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�����š�Á�����v�� �š�Z���� �u�]���Œ�}���]�}�š���� ���v���� �Z�}�•�š�� �š�]�•�•�µ���� �‰�Œ���À���v�š�]�v�P�� �u�]���Œ�}���]���o��
�š�Œ���v�•�o�}�����Ÿ�}�v�X���~�î�•�����‰�]�š�Z���o�]���o�������o�o�•���‰�Œ�}���µ���������v�Ÿ�u�]���Œ�}���]���o���‰���‰�Ÿ�����•���š�Z���š��
���o�•�}�� �‰�o���Ç�� ���� �•�]�P�v�]�.�����v�š�� �Œ�}�o���� �]�v�� �o�]�u�]�Ÿ�v�P�� ���Æ�‰�}�•�µ�Œ���� �š�}�� �š�Z���� ���}�u�u���v�•���o��
�u�]���Œ�}���]�}�š���X�� �~�ï�•�� �d�Œ���v�•�o�}�����Ÿ�v�P�� ���}�u�u���v�•���o�•�� ���Œ���� �Œ���‰�]���o�Ç�� ���o�]�u�]�v���š������ ���Ç��
�Ÿ�•�•�µ���r�Œ���•�]�����v�š���u�����Œ�}�‰�Z���P���•�X���~�ð�•�����}�u�u���v�•���o�•���}�Œ�����}�u�u���v�•���o�����v�Ÿ�P���v�•��
�����v�����o�•�}�������������‰�š�µ�Œ���������Ç�������•���š�Z���š���š�Œ���8�����š�}���š�Z�����u���•���v�š���Œ�]�����o�Ç�u�‰�Z���v�}������
�(�Œ�}�u�� �š�Z���� �o���u�]�v���� �‰�Œ�}�‰�Œ�]���� ���µ�š�� ���}�� �v�}�š�� �‰���v���š�Œ���š���� �(�µ�Œ�š�Z���Œ�X�� �W�Œ���•���v�š���Ÿ�}�v��
�}�(�� ���}�u�u���v�•���o�� ���v�š�]�P���v�•�� ���Ç�� �š�Z���•���� �����•�� �o�������•�� �š�}�� �š�Z���� ���]�(�(���Œ���v�š�]���š�]�}�v��
�}�(�� ���}�u�u���v�•���o�r�•�‰�����]�.���� �Œ���P�µ�o���š�}�Œ�Ç�� �����o�o�•�� �~�d�Œ���P�•�U�� �d�Z�í�ó�� �����o�o�•�U�� ���v���� �/�P���r
�‰�Œ�}���µ���]�v�P�����������o�o�•�X�����}�u�u���v�•���o�r�•�‰�����]�.�����o�Ç�u�‰�Z�}���Ç�š���•���š�Œ���8�����š�}���š�Z�����o���u�]�v����
�‰�Œ�}�‰�Œ�]�������v�����W���Ç���Œ�[�•���‰���š���Z���•�X���/�v���š�Z�����W���Ç���Œ�[�•���‰���š���Z���•�U���d�Œ���P�������v���(�µ�Œ�š�Z���Œ��
�‰�Œ�}�u�}�š�������o���•�•���•�Á�]�š���Z�]�v�P�����v�����/�P�����P���v���Œ���Ÿ�}�v�����P���]�v�•�š�����}�u�u���v�•���o�•�X���d�Z����
���}�u���]�v���Ÿ�}�v���}�(���š�Z�������‰�]�š�Z���o�]���o�������Œ�Œ�]���Œ�U���u�µ���µ�•���o���Ç���Œ�U���/�P���U�����v���������•�����v�����d��
�����o�o�•�����}�u�‰�Œ�]�•���•���š�Z�����Z�Z�u�µ���}�•���o���.�Œ���Á���o�o�U�[�[���Á�Z�]���Z���o�]�u�]�š�•���š�Z�����‰���•�•���P�������v����
���Æ�‰�}�•�µ�Œ�����}�(�����}�u�u���v�•���o�•���š�}���š�Z�����P�µ�š�X�������o�l���]�����z�U���,���v�����d�t�X���Z�}�o�����}�(���š�Z����
�u�]���Œ�}���]�}�š���� �]�v�� �]�u�u�µ�v�]�š�Ç�� ���v���� �]�v�G���u�u���Ÿ�}�v�X��Cell �î�ì�í�ð�V�í�ñ�ó�W�í�î�í�r�í�ð�í�X��
���}�]�W�í�ì�X�í�ì�í�ò�l�i�X�����o�o�X�î�ì�í�ð�X�ì�ï�X�ì�í�í

adjuvants have increased the scope and duration of inacti-
�˜�ƒ�–�‡�†���˜�‹�”�—�•���‹�•�•�—�•�‹�–�›�ä�������Š�‡�›���Š�ƒ�˜�‡���•�‡�˜�‡�”�ƒ�Ž���†�‹�•�ƒ�†�˜�ƒ�•�–�ƒ�‰�‡�•���‹�•-
cluding cost, and more doses required per animal.  Inactivated 
vaccines generate cell-mediated responses.�t�y�á�u�r  Interestingly, 
there is ample evidence that inactivated vaccines can ef-
�ˆ�‡�…�–�‹�˜�‡�Ž�›���„�‘�‘�•�–�����������˜�ƒ�…�…�‹�•�‡�•�ä�s�t�á�s�x�á�t�w�á�u�s�á�u�t  Inactivated vaccines 
�Š�ƒ�˜�‡���ƒ�Ž�•�‘���„�‡�‡�•���•�Š�‘�™�•���–�‘���†�‡�…�”�‡�ƒ�•�‡���������æ�s���Ž�ƒ�–�‡�•�…�›���•�Š�‡�†���”�ƒ�–�‡�•�ä�s�x 
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What to vaccinate for?  What pathogens make sense?
Cattle vaccine programs are probably the most effec-

�–�‹�˜�‡���ƒ�‰�ƒ�‹�•�•�–���˜�‹�”�ƒ�Ž���’�ƒ�–�Š�‘�‰�‡�•�•�����„�‘�˜�‹�•�‡���Š�‡�”�’�‡�•�˜�‹�”�—�•���s�����������æ�s�â��
���������� �„�‘�˜�‹�•�‡���”�‡�•�’�‹�”�ƒ�–�‘�”�›�� �•�›�•�…�›�–�‹�ƒ�Ž���˜�‹�”�—�•���������������� �ƒ�•�†���„�‘�˜�‹�•�‡��
�˜�‹�”�ƒ�Ž�� �†�‹�ƒ�”�”�Š�‡�ƒ�� �˜�‹�”�—�•�� ���������������ä�� �� ���Š�‹�•�� �‹�•�� �„�‡�…�ƒ�—�•�‡�� �•�ƒ�•�›�� �‘�ˆ�� �–�Š�‡��
�…�ƒ�–�–�Ž�‡�� �„�ƒ�…�–�‡�”�‹�ƒ�Ž�� �’�ƒ�–�Š�‘�‰�‡�•�•�� ��Histophilus somni, Mannheimia 
hemolytica, Pasteurella multicida, Moraxella spp, Mycoplasma 
bovis, Salmonella typhimurium, Clostridium perfringens�����ƒ�”�‡��
normal inhabitants of the bovine microbiome and they are 
endemic in most herds.�s�z�á�t�r  Stressors discussed below play 
a major role in allowing these “normal” bugs to become 
pathogenic.   When looking at a herd, it is essential to have a 
strong diagnostic program in place to get an accurate patho-
�‰�‡�•���†�‹�ƒ�‰�•�‘�•�‹�•�ä�������‹�–�Š���•�‡�š�–�æ�‰�‡�•�‡�”�ƒ�–�‹�‘�•���•�‡�“�—�‡�•�…�‹�•�‰�á���†�‹�ƒ�‰�•�‘�•�–�‹�…��
�������� �ƒ�•�†�� �‰�‘�‘�†�� �‘�Ž�†�æ�ˆ�ƒ�•�Š�‹�‘�•�‡�†�� �’�ƒ�–�Š�‘�Ž�‘�‰�›�� �ƒ�•�†�� �•�‹�…�”�‘�„�‹�‘�Ž�‘�‰�›��
isolation, there has never been a better time to determine 
which pathogens are occurring and when. Being strategic in 
vaccination requires targeting those pathogens on that farm 
�‘�”���”�ƒ�•�…�Š�ä�������•�‘�–�Š�‡�”���–�‡�”�•�����–�Š�ƒ�–���™�‡���Š�ƒ�˜�‡���Ž�‡�ƒ�”�•�‡�†���ˆ�”�‘�•�������������s�{��
�‹�•�����‡�’�Ž�‹�…�ƒ�–�‹�‘�•�����ƒ�–�‡�á���…�ƒ�Ž�Ž�‡�†�������•�ƒ�—�‰�Š�–������0���ä

�y�á�s�s�����‡�’�Ž�‹�…�ƒ�–�‹�‘�•���”�ƒ�–�‡��
�‹�•���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���•�—�•�…�‡�’�–�‹�„�Ž�‡���ƒ�•�‹�•�ƒ�Ž�•���–�Š�ƒ�–���s���‹�•�ˆ�‡�…�–�‡�†���ƒ�•�‹�•�ƒ�Ž��
�…�ƒ�•�� �‹�•�ˆ�‡�…�–�� ���	�‹�‰�—�”�‡�� �x���ä�� ���”�‘�„�ƒ�„�Ž�›�� �‘�•�‡�� �‘�ˆ�� �–�Š�‡�� �•�‘�•�–�� �‹�•�ˆ�‡�…�–�‹�‘�—�•��
�˜�‹�”�—�•�‡�•���‹�•�����������������ƒ�„�Ž�‡���s���ä���������������Š�ƒ�•���„�‡�‡�•���‡�•�–�‹�•�ƒ�–�‡�†���–�‘���Š�ƒ�˜�‡��
�ƒ�� ��0 �1�u�x�ä�� �� ���������æ�•�—�•�…�‡�’�–�‹�„�Ž�‡�� �ƒ�•�‹�•�ƒ�Ž�•�� ���•�‡�‘�•�ƒ�–�‡�•���� �ƒ�”�‡�� �Š�‹�‰�Š�Ž�›��
�•�—�•�…�‡�’�–�‹�„�Ž�‡�� �–�‘�� ���������� �‹�•�ˆ�‡�…�–�‹�‘�•�� �„�‡�…�ƒ�—�•�‡�� �‘�ˆ�� �–�Š�‡�� �Š�‹�‰�Š�� ��0.  In a 
�Š�‡�”�†���™�‹�–�Š�������������†�‹�•�‡�ƒ�•�‡���Š�‹�•�–�‘�”�›�á�������������˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���™�‘�—�Ž�†���„�‡��
�ƒ�–���–�Š�‡���–�‘�’���‘�ˆ���–�Š�‡���Ž�‹�•�–�ä�������•�…�‡���ƒ�•���ƒ�•�‹�•�ƒ�Ž���‹�•���‹�•�ˆ�‡�…�–�‡�†���™�‹�–�Š������������
�ƒ�•�†�� �‡�•�†�‡�•�‹�…�á�� �–�Š�‡�� �‹�•�•�—�•�‹�–�›�� �‹�•�� �•�‘�–�� �’�‡�”�ˆ�‡�…�–�á�� �„�—�–�� ��0�� �‹�•�� �s�ä�s�� �•�‘��
�����������‹�•���„�ƒ�”�‡�Ž�›���…�‹�”�…�—�Ž�ƒ�–�‹�•�‰���‹�•���–�Š�‡���Š�‡�”�†�������ƒ�„�Ž�‡���s���ä�����	�‘�”�����������ƒ�•�†��
���������� �–�”�ƒ�•�•�‹�‡�•�–�� �‹�•�ˆ�‡�…�–�‹�‘�•�•�á�� �–�Š�‡�� �”�ƒ�–�‡�� �‹�•�� �ƒ�”�‘�—�•�†�� �1�u���•�‡�ƒ�•�‹�•�‰��
�s���‹�•�ˆ�‡�…�–�‡�†���ƒ�•�‹�•�ƒ�Ž���•�Š�‡�†�†�‹�•�‰���˜�‹�”�—�•���…�‘�—�Ž�†���’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›���‹�•�ˆ�‡�…�–���u��
�•�—�•�…�‡�’�–�‹�„�Ž�‡���ƒ�•�‹�•�ƒ�Ž�•�������ƒ�„�Ž�‡���s���ä�������›���–�Š�‡���–�‹�•�‡���™�‡���‰�‡�–���y�r���–�‘���z�r�¨��
of the animals either infected or protected from vaccination, 
the occurrence of infections to those viruses will be low and 
�Š�‡�”�†���‹�•�•�—�•�‹�–�›���Š�ƒ�•���„�‡�‡�•���ƒ�…�Š�‹�‡�˜�‡�†�������ƒ�„�Ž�‡���s���ä�������Š�‡������������������

Figure 4.  ���•�����}�u�u���v�•���o�•���‰�Œ�}�u�}�š�����š�Z�����]�v���µ���Ÿ�}�v���}�(���Œ���P�µ�o���š�}�Œ�Ç���d�������o�o�•���À�]����
���]�Œ�����š���•���v�•�]�v�P���}�(���u�]���Œ�}���]���o���‰�Œ�}���µ���š�•���}�Œ���u���š�����}�o�]�š���•�����Ç���d�������o�o�•���}�Œ�������v���Œ�]�Ÿ����
�����o�o�•�X���&�µ�Œ�š�Z���Œ�����}�u�u���v�•���o�•���‰�Œ�}�u�}�š�����š�Z�����]�v���µ���Ÿ�}�v���}�(���d�Z�í�ó�������o�o�•���š�Z���š�������v��
�Œ���P�µ�o���š�����š�Z�����(�µ�v���Ÿ�}�v�����v�����Z�}�u���}�•�š���•�]�•���}�(�����‰�]�š�Z���o�]���o�������o�o�•�X���/�v���š�Z�������}�v�š���Æ�š��
�}�(���]�v�G���u�u���Ÿ�}�v�U���•�]�u�]�o���Œ���u�����Z���v�]�•�u�•���u���Ç���������}�µ�v�š���(�}�Œ���š�Z�����Œ���P�µ�o���š�}�Œ�Ç��
�Œ�}�o�����}�(���š�Z�����u�]���Œ�}���]�}�š���X���~�Z�]�P�Z�š�•�����}�u�u���v�•���o�r�����Œ�]�À�������u���š�����}�o�]�š���•�������v�����o�•�}��
�Z���À���������o�}�����o�����v�����•�Ç�•�š���u�]�������+�����š���}�v���]�v�G���u�u���š�}�Œ�Ç�������o�o�•�X���&�}�Œ�����Æ���u�‰�o���U��
�^���&���� �����v�� �]�v�Z�]���]�š�� �v���µ�š�Œ�}�‰�Z�]�o�� �����Ÿ�À���Ÿ�}�v�X�� �h�‰�}�v�� ���v�š�Œ���v������ �]�v�� �š�Z���� �Ÿ�•�•�µ���U��
�]�v�G���u�u���š�}�Œ�Ç���u�}�v�}���Ç�š���•�������v�����o�•�}���Œ���•�‰�}�v�����š�}���u�]���Œ�}���]���o�r�����Œ�]�À�������o�]�P���v���•��
���Ç���‰�Œ�}���µ���]�v�P���u�����]���š�}�Œ�•���•�µ���Z�����•���W�'���î���š�Z���š���o�]�u�]�š���v���µ�š�Œ�}�‰�Z�]�o�������Ÿ�À���Ÿ�}�v��
���v���� �Ÿ�•�•�µ���� �����u���P���X�� �����o�l���]���� �z�U�� �,���v���� �d�t�X�� �Z�}�o���� �}�(�� �š�Z���� �u�]���Œ�}���]�}�š���� �]�v��
�]�u�u�µ�v�]�š�Ç�� ���v���� �]�v�G���u�u���Ÿ�}�v�X��Cell�� �î�ì�í�ð�V�í�ñ�ó�W�í�î�í�r�í�ð�í�X�� ���}�]�W�í�ì�X�í�ì�í�ò�l�i�X
�����o�o�X�î�ì�í�ð�X�ì�ï�X�ì�í�í

Figure 5.���W�D�E�r�v���µ�š�Œ�}�‰�Z�]�o�•�U���d�>�Z�r�š�}�o�o�r�o�]�l�����Œ�������‰�š�}�Œ�U���d�E�&�r�r�r�š�µ�u�}�Œ���v�����Œ�}�•�]�•��
�(�����š�}�Œ�����o�‰�Z���r�‰�Œ�}�]�v�G���u�u���š�}�Œ�Ç�U���/�>�r�í�î�r���]�v�š���Œ�o���µ�l�]�v���í�î�r�‰�Œ�}�]�v�G���u�u���š�}�Œ�Ç�U��
�/�&�E�r�r�l�t�r���]�v�š���Œ�(���Œ�}�v�����o�‰�Z���l�����š���U���E�<�r�v���š�µ�Œ���o���l�]�o�o���Œ�������o�o�U���/�&�E�r�v�r�]�v�š���Œ�(���Œ�}�v��
�P���u�u���r���‰�Œ�}�]�v�G���u�u���š�}�Œ�Ç Figure 6. �����•�]�����Œ���‰�Œ�}���µ���Ÿ�}�v���v�µ�u�����Œ�X
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animal is the one case that totally destroys the concept of herd 
immunity.  Since the BVDV PI animal continually sheds virus, 
�ƒ�•�›���•�—�•�…�‡�’�–�‹�„�Ž�‡���ƒ�•�‹�•�ƒ�Ž���‹�•���ƒ�–���”�‹�•�•���‘�ˆ���‹�•�ˆ�‡�…�–�‹�‘�•�ä�����Š�‹�•���•�ƒ�•�‡�•���–�Š�‡��
�� 0���ˆ�‘�”���ƒ���Š�‡�”�†���™�‹�–�Š�������������������‘�ˆ���»���ò�‹�•�Ð�‹�•�‹�–�›�ó�á���‹�•�†�‹�…�ƒ�–�‹�•�‰���–�Š�ƒ�–���ƒ��
herd with a PI animal can never vaccinate their way out of the 
threat of BVDV. Endemic viral infections frequently include 
rotavirus and bovine coronavirus along with C. perfringens, 
representing a threat to the newborn susceptible animals. 
Environmental pathogens like Bacillus anthracis ���ƒ�•�–�Š�”�ƒ�š���á��
Leptospira spp, E. coli, and Campylobacter require consider-
�ƒ�–�‹�‘�•�•���„�ƒ�•�‡�†���‘�•���Š�‡�”�†���Š�‹�•�–�‘�”�›���ƒ�•�†���Ž�‘�…�ƒ�Ž�‹�–�›�ä�����	�‹�•�ƒ�Ž�Ž�›�á��Brucella 
abortus represents a “regulatory” vaccine.

When do we Vaccinate—Age and Stressors

Age
Neonatal Calves

���Š�‡���•�‡�™�„�‘�”�•���…�ƒ�Ž�ˆ���‹�•���‹�•�•�—�•�‘�Ž�‘�‰�‹�…�ƒ�Ž�Ž�›���•�ƒ�Ã�˜�‡���ƒ�–���„�‹�”�–�Š�ä�������–��
�Š�ƒ�•���Š�ƒ�†���•�‘���…�Š�ƒ�•�…�‡���–�‘���‡�•�Š�ƒ�•�…�‡���ƒ�†�ƒ�’�–�‹�˜�‡���‹�•�•�—�•�‹�–�›���„�›���ò�‡�š�’�‡�”�‹-
ence” because of the protective environment in the uterus.   It 
is further handicapped by maternal factors and the hormonal 
�‹�•�Ð�Ž�—�‡�•�…�‡�•�� �‘�ˆ�� �’�ƒ�”�–�—�”�‹�–�‹�‘�•�á�� �ƒ�•�†�� �„�›�� �‹�–�•�� �Ž�ƒ�…�•�� �‘�ˆ�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� �‹�•��
�…�‹�”�…�—�Ž�ƒ�–�‹�‘�•���ƒ�•�†���‹�•���–�Š�‡���–�‹�•�•�—�‡�•�ä�������Š�‡���‹�•�‰�‡�•�–�‹�‘�•���‘�ˆ���…�‘�Ž�‘�•�–�”�—�•���‹�•��
essential for providing the neonate with immunological pro-
�–�‡�…�–�‹�‘�•���†�—�”�‹�•�‰���ƒ�–���Ž�‡�ƒ�•�–���–�Š�‡���Ð�‹�”�•�–���t���–�‘���v���™�‡�‡�•�•���‘�ˆ���Ž�‹�ˆ�‡�ä�����Š�‹�Ž�‡���ƒ�Ž�Ž��
the essential immune components are present in the neonate 
at birth, many of the components are not functional until the 
�…�ƒ�Ž�ˆ���‹�•���ƒ�–���Ž�‡�ƒ�•�–���u���™�‡�‡�•�•���‘�ˆ���ƒ�‰�‡�á���ƒ�•�†���•�ƒ�›���…�‘�•�–�‹�•�—�‡���–�‘���†�‡�˜�‡�Ž�‘�’��
until puberty. �x�������Š�‹�•���‘�•�‰�‘�‹�•�‰���•�ƒ�–�—�”�‹�–�›���‘�ˆ���–�Š�‡���‹�•�•�—�•�‡���•�›�•�–�‡�•��
in the developing neonate, coupled with maternal antibody 
�‹�•�–�‡�”�ˆ�‡�”�‡�•�…�‡�á���•�ƒ�•�‡�•���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���•�–�”�ƒ�–�‡�‰�›���•�‘�”�‡���…�‘�•�’�Ž�‡�š�ä�����Š�‡��
mucosa epithelium provides immune function very early, 
making intranasal and oral vaccines effective in calves less 
�–�Š�ƒ�•���ƒ���™�‡�‡�•���‘�ˆ���ƒ�‰�‡�ä�����ƒ�”�‡�•�–�‡�”�ƒ�Ž�Ž�›���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†�����������˜�ƒ�…�…�‹�•�‡��
�”�‡�•�’�‘�•�•�‡�•�� �„�‡�‰�‹�•�� �ƒ�–�� �y�� �–�‘�� �s�r�� �†�ƒ�›�•�� �ˆ�‘�Ž�Ž�‘�™�‹�•�‰�� �„�‹�”�–�Š�á�� �ƒ�Ž�–�Š�‘�—�‰�Š��
�������������������˜�ƒ�…�…�‹�•�‡�•���•�Š�‘�—�Ž�†���„�‡���ƒ�˜�‘�‹�†�‡�†���’�ƒ�”�–�‹�…�—�Ž�ƒ�”�Ž�›���‹�•���†�ƒ�‹�”�›��
�…�ƒ�Ž�˜�‡�•�� �„�‡�ˆ�‘�”�‡�� �ƒ�–�� �Ž�‡�ƒ�•�–�� �t�� �•�‘�•�–�Š�•�� �‘�ˆ�� �ƒ�‰�‡�� �ƒ�•�� �–�Š�‡�� �•�ƒ�Œ�‘�”�� ����������
�˜�ƒ�…�…�‹�•�‡���•�–�”�ƒ�‹�•�•���‹�•�Š�‹�„�‹�–���‹�•�•�ƒ�–�‡���‹�•�•�—�•�‡���„�ƒ�…�–�‡�”�‹�ƒ�Ž���•�‹�Ž�Ž�‹�•�‰���ˆ�‘�”���s�r��

�–�‘���s�v���†�ƒ�›�•���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•�ä�t�v  Bacterial parenteral vac-
�…�‹�•�‡�•���–�›�’�‹�…�ƒ�Ž�Ž�›���†�‘�•�ï�–���Š�ƒ�˜�‡���•�—�…�Š���”�‡�•�’�‘�•�•�‡���‹�•���ƒ�•�‹�•�ƒ�Ž�•���Ž�‡�•�•���–�Š�ƒ�•��
�u���™�‡�‡�•�•���‘�ˆ���ƒ�‰�‡�á���™�‹�–�Š���–�Š�‡���‡�š�…�‡�’�–�‹�‘�•���‘�ˆ��Clostridial perfringens 
�–�‘�š�‘�‹�†�•���–�Š�ƒ�–���Š�ƒ�˜�‡���ƒ�•���‹�•�•�—�•�‡���”�‡�•�’�‘�•�•�‡���™�Š�‡�•���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†��
�ƒ�–���u���†�ƒ�›�•���‘�ˆ���ƒ�‰�‡�ä9  

Calves (<3 months)

Respiratory Diseases
•�� ���� �����‹�•�–�”�ƒ�•�ƒ�•�ƒ�Ž���˜�ƒ�…�…�‹�•�‡�•�����†�‡�’�‡�•�†�•���‘�•���•�ƒ�–�‡�”�•�ƒ�Ž���ƒ�•�–�‹-

�„�‘�†�›���Ž�‡�˜�‡�Ž�•�æ�������������������������‘�”���������ƒ�”�‡�������������	�	��������������
�����	���������u�r�æ�v�w���†�ƒ�›�•�æ�����������ƒ�†�Œ�—�˜�ƒ�•�–�‡�†�����������������‘�”��������

•�� ���”�ƒ�•�†�‹�•�‰�� �–�‹�•�‡�æ�„�‡�‡�ˆ�æ�� �������� ������ �‘�”�� �����æ�� �ƒ�†�Œ�—�˜�ƒ�•�–�‡�†�â��
inactivated viral vaccines??- Well adjuvanted, not 
affected by maternal antibody?

Enteric Diseases 
•�� ���‘�–�ƒ�æ�…�‘�”�‘�•�ƒ�˜�‹�”�—�•���������æ�s���†�‘�•�‡�æ���™�‹�–�Š�‹�•���–�Š�‡���Ð�‹�”�•�–���™�‡�‡�•��

of life- not recommended due to maternal interfer-
ence and later onset of protection.

• Clostridial perfringens���–�‘�š�‘�‹�†���‹�•���–�Š�‡���Ð�‹�”�•�–���u���–�‘���w���†�ƒ�›�•��
after birth

Weaning-Puberty (Arrival)
Vaccination programs are a routine practice in beef and 

dairy operations to protect cattle against bovine respiratory 
�†�‹�•�‡�ƒ�•�‡�•�������������ä�������—�”�”�‡�•�–���˜�ƒ�…�…�‹�•�‡���’�”�‘�–�‘�…�‘�Ž�•���”�‡�…�‘�•�•�‡�•�†���–�Š�ƒ�–��
calves be vaccinated prior to weaning or commingling, to 
�’�”�‘�˜�‹�†�‡���’�”�‘�–�‡�…�–�‹�‘�•���ƒ�‰�ƒ�‹�•�•�–���������ä�������•�ˆ�‘�”�–�—�•�ƒ�–�‡�Ž�›�á���•�ƒ�•�›���…�ƒ�Ž�˜�‡�•��
are not vaccinated prior to weaning or commingling into 
�„�ƒ�…�•�‰�”�‘�—�•�†�‹�•�‰���Ž�‘�–�•�á���ˆ�‡�‡�†�Ž�‘�–�•���‘�”���’�ƒ�•�–�—�”�‡���‘�’�‡�”�ƒ�–�‹�‘�•�•�ä���� ���Š�‡�•�‡��
animals are at increased risk of viral infection and are pre-
disposed to secondary bacterial pneumonia. However, the 
highly-stressed calf presents a unique problem in that the vac-
cines may sometimes actually predispose the calves to more 
severe disease while on other occasions providing protection.

���Š�‡���–�‹�•�‡���ˆ�”�‘�•���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���–�‘���‘�•�•�‡�–���‘�ˆ���’�”�‘�–�‡�…�–�‹�‘�•���…�ƒ�•��
play an important role in subsequent management of newly 
�ƒ�”�”�‹�˜�‡�†���…�ƒ�–�–�Ž�‡���ƒ�‰�ƒ�‹�•�•�–�����������˜�‹�”�ƒ�Ž���ƒ�‰�‡�•�–�•�á���‹�ä�‡�ä�á���„�‘�˜�‹�•�‡���Š�‡�”�’�‡�•�˜�‹-
�”�—�•���s�����������æ�s�â�������������„�‘�˜�‹�•�‡���”�‡�•�’�‹�”�ƒ�–�‘�”�›���•�›�•�…�›�–�‹�ƒ�Ž���˜�‹�”�—�•���������������á��
�ƒ�•�†���„�‘�˜�‹�•�‡���˜�‹�”�ƒ�Ž���†�‹�ƒ�”�”�Š�‡�ƒ���˜�‹�”�—�•���������������ä�����‘�•�•�‡�”�…�‹�ƒ�Ž�Ž�›���ƒ�˜�ƒ�‹�Ž-
�ƒ�„�Ž�‡�����������˜�ƒ�…�…�‹�•�‡�•���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†���–�‘���•�‘�•�æ�˜�ƒ�…�…�‹�•�ƒ�–�‡�†�á���Ž�‘�™�æ�•�–�”�‡�•�•��
calves at weaning or at arrival to feed yards will provide 
increased weight gains and protection to animals as early as 
�v�z���Š�”���’�”�‹�‘�”���–�‘���ƒ�•�����������‡�š�’�‘�•�—�”�‡�á���ƒ�–���w���–�‘���y���†�ƒ�›�•���’�”�‹�‘�”���–�‘���ƒ�����������á��
�ƒ�•�†���z���†�ƒ�›�•���’�”�‹�‘�”���–�‘�������������‡�š�’�‘�•�—�”�‡�ä�v�á�z�������Š�‹�•���’�”�‘�–�‡�…�–�‹�‘�•���‹�•���†�—�‡���–�‘��
the innate immune response, which is activated within hours 
�ƒ�ˆ�–�‡�”���‡�š�’�‘�•�—�”�‡���–�‘���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���˜�ƒ�…�…�‹�•�‡�•���‘�”���‹�•�ˆ�‡�…�–�‹�‘�—�•���˜�‹�”�—�•�ä��

Frequency of vaccination 
���‘���•�‘�”�‡���–�Š�ƒ�•���s���–�‘���t���†�‘�•�‡�•���‘�ˆ�����������‘�”���t���–�‘���u���†�‘�•�‡�•���‘�ˆ��

inactivated vaccines should be administered in young calves 
�Ž�‡�•�•�� �–�Š�ƒ�•�� �v�� �•�‘�•�–�Š�•�� �‘�ˆ�� �ƒ�‰�‡�� �–�‘�� �†�‡�˜�‡�Ž�‘�’�� �‰�‘�‘�†�� �Š�‡�”�†�� �‹�•�•�—�•�‹�–�›��
against respiratory diseases.

Table 1. �,���Œ���� �]�u�u�µ�v�]�š�Ç�� �š�Z�Œ���•�Z�}�o���•�� �(�}�Œ�� �•���o�����š������ ���}�À�]�v���� �À�������]�v���r
�‰�Œ���À���v�š�����o�������]�•�����•���•�X

Disease Ro Herd immunity needed to 
prevent

BVDV PI �L^ >95%
���Z�^�s�r�v���]�À�� �ï�ò�X�ñ�Ž >95%
���,�s�r�í�r�v���]�À�� �ï�X�î#^^ �ó�ñ�r�ô�ò�9
���s���s�r�d�Œ���v�•�]���v�š �ì�X�î�ñ�”�r�ï�X�ð## �ó�ì�r�ô�ì�9
���Z�^�s�r���v�����u�]�� �í�X�í�ð�Ž �ñ�ì�r�ò�ì�9
���,�s�r�í�r�o���š���v���Ç 0.5̂ ^ 0%
COVID19 �î�r�ï �ò�ì�r�ò�ò�9

�Ž�������:�}�v�P���D���D�U�����š�����o�X��Am J Vet Res���í�õ�õ�ò�V�ñ�ó�U���ò�î�ô�r�ò�ï�ï�X
�·���}�•���Z���:���U�����š�����o�X��Vaccine���í�õ�õ�ô�V�í�ò�U���î�ò�ñ�r�î�ó�í�X
�·�·�D�}���Œ�u���v�����U�����š�����o�X��Vet Rec���í�õ�õ�ï�V�í�ï�î�U���ò�î�î�r�ò�î�ò�X
�”�^���Œ�Œ���Ì�]�v���^�U�����š�����o�X��Vet J���î�ì�î�U���î�ð�ð�r�î�ð�õ�X
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Interval between doses of vaccine 
���•���ƒ�Ž�Ž���ƒ�•�‹�•�ƒ�Ž�•���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•�á���–�Š�‡�”�‡���‹�•���‡�š�’�ƒ�•�•�‹�‘�•��

�‹�•���–�Š�‡���’�‘�’�—�Ž�ƒ�–�‹�‘�•�•���‘�ˆ���”�‡�•�’�‘�•�†�‹�•�‰�����æ���ƒ�•�†�����æ�…�‡�Ž�Ž�•�ä�������‘�™�‡�˜�‡�”�á���–�‘��
�Š�ƒ�˜�‡���ƒ���…�‘�•�’�Ž�‡�–�‡���ƒ�•�†���•�ƒ�–�—�”�‡���‹�•�•�—�•�‡���”�‡�•�’�‘�•�•�‡�á���–�Š�‹�•�����æ���ƒ�•�†��
���æ�…�‡�Ž�Ž���‡�š�’�ƒ�•�•�‹�‘�•���•�—�•�–���•�‘�–���‘�•�Ž�›���•�–�‘�’�á���„�—�–���ƒ�•���ƒ�…�–�‹�˜�‡���’�”�‘�…�‡�•�•���‘�ˆ��
�…�‡�Ž�Ž���†�‡�ƒ�–�Š�����ƒ�’�‘�’�–�‘�•�‹�•�����•�—�•�–���ƒ�Ž�•�‘���‘�…�…�—�”�ä�������Š�‹�•���ò�™�ƒ�•�‹�•�‰���’�”�‘�…�‡�•�•�ó��
�ƒ�Ž�Ž�‘�™�•���ò�…�—�Ž�Ž�‹�•�‰�ó�����æ���‘�”�����æ�…�‡�Ž�Ž�•���–�Š�ƒ�–���•�ƒ�›���„�‡���’�‘�‘�”���”�‡�•�’�‘�•�†�‡�”�•���‘�”��
�‡�˜�‡�•���…�ƒ�—�•�‡���ƒ�—�–�‘�‹�•�•�—�•�‹�–�›���–�‘���„�‡���”�‡�•�‘�˜�‡�†���„�›���ƒ�’�‘�’�–�‘�•�‹�•�ä�������Š�‹�•��
whole process from vaccination to achieving mature im-
�•�—�•�‡���”�‡�•�’�‘�•�•�‡���Š�‘�•�‡�‘�•�–�ƒ�•�‹�•���–�ƒ�•�‡�•���ƒ�–���Ž�‡�ƒ�•�–���u���™�‡�‡�•�•�����	�‹�‰�—�”�‡��
�y���ä�����Š�‹�•���ˆ�—�Ž�Ž�›���†�‡�˜�‡�Ž�‘�’�‡�†���•�ƒ�–�—�”�‡���’�”�‹�•�ƒ�”�›���”�‡�•�’�‘�•�•�‡���…�ƒ�•���–�Š�‡�•��
be boosted to get a true anamnestic secondary response. In 
many cases, cattle vaccine primary and booster doses are 
�ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†�� �ƒ�–�� �t�æ�™�‡�‡�•�� �‹�•�–�‡�”�˜�ƒ�Ž�•�ä�� �� ���•�� �›�‘�—�•�‰�� �…�ƒ�Ž�˜�‡�•�á�� �–�Š�‹�•�� �‹�•��
done to provide an opportunity to make sure that the calves 
develop a primary response in the face of maternal immunity.  
���Š�‡���ƒ�†�Œ�—�˜�ƒ�•�–�•���–�Š�ƒ�–���ƒ�”�‡���—�•�‡�†���™�‹�–�Š���•�‘�•�–���…�‘�•�•�‡�”�…�‹�ƒ�Ž���˜�ƒ�…�…�‹�•�‡�•��
provide superior immune development over older generation 
�ƒ�†�Œ�—�˜�ƒ�•�–�•���Ž�‹�•�‡���ƒ�Ž�—�•�ä�����Š�‡�”�‡�ˆ�‘�”�‡�á���‹�•���•�‘�•�–���‹�•�•�–�ƒ�•�…�‡�•���‹�ˆ���’�”�‹�•�ƒ�”�›��
�˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���‘�…�…�—�”�•���ƒ�ˆ�–�‡�”���u���™�‡�‡�•�•���‘�ˆ���ƒ�‰�‡�á���„�‘�‘�•�–�‡�”���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•��
�„�‡�›�‘�•�†���u���™�‡�‡�•�•���ƒ�•�†���‡�˜�‡�•���Ž�‘�•�‰�‡�”���™�‹�Ž�Ž���„�‡���‡�ˆ�Ð�‹�…�ƒ�…�‹�‘�—�•�����	�‹�‰�—�”�‡��
�y���ä�������Š�‡���†�‘�‰�•�ƒ���–�Š�ƒ�–���”�‡�˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���•�—�•�–���‘�…�…�—�”���™�‹�–�Š�‹�•���t���™�‡�‡�•�•��
of the primary vaccination is not true, and the anamnestic 
response will be better if we wait longer.

Calves (>3 months)
���‡�•�’�‹�”�ƒ�–�‘�”�›��
•�� �t���–�‘���u���™�‡�‡�•�•���’�”�‹�‘�”���–�‘���™�‡�ƒ�•�‹�•�‰

•�� ������ �æ�s���†�‘�•�‡
•�� ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†�æ�t���†�‘�•�‡�•
• Bacterial respiratory disease?

•�� ���–���™�‡�ƒ�•�‹�•�‰
•�� ������ �æ���•�•�—�•�‡���†�›�•�ˆ�—�•�…�–�‹�‘�•�æ���†�‡�Ž�ƒ�›��a few days to a 

month 

•�� ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†�æ�t���†�‘�•�‡�•
• Bacterial respiratory disease?

•�� �t���–�‘���u���™�‡�‡�•�•���’�‘�•�–���™�‡�ƒ�•�‹�•�‰
• �� ������ �æ�s���†�‘�•�‡
•�� ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†�æ�t���†�‘�•�‡�•
• Bacterial respiratory disease?

Heifer Development 
Respiratory and Reproductive Diseases

���‡�‹�ˆ�‡�”�•�����’�”�‡�„�”�‡�‡�†�‹�•�‰�����Š�‡�‹�ˆ�‡�”�•���•�‡�‡�†���–�‘���”�‡�…�‡�‹�˜�‡���ƒ�–���Ž�‡�ƒ�•�–��
�s���†�‘�•�‡���‘�ˆ�����������’�”�‹�‘�”���–�‘���ƒ�†�†�‹�–�‹�‘�•���–�‘���–�Š�‡���„�”�‡�‡�†�‹�•�‰���Š�‡�”�†�����s���†�‘�•�‡��
�•�Š�‘�—�Ž�†���…�‘�•�–�ƒ�‹�•���������������‹�•�‰�‡�”�����–�”�ƒ�‹�•��

•�� ������ �æ�t���†�‘�•�‡�•�æ�����������ƒ�•�†���������æ�s
•�� �µ�x���•�‘�•�–�Š�•���ƒ�•�†���t���•�‘�•�–�Š�•���„�‡�ˆ�‘�”�‡���„�”�‡�‡�†�‹�•�‰

• ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†���˜�‹�”�ƒ�Ž�æ�t���†�‘�•�‡�•
•�� �w���™�‡�‡�•�•���ƒ�•�†���t���™�‡�‡�•�•���„�‡�ˆ�‘�”�‡���„�”�‡�‡�†�‹�•�‰

• ���‡�’�–�‘�•�’�‹�”�‘�•�‹�•�æ�t���†�‘�•�‡�•
• �w���™�‡�‡�•�•���ƒ�•�†���t���™�‡�‡�•�•���„�‡�ˆ�‘�”�‡���„�”�‡�‡�†�‹�•�‰��

•�� ���”�—�…�‡�Ž�Ž�‘�•�‹�•�æ�s���†�‘�•�‡

Prepartum Heifer & Cows–Colostrogenesis
���Š�‡���’�”�‡�’�ƒ�”�–�—�•���ƒ�•�‹�•�ƒ�Ž���‹�•���ƒ�•���‡�š�…�‡�Ž�Ž�‡�•�–���ƒ�•�‹�•�ƒ�Ž���–�‘���‹�•�•�—-

nize- it is a “two-fer”: respiratory and reproductive protection 
for the dam and colostral protection for respiratory and en-
teric disease for the calf.  Beef cows, in contrast to dairy cows, 
will have better immune responses both in the prepartum and 
postpartum periods. Dairy cows are continuously managed 
to increase milk production.   Some alterations in the host 
defense mechanisms that occur during the preparturient 
�’�‡�”�‹�‘�†���ƒ�”�‡���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���…�Š�ƒ�•�‰�‡�•���‹�•���Š�‘�”�•�‘�•�‡���’�”�‘�Ð�‹�Ž�‡�•���ƒ�•�†��
�–�Š�‡�� �•�‡�–�ƒ�„�‘�Ž�‹�…�� �ƒ�•�†�� �’�Š�›�•�‹�‘�Ž�‘�‰�‹�…�ƒ�Ž�� �•�–�”�‡�•�•�� �‘�ˆ�� �’�ƒ�”�–�—�”�‹�–�‹�‘�•�ä�� �� ���Š�‡��
alteration of the immune system and the innate host resis-
�–�ƒ�•�…�‡���•�‡�…�Š�ƒ�•�‹�•�•���‹�•���†�ƒ�‹�”�›���…�‘�™�•���—�•�—�ƒ�Ž�Ž�›���„�‡�‰�‹�•�•���u���™�‡�‡�•�•���„�‡�ˆ�‘�”�‡��
�’�ƒ�”�–�—�”�‹�–�‹�‘�•�á���ƒ�•�†���‹�–���‹�•���•�ƒ�š�‹�•�‹�œ�‡�†���u���™�‡�‡�•�•���ƒ�ˆ�–�‡�”���…�ƒ�Ž�˜�‹�•�‰�á���™�Š�‡�•��
milk yield peaks and the energy balance begins to improve 
���Š�‡�•�‡���…�Š�ƒ�•�‰�‡�•���…�ƒ�•���…�‘�•�–�”�‹�„�—�–�‡���–�‘���–�Š�‡���Š�‹�‰�Š���‹�•�…�‹�†�‡�•�…�‡���‘�ˆ���†�‹�•�‡�ƒ�•�‡��
�ƒ�•�†���–�Š�‡���Ž�‘�™���‹�•�•�—�•�‡���”�‡�•�’�‘�•�•�‡���–�‘���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���‡�š�’�‡�”�‹�‡�•�…�‡�†���„�›��
the periparturient cow.  Evidence of the changes in the im-
�•�—�•�‡���•�›�•�–�‡�•���ƒ�•�†���–�Š�‡���•�‘�•�æ�•�’�‡�…�‹�Ð�‹�…���Š�‘�•�–���†�‡�ˆ�‡�•�•�‡���•�‡�…�Š�ƒ�•�‹�•�•��
occur in the periparturient dairy cow.�s�v�á�s�w

Colostrogenesis
Colostrum synthesis in the mammary gland of the preg-

�•�ƒ�•�–���ˆ�‡�•�ƒ�Ž�‡���‹�•���†�‡�’�‡�•�†�‡�•�–���‘�•���t���ˆ�ƒ�…�–�‘�”�•�ã���–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���•�‡�”�—�•��
antibodies and a transport mechanism to move the antibody, 
�’�”�‹�•�ƒ�”�‹�Ž�›�� �‹�•�•�—�•�‘�‰�Ž�‘�„�—�Ž�‹�•�� �
�s�� �����‰�
�s���á�� �‹�•�–�‘�� �–�Š�‡�� �•�ƒ�•�•�ƒ�”�›��
gland.�s�� ���Ž�–�Š�‘�—�‰�Š�� �–�Š�‡�� �’�”�‡�‰�•�ƒ�•�–�� �…�‘�™�� �•�—�•�–�� �„�‡�� �‹�•�•�—�•�‘�•�—�’-
�’�”�‡�•�•�‡�†���–�‘���•�ƒ�‹�•�–�ƒ�‹�•���–�Š�‡���ƒ�Ž�Ž�‘�‰�‡�•�‹�…���ˆ�‡�–�—�•�����‘�–�Š�‡�”�™�‹�•�‡���–�Š�‡���„�‘�˜�‹�•�‡��
�ˆ�‡�–�—�•���™�‘�—�Ž�†���„�‡���”�‡�Œ�‡�…�–�‡�†���á���–�Š�‹�•���‹�•�•�—�•�‘�•�—�’�’�”�‡�•�•�‹�‘�•���ƒ�’�’�‡�ƒ�”�•���–�‘��
�‘�…�…�—�”���•�‘�•�–���•�–�”�‘�•�‰�Ž�›���‹�•���–�Š�‡���—�–�‡�”�—�•���ƒ�•�†���–�Š�‡���’�Ž�ƒ�…�‡�•�–�ƒ�ä�����Š�‹�•���ˆ�‡�–�ƒ�Ž��
protective immunosuppression does not appear to cause a 
high level of generalized systemic immunosuppression that 
�ƒ�ˆ�ˆ�‡�…�–�•���–�Š�‡���…�‘�™�ï�•���ƒ�•�–�‹�„�‘�†�›���”�‡�•�’�‘�•�•�‡���–�‘���˜�ƒ�…�…�‹�•�‡�•���‘�”���‡�•�˜�‹�”�‘�•-
mental antigens.  However, some effect on the cell-mediated 
�ƒ�†�ƒ�’�–�‹�˜�‡���”�‡�•�’�‘�•�•�‡�•���‹�•���‘�„�•�‡�”�˜�‡�†���‹�•���–�Š�‡���’�”�‡�‰�•�ƒ�•�–���ƒ�•�‹�•�ƒ�Ž�ä�������Š�‡��
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movement of antibody from the circulation to the mammary 
�‰�Ž�ƒ�•�†���‹�•���Š�‘�”�•�‘�•�ƒ�Ž�Ž�›���”�‡�‰�—�Ž�ƒ�–�‡�†���ƒ�•�†���„�‡�‰�‹�•�•���u���–�‘���v���™�‡�‡�•�•���’�”�‹�‘�”��
�–�‘�� �…�ƒ�Ž�˜�‹�•�‰�� �ƒ�•�†�� �Š�ƒ�•�� �‹�–�•�� �Š�‹�‰�Š�‡�•�–�� �–�”�ƒ�•�•�’�‘�”�–�� �‹�•�� �–�Š�‡�� �Ž�ƒ�•�–�� �s�� �–�‘�� �t��
�™�‡�‡�•�•���‘�ˆ���’�”�‡�‰�•�ƒ�•�…�›�ä�����Š�‹�•���…�‘�‹�•�…�‹�†�‡�•���™�‹�–�Š���‹�•�…�”�‡�ƒ�•�‡�•���‹�•���‡�•�–�”�‘-
gen, decreases in progesterone, and increase in the neonatal 
�”�‡�…�‡�’�–�‘�”�����	�…���•�����‹�•���–�Š�‡���•�ƒ�•�•�ƒ�”�›���‰�Ž�ƒ�•�†�ä�s�����Š�‹�•���•�•�ƒ�Ž�Ž���™�‹�•�†�‘�™��
of colostrogenesis makes timing of vaccine administration 
to the dry cow important.  Non-adjuvanted vaccines would 
�•�‡�‡�†���–�‘���„�‡���‰�‹�˜�‡�•���™�‹�–�Š�‹�•���v���™�‡�‡�•�•���‘�ˆ���…�ƒ�Ž�˜�‹�•�‰���–�‘���‰�‡�–���•�ƒ�š�‹�•�—�•��
�…�‹�”�…�—�Ž�ƒ�–�‹�•�‰�� �Ž�‡�˜�‡�Ž�•�� �†�—�”�‹�•�‰�� �…�‘�Ž�‘�•�–�”�‘�‰�‡�•�‡�•�‹�•�ä�� �� ���†�Œ�—�˜�ƒ�•�–�‡�†�� �˜�ƒ�…-
cines could be given earlier in the dry cow period, as they 
sustain higher antibody levels for longer periods of times.  
���Š�‹�•���ƒ�„�‹�Ž�‹�–�›���–�‘���…�‘�•�…�‡�•�–�”�ƒ�–�‡���ƒ�•�–�‹�„�‘�†�›���‡�•�†�•���”�ƒ�’�‹�†�Ž�›���ƒ�ˆ�–�‡�”���’�ƒ�”-
turition.  Colostrum from cows with premature calves will 
have lower levels of antibodies, so premature calves should 
be fed colostrum from cows that delivered full-term calves.

Respiratory and Reproductive Diseases -Cow and Re-
spiratory Diseases-Calf

•�� ������ �æ�s���†�‘�•�‡
• ���ƒ�…�…�‹�•�ƒ�–�‹�•�‰�� �’�”�‡�‰�•�ƒ�•�–�� �…�‘�™�•�æ�Ž�‘�™�‡�”�� �‡�ˆ�Ð�‹�…�ƒ�…�›��

demonstrated for preventing PI in subsequent 
�’�”�‡�‰�•�ƒ�•�…�›�æ�’�”�‘�„�Ž�‡�•�•���™�‹�–�Š�����������ƒ�„�‘�”�–�‹�‘�•���‹�•���’�‘�‘�”�Ž�›��
vaccinated animals

•�� ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†�æ�s���†�‘�•�‡�æ�’�”�‡�‰�…�Š�‡�…�•���–�‹�•�‡
•�� ���”�‘�–�‡�…�–�‹�‘�•���•�Š�‘�™�•���s���›�‡�ƒ�”���ƒ�ˆ�–�‡�”���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•

Enteric Diseases for Calf-Rotavirus, Coronavirus, C. 
perfringens, K99 E. coli

•�� ������ �æ�t���†�‘�•�‡�•�æ���Š�‡�‹�ˆ�‡�”�æ���…�‘�™�•���s���†�‘�•�‡
•�� �w���™�‡�‡�•�•���ƒ�•�†���t���™�‡�‡�•�•���„�‡�ˆ�‘�”�‡���…�ƒ�Ž�˜�‹�•�‰��

•�� ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†�æ�t���†�‘�•�‡�•���Š�‡�‹�ˆ�‡�”�æ���…�‘�™�•���s���†�‘�•�‡
•�� �s�r���–�‘���s�t���™�‡�‡�•�•���ƒ�•�†���v�æ�™�‡�‡�•�•���„�‡�ˆ�‘�”�‡���…�ƒ�Ž�˜�‹�•�‰

Mastitis Dairy Heifer and Cow
�	�‹�”�•�–���†�‘�•�‡���‘�ˆ����w��E. coli �ƒ�–���y���–�‘���z���•�‘�•�–�Š�•���‘�ˆ���‰�‡�•�–�ƒ�–�‹�‘�•���‹�•��

heifers and dry off in cows
���‡�…�‘�•�†���†�‘�•�‡���‘�ˆ����w��E. coli �t���™�‡�‡�•�•���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���Ð�‹�”�•�–���†�‘�•�‡
���Š�‹�”�†���†�‘�•�‡���‘�ˆ����w��E. coli���t���–�‘���u���™�‡�‡�•�•���’�‘�•�–���…�ƒ�Ž�˜�‹�•�‰

Postpartum heifer and cow
�	�‘�”���–�Š�‡���„�‡�‡�ˆ���…�‘�™�á���–�Š�‡���’�‘�•�–�’�ƒ�”�–�—�•���’�‡�”�‹�‘�†���‹�•���ƒ���‰�‘�‘�†���–�‹�•�‡��

for reproductive vaccination to attain the best protection 
�ˆ�‘�”�������������������ˆ�‘�”���–�Š�‡���•�—�„�•�‡�“�—�‡�•�–���’�”�‡�‰�•�ƒ�•�…�›�ä�����	�‘�”���–�Š�‡���Ž�ƒ�…�–�ƒ�–�‹�•�‰��
�†�ƒ�‹�”�›���…�‘�™�á���–�Š�‹�•���‹�•���ƒ���–�”�‘�—�„�Ž�‡�•�‘�•�‡���–�‹�•�‡�ä�����Š�‡���…�‘�•�•�‘�•���’�”�ƒ�…�–�‹�…�‡���‘�ˆ��
�˜�ƒ�…�…�‹�•�ƒ�–�‹�•�‰���†�—�”�‹�•�‰���–�Š�‡���ˆ�”�‡�•�Š���’�‡�”�‹�‘�†�����s�w���–�‘���v�w���†�ƒ�›�•�æ�‹�•�æ�•�‹�Ž�•�����‹�•��
an immunological challenge for the cows due to the negative 
energy balance associated with the high energy demands and 
the low dry matter intakes typically observed postpartum.  
���Š�‡���”�‡�“�—�‹�”�‡�•�‡�•�–���‘�ˆ���–�Š�‡���‹�•�•�—�•�‡���•�›�•�–�‡�•���ˆ�‘�”���‡�•�‡�”�‰�›���„�‡�…�‘�•�‡�•��
a secondary requirement compared to lactation. Since sub-
�…�Ž�‹�•�‹�…�ƒ�Ž���•�‡�–�‘�•�‹�•���‹�•���’�”�‡�•�‡�•�–���‹�•���•�‡�ƒ�”�Ž�›���u�r�¨���‘�ˆ���ˆ�”�‡�•�Š���†�ƒ�‹�”�›���…�‘�™�•�á��
suggesting vaccination during this period is probably not the 
best approach and vaccinating during the dry period might be 
a better alternative. In our research, we found that milk pro-

duction, mastitis, and reproductive health were improved in 
dairy cows vaccinated in the prepartum period as compared 
to cows vaccinated in the postpartum period.

Reproductive Diseases-Cow
•�� ���������ƒ�•�†�����‡�’�–�‘�•�’�‹�”�‘�•�‹�•�æ�s���†�‘�•�‡��

•�� ���ƒ�…�…�‹�•�ƒ�–�‡���v�w���–�‘���x�r���†�ƒ�›�•���’�”�‹�‘�”���–�‘���„�”�‡�‡�†�‹�•�‰���‹�•���„�‡�‡�ˆ��
cows to improve conception rate. In dairy cows 
�˜�ƒ�…�…�‹�•�ƒ�–�‡���ƒ�ˆ�–�‡�”���v�w���†�ƒ�›�•�æ�‹�•�æ�•�‹�Ž�•�ä

•�� ���•�ƒ�…�–�‹�˜�ƒ�–�‡�†�æ�� ���‡�’�–�‘�•�’�‹�”�‘�•�‹�•�������ƒ�•�’�›�Ž�‘�„�ƒ�…�–�‡�”�ë�æ�•�‘�•�æ
�������æ���s���†�‘�•�‡��
• Do not use inactivated vaccine in the dairy cow- 

milk drop following vaccination.  No effect of ad-
ministering inactivated vaccines prior to breeding 
on conception rate.

Mastitis Dairy Heifer and Cow
•�� ���Š�‹�”�†���†�‘�•�‡���‘�ˆ����w��E. coli���t���–�‘���u���™�‡�‡�•�•���’�‘�•�–�æ�…�ƒ�Ž�˜�‹�•�‰

Stressors and Vaccination
���Š�‡�”�‡���‹�•���ƒ�•�’�Ž�‡���‡�˜�‹�†�‡�•�…�‡���–�Š�ƒ�–���„�‘�–�Š���’�Š�›�•�‹�…�ƒ�Ž���ƒ�•�†���’�•�›�…�Š�‘-

logical distress can cause dysfunction of the immune function 
in animals, leading to an increased incidence of infectious dis-
ease.�t�r�á�t�w�����š�…�‡�•�•���Š�‡�ƒ�–���‘�”���…�‘�Ž�†�á���…�”�‘�™�†�‹�•�‰�á���•�‹�š�‹�•�‰�á���†�‡�Š�›�†�”�ƒ�–�‹�‘�•�á��
weaning, calving, limit-feeding, shipping, noise, and restraint 
are stressors that are often associated with intensive animal 
�’�”�‘�†�—�…�–�‹�‘�•���ƒ�•�†���Š�ƒ�˜�‡���„�‡�‡�•���•�Š�‘�™�•���–�‘���‹�•�Ð�Ž�—�‡�•�…�‡���‹�•�•�—�•�‡���ˆ�—�•�…-
�–�‹�‘�•���‹�•���…�ƒ�–�–�Ž�‡�����	�‹�‰�—�”�‡���z���ä�s�u�����Ž�•�‘�á���•�‘�…�‹�ƒ�Ž���•�–�ƒ�–�—�•�á���‰�‡�•�‡�–�‹�…�•�á���ƒ�‰�‡���ƒ�•�†��
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How do we vaccinate–Route and Good Nutritional Plane
Mucosal delivery vs parenteral delivery

Mucosal delivery of vaccine either orally or intranasally 
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Figure 8. �/�u�u�µ�v���� �Œ���•�‰�}�v�•���•�� ���Œ���� �Z�]�P�Z�o�Ç�� ���Ç�v���u�]���� ���v���� ���Œ���� �•�Z���‰������ ���Ç��
�À���Œ�]�}�µ�•���Z�}�•�š�����v�������v�À�]�Œ�}�v�u���v�š���o���(�����š�}�Œ�•�U���]�v���o�µ���]�v�P���Z�}�•�š���P���v���Ÿ���•�U���u�}������
�}�(�� �����o�]�À���Œ�Ç�U�� ���]���š�� ���v���� �š�Z���� �u�]���Œ�}���]�}�š���� �}�(�� �š�Z���� �u�}�š�Z���Œ�U�� ���v�À�]�Œ�}�v�u���v�š���o��
�Z�}�µ�•�]�v�P�U���Á�����v�]�v�P�U���(�������]�v�P���š�Ç�‰���U���š�Œ���v�•�‰�}�Œ�š���Ÿ�}�v�U�����}�u�]�v�P�o�]�v�P�U�����v�Ÿ���]�}�Ÿ����
�š�Œ�����š�u���v�š�U�� �À�������]�v���š�]�}�v�U�� ���v���� �‰���š�Z�}�P���v�� ���Æ�‰�}�•�µ�Œ���X�� �������‰�š������ �(�Œ�}�u��
�•���]�v���o���]�v���D�U���>�}�Á�����:�U�����o���Œ�]���P�������X�����}�v�š�Œ�]���µ�Ÿ�}�v���}�(���š�Z�����u�µ���}�•���o���u�]���Œ�}���]�}�š����
�š�}�� ���}�À�]�v���� �Œ���•�‰�]�Œ���š�}�Œ�Ç�� �Z�����o�š�Z�X��Trends Microbiol�� �î�ì�í�õ�V�î�ó�W�ó�ñ�ï�r�ó�ó�ì�X��
���}�]�W�í�ì�X�í�ì�í�ò�l�i�X�Ÿ�u�X�î�ì�í�õ�X�ì�ð�X�ì�ì�ñ

Figure 9. �í�•�� �����o�]�À���Œ�Ç�� �}�(�� �v���•���o�� �À�������]�v���V�� �î�•�� �h�‰�š���l���� �}�(�� �À�������]�v���� ���v�Ÿ�P���v��
�š�Z�Œ�}�µ�P�Z�� �v���•���o�� �u�µ���}�•���V�� �ï�•�� �/�u�u�µ�v���r�]�v���µ���š�]�}�v�� �]�v�� �v���•���o�� ���•�•�}���]���š������
�o�Ç�u�‰�Z�}�]���� �Ÿ�•�•�µ���� �~�E���>�d�•�� �]�v���o�µ���]�v�P�� �š�}�v�•�]�o�•�V�� �ð�•�� ���v�Ÿ�P���v�� �š���Œ�P���Ÿ�v�P�� ���v����
�u�]�P�Œ���Ÿ�}�v�� �}�(�� �u�µ���}�•���o�� �����v���Œ�]�Ÿ���� �����o�o�•�� �~�����•�•�� �š�}�� �Œ���P�]�}�v���o�� �o�Ç�u�‰�Z�� �v�}�����V�� 
�ñ�•���/�u�u�µ�v�����]�v���µ���Ÿ�}�v�����v�������u�‰�o�]�.�����Ÿ�}�v���]�v���Œ���P�]�}�v���o���~�����Œ�À�]�����o�•���o�Ç�u�‰�Z���v�}�����•��
���Ç�����v�Ÿ�P���v�r�o�}���������������•�����v�����u�����Œ�}�‰�Z���P���•���~�D�L�•�V���ò�•�����}�u�‰���Œ�š�u���v�š���o�]�Ì������
�Z�}�u�]�v�P�����v���� ���Æ�]�š�� �}�(�� �E���>�d�r�]�v���µ�������� �d�� ���v���� ���� �����o�o�•�� �š�}�� �•�����Œ���š�}�Œ�Ç�����+�����š�}�Œ��
�•�]�š���•���]�v�����]�Œ�Á���Ç�•�U���P�µ�š�U�����v�����µ�š���Œ�]�v���������Œ�À�]�Æ�V�����v�����ó�•���>�}�����o���‰�Œ�}���µ���Ÿ�}�v�����v����
�‰�}�o�Ç�u���Œ�]�����/�P���Œ�������‰�š�}�Œ���~�‰�/�P�Z�•�r�u�����]���š���������Æ�š���Œ�v���o���š�Œ���v�•�‰�}�Œ�š���}�(�����]�u���Œ�]�����/�P����
�š�}���P���v���Œ���š�����•�����Œ���š�}�Œ�Ç���/�P�����~�^�]�P���•�X�����Œ���v���š�Ì�����P���W�X���W�}�š���v�Ÿ���o���}�(���v���•�}�‰�Z���Œ�Ç�v�Æ�r
���•�•�}���]���š�������o�Ç�u�‰�Z�}�]�����Ÿ�•�•�µ�����(�}�Œ���À�������]�v�����Œ���•�‰�}�v�•���•���]�v���š�Z�������]�Œ�Á���Ç�•�X��Am J 
Respir Crit Care Med���î�ì�í�í�V�í�ô�ï�W�í�ñ�õ�ñ�r�í�ò�ì�ð�X��
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Where does the intranasal vaccine response occur?
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Rethinking paradigm: Parenteral vaccines can induce mucosal immunity
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���‘�•�–���ƒ�†�Œ�—�˜�ƒ�•�–�•���…�ƒ�•���•�‘�–���‘�˜�‡�”�…�‘�•�‡�����	���������ƒ�•�†���‘�”���’�”�‘�†�—�…�‡���ƒ��
�•�—�…�‘�•�ƒ�Ž�����‰�����”�‡�•�’�‘�•�•�‡�����	�‹�‰�—�”�‡���s�r���ä�������Š�‡���•�‘�”�‡���•�‘�’�Š�‹�•�–�‹�…�ƒ�–�‡�†��
oil-saponin adjuvants have this ability.�s�y  

Needleless Injections
���‡�‡�†�Ž�‡�æ�ˆ�”�‡�‡���‹�•�Œ�‡�…�–�‹�‘�•���†�‡�˜�‹�…�‡�•�������	���������”�‡�•�—�Ž�–���‹�•���ƒ���Š�‹�‰�Š�æ

pressure stream that penetrates the epidermis, dermis 
with some subcutaneous penetration.5�������	�����æ�ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†��
vaccines can use half to a tenth of the dose required for in-
tramuscular vaccines because of the higher antigen disper-
sion and contact with the antigen-presenting cells found in 
skin. �����Š�‡���—�•�‡���‘�ˆ�����	�������†�‡�…�”�‡�ƒ�•�‡�•���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���•�‡�‡�†�Ž�‡�æ�•�–�‹�…�•��
injuries.  Needle-free devices also have disadvantages, includ-
�‹�•�‰���•�–�ƒ�”�–�æ�—�’���…�‘�•�–���‘�ˆ���–�Š�‡���‡�“�—�‹�’�•�‡�•�–�á���‡�š�Š�ƒ�—�•�–�‹�„�Ž�‡���‰�ƒ�•�æ�•�–�‘�”�ƒ�‰�‡��
�‹�•�ˆ�”�ƒ�•�–�”�—�…�–�—�”�‡�����ˆ�‘�”���–�Š�‘�•�‡���•�›�•�–�‡�•�•���—�•�‹�•�‰���ƒ���…�‘�•�’�”�‡�•�•�‡�†���‘�”�������t��
�‰�ƒ�•���•�›�•�–�‡�•���á���–�‡�…�Š�•�‹�…�ƒ�Ž���ƒ�•�†���‘�’�‡�”�ƒ�–�‹�‘�•�ƒ�Ž���‡�š�’�‡�”�–�‹�•�‡�����–�”�ƒ�‹�•�‹�•�‰���‘�ˆ��
�–�Š�‡�� �‘�’�‡�”�ƒ�–�‘�”�•�� �ƒ�•�†�� �•�ƒ�‹�•�–�‡�•�ƒ�•�…�‡�� �‘�ˆ�� �–�Š�‡�� �—�•�‹�–�•���á�� �ƒ�•�†�� �‹�•�ƒ�„�‹�Ž�‹�–�›��
�–�‘�� �…�‘�•�’�Ž�‡�–�‡�Ž�›�� �”�‡�’�Ž�ƒ�…�‡�� �•�‡�‡�†�Ž�‡�æ�•�›�”�‹�•�‰�‡�� �†�‡�˜�‹�…�‡�•�ä�� ���Š�‡�� �…�‘�•�–�� �‘�ˆ��
the equipment varies depending on the type of needle-free 
injector, and there are additional associated costs with 
maintenance and infrastructure, especially with compressed 
gas devices. Needle-free application requires a consistent 
application method. Needle-free devices are calibrated to 
deliver the vaccine when the needle-free device is perpen-
�†�‹�…�—�Ž�ƒ�”�����{�r�q�����–�‘���–�Š�‡���•�•�‹�•�ä�����ƒ�…�…�‹�•�ƒ�–�‹�‘�•�•���•�ƒ�†�‡���ƒ�–���•�‘�”�‡���ƒ�…�—�–�‡��
or oblique angles will affect the distribution of the vaccine 
in the tissue. In addition, because of the moving parts and 
�‰�ƒ�•���•�›�•�–�‡�•�á���”�‡�‰�—�Ž�ƒ�”���•�ƒ�‹�•�–�‡�•�ƒ�•�…�‡���‹�•���”�‡�“�—�‹�”�‡�†�ä���	�‹�•�ƒ�Ž�Ž�›�á���–�Š�‡�”�‡���‹�•��
�•�‘���ò�‘�•�‡�æ�•�‹�œ�‡�æ�Ð�‹�–�•�æ�ƒ�Ž�Ž�ó���•�‡�‡�†�Ž�‡�æ�ˆ�”�‡�‡���†�‡�˜�‹�…�‡���ˆ�‘�”���ƒ�Ž�Ž���ƒ�’�’�Ž�‹�…�ƒ�–�‹�‘�•�•��
that require injections. Humidity, cattle breed, hide condition 
���Š�ƒ�‹�”�…�‘�ƒ�–�á���•�—�†�á���•�•�‘�™�á���‡�–�…�ä���á���ƒ�•�†���ƒ�‰�‡���‘�ˆ���–�Š�‡���ƒ�•�‹�•�ƒ�Ž���ƒ�Ž�Ž���‡�ˆ�ˆ�‡�…�–��
the elasticity and thickness of the hide, greatly changing the 
force required for correct delivery.  Different ages, breeds of 
cattle, treatment dose, and viscosity of injection substance 
require different injection volume, injection pressure, and 
�‡�˜�‡�•���†�‹�ˆ�ˆ�‡�”�‡�•�–�����	�����•�ä�����†�‘�’�–�‹�‘�•���‘�ˆ���•�‡�‡�†�Ž�‡�æ�ˆ�”�‡�‡���†�‡�˜�‹�…�‡�•���‹�•���–�Š�‡��
US cattle industry has been slow, although there has been bet-
ter adoption in the swine industry driven by foreign markets 
�–�Š�ƒ�–���”�‡�“�—�‹�”�‡���–�Š�‡���—�•�‡���‘�ˆ�����	�����ä�������‡�ƒ�•�‘�•�•���ˆ�‘�”���–�Š�‹�•���Ž�‘�™���‹�•�†�—�•�–�”�›��
implementation rate involve cost of the unit and associated 
�•�ƒ�‹�•�–�‡�•�ƒ�•�…�‡�� �ƒ�•�†�� �‹�•�ˆ�”�ƒ�•�–�”�—�…�–�—�”�‡�� �…�‘�•�–�•�á�� �Š�‹�‰�Š�‡�”�� �…�‘�•�’�Ž�‡�š�‹�–�›��
�–�Š�ƒ�•���•�‡�‡�†�Ž�‡�æ�•�›�”�‹�•�‰�‡���†�‡�˜�‹�…�‡�á���ƒ�˜�ƒ�‹�Ž�ƒ�„�‹�Ž�‹�–�›���‘�ˆ���†�‡�˜�‹�…�‡�•�����ƒ���•�•�ƒ�Ž�Ž�‡�”��
handheld injector that is used in Europe is not available in the 
�������á���—�•�…�‡�”�–�ƒ�‹�•�–�›���‹�ˆ���–�Š�‡���ƒ�•�‹�•�ƒ�Ž���™�ƒ�•���˜�ƒ�…�…�‹�•�ƒ�–�‡�†�����‹�ä�‡�ä�á���•�‘���’�Š�›�•�‹�…�ƒ�Ž��
�•�‡�•�•�ƒ�–�‹�‘�•���–�Š�ƒ�–���–�Š�‡���ƒ�•�‹�•�ƒ�Ž���™�ƒ�•���˜�ƒ�…�…�‹�•�ƒ�–�‡�†���ƒ�•�†���‘�”���ƒ���ò�™�‡�–�ó���ƒ�’-
�’�‡�ƒ�”�ƒ�•�…�‡���ƒ�–���–�Š�‡���‹�•�Œ�‡�…�–�‹�‘�•���•�‹�–�‡�����ƒ�•�†���”�‡�“�—�‹�”�‡�•�‡�•�–���ˆ�‘�”���–�”�ƒ�‹�•�‹�•�‰�ä��

Hydration and Nutrition
One of the most critical issues in poor responses to 

vaccines are when animals have low water and feed intakes 
�ƒ�•���ƒ���”�‡�•�—�Ž�–���‘�ˆ���Ž�ƒ�…�•���‘�ˆ���•�—�’�’�Ž�›�á���–�”�ƒ�•�•�’�‘�”�–�ƒ�–�‹�‘�•�á���‡�–�…�ä�������Š�‡���‹�•�•�—�•�‡��
system requires hydration and energy for the barrier to be 
effective and for the immune system to actively respond and 
develop an effective immune response quickly, including 
�†�—�”�ƒ�–�‹�‘�•�� �‘�ˆ�� �‹�•�•�—�•�‹�–�›�� �ƒ�•�†�� �•�‡�•�‘�”�›�� �ˆ�”�‘�•�� �˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•�ä�� ���Š�‡��

immune system is a major consumer of energy and in times 
of negative energy, like seen in the newly weaned calf and 
�–�Š�‡�� �ˆ�”�‡�•�Š�� �†�ƒ�‹�”�›�� �…�‘�™�á�� �…�ƒ�•�� �„�‡�� �†�‹�ˆ�Ð�‹�…�—�Ž�–�� �–�‹�•�‡�•�� �ˆ�‘�”�� �–�Š�‡�� �‹�•�•�—�•�‡��
system to respond.�t�{�������Š�‡���‹�•�•�—�•�‡���”�‡�•�’�‘�•�•�‡���”�‡�“�—�‹�”�‡�•���‡�•�‡�”�‰�›�á��
protein, vitamins, and trace minerals. Both malnutrition and 
overfeeding may result in impairment of immune function 
�ƒ�•�†�� �‹�•�…�”�‡�ƒ�•�‡�†�� �•�—�•�…�‡�’�–�‹�„�‹�Ž�‹�–�›�� �–�‘�� �†�‹�•�‡�ƒ�•�‡�� �†�—�‡�� �–�‘�� �ƒ�� �†�‡�Ð�‹�…�‹�‡�•�…�›��
�‘�”���‡�š�…�‡�•�•���‘�ˆ���’�”�‘�–�‡�‹�•�•���‘�”���…�ƒ�Ž�‘�”�‹�‡�•�á���‘�”���ƒ���”�‡�Ž�ƒ�–�‹�˜�‡���‹�•�„�ƒ�Ž�ƒ�•�…�‡���‹�•��
�˜�‹�–�ƒ�•�‹�•�� �‘�”�� �–�”�ƒ�…�‡�� �•�‹�•�‡�”�ƒ�Ž�� �…�‘�•�–�‡�•�–�ä�� ���•�‹�•�ƒ�Ž�•�� �—�•�†�‡�”�� �‹�•�–�‡�•�•�‹�˜�‡��
production conditions typically have a completely controlled 
�†�‹�‡�–�ä�����Š�‡�”�‡�ˆ�‘�”�‡�á���‹�–���‹�•���˜�‡�”�›���‹�•�’�‘�”�–�ƒ�•�–���–�Š�ƒ�–���–�Š�‡���†�‹�‡�–�á���‡�•�’�‡�…�‹�ƒ�Ž�Ž�›��
the vitamin and trace mineral content, be optimally formu-
lated. Key vitamins and minerals for optimal immune function 
�‹�•�…�Ž�—�†�‡���˜�‹�–�ƒ�•�‹�•�•�����á�����á�����á���ƒ�•�†���–�Š�‡�������…�‘�•�’�Ž�‡�š���˜�‹�–�ƒ�•�‹�•�•�á���…�‘�’�’�‡�”��
�����—���á���œ�‹�•�…�������•���á���•�ƒ�‰�•�‡�•�‹�—�•�������‰���á���•�ƒ�•�‰�ƒ�•�‡�•�‡�������•���á���‹�”�‘�•�����	�‡���á��
�ƒ�•�†���•�‡�Ž�‡�•�‹�—�•�������‡���ä�����ˆ���–�Š�‡�•�‡���œ�‹�•�…�á���…�‘�’�’�‡�”���ƒ�•�†���•�‡�Ž�‡�•�‹�—�•���ƒ�”�‡���–�Š�‡��
�ò�‹�•�•�—�•�‡���•�‹�…�”�‘�•�‹�•�‡�”�ƒ�Ž�•�ó�ä�������Š�‡���„�ƒ�Ž�ƒ�•�…�‡���‘�ˆ���–�Š�‡�•�‡���…�‘�•�•�–�‹�–�—�‡�•�–�•��
�‹�•�� �‡�•�’�‡�…�‹�ƒ�Ž�Ž�›�� �‹�•�’�‘�”�–�ƒ�•�–�� �•�‹�•�…�‡�� �‡�š�…�‡�•�•�� �‘�”�� �†�‡�Ð�‹�…�‹�‡�•�…�›�� �‹�•�� �‘�•�‡��
�…�‘�•�’�‘�•�‡�•�–���•�ƒ�›���‹�•�Ð�Ž�—�‡�•�…�‡���–�Š�‡���ƒ�˜�ƒ�‹�Ž�ƒ�„�‹�Ž�‹�–�›���‘�”���”�‡�“�—�‹�”�‡�•�‡�•�–���ˆ�‘�”��
�ƒ�•�‘�–�Š�‡�”�ä�����‹�•�…���‹�•���‹�•�˜�‘�Ž�˜�‡�†���‹�•���’�”�‘�–�‡�‹�•���•�›�•�–�Š�‡�•�‹�•���ƒ�•�†���ƒ�•�–�‹�„�‘�†�›��
formation, cell differentiation, and enzyme formation and 
�ˆ�—�•�…�–�‹�‘�•�ä�� �� ���‹�•�…�� �ƒ�Ž�•�‘�� �’�Ž�ƒ�›�•�� �ƒ�� �•�ƒ�Œ�‘�”�� �”�‘�Ž�‡�� �‹�•�� �•�•�‹�•�� �ƒ�•�†�� �•�—�…�‘�•�ƒ��
�‹�•�–�‡�‰�”�‹�–�›�á�� �–�Š�‡�� �Ð�‹�”�•�–�� �Ž�‹�•�‡�� �‘�ˆ�� �†�‡�ˆ�‡�•�•�‡�� �‘�ˆ�� �–�Š�‡�� �‹�•�•�—�•�‡�� �•�›�•�–�‡�•�ä��
It is also essential for innate immune responses.�u�� ��Copper 
and manganese are directly involved with cell-mediated 
�‹�•�•�—�•�‹�–�›���ƒ�•�†���’�”�‘�–�‡�‹�•���•�ƒ�–�”�‹�š���ˆ�‘�”�•�ƒ�–�‹�‘�•���†�—�”�‹�•�‰���–�Š�‡���Š�‡�ƒ�Ž�‹�•�‰��
process. Copper has been linked with the ability of isolated 
neutrophils to kill yeast and bacterial infections. Selenium is 
�ƒ�•���‡�•�•�‡�•�–�‹�ƒ�Ž���ƒ�•�–�‹�‘�š�‹�†�ƒ�•�–�ä�t�z Manganese plays a role in facilitat-
ing the “germ-killing” function of macrophages.�t�{

Conclusions

���ƒ�•�ƒ�‰�‡�•�‡�•�–���‘�ˆ���–�Š�‡���…�‘�™�ï�•���ƒ�•�†���…�ƒ�Ž�ˆ�ï�•���‹�•�•�—�•�‡���•�›�•�–�‡�•���‹�•��
not a simple process.  Stressors and nutrition often compro-
mise immunity.  It is important that vaccinations be given at 
optimal times and that vaccination is not overused.  Vaccina-
tion can never overcome poor management.
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�t�s�ä�����‡�‹�…�Š�‡���������á�����—�•�‡�•���������á�����‘�”�‹�•�‘�–�‘�������ä�����–�”�‡�•�•�á���†�‡�’�”�‡�•�•�‹�‘�•�á���–�Š�‡���‹�•�•�—�•�‡��
system, and cancer.  Lancet Oncol���t�r�r�v�â�w�ã�x�s�y�æ�x�t�w�ä���Š�–�–�’�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�r�s�x��
���s�v�y�r�æ�t�r�v�w���r�v���r�s�w�{�y�æ�{
�t�t�ä�� ���‹�…�Š�‡�•�‘�•�� ����á�� ���‡�…�•�� �����á�� �
�ƒ�†�„�‡�”�”�›�� �����á�� �
�—�•�–�‡�”�� �����á�� ���‡�•�•�� �����á�� ���—�„�„�‡�Ž�Ž�� �����á��
��‘�•�‡�•�����ä�����ˆ�ˆ�‡�…�–�•���‘�ˆ���‘�•�æ�ƒ�”�”�‹�˜�ƒ�Ž���˜�‡�”�•�—�•���†�‡�Ž�ƒ�›�‡�†���•�‘�†�‹�Ð�‹�‡�†���Ž�‹�˜�‡���˜�‹�”�—�•���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•��
on health, performance, and serum infectious bovine rhinotracheitis titers 
of newly received beef calves. J Anim Sci�� �t�r�r�z�â�z�x�ã�{�{�{�æ�s�r�r�w�ä�� �Š�–�–�’�ã�����†�‘�‹�ä
�‘�”�‰���s�r�ä�t�w�t�y���Œ�ƒ�•�ä�t�r�r�y�æ�r�w�{�u
�t�u�ä�����‹�…�Š�‡�•�‘�•������á�����‡�…�•�������á�����‘�‡�������á���
�ƒ�†�„�‡�”�”�›�������á�����‡�•�•�����á�����—�„�„�‡�Ž�Ž�������ä�����ˆ�ˆ�‡�…�–�•��
�‘�ˆ�� �ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•�� �‘�ˆ�� �ƒ�� �•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡�� �˜�‹�”�—�•�� �”�‡�•�’�‹�”�ƒ�–�‘�”�›�� �˜�ƒ�…�…�‹�•�‡�� �ƒ�•�†�� �–�‹�•�‹�•�‰��
of vaccination on health and performance of high-risk beef stocker calves. 
Bov Pract���t�r�s�w�â�v�{�ã�u�y�æ�v�t�ä
�t�v�ä�����‘�–�Š������á�����ƒ�‡�„�‡�”�Ž�‡�������ä�����—�’�’�”�‡�•�•�‹�‘�•���‘�ˆ���•�‡�—�–�”�‘�’�Š�‹�Ž���ƒ�•�†���Ž�›�•�’�Š�‘�…�›�–�‡���ˆ�—�•�…�–�‹�‘�•��
induced by a vaccinal strain of bovine viral diarrhea virus with and without 
�–�Š�‡���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‘�ˆ�����������ä��Am J Vet Res���s�{�z�u�â�v�v�ã�t�u�x�x�æ�t�u�y�t�ä
�t�w�ä�����‘�›�ƒ�•���
�ä�����‘�•�’�ƒ�”�‹�•�‘�•���‘�ˆ���–�Š�‡�����������á���������æ�s�á���ƒ�•�†�������������ƒ�•�ƒ�•�•�‡�•�–�‹�…���”�‡�•�’�‘�•�•�‡��
�–�‘���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���‘�”���‹�•�ƒ�…�–�‹�˜�ƒ�–�‡�†���˜�ƒ�…�…�‹�•�‡�•���‹�•���…�ƒ�Ž�˜�‡�•���’�”�‡�˜�‹�‘�—�•�Ž�›���˜�ƒ�…�…�‹�•�ƒ�–�‡�†���™�‹�–�Š��
�ƒ���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���˜�‹�”�—�•���˜�ƒ�…�…�‹�•�‡�ä��Bov Pract �t�r�r�{�â�v�u�ã�v�v�æ�w�r�ä
�t�x�ä�����ƒ�Ž�ƒ�•�æ��‘�Š�•�•�‘�•������á�����…�
�Ž�‘�•�‡�����ä�����ƒ�•�‹�•�‰���•�‡�•�•�‡���‘�ˆ���ƒ�’�’�ƒ�”�‡�•�–�Ž�›���…�‘�•�Ð�Ž�‹�…�–�‹�•�‰���†�ƒ�–�ƒ�ã��
Stress and immunity in swine and cattle. J Anim Sci���t�r�r�y�â�z�w���s�u�4�•�—�’�’�Ž���ã���z�s�æ
���z�z�ä���Š�–�–�’�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�t�w�t�y���Œ�ƒ�•�ä�t�r�r�x�æ�w�u�z
�t�y�ä�����ƒ�•�†�„�—�Ž�–�‡�������á�����‘�–�Š������ä�����”�‹�•�‹�•�‰���‘�ˆ���•�—�Ž�–�‹�’�Ž�‡�������…�‡�Ž�Ž���•�—�„�•�‡�–�•���„�›���•�‘�†�‹�Ð�‹�‡�†�æ
live and inactivated bovine respiratory syncytial virus vaccines. Vet Immunol 
Immunopathol���t�r�r�u�â�{�w�ã�s�t�u�æ�s�u�u�ä
�t�z�ä�����‘�”�†�‹�Ž�Ž�‘�������ä�����‡�Ž�‡�•�‹�—�•�æ�†�‡�’�‡�•�†�‡�•�–���”�‡�‰�—�Ž�ƒ�–�‹�‘�•���‘�ˆ���‘�š�‹�†�ƒ�–�‹�˜�‡���•�–�”�‡�•�•���ƒ�•�†���‹�•-
munity in periparturient dairy cattle. Vet Med International���t�r�s�u�â�v�ã�s�w�v�r�v�w�æ
�s�w�v�r�v�z�ä���Š�–�–�’�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�s�w�w���t�r�s�u���s�w�v�r�v�w
�t�{�ä�����‘�”�†�‹�Ž�Ž�‘�������ä�����—�–�”�‹�–�‹�‘�•�ƒ�Ž���•�–�”�ƒ�–�‡�‰�‹�‡�•���–�‘���‘�’�–�‹�•�‹�œ�‡���†�ƒ�‹�”�›���…�ƒ�–�–�Ž�‡���‹�•�•�—�•�‹�–�›�ä��J 
Dairy Sci���t�r�s�x�â�{�{�ã�v�{�x�y�æ�v�{�z�t�ä��
�u�r�ä�� ���–�‡�˜�‡�•�•�� �����á�� ���‹�•�•�‡�”�•�ƒ�•�� �����á�� ���—�–�–�‡�”�„�ƒ�—�‰�Š�� �����á�� ���ƒ�”�Ž�‹�•�‰�� ���á�� ���…�Š�‘�Ž�œ�� ���á��
���Š�‘�ƒ�†�‡�•����á�����Š�ƒ�•�‡���������ä�����Š�‡���‹�•�†�—�…�–�‹�‘�•���‘�ˆ���ƒ���…�‡�Ž�Ž�æ�•�‡�†�‹�ƒ�–�‡�†���‹�•�•�—�•�‡���”�‡�•�’�‘�•�•�‡��
to bovine viral diarrhea virus with an adjuvanted inactivated vaccine. Vet 
Therap���t�r�r�{�â�s�r�ã���s�æ�z�ä
�u�s�ä�� ���ƒ�Ž�œ�� �����á�� �
�‹�˜�‡�•�•�� �����á�� ���‘�†�•�‹�•�‰�� �����á�� ���‹�†�†�‡�Ž�Ž�� �����á�� ���”�‘�†�‡�”�•�‡�•�� �����á�� ���…�”�—�‰�‰�•��
���á�����Š�‘�”�–�����á���
�”�‘�–�‡�Ž�—�‡�•�…�Š�‡�•�����ä�����˜�ƒ�Ž�—�ƒ�–�‹�‘�•���‘�ˆ���”�‡�’�”�‘�†�—�…�–�‹�˜�‡���’�”�‘�–�‡�…�–�‹�‘�•���ƒ�‰�ƒ�‹�•�•�–��
�„�‘�˜�‹�•�‡�� �˜�‹�”�ƒ�Ž�� �†�‹�ƒ�”�”�Š�‡�ƒ�� �˜�‹�”�—�•�� �ƒ�•�†�� �„�‘�˜�‹�•�‡�� �Š�‡�”�’�‡�•�˜�‹�”�—�•�æ�s�� �ƒ�ˆ�ˆ�‘�”�†�‡�†�� �„�›�� �ƒ�•�•�—�ƒ�Ž��
�”�‡�˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���™�‹�–�Š���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���˜�‹�”�ƒ�Ž���‘�”���…�‘�•�„�‹�•�ƒ�–�‹�‘�•���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���•�‹�Ž�Ž�‡�†��
�˜�‹�”�ƒ�Ž���˜�ƒ�…�…�‹�•�‡�•���ƒ�ˆ�–�‡�”���’�”�‹�•�ƒ�”�›���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���™�‹�–�Š���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���˜�‹�”�ƒ�Ž���˜�ƒ�…�…�‹�•�‡�ä��Vac-
cine���t�r�s�y�â�u�w�ã�s�r�v�x�æ�s�r�w�v�ä���Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�r�s�x���Œ�ä�˜�ƒ�…�…�‹�•�‡�ä�t�r�s�y�ä�r�s�ä�r�r�x
�u�t�ä�����ƒ�Ž�œ�������á�����‘�•�–�‰�‘�•�‡�”�›�����á�����ƒ�•�•�Ž�‡�”�����á�����‹�†�†�‡�Ž�Ž�������á�����”�ƒ�†�‡�•�������á�����Š�ƒ�•�‰�����á���
�ƒ�Ž�‹�•��
�����á�����—�‹�†�Š�‘�ˆ�����ä�������‘�•�’�ƒ�”�‹�•�‘�•���‘�ˆ���”�‡�’�”�‘�†�—�…�–�‹�˜�‡���’�‡�”�ˆ�‘�”�•�ƒ�•�…�‡���‘�ˆ���’�”�‹�•�‹�’�ƒ�”�‘�—�•���†�ƒ�‹�”�›��
�…�ƒ�–�–�Ž�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���”�‡�˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���™�‹�–�Š���‡�‹�–�Š�‡�”���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���‘�”���•�‹�Ž�Ž�‡�†���•�—�Ž�–�‹�˜�ƒ�Ž�‡�•�–��
viral vaccines in early lactation. J Dairy Sci �t�r�s�w�â�{�z�ã�z�y�w�u�æ�z�y�x�u�ä���Š�–�–�’�•�ã�����†�‘�‹�ä
�‘�”�‰���s�r�ä�u�s�x�z���Œ�†�•�ä�t�r�s�w�æ�{�y�x�r

�y�ä���†�‡�����‘�‡�‹�Œ�‡�”�������á�����‹�‡�•�•�ƒ�•�•�����á���†�‡����‘�•�‰���������ä�������ƒ�Ž�…�—�Ž�ƒ�–�‹�•�‰���–�Š�‡���–�‹�•�‡���–�‘���‡�š�–�‹�•�…-
tion of a reactivating virus, in particular bovine herpes virus. Math Biosci 
�t�r�r�z�â�t�s�t�ã�s�s�s�æ�s�u�s�ä���Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�r�s�x���Œ�ä�•�„�•�ä�t�r�r�y�ä�r�v�ä�r�r�t
�z�ä���	�ƒ�‹�”�„�ƒ�•�•�•�����	�á�����ƒ�•�’�„�‡�Ž�Ž����á�����Š�ƒ�•�‡�����ä�����ƒ�’�‹�†���‘�•�•�‡�–���‘�ˆ���’�”�‘�–�‡�…�–�‹�‘�•���ƒ�‰�ƒ�‹�•�•�–���‹�•�ˆ�‡�…-
�–�‹�‘�—�•���„�‘�˜�‹�•�‡���”�Š�‹�•�‘�–�”�ƒ�…�Š�‡�‹�–�‹�•���™�‹�–�Š���ƒ���•�‘�†�‹�Ð�‹�‡�†�æ�Ž�‹�˜�‡���˜�‹�”�—�•���•�—�Ž�–�‹�˜�ƒ�Ž�‡�•�–���˜�ƒ�…�…�‹�•�‡�ä��
Vet Therap���t�r�r�v�â�w�ã�s�y�æ�t�w�ä
�{�ä���	�Ž�‡�‡�•�‘�”�������á�����–�‘�–�–���
���ä�����—�ƒ�•�–�‹�Ð�‹�…�ƒ�–�‹�‘�•���‘�ˆ���„�‘�˜�‹�•�‡�����‰�
�á�����‰�����ƒ�•�†�����‰�����ƒ�•�–�‹�„�‘�†�‹�‡�•��
�–�‘�����Ž�‘�•�–�”�‹�†�‹�—�•���’�‡�”�ˆ�”�‹�•�‰�‡�•�•�����æ�–�‘�š�‹�•���„�›���‡�•�œ�›�•�‡���‹�•�•�—�•�‘�ƒ�•�•�ƒ�›�����������›�•�–�‡�•�‹�…���‡�ˆ-
fects of maternally derived antibodies on immunization of newborn calves. 
Vet Immuno Immunopathol���s�{�z�u�â�v�ã�x�u�u�æ�x�w�v�ä���Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�r�s�x���r�s�x�w�æ
�t�v�t�y���z�u���{�r�r�y�r�æ�u
�s�r�ä���	�—�Ž�–�‘�•�������á�����‘�•�ˆ�‡�”�������á�����—�”�‰�‡������á�����‡�”�‹�•�‘������á���†�ï���ˆ�ˆ�ƒ�›������á�����ƒ�›�–�‘�•�������á�����‘�…�•��
�����ä�����•�–�‹�„�‘�†�›�� �”�‡�•�’�‘�•�•�‡�•���„�›�� �…�ƒ�–�–�Ž�‡���ƒ�ˆ�–�‡�”���˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•�� �™�‹�–�Š���…�‘�•�•�‡�”�…�‹�ƒ�Ž���˜�‹�”�ƒ�Ž��
�˜�ƒ�…�…�‹�•�‡�•���…�‘�•�–�ƒ�‹�•�‹�•�‰���„�‘�˜�‹�•�‡���Š�‡�”�’�‡�•�˜�‹�”�—�•�æ�s�á���„�‘�˜�‹�•�‡���˜�‹�”�ƒ�Ž���†�‹�ƒ�”�”�Š�‡�ƒ���˜�‹�”�—�•�á���’�ƒ�”�ƒ-
�‹�•�Ð�Ž�—�‡�•�œ�ƒ�æ�u���˜�‹�”�—�•�á���ƒ�•�†���„�‘�˜�‹�•�‡���”�‡�•�’�‹�”�ƒ�–�‘�”�›���•�›�•�…�›�–�‹�ƒ�Ž���˜�‹�”�—�•���‹�•�•�—�•�‘�‰�‡�•�•���ƒ�•�†��
�•�—�„�•�‡�“�—�‡�•�–���”�‡�˜�ƒ�…�…�‹�•�ƒ�–�‹�‘�•���ƒ�–���†�ƒ�›���s�v�r�ä��Vaccine���s�{�{�w�â�s�u�ã�y�t�w�æ�y�u�u�ä
�s�s�ä���
�”�‡�‡�•�Š�ƒ�Ž�‰�Š�����á�����‹�‡�•�•�ƒ�•�•�����á���†�‡����‘�•�‰���������ä�����—�„�…�”�‹�–�‹�…�ƒ�Ž���‡�•�†�‡�•�‹�…���•�–�‡�ƒ�†�›��
states in mathematical models for animal infections with incomplete 
immunity. Math Biosci �t�r�r�r�â�s�x�w�ã�s�æ�t�w�ä�� �Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�r�s�x���•�r�r�t�w�æ
�w�w�x�v���r�r���r�r�r�s�t�æ�t
�s�t�ä���
�”�‘�‘�•�•�������á�����‘�‡�����ä�����‡�—�–�”�ƒ�Ž�‹�œ�‹�•�‰���ƒ�•�–�‹�„�‘�†�›���”�‡�•�’�‘�•�•�‡�•���‹�•���’�”�‡�…�‘�•�†�‹�–�‹�‘�•�‡�†��
calves following vaccination for respiratory viruses. Vet Therap���t�r�r�t�â�u�ã�s�s�{�æ
�s�t�y�ä
�s�u�ä�����—�Ž�„�‡�”�–�������á�����‘�‹�•�ž������ä�����–�”�‡�•�•�á���‹�•�•�—�•�‹�–�›�á���ƒ�•�†���–�Š�‡���•�ƒ�•�ƒ�‰�‡�•�‡�•�–���‘�ˆ���…�ƒ�Ž�˜�‡�•�ä��
J Dairy Sci���t�r�s�x�â�{�{�ã�u�s�{�{�æ�u�t�s�x�ä���Š�–�–�’�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�u�s�x�z���Œ�†�•�ä�t�r�s�w�æ�s�r�s�{�z
�s�v�ä�� ���‡�Š�”�Ž�‹ ������ ��”�á�� ���‘�•�•�‡�…�•�‡�� ����á�� ���‘�–�Š�� ����ä�� ���Ž�–�‡�”�ƒ�–�‹�‘�•�•�� �‹�•�� �„�‘�˜�‹�•�‡�� �•�‡�—�–�”�‘�’�Š�‹�Ž��
function during the periparturient period. Am J Vet Res. �s�{�z�{�â�w�r�ã�t�r�y�æ�t�s�v�ä
�s�w�ä�� ���‡�Š�”�Ž�‹�� ������ ��”�á�� ���‘�•�•�‡�…�•�‡�� ����á�� ���‘�–�Š�� ����ä�� ���Ž�–�‡�”�ƒ�–�‹�‘�•�•�� �‹�•�� �„�‘�˜�‹�•�‡�� �Ž�›�•�’�Š�‘�…�›�–�‡��
function during the periparturient period. Am J Vet Res���s�{�z�{�â�w�r�ã�t�s�w�æ�t�t�r�ä
�s�x�ä�����‡�”�•�Š�‘�ˆ�•�����á�����‡�•�Œ�‹�ˆ�‘�����á�����‘�—�•�•�ƒ�‹�•�–����	�á�����‡�–�‡�Ž�Ž�‹�‡�”�����á�����ƒ�•�‘�’�†�‡�•�„�‘�•�…�Š�����á�����‡�Ž�Ž�‡-
�•�ƒ�•�•���
�ä�����•�Š�ƒ�•�…�‡�•�‡�•�–���‘�ˆ���–�Š�‡���‹�•�•�—�•�‡���”�‡�•�’�‘�•�•�‡���ƒ�•�†���˜�‹�”�‘�Ž�‘�‰�‹�…�ƒ�Ž���’�”�‘�–�‡�…�–�‹�‘�•��
�‘�ˆ���…�ƒ�Ž�˜�‡�•���ƒ�‰�ƒ�‹�•�•�–���„�‘�˜�‹�•�‡���Š�‡�”�’�‡�•�˜�‹�”�—�•���–�›�’�‡���s���™�‹�–�Š���ƒ�•���‹�•�ƒ�…�–�‹�˜�ƒ�–�‡�†���‰���æ�†�‡�Ž�‡�–�‡�†��
vaccine. Vet Record���t�r�r�u�â�s�w�t�ã�x�z�s�æ�x�z�x�ä
�s�y�ä�����‘�Ž�„�������á�����—�–�‡�”�„�ƒ�—�‰�Š�������á�����‹�•�‡�Š�ƒ�”�–�������á�����•�•�Ž�‡�›�����á�����‡�”�”�›���
���á�����„�†�‡�Ž�•�ƒ�Ž�ƒ�•�������á��
���Š�ƒ�•�‡���������ä�����”�‘�–�‡�…�–�‹�‘�•���ƒ�‰�ƒ�‹�•�•�–���„�‘�˜�‹�•�‡���”�‡�•�’�‹�”�ƒ�–�‘�”�›���•�›�•�…�›�–�‹�ƒ�Ž���˜�‹�”�—�•���‹�•���…�ƒ�Ž�˜�‡�•��
�˜�ƒ�…�…�‹�•�ƒ�–�‡�†���™�‹�–�Š���ƒ�†�Œ�—�˜�ƒ�•�–�‡�†���•�‘�†�‹�Ð�‹�‡�†���Ž�‹�˜�‡���˜�ƒ�…�…�‹�•�‡���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†���‹�•���–�Š�‡���ˆ�ƒ�…�‡��
of maternal antibody. Vaccine���t�r�s�{�â�u�z�ã�t�{�z�æ�u�r�z�ä���Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�s�r�s�x���Œ�ä
�˜�ƒ�…�…�‹�•�‡�ä�t�r�s�{�ä�s�r�ä�r�s�w
�s�z�ä�����ƒ�Ž�•�—�–�Š�—�‰�‡�����á���
�”�‹�‡�„�‡�Ž������á���
�—�ƒ�•�������ä�������Š�‡���‰�—�–���•�‹�…�”�‘�„�‹�‘�•�‡���ƒ�•�†���‹�–�•���’�‘�–�‡�•�–�‹�ƒ�Ž��
role in the development and function of newborn calf gastrointestinal tract. 
Frontiers Vet Sci���t�r�s�w�â�t�ã�u�x�ä���Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���s�r�ä�u�u�z�{���ˆ�˜�‡�–�•�ä�t�r�s�w�ä�r�r�r�u�x
�s�{�ä�����ƒ�›�•�ƒ�”�†�������á�����Ž�•�‘�•�������á�����ƒ�–�–�‘�•�������á�����‡�ƒ�˜�‡�”�������ä�����‡�…�‹�’�”�‘�…�ƒ�Ž���‹�•�–�‡�”�ƒ�…�–�‹�‘�•�•���‘�ˆ��
the intestinal microbiota and immune system. Nature���t�r�s�t�â�v�z�{�ã�t�u�s�æ�t�v�s�ä��
�†�‘�‹�ã�s�r�ä�s�r�u�z���•�ƒ�–�—�”�‡�s�s�w�w�s�ä
�t�r�ä�� ���•�•�ƒ�•�� ���á�� ���ƒ�Ž�•�—�–�Š�—�‰�‡�� ���á�� �
�‘�•�œ�ž�Ž�‡�œ�æ���ƒ�•�‘�� ���á�� �
�”�‹�‡�„�‡�Ž�� ���ä�� �� ���‡�˜�‡�Ž�‘�’�•�‡�•�–��
and function of the mucosal immune system in the upper respiratory tract 
of neonatal calves. Annu Rev Anim Biosci�� �t�r�s�z�â�x�ã�s�v�s�æ�s�w�w�ä�� �Š�–�–�’�•�ã�����†�‘�‹�ä
�‘�”�‰���s�r�ä�s�s�v�x���ƒ�•�•�—�”�‡�˜�æ�ƒ�•�‹�•�ƒ�Ž�æ�r�u�r�s�s�y�æ�r�s�v�x�s�s
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