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#�[
	����E�� 	�!"�!%&$��� #*(�$ \!
�"� �*O+]����O���,�%̂���� 26 	����E��%��,
����
È���	��#�("�	
�%�������������,  Microscopic agglutination test (MAT), �E�,*��	����� �*O��


#��O#*!)��#'()� Leptospires L*��
�$*���
�E� 	���,��&�	����E���
����
 Chronic interstitial 
nephritis #�("��N���! Silver impregnation  �E�
#'()� Spirochaetes ��ME-�#�()�#�("� 	�&�	����E�� 
L*��
��%��
O$�
�M���&N����,
�$N�����! MAT �
�M���&N����,
�	E� Leptospires �!"
O$�
 Titer  1:50 
�*O 1:100 %̂���� 16 (61.53%)  	����E�� �*O �E�
�M���&N����,
�	E� Leptospires %̂���� 
10(38.47%) 	����E�� �!"
O$�
 Titer 1:50 %̂���� 15 	����E���!�M���&N����,
�	E� L.ranarum, 
L.shermani, L.sejroe, L.tarasovi, L.hebdomadis, L.cynopteri �*O L.mini %^���� 11, 7, 4, 3, 1, 1 
�*O 1 	����E��	��*̂�$�
 �!"
O$�
 Titer 1:100 %^���� 7 	����E���!�M���&N�,
�	E� L.ranarum, 
L.tarasovi, L.hebdomadis, L.shermani �*O L.sejroe %̂����  4, 3, 3, 3 �*O 2 	����E��	��*̂�$�
 
L*��
#��O#*!)��#'()�%�� 16 	����E���!"�!�M���&N����,
�	E�#'()� Leptospires (MAT) �
��
#%
�Q���
#'()� Leptospires 1 	����E�� L*��
������E�,*��	��������	����E���!"�!�M���&N����,
�	E� 
Leptospires (MAT) �
�E�%̂����#�[$#*[$#*(�$����M���E�+�	� 10 	����E�� �*O%����
�̂� 
Differential count �
�E�%̂����  Monocyte, Lymphocyte �*O Neutrophil �M���E�+�	� 8, 7 �*O 7 
	����E��	��*̂�$�
  %����
�$*���!)��$��E� 	�!"#��$����
%&$��� �E $N	�$#'()� Leptospires #���
 +  ��%%O#��$%����
	�$#'()�'��$�("� 
 

     /  /  

*���(�'("�����	  *���(�'("�+
O����

���
   



 

Dawrung  Sila-on  2007: Study on the Relation of White Spotted Kidneys and 
Leptospires Infection in Cattle.  Master of Science (Veterinary Anatomy), Major Field: 
Veterinary Anatomy, Department of Anatomy.  Thesis Advisor: Associate Professor 
Somchai  Pongjunyakul, Dip. in Vet. Pathology, F.R.V.C.S.  73 pages. 
 
 
Samples of white spotted kidney, blood, serum and urine of 26 cattle from slaughter 

house were collected for Histopathological examination, Microscopic agglutination test (MAT), 
Hematological assay and Leptospiral culture. All kidney samples from 26 cattle were found 
chronic interstitial nephritis. Silver impregnation staining were negative in all samples. 
Microscopic agglutination test of serums at titer of  1:50 and 1:100 were positive to leptospires 
16 (61.53%) samples and negative to leptospires 10(38.47%) samples. The 15 positive samples 
at titer 1:50 to L.ranarum, L.shermani, L.sejroe, L.tarasovi, L.hebdomadis, L.cynopteri and 
L.mini were 11, 7, 4, 3, 1, 1 and 1 samples, respectively. The 7 samples at titer 1:100 to 
L.ranarum, L.tarasovi, L.hebdomadis, L.shermani and L.sejroe were 4, 3, 3, 3 and 2 samples, 
respectively.  Leptospiral culture of 16 samples with MAT positive were found leptospires in 1 
samples. Hematological assay of MAT positive 10(62.5%) samples were found high white 
blood cell count. Differential count were found monocytosis, lymphocytosis and neutrophilia in 
8, 7 and 7 samples, respectively. The result show that white spotted kidney did not always 
infected by leptospires but may be caused by other pathogens. 
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O#�� ���!��

O
�$���,
� Leptospirosis ���-�'E��#$(��	&*��� �*O
�|�%����� \�"�#+��'E���!"�!�)^�����
(�#��$���O�)^��E�� �()��!"#�!"��	E���

O
�$���,
� 
Leptospirosis  $N��E ���	O������#r!��#��(�	��-� ���	O������#r!��#��(�	��-	N ���#��(� 
����*�� �*O���-	N #'E� 
&
!
���� �����
��� �&
���
� ����
��*̂��M �&$
���! #�'

M
�� 
#'!��-��E ����&,*� �
&�#���  ��&��� '����� �
O��N� �
O
!"  

,
� Leptospirosis #+��,
��!"�
-���	���*��'��$ #'E� ��M ,� �
O
(� �&�
 �&��� #+��	N� 
��#+��,
� Leptospirosis  $N,$���
	�$#'()��!"��ME-�+]����O�����	���
(���*E��)^��

�'�	� 
����
�
(���"��("�s�!"+�#+����#'()�%��+]����O��	�� #'()� Leptospires #�N��ME
E��������L�������!"�!

�$�L* 
��t*�� L�������!"�'E�)^����s �*O#�("�#�(�� ��'!��!"�!����#�!"���M�	E���
	�$#'()�  $N��E 
#��	
�
, ��	������, �

��
�!"�̂����#�!"����
��"�,�,�
�, �������-�,
� È���	��, �*O�

��

-�,
����+*� 

���	
�����,
� Leptospirosis �(�#�("�#'()�#�N��ME
E������*N�%O#��"�%̂����-��
O��#*(�$ 
	E���#'()�%O�
O%�� +��"�
E������*O�
N������#�!����-�N��
�����O	E��s  $N��E 	�
 +�$ #�("��&N�
���� �*O 	 #+��	N� ,$�#r��O-� 	#'()�%O�
N������#�!����#+����E����� �^�-�N��
�̂�������
 	L�$+�	� �*O#��$����������!"#
!���E�����
%&$��� (White spot) ���%���!)����̂�-�N#��$,
���
�
\N���("�s�!� #'E� ,
�$!\E�� ,
�+�$���#�
 	�
�*O 	��� #�("��&N��������#�
 #+��	N� 

���%��#'()� Leptospires �*N�����!�
��!#
!��*O �
��'��$�("��!��!"�̂�-�N 	#��$����
%&$
��� (White spot) #'E� Salmonella spp., Brucella spp., Escherichia coli, Porcine reproductive and 
respiratory syndrome virus (PRRSV), Porcine circovirus type 2 (PCV2) �*O Porcine parvovirus 
(PPV) $����)�%��	N����
���!����%r��,
��!"
�$#
[��*O��E��^�#�("�
����,
� $NtM����!�*O#���
O���
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�$ +����()��!"�("����+
O#�� \�"���
	
�%����%r��,
� Leptospirosis �!�*�����! 
 $N��E Histopathology, Microscopic agglutination test (MAT), ��
#��O#*!)��#'()� �*O Silver 
impregnation 
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1. �������������������� 	�!"#��$����
%&$��� (White spot) ��
��
	�$#'()�#*+,	� +
�-�,�,$�
���! Histopathology, Microscopic agglutination test (MAT), ��
#��O#*!)��#'()�, �*O Silver 
impregnation  

2. ��������!��
	E��s-���
����%r��,
� Leptospirosis $N�����!��
	E��s�N��	N� 
3. #+�
�#\[�	���
	�$#'()� Leptospires -�,��!"#��$����
%&$���-� 	 (White spot) #�("������!��
#���

O����*O+��������

O
�$���,
�%����	�� +�ME�� 
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1. #���:G���� !"� (Morphology)   

 #'()� Leptospires #+���
��!#
!�'��$� +,
�!	 (Spirochaete) �!*����O#+��#�*!��
���	E
��%%O�
#'()��!"�!*����O#+��#�N�	
� $N #'()��!���$��N��+
O��� 0.1-0.15  �,�
#�	
 ��� 6-20 
 �,�
#�	
 ������N������	E*O#�*!��+
O��� 0.5  �,�
#�	
 (Faine, 1982) �	EtN�#+��#'()� 
Leptospires �!" $N%����
#��O#*!)���!,�����!"#'()�%O�!������������)� �*O
M+
E����� Axial 
filament  �E#+��#�*!�� (Bromley  and Charon, 1979) 

�#���E��+*��%O�!���$
����E��*��
*̂�	�� �*O+*����)� 2 �N���
(�+*���N��-$�N�����"�%O,�N��
(���#+��	O�� (Alston and Broom, 

1958; Quinn et al., 1988; Levett, 2001)  

#'()�#�*("�� �� $N
�$#
[�,$���
��&�
�
����*�� (Spinning) �
(���
#�*("���!" +
�N����N�-�������	
��
(���
#�*("��#+�����*� (Goldstein and Charon, 1988) �E��#'()��!"#+��
#�N�	
�%O��&��*O#�*("�� ��'N���E�#'()��!"#+��#�*!�� -�����
#*!)��#'()��

��"����#�*�#'()�%O
#�*("���!"�

,�N��� (Timoney et al., 1988; Quinn et al., 1994; Bharti et al., 2003) 

#'()� Leptospires �!#�("��&N� 3 '�)� +
O��
$N�� Outer sheath, Peptidoglycan �*O 
Cytoplasmic membrane \�"��E��&N� \,	
�*��\�� (Cytoplasm) �E��+*��#\**���)� 2 $N��%O�!
���#%**� (Flagella) �!"-'N�^��
�
��
#�*("���!" $������!" 1 (Faine, 1982; Watt, 1997) 

#'()� Leptospires ����
t��ME-���"���$*N�� #'E� $�� ,�*� ��E��)^� 
E���)^� �)^�	� ��E�)^�*̂�
�*�� $N#+��#�*���� (�!
������
#'()�-��)^��E��������t�� 6 #$(��) ��"���$*N���!"#���O����

��
��ME
�$���#'()��(� 

�#���!"#+��
E�#��, ����$$�E�� �Et��, pH 7.2-8.0 �*O�&���M��+
O��� 
28-32 ����#\*#\!�� �	E�!" pH �M���E� 8.0 �
(�	"^���E� 6.0 �*O�&���M�� 42 ����#\*#\!����)� +#+��
����O�!" �E#���O��
��
��ME
�$���#'()� 
����)�����$$ (�&*	
� �,�#*[	) �*O������N�%O
�̂�*��#'()� $N��E��
�$#
[� (Faine, 1982; Watt, 1997) 



 

5 

 

 

B����� 1  ��$�,�
��
N�����#'()� Leptospires 
                                                �!"��: Quinn et al. (1994) 
 

2. ������H�9��#�9�� !"� (Classification)   

 #'()� Leptospires ��ME-� Phylum Spirochaetes, Class Spirochaetes �*O Order 

Spirochaetales \�"��
E����#+�� 2 Familles �(� Leptospiraceae �*O Spirochaetaceae                  

Family Leptospiraceaec �
E����#+�� 3 genus �(� Leptonema, Turneria �*O Leptospira 

��
%̂����#'()��̂� $N 2 ���!�(� ��
%^����#'()�,$��������&�

�����
t�
E�#'()� 
Leptospires  $N 16 '��$ (Species) \�"�-�#'()�'��$#$!�����%O	N���! DNA �!"�������������E���N��
�!"�&$ 70% �*O��
%̂����,$���
��������\!,
,*�!,$�-'N������������-���
�
N�� Antigen #+��
	��%�$%̂���� \�"�����
t�
E�#'()� Leptospires  $N 2 '��$�(� L. interrogans #+��#'()��!"�E�,
��*O 
L.biflexa #+��#'()��!" �E�E�,
� ���%���!)����!���!�("��!�-���
%̂����#'()���)� 2 '��$  $N��E  ��
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#+*!"���+*�
M+
E�����#'()�-� 1M NaCl �*O��
#%
�Q���#'()�-�����
#*!)��#'()� (Quinn et al., 
1994) $��	�
���!" 1 

�������� 1  ��$�*����O�!"�	�	E����� L.interrogans �*O L.biflexa 

 L.interrogans L.biflexa 

��������
t-���
�̂�-�N#��$,
����#'()� 
��
#%
�Q#	�
,	���#'()��!"�&���M�� 13 ����#\*#\!�� 
��
#%
�Q#	�
,	���#'()��!"	����
��)� 8-azaguanine (225 mg-ml) 
��
#+*!"���+*����
M+
E�����#\**�-� 1M  NaCl 

+ 
- 
+ 
+ 

- 
+ 
- 
- 

+  =  positive, -  =  negative 
�!"��: Quinn et al. (1994) 

2.1 ��
%�$%̂����#'()�,$����\!,
,*�!     

-���
��������\!,
,*�!�
�E�%!������#'()� Leptospires tM��
E����#+�� 2 '��$ �(� 
L.interrogans #+��#'()��!"�E�,
��*O L.biflexa #+��#'()��!" �E�E�,
�\�"�����
t��� $N%����*E��)^�%($
�*O-�$���!"'&E�'()��

�'�	� #'()���)����'��$�!)�������
t�
E���� $N#+���*��s  Serovar ,$�-'N 
Cross-agglutinin adsorbtion test (CAAT) (Timoney et al., 1988; Quinn et al., 1994; Levett, 2001; 
Bharti et al., 2003) ��)�#'()� L.interrogans �*O L.biflexa ���#+�� Serovar  $N#+��%̂������� 
+
O��
$N��#'()� L.biflexa �!�����E� 60 Serovar �*O#'()� L.interrogans �!�����E� 200 Serovar  

(Timoney et al., 1988; Levett, 2001) 

2.2 ��
%̂����#'()�,$��������&�

� 

��
%�$%̂����#'()�,$����!��
��� PCR �!��
�����#�����#�("�%̂����#'()� Leptospires

-�
O$�
 Serovar #'E� Chromosome restriction endonuclease, PCR amplication ��� 23S rRNA 
�*O DNA fingerprinting (Marshall et al., 1981; Corney et al., 1997)  
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��
-'N DNA -�%̂����#'()� Leptospires �
�E�#'()� Leptospires �
E����#+�� 11 
Species �*O 5 Genomospecies \�"�+
O��
$N�� Leptospira interrogans, Leptospira 

borgpetersenii, Leptospira meyeri, Leptospira santarosai, Leptospira inadai, Leptospira 

noguchii, Leptospira weilii, Leptospira kirschneri, Leptospira fainei, Leptospira biflexa, 

Leptospira wolbachii, Leptospira genomospecies 1 (serovars pinagchang �*O sichuan), 
Leptospira genomospecies 2 �
(� Leptospira alexanderi (serovars lushui, manhao 3, manzhuang, 
nanding, mengla �*O yunnan), Leptospira genomospecies 3 (serovar holland), Leptospira 
genomospecies 4 (serovar hualin) �*O Leptospira genomospecies 5 (serovar saopaulo) $��	�
���!" 
2 (Brenner et al., 1999) 

�������� 2  ��$� Genomospecies ���#'()� Leptospires 
 

Pathogenic species Saprophytic species 

1. Leptospira interrogans 

2. Leptospira borgpetersenii 

3. Leptospira meyeri 

4. Leptospira santarosai 

5. Leptospira inadai 

6. Leptospira noguchii 

7. Leptospira weilii 

8. Leptospira kirschneri 

9. Leptospira fainei 

10. Leptospira alexanderi 

    (Leptospira genomospecies 2) 

11. Leptospira genomospecies 1 

12.  Leptospira genomospecies 4 

     13. Leptospira genomospecies 5 

1. Leptospira biflexa 

2. Leptospira wolbachii 

 3. Leptospira genomospecies 3 

�!"��: Brenner et al. (1999) 
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3. H<#9����%��   
 

��	���!"#+����*E�
��,
����#'()��	E*O Serovars #'E� ��M �&�
 ,� �
O
(� �&����*O �
��M� 
$��	�
���!" 3 �E�� Serovar �!"�
-���	��#*()���*���*O��	���
�"�
��
�"��)^���� �E�!
������E�����
t
��
E���ME�� $N ��	���!"#+����*E�
��,
� (Reservoir) ��% �E��$�����
 �	E�!��
	�$#'()�-��E� 	 
(Renal tubule) �*O����
t+*E��#'()�����
+]����O (Leptospiruria)  $N#+��#�*�����*����+$���
�*��#$(���
(����	*�$'!��	 �^�-�N#��$��
	�$	E����,
� Leptisoirosis -��M�,$���
#*!����
+]����O ��
L������&�  ��
���L��+]����O�!"+O+�����
��"���$*N�� ���%���!)����!��

��
E�
O%��#'()�%����E +�ME*M�,$�LE�����
��
(���O�*�$�
(�����)^��� (Timoney et al., 
1988; Faine, 1982; Watt, 1997) 

  
-���	��'��$���"�#+�����O�^�,
� $N�����E� 1  Serovar  �*O��
E�
O%��#'()�-�N��
��	��

'��$�("� $N  ���%���!)��	���!"	
�%�
#'()� Leptospires \�"�#+�� Serovar �!"%̂�#��O-��()��!"���"� �	E%O
 �E�
 Serovar �!)-�	E���()��!" #'E� ����!"	
�%�
 Serovar  pomona ��ME-����+
O#����
���#�
���
�	E%O �E�
-�+
O#�����\!�*�$� (Alston and Broom, 1958; Timoney et al., 1988) 

 
�������� 3  ��$���*E�
��,
����#'()� Leptospires 
 

��*E�
��,
� Serovar 
�&�
 
��� 
�N� 
�&��� 
��O 
�
��M� 
��M Rats 
��M Mice 
��	���!"�!�
O#+����N��N�� 
�N����� 

pomona, tarassovi 
hardjo, pomona 
bratislava 
canicola 
hardjo 
grippotyphosa 
icterohaemorrhgiae, copenhageni 
ballum, arborea, bim 
grippotyphosa 
cynopteri, wolffi 

�!"��: Bharti et al. (2003) 
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4. �������9����%��   
 

+]%%���!"�!L*	E���
�!'!��	��ME���#'()� �(� ������$*N���!"'&E�'()��*O������
�&E� #'E� 
E�
�)^�  �O#*��
 #+��	N� \�"�#'()��!" �E�E�,
��E��-�QE%O��ME�!"��*E��)^� �	EtN�#+��#'()��!"�E�,
�%O�����
��ME-�#�()�#�("������	��\�"�����
t	
�%�
#'()���ME-��E� 	�����	��#*!)��*M�$N���� (Quinn et al., 
1994) 

 
��	��	�$#'()�%O+*E��#'()������+�#+��������ME	��$���
��  �)^� �
(��('L�� %����)����*O

��	��	���("�	�$#'()�����N��%����
�"^�$��,�*� *&��)^��E������
(��E���)^� �
(���%	�$#'()�,$�	
�%��
��
���L��#'()�-�+]����O��	���
(�#�()���	���!"+�#+����#'()� �*��%����)�#'()�%O#�N��ME�
O��#*(�$�*O
�
O%�� +��������O	E��s  �*O#��"�%̂���������)�%��̂�-�N�����O-�
E������̂����L�$+�	� $�����
�!"  2 ���%���!)#'()���%%O#�N��ME
E�����,$���
�������
�
(��)^� �
(���
���-%#��*O���
���#�*��!"+�#+����#'()�   ���%���!)����
�E�,
� Leptospirosis �������
t	�$	E�%�����ME�� $N
,$�LE������)^�����E�!"+z��#+��,
� Leptospirosis (Coghlan and Bain, 1969; Bolin and Koellner, 
1988; Timoney et al., 1988; Faine, 1982; Watt, 1997) 

 

 
 

B����� 2  ��$���
	�$	E��*O��
��
E�
O%�����#'()� 
                                   �!"��: $��-% (2548) 

#'()��!" �E�E�-�N#��$,
� (L.biflexa) �
(�#'()��!" �E
&��
� (Avirulent  leptospires) %OtM�
�̂�*��,$�
O

�M���&N�����!" �E#%�O%� (Non-specific immune) #'E� Opsonization �*O 
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Phagocytosis �E��#'()��!"
&��
� (Virulent leptopsires) %O	N��-'N�M���&N�����!"%̂�#��O (Specific 
immune) -���
�^�*��#'()�   tN�
E������!�M���&N���� �E#�!����%O�̂�-�N#'()�#��"�%̂���������)� 
%����)�#'()�%O��
E�
O%��#�N��ME�����O	E��s -�
E����� ,$�#r��O�!" 	#+�������O�*���!"#'()�%O
�
E�	��#��"�%̂����-��E� 	 (Proximal convoluted tubule) ,$�%O�
N��,�,*�!�!"L����E� 	�*O�
E�
%̂����#��"������)� \�"�#'()�
���E��%O�*&$������
N����
+]����O (�&
���$�P, 2548) 

��
��
E�
O%��,
�%O#�[��E���)�+�&��	��  ��	��#*!)��  �*O��M����
t#+��	����
E�
O%��
#'()� $N��)����	
��(�%����
���L��#'()��!"+�#+������
+]����O �
(�����N���(�%����
���L����

��"���$*N���!"+�#+����+]����O�!"�!#'()� Leptospires $������!" 3 (�&
���$�P, 2548) 

 

 
 

B����� 3  ��$���
��
E�
O%��#'()�%����	���ME�� 
                        �!"��: $��-% (2548) 
 

5. ��������%��   

*����O���,
���)���
+]%%��	E��s #'E� �M���&N�������
E�����  
O�O#�*�-���
	�$#'()�  

����
���,
��!"
&��
����#��$%��#'()� Leptospires Serovar Australis, Autumnalis, Bataviae, 

Copenhageni, Icterohaemorrhagiae, Javanica �
(� Lai \�"��^�-�N��	��#�!�'!��	 $N (tN� �E $N
�
��



����-�N����E���!) LMN+z������!����
	��#�*(�� (Jaundice), Hemorrhage �!"+�$�*O	�
�E��, �!
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,����#��$ 	����
(�	�
����M� 
���
�)���%%O�!��
	�$#'()��!"#�("��&N����� (Meningitis)  -��
�!�!"

�!����
 �E
&��
�LMN+z����%�! �N��ME��� 10-12 ��� �!����
+�$�*N��#�()� Serovar �!"�E�����
 �E


&��
� $N��E Ballum, Hardjo, Grippothyphosa, Pomana �*O Tarasovi (�&
���$�P, 2548; Daher et 

al., 2003; Dolhnikoff et al., 2007) 

5.1. ����
���,
�-���  

����
����� �N�	E*O
����)�%O�	�	E�������� + ��)���ME��
'��$�*O+
�������

#'()� ����
�!"�

E�� $N��E  �N#r!�
�*�� +�$�
!�O
&��
� ������"� +�$�*N��#�()���E��
&��
� 

(���+�$�!"�E�� ,���� �*N��#�()��*���*O�N��) 	��$� ��%�! �N	�$	E�����*������*�
��
 �N*$   �!

L("��!"#�$��+�� ,*��	%�� �!%&$#*(�$���	��L������ #�("�#�(�� 	�
�*O 	 #��$,
�$!\E�� �*O#�("�

�&N��������#�
 �^�-�NLMN+z����$�����
#�N� ��
�� \�� �*N��#�()����-%���#�
 ��%�!����
���


O

���#$�����-%  ��!#���O��%�!#*(�$+� �*O#%[
��N��� (Faine, 1982; Watt, 1997) 

,
� Leptospirosis �

 �E#+��$!\E�� (Anicteric leptospirosis) #+����
	�$#'()� 

Leptospires �!"�!����
&��
��N�� 
O�O�
��(� ��
	�$#'()�-��
O��#*(�$%O�
�E�LMN+z���! �N ���� 

+�$��� +�$�*N��#�()� +�$�N�� �E��
O�O�!" 2 LMN+z���! �N �E��	����#�
 L������#+��L("� +�$��� 

�*O#�("��&N��������#�
 ��
#+�� �N%O#��$��)���)� 2 
O�O �*O#��$��)��!��
�)��*��%�� �N*$ 3-4 ��� 

����
+�$���%O#��$��)���E��
&��
��*N����
#+��,
� �N#*(�$��� (Faine, 1982) 

,
� Leptospirosis �

#+��$!\E�� (Icteric leptospirosis) �!
O$�
��� Bilirubin -�

\!
�"��M� �*O%O���#+��+�	� $N	N��-'N#�*��*����+$��� ,
� Leptospirosis �

#+��$!\E���!)#+��

��#�	&���,
� 	�����E��r�
�*�� %̂����#�*[$#*(�$*$*� (Levett, 2001; Yang et al., 2006) 

Weilqs syndrome #+���*&E�����
���,
� Leptospirosis \�"��
����
�!"	�
�*O 	 �̂�-�N	�
�*O 	

�̂����L�$+�	� ����
 �N��)��!
O�O#�*����,$� �E�!��
�E�� �N ��	
���
	����ME
O��E�� 5-10% 

(Arimitsu et al., 1982; Feigin and Anderson, 1998) ,
�$!\E��#+��*����O#r��O��� Weilqs 

syndrome (Edwards and Domm, 1960; Arimitsu et al., 1982) 
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5.2. ����
���,
�-���	�� 

5.2.1. ��
	�$#'()��

#r!�
�*��  (Acute infection) ����
#
�"��
������	���&�'��$
����*N���*������*O �E�!*����O#r��O  $N��E �! �N��E��#r!�
�*�� \�� #
("�����
�*O#�("�
&	�
���#�
	E�������
�!"��$����%O#+��*����O#r��O���,
��!)�����)� #'E� ����
#*(�$����!"+�$ 
����
$!\E�� ����
���
O

+
O����E���*�� �*O����
	�
��
 	��� -�,���	���N��s���

O�O#r!�
�*����%�
����
#	N������#�
 (Mastitis) ��
	���*�$ (Stillbrith) �
(���N�*M� 
(Faine, 1982; Lai et al., 1987; Smith et al., 1997; Watt, 1997; Ruhl-Fehlert et al., 2000; Delbem 
et al., 2002; Nally et al., 2004)   

5.2.2. ��
	�$#'()��

#
()�
�� (Chronic infection) ,$���"� +�
��
	�$#'()�-� 	 \�"�
��%�
-���	��+z���!"LE���N�
O�O#r!�
�*�� +�*N� ,$��!"��	����%��$��
(� �E��$�����
-�N
#�[��[ $N -�
O�O�!"��	��#+�����O (Carrier) ��)� ��	��%O+*E��#'()�������
N����
+]����O 
(Leptospiruria) #+��
O�Os �*O�^�-�N��	���("�	�$#'()�$N�� -���	���!" �E��$�����
�
(�-���	���!"#��$
���O 	���#�
 (Nephritis) ����
t	
�%��#'()� Leptospires  $N,$���
	
�%����N��+u�
�	���
 
��
�!"��	���!��
+*E��#'()� Leptospires ������
N����
+]����O��%	
�%$M#'()�,$�	
�$N���*N��
%&*�

����()��($�
(�,$���
#��O���#'()�-�����
#*!)��#'()� EMJH �	E��% �E�
#'()� Leptospires 
#��� + #�("��%����	�� �E $N+*E��#'()��������
+]����O	*�$#�*� $��#'E� ��
#��O���#'()� 
Leptospires %��#�()�#�("� 	�����M����#	�
��
��
#%
�Q���#'()� Leptospira interrogan serovar 
autumnalis, grippotyphosa �*O Pomona �	E#�("��^�+]����O��#��O���#'()��*�
 �E�
��
#%
�Q
���#'()� Leptospires #*� (Faine, 1982; Van den Ingh and Hartman, 1986; Venugopal and Ratnam, 
1990; Oliva et al., 1994; Adamus et al., 1997; Watt, 1997) 

6. �#������I�&<E����%��   

#�("�#'()�#�N��MEL�������
(�#�("�
&L�� #'()�%O#�N��ME�
O��#*(�$�*O��
E�
O%�� +����E��	E��s
���
E����� (Faine, 1956a; Faine, 1956b) ��
#��$����������!" 	���,
� Leptospirosis #��$%��
#'()� Leptospires �^�*���*�$#*(�$�!"'�)� Cortex ��� 	 \!"��E�L*-�N��
�^��������E� 	L�$+�	�   
���%���!)����
�E�#��$ Tubular degeneration $N�� %�-��!"�&$��%�̂�-�N#��$ 	��� ���L*-�NLMN+z��
#�!�'!��	 *����O����
���LMN+z���! $N�*���

��)���
%̂�����*�$#*(�$�!"tM��̂�*��-������O
	E��s���
E����� ��
�̂�*���*�$#*(�$-�	�
�̂�-�NLMN+z���!	��#�*(�� #\**�	�
	�� �*O	�
��� 
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����
&��
����,
�-���	���	E*O'��$��)���ME��
���& #�� ����
��	�� '��$�����	�� 
��������
t-���
	�
���������	�� �*O'��$���#'()� (Faine, 1956a) �� �N�!"	��$N��,
� 
Leptospirosis %O	
�%�
����
#*(�$��"��
O%�� +��"�L������ �*O#�("�#�(�� ����
#*(�$��"��!)#��$
%��#'()� '�O*&#�N�#*(�$�*O�^�*�� Endothelium 

��
+�$�*N��#�()�#+��*����O���,
� Leptospirosis -�
O�O�
� \�"�����
+�$�*N��#�()�
#��$%����
�!"#'()�#�*("��	��#�N��ME�*N��#�()� �*O�*N��#�()�#��$����������(��!#*(�$��"��*O Myofibril 
�*�� +
���E���
(���)���$ #�("���)��&$���O��
	�$#'()�-��
O��#*(�$ ����
+�$�*N��#�!)�%O
��� + #�("��%����
#��"���)���� Agglutinin (Laurain, 1955; Solbrig et al., 1987) 

��
#��$%&$#*(�$��� (Petechial haemorrhages) -������O�*O#�()�#�("�	E��s���
E������!"�!
��
	�$#'()�#+����"��!"�
 $N
E����� ,$�#r��O+�$, Omentum, Pericardium ��
#��$#*(�$����!"
+�$ (Pulmonary haemorrhage) ����
-�LMN+z���!"�!��
	�$#'()� L.interrogans Serovar Lai (�&
���$�P, 
2548) 

7. �������������BD����E����   

�* �-���
�
N���M���&N����	E�,
� Leptospirosis �(� Antibody �!"%̂�#��O��
 Outer 
membrane ���#'()� Leptospires (Adler et al., 1980) *����O��� Immunoglobulins (Ig) �*O
O$�
 

Ig ��ME-�
E�������)��	�	E�����	��'��$�����	�� ��N�E�%O#+��-���	��'��$#$!������	E��

	�
��������M���&N�����[�	�	E����� �M���&N�����!"#��$��)�-�
O�O�
��(� IgM %O�
 $N���-� 7-20 
�������*��%����
	�$#'()� 	����$N�� IgG \�"�%O+��������
#��$,
�%��#'()��!"#+�� Serovar #$!�����
�
(�-�*N#�!����� (Chapman et al., 1988; Lupidi et al., 1991) 

�M���&N���� �E����
t	E�	N��#'()�	E�� Species ��� $N #'E� Serum ����� �N�!"	�$#'()� 
L.icterrohaemorrhagiae �̂����$*����
#'()� L. copenhageni \�"���ME-� Serogroup #$!������*O 
L.grippotyphosa \�"���ME	E�� Serogroup ���$N�����! ELISA �
�E� Serum �̂�+u���
�����
#'()� 
L.copenhageni  $N�����E� L.grippotyphosa (Terpstra et al., 1985) 
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��	
���
�^�*��#'()�,$������ IgM �*O Opsonization %O�!L*	E�����
���,
��!"#��$��)� 

tN���	�� $N
�
#'()�#�N� +���
E������[%O�
N�� Antibody ��)�#
[� tN����!"�!
O

�M���&N�����!"L�$+�	� 

�
(� �E��
M
��%O�!��	
�#�!"��	E���
	�$#'()��M���� (�&
���$�P, 2548) 

�E�� Outer sheath ���#'()� Leptospires +
O��
$N�� Lipopolysaccharide (LPS) \�"�#+��

	��'���̂�-�N Lymphocyte #��$ Tumor Necrosis Factor (TNF)-α �E�L*-�N Lymphocyte #��$ 

Apoptosis �*N� Macrophage %O�*(���� (Phagocytosis) #'()� Leptospires    

���%���!) LPS #+��	���
O	&N�-�N B-cell  #��"�%̂��������*O'���^�-�N Tumor Necrosis 

Factor (TNF)- α  #��"���)��*O%O*$*��!*O�N��-�#�*� 1 '�"�,���*��%����)� 3-6 '�"�,���


+
���� Interleukin-6(IL-6) #��"���)����%���!) LPS #+��	���*���̂�-�N Polymorphonuclear cell 

(PMN) �*O Platelet-Activating Factor (PAF) ��$	�$���#��$#+�� PMN-Platelet mixture (Levett, 

2001) 

#'()� Leptospires ����
t��ME-�
E����� $N-�

�#��
O

�M���&N����	N��������
E����� +

 �Et�� \�"�	̂����E��!"�
�E��!��
��
������#'()��!)��ME
E��s �(��!" Renal tubule #�("��!��
	�$#'()����

�
#'()� Leptospires �!" 	���-� 2-4 ��+$��� -���	���!"	�$#'()�����
t+*E��#'()�������
N����


+]����O $N#+��'E��s �
(�	*�$#�*�#+��
O�O#�*��*��#$(�� �
(�	*�$'!��	�����	�� %̂����#'()�

�!"tM���
�����%O�	�	E�� +-���	���	E*O'��$ ��%�!#'()��!"tM���
�����#�!��#*[��N��%�t�� 108 

	��	E� 1 �*.���+]����O tN��!��
��
#'()�������+]����O#+��#�*������$��E��!��

��������

#'()�-�

�#�� Renal tubule #�("�LMN+z������
$!��)��[%O �E�!#'()���
�����-�+]����O ���%�� 	

�*N�����!�����O�("�s�!"�
�E�%O�!��
	�$#'()���
��� #'E� �����*O	� #+��	N� (�&
���$�P, 2548) 

#'()� Leptospires %OtM��^�*��,$� Antibody %̂�#��O	E� LPS �!"��ME
�#'()� Leptospires �*O 

B cell \�"��!
�
���^���Q-���
�^�*��#'()�-���	��$N��#'E���� ��
	�$#'()� Leptospires ��%%O#��$ 

Chronic inflammation -� 	 #'E�-���M, �&��� �
(� ��M�$*�� �	E��E�� 
�[	�� �E�!�*�����

�(�����E���
	�
�����

����� Cell-mediated immunity #'E� Lymphocyte, Monocyte �!

�����^���Q-���
�̂�*��#'()������E� Antibody -� 	 (�&
���$�P, 2548) 
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8. ��������e��%�����<E��$f��������   

�
�!�!"LMN+z���!����
 �E
&��
� ��
	
�%��
	����)�	��	E��s (����!"  4) ���

�N��+u�
�	���
�̂�-�N��
����%r��,
� �*O��
$M�*LMN+z���^� $N��E��
�$#
[��*OtM�	N�� tN�����
t


��'��$���#'()� (Serovar �
(���E���N�� \!,
�
&+)  $N �[%O'E��-���
+�������*O��
�&�,
�-�

'&�'� (Babudieri, 1961; Terpstra et al., 1998) 

8.1 ��
	
�%���
��!#
!� ��%	
�%��#'()� Leptospires �!"����!'!��	��ME ,$���
#�[
	����E��

#*(�$���-� 7 ��� �E��+]����O�
(��)^� �����*�����LMN+z����
#�[
-�'E���!"+z�� $N 10 ���#+��	N�

 + tN�	
�%$N���*N��%&*�

����()��($ (Dark field microscope) %O#�[�#'()�#+��#�N�#*[�s #�*("���!"

#
[� �	E���!�!)��
�E��L*��%��
����
��"��+*�+*���!"+O+���ME   ��
	
�%�
#'()�$N�����!�!)%O �E

t(�#+����
�(������
����%r��,
� (Babudieri, 1961; Quinn et al., 1994; Terpstra et al., 1998; 

Levett, 2001; Brarti et al., 2003) 

��
	
�%��#'()��E�,
�-���"��!"�E�	
�%,$�	
� (Direct examination) $N����
$M���-	N

�*N��%&*�

����()��($�!�N�$N���(� 	N����
LMN�!"�!����'̂���Q�M�-���
$M�*N��%&*�

����()��($

���%���!)����!���!-���
	
�%��#'()� Leptospires �!" ���E��*O$!��E����!�
��(� Direct 

immunofluorescent �	E�[	N��-'NLMN�!"�!����'̂���Q�*O�*N�� Fluorescent \�"��!
������ 

8.2 ��
�N���!  #'E� ��
�N��$N�� Silver impregnation, Immunofluorescence, 

Immunoperoxidase, Immunogold #�("�#��"����� �-���
	
�%��#'()� (Timoney et al., 1988; 

Quinn et al., 1994; Levett, 2001) ��
�N���!$N�� Immunofluorescence �(���
�N���!$N�� Antibody 

�!"%^�#��O��
 Serovar ,$� Antibody %�
��
��
#
(������*N��[ +%�
 Antigen  �̂�-�N�E��	E���


���#�[� t����N�E�%O�!#'()�#�!��+
�����N���[����
t	
�%��#'()� $N (Miller et al., 1989)��
-'N

#����� Immunohistochemistry -�	���
���)�-'N��
�N���!%����
 Smear #'()��!" $N%����


#��O#*!)�� (Tripathy and Hanson, 1974) 	E����!��
�����,$��̂���-'N�N��#�()�#�("�	E��s #'E� 

#�()�#�("� 	�
�E�����
t	
�%��#'()� Leptospires  $N�!" Proximal convoluted tubule (Scanziani et 
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al., 1989; Yener and Keles, 2001; Colagross-Schouten et al., 2002; Boqvist et al., 2003; Rossetti 

et al., 2004) ���%���!)���-'N	
�%��#'()� Leptospires -�	�
 +�$�*O�$*M�$N�� (Slee et al., 1983; 

Alves et al., 1987; Silva et al., 2005) 

Morison and Wright (1976)  $N	
�%��#'()� Leptospira canicola -� 	����&���$N��

���! Immunohistochemistry �
 Antigen ���#'()� Leptosira canicola ��ME�!" Proximal tubule, 

Interstritum �*O Macrophage \�"��!*����O#+��#�[$#*[�s (Morrison and Wright, 1976) 

8.3 ��
#��O#*!)��#'()�-���	���$*�� -'N�^��
�
��
���#'()�%��#�()�#�("��
(� Body fluid �!"

+�#+���� +$N��#'()� ,$���
�̂�#'()��
(���"��E�	
�%%����	���!"#+��,
� Leptospirosis  +r!$

��	���$*�� #'E� ��M����#	�
� ��M	O#�� #+��	N� ��
#*(����	���$*��	N���^����t���

�'�	����

#'()� ��
#��$,
�-���	���$*����)��	�	E�����	��'��$���#'()� ��
r!$#'()�#�N��ME
E�������
r!$#�N�

��� #�("�
&'E���N�� �*O����
t	
�%��#'()� $N%��#*(�$ +]����O �*O#�()�#�("������	���$*�� 

(Faine, 1982) 

8.4 ��
	
�%��$!#�[�#����#'()� Leptospires ,$������#�������
#��"�%̂����$!#�[�#��!"

#
!���E� Polymerase Chain Reaction (PCR) \�"����!�!)-'N	
�%��#'()� Leptospires  $N��E��
�$#
[��*O

tM�	N�� #������!)�!
�������*O	N������������������	
��!"�!����'^���Q�M� (Babudieri, 1961; 

Merien et al., 1992; Terpstra et al., 1998; Levett, 2001; Brarti et al., 2003) ��
����%r��,
�$N�����! 

PCR ����
t	
�%��#'()� Leptospies  $N%��#*(�$, +]����O, Aqueous humor, Semen �*O 

Cerebrospinal fluid (Van-Eys et al., 1989; Bal et al., 1994; Masri et al., 1997; Romero et al., 

1998; Faber et al., 2000; Fonsecaa et al., 2006;) 

+
O,�'�����#����� PCR �(�-'N%̂����#'()��!"�E�,
���
#'()��!" �E�E�,
� $N (Kee et 

al., 1994) ����
t-'N����%r��,
� $N��)�-�
O�O�!"�̂�*����������*O
O�O�&$�N�����,
� 

Leptospirosis  �
(�-'N�^��
�
��
����%r���N���*�� $N�*O����
t	
�%��#'()� $Nt����N�E�%O�!#'()�

%̂�����N�� (Brown et al., 1995) 
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B����� 4  ��$���
����%r��,
� leptospirosis -��N��+u�
�	���
 
   �!"��: Quinn et al. (1994) 
 

8.5. ��
#��O#*!)��#'()� #�("��%��+�&��	��%O�!#'()��E�,
�+��������
+]����O#+��#�*���� 
�*����+$���%�t���*��#$(���
(�	*�$'!��	 �*O�
#'()�#+��+
��������*��*N��	��	E�+]����O 
1 \!\! 
 

��
#��O#'()�%����"��E�	
�% (Bacterial isolation) 	N��-'N#�*����#+����+$����
(�#+��
#$(��  \�"���� �E'E��-���

���� �E������
#*!)��#'()�	N��-'N'��$��#���*O�!
������ LMN+u�
�	�
��
	N���!����'^���Q��� ���%����
#��O#'()�-�����
#*!)��#'()��*N� �����%#��O#'()�-���	��
�$*�� #'E� ��M����#	�
� ��M	O#���!"#��"���E��� #+��	N� ,$�r!$��"��E�	
�%#�N�'E���N�������	��
%O�^�-�N��	��+z���*N�%���^��)^�-�'E���N���
(�#*(�$ +	
�%��	��#'()����-	N�*N��%&*�

����()��($ 

 

+]����O  	 \!
�"� 

��
	
�%��
,$�
��
-'N\!
�"� 
- macroscopic   
  agglutination test 
- microscopic  
  agglutination test 
- ELISA 
- Complement  
   fixation test 
 

�̂� ++]�����'�)� ��
#��O#*!)��#'()�
-���	���$*�� 
Gerbils 
Hamster 
Guinea pigs 
 

��
	
�%$M$N���*N��
%&*�

��� 
-�*N��%&*�

����()��($ 
-Fluorescence antibody 
technique #*(��-�
O�O�!"

��	��#+�� �N 
 

#��O#*!)���!"
�&���M�� 30 °C 

MAT (#�("�-�N
MN�E���ME
-� serovars -$) 
 

Tissue  
suspension 

 

��
	�$#�()�#�("� 
-Silver impregnation 
-Immunoperoxidase 
-Immunoflluorescence 
 

��
	
�%$N���*N��
%&*�

���,$�	
� 
-�*N��%&*�

����()��($ 
-Fluorescence antibody 
technique (FAT) 

	����E�� 
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��
#�[
	����E��	��#�*��!"#���O�� #'E� #*(�$#�[
���-� 7 ����*��#
�"�+z�� �
(��)^� �
����*��
O�O 4-10 ����*��#
�"�+z�� tN�#+��+]����O��
#�[
�*��%��#
�"�+z�� 10 ���#+��	N� + �*O
	N���̂�-�N+]����O#+��$E���E�� ��
#��O#*!)��#'()���%�̂�-�����
#*!)��#'()�'��$��#���^��
�
#'()� 
Leptospires  $N��E EMJH (Ellinghausen and McCullough, Modified by Johnson and Harris) �
(� 
Fletcher semisolid medium 
 
�������� 4  ��$�+]%%���!"�̂���Q-���
#*!)��#'()� Leptospires 
 
�E��+
O��
 %&$+
O���� 
Peptone 
Asparagine 
Beef extract 
Fatty acid 
 
Sodium-Pyruvate 
Glycerine 
Salts 
 
Ammonium 
Rabbit serum 
 
5-Fluorouracil 

#+����*E�,+
	!� 
����
t-'N��� Peptone 
#+����*E�,+
	!� 
#'()�%O#%
�Q#	�
,	 $N��)���ME��
�
$ ����-'N�^��
�
��
�
N���*������*O
#+����*E���
�
�� 
#�("���
O$�
��
#%
�Q#	�
,	-�
O�O�
������
#��O#*!)��#'()� 
#�("�#��"���	
���
#%
�Q#	�
,	 
����#�N��N����#�*(���)��!L*	E���
������#�()�#�()��*O��
#%
�Q#	�
,	
���#\**� 
#+����*E� �,	#%����#'()� 
#�("�#��"�#+�
�#\[�	����\!
�"�*� +-�����
#*!)��#'()�%�t�� 12% �!L*-�N��

#%
�Q#	�
,	���#'()�#��"���)� 
Uracil #+�� Pyrimidine \�"��̂�-�N�
��!#
!�	����#�N�#'()� Leptospires 

�!"��: Quinn et al. (1994) 
 

��
#��O#*!)��#'()� Leptospires ,$�-'N����
#*!)��#'()� EMJH �*O Fletcher �!"�&���M�� 
28-30 ����#\*#\!�� �*O pH 6.8-7.4 �
�E���
#%
�Q#	�
,	���#'()�-�����
#*!)��#'()� EMJH 

�$#
[���E�����
#*!)��#'()� Fletcher �!"�! Rabbit serum (8-10% v/v) $��	�
���!" 4 (Babudieri, 1961; 
Terpstra et al., 1998; Levett, 2001; Bhrarti et al., 2003) 
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\!
�"��
(� Albumin, Polysorbate, Protein-free synthetic media serum, ��	����
! 1 
(Thiamine) �*O 12 (Cyanocobalamin) #+��+]%%���!"-'N-���
#%
�Q#	�
,	���#'()� Leptospires 
(Alston and Broom, 1958) \�"�,$���"� +%O#	��-�����
#*!)��#'()��!"#+�� Oleic acid-albumin 
medium (EMJH) 

 
$���
  �*O��O (2542) -'N��
#��O���#'()� Leptospires-��*�$�$*��$N������


#��O#*!)��#'()� EMJH '��$��"���[� ����
t���#'()� Leptospires $N%����M�&�-�QE�!"$��%�
 $N%��
�()��!"
O
�$#�E���)��E��-��()��!"�!" �E�!��

O
�$���,
�	
�% �E�
#'()� Leptospires %����M'��$
-$s 

 
Herr et al. (1982) ���#'()� Leptospira interrogans serovar Pomona  $N%��+]����O���

,$�-'N����
#*!)��#'()� EMJH �!"#	�� 5-fluorouracil 	E����̂�#'()��!"��� $N�!)r!$-�N��
��M����#	�
� 
�̂�-�N#��$����������!"	�
�*O 	 

8.6 ��
�$��
���\!,
,*�! #+����
	
�%�� Antibody-�\!
�"� \�"����!�!"�!����%̂�#��O�*O
#'("�t(� $N������
�(� ���! Microscopic agglutination test (MAT) -���
#	
!�� MAT  test 	N���!#'()� 
Leptospires �*��s Strain #+�� Antigen  \�"�-�+]%%&
�� $N�!��
%�$	�)� Reference laboratory �*��   
�^� �
�
#	
!�� Antigen ��	
���-'N�$��
-��N��+u�
�	���
��"�,*�  

��
�$��
���\!,
,*�!�̂� $N 2 ���! �(� 

8.6.1 Genus-specific test  ���!�!)
�� $N�E�#+��,
� Leptospirosis �!+
O,�'��-���
-'N
	
�%�
�� (Screening test) �	E �E����
t
�� Group �
(� Serovar ��� L. interrogans  $N  $N��E���! 
Macroscopic slide agglutination, Hemagglutination, Complement fixation test, ELISA, 
Immunofluorescent test, Latex agglutination test #+��	N�   

8.6.2 Group-specific test ,$����!�!)%O����
t
�� $N�E�	�$#'()� L.interrogans serovar 
-$ ���!�!"-'N�(� Microscopic agglutination test (MAT) #+�����!��	
����!" $N
�
��
��O�̂�%������
��
������,*� (Faine, 1982) 
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+]%%&
���N��+u�
�	���
	
�%,
� Leptospirosis,$����! MAT (Microscopic agglutination 
test)  $N-'N Antigen \�"�#+��#'()� Leptospires %^���� 24 serovars �(� L.australis, L.autumnalis, 
L.ballum, L.bataviae, L.canicola, L.celledoni, L.cynopteri, L.djasiman, L.grippotyphosa, 
L.hebdomadis, L.icterohaemorrhagiae, L.javanica, L.louisiana, L.manhao, L.mini, L.panama, 
L.pomona, L.pyrogenes, L.ranarum, L.sarmin, L.sejroe, L.shermani, L.tarassovi �*O L.patoc 

���!��	
����!"-'N	
�%#�("��(���� Serovar ���#'()� �(� Microscopic Agglutination Test 
(MAT) ,$�#%�O#*(�$�
�)��
� 6-7 ����*��#
�"�+z�� �*O�
�)��!"����E��%���
�)��
�+
O��� 2 
��+$���,$�-'N\!
�"������ �N�^�+u���
�����
 Antigen ���#'()� �*��%����)��[#�� +
E�#�("�-�N\!
�"��*O 
Antigen L������*O#��$��
 Agglutination (Levett, 2001) \�"�#+�����!�!"�E���N���&E�����*O-'N#�*�
��� #�("��%��	N��-'N#'()� Leptospires �*�� Serovars 

��
�+
L*
O$�
  Antibody  �(�tN�
O$�
 Antibody  	"^���E� 100 -�Nt(��E���	��#��	�$#'()� 
Leptospires -��$!	 �E�� Antibody �!"�E�%O
E�
��t����
	�$#'()�-�+]%%&
���(�-�'E���
�
O$�
 
Antibody %O��ME�!" 200-800 �*O�*��%����)� 1-2 ��+$��� 
O$�
 Antibody %O�M���)�%��'E���
� 
$����)���
����%r��#�("�$M��
	�$#'()�+]%%&
��	N��$M%��
O$�
 Antibody �!"#��"���)�%��#$�� (�&
���$�P, 2548) 

-���
�$��
#'()���
\!
�"�%��%̂�#+��	N���!��
  Subculture #'()��&���+$���#�("� �E-�N#'()�	�� 
(Bhrarti et al., 2003; Babudieri, 1961; Terpstra et al., 1998) ���!�!)�!���� ��*O����%̂�#��O-���

	
�%��
����E����!��
�("� #�("�#+����
'!)-�N#�[��E�#'()� Leptospires ��)���ME-� Serovar -$ (Bhrarti et 
al., 2003) ��
�$��
 Antibody  $N��E Microscopic agglutination test (MAT), an indirect 
hemagglutination assay (IHA), Enzyme linked immunosorbent assay (ELISA) �*O Indirect 
fluorescent antibody (IFA) (Bajani et al., 2003) 

9. �G��������   

���&�#���&��������
t#+��,
� Leptospirosis  $N �	E%O�
-�LMN-�QE�����E�#�
�O�!����
#�!"��	E���
	�$#'()�
O��E����
�̂�����M� �*&E���'!��!"�!,����	�$#'()� $N��E #��	
�
 ��	������ ��
	�$ �N ���!"�̂����-��E�
O
���)^�#�!� -�+�&��	�� �*O,
� È���	�� �
(�
&��*�!" $N���L����
��	���*O
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�)^��!"+�#+����#'()� ��
	�$#'()� Leptospires ��)�����
t#��$��)� $N-��&�s#$(�����+{ �	E%O�

E��
-�'E���!"�!��
#+*!"���+*����|$M 

%̂������ �N�!�����+
L��+{	E�+{ \�"���)���ME��
#��$��	� �)^��E�� ���������E����
+
O'��
��M�*O��
	�$#'()�-���	�� ,
�#*+,	� +,
\��#��$��

O
�$�M���
�*&E����!"�'E-��)^��!"�!
��
+�#+�������#'()�#+��#�*���� (Faine, 1982) 

t����N�E���&��� �E $N #+����*E����,
��	E�[����
t+*E��+]����O�!"+�#+����#'()� 

Leptospires $N����*����+$��� �*��#$(�� �
(������E� 1 +{ �*O��&�������
t	�$#'()� $N%����

���L��+]����O�����	��#*!)��*M�$N�����!"#+�����O�̂�,
���)���
���L��,$�	
��*O�!"+O+�����

$���
(��)^� 

��

O
�$��� Serovar �!"�	�	E��������-�+
O'��
��&�����)���)���ME��
'��$��	���!"#+��
���O  '��$���#'()��!"��ME-���	���!"#+�����O�^�,
� �*O������$*N�� ���%����)���	���!"#+�����O
���"�'��$����
t�!#'()� $N�*�� Serovar  (Bhrarti et al., 2003) 

10. �Z�����:	%�� Leptospirosis &�$�G��
���   

-�+
O#�� ��	
�%�
LMN+z���!"#+��,
�#*+,	� +,
\���
�)��
�-�+{ �.�.2486 �!"
,
����
�*��
�
�' 	�)��	E��)����[�
�� �N�*��
��-��*��s%�����$ 
O��E��+{ �.�.2491-2493 �

�� �N 52 
�� #�!�'!��	 5 
�� \�"�#+����#�	&��%��#'()� Leptospires Serovar  L.bataviae, L.rachmati, 
L.icterohaemorrhagiae �*O L.canicola -�+{ �.�.2503 

�#�����#��(�	��*E���
�� �N 20 
�� 
	�$#'()� Leptospires serovar L.icterohaemorrhagiae, L.hebdomadis �*OL.bataviae 'E��+{ �.�.2504�
2505 %�����$#'!��-��E�
�� �N 42 
���*O����
t��� Serovar ,-./ L.icterohaemorrhagiae, 
L.hebdomadis �*O L.autumnalis �E���!"�
&�#����
 54 
�� �*O��� Serovar #+�� 
L.icterohaemorrhagiae �*O L.bataviae 	�)��	E��)����[�
�E��!�� �N*$*�-��&�s%�����$ 
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%^����LMN+z�� (��) 

-�+{ �.�.2539  �
�� �N 358 
��   
O��E��+{ �.�. 2540-2543 ��)����!
������E��
�� �N
�!"#+��,
�#*+,	� +,
\��#��"������)�%�� 2,334 
��#+�� 14,285  
��  	E����.�. 2544-2548 �

�� �N�!"#+��,
�#*+,	� +,
\��*$*�%�� 10,217 #+�� 2,868 
�� �*O-�+{ �.�.2549 %̂������ �N
#��"���)�#+��  3,881 
�� �E��-�+{ �.�. 2550 \�"��^�
�%�
�)��&$�N��#�("�����!" 15 �|����� �!%̂����
�� �N 448 
�� \�"��� �N�E��-�QE��ME-��()��!"���	O������#r!��#��(� �*O�*&��*!���L����	���*O

L*�	�����%����	����)���	��#*!)�� +�&��	�� ,$�#r��O,�\�"�#+����*E�
��,
��*O��%�!
�
���^���Q-�
��
��
E�
O%��#'()��*O��

O
�$���,
� $������!" 3   (�^����
O
�$�����, 2550; Simon et al., 
1999) 

-���
�^�
�%�� �N�!"#+��,
� Leptospirosis 
O��E��#$(���
�����t��#$(��	&*��� �.�.
2545 -�,
����
�*
N��#�[$ %.
N��#�[$ ,$����!��
#��O#*!)��#'()� �*O MAT �
#'()� Leptospires 
serovar L.bratislava, L.Autumnalis, L.New, L.Australis, L.Bangkok �*O L.Ranarum 
(Niwetpathomwat et al., 2005) 
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B����� 5  ��$�%^����LMN+z��-�+
O#�� ��	�)��	E+{ �.�. 2515-2550 �^�
�%�
�)��&$�N��#�("�����!" 15 

�|����� 2550 
   �!"��: �^����
O
�$����� �
���
�&�,
� �
O�
������
��&�  

�&�����
�' 
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��
#��O#*!)��#'()� Leptospires-�+
O'��
��M-�%�����$�!"�!��

O
�$ (
&
!
���� �&
���
� 
�����E� �������&�) �
�E���	
���
	�$#'()� Leptospires-���M 7 '��$  $N��E ��M�E� (Rattus 
norvegicus) 
N��*O 36.7 ��M�&�-�QE (Bandicota indica) 
N��*O 13.1 ��M��#*[� (Rattus losea) 

N��*O 7.7 ��M�N����� (Rattus rattus) 
N��*O 7.1 ��M��-�QE (Rattus argentiventer) 
N��*O 6.2 
��M�&�#*[� (Bandicota savilei) 
N��*O 6.0 ��M%��$ (Rattus exulans) 
N��*O 1.0 ($���
 �*O��O, 

2544) 
 
�

��

� �*O��O (2548)  $N�^�
�%����'&�,
� Leptospirosis ���,��*O�
O
(�-�

���	O������#r!��#��(�,$����! MAT �
�E�,��!��	
���
	�$#'()� 23.7% �*O�
O
(��!��	
���
	�$
#'()� 72.5%  

����
MN ��

�

MN �*O����#'("�#�!"����
,
�#*+,	� +,
\�����'��
N���!L*	E���

����L�+�������*O��
�&�,
� \�"�L*��
������
�E� '��
N���!����#'("�#�!"����
��#�	&�*O��

	�$	E����,
� �EtM�	N�� ������!
�
��	E���
+u�
�	�	�����LMN+z�� ��
-�N�N��M*�E����
#�!"����

,
�#*+,	� +,
\�����
���!"LE������� �E��"�t�� ��$����	E�#�("�� �*O�����-'N�("��!" �E#���O��
��
'��
N��  (#������*O��O, 2544) 

 
 
 
  
 
  

 
 

 
  

 
 



��$��:	H#G������� 

 

��$��:	 

 

1. '&$#�
("���(�LE�	�$ 
2. ��$#�[
	����E�� 
3. �&+�
��-���
�*E�#�()�#�("� 

3.1. #�
("��#	
!��#�()�#�("��

��	,���	� (Automatic tissue processor) 
3.2. #�
("�����$��
���� (Dispenser)  

4. �&+�
��-���
	�$#�()�#�("� 
4.1. #�
("�� Microtome 
4.2. #�
("���&E�� *$� (Slide warmer)  

5 �&+�
����
#��O#*!)��#'()� 
5.1. ����
#*!)��#'()� EMJH '��$#�*� 
5.2. Phosphate buffer saline (PBS) 
5.3.  \
����+
��%��#'()� 
5.4. Autoclave 
5.5. Dark field microscopy 

6 	MN$M$ ���
��� (Flume hood) 
7 �*N��%&*�

��� 
8 �!�N�� 

8.1. �! 
	�-%��\� 
8.2. �! Hematoxylin 
8.3. �! Eosin 

9. ��
#��! 
9.1. Formalin 
9.2. Paraffin 
9.3. Xylene 
9.4. Silver nitrate 
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������� 

 #�[
 	�!"�!����
%&$��� (White spot) #*(�$ \!
�"� �*O+]����O���,�%��,
� È���	��%̂���� 
26 	�� #�("�	
�%����
	�$#'()� Leptospires $���!) 

1. ���
����������������� (Histopathological examination) %������E���� Haematoxylin 

and Eosin H#G Silver impregnation 

�̂�'�)�#�()� 	 Fixed -� 10% Neutral buffer formalin #�("�-�N#�()�#�("����!"+
O��� 24 
'�"�,�� �̂�#�()�#�("���*N��,$�#+�$�)^�+O+� �*LE��+
O��� 1 '�"�,�� �*N��^� + Dehydration, 
Clearing, Wax Impregnation �*O Embedding ,$�-'N#�
("���(� Automatic tissue processor �^�

*[���!" $N��	�$-�N#+���LE�
��,$�#�
("�� �,�
,	� -�N#�()�#�("��!������� 3-5  ��
�� �^�
#�()�#�("����N���! $���!) 

1.1. Haematoxylin and Eosin   
1.1.1 *N����
�������%��#�()�#�("�,$���
%&E�-� Xylene �*N� Hydration $N�� 

100%Alcohol, 95%Alcohol, 70%Alcohol �*O*N��$N���)^�+
O+� 	��*̂�$�
 
1.1.2 %&E�#�()�#�("�*�-��! Hematoxylin ��� 5-7 ���! �*N�-'N�)^�+O+�*N���!�E��#���

���%��
O��"� �E�!�!*O*���������
�)^� 
1.1.3 *N���!�E��#���$N�� 1%Acid alcohol �*N�*N���)^� 	E���%&E�*�-���
*O*����"�	��

��� Litium carbonate #�("��^�-�N#�()�#�("�#+���*�� �*N�*N���)^� 
1.1.4 �N���!\)^�$N�� Eosin ��� 2-3 ���! 
1.1.5 �̂�#�()�#�("��� Dehydration, Clearing �*O Mount (Drury and Wallington, 1967) 

   
1.2. Silver impregnation 

1.2.1.*N����
�������%��#�()�#�("�,$���
%&E�-� Xylene �*N� Hydration $N�� 
100%Alcohol, 95%Alcohol, 70%Alcohol �*O*N��$N���)^�+
O+� 	��*̂�$�
 

1.2.2. �'E#�()�#�("�*�-� 1%Silver nitate �!"�&���M�� 55-60 ����#\*#\!����� 1 '�"�,�� 

O��E����)�-�N#	
!�� Developer solution  
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1.2.3. �'E#�()�#�("�*�-� Developer solution �!"�&���M�� 55 ����#\*#\!��%��
O��"�
#�()�#�("�#+*!"��#+���!�)^�	�*��� 

1.2.4. *N��#�()�#�("�$N���)^��!"�!�&���M�� 55-60 ����#\*#\!�� ��� 2-3 ���! �*N��'E*�-� 
Buffer solution  

1.2.5. �̂�#�()�#�("��� Dehydrate, Clearing �*O Mount 
1.2.6. L*�!" $N�(� Spirochaete 	�$�!$^� �*O#�()�#�("�,$���"� +	�$�!�)^�	�*#�*(�� (Drury 

and Wallington, 1967)   

 

2. Microscopic agglutination test (MAT) 

 
�̂�#*(�$%��,� 10 ��**�*�	
+*E��-�N��[� �̂���+]��#�[
�E��\!
�"��*N��̂���#%(�%��-�N#+�� 

1:50, 1:100, 1:200 �*O 1:400 $N�� Phosphate buffer saline (PBS) %����)�	
�%\!
�"�$N��
O$�

�M���&N����	E�#'()� Leptospires ,$�-'N#'()� Leptospires ��	
�����)� 24  Serovar  +
O��
$N�� 
L.australis, L.autumnalis, L.ballum, L.bataviae, L.canicola, L.celledoni, L.cynopteri, L.djasiman, 
L.grippotyphosa, L.hebdomadis, L.icterohaemorrhagiae, L.javanica, L.louisiana, L.manhao, 
L.mini, L.panama, L.pomona, L.pyrogenes, L.ranarum, L.sarmin, L.sejroe, L.shermani, 
L.tarassovi �*O L.patoc  -'N#'()�#*+,	� +
���)� 24  Serovar #+�� Antigen �̂�+u���
�����
 
Antibody -�\!
�"������	��+z��$N��,
�#*+,	� +,
\��#��$+u���
��� Agglutination 	�)���)� �N�!"
�&���M���N��	
�%$M$N���*N��%&*�

����()��($ L*
��%O#��$��
%�
�*&E����#'()� Leptospires�!
*����O#+�� Lysis ball �
(�#�[�%�
�*&E����#+���N���
(�%&$ \�"�#+�� Gold standard test ���������

������,*� (Faine, 1982) 
 

3. ������G�#�"��� !"� (Leptospiral  Culture) 
 

3.1 #	
!������
#*!)��#'()�'��$#�*� Ellinghausen and McCullough, modified by Johnson 
and Harris (EMJH) �!"#	�� 5-fluorouracil 

3.2 -'N \
����+
��%��#'()����$ 3 ��**�*�	
$M$�)^�+]����O%���
O#��O+]����O �*N�
��$*�-�����
#*!)��#'()� EMJH '��$#�*� 2-4 ��$  
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3.3 �E��#�()�#�("� 	�
E����#+�� 2 '�)��(� '�)��
�	�$'�)� 	���$ 1 *
.\�. *�-��*�$
�$*�� '�)��!"��� �^�'�)� 	��
$�*N�#	����
*O*�� Phosphate buffer saline (PBS) ���$
��
*O*�����#�()�#�("�*�-�����
#*!)��#'()� EMJH '��$#�*� 2-4 ��$  

3.4 �*��%����)��^��*�$
E�#��O�!"�&���M�� 28-30 ����#\*#\!��-��!"�($ 	
�%��#'()�-�
����
#*!)��#'()�$N���*N��%&*�

����()��($�&����-���+$����!" 1 �*O�*��%����)�	
�%�&� 1 ��+$���
#+��#�*� 4 ��+$��� �*O	
�%�&� 2 ��+$���#+��#�*��!� 2 #$(�� #�("� �E�
#'()�%����"�-% $N�E�#+��L**
 
(Mayer, 1985) 

 

4. �������������G<	�#!�� (Hematological  assay) 

 

4.1 �^�#*(�$�!" $N��#�N�#�
("�� Automatic Hematological Analyzer (Cell Dyn 3500, 
Abbot) #�("�	
�%��$�E� Wbc, Rbc, HGB, HCT, MCV, MCH, MCHC, RDW �*O PLT  

4.2 �̂�#*(�$���#�!�
�
��LE�� *$� �*N��̂�� *$���������#�[$#*(�$,$���
-'N 100% 
#���*��*����*���� 3 ���! �N���!$N���! Wright-Giemsa ��� 6-7 ���! �̂����'E-�
��#��
���� 
3 ���! *N��$N���)^�+O+�#
�s#�("�#���!�E��#������ �*N���)� �N-�N��N� 	
�%�����
%̂����
#+�
�#\[�	����#�[$#*(�$��� (Differential count) �	E*O'��$$N���*N��%&*�

��� (Drury and 
Wallington, 1967)  

4.3 ��#�
�O���E�#*(�$,$���
#+
!�
#�!�
�E�#*(�$���,��!"�!�M���&N����,
�	E�#'()� 
Leptospires (MAT  positive)  �*O,��!" �E�!�M���&N����,
�	E�#'()� Leptospires (MAT negative) ,$�
��
-'N t-test $N��,+
��
� SPSS15 
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C#H#G�����:	 

C# 
 

1. #���:G����������������������������������  

 

����
-� 	#�("�$M$N��	�#+*E��
%&$�!����
(��!#���
O%����ME��"� 	 �
(��
%&$���#��$��)�
#+��
���E����� 	 $������!" 6 *����O��� Histopathology ��� 	�!"#��$����
%&$��� (White 
spotted kidney) �
�E� 	�&�	����E��#��$ Chronic Interstitial nephritis �! Mononuclear cell �*O 
Fibrous tissue %^���������
�#�N� +�!" Interstitium, 
�
 Glomerulus �*O Renal tubule $������!" 
7 ���%���!)���#��$ Fibrosis 
�
 Bowmanqs capsule �^�-�N Bowmanqs capsule �����)�$������!" 8, 
#��$ Glomerular atrophy �^�-�N Urinary space ��N����)� $������!" 9 �*O#��$ Renal tubular 
degeneration �! Mononuclear cell #�N�������!"

�#���!"#��$ Degeneration $������!" 10   

 
#�("��̂�#�()�#�("� 	��)�  26  	����E����	
�%��#'()� Spirochaetes $N����
�N���!  Silver 

impregnation  �E�
#'()� Spirochaetes �&�	����E�� $������!" 11 
 

 
 

B����� 6  �
����
%&$����!" 	 
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B����� 7  

�#�� Renal Cortex �
 Mononuclear cell �*O Fibrous tissue ��
���ME-� Interstitium 
(*M��
'!)) 

 

 

 

B����� 8  #��$ Fibrosis (F) 
�
 Bowmanqs capsule �̂�-�N Bowmanqs capsule �����)��!
Mononuclear cell �*O Fibrous tissue ��
���ME-� Interstitium (*M��
'!)) 

 

F 
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B����� 9  #��$ Glomerular Atrophy (GA) �^�-�N�E�� Urinary space ��N����)�, #��$ Fibrosis (F)  
 
�
s Bowmanqs capsule �^�-�N Bowmanqs capsule �����)� �*O�!  Mononuclear cell 

�*O Fibrous tissue ��
���ME�!" Interstitium (*M��
'!)) 
 

 

 
 

B����� 10  #��$ Tubular Epithelial degeneration %��̂�-�N Mononuclear cell �*O Fibrous tissue    
   ��
���ME-� Interstitium (*M��
'!)) 

GA 

F 
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B����� 11  ��$�#�()�#�("� 	�!"�N���!$N�� Silver impregnation 
 

2. C#�������l�����%����������������������E������ Microscopic agglutination test (MAT)   

L*��
	
�%�����&N�,
�	E�#'()� Leptospires %��\!
�"����,��!" 	#��$����
%&$��� 26 
	����E��$N�����! MAT �
�E� \!
�"�%��,��!"�!�M���&N����,
�	E�#'()� Leptospires �!" Titer 1:50 �*O 
1:100 �!%^���� 16 (61.53 %) 	����E�� �*O\!
�"�,��!" �E�!�M���&N����,
�	E�#'()� Leptospires �!%̂���� 
10 (38.47%) 	����E�� \�"��E��-�QE\!
�"��!�M���&N����,
�	E�#'()� L.ranarum ����!"�&$�(� �!"
O$�
 
Titer 1:50 �!%̂���� 11 	����E�� �*O�!"
O$�
 Titer  1:100 �!%̂���� 4  	����E�� 
��*����(�#'()�      
L. shermani, L.sejroe, L.tarasovi, L.hebdomadis, L.mini �*O L.cynopteri   

\!
�"�,��!"
O$�
 Titer 1:50 �
�E��!�M���&N����,
�	E�#'()� Leptospires %̂���� 15 	����E�� 
+
O��
$N��#'()� L.ranarum, L.shermani, L.sejroe, L.tarasovi, L.cynoptera, L.hebdomadis �*O 
L.mini �!%^���� 11(73.33%), 7(46.67%), 4(26.67%), 3(20%), 1(6.67%), 1(6.67%) �*O 1(6.67%) 
	����E��	��*̂�$�
 

\!
�"�,��!"
O$�
 Titer 1:100 �
�E��!�M���&N����,
�	E�#'()� Leptospires %̂���� 7 	����E��
+
O��
$N�� L.ranarum, L.tarasovi, L.hebdomadis,  L.shermani  �*O L.sejroe �!%^���� 
4(57.14%), 3(42.86%), 3(42.86%), 3(42.86%) �*O 2(28.57%) 	����E��	��*̂�$�
 $��	�
���!" 5 
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�������� 5  ��$�
O$�
�M���&N����	E�#'()� Leptospires %����
	
�%\!
�"�,��!" 	#��$����
%&$���$N��
���! MAT 

Titer 
Serovars 

1:50 1:100 
L.ranarum 11 (73.33%) 4  (57.14%) 
L.shermani 7 (46.67%) 3 (42.86%) 
L.sejroe 4 (26.67%) 2 (28.57%) 
L.tarasovi 3 (20%) 3 (42.86%) 
L.cynoptera 1 (6.67%) 0 
L.hebdomadis 1 (6.67%) 3 (42.86%) 
L.mini 1 (6.67%) 0 

 
���%���!)����
�E�\!
�"�,��!�M���&N����,
�	E�#'()� Leptospires  $N	�)��	E 1 Serovers  +

%�t�� 5 Serovars +
O��
$N��\!
�"�,��!"�!�M���&N����,
�	E�#'()� Leptospires 5 Serovars �!%̂���� 2 
	����E��, 4 Serovars �!%̂���� 2 	����E��, 3 Serovars �!%̂���� 5 	����E��, 2 Serovars �!%̂���� 3 
	����E�� �*O 1 Serovar �!%̂���� 4 	����E�� $��	�
���!" 6 

 
3. C#�������%���#$%���$%�l�� (Leptospirosis) %������������G�#�"��� !"� Leptospires     
 

L*��
#��O#*!)��#'()� Leptospires %�� 	�!"#��$����
%&$��� 26 	����E��$N�����!��
#��O#*!)��
#'()��*O	
�%��#'()�$N���*N�� Dark field microscopy �
��
#%
�Q���#'()� 3 	����E�� 1 	����E���!"�!
�M���&N����,
�	E�#'()� Leptospires �*O 2 	����E���!" �E�!�M���&N����,
�	E�#'()� Leptospires $��	�
���!" 7 

 
 ��
#��O#*!)��#'()� Leptospires %�� 16 	����E���!"�!�M���&N����,
�	E�#'()� Leptospires �


��
#%
�Q���#'()�%��+]����O 1(6.25%) 	����E���!"�!�M���&N����,
�	E�#'()� Leptospires %̂���� 5 
Serovars +
O��
$N��#'()� L.cynopteri  �*O  L.mini  �!"O$�
 Titer 1:50 �*O#'()� L.ranarum, 
L.sejroe �*O L.hebdomadis  �!"
O$�
 Titer  1:100  

 
��
#��O#*!)��#'()� Leptospires 10 	����E���!" �E�!�M���&N����,
�	E�#'()� Leptospires �
��


#%
�Q���#'()� 2(20%) 	����E�� +
O��
$N�� 1 	����E���!"#��O#*!)��#'()� $N%��+]����O�*O�!� 1 
	����E���!"#��O#*!)��#'()� $N%����)�+]����O  	
$�*O 	'�)� $������!" 12 
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�������� 6  ��$�%^���� Serovar %��\!
�"����,��!"�!�M���&N����,
�	E�#'()� Leptospires 
 


O$�
 Titer ���#'()� Leptospires �!"	
�%�
 %^���� 
Serovars 

%̂����
	����E�� 

*̂�$�

�!" L.ran L.sher L.sej L.heb L.tar L.cyn L.mini 

5 2 
(12.5%) 

1 
2 

1:50 
1:100 

1:100 
- 

1:100 
1:100 

1:100 
1:100 

1:100 
- 

- 
1:50 

- 
1:50 

4 2 
(12.5%) 

1 
2 

1:50 
1:50 

1:50 
1:50 

1:50 
1:50 

1:100 
1:50 

- 
- 

- 
- 

- 
- 

3 5 
(31.25%) 

1 
2 
3 
4 
5 

1:50 
1:100 
1:50 
1:100 
1:100 

1:50 
1:100 
1:50 
1:50 
1:100 

- 
- 
- 
- 

1:50 

- 
- 
- 
- 
- 

1:100 
1:100 
1:50 
1:50 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

2 3 
(18.75%) 

1 
2 
3 

- 
1:50 
1:50 

1:50 
- 

1:50 

1:50 
- 
- 

- 
- 
- 

- 
1:50 
- 

- 
- 
- 

- 
- 
- 

1 4(25%) 1 
2 
3 
4 

1:50 
1:50 
1:50 
1:50 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

 
�������� 7  ��$�%^����	����E���!"�
��
#%
�Q���#'()�%��	����E���!"�!�M���&N����,
��*O �E�!

�M���&N����,
�	E�#'()� Leptospires 
 
 MAT positive MAT negative 

Culture positive 
Culture negative 

1  
15 

2 
8 

 



 

34 

 
 

B����� 12  ��$�#'()� Leptospires �!" $N%����
#��O#*!)��#'()�,$�$M%�� Dark field microscope 

 

4. C#��������#!�����%���������������������   

,��!"�!�M���&N����,
�	E�#'()� Leptospires �
�E��E�#r*!"�%^����#�[$����$�, %̂����#�[$#*(�$
��� �*O%^����#�*[$#*(�$#�E���
 8.67±0.35x106/ml, 15.82±1.61x103/ml �*O 24.80±67.57x103/ml 
	��*̂�$�
 ,��!" �E�!�M���&N����,
�	E�#'()� Leptospires �
�E��E�#r*!"�%^����#�[$����$�, %̂����#�[$
#*(�$��� �*O%̂����#�*[$#*(�$#�E���
 8.59±0.27 x106/ml, 11.13±0.98 x103/ml �*O
575.21±191.73 x103/ml 	��*̂�$�
 $��	�
���!" 8 

#*(�$���,��!"�!�M���&N����,
�	E�#'()� Leptospires �!�E�#r*!"�+
����#�[$#*(�$�$� �*O 
+
����#�*[$#*(�$ �E�	�	E��%��,��!" �E�!�M���&N����,
�	E�#'()� Leptospires (P=0.348 �*O 
P=0.159 	��*̂�$�
) ,��!"�!�M���&N����	E�#'()� Leptospires �!�E�#r*!"�%̂����#�[$#*(�$��������E�,��!"
 �E�!�M���&N����,
�	E�#'()� Leptospires (P=0.0125) ��E���!����^���Q����t�	� $������!" 13 

,��!"�!�M���&N����,
�	E�#'()� Leptospires �
�E��E�#r*!"� Haemoglobin (HGB), Haematocrit 
(HCT), Mean corpuscular volumn (MCV), Mean corpuscular Haemoglobin (MCH), Mean 
corpuscular haemoglobin concentration (MCHC) �*O Red cell distribution width (RDW) #�E���
 
12.29±0.697 g/dL, 34.14±1.161%, 39.76±1.56 fl, 14.05±0.62 pg, 35.70±1.36 g/dL �*O 
21.13±0.63% 	��*̂�$�
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,��!" �E�!�M���&N����,
�	E�#'()� Leptospires �
�E��E�#r*!"� Haemoglobin (HGB), 
Haematocrit (HCT), Mean corpuscular volumn (MCV), Mean corpuscular Haemoglobin (MCH), 
Mean corpuscular haemoglobin concentration (MCHC) �*O Red cell distribution width (RDW) 
#�E���
 12.74±0.58 g/dL, 34.87±1.75%, 41.09±2.07 fl, 14.96±0.62 pg, 36.61±0.47 g/dL �*O 
25.63±2.71% 	��*̂�$�
  $��	�
���!" 9 

#*(�$���,��!"�!�M���&N����	E�#'()� Leptospires �!�E�#r*!"���� HGB, HCT, MCV, MCH, 
MCHC �*O RDW  �E�	�	E��%��,��!" �E�!�M���&N����	E�#'()� Leptospires (P=0.622, P=0.729, 
P=0.615, P=309, P=0.612 �*O P=0.158 	��*̂�$�
) \�"�#+���E��!"���
��&��E�#�[$#*(�$�$����,�
��)��!"�!�M���&N����,
��*O �E�!�M���&N����,
�	E�#'()� Leptospires ��ME-�#����+�	� $������!" 14 

%����
�^� Differential count ���#*(�$,��!"�!�M���&N����,
�	E�#'()� Leptospires %̂���� 16  
	����E��  �
�E�%̂����#�[$#*(�$����M���E�+�	� 10 	����E��, %̂���� Monocyte �M���E�+�	� 8 
	����E��, %̂���� Lymphocyte �M���E�+�	� 7  	����E�� �*O%^���� Neutrophil �M���E�+�	� 7 
	����E�� �E��#*(�$���,��!" �E�!�M���&N����,
�	E�#'()� Leptospires %^���� 10 	����E�� �
�E�+
����
#�[$#*(�$����M���E�+�	� 3 	����E��, %̂���� Monocyte �M���E�+�	� 5 	����E��, %̂���� Lymphocyte 
�M���E�+�	� 2 	����E�� �*O%^���� Neutrophil �M���E�+�	� 1 	����E�� $��	�
���!" 10 �E��%̂���� 
Eosinophil �*O Basophil ���#*(�$,��!"�!�M���&N����,
��*O �E�!�M���&N����,
�	E�#'()� Leptospires 
�!�E�+�	� 

�������� 8  ��$��E�#r*!"��*O�E� SEM ���+
����#�[$#*(�$�$�, #�[$#*(�$����*O#�*[$#*(�$���
,��!"�!�M���&N����,
��*O �E�!�M���&N����,
�	E�#'()� Leptospires 

 
�E�#r*!"����#*(�$�*O�E� SEM 

�E�#*(�$ 
MAT positive MAT negative 

+
����#�[$#*(�$�$� (106/ml) 
+
����#�[$#*(�$��� (103/ml) 
+
����#�*[$#*(�$ (105/ml) 

8.67±0.35 
15.82±1.61* 
3.248±0.676 

8.59±0.27 
11.13±0.98* 
5.752±1.917 

* P = 0.0125 �	�	E�������E���!����^���Q����t�	� 
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�������� 9  ��$��E�#r*!"��*O�E� SEM ��� HGB, HCT, MCV, MCH, MCHC �*O RDW ���,��!"
�!�M���&N����,
��*O �E�!�M���&N����,
�	E�#'()� Leptospires 

 
�E�#r*!"����#*(�$�*O�E� SEM 

�E�#*(�$ 
MAT positive MAT negative 

HGB (g/dL) 
HCT (%) 
MCV (fl) 
MCH (pg) 
MCHC (g/dL) 
RDW (%) 

12.29±0.697 
34.14±1.161 
39.76±1.56 
14.05±0.62 
35.70±1.36 
21.13±0.63 

12.74±0.58 
34.87±1.75 
41.09±2.07 
14.96±0.62 
36.61±0.47 
25.63±2.71 

 
 

0

2

4

6

8

10

12

14

16

18

20

RBC Count WBC Count PLT  Count 

MAT positive

MAT negative

 
 

 
B����� 13  ��$��E�#r*!"����+
����#�[$#*(�$�$� +
����#�[$#*(�$���  �*O%̂����#�*[$#*(�$���

,��!"�!�M���&N����,
��*O �E�!�M���&N����,
�	E�#'()� Leptospires 
 

�E�#r*!"����#*(�$ 

      (106/ml)                (103/ml)         (105/ml) 
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B����� 14  ��$��E�#r*!"���� HGB, HCT, MCV, MCH, MCHC �*O RDW ���,��!"�!�M���&N����
,
��*O �E�!�M���&N�,
����	E�#'()� Leptospires 

 

 

�������� 10  ��$�%̂����,��!"�!%̂����#�[$#*(�$��� %̂���� Lymphocyte, %̂���� Monocyte �*O 
  %̂���� Neutrophil �!"#��"���)� �*O+�	�%���E��N��������#*(�$ 

 
%^����,�  

MAT positive MAT negative 
%̂����#�[$#*(�$��� �M���)� 

+�	� 
10 (62.5%) 
6 (37.5%) 

3(30%) 
7(70%) 

%̂���� Monocyte �M���)� 
+�	� 

8(50%) 
8(50%) 

5(50%) 
5(50%) 

%̂���� Lymphocyte �M���)� 
+�	� 

7(43.75%) 
9(56.25%) 

2(20%) 
8(80%) 

%̂���� Neutrophil 
 

�M���)� 
+�	� 

7(43.75%) 
9(56.25%) 

1 (10%) 
9 (90%) 

�E�#r*!"����#*(�$ 
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�����:	 

���	
�����,
� Leptospirosis �(�#�("�#'()� Leptospires #�N��ME
E������*N�#��"�%^����-�
�
O��#*(�$	E���#'()�%O�
O%�� +��"�
E������*O�
N������#�!����-�N��
�����O	E��s #'E�	�
 
+�$ #�("��&N����� �*O 	#+��	N� ,$�#r��O-� 	 #'()�%O�^�-�N��
�̂������� 	L�$+�	� �*O#��$
����������!"#
!���E� ����
%&$��� (White spotted kidney) �*O#�("��������� Histopathology �
 
Chronic interstitial nephritis (Terpstra, 2003; Maxie, 1993) \�"����%��#'()� Leptospires �!"�̂�-�N 	
#��$����
%&$����*N� ����!�
��!#
!��*O �
��'��$�("��!��!"�̂�-�N 	#��$����
%&$��� $N #'E� 
Salmonella spp., Brucella spp., Escherichia coli, Porcine respiratory and reproductive syndrome 
virus (PRRSV), Porcine parvovirus (PPV), Porcine circovirus 2 (PCV2) #+��	N� (Maxie, 1993; 
Martinez et al., 2006) $����)���
����%r���E���
#��$����
%&$���#��$%��#'()� Leptospires ��)�	N��-'N
���!��
�("�
E��$N�� #'E� Microscopic agglutination test (MAT), ��
#��O#*!)��#'()�  #+��	N�  

%����
����� 	�!"#��$����
%&$�����)� 26 	����E���
����
 Chronic Interstitial nephritis �&�
	����E���!��ME 16(61.54%) 	����E���!"�!�M���&N����,
�	E�#'()� Leptospires �*O��$�*N����
�����%��
��� Boqvist et al. (2003) �!"
������E� 	�!"#��$ Interstitial nephritis 32 	����E�� �!��ME 18 	����E���!"�!
�M���&N����,
�	E�#'()� Leptospires �E�� Delbem et al. (2002) �
�E� 	�!"#��$����
 Interstitial 
nephritis 7 	����E���!�M���&N����,
�	E�#'()� Leptospires �&�	����E�� �*O Uzal et al. (2002) �^�
�%
,� 72 	����E���!" 	#��$����
%&$��� \�"��!��ME 6 	����E���!"�!�M���&N����,
�	E�#'()� Leptospires 
���%���!)��	���!"#+��,
� Leptospirosis ����
����
�("�s �!�#'E�  Fibrosis 
�
s Bowmanqs 
capsule, Tubular epithelial degeneration �*O Glomerular atrophy #+��	N� (Skilbeck et al., 1988; 
Yener and Keles, 2001; Uzal et al., 2002) 

��#�	&�����
#��$���������-� 	�����	���!"#+��,
� Leptospirosis #��$%����
#�*("���!"
���#'()� Leptospires LE�� Vascular endothelium ����ME�!" Interstitium 	E���#'()�#�N��ME Renal Tubule 
,$�#�*("��LE����� Lateral intercellular junctions �E����
#��$ Renal tubular degeneration #��$%�� 
Endotoxin ���#'()� Leptospires #'E� Lipopolysaccharide (LPS), Peptidoglycan (PG) �*O 
Lipoprotein #+��	N� \�"�#+���E��+
O��
��� Cell membrane �*O#+���E���!"�^�-�N��	���
N��
�M���&N����,
�	E�#'()� Leptospires (Cheville et al., 1980; Yang  et al., 2001)  
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#'()� Leptospires �̂�-�N 	#��$ Interstitial nephritis, #��$ Fibrosis 
�
s Bowmanqs capsule, 

Glomerular atrophy, Tubular degeneration \�"�#+�� + $N�E�#'()� Leptospires 	E�� Strain �����%%O

�̂�-�N
O$�
��
#��$����
�!"�	�	E�������$�*N����
�����%����� Greenlee  et al. (2004) \�"�r!$#'()� 

L. kischneri  strains RM 52 �*O strain 82  -�N�&��� �
�E��*����
r!$#'()�����!" 12 ��)�#'()� Strain 82 

�*O Strain RM 52 �̂�-�N#��$ Interstitial nephritis, Tubular degeneration �*O Tubular dilatation 

��#�N� Tubular mineralization (�
E��	&��"��N����ME�!" Tubular lumen) �!"#��$%�� Strain 82 #�E���)� 

���%��#'()� Leptospires �!"�̂�-�N#��$ Interstitial nephritis ����
�E��!+]%%���("��!��!"�̂�-�N

#��$ Interstitial nephritis �(� #'()��
��!#
!� #'E� Salmonella spp., Brucellus spp., E.coli, Legionella 

spp., Campylobacter spp., Streptococcus spp., Staphylococcus spp., Borrelia spp. #+��	N� �
(�

��
���%��#'()�
�  $N��E ��
 Ochratoxin %��#'()�
� Asperillus orchraceus �*O Penicillium 

verrucosum  #+��	N� �
(�#'()� �
�� #'E� PRRSV, PPV �*O PCV2 #+��	N� (Maxie, 1993 and 

Michel and Kelly, 1998; Drolet et al., 2002; Gresham et al., 2006) 
����)�#'()� Borrelia 

burgdurferi \�"�%�$��ME-��*&E� Spirochaetes #'E�#$!����
#'()� Leptospires �^�-�N#��$ Interstitial 

nephritis  $N#��(����� (Dambach et al., 1997) $����)�%̂�#+��	N��-'N���!�("�-���

E�'!)�E� 	�!"#��$ 

Interstitial nephritis #��$%��#'()� Leptospires #'E� ��
�N���! Silver impregnation �*O��
#��O#*!)��

#'()� Leptospires %��#�()�#�("� 	 

��
�N���!#�()�#�("� 	��)� 26 	����E��$N�����! Silver impregnation  �E�
#'()� Spirochaete -�

#�()�#�("� 	�&�	����E�� �	E Saadi et al. (1976) -'N��
�N���! Silver impregnation -���
	
�%��#'()� 

Spirochaetes -�#�()�#�("� 	�
#'()� Spirochates ��ME-� Renal  tubule �	E#�("��̂�#�()�#�("���#��O#*!)��

#'()�,$�-'N����
#*!)��#'()� EMJH  �*�
 �E�
��
#%
�Q���#'()� Leptospires �! Silver impregnation 

���%��%O-'N�N�� Leptospires �*N����-'N�N���! Spirocheates '��$�("�$N�� #'E� Borrelia spp. $��

��

�������� Dambach et al. (1997) �!"-'N Silver impregnation �N���!#�()�#�("� 	�!"#��$ Interstitial 

nephritis %����
	�$#'()� Borrelia burgdorferi  �
#'()� Borrelia spp. ��ME-� Urinary space �*O 

Tubular lumen ���#�()�#�("� 	 $����)���
-'N  Silver impregnation -���
	
�%��#'()� Leptospires �!

����%̂�#��O�N��%��	N��-'N��
#��O#*!)��#'()� Leptospires �*O MAT 
E��$N��#�("�������E��^�-�

��
����%r��,
� 
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��
������!)�
�E�,��!"#��$����
%&$��� �E $N�!�M���&N����	E�#'()� Leptospires #��� +
#'E�#$!����
��

�������� Uzal et al. (2002), Delbem et al. (2002)  Boqvist et al. (2003) 
�����
�E� 	�!"#��$����
%&$��� �E�!��������������
��
	
�%�
�M���&N����,
�	E�#'()� Leptospires �	E 
Martinez et al. (2006) �^�
�%�&�
�!" 	#��$����
%&$���%̂���� 14 	����E���
�E��&�
�!�M���&N����
,
�	E�#'()� L.bratislava %̂���� 10(71.4%) 	����E�� �*O#'()� �
�� PPV %̂���� 6(58.33%) 	����E�� 
�*O Drolet et al. (2002) 	
�%�
#'()� PPV -� 	�&�
�!"#��$����
%&$���,$����! PCR \�"���$�-�N
#�[��E���)�#'()� Leptospires �*O#'()� �
�� PPV �^�-�N 	#��$����
%&$���  

\!
�"��!"�!�M���&N����,
�	E�#'()� Leptospires �!"
O$�
 Titer �N����E� 1:100 -�Nt(��E�#+����	���!"
#�� $N
�
#'()� Leptospires (�&
���$�P, 2548) \�"�%����
������!)�
�E�\!
�"�,���)� 16 	����E���!"�!
�M���&N����,
�	E�#'()� Leptospires ��ME�!"
O$�
 Titer  1:50 �*O 1:100 ��$��E�,���)� 16 	����E��#��
 $N
�
#'()� Leptospires �*O�!,����#+�� + $N�E�����
%&$����!" 	#��$%��#'()� Leptospires �E����

����%r���E���	�� $N
�
#'()� Leptospires -�+]%%&
���
(� �E��)�-�N��%�
��%��
O$�
 Titer �����	���!"
#��"���)� (�&
���$�P, 2548) 

�M���&N����,
�	E�#'()� Leptospires #��$ Cross protection ���
O��E�� Serovar �*N����
����
t#��$ Cross protection ��
�M���&N����,
�	E�#'()� Spirochaete '��$�("� $N�!� \�"���$�*N����

��
��%����� Shin et al. (1993) �!"�
�E�\!
�"�����&����!"�!�M���&N����,
�	E�#'()� Leptospires ��)� 5 
Serovars �(� L.pomona, L.hardjo, L.canicola, L.icterohaemorrhagiae �*O L.grippotyphosa #��$ 
Cross-protection ��
\!
�"��!"�!�M���&N����,
�	E�#'()� Borrelia burgdorferi \�"�%�$��ME-� Family 
Spirochaete #$!����� 

��
#��O#*!)��#'()�%��	����E�� 	#��$����
%&$��� �E�
��
#%
�Q���#'()� Leptospires #���
 + \�"��!
������E���
#��O#*!)��#'()� Leptospires %�� 	�!"#��$����
%&$����*N� �E�
��
#%
�Q���
#'()� Leptospires �	E�
��
#%
�Q���#'()��
��!#
!�'��$�("� #'E� E.coli, Streptococcus spp., 
Stapphylococcus spp. �*O Conynebacteria spp. (Skilbeck et al., 1988; Scanziani et al., 1989; 
Uzal et al., 2002; Boqvist et al., 2003; Martinez et al., 2006) Prescott et al. (1987) �^�
�% 	 117 
	����E���
��
#%
�Q���#'()� L.borgpeterseni �*O L.kennewicki #�E���
 9.4% �*O 0.8% 	��*̂�$�
 
�*O Baker et al. (1989) �^�
�% 	 197 	����E�� �
��
#%
�Q���#'()� Leptospires 19.23% ��� 	�!"
#��$����
%&$���-��&�
��)���$ �	E��)� Baker et al. (1989) �*O Prescott et al. (1987) �[�
&+�E� 	�!"
#��$����
%&$��� �E $N�
��
#%
�Q���#'()� Leptospires #��� + 
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��
#��O#*!)��#'()�%��	����E��,��!"�!�M���&N����,
�	E�#'()� Leptospires 16 	����E�� �!��ME 1 
	����E���!"�
��
#%
�Q���#'()� Leptospires %��+]����O�*O#+��,��!"�!�M���&N����,
�	E�#'()� 
Leptospires %̂���� 5 Serovars +
O��
$N�� #'()� L.cynopteri  �*O  L.mini  �!"O$�
 Titer 1:50 �*O
#'()� L.ranarum, L.sejroe �*O L.hebdomadis  �!"
O$�
 Titer  1:100 \�"��!����#+�� + $N�E�#'()� 
Leptospires �!"#��O#*!)�� $N��% �E $N#+��#'()�'��$#$!�������
#'()� Leptospires �!"	
�%�
$N�����! 
MAT #��� +#'E�#$!����
 White et al . (1982) �!"
������E�,��!�M���&N����,
�	E�#'()� L.hardjo 
%̂���� 162 	����E�� �	E#�("��^� 	��� +#��O���#'()��
��
#%
�Q���#'()� L.hardjo, L.balcanica 
�*O L.pomona %̂���� 45, 3 �*O 3 	����E��	��*̂�$�
 \�"��!����#+�� + $N�E��M���&N����,
�	E�#'()� 
L.hardjo #��$ Cross-protection ��
 L.balcanica �* L.pomona  

��
������
�E���
#��O#*!)��#'()�%��	����E��,��!"�!�M���&N����,
�	E�#'()� Leptospires  16 
	����E�� �!��ME 15 	����E���!" �E�
��
#%
�Q���#'()� Leptospires \�"�#'()��!",� $N
�
 �E�!����
&��
�
����^�-�N Antibody ����
t�̂�*��#'()� Leptospires  $N%�� �E�
#'()� Leptospires %����
#��O#*!)�� 
\�"���$�*N����
��

�������� Johnson and Harris (1967) �!"�
�E� Antibody �̂�*��#'()� 
Leptospires �!" �E
&��
� $N
�$#
[���E�#'()� Leptospires �!"�!����
&��
� 

��
#��O#*!)��#'()� Leptospires %��\!
�"��!" �E�!�M���&N����,
�	E�#'()� Leptospires 10 	����E�� 
�!��ME 2 	����E���!"�
��
#%
�Q���#'()� Leptospires %��+]����O\�"���$�*N����
��
�������� 
Gregoire et al. (1987) �
��
#%
�Q���#'()� 35 	����E��%�� 	�!"#��$����
%&$��� \�"��!��ME 2 	����E��
�!"\!
�"�,� �E�!�M���&N����,
�	E�#'()� Leptospires �E�� Thiermann (1983) �
��
#%
�Q���#'()� 
Leptospires 13 	����E��\�"��!��ME 4 	����E���!"\!
�"�,� �E�!�M���&N����,
�	E�#'()� Leptospires �*O 
Miller et al. (1991) �
��
#%
�Q���#'()� Leptospires 88 	����E�� \�"��!��ME 3 	����E���!"\!
�"� �E�!
�M���&N����,
�	E�#'()� Leptospires \�"�%����
�������)���$�!)��$�-�N#�[��E�\!
�"�,��!" �E�!�M���&N����
,
�	E�#'()� Leptospires ��%%O�
��
#%
�Q���#'()� Leptospires  $N $����)�#'()��!"#��O#*!)�� $N%��
+]����O,��!)%̂�#+��	N���!��
�����	E� +�E�#+��#'()� Serovar -$ \�"���
	
�%%̂����'��$��� 
Serovar ���#'()��!" #��O��� $N ����
t	
�%��
 $N$N��+u���
�����
%�
�*&E���
 Antiserum 
��	
����!"%^�#��O��
 Serovar �	E*O'��$ �*O�(����,$����! Cross Agglutination Absorbtion Test 
(CAAT) �
(�	
�%��
$N�� Monoclonal antibody �!"%̂�#��O	E� Serovar �	E*O'��$ \�"�-�+
O#��
 ���!�t�
����%����������	
�����
��&� �*O�t�
���&������	����E�'�	��!"-'N#����� CAAT -�
	
�%%̂����'��$��� Serovar ���#'()��!"#��O��� $N �	E Antibody �!"-'N	
�%%̂������� �E�

�&� 
Serovar ��#�	&�!"����
t#��O#*!)��#'()� Leptospires  $N%��,��!" �E�!�M���&N����,
�	E�#'()� 
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Leptospires  $N��)� Steinan et al. (1992) 
������E�#'()� Leptospires ��ME-� Renal tubule \�"�#+��


�#���!"�M���&N����#�N� �Et�� 	E���
O$�
�M���&N����,
�	E�#'()� Leptospires *$*�%�-��!"�&$ �E�

�M���&N����#*��	E#'()������#��"�%̂���� $N-� Renal tubule  

,��!"�!�M���&N����,
�	E�#'()� Leptospires �!�E�#r*!"�+
����#�[$#*(�$�$� �*O+
����#�*[$
#*(�$ �E�	�	E��%��,��!" �E�!�M���&N����,
�	E�#'()� Leptospires (P=0.348 �*O P=0.159) \�"��	�	E��
%�� Keenan et al. (1978) �*O Yang et al. (2006) \�"�
������E���	��	�$#'()� Leptospires �!+
����
#�*[$#*(�$�N����E���	���!" �E	�$#'()� Leptospires #�("��%����)� Keenan et al. (1978) �*O Yang et al. 
(2006) �������	���!"	�$#'()� Leptospires -�
O�O��
	�$#'()��

#r!�
�*�� �	E��
������!)#+��
��
����� 	�!" #��$����
%&$���\�"���ME-�
O�O��
	�$#'()��

#
()�
��%�� �E�
�E�#��$���O 
Thrombocytopenia  �E���E� HCT, HGB, MCV, MCH, MCHC �*O RDW ��)�,��!"�!�M���&N����,
�
�*O �E�!�M���&N����,
�	E�#'()� Leptospires ��)� �E�	�	E����� \�"���$��E��E�#�[$#*(�$�$�$���*E����ME
-����O+�	� 

,��!"\!
�"��!�M���&N����,
�	E�#'()� Leptospires �!�E�#r*!"�%^����#�[$#*(�$��������E�,��!" �E
�!�M���&N����,
�	E�#'()� Leptospires (P=0.0125) ��E���!����^���Q����t�	� ��$�*N����

�������� 
Nally et al. (2004) �!"�
�E���M	O#���!"	�$#'()� Leptospires �!%̂����#�[$#*(�$��������E���M	O#��
�!" �E	�$#'()� Leptospires  

��
������!),��!"\!
�"��!�M���&N����	E�#'()� Leptospires �!�E� Neutrophil, Monocyte �*O 
Lymphocyte �M���E�+�	�\�"��	�	E��%��
�������� Keenan et al. (1978) �*O Nally et al.(2004) 
\�"��
�E���	���!"	�$#'()� Leptospires �!#�!��+
���� Monocyte #�E���)��!"�M���E�+�	� �	E
�������� 
Prescott et al. (2002) �
�E��&����!"	�$#'()� Leptospires �
��)�+
���� Neutrophil �*O Monocyte 
�M���E�+�	�  

��
�������)���$�!)�
�E� 	�!"#��$����
%&$��� �E $N#��$%��#'()�#*+,	� +,
\��#��� +
\�"���$�*N����
�����%����� Boqvist et al. (2003) �!"
������E� 	#��$����
%&$����
 Interstitial 
nephritis �*O��
#��$ Interstitial nephritis �!) �E $N#��$%��#'()� Leptospires #��� + �	E��%#��$%��
#'()��
��!#
!�'��$�("� ���%���!)����
�E�,��!�M���&N����,
�	E�#'()� Leptospires �!"�E�,
�-��� 
 $N��E L.sejroe, L.shermani, L.cynopteri �*O L.mini (���* �*O��O, 2549) $����)�%��%̂�#+��	N���!
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��
+��������
��
E�
O%�����#'()� Leptospire %��,����ME�� ��
r!$���\!�+������#'()� 
Leptospires -�N��
,�  �
(��*!�#*!"����
���L����
��
��$�*�"�%����	�� #'E� #*(�$ +]����O #+��	N� 
$N����
-�Et&��(� �*O
��#�N�
M�� �E��#�N��^����-�,
� È���	�� #+��	N�  

-� 	+�	��[����
#'()� Leptospires  $N#'E����\�"���%%O#��$%����	�� $N
�
#'()� Leptospires 
-�
O�O�
�s �
(���%#��$%����
�
N��#�
���ME����+�	���� 	%�� �E#�[�����������!" 	 ��)��!)
��
#��$����������!" 	��)���ME��
����
&��
����#'()� Leptospires 
O

�M���&N���������	���	E*O
'��$ �*O+
�������#'()��!"��	�� $N
�
 (���$� �*O��O, 2550)  

 
 
 



���$H#G�E�����H�G 

 ���$ 

1. ����
��� 	#�("����$N��	�#+*E��
%&$����!" 	�*N��^� +�������������������
 
Chronic   interstitial nephritis �&�	����E�� ���%���!)����
 Glomerular atrophy, Fibrosis 
�
 
Glomerulus �*O Renal tubular degeneration #�("��̂�#�()�#�("� 	��	
�%$N�����! Silver impregnation 
�*�
 �E�
#'()� Spirochaete ��ME-� 	�&�	����E��#*� 

2. ��
	
�%�M���&N����,
�	E�#'()� Leptospires %��\!
�"�,�-'N���! Microscopic agglutination 
test �
&+ $N�E�,��!"#��$����
%&$����
�M���&N����,
�	E�#'()� Leptospires 61.54 #+�
�#\[�	���� 	�!"
#��$����
%&$�����)���$ \�"���$�-�N#�[��E� 	�!"#��$����
%&$��� �E�
�M���&N����,
�	E�#'()� 
Leptospires #��� + %���̂���
�����	E� +$N����
#��O#*!)��#'()�\�"��
��
#%
�Q���#'()� 1 	����E��
%��+]����O,��!"�!�M���&N����,
�	E�#'()� Leptospires \�"��^�-�N��"�-%�����"���)��E�,��!" 	#��$����
%&$
���	���!)�!��#�	&��%��#'()� Leptospires �	E-���
��%���
�)��!)%̂�#+��%O	N���!��
�����	E� +�E��!
��#�	&�("��!��
(� �E�!"�̂�-�N 	#��$����
%&$���  

3. ��
	
�%�E�,*��	��������,��!"�!�M���&N����,
�	E�#'()� Leptospires �!+
����#�[$#*(�$
����M���E�,��!" �E�!�M���&N����,
�	E�#'()�  Leptospires \�" �+
O��
$N��  Monocytosis, 
Lymphocytosis �*O Neutrophilia 

 �E�����H�G 

1. ��
�̂���
�������#�	&���,
��("��!"�̂�-�N 	#��$����
%&$��� #'E� ,
� Brucellosis, 
Salmonellosis, Colibacillosis #+��	N� 

2. ��
�̂���
�������
�N���!#�()�#�("� 	$N�����!�("� #'E���
�N���! Immunohistochemistry 
#�("�#+����
�(�����E�#'()� Leptospires -�#�()�#�("� 	�*N��^�-�N 	#��$����
%&$���  

3. ��
�̂�%�$%̂����#'()��!" $N%����
#��O#*!)���E�#+��#'()� Leptospires �������&�-$ #�("�
#+
!�
#�!�
��
#'()� Leptospires �!" $N%����
	
�%$N�����! MAT �E�#'()��!" $N%����
#��O#*!)��#+��
#'()�'��$#$!�������
#'()��!"	
�%$N�����! MAT 
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�������I�H��� !"� Leptospires 

Order Spirochaetales 

Family                                       Spirochaetaceae                                                 Leptospiraceae 

Genus Spirochaeta Brachyspira Treponema Borrelia Brevinema Cristispira 

   Leptospira Leptonema Turneria 

 
            Base on serology Base on DNA-DNA hybridization 

   
 
Pathogenic 

L. interrogans 

L. borgpetersenii 

L. meyeri 

L. santarosai 

L. inadai 

L. noguchii 

L. weilii 

L. kirschneri 

L. fainei 

 
non-pathogenic 
L. biflexa 

L. wolbachii 

L. genomospecies 3 

 
 
 

Species 

Serogroup 

Serovar 

 
pathogenic  

L. interrogans 

25 
>250 

 
non-pathogenic  

L. biflexa 

4 
>60 

L. alexanderi 

(Leptospira genomospecies 2) 

Leptospira genomospecies 1 

Leptospira genomospecies 4 

Leptospira genomospecies 5 
�!"��: Bharti et al. (2003)  

 

B��C������ 1  ��$���
%^����#'()� Leptospires 



 

58 

�����C������ 1  ��$���
%^���� Serovar ����	E*O Species ���#'()� Leptospires 
 
Species Serogroup Serovar 
1.  L. interrogans Australis aystralis, Bangkok, Bratislava, Fugis, 

Hawaian, Jalna, Lora, Muenchen, Wewak 
 Autumnalis austumnalis, Bankinang, Bulgarica, Carlos, 

Mooris, rachmati,weerasinghe 
 Bataviae bataviae, losbanos, paidjan, 21-74, 26-73 

 Canicola benjamini, bindjei, broomi, canicola, dukou, 
jonsis, kuwait, Portlandvere, Qunjian, 
Schueffneri, Sumneri 

 Djasiman djasiman, Gurungi, Sentot 

 Grippotyphosa gippotyphosa, liangguang, muelleri, valbuzzi, 
dadas 

 Hebdomadis hebdomadis, Kremastos 

 Hurstbridge hurstbridge 

 Icterohaemor- 
rhagiae 

birkini, budapest, copenhageni, gem, honghe, 
icterohaemorrhagiae, lai, mankarso, 
monymusk, mwogolo, naam, nanxi, smithi, 
82224 

 Louisiana louisiana, lanka 

 Mini szwajizak 

 Panama mangus 

 Pomona pomona 

 Pyrogenes abramis, biggis, camlo, guaratuba, manilae, 
robinsoni, zanoni, Pyrogenes 

 Ranarum evansi 

 Sarmin waskurin 

 Sejroe geyaweera, haemolytica, hardjo, jin, 
medanensis, recreo, ricardi, romanica, wolfii, 
unipertama 



 

59 

	�
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Species Serogroup Serovar 
1. L. interrogans (789) New AGC 
2. L. weilii  Celledoni celledoni, hainan, mengdeng 
 Hebdomadis longman 
 Javanica mengrun, mengma, coxi 
 Manhao qingshui 
 Mini hekou 
 Pyrogenes menglian 
 Sarmin sarmin 
 Sejroe unipertama 
 Tarassovi langati, mogdeni, vughia 
3 L.  inadai Canicola malaya 
 Icterohaemor-

rhagiae 
icterohaemorrhagiae 

 javanica 27-75 
 Lyme lyme 
 Manhoa lichuan, lincang 
 Panama mangus 
 Shermani aguaruna 
 Tarassovi kaup 
 New biflexa 
4 L. santarosai Autumnalis alice 
 Ballum peru 
 Bataviae balboa, bataviae, brasiliensis, kobbe, rioja 
 Cynopteri naparuca, tingomaria 
 Grippotyphosa bananal, canalzonae 
 Hebdomadis abrahamson, boroncana, figeiro, goiano, 

kremastos, maru, sanmartini, 87-029496 
 Javanica fluminense, may, vargonicas 
 Mini beye, georgia, ruparupae, szwajizak, tabaquite 
 Pomona dania, tropica 
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	�
��L����!" 1 (	E�) 
Species Serogroup Serovar 
4.  L. santarosai (	E�) Pyrogenes alexi, bagua, cenepa, princestown, pyrogenes, 

varela 
 Sarmin machiguenga, rio, weaveri 
 Sejroe caribe, gorgas, guaricura, trinidad, X 47 
 Shermani babudieri, luis, shermani 
 Tarassovi aguatica, atchafalaya, atlantae, bakeri, bravo, 

chagres, darien, gatuni, navet, rama, sulzerae 
 New bananal, peru, wawain 
5 L. meyeri Javanica sofia 
 Mini perameles 
 Sejroe ranarum, hardjo 
 Semaranga semaranga 
6 L. noguchii Australis bajan, barbudensis</B, nicaragua, peruviana, 

rushan  
 Autumnalis fortbragg 
 Bataviae argentiniensis, claytoni 
 Djasiman huallaga 
 Louisiana louisiana, orleans 
 Mini beye 
 Panama cristobali, panama 
 Pomona pomona, proechimys 
 Pyrogenes myocastoris 
 Shermani carimagua 
 Tarassovi bac 1376 
 New 83-015437, 84-011370 
7 L. borgpetersenii Australis pina 
 Autumnalis srebarna 
 Ballum arborea, ballum, guangdong, castellonis, 

kenya, soccoestomes 
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	�
��L����!" 1 (	E�) 
Species Serogroup Serovar 
7.   L. borgpetersenii Bataviae moldaviae 
 Celledoni anhoa, whitcombi 
 Hebdomadis jules, nona, worsfoldi 
 Javanica ceylonica, dehong, harbola, javanica, menoni, 

poi, serex jalna, yaan, zhenkang, 52-73 
 Mini mini 
 Pyrogenes hamptoni, kwale 
 Sejroe balcanica, balcanica, dikkeni, hardjo, istrica, 

nero,polonica, sejroe 
 Tarassovi  gengma, guidae, kanana, kisuba, 

tarassovi,tunis, yunxian 
8.  L. kirschneri Australis ramisi, bim, bulgarica, butembo, 

erinaceiauriti, lambwe, mujunkumi 
 Bataviae djatzi, bafani 
 Canicola bjani, galtoni,kamituga, sumneri 
 Cynopteri cynopteri 
 Djasiman agogo, vanderhoedeni,  
 Grippotyphosa grippotyphosa, ratnapura, 

vanderhoedeni,valbuzzi 
 Hebdomadis kambale, kabura 
 Icterohaemor-

rhagiae 
mwogolo, ndahambukuje, ndambari, bogvere, 
dakota 

 Pomona kunming, mozdok,tsaratsovo 
9 L. fainei Hurstbridge Hurstbridge 

Manhao Manhao 3 10   L. alexanderi  

 Leptospira genomospecies 2 Hebdomadis manzhuang, nanding 
 Javanica mengla 
 Manhao lushui, manhao 3 
 Mini yunnan 
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	�
��L����!" 1 (	E�) 
Species Serogroup Serovar 
11.Leptospira genomospecies 1 Ranarum pingchang 

 New sichuan 
12.Leptospira genomospecies 3 New holland 
13.Leptospira genomospecies 4 Icterohaemoly -

ticus 
hualin 

14.Leptospira genomospecies 5 Semaranga saopaulo 
15.L. biflexa Andamana andamana 
 Semaranga patoc 
16.L. wolbachii Codice codice 
 New gent 
17.L.pavar   
�!"��: Levett (2001) 
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Adhesive 
��������� Mayer|s egg albumin 

   �E���      50  ��**�*�	
 
  Glycerin     50  ��**�*�	
 
  Thymol      2-3  #�
[$ 
 
 ��
L�� �E����*O Glycerin #�N�$N�����-���	
��E�� 1:1 �*N���%� �E���*����)� �̂� +
�
��$N���
O$���
��'��$���
 �
(�LN����
��\N������*��s'�)� -�E Thymol 2-3 #�
[$ #�("����
#'()�
� #�("�#	
!��#�
[%-'N $N#*��*O��
#�[

������
#�[
-�	MN#�[� 

 

Fixative 

  10 % Neutral buffer formalin 

  37-40% formaldehyde                    100  ml. 
  distilled water                                  900  ml. 
  sodium phosphate monobasic (Na2H2PO4)  4  gm. 
  sodium phosphate dibasic, anhydrous( Na2HPO4) 6.5  gm. 
 

�M	
����)^ ����������!" #+���!"������
E�*��-��N��+u�
�	���
,$���"� + $N��E 
��
*O*�� 10 % Neutral buffer formalin 
O�O#�*�-���
������ 24 '�"�,���
(�tN������E���)��[
 $N �	E��%#��$#�[$�!�����
���*�� (formalin pigment) #+��	O����!�)^�	�*	��N��-�#�()�#�("� 
 
������������E�� Harris|s Hematoxylin & Eosin (Luna, 1968) 

      Harris hematoxylin 

                   hematoxylin   crystals                           5  gm. 
                   absolute ethyl alcohol                            50              ml. 
                   Ammonium alum �
(� potassium           100            gm. 
                   Mercuric oxide (red)                                2.5            gm. 
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                   �)^��*�"�                                                    1,000         ml. 
                     Glacial acetic acid                                    2-4             ml.  
 

	N��)^��*�"�-�N#$(�$�*N�#	�� Ammonium alum ��-�N*O*�� *O*��L� haematoxylin -� 
absolute alcohol �*N�#	��*�-���
*O*���!"#$(�$�*N�,$������%������
N�� L����
*O*����)�
���#�N�$N����� �*��%����)� ����)�	�)�
�#	� 	N�+
O��� 1 ���! -'N��E���N� ��	*�$#�*� �*N���
*� �E��s#	�� mercuric oxide (�!�$�) *�'N�s ��-�N��
*O*��#�N���� %O	N����%��
O��"�����!"*��
��ME
�L����N���
*O*����� + �*N����*�
 +	�)�
�#	�-��E %��
O��"�#$(�$  �*��#+���!�E��#�N� 
��*�%��#	� �*N��'E*�-���'�O�!"�!�)^�#�[��*E�%�#�[� �
N���^� +-'N  �E��-'N#	�� Glacial acetic 
acid 2-4 ��**�*�	
/100 ��**�*�	
�����
*O*�� �E��-'N	N���
���!�E�� �*O�!��
#�[
 �N-���$�!
�)^�	�*  

 
Eosin solution 

1 % stock alcoholic Eosin 
                            Eosin Y (water soluble)                    1     gm. 

                                 �)^��*�"�                                              20    ml. 
*O*��#�N�$N����� �*N�%��#	�� 95 %Ethyl alcohol   80   ml. 

 
Working solution 

                                 Stock Eosin solution                           1  �E�� 
                                 Ethyl alcohol   80%                            3  �E�� 
              �E��-'N���#	�� Glacial acetic acid 0.5 ml.	E� 100 ml. ����!�!"#	
!�� 
 

Saturated lithium carbonate (Li2CO3 ) 
                                 �)^��*�"�                                            100    ml. 
       Lithium carbonate          1     gm. 
            Lithium carbonate -�E*�-��)^��*�"�%��
O��"� lithium carbonate  �E*O*��-��)^��*�"��*N� 

  
Acid alcohol 

��*����*� 95%    500   ml. 
Hydrochloric acid #�N��N�  5   ml.  
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   Ammonium water 
�)^�+
O+�    1000   ml. 
28% Ammonium hydroxide   2-3   ml. 

 
��������E����  Harris Hematoxylin & Eosin 

1. �^� paraffin section  + deparaffinized -� Xylene I �*O Xylene II ��E��*O 5 ���!�*O 
hydration -�  ethyl  alcohol �!"�!����#�N��N�	E��s %�t���)^��*�"� ��
-'N���+
O%^�����^��
�
��

�N���! #�("��N��+
O��� 180 �LE�� *$� ��
%O#+*!"��'&$��
�N��-��E (Prophet, 1994) 

2. �'E-� Harrisqs  hematoxylin 5-8 ���! (��
	
�%��
�!$M $N%���E����
�
��#�("�-'N���
%O���#�	�!%O��)����#+���!#�*(�
 ��$��E��!�������
t-'N��� $N) 

3. running water %� �E�!�!�)^�#��� +�*O*��-��)^� ���  1-2 ���! 
4. %&E�-� 1 %  acid alcohol ,$�%&E� 1-2  �
�)�#
[�s 
5. running water ���  1 ���! 
6. %&E�-� Ammonia water 1 ���!  (�
�!��
	�$�! Hematoxylin \!$��%%O#��"�#�*�	
��E���!) 

#�("�-�N�!#�N���)� $N) 
7. running water ��� 1 ���!  
8. �'E-� Eosin solution  2 ���! 
9. Dehydration (#
�"�%�� 70% ��*����*� ,$���
%&E���E���"��
(�����
�)� �E�� 95% 

��*����*� �*O ��
,\*M���*����*� �'E 2 ���!	�����!��
)  �*O clearing -�  Xylene 
10. mount $N�� Permount® (�E����
-'N��� permount®��
#	��  Xylene #�("� �E-�N��($

%�#��� +) ��
 mount � *$� ��
#'[$�)^���
�
s�LE�� *$�����*O��$ Permount *�$N���N��
���#�()�#�("� �E��s����LE��
O%�+�$� *$� #�!���^��&� 45 ���� �E��s�$�
O%�*�#�("�#+����
 *E
����������� +$N�� %����)��̂������O��$
�
s �LE�� *$�$N�� Xylene �*O�̂� +���
� 
Slide wormer #�("�-�N��N��*O *E�����������$N��L*�����
�N���! 

���#�*!�� 	�$�!�)^�#����E�� 
 \,	�*��\�� 	�$�!'��M �$� 
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����E���� Spirochaete �E������ Silver Impregnation 
 

������� 
 

1. Buffer solution 
A) Sodium acetate solution 

 Sodium acetate   16.4 �
��  
�)^��*�"�    1 *�	
 
 

B) Acetic acid 
  Glacial acetic acid    11.8 �*.  
  #	���)^��*�"�-�N��
*O*�� $N+
����  1 *�	
 
 

C) #	
!����
*O*�� Buffer Solution pH 3.6  
 Sodium acetate solution   1.5 �*.  
Acetic acid     18.5 �*.  
#	���)^��*�"�     480 �*. 

 
2. Developer solution 
 

0.15% Hydroquinone solution 
Hydroquinone    0.15 g 
Buffer solution   100 ml 
 

5% Gelatin solution 
Gelatin    10 g 
Buffer solution   200 ml 
 

2% Silver nitrate 
Silver nitrate   2 g 
Buffer solution   100 ml 
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��������E���� Warthin-Starry 
1) *N����
�������%��#�()�#�("�,$���
%&E�-� Xylene �*N� Hydration $N�� 100%Alcohol, 

95%Alcohol, 70%Alcohol �*O*N��$N���)^�+
O+� 	��*̂�$�
 
2) �'E#�()�#�("�*�-� 1%Silver nitate �!"�&���M�� 55-60 ����#\*#\!����� 1 '�"�,�� 
O��E��

��)�-�N#	
!�� Developer solution  
3) �'E#�()�#�("�*�-� Developer solution �!"�&���M�� 55 ����#\*#\!��%��
O��"�#�()�#�("�

#+*!"��#+���!�)^�	�*��� 
4) *N��#�()�#�("�$N���)^��!"�!�&���M�� 55-60 ����#\*#\!�� ��� 2-3 ���! �*N��'E*�-� Buffer 

solution  
5) �^�#�()�#�("��� Dehydrate, Clearing �*O Mount 

 

C#�������E����  

Spirochaete 	�$�!$̂�  
#�()�#�("�,$���"� +	�$�!�)^�	�*#�*(�� 
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�����������<�����G�#�"��� !"� EMJH (Ellinghausen and McCullough, Modified by  Johnson 

and Harris) 

 

EMJH #+������
#r��O�!"#���O��-���
#��O#*!)���*O���#'()� Leptospires  ��N%O�!
��)�	���*O���!��
#	
!���!"\�
\N��  �&E���� �	E��
#	
!���	E*O�
�)�#
�����
t#	
!�� �N-'N $N-�
+
�������s �*O����
t#�[
 �N-'N-��&���M�� 4 ����#\*#\!�� $N#+��#�*���� �^��
�
����
�!"
�*E��-��!"�!) #+������
�!"#	
!����)�#��	�����!��
����N��+u�
�	���
����N��+u�
�	���
�N����� 
+
O#��#�#��
��*�$� 

 
��
#��! :  

Na2HPO4      KH2PO4 
NaCl      NH4Cl 
Thiamine B1     Glycerol 
Bovine Serum Albumin Fraction V   CaCl2.2H2O 
MgCl2.6H2O     FeSO4.7H2O 
CuSO4.5H2O      
ZnSO4.7H2O 
Vitamin B12 (cyanocobalamine)    
Tween 80 
Na-pyruvate 

 

��������� Stock Solution 

Albumin fatty acid supplement stock solution 
Reagents Grams per 100 ml distilled water Storage 

CaCl2.2H2O+MgCl2.6H2O 
ZnSO4.7H2O 
CuSO4.7H2O 
Vitamin B12 
Tween 80 

1.0(each) 
0.4 
0.3 
0.02 
10 

-20°C 
-20°C 
-4°C 
-20°C 
-20°C 
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Basal medium stock solution 
Reagents Grams per 100 ml distilled water Storage 

NH4Cl 
Thiamine 

Na-pyruvate 
Glycerol 

25.0 
0.5 
10.0 
10.0 

-20°C 
-20°C 
-20°C 
-20°C 

����#�	&: ��
*O*���N��
� �E	N��+
�
 pH 
 

1. ���������� Albumin fatty acid supplement 
• *O*�� Bovine serum albumin fraction V 10 �
��-��)^��*�"� 50 �*. ,$�-'N Magnetic 

stirrer ��������E��-�N#��$�������� -���O#$!������E��s#	�� Stock solutions 
	E� +�!) 
CaCl2.2H2O+MgCl2.6H2O  1.5  �*. 
ZnSO4.7H2O    1 �*. 
CuSo4.5H2O    0.1 �*. 
FeSO4.7H2O    0.05 �*. 
Vitamin B 12    1 �*. 
Tween 80    12.5 �*. 

• +
�
 pH #+�� 7.4 $N�� 1 N NaOH #	���)^��*�"�%��

 100 �*. 
• �^�-�N+
��%��#'()�,$���
�
�� 

 
2. ���������� Basal medium 

• #	
!���)^��*�"� 996 �*.#	����
$��	E� +�!) 
Na2HPO4   1.0  �
�� 
KH2PO4   0.3 �
�� 
NaCl   1.0 �
�� 

• �*��%���!"#�*(�	E��s*O*�� #	�� Stock solutions 	E� +�!) 
NH4Cl   1.0 �*. 
Thiamine   1.0 �*. 
Na-pyruvate   1.0 �*. 
Glycerol   1.0 �*. 
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• +
�
 pH #+�� 7.4 
• �^�-�N+
��%��#'()� ,$� autoclave �!" 121 ����#\*#\!�� 20 ���! 
 

�����������<�� EMJH  ����<#� (Liquid medium) 

• L�� Albumin fatty acid supplement (A) 1 �E�� -� Basal medium 9 �E�� #'E�Albumin 
fatty acid acid supplement 100 �*. -� Basal medium 900 �*. 

• #��E�#
�s-�N��
*O*��#+��#�()�#$!����� �
E�-�E�*�$#��O#*!)��#'()��*�$*O 5 �*.  
• #�("�-�E#'()��*N��^� +#��O�!"�&���M�� 30 ����#\*#\!�� 
 

�����������<�� EMJH  ��������<#� (Semisolid medium) 

• #	�� agar 2.0 �
��*�-� basal medium (B) 900 �*. 
• 	N�%� Agar *O*�� 
• �^�-�N+
��%��#'()� ,$� Autoclave �!" 121 ����#\*#\!�� 20 ���! 
• �&E�-�N water bath �!" 50 ����#\*#\!�� #	�� Albumin fatty acid supplement (A) �!"�&E� �N

�E���*N��!" 50 ����#\*#\!��*� + 100 �*. 
• #��E�#
�s-�N��
*O*��#+��#�()�#$!����� �
E�-�E�*�$#��O#'()��*�$*O 5 �*. 
• #�("�-�E#'()��*N��^� +
E��!"�&���M�� 30 ����#\*#\!�� 
 

�����������<�� Selective medium �^��
�
#��O���#'()�%��	����E���!"��%�!��
+�#+���� ,$���

#	�� 5-fluorouracil (5-FU) 100 mg/ml.  
 
��������� Stock solution 5 FU: 

• -�E 5-FU 1.0 �
��*�-� �)^��*�"� 50 �*. 
• #	�� 2N NaOH *� + 1.0-2.0 �*. 
• ���*�
� Hot plate -�N����
N��#*[��N��#�("�'E����
*O*����� 5-FU 
• +
�
 pH #+�� 7.6 �*O+
�
+
���	
#+�� 100 �*. $N���)^��*�"� 
• �^�-�N+
��%��#'()�$N����
�
��LE���LE��
�����$ 0.45  ��
�� 
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���������� Selective medium ����
t#	
!�� $N 2 ���! �(� 

• #	�� Stock solution 5-FU 0.1 �*. -�����
 10 �*.%O $N����#�N��&$�N����� 5 FU #�E���
 
100  �,�
�
�� / �*. �
(� 

• #	�� Stock solution 5-FU 20 �*. �!"��� �E $NLE����
�
�� *�-� Albumin fatty acid 
supplement (A) �E����
�^�-�N+
��%��#'()� 



 

72 

�����C������ 2  �E��N�����+�	����#�[$#*(�$�$��*O#�*[$#*(�$���,� 
 

�E�#*(�$ ����� �E�#r*!"� 
Hematocrit (%) 
Hemoglobim (g/dl) 
RBC (x106/ml) 
MCV (fl) 
MCHC (g/dl) 
MCH (pg) 
#�*[$#*(�$ (x103/ml) 

24 � 46 
8 � 15 

5.0 � 10.0 
40 � 60 
30 � 36 

13.7 � 18.2 
100 - 800 

35 
11.0 
7.0 
52.0 
33.0 
14.0 
500 

�!"��: #r*!�� (2540) 
 
�����C������ 3  �E�#�[$#*(�$������,� 
 

%^����#�[$#*(�$���/ml #+�
�#\[�	�#�[$#*(�$��� 
�E�#�[$#*(�$��� 

����� �E�#r*!"� 
 

����� �E�#r*!"� 
Leukocyte 
Neutrophil (band) 
Neutrophil (segmenter) 
Lymphocyte 
Monocyte 
Eosinophil 
Basophil 

4,000 � 12,000 
0 � 120 

600 � 4,000 
2,500 � 7,500 
25 � 850 
0 � 2,400 
0 - 200 

8,000 
20 

2,000 
4,500 
400 
700 
50 

  
0 � 2 
15 � 45 
45 � 75 
2 � 7 
0 � 20 
0 - 2 

 
0.5 
28 
58 
4 
9 
0.5 

�!"��: #r*!�� (2540) 
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$�G�������
���� H#G����I���� 

 
'("� ������&* ������$��
&E� ��*��E�� 
��� #$(�� +{ �!"#��$ ����!" 16 �&�������� 2523 
�t���!"#��$  #�'

&
! 
+
O��	���
����� ��������	

����	 ('!������)  

��������*��#��	
���	
� +{ 2545 
	̂����E���N��!"��
���+]%%&
�� ��%�
�� 
�t���!"�^����+]%%&
�� ��O��	����	
��*O#��,�,*�!��
#��	
 ��������*��

��*+��
 �����#�	��
��#��#�'

&
! �.'O�̂� %.#�'

&
! 
L*���$!#$E��*O
����*�����'���
  - 
�&���
������!" $N
�
 �&����
��&��&���������%��
O$�

����	����� #�("���
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