
Epidemiología y tratamiento de
Plasmodium vivax 

The epidemiology and treatment of Plasmodium vivax

Inoni Betuela

Aquesta tesi doctoral està subjecta a la llicència Reconeixement- NoComercial – 
SenseObraDerivada  3.0. Espanya de Creative Commons.

Esta tesis doctoral está sujeta a la licencia Reconocimiento - NoComercial – SinObraDerivada  
3.0. España de Creative Commons.

This doctoral thesis is licensed under the Creative Commons Attribution-NonCommercial-
NoDerivs 3.0. Spain License.



�
�

��������	��
���

�

�

��������	�
��
�
�����������
��
�������	
���	��


�

���������	�
�
�
����������	����
���������	
���	��


�����
�����	�



������������������������



�
�

� �



�
�

�

���������	�
��
�
�����������
��
�	��������
������

���������	�
�
�
����������	����
������	
���	������

�����
����������
���
�����
�����	�


����
�����
�	

����
��
������
��
��������


������
�������������
����
!��"��
������
�
���
���		��

�����������������������
#
����$�
%��	$
���
�
����������
��


���������


���
����
��
���������&
��������&
'���	���
��
��������




�
�

�����%��
()*+


�����
,�-
/�����
���������
�0
������	
1������2


�3/	�%�	&
�����	���
���������
�0
/	�%�	
4��	�2


5�����
��
1������
��
3�	��
������������	
��
�����	���
651�3��7


8����������
��
�����	���




�
�

��
�

�����������

��� !�
����
� "�

#�� $���	���%&��������
'�� ���

(�� )�		��
�%*������'� �"�

+�� !�����������
�����
��� #,�


 9�*
 

������	
���
�
����	���������������
�������������	����	
�����
���

�
�������	��

 (:



 9�(
 
 ���������������	���������������
��������	�	���� 
 (;



 9�+
 �	�
��
����������������������������� 
 (<



 


9�+�*  ������	��!�
���
�"���
���#	��
	������!
�������	�����	
��������� 
 (<



 


9�+�( !����������	��������� ����������	��������������� 
 (=



 9�9
 $������%����	��"��
	��	���%�
�����#&'
����������	��"���
�� 
 +*



 9�:
 �(&')"*�%�
����"��
	��	���	����������!������	�	+��� 
 +*



 9�>
 "	������
�!������	�	+��	���������� 
 +:



 9�>�* �����	�������
�������������� ���
����	�� 
 +:



 9�>�( �	�
��
����������+���������%�
����� 
 +:



 9�>�+
#	����,���-�"������������	������������������	����". ������

"	������
�)	
���	��/�		�'$��+�� ������	���"	�)./��

 +>



 9�>�9 ���������	���	
������� 
 +=



 9�;
 ����
�����*�0��
��� ��������� 
 9)



 9�<
 1���	
� 
 9*



 9�=
 #��������(�����������$�%�
���������������
�� 
 9(



 9�=�* $�%�
���������������
���'�#	�������'
�����	
��
%���	���������� 
 9(



 9�=�( $�%�
���������������
���'�2	�������
�������%�
������
���������� 
 9+



 9�=�+ #	���
��+��������� ��	������������'�$�%�
������������������ 
 99



 9�=�9 (
�+��
������������(
�+'
��������� 
 9:



 9�=�: #��	
	0�����&������������������ 
 9:



 9�=�> ��������	����$�����
���
���������	
����	��������������
�� 
 9>



 9�=�; �
���0����������3�(������������ 
 9;



 9�=�< �3�(�������+ 
 9<



 9�=�= 2���	�	��	���������������	���	������(
�+�� 
 9=


,� )������������
�����
���
������������ :*




3�
�


 :�*
 '����
�����

 
 :*



 :�(
 3�����
�����

 
 :(



 :�+
 �2���
�����

 
 :+



 :�9
 '����2
�����

 
 :+


:�:
 '�0�2
�����
 
 :+


:�>
 �2�
-��
0��-���
 :+


-� .
�
�����������
/0������� ::



 >�*
 4����2����
 
 ::



 >�(
 /�����	
�%?�������
 
 ::


1�� 2�������������	���
�� :;



 ;�*
 3����
���	���
0��
��2���
*
65�		��7
 
 :;


;�(
 3����
���	���
��2���
(
6#	%�����7
 
 :=



 ;�+
 ��	���%�	���
���
6��0���7
�0
�!
��
�2�	����
*@*)
�����
�	��
 
 >(



 ;�9
 �!
�2������C������
�����
��
�2�	����
:@*)
�����
�	�
 
 >(


;�:
 ����
����
�����
 
 >+

;�:�* (��������+������
���	���
�������� >+

;�:�( (����#����
��"���	�� >9


 ;�>
 3���������	
#��	����
�	��
 
 >9


;�>�*  ���������	������������������������	������
��+��	��	�'��� >9

;�>�( ����'�	'��
����������� �������	�� >:

;�>�+  ���������	����
���	
�	�����������������	��� >:

;�>�9 (��������������	
��4����
���	5������������� >:


 ;�;
 ��2���	
��������������
 
 >>


3� 4������� -1


 <�*
��������	�
�
�0
��	����
��
�2�
�����
,�-
/������


2�
2	����
>;



 <�(

1�	�����
������%���
��
��0�����	�
��
�2�
���C
�0
����	��


��0������
���
�������
��
�����
,�-
/������
�2�	����
*@:


�����
�0
�
���
>=



 <�+
��	���%�	���
���
��0���
�0
�����"����
��
�����
,�-


/������
�2�	����
*
��
*)
�����
�0
�
�

;*



 <�9

�2������C������
����������
�0
���
	�@����
�����"����
��


�����
,�-
/������
�2�	�����
'����%�	���
�0
�%%��������


2�
2@����
��
�����
0��
������	
����
�0
�����
��	����



 ;+



 <�:
�����"����
���������
0��
�������	
���	��

D
#�
��������	


���	
0��
��	����
������	
���
�	���������
��
�����
,�-

;:




6�
�

/�����

"� )�		��
�
���������������
������
�� 11

3����
*
 1���	��
 ;;



 5���	������
 ;;


3����
(
 1���	��
 ;<



 5���	������
 <)


3����
+
 1���	��
 <*



 5���	������
 <+


3����
9
 1���	��
 <9



 5���	������
 <:


3����
:
 
 <>


�5� ��������
� 31

��� !�������&
������
�� 3"

�#� 6�/��
�����
 "(

�(� 4�7�
8�����	���� �5#



�
�

7�
�

� �



8�
�

��������	
���

#5�1
 #��"����
�	�����	
���
��������	�
���	
��������

#5�
 #����������@%����
���%�������
�2�����


#F
 #������2��@F���0�������


#!
 #�����"����


#1�
 #���������


�53
 �	������
5���
3��	�


5!
 52	���"����


5!1�0
 5	���"����
���������
�������	
������	���
�

5!1��
 5	���"����
���������
�������	
���	��


���
 ���2	���@���2���	@����2	�����2���


�4#@�!�
 ��2���������������@������"����


/>��
 /	�����
>
�2���2���
��2����
�����


����
 ������������
����������
���������
��
��0����


�1�
 ������������	
1����-
�����


�13
 ������
�������	
�������



F�1@'�#
 F�
���
���������
��������@0	���������
�������2���
�����


FF�,
 F��
@	�����

�����������	
����


F�
 F�
2�
����������
���
�����


��	�1#
 ��	����
�����������
�������2
�
����


��#
 ����
���

��������������


�G�
 ��	���	�����
�0
��0������


,��4

 ,������	
����������
�0
2��	�2


��51
 ,�����
��	�������
�2���
��������


�51
 ��	�������
�2���
��������


�51@1'F�
 ��	�������
�2���
�����������
0��
����
	��
�2
��	�����2���



�������	���
�� �������	
������	���
��

��������	��� �������	
�������	��

��������� �������	
�������



����	��
� �������	
���	��
�


 


� �



9:�
�

�����	
���
������	������

�,/
 �����
,�-
/�����


�!
 �����"����


"�51
 !�����������
���	
����
��	�������
�2���
��������


1��
 1����
���
������
����


3#G
 3���2����
#����
���	��������


3�
 3�	0�������@�������2�����


H4G
 H��	�
4��	�2
G�
���J�����



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 




�
�

99�
�

�������������	�����	�����

F�
 ���
�
 ��
 ��0�������
 �
 	��
 �������
 ��	���������
 ���
 	�
 ��	����
 2��


����������
 �
 ����	
 
	�%�	&
 ��������	�����
 
������
 �
 	��
 ��?����
 ��
 	�


���	��������$�
 
 ��
 	��
 ��������������
 ����
 ��������
 �
 ������
 	�
 ��	����&
 �
 ��


�������	��
 �	
 ���
 ��
 	��
 ���"�������
 �����
�����
 ���
 ������������
 ��
 	��
�


������$�
�
�	
�����������
��
	��
���������
�	������
���
��������
���%������
���


�������������
 �	
 ��������
 �������
 ��
 	��
 0�����
 ������	��
 ����������
 �


0��������
	��
��0���J��
��
������	
��
	�
��	����
2�
���������
"��
	�
�������
��


	�
��%	���$�
��%��
"��
����
��
������
���K�����
��
��	����
 ���
�
������
�


�������
 ��
 ��������$�&
 �
 ���
�$�����
 ��
 ����
 ��
 ������2�
 ��
 ��	����
 �
 �


��������
���%������
���
�������������
��
�������
�
 	��
�����
��
*)9
������


������	����
���
	�
G�3
��
�	
��0����
������	
��%��
�	
��	������
��	
()*(&
��


������
 "��
 ��
 ��������
 (;9
 ��		����
 ��
 �����
 ��
 ��	����
 �
 *�*
 ��		����
 ��


�������
 ��	���������
 ���
 	�
 ��	�����
 �	
 K����
 ��
 	��
 �������
 ��
 ������	


�����	��
 2�
 ����������
 �	
 �%?�����
 ��
 	�
 �	�������$�
 ��
 	�
 ��	����
 �
 ��


����������$�
��	

	�%��


3��
��%��
�&
	�
�����
�����
��
	��
	�
���

	�%�	��
��
��%��
�
	�
�������$�


��
 ��0�����
 
�����
 �
 �������
 ��%����
 �
 �������	
�� ����	���
�&


��������	�����
 ��
 	��
 ������
 �0��������
 '����
 ��
 L0����&
 	�
 �������
 ��
 	��


��
�����
���K�����
��
��	����
�������
���
�M�
��
���
�������
��	
���M����


�������	
��
 �������
 �����	��
 ����
 	��
 ���"�������
 �����
�����
 ���


������������
��
	��
�
������$�
�
	��
��������
���%������
��
������������
��
2��


��������
�M�
�0������
������
�������	���
�
"��
������
�������	
���	��
�
��


	�
�������
��
	��
������
���K�����
�����
����	��

�
�������	���
�
���������&


���
���
�����
�0������
��
������	
��
	�
��	����&
������
2�%����
���������
��


����������
 �����������	
 ��
 	�
 �����	�����
 ��
 ��� �	��
&
 ������������
 �
 ���

����	���
�
����
�������
�������������
����	��

��
�M�
��0���	
��
������	��
"��


�������	���
�
�
�����
��
	�
0���
2��M����
��
����	��

 		�����
2����J�����
F��


2����J�����
������
����������
���������
��
�	
2�
���
�������
	��
��
��������


��
 ������
�����
��
��	���
�
���������
����
 ����0�����
 	�
 ���
��
�
 ������
���


�������
 ��
 ��	����
 ���
 ��� �	��

 ��
 �	
 2�K����
 2������
 ��
 	��
 ��
�����


�������	��
	��
2����J�����
��
�������
�M���������&
�
���
�������
	��
��������




9;�
�

�N	���	��
 �
 �������	��
 ��
 �����
 ��
 +
 �������&
 ��������
 "��
 ��
 	��
 J����


��%�������	��
	��
��������
������
����������
���
�������	��
�M�
	��
��
6��
<
�


*)
�����7�
F�
���
	�
�	�������$�
�
����������$�
��
	�
��	����
���M
��0���	
���
	�


����������$�
 ��
 	��
 2����J�����
 ��	
 2�
���&
 �������	�����
 ��
 ��
�����


���K�����
���
���������$�
��
	�
��	����
�������
����
���N�
,����
/������


#����	�����&
 	�
 �����"����
 ��
 �	
 N����
 0M�����
 ������J���
 ��
 �	
 �������


"��
 �����
 �0����
 ��%��
 	��
 2����J������
 F��
 ��������
 ���%������
 ��


������������&
���"��
���
���
�0������
������
 	�
 ��0����$�
��
 0���
���
�����


��
��%��
�������	
�&
��
������
���
N�
�0����
��%��
	��
2����J������
8��
��


	��
�������
���
����
	�
�	�������$�
��
	�
��	����
��
	�
������������$�
������
��


�������������
 3��
 ��%��
�&
 ����
 "��
 ����
 �������
��
 ���
 �0���J
 ��
 M����


���K�����
��
����	��
&
��%�
���	���
	�
�����"����
��
�	
�K
����
��
�����������


����
���
���������
 	��
2����J�����
��
�	
2�
���&
����
�	
���
 ��������������
��


����
0M�����
�����
���		����
���%	����
��
��
������
������������
F��
0������


����%	��
 ����������
 ��
 	�
 �����"����
 ��%��
 ���
 0M������
 ���
 ���
 0���
 ��


�	�������$�
 �������	
 	��
�
 ���
 �	
 0��
 ��
 ������������
 ���
 ���0�	����
 ����@

�����������
 �0���J
 ����
 �������
 	�
 ���������$�
 ��
 ��� �	��
&
 �����������
 	��


��������
�����
�	
2�
����
F�
�������
��
	��
��0��������
���
����	��

��
��O��


�������
�
���	���
����
����	����
��
	��
��������
���
��������$�
��	
2����J����


��
�	
2�
���
���
�������M������
���
����
	���&
	�

�����
K�����
6��������$�
��



������&
 	��
 ��������
 ��0�������
 ��������%	��
 ��
 	�
 ���������$�
 �����
 �	


2�����
�	
��
������
���"����
������7
��
����	��

������
��
0����
������M���


���
 �	
 �������		�
 ��
 	�
 ��0����$�
 ��
 0���
 ���
�����&
 2��2�
 "��
 		���
 �
 ���



������������
 ��������
 "��
 ����������
 	�
 ���%�%�	����
 ��
 ���������$�
 �


���"�����
�����
���	���
��
	�
�������$�
��
��������
�
���
�����
��	
�����������


��
	��
�����
������M������
3�
2�
����������
"��
	�
�����"����
���%�K�
��
�	


N����
0M�����
�0���J
������
	��

����������
��
�������
P
��
�������	���
�&
	��


����������
 ��������%	��
 ��
 	�
 ���������$�
 ��
 ����
 �������
 �	
 ���
 ��
 	�


�����"����
����
	�
������������$�
������
��
������������
���M&
���
	�
�����&


���
2����������
�0������
����
	�
��������$�
��
	�
���������$�
��
����	��

�
���

����	���
��


��
	�
�����	����
��
���������
	�
������%���$�
��
	��
2����J�����
�
	�
���
�


��
��0����$�
�
��0�������
���
����	��
&
�������	�����
��
	��
��O��
"��
�����




9<�
�

��
J����
��
�	��
������������
F�
�����"����&
�	
N����
0M�����
�0������
������


	��
2����J�����
��
����	��

�
��������
��������&
������
�����
2���
�M�
��
>)


�O��
����&
���
��%��
�&
��
��%�
���
����
��
��
��
������
�
��	���%�	����
��


	��
��O��&
	�
��%	���$�
"��
��0��
	�
�����
���
�
��
��0����$�
�
��0�������
���


����	��
�
���	���
��
��
���
��
���	���&
�������
��
��
��%�
���2�
������
��
	�


����0�����$�
�
����
��
����$��
�������
�����������
	�����������
��
�	
���
��
	�


�����"����
 ��
 ��
������
 ��
 �����������
 ��
 	�
 ��	�����
 ��
 ������
 	�
��&
 �	


����
�
	���	
��
������
2���	�����

����
��������
�	
�����������
���
�����"����


����
 	��
��������
���
 	��
���������

�����
��
��0��������
��
���2����
�����


��
 
	�����@>@0��0���
 6/>��7�
 ��
 ��
����
 	�
��&
 	�
 0�	��
 ��
 ��
 ����
 ��


���
�$�����
 �M����
 %�����&
 0��%	�
 �
 ������%	�
 ����
 ��������
 	�
 ��0��������
 ��


/>��
 �������
 	�
 ���������
 �	�����
 ���������&
 ���
 ����
 �������
 �	
 �?�������


����������
��
������������$�
������
��
������������

��
 �����
 ,����
 /�����&
 ������
 ��������
 ��
 ��2����
 	��
�������	��
 2��


����������
 "��
��� �	��

 ��
 	�
 �����
�M�
���N�
��
 ��0����$�
 �
 ��0�������


���
 ��	����
 ��
 	��
 ��O��
 �������
 ��
 +
 �O��
 ��
 ����&
 ��������
 "��
 ���

����	���
�
���������
����
�����
��
���%�	����
��
��O��
��
+
�
*)
�O��
��


�����
F�
��0�������
�	�����
����������
�
����	��

�����
��
�����
��	�������
�


	��
+
�O��
��
�����
#
�����
��
"��
	�
�����	�����
��
	�
��0����$�
���
����	��

�


�������	���
�
���
����	����
��
�	

����
��
�����
����&
	��
��O��
���
��0����$�


��
����	��

����������
�������M�����
�
���������
��0�������
�	�����
	����
,�


2��
�������$�
���������	
��
	�
�����	�����
��
����	��

��
���������$�
���
	�
��


��� ����	���
��
 ����
 �����
 ���
 ��%���
 �
 	��
 ��������
 ���
 ��������$�
 ��
 	��


2����J�����
��
�	
2�
���&
"��
������%����
�
	�
����0����$�
��
	�
0���
���
�����&


���
��"�����
	�
���������$�
��������
�	
������
���0�	����


����
 �����
 ��������
 �����
 ��
 ���
 ��������
 ��
 ��2�����
 	��
�������	�	��
 ��


��O��
��
*
�
*)
�O��
��
�����
,����
/�����
���
����	��
�����	��
��
/>��


����
���	���
�	
�0����
��
	�
�����"����
��%��
	��
2����J�����
��
�	
2�
����
F��


�%?������
����
����
�	
��������
����������
	�
������%���$�
��
	��
��������
��
	�


��������$�
�����
 	��
2����J�����
�
 	�
���
�
��
 ��0����$�
�
��0�������
���
���

�	��
� ��
 	��
 ��O��
 "��
 �����
 ��
 ���
 J���
 ��
 �	��
 ���������$�
 ��
 ��	����&


�����K�
 ��
 ��
 ���@�����������
 ���
 �����"�����
 �	
 ��
�����
 ���	���
 	�


��
������
 �
 ��	���%�	����
 ��	
 ���
 ��
 	�
 �����"����
 ��
 	��
 ��O��
 ����
 ���@



9=�
�

�����������
 ��
 �	
 ��������
 ����
 	��
 ��������
 ��
 ��2�����&
 ��
 ����������
 	��


�����������
 0���������K�����
 ��
 ���
 �����
 N����
 ��
 �����"����
 ��
 ��O��
 ��


�����
 ,����
 /�����
 ����
 ���	���
 	�
 ���%�	����
 ��
 ��
 �������	
 �����������


�����
 ���
 �����
�	���
��
 �����"����
����
 	�
 ����
 ������	
 ��
 	�
��	����
 ���
���

�	��
�
�����
��������
�����������
	�
%���
��
����
������

��
 �	
 ������
 �������&
 ��O��
 ��
 �����
 *
 �
 :
 �O��
 ���
 />��
 �����	
 0�����


��	����������
 �
 ������%�����
 �	������������
 ��
 ����
 
������
 
����
 ������	
 ���


��������$�
���@�����������Q

����
���@�������
���
����������
R
�����"����&
�


�"��		��
 ��	������
 ��������
 ���
 �����������
 F��
 �����
 ��
 �����������
 ��


�������������
%�?�
�%�������$�
�������&
�
�������
?����
���
�������
F��
��O��


0�����
 ��
�����
 �����������
 ����
 ���
 �������
 �������
 	��
 ��������
 ����


�����&
	��
�
������	�����
2����
�����
�����
2�������
�������$�
��
�����


���
��0����$�
��
��	����
�������M����
�
��
�����
�	�������
F�
�������$�
������


��
�����
��
2�J�
��������
	��
��0�������
����%	������
��
	��
�	������
	���	��


�������
	�
������$�
����	
��	
��������
F��
����	�����
��
����
�������
��
��2����


��������
"��
�	
���@�����������
���
����������
�M�
�����"����
6*9�&
)�:
�
7


����?�
	�
����������
��
��	����
���
����	��

��
��
9=S
�������
	��
+
��������


�����
6�
U
)�)+*7
�
��
*=S
����
	��
�����
9
�
=
6�
U
)&(:7�
���%�K�
����?�
�	


������
��
	�
�������
�������$�
���
�����������
$�����
�
���
�51
��
	��
�����


���������
 ���
 ��0����$�
 ��
 ��
 :;S
 �
 9<S&
 ���������������
 6�
 V
 )&))*7&
 ��


���������$�
���
�	
 
����
"��
�$	�
 ���$
�����������
�	
�0����
����������
��	


���@�����������
��
�	

����
��
�����"����
��
	����$
�
	��
��������
+
�����
��


��
��������
�
�	
+)S
��
	��
��O��
��0������
���
����0����$�
�
	��
(
�������
��


��
���������


��
 �	
 ��
����
 �������&
 ��
 ���	�J$
 ��
 ������
 �	������J���&
 ��%	�
 ���
�&


������	���
���
�	���%�
����
��������
�	
�0����
��
	�
�����"����
��
��O��
��
:
�


*)
�O��
��
����
���
����	��
�����	��
��
/>���
�����
 	��
��O��
��	
�������


����%�����
�	���"����
��
	��
����
*
�
+&
�
�����K���
	���0�������
��
	��
����
*:


�
 *;
 ����
 ��
 	�
 0���
 ��
 ���@������������
 F��
 ��O��
 0�����
 ���
�����


�	������������
 ��
 ���
 
�����
 ����
 ����%��
 �����"����
 �
 �	���%�&
 ?���������


���
 �	���"�����
 �����
 	��
 �����
 ���@�����������
 ��
 �������������
 %�?�


�%�������$�
 �������
 �
 ?����
 ���
 ������
 ���	�J����
 �	
 �����
 ���
����
 ��


��
��������
��	
������
��������
F��
 ����	�����
��	
 ��
����
�������
��������




9��
�

"��
�	
���@�����������
���
�����"����
����?�
�	
����
�
��
��"�����
���
��0����$�


��
0���
���
�����
�����
��
��
;<S
6�V)�)))*7&
�
��
��0�������
�	�����
��
��


><S
 6�V)�))+:7�
 F�
 ����
 ��
 �����$
 ���
 ��
 ����
�
 �����
 ��
 ���������


���������
�	������
��������
���
����	��

��
���	"����
��������
6�V)�)*>;7
�
��


�	��
��������
6�V)�)*>7�
F�
�������
��
����0��������
����������
�������
	��
*(


�������
��
���@������������


�	
������
�������&
����O���
����
����������
	�
��
������
�
	�
��	���%�	����
��	


�����������
���
�����"����
��
	��
��O��
��	
�������&
��
		��$
�
��%�
�������
	�


0���
 ��
 ��
��������
 ��
 	��
 ���
 ��������
 ��
 ���@�����������
 ��
 ��2������
 3�


���	�J$
 ��
 ������������
 ����@������������
 ��
 �����
 	��
 ����%	��
 �������


��������
�
������������
�����
��
	�
����
��
	�
�����
��
�����"�����
�����


	��
�����
��
�����"����
��
�������������
���
�	�������
�������
��
�	

����
��


����
�M�
?����&
��
�	
"��
	��
��O��
0�����
�����������W�	���������
���
	��


�������
F��
����	�����
��
����
�������
���������
"��
��
��������%��
*9
�����


�������
 ��
 )�:�
WC

 ��
 �����"����
 ����
 
������J��
 	�
 ��
������
 �
 	�


��	���%�	����
��
	��
��O��
��
��%��
��������
��
��2������
��
���
���
��
�		��


2�%�
 �������
 ��������
 
�����
 �W�
 �%�������
 ���������
 ���
 	�
 ����
 ��


�����"�����
 ��
 	��
 ��O��
 "��
 ����������
 �M�����
 �
 �$�����
 ��%���
 �
 	�


��
����$�
 ��
 �����"����&
 	�
 ����������$�
 0��
 ����
 ���������
 �
 	�
 ��
����
 ��


�	��������


#
 ���J
 ��
 	��
 ��������
 ��
 ��2�����&
 ��
 ����������
 	��
 �����������


0���������K�����
��
���
�����
N�����
��
�����"����
��
��O��
��
�����
,����


/�����
 ��
 �����
 :
 �
 *)
 �O��
 ��
 ����&
 ����
 ���	���
 	�
 ���%�	����
 ��
 ��


�����������
�����&
���
��
������
��
�����������
���
�����"����
��
�����
�	���


����
 	�
 ����
 ������	
 ��
 ��	����
 ���
��� �	��
�
 3�
 ���	�����
 	��
 ���0�	��
 ��
 	��


�����
��
)�:
�
WC

�
*�)
�
WC
�
�������
�	
���	���������&
	��
��O��
��	
�������


0�����
 ��
�������
��
�	
5�����
��
3�	��
�������
(
����
����
�����
2����
��


��
��������
��2�������
 �
��������
 	�
 ����
��
��������
��
���
��
 0����������


�������
 ����
 ����
 ������
 	��
 �������������
 		������
 ���
 �M��	�
 �����������


����������
����
 �����
��������
��
���
���
F��
�����
��
�����"����
��
��@

�������������
���
�	��������


�	
 �������
 ��
 ��������J���$�
 ��
 	�
 ��
������
 �
 ��	���%�	����
 �����$
 "��




93�
�

��%��
�����
��
�����"����
0�����
%���
��	������&
���
�0�����
��������

������


,�
2�%�
���%���
�%��������
��
	��
��������
�
	�

�������
��
	��
�M�����
�


��	����
�%������	��
��
���
���
��
	��

�����
��
����0�����$�
��
�����"�����


,�
 2�%�
 ��0��������
 �����
 	��
 
�����
 ��
 	�
 �����������$�
 ��
 2���
	�%���
 �


����	��
 ��
 ����2���
	�%����
 F��
 ��
������
 ������
 ��
 �����
 �	���
 ����	����


���������
 "��
 	��
 ���������������
 ��
 �����"����
 �
 ���%��������"����
 ��


�	����
 ����������
 �
 �%�������
 ��
 0�����
 ��
��0������������
�������
 "��
 	��


�%��������
 ��
 	��
 ��������
 0���������K�����
 ����������
 ��
 ���	����
 ����


��
����
"��
�����
 	��
��
������
��
�����
��
)�:
�
WC

����
��
*�)�
WC

��


�����"����
�������
���
���	�����
���
�M�
����		�
��
��������
��
��
������
�


�0������
��%��
��������


P�����
 ��������
 2��2��
 ��
 �	
 ������
 ��%��
 	�
 �����"����
 ����������
 ��


�������
��
	�
�0������
��
	�
�����"����
������
��������
�
���
���
�
���
���


0���
 ��
 �	�������$�
 �������	
 	��
��
 F�
 �����"����
 ��
 �M�
 �0���J
 ������
 ��


����������
 ���?���������
���
�	���"����
��%���
�
 ��
�0����
���0�	M�����
����@

�����������
 �M�
 	��
�&
 ��	
 �
 ����
 ��
 �������
 ��
 �	
 ��
����
 �������
 ��


��2������
 F��
 ��������
 ���%�K�
 2��
 ����������
 "��
 	�
 �����
 �����K�����
 ��


�����"����
 ��
 %���
 ��
 �	
 �0����
 ��
 	�
 �����
 ����	&
 �
 ��
 ��
 	��
 �������	��
 ��


����0�����$�&
 ��
 "��
 ���
 �����
 �����
 ������
 �������
 ;
 ����
 ������
 ���
 
 ���


�0���J
����
�	
 �K
����
��
*9
����
���
�������
��������
�������
������
��


��@�������������
���
�������
F�
�����	
�����
������
��
�����"����
�������
*9


����
��
�M�
�0���J
������
��
����������
��
 	��
 �����������
��
 �������
���$�


���
 	�
�%�������$�
�������
��
 	�
 ��
����
��	
 0M�����&
��������
"��
��
 	�
����


���	&
��%���
�
 	�
0�	��
��
����	�������&
�	
 �����������
���
�����"����
�����
��


�0����
 �M�
 ���������
 8�
 �����������
 �����
 ���
 �	���
 �����
 ��
 �����"����


�������%	�
���
�	
�K
����
��
+
����
��
��	�����$�
��
	��
��������
���%������


���
 ������������
 �����
 $�����
 ����
 ��?����
 �	
 ����	�������
 �������
 �	


�����������
 ��
 ������
 �
 0���	����
 	�
 ������������$�
 ����
 ������������$�
 ������


��
������������
����
	�
�	�������$�
��
	�
��	�����
���
�����&
�	
N	����
������	�


��
����
�����
������
�	
����%	�
���
��
	�
�����"����
����
2����������
��
�$	�


��
������	
����
"��
���%�K�
����
	�
�	�������$�
��
	�
��	����
��
�	
��������
��


���
J���
����
���N�
,����
/������



F��
 ����	�����
��
�����
 ��2�����
 	��
�������	��
 �
 	��
��������
��
�����
��




96�
�

�����"����
 ������%���M�
 �	
 ������������
 ������0���
 ��%��
 	�
 ��������	�
��
 �
 �	


����?�
��
����	��
&
	�
��
������
��	
���
��
�����"����
��
��O��
�
�
	�
��?���


��	
 ����	�������
 ��
 	��
 �����
 �����������
 ��	
 0M������
 ����
 ���M
 ���


2����������
N��	
 ����
�	
 ������	
 �
�	�������$�
��	
 ��	������
����
���%����
 	��


2����J�����
 ��
 �	
 2�
���
 ��	
 2�K����
 2������
 F�
 �������
��
 ��
 	�


������������$�
 ������
 ��
 ������������
 �������
 ��������	�����
 ���������


����
�������
	�
���������$�
��
	�
��	����
��
�$	�
�	��������
2����J�����
��
���

�	��

��
�	
2�
���&
����
���%�K�
	��

����������
��
0���
P
��
�������	���
��




�

97�
�

� �



�

98�
�

�������	
�������������

/	�%�		�&
�2�
%�����
�0
��	����
��	����
�������
���
����2�
2��
���������
��


�2�
 	���
 *)
 �����&
 ����	�
 ���
 ��
 �������������
 0��
 ��	����
 ����������
 ���


���������
 -��2
 	��

 	�����

 �����������
 �������
 %��
 ����
 ���
 �2�
 �����������


���%�������
 �2�������&
 ����������	��
�2�
 ������
 ��������
 ��
/	�%�	
 0�����

 0��


��	����
������	
�00����
2��
���%	��
��?�����
�0
 ���������2��
����	������
 	����



��
 ��	����
 �������
 ���������
 ��
 ������
 ������������
 ��������&
 ���
�����
 �0


�����������
��	����
�����
���
�����������
���%�������
�2��������
#�������

��


����
 ���������
 0���
 *)9
 ���������
 �����	��
 %�
 H4G
 ��
 �2�
 ()*(
 ��	����


������&
 ��
 ���������
 
 (;9
 ��		���
 ��	����
 �����
 -���
 �������
 ���
 *�*
 ��		���


	����
 �����
 0���
 ����
&
 0���
 ��	����
 ��	����
 �		�����
 �2�
 �������
 �0
 �������


������	
��������
2��
����
�
���&
����-��
�2�

��	
�0
��	����
�	���������
���


���
�����������
0���
�2�

	�%��



4�-����&
����
�0
 �2�

	�%�	
��2���������
���
���
 ��
 ����������
 ��
 ������


�������
 ���
 ����2�
 0���
 �������	
�� ����	���
�
 ��	����
 ����	�
 ��
 #0�����


����������
G������
�0
#0����&
����
��	����
�������
��
����
2���
����
�2��
���


�������	
�
��������
�������
��������
�2�
�������
��������&
����

	��

	�����



�����������
 �������
 ����
 ���
 �����������
 ���%�������
 �2�������
 ���
 ����


�00������
�
�����
�������	
������	���
����������
��
����	��
���	�����
��
����


��� �	��

 �������
 ���������
 -��2
 �00������
 ��	����
 ������	
 ���
����&
 �2���
2��


%���
 �
 ��	�����
 ��������
 ��
 �2�
 �����	����
 �0
��� �	��
�� ���	����

�������	
��

����	���
����
�2�
�����������
�������������	��

��
����
��00���	�
��
������	
�2��


�������	
�� ����	���
��
 �2��
 ��
 ���
 ��
 �2�
 	����
 ���
��
 �0
 ��� �	��

 ��		��


2����J������
�2�
2����J�����
������
�������
��
�2�
	����
0��
���	��
��
�������


�0
 ����
 %�0���
 ����������&
 ��
 ��@��0���
 �2�
 %	���
 	�����

 ��
 ��� �	��

 ��	����


��0������
 ���
 ��	����
 ��
 �2�
 2����
 2����
 ��
 �������	
 ��
����&
 �2�
 2����J�����


��������
 "���C	�&
 ���
 ��	���	�
 ��	�����
 ������	�
 �����&
 ��
 �%���
 +
 -��C	�


�������	�&
-2�	�
��
�2�
��%@�������&
��	�����
�����
��
�%���
<@*)
����2
�������	��


#�2�����

�2�

��	
�0
��	����
�	���������
���
�����������
-�		
%�
��00���	�
-��2���


�����������
�0
�2�
2����J�����
0���
�2�
	����&
�������		�
��
�������
��
����
-��2


��������	
��	����
������������
���2
��
�����
,�-
/������



5������	�&
 �����"����
 ��
 �2�
 ��	�
 	�������
 ���

 ��
 �2�
 ���C��
 �2��
 2��
 ��




�

;:�
�

�00���
����
�2�
2����J������
�2�
�����������
���%�������
�2�������
-2�	�
2�
2	�


�00������
�
�����
 �2�
%	���
���
�
 ��0������
�0
%��2
�������	
�� ����	���
�
���


����	��
&
2���
��
�00���
����
�2�
2����J������
G��
�0
�2�
������
���
0��
��	����


�	���������
 ��
 ����
 ���

 ���������������
 4�-����&
 0��
 �2��
 ������
�
 ��
 %�


�00������
 ��
 ��� �	��

 �������
 �����&
 �����"����
 ����
 %�
 ���	����
 ��
 �2�


���������
��
����
��
���������
�2�
2����J�����
0���
�2�
	�����
�2�
�������
���



�0
�����"����
����
2���
�
 	��

 �������	
�	���������
�2���
 ��
�����
 ��
�������


�00������
����@���������
����2�	����
��
�������
��	�����
0���
�2�
	����
��
����
���

�	��

 �������������
 ����
��� �	��

 ��0�������
 ��
 �	���
 �2�	����
 ���
 ���	��
 ��
 �


����	�
 �0
 ��	�����
 0���
 2����J����
 ����������
 ��
 �2�
 	����
 ���
 �������������


��������&
 �2�
 
���������
������
 �0
 ��� �	��
� �����
 �����������	�
 -��2
 �2�


����	������
�0
%	���
���
�
��0������
	�����

��
���	�

������������
-��2
2�
2


���%�%�	���
 �0
 ������������
 ��
 ���"������
 %�0���
 ���������
 �0
 �����������


������
�����"����
2��
�	��
%���
�2�-�
 ��
%�
 �2�
��	�
���

�00������
�
�����


�2�

���������
���
�
0���
�0
�������	
������	���
��
�����"����
���
0��
����


���

��������������
-�		
�2���0���
%�
��
�00������
���	
0��
���������

���	��

���


�������	���
�
�������������


5������	�&
 �2�
 ������%�����
 �0
 �2�
 2����J�����
 ��
 �2�
 %�����
 �0
 ��� �	��


��0������
 ���
 �������
 �������		�
 ��
 �2�	����
 	����

 ��
 2�
2	�
 �������
 �����
 ��


���-�		
 �����������
 �����"����&
 �2�
 ��	�
 	�������
 ���

 C��-�
 ��
 %�
 �00������


�
�����
�2�
2����J�����
�0
����	��
���������������
�������
0��
����
>)
�����&
���


����
 	���	�
 ��
C��-�
�0
 ���
��0���
���
 ��	���%�	���
 ��
�2�	����Q
 �2�
����	�����
-��2


�2�
2�
2���
%�����
�0
����	��

��0������
���
��������
����
��
���	�
���&
���2
��


���		
���
C��-�
�%���
�����

���
����
�0
�������
�2���
���
��?��
	����������
��


�����"����
 ���
 ��
 ��	����
 ���������
 ��
������
 '����	�&
 �2�
 ���C
 �0
 ������
 	�0�


�2��������

 2����	����
 �������
 ����������
 -��2
 �����"����
 ���������
 ��


�������
 -��2
 �2�
 ������
 ��������
 �0
 
	�����@>@�2���2���
 ��2����
�����


��0��������
 3�����	�&
 �2�
 	��C
 �0
 �2���
 ���
 ��	��%	�&
 �����
 �0
 ����
 �����


���
������
 ����
 0��
 
	�����@>@�2���2���
 ��2����
�����
 ��0�������
 0��
 �������


���
���
�����

����
���

����������������




��
 �����
 ,�-
 /�����&
 ������	
 	��
�������	
 ��2���
 �������
 2���
 �2�-�
���

�	��

 ��
%�
�2�
���������
�����
�0
��	����	
 ��0������
���
�������
 ��
�2�	����


	���
�2��
+
�����
�	�Q
-2�	�
�������	
������	���
����������
0��
�2�
��?�����
�0




�

;9�
�

��	����	
�������
%�����
��
�2�	����
����
+@*)
�����
�	��
�2�
�	�����	
�������
�0


����	��

���C�
��
+
�����
�0
�
��
����
�2��
2
�2�
�����	����
�0
��0������
-��2


����	��

���
��� ����	���
�
���
����	��
 ��
 �2�
�	���
�
�

����&
�2�	����
-��2
���

�	��

 ��0������
 ������
 ������������
 -��2
 	���
 �	�����	
 �		�����
 �2���
 ��
 ���2


	���
�������	
���������
��
����	��
������	����
��������
��
�2��
�0
�������	���
���

�2��
���
%�
���
��
��	�����
0���
2����J����
����������
��
�2�
	����
������%����



��
%	���
���
�
��@��0�������


�-�
 	��
�������	
 ��2���
 �������
 ��
 />��
 �����	
 �����
 ,�-
 /������


�2�	����
�
��
*
��
*)
�����
-���
�������
���
��
������
�2�
�00���
�0
�����"����


��
 �2�
 2����J�����
 ��
 �2�
 	�����
 �2���
 -���
 �-�
 ����
 0��
 �2�
 ��2���
 ��������


'����	�&
 ��
���������
 �2�
 ������%�����
 �0
 ��	�����
 0���
 2����J����
����������
 ��


�2�
%�����
�0
����	��

��0������
���
�������
��
�2�	����
	����

��
��
����
�0
2�
2


��	����
������������&
0�		�-��

���������
-��2
�����"�����
3�����	�&
��
������


�2�
��0���
���
��	���%�	���
�0
�����"����
���
��
�2�
�2�	����
��
����
�0
�2�
��2���


�������&
 ���

 ���������
 �2���
 ��
 �2�
 0��	��
 '�		�-��

 �2�
 ��2���
 �������&


�2������C������
 ���0�	��
 �0
 �-�
 ���
	�
 2�
2@����
 �����"����
 ��
 �����
 ,�-


/������
�2�	����
-�������������
��
������
�2�
0����%�	���
�0
�2���
������&
2�
2@

����
�����"����
���������
��
�����
0��
������	
����
�0
����	��

��	�����
�2���


�������
0���
�2�
%����
�0
�2��
�2�����



��
 �2�
 0����
 �����&
/>��
�����	
�2�	����
�
��
*@:
�����
�	�
-���
��������


���
 ����������
 ����
 �2���

������
 ������	
 
����
-��2
��
���@���������
���
�Q


�����"����
 �	��
 ����������
 
����Q
 ���
 �2���
 -��2
 ����������
 ��	�&
 ��
 ���@

����������
�2�
 ���������
�����
-���
������������
%�
������
�%������
 �2�����


-��2
 0����
52�	����
-���
 0�		�-��
������	�
�����
 �-�
-��C�
 0��
 �2�
 ������	
 �2���


����2�&
�2��
����2	�
��
��
����
����2�
0��
������������
��	����	
��0������
���


�	�����	
 ����
 ����������
 �������
 ����
 ���������
 -��
 ����
 %�
 ������
 %����
 ��


�2�
	���	
�	�����
�2���
2���
�2�
�����
���������
�2�
����	�
0���
�2��
��2���
�����


�2�-&
 ���@���������
 -��2
 ����������
 �	��
 �����"����
 6*9�&
 )�:�
7
 �������


���������
�0
��� �	��
���	����
%�
9=S
 0��
 �2�
 ������	
 +
����2�
 6�
 U
)�)+*7
���


*=S
0��
����2�
9@=
6�
U
)�(:7Q
���
�������
����
��
0����
 	�
2�
����������
���


�51@��������
 ��0�������
 %�
 :;S
 ���
 9<S&
 ����������	�
 6�
 V
 )�))*7&
 -2��


��������
 ��
 �2�
 ����������
 ��	�
 
�����
 �2�
 �00���
 �0
 ���@���������
 ��
 �2�


�����"����
 
����
 -��
 	������
 ��
 �2�
 0����
 +
 ����2�
 �0
 0�		�-@��
 ���
 +)S
 �0




�

;;�
�

�2�	����
2��
��@��0������
%�
(
-��C�
�0
0�		�-@���


��
 �2�
������
�����&
�
 ����������&
���%	�@%	���&
�	���%�
������		��
 ����	
�0


�����"����
�00���
-��
���0�����
��
/>��
�����	
�2�	����
�
��
:
��
*)
�����


�	��
 #		
 �����
 �2�	����
 ��������
 �2	���"����
 ��
 ����
 *@+
 ���
 �������2��


	���0�������
 ��
 ����
 *:@*;
 �0
 �2�
 ���@���������
 �2����
 �2�
 �2�	����
 -���


����������
 ��
 �������
 ���2��
 �����"����
 ��
 �	���%�&
 ��
 %�
 ������������
 -��2


�2	���"�����
 #		
 ���@���������
 �����
 -���
 ������������
 %�
 ������
 �%������


�2�����
-��2
0���
����

�2�
����
0�		�-
��
��2���	�
��
�����
����
�2�
����	��


0���
 �2��
 �����
 �2�-&
 ���@���������
 -��2
 �����"����
 �������
 �2�
 ���C
 �0


��"�����

�
��-
%	���
���
�
��0������
%�
;<S&
6�
V)�)))*7&
���
�	�����	
�������


%�
><S&
6�
V)�))+:7�
#
�
-��
����������
-��2
�
�������
���C
�0
����	��

�	�����	


��������
 �0
 ���
 �������
 6�
 V)�)*>;7
 ���
 2�
2
 �������
 6�
 V)�)*>7�
 ����
 ��@

��0�������
��������
-��2��
*(
-��C�
�0
���@����������


�2�
�2���
�����&
���������

�0
��0���
���
��	���%�	���
�0
�����"����
���������


��
�2�
�����
�2�	����
-��
���0�����
�����

�2�
���@���������
�2���
�0
0�		�-
��


��
 �2�
 �-�
��2���
��������
#
����@����������
"������������
�0
�		
�����%	�
���



�������
 ������
 -��
 ���0�����
 �����
 ��
 �����"����
 ����
 ��
�������
 #		


�����"����
 �����
 -���
 ������������
 -��2
 0���&
 2�-����
 ��
 �2�
 ����
��
 �
�



����&
�2�	����
-���
0��
%�
�2�
���2����
�2�
����	��
0���
�2��
0��	�@%����
�����


�2�-&
*9
���	�
�����
�0
)�:�
WC

�����"����
 ��
%�
��0�
���
-�		
 ��	������
 ��


�2�	����
 ��
%��2
 ��2���
 ��������
�2���
-���
��
�������
�������
������
���W��


-��2���-�	�
�0
�2�	����
����������
-��2
�����"����
��
������
��
�2�
�-�
��2����


��������
 ��
 �2�	����
 -��2
 ��������
 ������
 ��
 �������

 ���
 ��
 �����"����


��
������&
��������
-��
�	����
���������
����
0���
����C��



'�		�-��

 ��
 0���
 �2�
 ��2���
 �������&
 �2������C������
 ����������
 �0
 �-�


���
	�@����
 �����"����
 ��
 �����
 ,�-
 /������
 �2�	����
 �
��
 :@*)
 �����
 �	�


-��
���0�����Q
��
������
�2�
0����%�	���
�0
�2���
������&
2�
2@����
�����"����


���������
 ��
�����
 0��
 ������	
 ����
 �0
��� �	��

 ��	������2�
 ���0�	��
 �0
 ���
	�


�����
�0
�����"����
)�:�
WC

���
*�)�
WC

-���
��������
��
�2�
�2�	�����
#�


�����������&
 �����
 �2�	����
 -���
 ��������
 ��
 �2�
 4��	�2
 5�����
 0��
 (
 ����
 0��


�	���
���������
&
���&
��
�		�-
0��
0��"����
%	���
����	��
�
�����

�		
�2��
����


������������
2��
���-�		��

�����������
�����	�
��
�	���
0��
%	���
����	��
�
�2�




�

;<�
�

�����"����
�����
-���
��@������������
-��2
0����



�2�
 ��0���
 ���
 ��	���%�	���
 ���������

 �2�-��
 %��2
 �����"����
 �����
 -���


-�		
��	������&
-��2
��
������
�������
�������
�2���
-���
��
�%������
�2��
��


��
��������
���
��������
�0
������
��
�%������	
�����
��
�2�
�-�
�����"����


����
�
 
������
 �2���
 -��
 ��
 %��-���@
����
 ��00������
 ��
 2����
	�%��


�������������
 ���
 ���2����
	�%��
 	���	��
 �2�
 ����	����
 �2���
 ������
 2�
2


����
 ��
�����
 �2�-��
 ���������
 �	����
 �����"����
 ���
 ���%��������"����


��������������
 ��2�����
 -���
 ���
 ��
��0�����	�
 
������
 �2��
 �2���
 ����
 ��


��������
 �2������C������
 �������
 �0
 ���	���
 �2��
 ��

����
 %��2
 )�:�
WC

 ���


*�)�
WC

 �����"����
 ����
 ��
�����
 ���	�
 %�
 0���2��
 ��������
 ��
 ��0���
 ���


�00�����
0��	�
��������



3�����	
�����"����
�������
 ��
 �2�
����
�%������
 �2�
�00�����
�0
�����"����


��2�����
%�
�
�������
���

-��2
�
	��

�������	
�	���������
�2����
�����"����


��
����
�00������
-2��
��@������������
-��2
�2	���"����
���
��
���
	��
��
����@

���������
����2�	�����
�00���
��
�2�-�
��
�2�
������
��2���
������
3������
2���


�	��
�2�-�
�2��
 �2�
�2���������
����
�0
�����"����
 ��
%����
��
�2�
����	
����


�00���&
���
���
�2�
�����

�������	��
������&
�
2�
2��
���	�
����
0��
;
����
-��


��
 �00������
 ��
 �2�
 *9
 ���
 ��
����
 -��2
 ������	
 �������
 ������
 -2��
 ��@

������������
-��2
0����
�2�
�������
*9
���&
���	�
�����

�0
�����"����
��
����


�00������
 -2��
 
����
 ��
 �������2
 ����������
 -��2
 ������
 �%���������
 �0
 ���



���������Q
 -2�����
 ��
 ���	
 	�0�
 ����������&
 ���
 ��
����
 ����	�����&
 �����"����


���������
 2��
 �
 �������
 �00����
 #
 �2�����
 ������
 �0
 2�
2
 ����
 �����"����


���������
�������%	�
-��2
�2�
+
���
�����

��
�����
�0
�����������
���%�������


�2�������
-��	�
%�
 ����	Q
 ��
 �������
����	�����
�����

 �������
 ���������
���


������
��
����������
��
����
���

��������������
0��
��	����
�	����������
�2��&


�2�
 	���
����������
�0
 �2��
 �2����
 �����-�
 �2�
��������	
���
�0
�����"����
��
�


���	
0��
������	
���
�������		�
�	���������
�0
��	����
��
�2�
�,/
��������



�2�
����	��
0���
�2���
	��
�������	
��2����
���
�2�
�����"����
����
�������


-�		
 ������%���
 ��
 �2�
 �������0��
 C��-	��
�
 ��
 ��� �	��

 ��������	�
�
 ���
 �2�


��0���
�0
�����"����
���
��
�2�	����
���
��
�������
��
�������
����	������
�2��


-�		
%�
�
���0�	
���	
0��
��	����
������	
���
�	���������
��
���C	�
�2�
2����J�����


��
 �2�
 	����
 �0
 �2�
 2����
 2����
 �2�
 ����
 ���

 ��������������
 ������
�
 -��	�




�

;=�
�

2���
 ��
 �00������
 ������	
 ��
 ��������		�&
 ���
 ��	�
 �	�������
 2����J�����
 �0
���

�	��

 0���
 �2�
 	����&
 %��
 ���
�
 0���
 
����������
 �0
�������	
�� ����	���
�
 ��


-�		&
��
����
��	����
�������������



� �



�

;��
�

��������
	�����
� �
����� �

��������	
��

���������������������


��
�����
��
�����������


��
���
���
�����

G0
�2�
0���
�������	
������
C��-�
��
��0���
���C���&
�������	
���	��
 ����

�	��
�
 ��
 �2�
 ����
 -���	�
 ������%����
 
	�%�		�&
 -��2
 ��
 ���������
 (�:
 %�		���


����	�
��
 ���C
 X*Y�
#�������

 ��
/��2��

��
�	�&
 �2�
#�������
������%���
((S
��



	�%�	
����
��
���C
�0
����	��

������������
%��
�2�
�������
�����
��
�2��
��
���


�������
 0��
 ��	�
 >S
 �0
 �2�
 ����	�����
 ��
 ���C
 
	�%�		��
 �2�
 ��2��
 ��
����
 �0


5�����	
 #���&
 ��00�
 ��
�������
 �����
 �0
 #0����&
 ���
 3���2
 ����
 #���
 ������%���


<(S&
 +�:S&
 ���
 =S&
 ����������	��
 �����
 ,�-
 /�����
 6�,/7
 ���
 ���������


2���
�2�
2�
2���
����������
0��
����	��

��
�2�
3���2
����
#���
��
����
/	�%�		�&


�2���
 �-�
 ���������
 ���
 �����
 ��
 �2�
 #��J��
 2���
 �2�
 2�
2���
 ��� �	��


�����������


�2�
 H��	�
 4��	�2
 G�
���������
 6H4G7
 -��	�
 ��	����
 ������
 ()*(&
 2��
 ��


���������
 *:9@(<=
 ��		���
 ��������
 ��	����
 �����
 ��
 ()*)
 -��2
 ����
 >>)
 )))


����2�
X(Y�
G0
�2���
H4G

	�%�	
���������&
<)S
�0
��	����
�����
���
����2�


����
 0���
 *;
 ���
 *9
 ���������&
 ����������	�
 ����	�
 0���
 #0�����
 ��	����
 ��


�����
	�
����������
-��2
�������Q
���������
-��2
��?�����
�0
�2�
����	�����
	����



��
�������
�	��
2���
�2�
2�
2���
��	����
%�����
���
�����	���
X(Y�
�2�
���������


�����	
 
	�%�	
��� �	��

 �	�����	
 �����
%�
 ������
 ��
 �	�&
 ���
 �����
��
 �	�&
 ���
�


0���
<)
��
+=)
��		���
X+&
9Y�

����	��

��	����
��
��
	��
��
��
�����
��
�
%���
�


��������
��
 ��
��-
-���	�
����
�����
��
�����
�0
������
��	����
���
�����	����


��� �	��

 ������
 ��	����
 �����
 ���
 ����2�
 2���
 %���
 ��������
 0���
 ��00�����


���������
���	����

�,/
X:&
>YQ
���������
�����
X;&
<YQ
�����
X=&
*)YQ
���C��
X**Y


���
���J�	
 X*(Y�
���	��

�	��
������%����
��
���	�
���
�����
	���
���
	�-
%���2@

-��
2�&
���
�2�
�����		
�		
�����
��0���
�����	���
�����
69@<7�


��� �	��

 ��
 ����
 ��00���	�
 ��
 ������	
 �2��
 �������	
�� ����	���
�� 6���

����	���
�7
��
��������
 ��
���������
 	�C�
�2��	���
X*+Y
���
���J�	
 X*9Y�
�2�
���


�0
�00������
���������
���
������	
���
����
��
�2���
���������
2��
����	���
��
�


�����������	
 ��������
 ��
 �2�
�����	����
�0
����	��
&
 ���	����

��� ����	���
�
��


�2�
�����������
��������
�2��
���
%�
���
��00�������
 ��
 �2�
%��	�
�
�0
 �2���


�	�������
�������
��
�2�
	����
���
�
�0
�2���
	�0�@���	��
����	��

2��
�
	�����
	����




�

;3�
�

���
�
 ��		��
2����J�����
 -2��2
 ������
 �������
 0��
 ���	��
��
�������
�0
 ����


%�0���
����������
��
��@��0���
�2�
%	���
���
�����
��	����
��0������
���
��	����	


��������
�2�
2����J�����
��
�2�
	����
���
�2���0���
��
���������
���������
0��
���

�	��

%	���
���
�
��0������
���
�������������
5������	�&
�����"����
6�!7&
6��
<@

�����"����	���7
 ��
 �2�
 ��	�
 	�������
 ���

 �2��
 2��
 ��
 �00���
 �
�����
 �2�


2����J�����
�0
����	��

��
�2�
	�����
�!
2��
�	��
%���
�2�-�
��
%�
�2�
��	�
���



�00������
�
�����
�2�
���
�
P

����������
�0
�������	���
��
�2�

����������
�0


%��2
�������	���
�
���
����	��
�
���
������������
%	���
���
�
��0�������
�	��
�


������	
��	�
��
������������
�0
��	����
��
�2�
2����
2���
���
��
��������		�
0�����


������
 �0
 ���

 ����������
 X*:Y�
 �2�
 ������������
 ��0�������
 �0
 �		
 2����


�	�������
 �������
 
 ������%���
 ��
 ������������
 ���
 �2�
 ����	������
 �0


������	����	
 ���

 ����������
 X*>Y�
 #�������

 ��
 �2�
H4G
 -��	�
 ��	����
 ������


()*(
 X(Y&
 ����������
 ��
 �����������
 ���%�������
 �2�������
 6#5��7
 ���
 	��



	�����

 �����������
 %��
 ����
 6FF�,7
 2��
 %���
 ��������
 ��
 ������	
 ���������
 ��


#���
���
#0����&
����������	��
�2�
#5��
���
FF�,
���
��
����
��	����
�������


���������
 2��
 ���������		�
 �������
 �	�����	
 �����
 ���
 �����	���
 ���
 ��
 ������


��	�����
�2�
����
����
�0
����������
��
�2���
2�
2	�
�00������
�������������
0��


��	����
-�		
2���
���	�������
��
�2�
�������
�0
�2�
��	����
�����������
�
����



	�%�		��
 �2�
 ���
 �0
 ������	����	
 ���
�
 2��
 %���
 ����
�����
 %�
 �2�
 ��	�1#


6��	����
�����������
1������2
#
����7
5����	������

����
��
��
��������	
���	


0��
 �		
 ���
��
 �0
 �	���������
 ���	����

 ���	�
 ��	����
 ������	
 �2���
 ��
 	�-��


������������
���
���
��������%�	���
��-���
�����������
X*;Y�
G��
�0
�2�
��������


������
���
0��
��	����
�	���������
��
����
���

��������������
6��#7�
4�-����&


0��
 �2��
������
�
��
%�
�00������
�
�����
 �2�
2����J�����
�0
����	��

 ��
�2�
 	����&


�!
����
%�
���	����
��
�2�
��#
��
�����
X*<@()Y�



�2�
 �����������
 �0
 2����J�����
 ��
 �2�
 	����
 �������
 �
 ��?��
 �2�		��
�
 0��


��	����
�	���������
���
����
��
�2�
�������
#5��&
-2�	�
2�
2	�
�00������
�
�����


%	���
 ���
�
 ��	����	
 ��0�������
 2���
 ��
 �00���
 ����
 �2�
 2����J������
 �2�


2����J�����
�		�-
����	��

��
�����
���
�������
��
��00�����

��
���2��
��
����&


��
������

�	������
���
�����������
�����������
�2���0���&
������
���
0��
��	����


�	���������
 ���
 ���
 �������	
 �����������
 
	�%�		�&
 -�		
 ����
 ��
 ��������
 �2�


�2�		��
��
�0
���������
���
������	
�0
����	��
&
�������		�
0��
�2�
���������2��


����	������
	����

��
2�
2	�
�������
���������
���2
��
�,/�




�

;6�
�

����������������
���������������


��
��������������

'�
���
*�
F�0�
5��	�
�0
����	��

��
4����
���
���"����

��

��� �	��

 2��
 �2�
�%�	���
 ��
�������
2����J�����
 �2��
 ���
 ������
�������
 ��


�2�
 ������2���	
 ��		�
 �0
 �2�
 2���
 	����
 0�		�-��

 ��
 �����
 ��0�������
 #0���
 �


������
 �0
 ����&
 -2��2
 ������
 ��
 ��������
 ��������

 ��
 �2�
 
��
���2���	
 ����


X(*Y&
 2����J�����
 ���
 �����������	�
 ����������&
 ������

 �2�
 ��	����
 �0
 ��-


����J�����
����
�2�
%	���
������
���

����

�
��-
������������
���	��
5	�����		�&


��	�����
���
�������
��
�
��-
��	����
�������
 ��������
���2�%	�
 0���
�
��-


��0������&
 -��2
 �2�
 ��������	
 ��
 0���2��
 ��������
 �2���
2
 �2�
 ����	������
 �0



����������&
 �2�
 ��0������
 ��
�
��-
���"����
���
�������		�
 ��
�
��-
2����


2���� 
�2�

���������
������
��
����	��

�����
����	�������	�
-��2
�2�
������	


%	���
 ���
�
 ���
 
����������
 ������
 ��
 9<@;(
 2����
 �2��
 	����
 ��
 ���	�



������������X*:Y�
 ��� �	��

 �	��
 2��
 
������
 ������������
 �%�	���
 ��
 	�-


������������
 	���	��
 �2�
 ���"����
 �������
 0��
 ��� �	��

 
 ���
 ���	�
 %����



���"������
 X((Y�
����	��

 ��
�%	�
 ��
�����
���
 ��
����
����	����
 ��-���
�	������


���
�����������
��00��������
��
�������	
��
����
�2�
2����J�����
2���
�
�2�����


����
 ��
 ��	����
 6�+
 -��C�7
 ���
 ��	���	�
 ��	����
 ��������
 �����&
 -2�����
 ��


���������
 ��
����
 ��	�����
 �����
 ��
 ������
 <@*)
 ����2�
 �0���
 �2�
 ������	
 ���

�	��

��0������
X(*Y�






�

;7�
�

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

3�����	
 �����-�
 �0
 ��������
 -��C
 ��
 �,/
 2���
 %���
 ����
 %�
 ���		��&
 ��


�	�X(+Y
 ���
 Z�J���&
 ��
 �	�X(9YQ
 ��
 �2�
 ��������	�
�
 �0
 ��	����
 ���
 �������2


�2�		��
��
���

���
��
��	����
C��-	��
�&
����������	��
�2�
-��C
���������
��


�2�
 ������	
 ����������
 �0
 �2��
 �2����
 ��
 �
 �����-
 �0
 �2�
 �	�����	
 ���
 ��	���	��


��������	�
�
�0
����	��

��	����
��
�,/
���
��������
��2���
�������
-2��2
	��


�2�
0���������
�0
�2��
�2�����



��
�,/&
����	��
� ��
�
��?��
�����
�0
���%�����
�������		�
��
�2�	����&
���
��


������
�����&
�
����
�����
�����
�0
������
�������
��
����	��

�������
��
����


�0
#���&
G������&
5�����	
���
3���2
#������
���
 �2�
2���
�0
#0����
 
 X9Y�
�2�


�������
%�����
��
�,/
�2�	����
��
����
����	�
��
�2�	����
	���
�2��
+
�����
�0


�
�&
 �2�
 �	���
 �2�	����
 ��������

 ������������
 ��������
 �0
 �2�
 ��������
 ��
 ��


���	�2���
 X(:&
 (>Y�
��� �	��

 ��0������
 �	��
 ������%����
 ��
 ���	�
 ���
�����
 	���


���
	�-
%���2@-��
2�
���
�2�
�����		&
�		
�����
��0���
�����	���
�����
��
�2�-�
��


�������
0���
��2��
���������
X9&
(;@+)Y�
����	��

��	����
��
��-
��
	��
��
����


��
�
[%���
�\
�		����&
%��
�
�����
�0
������
�������

X9Y&
���
2��
�
	��
��
��
���C


����	�����

	�%�		�
X*Y�



�� ���$��
������%
�
����&


��
�'�����
�
���%�
���
����������������!"	��

����	��

-��
�2�
��������
�������	
������
��
����
�����
�0
�,/
%�0���
�2�


��	����
 �����������
 ���
���
 ���������
 ��
 �2�
*=:)\�
 X+*Y�
 #
 ���%�������
�0



���2	������2���	����2	�����2���
 6���7
 ������
 �������	
�������

�0
2�����
 X+(Y&


���
����
��������������
�0
�2	���"����
65!7
X++Y&
-��
����
0��
��	����
������	


���
�2�
�������
��
���
������������
#0���
�2�
���������
�0
���
�������

���
��#


��
������	
��������
��
�2�*=;)\�Q
�2�
�����������
�0
�������	
������
�2��
��


0���
����	��

��
�������	���
�������������� X+9@+>Y�
�����
��
�2�
	����2
�0
�2�



	�%�	
�����������
�00����&
�����
�0
���
���
�2	���"����
����������
�������
2��


�������
 0���
 ��2��
 �����
 �0
 �2�
 -��	�
 X+;Y�
 #�
 ������
2�
 �0
 �2���
 �������
 ���


2���
 ������%����
 ��
 �2�
 0��	���
 �0
 �2�
 �����������
 ���
���
 ���
 �2��
��
 ��


��	����
 ��������	�
�&
 ���"����
 %�2������
 ���
 ��2�����
 �2�
 ����	������
 �0


������	����	
���

����������
��
�,/�
�2�
0����
��������
�����
�0
5!@���������

���

����	���
��65!1�07

��
�,/
-��
����������
��
*=;>
X+<@9)Y&
�
0�-
�����
�0���


���������
 �0
 ��#&
 0�		�-��
 %�
 ��� �	��

 ��
 *=<=
 X9*Y�
 #�����
 ���

 ����������




�

;8�
�

���������

���
������		����
������
�����

�2�
��	����
�	���������
���
���
���


2���
 ��������
 �2�
 �����
 ���	����
 �2�
 ����
����&
 ������
 ���
 ��������
 ��


�����	����
�0
5!
����������
 X9(Y
2��
 0�����
 �2�
�,/
,������	
����������
�0


4��	�2
 6,��47
 ��
 �2��
�
 �2�
 ���������
 ��
����
 0��
 ������	������
 ��	����


�		����
 0��
 %��2
��� �	��

 ���
��� ����	���
�
 ��
 #5��
 X9+Y�
 �2�
 ��-
 ���������


��
����
��
����
���������
���
	���
�00������
�
�����
����	��

��	�����




�� ���%�����������������������
��������	������������!"	�

'���
 �0
 �2�
 0���
 2����
 �������	
�� ����&
 ��� ����	���
�&
 ��� �	��
&


�������	
��������6��������7
���
�������	
�������	���6��������	��7
��@�����
��


�,/&
�
�������
�������
 ��

��
���2�
���
���	�
�&
-��2
�
����	�����
�0
�%���


;��		���
 ����	�
 6�����	��
 �����������
 ��
 X(+&
 (9Y7�
 ��
 �,/&
 �2�
 ��	����


������������
 ���������
 ��
 2�
2	�
 �����%	�&
 -��2
 ��
 ��	����
 ��
 ����
 �����
 �0
 �2�


2�
2	���
 ��
 2����@�������
 ������	
 �����
 ���
 ��	�����
 #	��

 �2�
 ������	
 ���


��	���
	�-@	���

�����
�������		�
�2�
����2
�����
���������
�0
�����

���
����


3���C&
 �2���
 ��
 2�
2
 ���������
 ��������	
 �������������
 G�
 �2�
 ��	���
 �0
 F�2��&
 �


����
	�-
������������
����
����������

�2�

�	�
����
2��
%���

�%������
���


��
 ���������
 ��	����
 ������	
 ����������
 -2�	�
 �2�
 ����
 �0
 �2�
 ��	���
 �������
 �


2����@�������
����
 X99Y�
��	����
 ������������
 ��
 	���
 �������
�	��

 �2�
����2


�����
�0
�2�
����	���
�,/&
���	���

��	���
���������
���2
��
,�-
�������&
,�-


���	���
 ���
 ���
�����		�
 ���
 ��
 2�
2��
 �	�������
 ��
 ������	
 2�
2	����
 X9:@9;Y�


�2���
 ��
 �	��
 ���		��
 ���	�
 ������	
 2�����
������
 �0
��	����
 ����������
 ��
 �2�


��		�
�
��
����
2����2�	�
�	�����
	���	
-��2��
�2���

��
���2��
��
����
X9<@:)Y�


�2��
 2�����
������
 ���
 %�
 ���	�����
 %�
 �2�
 �����%�	���
 ��
 ���
 �0
 ������	����	


���
�&
 ����	�%�	���
 �0
 %��
 ����&
 ���
 �2�
 ��00�������
 ��
 ������
 �%�������
 ���


���	�
�
X9=&
:*&
:(Y�



�2�
 ������	
 ������%�����
 �0
 ��� �	��

 ����������
 ��
 �,/
 ���
 �����
 �0
 �2�


3�	����
 ��	����
 2��
 %���
 ����
 �����%	�
 %�
 ������
 ��������
 ��
 ��	���	��


���	����
 �0
 ����	��
 X:+Y�
 �2�
 ����������
 ���
 �0
 �,/
 
 ��
 �2�-�
 ��
 0�
���
 (


6����������
 0���
 /��2��

 ��
 �	
 X*Y&
 ��������
 �0
 �2�
 �#�
 ���?���7
 ��
 %����
��


	�
2�
����������
�����





 




�

<:�
�

'�
���
(�
3�����	
������%�����
�0
����	��

����������



�2�
 ��������	�
���	
 �������
 ������%��
 %�
 ���		��&
 ��
 �	�
 X(+Y&
 ���	����

 �2�


�,/
 2�
2	����
 ��	����
 �������
 X:9@:=Y&
 -���
 ����
 �����
 ��
 �2�
 ���
 �0


��	�������
�2���
��������
6�517
%����
���
������
������
��
�,/
0��
���	����


�0
	��
�
����	�
�����
F�
2�
����������
���
�����
6F�7
-��
�2�
�������
���2��


����
0��
�	��������
��0������
���
�������
������0�������
��
�2���
��������



#
�������
������
 X9;Y
�0
 �2�
2�
2	����
��	����
�������
X:9@:=Y
6�������
���


%��-���
�����%��
()))
���
]�	�
()):
�0
**(
��		�
��
��������
 ��
 �2�
������	


2�
2	����
�0
�,/7
�2�-
�����		
�2��
�����	����
������
-��2
�	������
0��
��������


�������
���
����������
'��
���@��������
�������&
�2�
�����	����
���
��
0���


)�)S
 ��
 9*�*S
 6������
 9�+S&
 �G1&
 )�*&
 :�+7
 ���
 ��
 ��������
 ���%���C�
 ��


�	������
 *(:)@*=>)�
 �!1
 6*:()@*>9))7&
 �2�
 �����	����
 ���
��
 0���
 >�>S
 ��


>+�(S
6������
(*�(S
�G1
*)�+&
+:�(����U
V)�))*7
X9;Y�



�2�
 �����	����
 �����
 -���
 ��
�����	�
 �����	����
 -��2
 ���������

 �	������
 ��


���@��������
�������
���
0��
���������
6��U
V)�))*7&
����
��
0��
�������	���
�



�

<9�
�

�2��
��� �	��
�
�2�
����������
�0
��� �	��

 ��0������
 ���������
 -��2
 �	������
 ���


-��
 �����������
 �%���
 *>))�
 6�
 U
 )�))(7�
 #��	����
 �0
 �����	������
 %��-���


�	������&
����	�����
����
2����
	�%��
���
�������
�����	����
 X>)Y
 �2�-��&


��
 ��������
 ��
 ����
 2����
	�%��
 -��2
 �	������Q
 %�	�-
 :))�
 *)�:
W�	&
 ��


*(�<
W�	
 ��
 �	�������
 ^*:))�
 6�
 U
 )�))*7�
 �2�
 �����	������
 �0
 �	������
 -��2


��������
 ���
 ��	���
 �����&
 ����	�����
 ����
 2����
	�%��
 ���
 �������


�����	����
��
�2�	����
(@*)
�����
�	�
-���
2�
2&
6
�6(7�
@)�;;&
@)�><&
)�;+
���
@

)�<*Q
�
U
V)�))*7&
����������	�
X>)Y�


����(������)�������&����������)������!'*+�
������������&


��
�

�����
 ��
 �2�
 ������������
 �0
 �51
 %����
 ���
������
 ���2���&
 F�
 -��
 �2�


�������
���2��
�0
�������	
�
��������
���������
���
�������
������0�������
0��


������%��

 �,/
 ��	����
 ��������	�
��
 F�
 2��
 �
 ��
��0�����	�
 	�-��
 �����������


��������
��
�51
%����
���2���
0��
��������

��	����	
��0������
X>*&
>(Y�
�2��


	�-
 �����������
 2��
 %���
 �
 ��?��
 	���������
 �0
 ��	����
 ���
�����
 ��
 2�
2	�


�������
���������
���2
��
�,/&
-��2
0���
�0
�2�
:
2����
�	��������
��������


�������
 6��� ����	���
�&
 ��� �	��
&
 ��� �����	��
 ���
 ��� �����7
 ��������
 �����


��0������
����

�2�
9
���������
�������
 ��
����
������
 ��
�,/
X(+Y�
3�����	


�%����������
��
�2�
�,/
������

2���
�����
F�
��
%�
����
��
������0���

�2�
	���


������
��������	��
���
��������
X>+Y
���
��
���
�����

�����
��0�������
X>9Y�


�2�
 ����	������
 �0
 �
 ����
 "�����������
 �51@
 	�
���
 ���������
 ��������@

0	���������
�������2���
�����
6F�1@'�#7
X>:Y&
����
�2�
���	����
�0
	��
�
0��	�


���
 ������������
 ����	�
 ����
 ��
 �,/
 0����%	��
 �2���
 ���
 ��-
 ������	


"�����������
�51
���2���
X>>@><Y
�2��
�		�-
0��
����������
�0
��������
	���	�
��


-�		
 ��
 �����������
 �2�
 ���	��
 "�����������
 ���	
 ����
 �51
 6"�517
 ��
 �
 ��-


��%���&
 ���������
 ���
 �������
 �����0��
 �����
 -2��
 ��������
 ��
 F�1@'�#&


������
�51
6��517
���
 	�
2�
����������
 X>=Y�
�2�
��������	�
���	
�������
 ��


�,/
 ��-
 ���	���
 ���
 �0
 "�51
 0��
 ��	���	��
 ���
�����
 ���
 �������


������0�������
�0
�������	
������������


��,�F�1@'�#
������
����������
�0
����	��

��������	�
� �

�2�
F�1@'�#
-��
0����
����
%�
Z���2�
��
��
�	�
0��
��	���	��
���	����
���


���
�����
�0
�
��%���
�0
*&
*<(
���
�0
*>&
()=
����	��
0���
0���
�����@��������	


�������
 ��
 �2�
 H�����
 ��������&
 ����
 3���C
 ��������&
 �,/&
 %��-���
 #�
���




�

<;�
�

())*
 ���
 ]���
 ())+
 X;)Y�
 #
 ������
 ����������
 -��2
 	�
2�
 ����������
 -��


���0������
�2�
 ����	��
�2�-��
��
 ��������
 ��
 �2�
��������
�0
���������
 0��
�		


��������
 �������
 -2��
 ��������
 ��
 F�
 ��
 �2�-�
 ��
 �2�
 ��%	�
 *�
 �2�
 �����		


�����	����
 �0
�����
 ��0�������
 ���������
 0���
(�9S
 ��
 *>�<S
 6�
 V
 )�))*7�
���

�	��

��0�������
-���
������	�
0����
��
�2�
�	���
�2�	����&
;@
=
�����
�	��
'��


��� ����	���
�&
��������	��
 ���
��������
 �2�
�����	����
�0
 ��0������
���C��
��


*)@*=
�����
�	��



#
 ���������
 ��@��0������
 �����
 �������
 ���
 %�
 ���2��&
 ��
 �	�&
 ��
 ��2��	
 �
�


�2�	����
 ��
 �����
&
 �,/
 X(>Y&
 ��
 ������
 �2�
 ���C
 �0
 ��@��0������
 ���


�����������
 ��	����
 ������
 %�
 ��00�����
�������	
�� ����
 ����
 �51
 %����


�����
 0��
���
������
1���	��
0���
�2��
�����
�2�-
��00�����
 ������
 ��
 ���������


�0
 �	�����	
 ��������
 ����

 �2�	����
 ��0�����
 -��2
 ��� ����	���
�
 ���
 ���	��
�


#	�2��
2
�2�
���%��
�0
�������%	�
 ��0������
%�
�51
�0
%��2
�������	���
�
���


��� �	��
�-��
 ����	��
 6���������
 �0
 :�))
 ��-
 ��0�������
 -��2
��� ����	���
�����


:�(<
-��2
����	��
W�2�	�W����Q
6�
V
)�(7&
�����������
�������
-��
����
������


��
 �2�	����
 ��0�����
 -��2
 ��� ����	���
�
 6*�*;W����7
 ��������
 ��
 ��� �	��


6)�)>W����7�
52�	����
�	���
�2��
=
�����
2��
�������
���C
�0
��"�����

����	��


��0������
 �0
 	�-
 ��
 ��������
 ��������
 ��������
 3����������
 ��0�������
 -��2
���

�����	��
 ���
 ��� �����
 -���
 �����
 ��
 =
 �����&
 �2�	����
 2��
 ��"�����
 �	����


����	���
 ��������
 ��
 �����������
 ���	��

 ��0�������
 -��2
 ��
2�
 ������	
 �0


��������
 ���������
 -2�	�
 ��� ����	���
�
 ��������
 ��������
 ������	����
 �2���


-��
��

��
���2��
���������
�%������
-��2
����	��

��0��������



�2�
���
�0
2�
2	�
���������
�51
%����
���
������
�����
0��
�������	
������


��0������
 2��
 ��������
 ���
 ������������

 �0
 �������
 �����������&
 �2�0�
 ��
 �
�


������%�����
���
�������
	���	
����������



�����	����
S


�������	���
�� ����	��
� ��������	��� ���������

F�
 ()�>
 *(�;
 9�)
 )�(:


F�1@'�#
 +(�=
 (;�*
 *(�9
 :�:


F�1@'�#
��&
F�


��
��	��


)�))*
 )�))*
 )�))*
 )�))*


��
���9>�(�
����#	���
���	��	���
�%�������
������	
��"������(&')"*�



�

<<�
�

��
*:
�����@��������	
�������
�0
��		�
��
��
�2�
H�����
���
�����C
���������
�0


����
3���C
��������&
�,/&
���0�����
%�
���		��
���
��2���
 X:)Y&
��
��0�����	�


2�
2��
 �����
�0
 ��0������
 %�
��� ����	���
�&
��� �	��
&
��������	��
 ���
����������

-���
�%������
%�
F�1@'�#
��������
��
�2���
���
�����
%�
F�&
6�
V
)�))*7�


�2���
-��
���C��
 ��������
 0��
��������	��
 6F��
+�=S
���
F�1@'�#�
*+�9S7


���
��� �����
 6F��
 )�)S
 ���
 F�1@'�#�
 9�<S7�
 #
 ��
��0�����
 ������
 �0
 �����


��0�������
����
�����������
-��
��������
%�
���
�0
F�1@'�#
0��
���
�����
6��V


)�))*7�

�2�
�
�
�0
���C
�����	����
�2�0���
0��
�������	���
�
���
����	��

��
�2�


�	���
�
�

�����Q
�������	���
��6F��
;@=���
9;�:S&
F�1@'�#�
*)@*=���
;9�(S7


���
 ��� �	��

 6F��
 9@>���
 (9�(S&
 F�1@'�#�
 ;@=���
 :)�=S7�
 �2���
 -��


��
��0�����
 ���
 2�
2��
 
��
���2��
 ���������
 ��
 �����	����
 �����
 �%������
 ��


F�1@'�#
 0��
 �		
 �������	
�� ����
 ��������
 ��
 F�
 ���
�����
 ��0�������


6�����		&
 <9�9S
 ���
 +;�>S&
 ����������	�7�
 �2�
 ���������
 -��
 ��
 �
 	��
�
 ������


���	�����
%�
�2�
������
�
���
���
�0
�����������
�������
%��
�����

'�		�-��

 ��
 0���
 �%����������
 ��
 �2���
 ��������
 �������&
 �
 	��
�������	


��2���
�����
�0
�2�	����
�
��
*@+���
-��
�������
���
��
�2�
�	�2���
����
�0
�����C


��������
%�
F��
���
��2���
X(:YQ
���	����

����
�2�	����
0���
�2�
����
��		�
��
��


�2�
 �����@��������	
 �������
 X:)Y�
 G��
 �0
 �����		
 *==
 ��0�������
 ���
�����


��0�������
����

�2�
�2�	����
��
����	����
%�
F�1@'�#
���
F�&
����	��

-��


�2�
����
������
��������
��
�2�-�
��
�2�
��%	�
(�


�����
 �������
 ��0������
 -��
 ��������
 ��
 <:W*==
 69(�;S7
 %��F�1@'�#
 ���


9:W*><
6(>�<S7
%�
F�
����

�2�
�2�	�������

�2�
 �����	����
 �0
 ��
 �����
 ��0�������
 ���������
 ��
��0�����	�
 -��2
 �
�
 0��


F�1@'�#
 ��
 �2�-�
 ��
 ��%	�
 +&
 %��
 �2��
 ���
 ���
 �����
 0��
 F�
 ���
�����


��0�������
6�
V
)�+)7�


�����������9 �������	���
� ����	��
 ��������	�� ��������

�2 +(�> 99�+ 9�( )�)
��$:;24 9=�> :+�) =�= (�;

��%	�
(�
4�
2��
����	��
 
�����	����
�����
%�
F�
���
F�1@'�#
��
*@+��
�	�

�2�	����



�

<=�
�

'��
��� ����	���
�� ��0�������
 �2�
 �����	����
 ���������
 ��
��0�����	�
 0��
 %��2


F�1@'�#
 ���
 F�&
 6�
 V
 )�))*7
 0���
 �2�	����
 V*<
 ����2�
 6F�1@'�#�
 (;�+S&


F��
 *(�+S7
 ��
 �2�	����
 *<@(+
 ����2�
 6F�1@'�#�
 +<�*S&
 F��
 *=�+S7
 ���


�2�	����
(9@(=
����2�
6F�1@'�#�
:9�+S&
F��
+(�(S7
-��2
��
0���2��
���������


��
�	���
�2�	����
6�
U
)�(97�


��
 �2�	����
 -��2
 ��� �	��

 ��0������&
 �2�
 �����	����
 �0
 0�%��	�
 ��������


���������
 ��
��0�����	�
 -��2
 �
�
 6G1
 6���
 ����
 ��������
 ��
 �
�
 U
 )�:;&
 �
 U


)�))*7�
�2��
�����
-��
���
�%������
��
�������	���
�
���
�����
��0�������
6G1


U
 )�=;&
 �
 U
 )�;;7�
 �2�
 ���	����
 �0
 �
�
 ������
 ��
 %�����
 �0
 �������	
�

��0�������
���
�������
�2�-��&
����������
����
�0
��� ����	���
�
���
����	��


��0�������
 -��2
 ���������

 �
��
 4�-����&
 -2�	�
 �2�
 �����		
 ��������
 �0
 �	�����	


�������
-��
�������%	�
6�������	���
��
(�:>&
����	��
�
(�9>
��������W�2�	�W��7&


�2�
 ��0�������
��������
�0
%��2
�������	
������
 �2�-��
�����

%��
�������



�������
�2�
 ���������
�0
����	��

�	�����	
��������
���������
��
��0�����	�
-��2


�
�
�2���
2���
�2�
�
�
���
�
6���
�������
6�
U
)�))(7Q
����	��

�������
^:))�


6�
V
)�))*7�
���������
����
������
0��
����	��

���������
0���
+�);
6���
�������7


���
(�*+
60��
����	��

�������
^:))7
��������W�2�	�W����
��
�2�	����
V*<
����2�Q


��
 *�:
 6���
 �������7
 ��
 �2�	����
 +>@9*
 ����2�Q
 ���
 )�:=
 60��
��� �	��

 �������


^:))7
��
�2�	����
�9(
����2�&
����������	��
����	��

���������
���������
��
���


������&
-2�	�
�2�
�����	����
��������
�2�
�����
5�������
��
����	��
&
0��
���

����	���
��
���������
���
�����	����
�2�-��
����
���C��
�������	
����������


�2���
��00�������
��
�������	
���������
%��-���
�2�
�-�
�������	
������
���


%�
���
��
��	�����
0���
����������
�0
2����J�����
�0
����	��

��
�2�
	����&
-2��2


	���
 ��
 %	���
 ���
�
 ��@��0������
 ���
 �������
 �����

 �2�
 ���
 �������
 -2��


���"����
����	������
���
	�-&
2����
�00���
��
	�-
�������������



� �

4�����
�� <�3�	
���� �3:#(�	
���� #+:#"�	
����

��%	�
+�

�����	����
�����
0��
����	��
 
��������
-��2
�
�
%�

F�1@'�#
���
�����

����	��
�
�����������9�
/
���$:;24

:;�> >;�+ ;+�:



�

<��
�

��-�&�
���

��%�������
�.��������������

��-���!

���������
�
�������������$����
������

�2�
��	���	��
���������
���2���
�		�-
����������
�0
�������
�����������
��


�����
���2
��
�,/
-2���
�����
 ��0�������
������	�
�����
 X(:&
:)&
>9&
;)Y&


�		�-��

�2�
����������
�0
-2��2��
���
�������
����0���
�2�
������
��
�2�
���C


�0
 ��0������
 ��
 ��	�����
 ��
 �2�
 ��2���
 #
 �����
 ��
 P������
 ����

 ����������


���������
 �0
 ��������
 �������
 ��

�����
 ��������	�
���	
 ��������
 �0
 �����@

�������
��������
%��-���
�������	���
�����
����	��

X;*Y�
��
�,/&
��
���	����


�0
�����@�������
��0������
��
����@������
�2�	����&
�2�-��
�2��&
�2���
���
%�


�������@���������
 ��
�	�����
 �0
 �		
 ��	����
 ���������
 �2��
 �������
 ��
 �2�
 %	���


X;(Y�
#
2�
2
������������
�0
���
�	���
���
 ������
 �2�
�00������
 ���	�������
�0


����2��
 ��������
 ���2��
 0���
 �2�
 ����
 ��
 ��00�����
 ��������
 4�-����
 �2�


���������
 �0
 �����
 �������
 -��
 ����
 ����

 ���@"�����������
 �51&
 -��2


����������
 �0
 ��������
 �������
 ����

 F�
 -2��2
 2��
 �
 ����
 	�-
 �����������
 ���


�����0�����
��������
��
�51
%����
�����
X+>&
:)&
>=&
;)Y�



#��	����
 �0
 ����	�����
 �0
 ��0������
 %�
 ��2	����
 ���
 ��2���
 �2�-��&
 �2�


�����������
���
������%�����
�0
���2
�0
 �2�
9
�������	
������
 ��
�
����	�����


���
��
�
�

�����
��
%�
������&
������������
�0
2����

%���
���
�����
%�
F�


��
�51
X+>Y�
�2�
����%	��2����
�0
�����
��0������
��
�2�
%	���
��
������&
���


��
�����������
�0
���2
�������	
������

�������
��0�������


��-����	�
��
����������.���������)�������

��
*===&
�����
���
��2���
����
�
���%����
�51@
�����������
0��
����
	��
�2


��	�����2���
6�51W1'F�7
�������	
0��
 �2�
0����
 ����
��
�,/
��
 �������
���
�2�


�		�	��
 ���������
 �0
 ��� �	��

 ��
 �2�
 ����J����
 ���0���
 �������@+�	�2�
 6���+�7


	����
 X;+Y�
 �2�
 �����
 �2�-��
 ���	�������
 ��������
 �0
 ��	���	�
 
��������
 ��


����	��
 �0
 ���
	�
 ��0�������
 ���������

 ���������
 ��	�����2���
 �0
 ��� �	��


����������
 3����
 �2��
 ��00�����
 �51
 �������	�
 ����
 �2�
 ��������������
 �0


��������
 �������
 ���
 
�������
 -��2
 ����
 ��
 	��
�
 ���%��
 �0
 %	���
 ����	��


�����%	��
 �2�
 ����
 ���2���
 �	��
 
��������
 ��� �	��

 ��
 �2�
 ���+�
 	����
 �0


����	��
0���
�
2�
2	�
�������
����
�0
�,/
��
()))&
�2�-��

0��"����
�2��
��


��
�2�

��������
�0
���������
��������
��
������������
 ���������	�
X;9&
;:Y�
���

�	��

 
��������
 0����
 ��
 ��
 ���������	
 ���
 ����
��
 ������������
 -���
 2�
2	�




�

<3�
�

�������
���
����	���
�2��

��������
���������
-��
���
�����	����
-��2
�
��
�2�


������������
��0������
�������
-��
	��
��
��
�2�
9
����
�	��
��������
��
�	���


�2�	����
X;9Y&
��

�����

0�����
��"��������
�0
��������
��
����	��

X;:Y�
�

/��������

�	��
�		�-�
 0��
������

�0
���		
����
����������
���
 ������0���



�2�
���
���
�0
���������
�����

������		����
�0
������������
��
��	����
�	���������


���
 ��
 ����������
 #��	����
 �0
 %	���
 ����	��
 %�
 �51
 0���
 ��
 ��������
 �0


��	����
��
�2�
�������
2�
2	����
��������&
�,/&
��
())(
%�
���		��
���
��2���


�2�-��
 0��
 �2�
 0����
 ����
 ��
 �,/&
 ��� ����	���
�
 ��0�������
 ���
������

 0���
 �


���
	�

�������&
-2�����
����	��

��0�������
-���

�������		�
�������
X;>Y�
�2�


����	��
 ��

���
 	���	
 ����������
 0��
��� �	��

 -��2
 	�-@	���	
 ������������&
 ���


������������
�0
�������	���
��0���
�������
��
�2�
����
	�C�	�
�����
�0
�2�
��	����


���������


��-� �'���
�/���0�&�
���
������������������������������&1$��
���&�
���

��2��������
3
���+��
.��$����������&�
213��

��	���	��
����������
���
���0�	
0��
���������

�2�
��������
�0
������������


���
 ���������
 �0
 ��0������
 ��
 �������
 ����

 2�
2
 ���������
 
��������
�


��	���	�����
 �0
 ��0������
 6�G�7
 ��
 ��0����
 ��
 �2�
 ���%��
 �0
 ����������
 ��������


�	����
���
��������
��������
2����
�2�
��	���	��
 0����
�0
%	���@���
�
 ��0������


6��	'G�7
��
�2�
��2��
2���
��
��0����
%�
�2�
����������
�0
��-
��������
�	����


��
�2�
%	���������
���
����
����
�������	�
�2�
��	'G�
��
���0�	
0��
���������

�0


�00�����
�0
������	����	
���
�
���
��	����
�������
�00����
�����

0��	�
����	�X;;Y�


#�
 ���������
 ����
 0���
 ��	����
 ������	
 ��
 �	���������&
 ��	'G�&
 ���
 �	��
 %�


����
 ��
 �
 ������		����
 ���	
 0��
 ���������

 �2��
��
 ��
 ��	����
 ������������


���������


#
������
 ��
()):
%�
5�	�@��%���
��
�	�
��������
����	�����
�0
 ��0������
 ��
�


��%���
�0
9
�2�	����
�
��
9@*(
�����
���
�
+*
����
�	�
���	�
����	��

��������
%�


��51
 0�		�-��

 �
 �����@��������	
 ������
 X;<Y�
 G���
 �
 9
 ����2
 ������
 �0


��������
����	��
&
 �2�
���2���
�%������
 ��
���2
 ���������	
%��-���
:
���
*+


���"��
����	��
 ������
���������
�2���
-���
����
�	����
�%������
0��
�������

���
��

 0���
 ;
 ��
 +<
 6������U
 (*
 �	����7�
 �2�
 ������
 ���%��
 �0
 ���"��


��������

�������
�%������
-��2
�����
 ��
��
 ���������	
��
�
���
	�
 ����
�����


-��
 *(
 6���
��
 (@(97�
 5�������
 ��
 �2�	����&
 �2�
 ���	�
 �����������
 2��
 ��	�
 (




�

<6�
�

���"��
 
���������
 G��������		�&
 �
 ����	��
 �	���
 -��
 �%������
 ��
 �2�
 ����


���������	
��
��	���	�
�2�	�����
�2�
2�
2���
����	�����
�0

��������
-��
����
��


�
�����������
-2�
-��
F�
��
�����
��
�2�
����
�0
����	��
�
�2��
��@���2���J��


�2�
 �%���������
 �2��
 ��
 ����
 	�-
 ������������
 	���	�
 �51
 %����
 �����
 ��


��������
��
F��
#	��&
��
2�
2	�
2��
�2��
����	��

2��
�2�
��������	
0��
������������


�0
 ��00�����
 �	����
 ����
 ��
 ����
 	�-
 ����������
 �2�
 �	����
 -�		
 ��������		�


�����
�
 �����	
 �����%�������
 ��
 �2�
���"����
 
��
 -2��
 ������������
 ������&


	�����

��
����

������
���������
�0
����	��
�

��
 �����2
 0��
 %�����
 ���
 	���
 	�%���@���������
 �51
 %����
 ������
 0��


���	������
�0
����	��
�
��������

���C���&
Z���	0�
���
��2���&
��������
�
2�
2@

�2���
2���
 ������
%����
�51
 0�		�-��
%�
����		���
�	������2������
 X;=Y�
�2��


���	�
 %�
 �
 ����
 ���0�	
 ���	
 0��
 
��������

 ����	��
 0���
 ���

 ����������


���������

 ���
 	��
�
 ������������
 ��������
 �2�
 ���2���
 ��	�����
 ���������		���


���C����
��+�(;Q
�3*>Q
��*�:)*Q
���
��+�:)(
0��
�����������
1���	��
�2�-


�3*>
%���

�2�
����
�������
6��U
)�)(+&
4�
U
)�=<<7&
0�		�-��
%�
��+�(;
6�
U


)�);Q
 4�
 U
 )�=97�
 8���

 �2�
 �-�
 ���%��������
 ��
��2��
 6�3*>
 _
 ��+�(;7


�������
 0���2��
 �2�
 ���%�%�	���
 �0
 �-�
 ����	��
 2����

 �2�
 ����
 ��� �	��



�������
%�
�2����
 6G����		
���%�%�	���&
���
U
)�))*>7�
�2�
���%�%�	���
�0
 �-�


�����������
 ��� �	��

 ��0�������
 �������

 �2�
 ����
 
�������
 -2��
 �2�
 �-�


���������		���
 ���C���
 ���
 ���%����
 0��
 ���	����
 -��
 )�*>S�
 #����

 ����


���������		���
���C���
��
�2�
���	����
�������
�2�
���%�%�	���
0���2��&
%�
�
0�����


�0
�	����
*)
0��
���2
�����
���������		���
���C���
����	��

��������
�	����
-��2


�2�
�3*>
���C��&
�	��
2��
�2�
2�
2��
��	���	�����
�0
��0������
6�G�
U
(�+;7
��
�2�


�����
����	���



'�		�-��

��
 0���
�2��
�����&
 �2�
����
���2���
����
 �2�
����
�51
%����


���	����
��
�
	��
��
����	�
���
0���
�
��2���
�0
(><
�,/
�2�	����
�
��
*
��
9�:


�����&
 6�2�
F��
��
�	�
�����&
 X(:Y7Q
����

�3*>
���
����'+
��	���	��
���C���


X<)Y�
�2�
���2���
�%������
2�
2
���������
�0
����	��


��������&
6�3*>�
U
4�
U


=;�<S7Q
 6����'+�
4�
U
<<�*S7Q
���
��	���	�����
�0
 ��0������
 6����
�G�
U
(�;&


X�!1
 U
 *@+Y7
 �0
��� �	��

 ��0��������
 �2�
��� �	��

 ��������
 ����	��
 2��
 ��	��@

�	���	
 ��0�������
 ��
 ;9S
 �0
 �2��
 6�
 U
 **>(7�
 �2���
 -��
 ������	
 ��������
 ��


��	���	�����
 �0
 ��� �	��

 ��0������
 -��2
 �
�
 6�
 U
 )�)(7�
 �2�
 2�
2���
 ����
 ��


��	���	�����
�0
��0������
-��
�%������
��
�2�
����
��
�
�

����
6�G�
U
(�97�
�2��




�

<7�
�

�����������
 ��
 �2�
 �%���������
 0���
 ���2��
 ��
 �	�
 ���
 F��
 ��
 �	�&
 X(:&
 (>Y
 �0


�	�����	
�		����
����
������	�
����
��
�2�
����
��
�2�	����
��
��������
��
�2�


�	���
 �
�
 
�����
 #
 �����������	
 ��������
 -��
 ����
 -��2
 �2�
���%��
 �0
 �	���	


��0�������
 ���
 �
��
 ��
 *<
 �2�	����
 �
��
 +))
 ��
 9))
 ����&
 �G�
 �0
 *�>;
 -��


�%������&
���
��	�
�-�
�0
�2���
�2�	����
2��%�����
����
�2��
(
�	�����
�2���


-��
��
�������	
���������
 ��
 �2�
��	���	�����
�0
����	��

 ��0������
6�
U
)�:)7�
 ��


����������
��
�������	���
�
��0�������
��
�2�
����
��2���&
�2�
���2���
�%������


�
	�-��
�G�
�0
*�:
-��2
�2�
�� ����
���������		���
���C��
���&
��
��	�
+:�(S
�0


�2�
����	��Q
��	���	�
�	���
��0�������
-���
�%������
X<)Y�


'���2������&
Z���0	�
���
��2���
2���
 ������	�

��������
*9
���������		����


���C���
 0���
 (=:
 ��� �	��

 ��������
 ����	��
 ��		�����
 0���
 9
 ��00�����



��
���2��
 �����
 �0
 �,/
 ���
 �
 ���
	�
 ����
 0���
 3�	����
 ��	����
 X:+Y�
 �2�


���2���
 �%������
 �
 2�
2
 ��������
�
 6>+@<<S7
 �0
 ����	�
 ��
 �2�
 �����
 -��2


��	���	�
�	���
��0��������



3���	��
�������
%�
#�����
���
��2���&
�%������
2�
2
����	��


������
���������


��
 ����	��
 0���
 (
 �����
 �0
 ,���2
 �����
 �,/&
 ����

 �3*>
 ���
 ����'+
 ��


��	���	��
���C���
X<*Y�
�2�
�����	����
�0
����	��

 ��0������
 ��
�2�
����	�
���


0���
�2�
�����
��
�����C
���
�����

-��
*:S
���
(;@+:S&
����������	��
����


�2��
2
 �2�
 �%������
 �����	����
 -���
 ���C��	�
 ��00�����&
 ���
 ����
 �-���
 �2�


��2��Q
�2�

������
���������
-��
����	��
4�
U
)�;;
@
)�=<�


�2�
��00������
��
�2�
����	��

�����	����
-��
����
	�C�	�
��	����
��
FF�,
���


��
 �����C
 -2��2
 -��
 ���
 �2�
 ����
 0��
 �����

 �����
 ������
 1�	�����
 0���


2����J�����
 ��
 �2�
 	����
���
�������
0��
����������

 �2�
�	���	
���������
 ��
 �2�


�����C
 ����&
 �������
 �2�
 ���
 �0
 FF�,�
��� �	��

 2��
 �2�
 �%�	���
 ��
 ��������
 ��


�00������
 �	���	
 ����	�����
 
������
 �2��
��� ����	���
�
 %�
 �������

 ��%������
&


��������	

������
�����

0���
�����	
�����%�������
�0
��00�����

��������&
���


%������
 ��
 2��
 ��@���	���
 -��2
 �2�
 2����
 2���
 ����
 ��		����
 �0
 �����
 ��
 ��


���	��������
0�����


/��������

�0
���������
 0���
 �2�
�0������������
�������
 X(:Y
 X<(Y
2��
�	��


�2�-�
 �2��&
 ��
 �����
�&
 �2�	����
 2��
 *9�)
 ��-
 ��� �	��

 %	���@���
�


�	����W�2�	�W�����@��@���C�
 �2�
 ���2���
 �%������
 �2�
 ���������
 �0
 �	�����	
 ���

�	��

 �		����
 ��
 %�
 �����
	�
 ����������
 -��2
 ��	���	��
 0����
 �0
 %	���@���
�




�

<8�
�

��0������
6��	'G�7
6�11
U
*�==&
=:S
5	&
X*�<)&
(�*=Y7&
-��2
��
�2��
�
�0
��	'G�


-��2
 �
��
 '���2������&
 �2�
 ���������
 �2�-��
 �
 0�����
 ��������
 -��2
 �
�
 0��


�2�	����
 -��2
 �
 2�
2
 ��������
 6�11
 U
 )�9=&
 =:S
 5	&
 X)�+<&
 )�>9Y7&
��V
 )�))*7


��������
 ��
 �2��
 -��2
 	�-
 ��������
 6�11
 U
 )�>+&
 =:S
 5	&
 X)�9+&
 )�=+Y7&
�� V


)�)(7�
�2�
��	'G�
����	��

�0
*9�)
-��
 0����
��
%�
���2
2�
2��
��������
��


�2�
 ��	'G�
 �0
 :
 ��-
��� ����	���
��%	���@���
�
 �	����W�2�	�W�����@��@���C�
 �2�


�����
��"��������
�0
��������
�
�����
�	�����	
����	��

��	����
���
%�
���
��
�2�


2�
2
���%��
�0
����	��

�	����
�2��
��0���
�2�	����
��
���	�
�2�	�2����


��-���	�������!�
�����������

3�����	
 2����
 
������
 ��	�����2����
 2���
 %���
 ��

�����
 ��
 �	��
 ��


���������
��	�
 ��
�2�
������	
��	������
�������
���
��
��	����
 ��
����	������
�0


��	�������
 ���
��
 ���2
 ��
 �,/
 ���
 3�	����
 ��	�����
 �2���
 ��	�����2����


���
�2��
2�
��
�00��
����������
�
�����
%	���
���
�
��0������
���
������
��	�����


#���

�2���
��	�����2����
��
/>��
��0�������&
��
`@	��C��
2���������

������


��0���
���
 ��
���������
 ��
 �2�
/>��

���
X<+Y&
-2��2
 ��
�����	���
 ��
�����
�0


��	����
 2�
2
 �����������
 3������
 ��
 ��2��
 �����
 �0
 �2�
 -��	�
 2���
 �%������


�������������
����
��0�������
��
�00��
����
����������
�
�����
����	��

��0������


X<9Y�
 ��@����&
 �2��
 �00���
 2��
 ���
 %���
 ����
 ��
 �2�
 �,/
 ��������
 �2�
 �����		


�����	����
0��
/>��
��0�������
��
�,/
��
���
��
%�
����������&
�	�2��
2
����


�������
��������
 �2�
�����	����
�0
 �2�
������
 0���
�0
/>��
��
%�
������
>�>


�������
X(9Y�
�2�
���
�0
�!
0��
����	��

���������
��
�,/
2��
%���

	������
���


��
 />��
 ��0�������
 ����������
 ���C
 �0
 2����	����
 ��������
 G�2��


��	�����2����
 ���	����
�@�2�	�������&
3���2����
#����
���	��������
63#G7Q
�


��������
 ��������
 �2��
 ��	�����
 ����������
 �0
 �2�
 ��00�
 #���
��
 1�������
 0��


52���C����
��
�2�
���
%	���
��		�Q
��	�������
/��%��2
%	���

����
��
�������


���
 ����������
 �0
 ���
 %	���
 ��		
 5���	�����
 1�������
 *
 X(9Y�

 3���
 �0
 �2�


��	�����2����
0����
��
�,/
2���
�
2�
2
�����	����
����

�2�
����	������


�2�
�@�2�	�������
�		�	��&
 @�W��
���
D�W@�&
���
�%������
 ��
+>�=&
���
:>�)


�������
�0
�2�
����	�����&
����������	�
X(9Y�
4�-����&
��
�����������
-��
0����


0���
���	����
�0
	��
�
����	�
���
0���
��2���
�0
�2�	����
�
��
+@(*
����2�
X<:Y


%��-���
�6R7@�2�	�������
 
���
 �2�
���C
�0
����	��

���
��� ����	���
�
 ��0������


���
�������
 X<>Y�
�2�
 ������
 ��	����
 �����
 X:Y&
 �%������
 ��
 	����
 �
 ���
	�
�@



�

=:�
�

�2�	�������
 ��	�����
 0����
 ��
 <+�>
 �������
 �0
 �2�
 +()
 �2�	����
 -��2
 ������


��	�����




#	��

�2�
����2
�����
�0
�����
&
3#G
��
�������
��
��
��
*)@*:S
�0
����	�


��
 ����
����	������
 X(9Y�
 ��
 �2�
������
��	����
 �����
 X:Y&
 �����
�2�	����
-��2


3#G
 2��
 ����W��������
 ��������������
 ��
 ���������
 6:�+S7
 �2�	����
 -��2


������
�������&
3#G
-��
�������
6*
�2�	�
-��2�����	��

����@��0������Q
(
-��2


�����
 6��� �	��
� �� ��� ����	���
��
 ��0������Q
 ���
 *9
 2��
 ��� ����	���
�� ����@

��0������7�



#��	����
�0
���	��
����	�
����
 0���
 �����������
�������Q
(
��2����
���
*


����@������	
 ��
 �,/
 �2�	����
 �2�-��&
 �
 �������
 ���C
 �0
 ��� �	��

 ��	����


�%������
 ��
 �2�	����
 -��2
 3#G
 X<;Y�
 /��������

 �0
 *=;:
 �2�	����
 0���
 �2�
 +


�������
�2�-��
�
���������
%�
9>S
�0
�2�
���������
�0
����	��

�	�����	
�		����
��


��0����
 +@(*
 ����2
 -��2
 3#G&
 6X�11Y
 U )�:9&
 �� V)�)))*7�
 �2���
 -��
 �	��
 �


��
��0�����
���������
%�
:(S
��
����	��
 6%	���@���
�7
��@��0������
���
�����
%�


�51
 6� U )�))+7
 ���
 ::S
 %�
 	�
2�
 ����������
 6� U )�)*97&
 ����������	�&
 ��


�2�	����
�
��
 :@*9
 �����
 �	�
 0���
 �2�
 ���	��
 ����
 ����
��� �	��

 ������������


-��
��
��0�����	�
�������&
6� U )�)**7
��
�2�
+@(*
����2
�	�
�2�	�����



��
��	���
��
����
�0
����
3���C
��������&
����
+
��	�����
�0
�2�
���
%	���
��		



	����2����
5
6/��%��2
%	���

����7
��
0����
��
9>�)S
�0
�2�
����	�����
X(9Y�



��4�"
���


��5�6������$��������

G��
�������
���
C��-	��
�
���
������������

�0
 ��������
-��
��

�����


%�
 1�%���
 Z��2
 �	����
 �
 �������
 �
�
 X<<Y�
 3����
 Z��2\�
 �����
 ��
 �,/&
 �2�


���2�����
 �0
 ��� �	��
� ���������� ��������
 2��
 ���
 %���
 ��
 ���
 0�		�


����������&
 �������		�
 ��
 �2�	�����
 '���
 	��
�������	
 ��2���
 �������&
 ��
 �,/&


������		�
��"�����
��������
��
����	��

�������
��
����	��
����
���	�
��
	�0�
���


"���C	�&
-��2
�2�
%�����
�0
�������
����
����	�
��
�2�	����
�����
+
�����
�0
�
�


X(:&
 (>&
 :)Y�
 H2�	�
 ��
 ����	������
 �����

 0���
 �����
 -��2
 ��
 ��	����
 ��
 	�-


������������
���2
��
�2�
�����@��
�����
��
���������
,�-
/�����&
%��2
�2�	����


���
���	��
2���
�"��	
���C
�0
��0������
���
�0
�������
0�		�-��

�2�
0����
��	����	


��0������
-��2
�������	���
�����
����	��

X<=Y�
4�-����&
�2�
�������
�0
��"�����



��������
�����
��
%�
��00�����
0��
�2�
������
����	������
���
�����@��
�����
0��




�

=9�
�

�2�
�-�
��������
��������
X=)Y�
#0���
������	
�	�����	
��������
�0
��	����&
�
����


��
 �-�
 	����&
 �2�
�������
�2��
��
 ��
��"�����

�
�@���������
 ��������
 ��
2�
2


�������
 �������������
 ���
 0�����
 �2�
 ��	�����
 %���0��
 �0
 	�0�@	��

 ��������
 ��


�������	
�
 ��������
 ��0�������
 ��
 �2�
 ������
 ����	������
 ��
 �%������
 0��
 ���

�	��

%��
���
0��
�������	���
�
X=)Y�
3�����	
��2���
�������
��
�,/
X(:&
(>Y&
2���


�%������
����	������
�0
�	�����	
��������
��
����	��

��
%�
�	����
����	���
%�


�2�
 ����
 �
 �2�	�
 ����2��
 =
 �����
 �	�&
 -2�����
 ��������
 ��
 �����������
 ���

����	���
�
��	����
�������
������	����
�2���
�%����������
��

���
�2��
�	�����	


��������
��
����	��

��	����
������
����
���	�
��
	�0�&
��
�2�
������
��
�2���
����


�0���
 %���2
 X(:Y�
 ��
 ��
 �2��������J��
 %�
 ���������

 �%�	���
 ��
 ������	
 ��������


���������
%�	�-
 �2�
����
����
 �2���2�	�
���
����	�
����	���
 ��������
�0���
:


�����
�0
��������
��
2�
2
��������	
�������������
#�
���2
�2�
����
�0
��"��������


�0
 ��������
 ��
 ��� �	��

 ��
 ����	��
 ��
 �2��
 �%������
 �
�����
 ��� ����	���
�� ��


#0�����
�2�	�����
�2�
����
�0
��"��������
�0
��������
��
�������	���
�
��
2�-����


��%�������		�
�	�-��
��
�,/
��������
��
#0�����
�2�	����


��7�8�������

�2�
����
�������
 0��
��	����
 ������������
 ��
�,/
%�
����2�	�
��
����
���


���%���
�0
�2�
���� ������
��!
��!
�
����	���
��������
!	"�����#��	���	�"
���


�����
��!
��!
��X:*Y���2���
�������
���
�	��
����
��
���������
�����&
3�	����


��	���
���
P�������
G�2��
�������
���2
��
 
�����������!	&
����#�$��	
���
����

���%	���!�	�
2���
�
�����
��	�
��
�������
0��
��	����
X:(Y�
�2�
���
�0
��	�������


�2���
��������@�����������
0��
����
	��
�2
��	�����2���
6�51@1'F�7&
������0���



����
 ����
 �0
 ���� ����
!	� ���� ���� #��	���	�� -2��2
 ���
 ����2�	�
���		�


��������
���2�%	�
�����������
!	��������������
!	�&����6�	��
��		��
���� 	�����
�7

�������������
!	�&���'�X=*Y�



�2�
 	�������
 ���
 %����

 ���	��
 ���
 ��00�����
 0��
 ���2
 ����
���� ����
!	� ���� ��


0����
��
�2�
������	
�����Q���������
!	�&���(&
+& ��� 9
���
0����
��
������	
���


��	���
�����
���
��������
!	�&��
:
���
>
���
0����
��
�2�
2�
2	����
������
����

����
!	�&�(�-��
0����
 ������0��� ��
�2�
3�	����
��	����
X=(Y�
�2�
%����

2����
�0


��������
!	�����
2��
�
����
���0���
%����

�������� ���������
%��-���
>@>��
-��2


�
���C
������
=@*)��&
-2�����
(
���
9
���
���	�
%�����
������
>@*)��
���


�����
��!
��!
�������

���	�
2����
�0
�2�
������

(@>�� X=*Y�





�

=;�
�

��
())=&
5������
��
�	
 X=+Y
������%��
���� 	�����
�
 6��-
����
0��
)���
!	�

&�� �7
 ��
 �
 ��	����
 ������
 ��
 �,/
 0��
 �2�
 0����
 ����
 ����

 �51
 ���
 �2�
 ��2��


���� ����������
�
��!
��!
�&
#��	���	�&
����
!	&
����
!	
9&
���0�����
��
�2�
����


�������
 0��
 ��	����Q
 ���
 ���� ����
!	
 >
 �2�
 ����
 ������
 ��
 �2�
 2�
2	����
 �����


��		���
 6^*:))�
 �%���
 ���
 	���	7�
 #
 ��-
 �����
 -��2��
 �2�
�
��!
��!
�
 
����


-��
�	��
������0���
��
��������
!	
<�
#�������

��
�2�
���2���&
�����������!	����

�������%	���!�	�
�2�-
2�
2
���������
�0
��0������
��
����
������



��	����
 ������������
 �������
 ��
 *=<<
 %�
 ���C��
 ��
 �	
 X:*Y&
 ������%��
 ����

�
��!
��!
����������#�����	�
��
����
���2�����2�	��
 �2������� ����
!	�����
 �2�



��������
����
����	��

�����J����
�������
-��
2�
2��
��

�����
��!
��!
���2��

��
���2��&
����#�����	����
��������
!	�
�2�
�����J����
���
�����	�����
�����
������



����	�
-��2��
��		�
��
���
����
�����
#�
0��
��
��
��
C��-&
�2���
�������
��������


%��2
�������	���
�
���
����	��
�

��9�'
����

�:���
���
���(�)��������������


��
�

��
 �,/&� ��� �	��

 ��	����
 ��
 �
 ��?��
 �����
 �0
 ���%�����
 �������		�
 ��
 �2�


����
��
�2�	����
 	���
�2��
+
�����
�	�
 X(:&
(>Y�
/	�%�		�&
����	��

��	����
 ��
�


������	�
 ����
�����
 ������
 �0
 ������
 �������&
 ���
 ������
 ��������
 X=9Y
 ���


�������
 0���
 ��00�����
 �����
 �0
 �,/
 ���
 ���������
 �����
 X:@<Y
 2���


����������
������
����0���������
�0
��	����	
�		����
���
����2�
0���
����	��


��0�������



��9���(�)��������������


��
�+�'��������+�
���������)
����

�������

#
�����������
��2���
�����
X>Y
����
��
<
����
������
�0
�����������
��	����


�����
���������

��
(
4��	�2
5������
%�
/�����
��
�	�&
����������
0��
�2�
0����


����
��
�����������
%��-���
����	��

������0������
���
�����
6����	��

���
���

����	���
��
��0�������
-��2
������
��	�����
��	����
�����
-���
���0�����
����



F�
-��2
������
��	����
�	����0���
��������

 ��
H4G
()))
 X=:Y
����
��0�������


-��2

������	
����0���������
�2�
���2���
����
����	��

����
��0�������
�0
������


��	����
 ��
 �2��
 �0
 ��� ����	���
�&
 %��
 ��������
 ���������
 ^
 (:)&
 )))Wf	
 -���


�����
�����&
 ��
 ���
 ���	���%	�
 ��
 ��� �	��
� ��0��������� �2�
 ����	��
 �2�-��
 ���

�	��

��0�������
%���

������
��
�2�	����
�
��
�-�
��
	���
�2��
0���
�����
�	�&


-��2
 ��
 ��
 ()S
 �������������
 G����		&
 ��� �	��

 ���������
 0��
 �-����@���




�

=<�
�

�������
 6(*S7
 �0
 ������
 ��	����
 ������
 
 ��� ����	���
�� ����@��0�������
 ���


�����
6����	��

���
�������	���
��
 ��0�������
���������
0��
�������@���
6;*S7


���
 0���
�������
 6:S7&
 ����������	��
 ��
 �2�
������
��	����
����
�������������&


�����������
��������
-��
����
������
��
�����
���
��
����	��

��0������
�2��
���

����	���
��
6>)�:S
���
9*S&��
U
)�))(7�
�2�
�����
6����	��

���
�������	���
��

��0�������
 �	��
 ����
 �0���
 ���������
 -��2
 �����������
 ��������
 �2��
 ���
 ���

����	���
�&
6>>�;S
��
9*S&
�
U
)�)*:7�
��
����	��
�������
��	����
�����&
��
��


(:�>S
 2��
 �����	�
���	
 ���������
 #������
 -��
 �������
 ��
 *<�>S
 �0
 �2�


������
����	��

��	����
������
�2�
�����
6����	��

���
�������	���
�
7
��0������


�����
�0
������
��	����
2��
�����	�
���	
��������
���
�������
��
<�+S
���


(=�(S&
����������	��


��9����(�)��������������


��
�+�;�����

��
������)�����


��
��������

#
 2������	
 %����
 �����
 �0
 ������
 ��	����
 �����
 ��
 �,/
 �2�	����
 X:Y
 %�


������

��
�	�
�2�-��&
��
�2�	����
-��2
���0�����
������
��	����&
�2��

����	��


��0�������
 -���
 ��������%	�
 0��
 ��
 ��
 ;�=S
 �0
 �2�
 �����&
 -2�	�
��� ����	���
�

����@��0������
 ���������
 0��
 ;*S
 �0
 �2�
 �����&
 ���
 
 �����
 6��� �	��
� �� ���

����	���
�7
 ��0�������
 ������
 ��
 ��
 *9�;S
 �0
 �2�
 ������
 �2�
 H4G
 ()))



����	����
X=:Y
0��
������
��	����
-���
�������
0��
�2��
�������

�2�
 ���������
 �	�����	
 �������������
 �0
 ������
 ��� �	��

 ��	����
 ���	����


��������
 	���	
 �0
 �������������
��
����
����
 ��
(=�>S
�0
 �2�
�����Q
 ������


�������
 ��
 **�*S
 ���
 ����%�	��
 ��������
 ��
 2����	���������
 ��*<�:S
 �0
 �2�


������
 1����������
 ��������
 -��
 0���
 �����
 ����
 ������
 ��
 ������
��� �	��


��	����
��������
��
������
�������	���
�
�����
6G1
U
:�)9&
�
U
)�))*7&
�0���


��?�����

 0��
 2����	���������
 ���
 ������
 ��������
 �2�
 ��2��
 ���������



0�������
 -���
 ����	��
 ��
 %��2
 ������
 ��� �	��
� ��	����
 ���
 ��� ����	���
��

������
52�	����
 -��2
 ������
 ��	����
 0���
 �����
 6��� �	��

 ���
��� ����	���
�7


��0�������
-���
����
 	�C�	�
 ��
�������
-��2
2�
2��
������
�����������
����
 �2��


��� ����	���
�
����@��0�������&
 6�
 U
)�)*97�
#	��&
�����
 ��0�������
-��2
 ������


��	����
 �	��
 2��
 �
 	�-��
 �	������
 5���
 3����
 6�537&
 6�
 U
 )�)*<7
 ���
 -���


����
 	�C�	�
��
�2�-
����
����&
6�
U
)�)+)7
��������
��
�������	���
������@

��0������
������
52�	����
-��2
������
��	����
���
 ��
�����
 ��0�������
�	��
2��


	�-��
 ����
 2����
	�%��
 ���
 �����
 ������
 ��������������&
 ���
 �
 2�
2��


������
�	����
%�	���%��
	���	�
��������
��
�2���
0���
����	��

����@��0�������




�

==�
�

�2�
�����	���
����
0���
������
��	����
���
��
����	��
�-��
+�;S&
������

��
��


<�)S
 ��
 �����
 6��� �	��

 ���
 ��� ����	���
�
 7
 ��0��������
 3��������
	�&
 ���

����	���
�
������
��	����
�����
2��
�
�����	���
�0
����
�0
)�9S
��
�2��
������


��
 �2�
 	��
�������	
��2���
%�
F��
��
�	�
 X(:Y&
 �2�
 ���������
�0
������
����	��


���
 �����
 6��� �	��

 ���
 ��� ����	���
�7
 ��0������
 -��
 *>�*
 ���
 ()�(
 ���


*)))W������W��
 ��
 ���C&
 ����������	�
 X:Y�
 �2�
 ���C
 �0
 ������
 ��������
 -��2
 ��


������	������
��	����
 0���
�����
 6����	��

���
��� ����	���
�7
 ��0�������
-��


����	��
��
�������	���
�
�	���Q
+�9S
���
9�(S&
6�
U
)�<*7


%��
-��

������
�2��


����	��

����@��0�������

+�9
���
)�=
�������&
6�
U
)�)+:7�



��9� �'���
���.�!"	�
���$�������
�!
��
�+�(�)�����������������
���

G%����������
0���
�������
��
���������
�����
X;&
<&
(<&
+)Y&
�2�
-������
2�	0


�0
 �2�
 ��	���
 �0
 ,�-
 /�����
 ���0���
 �2�
 0�����

 0���
 �,/
 X:&
 >Y&
 -��2
 ����


��00�������
 ��
 �2�
�	�����	
������������
�0
������
����	��

��	�����
#
 �����-
%�


�����
��
�	�&
����������
 ����	��
 0���
�������
����
 ��
�,/&
 ���������
�����&


�2��	���
���
�����
�2�-��
�2��&
��
�2���
���������&
��
��
(*@(;S
�0
�2�
��������


-��2
 ������
 ��	����
 �����
 �0���
 ��� �	��

 ����@��0�������
 X=9Y�
 ��
 ���������


�����&
������
�������
��
����
��
>;@<)S
�0
�2�
�����
-��2
��
�����		
�����	���


����
 ���
��

 0���
)�<
D
*�>S
 X;&
<Y�
�2�
�����	���
 ����
���������%	�
 6*)@+=S7


-2��
 ������
 �������
 ���
 ��2��
 ����0��������
 �0
 ������
 �������
 -���


����������	�
�������
X<Y�
��
�2�
��?�����
�0
������
����	��

�����&
���
2
-��
�


0��"����
����	����
 X=>Y�
1����������
��������&
 �2�
��?��
�	�����	
 0������
 ��
�,/


X:&
 >Y
 �����
 	���
 ������
 �	��-2����
 ]�������
 ���
 ����	
 0��	���
 2��
 %���


������%��
 ��
 �
 �����
 0���
 ���������
 �����
 X;Y�
 ��
 �
 �����
 �0
 ��0����
 0���


����2���
 ���������
 �����
 X+)Y&
 ����
 ��0����
 -���
 2������	����
 -��2
��� �	��
�

��	����
����
�2��
2
�������	���
�
-��
�2�
����
�����	���
�������
��
�2�
�����


�2���
-��
��
��������
���C
����������
-��2
����	��

��0������
�0
������
�������


6G1U(�97
���
�2���%����������
6G1U+�+7
��������
��
�������	���
�
 ��0������


��
��0����
0���
�2��
�����
X=9Y�
��
�2�
�������
0���
�,/
���
���������
�����
X>&


<Y&
�����
6����	��

���
�������	���
�����0������
-��
����������
-��2
��
��������


���C
�0
������
��������


3�����	
 0������
 ����������
 -��2
 ��� �	��

 
 ������
 �������
 2���
 %���


��

�����
X=9Y
���2
���
���������
��0������
0���
����	��

 	�����

��
������	
�0




�

=��
�

��0�����
���
����0�����
���
%	���
��		�&
�������2���������
���
���������
�0
1�5


��
�2�
��	���
6(:&
(>7&
���
���������
1�5
0��
�	���
���
2����	����
6(97�



��9���:��.����
������
���:��.+������
����

�2�
���"��
%��	�
���	
 ��00�������
%��-���
��� ����	���
�
 ���
��� �	��

 �����


0���
 �2���
 ����	��
 	�0�@���	���
��� �	��

���
��������
 2���
�
 	����
���
�
��		��


2����J�����&
 -2��2
 ������
 �������
 ���
 ���
 ��@��������
 -��C�&
 ����2�
 ��
 ��


����
�����
�����
�0���
�2�
�������
��0������
��
�����
�
��-
��	�����

��	����	


��0������
���
�2��
�	�����	
�������
 X(*Y�
5������
 ���������
 ��
�����
���
%����


��
�2�
��������@���
�@�����0��
���
�2�
0��������	

������

�0
�2�
���

X=;Y�
���



���������
 0��
 ��	����
 ���
 %�
 �	����0���
 ��������

 ��
 �2���
 ��������
 �
�����
 �2�


��00�����
���
��
�0
 �2�
��	����
 	�0�
���	�
���
������������	Q
������
��2�J��������	


���
2����J��������	Q
%	���
��2�J��������	
���

�������������	
 X=;Y�
5���	���


����
�0
����	��
���	����
 ��0�������
��"����
���
�
�00������
�
�����
������
 ������


��2�J����&
 "��������
 2����J�����&
 ������	
 %	���
 ���
��
 ���
 
�����������


5������	�&
 �����"����
 6�!7
 ��
 �2�
 ��	�
 	�������
 ���

 �2��
 -��
 �2�-�
 ��
 %�


�00������
 ��
 ����������

 �2�
 ��� �	��

 	����
 ���
��
 ���
 
�����������
 ��
 2��


2�-����
 ��	�
 	������
 �00�����
 �
�����
 %	���@���
��
 ���
 ��
 �2��
 ���


�����������
��
�
����
0��
����	��

��	����
��0������
���
��������



��9�,�'�
���6�����*�����
�������������

'��
 �
 	��

 ����
 �2�
 ���������
 �0
 �2����
 0��
��� �	��

 ��	����
 ��0������
 ���


�������
2��
%���
5!�
G0
 �2�
���%�������
��
�����
����
0��
����	��

��	����


���������&
 �2�
 ��@��������������
 �0
 5!
 �	��
 �!
 2��
 %���
 �2�
 ����
 �00������


��
����
 �
�����
 ��	����
 ��	�����
 4�-����&
 �2�
 ����
����
 ���
 ������
 �0


�2	���"����@���������
��� �	��

 65!1��7
 ��
 ���������
 ���2
 ��
 �,/&
 ���������&


�����&
P������&
3���2
Z����&
���C��&
����
���������
-��2��
�2�
2���
�0
#0����&


����
�����&
 3���2
 #������
 ���
 �������
 �����
 X=9Y&
 2��
 	��
 ��
 �2��
��
 ��


���������
��
�����
��
����
�0
�2���
����������


��
�,/&
5!1��
-��
0����
����������
��
*=<=
X9*Y&
*+
�����
�0���
�������
�0


5!1�0
 ��
*=;>
X+<&
9)Y
���
=
�����
�0���
 ������
�0
��	0�������@�������2�����


63�7
���������
�������	���
�
��
*=<)
X=<Y�
5!
����������
-��
0����
�%������
��	�


�
 0�-
 �����
 �0���
 5!
 ��#
 0��
 ��	����
 �����������
 X++Y
 ������
 ��
 �2�
 ���	�


*=;)\��
#
���
	�
��
����
0��
����	��

���
�������	���
�
����

5!
-��2
�
����
�0




�

=3�
�

�!
)�;:�
WC

��
�

�������������	
��
����
-��
�����������
0��
���
�����
��


()))�
�2�
���������
��
����
-��
�2��
��
��
5!
��
������"����
6#!7
�	��
3�


��
0����
 	���
0��
%��2
����	��

���
�������	���
������
����������
6#1�7
�	��
3�


��
������
	���
����������
!������
�	��
3�
-��
��������
0��
������
��	����
���


��
 ������
 ����������
 '�		�-��

 �������
 �0
 	�-
 �00�����
 ���
 ������
 �0
 5!1��


���
 5!1�0
 ��
 ����
 ��
����
 �0
 �,/
 X9(&
 ==Y&
 �
 ��������
 ���������
 ����	
 �0


������	����	�
-��
�������
���Q
 ��
 �������
5!
 ��
�����
�
�����
 6#5��7
 X*))Y�


�2�
 0���
 ��00�����
 �����������
 ����	
 ����
 ���������
 �0
 5!R3�Q
 #1�R3�&


���2����2��W	���0�������
 6#F7
 ���
 ��2��������������W������"����
 6�4#�!7�


�2�
�%������&
����	��
&
(<
���
 6(<�7
���
9(
���
 69(�7
���"����
�	�����	
���


��������	�
���	
 ���������
 6#5�17
 0��
 �2�
 ��00�����
 �����
 ����
 -����
 5!R3�


6(<��
 :*�)S&
 9(��
 *+S7Q
 #1�R3�
 6(<��
 :*�+S&
 9(��
 ++�+S7Q
 �4#@�!
 6(<��


<9�(S&
 9(��
 >=�9S7
 ���
 #F
 6(<��
 9<�:S&
 9(��
 +)�+S7�
 /��������

 �0
 �2�
���

�	��

���������
0���
�2�
�����
����	��
�2�-��
����
�0
�2�
��0�������
��
�2�
#F



����
-���
�0
��00�����

��������&
�	����0���
��
��-
����	��

��0�������
���
���


�������������
 �0
 �2�
 ������	
 ��0������
 0���
 �2�
 ����
 
�������
 �%������
 ��


%���	���
X*)*Y�
�2�
�������
�51@���������
#5�1
0��
#F
-��&
;=�+S
���
;;�<S


0��
(<�
���
9(�&
����������	��
5�������
��
�������	���
�
��0�������
6-2��2
��
���


��	����7&
��	���	��
���
�����
����

���������		���
���C���
��
������
���������
��


��������
 -��2
 ��-
��� �	��

 ��0�������
 
 ���
 ���
 ���"����	�
 �������
 %��-���
 �


��-
 ��0������
 6�2��������		�
 -��2
�
��00�����

�������
 0���
 �2��
�0
 �2�
%���	���


��0������7&
 �
 ������������
 ��0������
 6������

 0���
 �2�
 ������	���
��
 �����"����


���������
�0
 �2�
 ���
���	
 ��0������&
 ���
 �2��
-��2
 ��
 ��������	
 
�������7
 ���
�


��	�����

 ���
 6�������

 0���
 2������
 ��-	�
 0�����
 ��
 ��������	�
 �������



2����J�����
-2��2
���
%�

�������		�
��������	
��
��00�����
0���
�2�
������	
�	�����	


��0������&
�������	��	�
�0
�	���
2�����	�
���
2����J�����
���
�2�
����
�����������


X*)(&
*)+Y�


��9�-�!"	�"
����

�(�
��
������
����������������
��
�����


��
��

�2�
 ��������������
 0��
#F
��
 0����
 	���
 ���������
 0��
%��2
��� �	��

 ���
���

����	���
�
 -��
 %����
 ��
 �2�
 #5�1
 6(<��
 =;�+S
 ���
 9(��
 =:�(S7
 0��
 ���

����	���
����	����
����

 �2�
�����
�������������
�4#@�!
-��
�2����
��
 �2�


������
 	���
 ���
�
 #
 �����-
 �0
 �2�
 ���������
 �0
 ��� �	��

 ��0�������
 -��2
 #F


����	����
�2��
�2��
���

���
%�
�00������	�
%�
����
%��
�2��
���������
��
�����




�

=6�
�

�2��	�
%�
������������
��
���%�������
-��2
�!
X*<Y�
#��	����
�0
�00����������
�0


#F
���
��
���������
�0
������	������
����	��

���
�������	���
�
�	�����	
�		����


��
����

�,/
�2�	����
X*)9Y&
0���
�
�����
�0
������������
������������
���������


��
 ��0����
 6����7
 X<:Y&
 0����
 #F
 �00������
 �
�����
 ��� �	��

 ���
 ��� ����	���
��

��0��������
 4�-����&
 �
 2�
2��
 ����
 �0
 ��� �	��

 ���������
 �	�����	
 ��������


%��-���
 (<�
 ���
 9(�
 -��
 �%������
 ����

 �������������
 �2�
 ���2���
 �	��


�����������
���
�0
�!
��
���%�������
-��2
#F�


�2�
 �������
 ())<
 �,/
 X9+Y
 �����������
 ��������
 ���������
 0��


������	������
��	����
0���
����	��

���
�������	���
�
 ��0�������
 ���	����
���


�0
�!
0��
���0�����
����	��

������
4�-����&
���
��
����00������
��0��������
��


�2�
 �����	����
 �0
 ������
 ��������
 �0
 />��
 ��0�������
 ��
 �,/
 ��
 �2�
 ����
 �0


��	���
0����	�����&
���&
��
�2���
���
����
��
���&
�����
�0
����
�����
���
������


����
61��7
0��
/>��
��0�������
������
&
�
*9
���&
	�-
����
�!
)�(:�
WC

-��


�����������
 0��
���
������-����
�2�
�00�����
�0
 ���2
�
 	�-��
����
 �������


����������



��9�4�!���
6�����
���	-!:������������

�2�
������	
����
�0
����	��
���������������0�������
��"�����
�2�
���������
�0


%��2
%	���
���
	����
���
��
�0
�2�
��������
62����J�����7�
'��
����
>)
�����&
�2�


��	�
 ���

 C��-�
 ��
 2���
 ���
 �00���
 ��
 ����������

 �2�
 	����
 ���
��
 �0
 %��2
���

�	��

���
�����	�
2��
%���
�����"����
6�!7�
4�-����&
��@����
"��������
�%���


�!
������
��
�2�-�
��
�2�
0�		�-��

����	�


•
 4�-
����
�!
-��Cg


•
 H2��
��
�2�
%���
�!
��
����
��
%�	����
�00�����&
����	�����
���
����


�00����g


•
 #��
�2�
�������
H4G
����
���������������
��	��
0��
�����
��	����


�������
������
g


•
 H2��
��
�2�
���	
���%	��
�0
�!
��	������
���W��
����������g


•
 32��	�
�!
������	
����
%�
����
��
2�
2	�
�������
�����g


•
 ��
��
��0�g





�

=7�
�

•
 5��
��
%�
����
��
�2�	����g


•
 32��	�
�2�
���
�0
�!
��
�
������������
%	��C��

-�����
%�
��������
��


�		
��	����@�������
�����g


�2���
���
������	
 ���������
��?��
���-%��C�
�0
�2�
6	�-
����7
�!
��
����


���
 ���
 ���	����������
 ����
 �������
 �	�����	
 ��������
 0��
 �2�
 ���������
 �0


2����J������
'����	�&
�������
���
�����-�
X*):@*);Y
2���
���������
�2�
52�����


������
 0����
 ��
�,/
 ��"�����
�
2�
2��
����
�0
�!
 6)�:�
WC

��
2�
2��7
 ��
%�


�00�������
3�����	�&
�!
2��
�
2�
2
����������
 ���C
�0
 ����
�00����&
 �������	��	�


����

����	�
-��2
/>��
��0��������
�2��
��J������
��0�������&
�0
-2��2
k*9)


��00�����
��������
�����&
 ��
��
�%��	���
����������������
0��
 �2�
���
�0
�!
-2��


�2�
��J���\�
��������
��
%�	�-
�2�
�2���2�	�
�0
:S&
%��
�2�
���

���
%�
����
��


��	���
 �����
 -��2
 �2�
���������
 �0
 ��������

 �2�
 ���������
 ��
 �
 -��C	�
 %����


�����

�
 �-�
����2@	��

)�;:
�
WC

��2���	��
/>��
��0�������
 ��
 0��"����
 ��


��	����
�������
�����
���2
��
�,/�
��@����&
������	
��	���	��
�������
2���


%���
����
��
�,/
X*)<@**)Y�
4�-����&
�����		
�����	����
���
��������	�
���	


��������

��
���

����
����	�����
 ��
 ���������
X<+Y&
��
 ��
����
���
"�����0�
�2�


�	�����	
 �2��������
 6�		�	��
 ���������
 ����������
 -��2
 2����	����7
 ��
 �2�


���������	
 	���	�
 ���
 ��
 �2�
 ���C�
 ����������
 -��2
 �!
 ���������&
 �2�
 ,������	


4��	�2
 ����������
 2��
 �����������
 />��
 ������

 ��
 �		
 2��	�2
 0���	�����
 ��


����
�0
���
������
�
0��
��	����
������	
��
�2�
�������
X***Y�


��9�7�	-!:�������.��

�2�
����	�%	�
���2���
�0
������

0��
/>��
��0�������&
���2
��
�2�
����	�C�


���
 ����	��������
 ����
 X**(Y&
 ,#��4
 0	���������
 ����
 ����
 X**+&
 **9Y
 ���


����������
 �0
 �2�
 ���
 0����J��
 ���2���
 X**:@**<Y
 ��"����
 ������	�J��


�"�������
 ���
 2���
 �2���0���
 ���
 %���
 �������0�		�
 ���	�������
 ��
 �	�����	


������
�
 ��
��	����@�������
����
 X**:&
**=Y�
����
������	�&
 �2�
'�#
��������


�����,GH
/>��
����
6���������
������	&
3-��J��	���7
���
�2�
��?����
/>��


H3�@<
 #����
 Z��
 6��?����
 ��	���	��
 ���2��	�
���&
 ]����7
 X**:&
 *()&
 *(*Y&


-2��2
 2���
 ��������
 �
 ����
 �����%	�
 �	���������
 %��
 �2�		��
��
 ��
 �2���


���	����������
 ��
 ��	����@�������
 �����
 �������
 ���2
 �����
 ���


�����������W	�
2�
���������&
���������
6�����������	�
83m<
���
83m:
���
����&


����������	�7&
 ���
 ���
 �����@�	���
 C���
 6��"�����

 ���������	
 �"�������7
 ���




�

=8�
�

��"����
 �
 2�
2��
 	���	
 �0
 �������

 ��
 ���0���
 ���
 ���������
 �2��
 �2�
 ������	�


���	����
 ��	����
 1����
 1�����	�&
 �
 ��-
 />��
 ����
 C��
 ��		��
 5���3����p�

6#�����
 ���&
 ,�-
 ]�����&
 83#7&
 �������	�� �����
���

 �������2
 ���


����	������
 -��
 ������
 0��
 �2�
 0����
 ����
 ��
 0��	�
 ����������
 ��
 ������
 ���


���0�������
X*((Y�
�2�
5���3����p���
��
1��@0�����
����&
-2��2 ���	�
%�
����


��
��2��
 -��2
 �������
 1��
 ������

 0��
 ��	����
 ���
�����
 ����
 0�		�
 ����	����


���
��������&
��
�����
�0
����&
����
��
���
���
������
���	
0��
/>��
��0�������


������
�

8���	
 ���2
 �2�		��
��
 ���
 ��������
 ���
 �������
 />��
 ��������

 ��


���	�������
 ��
 ����������
 2��	�2
 ��������
 ��
 �,/&
 ��� �	��

 ��	����
 ���


��	�����
 0���
 �2�
�������
���
��
 ��
 �2�
 	����
-�		
 ������
�
�2�		��
�
0��
�,/


�������	
��	����
������	
���
����
��
�2�
	�-
����
�!
���������
�����������


��
�2�
�%�����
�0
/>��
������

��
��	�C�	�
��
%�
�00������
�
�����
�2�
�����	����



����	��
��������
�������
��
�,/
X*);Y�


��9�9�;������������

�
���	
�����������

�:��.���

�2�
 2����J�����
 ��
 �2�
 	����
 ���������
 ��
 ���������
 ������
 �0
 ��@��0������&


�������
���
������������
�0
����	��
�
��
�����
0��
��	����
����������
���
������	


���
����
��
%�
�00������&
���������
�������
0��
�����������
�0
�2�
	����
���
��
�0


��� �	��

 ����
 %�
 ���	�����
 ���
 ���	�������
 ��
��2��
 -��2
 ��2��
 ������	


��������
���2
��
#5��
���
FF�,�
#		
���0�����
�����
�0
��	����&
���	����

���

����	���
�
 ������0�������
 -�		
 ����
 ��
 %�
 �������
 -��2
 �!
 ��
 2�
2
 ����������


6����
:)S7
%�����
����	��

��������
����@���������
���
������
������������


X*))Y�
 #�����������
 ��������
 �0
 �		
 �������	
�� ����
 ���������
 ������%���
 ��


�������&
 ������������
 ���
 ����	������
 �0
 ����������
 ��
 ������	����	
 ���
�


X*(+Y�



�������
 ���
��������
 �
�����
 2����J�����&
 �!
 ��
 2�
2	�
 �00������
 ��
 C�		��

 �2�


�����	
0����
�0
�		
�������	
������
���������
6����
�2�

����������7
X()Y�
�2��


��
 �������	��	�
 ���������
 ��
 �2�
 ���������
 �0
 ��� ����	���
�&
 -2���
 ���
�
 P



����������
 ���
 ��	�����	�
 ���������
 ��
 ���������
 -��2
 ����
 ��2��
 %	���@���
�


������	����	�
 X*(9&
 *(:Y�
 5����"����	�&
 ��� ����	���
�
 
����������
 ���


������	�
����
0��
��
 ��
9
-��C�
�0���
�������0�	
 ���������
�0
������	
 0����


���
���
������%���
%��2
��
������������
���
��
��������		�
0�����
������
�0
���





�

�:�
�

����������
X*:Y�
'��
�2���
�������&
�
���
	�
����
�0
)�;:�
WC

�!
-��
���	����


��
 �2�
�,/
�������	
 ���������

����	����
����	
()))
-2��
 �2�
�!
���
	�
����


-��
 �������
 ��
 ���?�������
 -��2
 �2�
 �-���2
 0���
 5!W#!
 ����@�2�����
 ��


5!W#!
 �	��
 3�
 ���%�������
 �2������
 '�		�-��

 �
 	��
�
 �����	������
 �������


H4G
2��
������	�
 ������
�
��������������
0��
 �2�
 ���	�����
�0
�
���
	�
����


�0
 )�(:�

 �0
 �!
 0��
 ���������
 �0
��� ����	���
�
 ��	����
 ������������
 �0
 />��


������
 ��
 �	����
 ��
 -2��2
 �2���
 ��
 �
 �2����
 �0
 �����������
 ����������
 ��
 -2���


�	���������
 ���
����
 ���
 ��
 �	���
 X*(>Y�
 �2�
 H4G
 ��������������
 �	��


���������
 �2��
 ���������
 �	�����
 ����

 �2�
 ��������
 �����������
 ����
 �0


)�;:�

 ��
 ��������
 ����	
 ���������	
 ����
 ��
 �2�
 �00�����
 ��
 �2�
 	�-��
 ����


%������
����	�%	��
�,/
�2��	�
�2���0���
��������
��@����������

���2
�
���
	�


�!
����
��
���
�������	
���������

����	�����
#	�2��
2
�2�
��������
���
�0
�!


���	�
 ����	�
 ��
�
 ��
��0�����
 �����������
�0
%��2
 �������
 ���������
�0
��� �	��


��	����
���
������
������������
�0
���
�������	
�
����&
 �2�
����
0��
/>��


������

��
-�		
��
���%	���
-��2
��2������
��
�2�
	��

���������
��2���	�
���


���������%	�
 �%����	��
 ��
 �
 	��
�@���	�
 ��		@���
 �0
 �!
 �2������
 5����"����	�&


�2���
 ��
 �
 
����
 ����
 ��
 ����	��
 �	���������
 ����@2����J����
 ���
��
 G��
 ���2


����	
���

��
��0���"����
X*(;@*(=Y�
#�
����2��
<@�����"����	���&
��
�2����
�2�


���%	��
 �0
 ��������	
 2����	����
 ��
 />��
 ��0������
 ���������	�
 -��2
 �!&


2�-����&
���
��
���
	��

2�	0@	�0�&
��
���
%�

����
��
�
���
	�
����
��
+@���
	��



���������
 ���
 ���
 �2��
 ��������		�
 %�
 ���%����
 -��2
 ��������
 +@���
 %	���@

���
�
��
������
��0���"����
��
�������	�
�����
���

�2���
��W���
������

���
2��


�2�-�
 ���	�������
 ��������

 ����	��X*+)Y�
 ����
 �2��
2
 ��0���"����
 -�		


�������
 �2�
���%	��
�0
����
����	�����
-��2
�������
�!
 ��
�����&
���������	


����@2����J����
���
�
�2��
���
%�
��0�	�

����
��
/>��
��0������
���������	�
���


�
2�
2
��������
��
�2�
��	����
�	���������
�������2
�
����
X*;Y�




�



�

�9�
�

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

�2��
 �2����
 ��
 %����
 ��
 -��C
 �������C��
 �2���
2
 �
 ��������2��
 %��-���


�����	���\�
5�����
0��
������������	
4��	�2
1������2
651�3��7
���
�2�
�����


,�-
 /�����
 ���������
 �0
 ������	
 1������2
 6�,/��17�
 �2�
 0����
 	��
�������	


��2���
 �����
 ��
 �2�	����
 *
 ��
 :
 �����
 �	�
 -��
 0�����
 %�
 5�		��
 '���������


6�����	���&
 3����7
 �2���
2
 �2�
 ��� �	��

 P������
 5���������
 ��
 ����
 �0
 �2�


%���	���
 ������@��������	�
���	
 �������
 0��
 ������

 ��
 �
 0��	�
 ����	
 ����
 0��


������

���������
����	��

��������
��
�����
,�-
/������
�2��
-��
0�		�-��
%�


�2�
������
��2���
�0
�2�	����
�
��
:
��
*)
�����
�	�&
0�����
%�
�2�
�,/��1�


�2�
 �����
 ��������

 �2�
 ��0���
 ���
 ��	���%�	���
 �0
 �!
 ��
 �2�	����
 -��
 ����


�����

�2�
���@���������
�2���
�0
�2�
�-�
��2���
��������
�2�
�2������C������


���0�	��

 �0
 ���
	�
 2�
2
 �����
 �0
 �!
 �����
 ��
 ����

 �
 ��0���
 ���
 ��	���%�	���


����������
�0
2�
2
����&
�2���
������&
��	��
�00�����
�������
��
�2�	����
:
��
*)


�����
�	�
-��
0�����
�2���
2
�
���������
�0
 �2�
#�����	���
#��
��
�,/
0���


�2�
 ,��4�
 �2�
 �����		
 
��	
 �0
 �2�
 �������
 ���������
 ��
 �2��
 �2����
 -��
 ��


���������
�2�
������%�����
�0
����	��

��	�����
0���
�2�
2����J�����
��
�2�
	����


��
��0������
���
%�����
�0
����	��

��	����	
�������Q
���
��
������
�00������
�!


���������
��
�����
��
�������
#5��
��
�������
��	����
��	����
���
������
�2�


�������
%�����
�0
����	��

��
�2�	�����




,���2������
����

�2�
 0����
 �����
 ��
 �
 ������
 ��
 �2�
 �����	����
 �0
 ���%����
 ����
 ���
 0���


���������	
 ��%	��2��
 �������
 %�
 ���		��
 ���
 ��2���
 �0
 *:+
 2����2�	��
 ��
 **(


������	
�,/
2�
2	���
��		�
���
�2�
�������
-���
���������
%��-���
()))
���


()):
 ��
 ��������
 �2�
 ��������	�
�
 �0
 ��	����
 ��
 �2�
 �,/
 2�
2	����
 ���
 ��


�������
 ����
 0��
 ��������@%����
 �	�����

 ���
 ���������

 �0
 ��	����
 ������	


�����������
 ��0�������
 -���
 ���
�����
 %�
 F�
 ���
 ���C
 0������
 ��������
 %�
 �


����������
"�������������
�2�
�����	����
�0
��	����
��0�������
��
�2���
�������


���
��
0���
)�)S
��
9*�<S
6������
9�+S7
0��
���@��������
�������
���
>�>S


��
 >+�(S
 6������
 (*�(S&
�
 V
 )�))*7
 �����

 ��	����
 ����������
��� �	��

 -��


�����������
 ��
 �	�������
 ^*>))
 �
 -2�	�
 ��
 	�-��
 �	�������
 V*9))
 �&
 ���

����	���
�
-��
�2�
��������
��������
��������
��	�-
*9))
�&
��	����
-��
�2�


���������	
 ������
�0
 0�%��	�
 �		�����
#�
2�
2��
�	�������
������������
 ��0�������




�

�;�
�

���
 ������
 ���
 ��	����
 ��	�
 %������
 �
 ��
��0�����
 ������
 �0
 0�%��	�
 �		����


�����

��������
���%���C��
���
���
���
-��
����������
-��2
 �������
��	����


�����	����
6G1U
)�<&
�
V
)�))*7�
3��������
��	����
������	
�00����
2���
	��
��


��%�������	
����������
��
��	����
������������
���
���
	���
��
	���	
�	���������


��
����
������	
�,/
2�
2	���
������




,���(�������
�����

�2�
������
�����
�������
�2�
�00���
�0
�!
�
�����
����	��

��	�����
0���
�2�


2����J�����
 ��
 �2�
 	����
 �
�����
 ��0������
 ���
 �������
 %�����
 ��
 �2�	����
 0���


�2�
0����
	��
�������	
��2���
������

��
����	���
�
��2���
�0
9++
/>��
�����	
�,/


�2�	����
�
��
*
��
:
�����
�	�

����
���@���������
�0
���2��&
�!
�	��
#1�&
#1�


�	���
 ��
 ��
 ���������
 6������	7
 ���
 0�		�-��
 ��
 0��
 ���������
 �������	
�

��0������
0��
9)
-��C��
�2�
���
�0
)�:�
WC

�!
�	��
#1�
��
��0�����	�
�������


�2�
���C
�0
����	��

��������
��
�2�
0����
+
����2�
�0
0�		�-
��
��������
��
�2�


����������
��	�
���
������	

������
����	��

 ��@��0������
-��
�%������
��
+)S


�0
�2�
�2�	����
��
�-�
-��C�
�0
0�		�-@���


,� ��������
����

�2�
 �2���
 �����
 ���������
 �2�
 ��0���
 ���
 ��	���%�	���
 �0
 �!
 ��
 (9;
 />��


�����	
�2�	����
�
��
*
��
*)
�����
�	�
0���
�2�
�-�
	��
�������	
��2���
��������


�2�
�2�	����
-���

����
*9�
���	�
����
�0
)�:�
WC

�!
���@���������
��
������


�%������
 �2�����
 6�G�7&
 ���
 �	�����	
 ����
 -���
 ��		�����
 ����
2
 ���	�
 ����@

����������
 "������������
 ����������
 �0
 ����
 �00����
 %�
 �2�
 ��������

 0��	�


,�����
��@����
 �2�
H4G
�����������
���������

����	����
0��
��	����
 X*+*Y


���������
 �!
 ���
 ��
 ���������������
 ��
 �2�	����
 ���
 ��
 	���	�
 ��
 ��
 ����	�%	�


�����
�2�
���
�0
)�:�
WC

�!
��
�,/
�2�	����
�
��
*
��
*)
�����
-��
0����
��


%�
 ��0�
 ���
 -�		
 ��	�������
 4�-����&
 ��
 ���������
 2��	�2
 0���	���
 %����
 ��0���


���
 ��	���%�	���
 -��2
 2������	�
���	&
 ���2����
	�%��&
 %���2�������
 ���


�����������	��
���0�	��

�0
2�
2
����
�!
���
��
�2�	����
��
���		
�������


,���2�������
����

�2�
 0����2
 �����
 �������
 ��
 �2�
 �2������C������
 ���0�	��

 �0
 ���
	�&
 2�
2


�����
�0
�!
6)�:�
WC

���
*�)�
WC
7
�����
 ��
����

�2�
��0���
���
��	���%�	���




�

�<�
�

�0
�2���
������&
2�
2
����
�!
��
�2�	�����
�2��
�����
����	���
(<
2��	�2�
/>��


�����	
 �2�	�����
 �2�
 ���
	�
 2�
2
 �����
 �0
 �!
 -���
 -�		
 ��	������
 -2��
 ��@

������������
 0����
 ����	
 ����	������&
 ����

 �2������C������
 ����������
 0��


%��2
 ����
 
�����&
 �2�-��
 �2�
 �-�
 ��������
 �2���
 ������
 2�
2
 ����
 �!


���������
��
�����
6*
�
WC
W���
0��
;
����
���
*�
WC

%�
0��
+�:
����7
-��	�


���
������
��0�
���

��������������
0��
��������������
��
�2�	�����


,�,�2������
����

�2�
0�0�2
�����
��
��
G������
�����
��
�2�
���
�0
�!
��
��
��������	
���	
0��


��	����
�	���������
 ��
 �2�
�,/
������
�
 ��
2�
2	�
2��
������	
C��
�2�		��
��
 0��


���������&
������	
���
�	���������
�0
����	��
�
�2���
���	���
�2�
%��	�
�
�0
 �2�


��� �	��

 2����J�����&
 �2�
 ��00���	����
 �0
 ��	����
 �	���������
 -��2���
 �2�


�����������
 0��
 �2�
 2����J�����
 0���
 �2�
 	����
 -��2
 �!
 ���
 �2�
 	��C
 �0
 �2���&


�����@�0@����
 ����
 0��
 />��
 ��0��������
 
 �2�
 ���	����������
 �0
 ��%	��
 2��	�2


���
����
 0��
 �������
 ���
 �0
 �!
 ���	����

 ��#
 0��
 ��	����
 ������	
 ���


�	���������
���
2�������
%�
�2�
�!
����������
2����	����
�������
 ��
�������


-��2
 �2�
 ������
 ��������
 �0
 />��
 ��0��������
 ��
 �,/
 ���
 ��2��
 ��	�������


���������
 �2�
2�
2��
����
�0
)�:�
WC

�!
�2��	�
%�
������������
 ��
����	��


���0�����
�����
��
�2�
52�����
������
�������
��
�2���
���������
���
��	�����	�


���������
��
�!�






,�-�����#
�����#
���

�2�
�2�		��
�
 0��
����	��

 �������
 ���������
 ���2
��
�,/
�����

 ��-���


��	����
�	���������
 ��
�2�
�����������
�0
2����J�����
0���
�2�
 	����
���
�2�
�!


����������
����
�00���
�0
������
2����	����
��
�������
-��2
�2�
������
��������


�0
/>��
��0��������
�2�
�������
���
�
 0��
��#
���2
��
#5��
2���
��
�00���


����
�2�
2����J�����
�2���0���&
��
�����
0��
��#
��
�����
��
%�
�������0�	
��


�2�
�	���������
�0
����	��
&
�!
-�		
����
��
%�
���	����
��
�2�
���������
��
�����


#
�����@�0@����&
����
��
���
1���
0��
���
�����
�0
/>��
��0�������
���2
��
�2�


5���3����p� X*((Y&
 �������	�
 �����
 �������2
 ���
 ����	������
 ���	�
 %�
 ����


����������	�
-��2
�
��	����
1��
0��
�������
���������
-��2
�!�
4�-����&
1��


����	�����
 ��������

 0��
 />��
 ��0�������
 �����

 ��#
 -�		
 %�
 ����������


�2���0���&
����
��
�2�
������%�����
�0
�2�
������
0����
�0
/>��
��0�������
��
���

�	��

 �������
 �����
 ���
 ������
 ��
 ��������
 ����
 �0
 ����
 ��������

 �����





�

�=�
�

��#
-��2
�!�
�2�
�!
���������
��
����
���
%�
���	����
��
������
�2�
���C
�0


������
2����	����
��
�������
-��2
�2�
������
��������
�0
/>��
��0��������


�2�
*9
���
������
�0
�!
��
��2����
�2�
����	
����
�00���
��
����
�00��������
��


�������2
������
�
-2��
������������
��
�G��
��
���	
	�0�
������
�
����	�����
��


	��

���������
��
�����
��
�
��?��
�%����	�&
��
�2�
����	
����
�00���
���
���
%�


���	����
��
�����
��
���������
�2�
2����J�����
0���
�2�
������\�
	�����
�2���0���


��
 ��
 ���������
 ��
 ���	���
 �2�
 ������
 �0
 ����

 �
 �2���
 ������&
 2�
2
 ����
 �!


���������
 ��
����&
 �������		�
 ��
 �2�	����
 ��
 ������
 �2�
 �������
 %�����
 ���


���C
��2��
 ���������
�������
���2
��
��0���"�����
#
�2���
������&
2�
2
����


���
 �������
 ����	�����
 ���
 ����
 �0
 ���
 -��2
 #5��&
 2�-����
 �2�
 �!


����������
2����	����
�������
-�		
������
��
�%����	�
����	
��
�	���������
��0��


2����J��������	
���

�����
����
�������
���������


� �



�

���
�

$��%�"��������	� ��&'�
��(���

-���;����������

.
�
��������=



•
 ���@���������
-��2
�!
-�		
��
��0�����	�
������
�2�
%�����
�0
���

�	��

��0������
���
�������
�����

6���	�7
0�		�-
��
������
��
�2�	����
*@

*)
�����
�0
�
�


.
�
�������#=



•
 �!
��
-�		
��	������
���
��0�
��
/>��
�����	
�2�	����
	���
�2��


*)
 �����
 �	�
 ���
 �00������
 ��
 ���������

 ��� �	��

 ��	����
 ��	����	


��0������
���
�	�����	
�������


-���	����

���<����)���

*�
 ��
 ���������
 �2�
 �00����
 �0
 6���@7���������
 -��2
 %	���
 ���
�
 ���


%	���
 �	��
 	����
 ���
�
 ���
�
 ��
 �2�
 ���������
 �0
��� �	��

 ��0�������
 ���


�������
��
�2�	����
*@:
�����
�0
�
�


(�
 ��
���������
�2�
������%�����
�0
	��
@	�����

	����
���
��
��
�2�
���C
�0


��0������
-��2
����	��

��
�2�	����
:@*)
�����
�	�


+�
 ��
 ���������
 �2�
 ��0���&
 ��	���%�	���
 ���
 �00�����
 �0
 �2�
 �������
 �!


��
����
��
�2�	����
*@*)
������


9�
 ��
 ����
�
 �!
 ���������
 ��
�����
 0��
 ��� �	��

 ��	����
 ��	����
 ��


�����
 ��
 ������
 �2�
 �,/
 ,������	
 ����������
 �0
 4��	�2
 ���	�����
 ���


���������
���
������	
������
���
0��
����	��

��	�����


� �



�

�3�
�

� �



�

�6�
�

)��*	��
�	���	� ������ ��

4���(��������
������������������'�

�/��

�����������������
��

�������	�2���
3����
#���
D
F�������
�0
�����
��		�
��



��
 �2��
 �����&
 9:)
 �2�	����
 �
��
 *@:
 �����
 -���
 ��������&
 ����		��&
 ���&


�������J��
 ��
 +
 ����
 �0
 �
 	��
�������	
 ��2���
 �����&
 �0���
 -������
 ��0�����


�������
%�
�2�
������
��

��������
�2�
�������J��
����
����������


•
*:)
52�	����
���@�������
6����
<@*97
-��2
;
����
����������
6#1�7


•
*:)
52�	����
���@�������
-��2
;
����
����������
6����
)@;7
�	��
*9
����


�����"����
6����
)@*97
6#1�R�!7


•
*:)
52�	����
-��2
��
���@���������
65G,�1GF7


#�
����	����&
�		
�	�
�%	�
�2�	����
�
��
*@:
�����
-���
��������
0��
/	�����@

>@�2���2���
 ��2����
�����
 6/>��7
 ��0�������
 ���
 �2�
 ��������
 �0
 ������


�������
 ��
 ��	����������
 />��
 ��0������
 �2�	����
 -���
 ���
 �������J��&
 %��


�����
 ��
 �2�
������	
���
�0
 �2�
�����
 6��
���@���������7�
#		
����		��
�2�	����


-���
������
-��2
�
FF�,
��
����	�����





�

�7�
�

'�		�-��

%���	���
�����������
���
/>��
��������
&
�2�	����
-���
�������


��
 �2���
 ����������
 ���������&
 ����
 #1�
 6;�7&
 #1�
 6;7
 R
 �!
 6*97
 ���
 -��2���


���������



3�%��"����	�&
�		
����		��
�2�	����
-���
0�		�-��
������	�
���
�������	�
��
�


	���	
2��	�2
������
����
�2�
��������
�0
=
����2��
#�����
0�		�-@��
���������
�0


�-�@-��C	�
 ���%�����
 ������
 ��
 ��		�
��
 ��
 �������
 �	�����	
 ��	����
 �		����
 ���


��������
 ��
�
2��	�2
 0���	����
#�
���2
�����&
(:)f	
�0
%	���
���
 �-�
%	���
�	����


-���
 ��C��
 �2���
2
 0��
��
 ����C
 ����	��

 0��
 �2�
 ���������
 �0
 ������������


��	����
��
(
-��C	�
�������	�
0��
�2�
0����
*(
-��C�
�2��
9
-��C	�
�2����0����
�2�


���%�����
 ������		����
������
 ���	����
 �2�
 ��		������
�0
 �
������	
 2������
 �0
 �2�


��������

(
-��C�
��
���������
���������
�0
��	����	
��0�������&
%��
���
���
�&


��
���		���
�����������
��������
&
�
�2�����	
�����������
���
(:)f	
0��
��
����C


%	���
����	��

��
������������
�2�	�����
#		
%	���
����	��
-���
��������
0��


�2�
��������&
����&
���
���%��
�0
��	����	
 ��0�������
6%�
	�
2�
����������
���


�517�
 �,#
 0���
 �2�
 0��
��
 ����C
 ����	��
 -��
 �	��
 ����
 0��
 ��	���	��


��������	�
���	
 ��������
 4%
 	���	�
 ���
 ��	���
 ��J��
 -���
 ��	�
 ��������
 ��


����	����
6��
����
�0
 �2�
 ������	
����������
�0
 ���	�����
��������7
���
��
 �2�
 ��@

����2
2��	�2
�2��C
�����

�2�
0���	
0�		�-@��
����
������


�����

 �2�
 ������
 �����
 ������&
 �
 �������
 ����
 ���������
 ������
 -��


����������
��
�2�
	���	
4��	�2
5������
�����
������������

�2�	�
���������

��
�2�


2��	�2
������
-��2
�
0�%��	�
�		����
-��
�	�����		�
��������
���
2��
�
0��
��
����C


%	���
 ����	�
 ��C��
 0��
 �������������
 �0
 ��	����
 ��0�������
 %�
 �
 1����


���
������
 ����
 61��7&
 �-�
 %	���
 �	����
 0��
 ����������
 ���0��������
 ���


4���5��v
 0��
 4%
 ��������������
 G�	�
 �2�
 �2�	����
 -��2
 �
 ��������
 1��
 ���


�������
�������2��@	���0�������
 65G#1���v7
 0���
 �2�
��������

 0��	�
,�����


�2�
��
�����
1��
�����
-���
��C��
 ��
-���
 0��
 �2�
����������
 ����	�
 %�0���


�����������
 ���������
-��
������������
%�
 �2�
��������

�	��������
#		
 �2�
����


��		�����
 -���
 ��������
 ��
 �2�
 ���%�����
 0����
 ���
 �2�
 2��	�2
 %��C
 �0
 ���2


������������

�2�	�&
�����-��
�0���-����
%�
�2�
�����
�	��������


G���
 �2�
 ��������
 �0
 =
 ����2�&
 ���2
 �����������
 2��
 �2���0���
 (*
 �����


��������
6*
����	����&
*
%���	���&
*<
������
���%�����
������		����&
���
*
0���	




�

�8�
�

�����7�
#��������	
0��
��
����C
%	���
����	��
���
2���
%���
��		�����
��
�2�
����


�0
0�%��	�
�		����
�����

���%�����
0�		�-@���
���
�������
����
����������


�2��
����
�
�		�-�
����������
�0
�2�
���������
�0
�����������
��	����
��
��


���������
�������
�0
(;))
6����
*:)
�
*<7
(@-��C
�������	�
���
���
0�		�-��



���@���������
-��2
#1�
��
#1�R�!
���
�2�
5�����	
6-��2���
���������7�


����
�������
�����%	���


�
 ���������
 �0
 ��� �	��

 ��	����
 ��0������
 %�
 	�
2�
 ����������
 ���


�51


�
 ����
 ��
 0����
 6��
 ��	�7
 ��� �	��

 �	�����	
 �������
 �����

 0�		�-@��


������


�
 ����
��
0����
6��
��	�7
����	��

��0������


4���(��������
��������������5
���
�
��

����������������	��������

#	%�����
 �����
 ����
 ����	���
 ���
2%�����

 ��		�
��
 ��������
 9
 C�	�������


����2
�0
�2�
�	����
����&
	��C��
%�
�2�
����
����
���-��C
	�����

��
�	�2���
2��	�2


������
���
�2�
�����
��		�
��
0��
5�2���
*
��
�2�-�
��
�2�
����



































�

3:�
�


��
 �2��
 �����&
 :(9
 �2�	����
 �
��
 :@*)
 �����
 -���
 ��������&
 ����		��&
 ���


�������J��
 ��
 (
 ����
 �0
 �
 	��
�������	
 ��2���
 �����
 �0���
 -������
 ��0�����


�������
%�
�2�
������
��

��������
�2�
�������J��
����
���	�����


•
 (>(
 �2�	����
 ���@�������
 -��2
 +
 ����
 52	���"����
 65!7&
 ()
 ����


�����"����
6�!
)�:�
WC
7
���
+
����
5������
6#F7


•
 (>(
�2�	����
���@�������
-��2
+
����
52	���"����
65!7&
()
����
�	���%�


6�F7
���
+
����
5������
6#F7


#�
����	����
�		
�	�
�%	�
�2�	����
�
��
:@*)
�����
-���
��������
0��
/	�����@

>@�2���2���
 ��2����
�����
 6/>��7
 ��0�������
 ���
 �2�
 ��������
 �0
 ������


�������
 ��
 ��	����������
 '�		�-��

 �2�
 %���	���
 �����������
 ���
 />��


��������
&
 �2�	����
 -���
 
����
 �2�
 �������J��
 ���������
 �		�������
 0���
 �2�


�-�
���������
�����
�����


#		
�2�	����
��������
5!
��
����
*@+�
52�	����
���
�	��
�������
���2��
�!
6)�:


�
WC
7
��
�	���%�
��
����
*@:&
<@*(&
*:@*=
���
((@(>
6����
������
��
'�����
0��


9
-��C�7�
�����

�2�
�2���
-��C
�0
���

���������
�		
�2�	����
���
�������
#F
��


����
*:@*;
6��������

��
�������	
���������

����	����7�
52�	����
-���
������	�


���������
0��
����
�00����
���	����

�����������
�0
2����
	�%��
	���	�
��
����


*&
<&
*:
���
((�



'�		�-��

����	�����
�0
 ���������&
�
�	�����	
�����������
-��
���0�����
0��


���2
 �2�	�
 ���
 �
 0��
��
 ����C
 %	���
 ����	�
 ��		�����
 ��
 ���
 (=
 6����
 (>
 ����


�0���
�2���
	���
����
�0
5!&
*(
����
�0���
�2���
	���
����
�0
#F
���
+
����
�0���


�2���
	���
����
�0
�!
��
�	���%��


3�%��"����	�&
�		
����		��
�2�	����
-���
 0�		�-��
����

(@-��C	�
������
���


����������
�������
����
���������
��
�
	���	
2��	�2
������
0��
+(
-��C��
#�����


0�		�-@��
 ���������
 �0
 ���%�����
 ������		����
 ������
 ��
 �������
 �	�����	
 ��	����


�		����
���
��������
��
�
2��	�2
0���	���&
��
-�		
��
0��
��
����C
%	���
����	��

0��


�2�
���������
�0
������������
��	�����
�2���
������
���	����
�2�
��		������
�0
�


������	
 2������
 �0
 �2�
 ��������

 (
 -��C�
 ��
 ���������
 ���������
 �0
 ��	����	


��0�������
���
%��
���
���
�&
�
�2�����	
�����������&
�����������
�0
���		���


������������
#
(:)f	
0��
��
����C
%	���
����	�
-��
��		�����
�����
(
-��C�
0��




�

39�
�

�2�
0����
*(
-��C�
���
9
-��C	�
�2����0���&
����
-��C�
(&
9&
>&
<&
*)&
*(&
*>&
()&


(9&
(<
���
+(�


#		
 %	���
 ����	��
 -���
 ��������
 0��
 �2�
 ��������&
 ����&
 ���
 ���%��
 �0


��	����	
 ��0�������
 6F�
 ���
 �517�
 �,#
 ���������
 0���
 �2�
 0��
��@����C
 %	���


����	��
 ��		�����
 �����

 0�		�-@��
 -��
 ��������
 ��
 ����
 �0
 �2�
 ��	���	��


��������	�
���	
��������
4%
	���	�
-���
��	�
��������
��
����	����
���
��
����


�0
��0���
���������

�����

�2�
���������
�������


�����

 �2�
 ������
 �����
 ������&
 �
 �������
 ����
 ���������
 ������
 -��


����������
��
�2�
	���	
4��	�2
5������
�����
������������

�2�	�
���������

��
�2�


2��	�2
������
-��2
�
0�%��	�
�		����
-��
�	�����		�
��������
���
2��
�
0��
��
����C


%	���
 ����	�
 ��C��
 0��
 �������������
 �0
 ��	����
 ��0�������
 %�
 �
 1����


���
������
 ����
 61��7&
 �-�
 %	���
 �	����
 0��
 ����������
 ���0��������
 ���


4���5��v
0��
4%
��������������
��
����������
-��2
�2�
��-
�������	
���������



����	����&
��	�
�2�	����
-��2
�
��������
1��
���
�������
#F
���������
0���
�2�


��������

0��	�
,�����
#		
�2�
����
��		�����
-��
��������
��
�2�
���%�����
0����


���
 �2�
 2��	�2
 %��C
 �0
 ���2
 ������������

 �2�	�
 ��
 %�
 �����-��
 %�
 �2�
 �����


�	��������


G���
 �2�
+(
-��C
�����
��������&
���2
�����������
2��
��
 	����
+(
��������


-��2
 �2�
 �����
 ����
 6*
 0��
 ����	����W��������
&
 ()
 0��
 �����������
 �0
 ���



��������������&
**
������
0�		�-@��
������7�
#��������	
0��
��
����C
%	���
����	��


���
2���
%���
��		�����
��
�2�
����
�0
0�%��	�
�		����
�����

���%�����
0�		�-@���


���
�������
����
����������



����
G������
�����%	���



 @
����
��
0����
����	��

��0������
%�
	�
2�
����������
���
�51




 @
���������
�0
0����
���
��	�
���	��

��0������
�����

0�		�-@��
�������



 @
����
��
0����
��
��	�
�	�����	
����	��

�������


� �



�

3;�
�

4� ���
��
��
����
�����
���������!=�������
������+�>���
����
���

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

��
 �2��
 �����&
 �2�
 />��
 �����	
 �2�	����
 �0
 �2�
 	��
�������	
 ��2���
 �������


�%���
 6*
_
(7&
-2��2
2��
%���
 ����������
 ��
 �������
���@���������
��
������


�%������
 �2�����
 6�G�7
 -���
 ���������
 �	���	�
 0��
 ��	���%�	���
 ���
 ��0���
 �0


���������
���
��
'��	�
������
-���
�������
��
������
%����
��������
���
��
��


-2��2
 -���
 ��������
 ����

 �
 ����@����������
 ����
 �00����
 "������������&
 ���@

��0����
-��2
�		
����
������
�����%	�
����
�00����
�0
�2�
�G�
���
��


����
G������
�����%	��


�
 1����
�0
�������
������
��
�2�
�!
�������

����
��������
��
�2�


�	���%��


4���!=���
��
��?�������������������
�����,+�>���
����
��

��
 �2��
 �����&
 �2�
 �2������C������
 ���0�	��
 �0
 �-�
 ���
	�&
 2�
2
 �����
 �0
 �!


6)�:�
WC

 ���
 *�)�
WC
7
 -���
 ��������
 �����
 ��
 ���������

 �
 ��0���
 ���


��	���%�	���
�����
�0
�2���
������&
2�
2
����
�!
���������
��
�2�	����
�
��
:
��


*)
�����
�	��
#
 ����	
�0
(<
2��	�2�&
/>��
�����	
�2�	����&
-���
 ���������
 ����


�2�
������
 
#		
������������
-���
�������J��
 ����
���
�0
 �-�
���������

�����Q


/����
#
��������
���
	�
����
)�:
�
WC

�!
���
/����
�
��������
���
	�
����


*�)
�
WC

�!�

#0���
���������
�2�	����
-���
��������
��
�2�
#	����2�0��
4��	�2


5�����
��
�		�-
�%���������
�0
��0���
����������
���
0��
��		������
�0
0��"����


%	���
����	��
0��
���

�����
6����	���&
*&
(&
+&
9&
>&
<&
*(&
*<&
(9&
+>&
9<&
;(&


*()
���
*><
2����7�
3�0���
���������

-��
���0�����
�2���
2���
�2�
0�		�-@��


������
0�������

��
2����
	�%��&
���2����
	�%��&
	����
���
����	
%���2�������


������



�2�
 �	����
 ��������������
 �0
 �!
 ���
 ���
 ��������	
 ����%�	���


���%��������"����
 65�!7
 -���
 ����������
 ����	�������	�
 ����

 �
 ��	������


	�"���
 �2������
���2�@����
 ������������
 6F5@�37
 ��
 ����2&
 #�����	���


�2������C������
 ����		��

 ���
 ����	
 ���	������
 ���
 ����	������
 -���


���0�����
 %�
 ��		�%�������
 0���
 3�2��	
 �0
 ��������
 ���
 �2������	�
�&


8���������
�0
H������
#�����	���

� �



�

3<�
�

4�,�:
�
��
�
.�������

4�,���:
�
��
�
.����������������
������

�2�
�������
����
�0
�2�
��00�����
�������
���	����
��
�2��
�2����
-���
��		�����


%�
0��	�
���
	�%�������
���00
��
�2�
��00�����
������


8���
 �������
 �0
5���
1�����
 0����
 651'7
���
������
���������
 0���
 �2�


0��	�
 ����&
 �2�
�����
�����������
 6��
2��W2��
����
���7
 ������2��C��
�		
51'�


0��
 ����	�������&
 ��	�����&
 ���
 	�
�%�	����
 8���
 ������2��C&
 �		
 51'�
 ���


	�%�������
 -��C�2����
 -���
 �2����������
 G��
���	�
 -���
 ����������
 ��
 �2�


�,/��1\�
 0��	�
 �������2
�00���
 ��
�����C
 60��
�������
����
��
 �2�
�����C
����7


����	
����	�����
�0
�2�
0��	�
-��C&
������
-���
����
��
����
�����
�,/��1
����


�����
����
��
�����
�


#		
����
 0���
51'�
���
 	�%�������
-��C�2����
 ��
�,/
-���
�������
 ����
�


������@����
 �����
 ����%���
 ����

 ��3��
 63�
��3�0�7
 �	�����	
 ����	
 ����


����
�����
 ��0�-����
 �2��
 ��0�-���
 �����
 �		
 ��"���������
 �0
 �54
 /5�
 �>


���
��
�	�����
�
����
0��
����
����
�����
��
�	�����	
�������2
��������


#		
����
-���
���%	�
�������&
-��2
0����
�����
����
���������	�
�0���
�������
�0


51'
 ���
 -��C�2���
 ������
 0���
 �2�
�,/��1
 0��	�
 �������
 ��
 �����C�
 3�����


�����
-��
����
%�
�
��00�����
����
�����
 �	��C
����
�
%���2
�0
 0����
 �����
-��


����	�����
#		
����
�����
-��
����
%�
�����0���		�
�������
����
�����
��������	�


!������
 0��
 �������������&
 ������

 ��	���&
 ���@�0@���
�
 ���
 �������	


�����������
-���
����
%�
�2�
����
%���
����
��
��
�
-��C	�
%�����



#�����
 ��
 �2�
 �����
 ����%���
 ��
 	������
 ��
 �2�
 ����
 �����
 ��������	&
 ����


����
���
�0
�2�
�,/��1
���
��		�%������

�������������


�����	��
����
����
�����
����������
-���
������%��
��
�2�
����
�����
���


����
 ����
�����
 ��������
 ��������

 �����������
 1�
�	��
 ����
 ������
 -���


���������
��
������
"��	���
�0
����
���
��2������
��
3G���


� �



�

3=�
�

4�,���:
�
�'
������&�������

3�����
���������
��
�2���
�������
���������
�0
�2�
0�		�-��
�


•
 �2�
 '��	�
 �����
 	�
%��C
 ��	����

 ��
 �����
 ����	����
 ���
 ���������


�������������
��
��2���Q


•
 5���
������
0����
651'�7
����	����
%�
�2�
0��	�
�����
����
�����

�����


������
6-2��2��
��2���	��
��
���@��2���	��7
-��2
���2
�����������Q


•
 4��	�2
5�����
	�
%��C�Q


•
 4��	�2
 5�����
 3�����		����
 0���
 �%�������
 ����������

 �		����
 ���


���������
2��������
0��
������������
-2�
���C
����
0���
������������

2��	�2


�������Q


•
 52�	����\�
�������	
2��	�2
%��C�


•
 ����������
 	�%�������
 -��C�2����
 ����������

 �2�
 ���	������
 �0
 %	���


������Q



•
 F�%�������
����%��C�
����������

�,#
����������
���
	�%�������
������


�2�
�����
�����������
���
����
 �������
����
 60��
 	�%�������
����7
�2��C��
�		


51'�
�����
 ��
������

�2�
0����
��
��
����
������
 �0
�����������
-���
��"�����&


�2�
���������
�����
-��
�������
���
-��2
�
���
	�
	���
���
�2�
�������
��0��������


-�		
 %�
 �������
 ��?�����
 ��
 ���
 �2�
 ����������
 -��
 ������		��
 ���
 �����
 %�


����
�����&
 "��	�0���
 �����
 ���00�
 #��
 ��"������
 ��0��������
 �2��
 -��
 ���


�%������
��
�����0���
��
�2�
�������	
2��
��
���	�������
�����
��
�2�
51'
��
��


-2�
�2�
��"�����
��0��������
-��
���
�%�������

4�-�(�
������

�5�

�����!

���

4�-���$�������������
����

������������������������.���

�#+����

�2��
-��
�2�
�������
�%?������
�0
�2�
�����
���
-��
���	�����
%�
��������



��00�������
��
�2�
���C
�0
�	�����	
��	����
-��2
����	��

��
���������
���
�	���%�


�����




�

3��
�

�2�
 ���	����
 ������
�
 0��
 �2���
 ��������
 -��
 ��������
 ��
 ��00�����


����������
�0
�������
 ��
��������
�2�
�������
�����%	��
-���
 ����	
���%��
�0


����	��

��������
6����
+(@+>
-��C�
�0
0�		�-@��7
���
���������
�0
*��
��
��	�


��������
 ��������
 -��
 ��0����
 ��
 �2�
 ����	
 ���C
 ����
 ���
 �2�	�
 ��
 ���	����


�%����
 #��	����
 -���
 ��?�����
 0��
 �����%	�
 ����������&
 ���	����

 ��0������


������
��
%���	���
 6����
%�0���
�����
�0
 ���������7&
 ���&
�
�&
2���

������
 ������&


���
����������	
�����
�0
�2�	��


�2�
 ���	����
 -���
 ����
 %��2
 0��
 ��������
 ��0����
 ��
 ���		���
 �����������


�+;�:w5
 �	��
 ���
 �����������
 ��
 ���		���
 �����������
 �+;�:w5
 �	��
 ��� �	��


^:))WfF�


4�-�������+��+�������������������������

����
��
0����
��0������
-��
���	����
����

��������
�������	
���	����&
���	����



	�

 ���C
 ����
 0��
 �2�
 ����������
 �0
 �������	
 ������
 ���
 ���
 ��
�������
 0��


����		��

 �������	
 ������
 ����
 ��
 ���C
 -��
 ��0����
 ��
 ���	����
 �%����
 5��


��
�������
 ���	����
 -��
 ��?�����
 0��
 �����%	�
 ����������
 ���	����

 ��0������


������
 ��
 %���	���
 6����
 %�0���
 �����
 �0
 ���������7&
 ���&
 �
�&
 2���
 
������
 ������&


���
����������	
�����
�0
�2�	��
#��	����
���	����
����
��
0����
����	��

��	�
��0������


�������%	�
%�
�51
��
	�
2�
����������
��
-�		
��
��0�������
��������

��00�����


�������
���@�00��


4�-� �$�����������������������
�������������������

�2�
 ���	����
 �������2
 ��
 �2��
 �%?������
 -��
 ��������	
 ��
 �2�
 ���
 0��
 *��

��0������
���
�������
����
%��2
�2�
����
��
0����
����	��

�������
�0
���
�������


���
����	��

^:))WfF�


4�-���:
�
�
�

���������!=���
��
��?�������������

����
-���
�������J��
��
����
���
��������
���������
63�7
��
������
���


�����@"�����	�
���
�
6�!17�
/�����	
	�����
����		��

0��
��������
��������
-��


����
 ��
 ���������
 -2��2��
 �����%	��
 ��00����
 ��
��0�����	�
 ����
 ����
 ��
 %�


���������

����&
���
-2��2��
�2���
-��
�
���������

����
����
�����������


� �



�

33�
�

4�4�%����

���������
������

�2�
�������	�
2���
%���
��%������
0��
��2���	
�	�������W�������	
%�
%��2
�2�


������������	
1����-
�����
6�1�7
���
�2�
������	
1������2
#�������
5��������


6�1#57
�0
�����
,�-
/������


#������	
,��%����



�1�
x�
);()Q
�1#5
x�
);�+9
65�2���
*7


�1�
x�
)=)=Q
�1#5
x�
)=�**
65�2���
(7


�1�
x�
)=+*Q
�1#5
x�
*)�*9
6�!
�2������C������
�����7


#		
 ������������
 -���
 ��	�
 ���	����
 ��
 �2�
 �����
 �0
 �2���
 �������
 ��

��������


2��
��
���
�
-������
��0�����
�������
���������


� �



�

36�
�

+��,
��
����

7���(�������

*����	�
�
�
�
��	��������������������>�8�!������������������

6��������&
����
�
3&
4��J�	
�H&
��������2
�&
3��
#&
y�	�
3&
Z����
]&
3�%�


�&
1�����
]5&
���		��
��


����
���
���
4��	�2�
()*(
#�

(<�
����
*)�****W?�*+>:@+*:>�()*(�)+)>(���


X���%
�2���
�0
�����Y
�����
((=(:9;(

� �



�

37�
�

� �



Epidemiology of malaria in the Papua New Guinean highlands

Inoni Betuela1,2, Seri Maraga1, Manuel W. Hetzel1,3, Tony Tandrapah1, Albert Sie1, Simon Yala4, Julius Kundi4,

Peter Siba1, John C. Reeder5 and Ivo Mueller1,2,6

1 PNG Institute of Medical Research, Goroka, Papua New Guinea
2 Barcelona Centre for International Health Research (CRESIB, Hospital Clı́nic-Universitat de Barcelona), Barcelona, Spain

3 The University of Queensland, School of Population Health, Herston, Qld, Australia

4 Malaria Surveillance and Control Unit, Goroka, Papua New Guinea

5 The Burnet Institute of Medical Research and Public Health, Prahan, Vic., Australia
6 Walter and Eliza Hall Institute, Parkville, Vic., Australia

Abstract objectives To conduct an in-depth investigation of the epidemiology of malaria in the Papua New

Guinea (PNG) highlands and provide a basis for evidence-based planning and monitoring of intensified

malaria control activities.

methods Between December 2000 and July 2005, 153 household-based, rapid malaria population

surveys were conducted in 112 villages throughout the central PNG highlands. The presence of malaria

infections was determined by light microscopy and risk factors assessed using a structured questionnaire.

The combined dataset from all individually published surveys was reanalysed.

results The prevalence of malaria infections in the different surveys ranged from 0.0% to 41.8%

(median 4.3%) in non-epidemic surveys and 6.6% to 63.2% (median 21.2%, P < 0.001) during epi-

demics. Plasmodium falciparum was the predominant infection below 1400 m and during epidemics,

Plasmodium vivax at altitudes >1600 m. Outside epidemics, prevalence decreased significantly with

altitude, was reduced in people using bed nets [odds ratio (OR) = 0.8, P < 0.001] but increased in those

sleeping in garden houses (OR = 1.34, P < 0.001) and travelling to highly endemic lowlands

(OR = 1.80, P < 0.001). Below 1400 m, malaria was a significant source of febrile illness. At higher

altitudes, malaria was only a significant source of febrile illness during epidemic outbreaks, but

asymptomatic malaria infections were common in non-epidemic times.

conclusions Malaria is once again endemic throughout the PNG highlands in areas below 1400–

1500 m of altitude with a significant risk of seasonal malaria outbreaks in most area between 1400–

1650 m. Ongoing control efforts are likely to result in a substantial reduction in malaria transmission

and may even result in local elimination of malaria in higher lying areas.

keywords malaria, Plasmodium falciparum, Plasmodium vivax, Papua New Guinea, highlands malaria

Introduction

Although malaria is likely to have been present in low-lying

intermountain valleys and in communities with links to the

highly malarious lowlands prior to European contact

(Radford et al. 1976), the problem of malaria in Papua

New Guinea (PNG) highlands was first formally investi-

gated after severe epidemic outbreaks in newly established

tea and coffee plantations in Western Highlands Province

(WHP) in the late 1940s and early 1950s (Spencer &

Spencer 1955; Spencer et al. 1956). Of particular concern

was the risk of introducing malaria into newly established

coffee plantations through the extensive recruitment

of highland labourers to work in lowland plantations

(Radford et al. 1976).

The in-depth studies that followed these outbreaks

(Peters et al. 1958; Peters & Christian 1960a,b) found

seasonal low-level malaria and regular epidemics with

significant morbidity and mortality in many of the densely

populated highlands areas. Infections with Plasmodium

vivax were predominant (68%), Plasmodium falciparum

accounted for only 17% and Plasmodium malariae for

15% of all infections. Malaria transmission was highly

seasonal, with regular epidemics occurring at the end of the

rainy season (i.e. April–July). Overall, it was judged that

the elimination of malaria from the PNG highlands was

highly feasible (Peters 1960).

Subsequently, an elimination program based on indoor

dichlorodiphenyltrichloroethane (DDT) spraying was

started that by the early 1970s covered most of the
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economically important, highly populated areas of the

central PNG highlands (Parkinson 1974). Surveys con-

ducted prior to the start of the DDT spraying operation

found overall parasite rates of 5–10% in many highlands

areas (Ewers & Jeffrey 1971), with strong seasonal

fluctuation and predominance of P. vivax (Crane & Pryor

1971). As predicted, the DDT program was very success-

ful, and by the end of the 1960s, parasite rates in the

sprayed areas had dropped below 1% and malaria was

considered close to eliminated (Black 1969; Ewers &

Jeffrey 1971; Parkinson 1974; Crane et al. 1985). In

remoter, lower-lying areas (<1200 m) such as in South

Simbu, control was less successful and even after several

years of control, parasite rates remained at 5–10%

(McMahon 1973). When control programs ceased, rates

rebounded quickly to levels near or above those seen before

control (Crane et al. 1985; Mueller et al. 2005a). The

control program never extended into the remote Southern

and Western Highlands, and surveys in Enga (Sharp 1982)

and Southern Highlands (Hii et al. 1997) in the late 1970s

to early 1990s found rates of malaria comparable to those

observed in pre-control surveys. In both areas, malaria

prevalence strongly decreased with altitude, while the

proportion of infection owing to P. vivax increased.

Since the stopping of large-scale vector control in the

1980s, the malaria situation in the PNG highlands has

received very little attention, despite increasing reports of

epidemic outbreaks. The large-scale epidemic that was

observed during the 1997 El Niño event in the highlands of

West Papua, Indonesia (Bangs & Subinato 1999), which

also caused a massive increase in people seeking malaria

treatment in all parts of the PNG highlands, once again

alerted PNG health authorities of the malaria problem in

the highland areas. In response, a series of rapid malari-

ological surveys was conducted between 2000 and 2005 to

assess the extent of malaria transmission throughout the

central PNG highlands (Mueller et al. 2003a,b, 2004,

2006, 2007a,b; Maraga et al. 2011). Although primarily

aimed at providing a basis for evidence-based planning and

improved allocation of program resources at provincial

level, together, these surveys allow the first in-depth

investigation of the epidemiology of malaria in the PNG

highlands for 40 years. In addition, they provide an

essential pre-control baseline for the ongoing malaria

control efforts undertaken by the PNG national malaria

control program, with support from the Global Fund to

Fight AIDS, Tuberculosis and Malaria. Here we present a

thorough reanalysis of the combined dataset from all

surveys that were previously published on a province-by-

province basis (Mueller et al. 2003a,b, 2004, 2006,

2007a,b; Maraga et al. 2011), thereby providing a com-

prehensive summary of all data and additional comparative

information on important aspects of PNG highlands

malaria.

Materials and Methods

As part of an extensive assessment of the extent of malaria

risk in PNG highlands, 153 surveys were conducted in 112

villages distributed through the central highlands range of

PNG (Figure 1). Surveys were conducted on a province-

by-province basis starting with Western Highlands

(Mueller et al. 2003a) in 2000 ⁄2001, Eastern Highlands

(Mueller et al. 2003b) in 2000–2002, Simbu in 2001 ⁄2002

(Mueller et al. 2004), Enga (Mueller et al. 2006) and

highlands areas of Morobe (Mueller et al. 2007a) and

Madang (Mueller et al. 2007b) in 2003 ⁄2004 and

Southern Highlands in 2003–2005 (Maraga et al. 2011).

Within each province, survey areas were selected based on

altitudinal strata and accessibility, with individual villages

within each area then selected at random. In all provinces,

surveys were conducted both in the wet and dry season

albeit not always in the same villages. Village locations

were recorded by GPS, and elevations above sea level

determined using a barometric altimeter. A detailed

description of survey locations and underlying selection

criteria are given elsewhere (Mueller et al. 2003a,b, 2004,

2006, 2007a,b; Maraga et al. 2011).

Despite the staged conduct of the surveys over 5 years,

all surveys were conducted using a uniform method

(Mueller et al. 2003a,b, 2004, 2006, 2007a,b; Maraga

et al. 2011). To achieve a representative sample of the

entire village population, a household-based sampling

strategy was used. A number of households with a total

population of approximately 200 people were selected.

From each selected household, every member, who could

be reached during the stay in the village, was included in

the survey. If the village had fewer than 200 inhabitants,

sampling of every resident was attempted. This approach

allowed us to sample approximately 75% of all selected

household members. Compared to data from demographic

surveillance sites in PNG (Mueller & Hetzel, unpublished

data), adolescents and infants are likely to be moderately

under-represented in the sample thus obtained.

Demographical data were recorded from all household

residents. From each household member that gave consent

to participate, a thick and thin blood film was prepared,

the spleen palpated in lying position and axillary temper-

ature taken. Haemoglobin levels were measured using the

HemoCue system (HemoCue AB, Ängelholm, Sweden).

Symptomatic individuals were tested with rapid diagnostic

test (Diamed, Cressier, Switzerland, or ICT Diagnostics,

Durban, South Africa) and those found positive for malaria

were treated according to standard treatment guidelines. A
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short questionnaire on current symptoms, past malaria

episodes and treatment, recent travel and other behavioural

patterns (sleeping in garden houses, hunting and fishing)

was administered to each participant or their guardian.

Giemsa-stained blood films were examined by light

microscopy for 100 thick film fields under oil immersion

before being declared negative. The parasite species in

positive films were identified and densities recorded as the

number of parasites per 200 white blood cells (WBC).

Densities were converted to the number of parasites per ll

of blood assuming 8000 WBC per ll. The slides were read

independently by two experienced microscopists.

Statistical analyses were carried out using STATA 8.0

(Stata Corp., College Station, TX, USA) statistical soft-

ware. Chi-square tests and logistic regression analyses were

used for binary and categorical variables. Individual

differences in haemoglobin levels were investigated using

analyses of variance (anova), while non-parametric tests

were used to analyse differences in mean prevalence of

infection and rates of enlarged spleens between surveys

conducted at different altitude and season.

Results

Between December 2000 and July 2005, 153 surveys with

a total of 22 485 participants were conducted in 112

villages distributed through the central highlands range of

PNG (Figure 1). Thirty-six villages were surveyed twice,

two villages three times. The majority of surveys were

conducted in either the mid to late wet season [March–

May: 55 ⁄153 (36%)] or early to mid dry season [June–

August: 70 ⁄153 (46%)]. Nineteen surveys (12%) were in

villages <1000 m, 22 (14%) at 1000–1199 m, 20 (13%) at

1200–1399 m, 47 (31%) at 1400–1599 and 45 (29%) at

altitudes ‡1600 m. The number of participants ranged

from 51 to 258 (median = 151) for non-epidemic (n = 135)

and 38 to 249 (median = 121) for epidemic surveys

(n = 19). Epidemic outbreaks were only observed at

altitudes of 1250–1960 m [interquartile range

(IQR) = 1520–1640] and between March and July.

Of all participants, 11 497 (51.1%) were female, 6442

(28.7%) children <10 years of age, 4256 (18.9%) adoles-

cents (10–19 years) and 11 197 (49.8%) adults. The age of

560 (2.6%) participants could not be determined.

Although there were significant differences in age distri-

butions between non-epidemic and epidemic surveys

(Table 1) or among surveys at different altitudes (data not

shown), these differences were small (<3%) and thus

unlikely to affect cross-survey comparisons. A more

detailed description of survey characteristics is given

elsewhere (Mueller et al. 2003a,b, 2004, 2006, 2007a,b;

Maraga et al. 2011).

Altitude and malaria endemicity

The prevalence of malaria infections in the different

surveys ranged from 0.0% to 41.8% (median 4.3%, IQR

[0.1, 5.3]) in non-epidemic surveys and 6.6% to 63.2%

(median 21.2%, IQR [10.3, 35.2], P < 0.001) in surveys

conducted during epidemic outbreaks. Prevalence rates

were highly negatively correlated with altitude rates in

non-epidemic surveys (Figure 2, q = )0.55, n = 134,

0 250

km

N

500
Survey locations

Areas >1200 m

Figure 1 Location of all rapid malarialog-

ical surveys conducted in Papua New

Guinea highlands 2000–2004. For more

detailed maps, see Mueller et al. (2003a,b,

2004, 2006, 2007a,b), Maraga et al.

(2011).
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P < 0.001) but not in endemic surveys (q = )0.16, n = 18,

P = 0.52). The decrease was less pronounced for P. vivax

than P. falciparum (Table 2) and the proportion of infec-

tions caused by P. vivax significantly increased with

altitude (q = 0.26, P = 0.002). Consequently, while in

areas below 1400 m, P. falciparum was more prevalent,

and P. vivax dominated above 1600 m. While there was

only limited seasonal difference in surveys conducted at

altitudes <1200 m (P = 0.15), marked seasonality was

observed at higher altitudes with the higher prevalence

rates observed during the second half of the rainy season

and the early dry season (i.e. March to July, median PR:

7.6% IQR [3.7, 21.9] compared to the main dry [August–

October, 3.7%, IQR [2.2, 5.0] and the early wet season

(November–February, 2.3%, IQR [1.3, 4.7]), P = 0.008].

These seasonal differences were exclusively found among

P. falciparum infections (March–July: 4.3%, August–

October: 1.5%, November–February: 0.8%, P = 0.009,

P. vivax, P = 0.22) and owing to the high rates of

P. falciparum infection during epidemic surveys (65.0% vs.

40%, P = 0.1). No significant seasonal differences

were found if only non-endemic surveys >1200 m were

considered (P = 0.34).

Enlarged spleens were commonly observed in children

2–9 years living in villages below 1000 m (34.4, IQR

[14.2, 66.2]) indicating mesoendemic transmission. Spleen

rates (SR) decreased significantly with increasing altitude

(Table 2, q = )0.56, P < 0.001), but even at altitudes of

1000–1399 m, 18 of 41 (43.9%) surveys observed spleen

rates >10%. Above 1400 m, enlarged spleens were rarely

Table 1 Basic demographic characteristics of study participants

Non-epidemic

(N = 20 082) (%)

Epidemic

(N = 2403) (%) P-value

Gender

Female 10 139 (51.6) 1358 (50.4) 0.26

Age groups (years)

<2 985 (4.9) 90 (3.7) 0.001

2–3 1351 (6.7) 155 (6.5)

4–6 1869 (9.3) 216 (9.0)

7–9 1575 (7.8) 201 (8.4)

10–19 3819 (19.0) 437 (18.2)

20–39 6266 (31.2) 799 (33.3)

40+ 3664 (18.2) 468 (19.5)

NA 553 (2.8) 37 (1.5)
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Figure 2 Association of altitude of survey location with prevalence of malarial infections and rate of enlarged spleens in children

2–9 years.
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observed except during epidemic outbreaks (non-epidemic:

0, IQR [0, 4.5], epidemic 13.3, IQR [2.8, 26.7],

P < 0.001). The prevalence of enlarged spleens was highly

correlated with prevalence of malarial infections in non-

epidemic (Figure 2, q = 0.73, n = 134, P < 0.001) but not

in epidemic surveys (q = 0.35, n = 18, P = 0.16). Although

the prevalence of infection was comparable in epidemic

surveys (P = 0.65) and those conducted at altitudes below

1000 m, spleen rates were significantly lower in epidemic

surveys (13.3% vs. 34.4%, P = 0.02).

Based on prevalence and spleen rates, the following

altitudinal limits of malaria endemicity can be defined:

>1000 m: moderately endemic (mesoendemic), 1000–

1399: low endemic (hypoendemic) with risk of epidemic

outbreaks, 1400–1599 m: epidemic malaria, and above

1600 m: no local malaria transmission although certain

areas may be at risk of epidemics and imported cases may

be present. Detailed maps and estimated proportion of

villages in each stratum are given on a province-by-

province basis in (Mueller et al. 2003a,b, 2004, 2006,

2007a,b; Maraga et al. 2011).

Individual risk factors for Plasmodium infection

The risk of malaria infection was very strongly age

dependent. Overall (Figure 3), malarial infections were

most common in children 2.0–3.9 (20.5%) and 4.0–6.9

(20.1%) years of age and lowest in adults (20–39: 8.0%,

40+: 6.1%, P < 0.001). With increasing altitude, a mod-

erate shift in peak prevalence to older age groups was

observed. In areas below 1400 m, peak prevalence was

observed in children 2.0–3.9, shifting to children 4.0–6.9

at higher altitudes (Figure 3, test for age differences for

individual age groups, v2-values 36.0–229.2, df = 6,

P < 0.001). Significant differences in age-specific preva-

lence rates were observed for both P. falciparum (Figure 3,

all P-values < 0.001, except >1600 m: P = 0.064) and

P. vivax (all P-values < 0.001).

Whereas the relative age distribution in P. vivax infection

was comparable during epidemic and non-epidemic surveys

(v2 = 9.9, df = 6, P = 0.13) in areas above 1200 m, signif-

icantly more P. falciparum infections were observed in

adults during epidemics (v2 = 13.5, df = 6, P = 0.036) with

the median age of P. falciparum-positive participants rising

from 12 years (IQR [5.0, 25]) in non-epidemic surveys to

16 years (IQR [6.4, 30], P = 0.002) in epidemic surveys.

At the time of the surveys, bed net use was relatively low

overall with only 11.7%of participants having slept under a

net the previous night. Use was most common in villages

<1000 m (31.1%) and least common in those >1600 m

(4.9%, P < 0.001). When taking into account differences in

prevalence with altitude and age, bed net use was indepen-

dently associated with a significant reduction in risk of

malarial infections [odds ratio (OR) = 0.80, P = 0.002] in

non-epidemic surveys. The protective effect of bed nets was

exclusively against infection with P. falciparum

(OR = 0.73,P < 0.001)with no effect at all against infection

with P. vivax (P = 0.97). During epidemic surveys, there

was also a tendency for insecticide treated nets (ITN) use to

be associated with protection against P. falciparum infec-

tions (OR = 0.49, P = 0.055) but not against P. vivax

infections (P = 0.25).

Table 2 Median prevalence and species composition of malarial infections in surveys conducted at different altitudes

Altitude (m) N

Prevalence of infection Species composition� Enlarged spleen

Pf Pv Pm Po All Pf Pv Pm SR 2–9� IQR

Non-epidemic

<1000 19 13.1 7.5 1.9 0 22.8 60.9% 27.3% 10.0% 34.4 14.2, 66.2

1000–1199 22 8.1 3.1 0.3 0 13.4 67.3% 25.5% 3.4% 8.0 0, 25.5

1200–1399 19 4.1 3.4 0 0 9.2 52.8% 36.5% 0.0% 8.9 0, 28.5

1400–1599 37 1.5 1.5 0 0 2.5 50.0% 50.0% 0.0% 0 0, 10.5

>1600 37 0.6 1.0 0 0 2.5 33.3% 66.6% 0.0% 0 0, 4.2

Spearman’s rho )0.61* )0.42* )0.45* )0.30* )0.55* )0.24** 0.26** )0.36* )0.56*

Epidemic

1200–1399 1 9.7 16.3 0 0 22.2 36.0% 59.6% 4.4% 25.6 13.0, 40.0

1400–1599 7 8.8 5.6 0 0 11.3 67.5% 30.0% 0.0% 11.7 0, 32.6

>1600 8 9.8 9.4 1.4 0 16.1 55.5% 42.2% 3.5% 9.8 0.9, 21.5

Spearman’s rho )0.05 )0.27 0.25 0.02 )0.16 )0.01 )0.07 0.22 )0.37

N, number of non-epidemic and epidemic surveys conducted at each altitude; IQR, Interquartile range. *P < 0.001, **P < 0.01.

�As a proportion of all infections.

�SR 2–9: Proportion of children 2–9 years with enlarged spleen.
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In non-epidemic surveys, people reporting sleeping

regularly in a garden house had a higher risk of

both P. falciparum (Table 3, OR = 1.37, P < 0.001) and

P. vivax infections (OR = 1.21, P = 0.032), whereas a

recent history of travel to the lowlands was associated only

with significantly higher risk of P. falciparum (OR = 2.38,

P < 0.001) but not P. vivax infections (P = 0.12).

Malaria-associated morbidity

Although malaria infections were associated with sub-

stantial morbidity throughout the highlands, the burden of

malaria-attributable fevers (MAF) was strongly related to

transmission levels (Table 4). Whereas malaria was a

significant source of febrile illness in moderate to low

endemic areas (i.e. altitude <1400 m), at higher altitude

malaria was only a significant source of febrile illness

during epidemic outbreaks. Outside epidemics, 29.5% of

participants living below 1400 m with a history of fever

during the last 72 h had concurrent malarial infections,

compared to only 7.7% (P < 0.001) among those reporting

a febrile illness in surveys conducted above 1400 m.

Similarly, if only cases with manifest fever (i.e. axillary

temperature >37.5 �C) were considered, 40.0% and 15.6%

(P < 0.001), respectively, were positive for malaria upon

blood slide examination. In children <10 years, malaria-

attributable cases of febrile illness increased to 42.8%

(history) and 54.7% (temp >37.5 �C) for low to moder-

ately endemic areas (<1400) and 13.1% and 19.6% at

altitudes above 1400 m (P < 0.001). In the high transmis-

sion season (i.e. March to August), malaria was a more

common cause of illness in both endemic (35.0% vs.

12.1%, P < 0.001) and non-endemic areas (8.7% vs.

4.3%, P = 0.010). During epidemic outbreaks, malaria

was, however, the major source of morbidity. Not only do

significantly more people report a febrile illness (1400 m:

24.4% vs. 12.2%, P < 0.001), the fevers are also much

more likely to have concurrent malarial infections (38.8%

vs. 7.7%, P < 0.001).

While malaria was an important source of illness, the

majority of Plasmodium spp. infections were asymptom-

atic with only 26.9% people with malarial infection

reporting to be suffering from febrile illness (Table 4,

‘sympt’). In non-epidemic surveys, there was no difference

in rate of reported febrile illness (in last 72 h) associated

with a malaria infection among people living at different
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Figure 3 Age-specific prevalence of malarial infections at different altitudes.
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altitudes (P = 0.326). The proportion was significantly

higher during epidemic (43.6%) than non-epidemic surveys

(22.6%, P < 0001) and for P. falciparum (29.1%) than

P. vivax (25.2%, P = 0.033). An additional 16.9% re-

ported having suffered from ‘sik malaria’ (local vernacular

for febrile illness without cough) during the last 2 weeks.

In total 37.7% and 65.2% (P < 0.001) of people with

concurrent Plasmodium infections thus reported ongoing

or recent febrile illness during non-epidemic and epidemic

surveys, respectively.

Irrespective of endemicity, malaria infections were

associated with an increased risk of anaemia (Table 4).

In non-epidemic surveys, concurrent malarial

infections resulted in a 0.58–1.29 g ⁄dl reduction (all

P-values < 0.001) in age- and sex-specific mean

haemoglobin (Hb) levels. The effect of concurrent

infections on Hb levels was significantly smaller at low

altitudes (P < 0.001). However, as population mean Hb

levels increased significantly with increasing altitude (and

thus decreasing malaria endemicity, Table 4), moderate-to-

severe anaemia (i.e. Hb < 8 g ⁄dl) was only commonly

found in moderate and low endemic area with 7.4% and

4.2% of participants, respectively.

Discussion

The surveys conducted from 2000 to 2005 show that

malaria is once again endemic throughout the PNG

highlands in areas below 1400–1500 m of altitude and that

a significant risk of seasonal malaria outbreaks exists in

most areas between 1400–1650 m. As such, the malaria

situation at the start of the 20th century is remarkably

similar to that of the 1950s and 1960s prior to the last

elimination campaign (Black 1954; Spencer & Spencer

Table 3 Individual, multivariate risk factors for malaria infections in non-epidemic and epidemics surveys

Any infections Plasmodium falciparum Plasmodium vivax

OR [CI95] P OR [CI95] P OR [CI95] P

Non-epidemic surveys

Altitude (m)

<1000

1000–1199 0.60 [0.52, 0.69] 0.69 [0.59, 0.81] 0.56 [0.45, 0.70]

1200–1399 0.38 [0.32, 0.44] 0.38 [0.32, 0.46] 0.59 [0.46, 0.75]

1400–1599 0.15 [0.12, 0.17] 0.11 [0.08, 0.13] 0.35 [0.28, 0.45]

‡ 1600 0.09 [0.08, 0.11] <0.001 0.06 [0.04, 0.08] <0.001 0.25 [0.19, 0.32] <0.001

Age (years)

<2

2.0–3.9 2.05 [1.57, 2.69] 1.85 [1.32, 2.59] 1.83 [1.27, 2.63]

4.0–6.9 1.99 [1.57, 2.57] 1.76 [1.27, 2.44] 1.63 [1.57, 2.31]

7.0–9.9 1.62 [1.24, 2.12] 1.63 [1.17, 2.28] 1.04 [0.71, 1.53]

10.0–19.9 1.18 [0.93, 1.52] 1.26 [0.93, 1.71] 0.78 [0.55, 1.11]

20.0–39.9 0.64 [0.50, 0.82] 0.72 [0.53, 0.98] 0.42 [0.29, 0.60]

‡40 0.53 [0.41, 0.70] <0.001 0.60 [0.43, 0.84] <0.001 0.36 [0.24, 0.54] <0.001

Garden house 1.34 [1.20, 1.50] <0.001 1.37 [1.20, 1.57] <0.001 1.21 [1.02, 1.45] 0.032

Lowland travel 1.80 [1.34, 2.37] <0.001 2.38 [1.74, 3.24] <0.001

ITN use 0.80 [0.70, 0.93] 0.002 0.73 [0.61, 0.87] <0.001

Epidemic surveys

Altitude (m)

<1600

‡1600 0.75 [0.58, 0.95] 0.020 0.44 [0.30, 0.65] <0.001

Age (years)

<2

2.0–3.9 1.93 [1.03, 3.62] 2.42 [0.94, 6.20] 1.25 [0.59, 2.64]

4.0–6.9 2.50 [1.38, 4.55] 3.64 [1.49, 8.90] 1.49 [0.73, 3.03]

7.0–9.9 1.96 [1.07, 3.60] 2.72 [1.09, 6.74] 1.22 [0.59, 2.50]

10.0–19.9 1.19 [0.67, 2.11] 1.93 [0.80, 4.64] 0.77 [0.39, 1.52]

20.0–39.9 0.98 [0.56, 1.71] 1.77 [0.75, 4.18] 0.54 [0.28, 1.05]

‡40 0.65 [0.36, 1.17] <0.001 1.17 [0.48, 2.86] <0.001 0.33 [0.16, 0.71] <0.001

Garden house 0.53 [0.36, 0.77] 0.001

ITN use 0.49 [0.22, 1.06] 0.055
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1955; Spencer et al. 1956; Peters et al. 1958; Peters &

Christian 1960a,b; Ewers & Jeffrey 1971; Sharp 1982)

with the same areas once again endemic for malaria and

current transmission and risk of epidemic equally peaking

in the late dry to early wet season (i.e. March to June).

The one major change is the increased prevalence of

P. falciparum both in endemic areas as well as a cause of

potentially severe epidemic outbreaks (Mueller et al.

2005b). This is most likely due to the increased travel

between the highlands and highly endemic areas in

Madang and Morobe provinces after the construction of a

sealed highway (Radford et al. 1976). Recent travel to the

lowlands, often to market highland grown vegetable in

coastal towns, was found to be a significant risk factor for

infection with P. falciparum but not P. vivax. Such travel

constitutes a source of introduction of coastal parasites

into highlands area that can cause epidemic outbreaks of

P. falciparum malaria in areas that are otherwise climat-

ically suited only for endemic transmission of P. vivax

(Mueller et al. 2002).

Altitude and seasonal rainfall patterns are the major

determinants of malaria transmission in the PNG high-

lands. At altitudes below 1400 m, temperatures allow

endemic malaria transmission with P. falciparum as the

predominant parasite. Given its shorter developmental

cycles in the mosquito and thus lower minimum temper-

ature (Gilles & Warrell 2002), endemic P. vivax trans-

mission can occur locally until at least 1600 m, where

P. falciparum transmission happens mainly during epi-

demic outbreaks (Mueller et al. 2005b). As a consequence,

the relative proportion of P. vivax infection increased with

altitude. Interestingly, the altitudinal limits for stable

malaria transmission in PNG are lower than those reported

from the East African (Ghebreyesus et al. 2000; Shanks

et al. 2005; Gahutu et al. 2011) but comparable to those in

the Malagasy highlands (Romi et al. 2002). The reasons

for this are unclear.

As already shown by Peters et al. in the late 1950s (Peters

& Christian 1960b), transmission in highlands areas is

closely linked to seasonal rainfall patterns. Following the

onset of the rainy season in November, it takes several

months for mosquito numbers to build up sufficiently for

malaria transmission to take off. As the rains wane and

breeding sites start drying up in April–May, mosquito

numbers also start dropping and malaria transmission falls

until it practically stops at the height of the dry season. The

seasonal pattern of malaria transmission thus showed a

2-month lag compared to the observed rainfall patterns

(Peters & Christian 1960a). Although recent entomological

studies in the PNG highlands are lacking, the seasonal

difference in prevalence as well as the timing of epidemic

outbreaks indicate the same still holds true today.

Despite its wide geographical distribution, malaria is not

a major source of febrile illness in PNG highland areas

Table 4 Morbidity associated with malarial infections at different altitudes: observed fevers, reported febrile illness and haemoglobin

levels

Altitude (m) N

Axillary temperature >37.5 �C Reported fever lasts 3 days Anaemia

Febrile* MAF� Sympt� Febrile* MAF� Sympt� Mean g ⁄ dl

Hb < 8

g ⁄ dl

DHB (adj)§

g ⁄ dl CI95

Non-epidemic

<1000 3018 5.6% 40.5% 8.9% 15.0% 35.4% 20.9% 11.1 7.4% 0.58 0.42, 0.73

1000–1199 3340 3.8% 34.7% 8.0% 13.6% 26.4% 21.9% 12.0 4.8% 0.95 0.76, 1.14

1200–1399 3072 2.2% 49.2% 9.3% 11.9% 25.7% 26.3% 12.2 3.4% 1.29 1.07, 1.24

1400–1599 5272 1.8% 18.1% 7.0% 12.8% 9.6% 24.9% 12.9 1.4% 1.06 0.84, 1.29

>1600 5551 0.9% 10.6% 3.1% 11.7% 5.8% 22.3% 13.5 0.5% 0.90 0.66, 1.14

v
2
4 = 215.6 v

2
4 = 31.9 v

2
4 = 7.2 v

2
4 = 22.6 v

2
4 = 211.7 v

2
4 = 4.7 F4,17950 = 702.3 v

2
4 = 389.5 LR4,17939 = 8.5

P < 0.001 P < 0.001 P = 0.13 P < 0.001 P < 0.001 P = 0.32 P < 0.001 P < 0.001 P < 0.001

Epidemic

1200–1399 171 5.9% 60.0% 15.8% 25.2% 46.5% 52.6% 11.9 1.8% 1.34 0.74, 1.94

1400–1599 1260 4.5% 50.1% 10.0% 26.2% 37.0% 42.1% 12.3 4.8% 1.42 1.13, 1.71

>1600 972 3.1% 63.3% 9.6% 21.6% 41.6% 44.1% 12.7 2.7% 1.48 1.15, 1.81

v
2
2 = 4.5 v

2
2 = 1.3 v

2
2 = 2.1 v

2
2 = 6.6 v

2
2 = 2.1 v

2
2 = 1.5 F2,2158 = 11.5 LR2 = 8.4 F2,2118 = 0.8

P = 0.11 P = 0.52 P = 0.50 P = 0.04 P = 0.36 P = 0.46 P < 0.001 P = 0.02 P = 0.32

*Febrile: Prevalence observed fevers (axillary temperature >37.5�C) and reported febrile illness (in last 3 days) among participants in surveys.

�Malaria-attributable fevers (MAF): Proportion of participants with observed fevers and reported febrile illness that have concurrent Plasmodium spp.

infections (positive on thick film).

�Sympt: Proportion of participants with Plasmodium spp. infections that have observed or reported febrile symptoms.

§Reduction in mean haemoglobin levels associated with concurrent Plasmodium spp. infection.
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above 1400 m. Except during epidemic outbreaks that can

carry a very high burden of morbidity (Mueller et al.

2005b), fewer than one in 10 participants with reported and

one in six with measured axillary temperature >37.5 had

concurrent Plasmodium infections. Given the syndromic

nature of fever treatment at PNG health facilities, most of

these febrile, parasite-negative patients would nevertheless

be treated with antimalarials. The new 2009 PNG malaria

treatment guidelines (PNG Department of Health 2009) for

the first time include parasitological diagnosis of all fever

cases with rapid diagnostic tests (RDTs) or light microscopy

and advocate treatment only for parasitologically confirmed

cases. If properly implemented, these new guidelines could

reduce the number of malaria treatments dispensed in

areas >1400 m by up to 90%, thus limiting the amount of

overtreatment and reducing the risk of drug resistance.

As transmission levels are low at altitudes >1400 m, itwas

surprising that even at these higher altitudes the majority of

Plasmodium infections were not associated with febrile

symptoms. Equally intriguing, although the age of peak

prevalence shifting into older age groups with increasing

altitude, at all altitudes children had a higher risk of being

infected than adults (Figure 3). Both observations challenge

the notion that PNG highlanders are ‘non-immune’ to

malaria and together with recent observations of predom-

inantly asymptomatic communities in remote island (Harris

et al. 2010) and East African Highlands (Baliraine et al.

2009) indicate that a significant level of clinical immunity to

malaria may be achieved even at low levels of transmission.

Several factors could contribute to the apparent level of

antimalarial immunity. Firstly, studies of Indonesian trans-

migrants found that adults acquire significant clinical

immunity after as few as three P. falciparum infections,

whereas children require many more infections to acquire a

comparable level of immunity (Baird et al. 1991, 2003).

Secondly, as a result of the high levels of overtreatment with

antimalarials, many highlanders are likely to have residual

antimalarial drug levels in their blood, which may suppress

infecting Plasmodium parasites at low levels allowing the

development of strong, protective immune responses (Roe-

stenberg et al. 2009). Last but not least, parasites in low

transmission settings tend to be genetically less diverse

(Anthony et al. 2005) making it easier to acquire immunity

to locally circulating parasites. Irrespective of the reasons,

the presence of large number of asymptomatic infectionswill

limit the effectiveness of a malaria control strategy that is

primarily based on case-management.

Future perspective for malaria in the PNG Highlands

In 2004, PNG received a first grant from the Global Fund

to Fight AIDS, Tuberculosis and Malaria that allowed a

country-wide distribution of 1.35 million long-lasting

insecticide-treated bed nets (Global Fund to Fight AIDS,

Tuberculosis and Malaria, 2011). With continued Global

Fund support for 2009–2013, the national malaria control

program is conducting additional long-last insecticide

treated nets (LLIN) distributions and will roll out of

artemisinin-based combination therapy and RDT

throughout PNG. The experience from the DDT control

program in the 1960s and 70s (Black 1969; Parkinson

1974) as well as the significant protection associated with

the use of (mostly untreated) bed nets in the current study

indicates that the ongoing control efforts are likely to result

in a substantial reduction in malaria transmission and may

even lead to local elimination of malaria in specific areas.

Given the increasing mobility of many highlands popula-

tions, there thus remains a significant risk of re-introduc-

tion of malaria with potential for epidemic outbreaks

(Mueller et al. 2005b) should malaria control measures be

neglected or abandoned. Continued monitoring of the

malaria transmission, identification of residual transmis-

sion hotspots as well as surveillance for potential outbreaks

therefore need to be important components of any malaria

control and elimination program in the PNG Highlands.
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M A J O R A R T I C L E

Relapses Contribute Significantly to the Risk of
Plasmodium vivax Infection and Disease in
Papua New Guinean Children 1–5 Years of Age

Inoni Betuela,1,2,a Anna Rosanas-Urgell,1,2,a Benson Kiniboro,1 Danielle I. Stanisic,1,4 Lornah Samol,1 Elisa de Lazzari,2

Hernando A. del Portillo,2,3 Peter Siba,1 Pedro L. Alonso,2 Quique Bassat,2 and Ivo Mueller1,2,4

1Papua New Guinea Institute of Medical Research, Madang, Papua New Guinea; 2Barcelona Centre for International Health Research (CRESIB,

Hospital Clínic-Universitat de Barcelona), and 3Institució Catalana de Recerca i Estudis Avançats (ICREA), Barcelona, Spain; and 4Infection and

Immunity Division, Walter and Eliza Hall Institute, Parkville, Victoria, Australia

Background. Plasmodium vivax forms long-lasting hypnozoites in the liver. How much they contribute to the

burden of P. vivax malaria in children living in highly endemic areas is unknown.

Methods. In this study, 433 Papua New Guinean children aged 1–5 years were Randomized to receive artesu-

nate (7 days) plus primaquine (14 days), artesunate alone or no treatment and followed up actively for recurrent

Plasmodium infections and disease for 40 weeks.

Results. Treatment with artesunate-primaquine reduced the risk of P. vivax episodes by 28% (P = .042) and 33%

(P = .015) compared with the artesunate and control arms, respectively. A significant reduction was observed only in

the first 3 months of follow-up (artesunate-primaquine vs control, −58% [P = .004]; artesunate-primaquine vs arte-

sunate, −49% [P = .031]) with little difference thereafter. Primaquine treatment also reduced the risk of quantitative

real-time polymerase chain reaction– and light microscopy–positive P. vivax reinfections by 44% (P < .001) and 67%

(P < .001), respectively. Whereas primaquine treatment did not change the risk of reinfection with Plasmodium

falciparum, fewer P. falciparum clinical episodes were observed in the artesunate-primaquine arm.

Conclusions. Hypnozoites are an important source of P. vivax infection and contribute substantially to the high

burden of P. vivax disease observed in young Papua New Guinean children. Even in highly endemic areas with a

high risk of reinfection, antihypnozoite treatment should be given to all cases with parasitologically confirmed

P. vivax infections.

In areas that are coendemic for Plasmodium falcipa-

rum and Plasmodium vivax, the burden of infections

and disease caused by P. vivax peaks at an earlier age

than that due to P. falciparum [1–6]. In Papua New

Guinea (PNG), highly endemic for malaria caused by

all 4 Plasmodium species that infect humans [7],

P. vivax is the most common cause of malarial illness

in infants [8] and toddlers [9], but its incidence de-

creases rapidly after that age and clinical disease is

rare in children >5 years old [3], even though P. vivax

infections remain common throughout childhood and

into adulthood [10, 11]. The burden of P. falciparum,

on the contrary, continues to rise through early child-

hood, with incidence of P. falciparum malaria peaking

in children 3–7 years old [9, 12, 13] and P. falciparum

infections remaining prevalent in school-aged children

[10, 11].

In PNG, P. vivax and P. falciparum are transmitted

by the same mosquito vectors and studies in different

PNG lowlands population reported comparable sporo-

zoite rates for P. falciparum and P. vivax in the local

vector populations [3, 14, 15]. An important character-

istic of P. vivax is related to its capacity to generate

long-lasting liver stages (ie, hypnozoites) that after

varying periods of dormancy [16] can cause relapsing

malaria infection and clinical disease. As a conse-

quence of this ability, a single mosquito inoculation

may result in several blood-stage infections, during the
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following months or even years. Although such relapsing in-

fections are an important source of illness in nonimmune

travelers [17], it is unclear how much they contribute to the

burden of P. vivax malaria in perennially exposed children

living in (highly) endemic countries.

Currently primaquine is the only licensed radical treatment

for hypnozoites [18, 19]. Because of the concern that prima-

quine can cause potentially life-threatening hemolysis in

Glucose-6-phosphate dehydrogenase (G6PD)-deficient indi-

viduals [20], the lack of reliable parasitological diagnosis at

most PNG health facilities, and the prevailing perception that

given the high transmission level treating hypnozoites may be

of little benefit, meant that primaquine treatment was not for-

mally adopted as part of the PNG treatment guidelines until

2010. As a consequence, up to 87% of children with P. vivax

malaria experience a recurrent P. vivax infection within 6

weeks of treatment [21] with approximately 25% of these in-

fections associated with clinical symptoms. It has been sug-

gested that relapses are responsible for the vast majority of

these recurrent infections [22] and that in addition to being

the predominant cause of blood-stage infections, they may

contribute significantly to P. vivax clinical malaria and trans-

mission [16].

The development of high-throughput genotyping methods

[23, 24] has greatly increased our ability to study the longitudi-

nal dynamics of P. falciparum infections [25, 26] and differen-

tiate new from ongoing or recrudescent infections [27, 28].

Although similar methods now exist for P. vivax [29], geno-

typing cannot differentiate relapses from new infections [30],

because relapses are usually genetically distinct from the

primary infection [31, 32]. It is therefore not possible to di-

rectly quantify the contribution of relapses to the burden of

P. vivax reinfection and disease by genotyping individual in-

fections in longitudinal studies of participants living in areas

of high transmission and thus high reinfection risk. Such a

direct estimation is possible only with use of an imaginative

study design, wherein relapses are deliberately prevented in a

portion of study subjects. Therefore, to assess the contribution

of hypnozoites to the burden of P. vivax reinfection and

disease, we conducted a longitudinal cohort study in children

aged 1–5 years old in a hyperendemic area of PNG, where we

selectively treated preexisting hypnozoites in a subset of the

children.

MATERIALS AND METHODS

Study Description

This study was conducted in 11 villages in the Ilaita area of

Maprik District, East Sepik Province, a highly endemic area

where all 4 human malaria species coexist, with P. falciparum

the most common parasite in all age groups except among

children ≤4 years, in whom P. vivax predominates [9, 11].

Malaria transmission is moderately seasonal, with transmis-

sion peaking in the early wet season (ie, December through

March) [25]. The study area is serviced by a single health sub-

center and an aid post. A more detailed description of the

study areas is given elsewhere [9].

All children aged 1–5 years living in study villages, whose

parents consented to their participation, were tested for G6PD

deficiency (OSSMR-D G6PD Assay; R&D Diagnostics). All

G6PD-normal children were subsequently randomized to 1 of

the 3 groups: (1) artesunate (4 mg/kg/d for 7 days) plus pri-

maquine (0.5 mg/kg/d for 14 days), (2) artesunate alone (4

mg/kg/d for 7 days), or (3) no treatment (control). Owing to a

concurrently ongoing mass-distribution of long-lasting insecti-

cide-treated nets (LLINs), which resulted in nearly universal

LLINs coverage, treatment of the cohort was delayed until

after the LLIN campaign finished in early April 2008.

Immediately before treatment administration, children were

assessed for symptoms of febrile illness, a detailed history of

bed net use and recent antimalarial treatment was obtained,

and a venous blood sample was collected for immunological

and molecular studies. Children in control and artesunate

arms found to be parasitemic were treated with arthemeter-

lumefantrine (Coartem; Novartis). All treatment doses for the

cohorts were administered as direct observed therapy and

monitored for side effects.

After completion of treatment children were followed up

for the presence of febrile illness actively every 2 weeks and

passively throughout the study at the local health center and

aid post for the duration of the follow-up (40 weeks). Finger-

prick blood samples were collected every 2 weeks for the first

12 weeks and every 4 weeks thereafter from all children seen

during active follow-up (active detection of infection, see Sup-

plementary Figure 1). Malaria infection was investigated in all

symptomatic children using a rapid diagnostic test (RDT) for

malaria (ICT Diagnostics) and 250-μL finger-prick blood

samples were collected for confirmation of infection by light

microscopy (LM), and quantitative real-time polymerase chain

reaction (qPCR). Only RDT-positive and LM-confirmed, RDT-

negative symptomatic children were treated with arthemeter-lu-

mefantrine . All other illness episodes detected were referred to

local health center and treated in accordance with PNG treat-

ment guidelines.

The study received ethical clearance by the PNG Institute of

Medical Research Institutional Review Board (IRB 07.20) and

the PNG Medical Advisory Committee (07.34).

Laboratory Methods

All blood films were read independently by 2 expert microsco-

pists. Slides with discrepant results were reread by a third

microscopist. Thick blood films were examined for 100 thick-

film fields (under ×100 oil immersion lens) before being de-

clared negative for infection. Parasite densities were recorded
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as the number of parasites per 200 white blood cells and con-

verted to parasites per microliter of blood, assuming counts of

8000 white blood cells/μL [33]. Slides were scored as LM posi-

tive for an individual Plasmodium species if the species was

detected independently by ≥2 microscopists and/or if subse-

quent qPCR diagnosis confirmed the presence of the species.

Densities were calculated as the geometric mean densities of

all positive readings.

Plasma and peripheral blood mononuclear cells were col-

lected from all venous blood samples. The remaining red

blood cells were pelleted and aliquoted. Finger-prick blood

samples were separated into plasma and cell pellets. DNA was

extracted from the cell pellet fraction of all samples using the

QIAamp 96 DNA Blood kit (Qiagen), and Plasmodium sp.

infections were detected using a 4-species qPCR assay [34]

Statistical Analyses

For analysis purposes, clinical malaria was defined as fever (ax-

illary temperature ≥37.5°C) or history of febrile illness within

the last 48 hours in the presence of a concurrent Plasmodium

sp. infection of any density or P. falciparum >2500/μL and

P. vivax >500/μL [35]. The associations between the incidence

of clinical malaria and treatment as well as other covariates

were assessed by negative binomial regressions. Children were

considered at risk from the first day after the last primaquine

or artesunate dose until they withdrew, were lost to follow-up,

or completed the study. Children were not considered at risk

for 14 days after each recurring or new episode. The time to

the first P. vivax episode or infection and its association with

treatment and covariates were modeled using Cox regression

and the proportional-hazards assumption was checked using

the test based on the Schoenfeld residuals. The log-rank test

was used to test differences between survival curves. In all sur-

vival analyses, children were considered at risk until they

reached the end point of interest, withdrew, were lost to

follow-up or completed the study. Differences between treat-

ment groups at baseline were investigated using χ
2 and Fisch-

er’s exact tests for categorical characteristics and the Kruskal–

Wallis test for continuous variables. Tests were 2 tailed, and

the confidence level was set at 95%. All analyses were per-

formed using Stata 12 software (StataCorp 2011, release 12;

StataCorp).

RESULTS

Of 463 children screened, 449 (97.0%) G6PD-normal children

were randomized to artesunate (7 days), artesunate plus pri-

maquine (14 days), or no treatment (Figure 1). Sixteen chil-

dren were withdrawn from the study or migrated out of the

study area between randomization (late January) and the start

of the study (mid-April). Therefore, a total of 433 children

1.1–5.6 years old were treated and followed up actively and

passively for 40 weeks.

Figure 1. CONSORT study design, randomization, and retention of study participants during follow-up.
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No significant differences in demographic characteristics

and infection status were observed at baseline (ie, before the

start of treatment) between treatment groups, nor was there

any difference in the distribution of children in each group

among study villages (Table 1). There was a tendency for a

higher LLIN use in the artesunate group than in the artesu-

nate-primaquine and control groups (P = .053) at baseline.

Reported rates of LLIN use during follow-up were comparable

(P = .74).

During follow-up, 92% (range 74%–98%; interquartile

range [IQR], 92%–95%) of children were seen at active detec-

tion of infection time points (Figure 1). There was no diffe-

rence in the average number of study contact between

treatment arms (likelihood-ratio (LR), 0.21; df = 2; P = .90).

During 40 weeks of follow-up, a total of 271 febrile episodes

with P. vivax of any density (incidence rate [IR], 0.89) and

115 episodes with P. vivax >500/μL (Incidence rate (IR), 0.37)

were detected; 132 children (30%) had 1 P. vivax malaria

episode (any density), and 60 (14%) had ≥2 episodes

(maximum, 4). The incidence of P. vivax malaria decreased

strongly with age (Incidence rate ratio (IRR) for P. vivax epi-

sodes of any density, 0.81 [95% confidence interval (CI),

.73–.91; P < .001]; IRR for P. vivax >500/μL, 0.60 [95% CI,

.50–.72; P < .001]) and varied between villages (LR for epi-

sodes of any density, 16.0; df = 8; P = .042).

The incidence of P. vivax malaria of any density differed sig-

nificantly between the 3 treatment arms (Table 2). Treatment

with artesunate-primaquine reduced the risk of P. vivax epi-

sodes of any density during 40 weeks of follow-up by 28% (95%

CI, 1%–52%; P = .042) compared with the artesunate arm and

by 33% (95% CI, 8%–52%; P = .015) compared with the control

arm. The differences were almost entirely due to a strong

reduction in incidence in the first 3 months of follow-up

(Figure 2) (IRR for artesunate-primaquine vs control, 0.42 [95%

CI, .23–.76; P = .004]; IRR for artesunate-primaquine vs artesu-

nate, 0.51 [95% CI, .27–.94; P = .031]), with little or no diffe-

rence during the rest of the follow-up (Table 2). In multivariate

analyses, only treatment and age were significant predictors of

risk of malaria, and adjustment for age did not alter the ob-

served differences between treatment arms (Supplementary

Table 1). Similar differences were observed for the time to first

or only P. vivax episode (Table 2; Figure 2). Interestingly,

neither treatment resulted in a significant reduction in the inci-

dence of P. vivax malaria episodes with a density >500/μL

(Table 2).

In children in the artesunate-primaquine and artesunate

arms who successfully cleared preexisting blood-stage infec-

tions, differences in the time to first P. vivax infection were

investigated (Table 3; Figure 2). When diagnosed with qPCR,

new P. vivax blood-stage infections were detected very rapidly,

with 50% of children in artesunate and artesunate-primaquine

groups infected by day 23 (IQR, 14–30 days) and day 30

(IQR, 15–56 days), respectively. It took significantly longer

until infection became patent by LM, with the difference

between treatment arms becoming even more pronounced

(median, 29 days for artesunate [IQR, 16–55 days] vs 78 days

for artesunate-primaquine [IQR, 42–280]). Overall, the elimi-

nation of liver stages through primaquine treatment was

found to reduce the risk of qPCR- and LM-positive recurrent

blood-stage parasitemia by 44% (95% CI, 28%–57%; P < .001)

and 67% (95% CI, 55%– 75%; P < .001), respectively. The risk

of P. vivax parasitemia did not vary with age (LR for qPCR,

1.93 [df = 1; P = .16]; LR for LM, 0.53 [df = 1; P = .47]) but dif-

fered significantly among children living in different villages

Table 1. Demographic and other Key Characteristics of Treatment Groups Before Start of Treatment

Characteristic Artesunate Artesunate-Primaquine Control P

Male patients, No. 75 52 68 49 75 51 .79

Age, mean (SD), y 3.1 (1.1) 3.2 (1.2) 3.3 (1.2) .57

Village of residence, No. (%) .64

Ilaita 1 5 3 5 4 8 5

Ilaita 2–4 27 19 29 21 27 18

Ilaita 5 8 6 3 2 5 3

Ilaita 6 5 3 6 4 6 4

Ilaita 7 5 3 8 6 13 9

Ingamblis 31 21 26 19 19 13

Kamanokor 14 10 21 15 17 12

Sunuhu 38 26 28 20 37 25

Utamup 12 8 14 10 14 10

Currently ill, No. (%) 17 12 31 22 27 19 .059

Slept under net, No. (%) 133 94 120 86 130 90 .053

Abbreviation: SD, standard deviation.
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(LR for qPCR, 19.1 [df = 8; P = .008]; LR for LM, 49.4 [df = 8;

P < .001]). Adjustment for village differences did not signifi-

cantly change the treatment effects.

The treatment had no significant effect on the likelihood of

being reinfected with P. falciparum, as detected with either

qPCR (Table 3) (P = .85) or LM (P = .40). During follow-up,

only 158 children experienced febrile episodes with any con-

current P. falciparum parasitemia (IR, 0.51), and 95 with

P. falciparum >2500/μL (IR, 0.30). Thirty children had >1

P. falciparum episode (any density). Children in the artesu-

nate-primaquine arm were significantly less likely to become

ill with P. falciparum malaria than those in the control arm

(Table 2) (IRR for all P. falciparum, 0.51 [95 CI , .32–.81;

P = .004]; IRR for P. falciparum >2500/μL, 0.53 [95% CI,

.31–.89; P = .018]), but not those in the artesunate arm (all

P. falciparum, P = .61; P. falciparum >2500/μL, P = .22). The

incidence of P. falciparum malaria of any density varied signif-

icantly among villages (P < .001) but showed no association

with age (P = .86), whereas P. falciparum >2500/μL showed a

nonlinear association with age (P = .005) but did not vary

among villages. Adjustment for village of residence or age did

not significantly change the associations of treatment with in-

cidence of P. falciparum malaria (data not shown).

DISCUSSION

By selectively removing liver stages from some but not all chil-

dren, we demonstrated that relapses cause approximately 50%

of infection and more than 60% of clinical episodes in the first

3 months of follow-up, with little effect thereafter. The

Chesson strain of P. vivax [36] that is present in the Southwest

Pacific is known to have a short relapse frequency

Table 2. Incidence of Plasmodium vivax and Plasmodium falciparum Malaria in Treatment Groups

Placebo Artesunate Artesunate-Primaquine

Events PYR Incidence Events PYAR Incidence

IRR

(95% CI) Events PYAR Incidence

IRR

(95% CI) P

P. vivax malaria

Any density

9-mo follow-up 105 102.2 1.03 99 103.9 0.93 0.91
(0.69– 1.24)

67 97.8 0.69 0.67
(.48–.92)

.037

0–3 mo 37 33.3 1.11 31 33.9 0.91 0.82
(.51–1.31)

15 32.3 0.46 0.42
(.23–.76)

.009

>3 to 9 mo 68 68.9 0.99 68 70.0 0.97 0.98
(.70–1.39)

52 65.4 0.76 0.81
(.56–1.16)

.446

P. vivax >500/μL

9-mo follow-up 42 104.6 0.40 42 106.1 0.40 0.98
(.62–1.57)

31 99.1 0.31 0.78
(.47–1.28)

.549

P. falciparum malaria

Any density

9-mo follow-up 69 103.6 0.67 55 105.4 0.52 0.79
(.52–1.18)

34 98.9 0.34 0.51
(.32–.81)

.015

0–3 mo 11 34.4 0.32 8 34.9 0.23 0.71
(.28–1.83)

2 32.9 0.06 0.19
(.04–.87)

.041

>3 to 9 mo 58 69.2 0.84 47 70.6 0.67 0.80
(.51–1.25)

32 66.0 0.48 0.57
(.35–.94)

.083

P. falciparum >2500/μL

9-mo follow-up 42 104.6 0.40 32 106.3 0.30 0.75
(.47–1.20)

21 99.5 0.21 0.53
(.31–.89)

.053

First or only malaria episode

P. vivax, any density 73 73.3 1.00 74 78.1 0.95 0.95
(.69–1.31)

45 82.2 0.55 0.55
(.38–.80)

<.001

P. vivax >500/μL 34 91.8 0.37 35 92.3 0.38 1.04
(.59–1.83)

25 90.3 0.28 0.70
(.38–1.29)

.379

P. falciparum,
any density

50 88.0 0.57 39 92.7 0.42 0.74
(.49–1.13)

30 90.6 0.33 0.58
(.37–.92)

.017

P. falciparum
>2500/μL

35 94.4 0.37 29 96.4 0.30 0.81
(.50–1.33)

19 94.8 0.20 0.54
(.31–.95)

.085

Abbreviations: IRR, ; PYAR, ; PYR.
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Figure 2. Time to first Plasmodium vivax clinical episode (any density) and reinfection as demonstrated by quantitative real-time polymerase chain reaction (qPCR) and light microscopy (LM). Differences

between groups were tested by log-rank tests.
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Figure 3. Time-to-first Plasmodium falciparum clinical episode (any density) and reinfection as demonstrated by quantitative real-time polymerase chain reaction (qPCR) and light microscopy (LM).

Differences between groups were tested by log-rank tests.
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(approximately 1 month [16, 37]). Consequently, in the artesu-

nate-only arm, 71% and 85% of children had recurrent

LM-detectable P. vivax infection by 6 and 12 weeks respectively.

This finding resembles previous reports of the rate of recurrent

P. vivax parasitemia after arthemeter-lumefantrine treatment

[21], suggesting that most children in the cohort were likely to

have had hypnozites in their livers at the time of treatment.

This fast relapse pattern of residual hypnozoites in the artesu-

nate and control arms plus the acquisition of new infections

(and consequent establishment, or reestablishment, of new

cohorts of hypnozoites) could explain the limited effect of pri-

maquine beyond 3 months.

Interestingly, primaquine reduced the incidence of only

low-density but not high-density clinical infection. Although

past genotyping studies showed that relapses are often geneti-

cally different from primary infections [31, 32] (but see [38]),

in PNG where the mean multiplicity of P. vivax infection is

approximately 3 [39], sexual recombination in the mosquito is

likely to be common, and therefore different blood-stage infec-

tions that originate from a single infected mosquito bite are

genetically often related. Partial immunity acquired against a

related primary infection may therefore allow children to

better control blood-stage parasite densities, as in observations

of sequential, homologous infections among patients receiving

malaria therapy [40], resulting in mild and probably mostly

self-limiting clinical episodes (in patients receiving malaria

therapy, reinfection with homologous strains resulted only in

a few transient symptoms). Therefore, outside a research

setting, many of these episodes might not lead to treatment

seeking and might not be treated.

Although we showed directly for the first time the substan-

tial contribution of relapses to the burden of P. vivax infection

and disease, the estimated burden caused by relapses is subject

to several potential uncertainties. First, local PNG P. vivax

strains are relatively resistant to primaquine and thus require

higher doses of primaquine to prevent relapses [18, 41]. Al-

though the recommended daily primaquine dose was used

[19], concurrent treatment with active schizonticide drugs,

such as chloroquine or quinine [18], is required to be effective

against Chesson strain parasites. Even then, 14-day high-dose

primaquine has an efficacy of only approximately 80% against

New Guinea vivax strains [41]. Although artesunate is a

highly effective schizonticide, the efficacy of the artesunate-

primaquine combination is unknown. As indicated by the

much faster recurrence of P. vivax compared with P. falcipa-

rum blood-stage infections in the primaquine arm, it is there-

fore possible that the chosen treatment did not eliminate all

hypnozoites and that the burden of hypnozoite-derived infec-

tions is underestimated.

Population-wide distribution of LLINs took place immedi-

ately before the study. Compared with a study conducted 2

years earlier [9], we observed an approximately 50% lower in-

cidence of clinical malaria. The hypnozoites present at the

time of the treatment would therefore have been acquired

mostly under the higher transmission present before LLINS

distribution. Similarly, the delayed LLINS distribution meant

that the study was started toward the end of the high–trans-

mission season and continued through the low-transmission

season [9,25]. Both factors could have resulted in overestimat-

ing the contribution of relapses.

As expected, treatment with primaquine had no effect on

the risk of acquiring new P. falciparum infections. However,

significantly fewer of the P. falciparum infections in the arte-

sunate-primaquine group were associated with clinical illness.

Unfortunately, the low number of P. falciparum episodes and

thus limited statistical power precluded a more in-depth inves-

tigation of this intriguing observation. Confirmation in a

larger study will be required.

The demonstrated large contribution of relapses to the

burden of P. vivax infections and (mild) disease not only leads

to a better understanding of P. vivax epidemiology but also

has important implications for clinical practice and formula-

tion of treatment guidelines. The high rate of relapses is

almost certainly the principal reason for the higher prevalence,

Table 3. Incidence of New Plasmodium vivax and Plasmodium falciparum Infections in Artesunate and Artesunate-Primaquine

Treatment Groups

Artesunate Artesunate-Primaquine

No. PYR ST, Median, d Incidence No. PYAR ST, Median, d Incidence HR P

Incidence of first or only P. vivax (re)infection

LM 145 21.7 30 6.14 139 45.9 79 2.18 0.43 (0.33–0.56) <.001

PCR 125 8.5 17 14.62 117 12.2 28 9.16 0.66 (0.50–0.86) .002

Incidence of first or only P. falciparum (re)infection

LM 141 83.5 … 0.61 136 85.0 … 0.45 0.73 (0.48–1.12) .147

PCR 122 64.3 … 0.85 135 70.6 253 0.92 1.06 (0.74–1.52) .750

Abbreviations: d, days; HR, Hazard ratio; LM, light microscopy; PYAR, Person-year-at-risk; PYR, Person-year-at-risk; qPCR, quantitative real-time polymerase chain

reaction; ST, median: median survival time.
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multiplicity, and incidence of P. vivax infection and disease in

early childhood [8, 9, 39], contributing substantially to the

much faster acquisition of immunity to P. vivax compared

with P. falciparum [3]. Furthermore, relapses may significantly

contribute to transmission, because P. vivax gametocytemia

closely follows asexual parasitemia. It will therefore be difficult

to achieve a sustained reduction in P. vivax transmission,

leading to local elimination, without targeting the hypnozoite

reservoir [42, 43]. Although relapses seem to be predominantly

associated with mild disease, without appropriate antirelapse

therapy, children will be exposed to chronic blood-stage infec-

tions (or reinfections) with P. vivax that can lead to severe

anemia in their cumulative effect [44, 45].

These findings have important public health relevance: even

in areas with intense transmission and thus high risk of rein-

fection, strong efforts should be made to eradicate P. vivax

hypnozoites in all cases of parasitologically confirmed P. vivax

infection. The only currently available drug that effectively

attacks the dormant hepatic reservoir is primaquine. Although

the effect of primaquine against hypnozoites has been known

for >50 years [18] and radical cure with primaquine is part of

World Health Organization and many national treatment

guidelines [19], concerns about its safety in persons with

(severe) G6PD deficiency have hampered its programmatic

implementation. The recent development of RDTs that specif-

ically detect P. vivax will facilitate the recognition and diagno-

sis of this species. Poor adherence to the current 14-day

primaquine schedule, the lack of therapeutic alternatives, and

the lack of reliable, point-of-care (rapid) tests for G6PD defi-

ciency remain major obstacles, which urgently need to be ad-

dressed if the recent reductions in global P. vivax burden are

to be sustained and local elimination achieved [43, 46].

Supplementary Data

Supplementary materials are available at The Journal of Infectious Diseases

online (http://jid.oxfordjournals.org/). Supplementary materials consist of

data provided by the author that are published to benefit the reader. The

posted materials are not copyedited. The contents of all supplementary

data are the sole responsibility of the authors. Questions or messages

regarding errors should be addressed to the author.

Notes

Acknowledgments. First and foremost, we would like to thank all

study participants and their families, the staff at the Ilaita health center

and the Sikamo aid post, and the South Sea Evengelical Church and its

Village Health Volunteers. Without their great support this work would

not have been possible. We also thank the Papua New Guinea Institute of

Medical Research field staff for assistance with the field work, Nandao

Taronka and Lina Lori for assistance with sample preparation and micros-

copy, Lawrence Rare for coordinating community relations, and Thomas

Adiguma and team for data management.

Author contributions. Conception and design of experiments: I. B.,

H. A. d. P., P. L. A., Q. B., I. M. Performance of experiments: I. B.,

A. R. U., B. K., D. S., L. S. Analysis of data: E. d. L., I. B., I. M. Writing of

manuscript: I. B., A. R. U., D. S., H. A. d. P., P. L. A., Q. B., I. M.

Financial support. This work was supported with funding from the

Cellex Foundation, Barcelona, Spain. The funder had no role in study

design, data collection and analysis, decision to publish, or preparation of

the manuscript.

Potential conflict of interest. All authors: No reported conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the

content of the manuscript have been disclosed.

References

1. Phimpraphi W, Paul RE, Yimsamran S, et al. Longitudinal study of

Plasmodium falciparum and Plasmodium vivax in a Karen population

in Thailand. Malar J 2008; 7:99.

2. Maitland K, Williams TN, Bennett S, et al. The interaction between

Plasmodium falciparum and P. vivax in children on Espiritu Santo

Island, Vanuatu. Trans R Soc Trop Med Hyg 1996; 90:614–20.

3. Michon P, Cole-Tobian JL, Dabod E, et al. The risk of malarial infec-

tions and disease in Papua New Guinean children. Am J Trop Med

Hyg 2007; 76:997–1008.

4. Mendis K, Sina BJ, Marchesini P, Carter R. The neglected burden of

Plasmodium vivax malaria. Am J Trop Med Hyg 2001; 64:97–106.

5. Earle WC. Epidemiology of malaria in Puerto Rico. Puerto Rico J Pub

Health Trop Med 1939; 15:3–27.

6. Balfour MC. Malaria studies in Greece. Am J Trop Med Hyg 1935;

15:301–29.

7. Muller I, Bockarie M, Alpers M, Smith T. The epidemiology of

malaria in Papua New Guinea. Trends Parasitol 2003; 19:253–9.

8. Senn N, Rarau P, Stanisic D, et al. Efficacy of intermittent preventive

treatment for malaria in Papua New Guinean infants exposed to Plas-

modium falciparum and P. vivax. PLoS Med 2012; 9:e1001195.

9. Lin E, Kiniboro B, Gray L, et al. Differential patterns of infection and

disease with P. falciparum and P. vivax in young Papua New Guinean

children. PLoS One 2010; 5:e9047.

10. Kasehagen LJ, Mueller I, McNamara DT, et al. Changing patterns of

Plasmodium blood-stage infections in the Wosera region of Papua

New Guinea monitored by light microscopy and high throughput

PCR diagnosis. Am J Trop Med Hyg 2006; 75:588–96.

11. Mueller I, Widmer S, Michel D, et al. High sensitivity detection of

Plasmodium species reveals positive correlations between infections of

different species, shifts in age distribution and reduced local variation

in Papua New Guinea. Malar J 2009; 8:41.

12. Muller I, Genton B, Rare L, et al. Three different Plasmodium species

show similar patterns of clinical tolerance of malaria infection. Malar

J 2009; 8:158.

13. Genton B, D’Acremont V, Rare L, et al. Plasmodium vivax and mixed

infections are associated with severe malaria in children: a prospective

cohort study from Papua New Guinea. PLoS Med 2008; 5:e127.

14. Hii JL, Smith T, Vounatsou P, et al. Area effects of bednet use in a

malaria-endemic area in Papua New Guinea. TransRSocTropMedHyg

2001; 95:7–13.

15. Benet A, Mai A, Bockarie F, et al. Polymerase chain reaction diagnosis

and the changing pattern of vector ecology and malaria transmission

dynamics in Papua New Guinea. Am J Trop Med Hyg 2004; 71:277–84.

16. White NJ. Determinants of relapse periodicity in Plasmodium vivax

malaria. Malar J 2011; 10:297.

17. Lee YC, Tang CS, Ang LW, Han HK, James L, Goh KT. Epidemiolog-

ical characteristics of imported and locally-acquired malaria in Singa-

pore. Ann Acad Med Singapore 2009; 38:840–9.

18. Baird JK, Hoffman SL. Primaquine therapy for malaria. Clin Infect

Dis 2004; 39:1336–45.

19. WHO. Guidelines for the treatment of malaria. 2nd ed. Geneva, Swit-

zerland: World Health Organization, 2010.

20. Youngster I, Arcavi L, Schechmaster R, et al. Medications and

glucose-6-phosphate dehydrogenase deficiency: an evidence-based

review. Drug Saf 2010; 33:713–26.

Relapses Contribute Significantly to the Risk of P. vivax Infection • JID 2012:206 (1 December) • 1779

�����
��	
�������

��

���
���������
�������������

���������
��� ��
��!��������"�
#

�$
����


� ��%

�



21. Karunajeewa HA, Mueller I, Senn M, et al. A trial of combination

antimalarial therapies in children from Papua New Guinea. N Engl

J Med 2008; 359:2545–57.

22. Baird JK. Real-world therapies and the problem of vivax malaria. N

Engl J Med 2008; 359:2545–47.

23. Falk N, Maire N, Sama W, et al. Comparison of PCR-RFLP and Gen-

escan-based genotyping for analyzing infection dynamics of Plasmodi-

um falciparum. Am J Trop Med Hyg 2006; 74:944–50.

24. Schoepflin S, Valsangiacomo F, Lin E, Kiniboro B, Mueller I, Felger I.

Comparison of Plasmodium falciparum allelic frequency distribution

in different endemic settings by high-resolution genotyping. Malar J

2009; 8:250.

25. Mueller I, Schoepflin S, Smith TA, et al. The force of infection: key

to understanding the epidemiology of Plasmodium falciparum malaria

in Papua New Guinean children. Proc Natl Acad Sci U S A. In press.

26. Bretscher MT, Maire N, Chitnis N, Felger I, Owusu-Agyei S, Smith T.

The distribution of Plasmodium falciparum infection durations. Epi-

demics 2011; 3:109–18.

27. Collins WJ, Greenhouse B, Rosenthal PJ, Dorsey G. The use of geno-

typing in antimalarial clinical trials: a systematic review of published

studies from 1995–2005. Malar J 2006; 5:122.

28. WHO. Methods and techniques for clinical trials on antimalarial drug

efficacy: genotyping to identify parasite populations. Geneva, Switzer-

land: World Health Organisation, 2008.

29. Koepfli C, Mueller I, Marfurt J, et al. Evaluation of Plasmodium vivax

genotyping markers for molecular monitoring in clinical trials.

J Infect Dis 2009; 199:1074–80.

30. Barnadas C, Koepfli C, Karunajeewa HA, Siba PM, Davis TME,

Mueller I. Characterization of treatment failure in efficacy trials of drugs

against Plasmodium vivax by genotyping neutral and drug resistance-

associated markers. Antimicrob Agents Chemother 2011; 55:4479–81.

31. Imwong M, Snounou G, Pukrittayakamee S, et al. Relapses of Plasmo-

dium vivax infection usually result from activation of heterologous

hypnozoites. J Infect Dis 2007; 195:927–33.

32. Chen N, Auliff A, Rieckmann K, Gatton M, Cheng Q. Relapses of

Plasmodium vivax infection result from clonal hypnozoites activated

at predetermined intervals. J Infect Dis 2007; 195:934–41.

33. Genton B, Al Yaman F, Beck HP, et al. The epidemiology of malaria

in the Wosera area, East Sepik Province, Papua New Guinea, in

preparation for vaccine trials. I. Malariometric indices and immunity.

Ann Trop Med Parasitol 1995; 89:359–76.

34. Rosanas-Urgell A, Mueller D, Betuela I, et al. Comparison of diagnos-

tic methods for the detection and quantification of the four sympatric

Plasmodium species in field samples from Papua New Guinea. Malar J

2010; 9:361.

35. Müller I, Genton B, Rare L, et al. Three different Plasmodium species

show similar patterns of clinical tolerance of malaria infection. Malar

J 2009; 8:158.

36. Ehrman F, Ellias J, Young M. Plasmodium vivax Chesson strain.

Science 1945; 101:377.

37. Craige B, Alving AS, Jones R, Merrill Whorton C, Pullman TN, Ei-

chelberger L. The Chesson strain of Plasmodium vivax malaria. II. Re-

lationship between prepatent period, latent period and relapse rate.

J Infect Dis 1947; 80:228–36.

38. Imwong M, Boel ME, Pagornrat W, et al. The first Plasmodium vivax

relapses of life are usually genetically homologous. J Infect Dis 2012;

205:680–3.

39. Koepfli C, Ross A, Kiniboro B, et al. Multiplicity and diversity of Plas-

modium vivax infections in a highly endemic region in Papua New

Guinea. PLoS Negl Trop Dis 2011; 5:e1424.

40. Collins WE, Jeffery GM, Roberts JM. A retrospective examination of

reinfection of humans with Plasmodium vivax. Am J Trop Med Hyg

2004; 70:642–4.

41. Baird JK. Resistance to therapies for infection by Plasmodium vivax.

Clin Microbiol Rev 2009; 22:508–34.

42. Alonso PL, Brown G, Arevalo-Herrera M, et al. A research agenda to

underpin malaria eradication. PLoS Med 2011; 8:e1000406.

43. A research Agenda for Malaria eradication: drugs. PLoS Med 2011; 8:

e1000402.

44. Tjitra E, Anstey NM, Sugiarto P, et al. Multidrug-resistant Plasmodi-

um vivax associated with severe and fatal malaria: a prospective study

in Papua, Indonesia. PLoS Med 2008; 5:e128.

45. Poespoprodjo JR, Fobia W, Kenangalem E, et al. Vivax malaria: a

major cause of morbidity in early infancy. Clin Infect Dis 2009;

48:1704–12.

46. The malERA Consultative Group on Diagnoses and Diagnostics

(2011) A Research Agenda for Malaria Eradication: Diagnoses and Di-

agnostics. PLoS Med 8 (1):e1000396.

1780 • JID 2012:206 (1 December) • Betuela et al

�����
��	
�������

��

���
���������
�������������

���������
��� ��
��!��������"�
#

�$
����


� ��%

�



�

69�
�

7� �(����� �

�
����/����
����������
�
�����	�?��������������>�8�!�������
������������
��5�
�����
�������

6��������&
������
!&
Z���%���
�&
1�%�����
F]&
1������@8�
�		
#&

3�������
�&
3�%�
��&
#	����
�F&
���		��
��


#��������%
#
����
52����2���
()*(
#��Q:>697�(*9>@=�
����

*)�**(<W##5�)::>>@**�
���%
()*(
]��
*;������
(((:(<))


�


 




�

6;�
�

� �



Tolerability and Safety of Primaquine in Papua New Guinean
Children 1 to 10 Years of Age

Inoni Betuela,a Quique Bassat,b Benson Kiniboro,a Leanne J. Robinson,a,c Anna Rosanas-Urgell,a,b Danielle Stanisic,a,c Peter M. Siba,a

Pedro L. Alonso,b and Ivo Muellera,b,c

PNG Institute of Medical Research, Goroka, Papua New Guineaa; Barcelona Centre for International Health Research, Barcelona, Spainb; and Walter & Eliza Hall Institute,

Parkville, Victoria, Australiac

Primaquine is currently the only drug available for radical cure of Plasmodium vivax and P. ovale liver infection stages, but lim-
ited safety data exist for children <10 years of age. Detailed daily assessments of side effects in glucose-6-phosphate dehydroge-
nase (G6PD)-normal children treated with 14 days of primaquine plus chloroquine (3 days; n � 252) or artesunate (7 days; n �

141) (0.5 mg/kg of body weight) showed that both treatments are well tolerated, do not lead to reductions in hemoglobin levels,
and can thus safely be used in children 1 to 10 years of age.

Primaquine (PQ), one of the oldest synthetic antimalarial
drugs, remains to date the only licensed product that can elim-

inate the hepatic dormant stages—the hypnozoites—of the two
Plasmodium species (P. vivax and P. ovale) capable of producing
relapses. The latest World Health Organization (WHO) recom-
mendations for the prevention of hypnozoite-derived relapses
state that the drug should be used contemporaneously with an
effective blood schizontocidal for 14 days at a dosage of 0.25
mg/kg of body weight (in a single daily dose) (11). In areas where
tolerance to primaquine has been observed, such as in Oceania
and Southeast Asia, this dose should be doubled to 0.5 mg/kg.
While strongly endorsing this recommendation, theWHOexplic-
itly states that it is based on limited evidence.
Despite over 60 years of continuous use, primaquine still car-

ries a reputation of being an “unsafe” drug. Side effects can be
summarized into three main categories, the most important of
which is the array of potentially life-threatening hemolytic side
effects that it can cause among glucose-6-phosphate dehydroge-
nase (G6PD)-deficient individuals (12). This enzymatic defi-
ciency, of which �140 different variants exist (3), is an absolute
contraindication for the use of primaquine when the enzyme’s
activity is below the threshold of 5%, but the drug can be used in
milder cases with the provision of spreading the treatment on a
weekly basis over a 2-month-long schedule of 0.75 mg/kg (11).
The second important side effect is an increase in the level of
methemoglobin, which is mild and generally well tolerated (5)
unless the patient has an inborn deficiency of the methemoglobin
reductasemetabolic pathway. Finally, primaquine can cause dose-
dependent abdominal discomfort when taken on an empty stom-
ach (4) and, as a consequence, is best taken with food (11). Apart
from the aforementioned side effects, primaquine is usually safe
and well tolerated in patients without inborn deficiencies (1, 2).
There are, however, virtually nopublished data available on the

safety and tolerability of primaquine in children, and the WHO
therefore maintains that primaquine is contraindicated in chil-
dren less than 4 years of age (11), even though children in that age
group suffer the brunt of P. vivax disease in areas of high endemic-
ity such as the southwest Pacific (6–8). A recent study that in-
cluded the coadministration of a single dose of 0.75 mg/kg prim-
aquine with artesunate plus sulfadoxine-pyrimethamine (SP) to
children 1 to 12 years of age as part of a mass-administration trial

resulted in significantly reduced hemoglobin (Hb) levels 7 days
after treatment (10). The Hb reduction was largest in children
withG6PDdeficiency but was also present inG6PDheterozygote-
and homozygote-normal children, raising concerns that PQ may
cause moderate anemia when coadministered with artemisinins
and that excluding individuals based on G6PD status alone may
not be sufficient to prevent PQ-induced hemolysis.
There is thus an urgent need for amore extensive evaluation of

PQ’s safety and tolerability in young children, in particular if co-
administered with an artemisinin. Here, we report the results
from two different pediatric cohorts treated with different prim-
aquine-containing antimalarial schedules as part of a wider epide-
miological study, for the evaluation of their tolerability and safety.
This studywas performed in two cohorts andwas conducted in

the Maprik region of the East Sepik province in Papua New
Guinea (PNG). The study region is an area of hyperendemicity for
both P. falciparum and P. vivax, with P. vivax the predominant
source of infection and disease in the first 3 years of life and a
progressive replacement by P. falciparum as the main cause of
disease, extending even to adulthood (6, 8, 9). Since 2011, PNG
has adopted artemether-lumefantrine for the treatment of un-
complicated malaria, irrespective of the species. If an infection by
P. vivax or P. ovale is confirmed, an additional 14-day course of
primaquine at a dose of 0.25 mg/kg/day is recommended but
rarely implemented.
Two different pediatric cohorts of children 5 to 10 and 1 to 5

years of age, arranged to assess the epidemiology of malaria ac-
cording to age, were treated with antimalarials at the beginning of
a 9-month-long follow-up. All children living the study villages
whose parents agreed to their participation were tested for G6PD
deficiency using a G6PD assay kit (Dojindo Laboratories, Japan)
and OSMMR-D G6PD assay (R&D Diagnostics, Greece) accord-
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ing to the manufacturers’ instructions, with all G6PD-deficient
children excluded prior to enrollment and drug treatment. The
first community-based cohort included 529 children 5 to 10 years
of age recruited in Albinama; 524 (99.1%)wereG6PDnormal and
randomized to receive either chloroquine (standard 25 mg/kg/
total dose, divided over 3 days) and high-dose primaquine (0.5
mg/kg/day for 14 days [group 1; n � 262]) or chloroquine and
placebo (3 or 14 days, respectively [group 2; n � 262]) (Fig. 1).
Three children in the placebo arm and 10 in the primaquine arm
were excluded post hoc due to protocol violations. The study was
double blinded, with randomization performed using preallo-
cated, block-randomized treatment codes. The second cohort was
recruited among children aged 1 to 5 years of age, in Ilaita, an area
neighboring Albinama. A total of 463 children were screened for
G6PD deficiency, and 449 (97.0%) were randomized to receive 7
days of artesunate treatment (4 mg/kg/day) and 14 days of high-
dose primaquine treatment (0.5 mg/kg/day, starting on day 1 of
artesunate treatment; Fig. 1), only artesunate monotherapy for 7
days, or no antimalarial treatment. A total of 9 children allocated
to the artesunate-plus-primaquine arm were lost in the 3 months
between randomization and the start of treatment.
All primaquine doses were administered under supervision;

those given to children 5 to 10 years of agewere givenwith a snack,
while parents or guardians of children 1 to 5 years of age were
advised to make sure children had a meal or were breastfed prior
to drug administration. Children in both arms of the cohort of
those 5 to 10 years of age and the artesunate-plus-primaquine arm
in the cohort of those 1 to 5 years of agewere followedupon a daily
basis. The occurrences of different signs and symptoms and ad-
verse events and the general tolerability of the study drugs were
recorded daily using standardized questionnaires by specifically
trained study nurses. Illnesses detected at recruitment were
treated according to PNG national guidelines. The proportions of
children with reported signs or symptoms were compared using
Fisher’s exact or �

2 tests, and (paired) t tests were used to compare
differences in hemoglobin levels at baseline and day 8 (5 to 10
years of age) and day 14 (1 to 5 years of age).
Table 1 summarizes the presence of different signs and symp-

toms at baseline and the cumulative incidence of adverse events
throughout the 14-day follow-up period. Among the children 5 to
10 years of age, no significant differenceswere observed at baseline
between the primaquine and placebo groups for any of the signs
and symptoms (Table 1; P � 0.41). Symptoms were rare during
the 14 days of follow-up (frequency� 7%), and no differences in

FIG 1 Trial design and drugs administered in the two different study cohorts. (Upper panel) Albinama cohort (5 to 10 years of age). (Lower panel) Ilaita cohort
(1 to 5 years of age).
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the occurrence of new symptoms and their cumulative incidence
during the 14 days of follow-upwere observed between the groups
(P � 0.24).
Among the younger children, the prevalence of adverse events

at baselinewas higher (21%)due to a higher prevalence ofmalarial
fevers (1 to 5 years of age, 14.9%; 5 to 10 years of age, 5.3% [P �

0.001]). Similarly, the occurrence of new symptoms and their
cumulative incidence during the 14 days of follow-up were higher
(Table 1). However, most of the symptoms were related to febrile
illness and/or cough. Although a somewhat higher rate of stom-
achaches was observed (P � 0.010), the rates of nausea and vom-
iting were comparable to those observed in the older childrenwho
received a snackwith each of the primaquine doses. No treatments
had to be discontinued due to poor tolerability or repeated vom-
iting in either cohort.
Among the older children, amarginally larger (0.56 versus 0.33

g/dl; P � 0.24) but clinically and statistically insignificant drop in
mean hemoglobin (Hb) levels (measured by Hemacue, Angholm,
Sweden)was observed at day 8 in the primaquine group versus the
placebo group. Similarly, equal numbers of children in both
groups experienced clinically relevant drops of �2 gl/dl (22/247
versus 22/257; P � 0.89). Among the children 1 to 5 years of age
treated with artesunate plus primaquine, Hb levels did not change
in the first 3 days of treatment (9.31 versus 9.35 g/dl;P � 0.77) and
then increased by 0.48 g/dl after 14 days of treatment (9.31 versus
9.81 g/dl; P � 0.001). Only 1 child experienced a drop in Hb of 2
g/dl, with no clinical evidence of hemolysis. Both primaquine
schemes were therefore well tolerated and safe.
This report of these two cohorts provides the first published

detailed evidence of acceptable safety and tolerability of the 14-day

high-dose (0.5 mg/kg) primaquine schedule in G6PD-normal
children 1 to 10 years of age. In the placebo-controlled study of
children 5 to 10 years of age, the side effects were observed infre-
quently and were thought to be associated with the primaquine
treatment only in one child. Themoderately higher rate of adverse
events in the younger cohort was almost entirely due to the higher
levels of preexisting illness observed at baseline. The well-known
gastrointestinal side effects of primaquine were rare even in chil-
dren 1 to 5 years of age when the drug was not coadministered
with food. As some children may not have had a meal at home
prior to treatment, the tolerability could have been even better if
food had been given as part of the primaquine treatment itself.
The low level of side effects noticed and the lack of any notable
reduction in Hb levels after 7 days of concurrent high-dose prim-
aquine (0.5 mg/kg) and artesunate daily treatment indicate that
the combination of these two drugs is safe and that primaquine
can be safely given to G6PD-normal Melanesian children 1 to 5
years of age. Given the good tolerability in both cohorts, it might
be possible to investigate shorter courses (�14 days) of higher
doses of primaquine (�0.5 mg/kg) that might improve compli-
ance with primaquine treatment (2). While further pediatric
safety studies need to be conducted in other populations, the
WHO recommendations for primaquine use should be regularly
reviewed to assess the adequacy of primaquine treatment in
G6PD-normal patients�1 year of age.
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Pharmacokinetic Properties of Single-Dose Primaquine in Papua New
Guinean Children: Feasibility of Abbreviated High-Dose Regimens for
Radical Cure of Vivax Malaria

Brioni R. Moore,a,b Sam Salman,a John Benjamin,b Madhu Page-Sharp,c Leanne J. Robinson,b,d Elizabeth Waita,b Kevin T. Batty,c

Peter Siba,e Ivo Mueller,d,f Timothy M. E. Davis,a Inoni Betuelab

‹School of Medicine and Pharmacology, University of Western Australia, Crawley, Western Australia, Australiaa; Papua New Guinea Institute of Medical Research, Madang,

Madang Province, Papua New Guineab; School of Pharmacy, Curtin University of Technology, Bentley, Western Australia, Australiac; Infection and Immunity, Walter and

Eliza Hall Institute of Medical Research, Melbourne, Victoria, Australiad; Papua New Guinea Institute of Medical Research, Goroka, Eastern Highlands Province, Papua New

Guineae; Center de Recerca en Salut Internacional de Barcelona (CRESIB), Barcelona, Spainf

Since conventional 14-day primaquine (PMQ) radical cure of vivax malaria is associated with poor compliance, and as total dose,
not therapy duration, determines efficacy, a preliminary pharmacokinetic study of two doses (0.5 and 1.0 mg/kg of body weight)
was conducted in 28 healthy glucose-6-phosphate dehydrogenase-normal Papua New Guinean children, aged 5 to 12 years, to
facilitate development of abbreviated high-dose regimens. Dosing was with food and was directly observed, and venous blood
samples were drawn during a 168-h postdose period. Detailed safety monitoring was performed for hepatorenal function and
hemoglobin and methemoglobin concentrations. Plasma concentrations of PMQ and its metabolite carboxyprimaquine
(CPMQ) were determined by liquid chromatography-mass spectrometry and analyzed using population pharmacokinetic meth-
ods. The derived models were used in simulations. Both single-dose regimens were well tolerated with no changes in safety pa-
rameters. The mean PMQ central volume of distribution and clearance relative to bioavailability (200 liters/70 kg and 24.6 liters/
h/70 kg) were within published ranges for adults. The median predicted maximal concentrations (Cmax) for both PMQ and
CPMQ after the last dose of a 1.0 mg/kg 7-day PMQ regimen were approximately double those at the end of 14 days of 0.5 mg/kg
daily, while a regimen of 1.0 mg/kg twice daily resulted in a 2.38 and 3.33 times higher Cmax for PMQ and CPMQ, respectively.
All predicted median Cmax concentrations were within ranges for adult high-dose studies that also showed acceptable safety and
tolerability. The present pharmacokinetic data, the first for PMQ in children, show that further studies of abbreviated high-dose
regimens are feasible in this age group.

Primaquine (PMQ) is an 8-aminoquinoline drug used for pri-
mary (causal) and terminal malaria prophylaxis, radical cure

of Plasmodium vivax and P. ovale, and as a gametocytocidal agent
in P. falciparum infections (1–4). It remains the only FDA-ap-
proved drug for elimination of liver stages (hypnozoites and schi-
zonts) of P. vivax and P. ovale (2, 4, 5). In many non-African
tropical countries, such as Papua New Guinea (PNG), there is
hyperendemic transmission of P. vivax (5–7). Children carry the
burden of repeated P. vivax infections in this geoepidemiologic
setting (5, 8, 9). Therefore, a safe and effective radical cure would
benefit personal well-being, growth, and development and lessen
the economic impact of the infection on the community (10).
Primaquine is conventionally administered as a 14-day course

for terminal prophylaxis and radical cure (2), but this regimen can
be problematic due to poor compliance (1, 5). An abbreviated
regimen would have advantages (11, 12) as long as it was safe and
well tolerated. Pharmacokinetic studies of PMQ to date have been
conducted only in adults (6). As the pharmacokinetic and phar-
macodynamic profiles of antimalarial drugs can differ between
adults and children (13), there is a need for a study of PMQ dis-
position in the pediatric age group (14, 15). The conventionally
recommended PMQ regimen for radical cure of 0.5 mg/kg daily
for 14 days is well tolerated in glucose-6-phosphate dehydroge-
nase (G6PD)-normal PNG children (12). To characterize the
pharmacokinetic properties of PMQ and facilitate the develop-
ment of higher-dose, shorter-course PMQ treatment in this pa-
tient population, we conducted an intensive-sampling pharmaco-

kinetic study with 0.5 or 1.0mg/kg of bodyweight given as a single
dose to healthy PNG children aged 5 to 12 years.

MATERIALS AND METHODS

Study site, approvals, and subjects. The present study was based at the
Alexishafen Health Centre, Madang Province, on the north coast of PNG,
where there is hyperendemic transmission of P. falciparum and P. vivax
(8). The study was approved by the PNG Institute of Medical Research
Institutional Review Board and the Medical Research Advisory Commit-
tee of the PNG Health Department. Subjects were recruited between Au-
gust and September 2010 from local villages, where an explanation of
study aims and procedures was given to communitymembers. After writ-
ten informed consent had been obtained from parents/guardians, eligible
children were screened for G6PD status (WST-8 [lyophilized] method;
DojindoMolecular Technologies Inc., Japan), their demographic and an-
thropometric data were recorded, a hemoglobin concentration was mea-
sured (HemoCue, Ängelholm, Sweden), and a blood slidewas taken. Chil-
dren who had (i) normal G6PD status, (ii) a blood slide that was negative
for malaria, (iii) no clinical features of illness, (iv) no history of PMQ
allergy, (v) no evidence of severemalnutrition (weight-for-age nutritional
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Z score [WAZ],�60th percentile), and (vi) a hemoglobin concentration
of �80 g/liter were recruited and admitted to the Alexishafen Health
Center for the first 2 days of study procedures.

Baseline assessment, treatment allocation, and clinical procedures.
At enrollment, a detailed history and symptom questionnaire were com-
pleted with the assistance of the parents/guardians and a full physical
examination was performed, including body weight, height, axillary tem-
perature, supine and erect blood pressure and pulse rate, respiratory rate,
mean upper arm circumference, and spleen size. A urine sample was
tested for the presence of protein, blood, and/or glucose. Baseline methe-
moglobin levels were determined by pulse oximetry (Masimo Rad-57
pulse oximeter with SpMet; Masimo, Australia), and an electrocardio-
gramwas taken. An intravenous cannula was inserted, and a venous blood
sample was drawn for a full blood count (Coulter counter; Beckman
Coulter, Australia). The remainder of the sample was centrifuged and the
plasma stored at ��20°C for subsequent drug and biochemical assays.
The red cell pellet was retained for parasite genotyping.

Each child was randomized to a single oral dose of PMQ at either (i)
0.5 mg/kg body weight (group A) or (ii) 1.0 mg/kg (group B) PMQ base
given as diphosphate tablets (Shin Poon Pharmaceuticals, Seoul, South
Korea). Participants were not required to fast. The drug was administered
with water under direct observation, and to minimize adverse effects of
PMQ when taken on an empty stomach, all participants were given a
packet of crackers to consume directly afterwards. If a child vomited
within 1 h of dosing, the same dose was to be readministered and the time
documented. After dosing, all participants had additional 2-ml venous
blood samples drawn at 1, 2, 3, 4, 6, 8, 12, 18, 24, 36, 48, 72, 120, and 168
h for drug assay. Aliquots of plasma taken at baseline and at 72 and 168 h
were retained for biochemical analysis. All children were reassessed clin-
ically on days 1, 2, 3, and 7 for symptoms and vital signs, as well as hemo-
globin concentration (HemoCue), methemoglobin saturation (Masimo),
and blood slide.

Laboratory methods. Screening for G6PD deficiency was performed
according to the manufacturer’s instructions. In brief, a 250-	l finger
prick blood sample was collected into a cooled tube containing EDTA as
the anticoagulant. A 5-	l aliquot of whole blood was then mixed with
buffer-dye solution, wrapped in aluminum foil, and incubated at 37°C for
25min.A 10-	l aliquot of hydrochloric acid thenwas added, and the color
change was assessed visually in reference to a standard color chart. Each
sample was then loaded into a 96-well plate and read on a microplate
reader at an absorbance of 460 nm to confirm visual interpretation. Par-
ticipants who had G6PD deficiency were withdrawn from the study, and
the result was recorded in the child’s health book with a recommendation
that PMQ therapy not be administered in the future. Other biochemical
tests were performed at PathWest Laboratory Medicine, Fremantle Hos-
pital, Western Australia, Australia, using methods that have been de-
scribed previously (16).

After initial microscopy in the field, all blood films were reexamined
independently by two skilled microscopists in a central laboratory with
discrepancies adjudicated by a third microscopist. Parasite densities were
calculated from the number of parasites per 200 or 500 white blood cells
depending on parasitemia and an assumed total peripheral white cell
count of 8,000/	l. Reinfection and recrudescence were distinguished by
comparing PCR-restriction fragment length polymorphism-generated
genotype patterns of merozoite surface protein 2 to PCR genotype pat-
terns ofmerozoite surface protein 1 and glutamate-rich protein in pairs of
samples obtained at enrollment and on the day of reappearance of para-
sitemia (17).

Plasma concentrations of PMQ and its principal metabolite, carboxy-
primaquine (CPMQ), were determined simultaneously using a validated
liquid chromatography-mass spectrometry (LC-MS) method as de-
scribed previously (18). Intra- and interday precision for both PMQ and
CPMQ were�10% across the concentration range of 5 to 1,000 	g/liter,
with �85% recovery and sensitivity of 1 to 2 	g/liter. All venous blood
samples for drug assay were centrifuged for 5 min at 3,000 
 g, and the

plasma was separated from the red cell pellet and stored in a foil-covered
tube at��20°C until assay within 6 months of sample collection. Prim-
aquine content was determined in 20 tablets selected randomly from the
single batch used in the present study. The stated content was 26.3 mg
PMQ diphosphate (or 15 mg PMQ base), which was comparable to the
assayed mean� standard deviation (SD) content of 25.71� 0.85 mg.

Pharmacokinetic modeling. Loge plasma concentration-time data
sets for PMQ and CPMQ were analyzed by nonlinear mixed-effect mod-
eling using NONMEM (v 7.2.0; ICON Development Solutions, Ellicott
City, MD) with an Intel Visual FORTRAN 10.0 compiler. The first-order
conditional estimation (FOCE) with interaction estimation method was
used. The minimum value of the objective function (OFV), conditional
weighted residual (CWRES) plots, and condition number (�1,000) were
used to choose suitable models during the model-building process. Allo-
metric scaling was employed a priori, with volume terms multiplied by
(WT/70)1.0 and clearance terms by (WT/70)0.75, whereWT is bodyweight
in kg (19). Two structures for residual variability (RV), equivalent to
proportional and combined RV structures on the normal scale, were used
for the log-transformed data. Secondary pharmacokinetic parameters, in-
cluding area under the curve (AUC0-�) and elimination half-lives (t1/2)
for the participants, were obtained from post hoc Bayesian prediction in
NONMEMusing the finalmodel parameters.Models were parameterized
using ka (absorption rate constant), VC/F (central volume of distribution
[Vc] relative to bioavailability [F]), CL/F (clearance), and VP/F and Q/F
(peripheral volumes of distribution[s] and their intercompartmental
clearance[s], respectively).

PMQ was initially modeled alone using one- and two-compartment
models (ADVAN 2 and 4, respectively) with first-order absorption and
with and without lag time. Once a suitable model for PMQwas obtained,
CPMQ and PMQ data sets were modeled simultaneously. All PMQ was
assumed to be converted to CPMQ to allow identifiability in the model.
One-, two- and three-compartment models were tested for CPMQ using
user-defined linear mammillary models (ADVAN 5). Once the structure
of the models was established, interindividual variability (IIV) and corre-
lations between IIV terms were estimated when supported by the data.
Finally, relationships between model parameters and the covariates dose
group, dose (mg/kg), age, and sex were identified using correlation plots
and subsequently evaluated within NONMEM.

Model evaluation and simulations. A bootstrap using Perl speaks
NONMEM(PSN)with 1,000 samples was performed, and the parameters
derived from this analysis were summarized as median and 2.5th and
97.5th percentiles (95% empirical confidence intervals [CI]) to facilitate
evaluation of final model parameter estimates. In addition, prediction-
corrected visual predictive checks (pcVPCs) were performed with 1,000
data sets simulated from the finalmodels, and thesewere stratified accord-
ing to treatment group for PQ. The observed 10th, 50th, and 90th percen-
tiles were plotted with their respective simulated 95% CIs. Numeric pre-
dictive checks (NPCs) were performed to complement the pcVPCs in
assessing the predictive performance of the model.

Once a final model had been established, simulations were performed
to assess three different multiple-dosing treatment regimens on the peak
concentration (Cmax) of PMQ and CPMQ. These were (i) 0.5 mg/kg daily
for 14 days, (ii) 1.0 mg/kg daily for 7 days, and (iii) 1.0 mg/kg twice daily
for 7 doses (3.5 days). Each treatment regimenhad the same total dose (7.0
mg/kg). Cmax was determined from simulated subjects, and their drug
concentrations were obtained at 6-min intervals. For the simulations,
1,000 male and female subjects for each age between 5 and 10 years were
used. Weights for each age group were based on sex and simulated from
WHOweight-for-age data (20). Simulated data for male and female chil-
dren were combined, and the resulting median for each dosing regimen
was plotted against age. Simulated concentrations across all age groups
were pooled, and themedian concentrationwith 95%prediction intervals
versus time was plotted for both PMQ and CPMQ for the three dosing
regimens.
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Data analysis.Data are, unless otherwise stated, summarized asmeans
and SD or medians and interquartile ranges (IQR). General linear mod-
eling for repeated measures was used to determine whether variables dif-
fered significantly over time or by treatment group and whether there was
a treatment group-time interaction.

RESULTS

Patient characteristics.Thirty childrenwere recruited, but two in
group B were found to be parasitemic on review of the baseline
blood smear and were excluded. Details of the remaining 28 chil-
dren are summarized in Table 1. The two groups were well
matched for demographic, anthropometric, and clinical charac-
teristics. No child had a baseline value for hemoglobin, methemo-
globin, or biochemical assays that was outside reference ranges for
these analytes (16).

Safety and tolerability. Both doses were well tolerated. No
child vomited after drug administration. Therewere no changes in
symptoms and their severity during follow-up in either group,
including nausea and abdominal pain, and no severe adverse
events were reported. No children developed abnormal hepatore-
nal function on day 3 or 7 after treatment. Hemoglobin concen-
trations declined initially and then increased (trend P � 0.033)
(Fig. 1), with no between-group differences (mean difference,�2
[�11 to 8]; P � 0.69). After pooling dose groups, the mean he-
moglobin concentration at day 2 was significantly lower than that
at day 7 (P � 0.023, Bonferroni corrected). There were no signif-
icant changes in methemoglobin levels in participants over time
or between groups (trend P � 0.81; between-group mean differ-
ence [95% confidence interval],�0.1 [�0.2 to 0.1]; P � 0.29).

Pharmacokinetic modeling. There were 246 PMQ and 360

CPMQ individual plasma concentrations available for analysis. Of
these, 6 (2.4%) and 3 (0.8%)were below the limit of quantification
for PMQ and CPMQ, respectively. For PMQ, a 1-compartment
model with first-order absorption and no lag time adequately de-
scribed the plasma concentration-time coordinates. An additional
compartment did not improve the CWRES plot or result in a
significant decrease in the objective function value (�OFV,
�5.767; P � 0.05; df, 2). For CPMQ, a model with two CPMQ-
specific compartments, central and peripheral (P1), was superior
to a single additional compartment with an improved CWRES
plot accompanied by a decrease in the OFV of 254.163 (P � 0.01;
df, 2). The addition of a third compartment for CPMQ did not
result in further improvement (�OFV, �1.435; P � 0.05; df, 2).
Therefore, the structuralmodel parameters were ka,VC/FPMQ, CL/
FPMQ, VC/F*CPMQ, VP1/F*CPMQ, CL/F*CPMQ, and Q2/F*CPMQ,
where F* represents the combination of the bioavailability of
PMQand the fraction ofmetabolic conversion of PMQ toCPMQ.
As ka was poorly estimated in the combined model with a relative
standard error (RSE) of �80%, it was fixed as the value obtained
from modeling PMQ alone. IIV was estimable on ka, VC/FPMQ,
and CL/FPMQ.VC/F*CPMQ and CL/F*CPMQ and the correlation be-
tween VC/FPMQ and CL/FPMQ, as well as that between VC/F*CPMQ
and CL/F*CPMQ, were estimated. None of the tested covariates
significantly improved the model.
The final model parameter estimates and the bootstrap results

for PMQ and CPMQ are summarized in Table 2. Most (94%)
bootstrap runs were successful. Bias was �5% for all structural
and random model parameters. The condition number for the
finalmodel was 631. Figures 2 and 3 show goodness-of-fit plots for
PMQ and CPMQ, respectively, and pcVPCs are shown in Fig. 4.
From the NPCs, 10 and 9% of the data points were below and 7.5
and 8% of the data points were above the 80% prediction interval
for PMQ and CPMQ, respectively.
The simulatedCmax for PMQandCPMQ for the three different

dosing regimens are depicted by age in Fig. 5. Variability between
the age groups was low (�7%) for both PMQ and CPMQ. Simu-

TABLE 1 Admission details for the children in each primaquine dose
group

Parameter

Value for dose groupa:

A (n � 15) B (n � 13)

Age (mo) 97 (72–120) 80 (70–90)
Sex (no. [%] male) 9 (60) 6 (46)
Body wt (kg) 19.3 � 3.5 17.5 � 2.2
Height (cm) 115 � 10 111 � 7.1
Upper arm circumference (cm) 15.9 � 1.4 15.7 � 1.6
Axillary temp (°C) 36.6 � 0.2 36.5 � 0.4
Supine systolic/diastolic blood
pressure (mmHg)

82 (80–90)/54 (50–60) 90 (80–92)/60 (53–61)

Standing systolic/diastolic
blood pressure (mmHg)

90 (80–100)/60 (50–64) 90 (80–95)/60 (58–61)

Systolic/diastolic postural
blood pressure change
(mmHg)

�2 (�10–2)/0 (�6–0) �2 (�4–0)/�1 (�5–0)

Respiratory rate (breaths/min) 22 � 3 25 � 4*
Supine pulse rate (beats/min) 83 � 11 84 � 13
Hemoglobin (g/liter) 117 � 12 115 � 12
Methemoglobin (% of total
hemoglobin)

1.0 � 0.2 1.1 � 0.5

Rate-corrected
electrocardiographic QT
interval (ms0.5)

440 (414–447) 431 (417–440)

White cell count (
109/liter) 9.0 � 2.7 9.5 � 5.2
Platelet count (
109/liter) 275 � 67 216 � 74*
Serum alanine
aminotransaminase (U/liter)

9 (6–13) 9 (8–16)

Serum total bilirubin
(	mol/liter)

1.9 (1.8–2.9) 2.1 (1.8–2.9)

Serum creatinine (	mol/liter) 47 (41–51) 41 (40–46)

a Data are means� SD or medians (IQR). *, P � 0.05 versus a single dose of 0.5 mg/kg
PMQ.

FIG 1 Means and 95% confidence intervals for hemoglobin concentrations
measured before and for 7 days after dosing of 0.5 mg/kg (closed circles) and
1.0 mg/kg (open circles).

Moore et al.

434 aac.asm.org Antimicrobial Agents and Chemotherapy


��
]������
+)&
()*9
%�
8
,

�P
�

1
3

��#
�
�

�

�

#
1

5
�

FG
,

#
2����WW�������

���
W
�

�-
�	�����
0���






lated plasma PMQ andCPMQ concentrations, together with 95%
prediction intervals for the three different dosing regimens, are
shown in Fig. 6 and are summarized in Table 3. The median Cmax
for both PMQ and CMPQ after the last dose of the 1.0 mg/kg
7-day regimen were approximately double those at the end of 14
days of 0.5 mg/kg daily, while the 1.0 mg/kg twice-daily regimen

resulted in a 2.38 and 3.33 times higherCmax for PMQandCPMQ,
respectively.

DISCUSSION

The present study was designed to generate novel pharmacoki-
netic data that could be used to develop an abbreviated PMQ
dosing regimen for radical cure of pediatric vivax malaria. Both
0.5 mg/kg (conventional) and 1.0 mg/kg (double) doses were safe
and well tolerated. Frequent blood sampling and a validated
LC-MS assay allowed simultaneous population pharmacokinetic
analysis of PMQ and CPMQ plasma concentration-time profiles.
Based on those single-dose data, published efficacy and tolerabil-
ity studies of high-dose PMQ in adults (21–23), and practical con-
siderations, two short-course PMQ regimenswere simulated, spe-
cifically 1.0mg/kg daily for 7 days and 1.0mg/kg twice daily for 3.5
days. The predicted plasma PMQ and CPMQ concentrations
achieved during these two regimens were no greater than those
seen in previous pharmacokinetic studies of adults, suggesting
that both could be further assessed in safety and efficacy field
studies.
A major barrier to the control of malaria in countries where

vivaxmalaria is endemic, such as PNG, is the ability of the parasite
to relapse from dormant hypnozoites (7), including in the after-
math of successful treatment of falciparummalaria (17). Repeated
vivax infections contribute to substantially increased morbidity
andmortality (5, 8, 9) and have an adverse socioeconomic impact
(10). Radical cure of vivax malaria in this geoepidemiologic situ-
ation has, however, been hampered by several factors. First, PMQ
induces hemolysis in G6PD-deficient patients, mandating pre-
treatment testing for G6PD status or the use of low-dose PMQ
regimens that may not be effective, especially against the Chesson
strain in PNG (24). The development of cost-effective point-of-
care tests (25, 26) should help to overcome this problem. Second,

TABLE 2 Final population pharmacokinetic estimates and bootstrap
results for PMQ and CPMQ

Parameter Mean
RSE
(%)

Bootstrap median
(95% CI)

Objective function value �790.147 �810.879
(�978.555-�668.075)

Structural model
ka

a (/h) 2.18 30 2.2 (1.2–6.3)
CL/FPMQ (liters/h/70 kg) 24.6 7 24.5 (21.7–28.1)
VC/FPMQ (liters/70 kg) 200 6 199 (175–226)
CL/F*CPMQ (liters/h/70 kg) 1.15 8 1.14 (0.98–1.34)
VC/F*CPMQ (liters/70 kg) 7.19 27 7.08 (4.04–10.74)
Q/F*CPMQ (liters/h/70 kg) 3.59 15 3.59 (2.77–4.47)
VP/F*CPMQ (liters/70 kg) 14.2 8 14.2 (12.6–16.3)

Variable model (% shrinkage)
IIV in ka (%) 138 (25) 22 140 (89–245)
IIV in CL/FPMQ (%) 33 (2) 12 32 (24–39)
IIV in VC/FPMQ (%) 31 (6) 16 31 (20–41)
IIV in CL/F*CPMQ (%) 95 (3) 14 94 (70–124)
IIV in VC/F*CPMQ (%) 40 (1) 16 39 (27–49)
r(CL/FPMQ, VC/FPMQ) 0.820 32 0.829 (0.633–0.934)
r(CL/FCPMQ, VC/FCPMQ) 0.829 26 0.837 (0.409–1.62)
RV for PMQ (%) 25.0 6 24 (21–27)
RV for CPMQ (%) 20 9 20 (16–24)
RV for CPMQ (	g/liter) 2.39 39 2.32 (1.09–4.77)

a ka was fixed in the combined model. RSE and bootstrap values were from the PMQ-
only model. r is the Pearson product-moment correlation coefficient for the two
variables in parentheses. The % shrinkage for IIV is a measure of parameterization of
the data, with low percentages indicating an acceptable number of model parameters.

FIG 2 Goodness-of-fit plots for primaquine.
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prolonged treatment courses are associated with poor compliance
(27, 28). Since the total dose of, rather than duration of exposure
to, PMQ determines the efficacy of radical cure (2, 29, 30), abbre-
viated treatment courses have been developed. Third, PMQ is as-
sociated with gastrointestinal side effects that are related to dose
but which are attenuated by coadministration with food (31) and
also causes methemoglobinemia which is typically mild and tran-
sient (6).
Several adult studies have examined the safety and efficacy of

abbreviated high-dose PMQ courses. In Caucasians taking 0.5
mg/kg twice daily with food for 7 days, side effects were generally
nonsevere, although 5% of the subjects had methemoglobinemia
sufficient to cause peripheral cyanosis without respiratory com-
promise (21). However, in Thai patients with vivax malaria, this

same regimen was as well tolerated as the conventional 14-day,
once-daily 0.5 mg/kg regimen (23). In another Thai study, pa-
tients with vivax malaria who received 1.0 mg/kg daily for 7 days
had the same adverse effect profile as those receiving 0.5 mg/kg
daily for 7 days, but P. vivax relapses were significantly fewer (22).
Extrapolation of the findings from available adult studies (21–

23) suggests that a 7-day regimen of 1.0 mg/kg daily in children
should also be well tolerated and effective. Because it has an elim-
ination half-life of 4 to 6 h (32), there is no significant PMQ accu-
mulation with daily dosing. Therefore, the Cmax and area under
the plasma concentration-time curve at the beginning and end of
a 14-day course of daily PMQdoses are similar (1, 33). This lack of
time/dose-dependent kinetics improves the validity of extrapola-
tion from single tomultiple dosings in our simulations. Themod-

FIG 3 Goodness-of-fit plots for carboxyprimaquine.

FIG 4 Prediction-corrected visual predictive check with observed 50th (solid line), 10th, and 90th (dotted lines) percentiles within their simulated 95%CI (gray
shaded areas) for primaquine (A) and carboxyprimaquine (B) (	g/liter on a log10 scale) overlying the data points (Œ).
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el-derived mean CL/F of 24.6 liters/h/70 kg in our children is
within the range for adults of 20 to 40 liters/h, as is the meanVC/F
of 200 liters/70 kg versus 200 to 300 liters in adults (34). These data
suggest that the median PMQ Cmax predicted after the last dose of
this regimen in our children (230	g/liter)would be similar to that
in adults. There are no adult Cmax data for single or multiple 1.0
mg/kg doses, but in one of the first papers to detail the pharma-
cokinetic properties of single-dose PMQ in adults (35), the Cmax
increased from 53 	g/liter at 0.25 mg/kg to 104 	g/liter at 0.5
mg/kg and 176 	g/liter at 0.75 mg/kg, a trend consistent with our
predicted Cmax.
Although no adult pharmacokinetic studies have utilized a

PMQ dose as high as 2.0 mg/kg given as a once-daily or divided
twice-daily dose, the 95% prediction intervals for PMQCmax after
the last dose of the 3.5-day, 1.0 mg/kg twice-daily regimen (142 to
508 	g/liter) lie within the range of concentrations found in
healthy Thai adults who were given a single 45-mg (0.75 mg/kg)

dose (113 to 532 	g/liter) (36). This emphasizes the wide interin-
dividual variability in PMQ disposition. In any case, single PMQ
doses of up to 240mg (6.0mg/kg) in adults are not associatedwith
significant gastrointestinal side effects as long as the drug is taken
with food (32, 37). In addition, in the study of Caucasians who
took 0.5 mg/kg twice daily for 7 days, the presence of peripheral
cyanosis was not related to plasmaPMQorCPMQconcentrations
(21).
Carboxyprimaquine, the principal metabolite of PMQ (38),

has substantially less potent antimalarial and hemolytic activity
than its parent compound (39, 40). Its relatively slow elimination
means that it accumulates during multiple daily or twice-daily
dosing.However, this should not have clinical consequences, even
after a high-dose abbreviated regimen, since other PMQmetabo-
lites are considered responsible for toxicity, and they appear to be
minor and highly labile (41). In any case, the predicted median
CPMQ Cmax after the last dose of the 1.0 mg/kg twice-daily regi-

FIG 5 Simulated Cmax for PMQ (A) and CPMQ (B) for children aged 5 to 10 years for three different dosing regimens: (i) 0.5 mg/kg daily for 14 days (●), (ii)
1 mg/kg daily for 7 days (�), and (iii) 1 mg/kg twice daily for 7 doses (3.5 days; Œ).

FIG 6 Simulatedmedian (black lines) and 95%prediction intervals (gray lines) for plasma PMQ (A) andCPMQ (B) concentrations (	g/liter) for three different
dosing regimens.
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men given over a 3.5-day period in the present study (3,477 	g/
liter) were within the absolute range of equivalent median Cmax
from healthy Vietnamese adults given 30 mg PMQ base daily for
14 days (42) and similar to those seen in Caucasians at the end of
a week of 0.5 mg/kg twice daily (means � SD, 3,824 � 624 	g/
liter) (21).
In the present study, the higher 1.0 mg/kg single dose was as

well tolerated as the conventional 0.5 mg/kg dose. In particular,
there was no between-group difference in hemoglobin concentra-
tions over time. In a larger-scale Tanzanian study, single-dose
PMQ was associated with a mild mean fall in hemoglobin of 5
g/liter in children who were G6PD replete (43), raising the possi-
bility that longer courses promote the development of anemia
even when G6PD deficiency has been excluded. In the Thai study
of 0.5 mg/kg twice daily for 7 days in adults (22), there was a
similar proportionate fall in hematocrit by day 3, with a plateau
thereafter and recovery after cessation of drug, a pattern that was
also seen in the conventional 14-day 0.5 mg/kg daily regimen. If
this between-group similarity applies to PNG children, the 5 g/li-
ter mean fall in hemoglobin observed with a conventional 14-day
0.5 mg/kg daily regimen (12) would be no greater with higher-
dose abbreviated regimens, but this needs to be assessed in further
studies.
Conventional 14-day primaquine therapy elevates methemo-

globin levels to around 4% of total hemoglobin in healthy sub-
jects, but levels of up to 20% are usually asymptomatic (32). There
may be racial differences in the propensity to methemoglobin-
emia, since short-course high-dose PMQ caused peripheral cya-
nosis in 5% of Caucasians (21) but no Thai subjects were affected
in two separate similar studies (22, 23). Although there appears to
be no relationship between plasma PMQ or CPMQ concentra-
tions andmethemoglobinemia (21), whichmay reflect the activity
of transient toxic metabolites (41), future studies of short-course,
high-dose PMQ regimens should include serial methemoglobin
monitoring to ensure that such regimens are safe.
Due to a lack of published data on the safety and tolerability of

PMQ in very young children, the WHO recommends that PMQ
not be given to children under the age of 4 years (12, 44). Since
vivaxmalaria is a common infection in this age-group in countries
where it is endemic, such as PNG, including severe cases and
deaths (45), consideration should be given to including these chil-
dren in future trials.
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SUMMARY  

Plasmodium vivax is a major cause of malarial infection and disease in young 

children in Papua New Guinea.  Recent increase in funding for malaria control has 

improved accessibility to preventative measures, diagnosis and artemisinin 

combination therapies.  Yet, the current treatment and control measures are more 

effective against P. falciparum than against P. vivax and P. ovale due to the 

biological differences in the liver stage life-cycle of these parasites.  P. vivax and P. 

ovale have a dormant liver stage called hypnozoites.  The artemisinin combination 

therapies, while highly effective against the blood stages of all plasmodium species 

causing human malarial illness, have no effect upon the hypnozoites in the liver and 

the stage V gametocytes of P. falciparum.  Currently, primaquine is the only licensed 

drug shown to be effective against both, hypnozoites of P. vivax and P. ovale in the 

liver, and the stage V gametocytes of P. falciparum.  Primaquine has a high 

associated risk of life-threatening haemolytic anaemia when administered to glucose-

6-phosphate dehydrogenase (G6PD) deficient persons.  The lack of cheap, reliable 

point-of-care testing for the diagnosis of G6PD deficiency remains a major obstacle 

to the widespread use of primaquine in clinical and public health practice.  

Furthermore, there is paucity of primaquine safety and tolerability data, especially in 

young children with the highest P. vivax disease burden.  For malaria control and 

elimination efforts to be effective, interventions such as mass drug administration 

must include primaquine.  This opinion paper highlights the need to eradicate 

hypnozoites in the liver of the human host with primaquine treatment for radical cure 

of malarial illness, and the challenges in the use of primaquine as a public health tool 

for malaria control and elimination programs in countries such as Papua New 

Guinea.  
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Introduction 

Papua New Guinea (PNG) exhibits one of the highest endemicity levels of 

Plasmodium vivax, the most widely distributed plasmodium species, with an 

estimated 2.5 billion at risk population globally (1).  The current treatment regimens 

and malaria control measures are more effective against Plasmodium falciparum 

than P. vivax, as shown in countries like Brazil (2) and Thailand (3) where sustained  

malaria control and case management programs lead to a proportional increase in 

the prevalence of P. vivax, replacing P. falciparum as the predominant species. P. 

vivax is more difficult to control due to the dormant liver stage in its life-cycle called 

hypnozoites.  

 

Biology of hypnozoite relapses in P. vivax and P. ovale 

In contrast to P. falciparum, P. vivax and P. ovale both have the ability to develop into 

hypnozoites that can remain dormant in the parenchymal cells of the host liver 

following an acute infection.  After a period of time, which varies in duration 

depending on the geographical area, hypnozoites can spontaneously reactivate, 

causing the release of new merozoites into the blood stream triggering a new 

reproduction cycle.  P. vivax strains from tropical regions cause relapses more 

frequently at approximately three-weekly intervals and more often than strains from 

temperate regions which take about 8 to 10 months after the initial infection (4).  The 

risk of relapse within a month of the primary parasitemia often exceeds 50% and 

multiple relapse episodes (three or more) can occur following the first relapse 

episode (5).  The latent phase of P. vivax in the liver is therefore an important source 

of new arising infections, even more so as the current control measures and 

treatment regimens may not effectively address this particular source of new clinical 

episodes.  Little is known of P. ovale, often associated with mixed infections in PNG 

(6).  P. ovale relapse malaria cases of African origin have been seen in travellers 

almost five months after returning from Africa (7).  Clinically, relapses may present as 

a new malaria episode, indistinguishable from a new infection, and with the potential 

to further transmit, through the development of gametocytes, the infection to a new 

mosquito and eventually to a new human host.  
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Primaquine hypnozoiticidal therapy for P. vivax and P. 

ovale 

Historical context 

The radical cure of P. vivax and P.ovale infections requires the treatment of both 

blood and liver stages of the parasite.  For over 60 years, the only drug known to 

have any effect in eradicating the liver stages of both P. vivax and P. ovale has been 

primaquine (PQ). 

 

PQ is an analogue of pamaquine (plasmoquine), an 8-aminoquinoline drug produced 

in Germany during the 1920s (8).  It is the only licensed drug, currently available for 

radical cure (elimination) of hypnozoites The current recommendation for PQ 

implying a 14-day long treatment course, was adopted from work by Sinton and Bird 

in 1928 (9) on pamaquine, which in combination with quinine seemed to adequately 

cure P. vivax infections, provided the treatment duration was sufficiently long.  

Studies in healthy non-immune volunteers have shown that provided an adequate 

total dose was delivered, the dosing schedule did not affect the overall efficacy of PQ 

(10).  The administration of 60 mg (base) of PQ daily for 7 days was as effective as 

the 30 mg daily for 14 days in preventing relapses in glucose-6-phosphate 

dehydrogenase (G6PD) normal adult volunteers infected with the Chesson strain of 

P. vivax (10).  The Chesson strain is an isolate from PNG which is relatively resistant 

to PQ and thus requires higher doses of PQ to prevent relapses (11).  Overall, these 

past observations and recent studies and reviews support the so-called total dose 

effect with the curative activities of PQ being equally effective at the same total dose 

over 7 and 14 days (5,10).  The total dose effect is probably a correlate of the key 

pharmacokinetic index of area under the curve (AUC).  

 

Toxicity: the problem of G6PD deficiency 

There is an important major drawback of implementation of PQ in routine clinical 

practice for the treatment of hypnozoites.  PQ has a high associated risk of side 
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effects, particularly among people with G6PD deficiency, an X-chromosome-linked 

hereditary disorder (more common in males compared to females) due to mutations 

in the G6PD gene (12).  There are many biochemical and clinical phenotypes due to 

the functional variants arising from the mutations in the G6PD gene.  This enzymatic 

deficiency, of which about 140 different variants exist, is an absolute contraindication 

for the use of PQ when the enzyme’s activity is below the threshold of 5%, but the 

drug can be used in milder cases with the provision of spreading the treatment on a 

weekly basis during a two month-long 0.75 mg/kg schedule.  G6PD deficiency is 

frequent in malaria-endemic areas such as PNG.  Other drugs known to have an 

association with haemolysis in persons with G6PD deficiency, and which are widely 

used in PNG, are: sulfamethoxazole; dapsone; nitrofurantoin, and co-trimoxazole.  

The rarity of reported cases of haemolytic anaemia associated with the use of these 

drugs in PNG, suggest this clinical phenotype to be either rare or subclinical.  Further 

work is needed in this area.  

 

Dosing: pharmacological considerations 

Experimental challenges carried out in the 1950’s  showed synergy between blood 

schizonticides, such as chloroquine (CQ) or quinine with PQ in preventing relapses 

while CQ or quinine administered alone have been shown to have no effect upon the 

hypnozoites (13).  Furthermore, therapeutic efficacy of weekly administration of PQ 

was increased when used concurrently with CQ on healthy G6PD deficient subjects 

infected with the Chesson strain of P. vivax (14).  CQ has been the choice of 

treatment for P. vivax infection for a long time but the emergence of drug resistance 

has forced changes to treatment regimens and research is needed to find effective 

combination antimalarial therapies.  The risk of relapse after treatment with CQ alone 

begins after 35 days reaching 58% by 60 days; while with quinine therapy relapses 

are encountered earlier, starting at 17 days, with 60% of patients relapsing by day 35 

(5).  This effect is due to its slower elimination profile leading to more prolonged 

therapeutic concentrations of CQ, and to the fact that CQ has a longer half-life when 

compared to quinine (30-60 days vs. a few hours, respectively) (15).   

 



6 
 

Primaquine for gametocyte therapy 

Besides its activity against hypnozoites, PQ is highly effective in killing the sexual 

forms of all Plasmodium spp. parasites (i.e. the gametocytes) (16).  This is 

particularly important in the treatment of P. falciparum, whose stage V gametocytes 

are relatively resistant to treatment with most other blood-stage antimalarials (17,18).  

Consequently, P. falciparum gametocytes are commonly seen for up to 4 weeks after 

successful treatment of asexual forms and can contribute both to transmission and to 

potentially faster spread of drug resistance (19).  For these reason, a single dose of 

0.75 mg/kg PQ was included in the PNG national treatment guidelines until 2000 

when the PQ single dose was dropped in conjunction with the switch from CQ or 

Amadiaquine (AQ) mono-therapy to CQ/AQ plus SP combination therapy.  Following 

a large consultative process, WHO has recently issued a recommendation for the 

inclusion of a single dose of 0.75 mg of PQ for treatment of P. falciparum malaria 

irrespective of G6PD status in places in which there is a threat of artemisinin 

resistance or where elimination programs are in place (20).  PNG should therefore 

consider re-introducing such a single PQ dose in its national treatment guidelines. 

 

Primaquine in Papua New Guinea and the Melanesian 

Western Pacific  

To-date, several molecular studies to characterise G6PD deficiency have been 

conducted in PNG (21,22), Solomon Islands (23) and Vanuatu (24) .  There are also 

reports of population based screening of G6PD deficiency in the Solomon Islands 

(25).  However, epidemiological screening of markers of G6PD deficiency in any 

given population is of only limited value (12), as long as it does not allow an 

estimation of the prevalence of clinically relevant phenotypes (allelic mutations 

associated with haemolysis) present at the individual level.  Studies are therefore 

needed to identify the allelic mutations in Melanesian populations that are associated 

with clinically significant risks of severe/life-threatening haemolysis.  The absence of 

such evidence presents a major obstacle for the implementation of a PQ treatment 

policy and the use of PQ in mass drug administration for malaria elimination in P. 

vivax endemic countries such as PNG.  For these reasons, the National Malaria 
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Control Program Strategic Plan (26) clearly states the need to test for G6PD 

deficiency at the hospital level and for adopting the use of only a low dose of PQ 

(0.25 mg/kg) as treatment for confirmed P. vivax cases in all health facilities until 

further information is available.  However a review of 18 studies published since 1950 

(27) showed that PQ �0.25 mg/kg effectiveness was no different compared to that 

patients with no PQ treatment.   

 

Efficacy data of P. vivax treatment and the contribution of hypnozoites to P. vivax 

infection 

For a long time, the effective treatment for P. vivax was CQ.  P. vivax resistance to 

CQ, first reported in 1989 from PNG (28), has later become widespread throughout 

the Island of New Guinea (29,30), requiring new studies to reassess the 

effectiveness of the old and new treatment regimens against relapses.  Following 

reports of increasing resistance of P. falciparum and P. vivax against CQ and 

sulfadoxine-pyrimethamine (SP) (31), a trial of combination antimalarial therapies in 

children was carried out in Madang (32).  The standard treatment for uncomplicated 

malaria in PNG was changed from AQ/CQ + sulfadoxine-pyrimethamine (SP) to 

artemether-lumefantrine (AL) in 2009, in the wake of global trends to move towards 

artemisinin-based combination therapies (ACT).  However, the efficacy of AL for 

preventing recurrent P. vivax infections was not substantially better than that of CQ + 

SP, with 87.0% and 69.7% of participants in the CQ + SP and the AL groups, 

respectively, showing recurrent P. vivax infections during 6 weeks of follow-up (p = 

0.06) (32).  Recently, genotyping of the same samples showed most of the infections 

in the AL group were of different genotypes, suggesting new P. vivax infections rather 

than recrudescence of the initial infection from the same genotype observed at 

baseline (33).   

 

The observations from these studies suggest that the new standard treatment of AL, 

while effective against acute clinical P. vivax malaria episodes, does not prevent late 

treatment failures (34), therefore, may have limited effect on the prevalence and 

transmission of P. vivax.  Indeed, both new infections and/or relapses from 

hypnozoites in the liver allow P. vivax to re-establish blood stage infection very 
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rapidly following treatment with AL, particularly because the half-life of lumefantrine 

(the only drug remaining in the bloodstream after the disappearance of the short-lived 

artemisinin component) is relatively short (4-5 days), and thus the post-treatment 

prophylactic effect conferred by the use of this drug combination is shorter than that 

of other combinations.  As a consequence, the new PNG standard treatment protocol 

for confirmed (or suspected) P. vivax malaria adopted in 2009 includes the 

prescription of PQ at 0.25 mg/kg daily for 14 days after three days of AL (35). 

 

Only recently, studies on PQ safety, tolerability and its effect on hypnozoites were 

performed in cohorts of PNG children aged 1 to 10 years old living in areas of high 

transmission and thus high re-infection risk (36,37).  The results show PQ to be safe 

and effective when used in combination with artesunate in G6PD normal children.  

Pre-treatment with artesunate  plus PQ (14d, 0.5mg) reduced incidence of P. vivax 

malaria by 49% for the initial 3 months (p = 0.031) and 19% for months 4-9 (p = 

0.25), and reduced time to first light microscopy and PCR-positive infections by 57% 

and 48%, respectively (p < 0.001), when compared to a group treated only with 

artesunate (37).  The effect of artesunate +PQ was limited to the first 3 months of 

follow-up and 30% of the children in the artesunate +PQ group had re-infection by 2 

weeks of follow-up.  Even though the artesunate +PQ combination may not be 

optimally efficacious in eradicating hypnozoites completely, most likely due to the 

short half-life of artesunate, PQ use had a significant impact in reducing the incidence 

and burden of relapse malarial disease when compared to artesunate alone. 

 

Alternatives to primaquine for hypnozoiticidal therapy 

Tafenoquine 

Although the improved use of PQ could result in a significant improvement of current 

treatment of P. vivax malaria and reduce transmission of any Plasmodium spp., the 

need for G6PD testing as well as problems with adherence to the long 14-day 

treatment schedule are considerable obstacles to a large-scale roll-out of PQ 

therapy.  Consequently, there is a great need to develop alternative anti-hypnozoite 

drugs.  One such novel drug is tafenoquine (38,39).  As another 8-aminoquinoline it 
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shares with PQ the problem of potential haemolysis in G6PD deficient individuals; 

however, due to its long half-life, it can be given as a single dose or 3-day long 

treatment and can thus potentially be combined with standard 3-day blood-stage 

regimens.  Tafenoquine is currently undergoing phase II/III testing.   

  

Research priorities 

Even though tafenoquine will address the problem of poor compliance with current 

PQ regimens, additional anti-hypnozoite drugs that can be safely given in G6PD 

deficient individuals are a high priority on the malaria elimination research agenda 

(40).  It is also essential to carry out studies that may contribute to a better 

understanding of the role of relapses as sources of newly arising infections, and also 

in this contextthe potential efficacy and safety of PQ in preventing or delaying such 

relapses, particularly in children.  A safety, tolerability and pilot efficacy of short 

course, high dose PQ treatment for P. vivax in children 5 to 10 years old is currently 

in progress in PNG, comparing the standard 14-day to a 7-day regimen.  If shown to 

be safe, proceeding to a 3 ½-day dose regimen will be considered. 

 

Health policy considerations for PNG 

The clinical implementation of PQ alongside a blood-schizonticidal drug in primary 

health care settings is challenging.  Uncertainties remain around the appropriate 

application of PQ in PNG, particularly in the presence of G6PD deficiency.  

Potentially as a consequence of ambiguous recommendations, the prescription of PQ 

to patients has been inconsistent in recent years (41).  

 

Point of care testing for G6PD 

The available methods of testing for G6PD deficiency, such as the Motulsky dye 

decolouration test (42), NADPH fluorescent spot test (43,44) and variations of the 

MTT formazan methods (45-48) require specialized equipment and have therefore 

not been successfully implemented in clinical settings in malaria-endemic areas 

(45,49).  More recently, the FDA approved the BinaxNOW G6PD test (Inverness 
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Medical, Switzerland) and the Dojindo G6PD WST-8 Assay Kit (Dojindo Molecular 

Technologies, Japan) (45,50,51), which have provided a more suitable alternative but 

challenges to their implementation in malaria-endemic areas remain.  These are 

qualitative diagnostic tests, dependent on visual interpretation of colour change 

within a specified time and temperature range.  The optimal temperature for 

BinaxNOW® G6PD ranges from 18 to 25ºC.  Both tests are temperature/light 

sensitive, rather expensive (approximately US$8 and US$5 per test, respectively), 

not stand-alone kits (i.e. requiring additional equipment) and require a higher level of 

training to perform and interpret than the commonly utilised malaria rapid diagnostic 

tests (RDTs).  An alternative would be the new G6PD test kit called CareStart™ 

(Access Bio, New Jersey, USA), which is still undergoing development.  It was 

recently tested for the first time under field conditions to assess its performance (52).  

The CareStart™ is an RDT-format test which could be used together with current 

RDT testing for malaria diagnosis once fully developed and approved as point-of-

care, easy to use diagnostic tool for G6PD deficiency testing. 

 

Until such challenges are overcome and routine G6PD screening is implemented at 

outpatient health services in PNG, P. vivax malaria and relapses from the dormant 

stages in the liver will remain a challenge for the PNG National Malaria Control 

Programs as the low dose PQ treatment recommended in the absence of G6PD 

testing is unlikely to be effective against circulating vivax strains present in PNG 

(5,27). 

 

The hypnozoites in the liver represent an important source of re-infection, disease 

and transmission of P. vivax.  In order for malaria prevention and control programs to 

be effective, treatment options for eradication of the liver stages of P. vivax must be 

evaluated and implemented together with other control measures such as ACTs and 

insecticide-impregnated bed nets.   
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Recommendations 

For elimination of malaria to become an eventual reality, all confirmed cases of 

malaria, including P. falciparum monoinfections will need to be treated with 

hypnozoiticidal doses of PQ 0.5 mg/kg or higher.  A single dose of 0.75 mg/kg PQ 

that was included in the PNG national treatment guidelines prior to 2000 should be 

reintroduced as routine gametocidal treatment for clinical cases of P. falciparum and 

a treatment policy to include PQ for asymptomatic infections of all plasmodium 

species.  Asymptomatic carriers of all human Plasmodium spp. contribute to disease, 

transmission and development of resistance to antimalarial drugs (53).  Mass drug 

administration for malaria control and elimination must include PQ (54) with an ACT 

such as dihydroartemisinin-piperaquine (55) that has a partner drug with a long 

terminal elimination phase (56).  Finally, knowledge and distribution of G6PD 

deficiency variants throughout PNG and the Melanesian Pacific, that are associated 

with clinically significant risk of severe haemolytic anaemia, and a point-of-care easy 

to use diagnostic test for G6PD  deficiency will be needed to eliminate malaria.   

 

References 
 
1 Gething PW, Elyazar IRF, Moyes CL, Smith DL, Battle KE, Guerra CA, Patil AP, Tatem 

AJ, Howes RE, Myers MF, George DB, Horby P, Wertheim HFL, Price RN, Mueller I, 
Baird JK, Hay SI.  A long neglected world malaria map: Plasmodium vivax endemicity in 
2010.  PLOS Negl Trop Dis 2012;6:e1814. 

2 Chaves SS, Rodrigues LC.  An initial examination of the epidemiology of malaria in the state 
of Roraima, in the Brazilian Amazon basin.  Rev Inst Med Trop Sao Paulo 2000;42:269-275. 

3 Luxemburger C, Thwai KL, White NJ, Webster HK, Kyle DE, Maelankirri L, 
Chongsuphajaisiddhi T, Nosten F.  The epidemiology of malaria in a Karen population on 
the western border of Thailand.  Trans R Soc Trop Med Hyg 1996;90:105-111. 

4 White N.  Determinants of relapse periodicity in Plasmodium vivax malaria.  Malar J 2011;10. 
5 Baird JK, Hoffman SL.  Primaquine therapy for malaria.  Clin Infect Dis 2004;39:1336-1345. 
6 Mueller I, Zimmerman PA, Reeder JC.  Plasmodium malariae and Plasmodium ovale--the 

"bashful" malaria parasites.  Trends Parasitol 2007;23:278-283. 
7 Gallien S, Taieb F, Schlemmer F, Lagrange-Xelot M, Atlan A, Sarfati C, Molina JM.  

Failure of atovaquone/proguanil to prevent Plasmodium ovale malaria in traveler returning 
from Cameroon.  Travel Med Infect Dis 2008;6:128-129. 

8 Carson PE.  8-Aminoquinolines.  In: Peters W, Richards WHG, eds. Antimalarial Drugs II. 
Handbook of Experimental Pharmacology, Part 68 / 2.  Berlin: Springer-Verlag, 1984:83-121. 

9 Sinton JA, Bird W.  Studies in malaria, with special reference to treatment. IX. Plasmoquine 
in the treatment of malaria.  Indian J Med Res 1928;16:159-177. 

10 Clyde DF, McCarthy VE.  Radical cure of chesson strain vivax malaria in man by 7, not 14, 
days of treatment with primaquine.  Am J Trop Med Hyg 1977;26:562-563. 

11 Ehrman F, Ellias J, Young M.  Plasmodium vivax Chesson strain.  Science 1945;101:377. 
12 Cappellini MD, Fiorelli G.  Glucose-6-phosphate dehydrogenase deficiency.  Lancet 

2008;371:64-74. 



12 
 

13 Alving A, Aronald J, Hockwald R, Clayman C, Dern R, Beutler E.  Potentiation of the 
curative action of primaquine in vivax malaria by quinine and chloroquine.  J Lab Clin Med 
1955 46:391-397. 

14 Alving A, Johnson C, Tarlov A, Brewer G, Kellermeyer R, Carson P.  Mitigation of the 
haemolytic effect of primaquine and enhancement of its action against exoerythrocytic forms 
of the Chesson strain of Plasmodium vivax by regimens of drug administration.  Bull WHO 
1960;22:621-631. 

15 Krishna S, White N.  Pharmacokinetics of qunine, chloroquine and amodiaquine. Clinical 
implications.  Clinical Pharmacokinet 1996;30:263-399. 

16 White NJ.  Primaquine to prevent transmission of falciparum malaria.  Lancet Infect Dis 
2013;13:175-181. 

17 White NJ.  The role of anti-malarial drugs in eliminating malaria.  Malar J 2008;7(suppl1):S8. 
18 Peatey CL, Leroy D, Gardiner DL, Trenholme KR.  Anti-malarial drugs: how effective are 

they against Plasmodium falciparum gametocytes?  Malar J 2012;11. 
19 Bousema T, Drakeley C.  Epidemiology and infectivity of Plasmodium falciparum and 

Plasmodium vivax gametocytes in relation to malaria control and elimination.  Clinical 
Microbiology Reviews 2011;24:377-410. 

20 World Health Organization.  Updated WHO policy recommendation: Single dose primaquine 
as a gametocytocide in Plasmodium falciparum malaria.  Geneva: World Health Organization, 
2012. 

21 Chockkalingam K, Board PG, Nurse GT.  Glucose-6-phosphate dehydrogenase deficiency 
in Papua New Guinea. The description of 13 new variants.  Hum Genet 1982;60:189-192. 

22 Yenchitsomanus P, Summers KM, Chockkalingam C, Board PG.  Characterization of 
G6PD deficiency and thalassaemia in Papua New Guinea.  PNG Med J 1986;29:53-58. 

23 Hirono A, Ishii A, Kere N, Fujii H, Hirono K, Miwa S.  Molecular analysis of glucose-6-
phosphate dehydrogenase variants in the Solomon Islands.  Am J Hum Genet 1995;56:1243-
1245. 

24 Ganczakowski M, Town M, Bowden DK, Vulliamy TJ, Kaneko A, Clegg JB, Weatherall 
DJ, Luzzatto L.  Multiple glucose 6-phosphate dehydrogenase-deficient variants correlate 
with malaria endemicity in the Vanuatu archipelago (southwestern Pacific).  Am J Hum Genet 
1995;56:294-301. 

25 Kuwahata M, Wijesinghe R, Ho MFP, A., Bobogare A, Landry L, Bugora H, Vallely A, 
McCarthy J.  Population screening for glucose-6-phosphate dehydrogenase deficiencies in 
Isabel Province, Solomon Islands, using a modified enzyme assay on filter paper dried 
bloodspots.  Malar J 2010;9:223. 

26 Papua New Guinea Department of Health.  National Malaria Control Program Strategic Plan 
2009-2013.  Port Moresby: Department of Health, 2009:25. 

27 John GK, Douglas NM, von Seidlein L, Nosten F, Baird JK, White NJ, Price RN.  
Primaquine radical cure of Plasmodium vivax: a critical review of the literature.  Malar J 
2012;11:280. 

28 Rieckmann K, Davis D, Hutton D.  Plasmodium vivax resistant to chloroquine?  Lancet 1989 
2:1183-1184. 

29 Price RN, Douglas NM, Anstey NM.  New developments in Plasmodium vivax malaria: 
severe disease and the rise of chloroquine resistance.  Curr Opin Infect Dis  2009;22:430-435. 

30 Karyana M, Burdarm L, Yeung S, Kenangalem E, Wariker N, Maristela R, Umana KG, 
Vemuri R, Okoseray MJ, Penttinen PM, Ebsworth P, Sugiarto P, Anstey NM, Tjitra E, 
Price RN.  Malaria morbidity in Papua Indonesia, an area with multidrug resistant Plasmodium 
vivax and Plasmodium falciparum.  Malar J 2008;7:148. 

31 Marfurt J, Mueller I, Sie A, Maku P, Goroti M, Reeder JC, Beck HP, Genton B.  Low 
efficacy of amodiaquine or chloroquine plus sulfadoxine-pyrimethamine against Plasmodium 
falciparum and P. vivax malaria in Papua New Guinea.  Am J Trop Med Hyg 2007;77:947-954. 

32 Karunajeewa HA, Mueller I, Senn M, Lin E, Law I, Gomorrai PS, Oa O, Griffin S, Kotab K, 
Suano P, Tarongka N, Ura A, Lautu D, Page-Sharp M, Wong R, Salman S, Siba P, Ilett 
KF, Davis TM.  A trial of combination antimalarial therapies in children from Papua New 
Guinea.  N Engl J Med 2008;359:2545-2557. 

33 Barnadas C, Koepfli C, Karunajeewa HA, Siba PM, Davis TM, Mueller I.  Characterization 
of treatment failure in efficacy trials of drugs against Plasmodium vivax by genotyping neutral 
and drug resistance-associated markers.  Antimicrob Agents Chemother 2011;55:4479-4481. 



13 
 

34 Senn N, Rarau P, Manong D, Salib M, Siba P, Reeder JC, Rogerson SJ, Genton B, 
Mueller I.  Effectiveness of artemether/lumefantrine for the treatment of uncomplicated 
Plasmodium vivax and P. falciparum malaria in young children in Papua New Guinea.  Clin 
Infect Dis 2013;56:1413-1420. 

35 Papua New Guinea Department of Health.  National Malaria Treatment Protocol.  Port 
Moresby: Department of Health, 2008:28. 

36 Betuela I, Bassat Q, Kiniboro B, Robinson LJ, Rosanas-Urgell A, Stanisic D, Siba PM, 
Alonso PL, Mueller I.  Tolerability and safety of primaquine in Papua New Guinean children 1 
to 10 years of age.  Antimicrob Agents Chemother 2012;56:2146-2149. 

37 Betuela I, Rosanas-Urgell A, Kiniboro B, Stanisic D, Samol L, de Lazzari E, Del Portillo 
HA, Siba P, Alonso PL, Bassat Q, Mueller I.  Relapses contribute significantly to the risk of 
Plasmodium vivax infection and disease in Papua New Guinean children 1-5 years of age.  J 
Infec Dis 2012;206:1771-1780. 

38 Fernando D, Rodrigo C, Rajapakse S.  Primaquine in vivax malaria: an update and review 
on management issues.  Malar J 2011;12:351. 

39 Elmes NJ, Nasveld PE, Kitchener SJ, Kocisko DA, Edstein MD.  The efficacy and 
tolerability of three different regimens of tafenoquine versus primaquine for post-exposure 
prophylaxis of Plasmodium vivax malaria in the Southwest Pacific.  Trans R Soc Trop Med 
Hyg 2008;102:1095-1101. 

40 The malERA Consultative Group on Drugs.  A Research Agenda for Malaria Eradication: 
Drugs.  PLOS Med 2011;8:e1000402. 

41 Pulford J, Mueller I, Siba PM, Hetzel MW.  Malaria case management in Papua New Guinea 
prior to the introduction of a revised treatment protocol.  Malar J 2012;11:157. 

42 Bernstein RE.  A rapaid screening dye test for the detection  of glucose-6-phosphate 
dehydrogenase deficiency in red cells.  Nature 1962;194:192-193. 

43 Beutler E, Halasz A.  A series of new screening procedures for pyruvate kinase deficiency, 
glucose-6-phosphate dehydrogenase and glutathione reductase deficiency.  Blood 
1966;28:553-562. 

44 Beutler E, Mitchell M.  Special modifications of the fluorescent screening method for glucose-
6-phosphate dehydrogenase deficiency.  Blood 1968;32:816-818. 

45 Tantular IS, Kawamoto F.  An improved, simple screening method for detection of glucose-6-
phosphate deficiency.  Trop Med Int Health 2003;8:569-574. 

46 Iwai K, Matsuoka H, Kawamoto F, Arai M, Yoshida S, Hirai M.  A rapid single-step 
screening method for glucose-6-phosphate dehydrogenase deficiency in field applications.  
Jpn J Trop Med Hyg 2003;31:93-97. 

47 Fairbanks VF, Lampe LT.  A tetrazolium-linked cytochemical for estimation of glucose-6-
phosphate dehydrogenase activity in individual erythrocytes: applications in the study of 
heterozygotes for glucose-6-phosphate dehydrogenase deficiency.  Blood 1968;31:589-603. 

48 Padilla C, Nishiyama K, Shirakawa T, Matsuo M, Group NBSS.  Screening for glucose-6-
phosphate dehydrogenase deficiency using a modified formazan method: A pilot study on 
Filipino male newborns.  Pediatrics International 2003;45:10-15. 

49 Jalloh A, Tantular IS, Pusarawati S, Kawilarang AP, Kerong H, Lin K, Ferreira MU, 
Matsuoka H, Arai M, Kita K, Kawamoto F.  Rapid epidemiologic assessment of glucose-6-
phosphate dehydrogenase deficiency in malaria-endemic areas in Southeast Asia using a 
novel diagnostic kit.  Trop Med Int Health 2004;9:615-623. 

50 Kuwahata M, Wijesinghe R, Ho MF, Pelecanos A, Bobogare A, Landry L, Bugora H, 
Valley A, McCarthy J.  Population screening for glucose-6-phosphate dehydrogenase 
deficiencies in Isabel Province, Solomon Islands, using a modified enzyme assay on filter 
paper dried bloodspots.  Malar J 2010;9:223. 

51 Tinley KE, Loughlin AM, Jepson A, Barnett ED.  Evaluation of a rapid qualitative enzyme 
chromatographic test for glucose-6-phosphate dehydrogenase deficiency.  Am J Trop Hyg 
2010;82:210-214. 

52 Kim S, Nguon C, Guillard B, Duong S, Chy S, Sum S, Nhem S, Bouchier C, Tichit M, 
Christophel E, Taylor WR, Baird JK, Menard D.  Performance of the CareStart™ G6PD 
deficiency screening test, a point-of-care diagnostic for primaquine therapy screening.  PLOS 
ONE 2011;6:e28357. 

53 Laishram DD, Sutton PL, Nanda N, Sharma VL, Sobti RC, Carlton JM, Joshi H.  The 
complexities of malaria disease manifestations with a focus on asymptomatic malaria.  Malar J 
2012;11:29. 



14 
 

54 Shanks GD.  Control and elimination of Plasmodium vivax.  Adv Parasitol  2012;80:301-341. 
55 Lwin KM, Phyo AP, Tarning J, Hanpithakpong W, Ashley EA, Lee SJ, Cheah P, 

Singhasivanon P, White NJ, Lindegårdh N, Nosten F.  Randomized, double-blind, placebo-
controlled trial of monthly versus bimonthly dihydroartemisinin-piperaquine chemoprevention 
in adults at high risk of malaria.  Antimicrob Agents Chemother 2012;56:1571-1577. 

56 Karunajeewa HA, Ilett KF, Mueller I, Siba P, Law I, Page-Sharp M, Lin E, Lammey J, 
Batty KT, Davis TM.  Pharmacokinetics and efficacy of piperaquine and chloroquine in 
Melanesian children with uncomplicated malaria.  Antimicrob Agents Chemother 2008;52:237-
243. 



�

66�
�

-������	
���#�
�������	� �
��
��������

(�������*�
�

�����������
���������)�����

*����	�
�
�
�
��	��������������������>�8�!������������������

*���
���

•
 *:+
 2����@2�	�
 %����&
 �����
 ��	����
 ����	�����
 �������
 -���


���������
��
**(
��		�
��
�2���
2���
�2�
������	
�,/
2�
2	����


•
 �����	����
�0
��	����
 ��0�������
 ���
��
 0���
)�)S
 ��
9*�<S
 6������


9�+S7
��
���@��������
�������
���
>�>S
��
>+�(S
6������
(*�(S&
��V


)�))*7
�����

���������
��
�2�
��00�����
�������


• ����	��

��0������
-��
�����������
��
�	�������
^*>))
�


•
 ��	�-
 *9))
 �
 ���
 �����

 ���������&
 ��� ����	���
�
 -��
 �2�


�����������
��0������


•
 G������
 �0
 ���������&
 �2�
 �����	����
 ���������
 ��
��0�����	�
 -��2


�	������


•
 �����	����
-��
�������
-��2
%��
���
���
X����
�����
6G17
U
)�<&
��V


)�))*Y


•
 '��
 ����	�
 �	�����

 ��
 �2�
 
������&
 �2�
 �����	����
 ���������
 6G1
 U


*�+9&
��V
)�))*7



•
 ��	�-
*9))
�
��	����
-��
�
��
��0�����
������
�0
0�%��	�
�		����


•
 #%���
*9))
�&
��	����
-��
��	�
�
��
��0�����
������
�0
 0�%��	�
 �		����


�����

��������
���%���C��


•
 #�����������
��	����
��0�������
-���
������
��
���@��������
�����


'���
�������

•
 ��	����
 ��
 ����
 �
���
 �������
 �2���
2���
 �2�
 �,/
 ��
 �����
 %�	�-


*9))
D
*:))
��

•
 �2���
��
�
��
��0�����
���C
�0
�������	
��	����
���%���C�
��
����
�����


%��-���
*9))
D
*>))
��


•
 G�
���

 ��	����
 ������	
 �00����
 ���
 	�C�	�
 ��
 ����	�
 ��
 ��%�������	


���������
��
��	����
������������


• ��	����
������	
�00����
���
����
����	�
��
	���	
�	����������



�

67�
�

(�������

$���������
����/����������������
��
��������7�
������	��
��������
������
�����������������>�8�!�����������������:,�
�����
�����

*���
���

$������	����

•
 #0���
 ��������

 0��
 />��
 ��0�������&
 99=
 �0
 �2�
 9>+
 �	�
�%	�
 �2�	����


�
��
 *
 ��
 :
 �����
 0���
 **
 �����
 ��		�
��
 -���
 ���������
 ���


�������J��
����
�2���

������


•
 
*:)
 �2�	����
 �		������
 ��
 �������
 #1�
 69�
WC

 0��
 ;
 ����7
 �	��
 �!


6)�:�
WC

0��
*9
����7


•
 *:)
�2�	����
��
�������
#1�
�	���
69�
WC

0��
;
����7


•
 *9=
�2�	����
��
�������
��
���������
��
�2�
������	

����


•
 G0
�2�
99=
����������
�2�	����&
*>
-��2���-
��
�����
���
�0
�2�
�����


����
%�0���
������������
�0
�2�
�����


•
 #
 ����	
 �0
 9++
 �2�	����
 -���
 �������
 ���
 0�		�-��
 ��
 ������	�
 ���


�������	�
0���
9)
-��C�


•
 �2���
 -���
 ��
 ��
��0�����
 ��00�������
 ��
 �2�
 ����
���2��


�2�������������
 ���
 ��0�������
 ������
 -���
 �%������
 %�0���
 �����
 �0


���������
%��-���
�2�
�2���
���@���������

������


•
 �2�
���
�0
FF�,
-��
�������%	�
%��-���
�2�

�����


•
 �2���
 -��
 ��
 ��00������
 ��
 �2�
 �����
�
 ���%��
 �0
 �����
 �������


%��-���
�2�
�2���
���������
����


����	��
�����
�����	
�������
����������

•
 (;*
0�%��	�
��������
-��2
����	��

�0
���
�������
-���
��������
�����



�2�
9)
-��C�
�0
0�		�-
��


•
 
**:
 ��������
 �0
 ��� �	��

 -��2
 ���������
 ^:))fFW�	
 -���
 ��������


����

�2�
�����
�2�	����


•
 *+(
�2�	����
6+)S7
2��
*
����	��

�������
�0
���
�������



•
 >)
�2�	����
6*9S7
2��
�(
��������
6�������
97




�

68�
�

•
 �2�
 ���������
�0
��� �	��

��	����
 ���������
 �����
	�
 -��2
 �
�
 0��
���

�	��

��������
�0
���
�������
���
������
%��-���
��		�
��
0��
��������


�0
���
�������


�����	����*������

•
 �2�
���������
�0
����	��

��	����
�0
���
�������
��������
�����

�2�
9)


-��C�
 �0
 0�		�-
 ��
 ��00����
 ��
��0�����	�
 %��-���
 �2�
 �2���
 ���������



������


�
 ���������
-��2
#1�R�!
�������
�2�
���C
�0
����	��

��������


�0
 ���
 �������
 %�
 (<S
 6=:S
 5�&
 *S@:(SQ
 �
 U
 )�)9(7
 ��


��������
��
�2�
#1�
��	�&
����


�
 #1�R�!
 ���������
 �������
 �2�
 ���C
 �0
��� �	��

 ��������
 %�


++S
6=:S
5�&
<S@:(SQ
�
U
)�)*:7
��
��������
��
�2�
������	


����


•
 �2�
 ��00������
 ��
 �2�
 ���C
 ���������
 %��-���
 �2�
 ���������
 
�����


-��
	������
��
�2�
0����
�2���
����2�
-��2
	���	�
��
��
��00������
�����



�2�
������
9)
-��C�
�0
0�		�-
���


� �11
 0��
 #1�R�!
 ���
 #1�
 �	���&
 9=S&
 X=:S
 5�&
 >S@;+SQ


�U)�)*+Y
��
+
����2�
�0
0�		�-
��

� �11
 0��
 #1�R�!
 ���
 ������	&
 :<S&
 X=:S
 5�&
 (9S@;;SQ
 �U


)�))9Y
��
�2���
����2�
�0
0�		�-
��

��	���
�����������	��
��������
��/
�?�&$������2������
����

•
 �2�
 0����
 ��� �	��

 ��0������
 �0���
 ���@���������
 ���
�����
 %�
 "�51


��������
����
"���C	�
����

�2�	����
��
�2�
���������

������


�
 :)S
�0
�2�	����
��
�2�
#1�
��	�&

����
2��
����	��

��0������


��������
%�
���
(+
�0
0�		�-
��
6�!1&
*9@+)
����7


�
 :)S
�0
�2�	����
 ��
 �2�
#1�R�!

����
2��
����	��

 ��0������


��������
%�
���
+)
6�!1&
*:@:>
����7


•
 ���
�����
%�
F�
�0
 0����
����	��

 ��0������
����

�2�
�2�	����
 ��
 �2�


���������

�����
�2�-��
�
����
����������
��00�������


�
 ������
(=
����
6�!1&
*>@::
����7
0��
#1�
��	�

����


�
 ������
;<
����
6�!1&
9(@(<)7
0��
#1�R�!

����




�

7:�
�

•
 G����		
 �2�
 �	���������
 �0
 ��� �	��

 	����
 ���
��
 �2���
2
 �����"����


���������
 -��
 0����
 ��
 ������
 "�51@
 ���
 F�@��������
 ���������


%	���@���
�
�������������


�
 
99S
 ���������
 ��
 ���C
 6=:S
 5�&
 (<S@:;SQ
 �
 V
 )�))*7
 %�


"�51
���
�����


�
 
>;S
���������
 ��
 ���C
 6=:S
5�&
::S@;:SQ
�
V
)�))*7
%�
F�


���
�����


'���
�������

� ����	��
���	�����
0���
2����J�����
������%���
��
��0�����	�
��
�2�
2�
2


%�����
�0
��0������
���
�	�����	
�		����
��
�2�	����
V:���
�	�


�
 ���@���������
-��2
�!
�������
�2�
���������
�0
����	��
���0������� %�


:;S
��
�2�
0����
+
����2�


�
 ���������
�0
����	��
��2��	�
���	���
�����������
�0
2����J�����
0���
�2�


	����


� �



�

79�
�

(����� �

�
����/����
����������
�
�����	�?��������������>�8�!������������������
�
��5�
�����
������

*���
���

$������	����

•
 �2�
�2�	����
��
�2��
�����
-���
����
�0
�-�
����������
��2����
�
��
:@

*)
���
*@:
�����&
����
���
��
������
�2�
�00���
�0
�!
���@���������


����
	����@
���
%	���@���
��
�0
����	��

��0������
���
�������
%������


•
 #		
 �2�
 �2�	����
 -���
 ��������
 0��
 />��
 ��0�������
 �0���
 ��0�����


�������
0��
�2�
������
��
	�
�	

��������

•
 G�	�
 />��
 �����	
 �2�	����
 -���
 ����		��
 ����
 �2�
 �-�
 	��
�������	


��2���
�������
���
�������J��
��
���@���������

������

•
 �2�
0����
��2���
�0
:(9
/>��
�����	
�2�	����
�
��
:@*)
�����
-��
�


�������J��&
���%	�
%	���
�	���%�
������		��
������

•
 52�	����
 -���
 �������J��
 ��
 �������
 ���2��&
 5!R�!
 6��������


(:�
WC
W����	
 ����
 0��
 +
 ����
 R
 )�:�
WC

 �!
 0��
 *9
 ����7
 ��&


5!R�	���%�
6��������
+�R*9�7�

�
 (9;
�2�	����
��������
5!R�!

�
 (:;
�2�	����
��������
5!R�	���%�

�
 *)
�2�	����
0���
5!R�!
���
+
�2�	����
0���
�2�
5!R�	���%�


-���
���	����
����@2��
���
��
�������	
���	������

•
 �2�
 ������
 ��2���
 �0
 99=
 />��
 �����	
 �2�	����
 �
��
 *@:
 �����


���������
���
�������J��
����
�2���

������


�
 *:)
�2�	����
�		������
��
�������
#1�
69�
WC

0��
;
����7
�	��


�!
6)�:�
WC

0��
*9
����7


�
 *:)
�2�	����
��
�������
#1�
�	���
69�
WC

0��
;
����7


�
 *9=
�2�	����
��
�������
��
���������
��
�2�
������	

����


�
 G0
 �2�
 *:)
 �2�	����
 ��
 �2�
 #1�R�!
 
����&
 =
 -��2���-
 ��


�����
 ���
 �0
 �2�
 �����
 ����
 %�0���
 ������������
 �0
 �2�


�����




�

7;�
�

•
 #		
���

�����
-���
������������
��
�G�
-��2
0���
��
�2�
��2���
�0
:@

*)
�����
�	�
-2�	�
��
�2�
����
��
��2���
�0
*@:
�����
�	�&
�������
-���


�������
��
0���
�2���
�2�	����
�����
��
����������

)����
������
����/����
�

•
 52�	����
 -���
 0�		�-��
 ��
 ���	�
 0��
 *9
 ����
 �0
 �G�
 0��
 ���

 ����


�00����


•
 �2���
-���
��
��
��0�����
��00�������
%��-���
�!
���
�	���%�

�����


0��
 ��
��
 ���
 ��������
 ��
 %���	���
 ����

 �2�
 :@*)���
 �	�
 �2�	����


6�^)�9*7


•
 ���

 ��	����
 ��������
 -���
 ����
 �����

 �2�
 *9
 ����
 �0
 �G�


60��"�����
V
;7

•
 �2���
 -���
 ��
 ��00�������
 ��
 ����������
 �0
 ��-
 ��������
���
 �2���


����	�����
 ���������
�����

�2�
*9
����
�0
0�		�-@��
%��-���
�2�
�!


���
�	���%�

�����
6�^)�(97

•
 #���

 �2�
 ����
��
 �2�	����
 �
��
 *@:���&
 �����	����
 �0
 �������


������
-��
2�
2��
���
��
2�
2��
�����	����
�0
��	����	
0�����
6*@:
����


*9�=S
���
:@*)����
:�+S&
�V)�))*7

�
 �2�
 ����������
 �0
 ��-
 ��������
 ���
 �2���
 ����	�����


���������
����

�2�
*@:���
�	�
�����

 �2�
*9
����
�0
 0�		�-@

��
-��
2�
2��


�
 ����
 �0
 �2�
 ��������
 -���
 ��	����
 ��
 0�%��	�
 �		����
 ���W��


���
2

�
 �2���
 -��
 �
 2�
2��
 ����
 �0
 ������2@��2�
 ����

 �2�
 *@:���


�	�
6�V)�)*)7

•
 �2�
�����
�0
������
���W��
�������

-���
�������%	�
����

�2�
�-�


��2����
�0
�2�	����Q
�2�
�	���
:@*)���
�	�
-2�
��������
�
����C
���
�2�


����
��
*@:���
�	�
0��
%�
�2���
�������
�����
��
���

��
������


•
 ,�
 ���������
 2��
 ��
 %�
 ������������
 ���
 ��
 ����
 ��	���%�	���
 ��


��������
�������

��
���2��
��2���

•
 #
 ���
���		�
 	��
��
 %��
 �	�����		�
 ���
 ����������		�
 ����
��0�����
 ����
 ��


2����
	�%��
-��
�%������
��
���
<
 ��
 �2�
�	���
:@*)���
�	�
�2�	����&


0��
�!
���
�	���%�

����

64%�
)�:>
���
)�++
W�	&
�U)�(97



�

7<�
�

•
 �"��	
 ���%��
 �0
 �2�	����
 ��
 �2�
 �-�
 ��2����
 �����������
 �
 �	�����		�


��
��0�����
����
��
2����
	�%��
^(
W�	
6((W(9;
���
((W(:;&
�U)�<=7

•
 #���

 �2�
*@:���
�	�
 �������
-��2
#1�R�!&
 �2�
2����
	�%��
���
���


�2��
�
��
�2�
0����
+
����
�0
���������
6=�+*
���
=�+:
W�	&
�U)�;;7

•
 �2�
*@:���
 �	�
 �2�	����\�
 2����
	�%��
 ���������
 %�
 )�9<
W�	
 �0���
 *9


����
�0
���������
6=�+*
���
=�<*
W�	&
�V)�))*7

•
 G�	�
���
�2�	�
�����������
�
2����
	�%��
����
�0
(
W�	
-��2
��
�	�����	


��������
�0
2����	����

'���
�������

•
 �!
����
�0
)�:�
WC

-��
-�		
��	������
���
��0�
��
�,/
�2�	����
*@

*)���
�	��

�

�

� �



�

7=�
�

(�������

����	��
7���������
��������
��������:�
������	�?��������������>�8�
!���������������=�;����/����
�
���//�������������:�
�������	�����
��

�������������
��������	�������

*���
���

$������	����

• +)
/>��
�����	
�2�	����
�
��
:@*(���
�	�
-���
���������
���


�������J��
��
�
���
	�
���	
����
�0
�!
��
���2��&
)�:�
WC

6
����
#7


0��
*9
����
��
*�
WC

6
����
�7
0��
;
�����

• (
�2�	����
��

����
�
-���
���	����
���
��
��������
%	���
�	����
����


�����-
��
%���	���
�

• �2�
�-�

�����
-���
-�		
����2��
0��
����
���2���&
���2�����������


���
�	�����	
�2��������������

• #		
�2�
�2�	����
2��
%���	���
��	���
0��
2����
	�%��&
���2����
	�%��


���
%���2�������
����������
-��2��
�2�
�����	
���
��
�0
���	�����

)����
������
����/����
�

• ���2
�!
�����
�0
)�:�
WC

���
*�)�
WC

-���
-�		
��	�������

• ,�
�2�	�
�������
�0���
���2
�!
����
���������������

• �2���
-���
��
�2��
��
��
��������
���
�2���
��������
�����

0�		�-


��
��
���2��

����
���	����

������
���
�%������	
�����

• ,�
������
�������
������
-���
�%������
��
���������

• ,�
 �2�	�
 ����	����
 �%�����	
 2���������	
 0��������
 ��
 ����
 +
 ��
 ;


�0���
����������

• 4����
	�%��
 ��������������
 ���	����
 ������		�
 �2��
 ���������
 6�����


�U)�)++7
-��2
��
%��-���

����
��00������
6����
��00������U
@(6@**


��
<7&
�U)�>=7�

• G�
���	��

����

�����&
����
2����
	�%��
��������������
��
���
(


-��
��
��0�����	�
	�-��
�2��
��
���
;
6���0������@���������
�V)&)(+7�

• �2���
 -���
 ��
 ��
��0�����
 �2��
��
 ��
 ���2����
	�%��
 	���	�
 ��


������������
 ����
 ����
 ��
 %��-���
 
�����
 6�����
�U)�<*7Q
 %��-���



����
����
��00������
6=:S
5�&
@)�*6@)�(
��
)�*7&
�U�(=7�



�

7��
�

����	��
7�������2
��������

•
 �2�
����
�!
������	
��	���
�0
������%�����
���
�	�������
��	�����
��


%������	�%�	���
 6())
 	�����W;)C

 ���
 (9�>
 	�����W2W;)C
7
 -���
 -��2��


��%	��2��
���
��
0��
���	��

•
 �2�
������
���������
������	
�������������
65���7
0��
%��2
�!
���


���%��������"����
 65�!7
 �0���
 	���
 ����
 �0
 �
 *�
WC

 ;
 ���
 �!


��
����
 -���
 �����������	�
 ���%	�
 �2���
 ��
 �2�
 ���
 �0
 *9
 ���
 �0


)�:�
WC

���	�
����

•
 #
*�
WC

�-���
���	�
��
����
0��
+�:
����
����	���
��
�
(�+<
���
+�++


�����
2�
2��
5���
0��
�!
���
5�!&
����������	�

•
 #		
���������
������
5���

��������������
-���
-��2��
���
��
��
���	�


2�
2@����
�������
�2��
�	��
�2�-��
�������%	�
��0���
���
��	���%�	���

'���
�������

•
 �2�
�������
�2������C������
����&
 �2�
 0����
 0��
�!
 ��
�2�	����&
�2�-


�2��
 0���2��
�������
�0
�%%��������
2�
2@����
 ��
����
���
 0����%	�
 ��


�2��
�
�

�����

�

� �



�

73�
�

5����
��,��1��������
�����

���	�?����������	�����
������	
���	�������@�4�������������

���
��
	�������&
���
������*��	�����
�����������>�8�!������

•
 ��
 2�
2	�
2��
 ������	
 C��
 �2�		��
��
 0��
 ���������&
 ������	
 ���


�	���������
�0
����	��
&
���	����
��



�
 %��	�
�
�0
�2�
����	��

2����J�����


�
 
�2�
 ��00���	����
 �0
 ��	����
 �	���������
 -��2���
 �2�
 �����������


0��
�2�
2����J�����
0���
�2�
	����
-��2
�!



�
 	��C
�0
�2���&
�����@�0@����
����
0��
/>��
��0�������


•
 �2�
 ���	����������
�0
��%	��
2��	�2
���
����
0��
 �������
���
�0
�!


���	����

��#
0��
��	����
������	
���
�	���������
���
2�������
%�
�2�


�!
 ����������
 2����	����
 �������
 ��
 �������
 -��2
 �2�
 ������


��������
�0
/>��
��0��������



•
 ��
�,/
���
��2��
��	�������
���������
�2�
2�
2��
����
�0
)�:�
WC



�!
 �2��	�
 %�
 ������������
 ��
 ��� �	��

 ���0�����
 �����
 ��
 �2�


52�����
 ������
 �������
 ��
 �2���
 ���������
 ���
 ��	�����	�
 ���������
 ��


�!�






�

� �



�

76�
�

����.��
�������

�2�
�������
6�����	��
(@97
��
�2��
�2����
-���
����
���
��

�������
������	
����	


����������
����
��
�2�
��������	�
�
���
���������
�0
����	��

��
�,/
�2�	�����


��
��
 ����������
�������2
 ��
�����
����
�&
-2���
 �2�
 	����@���
��
�0
����	��


��0������
 -���
 �	�����
 ��
 ����
 �����
 �2�	����
 %��
 ���
 �		
 6-��2
 )�:�
WC

 �!


���������7
 �
 ��
��0�����
 ������%�����
 �0
 2����J�����
 ��
 �2�
 %�����
 �0
��� �	��


��0������
 ���
 �������
 -��
 ������������
 ��
 �2�	����
 *
 ��
 *)
 �����
 �	��
 �2�


��2���
 �������
 �	��
 ��������
 ��
 ����	
 �����������
 ��
 
��2��
 0��	�@%����
 ��0���


���
��	���%�	���
����
��
�2�
���
�0
)�:�
WC

2�
2
����
�!&
-2��2
-��
�2�-�
��


%�
��0�
���
-�		
��	������
��
/>��
�����	
�,/
�2�	����
�
��
*@*)
�����
�	��
#


�2������C������
 ���0�	��

 �0
 ����������
 �0
 ���
	�
 �����
 �0
 )�:�
WC

 ���


*�)�
WC

 �!
 ��
 �
 0����%�	���
 �����
 0��
 0���2��
 �%%��������
 2�
2@����
 �!


��
����
�2�-��&
�		
���������
������
5���

��������������
-���
-��2��
���
��


��
���	�
2�
2@����
�������
���
�2�
���
	�
2�
2
�����
�0
�!
-���
��0�
���
-�		


��	������
��
�,/
�2�	����
�
��
:
��
*(
�����
�	��


��
�,/&
����	���
��0������
���
��	����	
�		����
��
����	�
���0����
��
�2�	����
V+


�����
�	�
��
��������
%�
������	
��%	��2��
�������
X(:&
(>&
:)Y�
�2�
������%�����


�0
 �������
 2����J�����
 �0
 ��� �	��

 ��
 ��0������
 ���
 �������
 %�����
 0���


��	�����
��	����
2��
%���
�2�-�
��
%�
��%�������	
X*+(Y�
��������&
���
��
�2�


��00�����
 �����������
 �0
 2����J����
 ����������
 ��
 ��00�����
 
��
���2��
 �����
 ���


�	������
 ������
�
 X(*Y&
 ��
 ����������
 �
 ��?��
 %������
 ��
 ���������&
 ������	
 ���


�	���������
�0
����	��

��	����
��
�������
���������
���2
��
�,/�
�2�
�������


�����������
���������

����	����
%�
�,/
,��4
���
H4G
0��
���0���������

�	��

��	����
�		����
X9+&
*+*Y&
���
�����"����
���
��
	���	�
��
��
����	�%	�
����


��
�2�
���
�0
�!
��
�2�	�����
�2�
0��	�@%���
��0���
���
��	���%�	���
����
��
�2�


���
�0
)�:�
WC

 ��
*
 ��
*)
�����
 X*++Y
����
 ��
 �2��
C��-	��
�

��&
-2�	�
 �2�


�2������C������
 ���0�	��

 �0
 ���
	�
 2�
2
 �����
 �0
 �!
 �������
 �2�
 %����
 0��


0���2��
���	������
�0
�%%��������
2�
2@����
�!
��
������



#
��?��
���-%��C
0��
��%	��
2��	�2
���
�0
�!
2��
%���
��	����
��
���
����������


����
 �00���
 �0
 	�0�@�2��������

 2����	����
 �������
 ��
 />��@��0������
 �������


-��2
�2�
������
�������
0����&
�0
-2��2
*9)
��������
�����
��
��00�����
����	������


X<+Y�
�2�
 	��C
�0
����@�00������
�����@�0@����
 ����
 ��
 ������0�
�������
-��2
 �2���




�

77�
�

������
0����
�0
/>��
��0�������
��
�
��?��
�%����	�
��
�!
�������
���
���
��


��#
0��
��	����
�	���������
�00����
��
���������2��
���������
-��2
2�
2
��	����


�������
%������



'���2��
�������2
��
������
0��
2����J��������	
���
�
���2
��
��0���"����
���


1���
0��
/>��
������

 0��
����
��������
�
H��C
 ��
�������	�
��
���

 ��
�,/


��
 �2���
 ������&
 2�
2
 ����&
 �!
 ��
����
 ��
 �2�	����
 ���
 ��	���	��
 �������
 ��


�2��������J�
 �2�
�����	����
�0
������
��������
�0
/>��
��0�������
 ��
��00�����


�,/
 ��2���
 ����	�������
 �2�
 0�����

 0���
 �2���
 �������
 ���
 �������


����	�����
 0��
�!
���
 �������
 ���
 �������
��%	��
2��	�2
���
���
 0��
��#&
��


�,/
�����
��-����
��	����
�	���������
��
�2�
0������
H��2���
��
�00������
���



0��
����������

����	��

2����J�����
��
�2�
	����
���
�
��	��%	�&
���
�2���
����@

��@���&
1��
%����
����
C��
0��
/>��
������
&
�2�

��	
�0
��	����
�	���������
���


���
 �����������
 0���
 �2�
 
	�%�
 -�		
 %�
 ��00���	�
 ��
 ��2����
 ��
��� �	��

 �������


���������
���2
��
�,/�


�

� �



�

78�
�

��������
	��
��
��������

(�������

•
 ��	����
 ��
 �������
 �2���
2���
 �2�
 �,/
 2�
2	����
 ��
 �����
 %�	�-


*9))
D
*:))
�
-��2
��
��0�����
���C
�0
�������	
��	����
���%���C�
��


����
�����
%��-���
*9))
D
*>))
��

•
 G�
���

 ��	����
 ������	
 �00����
 ���
 	�C�	�
 ��
 ����	�
 ��
 ��%�������	


���������
 ��
 ��	����
 ������������
 ���
 �����%	�
 ����	�
 ��
 	���	


�	���������



(�������

•
 1�	�����
 0���
 2����J�����
 ��
 �2�
 	����
 ������%���
 ��
��0�����	�
 ��
 �2�


2�
2
%�����
�0
����	��

 ��0������
���
�	�����	
�������
��
�,/
�2�	����


�
��
*@*)
�����
�	��


• ����	��

�������
652�����7
��
�,/
��	����
"���C	�
-��2��
*(
-��C�
�0


�	�������
�0
2����J�����
0���
�2�
	����



•
 G	���
�2�	����
����������
	���
�	�����	
�		����&
���
��
0�����
��"��������


�0
������	
����	��

�	�����	
��������



•
 #		
 ���0�����
 �	�����	
 �����
 �0
 ��� �	��

 ��	����
 ����
 �������
 �2�


)�:�
WC

 �!
 ��
����
 0��
 ������	
 ���������
 ��
 �	���
 �2�
 2����J�����


0���
�2�
	����


•
 #�����������
 ��� �	��

 ��������
 ��������
 �2��	�
 %�
 �������
 -��2
 �


%	���@���
�
������	����	
���
�!
0��
������	
����


•
 �2�
�������
���

0��
�!
����
2���
�
	��

�������	
�	���������
�2���


��
�00���
����@���������
����2�	����
��
�����
��
����
�2�
0����
��
������


�2���
 ��� �	��

 ��	�����
 ��
 �������
 ����0������
 ���
 ��	����
 ��	����	


�		����


� �



�

8:�
�

(����� �

•
 �!
2�
2
����
�0
)�:�
WC

��
��0�
���
-�		
��	������
��
�,/
�2�	����
*


��
*)
�����
�	�


•
 �!
 ���������
 0��
 ���0�����
 ��� �	��

 �	�����	
 �����
 �2��	�
 ���


)�:�
WC

 �������
 �0
 �2�
 	�-
 ����
 )�(:�
WC

 -2��2
 ���
 ���
 %�


�00������
 ��
 ����������

 �2�
 �������	
 �������
 652�����7
 �0
 ��� �	��


2����J�����
0���
�2�
	����



(�������

•
 �2�
 �2������C������
 ���0�	��

 �0
 ���
	�
 2�
2
 �����
 �0
 )�:�
WC

 ���


*�
WC

 -���
 -��2��
 �2�
 ���
��
 ��
 ���	�
 2�
2@����
 ��%	��2��
 �������


�2��
�	��
�2�-
�������%	�
��0���
���
��	���%�	���


•
 3����
�2�
2�
2���
����	��

 ��0������
���
�������
%�����
��
��
�2�	����


V:
 �����
 �	�
 ���
H4G
 ����������
 �!
 ���
 ��
 %�
����
 ��
 �2��
 �
�



����&
0�����
�������
�2��	�
����	��
�2�	����
*
��
:
�����
��

�������


��0���
���
��	���%�	���
�����


5����
��,��1��������
�����

•
 '��
�	���������
 ��
%�����
��
�������	
 ���	���&
�		
���0�����
�����
�0


��	����&
���	����

�������	���
�
������0�������
-�		
����
��
%�
�������


-��2
2����J��������	
�����
�0
�!
)�:�
WC

��
2�
2���

•
 #
���
	�
����
�0
)�;:�
WC

�!
�2��
-��
���	����
��
�2�
�,/
�������	


���������
 
����	����
�����
 ��
()))
 �2��	�
 %�
 ������������
 ��
 �������



���������	
 ���������
 0��
 �	�����	
 �����
 �0
 �������	
�� ����	���
�"�

��� �
���������
��	���
��
���	���
�!
0��
������������
��0�������
�0
�		


�	��������
��������

•
 ��#
 0��
 ��	����
 ������	
 ���
 �	���������
 ����
 ���	���
 �!
 ���
 �


�������
 #5�
 ���

 -��2
 �
 	��

 �������	
 �	���������
 �2���
 ���2
 ��


�4#�!�



�

89�
�

•
 '���		�&
 C��-	��
�
 ���
 ������%�����
 �0
 />��
 ��0�������
 ��������


�2���
2���
�,/
���
�2�
��	�������
����0��&
�2��
���
����������
-��2


�	�����		�
��
��0�����
���C
�0
������
2����	����
�������
���
�
�����@�0@

����
����
��
���
���
������
����
0��
/>��

��0�������
-�		
%�
������
��


�	�������
��	������

�

� �



�

8;�
�

� �



�

8<�
�

����/�&����
	"���

9>� ������+��?-�!�����
� &-�"	����#�-�$�����(�-�/������@!-����

��#*-�������*�-�������*A-�
2	����&!-�"��
��")�����	��������������	
�����
�������
�������������������������
������	�
�������������������	��������
�;:9;-���8���979=>�

;>� ?	
���2������.
+�������	�����
�������
��� ���

�����>� ��B�;:9;��98�>�
<>� "������@-�$����/A-�"�
���������-�#�
��
�&��!"�������	
���#�
�����$������������������

����
����������������
�����;::9-��%�86'9:3>�
=>� �
����&�-��C��
��!-����

��#*-�D���+�$-�?������A-�*�������"��&���������
���������	
���

������
�#�����>�������������
�����;::6-�''�$�����3��68'76>�
�>� "�����+��-�������"-����� -�/	���#-�*�����$-�������(-�?�

����A-�&	�����'E
+����*-�����!-�

@���
	
	�/�����	��(��
�
��������
���������$�����
������
���	������#�������������
$��	���
��)������������������������������������������	�������������*���+�������
	"���
��������� !��;:99-���9;���;8;:<>�

3>� ����	��/-�(F*�
��	���1-�&�
���-�/����@-�&����
�A#-�*���
��"�-�"G���
� �������������
������������������$�	
������
������	��
�����
"�����
������
������	"���
������
�
����	
����	�"�

��
����$
���������*���+�����>��������
�;::7-�,�3���9;6>�

6>� /�
����"A-�/��
��2-�����
����2-�"����5	
��#-�$�5�
����-�!�����
� -�/��+��"A-�"�+��
��
A(-�/��
��A@��-����
��"�	�
��.�$�	
�
��$�
�����
������$�
�������������$��	���
���
����
���������"����
�������������������

"���
�
��/���������������������������
��
�����;::6-�''����87='889>�

7>� �C��
��!-�*�������"-�$�+��
�	��-�?�
�5�
��-�@����+�����!-�@�
�����"-��������(*-�
�
����&������
��
��0
����
��
����������������������	��
�����
"�����
������$�
���
����
�������
����	
�����
������������)�/�����������������
�;::7-�,�3���9;7>�

8>� @	���
�(@-�$�,����1-�$��+���-�@	���
�$@-�@���
�$1-�(���*�����������������������
��>�
"�����!���!�������
�
�
��
�
�;::�-����9��9<;'9<=>�

9:>� @	���
�(@-�(���*-�@	���
�$@-�$�,����1-�$�
	����-���
+�$-�@	���
�*-�@���
��"�-�������1��
1���
�����������������������
������
���

������
����	�����$
���2�.���
����
��

"���
�
��/������������������
�����;::8-�3��;��98='987>�

99>� &'
���-�(!�"���)-�*��%+�,��-�#��
���-�����������	����
����

������������	
��
�	��
�����������������������	�
���
��������
�
�
������.-��������/���//>�

9;>� *��,���
��"*-�)�

��
��#.-�$�0���
��*"-�"�+�������/�-�"	�
�	�"�-�����
���"1-�
*���
���"���1���
�����������������������
��)�2
�4���������4��>�"�����!��
�!�������
�
�
��
�
�;:9:-����9:��9399'939=>�

9<>� ��,��
�
+�
�#-�������@�-�?������A-�?�
���
�2@-�@����(!-�"�����5�

���-�
#�	�+�����C����������-��	�����)��!"����������������$�����
��������5�
���������
����
���
"�����
�
��#�
��
��$�!"�����������!
�#������������
�����9883-�6��;��9:�'999>�

9=>� #��%���$$-�&	�
�+�����#��������
�����������
�����$�
"����������������$�����
������
"��
�
�
���$� �
����)����
"��2
�4���������4���#������#���$!
����
�������������	��;:::-�
%�����;38';6�>�

9�>� /	�������-�(
�5�����#��7������������������$�	
���
���$������������$��	���
�������
���������������������
�	�
������
���
����
������
���	��

��������������
�����%	�!�
�����&��	�#���;:99-��%�;��<66'=9:>�

93>� �����
���((-�$���	����-��������-�$��
���1�-�$	
���&#-�#�
��	��A"-�A	����2��!"��
	�������
�����$�����
���������������$��
�
�������
"���$�	�����������
���
�	�
����
������	�����;:9;-����;8�>�

96>� ���!&*�#	��������%���
	���	��(
�+�����
����
	"��������$�
�����
����
���	�
�����
�
������������
�;:99-�3�9���9:::=:;>�

97>� /������4��!"�������$��

���
"�
0����$��

����$�
�
"��

��
���
��$���	�����	�
���
���������������������
������������	��������
�;:99-�,�9;���9<;�>�



�

8=�
�

98>� $���5���(��8��

��������������
�����$�����������������>��
������
���	�;:9;-�3��<:9'
<=9>�

;:>� ?������A��!"��
�����$���
�0����
�����
��������������
��������
������	�����;::7-�'�$�����
9�>�

;9>� ?������A��-�
�
�����
���$�
���������
����	�
��������������������������
��>���	�����
;:99-����;86>�

;;>� /	�5�
���"A-�(�+	
	�2���
������	
�	���0

��
���#����
����
���
�
�	
����������
�
�����������$��	���
���
"�������������������0��$�	
������9��
���:���	�����;::3-�
,�9��>�

;<>� "G���
� -�/	�5�
���"-�*���
��"-�$��������!"����������������$�����
������������*���
+�����>����!

�����
���	�;::<-��6�3��;�<';�8>�

;=>� @���
��A?-�$�
���"-�/������� -�"�����
� �� ����
	"�	"�������������������������
���
.������������������*���+�����>�����������;:9;>�

;�>� ����!-�@���
	
	�/-��
����-�(	

���$-�&	
���	���-���������*-�$��	������$-�$��������(-�
/������� -�/�		�'H�5�
���"�����	��-�$$�
��
������

�
����$���$�	
������������������
"����
$��	���
�������������������������������*���+�������	"���
��>������ !��;:9:-�
,�;���8:=6>�

;3>� "���	���-�#	��'�	
����A�-�(�
	��!-�$��	�������$-� +��A-�$������"-���
	�+5���-�
H����
�����*-�&����
�A#-�/���	��A������	��!"��
��.��$�����
������$�	
�����������������
���������*���+�������	"���
����������������
�����;::6-�'��3��886'9::7>�

;6>� �	�����)-�"��
�����&-�$����	��A*-�������@�-�/��5���$-�#�	��-�25�
�C�
	����-�
�		�
��������$-�?������A��!"���$$�	
���$����������������������
�������
�����	�>�
��!����9888-�;,%��=3'�=8>�

;7>� �	���	�
	�C	�A&-�)	
���?-�@����+�����!-��������(*-�?�
�5�
��-�$����*-�"��
�����&-�
$�+��
�	��-��C��
��!-�*�������"�����	������
����
�����	����
	������������
����"�
��
���
��
��0
����
��
���������������������������������$��	���
�����$�	
������
��
������	��%	�!�$!�������
�;::7-�%��8��9<6='9<79>�

;8>� &�C5���"A-�"��
�����&-�/	���"!-��	���	�
	�C	�&-�$��+���-�$���
������(-�&	+�
�	��$-�
�	�����)������
�������
�����	�����
"������0��	�$�	�
���������!����$!�������
�;:9;-�
���9��6�'77>�

<:>� �	���	�
	�C	�A&-�)	
���?-�@����+�����!-�*>��(-�2����������*-�?�
�5�
��-�$�+��
�	��-�
�C��
��!-�*�������"-��
����&���&���������
��������<�
�	������$���
#���
�������
���
��$��	���%	�!�$!�������
��;::8-�%3�9;��96:='969;>�

<9>� 2* &$�.����-�/*���)/-�A>�"������
������
"����
������$�*���+����������!
�#����������
��
�����98=6-�%��3��68�'7:6>�

<;>� /*���)/-�2* &$�.����-���>����--!���
�������������"������������������$�����
���
	��

������*���+����������!
�#������������
�����98=6-�%��3��7:8'7;;>�

<<>� ��
5���	��*(������
������������*���+�����>�����'���
���986=-��'�7'93>�
<=>� #�������A*-�����	���A�-�1

	%��2-�A	�����(-���
�	��)(-�"	�
�A$-�2���		���)-�*���
��"�-�

$��%���	��*-�#������&��!"����������������$�����
��������������
������

��������
������)�������*���+�������������������
�����9873-�;,�9��<'9�>�

<�>� ����	��/-���'D�����)-�/��5�2�-�2���A-�"���	
�$-���
�
��*-���
�	���-�$������-�*���
��"���
!"����������������$�����
������
"������
���
��)�7��
�1���.��
����	�)�������*���
+�����)�����
���
�
����$�
���		����

������/������
����

�	�����	�������������
����!!�
�������
�����
���	�988�-�36�=��<�8'<63>�

<3>� "���	�
��&@-��	

��@-�@�������?-�"����
�$"-�*���
��"�-�/	�5�
���"-�@���
��A?-�
H����
�����*�� ���������

�#�
�����$����������	��������
�����$�	
��������������
*���+�������������������
�����;:::-����;��;;�';<9>�

<6>� �IC�
��A*-��	��I���'$��%��"-�*�	��	�����1������������$�
�
"��$�
�
��$
���
"��+��#���
����
���7
���	�
�����
��
�����=�6,,0�6�6>���������
�;:99-�3�9���9:::=9;>�

<7>� �
���	����&-�(	�	%���@.-�&����� (��8"��
�9�����
����
��
�����
������������*���
+�����������'���
���9863-��6�<��97='97�>�



�

8��
�

<8>� 2���#"-��
���	����&��8"��
�9�����
����
��	��

��������������*���+�������������
�.�
�����������

���
���������'���
���9863-��6�=��;<3';=;>�

=:>� D��+�*�-�/��������"��8"��
�9����0
����
��
�$��	���
�������
����	9��
������������
*���+���������
�����
��()*+�����,*-,.,,/0123�9863-���;;��7=�>�

=9>� &���5�����@-�(�%���(-�2���	��(�������������������
����
��
�
��	"��
�9����:���!����
9878-���997<'997=>�

=;>� "�
��
��A-�"�����
� -�$���*-�"�5���-��	
	���"-�&����
�A#-�/��5�2�-�����	��/��?���
�$$�	�	���$�������9������
�	"��
�9�������������$�������0��
���
"������������
�
�����������$��	���
��������������������
������������*���+�����>�������������
�
����;::6-�''����8=6'8�=>�

=<>� ����	����(���
������	��2�������*�
����������
���!
��
���
��
�
�	��>� ��B�;::7>�
==>� "��CJ�.-���
��&-�$��%��/-�/������� -�$�
���-�(�������
��!-�/������4������
����������������

���?�"�
�/�����)�������*���+���������	�����;:9<-����87�>�
=�>� 1���(�C5�?A."-���
5���	��*(��7�������������$�����
������*���+�����>�����'���
���

986=-��'�96';9>�
=3>� #�������A*����>���!"����������������$�����
������������*���+�����>�.,�	
���

#��
���	���
���B�988;>�
=6>� /������� -�"�
�+��$-�2������"?-�����
������-�$���*-�D����$-�@�����A-�$�
���-�&����
�A#-�

"�����
� ��7�������������$�����
������
"��������*���+�������"��"�����>��������
�
$!�����	�4�;:9;>�

=7>� #�������A*-�"	�
�A$-���
�	��)(-�������"-�����	�A-�(�%���	��?-�*���
��"���1����0�
���
��
��
��������
"����������������$�����
��������������
����	�>�����'���
���9873�-�
�6�99'96>�

=8>� $������-�2���A�-�����	��/-�"G���
� -�/		���"-���
�	���-���
�
��*-�*���
��"���
����	��
������$����.��"�$
��������00�
������	��$�
�"���������
������
"�#����
�
	���
��������!
�#������������
�����;::9-�6,�9��9'3>�

�:>� "�����
� -�?����
�$-�"������(-�"�
�+��$-�"�����
��(�-�@���
	
	�/-�$���*-�$������*-�
H����
�����*��@��"������
���
����
�	
�����$���������������	����
�����������
����
	�

���
�����#�
�������$�	
������$���$$�
��
����	���)��"�$
������������

�#�
��������

���	�����	�����
��
�������������*���+�����>���	�����;::8-�3�=9>�

�9>� /�
5	���&-��
�%����"-���
��&-�?�
���&*-�2���		���)��@���������
���

�����������
�
���������
"������"��������	
���
���	����������������*���+����������
�4��
��

�
��)����	���
����
�
��)��������
�4��
�������
�����������������
�����9877-�
;6�;��9<�'9==>�

�;>� 2���A�-�$������-�"���*-�"���	
�$-�������(-�*��,����
��-�*���
��"���1��
��������
����
���
��
��
��������#�����	���$�����"�����=-��
�
��8���	����>����������
���������	��
������
������*���+�����>�����
�"!����	�9886-�;%��98<';:�>�

�<>� @	������#-�������	��-�*���	��-�/�

��*!-�$�
���-�"�����
� -�)��+�
� ����?�
��������������
������ ���
���
�����?�

���������
����1

�	
�
�����
"��1��
"���	�$�	>��	�
� !��;:9<-�
3�3���33:=9>�

�=>� "�����
� -�������A-� %�%��&-�D����$-�/C	
+��$-�&����� (-�&����
�A#��!"����������������$�
����
������
"��������*���+������"��"�������������
�
��@��"�������
����	�>�����'�
��
���;::<-�%��9';��93'<9>�

��>� "�����
� -�/C	
+��$-��	�+��	��-�@�����A-�����
������-�&����� (-�&����
�A#��!"��
��������������$�����
������
"��������*���+������"��"����������7��
�
��@��"������
�
����	�>�����'���
���;::<-�%��<'=��933'968>�

�3>� "�����
� -�@�����A-�/C	
+��$-������+���-�$������-�&����� (-�&����
�A#��!"���������������
�$�����
������
"��������*���+������"��"�������;��1��#���
����	�>�����'���
���;::=-�
%'�<'=��9�8'96<>�

�6>� "�����
� -�.���
��"-�D����$-� %�%��&-�$���*-�&����
�A#��!"����������������$�����
������

"��������*���+������"��"�������%��7�����
����	�>�����'���
���;::3-�%6�<'=��99�'
9;�>�



�

83�
�

�7>� "�����
� -�$���*-�.���
��"-� +��A-�D����$-� %�%��&-�&����
�A#��!"����������������$�����
���
���
"��������*���+������"��"�������,�����.�)�����������������02�����)���
�#��
�
����	�>�����'���
���;::6-�,��<'=��999'9;;>�

�8>� "�����
� -�D����$-�.���
��"-�@�����A-� %�%��&-�$������-�$���*-�&����
�A#��!"���������������
�$�����
������
"��������*���+������"��"����������1��#�������2����)��������
�
����	�>�����'���
���;::6-�,��<'=��9;<'9<<>�

3:>� $�����-�"�
�+��$-�$���*-�&	+�
�	��$A-�&����
�A#-�$�
���-�"�����
� ��������
����
"������#��������������������
������	�����������*���+�������������

�	��$�
�
��$����������
���������	�
�:������ !��;:9:-�,�;���8<6�>�

39>� $�	��	���-�1�
���5	�	��$-�A�

��?-�������	�+�$-�/
	���@���/���
�$�	�
�����$�
"��$��
�
"���������
�����
���
�����	�������$�������������#��
"��������
����	"����
��	
����
������
�	
�����$���"��"��
������	���$���������$�	
��������	�5���4�������
���	�988<-�
,3�;��;7<';8;>�

3;>� #	������&!-�$����
	�+5	��A-��
	�����	
��$-�"����������-�������������/-�@��+�������
*-�&����������-�H	����
��-�"����
�&$-�1��+����A*�����	��8����
������$��8 �����
��	
��	����$�
�
"����
�	
�����$������
���
�	�����
�������������������
$��	���
��A������������	��
������!"����������	�����;::3-�,�9;9>�

3<>� "�����
� -�H����
�����*-�&����
�A#�����������������
������������������������00

"��B#��"$��B�����
�����
���
�������!

�����
���	�;::6-��;�3��;67';7<>�

3=>� H����
�����*-�"���	�
��&@-�@�����+����A-�@���
��A?���"�������������
��.����
��
���#��
���������������������	������$�	
��������"�����:����!

�����
���	�;::=-�
���8��==:'==6>�

3�>� "�����
��(�-�@�����+����A-��
��
�
+�/�-�#	��'�	
����A-�#	������?!-�H����
�����*��
-������������$�	
������������$�$��
�"���������
�����
���
�����	����#����������
����
	"����
��	
���A���������
�	
����
��	
����$���
��	��
���	
���"�
�0#�����������������
�������
�����;::3-�'%�<��=9<'=;9>�

33>� &	�+��	���"-�1���$������"-�$�����&-�2��
�5�	��2�-�/�����A-�A��	��@��-�
�	
�����$�$��
�
��������������	�������#�����$
���"������#���31�
 *���������#���
0#���������
���	���0���	�$�	�
���0
�����8 ���������>���%	�!������&��	�;::=-�%���3<3'�3=<>�

36>� *��
�����-�*���
����&)-�?�
���
�(-�(��������$-�?�����
�&"-�/�C	���-�2���'#		5��*-�
/�
+�	���-�$����
�	��)-�2����*1$�����	��C���
�
�
����
���0
����������
����	"����

��	
����$�
�����
������������������
�������������
�����		����	����	���

������>�����������
��
�����;::�-�';�989'987>�

37>� "��+	���@*-�"���	��&E-�@	���!$-�$���������-�&�+��
�"-���	��	��&/-�����
�	��A�&-�
@����@��� ���0
�����8 �$�
���
�	
������������
�$�	�
�����$�����������������>���%	�!�
�����&��	�;::�-�%;�;=<�';==:>�

38>� &	�����'E
+����*-�"�����
�(-�/������� -�/�
������#-� +��A-�H����
�����*-������	
����	�
2*-�$�
���-�"�����
� -�)��+�
� ��8����
������$��������
�	���
"����$�
�
"����
�	
����
����9���
�$�	�
�����$�
"��$��
������

�	���������������	�������$�������������$
���
������*���+�����>���	����-�6�<39>�

6:>� @�����+����A-�"�����
� -�"�����
��(�-�/	�5�
���"A-�@���
	
	�/-�&�
���-��	

��@-�
@�������?-�&����
�A#-�@���
��A?�����	��8"���������

�
����$������������#����0�
����
��$�	
��������
"������
��
�������$�������*���+����������
�
���#�����"
���	
��	����
����"��"�
"
���"��
��8 ����������>�������������
�����;::3-�',�=���77'�83>�

69>� "��������@-�?����������-�/�������$-����
	���# -����	��!-�1�C��A-����	����&-�#��++�A/-�
?�����
����(A-�/	�����(@��!"����
�
�	
����#�
����������������$��	���
����������
���������	"���
������7���
�
��1��
��������)�&����
������!
�#������������
�����9883-�
6��3��39='3;:>�

6;>� /
����"#-�(���@���8
���0���	����
�����
�����$��������������
���
������������0
�������	"���
���$
���������*���+�����>����!

�����
���	�;::<-��6�3��;69';66>�



�

86�
�

6<>� /
����"#-�������5��"&-�/�
������A?-�$�	��	���-�(���@���������
�"�����
�
"��
��
�4��
����
$�	���
�
���0;���"����	����$����������������������#���������	���
����
��
�>�������������
������9888-�����97'�;�>�

6=>� /
����"#-�������5��"&-�/�
������A?-�(	�������#*-�?��������"-�*���
��"�-�?����5�
�(-�
(���@���+���
�	�����
��
������������	���$������������$��	���
����������������
������
�����������
�������$�	
���	"���
�����
"������
���
�	�����
�����$�	
��������
������*���+�����������
���	����;:::-��������<��;�6';6;>�

6�>� /
����"#-�(	�������#*-����5�
�"-���+	+�"-���
�	���-���
�
��*-�?����5�
�(-�*���
��"�-�
(���@������0��������	���0���	�$�	���
�
�����$���$�	
������������
���
�	�����
���
��$�	
��������������*���+�����������
���	����;:::-���������<���;=6';�3>�

63>� "�����
� -�@��	5�A-�&����
�A#-�#	
�K��*��!"��������
�����

�	
�
���$������������
$��	���
��������������������������
��������������	��$�����
������
"��7��
�
��
@��"�������$�������*���+�����>�������������
�����;::;-��'����=�8'=3=>�

66>� "�����
� -�$��	�������$-�$������*-�/���	��@�-�/
������
�"�-�����!-�@���
	
	�/-�
H����
�����*-�$�������-�$�
��������	��(�
	���$���$�	
�������.���
������
�
�������
"��
��������������$������������$��	���
�������
������������*���+�������	"���
��>�
������
�!�
�����4�������!�	����
�����������!��
�����4��6!���
������
������������;:9;-�
��6�;���9::<:'9::<�>�

67>� #	��'�	
����A�-�/���	
�"-�@��+�#���@��"�	�������
���$��������������������$�	
��������
������*���+�������	"���
����������������
�����;::�-�';�<��3;3'3<<>�

68>� @	������#-�"�����
� -�"�
��
��A-��	
	���"-�$���*-�.��.-�����	��/-�/��5�2�-�)��+�
� ��
7�����
�����$����������������������
��������
.�
��$�
�����	���
�����
�
�������
	����	���

����>���$!�������
�;::8-��66�6��9:6='9:7:>�

7:>� @	������#-�&	���*-�@���
	
	�/-�$������*-�H����
�����*-�$�
���-�"�����
� -�)��+�
� ��
���
����	�
����������
��
���$��������������������$�	
����������"��"���������	�
������
���������*���+�����>���������	��������
�;:99-�,�9;���9=;=>�

79>� *
�	���*-�/�
������#-�$�����-�$�
���-�"�����
� -�&����
�A#-�/�

��*!��@��"�+���
�	�
-���
��
���$���������������������
"��*�

"�8���
��$�������*���+�����������������
��
�����;:9<>�

7;>� @	������#-�#	�
	
���@-�@���
	
	�/-�����!-�$�������-�$�
��"�-�)��+�
� -�"�����
� ����@��"�
(�
	���$��������	
���	��
�2�����0�1
����/�$�	
����-
�����
"�� ������	9����
�����$�
/�����
�����������*���+�������8"���
��>���������	��������
�;:9<-�'�8���;=:<>�

7<>� #����������"(-�)�	
��������+��	���0�0�"���"�
����"��
����������$�	���	�>��4����!����
;::7-�;'��83:3��3='6=>�

7=>� ��������-�/
���L	�"-�"����� -�"	��������-�@���5��
�
+�!-�$�
����#2-�?������#A-�
&	������"��!"������	
��$��"���
���	���������
���	�+��-���$�	���	�����
��.��$�
�������������������$�	
�������	���0	��

����
����������
��$�"���
�$���������
��.��
�����������
�;:9:-�'�����9:::;7<>�

7�>� $�����-�&�
����-�$��������( -�&	
���	���-�/�
������#-�"��	�+�(-�$���
�"-� +��A-�
��
	�+5���-�����$�����	��/�
�
��

��
��
����
����

��
���
�$�
�����
������������*���
+���������$��
����������
�������������$��	���
�������������������
������4���
	��

������

���>��������
�;:9;-�6�<���9::998�>�

73>� &	�����'E
+����*-�$�����-�&�
����-�*�	����AA-�&����
�A#-�$�
���"-�"���	���-�"�����
� ��
?�	.��$�����	��
������$����"�=D>0
"������������
"�
"��
��.��$������������$��	���
���
�����������������������$�	
���������������������	�"�

��$�	"���
��������;0���
���
"��$
���������*���+�����>�$!��������
���	-�%��9;��99:6'999<>�

76>� &	�����'E
+����*-�����!-�"�����+��-�&�
����-�������"-�$�����-��
��
�
+�/�-���%����-�
$��������( -�&	
���	���A�����	�� ���	���
��.��$����������������������
������������*���
+�������	"���
�����
"�1��
"���
������������	�
��������
���	�"�

��������	���0
	��

����
���>��������
�;:9;-�6�8���9::9<:�>�

77>� $��������( -�"�����
� -�/������� -�$�
���-�$��	��������� �#�

�5�	"�
����������
���
��������������������*���+�����������
����$���!�	��;:9:-�;��7��3;<'3<;>�



�

87�
�

78>� /�
����"A-�@
����-�!�����
� &-�"�
�	�	�2-�&��������-�/��
��2-�?����� -�)
������(A-�
"�+��
��A(-�/��+��"A�����	���
���
����$�	
����#�������������$��	���
����
�������������
��	�"�

��$�E�����������
��
��
��/���������������>��!!��������
�����
���	�;::<�
6'�3���3�'�6=>�

8:>� /* &(�A@-�A.�!$��&-�(*�E( &�.�!?-�*�� $�/*-�/*��$�"A-�/*$& �2-��E&�.".-�
"*$/*&�$���+70-7�7*-7*!��8CF/ 7-�� G!78!/G*��+�/*1!��?�1�G�-/F��
(�?8/�� �F��/*��7G�?7�@�&/*+�!�G�H7� 1�7I�G1F 7�!G�@H�7 7*-7�/8�
��?� /�>�������������
�����9889-�%,�9��3�'63>�

89>� /�����*-�"���*-�/	�5�
���)-���+	+�"-�H����
�����-�*���
��"�-�&����
�A#-�/	�5�
���
"A��������
����	"����
��	
������������������
"��	"���������

�
���$���	
�
��	������
��������
���

�����������������	���������������+�������������������
�����;::=-�
'��<��;66';7=>�

8;>� )	����(2-�"��5�$&-�/
����A2��!"������"��������	
���
����
�����$����9��
�������
"��
1�������/�����������&����
����
������#������4�������	

��"�
����>���
�7���
"!����	�988=-�3�<=:'<�:>�

8<>� #		��
�&(-�?���
�	��(�-�)
������$�-�/��
���?-��������/-�$�������*?������
���
��	
�
���$�������*���+�������$!��������
���	�;::8-�;6�9<��9=8�'9�:9>�

8=>� �
����&�-�(	�+�����"-�*�������"��*�������������
��������������������������
����
����
��������������
"��
�����$�	"��
�9�����
����
��	���%���� ��!�$!�������
�;::8-�
������=<:'=<�>�

8�>� ?2.��1���
��$��	���
�������
��>����!
�#������������
�����;:::-�6%�$����������9�
������
��������	

����	���9'<9>�

83>� *�������"-�2���	C	��-������"#)-�@���+������!-��C��
��!-��
����&�-�"�+��
������?����
��<�
���������������
������
"��"��������	���������	��$�
��������
�����	���
�
��9���

�
�����������
0

��
���
��������
0	������
����$�����
���>���$!�������
�;::6-�
�6,��78'�83>�

86>� "�+��
��A(-�/��
��A@��!"��J���0$��	���
��J�����
�����
"��
������$�������������)�
��
���
��#������)�	����	�������
����)�	�����	�
����������������
�	�
����
������������

"�
����
�	��

�
��������!!��������
�����
���	�;:9:-���%�=��;7<'<:9>�

87>� (�
�	��/-�1

	%��2-�$�����A-�2���		���-�*���
��"��(������
0
����
��
�$��	���
���
����
������������*���+���������!����987:-���7;:3��9;=<>�

88>� ����	��/-�/����@-��	

��@-�������"-�?�����/-�*���
��"�����
���
�����	�������	����	���
�$$�	�	���$��
����
��

��
���
�
��������������
������������$��	���
��)����������
�����������
�������������*���+�����������'���
���;::�-�%3�<'=��9=9'9�:>�

9::>� @�
���C�����2*-�"�����
� -�$����"-�����!-����� -��	�	

����$-�.��.-��
������$-�@	��
�@-�
$���	�������	����

�����$�	��#���
������
�����
����
"�
���������	"���
���$
���������
*���+�����>���"!�	�����
�;::7-�;,6�;=��;�=�';��6>�

9:9>� /�
������#-�@	������#-�@�
���C�����2*-�$�
���"-�(�%����"-�"�����
� ��8"�
�	
�
�4�
����
�$�

��
���
�$����
������$$�	�	��

������$��
����������
������������������#��
����
���������

��������
���
����
��	�0����	��
�����
.�
����!�������&����!�
�
%4����4���;:99-�,,�8��==68'==79>�

9:;>�  ��	�+�"-�$�	��	���-���5
������5�����$-����	����+��-�@���A&-�������*-����������
A�-��	�����)-�#�
��	��A-��		�
��������$�����	�� ���������$��������������������$�	
����
��������
����
�$
����	
���
�����$�"�
�
��������"����4��
������$!�������
�;::6-�
�6,�6��8;6'8<<>�

9:<>� ���*
��C	�)#-����&�������*"-�)	�����#A-�#�
%���	��2-�*�%������/
��	�#)�����
����0
	������	
���
�����$�"����4��
������
"����������	������$�
���������������������������
��$�	
���������� !��;:9;-�'�99���=8769>�

9:=>� $�����-�&�
����-�"��	�+�(-�$���
�"-�$�
���-�&����
�A#-�&	+�
�	��$A-�����	��/-�"�����
�
 ��7$$�	
���������$��

���
"�
A����$��

����$�
�
"��

��
���
��$���	�����	�
���
������������������������$��	���
�������
������������	"���
������������������������
%	�!�$!�������
�;:9<�9=9<'9=;:>�



�

88�
�

9:�>� 0�,

�#1-���0����,�23�����
������������������
�����

��
����	����
��

�	�
����� �

���!" ��������������	�
���
�����
	�#�

�>�������������������9866-�����3;'�3<>�

9:3>� !�
����)-�!������A-�D	��+�"�������������������8"�������

���>�����!���98=�-�
����;3;=��<66>�

9:6>� /��
��A@-�2	������$����
���9�����
"�
����$�
�����
����%	�!�$!�������
�;::=-�;6�8��9<<3'
9<=�>�

9:7>� #�	�55����+���@-�/	�
������(�

"�
�������	��$�
�"�
�
������
���$����	���0�0
�"���"�
����"��
����������$�	���	�����������*���+�����������'�!���987:-�
,��;��;:8';9;>�

9:8>� #�	�55����+���@-�/	�
����-���
�������+��	���0�0�"���"�
����"��
��������
��$�	���	�����������*���+�������!"�����	
��
�����$��;�������
���
�������'�!���
987;-����;��978'98;>�

99:>� D�������	�������-�$����
��@"-�#�	�55����+���#-�/	�
������8"�
�	
�
�4�
�����$�
+��-���$�	���	������
"��������������������*���+�����������'���
���9873-��6�9���<'
�7>�

999>� -��������#
����%
���� �4
������$��
�
���%����
����
�����&�����	�'������
��&��
�
�(()*�(!+>� ���

99;>� /�
�������&!���� ������1	
�������-���!��
�$�
�
"��-�
�	
������$�+��	���0�0�"���"�
��
-�"��
��������-�$�	���	����� ���8����>��������983;-��6%�=7;=��98;'98<>�

99<>� /�����
�!-�2������*����1�
�����$�*���1	
��������
�	���
���$�
���
���
��5������
-�$�	���	�)�+��	���0�0�"���"�
��-�"��
������������+��
�
"����� ���	
����
-�$�	���	�>�5	��
�9833-��3�=����<'�3;>�

99=>� /�����
�!-�"��������"��1��	��������$�	�
������$�
"��$���
��	��
��	
���������
"���$�
�
+��	���0�0�"���"�
��-�"��
��������-�$�	���	�>�5	��
�9837-�;�����793'797>�

99�>� �������
� $-�@����	�	�)��������
����)���������	
���������
"���$�
���
�	
�����$�
���	���0�0�"���"�
����$�	���	�>��������	���
���!��8�$!���!����!�	����	�4�;::<-�
3�3���38'�6=>�

993>�  ����@-�"����	5��2-�@����	�	�)-�*
���"-�D	������$-�2�
���"����
�����������0�
���
�	
���������
"���$�
����	���0�0�"���"�
����"��
����������$�	���	�����$�����
�����	�
����>���!����������
�����;::<-�;��;��8<'86>�

996>� )��

��5��1)-�������������!�

�4�����0?��.���8�
�	"���	���$�
�7�
���
�����$�
+��	���0�0�"���"�
��-�"��
���������	
���
�����/����������7
�
"
�	�
���������	�
�����
���
"���
�����$�@�
�
�4���
���$�
�+��	���0�0�"���"�
��-�"��
��������-�$�	���	�>�
5	��
�9837-�;������78'3:<>�

997>� ��������#-�����������@-�$��
�5�����-�"����	�"-��
	����/$$��1	
�������$�
����	���0�0
�"���"�
����"��
����������$�	���	��������������$����$�
��4�����
"����������
�
�
�������(����������������#�
��>���
������
�$!���!����!�	�;::<-�%,�9��9:'9�>�

998>� A���	��*-��������
� $-�����
������$-�@�����
��+�*�-�@�
	�+�2-�����@-�)�

��
��"E-�
"����	5��2-�*
���"-�@����@�����	�� �����������������	����������
��$����	���0�0
�"���"�
����"��
����������$�	���	���������
��0������	��
�������1��
"���
������
���������������������
�	�.�
>��������	���
���!��8�$!���!����!�	����	�4�;::=-�6����39�'
3;<>�

9;:>� @��������"-�?�C����+���&-�2	�")-��������	��*-�/	
	+�
��*-�����
���-�/�+	
��2-�
1������*-�"�#�
����A��������
�����	
�������$�
����	���0�0�"���"�
����"��
��������
��$�	���	�������/��#����
����	�)�1�������/������)�������������$������4�������������
$��
�
�����
��
����#�������
�����	�����;:9:-�6�9��;;<>�

9;9>� �������@!-��	�+�����*"-�A���	��*-�/�
�����!(��7�����
�����$���
�����9����
�
����
��4����	"
���
��
��"�	�
��
�$�
����	���0�0�"���"�
����"��
����������$�	���	���
��������������;:9:-�3��;��;9:';9=>�

9;;>� @���$-��+�	��#-�������
��/-�(�	�+�$-�#���$-�$���$-������$-�/	�����
�#-��������"-�
#�
���	�����!�����	����
$�
���	���$�
"��8�
�1
�

K�+��-���$�	���	���	
�������
��
)���



�

9::�
�

����
0�$0	�
���������
�	�$�
��
���9�����
"�
�����	
������������� !��;:99-�
��9;���;7<�6>�

9;<>� �����
���((-�$���	����-��������-�$��
���1�-�$	
���&#-�#�
��	��A"-�A	����2��!"��
	�������
�����$�����
���������������$��
�
�������
"���$�	�����������
���
�	�
����
��>���	�����;:9;-����;8�>�

9;=>� �������#�-���
	��(-���
����
�(�-��
���	����@&����
�0����
�����
�����"����$$�	
�����
��

"���������
������������$��	���
�������
�	�
��:���	�����;:9;-����<=�>�

9;�>� ?������A���
���9�����
���
����
�

������������$�$��	���
�������
������!����$!�������
�
;:9<-��;�;��96�'979>�

9;3>� ?	
����������.
+�������	���1������������
���9��������������
�	�
�	�������
�����������$��	���
�������
��>�;:9;>�

9;6>� @�������
�$-����%�����-�!�������"(��!�$���9�����$�
�
"��

��
���
��$�
�	�

��
�
���������������������
����������������
�����;::6-�'��<��=8='=83>�

9;7>� !������A-����%�����!-�@�������
�$A-�@	���5	�(*-�!�������"(��!"���$$�	�	������

���
�#���
���$�
"
�����$$�
��
�
���������$�
�$���9�������
�����
���9�����$�
����
0
������
���
��"��������$����������������������
������
"��1��
"���
���	�$�	�����!
�#�
�����������
�����;::7-�����99��9:8�'99:9>�

9;8>� )�
����	�(-�&	�
�+	�#-�&�C���5���$���
���9������������������
�����������
������

������������������
�������>���	�����;:99-�����<�9>�

9<:>� ����	�'#�������*-�����
���"1-�&����+���
�����&-�@
���		��$-�������$@-�@	���
�$@-�
*
���
��-�#������	���-�"	�
���AA-�(���
��$�����	��!�$���9����������	"��
�9�����$�
�

"��

��
���
�����
��������
����
�����$����������������������
���=-7!78!/&7>����
���
�	��

�)����#��0#����)�
���������)��"�����#�����0����	
�����
���>���!����;:9<>�

9<9>� ?2.��+����������$�
�
"��

��
���
��$�����
��>� ���!������
��.
+�������	��?2-�;����>�
����%�B�;:9:>�

9<;>� /������� -�&	�����'E
+����*-�@���
	
	�/-�$��������( -�$��	���-���������
��!-�(����	
����	�
2*-�$�
���-�*�	��	���-�/������4�����	�� ��������	��

�#�
�������$�	��
���
��
"��
��.��$�
�������������������$�	
�������������������������*���+�������	"���
����0,����
���$�
���>���$!�������
�;:9;-�����99��9669'967:>�

9<<>� /������� -�/������4-�@���
	
	�/-�&	
���	���A-�&	�����'E
+����*-�$��������(-�$�
���"-�
*�	��	���-�"�����
� ��!���
�#���
��������$�
���$��
���9��������������*���+�������
	"���
�����
��������
���$����>��!�������&����!�
�%4����4���;:9;-�,��=��;9=3';9=8>�

�


 




�

9:9�
�

����,
0��1�� ��������

�2�
 	��

 ?������
 �������
 ��
 *==>
 -��2
 �
 �����
�
 0���
 ��
 0�����&
 %���
 ���


������
 3��
 ���
 Z����&
 ��
 ��C�
 �
 �2���
 ��		
 ��
 ���2��	
 #	����&
 -2�
 -��
 �2�


��������
�0
�,/��1
��
�2��
�����
�2��

���
��
��
�����������
�2��
�
���	�
���


���	����
 ��
 ?���
 �2�
 �,/��1
 ��
 %�
 �2�
 �����
 �	�������
 0��
 �2�
 *��
 ����
 ��	����


�������
�	�����	
����	�
��
�,/�
�2�
�����
-��

���

��
�����
��
��
2�
����2�
����


��
�
-��
��	�&
�0���
	�����

#	����
���
�����

��
�����
&
�
���
�	����
/�����


0��
�2�
0����
�����
��
�2�
>
����2�&
%�0���
2��
	�����

�,/��1
�2�-��
��
2�-


��
%�

���	�
���
2��%	�
���
���
��
�2�

����
��
�2�
0��	�
���
��	C
��
�2�
����	�


��
�2���
	���	�
�
2��
-��2��
��
�2�
����
0��
2��
��
����
�
	���	�
	��
��
0��
��
��

���


����
 0��	�
 ����������
 -��2
 2��
 %�0���
 �2�
 �����
 �0
 �2�
 �������
 ����	�
 �2�
 <


����2�
������
����
(
���
�
2�	0
�����
-���
0��
�2�
������������
�0
�2�
�����


��
�
%��2
2��
 ��
�����C�
 �
 �2��
���
 ���
���		��
-2��
2�
����
 ��
�����C
��
�


�2�
�������
��
�
0��	�
�����
H�
���
��
��
-���2
�2�
'���%�		
H��	�
���
0���	�
��


H�-�C
�������
2����
��
*==<&
�����
�2��
-�
2���
%�����
%���
�0
0������
���


��
���
���2
��2��
��
%���2����
#0���
�2�
�������0�	
����	�����
�0
�2�
0����
����


%	���@���
�
 ��	����
 �������
 ����	
 ��		��
 z5��%�������
 �{&
 �
 -��
 ���������
 %�


�	����
 ��
 ���	�
 0��
 �
 H4G
 ��1
 ��2�	���2��
 ���
 -��
 ��
 �������	
 �2�


��2�	���2��
 ��
 �����
 ��
 3-��J��	���
 ��
 �2�
 3-���
 �������	
 ���������
 ��
 ��
 -��


C��-�
��
 �2�
 �����
4�-����&
���
 ��
 �2�
3��
 ���
Z����
�������
�����
���
��


�������	
������
��
����	���
�2�
�,/
�������	
��������
������	�J�����&
�
���	����


�2�
 �00��
 ��
 
�
 %��C
 ��
 �	�����	
 ���������
 #0���
 �2�
 ����	�����
 �0
 �
 ������
 �0


��������
 ��
���&
 ���	�
 P�
�C���
 %�����
 ��
 ���������
 ���
 	�0�����
 %���


0������
 32�
 2��
 
����
 ��
 2��������
 ���
 ���%�	���
 ��
 ������
 ���
 	�0�����


��%������
 ��
��2���
 #0���
 :
 �����
 �0
 %���
 ���
 �0
 ����������
 �	�����	
 ���


�������2
-��C
�2�
����
��
��
��������
��
��
����
%��C
���
������
���
��
��


�2�
 5�		��
 �����
 ��
 �����C�
 �2��
 -��
 
���

 ��
 %�
 �2�
 ����
 ��������

 ���


���������
0��	�@-��C
�
2���
2�	���
���
���
�����������
��
-��
���
-��C�
�0
���	�


�������
�0
-�C��

��
��
9�+)
��
�2�
������

0��
��
2���
�����
���2
-��
�2���
2


�2�
�����
�����
�0
�	�2���
��
��
�!
�G�
���
0�		�-@��
���2
�2�	�
0��
�2�
��0���


���
��	���%�	���
���������
�0
�2�
������


#�
�2��
���
�
�
-��	�
	�C�
��
�������	�
�2��C
�2�
�2�	����
�2��
������������
��
�2�


�����
 ���
 �2���
 �������&
 �2�
 ��		�
�
 2��	�2
 ��	�������&
 	������&
 �2�
 3���2
 3��




�

9:;�
�

����
�	���	
52���2
���
�		
�2���
����	�
-2�
-��C��
����	���	�
-��2���
������



�
���
	�
���
�0
0�		�-@���
��
�������	��&
�
-��	�
	�C�
��
�2��C
�2�
0��	�
�00�����
���


����������Q
 ��
�������	��&
������
Z���%���
���
 �2�
�	�����	
 ���00&
#���
1������&


����		�
 3������&
 �2�
 ��������������
 	��
 %�
 F�-�����
 1���
 ���
 2��
 ���������


Z����
 1����
 �2�
 �����
 -��
 ���������
 ��
 �
 ��00���	�
 ����
 ��
 �2���
 -��
 ���


����
2
�	�����	
���00
���
��
�2�
����
�����
%���

�������
���
��
�2�
����
����
%��


-�
����
�
��
��		
��
�00�
�
C��-
�2��
-��
����

��
%�
2���
���
��������
-��2
�2�


0��	�
���
����
����������
���
����
��
��������
�2�
����
��������
��
0�		�-
���2


�2�	��








�
-��	�
�	��
	�C�
��
��C��-	��
�
�2�
�����
�0
�����
#	����
���
!��"��
������
��


��1
/���C�
���
�����
&
 �2��

���

��&
-��2
!��"��
���
 ���
 ��
�����C
 0��
�


����
������
 ��
-��
�����

 �2��
�����
 �2��
 �2�
 ��	C
�0
��
����

�
�2�
 ��
�����	���


����
 ��&
 �2��
 �������		�
 %�����
 �
 ���	���
 -��2
 0�����

 0���
 5�		��


�����W'����������
 �
 ��
 ����
 
����0�	
 ��
 2���
 ���
 �����
 ���
 !��"��&
 �-�


%�����0�	
����	�&
-���&
0�����	�
���
 	����
��
-��
 ����������
��
]��$�
-2��2
 �


	���
����
���2�
�
����
�2�
0����
����
��
�����	���
-��2
���
���
���
#������
3��J


���
����
�0
�2�
���00
�0
51�3��
-2�
�	-���
����
��
0��	
-�	����
��
����
�0


�2�
�����
G0
������

���

��
�
'5
�����	���

���
-��2
!��"��
-��
�
�����


����
 ����
���
����
 0�		�-��
�0���
 �2��&
 �2��C
���
����
���2&
��
����
 0�����


!��"���




�
-��	�
	�C�
��
�	��
�������	�
�2��C
�2�
2���
-��C��

���00
�0
�2�
������
��2���


�����
 	��
 %�
 F�����
 1�%������
 H�
 %��2
 �����
 �	����
 +
 ����2�
 ��
 �����C


������

��
�2�
�����
���
����

�2�
���	�
���	�
������

0�		�-@��
�0
�2�
�2�	�����


F�����
-��
���
�0
�2�
����
��
������
���
�������
������
�
2���
-��C��
-��2&


�2�
�2��
���C
����
�2�
������������
�0
�2�
�����
0��
�2�
������
�����
�������


�
 -��	�
 	�C�
 ��
 ������
 ��
 �������
 �2��C
 ���
 ��
 �		
 �2�
 �����
 �2�	����
 ���
 �2�


�������
�0
 �2�
#	%�����
��2���&
 ���	����

�2�
��		�
�
2��	�2
��	�������
���
�2�


	������&
�2�
���00
�0
�2�
2��	�2
������
���
�		
�2�
����2���
�0
�2�
��2��	
�2�	����


����	���
��
�2�
������
H��2���
�2�
�������
�0
�2�
���������
��2��	�&
�2�
��2���


�����
-��	�
���
%�
�����%	��


��
 �2�
�������
 ���00
 �0
�,/��1
���
51�3��
-2�
2���	�
 
��
 �2�
���������
��


���������
��
������
���
�������������
0��
�		
�2�
2���
-��C
�2��
���
����
�2���




�

9:<�
�

�������&
 �
 ���
 �2��C
���
-��2
��
 	������
������������
 ���
 0��
 �2�
 0��������
 ?�%


�2��
C���
����
�



�2�
���

�����
 ����
 	���
%�
���
�����&
 �
�������	�
���
 �2��C
���
 0��
2�	���



���&
!��"��
���
�&
���
�2�
����
�0
�2�
�!
��		�%�������
�������
�2�
C��-	��
�


�0
 �!
 �Z&
 ��0���
 ���
 ��	���%�	����
 �
 -��	�
 �������		�
 �2��C
 ������
 �����
 ���


]�2�
 ���?����
 0��
 �		
 �2�
 2���
 -��C
 �2��
 ���
 ����
 �2�
 �Z
 ���
 �2�
 �������


��
���

�����
��
�
�2���
������&
2�
2
����
�!
��
����


�
 -��	�
 �	��
 	�C�
 ��
 ��C��-	��
�
 ���
 �������	�
 �2��C
 �2�
 �,/��1


��������������&
 %��2
 ����
 ���
 �������&
 ����	�
 �2�
 ���������&
 ���2��	
 #	����&


�����
 3�%�
 ���
 �2�
 ������
 ����
�����
 ���00&
 3�����
 #C�����&
 ���
 �2�
 2���


-��C��

 �00���
 ���������
 ,������
 �����
 0��
 �		
 �2�
 �������
 �����

 ��
 ����


-��C��

-��2
�,/��1�



��
 �����	���&
 �
 -��	�
 	�C�
 ��
 �������	�
 �2��C
 �����
 #	����&
 !��"��
 ������&


#������
 3��J&
 ,N���
 5������?���&
 �����	�
 y������&
 3����
 ���|�&
 y�	����


#���&
]�2�
#�����&
3��
�
3��J& �	���
��
F�JJ���
���
4�������
��	
�����		�
0��


�		
�2�
2�	�
��
�����	����





'���		�&
 �
-�����
��
�2�-
��
��������

��������
��
�����
#	����&
���
���		��


���
 !��"��
 �������
 �2��
 2���
 ��������
 ��
 0���
 �2�
 %�
�����

 �0
 �2��
 �2�


0��	�
-��C�
�����
 ��
��
�����	�
 ��
 0�		�-&
���
�%���
�		
�

����
2����
%���



-��2
 �
 ����
 -���
 2�����
 �
 ������
 2��
 	�0�
 �2�	����2�&
 2��
 �	�����
 �0
 ����&
 ���


�%���
�		
2��
	��

����
������
�0
�2��
��
��
���&
-2���
����
��
0�		
�0
��-
�����


���
 ��
 �	-���
 ��	C��

 -2�	�
 �
 ��
 ���
 	�������
&
 -�
 ������
 %���2���
 ��
���	���


����
�		
�2��
������
��
!��"��&
��
����
%���
0�����&
-�
�2���
�2�
�������
�0
'5


�����	���
���
 2��
 ����������
 �������
 �����

 �2�
 -�����

 �0
 �2��
 �2�����
 �
 	����


��������
%�
	�������

��
�2���
������&
-2�	�
��
�2�
����
����
��?����

�2�
%���
�0


�����	���
?��$�
���
�����


��0���
 0����2��

 �
�	��
-���
 ��
 �2��C
��
 0���	�&
 ���
������		�
��
��������
��


��������
 0��2��&
 �����	�
 ���
 	����

 ���2��&
 P�����
 %��2
 2���	�
 ���
 ��C�
 �


��������
 �0
 ��
	��2&
 -2�
 2���
 ���������
 ��
 0���
 �2�
 ����
 %�
�����

 �0
 ��


����������




�

9:=�
�


�
��
���
-�		
%�
 0������

����0�	
 ��
��
-�0�
���	�
P�
�C���
-2�
�2��
��
�2�


��		
�����
�0
��
	�0�&
 ��
���0�������		�
0�	0�		��
&
���
��������		�
%	���0�	�
 �
 �2��C


2��
 0��
2��
��������&
 �������
���
�������&
 0��
2��
������������	
 	���
���
 0��


�	-���
�2�-��

��
2��
%���
���	��
F��
��
��������
��?����

�2��
	�0�
��
��2��
��


0������
0�������



 




�

9:��
�


 




�

9:3�
�


 




�

9:6�
�


 




�

9:7�
�


 



