
 ���� ����	
� ��
�
��  

 ������/	
��� 

���/��� ���1399 )31-23( 
 

������ �	�
�  

������� ��� ���� �� ��� � � ��  !�"#���  $� %�$
�
��&
&��� �'
(� 

�����)�& *$+1�-�' .��#/) 022�� 3  ���� 0 4��/5)3��&�/� 7-�8�) �9/�:; 04* 

1-  ������  �!�"  #$%���!&� '��!�( ')�*��  ��+ 
�,���  '-�%.%/( 	�01 23�4 ')5�67��  
25���  ')8�,���
  	�01 
4!9 '
�.: ��8 �
��.; 

2- 
�& ����' ��!&� '��!�( ')�*��  ��+ 
�,���  '-�%.%/( 	�01 23�4 ')5�67��  
25���  ')8�,���
  	�01 
4!9 

3- 
�& ����' 8�,���
  	�01 
4!9)' 5�67��  
25��� )' �*��  ��+ 
�,���  '
���!9 23�4)' � '
���!9&��! 

4-  ����' )5�67��  
25���  '�=�>����&� 4 �=�>�.;4!5.� 
4!9' ��!�( 
�,���   

 

 :@A�&
  B&
�()11/09/98  -  :E!&FG B&
�(26/11/98(  

>��8?   

 I
 G.,���) �&J�) (�K) ;���"� 4) B��G L��J( 4 �8� ;���>�) !/( 4&M �&J�)  �N�; O; E4
 �&P�����  . ��� 28��R M�"

OS>�$� P&� �� T28'  ),��N�8 )�
!;;���>� B��G) �; B��G )J�&� U�V�R�)  
 OW�W �; )���9 ��8.60  )���9 OW�W OS$X

 O&�� Y�
308  
 4   �; 
4!9 !8 4 28�� 4 (OJ.�"�4) Z&���+ 
4!9O� 
�!5( !8) 
�!5( �; 10  
�!X )�
!;  
�� (OW�W OS$X

Z&���+ 
4!9 O; .2J�A!9'  ��8�4
 
  [��"�.� P�"�48  420 28�� 
4!9 O; 4 2� \&
6( )�*]1 [R�  
�
 �� )�
4!G 

4 '  !A�;

-�^�A  \&
6( 2� ��8�4
 
  .7 '10 '19  422 '`JG  ��R O���� 
4!9 !8 ��ZJ( )�
!; 
�aJ� O; .2� FR�'  O; [.A4!�8 @N��

�^>+ 4 + 2.b�0.�+ 	!� )&���*G !& �%� '@.��^�>-1 ��c�" );�&�
� @�W P.Jd�8 4 P.e(4!G�5.09 2.);���"� )J�&� B��G )' 

.2� )�
!; [��"�.� P�"�4 O; )J( �G B��G   fR��ZJ( P.e(4!G 43 ��A ��8JS� Z&�6A� ��.��J.�"�4 �� gG  �)2J���  �
�  

)05/0<P(Z&�6A� �� )"�3 6.� 28�� 
4!9 �; P�"�4 
4!9 O�&�%� . 5/1 �!;�!;  fR��ZJ( )68 O; %97)JS� Z&�6A� 4 (% 
� 

 �4
 
  + 2.b�0.�+ 	!�22 )086/0  O;096/0 (!�.> 
  	!9  4 �^>+-1 2.�� P.e(4!G�5.09  
  �4
 10 )63/300 O; 12/600  )0.�-

	!9 
  !�.> ( �; )05/0<P(�^>+ �; + 2.b�0.�+ 	!� ��6.� -�!..j( . -1  4 P.e(4!G�5.09 2.�� fR��ZJ( @N�� g51 @��  

)229/0 - r=' 081/0P= fR�� -�!..j( .(ZJ( )JS� 4 �.%��� k�N(
��^>+ -�!..j( �; �
� -1 ) P.e(4!G �5.09 2.��411/0-r= '

001/0<P( ) P( �G 
�.1 P.Jd�8 4313/0-r= '001/0<P(  .@�� ZJ( )JS� ),��N�8 );���"� )J�&� B��G �; 4  
�  �
� 

 );�&�
� ��!; )N��J� !,����)J�&� .@�� ��.��J.�"�4 )�l;!m� 4 )&�� 

>@�� :���BC ���  �^>+1  'P.e(4!G�5.092.��ZJ( ')���9 OW�W' P�"�4 '+ 2.b�0.�+ 	!�  

  

*
 :��e�� n2J�&�� nikbakht@ut.ac.ir 

doi: 10.22124/ar.2021.4657 



24                                          �2�/���W E
+ :��
�5�8 4,��N�8) ZJ( B��G �; �8� � 4  �3 ��A&J�)  
  ��
���8OW�W��8 ���9)  

 

���
�  

 )J�&�)(�K �
��.; [��1 �;  
�R!; ��2�;� 
  �� ): 
  4

 o���>� �& )���+ ZJ"�4P..S( )�%� 4 -2� ��!; 
2JJ"

@�W )8 B��G  ��8);���"� @�� O; ZJ"�4  �& )>�0�

��3  �& �� )�3 �& 4 ��
���8�@.  
�  )Hoebe et al., 

2004(. ZJ"�4 �8� ;���>�) LX�S�� �+.L �8� �A�;)  4 �&

 L>�X 
  )��^1 [���1 �;  
�R!;O1������ 4
 ��& �2�8� 

A.6&=�>�&M )� [5� 2�!.9 �+ [U�3 O"��'  ��;.P  � !;

��^1 [��1)9�0W '.!� �+ ��.L �A�;) ;.!�� ��; 4&;�) 

8��e������ �.��;6 .@�� )  �3 ��A B��GAcute phase 

response(')(�K )J�&� �� )�l; ���J1 O; '  [��� O1����

ZJ"�4 �8@�� )&  O"I2�� )���� ): 
  �+ �� gG.L 

�A�;) )� p
 2J8  )Najafi et al., 2015; Packialakshmi 

et al., 2016(. B��G  �3 ��A O0.�4 O; O�R�&  ��8��N�,� 

O�R�& ')�A�; ��8=�A4!"�� [q� @A�; 
  !%��� �!�� ��8

@��� 4 [�)� ��r+ �8 . ��O�R�& P&� �8  
  �2.0" )�%�

 )J�&� B��G M&!/( 2�4
 )U�V�R�; 4 O 2.>�( 
s&4

P( �G .2�
�  )U�V�R� ��8 fR�� o���>� )0U� ��8' 

P&�"��&�� �8 4 B��G  �3 ��A P.e(4!G   �3 ��A ��8)Acute 

Phase Proteins -APP( 2J��8 .O�A�&  �� [U�3 ��8 );�&�
�

�
��.; 4 @�*� t&�!� 
   �3 ��A B��G ��
�   � !;
�"

 �
��.; 	�,J8 4� f.l�( 
�aJ� O; )J.>�;@��  4

)� P.Jd�8  2���(
�6;�  �!.,.G ��!; )N��J� 2�4
���
   4

2��; � �N�; )Marques et al., 2017( 2.>�( 4 )3�!: 
  .

P�"�4  6.� �8 �3 ��A B��G );�&�
� )� ; 2���(O o�l��� 

O&��  M�" );���"� )J�&� M&!/( 
  !m�� 4 !$R �" ��8

 .2J"P.e(4!G ZJ"�4 O; k�;!� -�S>�$� 
   �3 ��A ��8

�J.�"�4 ����O��9 )R!; 
  ��.� 4 4�9 'L�� 2J��� �8

 O; 

��� 2J^��9P.e(4!G P&� );�&�
� @.�8�  �8O���!; 
 -

 2�
�  P�"�4 OS��( ��8)Andersen et al., 2012; 

Arthington et al., 2013; El et al., 2005(.  

P&�"��&��  );���>� ��8 
�.: 
  Z&�6A� u1�;@R��  4

P.e(4!G v�!(   �3 ��A ��8 
 @.��(�78  �8)� 2��� 
  .

' �3 ��A B��G )&�2�;� -�1�� ): P.e(4!G  �3 ��A ��8

 
2� v�!(O0.�4 O; @.��(�78
��2�� [;�X ���*G 
  �8-

 �!.9  �; 2J8��R)O'Reilly and Eckersall, 2014( .

��
�2����G 2J���8'   �3 ��A P.e(4!G O��  4  
�.: 
 


2� O�R�J�2��)84!9 :  O" 
 )� Z&�6A� o���>� ): 2J;�&

(4!Ge @Nq�  �3 ��A P.O" )84!9 4 )� Z8�"  2J;�&

)� 
2.��� )^J�  �3 ��A P.e(4!G.2��� ��N>+.P e(4!G.P  ��A

^J�  �3) ���*G @a0r O" @���+ )&  
  t&�!� 
  
�.:

);���>� % �(75 -50  @a0r)S.N: � Z8�") &2;� . Y��� !;

O�A!9 -
�U -�S>�$�' + 2.b�0.�+ 	!�1 )SAA( 4  �^>+1 - 

P.e(4!G�5.09 2.��2 )AGP( P.e(4!G P&!����   �3 ��A ��8

@Nq� )Major APP( 2J��8 
�.: 
  )O'Reilly and 

Eckersall, 2014( .
��2�� P.e(4!G �!.9  
   �3 ��A ��8

 P..S( 
�aJ� O; !��.; O��F9 O>�� 2J� ): 
�.:
�m+ 

P.e(4!G P&� !; �"�!( 4 !��; @;�:
 '��  'O&Fj(  -
�U �8

@�� O�A!9 )Najafi et al., 2015 6.� !(2&2W -�S>�$� .(

)0G�7.> �; O�W��� 
   �3 ��A B��G @.�8� �� )"�3  2&
�"��

)&�&!�"�; �60A 	��� 4 ) @��Horvatić et al., 2019; 

Jarosz, et al., 2019  .( 
   �3 ��A B��G );�&�
� ��J"�(

�l( 
�.: 
  ��J( P�"�4 !;�!; @�� 
2� E
�69 
�F9

)Kaab et al., 2018.(     

O; OW�( �; P�"�4 o�l��� 4 ��.��J.�"�4 @.�8�  ��8

L��J�  @�� 	�w )���9 
�.: 
 ��GB  )(�K )J�&�  6.�

)�
!; ��; .  O
s&4' ),���.G  4 )(�K )J�&�);���"�  4 O;

 )(
�N1L��J( B��G ��8 )U�V�R� )J�&� M&!/( 4 );���>� 

E4
  �N�; O; P�&� t&�!� 4 �8 . ��� 28��R M�" ����

 ��3P&� )���� ���� � !; 
��2�� O� �( );���>� B��G O" @�

 .@��F9 28��R !m� )U�V�R� B��G ),��,� \.%/( 
 

!x�3  ),��N�8ZJ( )J�&� 4 o���>� �; )U�V�R�  
�.: 
 

)���9 2� )�
!;@�� 
 O; @.��^J>/[.A4!�8 @N�� .

 fR�� ���J1ZJ(P.e(4!G !& �%� ' ��8  ��A  �3) 	!�

�+.b�0.2  �^>+ 4 +1 - ��.2 09.e(4!G�5.P fR�� ���J1 O; (

4 o���>�  P( �G 2.>�( O; )U�V�R� )J�&� B��G ���J1 O;

.2�2� O�A!9 !a� 
  [��"�.� P�"�4  P.Jd�8:�N(
�-� 

fR�� P&�  �8
   [��"�.� P�"�4 O; B��G 
��  
�!X );�&�
�

)�2�!.9.  

                                                           

1. Serum Amyloid A 
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Table 1. Stress index (H/L) values, levels of acute phase proteins and antibody in response to Newcastle vaccine at pre-vaccination and post-vaccination time 

(mean ± SD) 
 Age (day ) Heterophil/lymphocyte (%) Serum amyloid A(mg/L) Alpha 1 acid glycoprotein (mg/L) Antibody (Newcastle) 
      
    Vaccinated Control Vaccinated Control Vaccinated Control Vaccinated Control 
          

P
re- vaccin

atio
n * 

7 
 
 
 
 
 
 

0.52 ±  0.12Aa**  0.51  ± 0.09 Aa 0.065  ± 0.011 Aa 0.069  ±  0.008 Aa 359.03 ± 114.83 Aa 327.62 ±  116.70 Aa 0.76 ± 0.05 Aa 0.77 ± 0.07 Aa 

P
o

st -vaccin
atio

n 

10 0.97 ±  0.14 Ab 0.68 ±  0.07 Ba 0.081 ±  0.019 Ab 0.096 ±  0.002 Ab 600.12 ±  200.60 Ab 300.63 ±  200.83Ba 0.92 ± 0.31 Ab 0.80 ± 0.10Ba 

19 0.43 ±  0.01 Ac 0.36 ±  0.05 Ba 0.087 ±  0.021 Ab 0.071 ±  0.01Ab 428.65 ±  116.02 Ab 392.46 ±  58.35 Aa 0.91 ± 0.06 Ab 0.72 ± 0.12 Ba 

22 0.73 ±  0.18 Ab 0.42 ±  0.03 Ba 0.096 ±  0.004 Ac 0.086 ±  0.024 Ab 315.30 ±  111.7 Ac 262.70 ±  136.5 Ac 0.93 ± 0.03 Ab 0.86 ± 0.05 Ba 

*Newcastle vaccine was administrated at days 8 and 20 
**  Different capital letters indicate a significant difference between the vaccinated and control groups at each time point. Different lower-case letters indicate a significant 
difference among time points. 
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Table 2. Results obtained by calculating the correlation coefficients between stress (H/L), acute phase proteins (SAA 

and AGP), and antibody response to Newcastle vaccine 

 
Heterophil/lymphocyte Serum amyloid A Alpha 1 acid glycoprotein Antibody (Newcastle) 

      
H/L ra  -0.231  0.411** 0.313** 

P-value 0.078 0.001 0.001 
SAA r  -0.231  -0.229  0.035 

P-value 0.078 0.081 0.79 
      
AGP r  0.411** -0.229  0.013 

P-value 0.001 0.081 0.922 
Ab r  0.313** 0.035 0.013 

P-value 0.001 0.79 0.922 
a Correlation coefficient expressed by r value 
** Correlation is highly significant (P<0.001) 
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Abstract 

A better understanding of the relationship between innate and adaptive immunity, as well as inflammation and 
immune response, can help to improve immunization methods. This study aimed to evaluate the correlations 
between specific immunity and inflammation. A total of 60 Ross 308 broiler chicks were divided into two groups of 
an equal number of birds, 30 per treatment and 10 per replicate. One group, as vaccinated, was subjected to 
intramuscular injection of inactivated oil emulsion of Newcastle disease vaccine on days 8 and 20. The control 
group administered PBS by the same route on the same days. Blood samples were collected on days 7, 10, 19, and 
22. The heterophil/lymphocyte ratio was used as a stress index, serum amyloid A (SAA), and alpha 1 acid 
glycoprotein (AGP) for acute phase response and the level of a specific antibody for quantification of adaptive 
immunity. Stress index, as well as acute phase proteins, increased after vaccination (P<0.05). In comparison 
between the control and vaccinated group, the stress index elevated in the vaccinated group to 1.5 fold (0.68% to 
0.97%). Significant increase was observed for SAA (0.086 mg/L to 0.096 mg/L) at day 22 (P< 0.001) and AGP 
(300.63 mg/L to 600.12 mg/L) at day 10 (P<0.05). SAA adversely correlated with the amounts of AGP (r = -0.229, 
P=0.081). Stress index correlated with SAA (r= 0.411, P<0.001) and antibody levels (r= 0.313, P<0.001). Stress 
had a significant correlation with adaptive immunity and could be used for the evaluation and monitoring of vaccine 
efficacy. 
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