
�M�I�N�I�S�T�R�Y� �O�F� �E�D�U�C�A�T�I�O�N� �A�N�D� �T�R�A�I�N�I�N�G� � �M�I�N�I�S�T�R�Y� �O�F� �H�E�A�L�T�H
�N�A�T�I�O�N�A�L� �I�N�S�T�I�T�U�T�E� �O�F� �M�A�L�A�R�I�O�L�O�G�Y� �P�A�R�A�S�I�T�O�L�O�G�Y

�A�N�D� �E�N�T�O�M�O�L�O�G�Y

�N�G�U�Y�E�N� �T�H�I� �H�O�N�G� �P�H�U�C

�C�U�R�R�E�N�T� �S�T�A�T�U�S� �O�F� �O�P�E�R�A�T�I�O�N� �M�I�C�R�O�S�C�O�P�Y
�S�I�T�E�A�N�D� �E�F�F�I�C�I�E�N�C�Y� �M�E�A�S�U�R�E�S� �O�F� �I�M�P�R�O�V�I�N�G

�D�E�T�E�C�T�I�O�N� �O�F� �M�A�L�A�R�I�A� �P�A�R�A�S�I�T�E�S� �U�P
�I�N� �T�H�E� �N�O�R�T�H�W�E�S�T� �R�E�G�I�O�N� �(�2�0�1�1�-�2�0�1�2�)

�M�a�j�o�r�:�P�a�r�a�s�i�t�o�l�o�g�y�a�n�d�E�n�t�o�m�o�l�o�g�y� �m�e�d�i�c�i�n�e
�C�o�d�e�:� �6�2� �7�2� �0�1� �1�6

�P�H�D� �T�H�E�S�I�S� �S�U�M�M�A�R�Y� �O�F� �M�E�D�I�C�I�N�E

�H�A� �N�O�I�,� �2�0�1�4



�T�H�E� �T�H�E�S�I�S� �C�O�M�P�L�E�T�E�D� �A�T
�N�A�T�I�O�N�A�L� �I�N�S�T�I�T�U�T�E� �O�F� �M�A�L�A�R�I�O�L�O�G�Y� �P�A�R�A�S�I�T�O�L�O�G�Y

�A�N�D� �E�N�T�O�M�O�L�O�G�Y

�S�c�i�e�n�t�i�f�i�c�S�u�p�e�r�v�i�s�o�r�s�:

�1�.�P�r�o�f�.� �D�r�.�L�e� �X�u�a�n� �H�u�n�g�L�e� �X�u�a�n� �H�u�n�g
�2�.�P�r�o�f�.� �D�r�.�N�g�u�y�e�n� �N�g�o�c� �S�a�n�N�g�u�y�e�n� �N�g�o�c� �S�a�n

�R�e�v�i�e�w�e�r� �1�:�L�e� �N�g�o�c� �T�r�o�n�g
�R�e�v�i�e�w�e�r� �2�:�N�g�u�y�e�n� �M�a�n�h� �H�u�n�g
�R�e�v�i�e�w�e�r� �3�:



�1

�B�A�C�K�G�R�O�U�N�D

�M�a�l�a�r�i�a� �h�a�s� �b�e�e�n� �r�e�c�o�g�n�i�s�e�d� �a�s� �a� �h�u�m�a�n� �d�i�s�e�a�s�e� �f�o�r� �t�h�o�u�s�a�n�d�s� �o�f� �y�e�a�r�s
�a�n�d� �r�e�m�a�i�n�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �d�i�s�e�a�s�e�s� �a�f�f�e�c�t�i�n�g� �h�u�m�a�n�s� �w�o�r�l�d�w�i�d�e�.
�H�a�l�f� �t�h�e� �w�o�r�l�d�'�s� �p�o�p�u�l�a�t�i�o�n� �i�s� �e�x�p�o�s�e�d� �t�o� �t�h�e� �r�i�s�k�o�f� �g�e�t�t�i�n�g� �m�a�l�a�r�i�a� �i�n�f�e�c�t�i�o�n�.
�A�s� �w�e�l�l� �a�s� �i�t�s� �d�i�r�e�c�t� �h�e�a�l�t�h� �c�o�s�t�,� �i�t� �c�a�r�r�i�e�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�c�o�n�o�m�i�c� �b�u�r�d�e�n� �i�n
�c�o�u�n�t�r�i�e�s� �w�h�e�r�e� �t�h�e�r�e� �i�s� �e�n�d�e�m�i�c� �d�i�s�e�a�s�e�.� �T�h�e� �g�o�a�l� �o�f� �m�a�l�a�r�i�a� �c�o�n�t�r�o�l� �i�s� �t�o
�p�r�e�v�e�n�t� �m�o�r�t�a�l�i�t�y� �a�n�d� �r�e�d�u�c�e� �m�o�r�b�i�d�i�t�y� �a�n�d� �s�o�c�i�a�l� �a�n�d� �e�c�o�n�o�m�i�c� �l�o�s�s�e�s�.� �B�a�s�i�c
�t�e�c�h�n�i�c�a�l� �e�l�e�m�e�n�t�s� �o�f�t�h�e� �m�a�l�a�r�i�a� �c�o�n�t�r�o�l� �s�t�r�a�t�e�g�y� �a�r�e�:� �t�o� �p�r�o�v�i�d�e� �e�a�r�l�y� �d�i�a�g�n�o�s�i�s
�a�n�d� �p�r�o�m�p�t� �t�r�e�a�t�m�e�n�t�.� �M�a�l�a�r�i�a� �c�o�n�t�r�o�l� �p�r�o�g�r�a�m� �i�n� �V�i�e�t�n�a�m� �f�o�c�u�s�e�d� �o�n
�e�p�i�d�e�m�i�o�l�o�g�y� �s�u�r�v�e�i�l�l�a�n�c�e� �w�h�i�c�h� �i�n�c�l�u�d�i�n�g� �d�i�a�g�n�o�s�t�i�c�,� �c�a�s�e� �m�a�n�a�g�e�m�e�n�t�,
�p�l�a�n�n�i�n�g� �a�n�d� �p�r�e�v�e�n�t�i�o�n�.� �A�s�s�e�s�s�m�e�n�t� �o�f� �m�a�l�a�r�i�a� �m�i�c�r�o�s�c�o�p�y� �i�s�a�n� �i�m�p�o�r�t�a�n�t
�e�l�e�m�e�n�t� �i�n� �t�h�e� �q�u�a�l�i�t�y� �o�f� �m�a�l�a�r�i�a� �d�i�a�g�n�o�s�t�i�c�.

�T�h�e� �f�i�r�s�t� �s�u�s�p�i�c�i�o�n� �o�f� �m�a�l�a�r�i�a� �i�s� �u�s�u�a�l�l�y� �b�a�s�e�d� �o�n� �c�l�i�n�i�c�a�l� �s�y�m�p�t�o�m�s�.� �I�n� �a
�n�u�m�b�e�r� �o�f� �c�a�s�e�s� �o�f� �m�a�l�a�r�i�a� �d�i�a�g�n�o�s�e�d� �b�a�s�e�d� �o�n� �c�l�i�n�i�c�a�l� �s�y�m�p�t�o�m�s�,� �r�e�s�u�l�t�i�n�g� �i�n
�p�a�t�i�e�n�t�s� �w�i�t�h� �f�e�v�e�r� �d�e�s�p�i�t�e� �n�o�t� �y�e�t� �b�e�e�n� �t�e�s�t�e�d� �a�s� �t�r�e�a�t�m�e�n�t� �o�f� �m�a�l�a�r�i�a� �p�a�t�i�e�n�t�s�.
�P�a�t�i�e�n�t�s� �w�i�t�h� �f�e�v�e�r� �w�e�r�e� �t�r�e�a�t�e�d� �a�n�t�i�m�a�l�a�r�i�a�l�s� �l�e�a�d�s� �t�o� �p�a�t�i�e�n�t�s� �w�i�t�h� �o�t�h�e�r� �a�c�u�t�e
�d�i�s�e�a�s�e�s� �a�r�e� �a�l�s�o� �t�r�e�a�t�e�d� �a�s� �m�a�l�a�r�i�a�.� �D�i�a�g�n�o�s�i�s� �o�f� �p�a�r�a�s�i�t�e�s� �b�y� �m�i�c�r�o�s�c�o�p�i�c
�e�x�a�m�i�n�a�t�i�o�n� �u�n�d�e�r� �a� �m�i�c�r�o�s�c�o�p�e� �s�m�e�a�r� �i�s� �s�t�i�l�l� �t�h�e� �m�e�t�h�o�d� �o�f� �c�h�o�i�c�e� �a�n�d� �i�s� �t�h�e
�"�g�o�l�d� �s�t�a�n�d�a�r�d�"�.� �E�x�a�m�i�n�a�t�i�o�n� �o�f� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �i�s� �i�m�p�o�r�t�a�n�t� �i�n
�e�p�i�d�e�m�i�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �m�a�l�a�r�i�a� �d�r�u�g� �r�e�s�i�s�t�a�n�c�e�.� �I�n� �r�e�c�e�n�t
�y�e�a�r�s� �t�h�e� �n�u�m�b�e�r� �o�f� �m�a�l�a�r�i�a� �p�a�t�i�e�n�t�s� �i�n� �t�h�e� �N�o�r�t�h� �W�e�s�t� �P�r�o�v�i�n�c�e� �r�e�g�i�o�n� �a�t� �a
�h�i�g�h� �l�e�v�e�l�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�a�r�a�s�i�t�e� �w�a�s� �d�e�t�e�c�t�e�d� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� �o�f
�i�n�a�p�p�r�o�p�r�i�a�t�e� �c�a�s�e� �r�a�t�i�o� �p�a�r�a�s�i�t�e�/� �c�a�s�e� �v�e�r�y� �l�o�w�.� �F�o�r� �t�h�e� �r�e�a�s�o�n�s� �s�t�a�t�e�d
�i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �a�n�a�l�y�s�i�s� �o�n� �t�h�e� �c�o�m�p�r�e�h�e�n�s�i�v�e� �r�e�v�i�e�w� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e
�m�i�c�r�o�s�c�o�p�e� �s�i�t�e� �a�n�d� �t�a�k�e� �m�e�a�s�u�r�e�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n
�m�i�c�r�o�s�c�o�p�e� �l�o�c�a�t�i�o�n�,� �d�e�m�a�n�d� �r�e�s�p�o�n�s�e� �p�r�e�v�e�n�t�i�o�n� �a�n�d� �e�l�i�m�i�n�a�t�e� �m�a�l�a�r�i�a� �i�n� �t�h�e
�n�e�w� �p�h�a�s�e� �i�s� �e�s�s�e�n�t�i�a�l�.

�T�h�e� �t�h�e�s�i�s� �a�i�m�s� �o�f�:

�1� �D�e�s�c�r�i�b�e� �t�h�e� �s�i�t�u�a�t�i�o�n� �o�f� �o�p�e�r�a�t�i�o�n� �m�i�c�r�o�s�c�o�p�e� �l�o�c�a�t�i�o�n� �i�n� �t�h�e� �N�o�r�t�h� �W�e�s�t
�P�r�o�v�i�n�c�e� �a�r�e�a�.

�2� �E�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �e�f�f�e�c�t� �s�o�m�e� �i�n�t�e�r�v�e�n�t�i�o�n�s� �i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �d�e�t�e�c�t�i�o�n
�o�f� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �i�n� �t�h�e� �s�t�u�d�y� �s�i�t�e�s�.



�2

�C�H�A�P�T�E�R� �1�:� �O�V�E�R�V�I�E�W

�1�.�1�.� �H�i�s�t�o�r�y� �o�f� �m�a�l�a�r�i�a

�I�n�4�0�0� �B�C�,� �H�y�p�o�c�r�a�t�e�s� �d�e�s�c�r�i�b�e�d� �t�h�e� �c�l�i�n�i�c�a�l� �s�y�m�p�t�o�m�s� �o�f� �m�a�l�a�r�i�a�,
�"�M�a�l�a�r�i�a�-�h�o�t�"� �a�n�d�s�h�o�w�t�h�e� �d�i�s�e�a�s�e�-�r�e�l�a�t�e�d� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �d�i�s�e�a�s�e� �o�c�c�u�r�r�e�n�c�e
�t�i�m�e� �o�f� �y�e�a�r�,� �w�h�e�r�e� �p�a�t�i�e�n�t� �s�u�r�v�i�v�a�l�.

�I�n�1�8�8�0�,� �i�m�a�g�e�s� �o�f� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �(�p�a�r�a�s�i�t�e�m�i�a�)� �w�a�s�d�i�s�c�o�v�e�r�e�d� �a�n�d
�d�e�s�c�r�i�b�e�d� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� �b�y�L�a�v�e�r�a�n�i�n� �t�h�e� �b�l�o�o�d� �o�f� �p�a�t�i�e�n�t�s�.� �I�n�1�8�9�0�,
�R�o�m�a�n�o�v�s�k�i�d�i�s�c�o�v�e�r�e�d� �s�t�a�i�n�e�d�m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s�b�y� �G�r�e�e�n�- �a�n�d� �E�o�s�i�n
�m�e�t�h�y�l�e�n�e� �(�G�i�e�m�s�a� �s�t�a�i�n�i�n�g�)� �a�n�d� �h�e� �a�l�s�o�d�e�s�c�r�i�b�e�d� �t�h�e� �t�e�c�h�n�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f
�m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s�.

�M�a�l�a�r�i�a� �h�a�s� �b�e�e�n� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �V�i�e�t�n�a�m� �f�r�o�m� �t�h�e� �t�h�i�r�t�e�e�n�t�h
�c�e�n�t�u�r�y�.� �T�u�e� �T�i�n�h� �w�r�o�t�e� �a�b�o�u�t� �a� �c�u�r�e� �"�r�e�v�e�r�s�e� �d�i�s�a�b�i�l�i�t�y�"� �(�i�e� �m�a�l�a�r�i�a�)�.
�1�.�2�.�M�a�l�a�r�i�a�s�p�r�e�a�d

�F�i�g�u�r�e�1�.�1�.� �T�h�e�p�r�o�c�e�s�s� �o�f�t�r�a�n�s�m�i�s�s�i�o�n�m�a�l�a�r�i�a
�F�o�r� �m�a�l�a�r�i�a� �p�r�e�v�e�n�t�i�o�n� �t�o� �b�e� �e�f�f�e�c�t�i�v�e�,� �i�t� �n�e�e�d�s� �t�o� �c�u�t�t�r�a�n�s�m�i�s�s�i�o�n�t�h�e

�d�i�s�e�a�s�e� �p�r�o�c�e�s�s�.� �I�n� �w�h�i�c�h� �k�i�l�l�i�n�g� �g�e�r�m�s� �i�s� �t�h�e� �b�e�s�t� �m�e�t�h�o�d�,� �s�o� �t�h�a�t� �d�i�a�g�n�o�s�t�i�c
�t�e�s�t�s� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �p�r�e�v�e�n�t�i�o�n� �a�n�d� �e�l�i�m�i�n�a�t�i�o�n�.
�1�.�3�.� �M�a�l�a�r�i�a�i�n� �t�h�e� �w�o�r�l�d

�M�a�l�a�r�i�a� �d�i�f�f�e�r�e�n�t�i�n� �e�a�c�h� �c�o�u�n�t�r�y�,�d�e�p�e�n�d�i�n�g� �o�n� �n�a�t�u�r�a�l� �c�o�n�d�i�t�i�o�n�s�,
�b�i�o�l�o�g�i�c�a�l�,� �e�c�o�n�o�m�i�c� �f�a�c�t�o�r�s�,� �l�o�w� �e�d�u�c�a�t�i�o�n�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �d�i�f�f�i�c�u�l�t�y�,
�r�e�s�i�d�e�n�t�i�a�l� �m�o�b�i�l�i�t�y�,�t�o� �d�e�v�e�l�o�p� �e�c�o�n�o�m�i�c� �p�r�o�j�e�c�t�s� �s�u�c�h� �a�s� �h�y�d�r�o�e�l�e�c�t�r�i�c�,
�f�o�r�e�s�t�r�y�.�I�n� �2�0�0�9�,� �T�h�e� �W�o�r�l�d� �H�e�a�l�t�h� �O�r�g�a�n�i�z�a�t�i�o�n� �r�e�p�o�r�t�e�d� �t�h�a�t�1�0�7� �c�o�u�n�t�r�i�e�s
�a�n�d�t�e�r�r�i�t�o�r�i�e�s�w�i�t�h�m�a�l�a�r�i�a�,�e�s�t�i�m�a�t�e�3�.�2� �b�i�l�l�i�o�n� �p�e�o�p�l�e�.� �E�v�e�r�y� �y�e�a�r�h�a�v�e� �b�e�e�n
�b�e�t�w�e�e�n� �3�5�0�- �5�0�0� �m�i�l�l�i�o�n�p�a�t�i�e�n�t�s�a�n�d�m�o�r�e� �t�h�a�n�1� �m�i�l�l�i�o�n� �p�e�o�p�l�e� �d�i�e� �f�r�o�m
�m�a�l�a�r�i�a�,� �m�o�s�t�l�y� �w�o�m�e�n� �a�n�d� �c�h�i�l�d�r�e�n� �i�n� �A�f�r�i�c�a�.
�1�.�4�.� �T�h�e� �s�i�t�u�a�t�i�o�n� �m�a�l�a�r�i�a� �p�r�e�v�e�n�t�i�o�n� �p�r�o�g�r�a�m� �i�n� �V�i�e�t�n�a�m

�T�i�m�e� �f�r�o�m�1�9�5�8�-�1�9�7�5�:� �D�u�e� �t�o� �t�h�e� �V�i�e�t�n�a�m�s�h�o�u�l�d� �b�e� �d�i�v�i�d�e�d� �t�w�o�p�a�r�t
�N�o�r�t�h� �a�n�d� �S�o�u�t�h�:

�- �N�o�r�t�h�:� �1�9�5�8�- �1�9�6�1� �p�r�e�p�a�r�a�t�i�o�n� �p�e�r�i�o�d�s�: �1�9�6�1�- �1�9�6�4� �a�t�t�a�c�k�s�;� �1�9�6�5�-
�1�9�7�5� �o�f�f�e�n�s�i�v�e�s�.� �P�a�r�a�s�i�t�e� �p�r�e�v�a�l�e�n�c�e� �o�f� �5� �/� �1�0�,�0�0�0� �p�o�p�u�l�a�t�i�o�n

�-�S�o�u�t�h�:� �1�9�5�8�-�1�9�5�9� �p�r�e�p�a�r�a�t�i�o�n� �p�e�r�i�o�d�:�1�9�6�0�-�1�9�6�4� �a�t�t�a�c�k�s�p�e�r�i�o�d�;� �1�9�6�5
�- �1�9�7�5� �o�f�f�e�n�s�i�v�e� �e�n�d�.�I�n�1�9�8�0� �m�a�l�a�r�i�a�w�a�s�r�i�s�i�n�g� �i�n� �m�a�n�y� �p�r�o�v�i�n�c�e�s� �i�n
�m�o�u�n�t�a�i�n�o�u�s� �a�n�d�c�o�a�s�t�a�l� �a�r�e�a�s�,� �w�i�t�h� �1�,�1�3�8� �p�e�o�p�l�e� �d�y�i�n�g� �f�r�o�m� �m�a�l�a�r�i�a�.� �I�n� �1�9�9�2�,
�t�h�e� �A�m�s�t�e�r�d�a�m� �c�o�n�f�e�r�e�n�c�e�s�c�a�l�l� �o�n� �c�o�n�t�r�o�l�l�i�n�g� �m�a�l�a�r�i�a� �w�o�r�l�d�w�i�d�e�.� �F�r�o�m� �1�9�9�2�-
�1�9�9�5� �m�a�l�a�r�i�a� �c�o�n�t�r�o�l� �p�r�o�g�r�a�m� �h�a�s�d�o�n�e� �b�e�s�t�t�h�e� �g�o�a�l� �o�f� �r�e�d�u�c�i�n�g� �d�e�a�t�h�,
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�r�e�d�u�c�e�d�d� �t�r�a�n�s�l�a�t�i�o�n�,�r�e�d�u�c�e�d�s�u�f�f�e�r�i�n�g� �(�i�n� �V�i�e�t�n�a�m� �f�r�o�m� �1�4�4� �m�a�l�a�r�i�a� �c�a�s�e�s� �i�n
�1�9�9�2� �t�o� �1�9�9�5� �h�a�d�2�o�u�t�b�r�e�a�k�s� �o�f� �m�a�l�a�r�i�a�)�.� �P�e�r�i�o�d� �f�r�o�m� �1�9�9�1� �t�o� �2�0�0�0�d�e�c�r�e�a�s�e�d
�t�h�e� �n�u�m�b�e�r� �f�r�o�m� �1�.�0�9�1� �m�i�l�l�i�o�n�p�a�t�i�e�n�t�s�t�o� �2�9�3� �0�1�6� �i�n� �2�0�0�0� �t�o� �2�0�0�4� �w�a�s� �1�2�8
�6�2�2� �p�a�t�i�e�n�t�s�.� �2�0�0�4� �d�i�d� �n�o�t� �h�a�v�e� �m�a�l�a�r�i�a�.
�1�.�5�.� �M�a�l�a�r�i�a� �s�i�t�u�a�t�i�o�n� �i�n� �t�h�e� �N�o�r�t�h� �W�e�s�t� �P�r�o�v�i�n�c�e� �r�e�g�i�o�n

�C�u�r�r�e�n�t�l�y�,� �t�h�e� �N�o�r�t�h�W�e�s�t� �r�e�g�i�o�n� �r�e�m�a�i�n�s� �o�n�e� �o�f� �t�h�e� �a�r�e�a�s� �w�i�t�h� �s�e�v�e�r�e
�m�a�l�a�r�i�a� �e�n�d�e�m�i�c�i�t�y�.� �I�n� �t�h�e� �N�o�r�t�h� �W�e�s�t� �i�n� �r�e�c�e�n�t� �y�e�a�r�s� �f�o�u�n�d� �o�n�l�y� �2� �s�p�e�c�i�e�s
�P�.� �f�a�l�c�i�p�a�r�u�m�a�n�d�P�.� �v�i�v�a�x�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �c�h�a�n�g�e� �i�n� �e�a�c�h� �p�e�r�i�o�d�.

�D�e�s�p�i�t�e� �a�c�h�i�e�v�i�n�g� �c�o�n�s�i�d�e�r�a�b�l�e� �s�u�c�c�e�s�s� �i�n� �r�e�c�e�n�t� �y�e�a�r�s�,� �b�u�t� �t�h�e� �m�a�l�a�r�i�a
�s�i�t�u�a�t�i�o�n�s�o�f� �t�h�e� �N�o�r�t�h� �W�e�s�t� �r�e�g�i�o�n� �i�s� �u�n�s�t�a�b�l�e�,� �t�h�e� �r�i�s�k� �o�f� �a�n�o�u�t�b�r�e�a�k� �i�s� �v�e�r�y
�h�i�g�h�.� �P�e�o�p�l�e ��s� �h�a�b�i�t�g�o�i�n�g� �t�o� �t�h�e� �f�o�r�e�s�t�,� �s�l�e�e�p�i�n�g�b�e�h�a�v�i�o�r�i�s� �a�l�s�o� �r�i�s�k� �f�a�c�t�o�r�s� �f�o�r
�m�a�l�a�r�i�a� �i�n�f�e�c�t�i�o�n� �i�n�c�r�e�a�s�e�s� �i�n�s�o�m�e�e�t�h�n�i�c� �g�r�o�u�p�s�.
�1�.�6�.� �T�h�e� �a�s�s�a�y� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �p�r�e�s�e�n�t

�-�Q�B�C� �t�e�c�h�n�i�q�u�e� �(�Q�u�a�n�t�a�t�i�v�e� �B�u�f�f�y� �C�o�a�t�)
�-�A�c�r�i�d�i�n�e� �O�r�a�n�g�e� �s�t�a�i�n�i�n�g� �t�e�c�h�n�i�q�u�e�-�A�O
�-�R�a�p�i�d� �d�i�a�g�n�o�s�t�i�c� �m�e�t�h�o�d� �u�s�i�n�g� �t�e�s�t� �s�t�r�i�p�s� �(�R�a�p�i�d� �D�i�a�g�n�o�s�t�i�c� �T�e�s�t�s�-�R�D�T�s�)
�-�T�e�s�t� �t�h�e� �i�n�d�i�r�e�c�t� �f�l�u�o�r�e�s�c�e�n�t� �a�n�t�i�b�o�d�y� �(�I�F�A�T�-�I�n�d�i�r�e�c�t� �F�l�u�o�r�e�s�c�e�n�t� �A�n�t�i�b�o�d�y� �T�e�s�t�)
�-�T�e�s�t� �i�n�d�i�r�e�c�t� �h�e�m�a�g�g�l�u�t�i�n�a�t�i�o�n� �(�I�H�A�-�H�a�e�m�o�a�g�g�l�u�t�i�n�a�t�i�o�n� �I�n�d�i�r�e�c�t� �A�s�s�a�y�)
�-�I�m�m�u�n�e� �p�r�e�c�i�p�i�t�a�t�e�s� �(�I�m�m�u�n�o�-�P�r�e�c�i�p�i�t�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s�)
�-�A�b�s�o�r�b� �e�n�z�y�m�e�-�l�i�n�k�e�d� �i�m�m�u�n�o�s�o�r�b�e�n�t�a�s�s�a�y�(�E�L�I�S�A�)
�-�P�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� �t�e�c�h�n�i�q�u�e� �(�P�C�R�)
�-�D�N�A� �h�y�b�r�i�d� �t�e�c�h�n�i�q�u�e� �(�H�y�b�r�i�d� �D�N�A� �T�e�c�h�n�o�l�o�g�y�)
�-�E�x�a�m�i�n�a�t�i�o�n� �o�f� �a� �b�l�o�o�d� �s�m�e�a�r� �s�t�a�i�n�e�d� �w�i�t�h� �G�i�e�m�s�a� �a�n�d� �e�x�a�m�i�n�e�d� �u�n�d�e�r� �a

�m�i�c�r�o�s�c�o�p�e�:
�I�n�1�8�8�0�t�h�e� �f�i�r�s�t� �t�i�m�e� �L�a�v�e�r�a�n�w�a�s�d�i�s�c�o�v�e�r�e�d� �t�h�e� �p�a�r�a�s�i�t�e� �b�y� �G�i�e�m�s�a

�s�t�a�i�n�i�n�g� �m�e�t�h�o�d� �a�n�d� �e�x�a�m�i�n�e�d� �u�n�d�e�r� �a� �m�i�c�r�o�s�c�o�p�e�.� �A�l�t�h�o�u�g�h� �a�t� �p�r�e�s�e�n�t� �t�h�e�r�e
�w�e�r�e� �s�o�m�e� �t�e�c�h�n�i�c�a�l� �a�n�d� �i�m�m�u�n�e� �s�e�r�a� �f�o�r� �d�i�a�g�n�o�s�i�s� �o�f� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s�,� �b�u�t
�m�o�s�t�l�y� �b�a�s�e�d� �o�n�m�i�c�r�o�s�c�o�p�e�a�n�d�b�l�o�o�d� �s�m�e�a�r� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�p�e�c�i�e�s� �o�f
�p�a�r�a�s�i�t�e�.�L�a�b�o�r�a�t�o�r�y� �d�i�a�g�n�o�s�i�s� �b�y� �m�i�c�r�o�s�c�o�p�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �s�t�a�i�n�e�d� �b�l�o�o�d
�f�i�l�m�s� �c�o�n�t�i�n�u�o�s� �t�o� �b�e� �t�h�e� �m�e�t�h�o�d� �o�f� �c�h�o�i�c�e�,�o�r�t�h�e� �c�o�m�m�o�n� �r�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d�s�,
�f�o�r� �c�a�s�e� �m�a�n�a�g�e�m�e�n�t� �a�n�d�e�p�i�d�e�m�i�o�l�o�g�i�c�a�l�r�e�s�e�a�c�h�, �W�H�O� �c�o�n�s�i�d�e�r�e�d�a�s�t�h�e
�g�o�l�d� �s�t�a�n�d�a�r�d�.
�1�.�7�.� �T�h�e� �r�e�s�e�a�c�h� �o�f� �m�i�c�r�o�s�c�o�p�i�c�s�i�t�e�s
�1�.�7�.�1�.� �T�h�e�r�e�s�e�a�c�h�o�f� �m�i�c�r�o�s�c�o�p�i�c�s�i�t�e�s�o�f� �t�h�e� �w�o�r�l�d

�I�n� �A�f�r�i�c�a� �s�i�n�c�e� �1�9�9�7� �h�a�v�e�b�e�e�n�e�s�t�a�b�l�i�s�h�e�d� �s�y�s�t�e�m�s� �f�o�r� �e�a�r�l�y� �d�e�t�e�c�t�i�o�n� �o�f
�m�a�l�a�r�i�a�.� �E�a�r�l�y� �d�i�a�g�n�o�s�i�s� �a�n�d� �t�r�e�a�t�m�e�n�t� �a�r�e� �f�u�n�d�a�m�e�n�t�a�l� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �n�a�t�i�o�n�a�l
�m�a�l�a�r�i�a� �c�o�n�t�r�o�l� �p�r�o�g�r�a�m�.� �T�h�e� �c�o�r�r�e�c�t� �d�i�a�g�n�o�s�i�s�,� �e�a�r�l�y� �d�i�a�g�n�o�s�i�s� �a�t�f�a�c�i�l�i�t�y
�m�e�d�i�c�a�l� �h�e�l�p� �f�o�r�t�i�m�e�l�y� �t�r�e�a�t�m�e�n�t� �i�s�.� �A�s�t�r�a�t�e�g�i�c� �t�h�a�t� �o�r�g�a�n�i�z�a�t�i�o�n�s�e�s�t�a�b�l�i�s�h�e�d
�t�h�e�m�i�c�r�o�s�c�o�p�y �s�i�t�e�h�e�l�p� �d�i�a�g�n�o�s�e�,� �i�n� �o�r�d�e�r� �t�o�r�e�d�u�c�e�d�d �t�h�e� �m�o�r�t�a�l�i�t�y� �a�n�d
�m�a�l�a�r�i�a�,�p�a�t�i�e�n�t�s�m�a�n�a�g�e�m�e�n�t�.�T�h�e� �t�e�r�m� �"�m�a�l�a�r�i�a� �d�e�t�e�c�t�i�o�n� �p�o�s�t �� �(�M�D�P�)�h�a�s
�e�m�e�r�g�e�d� �f�r�o�m� �t�h�e� �f�i�r�s�t�p�e�r�i�o�d�o�f� �t�h�e�m�a�l�a�r�i�a�e�r�a�d�i�c�a�t�i�o�n�i�n� �M�e�x�i�c�o�,� �g�u�a�t�e�m�a�l�a�.
�I�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �M�D�P� �i�s� �c�a�l�l�e�d�:�i�n�f�o�r�m�a�t�i�o�n� �p�o�s�t� �f�o�r� �f�e�v�e�r� �c�a�s�e�s� �(�I�P�F�C�)�.
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�I�n� �r�e�c�e�n�t� �y�e�a�r�s� �t�h�e� �r�e�s�e�a�r�c�h� �m�a�i�n�l�y� �f�o�c�u�s�e�d� �o�n� �t�e�c�h�n�i�c�a�l� �i�s�s�u�e�s
�e�q�u�i�p�m�e�n�t�,� �i�n�t�r�o�d�u�c�i�n�g�m�i�c�r�o�s�c�o�p�e�a�n�d� �t�e�s�t�i�n�g�.� �H�o�w�e�v�e�r�,� �s�o�m�e�r�e�s�e�a�c�h�a�l�s�o
�s�h�o�w�e�d� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �m�a�l�a�r�i�a� �d�i�a�g�n�o�s�i�s� �b�y�m�i�c�r�o�s�c�o�p�e�:

�- �L�a�c�k� �o�f� �p�o�l�i�c�i�e�s� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �l�a�b�o�r�a�t�o�r�y� �s�e�r�v�i�c�e�s�.� �L�a�c�k� �o�f
�f�u�n�d�i�n�g� �f�o�r� �m�a�l�a�r�i�a� �d�i�a�g�n�o�s�i�s�.

�- �P�o�o�r� �q�u�a�l�i�t�y� �m�i�c�r�o�s�c�o�p�e�.� �D�i�f�f�i�c�u�l�t�y� �i�n� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �o�p�e�r�a�t�i�o�n
�m�i�c�r�o�s�c�o�p�e� �i�n� �g�o�o�d� �c�o�n�d�i�t�i�o�n�.� �T�h�e� �p�r�o�b�l�e�m� �o�f� �h�i�g�h� �c�o�s�t� �i�n� �m�a�i�n�t�a�i�n�i�n�g
�a�d�e�q�u�a�t�e� �e�q�u�i�p�m�e�n�t� �a�n�d� �c�h�e�m�i�c�a�l�s

�- �T�r�a�i�n�i�n�g� �a�n�d� �r�e�t�r�a�i�n�i�n�g� �o�f� �s�t�a�f�f� �n�o�t�g�o�o�d�.� �D�e�l�a�y�s� �i�n� �p�r�o�v�i�d�i�n�g� �t�e�s�t
�r�e�s�u�l�t�s� �f�o�r� �t�r�e�a�t�m�e�n�t�.� �L�a�c�k� �o�f� �q�u�a�l�i�t�y� �a�s�s�u�r�a�n�c�e� �a�n�d� �l�a�b�o�r�a�t�o�r�y� �m�o�n�i�t�o�r�i�n�g

�T�h�e�s�e� �l�i�m�i�t�a�t�i�o�n�s� �c�a�n�b�e� �o�v�e�r�c�o�m�e� �i�f� �t�h�e�r�e� �i�s� �a� �c�l�e�a�r� �p�o�l�i�c�y� �a�n�d� �r�e�a�l�i�z�e
�t�h�e� �i�m�p�o�r�t�a�n�c�e� �l�e�v�e�l� �o�f� �l�a�b�o�r�a�t�o�r�y� �s�e�r�v�i�c�e�s�.� �T�h�e�r�e� �s�h�o�u�l�d� �b�e� �a�d�e�q�u�a�t�e� �f�u�n�d�i�n�g
�a�n�d� �e�q�u�i�p�m�e�n�t� �f�o�r� �q�u�a�l�i�t�y� �a�s�s�u�r�a�n�c�e� �s�y�s�t�e�m�s�.
�1�.�7�.�2�.�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �V�i�e�t�n�a�m

�I�n� �V�i�e�t�n�a�m�,� �t�h�e� �t�e�r�m� �"�M�i�c�r�o�s�c�o�p�y�s�i�t�e�"� �h�a�s� �m�e�a�n�i�n�g� �t�o�d�e�t�e�c�t�i�n�g
�m�a�l�a�r�i�a�.�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �V�i�e�t�n�a�m� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �t�h�e� �c�o�m�m�u�n�e� �h�e�a�l�t�h
�c�e�n�t�e�r�s�,� �p�o�l�y�c�l�i�n�i�c�s� �o�r�d�i�s�t�r�i�c�t� �h�e�a�l�t�h� �c�e�n�t�e�r�,� �s�o�m�e� �p�r�o�v�i�n�c�e�s� �h�a�v�e� �p�u�t� �i�n
�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�w�i�t�h�m�i�l�i�t�a�r�y�.�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n�t�e�g�r�a�t�e� �a�n�d� �c�o�o�r�d�i�n�a�t�e
�a�c�t�i�v�i�t�i�e�s� �w�i�t�h� �o�t�h�e�r� �h�e�a�l�t�h� �p�r�o�g�r�a�m�s�,� �d�i�r�e�c�t� �s�e�r�v�i�c�e� �f�o�r� �t�h�e� �d�i�a�g�n�o�s�i�s� �a�n�d
�t�r�e�a�t�m�e�n�t� �o�f� �m�a�l�a�r�i�a�.� �A�s� �r�e�p�o�r�t�e�d� �b�y� �t�h�e� �N�a�t�i�o�n�a�l� �M�a�l�a�r�i�a� �C�o�n�t�r�o�l� �P�r�o�g�r�a�m�,
�V�i�e�t�n�a�m�h�a�s�2�8�0�3�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�.

�T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �b�a�s�e�d� �o�n� �t�e�s�t�s� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e
�r�a�t�e� �o�f�p�a�r�a�s�i�t�e�/ �p�a�t�i�e�n�t�s�, �r�e�d�u�c�e�d�c�o�s�t�s�f�o�r�t�r�e�a�t�m�e�n�t�.� �H�o�w�e�v�e�r�,� �i�d�e�n�t�i�f�y�i�n�g
�p�a�r�a�s�i�t�e�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �a�b�i�l�i�t�y� �a�n�d� �q�u�a�l�i�t�y�m�i�c�r�o�s�c�o�p�i�s�t� �a�n�d�M�i�c�r�o�s�c�o�p�y� �s�i�t�e
�a�c�t�i�v�i�t�y�.
�1�.�7�.�3�.�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �t�h�e� �N�o�r�t�h� �W�e�s�t�o�f� �V�i�e�t�n�a�m

�T�i�m�e� �f�r�o�m�1�9�9�2�- �1�9�9�5� �i�n�t�h�e� �N�o�r�t�h� �W�e�s�t�r�e�g�i�o�n� �a�n�d� �t�h�e� �N�o�r�t�h�e�r�n
�m�o�u�n�t�a�i�n�o�u�s� �r�e�g�i�o�n� �h�a�s� �s�o�m�e�l�i�t�t�l�e�t�h�e�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�,� �o�n�l�y� �i�n� �r�e�g�i�o�n�a�l
�p�o�l�y�c�l�i�n�i�c�s�.� �C�u�r�r�e�n�t�l�y�,� �a� �t�o�t�a�l� �o�f� �2�6�8�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�s �i�n� �d�i�s�t�r�i�c�t� �a�n�d
�c�o�m�m�u�n�e�.�I�n� �L�a�o� �C�a�i�,� �D�i�e�n� �B�i�e�n� �a�n�d� �L�a�i� �C�h�a�u�p�r�o�v�i�n�c�e�s�a�l�s�o�M�i�c�r�o�s�c�o�p�y� �s�i�t�e
�o�f�m�i�l�i�t�a�r�y� �m�e�d�i�c�a�l�.
�1�.�8�.� �Q�u�a�l�i�t�y� �a�s�s�u�r�a�n�c�e� �i�n� �l�a�b�o�r�a�t�o�r�y

�R�e�g�u�l�a�r� �a�s�s�e�s�s�m�e�n�t� �o�f� �l�a�b�o�r�a�t�o�r�y� �c�a�p�a�c�i�t�y� �h�a�s� �a� �g�r�e�a�t� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e
�q�u�a�l�i�t�y� �o�f� �t�r�e�a�t�m�e�n�t� �f�o�r� �p�a�t�i�e�n�t�s�.

�T�h�e� �f�a�c�t� �t�h�a�t� �e�v�e�n� �i�n� �t�h�e� �b�e�s�t� �c�o�n�d�i�t�i�o�n�s� �t�h�e�r�e� �i�s� �n�o� �t�e�s�t� �i�s� �p�e�r�f�e�c�t�,� �q�u�a�l�i�t�y
�a�s�s�u�r�a�n�c�e� �l�a�b�o�r�a�t�o�r�y�t�o�t�a�l� �m�a�n�y� �p�r�o�b�l�e�m�o�f� �t�h�e� �e�f�f�e�c�t�s� �o�f� �q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �a�n�d
�q�u�a�l�i�t�y� �a�s�s�e�s�s�m�e�n�t�.� �T�o� �h�e�l�p� �c�l�i�n�i�c�i�a�n�s� �f�o�r� �d�i�a�g�n�o�s�i�s� �a�n�d� �t�i�m�e�l�y� �t�r�e�a�t�m�e�n�t�t�h�e
�l�a�b�o�r�a�t�o�r�y�m�u�s�t� �b�e� �a�b�l�e� �t�o� �t�e�s�t� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �r�e�l�i�a�b�l�e�,� �a�c�c�u�r�a�t�e�,� �c�l�e�a�r� �a�n�d
�c�o�m�p�a�r�a�b�l�e� �b�e�t�w�e�e�n� �l�a�b�o�r�a�t�o�r�i�e�s�.
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�Q�u�a�l�i�t�y�a�s�s�u�r�a�n�c�e� �i�n�c�l�u�d�e�s�:

�-�I�n�t�e�r�n�a�l� �Q�u�a�l�i�t�y� �C�o�n�t�r�o�l� �(�I�Q�C�)�,�E�x�t�e�r�n�a�l� �Q�u�a�l�i�t�y� �A�s�s�e�s�s�m�e�n�t� �(�E�Q�A�)�.

�-�M�o�n�i�t�o�r�i�n�g� �a�n�d� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �o�f� �s�k�i�l�l�s�.

�T�h�e�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �V�i�e�t�n�a�m�i�s�e�v�a�l�u�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e�e�x�t�e�r�n�a�l�q�u�a�l�i�t�y
�a�s�s�e�s�s�m�e�n�t�m�o�n�t�h�l�y�(�c�r�o�s�s � �c�h�e�c�k�i�n�g�)�,� �q�u�a�r�t�e�r�l�y� �t�o� �t�h�e� �h�i�g�h�e�r�l�e�v�e�l�.� �H�o�w�e�v�e�r�,
�d�i�r�e�c�t� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �i�n�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�o�f�t�e�n� �v�e�r�y� �l�i�m�i�t�e�d
�(�d�u�e� �t�o� �l�i�m�i�t�e�d� �f�i�n�a�n�c�i�a�l� �r�e�s�o�u�r�c�e�s�)�.

�C�H�A�P�T�E�R� �2�:� �M�E�T�H�O�D�O�L�O�G�Y

�2�.�1�.�S�t�u�d�y�s�i�t�e�s
�T�h�e�r�e�s�e�a�c�h�w�a�s�c�o�n�d�u�c�t�e�d�i�n� �t�h�e� �p�r�o�v�i�n�c�e�s �o�f� �N�o�r�t�h�-�W�e�s�t�r�e�g�i�o�n�,

�i�n�c�l�u�d�i�n�g� �6� �p�r�o�v�i�n�c�e�s�:�H�o�a� �B�i�n�h�,� �S�o�n� �L�a�,� �D�i�e�n� �B�i�e�n�,� �L�a�i� �C�h�a�u�,� �L�a�o� �C�a�i� �a�n�d
�Y�e�n� �B�a�i�.�T�h�i�s� �a�r�e�a�i�s� �s�t�i�l�l�m�a�l�a�r�i�a�e�n�d�e�m�i�c� �i�n� �t�h�e� �m�o�d�e�r�a�t�e� �a�n�d� �s�e�v�e�r�e�.
�2�.�2�.� �R�e�s�e�a�r�c�h�p�e�r�i�o�d

�T�h�e�r�e�s�e�a�c�h�w�a�s�c�o�n�d�u�c�t�e�d�i�n� �2� �y�e�a�r�s�:� �f�r�o�m� �M�a�y� �2�0�1�1� �t�o� �M�a�r�c�h
�1�2�/�2�0�1�2�.

�- �F�r�o�m� �M�a�y�5�-�7� �/� �2�0�1�1�:� �S�e�l�e�c�t�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�a�t� �6� �P�r�o�v�i�n�c�e� �t�o
�s�u�r�v�e�y�l�a�n�c�e�a�n�d�a�s�s�e�s�s�m�e�n�t� �o�f� �a�c�t�i�v�i�t�i�e�s�i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�a�n�d� �m�a�l�a�r�i�a
�s�i�t�u�a�t�i�o�n� �i�n� �f�i�v�e� �y�e�a�r�s� �f�r�o�m� �2�0�0�7�-�2�0�1�1�.

�- �F�r�o�m� �J�u�l�y� �2�0�1�1� �t�o� �D�e�c�e�m�b�e�r� �2�0�1�2�,� �s�e�l�e�c�t� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�o�f
�M�u�o�n�g� �T�e� �d�i�s�t�r�i�c�t�s� �(�L�a�i� �C�h�a�u�)�,� �M�u�o�n�g� �C�h�a�,� �T�u�a�n� �G�i�a�o� �(�D�i�e�n� �B�i�e�n�)�,� �V�a�n� �C�h�a�n
�(�Y�e�n� �B�a�i�)� �t�o�a�s�s�e�s�s�m�e�n�t�t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �i�n�t�e�r�v�e�n�t�i�o�n� �i�n�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�.

�- �F�r�o�m� �J�u�l�y� �2�0�1�1� �t�o� �D�e�c�e�m�b�e�r� �2�0�1�2�:� �C�o�n�d�u�c�t�i�n�g� �i�n�t�e�r�v�e�n�t�i�o�n�s� �a�n�d
�a�s�s�e�s�s�m�e�n�t�t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �i�n�t�e�r�v�e�n�t�i�o�n�s� �i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�,� �w�e
�c�o�m�p�a�r�e� �a�n�d�a�s�s�e�s�s�m�e�n�t�t�h�e�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�o�f� �S�o�n� �L�a�,� �L�a�o� �C�a�i� �a�n�d�H�o�a� �B�i�n�h
�p�r�o�v�i�n�c�e�.
�2�.�3�.�S�u�b�j�e�c�t�s

�A� �n�u�m�b�e�r� �o�f� �c�o�n�c�e�p�t�s�:
�- �T�h�e� �m�i�c�r�o�s�c�o�p�y�:� �H�e�a�l�t�h� �f�a�c�i�l�i�t�i�e�s� �h�a�v�e�t�h�e�m�i�c�r�o�s�c�o�p�e� �s�e�r�v�e�s� �m�a�l�a�r�i�a

�p�r�e�v�e�n�t�i�o�n� �(�e�x�c�e�p�t�i�n� �p�r�o�v�i�n�c�i�a�l�)�.
�- �E�x�a�m�i�n�e�:� �i�n�c�l�u�d�i�n�g� �m�e�d�i�c�a�l� �s�t�a�f�f� �(�d�o�c�t�o�r�s�,� �t�e�c�h�n�i�c�i�a�n�s�,� �m�i�d�w�i�v�e�s�,

�n�u�r�s�e�s�,� �n�u�r�s�e�,� �m�i�d�w�i�f�e� �.�.�.�)�r�e�a�d�i�n�g� �s�l�i�d�e�o�f� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s�.
�2�.�3�.�1�.� �T�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e

�-�T�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e�c�o�m�m�u�n�e�,� �c�o�m�m�u�n�e�.
�-�R�e�c�o�r�d�s� �a�n�d� �r�e�p�o�r�t�s� �s�t�o�r�e�d� �m�a�l�a�r�i�a�-�r�e�l�a�t�e�d� �a�c�t�i�v�i�t�i�e�s�.

�2�.�3�.�2�.�A�s�s�e�s�s�m�e�n�t�m�i�c�r�o�s�c�o�p�y�s�i�t�e
�A�l�l� �t�h�e�m�i�c�r�o�s�c�o�p�i�s�t�i�n�t�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e�w�a�s� �s�e�l�e�c�t�e�d�.

�2�.�3�.�3�.� �E�q�u�i�p�m�e�n�t� �a�n�d� �c�h�e�m�i�c�a�l�s�:
�-�C�h�e�m�i�c�a�l�s�:
�+� �G�i�e�m�s�a
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�+� �B�u�f�f�e�r� �s�o�l�u�t�i�o�n
�+�O�i�l�i�m�m�e�r�s�i�o�n
�+�M�e�t�h�y�l�i�c

�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�:
�- �I�n�s�t�r�u�m�e�n�t�s� �u�s�e�d� �i�n�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�: �s�l�i�d�e�,�g�l�a�s�s�,� �p�H�p�a�p�e�r�,� �p�i�p�e�t�t�e�s�,
�c�y�l�i�n�d�e�r�.�.�.
�-�D�o�c�u�m�e�n�t�f�o�r� �l�i�s�t� �o�f�p�a�t�i�e�n�t�s
�-�L�i�s�t� �o�f�t�e�s�t�s
�-�O�t�h�e�r�d�o�c�u�m�e�n�t�s�i�n�m�i�c�r�o�s�c�o�p�y�s�i�t�e�.
�2�.�4�.� �S�t�u�d�y� �m�e�t�h�o�d�s
�2�.�4�.�1�.�R�e�s�e�a�c�h�d�e�s�i�g�n�:�o�n�-�s�i�t�e� �e�v�a�l�u�a�t�i�o�n
�-�A�s�s�e�s�s�m�e�n�t�t�h�e�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�f�r�o�m� �2�0�0�7� �t�o� �2�0�1�1
�-�S�u�r�v�e�y�a�n�d� �d�e�s�c�r�i�b�e� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�u�s� �o�f� �t�h�e�a�c�t�i�v�i�t�y� �i�n�M�i�c�r�o�s�c�o�p�y� �s�i�t�e
�-�R�e�s�e�a�r�c�h� �a�n�d� �c�o�n�t�r�o�l�l�e�d� �i�n�t�e�r�v�e�n�t�i�o�n�:
�+� �C�o�m�p�a�r�i�n�g� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r�c�o�n�d�u�c�t�e�d�t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �i�n� �t�h�e�M�i�c�r�o�s�c�o�p�y� �s�i�t�e
�+� �C�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r�M�i�c�r�o�s�c�o�p�y� �s�i�t�e� �i�n� �a�n�o�t�h�e�r�p�r�o�v�i�n�c�e�s�:� �S�o�n�L�a�,� �L�a�o� �C�a�i
�a�n�d�H�o�a� �B�i�n�h�.
�+� �A�s�s�e�s�s�m�e�n�t�t�h�e� �e�f�f�i�c�a�c�y� �o�f� �t�h�e� �m�e�a�s�u�r�e�s� �a�f�t�e�r� �6� �m�o�n�t�h�s�,� �a�f�t�e�r� �1�2� �m�o�n�t�h�s� �a�n�d
�a�f�t�e�r�1�8�y�e�a�r�s�c�o�n�d�u�c�t�t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n�.
�2�.�4�.�2�.� �S�a�m�p�l�e� �s�i�z�e� �a�n�d� �s�a�m�p�l�i�n�g� �m�e�t�h�o�d�o�l�o�g�y�:
�*� �S�a�m�p�l�e� �s�i�z�e�:
�- �A�s�s�e�s�s�m�e�n�t� �o�f� �s�a�m�p�l�e� �s�i�z�e�:� �3�0�M�i�c�r�o�s�c�o�p�y� �s�i�t�e �c�o�n�d�u�c�t�s�e�l�e�c�t�(�i�n�c�l�u�d�i�n�g
�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�s� �i�n�c�o�m�m�u�n�e�)�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �r�a�n�d�o�m� �m�e�t�h�o�d�.
�-�A�s�s�e�s�s�m�e�n�t�e�f�f�e�c�t�i�v�e�n�e�s�s�:� �S�e�l�l�e�c�t� �3�0�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �t�h�e�r�e�s�e�a�r�c�h�s�i�t�e�s�.
�+�S�e�l�e�c�t�2� �g�r�o�u�p�s
�+� �I�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�:

ð· �S�e�l�e�c�t� �3� �p�r�o�v�i�n�c�e�s� �i�n�c�l�u�d�i�n�g� �L�a�i� �C�h�a�u� �a�n�d� �D�i�e�n� �B�i�e�n�i�s�h�i�g�h�t�m�a�l�a�r�i�a
�e�n�d�e�m�i�c� �a�r�e�a�s�,� �Y�e�n� �B�a�i� �h�a�s�m�o�d�e�r�a�t�e�m�a�l�a�r�i�a�.

ð· �I�n� �t�h�i�s� �p�r�o�v�i�n�c�e� �t�h�e�r�e� �a�r�e� �D�i�e�n� �B�i�e�n� �a�n�d� �L�a�i� �C�h�a�u�h�a�v�e�i�n�v�e�s�t�m�e�n�t� �o�f� �t�h�e
�G�l�o�b�a�l� �F�u�n�d� �P�r�o�j�e�c�t�,� �Y�e�n� �B�a�i� �p�r�o�v�i�n�c�e� �h�a�s ��t�p�r�o�j�e�c�t�.

ð· �1�5�M�i�c�r�o�s�c�o�p�y� �s�i�t�e� �i�n�c�o�m�m�u�n�e�a�n�d�i�n� �t�h�e� �d�i�s�t�r�i�c�t� �o�f� �L�a�i� �C�h�a�u�,� �D�i�e�n
�B�i�e�n� �a�n�d� �Y�e�n� �B�a�i�.

�+� �N�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�:
ð· �S�e�l�l�e�c�t� �3� �p�r�o�v�i�n�c�e�s� �i�n�c�l�u�d�i�n�g� �S�o�n� �L�a�,� �L�a�o� �C�a�i�i�s� �h�i�g�h�t�m�a�l�a�r�i�a�a�r�e�a�,� �H�o�a

�B�i�n�h�i�s� �m�o�d�e�r�a�t�e�m�a�l�a�r�i�a�a�r�e�a�.
ð· �I�n�t�h�e� �t�h�r�e�e� �p�r�o�v�i�n�c�e�s� �c�o�n�t�r�o�l�l�e�d�L�a�o� �C�a�i� �a�n�d� �S�o�n� �L�a� �p�r�o�v�i�n�c�e�s� �h�a�v�e

�i�n�v�e�s�t�e�d� �t�h�e� �G�l�o�b�a�l� �F�u�n�d� �P�r�o�j�e�c�t�s�,� �H�o�a� �B�i�n�h� �p�r�o�v�i�n�c�e� �h�a�s ��t�p�r�o�j�e�c�t�.
ð· �S�e�l�l�e�c�t� �1�5�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �S�o�n� �L�a�,� �L�a�o� �C�a�i�,� �H�o�a� �B�i�n�h� �t�o� �c�o�n�t�r�o�l�.

�*� �S�a�m�p�l�i�n�g� �m�e�t�h�o�d�:
�S�a�m�p�l�i�n�g� �f�o�r� �a�s�s�e�s�s�m�e�n�t� �o�f� �a�c�t�i�v�i�t�i�e�s�i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e
�- �M�a�k�e� �a� �l�i�s�t� �o�f� �t�h�e� �d�i�s�t�r�i�c�t� �p�r�o�v�i�n�c�e�s�,� �i�n� �e�a�c�h� �p�r�o�v�i�n�c�e� �s�e�l�e�c�t�t�w�o� �d�i�s�t�r�i�c�t�s�,� �a
�t�o�t�a�l� �1�2� �d�i�s�t�r�i�c�t�s�/�6� �p�r�o�v�i�n�c�e�s�.
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�+� �M�a�k�e� �a� �l�i�s�t� �o�f� �t�h�e�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�o�f� �1�2� �d�i�s�t�r�i�c�t�s
�+� �C�a�l�c�u�l�a�t�e� �t�h�e� �s�a�m�p�l�i�n�g� �i�n�t�e�r�v�a�l� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t� �3�0�m�i�c�r�o�s�c�o�p�y�s�i�t�e�s�.
�+� �T�o�t�a�l� �1�2� �d�i�s�t�r�i�c�t�s� �a�n�d� �3�0� �c�o�m�m�u�n�e�s�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�t�o� �a�s�s�e�s�s� �t�h�e� �s�i�t�u�a�t�i�o�n�.
�+� �L�i�s�t�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�a�s�s�e�s�s�m�e�n�t� �a�n�d� �i�n�t�e�r�v�e�n�t�i�o�n� �(�A�p�p�e�n�d�i�x� �1�0�)
�-�S�e�l�e�c�t� �t�o�a�s�s�e�s�s�m�e�n�t�t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �i�n�t�e�r�v�e�n�t�i�o�n� �m�e�a�s�u�r�e�s�:
�+� �2� �d�i�s�t�r�i�c�t�s� �o�f� �D�i�e�n� �B�i�e�n�i�s�s�e�v�e�r�e�m�a�l�a�r�i�a�a�r�e�a�a�n�d� �m�o�d�e�r�a�t�e� �d�i�s�t�r�i�c�t� �i�n�c�l�u�d�i�n�g
�M�u�o�n�g� �C�h�a� �a�n�d� �T�u�a�n� �G�i�a�o� �d�i�s�t�r�i�c�t�s�,� �a� �t�o�t�a�l� �o�f� �7�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�.
�+� �1� �d�i�s�t�r�i�c�t�s� �o�f� �m�o�d�e�r�a�t�e� �a�n�d� �s�e�v�e�r�e�m�a�l�a�r�i�a� �i�n�L�a�i� �C�h�a�u�:� �M�u�o�n�g� �T�e� �d�i�s�t�r�i�c�t�,� �a
�t�o�t�a�l� �o�f� �5�m�i�c�r�o�s�c�o�p�e� �s�i�t�e�s�.
�+� �1� �d�i�s�t�r�i�c�t�,� �Y�e�n� �B�a�i� �p�r�o�v�i�n�c�e�:� �V�a�n� �C�h�a�n� �d�i�s�t�r�i�c�t�,� �t�o�t�a�l� �3�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�.
�- �A�s�s�e�s�s�e�m�e�n�t� �c�o�m�p�a�r�e�d� �t�o� �t�h�e�N�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�:� �1�5�M�i�c�r�o�s�c�o�p�y� �s�i�t�e� �i�n�S�o�n
�L�a�,� �H�o�a� �B�i�n�h�,� �L�a�o� �C�a�i�:
�+� �S�o�n� �L�a�:�M�o�c� �C�h�a�u� �a�n�d� �S�o�n�g� �M�a� �d�i�s�t�r�i�c�t�,�t�o�t�a�l� �6�m�i�c�r�o�s�c�o�p�e� �s�i�t�e�s
�+� �L�a�o� �C�a�i�:�A�s�s�e�s�s�e�m�e�n�t�i�n� �S�a� �P�a� �a�n�d�B�a�t� �X�a�t� �d�i�s�t�r�i�c�t�,�t�o�t�a�l� �4�m�i�c�r�o�s�c�o�p�e� �s�i�t�e�s�.
�+�H�o�a� �B�i�n�h�: �A�s�s�e�s�s�m�e�n�t�i�n�L�a�c� �S�o�n� �a�n�d� �D�a� �B�a�c� �d�i�s�t�r�i�c�t�s�,�t�o�t�a�l� �5�m�i�c�r�o�s�c�o�p�y
�s�i�t�e�s�.
�2�.�4�.�3�.� �C�o�n�t�e�n�t�s�r�e�s�e�a�r�c�h�:
�2�.�4�.�3�.�1�.� �P�e�r�f�o�r�m�a�n�c�e�a�s�s�e�s�s�m�e�n�t
�*� �H�u�m�a�n� �R�e�s�o�u�r�c�e�s� �a�t�m�i�c�r�o�s�c�o�p�e� �s�i�t�e�s�:
�-�T�h�e� �n�u�m�b�e�r� �o�f� �p�e�o�p�l�e� �w�o�r�k�i�n�g� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y
�-�A�g�e�,� �g�e�n�d�e�r�o�f�m�i�c�r�o�s�c�o�p�i�s�t
�-�T�h�e� �t�r�a�i�n�i�n�g�m�i�c�r�o�s�c�o�p�i�s�t�:
�+� �B�e�g�i�n�n�e�r�,� �i�n�t�e�r�m�e�d�i�a�t�e�,� �c�o�l�l�e�g�e�,� �u�n�i�v�e�r�s�i�t�y
�+� �T�r�a�i�n�i�n�g�a�t�t�e�n�d�e�d�r�e�c�e�n�t�l�y
�-�W�h�e�r�e� �p�r�o�f�e�s�s�i�o�n�a�l� �t�r�a�i�n�i�n�g
�-�T�r�a�i�n�i�n�g�:� �3�-�5� �d�a�y�s�,� �2� �w�e�e�k�s�,�>� �5� �w�e�e�k�s�.
�-�N�u�m�b�e�r� �o�f� �y�e�a�r�s� �o�f� �e�x�p�e�r�i�e�n�c�e� �w�o�r�k�i�n�g�a�s� �a� �m�i�c�r�o�s�c�o�p�i�s�t
�-�A�l�l�o�w�a�n�c�e�,� �c�u�r�r�e�n�t�l�y� �e�n�j�o�y�i�n�g� �t�o�x�i�c
�-�M�i�c�r�o�s�c�o�p�i�s�t�h�a�s�m�o�r�e�j�o�b�s�p�a�r�t�-�t�i�m�e�(�o�u�t� �o�f� �p�a�r�a�s�i�t�e� �t�e�s�t�i�n�g�)
�-�T�h�e� �a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �s�l�i�d�e�s� �r�e�a�d�/�m�o�n�t�h�,� �r�e�a�d�/�d�a�y�.
�*� �E�q�u�i�p�m�e�n�t� �i�n�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�.
�-�M�i�c�r�o�s�c�o�p�e�s�:
�-�C�h�e�m�i�c�a�l� �t�e�s�t�s�:
�-�T�e�s�t�i�n�g� �t�o�o�l�s�:
�-�R�a�p�i�d� �d�i�a�g�n�o�s�t�i�c� �t�e�s�t
�-�B�e�n�c�h� �s�p�a�c�e�:
�*� �A�c�t�i�v�i�t�y� �i�n�m�i�c�r�o�s�c�o�p�e� �s�i�t�e
�-�P�o�p�u�l�a�t�i�o�n�i�n� �a�r�e�a
�-�T�h�e� �n�u�m�b�e�r� �o�f� �d�e�t�e�c�t�e�d�s�l�i�d�e�s�/� �m�o�n�t�h� �/� �y�e�a�r
�-�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �p�o�s�i�t�i�v�e�/�p�a�t�i�e�n�t�.
�-�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f�s�l�i�d�e�p�o�s�i�t�i�v�e
�- �T�h�e� �a�n�n�u�a�l� �p�a�r�a�s�i�t�e�s
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�-�T�h�e� �a�n�n�u�a�l� �s�m�e�a�r� �t�e�s�t�s
�- �N�u�m�b�e�r� �s�l�i�d�e� �t�a�k�e�n� �t�h�e� �i�n�i�t�i�a�t�i�v�e� �t�h�r�o�u�g�h� �e�p�i�d�e�m�i�o�l�o�g�i�c�a�l� �s�u�r�v�e�i�l�l�a�n�c�e�,
�p�a�s�s�i�v�e� �s�o�m�e� �s�l�i�d�e� �i�n� �t�h�e� �p�a�t�i�e�n�t�s� �e�x�a�m�i�n�e�d� �a�t� �m�e�d�i�c�a�l� �f�a�c�i�l�i�t�i�e�s�.
�-�T�i�m�e� �t�o� �a�n�s�w�e�r�t�h�e� �r�e�s�u�l�t�(�h�o�u�r�s�,� �d�a�y�s�)
�-�A�c�u�t�e� �t�r�e�a�t�m�e�n�t
�-�S�e�n�d� �s�l�i�d�e� �t�o� �c�r�o�s�s�-�c�h�e�c�k�i�n�g
�-�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�r�r�o�r�s� �s�l�i�d�e�s
�- �S�l�i�d�e�s� �p�o�o�r�l�y� �s�t�a�i�n�e�d
�-�B�i�o�-�s�e�c�u�r�i�t�y� �p�r�a�c�t�i�c�e�s�.
�*� �S�k�i�l�l�s� �o�f� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t�s� �a�t�M�i�c�r�o�s�c�o�p�y� �s�i�t�e
�-�S�l�i�d�e�s� �s�t�a�i�n�e�d�,�s�l�i�d�e�s�s�t�o�r�a�g�e�,� �r�e�c�o�r�d� �k�e�e�p�i�n�g
�-�S�k�i�l�l�s�r�e�a�d�i�n�g�s�l�i�d�e�(�b�a�s�e�d� �o�n� �t�h�e�s�l�i�d�e� �s�e�t�)
�*� �R�e�v�i�e�w� �t�h�e� �l�e�v�e�l� �o�f� �t�h�e�o�r�y� �t�e�s�t
�*� �S�u�p�e�r�v�i�s�i�o�n�:
�-�N�u�m�b�e�r� �o�f� �t�i�m�e�s� �t�h�e� �r�o�u�t�e� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �1� �y�e�a�r� �s�u�p�e�r�v�i�s�e�d
�-�A�c�t�i�v�i�t�y� �m�o�n�i�t�o�r�i�n�g�,� �c�o�n�t�e�n�t� �m�o�n�i�t�o�r�i�n�g� �o�f�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�t�o� �v�i�l�l�a�g�e� �h�e�a�l�t�h
�w�o�r�k�e�r�s�.
�*� �T�h�e�p�e�o�p�l�e� �g�o�t�o�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�:
�- �D�i�s�t�a�n�c�e�f�r�o�m� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e�t�o� �t�h�e� �n�e�i�g�h�b�o�r�h�o�o�d�s� �(�i�n� �k�m�- �i�n�t�e�r�v�i�e�w�e�d
�h�e�a�l�t�h� �w�o�r�k�e�r�s�)�.
�- �T�i�m�e� �a�w�a�y� �f�r�o�m� �r�e�s�i�d�e�n�t�i�a�l� �a�r�e�a�s� �f�a�r�t�h�e�s�t� �t�o�m�i�c�r�o�s�c�o�p�y�s�i�t�e�(�d�e�p�e�n�d�i�n�g� �o�n
�v�e�h�i�c�l�e�)
�-�D�u�r�a�t�i�o�n� �o�f� �t�e�s�t� �w�o�r�k� �a�t�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�(�h�o�u�r�s�)�.
�2�.�4�.�3�.�2�.�R�e�s�e�a�c�h�i�n�t�e�r�v�e�n�t�i�o�n�s� �i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �d�e�t�e�c�t�e�d� �p�a�r�a�s�i�t�e�s�:
�-�G�r�o�u�p� �i�n�t�e�r�v�e�n�t�i�o�n� �i�n� �t�h�e� �d�i�s�t�r�i�c�t�m�i�c�r�o�s�c�o�p�y� �s�i�t�e
�-�C�o�n�t�r�o�l�s�:�M�i�c�r�o�s�c�o�p�y� �s�i�t�e� � �i�n�S�o�n� �L�a�,� �L�a�o� �C�a�i�,� �H�o�a� �B�i�n�h�.
�*� �T�h�e� �i�n�t�e�r�v�e�n�t�i�o�n
�- �P�r�o�v�i�d�e�s� �e�q�u�i�p�m�e�n�t�s�,� �c�h�e�m�i�c�a�l�s
�-�T�r�a�i�n�i�n�g� �f�o�r�m�i�c�r�o�s�c�o�p�i�s�t�,� �s�u�p�p�o�r�t�i�n�g� �t�r�a�i�n�i�n�g� �f�o�r� �n�e�w�m�i�c�r�o�s�c�o�p�i�s�t�.
�- �C�o�o�r�d�i�n�a�t�e� �L�a�i� �C�h�a�u�,� �D�i�e�n� �B�i�e�n�,� �Y�e�n� �B�a�i� �p�r�o�v�i�n�c�e�s�f�o�r� �t�h�e�m�i�c�r�o�s�c�o�p�i�s�t
�t�r�a�i�n�i�n�g� �i�n�m�i�c�r�o�s�c�o�p�y�s�i�t�e�.
�-�P�e�r�i�o�d�i�c�a�l�l�y� �c�h�e�c�k� �t�h�e�m�i�c�r�o�s�c�o�p�i�s�t�s�k�i�l�l�s�r�e�a�d�i�n�g� �s�l�i�d�e�(�6�m�o�n�t�h�/�t�i�m�e�s�)�.
�2�.�4�.�4�.� �T�e�c�h�n�i�q�u�e�s�a�p�p�l�i�e�d� �i�n� �r�e�s�e�a�c�h
�-�S�k�i�l�l�s� �d�e�t�e�c�t�i�o�n� �p�a�r�a�s�i�t�e�s�b�y�m�i�c�r�o�s�c�p�e�(�G�i�e�m�s�a� �s�t�a�i�n�i�n�g�)
�-�M�e�a�s�u�r�e�m�e�n�t� �o�f� �p�H
�-�S�u�r�v�e�y�s� �a�n�d�i�n�t�e�r�v�i�e�w�s�m�i�c�r�o�s�c�o�p�i�s�t
�2�.�4�.�5�.� �I�n�d�i�c�a�t�o�r�s� �a�n�d�a�s�s�e�s�s�m�e�n�t�m�e�t�h�o�d�s� �i�n�r�e�s�e�a�c�h
�T�h�e� �q�u�a�l�i�t�y� �m�i�c�r�o�s�c�o�p�e�s
�-�G�o�o�d�:
�+� �O�b�j�e�c�t�i�v�e� �l�e�n�s�e�s�,� �e�y�e�p�i�e�c�e�s� �a�r�e� �n�o�t� �f�u�n�g�i�,� �m�o�l�d�,� �s�c�r�a�t�c�h�e�s�.
�+�T�h�e� �s�t�a�g�e� �m�o�v�e�m�e�n�t� �m�e�c�h�a�n�i�s�m� �i�s� �p�r�e�c�i�s�e� �a�n�d� �s�t�a�b�l�e
�N�o�r�m�a�l�:� �W�h�e�n� �o�n�e� �o�r� �m�o�r�e� �o�f�t�h�e� �d�e�t�a�i�l�s� �i�s� �n�o�t� �g�u�a�r�a�n�t�e�e�d�,� �b�u�t� �c�a�n�r�e�a�d�t�h�e� �p�a�r�a�s�i�t�e�.
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�-�F�a�i�l�i�n�g�,� �n�e�e�d�s� �r�e�p�a�i�r�:� �b�u�r�n�i�n�g� �b�u�l�b�s�,� �s�c�r�e�w�s� �t�i�g�h�t� �m�a�c�r�o� �l�e�v�e�l� �a�n�d� �m�i�c�r�o�-�a�d�j�u�s�t�a�b�l�e
�d�i�f�f�i�c�u�l�t�y� �l�e�v�e�l�s�,� �a�t� �p�e�r�i�p�h�e�r�a�l�,� �d�i�r�t� �a�n�d� �d�u�s�t� �i�n� �t�h�e�f�i�e�l�d�,� �f�u�s�e� �b�r�o�k�e�n�.
�-�D�o� �n�o�t� �u�s�e�:

�+�F�a�i�l�e�d� �m�i�c�r�o�s�c�o�p�y�c�a�n� �n�o�t� �b�e� �u�s�e�d� �t�o� �d�e�t�e�c�t� �p�a�r�a�s�i�t�e�s�.
�+�E�y�e�p�i�e�c�e� �h�a�v�e�f�u�n�g�i�.
�S�k�i�l�l�s�o�f� �m�i�c�r�o�s�c�o�p�i�s�t�:
�-�S�k�i�l�l�s�p�r�e�p�a�r�e�d�t�h�i�c�k� �b�l�o�o�d� �s�m�e�a�r
�-�S�k�i�l�l�s�p�r�e�p�a�r�e�d�t�h�i�n� �b�l�o�o�d� �s�m�e�a�r�s�.
�-�P�r�e�p�a�r�e�b�u�f�f�e�r� �s�o�l�u�t�i�o�n
�-�P�r�e�p�a�r�e�G�i�e�m�s�a�.
�-�S�t�a�i�n�i�n�g� �a�n�d� �w�a�s�h�.
�Q�u�a�l�i�t�y� �o�f� �G�i�e�m�s�a� �s�t�a�i�n�e�d�b�l�o�o�d� �s�m�e�a�r�s
�*�T�h�i�c�k� �s�l�i�d�e�:
�-�D�i�m�e�n�s�i�o�n�s�:�s�l�i�d�e� �b�l�o�o�d� �d�i�a�m�e�t�e�r� �1�.�0� �t�o� �1�.�2� �c�m�.
�-�T�h�i�c�k�n�e�s�s�:� �c�a�n� �r�e�a�d� �t�h�e� �t�e�x�t� �o�f� �t�h�e� �p�a�p�e�r� �w�h�e�n� �p�u�t� �b�l�o�o�d� �s�m�e�a�r�o�n� �p�a�p�e�r�.
�-�S�t�a�i�n�s�l�i�d�e�:� �r�i�g�h�t� �a�n�d�e�n�o�u�g�h� �t�i�m�e�.
�-�W�a�s�h�:� �t�h�e� �f�i�e�l�d�c�l�e�a�n�,� �n�o� �r�e�s�i�d�u�e� �o�f� �G�i�e�m�s�a�.
�-�E�a�c�h�f�i�e�l�d�h�a�s� �1�5�-�2�0� �w�h�i�t�e� �b�l�o�o�d�c�e�l�l�s
�-�S�l�i�d�e�l�a�b�e�l�:�c�o�d�e�s�m�e�a�r� �t�e�s�t�t�h�e� �s�a�m�e� �i�n� �l�i�s�t�.
�*� �T�h�i�n�s�l�i�d�e�:
�-�D�i�m�e�n�s�i�o�n�s�:� �l�e�n�g�t�h� �f�r�o�m� �2� �t�o� �2�.�5� �c�m
�-�S�t�a�i�n�:�r�i�a�g�h�t� �a�n�d� �e�n�o�u�g�h�t�i�m�e�.
�-�W�a�s�h�:� �t�h�e�f�i�e�l�d�c�l�e�a�n�,� �n�o� �r�e�s�i�d�u�e� �o�f� �G�i�e�m�s�a�.
�-�R�e�d� �b�l�o�o�d� �c�e�l�l�s� �a�r�e�s�i�n�g�l�e� �o�n� �s�l�i�d�e�.
�-�T�h�i�n� �s�m�e�a�r�s�w�i�t�h�o�u�t�a�i�r�,� �n�o�t� �f�a�t
�-�S�l�i�d�e�l�a�b�e�l�:�c�o�d�e� �o�f�s�m�e�a�r�t�h�e� �s�a�m�e� �w�i�t�h� �l�i�s�t� �p�a�p�e�r�.
�Q�u�a�l�i�t�y� �a�s�s�e�s�s�m�e�n�t�s�l�i�d�e�:
�-�S�l�i�d�e�h�a�s� �5� �o�r� �m�o�r�e� �p�o�i�n�t�.
�-�F�a�i�l�:� �T�h�e� �f�r�o�m� �0�-�4�p�o�i�n�t
�A�s�s�e�s�s�m�e�n�t� �t�e�s�t� �r�e�s�u�l�t�s�r�e�a�d�i�n�g� �s�l�i�d�e
�E�x�a�m�i�n�e�r�r�e�a�d�d�i�n�g�t�h�e�s�l�i�d�e�s�e�t�:
�- �T�h�e�f�i�r�s�t�a�s�s�e�s�s�m�e�n�t�: �5 �s�l�i�d�e�s �(�a�c�c�o�r�d�i�n�g� �t�o� �r�o�u�t�i�n�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �p�r�o�j�e�c�t
�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�o�f�G�l�o�b�a�l� �F�u�n�d�)�.
�-�T�h�e�n�e�x�t� �t�i�m�e�:� �a�s�s�e�s�s�m�e�n�t�u�s�e� �1�0� �s�l�i�d�e�a�c�c�o�r�d�i�n�g� �t�o� �W�H�O
�-�S�l�i�d�e�s�e�t�a�s�s�e�s�s�m�e�n�t�i�n�c�l�u�d�i�n�g�P�.� �f�a�l�c�i�p�a�r�u�m�,� �P�.� �v�i�v�a�x�,�P�.� �m�a�l�a�r�i�a�e�,� �m�i�x�s�l�i�d�e�s
�a�n�d� �n�e�g�a�t�i�v�e� �s�l�i�d�e�s�.
�-�A�g�r�e�e�m�e�n�t�:� �T�h�e�m�i�c�r�o�s�c�o�p�i�s�t ��a�n�s�w�e�r�s�l�i�k�e�r�e�s�u�l�t�s� �o�f� �t�h�e�s�l�i�d�e�s�e�t�.
�-�F�a�l�s�e�:
�+�F�a�l�s�e� �n�e�g�a�t�i�v�e�:�s�l�i�d�e�p�o�s�i�t�i�v�e� �(�+�)� �b�u�t� �t�h�e� �a�n�s�w�e�r� �i�s� �n�e�g�a�t�i�v�e� �(�-�)
�+�F�a�l�s�e� �f�o�s�i�t�i�v�e�:�s�l�i�d�e�n�e�g�a�t�i�v�e� �(�-�)� �a�n�s�w�e�r� �i�s� �p�o�s�i�t�i�v�e� �(�+�)

�-�L�a�c�k� �o�f�m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s�t�a�g�e�s�:
�+� �S�l�i�d�e� �d�e�t�e�c�t� �o�n�l�y� �o�n�e� �s�p�e�c�i�e�s�(�s�l�i�d�e� �m�i�x� �p�a�r�a�s�i�t�e�)
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�+� �S�l�i�d�e� �i�n�f�e�c�t�i�o�n� �o�n�l�y� �o�n�e� �b�u�t� �a�n�s�w�e�r� �i�s� �m�i�x�.
�G�r�a�d�e�s�:
�-�E�a�c�h� �s�l�i�d�e�c�o�r�r�e�c�t�:� �3� �p�o�i�n�t�s�.
�-�L�a�c�k� �o�r� �e�x�c�e�s�s� �s�t�r�a�i�n�:� �1� �p�o�i�n�t
�-�S�l�i�d�e�e�r�r�o�r�:� �0� �p�o�i�n�t�s
�F�o�l�l�o�w�i�n�g� �l�e�v�e�l�s�:
�*� �A�c�h�i�e�v�e�d�a�n�d� �n�o�t
�-�S�c�o�r�i�n�g�:� �T�o�t�a�l� �s�c�o�r�e�s�>� �7� �p�o�i�n�t�s�(�>� �7�0�%�)�,� �n�o�t� �b�e�i�n�g� �w�r�o�n�g�.� �A�l�l�o�w�e�d� �t�o� �b�e�l�a�c�k� �o�f
�s�t�a�g�e�.
�-�F�a�i�l�:�:� �T�o�t�a�l� �s�c�o�r�e� �<�7� �p�o�i�n�t�s� �(�<�7�0�%�)�.
�*� �R�a�n�k�i�n�g�:
�-�G�o�o�d�:�>� �9�0�%� �p�o�i�n�t�s
�-�A�c�c�e�p�t�a�b�l�e�:� �7�0�%�-�<�9�0�%� �p�o�i�n�t�s
�- �U�n�a�c�c�e�p�t�a�b�l�e�:� �5�0�%�-�<�7�0�%� �p�o�i�n�t�s
�-�W�e�a�k�:� �l�e�s�s� �t�h�a�n� �5�0�%� �p�o�i�n�t�s
�*�R�e�s�u�l�t�s� �t�h�e�o�r�y�t�e�s�t�:
�D�e�s�i�g�n� �t�h�e�o�r�y�q�u�e�s�t�i�o�n�a�i�r�e�(�A�p�p�e�n�d�i�x� �9�)�.

ð· �Q�u�e�s�t�i�o�n�a�i�r�e�a�b�o�u�t�p�a�r�a�s�i�t�e ��s�f�o�r�m
ð· �T�h�e�p�r�e�p�a�r�e� �b�u�f�f�e�r�s�o�l�u�t�i�o�n�a�n�d� �G�i�e�m�s�a

�-�C�h�e�c�k� �1�0� �q�u�e�s�t�i�o�n�s�,� �e�a�c�h� �c�o�r�r�e�c�t� �a�n�s�w�e�r� �1� �p�o�i�n�t
�-�T�o�t�a�l� �p�o�i�n�t�s� �o�f� �e�a�c�h�m�i�c�r�o�s�c�o�p�i�s�t�.
�-�R�a�n�k�i�n�g� �a�n�d� �e�v�a�l�u�a�t�i�o�n�a�s�r�e�a�d� �s�l�i�d�e�.
�2�.�4�.�5�.�2�.�A�s�s�e�s�s�m�e�n�t�i�n�t�e�r�v�e�n�t�i�o�n�s
�-�S�k�i�l�l�s�t�o� �p�r�e�p�a�r�e�d�s�l�i�d�e
�-�S�k�i�l�l�s� �d�e�t�e�c�t�e�d� �p�a�r�a�s�i�t�e�s�.
�-�H�o�w� �m�u�c�h�t�i�m�e� �t�o� �a�n�s�w�e�r� �t�h�e� �t�e�s�t
�-�T�a�k�e� �b�l�o�o�d� �s�m�e�a�r� �f�i�n�d�i�n�g�s�a�c�t�i�v�e� �a�n�d� �p�a�s�s�i�v�e�i�n�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�s
�2�.�5�.�D�a�t�a� �a�n�a�l�y�s�i�s
�-�D�a�t�a� �c�o�l�l�e�c�t�e�d� �i�s�a�n�a�l�y�s�e�d�w�i�t�h� �E�P�I� �I�N�F�O� �a�n�d� �E�x�c�e�l
�-�U�s�i�n�g� �s�t�a�t�i�s�t�i�c�a�l� �m�e�t�h�o�d�s�,� �c�o�m�p�a�r�i�s�o�n� �a�n�d� �a�n�a�l�y�s�i�s� �o�f� �q�u�a�l�i�t�a�t�i�v�e� �d�a�t�a�.
�-�U�s�e� �t�h�e� �b�i�o�m�e�d�i�c�a�l� �s�t�a�t�i�s�t�i�c�a�l� �t�e�s�t� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s
�2�.�6�.� �E�r�r�o�r� �a�n�d�c�o�n�t�r�o�l�l�i�n�g
�2�.�6�.�1�.� �E�r�r�o�r�:
�-�T�h�e� �r�e�t�r�o�s�p�e�c�t�i�v�e� �d�a�t�a�,� �c�o�l�l�e�c�t�e�d�m�a�y� �b�e� �w�r�o�n�g� �b�y� �c�o�l�l�e�c�t�i�n�g� �a�n�d� �r�e�p�o�r�t�i�n�g� �a�t� �e�a�c�h
�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�d�i�f�f�e�r�e�n�t�.
�-�E�r�r�o�r� �c�o�d�e� �e�r�r�o�r� �c�h�e�c�k�i�n�g�s�l�i�d�e�.
�-�I�n�t�e�r�v�i�e�w�e�d�m�i�c�r�o�s�c�o�p�i�s�t�:�l�o�c�a�l� �l�a�n�g�u�a�g�e�,� �r�e�c�a�l�l� �b�i�a�s�,� �e�t�h�n�i�c� �l�a�n�g�u�a�g�e�.
�-�E�r�r�o�r�s� �i�n� �t�h�e�a�s�s�e�s�s�m�e�n�t�p�r�o�c�e�s�s�.
�2�.�6�.�2�.� �E�r�r�o�r� �c�o�n�t�r�o�l�l�i�n�g�:
�- �T�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �d�e�s�i�g�n�e�d� �a�n�d� �e�d�i�t�e�d�,� �u�s�e�d� �b�e�f�o�r�e� �c�o�n�d�u�c�t�i�n�g� �t�h�e
�i�n�t�e�r�v�i�e�w�.
�- �T�r�a�i�n�i�n�g� �f�o�r� �s�t�a�f�f�.
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�-�R�e�q�u�i�r�e�d�t�h�e�t�i�m�e�a�n�s�w�e�r� �t�h�e� �r�e�s�u�l�t�s�.
�-�C�o�o�r�d�i�n�a�t�e� �w�i�t�h� �p�r�o�v�i�n�c�i�a�l� �s�t�a�f�f� �f�l�u�e�n�t�e�t�h�n�i�c� �i�n�t�e�r�v�i�e�w�i�n�g� �t�h�e� �m�i�c�r�o�s�c�o�p�i�s�t�.
�2�.�7�.� �R�e�s�e�a�r�c�h�m�a�t�e�r�i�a�l�s� �a�n�d�d�a�t�a�c�o�l�l�e�c�t�i�o�n�:
�*� �Q�u�e�s�t�i�o�n�n�a�i�r�e�:

�Q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�a�s�e�d� �o�n� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e
�a�n�d� �c�a�p�a�c�i�t�y� �o�f� �s�t�a�f�f� �w�o�r�k�i�n�g� �i�n� �l�a�b�o�r�a�t�o�r�y�,� �e�s�p�e�c�i�a�l�l�y� �s�e�r�v�i�c�e� �d�i�a�g�n�o�s�i�s�,
�t�r�e�a�t�m�e�n�t� �a�n�d� �m�a�n�a�g�e�m�e�n�t�p�a�t�i�e�n�t�s�.
�*� �Q�u�e�s�t�i�o�n�a�i�r�e�s�:
�-�Q�u�e�s�t�i�o�n�a�i�r�e�s�i�s�b�a�s�e�d� �o�n� �t�h�e� �t�h�e�o�r�y� �t�e�s�t� �t�r�a�i�n�i�n�g�.
�-�Q�u�e�s�t�i�o�n�a�i�r�e�d�e�s�i�g�n� �b�r�i�e�f
�-�C�o�n�s�i�s�t�s� �o�f� �q�u�e�s�t�i�o�n�a�i�r�e�s
�+� �S�e�l�e�c�t� �t�h�e� �c�o�r�r�e�c�t� �a�n�s�w�e�r
�+�S�i�m�p�l�e�q�u�e�s�t�i�o�n
�*� �D�e�s�i�g�n�e�d� �t�h�e� �s�t�a�n�d�a�r�d�s�l�i�d�e� �(�s�l�i�d�e� �s�e�t�)�,� �a�s�s�e�s�s�m�e�n�t� �s�k�i�l�l�s� �o�f�m�i�c�r�o�s�c�o�p�i�s�t�s
�- �S�l�i�d�e�s�e�t�w�a�s�m�a�d�e�i�n�N�I�M�P�E
�- �S�l�i�d�e� �s�e�t� �1�i�n�c�l�u�d�i�n�g�:� �5�s�l�i�d�e�s �(�i�n�c�l�u�d�i�n�g� �t�h�i�n� �a�n�d� �t�h�i�c�k�s�m�e�a�r�)�, �s�t�a�i�n�i�n�g
�G�i�e�m�s�a� �4�%�f�o�r� �4�5� �m�i�n�u�t�e�s� �(�i�n� �t�h�e� �r�o�u�t�i�n�e�)�.
�- �T�h�e� �n�e�x�t�s�l�i�d�e� �s�e�t�:� �1�0�s�l�i�d�e�i�n�c�l�u�d�i�n�g� �t�h�i�n� �a�n�d� �t�h�i�c�k�s�m�e�a�r�s� �s�t�a�i�n�i�n�g�G�i�e�m�s�a
�4�%�f�o�r� �4�5� �m�i�n�u�t�e�s� �(�i�n� �t�h�e� �r�o�u�t�i�n�e�)�.
�-�T�h�e�s�l�i�d�e� �s�e�t�i�n�c�l�u�d�e�:�P�.�f�;� �P�.�v�;� �P�.�m�,�m�i�x� �a�n�d� �n�e�g�a�t�i�v�e� �s�l�i�d�e�s�.
�-�S�l�i�d�e� �w�a�s� �c�o�d�e�d�b�e�f�o�r�e�t�o� �t�e�s�t�i�n�g
�2�.�8�.� �E�t�h�i�c�a�l� �i�n� �r�e�s�e�a�c�h�:
�- �S�t�r�i�c�t�l�y� �a�b�i�d�e� �b�y� �t�h�e� �e�t�h�i�c�a�l� �r�u�l�e�s� �i�n� �b�i�o�m�e�d�i�c�a�l� �r�e�s�e�a�r�c�h�.
�-�T�h�e� �d�a�t�a� �a�n�d� �f�i�n�d�i�n�g�s�u�s�e�t�o� �m�e�d�i�c�i�n�e�.
�-�T�h�i�s� �r�e�s�e�a�r�c�h�i�m�p�r�o�v�i�n�g� �t�h�e� �q�u�a�l�i�t�y� �o�f� �d�i�a�g�n�o�s�i�s� �a�n�d� �t�r�e�a�t�m�e�n�t�i�n� �m�i�c�r�o�s�c�o�p�y
�s�i�t�e�e�n�a�b�l�e� �e�a�r�l�y� �d�e�t�e�c�t�i�o�n� �a�n�d� �t�i�m�e�l�y� �t�r�e�a�t�m�e�n�t� �b�e�n�e�f�i�t� �h�e�a�l�t�h�,� �e�c�o�n�o�m�i�c�,
�s�o�c�i�a�l�,� �e�t�h�n�i�c� �p�e�o�p�l�e� �o�f� �t�h�e� �N�o�r�t�h�-�W�e�s�t�.
�- �O�u�t�l�i�n�e� �o�f� �t�h�e� �t�h�e�s�i�s� �w�a�s� �p�a�s�s�e�d� �i�n� �t�h�e� �A�s�s�e�m�b�l�y� �e�t�h�i�c�a�l�o�f� �b�i�o�m�e�d�i�c�a�l
�r�e�s�e�a�r�c�h�o�f� �N�I�M�P�E�.
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�C�H�A�P�T�E�R� �3�:� �R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N

�3�.�1�.� �M�a�l�a�r�i�a� �s�i�t�u�a�t�i�o�n� �a�n�d� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �6�P�r�o�v�i�n�c�e
�3�.�1�.�1�.� �M�a�l�a�r�i�a� �s�i�t�u�a�t�i�o�n� �i�n� �t�h�e� �p�r�o�v�i�n�c�e�s�r�e�s�e�a�c�h�2�0�1�1

�H�ì�n�h� �3�.�1�.�P�a�t�i�e�n�t�s�a�n�d�p�a�r�a�s�i�t�e�s�i�n� �p�r�o�v�i�n�c�e�y�e�a�r�2�0�1�1
�N�u�m�b�e�r� �o�f� �p�a�t�i�e�n�t�s� �i�n� �5� �y�e�a�r�s�w�a�s� �r�e�d�u�c�e�d�d� �5�7�.�6�6� �%�,� �f�r�o�m� �1�1�,�3�6�5� �t�o� �4�,�8�2�0�;

�p�a�r�a�s�i�t�e� �r�e�d�u�c�e�d�d� �8�4�.�7�2�%� �f�r�o�m� �7�0�7� �t�o� �1�0�8�.� �T�h�e� �r�a�t�i�o� �o�f� �p�a�r�a�s�i�t�e�/�p�a�t�i�e�n�t�s� �i�s� �l�o�w
�2�.�2�4�%�;� �T�h�i�s� �r�a�t�i�o� �i�n� �t�h�e� �C�e�n�t�r�a�l � �H�i�g�h�l�a�n�d� �p�r�o�v�i�n�c�e�s� �h�i�g�h�e�r� �t�h�a�n�:� �6�9�.�2�1�%

�F�i�g�u�r�e� �3�.�3�.� �T�h�e�s�p�e�c�i�e�s�o�f� �t�h�e� �p�a�r�a�s�i�t�e� �i�n�y�e�a�r�2�0�1�1�-�2�0�1�2
�T�h�e�s�e�p�a�r�a�t�e�d�o�f� �t�h�e� �p�a�r�a�s�i�t�e� �i�n� �2�0�1�1� �c�o�m�p�a�r�e�d�i�n�2�0�1�2�,� �t�h�e�r�e� �h�a�s� �b�e�e�n� �a

�c�h�a�n�g�e�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f�P�.� �f�a�l�c�i�p�a�r�u�m�- �i�n�f�e�c�t�e�d� �p�a�t�i�e�n�t�s� �i�n� �2�0�1�2�r�e�d�u�c�e�d
�c�o�m�p�a�r�e�d� �t�o� �2�0�1�1� �(�2�4�.�7�6�%� � �a�n�d� �2�8�.�7�%�)�,� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �p�a�t�i�e�n�t�s� �i�n�f�e�c�t�e�d� �w�i�t�h
�P�.�v�i�v�a�x�d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n� �2�0�1�2�c�o�m�p�a�r�e�d� �w�i�t�h� �2�0�1�1�(�6�4�.�8�%� �a�n�d� �6�5�.�7�%�)�.
�I�n� �2�0�1�2�t�h�e� �n�u�m�b�e�r� �o�f� �p�a�t�i�e�n�t�s� �i�n�f�e�c�t�e�d� �w�i�t�h� �p�a�r�a�s�i�t�e�s� �c�o�o�r�d�i�n�a�t�i�o�n� �h�i�g�h�e�r� �t�h�a�n
�2�0�1�1�(�1�0�.�6�%� �a�n�d� �5�.�5�6�%�)
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�3�.�1�.�2�.�T�h�e�n�e�t�w�o�r�k�o�f� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n� �t�h�e� �p�r�o�v�i�n�c�e�s
�F�i�g�u�r�e�3�.�3�.�D�i�s�t�r�i�b�u�t�i�o�n� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �i�n� �t�h�e� �p�r�o�v�i�n�c�e�s� �r�e�s�e�a�c�h

�P�r�o�v�i�n�c�e�T�o�t�a�l
�M�i�c�r�o�s�c�o�p�y� �s�i�t�e� � �i�n

�D�i�s�t�r�i�c�t �C�o�m�m�u�n�e �C�l�i�n�i�c �O�t�h�e�r
�S�L �% �S�L �% �S�L �% �S�L �%

�L�a�i� �C�h�a�u �3�8 �7 �1�8�.�4 �1�8 �4�7�.�4 �1�2 �3�1�.�6 �1 �2�.�6
�D�i�e�n� �B�i�e�n�3�4 �9 �2�6�.�5 �8 �2�3�.�5 �1�7 �5�0�.�0 �1 �3�.�0
�S�o�n� �L�a �5�9 �2�2 �3�2�.�4 �4�5 �6�6�.�1 �0 �.�0 �1 �1�.�5
�L�a�o� �C�a�i �3�3 �8 �2�4�.�2 �1�4 �4�2�.�5 �1�1 �3�3�.�3 �0 �0
�Y�e�n� �B�a�i �6�6 �9 �1�3�.�6 �4�7 �7�1�.�2 �1�0 �1�5�.�2 �0 �0
�H�o�a� �B�i�n�h�3�8 �1�1 �2�8�.�9 �2�4 �6�3�.�2 �3 �7�.�9 �0 �0
�T�o�t�a�l �2�6�8 �6�6 �2�4�.�6 �1�5�6 �5�8�.�2 �5�3 �1�9�.�8 �3 �1�.�1

�T�h�e� �n�u�m�b�e�r� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �i�n� �c�o�m�m�u�n�e�f�o�r� �5�8�.�2�%�;� �f�o�r� �2�4�.�6�%�i�n
�d�i�s�t�r�i�c�t�.� �E�a�c�h� �d�i�s�t�r�i�c�t� �h�a�s� �f�r�o�m� �1� �t�o� �2�s�i�t�e�s�,� �e�a�c�h� �d�i�s�t�r�i�c�t� �i�n� �S�o�n� �L�a�h�a�v�e�2�s�i�t�e� �i�n
�d�i�s�t�r�i�c�t� �(�D�i�s�t�r�i�c�t� �1� �o�f� �P�M�C�s�,� �o�n�e� �o�f� �t�h�e� �d�i�s�t�r�i�c�t� �h�o�s�p�i�t�a�l�s�)�.

�T�a�b�l�e� �3�.�4�.�T�h�e�c�o�v�e�r�a�g�e� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �i�n�r�e�s�e�a�r�c�h� �p�r�o�v�i�n�c�e�s�2�0�1�1

�P�r�o�v�i�n�c�e �T�o�t�a�l� �s�i�t�e�P�o�p�u�l�a�t�i�o�n�P�o�p�u�l�a�t�i�o�n�/�s�i�t�e�N�u�m�b�e�r
�c�o�m�m�u�n�e�/�s�i�t�e

�L�a�i� �C�h�a�u �3�8 �3�5�0�,�1�4�3 �9�2�1�4 �2�.�5�8
�D�i�e�n� �B�i�e�n �3�4 �4�0�4�,�6�2�6 �1�1�9�0�1 �3�.�2�9
�S�o�n� �L�a �5�9 �1�.�1�2�5�,�4�0�3 �1�9�0�7�5 �3�.�4�9
�L�a�o� �C�a�i �3�3 �6�2�1�,�0�7�6 �1�8�,�8�2�0 �4�.�9�7
�Y�e�n� �B�a�i �6�6 �7�6�1�,�5�6�7 �1�1�,�5�3�9 �2�.�7�3
�H�o�a� �B�i�n�h �3�8 �8�2�5�,�5�9�3 �2�1�,�7�2�6 �5�.�5�3

�T�o�t�a�l �2�6�8 �4�,�0�8�8�,�4�0�8 �1�5�,�2�5�5 �3�.�6�2

�P�o�p�u�l�a�t�i�o�n�/�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�c�h�a�n�g�e�,� �t�h�e� �h�i�g�h�e�s�t� �a�b�o�u�t� �2�1� �t�h�o�u�s�a�n�d
�p�e�o�p�l�e� �i�n� �H�o�a� �B�i�n�h�,� �L�a�i� �C�h�a�u� �i�n� �e�a�c�h�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�h�a�v�e�a� �p�o�p�u�l�a�t�i�o�n� �o�f� �l�e�s�s
�t�h�a�n� �a�b�o�u�t� �1�0� �t�h�o�u�s�a�n�d� �p�e�o�p�l�e�.� �E�a�c�h�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�c�h�a�n�g�e� �f�r�o�m� �2� �t�o� �6
�c�o�m�m�u�n�e�s� �(�2�.�5�8� �t�o� �5�.�5�3� �c�o�m�m�u�n�e�s�)�.

�C�o�v�e�r�a�g�e� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s �e�q�u�i�v�a�l�e�n�t�:� �3�.�7� �c�o�m�m�u�n�e�/ �m�i�c�r�o�s�c�o�p�y�s�i�t�e
�(�C�o�u�n�t�r�y�)�,�c�o�v�e�r�a�g�e�i�n� �D�a�k� �L�a�k� �i�s� �1�.�9�5� �c�o�m�m�u�n�e�/�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�,� �N�i�n�h� �T�h�u�a�n
�1� �C�o�m�m�u�n�e�/�m�i�c�r�o�s�c�o�p�y� �s�i�t�e

�F�i�g�u�r�e�3�.�5�.�D�i�s�t�a�n�t� �a�n�d� �t�i�m�e�f�r�o�m� �t�h�e� �s�i�t�e� �t�o� �p�e�o�p�l�e
�P�r�o�v�i�n�c�e �D�i�s�t�a�n�t�(�k�m�) �T�i�m�e�(�h�o�u�r�s�)

�L�a�i� �C�h�a�u �2�1�.�7�5 �1�.�3
�D�i�e�n� �B�i�e�n �3�9�.�8 �1�.�5
�S�o�n� �L�a �2�2�.�5�7 �1�.�3
�L�a�o� �C�a�i �1�5�.�2 �0�.�8
�Y�e�n� �B�a�i �8�.�1�7 �0�.�5
�H�o�a� �B�i�n�h �2�1�.�0 �0�.�8
�T�o�t�a�l �2�1�.�0�7� �(�+�1�7�.�5�9�) �1�.�4

�S�o�m�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �r�e�s�i�d�e�n�t�i�a�l� �a�r�e�a�s� �t�o�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�o�f�a�r�,� �a�v�e�r�a�g�i�n�g
�2�1�.�0�7� �k�m�.�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�e�r�v�i�c�e� �s�c�o�p�e� �o�f� �g�e�n�e�r�a�l� �r�e�l�a�t�i�v�i�t�y�,� �t�h�e� �d�i�s�t�a�n�t�f�a�r�r�e�s�t� �i�s�9�0
�k�m�.� �T�i�m�e� �t�o� �g�o� �t�o�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�a�v�e�r�a�g�e�f�r�o�m�0�.�5� �h�o�u�r�s� �t�o� �1�.�5� �h�o�u�r�s� �(�d�e�p�e�n�d�i�n�g
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�v�e�h�i�c�l�e�s�)�.�C�o�m�p�a�r�e�d� �w�i�t�h�r�e�s�e�a�c�h�i�n� �C�e�n�t�r�a�l�-�C�e�n�t�r�a�l� �H�i�g�h�l�a�n�d�s� �i�s�n�e�a�r�e�r� �(�1�0�.�8�2� �±
�1�0�.�0�6� �k�m�)�.

�F�i�g�u�r�e�3�.�6�.�N�u�m�b�e�r�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�i�n�p�r�o�v�i�n�c�e�,�f�r�o�m�2�0�0�7�-�2�0�1�1

�P�r�o�v�i�n�c�e
�N�u�m�b�e�r�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�o�f� �t�h�e� �y�e�a�r�s

�2�0�0�7 �2�0�0�8 �2�0�0�9 �2�0�1�0 �2�0�1�1
�L�a�i� �C�h�a�u �2�7 �3�2 �3�6 �3�7 �3�8
�D�i�e�n� �B�i�e�n �3�0 �3�3 �3�4 �3�4 �3�4
�S�o�n� �L�a �4�4 �4�5 �5�3 �5�5 �5�9
�L�a�o� �C�a�i �2�7 �2�7 �2�7 �3�3 �3�3
�Y�e�n� �B�a�i �6�4 �6�6 �6�6 �6�6 �6�6
�H�o�a� �B�i�n�h �3�2 �3�4 �3�4 �3�4 �3�8
�S�u�m �2�2�4 �2�3�7 �2�5�0 �2�5�9 �2�6�8

�T�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�a�f�t�e�r� �5� �y�e�a�r�s� �(�2�0�0�7�-�2�0�1�1�)� �h�a�s� �i�n�c�r�e�a�s�e�d� �b�y� �4�4
�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�(�1�9�,� �6�%�)�,� �L�a�i� �C�h�a�u� �a�n�d� �S�o�n� �L�a� �p�r�o�v�i�n�c�e�s� �a�r�e� �2�m�i�c�r�o�s�c�o�p�y� �s�i�t�e
�n�u�m�b�e�r� �o�f� �n�e�w�l�y� �f�o�r�m�e�d� �m�o�s�t�:� �L�a�i� �C�h�a�u�:� �1�1�,� �S�o�n� �L�a�:� �1�5�.� �a�t� �D�i�e�n� �B�i�e�n� �l�i�t�t�l�e� �e�x�t�r�a�:
�4�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�.

�F�i�g�u�r�e� �3�.�4�.�S�l�i�d�e� �a�c�t�i�v�e�d�e�t�e�c�t�i�o�n� �a�n�d� �p�a�s�s�i�v�e� �i�n� �t�h�e� �m�i�c�r�o�s�c�o�p�y�2�0�1�1�-�2�0�1�2

�T�h�e� �r�a�t�e� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �a�c�t�i�v�e� �a�n�d� �p�a�s�s�i�v�e� �d�i�s�e�a�s�e� �d�i�s�p�r�o�p�o�r�t�i�o�n�a�t�e�l�y�,
�s�l�i�d�e� �c�o�l�e�c�t� �i�n�i�t�i�a�t�i�v�e� �o�n�l�y� �a� �v�e�r�y�s�m�a�l�l� �p�a�r�t�,� �o�f�s�l�i�d�e� �c�o�l�e�c�t�a�c�t�i�v�e�l�y� �b�e�t�w�e�e�n
�p�r�o�v�i�n�c�e�s�.� �T�h�e� �r�a�t�i�o�s�l�i�d�e�s�c�o�l�e�c�t�e�d�i�n�i�t�i�a�t�i�v�e�f�r�o�m�2�0�0�7� �t�o� �2�0�1�1�r�e�d�u�c�e�d�d�f�r�o�m
�3�4�.�4�%�t�o� �2�1�.�9�2�%�.

�T�a�b�l�e�3�.�8�.�T�i�m�e� �t�o� �s�e�n�d�s�l�i�d�e�s�f�o�r�c�r�o�s�s�-�c�h�e�c�k�i�n�g

�P�r�o�v�i�n�c�e �1�m�o�n�t�h �3� �m�o�n�t�h �6�m�o�n�t�h �T�o�t�a�l
�L�a�i� �C�h�a�u �3 �1 �0 �4
�D�i�e�n� �B�i�e�n �3 �1 �1 �5
�S�o�n� �L�a �7 �0 �0 �7
�L�a�o� �C�a�i �3 �1 �1 �5
�Y�e�n� �B�a�i �6 �0 �0 �6
�H�o�a� �B�i�n�h �3 �0 �0 �3
�S�u�m�(�r�a�t�e�%�) �2�5� �(�8�3�.�3�3�) �3� �(�1�0�.�0�) �2� �(�6�.�6�7�) �3�0� �(�1�0�0�)

�T�h�e�r�e� �a�r�e� �8�3�.�3�3�%�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�e�n�d�s�l�i�d�e�s�t�o�c�h�e�c�k�s� �m�o�n�t�h�l�y� �u�n�d�e�r
�t�h�e� �p�r�o�v�i�s�i�o�n�s� �o�f� �m�a�l�a�r�i�a� �c�o�n�t�r�o�l� �p�r�o�g�r�a�m�s�.
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�A�t� �s�o�m�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�e�n�d�i�n�g�s�l�i�d�e�s�t�o�c�h�e�c�k�s� �t�o�o� �l�a�t�e� �(�L�a�o� �C�a�i�,� �D�i�e�n� �B�i�e�n�)
�s�e�n�d�q�u�a�r�t�e�r�l�y� �c�h�e�c�k�s�s�l�i�d�e�1�m�o�n�t�h�/�t�i�m�e�:� �1�0�.�0�%�;� �6�m�o�n�t�h�/�t�i�m�e�:� �6�.�6�7�%�.
�3�.�1�.�3�.�H�u�m�a�n� �r�e�s�o�u�r�c�e�s� �i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e

�F�i�g�u�r�e�3�.�8�.�Y�e�a�r�s� �o�f� �e�x�p�e�r�i�e�n�c�e� �o�f�m�i�c�r�o�s�c�o�p�i�s�t�s
�T�h�e� �r�a�t�i�o�o�f� �m�i�c�r�o�s�c�o�p�i�s�t�s�e�x�p�e�r�i�e�n�c�e�d� �m�o�r�e� �t�h�a�n� �5� �y�e�a�r�s� �a�c�c�o�u�n�t�e�d� �f�o�r

�4�6�.�6�7�%� �i�s� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h�,�m�i�c�r�o�s�c�o�p�i�s�t�h�a�v�e�t�r�a�i�n�i�n�g� �i�n� �t�h�e� �l�a�s�t� �2� �y�e�a�r�s� �(�1�3�.�3�3�%�)�.
�T�a�b�l�e� �3�.�9�.� �T�r�a�i�n�i�n�g�a�d�d�r�e�s�s�a�n�d�t�r�a�i�n�i�n�g�t�i�m�e�s

�P�r�o�v�i�n�c�e
�T�r�a�i�n�i�n�g�a�d�d�r�e�s�s �T�i�m�e� �t�r�a�i�n�i�n�g

�N�I�M�P�E �M�e�d�i�c�a�l
�s�c�h�o�o�l�s�O�t�h�e�r�> �5

�w�e�e�k
�1� �<� �5
�w�e�e�k �<� �1�w�e�e�k

�L�a�i� �C�h�a�u �0 �4 �0 �3 �1 �0
�D�i�e�n� �B�i�e�n �0 �3 �2 �1 �2 �2
�S�o�n� �L�a �1 �6 �0 �2 �3 �0
�L�a�o� �C�a�i �0 �4 �1 �2 �0 �4
�Y�e�n� �B�a�i �0 �4 �2 �2 �4 �1
�H�o�a� �B�i�n�h �0 �3 �0 �0 �3 �0
�S�u�m �1 �2�4 �5 �1�0 �1�3 �7
�R�a�t�e�(�%�) �3�.�3 �8�0�.�0 �1�6�.�6�7 �3�3�.�3 �4�3�.�3 �2�3�.�4

�A�l�m�o�s�t� �m�i�c�r�o�s�c�o�p�i�s�t�s�t�r�a�i�n�e�d� �m�e�d�i�c�a�l� �p�r�o�f�e�s�s�i�o�n�a�l�s� �a�t� �m�e�d�i�c�a�l� �s�c�h�o�o�l�s�i�n
�p�r�o�v�i�n�c�e�s�:� �8�0�%�;� �r�a�t�e�m�i�c�r�o�s�c�o�p�i�s�t�s�t�r�a�i�n�e�d� �i�n� �l�a�b�o�r�a�t�o�r�y� �t�e�c�h�n�i�q�u�e�s� �a�t� �t�h�e�N�I�M�P�E
�l�o�w� �a�s� �3�.�3�%�;� �i�n�o�t�h�e�r� �p�l�a�c�e�s� �i�s� �1�6�.�6�7�%�.� �N�u�m�b�e�r�m�i�c�r�o�s�c�o�p�i�s�t�s �h�a�v�e�t�r�a�i�n�i�n�g
�s�i�g�n�i�f�i�c�a�n�t� �p�r�o�p�o�r�t�i�o�n� �(�2�3�.�4�%�)�.� �O�n�l�y� �3�3�.�3�%� �o�f� �t�h�e�m�i�c�r�o�s�c�o�p�i�s�t�s�t�r�a�i�n�e�d� �e�n�o�u�g�h
�t�i�m�e�.�W�H�O� �g�u�i�d�e�l�i�n�e�s�:�t�h�e�t�i�m�e�t�r�a�i�n�i�n�g� �t�o� �d�e�t�e�c�t� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �i�s� �5� �w�e�e�k�s� �f�o�r
�n�e�w� �t�r�a�i�n�e�e�,� �s�u�c�h� �t�r�a�i�n�i�n�g� �i�s� �n�o�t� �e�n�o�u�g�h� �t�i�m�e� �a�s� �r�e�q�u�i�r�e�d�.

�F�i�g�u�r�e� �3�:�1�0�.�T�h�e� �m�i�c�r�o�s�c�o�p�i�s�t�s�t�o� �b�e� �r�e�t�r�a�i�n�e�d
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�4�0�%�m�i�c�r�o�s�c�o�p�i�s�t�s� �t�o�b�e� �r�e�t�r�a�i�n�e�d�l�a�t�e�1� �y�e�a�r�,� �3�3�.�3�%�m�i�c�r�o�s�c�o�p�i�s�t�n�o�t� �b�e
�r�e�t�r�a�i�n�e�d�,� �w�i�t�h� �1�0�%�m�i�c�r�o�s�c�o�p�i�s�t�s�b�e� �r�e�t�r�a�i�n�e�d� �o�v�e�r� �3� �y�e�a�r�s� �a�g�o�.

�A�c�c�o�r�d�i�n�g� �t�o� �W�H�O� �t�h�e�m�i�c�r�o�s�c�o�p�i�s�t�r�e�c�e�i�v�e� �r�e�g�u�l�a�r� �t�r�a�i�n�i�n�g� �3� �y�e�a�r�s�/�t�i�m�e�s�,� �t�h�e
�m�i�c�r�o�s�c�o�p�i�s�t�n�o�t� �o�f�t�e�n� �t�h�e� �t�r�a�i�n�i�n�g� �w�i�l�l� �a�f�f�e�c�t�t�o�t�h�e� �q�u�a�l�i�t�y� �o�f� �d�e�t�e�c�t�i�o�n�p�a�r�a�s�i�t�e�.

�3�.�1�.�4�.� �F�a�c�i�l�i�t�i�e�s� �a�t� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e

�T�a�b�l�e� �3�:�1�1�.�B�e�n�c�h� �s�p�a�c�e� �a�n�d�l�i�g�h�t�i�n�g�i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e

�P�r�o�v�i�n�c�e�N�u�m�b�e�r
�T�h�e� �r�o�o�m �L�i�g�h�t�i�n�g

�P�r�i�v�a�t�e�C�o�m�m�o�n�A�c�c�e�p�t�a�b�l�e�U�n�a�c�c�e�p�t�a�b�l�e
�L�a�i� �C�h�a�u �4 �0 �4 �4 �0
�D�i�e�n� �B�i�e�n �5 �2 �3 �5 �0
�S�o�n� �L�a �7 �0 �7 �6 �1
�L�a�o� �C�a�i �5 �2 �3 �5 �0
�Y�e�n� �B�a�i �6 �6 �0 �5 �1
�H�o�a� �B�i�n�h �3 �0 �3 �3 �0
�T�o�t�a�l�(�%�) �3�0� �(�1�0�0�)�1�0�(�3�3�.�3�) �2�0� �(�6�6�.�7�) �2�8� �(�9�3�.�3�) �2� �(�6�.�7�)

�T�h�e� �s�u�r�v�e�y� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t� �6�6�.�7�%�s�i�t�e�n�o�t� �h�a�v�e� �p�r�i�v�a�t�e� �l�a�b�o�r�a�t�o�r�y
�w�h�i�c�h�p�l�a�c�e�t�o�g�e�t�h�e�r� �w�i�t�h� �o�t�h�e�r� �a�c�t�i�v�i�t�i�e�s� �a�t� �t�h�e� �h�e�a�l�t�h� �f�a�c�i�l�i�t�y� �(�t�h�e� �e�x�a�m�i�n�a�t�i�o�n�,
�b�o�o�k�k�e�e�p�i�n�g�,� �c�o�m�m�o�n� �c�l�i�n�i�c� �.�.�.�)�.� �I�n� �Y�e�n� �B�a�i�t�h�e�l�a�b�o�r�a�t�o�r�i�e�s� �a�r�e� �l�o�c�a�t�e�d
�p�r�i�v�a�t�e�.� �M�o�s�t� �l�a�b�o�r�a�t�o�r�i�e�s� �a�r�e� �g�u�a�r�a�n�t�e�e�d� �l�i�g�h�t�i�n�g�.� �O�n�l�y� �6�.�7�%� �i�s� �n�o�t� �s�u�f�f�i�c�i�e�n�t
�l�a�b�o�r�a�t�o�r�y� �l�i�g�h�t�i�n�g�(�i�n� �S�o�n� �L�a� �a�n�d� �D�i�e�n� �B�i�e�n�)�.

�F�i�g�u�r�e� �3�.�1�3�.� �Q�u�a�l�i�t�y�m�i�c�r�o�s�c�o�p�e�i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e
�S�o�m�e� �f�a�c�i�l�i�t�i�e�s�h�a�v�e�2� �m�i�c�r�o�s�c�o�p�e�s�t�o� �d�e�t�e�c�t�p�a�r�a�s�i�t�e� �a�n�d� �T�B�t�e�s�t�.� �I�n� �t�o�t�a�l

�3�6� �o�u�t� �o�f� �3�0� �s�i�t�e�s�5�.�6�%�m�i�c�r�o�s�c�o�p�y�s�i�t�e�s�c�u�r�r�e�n�t�l�y� �f�a�i�l�e�d�,� �n�e�e�d� �r�e�p�a�i�r�s� �a�n�d
�r�e�p�l�a�c�e�m�e�n�t�s� �o�f� �2�.�8�%�,� �b�e�t�t�e�r� �r�a�t�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h�:� �6�3�.�9�%�.

�C�o�m�p�a�r�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f�m�i�c�r�o�s�c�o�p�y�i�n� �C�e�n�t�r�a�l�-�W�e�s�t� �H�i�g�h�l�a�n�d�s�,� �t�h�e
�n�u�m�b�e�r� �o�f�m�i�c�r�o�s�c�o�p�y�q�u�a�l�i�t�y� �i�n�t�h�e� �N�o�r�t�h� �W�e�s�t� �r�e�g�i�o�n� �i�s� �m�u�c�h� �l�o�w�e�r�,� �w�h�i�l�e
�o�n�l�y� �3�.�0�6�%�m�i�c�r�o�s�c�o�p�y�C�e�n�t�r�a�l�- �W�e�s�t� �H�i�g�h�l�a�n�d�s� �a�n�d� �9�6�.�9�4�%� �s�a�t�i�s�f�a�c�t�o�r�y
�g�o�o�d� �g�l�a�s�s�,� �t�h�e� �g�l�a�s�s� �i�n� �t�h�e� �N�o�r�t�h�w�e�s�t� �o�f� �s�a�t�i�s�f�a�c�t�o�r�y� �(�n�o�r�m�a�l� �t�y�p�e�)� �a�c�c�o�u�n�t�e�d
�f�o�r� �2�7�.�8�%�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�s�s�e�s�s�m�e�n�t� �i�n� �2�0�1�0� �[�4�6�]� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �r�a�t�e
�m�i�c�r�o�s�c�p�y� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �(�7�4�%�)�.
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�3�.�1�.�5�.� �T�o�o�l�s�,� �c�h�e�m�i�c�a�l�s� �i�n� �t�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e�s

�T�a�b�l�e� �3�:�1�3�.� �K�i�t�s� �a�n�d� �t�o�o�l�s� �u�s�e�d� �c�h�e�m�i�c�a�l� �t�e�s�t�i�n�g

�P�r�o�v�i�n�c�e�N�u�m�b�e�r
�s�i�t�e �T�o�o�l�s� �s�e�t

�T�o�o�l�s

�C�y�l�i�n�d�e�r�p�H� �p�a�p�e�r�P�i�p�e�t �D�r�y�i�n�g
�r�a�c�k

�L�a�i� �C�h�a�u �4 �4 �4 �1 �2 �4

�D�i�e�n� �B�i�e�n �5 �5 �4 �2 �4 �5

�S�o�n� �L�a �7 �7 �6 �0 �5 �7

�L�a�o� �c�a�i �5 �5 �4 �0 �5 �4

�Y�e�n� �B�a�i �6 �5 �3 �0 �4 �3

�H�o�a� �B�i�n�h �3 �3 �2 �2 �2 �2

�T�o�t�a�l�(�%�) �3�0� �(�1�0�0�)�2�9�(�9�3�.�3�) �2�3� �(�7�6�.�7�) �5�(�1�6�.�7�) �2�2� �(�7�3�.�3�) �2�5� �(�8�3�.�3�)

�9�3�.�3�%�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�h�a�v�e�t�o�o�l�s� �s�e�t�, �a� �l�i�t�t�e�h�a�v�e ��t� �t�o�o�l�s� �s�e�t�(�6�.�7�%�)�.� �T�h�e
�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�o�f� �L�a�i� �C�h�a�u�,� �D�i�e�n� �B�i�e�n�,� �H�o�a� �B�i�n�h� �h�a�s�t�o�o�l�s� �s�e�t�.� �E�s�p�e�c�i�a�l�l�y� �w�i�t�h
�o�n�l�y� �1�6�.�7�%�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�h�a�v�e�p�H� �p�a�p�e�r�.

�3�.�1�4�.�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�h�a�v�e� �e�q�u�i�p�m�e�n�t

�P�r�o�v�i�n�c�e�N�u�m�b�e�r
�s�i�t�e

�T�i�m�m�i�n�g
�c�l�o�c�k

�C�o�u�n�t�e�r�B�e�n�c�h� �A�I�D�S�S�l�i�d�e� �s�e�t

�L�a�i� �C�h�a�u �4 �1 �3 �2 �1

�D�i�e�n� �B�i�e�n �5 �2 �2 �4 �1

�L�a�o� �C�a�i �5 �0 �0 �5 �3

�Y�e�n� �B�a�i �6 �0 �3 �4 �6

�S�¡�n� �L�a �7 �0 �1 �2 �2

�H�o�a� �B�i�n�h �3 �0 �1 �3 �1

�T�o�t�a�l�(�%�) �3�0� �(�1�0�0�)�3� �(�1�0�,�0�) �1�0� �(�3�3�,�3�) �2�0� �(�6�6�,�7�) �1�4� �(�4�6�,�7�)

�M�o�s�t� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�h�a�v�e�t�o�o�l�s� �s�e�t�b�u�t� �l�a�c�k�s� �m�a�n�y� �t�o�o�l�s� �i�n� �s�e�r�v�i�c�e� �f�o�r
�t�e�s�t�i�n�g�,� �o�n�l�y� �1�0�%� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �w�i�t�h�t�i�m�m�i�n�g�c�l�o�c�k�.� �4�6�.�7�%�m�i�c�r�o�s�c�o�p�y� �s�i�t�e
�w�i�t�h� �t�h�e�s�l�i�d�e� �s�e�t�,� �6�6�.�7�%� �h�a�d�b�e�n�c�h� �a�i�d�s�p�a�r�a�s�i�t�e�.

�T�a�b�l�e�3�.�1�5�.�M�i�c�r�o�s�c�o�p�y� �s�i�t�e�h�a�v�e� �c�h�e�m�i�c�a�l�s� �t�o� �t�e�s�t�i�n�g

�P�r�o�v�i�n�c�e�N�u�m�b�e�r
�s�i�t�e �B�u�f�f�e�r �A�d�j�u�s�t�e�d

�s�o�l�u�t�i�o�n�G�i�e�m�s�a �O�i�l
�i�m�m�e�r�s�i�o�n

�L�a�i� �C�h�a�u �4 �2 �2 �2 �4
�D�i�e�n� �B�i�e�n �5 �3 �3 �4 �5
�S�o�n� �L�a �7 �2 �2 �7 �7
�L�a�o� �C�a�i �5 �1 �1 �4 �5
�Y�e�n� �B�a�i �6 �2 �2 �6 �6
�H�o�a� �B�i�n�h �3 �1 �1 �3 �3
�T�o�t�a�l�(�%�) �3�0� �(�1�0�0�)�1�1� �(�3�6�.�7�) �1�1� �(�3�6�.�7�) �2�6� �(�8�6�.�7�) �3�0� �(�1�0�0�)
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�3�6�.�7�%�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�h�a�v�e�n�o�t�t�o� �p�r�e�p�a�r�e� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n�,� �1�0�0�%
�e�n�o�u�g�h� �o�i�l�i�m�m�e�r�s�i�o�n�,� �1�3�.�3�%�l�a�c�k� �o�f� �G�i�e�m�s�a�.�I�n� �t�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e�o�f� �S�o�n� �L�a�,
�H�o�a� �B�i�n�h�,� �Y�e�n� �B�a�i� �d�o� �n�o�t� �h�a�v�e� �e�n�o�u�g�h� �G�i�e�m�s�a� �t�o� �u�s�e�.

�3�.�1�.�6�.� �S�k�i�l�l�s�o�f� �m�i�c�r�o�s�c�o�p�i�s�t�i�n�t�h�e�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s

�T�a�b�l�e� �3�:�1�6�.�S�k�i�l�l�s� �t�o� �p�r�e�p�a�r�e�d�a�n�d� �s�t�a�i�n�i�n�g� �b�l�o�o�d� �s�l�i�d�e

�P�r�o�v�i�n�c�e�N�u�m�b�e�r

�P�r�e�p�a�r�e� �s�l�i�d�e
�a�c�c�e�p�t�a�b�l�e

�S�t�a�i�n�i�n�g
�a�c�c�e�p�t�a�b�l�e

�W�e�a�r
�g�l�o�v�e�s

�T�h�i�c�k
�f�i�l�m

�T�h�i�n
�f�i�l�m

�P�r�e�p�a�r�e
�G�i�e�m�s�a

�S�t�a�i�n�i�n�g

�L�a�i� �C�h�a�u �4 �3 �2 �0 �0 �3
�D�i�e�n� �B�i�e�n �5 �3 �2 �1 �1 �2
�S�o�n� �L�a �7 �5 �1 �3 �6 �4
�L�a�o� �C�a�i �5 �4 �1 �0 �1 �3
�Y�e�n� �B�a�i �6 �3 �3 �3 �3 �4
�H�o�a� �B�i�n�h �3 �3 �2 �1 �2 �0

�T�o�t�a�l� � �(�%�) �3�0� �(�1�0�0�)�2�1� �(�7�0�)�1�1� �(�3�6�.�7�) �8� �(�2�6�.�7�) �1�3� �(�4�3�.�3�) �1�6� �(�5�3�.�3�)
�P�r�e�p�a�r�e� �t�h�i�c�k� �s�m�e�a�r�a�c�c�e�p�t�a�b�l�e�7�0�.�0�%�,� �m�a�n�y� �m�i�c�r�o�s�c�o�p�i�s�t�o�f� �S�o�n� �L�a�,

�Y�e�n� �B�a�i�p�r�e�p�a�r�e� �n�o�t� �g�o�o�d�.� �T�e�c�h�n�i�q�u�e�s�m�a�d�e�t�h�i�n�s�m�e�a�r� �i�s�p�o�o�r�l�y�,� �o�n�l�y� �3�6�.�7�%
�m�i�c�r�o�s�c�o�p�i�s�t�.

�T�h�e�r�e� �a�r�e� �5�3�.�3�%�m�i�c�r�o�s�c�o�p�i�s�t�w�e�a�r�g�l�o�v�e�s� �w�h�e�n� �t�a�k�i�n�g� �a� �p�a�t�i�e�n�t�'�s� �b�l�o�o�d�.
�7�3�.�3�%� �m�a�k�e� �G�i�e�m�s�a� �s�o�l�u�t�i�o�n� �i�n�c�o�r�r�e�c�t�,� �1�0�0�%�m�i�c�r�o�s�c�o�p�i�s�t�o�f� �L�a�i� �C�h�a�u� �a�n�d
�L�a�o� �C�a�i�m�a�k�e� �G�i�e�m�s�a� �s�o�l�u�t�i�o�n� �c�o�r�r�e�c�t�. �S�t�a�i�n�i�n�g�a�c�c�e�p�t� �f�o�r� �4�3�.�3�%�(�u�n�a�c�c�e�p�t
�5�6�.�3�%�)�.

�H�.� �Y�o�u�s�o�f�i� �D�a�r�a�n�i� �r�e�s�e�a�r�c�h� �i�n� �I�r�a�n�:�c�h�e�c�k�3�7�8�3�s�l�i�d�e�s�h�o�w�e�d� �r�a�t�i�o�s� �g�o�o�d
�q�u�a�l�i�t�y� �v�e�r�y� �l�o�w�:� �3�4�.�0�%�.

�L�e� �K�h�a�n�h� �T�h�u�a�n� �r�e�s�e�a�r�c�h� �i�n� �C�e�n�t�r�a�l�-�W�e�s�t� �H�i�g�h�l�a�n�d�s�:� �r�a�t�i�o�s�l�i�d�e�s� �g�o�o�d
�q�u�a�l�i�t�y�6�5�.�7�8�%�.

�F�i�g�u�r�e� �3�:�1�5�.�C�h�e�c�k�t�h�e�o�r�y� �f�o�r� �t�h�e�m�i�c�r�o�s�c�o�p�i�s�t
�T�h�e� �r�e�s�u�l�t� �s�h�o�w�s� �t�h�a�t� �t�h�e� �m�i�c�r�o�s�c�o�p�i�s�t� �d�o�n ��t� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �t�h�e�o�r�y�,

�1�3�.�3�%� �m�i�c�r�o�s�c�o�p�i�s�t�s�s�c�o�r�e�d�w�e�a�k�,� �m�e�d�i�u�m� �f�o�r� �5�3�.�7�%�,� �o�n�l�y� �1�3�.�3�%�i�s�g�o�o�d
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�3�.�2�.� �E�f�f�e�c�t�i�v�e� �o�f�i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �d�e�t�e�c�t�i�o�n� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �(�2�0�1�1�-�2�0�1�2�)

�T�a�b�l�e� �3�.�2�3�.� �T�h�e� �r�e�s�u�l�t� �o�f� �t�h�e�o�r�y� �t�e�s�t

�T�i�m�e
�N�u�m�b�e�r

�t�e�s�t
�I�n�t�e�r�v�e�n�t�i�o�n�N�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n

�P
�I�n�c�o�r�r�e�c�t�R�a�t�e�%�I�n�c�o�r�r�e�c�t�R�a�t�e

�%
�P�r�i�o�r

�i�n�t�e�r�v�e�n�t�i�o�n�1�5�0
�6�1 �4�0�.�6�7 �5�8 �3�8�.�6�7

�>�0�.�0�5ðc�2 �=� �0�.�1�2�5

�A�f�t�e�r�6�m�o�n�t�h �1�5�0
�4�2 �2�8�.�0 �5�3 �3�5�.�3�3

�>�0�.�0�5ðc�2 �=� � �1�.�8�6�4

�A�f�t�e�r�1�2�m�o�n�t�h �1�5�0
�3�0 �2�0�.�0 �4�7 �3�1�.�3�3 �<

�0�.�0�5ðc�2 �=� �5�.�0�4�9

�A�f�t�e�r�1�8�m�o�n�t�h
�1�5�0

�5 �3�.�3�3 �4�2 �2�8�.�0

�<� �0�.�0�5

ðc�2 �=� �6�0�.�9�1�7�;� �p� �<� �0�.�0�5 �p� �>� �0�.�0�5�;ðc�2 �=� �3�.�8�4
ðc�2 �=� �7�.�9�4�5�;� �9�5� �%� �C�I� �=� �0�.�3�2�9�5�-�0�.�8�3�2�7

�1�0� �q�u�e�s�t�i�o�n�s� �f�o�r� �e�a�c�h� �m�i�c�r�o�s�c�o�p�i�s�t�(�t�o�t�a�l�1�5�0�q�u�e�s�t�i�o�n�s� �f�o�r� �e�a�c�h� �g�r�o�u�p�)�.
�A�f�t�e�r� �6� �m�o�n�t�h�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�t�h�e� �r�a�t�i�o�a�n�s�w�e�r� �i�n�c�o�r�r�e�c�t�d�e�c�r�e�a�s�e�d

�f�r�o�m� �4�0�.�6�7� �%�t�o� �2�8�.�0� �%�.�I�n� �t�h�e�N�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�t�h�e� �r�a�t�i�o�d�e�c�r�e�a�s�e�d�f�r�o�m
�3�8�.�6�7�%�t�o�3�5�,�3�3�%�.

�A�f�t�e�r� �6� �m�o�n�t�h�t�h�e� �r�a�t�i�o� �a�n�s�w�e�r� �i�n�c�o�r�r�e�c�t�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p
�d�e�c�r�e�a�s�e�d�f�r�o�m� �2�0�.�0�%�.� �I�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �3�1�.�3� �%�(�p� �>� �0�.�0�5�)�.

�A�f�t�e�r�1�8�m�o�n�t�h�i�n� �t�h�e� �c�o�n�t�r�o�l� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e�s�d�e�c�r�e�a�s�e�d�f�r�o�m� �3�8�.�6�7� �%�t�o
�2�8�.�0�%� �(�p� �>� �0�,�0�5�)�,�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p�d�e�c�r�e�a�s�e�d�3�.�3�3�%�,�l�o�w�e�r� �t�h�a�n� �t�h�e�n�o�n�-
�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �(�p� �<�0�.�0�5�)�.

�3�.�2�.�3�.�R�e�s�u�l�t�s� �i�m�p�r�o�v�e� �s�k�i�l�l�s� �i�n� �t�h�e� �p�r�a�c�t�i�c�e� �o�f�m�i�c�r�o�s�c�o�p�i�s�t

�T�a�b�l�e� �3� �2�4� �N�u�m�b�e�r� �t�h�i�c�k� �b�l�o�o�d� �s�m�e�a�r�u�n�a�c�c�e�p�t�a�b�l�e

�T�i�m�e
�N�u�m�b�e�r

�s�l�i�d�e
�I�n�t�e�r�v�e�n�t�i�o�n �N�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n

�P�N�u�m�b�e�r
�s�l�i�d�e �R�a�t�e �% �N�u�m�b�e�r

�s�l�i�d�e �R�a�t�e�%

�P�r�i�o�r
�i�n�t�e�r�v�e�n�t�i�o�n�7�5

�3�3 �4�4�.�0 �3�2 �4�2�.�6�7 �>� �0�,�0�5
ðc�2 �=� �0�.�0�2�7

�A�f�t�e�r
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�n�e�g�a�t�i�v�e�)�.� �1�5�m�i�c�r�o�s�c�o�p�i�s�t�i�n�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n�t�e�r�v�e�n�t�i�o�n� �w�i�l�l� �d�o� �7�5�s�l�i�d�e�s�a�n�d
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�A�f�t�e�r� �6� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �t�h�i�c�k� �s�m�e�a�r�i�n� �t�h�e�i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �d�e�c�r�e�a�s�e�d
�f�r�o�m� �4�4�.�0�%� �b�e�f�o�r�e� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �t�o� �2�0�.�0�%�,� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �a�l�s�o� �d�e�c�r�e�a�s�e�d
�f�r�o�m� �4�2�.�6�7�%� �t�o� �3�4�.�6�7�%�,� �h�o�w�e�v�e�r�,� �t�h�e� �d�e�g�r�e�e�o�f� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n
�g�r�o�u�p� �w�a�s� �l�o�w�e�r� �t�h�a�n�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�(�p� �<�0�.�0�5�)�.

�A�f�t�e�r� �1�2� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �o�f� �b�l�o�o�d� �s�m�e�a�r�s�u�n�a�c�c�e�p�t�a�b�l�e� �i�n�t�h�e� �c�o�n�t�r�o�l
�g�r�o�u�p� �d�e�s�p�i�t�e�r�e�d�u�c�e�d�d� �t�o� �2�9�.�3�3�%�b�u�t�n�o� �m�e�a�n�n�i�n�g�(�p�>� �0�.�0�5�)�.� �T�h�i�s� �r�a�t�e� �i�n� �t�h�e
�i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �d�e�c�r�e�a�s�e�d� �1�3�.�3�3�%�,� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n
�g�r�o�u�p� �(�p� �<�0�.�0�5�)�.

�A�f�t�e�r� �1�8� �m�o�n�t�h�s�,� �t�e�c�h�n�i�q�u�e�p�r�e�p�a�r�e�d�t�h�i�c�k� �s�m�e�a�r� �s�h�o�w�e�d� �t�h�a�t� �t�h�e
�i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �w�a�s� �m�u�c�h� �b�e�t�t�e�r� �t�h�a�n� �b�e�f�o�r�e�,� �t�h�e� �r�a�t�e� �f�e�l�l� �f�r�o�m� �4�4�.�0�%�s�l�i�d�e�s
�t�o� �1�2�.�0�%� �c�o�m�p�a�r�e�d� �w�i�t�h� �2�9�.�3�3� �%� �o�f� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �(�p� �<�0�.�0�5�)�.
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�E�a�c�h�m�i�c�r�o�s�c�o�p�i�s�t�p�r�a�c�t�i�c�e�m�a�k�e� �5�t�h�i�n�s�m�e�a�r�(�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�a�n�d
�t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p�, �e�a�c�h�g�r�o�u�p�m�a�d�e�7�5�s�l�i�d�e�)�.� �A�f�t�e�r� �6� �m�o�n�t�h�s�,� �t�h�e� �t�e�c�h�n�i�q�u�e
�p�r�e�p�a�r�e�d�t�h�i�n�s�m�e�a�r�a�t� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�b�e�t�t�e�r� �t�h�a�n� �t�h�e� �c�o�n�t�r�o�l� �(�p� �<�0�.�0�5�)�.
�T�h�e� �r�a�t�e� �i�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �d�i�d� �n�o�t� �c�h�a�n�g�e� �(�8�1�.�3�3�%� �v�e�r�s�u�s� �8�2�.�6�7�%�)�.
�A�f�t�e�r� �1�2� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �t�h�i�n� �s�m�e�a�r�u�n�a�c�c�e�p�t�a�b�l�e�b�y� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p
�d�e�c�r�e�a�s�e�d� �t�o� �3�8�.�6�7�%�.� �T�h�i�s� �r�a�t�e� �o�f� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �d�i�d� �n�o�t� �d�e�c�r�e�a�s�e�:
�7�6�.�0�%� �(�p�>� �0�.�0�5�)�.� �A�f�t�e�r� �1�8� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �t�h�i�n�s�l�i�d�e�u�n�a�c�c�e�p�t�a�b�l�e� �i�n�t�h�e
�i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �d�e�c�r�e�a�s�e�d� �2�9�.�3�3�%� �(�p� �<�0�.�0�1�)�.� �R�a�t�e� �i�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n
�g�r�o�u�p� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �8�1�.�3�3�%� �t�o� �7�2�.�0�%�.� �T�e�c�h�n�i�q�u�e�s�p�r�e�p�a�r�e�d�t�h�i�n� �s�m�e�a�r� �o�f
�m�i�c�r�o�s�c�o�p�i�s�t�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n�s�i�t�e�b�e�t�t�e�r� �t�h�a�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �(�p
�<�0�.�0�1�)�.
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�a�n�d� �1�0�%�f�o�r�f�a�s�t�e�r� �(�t�o�t�a�l� �o�f� �3�0� �s�a�m�p�l�e�s� �/� �g�r�o�u�p�)�.�S�t�a�i�n�i�n�g� �5� �s�l�i�d�e�s�h�a�s� �b�o�t�h� �t�h�i�c�k
�a�n�d� �t�h�i�n�s�m�e�a�r�s�.� �R�e�s�u�l�t�s�n�o� �a�g�r�e�e�m�e�n�t�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �a�n�d� �t�h�e� �c�o�n�t�r�o�l
�g�r�o�u�p� �b�e�f�o�r�e� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n�: �7�6�.�6�7�%� �a�n�d� �7�3�.�3�3�%� �(�p�>� �0�.�0�5�)�.� �A�f�t�e�r� �6� �m�o�n�t�h�s�,
�f�a�i�l�m�a�d�e�s�a�m�p�l�e� �r�a�t�e� �o�f� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �h�a�d� �d�e�c�r�e�a�s�e�d� �b�u�t� �n�o�t�m�e�a�n�n�i�n�g
�(�p�>� �0�.�0�5�)�.� �A�f�t�e�r� �1�2� �m�o�n�t�h�s�,� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �w�a�s� �2�6�.�6�7�%�,
�b�u�t� �i�n�c�r�e�a�s�e�d� �i�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �(�p� �<�0�.�0�5�)�.� �A�f�t�e�r� �1�8� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e
�o�f� �r�e�d�u�c�t�i�o�n� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �w�a�s� �1�0�.�0�%� �f�a�s�t�e�r� �(�p� �<�0�.�0�5�)�,� �d�e�l�a�y�e�d�n�o�n�-
�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �7�3�.�3�3�%� �t�o� �5�6�.�6�7�%� �(�p�>� �0�.�0�5�)�.� �A�f�t�e�r� �2� �y�e�a�r�s� �o�f
�i�n�t�e�r�v�e�n�t�i�o�n� �m�a�d�e�w�r�o�n�g� �s�a�m�p�l�e� �r�a�t�e� �d�e�c�r�e�a�s�e�d� �i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �t�h�a�n� �t�h�e
�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �(�p� �<�0�.�0�5�)�.
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�E�a�c�h�m�i�c�r�o�s�c�o�p�i�s�t�h�a�d� �s�t�a�i�n�i�n�g�5�s�l�i�d�e�,� �i�n�c�l�u�d�i�n�g� �t�h�i�c�k� �a�n�d� �t�h�i�n�s�m�e�a�r�s
�(�7�5�s�l�i�d�e�/� �g�r�o�u�p�)�.� �A�f�t�e�r� �6� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �o�f� �u�n�s�a�t�i�s�f�a�c�t�o�r�y�s�l�i�d�e�s�t�a�i�n�i�n�g� �o�f� �t�h�e
�i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �5�6�.�0�%� �t�o� �4�0�.�0�%�.� �T�h�i�s� �r�a�t�e� �o�f� �t�h�e�n�o�n�-
�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �d�i�d� �n�o�t� �d�e�c�r�e�a�s�e� �b�u�t� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �5�2�.�0�%� �t�o� �5�3�.�3�3�%� �(�p�>
�0�.�0�5�)�.� �A�f�t�e�r� �1�2� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p� �d�e�c�r�e�a�s�e�d� �t�o� �2�0�.�0�%�;
�l�o�w�e�r� �t�h�a�n� �4�9�.�3�3�%� �f�o�r� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �(�p� �<�0�.�0�5�)�.



�2�2

�A�f�t�e�r� �1�8� �m�o�n�t�h�s�,� �t�h�e� �s�t�a�i�n�i�n�g� �t�e�c�h�n�i�q�u�e�i�n� �t�h�e�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�i�s
�b�e�t�t�e�r� �t�h�a�n� �t�h�e� �c�o�n�t�r�o�l�g�r�o�u�p�,� �r�a�t�i�o�s�s�l�i�d�e� �s�t�a�i�n�i�n�g�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p
�d�e�c�r�e�a�s�e�d� �t�o� �1�7�.�3�3�%�, �i�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p� �t�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t
�r�e�d�u�c�t�i�o�n� �4�9�.�3�3�%� �(�p�>� �0�.�0�5�)�.

�T�a�b�l�e�3�.�2�8�.�N�u�m�b�e�r� �o�f� �s�l�i�d�e� �r�e�a�d�i�n�g� �i�n�c�o�r�r�e�c�t� �i�n� �t�h�e� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e

�T�i�m�e �T�o�t�a�l
�I�n�t�e�r�v�e�n�t�i�o�n �N�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n

�P�N�u�m�b�e�r
�s�l�i�d�e �R�a�t�e�% �N�u�m�b�e�r

�s�l�i�d�e �R�a�t�e�%

�P�r�i�o�r
�i�n�t�e�r�v�e�n�t�i�o�n�7�5

�3�3 �4�4�.�0 �3�1 �4�1�,�3�3 �>
�0�.�0�5ðc�2 �=� �0�,�1�0�9

�A�f�t�e�r�6�m�o�n�t�h�1�5�0
�5�7 �3�8�.�0 �6�9 �4�6�,�0 �>

�0�.�0�5ðc�2�=� �1�,�9�7
�A�f�t�e�r� �1�2
�m�o�n�t�h �1�5�0

�4�1 �2�7�.�3�3 �6�2 �4�1�,�3�3 �<
�0�.�0�5ðc�2 �=� �6�.�5�2

�A�f�t�e�r�1�8
�m�o�n�t�h

�1�5�0
�3�1 �2�0�.�6�6 �6�3 �4�2�,�0

�<
�0�.�0�5ðc�2 �=� �1�3�.�3�7�5�;� �p� �<� �0�.�0�1 ðc�2 �=�0�.�0�0�9�;� �p� �>� �0�.�0�5

ðc�2 �=� �1�5�.�8�6�4�;� �9�5� �%� �C�I� �=� �0�.�3�4�1�4�-�0�.�7�0�9�3
�M�i�c�r�o�s�c�o�p�i�s�t� �r�e�a�d�i�n�g� �s�l�i�d�e�,�i�n�c�l�u�d�e�s�:�P�.� �v�i�v�a�x�,� �P�.� �f�a�l�c�i�p�a�r�u�m�,� �P�.�m�a�l�a�r�i�a�e�,

�c�o�o�r�d�i�n�a�t�i�n�g� �b�l�u�e� �a�n�d� �n�e�g�a�t�i�v�e� �s�l�i�d�e�s�.� �T�h�e� �e�r�r�o�r�s� �i�n�c�l�u�d�e� �w�r�o�n�g� �f�r�o�m� �n�e�g�a�t�i�v�e
�t�o� �p�o�s�i�t�i�v�e�,�f�r�o�m� �p�o�s�i�t�i�v�e� �t�o� �n�e�g�a�t�i�v�e�,�f�r�o�m�P�.�f�t�o�P�.�v�;�o�r�P�.�m�.�.�.�.� �F�a�l�s�e� �r�e�s�u�l�t�s
�s�l�i�d�e�p�r�i�o�r�i�n�t�e�r�v�e�n�t�i�o�n� �c�a�n� �n�o�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e�i�n�t�e�r�v�e�n�t�i�o�n� �a�n�d�n�o�n�-
�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�:� �4�4�.�0�%� �a�n�d� �4�1�.�3�3�%� �(�p�>� �0�.�0�5�)�.

�A�f�t�e�r� �6� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e� �f�e�l�l� �i�n� �t�w�o� �g�r�o�u�p�s�,� �b�u�t� �n�o� �m�e�a�n�n�i�n�g�(�p�>� �0�.�0�5�)�.
�A�f�t�e�r� �1�2� �m�o�n�t�h�s�,�t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f�s�l�i�d�e�s�i�n�s�p�i�r�e�d� �b�y� �w�r�o�n�g� �i�n�t�e�r�v�e�n�t�i�o�n� �g�r�o�u�p
�d�e�c�r�e�a�s�e�d� �t�o� �2�7�.�3�3�%�,� �l�o�w�e�r� �t�h�a�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�:� �4�1�.�3�3�%� �(�p� �<�0�.�0�5�)�.
�R�e�a�d�i�n�g� �s�l�i�d�e� �i�n�t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p�w�a�s� �i�m�p�r�o�v�e�d� �a�f�t�e�r� �1�8� �m�o�n�t�h�s�,� �t�h�e� �r�a�t�e
�f�e�l�l� �f�r�o�m� �4�0�.�0�%� �t�o� �2�0�.�6�6�%� �(�p� �<�0�.�0�1�)�a�n�d� �b�e�t�t�e�r� �t�h�a�n� �t�h�e�n�o�n�-�i�n�t�e�r�v�e�n�t�i�o�n�g�r�o�u�p
�(�p� �<�0�.�0�5�)

�H�ì�n�h� �2�5�.�R�a�t�e�o�f� �s�l�i�d�e�d�e�t�e�c�t�w�r�o�n�g�i�n� �t�h�e�i�n�t�e�r�v�e�n�t�i�o�n� �s�i�t�e
�R�a�t�e� �s�l�i�d�e� �d�e�t�e�c�t� �w�r�o�n�g� �i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �s�i�t�e� �f�o�l�l�o�w�i�n�g� �2� �y�e�a�r�s� �s�h�r�i�n�k

�s�p�e�c�i�f�i�e�d� �a�g�a�i�n�s�t� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �a�g�a�i�n�s�t� �s�t�o�c�k� �(�p� �<�0�,�0�5�)�,� �a�t� �i�t�s�m�i�c�r�o�s�c�o�p�y� �s�i�t�e
�a�g�a�i�n�s�t� �s�t�o�c�k� �r�a�t�e� �i�n�c�r�e�a�s�e�.



�2�3

�C�O�N�C�L�U�S�I�O�N�S� �A�N�D� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S
�1�.�C�O�N�C�L�U�S�I�O�N�S
�1�.�1�.�C�u�r�r�e�n�t� �s�i�t�u�a�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�s�c�o�p�i�c�s�i�t�e�o�f� �N�o�r�t�h� �W�e�s�t� �P�r�o�v�i�n�c�e� �r�e�g�i�o�n
�-�T�w�o� �y�e�a�r�s�2�0�1�1�a�n�d� �2�0�1�2�t�h�e� �n�u�m�b�e�r� �o�f�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�(�c�o�m�m�u�n�e�s�,� �d�i�s�t�r�i�c�t�s�)
�i�n�c�r�e�a�s�e�d� �f�r�o�m� �2�2�4� �t�o� �2�6�8� �(�1�9�.�6�%�)�,� �t�h�e� �n�u�m�b�e�r� �o�f�s�l�i�d�e�s�d�e�t�e�c�t�e�d� �a�l�s�o� �i�n�c�r�e�a�s�i�n�g
�e�v�e�r�y� �y�e�a�r� �(�2�4�8� �0�9�9� �v�e�r�s�u�s� �2�8�2� �5�5�2�.
�-�A�v�e�r�a�g�e� �1�m�i�c�r�o�s�c�o�p�y�s�i�t�e�c�o�v�e�r�e�d� �3�.�6�2�c�o�m�m�u�n�e� �a�n�d�1�5� �2�5�5� �p�e�o�p�l�e�.
�- �P�e�r�c�e�n�t�a�g�e� �o�f� �t�e�s�t� �q�u�a�l�i�f�i�e�d� �s�e�c�o�n�d�a�r�y� �e�d�u�c�a�t�i�o�n�:� �5�3�.�4�%�.� �T�h�e� �r�a�t�e� �o�f� �a�n�n�u�a�l
�e�x�a�m�i�n�e�r� �t�r�a�i�n�i�n�g� �o�n� �l�a�b�o�r�a�t�o�r�y� �t�e�c�h�n�i�q�u�e�s�:� �1�6�.�7�%�-�4�0�.�0�%�.
�- �M�i�c�r�o�s�c�o�p�y�i�s� �i�n� �g�o�o�d� �u�s�e�d� �c�o�n�d�i�t�i�o�n� �6�3�.�9�%�;� �1�9�.�8�4�%�m�i�c�r�o�s�c�o�p�y�s� �d�o� �n�o�t� �u�s�e
�e�l�e�c�t�r�i�c�i�t�y�,� �b�y� �u�s�i�n�g� �o�n�l�y� �n�a�t�u�r�a�l� �l�i�g�h�t�.
�-�9�3�.�3�%� �o�f� �t�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e�e�q�u�i�p�p�e�d� �w�i�t�h�t�o�o�l�s� �s�e�t�,� �s�u�p�p�l�i�e�s� �o�f� �c�h�e�m�i�c�a�l�s� �f�o�r
�t�e�s�t�i�n�g� �o�n�l�y� �r�e�s�p�o�n�s�e� �w�a�s� �f�r�o�m� �1�0�.�0�%� �t�o� �6�6�.�0�%�.
�- �S�k�i�l�l�s�m�a�d�e� �s�l�i�d�e�m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �o�f� �q�u�a�l�i�f�i�e�d�m�i�c�r�o�s�c�o�p�i�s�t�s�i�s� �3�6�.�7�%� �(�t�h�i�n
�s�m�e�a�r�)� �a�n�d� �7�0�%� �(�t�h�i�c�k�s�m�e�a�r�)�.
�-�S�k�i�l�l�s� �d�e�t�e�c�t� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �a�c�h�i�e�v�e� �q�u�i�t�e�a�n�d� �g�o�o�d�:� �5�3�.�3�%�.
�-�T�i�m�e� �t�o� �a�n�s�w�e�r� �r�e�s�u�l�t�(�b�e�f�o�r�e� �2� �h�o�u�r�)�i�s� �5�0�.�0�%� �n�o�w� �a�n�d� �i�n� �t�h�e� �d�a�y�s�:� �2�6�.�7�%�.
�-�T�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e�s�e�n�t�s�l�i�d�e�m�o�n�t�h�l�y� �c�h�e�c�k�s�:� �8�3�.�3�3�%�.
�2�.�T�h�e� �r�e�s�u�l�t� �o�f� �i�n�t�e�r�v�e�n�t�i�o�n�s�t�o� �i�m�p�r�o�v�e� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e�m�i�c�r�o�s�c�o�p�y�s�i�t�e
�i�n� �s�t�u�d�y� �s�i�t�e�s�.

�A�f�t�e�r� �1�8� �m�o�n�t�h�s� �o�f� �i�n�t�e�r�v�e�n�t�i�o�n�s� �f�o�r� �1�5�m�i�c�r�o�s�c�o�p�y� �s�i�t�e�i�n�c�l�u�d�e�:
�t�r�a�i�n�i�n�g�,� �c�h�e�m�i�c�a�l� �s�u�p�p�l�i�e�r�s�,�t�o�o�l�s� �s�e�t�a�n�d� �s�t�r�e�n�g�t�h�e�n� �m�o�n�i�t�o�r�i�n�g� �a�n�d
�e�v�a�l�u�a�t�i�o�n�,� �t�h�e� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t�:
�- �T�h�e� �r�a�t�e�p�r�e�p�a�r�e�d�t�h�i�c�k�s�m�e�a�r�a�n�d� �t�h�i�n�s�m�e�a�r�u�n�s�a�t�i�s�f�a�c�t�o�r�y� �o�f
�m�i�c�r�o�s�c�o�p�i�s�t�s�h�a�s�d�e�c�r�e�a�s�e�d�f�r�o�m� �4�4�.�0�%� �a�n�d� �7�6�.�6�7�%� �t�o� �1�2�.�0�%� �a�n�d� �2�9�.�3�3�%�,
�r�e�d�u�c�t�i�o�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l�s�g�r�o�u�p�(�p� �<�0�.�0�5�)�.
�- �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e�p�r�e�p�a�r�e�d�G�i�e�m�s�a� �s�o�l�u�t�i�o�n�a�n�d� �s�t�a�i�n�e�d�s�l�i�d�e
�u�n�a�c�c�e�p�t�a�b�l�e�d�e�c�r�e�a�s�e�d� �f�r�o�m� �7�6�.�6�7�%� �a�n�d� �5�6�.�0�%� �t�o� �1�0�.�0�%� �a�n�d� �1�7�.�3�3�%�,
�r�e�d�u�c�e�d� �t�h�a�n� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �(�p� �<�0�.�0�5� �)�.
�-�T�h�e� �r�a�t�e� �o�f� �f�a�l�s�e�s�l�d�e�d�e�c�r�e�a�s�e�d�f�r�o�m� �p�r�i�o�r� �i�n�t�e�r�v�e�n�t�i�o�n� �4�4�.�0�%� �t�o� �2�0�.�6�6�%� �(�p
�<�0�.�0�5�)�,� �d�e�c�r�e�a�s�e�d� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �(�p� �<�0�.�0�5�)�.
�- �9�3�.�3�%� �t�e�s�t�e�d� �e�a�r�l�y� �r�e�p�l�y� �w�i�t�h�i�n� �2� �h�o�u�r�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �e�a�r�l�y� �r�e�p�l�y� �w�i�t�h�i�n� �2
�h�o�u�r�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �(�p� �<�0�.�0�5�)
�-�1�0�0�.�0�%�m�i�c�r�o�s�c�o�p�y�s�i�t�e�s�e�n�t�s�l�i�d�e�t�o�c�r�o�s�s�-�c�h�e�c�k�i�n�g�m�o�n�t�h�l�y�,� �b�e�t�t�e�r� �t�h�a�n
�t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �(�p� �<�0�.�0�5�)�.
�2�.� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S
�- �R�e�g�u�l�a�r� �t�r�a�i�n�i�n�g� �f�o�r� �m�i�c�r�o�s�c�o�p�i�s�t� �i�n� �t�h�e� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �u�n�d�e�r� �r�o�u�t�i�n�e� �m�i�c�r�o�s�c�o�p�y
�o�f� �t�h�e� �W�o�r�l�d� �H�e�a�l�t�h� �O�r�g�a�n�i�z�a�t�i�o�n�.�T�i�m�e�l�y� �r�e�p�a�r�e�d� �t�h�e� �m�i�c�r�o�s�c�o�p�e� �w�a�s� �d�a�m�a�g�e�d�,
�c�h�e�m�i�c�a�l�s� �a�n�d� �p�r�o�v�i�d�e� �a�d�e�q�u�a�t�e� �t�o�o�l�s� �t�o� �e�n�s�u�r�e� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e�.
�U�s�e� �t�h�e� �m�i�c�r�o�s�c�o�p�e� �t�o� �o�t�h�e�r� �t�e�s�t�s�.
�- �S�t�r�e�n�g�t�h�e�n�i�n�g� �t�h�e� �e�x�t�e�r�n�a�l�q�u�a�l�i�t�y�a�s�s�e�s�s�m�e�n�t� �t�o� �i�m�p�r�o�v�e� �t�h�e� �c�a�p�a�c�i�t�y� �o�f
�m�i�c�r�o�s�c�o�p�i�s�t�.� �C�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �p�r�o�c�e�s�s� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �e�x�t�e�r�n�a�l�q�u�a�l�i�t�y
�c�o�n�t�r�o�l� �m�i�c�r�o�s�c�o�p�y� �s�i�t�e� �t�o�t�h�e� �m�a�l�a�r�i�a� �e�l�i�m�i�n�a�t�i�o�n� �s�t�a�g�e�.



�2�4

�L�I�S�T� �O�F� �P�U�B�L�I�S�H�E�D� �S�T�U�D�I�E�S� �R�E�L�A�T�E�D� �T�O� �T�H�E

�T�H�E�S�I�S� �O�F� �T�H�E� �A�U�T�H�O�R

�1� �T�r�a�n� �D�i�n�h� �D�a�o� �H�o�a�n�g� �N�g�o�c� �T�h�u�,� �N�g�u�y�e�n� �T�h�i� �H�o�n�g�P�h�u�c� �e�t� �a�l� �(�2�0�1�0�)�,
�"�T�h�e� �m�i�c�r�o�s�c�o�p�e�s�i�t�e�s�t�a�t�u�s�o�f� �d�e�t�e�c�t�i�n�g� �m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e�s� �i�n� �Y�e�n� �B�a�i�"�,
�J�o�u�r�n�a�l� �o�f� �P�r�e�v�e�n�t�i�o�n� �o�f� �m�a�l�a�r�i�a� �a�n�d�p�a�r�a�s�i�t�i�c� �d�i�s�e�a�s�e�s�,� �n�u�m�b�e�r� �5�,� �p�p�.� �6�0�-
�6�5�.
�2� �N�g�u�y�e�n� �T�h�i� �H�o�n�g� �P�h�u�c�,� �B�u�i� �H�u�u� �T�o�a�n� �e�t� �a�l� �(�2�0�1�2�)�,� �"�A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e
�m�i�c�r�o�s�c�o�p�y�s�i�t�e� �s�t�a�t�u�s�a�t� �3� �i�n� �S�o�n� �L�a�,� �L�a�i� �C�h�a�u� �a�n�d� �D�i�e�n� �B�i�e�n�p�r�o�v�i�n�c�e�s�"�,
�J�o�u�r�n�a�l� �o�f� �P�r�e�v�e�n�t�i�o�n� �o�f� �m�a�l�a�r�i�a� �a�n�d� �p�a�r�a�s�i�t�i�c� �d�i�s�e�a�s�e�s� �i�d�e�n�t�i�c�a�l�,� �N�o�.� �1�,� �p�p�.
�2�5�-�3�2�.
�3� �N�g�u�y�e�n� �T�h�i� �H�o�n�g� �P�h�u�c� �T�r�a�n� �T�h�a�n�h� �D�u�o�n�g� �(�2�0�1�3�)�,� �"�T�h�e� �p�e�r�f�o�r�m�a�n�c�e
�t�e�s�t�i�n�g� �w�o�r�k� �i�n� �t�h�e� �N�o�r�t�h� �W�e�s�t� �r�e�g�i�o�n�"�,� �J�o�u�r�n�a�l� �o�f� �P�r�e�v�e�n�t�i�o�n� �o�f� �m�a�l�a�r�i�a
�a�n�d� �o�t�h�e�r� �p�a�r�a�s�i�t�i�c� �d�i�s�e�a�s�e�s�,�T�h�e� �f�i�r�s�t�s�p�e�c�i�a�l�i�z�e�d� �r�e�s�e�a�r�c�h� �c�o�n�f�e�r�e�n�c�e�s�,� �p�p�.
�2�7�-�3�4�.
�4� �N�g�u�y�e�n� �M�a�n�h� �H�u�n�g�,� �H�o� �D�i�n�h� �T�r�u�n�g�,� �L�y� �V�a�n� �N�g�o�,� �N�g�u�y�e�n� �T�h�i� �H�o�n�g
�P�h�u�c� �e�t� �a�l� �(�2�0�1�3�)�,� �I�n�s�e�c�t�s� �t�e�s�t�i�n�g� �p�r�o�c�e�d�u�r�e�- �M�e�d�i�c�a�l� �P�a�r�a�s�i�t�o�l�o�g�y�,
�M�e�d�i�c�a�l� �P�u�b�l�i�s�h�i�n�g�,� �2�0�1�3�,� �p�p�.� �7�-�2�5�.
�5� �N�g�u�y�e�n� �T�h�i� �H�o�n�g� �P�h�u�c�,� �L�e� �X�u�a�n� �H�u�n�g�,� �T�r�a�n� �T�h�a�n�h� �D�u�o�n�g� �e�t� �a�l� �(�2�0�1�4�)�,
�"�T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �m�e�a�s�u�r�e�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �l�a�b�o�r�a�t�o�r�y
�m�a�l�a�r�i�a� �p�a�r�a�s�i�t�e� �q�u�i�n�t�a�l� �m�i�c�r�o�s�c�o�p�i�c�s�i�t�e� �i�n�N�o�r�t�h� �W�e�s�t� �r�e�g�i�o�n�"�,� �J�o�u�r�n�a�l� �o�f
�P�r�e�v�e�n�t�i�o�n� �o�f� �m�a�l�a�r�i�a� �a�n�d� �p�a�r�a�s�i�t�i�c� �d�i�s�e�a�s�e�s�,�N�o� �2�/�2�0�1�4�,� �p�p�.� �6�1�-�6�5�.


	  
	THE THESIS COMPLETED AT
	Scientific Supervisors:
	BACKGROUND
	Malaria has been recognised as a human disease for thousands of years 
	and remains one of the most common diseases affecting humans worldwide.  
	Half the world's population is exposed to the risk of getting malaria infection. 
	As well as its direct health cost, it carries a significant economic burden in 
	countries where there is endemic disease. The goal of malaria control is to 
	prevent mortality and reduce morbidity and social and economic losses. Basic 
	technical elements of the malaria control strategy are: to provide early diagnosis 
	and prompt treatment. Malaria control program in Vietnam focused on 
	epidemiology surveillance which including diagnostic, case management, 
	planning and prevention. Assessment of malaria microscopy is an important 
	element in the quality of malaria diagnostic.
	The first suspicion of malaria is usually based on clinical symptoms. In a 
	number of cases of malaria diagnosed based on clinical symptoms, resulting in 
	patients with fever despite not yet been tested as treatment of malaria patients. 
	Patients with fever were treated antimalarials leads to patients with other acute 
	diseases are also treated as malaria. Diagnosis of parasites by microscopic 
	examination under a microscope smear is still the method of choice and is the 
	"gold standard". Examination of malaria parasites is important in 
	epidemiological studies and experimental malaria drug resistance. In recent 
	years the number of malaria patients in the North West Province region at a 
	high level. However, the parasite was detected compared with the number of 
	inappropriate case ratio parasite/ case very low. For the reasons stated 
	information and analysis on the comprehensive review of the operation of the 
	microscope site and take measures to improve the quality of the operation 
	microscope location, demand response prevention and eliminate malaria in the 
	new phase is essential. 
	The thesis aims of: 
	  1 Describe the situation of operation microscope location in the North West 
	Province area. 
	  2 Evaluation of the effect some interventions improve the quality of detection 
	of malaria parasites in the study sites.
	CHAPTER 1: OVERVIEW
	1.1. History of malaria 
	In 400 BC, Hypocrates described the clinical symptoms of malaria, 
	"Malaria - hot" and show the disease-related factors such as disease occurrence 
	time of year, where patient survival. 
	In 1880, images of malaria parasites (parasitemia) was discovered and 
	described for the first time by Laveran in the blood of patients. In 1890, 
	Romanovski discovered stained malaria parasites by Green - and Eosin 
	methylene (Giemsa staining) and he also described the technical analysis of 
	malaria parasites. 
	Malaria has been mentioned in the literature Vietnam from the thirteenth 
	century. Tue Tinh wrote about a cure "reverse disability" (ie malaria).
	1.2. Malaria spread

	Quality assurance includes: 
	- Internal Quality Control (IQC), External Quality Assessment (EQA). 
	- Monitoring and standardization of skills. 
	The Microscopy site in Vietnam is evaluated based on the external quality 
	assessment monthly (cross – checking), quarterly to the higher level. However, 
	direct monitoring and evaluation activities in Microscopy site often very limited 
	(due to limited financial resources).
	Figure  3.3.  Distribution microscopy site in the provinces reseach
	Population/ microscopy site change, the highest about 21 thousand 
	people in Hoa Binh, Lai Chau in each microscopy site have a population of less 
	than about 10 thousand people. Each microscopy site change from 2 to 6 
	communes (2.58 to 5.53 communes). 
	Coverage of microscopy sites equivalent: 3.7 commune/ microscopy site 
	(Country), coverage in Dak Lak is 1.95 commune/ microscopy site, Ninh Thuan 
	1 Commune / microscopy site  
	Figure 3.5. Distant and time from the site to people
	Figure 3.4 . Slide active detection and passive in the microscopy 2011 - 2012
	3.1.4. Facilities at the microscopy site  
	Table 3:11. Bench space and lighting in the microscopy site
	3.1.5. Tools, chemicals in the microscopy sites
	Table 3:13. Kits and tools used chemical testing 
	93.3% microscopy site have tools set, a litte have’t tools set (6.7%). The 
	microscopy site of Lai Chau, Dien Bien, Hoa Binh has tools set. Especially with 
	only 16.7% microscopy sites have pH paper. 
	3.14. Microscopy site have equipment
	3.2. Effective of improve the quality detection malaria parasites (2011 - 2012)


