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��������	
��
��������� � �� � �� � � � �� �

�  ! "# �����
�$ % & ' % ( � � � ) �* + , % - . /� �012

3�4 5 �6 � �7 � 8 9 * : �; <= > ? @ A �> 4 B C D E * F G �� H �

����I J K L M N 0�O P Q * R S T U�I V W X Y Z S [ \(microscopic 

agglutination test, MAT)�% ] S ^ _ ` a bM
c d ^ _ e f S [ \(enzyme-linked 

immunosorbent assay, ELISA)�gh R i T Uj k L l m A 01n o p q r s �t u

P Q 
\real-time PCR v wx m y * D E ! �����
�. �916 z R �s { # 3

| R S ! ������. �4 } 7 ~ � � H � � � � � � � � � � \(nested-PCR)�

� � � � �������* � $ �� � � $ �� � �% � � � � ����� * � � �

� } 16S � � �� � � � � 4  ¡ ¢ � ] S ! ������ £ 0¤ ¥ ¦ 933 § B C

R �s � � ! # 167 § ¨ # � �© �����\DNA0gh R S ! ª * \DNA�« Q

� 4 �   7 �¬ ­ ® NBCI ¯ ° ± ² ³ �9 ´ 1µ ¶ · ¸ ¹ º » * � £ 5 \L. 

borgpetersenii� L. interrogans ¼\L. myeri�/12 3½ > ¾ * \L. noguchii ¼ L. 

santarosai ¿ J K 1À Á Â Ã 9 ´ �À Á Ä 1gh B C R �s 9 ´ © Å # Æ Ç » È w

¨ �t » * Ébiflexa"� � Ê ËÀ Á Ì � # * � � � Í � � � * Î Ï � � � � Ð � Ñ

 �Ò º � Ó Ô Õ Ö × \(phylogenic analysis)�W ´ # Ø £ � 4 Ù Ú 0gh � � � �

� � Í � � � Û Ü » * ��Ý ´ ! � Þ 9 ß �à � » � Þ á �� �» â ã Þ á % ä

å æ ç �t ��è � �0À Á * o p W ´ �������é 5 > ¾ * ������

��4 } À Á ê � ë ì �í î ï * D E ¼R i ð ñ �H ò ó D E } �ô L õ ö * �

��04 } �÷ x ø ù ú û Ñ ������* D E ü� � �ë ý ø þ � * ¯ ° ± �

Ì # ó � k ª 1B C % ä � � 5 � _ � | � � � 3������ � � 	 � 
 
 � �

H � © 
 � � � å � � Â � * ¤ * 0 
 

s � � � � : ���������������� � � � � � � � � �
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� ���� ���� ���� ��� 

 

Leptospirosis is a common zoonosis acquired by exposure to body fluids of infected 

animals, or to contaminated soil or water. Leptospirosis remains under-reported in Taiwan 

because of ignorance and the broad spectrum of clinical manifestations. Tests such as the 

microscopic agglutination test (MAT) or the enzyme-linked immunosorbent assay (ELISA) 

for detection of immunoglobulin M are commonly used but have not been standardized. The 

16s rDNA gene sequences have been shown to separate Leptospira sp. We can not readily 

detect Leptospiral pathogen by real-time polymerase chain reaction (rt-PCR). In the present 

study, we report the use of nested-PCR in the identification of leptospires directly from urine, 

CSF, serum or whole blood of leptospirosis-suspected patients. Out of 933 clinical samples, 

167 leptospirosis cases were identified. DNA sequencing was performed of PCR products and 

then submitted for analysis using NCBI database. The prevalently endemic strains are L. 

borgpetersenii, L. interrogans, and L. myeri. The number of L. noguchii and L. santarosai, the 

most popular strain in Taiwan, are few in our clinical samples. We also found the sarprophytic 

“biflexa” group in clinical samples. These PCR-positive patients presented conjunctival 

suffusion, aseptic meningitis, infective endocarditis, adrenal insufficiency, and/or 

co-infections with other pathogens. We sequenced all PCR products and performed the 

phylogenic analysis, showing that there are three different genetic clusters. Our studies 

highlight under-recognition of the involvement of severe clinical symptoms with leptospirosis 

and underdiagnosis of leptospirosis in a region of high endemicity. Thus an appropriate 

surveillance and control measures need to be established. 

 

 

 

Key words: Leptospirosis, zoonosis, nested PCR  
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��� � �� �� �� �  

�����; �� ����� �  (genus Leptospira ) s ¨ � �» ����Ó � 8

� * � » 9 � » : �0�����* B C Ý � ? 5 = � � » �  ? à ! W * B C ;

<�� ¦ " » * 9 # © $ x � % * ? & ' ( ) * ─ + , �- ) * �. ! � / $ ¾  (Bharti 

et al., 2003)0 � 0 1 ! = � 2 » * , 3 á ¼ � » 4 5 á 1�����; �é 6 ¾ * ;

< (Monno and Mizushima, 1993)0 7 8 �(Scrub typhus)12 3� � ��  Orientia 

tsutsugamashi � H � 
· T » ������� (Chi et al., 1997; Tsay and Chang, 

1998)0/ 7 8 �¼�����* � 9 � �¿ 12003 � : � ; L 9 ´  (Wang et al., 

2003)0Å < � 0 
 = I 1 ! 1 > < ? � 7 @ $ 9 ´ A # ������ 7 8 �¼6 B

C 
 D � � � (Lu and Tseng, 2005)0 E & 
�? ���; * % F G $ x A H � 22%�

I /ø & � * J K �n : �1 L 9 s * M N O � & � : �È �1B C ¬ * D ! G P

w H  (Bharti et al., 2003; Levett, 2001)Ë/4 Q R ¨ 	 S » �H T � » ü U V * W i X

R S T Uy D ������Y 1D E ü � Z W [ w \ 0Ä 4 5 n : �1B C ; <* ?

] » ü³ n : �* û Ñ w? � Y 12 3* B C = I M N @ w? 0 

�����	
��^ · �1 � _ · ¸ * � A ² ` _ · ¸ * �# ½ H * $ x » a

} �t * � ��È �w b 1 L 9 s % �¢ L 9 * M N } � c A } �t * d 10n �*

9 Ç G 4 ³ } �* w e f ü Q R # g * R ! T U/L õ ö 01µ ¶ ³ � �����;

* o p �J & � * �w � �4 5 n � h µ ¶ 
· T » : ��� 1 i j k � Â Ã l � @

# m n z �����; * = I 9 Ç Ëgh �� c $ ¾ © � Þ o � �à � » � Þ á �p

- ; q Ù � � » r e s t ;  (ARDS) ü u v ! � 
 E & 9 � ; <ËÄ 4 5 n : �1

B C ; <* ? ] » �Y 1: �* w x ? A L y D 5 à � » � Þ á �¹ º » � z �p�

% à �4 » * 9 � { �Y ³ n : �* y D w � � | B C ; <* } E �W i X R i @ 5

� & � * 
 � ~ � 0 

B C ¬ ³ � �����* y D ê � � W i X * R S 0¦ � 1954 � ������ �

� t * Y � e f UÖ 6 ! m £ � � Ê  (Wolff, 1954) 
7 m £ * R S T UV W X Y ü

U (MAT) üc d � � ^ _ e f U (ELISA) Î ] S ^ _ ` a bM─IgM * � 1 � 	 S

* � Q 1 W i X * R S  (Pappas et al., 1985; Winslow et al., 1997)0 O I c d � � ^ _
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e f U (ELISA) � P Q * � t ¨ H � � � » È � P � # � �* l m ËÈ ´ d ³ � ��

���* Ö 6 � � � w�J � � �� �� � � � � * � A � � 0� B C Ö � © * � Ó

� P 1 � � * � z � � � �æ � � � � � � � � � # � @ w � � 0/´ 1 � � � e *

Ö Ç � � wÈ $ H Ñ � } J K Ä $ H ¸ Ö � � * Ý ´ Ê ËÅ < \DNA-DNA * � � �

� Ä $ H � ó ¸ Ö � � 200 ? £ wè � Ê Ê 
�����* � Ó  (Perolat et al., 1998; 

Ramadass et al., 1992; Yasuda, 1987)0/   ¡ * � 0 @ 1 ! 16S rDNA* � 4 �   @ $

H ¸ Ö ! wè * �����
� Ó  (Hookey et al., 1993; Perolat et al., 1998) and 

serovars (Postic et al., 2000)04 } � � � Í � � � ─Polymerase chain reaction (PCR)1

�����; * ¢ x D E ü� � Ê * Ö 6 ¬ ��  « ' 0 

  ¡ � 4 & & � � * � £ �¤ ¥ n ��§ U V � T � � H * D E 	 ¨ 0/� � �

Í � � � ─Polymerase chain reaction (PCR) * � Q 1� ¦ § % � ¨ H Ö � � � 
�t

�� 8 � * : � © ª © & �  (Eisenstein, 1990)04 5 « Q � � � Í � � � ─Polymerase 

chain reaction (PCR) * � � � � K ª * B C R �s Ä $ H U V � � � » * « ¬ ! ��

���* 0/� � �\RNA─rRNA1 � � �s ¨ H � ­ � » \(Woese, 1987)0® Ö � �

�\RNA─rRNA * �  ¢ L  ª * Ö × o p æ ¼� ¯ � � ° ¬ * � ± (Woese et al., 

1985)�4 æ $ � ó � Ö � � * Ö 6 � ² ³ n �* �t �  (Paster et al., 1991)0gh ¯

° Ä $ H J m y * ¸ Ö �����* \rrs (16S) � 4 * � ¯ � | ´  (Fukunaga et al., 

1990)0 Merien { � (Merien et al., 1992) µ � 9 Ý $ H « Q « ¬ ! �����* \rrs 

(16S) � 4 ª ¸ Ö wè £ * �����05 û � ¶ g6 Ê * PCR� · $ H � 5 ¢ x D

E ¸ ¸ : �* 	 ¨ �À Á P Q ¸ T U5 � � * R S 	 ¨ ³ � � # �����; <* �

� ¹ @ / º * @ n � º R S 0 
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Á Â ü� Ã ¾ Ä Å ÆÇ
� È � � 9 H � É Ê � Ë ; <ä Ì\

\

\

\

\

\

\

 

ê ¹ � � ¡ R �Ì 
1. � � Í ß Î Ï �ÐÑ5ml�2. Ò � � X S ����� � » x IgG�IgM�Ó G > R Ô 0 
3."Sodium Citrate� � 2Ð(^5 ml)\\
4.1ÐÒ � � X � � �����Ë1ÐÒ � Õ X � º ������ � « ¬ Nested PCR0 
� $ 20ml� Ò � � X � � ������ Ó G > R Ô 0 
� � Í ß Î Ï �ÐÑ5ml�Ò � Õ X S 7 8 ��· T » Ö × Ø Ù üQ� 
IgG�IgM0 
� � ÍÚ Î Ï �ÐÑ5ml�Ò � Õ X S 7 8 ��· T » Ö × Ø Ù üQ� 
PCRå �.
� � � 0 
5. � � 7 8 �������% Û ç � Õ ä Ü S PT�aPTT�INR�Bil (T/D)�CRP�
Na�K�Cl�Ca�Mg�CBC/DC�GOT/GPT�LDH�CK�CK-MB�amylase�lipase�
BUN/Cr�Ý blood culture�urine culture�CXR�6.w7. Þ > 
� � ß � x à á Í ® K
� â ã � ; Ñ 
8. A D � � ä Â å �\
9. E & � È ü æ � 7 8 �% �����
 È ä u ç è crystal- penicillin 3MU q6h ü

levofloxacin 500mg IVD qd 
10. # ß × % eschar Ü A D é ê ä ë é ê ì í  
11.� î � ï ð � å Í2277�2278Ñë U� ���ü; q Ù �M  
12. ß 1 ñ ® Ø â ã 7 S ò ó x � �  
13. ô õ N � è ö ÷  

� � � �� � � �� � � �� � � �  

� � � � � �  

� � �  

	 �  

� 
  

� � � � �� � � � �� � � � �� � � � �  

� � 
 � � � 	 �  

� � � �  

� � � � � � �  

	 
	 
	 
	 
  

� � � � � �  

� ! � " # $

� � � �� � � �� � � �� � � �  

% & ' (  

) * + , -  

� � . / 0 1 2 3  


 �
 �
 �
 �  

� � 4 5 6 7  
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� � � � � � �� � � � � � �� � � � � � �� � � � � � � ��������

��� $ R �Ø ø % � � â ù ú � � 
� $ R � 50µL £ ú EMJH � � $ s �1
30û� � ü s � � �lýþ�!1ÓG>WX� � � � �� � � � 
!´ ü �
�0 

������� !������� !������� !������� ! Nested PCR  Merien et al., 1992! 

1. R � £ 6 Ì" Sodium Citrate � Y � *� � �� $ �& '  
2. R � DNA* � �Ì 	 
 QIAGEN QIAamp DNA Blood Mini Kit* � � £ � �¹
¦ V � Ì 

A. � 20 µl QIAGEN Protease ® 1.5ml* � â Ï ã  
B. 
 ú 200 µl R �  
C. 
 ú 200 µl Buffer AL�v� � � ' ¬ � � 15� 
D. ´ � 56°C* � � � ã 10 Ö �  
E. 
 ú 200 l 96� -100% Ethanol�v� � � ' ¬ � � 15� 
F. Ì } � � $ 
 ® QIAamp spin column�vH 6000 g (8000 rpm) � � â 1 Ö �  
G. � ú � � $  
H. 
 ú 500 l Buffer AW1� �vH 6000 g (8000 rpm) � � â 1 Ö �  
I. � ú � � $  
J.  
 ú 500 l Buffer AW2� �vH 6000 g (8000 rpm) � � â 3 Ö �  
K. � ú � � $  
L. 
 ú 200 l Buffer AE� �vH 6000 g (8000�  rpm) � â 1 Ö �  
M. � � � � $ (DNA) 
3. P Q Roche* FastStar c d � � [ � í & �~   
 ú � � [ � Ì 

1st run: 
45 µl FastStar PCR Master\ mixture �3 pmol/µl � � 8 � (   ¡ V � )�5 µl R �
DNA�   � � � � � 5 50 µl0 
� � 8 �   ¡ ÌLepto A(GGCGG CGCGT CTTAA ACATG) 

              Lepto B (TTCCC CCCAT TGAGC AAGAT T) 
2nd run: 
45 µl FastStar PCR Master\ mixture �3 pmol/µl � � 8 � (   ¡ V � )�1 µl 1st run*
PCR Ð � �   � � � � � 5 50 µl0 
� � 8 �   ¡ ÌLepto C (CAAGT CAAGC GGAGT AGCAA) 

              Lepto D (CTTAA CCTGC TGCCT CCCGT A) 
4. PCR � � � º Ì P Q MJ PCR � ' ( � Â )�PCR � � � z 5 40 ; �  
 95°C/30
� → 55°C/ 30� → 72°C/ 60�0 
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������������ Bacterial strains  

6 Ó l m � Ó Leptospira strains, L. biflexa serovar Andamana, L. noguchii serovar Panama, 

L. interrogans serovar Icterohaemorrhagiae, L. santarosai serovar Shermani, L. 
bargpetersenii serovar Ballum, L. meyeri serovar Samarng, j H homemade EMJH (Faine, 
1982) � � 
0g h � Ó Ö ! ª ¦  Center for Disease Control (CDC), Taiwan (Taiwan 
Reverence Center), ü  Koninklijk Instituut voor de Tropem (KIT), Amsterdam, The 
Netherland"0 

 
� � � 	� � � 	� � � 	� � � 	 Plasmid constructs 
� # [ � j # d � Escherichia coli DH5αs0ª ¦ 6 Ó l m � Ó s� « $ 
 289 bp 
PCR Ð � (16S rDNA) j L % & ú pT7 blue T-vector (Novagen, Madison, WI)�Ö ! '
( 5 pPJT, pPJT, pPJT, pPJT, pPJT and pPJT0� #* [ ) j * � � DNA �   y + 0 

 
DNA � �� �� �� �  
PCR Ð � � A 7H Ready Reaction Cycle Sequencing Kit ABI PRISM dGTP 
Terminator 3.0 � ABI 3730 DNA Analyzer (Applied-Biosystems, Foster City, CA)� º
�   0  � , º 
   ¡ H  Gene-Bank (www.ncbi.nlm.nih.gov) s electronic 
multi-alignment program (www.toulouse.inra.fr/multalin.html)²³ , î � t � 
£ 6 0 
 
� � � �� � � �� � � �� � � �  (Phylogenetic analysis) 
H� #Ö × � � 
 16S rRNA gene (16S ribosomal DNA [rDNA]) � 4   ¡ �� � £ Ö
× g h   ¡ ( *Ô Õ � ± 0è �H Spirochaeta halophila type strain M88722
 16S 
rDNA   ¡ � è H Ribosomal Database Projectü Default substitution matrix (IUB)²
½ (Cole et al., 2005)�$ « Q ClustalW 1.82 Figure ¦ - . !� / 6 � Ô Õ � ± 0 *
1 (Thompson et al., 1994)�H TreeView (Page, 1996) W101æsH Spirochaeta 
halophila � 5 outgroup0 

 

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

H i j Â Ã �� � � � � È ä B C � I¯ ° ë 2 Ê �� º 3 4 o p ¼� I³ 
 o p 0 
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''''				���� ( )( )( )( )  

Real-time � � � � � �  � � � � � �  � � � � � �  � � � � � �   

   n q 5 Ò º 
¥ ~ ��� #R � j �B C � Õ W i X H real-time � � � Í � � � R

S B C R � �~ �s� Ò z 917 §R � � I / { ] S © 3 ; R � s"#�� � � �  

DNA� � æsB C � Õ W i X 6 � 7 � ; E & 
 DNA ) � �N � � #R � 
� � � Í

� � � j 5Ü » � � � DNA   ¡ Ö × 7j 5� � º ] S *l m � Ó �4 } � º DNA


Î ) � 7�� k ¾ H real-time � � � Í � � � ] S B C R � �� � � �  DNA#� �

80 

    ¦ ¤ ¥ µ 	 S P Q ��� � � � Ö � D E 
 PCR 8 � s(Gravekamp et al., 1993; 

Kee et al., 1994; Merien et al., 1992; Murgia et al., 1997; Savio et al., 1994; Segers et al., 

1992; Woo et al., 1997)�¢ 9 % !�³ ½x : ; î Q 
 PCR 8 � (Merien et al., 1992)�x

	 S » *î Q � ¦ B C R � s � A 
� � « ¬ ? m �� � � � � £ �4 } ë < P Q } ³

8 � H� � � � � � Í � � � ] S �� � � � � £ �È� �� � Õ W i X = x Hª > �

? ï ? m 
B C R � � º Ö � D E �4 } H� � � � � � Í � � � ] S B C R � > !´

@ Ü » 
� � ( ¾ x sM A )0 Y Ì } B C R i � ®w > > � B C R � 
 W i X s � º Ö

� D E � � ~ �o p Ò º 
 � ª 0 

 

! " #! " #! " #! " # � � � � � �  $ % &' ( ) * + 
 ,� � � � � �  $ % &' ( ) * + 
 ,� � � � � �  $ % &' ( ) * + 
 ,� � � � � �  $ % &' ( ) * + 
 ,  

5û S [ » ³ �� � � � B q *8 � C �» � ú û �D Ó �� � � � *l m � Ó

DNA<� � Å < % � û æç � � � £ * DNA� * « Q g h 8 � � � � � � � � � Í �

� � E  DNA F G Í1�Ñ�g D H ¢ î *�� � � � l m � Ó / $ HÐ Ç Ü » * F G

Í1 I J Z s# 290 bp* F G Ñ0/ æç K L M � � N ã � O P M � � Q R � M � �

S + T U V ` � �¼A W » � ` � g h w "#�� � � �  DNA*� £ �� � � � � Í

� � � E  7¿ ¶ w © É Ê F G 04 } g D H ¢ î *�� � � � DNA % & ú [ � s�

v DNA �   þ � � $ Q ª ë Ü » ï X & 0 


¥ ¢ � « Q w è � � * DNA Y W } � � � PCR ¨ #J H * T � » �� $ ] S ©

* DNA Z [ 5 1 ng © 10 fgÍ1 ñ Ñ�4 } g §T U  \ $ H] S © 4 H � � (� H �
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� \ 5 fg)0  

 

- . � � / 0 1 � � � � &� 2 3 4 5 6 &� � 7 	- . � � / 0 1 � � � � &� 2 3 4 5 6 &� � 7 	- . � � / 0 1 � � � � &� 2 3 4 5 6 &� � 7 	- . � � / 0 1 � � � � &� 2 3 4 5 6 &� � 7 	 88889999: � � � � � �  $ % 1 � �: � � � � � �  $ % 1 � �: � � � � � �  $ % 1 � �: � � � � � �  $ % 1 � �
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Table I 
 

Specimen Sample (%) PCR positive (%) 

Blood 404 (43.3) 69 (17.1) 

Urine  510 (54.7) 91 (17.8) 
Serum 13 (1.4) 7 (53.8)   
CSF  6 (0.6) 0 (0.0) 

Total 933 (100) 167 (17.9) 
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Table II 

Strains No. Serovar No. 
L. biflexa 10 L. biflexa strain PatocIT 10 
L. borgpetersenii 81 L. borgpetersenii serovar Ballum 81 
L. fainei 1 L. fainei serovar Hurstbridge strain BUT 6  1 
L. interrogans 37 L. interrogans serovar Bratislava 5 
�  L. interrogans serovar Icterohaemorrhagiae 3 
�  L. interrogans serovar lai str. 11 
�  L. interrogans serovar Pyrogenes 5 
�  L. interrogans strain 48/95 13 
L. meyeri 23 L. meyeri strain Sofia 874 18 
  L. meyeri strain Veldrat Semarang 173 5 
L. noguchii 7 L. noguchii serovar Panama strain CZ214K 1 
  L. noguchii strain LT796 6 
L. parva 5 L. parva strain H 5 
L. santarosai 3 L. santarosai serovar Georgia clone L025 2 
 L. santarosai serovar Shermani strain 1342KT 1 
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Fig. 1 
 
 
 
 
 
 
 

 

1        2       3       4       5      M       6      7      8 9       10     11

Lane 1: Escherachia coli Lane 6: L. biflexa serovar Andamana
Lane 2: Shigella sonnei Lane 7: L. interrogans serovar icterohaermorrhagiae
Lane 3: Salmonella spp. Lane 8: L. noguchii serovar Panama
Lane 4: Staphylococcus aureus Lane 9: L. santarosai serovar Shermani
Lane 5: Streptococcus pyogenes Lane 10: L. barigpetersenii serovar Ballum
M: 100 bp DNA ladder marker Lane 11: L. meyeri serovar Samarng
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Fig. 2 
 
 

M  1    2    3   4   5   6

Lane 1 : 10 ng

Lane 2 : 1 ng

Lane 3 : 0.1 ng

Lane 4 : 0.01 ng

Lane 5 : 0.001 ng

Lane 6 : negative control

M : 100 bp mark
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Fig. 3 
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Fig 3. A schematic diagram of clinical strain distribution. To determine the of PCR results, 
the sequences of PCR products were then submitted for analysis using NCBI database. 
The most abundant strain is L. borgpetersenii Ballum.  
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Fig. 4 
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Fig 4. Phylogenetic tree of 16S rDNA sequences of the 66 Leptospira strains. The 
operational taxonomic units labeled as Tu and Tb stands for each of the Leptospira strains 
isolated from urine or blood. The rDNA sequence of Spirochaeta halophila type strain 
M88722 was used as the outgroup. The tree was inferred by the neighbor-joining (NJ) method 
using ClustalW. Bootstrap values above 500 from 1000 resampling were shown for each 
internal node. The scale bar represents 0.1 nucleotide substitution per position. 
 
 


