBA -:� �B	�"# .

TQ������`��RNA B7A���� �0� B��" &#��� NASBA-

ELISA 0VX�Rf%NASBA ��#����� /��`.�% ��" &#��
��2��M�' ���- !C Q� y��� >g!�S�����#!B��" /�R��	� 0 5�

=0�� �C�9�R7A�  )" B" YR7%!	�!g(B"�#�%�H Q��� j
#�#� YG7�% .0�L #%�H Q���/�`.�% �C�0� �7��7�� ��#�g

��% �@ Q� W#����"���_" /�R��	���!	�!g;0��7��7�����#�>g
C!�S��C#�=0�� ;RNA  #�%�H sp� B"�� YR�7%#.��"

 5�0)��T7� ��"�9�R7A�  � /�`.�% �2�M�' ��- !B�" g
f%!B�" BM >l �� jT)���2�M��� U!� 0 ���� YR�7% Q�# �! )

��72"�� 5�0)���T)��U)ABTS(>���� v�� F�M�0 j 
F�M�0 �f9 Q� 5��� BMNASBA ��7�� 8�K	� W��" )/0#H

�.(

F���M�0 *�����NASBA  %���� B���4� �0� ���" TB��" &����.�
 $0��0HIV-1 :
g��F��%QT ��Si% B��!7� 0 *����� ��4!" B��4� �0� �" 
#� .F��M�0 5���" ��Si% &#��C� 5���� )S�� v��� ��6b
 % Q�!� V��9 �� BM W#��"  %&�'7��� Q� &��K7��� ��" 5��	

����[ �)�X� �^(ELISA Reader) ��#G% #!��� )!� �� 5T.
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bp �?? 
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NASBA-ELISA ��E!D�	 HIV-1 RNA 5���(4C 0  "��6� U��% 

��

A�">�:�B# !H=6�� eNASBA-ELISA-gS^ �� ��&L�pSB
Y��� 

�:Optical Density >��� =�H)��nm <�?(
�:��!c% x��f�� 

��� 
��.0�!���L B��7`� g�4C� )��!Gf	 �� �!���" lS	���% V���G

"!����4����C�����K,  � >����4 �� ����M T�%Q���� 0 &�'���! )
�0#f%���� �� ��"� B��4� B" �C�"!% 5���4 #��" .���.

 � ���.0� �� FC0t� g!��+M >*#[ g Q�HIV-1 5����, B" >
��� &Q�� j��- ��# "!&#��M 5�RNA0��0� #� B7A�� >.
��!&Q�� g��Gf	 �� !�" lS	�% V�GHIV-1 ��M  �T ��0���  

���� #C��A .� ���� FC0t� g!B" )�)�� ��h�%�� F���4 
Q�72 �� Q� &��K7��� ��" >�T)7��� #��RNA �� T�%Q �� >&�'�

��G%�Q �����RNA �" B"��% RNA0��0� 0 #�� B7A��� 
&�� Q�#����0� NASBA-ELISA ���" �������  �HIV-1 

RNA Q� &��K7�� �" >�C�^Q�mT �L��@ =0��� 0 ��" >&#�� 
0����gRNA���^ V��9 .

c.�p% ��B��C ̂��"��M >B7��NASBA 5����, B�" �� j
�H �0��)'���" g�RT-PCR ��D�	 !0 ETQ����`��

0���$0� ���C�RNA����� &#��� V���Sq� ��� .NASBA ��
�G%��" B2RT-PCR )% ���C��#�c7%���� �� ��B�% #��M .

F�M�0NASBA @ �0 B+L�% j��%� j% *���� W����
 .�L �� F��M�0 B�MRT-PCR �@  �� 0 B�+L�% 0� ��j

�!��%� Y` ��!��!�% V���9 &# ^�!6�	 B�" 0 �� �! V�)
�!�!&#��h�!��� /��%�	 ��� �+`!���� #��%Q� .NASBA Q� 

��k	 0 /�9� �h������	 > �i`	 !�	X�" ��B" �S2� �� RT-

PCR��� �% B /�`.�% �C W#C�cDNA  B�A�� ��C �� B�M 
NASBA.�	 ��!��% # l����	 ���C��" W�����T)����UT7 RNA 

+�!� ���% Q��4��0�2 % ���[  ^!zM 0 �� �C��#�c7% �Q�

RNA Q� T% B7A�� 5 �� �%� W���RT-PCR /��`.�% ��C >
cDNA % �"��" 0� �6�	 >F�M�0 BA�� �C ��  ���)�(W��g

2%����"�`�� 5��%Q B.!5�NASBA B�" �S2�� �� RT-PCR 
&���	�M ��% ���	 �Q���� .����� F���M�0 jNASBA Q� #��c" 
����	���!5�RNA C >x#C !�S���#!5��^Q��mT ��!B�" 0��

 5�0)�� 0 x#C /�`.�%T)��U@ F�M�0 >�C �;��,��� 
�� ºC<�"B4`	 ��M��A ��@!% Y F��M�0 �,��� W���

 +%��, B" h�!���MT �/�R�	� ��C�^Q�mT .���	 B�" B�M  0
��7A����RNA� 0 ����� B72��"�0 ���'.� ��!% )��! 5�)�A���� 

m VX�Rf%!9�R7A� � '72"  ���� )<(.
� �"��c% ��H0 g�S �!��" )�F��M�0 NASBA &��4�� 

% ��� :� B+4H Q��gF��M�0 d��[0 /��47L� BM ��C�m�!�
9�R7A� ��NASBA � B" W���� ��H0 >�.� g!�%� BM Y�
4� F�M�0 50#" #���	�pA ����	��� !5�T)��4 �	X��" B"

Q� ºC<��)�� �F�#"�)�?(.
��"����"����0� g ����" B��M �T��`�Q�����0B���)�	 
VX�Rf%NASBA % =�D7��  4C� Q� W���� �! 0 ���&t��

��� �����A�".
	� �0� B" Q���0�7`.�!#��%0�" *���67�� �� >#�F��M�0 

NASBA ���" /0�#7% �0� j��	!�#�i`	 j�!0 _���% �
��� #�4�#C .Q���0�7`.� �� B�" B�M ���� 5�Q�� �0� j

6�	!9�A V�) �!2� 5�%Q �� >���#� Q�]�7S C��	�M  *����� 
% r�+m� �� 0 ���T�%Q ��&�'� ���� ���H� Y�"�[ ��C .��%�

�)% xIA���"�����TQ� &��K7���� g4��e Q�����0�7`.� �� >5
M�	!5�@���� V���S ������� 5���`%� >�Q �[� V���Sq� 0��! _

i`	 VX�R�f%��! ���#��� ���H0 �.X���� ��0� �) ���" ����� 
��2L!" ��!5��`%� B�M Q����0�7`.� Q� �7� B��)�	 ��#�c	 

Q����UC V��9 B" �� B��4� % UC��� >5�%Q T��0 .� �� �� g
�0� �,�� ���  "�� ��" �2" B��4� �C !X�" ��)�?��q �!B
��"�B��4� �C (���)��(.UC��!g�	!�5��" �Si% #��j

�@ Q� F�M�0 �� X� _��]����9 �)�@ Q� ��V���9 &#C���% _
% ^!� 0 ��!�%�� )T5�`%� 5T.��!5��%Q UC )�n�� B���4� 
�% UC��� UC ���M � T��0)��(.B���^� ��pA T^���. ��" 

i`	 VX�Rf%!% BM &#� � ���H B�" #���	 =��C���Si% 
67�% =~�M � �� >���� �!X� U72 �� " �) �! �0� Q� �7� ��C�

#H�#�h�!�real-time % % �%� >#��" � 5��	 �� 2�% g��� B.

�SD ±
OD Y��� -gS^)µM(
��/?±��o/?�
��/?±n��/?�/?
��/?±?<�/�?�/?
��/?±�/?NSB 
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��

Q���#H �"��C�u� ���M �Q� &��K7�� >F`7�� Q� &��K7�� >
"��C��)�9�R7A�  Y[�#�L B" ��M YL��% *���� �� �[� 0

UC >#���� ��!� �� g���G% �� �0� g����" B2real-time >
�!�C��)"� Q� &��K7�� B" Q��[ 5���^ !�� 0 &#�� \�K	�% ��4

 �C��)"� Q� ��,������ ��H�% BT�%Q�&�'� �C�D�	 !R 
% &��K7�� � ��" &0I, >��� ��g>X� F��M�0 ����2�L �)!7 

%�" B"��real-time��� �� �% B #C�)��(.
� ���WFC0t� gNASBA 5����, B�" �0� ���" ��	�" �

i`	��! �RNA 0� Q� &��K7���� ���" 0 #��� =���D7�� �^Q���mT 
.�!	�k+M���'��!#�HIR0HIF L�� >��! B�on	�k+M�� ��!#�Q�

0 *��-�$0�!i(	�#� �.
F�M�0NASBA �� ��%� �� >B+L�% j�#�L�0 ºC<� 

@ �?[�!0 #� *���� BGTQ����`��� VX�R�f% �!��" )
X� �0���@ �) :;�/���"���" W����^ *����� �,��� �g

��" *QX 5�%Q�Y�%�M B�0�� *���� NASBA-ELISA ��"��" 
�"�/<;<� B�M W��" #C��A �,�� ��B�" B�H�	 ��" 5��%Q g
+"�[!X� F��M�0 ���U�C *����� �� �) Q ��#�c	 5��%Q �����

��" >F�M�0��jF��%QTD�	 !R % =�+p%  #��".
6" ��h�% B"!B�Q���X� F�M�0 �UC��� >�)T���� 5��0�l

��" r���%�" d�[0 !�7��% g!C 5�)!�S���#!" 5�!=0��� g
/�Rf% 0NASBA �0�e Q� >�V��0�% #���" .��7��a

�h+m �� BM ��� 5���?�/?�%�" >=0�� �X�%0�` �!�7��g
%!C 5�)!�S����#!� 0 5� �!)"�!�7��% g�!�� 5�)!.�	 /��' �! #
% ���)/0#H�.(�	 ��h�% B"!���M #T �0� ��" F��M�0 �

B����4� ���C�.���" !� �����" 0 &#����M ���c��4% Y��%��, ���q� 
.�47L� B��4� �� ��H�% �C�.�" !� F��M�0 �" NASBA >

0� �" F�M�0�" B��4� !��4T0 B" &��.��	 >$0�!�B�" &#� #
5���,T7� ��"�� >�Si% #� *��� .

M�	!��M�0 r�i`	 F!���NASBA" >��[ ����� 0 V�# 
��2��L!7 ������% �� 0 ���"��" �"��!Q� �7�PCR  �0� 0

TQ����`��X����2L �" >�)!7 �	�??" ��"��" �!/- Q� �7�
 >Q���0�7`.� �� j�0� D�	 �!R �� $�2�L 0 #��4	�#[ 

��% ��� �4��#)�n;��(.Bc��	�0� � &��K7�� ��h�% B" >�
T�%Q�&�'� �C�D�	 !S@ E � >!���" B" #�%Q� �C�"�!�7�

 0� �"�B��4� �C�.�" !� 0T�%Q�C�'� % #���" .�0� ��
 UC >��H�% ���!Q� &��K7��� ��" g����f�% j >���#��7��� 

+"�[!��C���" *QX ���� �5���, B" B���4M �0� j ��!)
���� ��H0 .�7��" aB����TM��L &#�% ��M Q� T5���" #�%

�!�� U72�B���^����S% �" &#� �NASBA-ELISA ���" >�
D�	!EHIV-1 RNA % #��" .

����� ���� 
M�	!i`	 �0� r�!��NASBA �0� ��" TQ�����`��

X��% �) #���	 %�^ �0� Bc��	 �6H �� �+H B" 0� ��C�
��" >5�Q�� 0 ���#��7���D�	 !EHIV-1 �� 0�0 ��$0� �C

#��" .���g�0� +"�[ �!�9�R�7A� !�� X��" �)B�" ���"�%
�C�^Q�mT 9�R7A� =0�� 0 (��2�L �"!X��" �)���� Q�

i`	!�4� � �NASBA V�#[ 0TQ����`��X����)(K+	 �! _
% #�M)�o(.���" �C�"!Q� &��K7��� ���h�% B" �7� �0�
��"�D�	 !� 0 5�A B��4� �� ���K, E!4M ) Q�� �T5

�0�e�% �h� B" #��.


 ����������  
 (��)� *��+, &#(�����  .��% ����4L �" FC0t� g��

 ��� B7����� *���� $�#% �!"�	 .g�#" V��4LQ Q� B+!��0
  ��4�C�� 0#!c�� ��7�� 5���[T 0  ��u%� B��f�� U��A ��C
B%�H Y%�,  %  ����#[ 0 �(�	 Q��  +c��S, 0 ��� ��� .
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Abstract 
Background and Objectives 
Viral RNA is the first blood marker which appears in HIV-1 infection. RT-PCR and NASBA 
are the commonly used techniques for amplification of RNA. NASBA technique provides 
more advantages over RT-PCR. In this study, an NASBA assay combined with an easy, 
sensitive enzyme-linked immunosorbent assay (ELISA) was developed for detection of  HIV-1 
RNA. 
 
Materials and Methods 
11-dig-UTP was added to an NASBA reaction mixture and the RNA amplicons were labeled. 
Then, the dig-labeled NASBA products hybridized to a biotinylated specific probe in 
hybridization solution buffer and the hybrids were transferred to a streptoavidin-coated plate. 
After several washing processes and emission of nonspecific products, the final detection of 
the captured RNA was done by addition of anti-dig antibody-enzyme conjugate and the 
substrate. 
 
Results 
The results demonstrated that, NASBA is an efficient method for amplification of the target 
genome. Detection of NASBA products by agarose gel electrophoresis showed a unique 176 
bp band corresponding to the specific target. For the detection of NASBA products, an ELISA 
assay was performed; using 0.01 µM probe, the OD of 1.049 ± 0.11 was obtained. 
 
Conclusions 
In this study, by using suitable primers and probe a highly sensitive and specific NASBA-
ELISA method for detection of HIV-1 developed. 
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