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�1$2"(+��$�3	�� �+1 -41�5� (6� -7 � 8����9* :��6 ;�* <!=(���� +'$% �*>(>3��35= ?5? ����?�3
)FMH(��)	��.* ;* A)�(�B��C� D-1�+� �� �*>FMH�'E F%�	 ;* ���G�1* �� �'H IRhD�$2J$���  D

5= 5�)HbF (�1$2" #�� ��(+��$�3<1*.
� ���� ��
 �#

-�?�+K� �B��C� L( �� 0��*;$?' A�?' )?5� �$?% �?'$�' Rh <?MN� O��?� �+?" �$?% �?�RhD ?G5� ��?� 
P�$Q 6� 8;�13+1(�����R<6� )�
S/�-
S/�-S/�-�-S���)Q�� (� �U +V'��/�� W�?��X* )?Q�� 

FMH -�$� M	 �;�133+��$�(�1$2" #�� �� � )	 V'� ���HbF '$�+U �? !'* I? ;*�)(CA) ?V'� I?�� �
RhD<"+J �*+6 �B��C� ��$� .�$�;E ;* ��33���E T test -��'E �*� >(�$ 1+J� � Y'� 2/� <?!= ?  �?�' :(Z

)	 ���G�1*.
-���� �#

V�
M����$M6 :��6 �� ��' D(ZHbF �RhD �1$2" #�� �� (+��$�3)	 �)���� )��[/�r=(.� +'$% �*>(>3
�)	 �M1�/� +� \1$� ��+��*���HbF �RhD ��� �� (���� �� �
(+'$% +(>3��]�'* ��$� -�U �*� ���' ��?'E  >

V'� �� �HbF �CA 1�
X;*  +�^�� <3��'E �� <M
'  V'� I� >�RhD B� ��   ��?�� D(+'$?% _)?'* +(>3
�*��$%+� ��)	�� .��'(#�� ZRhD V�
M�� �$=� �� �^�� )���/�r=(-B� ��  ?  ��?�� D(D (�?� +FMH �� 

���(� �� �
 +'$% �*>(>3��#�� ;* �)�E <1�HbF/CA -*>?"*(�`�?U &����?' *� ?�� �*���?'*$� �(�E
B���  ���� D(+'$% +�^�� +(>3��� ��(�� �
HbF/CA�$� �=$� :��6 .
-/��� 
�0�

�'E W�'$2U$'$� ;* ���G�1*����3��3Q�a�%* ��1$2" #�� �� (+��$�3-;�* ��b�* (���6� � 8 +'$% �*>(>3�
B� �E 7M� ��  6� D * ;�� 8(�$M2J$'$� DRh ]"�/� <!= * $�E ;* �*���� <('$� 1*> 29 +� �$ �'E ���HD*� 

*(� ��K�)5U.
1�2�,��2 3�:3+��$�(�1$2" -3���� ? �5 5= �$% W���'* -3>(+'$% 
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�������	 ���� � � ! "#�$ % &' ( 	�)* +,�- .�/,��� �� ! 0��1#- 23(�4 5678� � ! 0��1#- 9: 3;*%<� % 3,= �> 2�-�?	 2�-��- 
��6� @(8�80%:PhD �����17- � &' ( # )�- � �! 0��1#- ������	 ���� 2� ! 0��1#- 9: 3;*%<� % 3,= ��> 3�(�4 5678�� 2�-�?	 2�-��- 2316�� A%+/�B :

���C2�DEE� 
�2+,�- .�/,��� 3$�� � 3/�(�$ 3)�, �$0��1#- ������	 ����� ! 2� ! 0��1#- 9: 3;*%<� % 3,= �> 3(�4 5678� 2�-�?	 2�-��- 
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���	� 
��H/* 30 IJK 5L��*&/M ����N ��/3�: =- �� �M O����

� F-� ���� �+$ 5$ �PM � !�� -+3G+//L - =- �� 5�$ 5�QN-% R
�# ����!��&/M�����/3�������� &)FMH GFetomaternal-

Haemorrhage (�� ��3� ,)�.(
�# !��&/M��/32�����&1# �� �R1��� ��7� =- 5�V

��)	�% ��HW��XY3�*+�7 &����' �( �Y3I:��Q3�����
/M % ���� � ! ���K�- R��� ��V3� �,.�-�K �� ��IZ� ��

�,�#�32�%�+&/M�� 9I7 ���� % R30 IJK �	 � , ��*&
/M ���N�/3� F-� ���� � ! ���K 5$�1(�[ GF��L -+3I,�5

, 5$��)��M �� -��K \6�- ���� � ! ���� , ��V.]�J4 =-
 �# ! F+, 51!�/,��&/M�/32����&�3-= 5$ �- 	�G���) 

[�# ^ _��! 5��$ ��$���`���)Y��, 53G�-�����$ \#���! 
��V/*�#&��*&�N%�4 3K���� % ��PM �� 3F���,- ��PM 

��L)�(.�# !��&/M�/32�����&$ �� ��=- �1;C�+�B�� 
HJ��[3ab )Q� �* HJ���[ c �7 5*�� 57 �� 3%5J�B��d$

-= =- e��� F+*�;� ��)3� ,)DG�(.
1#>3( IJK�RD� �� B 5$ 5L��H;��-����� 5�$ 5#-�Rh 
P/�3�-= �# +�( 	 5�$�7 �$ Rh ��	 ��IZ� ���� O3�� G� �,

  V	 =%� ]N-+[��&=- 5L ��� �	 �����$ +[-% �R�JJ)(- 3
)IU ����2���(�*� ;L ��&�7- �%�P1� @J1f� G�?/	 

Z/! �?M3�7=&D�	����J3(��1���N 0 IJK RhD �IZ� 
�M =-��PL ���� � ! ���� �3+�/L.=�- ��$�3N���\�V[ O
�# !��&Q	 % 5I7��� �� ����`- =%� R3(�)1[- 3%�-+�Q	

-��, g)L �*=%� R�#�3��L +*- ! )�(.
F=-+��#- F-� ���?/	 51��,�K �� K����&�# ��! ��&/M���/32

����&G7- �%� =- F��P17- � (- +0�7 �� 5L � $ R,���C
h7 	?�J�%�����Q� i#-���Y)* %3+�, .- �� �� �%� Rj

F=-+��#- .���7- K����&�����# ��! �-���&�� ���$ ��� ����%��� 5
$ JK )*�RFJN 0 J�� ��  ;16, 5$��3�� $ �- 17- )E(.

0�7 �� �*&!-��-��- �$�=- F��P1�7- i�%� 3���* \�* 
�7 J� � W��1� 1&%5K%<# L �*&JL # � �1#> 0�# 3���$&

J4�k!�, 5�*&1#> 3#'�0 IJK g�*&���N GF��P17- ��Y�- 
=- -�R�%� =�- �?M �$�3���# ! �-���&/M�/32����&

�7- F+, \*-��.
=�-��$�3)L3�!��# ��&*��&7%�/M l�/32���� &�$

�7 J� =- F��P17-��1� 1&$�- �H#��F� $ m ` � R+#- 5L-��R
�%� ��B =- �	b�$&�%� 5�$ �I6�# ��*&+�N �)3��	

)7-�R, (- +(�7- �-�� !�$.-��1# R�0��7 �� 5�V����
h7 	 � 6#�M 0�7 �� % �-��Y)* %���C h7 	  �n/$ ( 

%7� o�W 5$ �-��Y)*�+)�GC(.0 : �� ��51,�K 0�7 G
���Q(�p�5&����*�+���Q1� &�= �� �=- F��P1���7- 5���/ �%�
�7 J���1� 1 &��=�-�$�3)L30 IJK �*&/M ����N ��/3��

���� � ! ���K 1#> =- F��P17- �$3��$&�*&J�3��$ 0�# JL
 �p�7 k!��, +` 30 �IJK ����N �1#>3�'D(AgD) %

1#>3��$&�*&( J�7 ]�!-� k!��, +�` �$ 0�# JL # � 3
$ JK )*�/M R�/3(HbF) ��7- F+, c�V#- .-����	 R����� 
�H#����$7�6��[ �b���$ ����B % �&&�1� 1����7 J� ��

f;	�Q	 % k��N� R�� O���# �! �-���&/M��/32�����&
+#� $)��2�.(

\* F��P17- =- ����= �� 0��# JL # � g�1#>3���$&+�` 
$ JK )*�/M R��/3�J� %3�1#> 0��# JL3���$&��#> +�` �\

# $�L�?#- g�=-�+(CA) �� Q	��N� R��� O��0 �IJK �-� ��*&
/M ���N�/36�$ ���� � ! �� �N� �� �� � �$ +�*- ! O.-��%�

>�#�\��*&# $�L ��?#- g��F+�)4 �� �B %� 5�$ 5�L =-�+
# $�L�?#- g�m # =-�+�(CA I)# $�L %�?#- g�m # =-�+�

(CA II)0 IJK qp7 �� �*&���N -� � �M% +�#� � �: 5�$ G
�?/	 ]��L e�=-$ +( 	�� ��3+# , .\�* F��P1�7- ��$ ����=

Anti-HbF % 0��# JL # � �� �B 5�$ Anti-CA II G��)	��
������Q)M ���( J��7 �3�[����3/M �����N 0 ��IJK ���/3=-

0 IJK �*&%�[ ���N &$ �JK )* �RF���	 5�L ����� �� 
�- /4F-Cells �> =- � F��$ c�# �*3���Y�- � , ����F+�, �G

-�Q)M R�� -� �3Q)M =- �- 	�( J7 �3/M��/3YP	 ��g
� )#.

- =- r+*���	 R�OG=�- �$�3����# �! �-���&/M��/32
����&�$7-=- F��P1 s#� �>��&\*$ JK )* ���=�/M R�/3
�#> %�# $�L \�?#- g�=-�+ %�����1# �$ �> 56�5�$ t �$�� u
s#� �>��&1#> �$ 3��$&1#> +` 0�# JL # � 3�'D� $ .


 ��
��
� ��
% � $ 3$�V	 m # =- F+, c�V#- 5Q(�p� ��	 ��O��$ %�&

�D �7 &��=> 5# )# �*�H;3� �� �B 5�$ 5�L ��N =��7&
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R��Q	 �� &�1� 1��7 J�HbF 3/�/M � ! 5)�?� �-��n)* % i�# 

���

�7�(�3%�N� �� �*&$�R���/��	��+B�� �# �!��&
/M���/3������ &(FMH)I��, �5=���7&c���V#- G+��#� $ F+��, 

���K)�D2��(.

F%�K R��Q	ABO%RhD5# )# �*:
Q	 �?M��# ! F%�K R3GJL�5# )# 5�*&Gr�# +/$ � ! 

0�1/L P/� 0�1/L % �IZ�3�(�7 0���# �$ 5I	�� �R)D/C2�/C
pH=( ;16, %6#�X7 7�� �+B�� ?	�+, 5.eX7 5�$

5��# )# 5��( ( �� ���* ���*&%�6��� �I6��# 5��$ -���V� &=-
6#�X7 7�� �*&�+B�� %1#>3c�7 �*&F%�K �*&# ! 3

AGBGAB %RhD )- � ! 0��1#-��-� (�1#�7 GF�%��-�P�' 
+, - �v# =- %�	 JK> ��V�7�/�7��$ �� � � 3���K �-�N .

F���> 7� �6#�X7 7 &=� ���N 0 IJK &�*:
?	 �?M� 7 576�#�X�G����N 0 �IJK � D���J3(�=- ��1

 �-�-= �# r��# +�/$ ]���L � !RhD %� ��$ ��IZ� &+�` 
���Q#-)	-�� RJ&�>���17- -�1	 +(EDTA l�)M �%>&�� %
���&�0�wf)D1#�7 5M�� 3�-�K (�-+?H#&+,.� �! =-

 ]��L�L \(�7 �L�� x(�$ ��� g* 5�y0���1#- 5�$��7 5�# K
 % � !�$ ����)&�=�5/-&# �! F%��K % ��,-+# 3%&O

��P/�3?	 ���?M G� ��$ ���6��#�X7 7 5��� �����N 0 ��IJK � 
�N� �*&@J1f� ��=>�*�H;3+, F��P17- .

5# )# ���N 0 IJK ���), �*&+/$ � ! 5�# )# % r��#
 ���L� ! �H�,��), ��$ �-����)7��eY)62R��-' (c��V#-

���K.M?	 �?�6#�X7 7 5�0 IJK �  �*&����N G�%� =- 
�N� =�7&�7�(�3x(��$ ���� � ! �� r�# +/$ � ! RhD 
��P/�3���N� % +��, F��P1��7- ���*&��G�G�G�/�G��/�%
���/�	�	 5$ 5L +B�� �$ 9��# ! �H#���&/M�/32����&
� 5��$��� �-����G���G��G��GEG�����J3(����1+��#� $ G

I,�5=�7&+,.JL�6�#�X7 7 5�� c��V#- =- ]�IN ��*�%� 
����7 J���1� 1&�����L� ! �H���,��), ����$ ����N� 5���$ 

( J73)7�eY)62R�-' (?	 ��B =- �	 F+, ���), �� 5
6#�X7 7�� � 5$ 5M 	 �$ �*�H#��( J�7 h�7 1� R3(MCV) 

):-������$ �� 5��I	�� 5��7 eX��7 % � ��, ]��B�[ ����/
��P6�(PBS))z��2��)(> (�$pH D/C2�/CF�-�  ;�16, 
JL �	 +,�5J!-+� ]�- 4 5�K�� =-�+# , {��! h.

5# )# # �! F%��K ��$ �L�� x(�$ ��� =- �IZ� 0�1/L3O

P/� 0�1/L 5# )# % �IZ�3L�� x(�$ ��� =- �# ! F%�K �$ �3
OP/� 3?	�����L ��$ # ��* �� % 5&�-��N F��P1�7- �� �� 

���K.

s#� � �%� 5�$ ����N 0 IJK 3/�$ JK )* &- 1�� &���> %
3H#�:

s#� �>��&- 1�� &$ JK )* �/35$ 5M 	 �$ ���N 0 IJK
� 17� ]�)4L���Fetal Cell Count)-&L��G��L-�%��  
+/J* (� 5�J[�� 57 ]��, 5L�7�6�Y����| P# G� ������L

0 ��IJK ���*&s��#� 5��J[�� % �����N �>����&� ��$ G-���$ &
6#�X7 7� ��?# �3( J7 3= }�, 5$��� c�V#- �����:

���(%�Y��1=-~+(���� 0 �J�� �� ����N 0 �IJK �� 5�$ +
�+���N����� �� 5�&� A�	- �+, eY .- =- e���+� RG

0 J�� �� ���N 0 IJKPBS �� eX�7 % +�, F�-�  ;16, 
+7 0 J���7�%� \���P( 7 ](SDS) �+� 5$DN���� 5��

���&��| P# A�	- �+�, �%��  ;�16, 5�J[�� %� =- e��
 ��P6� ���$(PBS) G6#�X7 7 �� B 5$�+�> �� � .

s#� �?M �>��&-�e/7� J� # )j����(%�Y��10 IJK
 ���* =- �����N���6��#�X7 7 =- g�� ���$ ���*����(%�Y����1 

1#>3���$&0��# JL # � �, �3��� ��$ 5�K%<# L ��- Y��1�R
(PE) (clone NaM16-2F4) +�` ��$ HbF %����(%�Y���1

J�31#> 0�# JL3���$&�, K�! 3��#> +�` ��$�# $�L \��g
?#-��7� J� �$ 5K%<# L =-�+�- R�	%� �� �7  ���#�(FITC) 5�$ 

�+���N����� �� 5�&��	 �� % A�	- �Y3��K 5$ Y#- �+.
: =- e�3�7�$ Y#- ����= �+, �� G5�( ( ��*&%��[ &

s#� ���N 0 IJK �>���&�� F+�, ��� ��(%�Y���1PBS 5�$ 
6�#�X7 7 �� B�+��>�� � .JL��5�# )# 5F�H1�7� ��$ ��*

�7 J���1� 1)g	���2��)(> (���), �$������2����� 
(�#> 0 J7���K ��+.�V	 �?M�J�	 % 5��1# ]�c�# =- u�-��-
eY�  J�)eD/�Flomax-version(+, F��P17- .

P/� 0�1/L3Gx(�$ ��� 5# )# ]��,RhD �P/� 3�* 5�L �y
$ JK )* 5�$�7 5# K�	�� /3��	 % 51,-+# �� �! O# -� ����
$ � $ F��Y# 5$�V	 5+�> �7�.-�# 5�# )# R��JL +�/#�� ���5

6#�X7 7�� &�* ���L ��$ # ��* �� ����N 0 IJK &�� �� 
7��$�3N����K �-�.a�/)`# �IZ� 0�1/L ���� =- �O�IZ� 
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�%� F�GF��), �G��16$�	��

���

��L �$ # �* ��&���K �-�N F��P17- �� � .

3/�/M &���# ! \V[ 3$��=�-2s�#� .��7- ��$ &�����
� &���>���N 0 IJK 3H#� %:
?M�=�- ��$��3V[�! \��# ��&FMH= 0 ��� =- ��

+, F��P17-:
=3/�/M &���# ! �-��� �&����)3J�� �1�( (

*�D�� *

/M ���N 0 IJK +B���/3:0 J7 +B�� �*&HbF+/CA- 
�� ���N 0 IJK +B����&:0 J7 +B�� �*&HbF-/CA+ 

+B��F-Cell���� &:0 J7 +B�� �*&HbF+/CA+ 
*�`�9�D��:�V#> =-�3/M ����N 0 �IJK F=-+#- 5L��/3

��� %���� ���N 0 IJK F=-+#-&�31/�7 �%� �� % +,�$3
�%�?�J� 5n1$ ��?/	��%/M ���N 0 IJK�/3� � : 5$�H#��R

�7�/, ]$�N3��3[ % +,�$ ����= �� ����� ����N 0 IJK \V
-=�� � : 5$ ��)�H#���%+�[ �� R���� ���J3(���1 ��7-G

-�$�/$��_	 � 1L�� R��# ! �-+�� �� q��&/M�/32�����&
= �� B 5$�� 5I7��� �3� ,)��(:

�D�� ∼���� =��/����*���=q��_	 � 1��� 

s#�  )�- &���> 31#> =- F��P17- �$ e/7� J� #D:
s��#� ���?M �>����&6��#�X7 7 �=- �����N 0 ��IJK � 

 �1#> 0�# JL # �3���$&Anti-D 5�K%<# L ��� ��$��- Y��1�R
)-&L��L-�%��  2+/J* (s#� �%� 5$ 5L�>���&�16�� �\

� c�V#-3���G��� F��P17- +, .5# )# �*&F+�> �7� 5$��$ 
%�&���Q#- +` EDTA Ge�� ��  ;�16, 5�J[�� 5�7 =- 

��P6� ���$ 0 J��(PBS) 6�#�X7 7 �� �B 5�$ �� ��%
�� ���N 0 IJKPBS ?	 �+, 5.1#>3��$&0��# JL # � )Anti-

D RPE (#��I6�# 5$ ��5�$ ����P6�� ����$ 0 �J�� ��$ 
%�[&�/�%� I(>�%�K c�7 R&)z�� ���)(> (N���+�, O.

eX��7�����(%�Y����1 =-��1#>3����$&N���� F+��, O5��$��
��(%�Y�6#�X7 7 �1�� ��+B�� &% F+, F�%��- �N� �* 

�+� 5$��N���� 5��C1#�7 5M�� 3��K 5�$ Y#- �-�K ��+.
7�$ Y#- =- e��� G5# )# �$ 5I	�� %� �*PBS F�-�  ;�16, 
�� eX7 % +,�����(%�Y�$ ��P6� ���$ =- �1�B 5���  

6#�X7 7�+�>�� � .
1/L�P/� 0��3��, �)# ]# ��� 5�(�$ �� ���� xRhD �P/� 3
� $ 5L*�y$ JK )* 5�$��7 5# K�	��� /3��	 % 51�,-+# ��O

-� � ! #��� �$ F��Y# 5$�V	.-��# 5�# )# R��JL +�/#�� ���5
6#�X7 7�� &�* ����N 0 IJK ���L ��$ # ��* ��&�� �� 

7��$3���K �-�N .a�/)` # �IZ� 0�1/L ����� =- �O��IZ� 
�$ # �* �� ��L&P17- �� � ���K �-�N F��.

JL��7 J� F�H17� �$ �* 5# )# 5��1� 1)g	��� 2��)(> (��$
 ���),������ 2����� 0 J7 ]�J�	 % 5��V	 ��K ��+.

�V	 ���?M���J�	 % 5������1# ]�c���# =- u��� J� �-����-�eY
(Flomax-version 2.4 e)+, F��P17- .

%�[ ���N 0 IJK +B�� % �-+Q	&�1#> 3D�� �Anti-D+

� 5LF�V/� �(Gate) � �-�N ���N 0 IJK ^ _f� 3G����K
 +, ���),.I7���5&�* �# ! \V[ ��&7% 5$ �0 ��� 5J

=��+, c�V#-:
=3/�/M &���# ! �-��� �&���� )3J�� �1�((

���� *���� 

�N% +B�� =- � v/��/� 0��1/L �� l�P3GAnti-D 3�P/� 
�3+,�$.

]�J�	 % 5��V	&���> :
�?M ]��J�	 % 5���V	 ����> &(��#> =- ��7�K� ��� (r)G
� �=>���> &Student’s T-test%(�#>��-% ��e#��5���: g

+, F��P17-.� �=> *�&����>&�/Q� qp�7 ��3�-�&��/�
�1# % +#+, c�V#-�u��/�p<3/Q� +, 51��K �v# �� �-� .

����� ��
�%� ����7 J� ��1� 1&���� �%� 8��&=����7-+M �� &

Q)M�������*&( J��7 @��J1f� 3��$ 5��� ��)��,3�%� - %��� R
_!�-��- �$ 5_�� J� i%c%�L ��*&@�J1f� G-���- �# i���

�3�+$�.
Q)M��P/� 0�1/L ���N 0 IJK �3x(��$ ���� 5�# )# 5�L 

�3�1#> ��v# =- +,�$3# $�L �' ��?#- g��=-�+(CA) C/��%G
$�1#> ��3#'�(% 51,-� g3Q)M �v# =- �� ( J�7 �3GF-Cell 

�?/	C�/�%$�31#> �� �7- 51,-� "�#' .��7- 3(�[ �� R�- 

3/�/M ���N 0 IJK +B��
)+B��F-Cell &���� +0 IJK +B��&���� ���N (

)3P/� 0�1/� �� l��N% +B��–0 J7 +B�� Anti-D+(
���
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R��Q	 �� &�1� 1��7 J�HbF 3/�/M � ! 5)�?� �-��n)* % i�# 

���

c�* d
:e	 ��c�* :�C�' Pg� *3FL1/FL2�+� ��  � 4 h�+U��$2" +V'� ��3FITC �RPEO��� �+" �'$�' �� )G5� W+�5U�(d��C�' Pg� *3

W$M2J ��3�� �)	 d�i�'* >�+6 Gate j$�+� ��FSC/SSC O��� �+" �'$�' �� RhDG5� �

c�* d
:e	 
?c�*:�C�' Pg� *3FL1/FL2 �+� �� � 4 h�+U��$2" +V'� ��3FITC �RPEA�' )5� �$% �'$�' �� )<MN� W+�5U (d��C�' Pg� *3

W$M2J ��3�� �)	 d�i�'* >�+6 Gate j$�+� ��FSC/SSC A�' )5� �$% �'$�' �� 

r�# +/$ � ! 5# )# �� 5LG�/��%MQ)�( J7 �3=- ��?/	 
1#> �v#�3�'Hb-F #��s����$ ���F�  +�#-)]n�, &��* �%

�(.
5�p�# �d� -&�$5��7 J� =- F+��> ��7��]���, G�1� 1

Q)M���*&( J7 @J1f� 3�IJK �N 0 �/M ����/3)CA-  G
HBF+(0 IJK GF-Cell &���� )CA+ GHbF+(0 J�7 G&��*

$s#� �%+)CA- GHbF- ( ���N 0 IJK %x(�$ )CA+ GHbF- (

���K �-�N 3$��=�- �� �.(�#>��-% ���1� g	 e#� �� -��$ F�&
�1�-��� �*(HbF) %(RhD) ��;# �-� �/Q� �%��P	 5L3�-�&

���1# ����$ u5=- F+��> ��7� 6�#�X7 7�� ��*&@�J1f�
 - % ��-� � M%�R9Jp� $�- �H#��6#�X7 7 5L � $ R�� ��*
 $ �Jp�  ��# 5$3?	��+�#� $ F+�, 5.-��Rh�7 	 m �` �

F=-+#- K��&( J7 h7 1� \V[ 3(MCV)?	 =- +Q$ % ]IN �� 5
6#�X7 7�� # �*�+, 5I7��� �.
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�%� F�GF��), �G��16$�	��

���

W�)=�:�;*)'* k�1* +� 3���� ? �5 5= 3>(+'$% ,KX �M1�/� 3*+� ��]�'* ��$� +(���� �� �)�E <1� �� +(���� �
(��� �*> � 3+ JHbF �� 
�;*)'* � 3+��$�(�1$2" #�� > � 3+ J �*RhD3+��$�(�1$2" #�� �� 

�$ 
'�l1$1 )Q��(%) 
3>(+'$% ,KX D V'� �

��]�'* ��$�)�2 � +� �(
(HbF) 

3>(+'$% ,KX D V'� �
�)	 �)����)�2 � +� �(

(HbF) 

3>(+'$% ,KX D V'� �
��]�'* ��$�)�2 � +� � (

(RhD) 

3>(+'$% ,KX D V'� �
�)	 �)����)�2 � +� �(

(RhD) 
�� ��� �/��� C/��� ��� 
���D/�E�/�E�/��� 
�C/���D�D�D
��/��/������E/��
��/��/�D/CED/��
���/��/���/��D/�D

H16I)*3���1# ���s�#� �%� %� i#- ! +B�� u�>���&
0�# JL # � =- F��P17- �$ ���N 0 IJK �1#>3���$&��*&+�` 

HbF %RhD 7��$ �� � 3- 5�L �-� ��;# % ���K �-�N ��R
H16I)*3/Q� 3��` % F� $ �-��9H16�I)*3)��/�p< G

��C/�r= (Q	��+, R.- c ?P��H16�I)* R3-��5�L � �$ R
�	���* +B�� �� �-�6#�X7 7�%� ��* �� ���N 0 IJK � 

 �-=- ��� 5��$ �1�-�����+��Y�- % F����1�- A���P	- �H��� t���I	�- R
/Q�3� $ �-�.

7��$ ��3��G�H 6�#�X7 7 +�B�� =- md:- �$�� ��*&
?	��� F+, 5��=>�Q	 0 ���� =- F��P1�7- % F�H; ��� \�V[ R

�# !��&/M�/32����&)( � 0 ����� 6(G�)f	 ��Y�-�R
�# ! \V[��&(FMH) 5# )# �� - 5�L ��,-� � M% �* �� R

������ �- ��/4 5��$ % F+��, c���V#- 5I��7��������v1#- �� ��� �
(Expected value)6#�X7 7 �* =- �+�, 5�1��K �v# �� � .
s#� c�V#- =- e� �>��&-�1#> �$ e/7� J� # )3���$&��*&

0�# JL # �Anti-RhD %Anti-HbF G0 �IJK +�B�� ��*&
=- e� ���N 	 % 5��V	]�J� �7 J� ��1� 1&$5% F+�> �7� 

-��# ! \V[ ��$ R��&F+, F+*�;� (Observed Value) ��$ 
����> � ��=> ��$ % �;K 5I7��� 0 ���&T-test G%� ��*
 =�- �� �� %� 5$ %� �N� �* �� �1�-��� ��$�3����K �-��N .

�������� 56�$ �5����� �$ F+�> �7��-��$ ���v1#- �� �� �&
�# ��! \��V[ 5I��7�����&/M���/32������&.���7- ���$ 

F=-+#- K���&����-�HbF ��7 J� �%� 5�$ ��1� 1&=�- ��$�3
+,)0%+M�(.

���1#��# ��! \��V[ =- F+��, 5I��7��� u��&/M���/32
����&(FMH) �� �N� �*&6�#�X7 7 @�J1f� �0 �IJK � 

 ���� % ���N��1�-���� �� ���v1#- �� � �HbF 5�L �-� ��;�# 
/Q� �%�P	3�-�&�# �! \�V[ �� ��&X7 7 6�#��� ��*&

�� G�G�G�/������ =- F+, 5I7��� +B�� ����v1#- �� �� �
-+# � M% �� 6�#�X7 7 �� ��?/	 �%��P	 %�� ��*&��/�%

���/�/Q� 3�-� 3�� +�,�$.-���/Q� R3��?M �� �� �$ �-�
-��-�F+*�;� �|�L i+,Fs#� %�>��&0 IJK �*&����N

 0�# JL # � �$ 1#>3��$&Anti-HbF �� �?/	 B���*+&��/�
%���/��# ! \V[ ��&$ -� ��F+�, � _�	 �-+��� =- �1;

 ��;#3�+*�)�-� )# �(.

�*�$�'�:�?5 5= 3>(+'$% ,KX �
(��� ��)?	 �M?1�/� 3���?�
 3�?� �$ 
'�l1$1 �� �$
 �$� W$�+" \1$���-S-�-S/�-
S/�

��
S/�> ��?'E ;* Y?� �)?	 �M?1�/� 3>(+'$?% ,KX � )Q�� 
�??1$2" ;* ���G�??1* �??� Y'�??1�$2"$'$�(* 3>?? �E n??'� � 3+��$�(

��'E W�'$2U$'$� 3���Anti-HbF.
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R��Q	 �� &�1� 1��7 J�HbF 3/�/M � ! 5)�?� �-��n)* % i�# 

���

W�)=
:<6� �� 3���� ? �5 5= 3>(+'$% ,KX �� B� A*+/'* � D V'� � W�)= n'� k�1* +� �$ 
'�l1$1 c2�i� 3�� 3> �EHbF �RhD 
3+��$�(�1$2" #�� �� 

<6��$ 
'�l1$1 ��
(%) 

)SD ±x̄(
)HbF(

(p Value) 
)HbF(

)SD ±x̄(
)RhD(

(p Value) 
)RhD(

�� C/��±��/��� ��E/��/��±�/�CE C��/�
�C/��±�/C���D/��C/�C±��/�����/�
��/��±D/����D/�E/C±�D/�����/�
��/��/�±��/����D/��±�/�����/�
��/���/�±�C/E���/�C/D±�/�E���/�
���/�D/�±D/D���/��/D±�/�����/�

�&���� � 3/�/M &���# ! \V[ ���Q� r-��#- % R�H#��
 � �6#�X7 7 �� s�#� .�7- �$ @J1f� &�* &����> ]�!-�

 3( J7HbF +�, 5I�7��� &�1� 1��7 J� �%� 5$)0%+�M
�.(�1#��# ! \V[ =- F+, 5I7��� u��&/M��/32����� &

(FMH) �N� �� �*&6#�X7 7 @J1f� �% ����N 0 �IJK � 
������1�-���� �� ��v1#- �� � �RhD 5�L �-� ��;�# �%��P	
/Q�3��-�&V[ �� ��# ! \���&6#�X7 7 �� �*&��%�

���� =- F+, 5I7��� +B�����,-+# � M% ��v1#- �� � �%
�$�56#�X7 7 �� ]���, �*�G�/�G��/�%���/�+�B�� G

-�-�&)L3-��- ����� �� �|�L i����� 5$ �I6# ���� �� �
+#� $ ��v1#-)��/�p<()�-� )# �(.

�*�$�' 
:� �*>FMH� � ��]�'* ��$�  �*>FMH��;* �)�E <1�

'�l1$1 �$��3�1$2" #�� �� c2�i� (+��$�3RhD 

7�K��$ �  5�# �! \�V[ =- F+��> �7���&/M��/32
����&1#> %� �* =- F��P17- �$ 3��$&0��# JL # � Anti-D %

Anti-HbF \V[ �� �*&�# ! ��&�*+B�� F+, 5I7��� &
�J1f�7 @�6#�X7 ��IJK � �N 0 ��=�- �� � G����$�3�-�N 

- 5��L �-� ��;��# % �����K���H16��I)* R3��/Q� 3% F� ��$ �-�
�`�H16I)* 93s#� �%� �� �>���&-�e#��7� J� # )

 1#> �$ ���N 0 IJK3��$&0�# JL # � Anti-HbF)�CD/�r= (
 1#> %3��$&0�# JL # � Anti-RhD)���/�r= ( +, 5I7��� .

- c ?P��H16I)* R3-��	 5L � $ R��� ��1# �� �-��\�V[ u
�# !��&6�#�X7 7 =- +�B�� �* F+, 5I7��� �0 �IJK � 

 -��� %� �* �� ���N �-=- �� 5$ �1��+�Y�% F���1�- A��P	- �H
-�/Q� t�I	�- R3�-�3�+,�$.

�*�$??�'0:��� ??(� �
?? V'� D�??�'(n??'� �??� j$??�+� Z�E?? >3
*(V'� I� Y'�1�$2"$'$��RhD V'� �� ��HbF ����)?Q��3

c2�i��
S/�-
S/�-S/�-�-S���
'�l1$1  >�+6 W$M2J �$ ��
�1$2" #��(+��$�3

(�#>��-% ��7��$ �?M e#�3�1# ��# ! \V[ u��&��*&
$5s#� =- F��P17- �$ F+�> �7� �>��&�H#� g�	 3RhD %

��H#�%�3HbF c���V#- +��, �%���P	 5��L +��, kf;��� %
/Q�3�-�&���1# ���� M% �1�-��� %� �* �� u��-�.�-� �)# 
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�%� F�GF��), �G��16$�	��

���

��H#���1# R�6#�X7 7 +B�� u�� # �*�$ ��- �H#��m ` � R
5L � $ ��H#����1# R��* �� �%� %� u�y����N� =- g��*

�+Y�lpN -� �H3)# +/� ��* 0����# F�%+��� %��%� =- g
�1�-�����HbF %RhD ���$ �+��Y��%���P	 �H��-�)�C�/�r=(

)�-� )#�(.

��� 
,%�30�7 �� 5L�*&!-��= �� ��F=-+#- 5/K��&\V[ 

�# !��&/M�/32����&���� 5M 	 �� � ��K �-��N R5�1�
G�7- =- F��P17-�%� �7 J� ��1� 1&��3�> �� 5�L +�,�$

 �1#> 0�# JL # �3���$&��*&5�J)M =- @�J1f� Anti-D %
Anti-HbF $5��7- F+, 51��K ��L .-�� =- ���&-��R�%� G

7�6�[�(��#> �� b���$ �4��7 % ��= �-+��Q	 �����&0 J��7 
�3�%� �� 5L +,�$ �*&�JIN 3��7- 51�,-+# � �M% )��2

�E(.#� �%�s�>��&%�H#�3(Dual) - �� 5L ����	 R��O
�����K �-���N F��P1��7- �� ���GF=-+��#- ����Y�- K����&N���� O

0 IJK �*&%�[ &HbF/M �=- RF-Cell�* &\*-��� -� ���� 
��� �� % F��%>�s#� �$ 56 �>��&H#� g	 3RhD G��#- 	3�

�	b�$&f;	 �� ����� k��# ! \L ���&��-�.
�1# OI: �$�$ u5> �7� i#- �! +�B�� =- F+�HbF �� 

6#�X7 7�s�#� �%� 5�$ 5L ���N 0 IJK �  �>���&]�!-� 
( J73H#�%� 3H16�I)* G����K c�V#- 3�/Q� 3�-�&�$�R

�����N� �����*&��G�G�G�/�G��/�%���/�+����B��
6#�X7 7�$ 5L +, F+*�;� ���N 0 IJK � �p! �H#�3�� $ 

(�#>�� $ �> �N� % �)��/�p< G�CD/�r=.( 
-� �%# i#-��Y)*��=- 5L6#�X7 7�5$ ���N 0 IJK � 

 �7 �%��(�3)��/��	�+B�� (-�$&F=-+�#- K���&HbF%
=- s#� �>��&( J7 ]!-� 3H#� %� 3+�#� $ F���L F��P17- G

p!3�1# �� $ �H16I)* % u3����N� �� ��*&-� @�J1f� 
�	��+#� )# +)��/�p< G��/�r=(.-��1# R��1# 5$�;� u�$ u5

� $ A � 5Q(�p� =- F+�> �7�)��(.
7��$ ��3���H&- �� 5L�G+, c�V#- 5Q(�p� Rkf;�

��K�� 5L +��-�HbF s�#� �%� 5�$ �>���&%��H#�3��
�N� �*&��/�%���/�6#�X7 7 +B�� �����N 0 IJK � G
-��-�$|�L i3��� �� ���1# �$ 56�5�L 51�,-� ���v1#- �� �� u
$���- ���N� c+��4 �H#����%� RF=-+��#- �� �K����&HbF �� 

�N� �*&�� A � 3+�,�$ .5�Q(�p� �� -&#��5�L ����n�J� %

+���#�-� c����V#- i#-�����Y)*G5���L +���#� )# cd���4- �%� 
�7 J���1� 1&f;	 �� ����� k��HbF �N� �� �*&��1)L 

=-��/�/M ���N 0 IJK +B�� �/3��L �N� =- 3�-�� �!�$ 
)#3+,�$)��(.

-��� R(�[3-5L �7� � -%i#-��Y)* ������-�HbF 
�$�N� �*&)�/�2��/�(6#�X7 7 +B�������N 0 �IJK � 

 ���� 5$ �I6#����v1#- �� � �G�/Q� �%��P	 3�-�&F+*�;�� 
+#��Y#)��.(�� �v# 5$3+�7���Y3b� =- ��J3��4�$ 5�L 

-��-�� �� �|�L i��-�HbF �N� �� �*&��� ��R)���/�2
��/�(K�-�N G�7- F+,��&W�# +B�� ��&=-F-Cell �*&
����&0 IJK F�%+�� �� �*&- �1�� �$ ���N &b��$ &HbF 

K�-�N F�V/� �� %��&0 IJK �*&/M ���N �+,�$ R.,�-�K3
h7 	 5L� 6J# c�V#- i#-��Y)* %,G+��;# - F+�/*� �� R

�%+[ 5L � $��/��	�E/�=- +B�� F-Cell �� �* 3+�/#- 	
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+B��(s#� �%� 5$ �>��&( J7 qp7 3g	�H#�3c��V#- 
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Quantification of fetomaternal hemorrhage: a compariative  
study of the HbF dual staining and RhD single staining  

by flow cytometry 
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1Blood Transfusion Research Center,High Institute for Research and Education in Transfusion Medicine, Tehran, 
Iran 

 

Abstract 
Background and Objectives 
The quantification of fetal cells in the maternal circulation is an important goal to determine 
the amount of anti-D for prevention of active immunization of a D-negative mother giving 
birth to a D-positive baby. The aim of this study was to evaluate two flowcytometric staining 
technics for determination of fetal erythrocytes in maternal blood and to recognize the best. 
 
Materials and Methods 
In this experimental study, 34 adult D-negative blood samples were spiked with six serial 
dilutions of D-positive cord blood (0.125, 0.25, 0.5, 1, 5 and 10%) which was representative of 
99.9% of the clinical fetomaternal hemorrhage (FMH); they were stained for flow cytometric 
analysis. The Fetal Cell Count Kit was used for HbF dual staining and monoclonal anti-D for 
RhD single staining. 
 
Results 
A comparison between RhD and HbF percentages and FMH volume in spiking samples was 
performed. A significant correlation between two different parameters in flowcytometric 
percentages was observed (anti-HbF versus anti-D, r= 0.897, p<0.05). FMH volume was 
calculated and a significant correlation between expected and observed FMHs in RhD and HbF 
was obtained (p<0.05, r=0.984, r=0.874). The anti-HbF flowcytometric dual staining allowed 
better distinction between fetal RBCs (HbF+,CA-), F cells (HbF+,CA+), and adult RBCs 
(HbF-,CA+). Although Rh-D showed better correlation, but higher values with the RhD in 
suspensions lower than 10% were noted. 
 
Conclusions 
Data showed that anti-HbF labeling is significantly much more accurate than RhD labeling. 
Quantification of FMH using these two techniques described allows precise dosage of RhD 
immunoglobulin for protection against anti-D allo-immunization. 
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