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butchers 19,000 hogs a day

Is pig-brain ‘mist’ linked to mystery 
ailment? 09 February 2008 NewScientist.com��������� �

Investigation of progressive
inflammatory neuropathy among 
swine slaughterhouse workers —

Minnesota, 2007–2008

MMWR  February 8, 2008 / Vol. 57 / No. 5��������� �

PIN: a new occupational disease?

Who knew? blowing pigs’ brains out is bad for you?
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The Hormel Company, in Austin, Minnesota, developed
America's first canned ham in 1926��������� >
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• A compressed air device was 

used to harvest brain tissue from 
pig heads at the head table

• The device was placed into the 
skull of the pig through the 

foramen magnum

��������� �

• Only three plants (plant A in 
Minnesota and plants in Nebraska 
and Indiana) reported recent use of 

compressed air to extract pig brains 
(25 federally inspected swine slaughterhouses with >500 

employees) 

• To date, no cases of PIN have been 
identified in association with workers 

at the Nebraska plant��������� ��
• Several workers at the Indiana 
plant have been preliminarily 
identified with neurologic illnesses 

and similar histories of exposure 
to head processing activities at 

that slaughterhouse

• All three plants have stopped 
using compressed air to extract 
brain material��������� ��

After ruling out toxins and infectious 
agents , investigators are now focused on 

whether the workers’ immune systems 
reacted to pig protein they inhaled from 

bits of brain tissue floating in the air 
around them

��������� ��
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��������� ��
Could killer horse virus 

spread amongst humans?������ ������	
� �� 
� ��� ���� 
�	� �� �� �������� � ��	��
��������� �>

從從從從Nipah virus infection 談起談起談起談起
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Nipah virus infection

•
HIJ� K�����L�I MNNO �PIJ�QP R�S MNNNTUVW ��	�	 JX �����P� YZ� Z	 [M\W X��� Y]
�I�I��JI��� XIJ� ^ 	����	_ �̀I�aT b�Q�IZK��LZY��T ��� K� Y��QJI_JX R� Y�S	 Z�

• RJ	� ��� Z���	 
�I� �ZQ X�I��I	
 cJ���II��� YST�� ZYY��		 �P�I����IZd�� LS I�	�ZI��JIS ������IJYJQZ�� Y 	S���J�	 
�	 JL	�Ie�� Z� �ZQ	J�	J�� X�I�	 
 Z�P ZYY 
JIa�I	��������� ��fg hgi jg hkl g mno pqqq
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��������� �������q ��h�m ����
Clinical Features of Nipah Virus 
Encephalitis among Pig Farmers

��������� ��
Nipah virus infection

• bZ���S	XJ�I ��� Z���	 
�I� 	��� XIJ�H�LI��IS �J 
��� MNNN [���� �Q�T ^� S��I	�I�� ZJ JX �� Y� �J X��� Y�T 

W �J M]
• bZ���S	�PI�� ��I���� P�� �ZI��� �J����� 
 Z�P�ZQ	T �	�� YYS Z� �P� �
J 
��a	 L�XJI� �P�J�	�� JX ZYY��		T 	�QQ�	� Z�Q �P�� �P�I� 
�	�ZI��� eZI� Y �I��	�Z		 ZJ� XIJ� �ZQ	 �J P����	���� 	PJI� Z���L�� ZJ� ��IZJ���������� ����jkl g mno pqqq

Nipah virus infection
• �P� �� Z� �I�	��� Z�Q X����I�	 
�I� X�e�ITP�����P�T �ZddZ��		T ��� eJ�Z� Z�Q
•

HZX�S	�
J ��� Z���	 [WW�] P�� � I������ Y�e� YJX �J�	� ZJ�	��		 ��� �IJ�Z���� LI� Z�		����S	X���� ZJ�
��������� �8��jkl g mno pqqq

Nipah virus infection

• �Z	� Z��� Ze� � YZ�Z�� Y 	 ZQ�	 Z�� Y���� 	�Q����� Y�SJ� YJ��	T �I�X Y��Z� ��� PS�J�J�Z�TPS��I���	 ZJ�T ��� ���PS��I�Z� ��� �P�		�QQ�	� �P� Z�eJYe����� JX �P� LI� Z� 	�������P� ����I ��IeZ�� Y 	�Z�� Y �JI���������� ����jkl g mno pqqq
Nipah virus infection

• �P� Z�Z� Z� Y ��I�LIJ	�Z�� Y X Y�Z� X Z��Z�Q	 
�I��L�JI�� Y Z� �W� JX ��� Z���	
• ��� ZLJ�Z�	 �Q� Z�	� ����I� eZI�	 
�I��������� Z� 	�I�� JI ��I�LIJ	�Z�� Y X Y�Z� Z��V� JX O^ ��� Z���	 ��	���
��������� �>��jkl g mno pqqq
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Nipah virus infection
• �PZI�S ��� Z���	 [^U�] �Z�� �X��I I��Z�����IZJI�� ZJ� Z� �P� ZI �J��Z� ZJ�
•

HZX�S ��� Z���	 [W^�] I��Je�I�� X�YYST ��� M
[MW�] P�� ��I	 Z	���� ���IJYJQZ� ��X Z� Z�	
��������� ����jkl g mno pqqq

Nipah virus infection
• � 	�e�I�T I��Z�YS �IJQI�		 Ze� �����P� YZ� Z	
 Z�P� PZQP �JI�� YZ�S I��� ��� X����I�	 �P��	�QQ�	� Z�eJYe����� JX �P� LI� Z� 	���
• �P� Z�X��� ZJ� Z	 �		J� Z����
 Z�P I������J����� 
 Z�P �ZQ	
��������� ����jkl g mno pqqq

Risk factors studies

��������� ��

Risk factors for human infection Nipah
virus, during a 1998–99 outbreak of severe

encephalitis in Malaysia

•
HIJ� K��
MNNO �PIJ�QP R�S MNNNT UVW ��	�	 JX�����P� YZ� Z	 [M\W X��� Y]
�I� I��JI��� XIJ� ^	����	_ �̀I�aT b�Q�IZ K��LZY��T ��� K� Y��QJI

• bZ��PT � ��
 ��I��S�JeZI�	T Z�X����� �ZQ	TP����	T �JQ	T ��� ���	
• RJ	� ��� Z���	 
�I� �ZQ X�I��I	�������� �� ���	 
������������ 8�

�������� �� ���	 
���

��������� 8� ��������� 8�
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Nipah virus infection among military personnel 
involved in pig culling during an outbreak of 

encephalitis in Malaysia, 1998–1999

• ��J��I�� ZJ� �J ��YY �P� ���IJ�Z���� YS M�ZYYZJ� �ZQ	 J� X�I�	 Z� �P� J��LI��a	�XX������I��	 
�	 ��IIZ�� J��T �IZ��IZYS LSMTV Ô �ZYZ��IS ��I	J��� Y
• �
J 	JY�Z�I	 Z�eJYe�� Z� ��YYZ�Q L����� ZYY
 Z�P bZ��P �����P� YZ� Z	� m�kl g mno pqq ���������� 8�

Nipah virus infection among military personnel 
involved in pig culling during an outbreak of 

encephalitis in Malaysia, 1998–1999

• KZ� [\

�] JX �P� MT
MU ��I	J��� Y 	���Z�� P���������LY� ��� ZLJ�S �Q� Z�	� bZ��P eZI�	
• �YY 	 Z� P�� �QR ��� ZLJ�ST ��� J�� � Y	J P���Q� ��� ZLJ�Z�	
• �
J JX �P� 	 Z� �LS �J	 Z� Ze� ��I	J�	 P�� L���PJ	�Z�� YZd�� 
 Z�P �����P� YZ� Z	 ��IZ�Q �P���YYZ�Q J��I�� ZJ�� m�kl g mno pqq ���������� 88

Nipah virus infection among military personnel 
involved in pig culling during an outbreak of 

encephalitis in Malaysia, 1998–1999

• � YY �P� ��� ZLJ�S	�J	 Z� Ze� ��I	J��� Y 
�I�Z�eJYe�� Z� ��YYZ�Q Z� b�Q�IZ K��LZY�� 	������� I��JI��� �ZI��� �PS	 Z�� Y �J����� 
 Z�P YZe��ZQ	
• bJ�� I��JI��� JLeZJ�	 �J����� 
 Z�P	��I�� ZJ�	 JI LJ�S X Y�Z�	 [�
Q 
T LYJJ� ����IZ��] JX Z�X����� �ZQ	� m�kl g mno pqq ���������� 8�

Nipah virus infection among military personnel 
involved in pig culling during an outbreak of 

encephalitis in Malaysia, 1998–1999

•
HJ�I JX �P� 	 Z� �LS �J	 Z� Ze� ��I	J�	 � Y	JI��JI��� �ZI��� �PS	 Z�� Y �J����� 
 Z�P �����ZQ	

• �YY 	 Z� I��JI��� 
��IZ�Q QYJe�	T ��	a	T ���LJJ�	 �� � YY � Z��	 
PZY� 
JIaZ�QT ��� �PI��I��JI��� 
��IZ�Q QJQQY�	� m�kl g mno pqq ���������� 8>

��������� 8�

Nipah virus infection among abattoir 
workers in Malaysia, 1998-1999

• �YY M
^ I�QZ	��I�� �L���JZI 
JIa�I	 Z� MM JX M^	����	 
�I� Z�eZ��� �J ��I� Z� Z���� Z� �PZ	�IJ				��� ZJ�� Y 	���S
• K�e�� [M
V �] JX 
^W �L���JZI
JIa�I	 
PJ	 Y��QP��I�� �ZQ	 e�I	�	 d�IJ [\�] JX U^^
JIa�I	 
PJ 	 Y��QP��I�� I��Z����	 	PJ
����� ZLJ�S �J bZ��P eZI�	 [� �\
\W]�gjg��kl g mno pqq ���������� 8�
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Nipah virus infection among abattoir 
workers in Malaysia, 1998-1999

• � YY �LS	�J	 Z� Ze� 
JIa�I	 
�I� XIJ��L���JZI	Z��P� �PI�� 	����	 �P�� I��JI��� J��LI��a��	�	 ��J�Q �ZQ X�I��I	
• �JIa�I	 Z� �P�	� �PI�� 	����	 
�I� �JI�YZa� YS �P�� �PJ	� Z� J�P�I 	����	 �J P�e�bZ��P ��� ZLJ�S [��M

 �

OV�� e�I	�	 \�UNM�\��T ` � \
\\M] �g jg��kl g mno pqq ���������� 8�

Nipah virus infection among abattoir 
workers in Malaysia, 1998-1999

• bZ��P Z�X��� ZJ� 
�	 �J� 
 Z��	�I��� ��J�Q�L���JZI
JIa�I	 Z� R� Y�S	 Z� ��� 
�	 YZ�a���J ���J	�I� �J �ZQ	
• �	 Z�Q ``� �J����� Z�Q 	�Ie� ZYY���� XJI bZ��PZ�X��� ZJ�J� �ZQ X�I�	 
PZ�P 	���YS �L���JZI	T����eJZ�Z�Q P���YZ�Q ��� �IJ��		 Z�Q JX�J���� Z� YYS Z�X����� �ZQ	 �I� �I�	��� YS �P�L�	� 	�I���QZ�	 �J �I�e��� �I��	�Z		 ZJ� JXbZ��P eZI�	 Z� �L���JZI	�gjg��kl g mno pqq ���������� ��

Nipah virus infection among abattoir 
workers in Malaysia, 1998-1999

• �I��	�Z		 ZLZYZ�S JX bZ��P eZI�	 �J �ZYZ��IS��I	J��� Y Z�eJYe�� Z� �ZQ ��YYZ�Q 
�	 YJ

• � YY 	 Z� �LS �J	 Z� Ze� ��I	J�	 I��JI��� 
��IZ�QQYJe�	T ��	a	T ��� LJJ�	 
PZY� ��YYZ�QT �PI���Z� �J� I��JI� 
��IZ�Q QJQQY�	
•

���J	�I� ��S P�e� J���II�� �PIJ�QPZ�J��Y�� ZJ�JX �P� �J������ Ze� 
 Z�P Z�X��� ZJ�		��I�� ZJ�	 JX �ZQ	 �g jg��kl g mno pqq ���������� �� ��������� ��
Risk factors for Nipah virus infection 
among abattoir workers in Singapore

•
�Y�e��
JIa�I	 Z� M JX U KZ�Q��JI��� �L���JZI	��e� YJ��� bZ��PeZI�	 �		J� Z���������P� YZ� Z	JI �����J�Z�T I�	�Y� Z�Q Z� M X��� YZ�S [M\�MNR�I�P MNNN]

• c�	� ��� Z���	 
�I� �L���JZI� 
JIa�I	 
PJ P����� Z	bZ��P �QR �L	� �J��IJY	�L����	 
�I�I���J�YS 	� Y����� �L���JZI� 
JIa�I	 
PJ P���J ��� Z	bZ��P �QR �	
�
� 
��� ������������� ��

Risk factors for Nipah virus infection 
among workers at abattoir A, Singapore

�	
�
�
��� ������������� �8
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Risk factors for Nipah virus infection 
among abattoir workers in Singapore

• �e�I� YYT �	� JX ��I	J�� Y �IJ���� Ze� ���Z�����[``�] 
�	 YJ
T ��� �J �ZXX�I����	 L��
��� ��	���� Z���	 ��� �J��IJY	�L����	
• ��YS M\� JX 	���S ��I� Z� Z����	 I��JI���
��IZ�Q �Y�	� Z� X��� 	PZ� Y�	T ��� ^V� I��JI���� Y
�S	 
��IZ�Q QYJe�	 �	
�
� 
��� ������������� ��

Risk factors for Nipah virus infection 
among abattoir workers in Singapore

• cJ����� 
 Z�P YZe� �ZQ	 �����I�� �J L� �P��J	� Z��JI���� IZ	a X���JI XJI P���� bZ��PeZI�	 Z�X��� ZJ�
��������� �>�jk� kl g mno pqqq

��������� ��

Nipah virus outbreak in Siliguri, West 
Bengal, India in 2001

��������� �������� �� ���	 
���
Nipah virus outbreak in Siliguri, West 

Bengal, India in 2001

��������� �������� �� ���	 
���

Nipah virus outbreak in Siliguri, West 
Bengal, India in 2001

• bZ�		��� ZX Z� �QR ��� �Q� ��� ZLJ�Z�	 
�I��������� Z� N JX MO ��� Z���	
• ��	`c� �		�S	 �������� �b� XIJ� bZ� Z��IZ�� 	���Y�	 XIJ� W ��� Z���	
• bZ� XIJ�KZYZQ�IZ 
�	 �JI� � YJ	� YS I� Y���� �JbZ� Z	JY���	 XIJ� 	��QY���	P �P�� �J bZ�Z	JY���	 XIJ� R� Y�S	 Z���������� >������� �� ���	 
���
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��������� >�
���� �� ���	 
��� Nipah virus outbreak(s) in

Bangladesh, Jan.–Feb., 2004

��������� >�
Eurosurveillance wkl release 8(17) art. 5, 2004

Nipah virus infection

• �� 	��QY���	PT 
 J��LI��a	 
�I� Z���� ZX Z����IZ�Q �P� ��IZJ� U\\M�U\\

• ��J�Q NU ��� Z���	T V� [�^�] JX 
PJ� �Z��
• � Y�PJ�QP � YY�Q� QIJ��	 
�I� �XX�����T UJ��LI��a	 �IZ�� Z�� YYS �XX����� SJ��Q ��I	J�	[���Z�� �Q�T MU S��I	]� VU� JX �P� �XX�������I	J�	 
�I� �� Y���������� >���iig ��kl g mno pqq�

Nipah virus infection

•
H�e�IT � Y��I�� ����� Y 	����	T P�����P�T�J�QPT I�	�ZI��JIS �ZXX Z��Y�ST eJ�Z� Z�QT ����J�e�Y	 ZJ�	 
�I� �P� �J	� �J��J�	 ZQ�	���	S���J�	

• cYZ�Z�� Y ��� I��ZJQI��PZ� X����I�	 JX �����I�	�ZI��JIS �Z	�I�		 	S��IJ�� 
�I� Z���� ZX Z����IZ�Q �P� XJ�I�P J��LI��a��������� >8��iig ��kl g mno pqq�
Nipah virus infection

• ����P J���II�� � ���Z�� JX V ��S	 [I��Q�T U�^V ��S	] �X��I �P� J�	�� JX ZYY��		
• �̀� Z���	 
PJ �Z�� 
�I� �JI� YZa� YS �P��	�IeZeJI	 �J P�e� � �����I���I� ＞＞＞＞ ^�
O °°°°cT� Y��I�� ����� Y 	����	T �ZXX Z��Y�S LI���PZ�QT����L�JI�� Y �Y����I I�X Y���	��������� >���iig ��kl g mno pqq�

Nipah virus infection

• �P� ���Z�� Z���L�� ZJ� ��IZJ� 
�	 N ��S	[I��Q�T V�MM ��S	]
• � I��Z�YS �IJQI�		 Ze� 	�e�I� ZYY��		 �XX��� Z�Q�P� ����I� Y ��IeJ�	 ��� I�	�ZI��JIS 	S	���	
��������� >>��iig ��kl g mno pqq�



2008/8/17

12

��������� >���ii ��kl g mno pqq�
Foodborne transmission of 

Nipah Virus, Bangladesh

��������� >�bZ��P eZI�	 
�	 �I��	�Z���� XIJ��� ��������� �J��I	J�	 �PIJ�QP �IZ�aZ�Q XI�	P ���� �� Y�	��[�J���� Z� YYS �J����Z����� 
 Z�P ���IJ�Z� L�� 	� YZe�]���� �� ���	 
���

Person-to-person transmission of 
Nipah virus in a Bangladeshi 

community

��������� >�Gurley et al., 2007

Person -to-person transmission of 
Nipah virus in a Bangladeshi 

community
• �������P� YZ� Z	 J��LI��a 
�	 Z�e�	� ZQ���� Z�H�IZ���I �Z	�IZ��T 	��QY���	PT Z���IZY�R�SU\\

• �PZI�S		 Z� ��	�	 JX bZ��P eZI�	 ZYY��		 
�I�Z���� ZX Z ��� �W� JX ��	�	��� Z���	 �Z��
• �PZI�S	�PI�� ��	�	��� Z���	 P�� � YJ	� �J�����
 Z�P��J�P�I bZ��P eZI�	 ��� Z��� L�XJI� �P� ZIZYY��		��������� ��Gurley et al., 2007

Person -to-person transmission of 
Nipah virus in a Bangladeshi 

community

• ��	`c� ��	� Z�Q JX ��eZIJ������ Y 	���Y�	�J�X ZI��� bZ��P eZI�	 �J����Z��� ZJ�JXPJ	�Z�� Y 	�IX���	
• c���� Z�S XJI ��I	J�	�J	��I	J� �I��	�Z		 ZJ�Z��I��	�	 �P� �J���� Z� Y XJI 
 Z��I 	�I��� JX �PZ	PZQPYS Y��P� Y ���PJQ����������� ��Gurley et al., 2007

Risk of nosocomial transmission
of Nipah virus in a Bangladesh hospital

• � �J�� Y JX M\W P�� Y�P��I� 
JIa�I	 [UV�PS	 Z� Z��	T VO ��I	�	�Z�� Y��Z�Q ��I	 Z�Q	������	�T ��� MM � Y����I	 JI J�P�I ��� Z������������	] 
�I� ��IJYY�� Z� �P� 	���S XIJ�R�I�P U
	 \̂T U\\
T
• �P� �J	� �J��J�YS I��JI��� �S�� JX �J�����
 Z�P� ��� Z��� 
 Z�P bZ��P eZI�	 Z�X��� ZJ� [W\� ]
�	 
�	PZ�Q JI �P��QZ�Q L�� 	P���	��������� ��Gurley et al., 2007 (pp. 740-2)
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Risk of nosocomial transmission
of Nipah virus in a Bangladesh hospital

• �PZI�S	XJ�I ��I� Z� Z����	 [^U�] I��JI��� P�eZ�QP�� ���IJ������ ���J	�I�	 �J �J���� Z� YYSZ�X��� ZJ�	 LJ�ZYS 	��I�� ZJ�	
• bJ�� P�� �QR �LS �Q� Z�	� bZ��P eZI�	T U��I	 Z�Q 	������	 
PJ I��JI��� �P��QZ�Q L��	P���	 XJI ��� Z���	 P�� �Q� ��� ZLJ�Z�	 [� Z��I� M�
\\]T 	�QQ�	� Z�Q �I�eZJ�	 Z�X��� ZJ���������� ��Gurley et al., 2007 (pp. 740-2)

Risk of nosocomial transmission
of Nipah virus in a Bangladesh hospital

• �PZI�S	XJ�I ��I� Z� Z����	 [^U�] I��JI��� P�eZ�QP�� ���IJ������ ���J	�I�	 �J �J���� Z� YYSZ�X��� ZJ�	 LJ�ZYS 	��I�� ZJ�	 
PZY� �IJeZ�Z�Q ��I�XJI ��� Z���	T Z�� Y��Z�Q I��� Z�� JX � 	�Y�	P Z� �P��S�T �J��PT JI �J	� 
 Z�P � LJ�ZYS 	��I�� ZJ� JI �����Y�	� Z�a Z���IS
• bJ �eZ����� JX I����� bZ��P eZI�	 Z�X��� ZJ� 
�	�������� ��	�Z�� 	�L	���� Z� Y ���J	�I�	 ����Z�Z�� Y �	� JX ``���������� �8Gurley et al., 2007 (pp. 740-2)

��������� ��Eaton et al ., 2006

Pteropodidae��������� �>
Pteropus alecto ( Black flying fox) 

Pteropus conspicillatus (Spectacled flying fox) 

Pteropus poliocephalus ( Grey-headed flying fox)

Pteropus scapulatus ( Little red flying fox)

��������� ��Eaton et al ., 2006
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Madagascan flying fox (Pteropus rufus)

Madagascar fruit bat (Eidolon dupreanum)

Rousettus madagascariensis

����������	 ��
 ���
�� ����	 ��� ���
��	 ���������
�
 ��� 	� ��
���	���
����� �� ���� ���� !"#!"$$ %&

'��
���� �( ����������	 ��(��� ��� �� )�	�*(����� (���� ��� 	
+,-.,/01 , 234 5667 !"#!"$$  $

Eidolon helvum+,-.,/01 , 234 5667Hypsignathus monstrosus

Luminex multiplexed microsphere assay

'��
���� �( ����������	 ��(������ �� )�	�*(����� (���� ���	
 !"#!"$$  8 9:;10 </01 , 234 5667
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