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Abstract Early diagnosis of leptospirosis by PCR technique 

Chantana Mekseepralard, M. Sc. (microbiology)* 

An early diagnosis for Leptospira spp., the causative agent of leptospirosis, 

was developed on the basis of the polymerase chain reaction (PCR). Various primers 

were used to amplify specific leptospiral DNA, for examples, primer A/B and primer 

C/O used for amplifying specific Leptospira rrs (1 6 s  rRNA) gene. Prime G1 /G2 and 

864-1/864-11 were used for amplifying specific pathogenic leptospiral DNA. The other 

primers could amplifying serovar-specific DNA and DNA of closely related serovars. 

The asssay was able to detect as few as 10 bacteria. In additioning, PCR technique 

was evaluated for the detection of leptospires in clinical samples from patients and 

animals with acute leptospiral infection. (MJS 7997 ; 1 : 79 - 28) 
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~~unaiu~~~ubamYPd~~~e) (DNA template) aonb?luGbgu 

boalFJbndu3 (Single DNA) ~ ~ f l ~ l $ ~ ~ ~ n ~ i i ~ i l d 5 r ~ l N  

9 0 - 9 5 ' ~  

2. Primer annealing b ? l u d f j i i ? u ~ n i ~ ~ i i ~ u  

?Jail primer 2 a lu  kl DNA template i b 4 ~  single DNA 

~ u o I ~ ~ ! N M J J ~ ~ ~ ~ N I L X  5 0 - 6 0 ' ~  

3. Primer extension b?ludfjii?flin15 

~ i l~n. j ize iG~Su~oaiuIn i  (daudFiodni>) bwerni5io 

a"i~u~aA~~o'enn"bi ini i ld~iu 3' 9109 primer 6 6 1 ~  

~ l ~ f l n l 5 ~ l ~ l ~ ~ ~ d b ~ ~ ~ " d ~  Taq DNA polymerase < 
q m n ~ i d i u n a i s  ( 7 2 ' ~ )  

i u n o u ~ i l a i u o o l ~ ~ ~ a i ~ ~ u i l ~ u  7 LCIMUI~ 
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Primer blB% PCR product 

Primer 6 ~ ~ d l ~ ~ i 9 1 :  leptospiral DNA 

lnuinniin PCR uddni5u 3 niarlnd 7 nj6 
1. ~ r i m e r 6 i a " 7 ~ u a o s T 1 1 0 ~ a n ~ ~ o ~ n n " i i n a i N  

~lbWl:f%.I rrs (I 6 s  rRNA) gene 4193 L e p t ~ s p i r a ' ~ . ' ~ . "  

YbgLLfi Primer A/B LLS): Primer C/D DNA sequences 6 
~9bFl~l:~%l9lfl primer A/B LLR: Primer C/D ~'ZIUIA 

3 3 1  bbEl: 2 9 0  base pairs n l ~ 6 l L k I  

A , 5 ' - 3 8  G G C G G C G C G T C T T A A A C A T G ~ ~ - 3 '  

B,5' -348 T T C C C C C C A T T G A G C A A G A T T 3 " - 3 '  

C , 5 ' - "  C A A G T C  ~ A G C G G A G T A G C A A ' ~  -3' 

D , 5 ' - 3 2 8  C T T A A C C T G C T G C C T C C C T A ~ ~ '  - 3 '  

2 .  Primer $ i 6 i ~ u a o ~ a i ~ G a n i b o l n n " 6 ~  

~3iar671wi:n"er Pathogenic leptospiral gene14.15.19 

16Lif-i Primer G I  /G2 bba: primer 864-1 / 864-11 %9 

b m 5 ~ ~ 8 i n  recombinant plasmid pLIPs6O LbR: pBIM64 

miar6it?u DNA sequence 6 ~ 9 b H s 1 ~ ~ ~ 6 h l n  primer 

G I /G2  i41uin 2 8 5  base pairs a3u target DNA $ 

$ 9 b H s i ~ M ~ 6 9 i n  primer 864- l /B  64-11 &JUIA 5 6 3  

~ i , 5 ' - '  C T G A A T C G C T G T A T A A A A G T ~ O - 3 1  

GZ, 5,-22" G A A G G C T G G T A A A C A A A A G G ~ ~ ~ - 5 '  

864-1,5'- '  A C T A A C T G A G A A A C T T C T A C ~ ~ - 3 '  

8 6 4 - 1 1 , 5 ' - ~ ~ ~  A G T A T  C C A A G C T G A A T  T C C T5" -3,  

3. Primer ~ ~ s I ~ ~ ~ ~ o o T ~ I O G ~ A G ~ O $ M ~ ~ ~  
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5'-" C G G T T C G T A A A A C G A G A C A A ~ ~ - ~ ~  
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590-dir,5'-' G T T G T C A G A G G T C T A A A C T G ~ ' - 3 '  

5 9 0 - r e ~ 2 , 5 - ~ ~ ~  C G A A A C T C T G G C G A A T A T T T ~ " - 3 '  

3.3 Primer (LP1 / L P ~ )  6d lb~i : fk  DNA 

sequence no3 L.interrogans nn serovars ~ W U I ~ U  

ds:bnninini dud3sa PCR 6i=~~~nsi:n1i~iauin 2 7 4  

base pairs. 

L P 1 , 5 ' - '  A T A C A A C T T A G G A A G A C A T Z 0 - 3 '  

LP2, 5 ' -z55 G C T T C T T T G A T A T A G A T C A -3 '  

i%d\~~i;l%a~ (clinical specimen) 

~ $ o a s d ~ n a ' I d s i ~ ~ i ~ < i ~ n i ~ b n ~ ~ ~ ~ ~ j i u n i ~ a ~  
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n ~ s b ~ u ~ ~ a c s n s ~ o o d i ~ n _ n & a i l ~ b a : ~ n ~ i : 6 u i a a i i ~ o  

~ ~ 3 i l M 1 ~ 3 b 8 i l ~ ~ 0 d ' t b d 3 ~ . b 4 1 ~ 3 ~ 8 0 ~ 3 ~ ~ 3 l ~ d l ~ ~  
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d ' l O ~ ? 0 $ ~ a b 6 b ~ 9 a 6 5 n 6 % d % " l 5 F 1 5 a ~ f i [ i l U b ~ ~ ~ ~  PCR 

0 1 0 L ~ u b ~ O ~ 1 3 . 1 4 . 1 5 , 1 6 6 1 8  H:a ~aa1a~1~14,15.17.18 %U 

d A  - 0  

n s ~ n ~ d ~ u i o i n ~ s i n d n m " ~ ~ o ~ a a ' u ~ : ~ ~ f a ~ m " a u  o i o  

o:a7u7snnsaowu~$oIdsai\raswsaila~mtu 1 LP~U 

61%tIi%Mf9 (cerebrospinal f ~ u i d ) ' ~ . ' ~  M:D~I%~.~~I 

(aqueous humor) l8 
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ZdR 4 ( a ) Agarme gel eletuophorerir (2 % w/v) of PCR products obrained from various 

mains of pathogenxc and non-parhogenlc leptorpira specmer ustng primer GLIGZ and 

8.54-Y8M-11 Lanes1 , molecular mar* markcn ; 2 . mixmrc o f  DNA from L inremogurs 

cerovar copenhageni rsain MZO and L. kirschneri rrisin 1051 ( positivc conirol ; 

3, DNA from L noguchii seam 1i61U ; I4 ,L.  borgpeicrsenB stain Mur127 :I5 . 
L. inrcrmganr scrovar Brafirlava airailt Icz Brarlslrva . and 16 . molecular mass markers. 

DNA fmgmentr of 285 hart pairs are PCR product6 generrfed with GIIG2 primer, 563 

bue fragmen!r are gtneratcd rcth B64-IlB64-I1 primer. Hyhridirntio? was an 

amplicon DNA probe dcr~vcd from stram Wijnberg under low (h) and high ( c )  iiringcni 

condittans and from mcmhcrs rlrnln 1051 under hxgh strlngcncy (dl wcth PCR pmducrs 

various ( 2JR 4 a )  of pathogenic and "on-palhogcnic leplospira species 

d a ~ o n ~ l a l f l  pLIPs6O ~ I ~ $ ; u L W W ~ ~  PCR ~ U a ' l  

R1~7561cslSa~a~1.1 blaxmpl i f ied leptospiral DNA 7l'Lblm 

2 8 5  base pairs 9100 pathogenic leptospira qfl 

species FJ~LTN L.kirschneri dGn amplified $30 primer 

864-11864-I1 dbcsl?fiIuoln pBIM64 baa$i%?? primer 

G I  /G2. B64-I /B64-I I  < ~ N K % ~ : ~ ~ N ~ ? R ~ N G L Z % L ~  

aDd pathogenic leptospira 'a6~nafiw (?dd 4 a) 
3 

u o n a 7 n u a i ~ i ~ n s ~ u e l 3 ~ i m i ~ ~ ~ ~ a ~ a o  L. rneyeristrain 

ICF ~QCFIL?~% non-pathogenic leptospira (n lb l  

m s C n n i a a a d  Yasuda) &u ~ a d l 6 a i i i u ~ u n i s  

d n u l a o d  Hookey %M$ 1 9 9 z Z 3  ~ d b ~ u l $ d i n i s < n  

L.rneyer-i ~ ~ ~ I u ~ " u < L ~ M  non-pathogenic leptospira 

n iu  Yasuda G Q ~ s ~ ~ ~ L ~ u $ L L ~ u ~ u ~ ~ ' ~ A  n i s i i saun  

a ~ m a ~ d L ~ d b m a ' a d s i $ f ~ b l ~ d ~ ~  In ternat iona l  

Committee on Systemic Bacteriology, Subcommittee 

on Taxonomy of Leptospira %bl L. meyeri strain ICF 

14% pathogenic leptospira Laaxtrain Veldrat Semarang 

1 7 3  ~ 3 %  non-pathogenic leptospira 

b b ~ D ~ i d ~ S ? ~ [ i l i ~ b ~ f l ~ ~  PCR ?lad Gravekamp 

a i 8 1 7 ~ f l b i ~ d ~ ~ i 6 ~ d ~ s ~ ' 1 b ~ a ~ a i i  non-pathogenic 

leptospira (Linadia strain 1 0  bbaz L. meyeri strain 

Veldrat Sernarang 1 7 3 )  6 ~ 8 M l m  2 8 5  basepairs 

aeiuK~ (ldlm"r~aws$aya) ni DNA fragment i a % i i i  
e]fjfi%if%J specific probe ?lad pathogenic leptospira 

! w ~ I M D J ~ ~ ~ u ' ~ ~ A  probe db~%I8187~ G 1 /G2 gener- 

ated PCR product 910~ pathogenic L. interrogans strain 

Wijnberg o : ~ l ~ f ~ ~ ~ u i b 4 ~ i ~ U  PCR product d16q in  
" 

pathogenic L. interrogans U l d  serovars ~Y~IGU ldU 
icterohaemorrhagiae. copenhageni LLR"ratislava ( id  

d 4 c) &¶?!!?$L'%Aa'l DNA sequence Uad PCR product 
A -  2' 
wannaua1nbada:aiuw"u~aad pathogenic leptospira 

~ i ~ ~ : & ~ ~ i ~ b b c s l ~ ~ i d ~ ~ ~ i d  (DNA polymorphism) 

i~a j4 i~ :a< i '7~u imn primer ~RLWU~K~EWIU 
bwafia PCR ~a7~15nnsaq~ i~$o~adb rna ld -61  

I 6 T ' ~ b d ? ~ i m  I -I o s m i l ' ~ b ~ i ~ ~ i a d { d a u  I f i a 5 i n s  

rnsiln'Pa<i~ PCR % ~ ~ a a ~ a i n n i ~ ~ s a o ~ i a m 9 ~ a ~ a u d n i  

bLa:[da~&2"?~r~5airnada~'tb~ 5 2 ~  8 0  51u erad 'b~o in  

m-68nuifl?d$waq-aqd'bkii PCR ~ M A G A ~ ~ $  primer 

M i  pathogenic leptospira yn serovars dL~ua1bY4~ 

(culture) ~ a e l l r n a l d s i o i n b ~ a n ~ d a u  

%I&$ fl.Fl. 1 9 9 5  Bal A.E. bba36Ldd661LW~6~ 

PCR d l b r i m e r  G I  /G2 b b a f l 6 4 - I / B 6 4 - l l  'bd 

d5:;fId$cslS3a'Mi specific leptospiral DNA %udaala: 

~ d a u w u 4 i a ~ ~ i ~ o r n s a a ~ i ~ B a ~ a d l c s l a 1 d ~ i l u d ~ ~ i m  

I - 1  o r a a A u 9 a a i a z  I  REA AS (?dd 5) d 9 i i  

a a i u ' b a b ~ . ; i ~ u n i ~ r n s ~ ~ % % ~ i b ~ ~ a ~ ~ d a u d 8 n w i b m u  

Culture positive 

Culture negative 

Total 

Positive 

2 0  

19 

3 9 

Negative 

8 

32 

4 0 

Total 

2 8 

5 1 

7 9 
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11)q 5: Threshold of detection of  leptospires in urine by PCR. DNA was extracted from the 

pellets of serial dilution of urine samples that was seeded with L.interrogans strain 

Wijnberg. PCR products were generated with primer Gl/G2. Southern blot analysis was 

performed by using DIG-labeled oligonucleotides G195-28 as the probe. Lanes: 1-8 , 
4 l l  

serial dilution in urine containing lo6, loJ, 10 , 10 , 10 , 10 , I and 10.' leptospire (s)/ml 

respectively ; 9 , negative control urine sample. Similar results were obtained with urine 

samples seeded with L. kjrschneri duyster by using primer B64-UB64-I1 for PCR 

amplificatio and oligonucleotide B88-29 as a probe. 

Celledoni j d i 3 U  strain i%$ 
W R ~ J ~ I ~ L L ~ J L I ~ ~ ~ F I L O M  (weakly 

positive) b&anun amplified n'au 
Primer G I  1G2 LLR: B 6 4 - I 1  

864-11 

%~agb ie ra tu  Brown P.D. 

L L R S I A N A R G I L ' Y ~ A G A L ~ U ~ ~ ~  
2' 
um5aoMl leptospiral DNA lu  

biom ~ L R : ~ R R I ~ : ~ J O S ~ ~ Y U  (:el 

6 6)  b d ~ U U b ~ U U ~ ~ f l 1 5 b ~ l :  

rd 'odsina- i i  PCR LWAGFIIG 

Gravekamp %Uq R.H. 1 9 9 3  ~ ~ R : % ~ ~ ~ u I L ~ ~ u u ~ ~ u u  
P ~nmG~6n 'ern i~awi : raoo indaa ia :~dau ua i%n"  

~aams%Aih-d i  PCR ~wnGn%v!'uauan (I 211 5)  ~ i n ~ ? l u  
P 2' 

2 ~ v i i a o s w a n i s ~ w * i : ~ a o  ( 6 1 1  5 )  L L R ~ ~ ~ W A G A U  

a i ~ i ~ n r j ; l ~ a o w u ~ ~ o ~ a d ~ m a % d 5 i % ~ d a a i a :  2 6  

u a u a n  6 2 %  ( 4 4 1 7 1  s i u )  

n i5~wi :~da%Guauan 4 8 %  ( 3 4 1 7  I mu)  [mu$ I 3 % ~  

44 518 m-iaowu PCR product fiou$o:msaowu 

~ a o u i u a i  b b a s  ~ i ~ m ~ a o l ~ j w ~ ~ a o ~ i ~ o i o u n s : ~ ~  

i d a u ~ i u i 7 m  

van ~ y s  G. J. J. M. 8 n w i b ~ ~ G n  PCR lmuaion 

I Idn' 6 Agamre gel elccrrophorc$a ( A ) and routhcrn blot ( B  ) onalysls of PCR amplriica!!on I 
of DNA c~maiacred from scmm and urlne samples "ring pnmer GlIG2 (285 bp product) 

or 864-11864-I1 (563 bp. product) Lane I . mol.wt. marker ( mlrfure of dlgwm : 

PUC E M  21 Hpa II and PUC M B 2 l  Dm I + Hind Ill ; Boehringer Mannhclm 1: 2 .blank 

( no DNA 1. 3 , DNA from co~enhagenl ampllficd by urtng primer GIIG2. 4 . DNA 

from bcm ampllficd by usrng prlmer 864-1,364-11 : 5 and 6 , DNA from rlmplcr 

rnpllficd by urmg prlmcr GlIG2 ,7-12 , DNA from amplified by vlrng prlmer 

864-11864-I1 Southern blot hybndlrarron ( at 55 c ) usxng DIG- lrbcled nl~gonucleol~de 

probcs dcrivcd fmm rhe PCR fragmenm gcncrared by prlmcr GllG2 or by primer 

864-11864-11 

i3iaodidoin 2 9  !fhaPiid (90%) lmu6daaia: 2 %u 2 6  

~ ~ o d i \ n a t e r ~ ~ ~ " s o n G n i 5 i m ~ d o u i u n - i i  I 3 bba: 6 % ~  

2 6  ~ ~ o d i ~ r 3 u J a a i ~ : o i n ~ d a u $ l R ~ u u i  Z d ~ G u l R - d i  

PCR ~ ~ ~ ~ ~ 6 ~ d 5 l b ~ ~ ~ d i M ~ ~ ~ 3 ~ " a ~ ~ ~ ~ b 5 ~ ~ ~ d b ~ ~  

l d t s 8 a  a~C.diQdae;o:l6YuuibbRa bba:o 1oo:i 

ds:beraGa"eiauimmi~uani~TnwilR o d i d 1 s t m i ~ o i n  

uadl6wer.diJaaia: I ~aoeii~w"aw1:~8ol~"bGuaau 
" a d  

~?JFJLIIA~~FI PCR ~ d ~ b ~ 0 d o i n  leptospira 6b?lU 
P 

a i m n a a ~ b ~ ~ % u ~ ~ u ~ i u 6 6 ~ w ~ : a a o l R f l o  ~.wr i / i i  strain 

Wl I cop I but 1 sei I pra I bau str. 
dil.  

- 240 bp 

MI I cop I but ( s q  ( pra 1 bov 31 

c b a c b a c b a c b a  c b a c b a  daI 

0 d -240 bp 

7 Aparos~ gel elecrmphomse of PCR ampl~iicatron of several scrorar DNA3 and rhelr 

Sou,hcrn blot analyslr urlng pLBEc 23s as pmbe Serlal dllvtlon ( 10 1 a ] . I [ b I . 
and 0 I [ c I n g  ) of DNAs were rubjecred ro PCR Bonds on the r g m s c  gcl are weak 

for scrovar wolf6 ( wol ) and hardlo type hardjoprajltno ( pra ). No bands were 

observed for serovars copenhagenl ( cop ) and burembo (bur ), bcionging to rerogmup 

I~rsrohrcmorrhagias ond rummnrllr . rrrpccllvsiy. Rslrilrsly srrong band. on the 

=garox gel are observed for rernvar hardlo, lypc hardjobovis ( bov ) and rcjroe ( sel.1 

A smoiong hybr~dirrr ion m found only for hard]obov!r and the closely relared rciovar 

rcjme bp. Base pairs . srr. stram , dll. , dilution. 

primer dam%luoln clone pLBEc 2 3 s  a09 L. interrogans 

serovar hardjo (type hardjobovis) ?!db$U clone $i 
n a i ~ d i ~ w i : o d i ~ ~ i n ~ u  homologous serovar LLR: 

serovars balcanica, sejroe, plonica, dikkeni, nyanza 

baa"axkoebing C3u"a Southern blot analysis uauad 

PCR product olnflU3Panl5 primer annealing bbR"NA 
2 

extension $ d & U i b l  2 4 0  base pairs b i~p la~041 i l  

~ r j ; l ~ ~ ~ a ~ ~ : ~ ~ 3 l ~ d l ~ ~ l : ~ ~  target DNA aad Leptospira 

serovar hardjo type hardjobovis Lba: serovars %n$ 



8: Agarosc gel elcctrophorcs~s af PCR amp!iiication . DNA8 isolated from 

Leptospira scrovara hurdjo . type hardjobovir ( two isolated : b and c ) . scjrae 

( twdirolatcd ,d and c ) , md balcanica (q) . and on bacteria other than 

leptosp>rcr :( f )Mycobacterium bovjs , ( g ) M avium , ( h ) M. p c g r i n u m  . 
( i ) E, coli , ( j ) Sslmoncll rp. group B . ( k ) Y cnterocolidca . 
( I ) S pneumonae , ( p ) Treponema reiler;. Lancs (a and i) wcrc negadvc 

conrrols. 7 h c  high band observed for M peregrinum is marc thcan I kilobase in 

sire md dose not hybridlzc with pLBEc 23s. 

L ~ U ~ D ~ I ~ L ~ P ~  balcanica LLae sejroe bbd%$ PCR product 

oeiisIi~m~ou~ioI~Liimdu~do target DNA ~ 4 %  
Leptospira serovars $u3auGsbbumi~?u ' l l~m$u7 $ 2 ~  

Y a  
L L C ~ I P ~ L ~ U ~ ~ N I M ~ ~ ~  target DNA u i n a u ~ d u  1 0 0  L ~ I  

(I o u i b u u n w )  (:dd 7 ~LR: 8) L&DGILYIWGR PCR 

d w " m u i % ~ d m ~ a o ~ i ~ s " o % ' t b ~ a a i a c a o s 7 " a d d a u L ~ u  

b3n (Leptospira serovar hardjo type hardjobovis ~ 4 %  
a ~ ~ ~ l ~ ~ ~ a ~ r i o b s n ~ a d b m d I d ~ Z a l u a ' a )  w u i i l G w n  

B Y  
u a n o i n y n 6 ~ o i i s m s a o ~ ~ w i : ~ a o a u ~ 4 0 n ~ ~ ~ w u  

~ ~ o u i j i u o i  n i 3 i n w i a o s  Van ~ y s  o~%us:u:aosnis 

~ " ~ U I L W A G A  PCR uidau?GoGubsn~adbamIdF.jia 
i s o : ~ G u % 6 i i  primer ~ ~ ~ ~ n % " d ~ u ~ i s ~ m a i u d i ~ ~ i c  

LOWI~~'LI homologous serovar i l d ~ m i u u  primer ndso 

serovars i K n r i l i u a ~ v i i Z u  I i m o u n q u y n  serovars 

adci 9: PCR amplifisrlion of ~ h c  tarset DNA from 12 strains of L. inferr~ganr tsolated 

in Korca. Lancs : I .  WH2O ; 2 .HY20 ; 3. HM4 : 4 .KHI , 5 .  KH2 : 6 , HH14: 

7 ,  22R: 8, AP3 ; 9 ,  HM3 ; 1 0 .  l8R ; I 1  , 30R ; 12 .HSl. 

ifiolps"rf?mbsn ~ s o i e ~ c I a j ~ ~ u i : a u ~ i ~ ~ ~ ~ i I ~ e i ~ u  
a a u o ~ u b ~ n ~ a d b m a l d l s 8 a d i j a i ~ ~ ~ ~ i n n ~ ~ i j i m ~ $ o  o 

~ a d b m a % d 3 i ~ a i n ~ a i u a f i m  

k7.N. 1 9 9 4  Sun-Ho Kee m52P'Yll leptospiral 

DNA 6'JiaerLwnffm PCR bmurgon primer LP1 /LP2 d 
Lm?uuoln highly conserved DNA 88s L. interrogans 

serogroup icterohaemorrhagiae serovar lai WH20 
J 

Imu+M%Iii primer LPI /LP2 ~ i l e a l ~ l 5 ~ L ~ u d ~ H l ~  

i ~ a ' u ~ e a o s  L in terrogaosqnl l~niwu~ud5cLwRLni~ 
.,a, J 

( 0 d d  R.H. I 9 9 2 )  w a s i u a ~ u u u ~ ~ q ~ m q d ~ c a s ~  

 dos so in primer LPI / L P ~  t a i u i 3 n I ~ s "  PCR product 

PIWIA 2 7 4  base pairs 0 i n n i 3 m 3 a o ~ i g ~ ~ u ~ o a o s  L. 

interrogans 1 2  ' l l G m i w u % u d ~ e ~ w ~ ~ n i ~ i  (:dd 9) 

LLR=%$ PCR product auim~iuan'uluni~~maoun'u I 4 

serogroups 01n 1 7  serogroup reference strains, 1 1 

%U 1 5  serovar reference strains 834 serogroup 

icterohaernoorrhagiae LLae 3 %pa 6 serovar reference 

strains 1 0 9  serogroup canicola L I ~ ~ W U  PCR product 

i i o w m a o u n " e r ~ ~ u n ~ ~ i u ~ ~ [ i l ~ u 7  u o n o i n d L i o ~ i  PCR 

~ w n ~ m ~ d d s : $ n m ~ d a i ~ ~ i ~ n m ~ a o w u ~ $ o ~ a d b m a ~ d ~ i  

K u ~ ~ ~ m ~ m 5 ' ~ 1 ~ s ~ i n i m ~ ~ o % 6  2 7"u &b4udasLaa i i  

Cs"slaiui~nmsaowu~~ouiuoi Z s w o a ~ d l 6 i i  primer 

LPI / L P ~  q m ~ i m a i u d i i w i : K u n i ~ ~ ~ u d ? u i m ~ ~ ~ u ~ o  

aos L. interrogans idscbuaGdauSG~Gubsm~adbm a -  

ldls8adriinludse~wfl~ni~iI~aiis~nn'o~ 

l ~ a ~ L i ~ 1 3 n ' ~ a ~ a v i o  M.L. L ~ ~ ~ A N ~ ~ ~ ~ ' F U U I L W F I ~ A  

PCR L & ~ A ~ ~ B H I  target DNA Uas L. interrogans bmu 

L i o n  primer 590 -d i r  1 /590 - rev2  i L m ? u u 0 i n  

recombinant clone 809 genome L. interrogans serovar 

hardjo type hardjoprajitno primer q m 6 ~ ~ 3 i ~ < i ~ ~ i :  

L L a c ~ i ~ i 3 n L ~ ~ d ~ u i  leptospiral DNA %udauaos  

fragments 'e' ( ~ s ~ ~ u u ? ~ a m ~ d 5 : n a u & ' 1 u  repetitive 

sequences b i h d a u % ~ d )  L. interrogans serovar 

australis, bratislava, lora, pomona, icterohaemorrhagiae, 

copenhageni, bataviae, canicola, canicola, zanoni, 

trarssovi Ua: hardjo (type hardjobovis) PCR product 

i a < i s t u d ~ e n a u t i 3 ~  1 ~ i o  2 L L ~ U  (band) d i a u i m  

d3ru-1~ 5 7 0  base pairs L L F / ' ~ ~ % $  PCR product bdo 

M A ~ ~ O U ~ ' L I  serovars castellonis, javanica, mini. 

saxkoebing, cynopteri, grippotyphosa, gorgas LLac 

shermani mROmDpa nonpathogenic L. biflexa (serovar 

andamana) L L ~ ~ L L ~ A ~ L ~ ~ ~ G ~ ~ M ~ % u ~ I ~ ~ ' L ~ G ~ L ~ u ~ ~ ' ~ ~  

Savio ~ ~ L J ~ ~ M ~ I M L ~ A ~ A  PCR b ~ l ~ ~  restriction 

fragment length polymorphism (RFLP) analysis ~$1 

6 a u K u ~ i o ~ s : b u a u ~ u n ~ s m s a ~ ~ i  leptospiral DNA 

L1a:inwi DNA polyrnorphisrns ~ i % p s " ~ i u 1 3 n ~ l b L o n  

' ~ ~ f i m a ~ s ~ % ~ ~ a d b m a I d ~ i ~ n s a o w u l ~ o i n ~ n d s m ~ a s a o  
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(A and B) Gel electrophoresis performed 

in 4 % Nusieve (FMG) agarose gel of 

PCR- amplified products from serovars 

australis (lane 2 )  , bratislava (lane 3 )  , lora 

(lane 4) , icterohaemorrhagiae (lane 5) , 

copenhageni (lane 6 )  , pomona (lane 7) , 

bataviae (lane 8) , canicola (lane 9) , 

zanoni (lane 10) and hardjo type 

hardjoprajitno (1 1) . The samples were 

digested with either Hinf I (A) or Dde I 

(B). (C) Gel electrophoresis performed in a 

4 % Nusieve (FMC) agarose gel of PCR 

products from serovars hardjo type 

hardjobovis (lanes 2 , s  and 8) , tarassovi 

(lane 3,6 and 9) and hardjo type 

hardjoprajitno (lane 4,7 and 10). The 

samples were digested with Hinf I 

(lane 2,3 and 4) or Dde I (lane 5 ,  6 

1 C 1 2 3 4 5 6 7 8 9 1 0  and 7) or were left undigested (lane I 
8, 9' and 10). Hae 111-digested 

bacteriophage x174 DNA marker 

was loaded onto the first lane of each 

gel. 

~AUI~I PCR products u l d o ~ $ 3 U  restriction enzymes ~ ~ I L W I Z ~  serovars lora, bratislava, icterohaernor- 

d 6 n d i s  ~ w 6 n 1 5 i 0 s f i u  Hinf I O_%$DNA polymor hagiae UR: copenhageni (?d6 10 A) ~Vw'lVildb6iU3 

phic profiles dbbmndl9fh 6 ?dbbuu gdbbuuba~l: tV$l"7ioer63"aerde 1 0 ~ 1 6 4  DNA polymorphic profiles 

d l ~?u  serovars australis, pornona, canicola, bataviae, serovars australis, bataviae, zanoni bbR"ardjo type 

zanoni a rahard jo  type hardjoprajitno Lba:2dbbu~~ 7 hardjoprajitno LL%gfl 3 2daauu<aun'Mvos serovars 

2 6 



uwna~upl?w-flG 
r2zll~ls nmrunwun.len; uw1'awu1~~~n5un5uws~bim 

- 

bratislava fh lora, i c t e r o h a e m o r r h a g i a e  fk c o p e n h a g e n i  

bta: pomona {U c a n i c o l a  (:d$ I 0  B) 

h a 7  S a v i o  ~GYG-ILMAGFI PCR b~a: RELPS R I  

nmaaainw7~ub$abadbwa~ds7 25  strains t t tbunl~  

s l n ~ n a o a ~ ~ $ d a u a ~ ~ a ~ 5 ~ b t a : ~ m " f i ~ o ~ b $ 0 b t ~ a i 7 b ~ u  

L. interrogans serovar pomona bwu S o u t h e r n  b l o t  bba: 

m o n o c l o n a l "  WUilb$0b~db~~ld57w"\9 2 5  s t r a i n s  

DNA profile b M ~ D M f % J  L. interrogans s e r o v a r  p o m o n a  

M e z z a n o  1 r e f e r e n c e  strain %3b6~lm";1911.b~0i) S a v i o  

~1au%baabba:~ds:buu~od19811nb~97fb~~n1s5a~t~1 

LMAGFI PCR $ & f l ~ l ~ ' 6 2 l b f l 3 ~ ' l l N < 7 b W 7 : ~ 9 6 ~ b M f l ~ f l  

RFLPS $a1u1sn~~~n'~lGmaai1~$abad1awld516au DNA 

p o l y m o r p h i s m  l.$l;'lu<u ~ 1 1 ~ 7 ? 9 ~ C I 9 b n f l ~ f l $ ~  

e l s :boaGdi~?u?Go~ub~d~b~dbwa '6e lb~%a%saamz 
2 -  3 

brn"uan"Paa1~15flfinw1~:~1m~~u1a~\sFsanbnma.~a 

L M R ~ A  P C R  b ~ ~ b Y l f l ~ F I ~ ~ A ' J 7 8 1 ~ 7 b ~ l f  bba~ 

aa7ula;s a 1 u 7 5 f l w 5 a 0 ~ 1 b ~ 0 b a d b w S ~ d 5 7 ~ d ~ 5 ~ ~ ~  

I - I  0 ~aaa" i a  I 5aGGw5 n1sbionf8 p r i m e r  ~bFia: 

p r ~ n i n a i u d ~ ~ ~ $ u n " u . l " w ~ e l s z a ~ n " s ~ o s n ~ s r n s ~ ~ ~ u  
d' A t  

~ L ~ A : W M M ~ I  primers ~ua1ar1sflflsouflqan15wsas 

w 1 ~ $ o l a d b w a l d ~ 1 ~ n ~ ~ m $ ~ 4 ~ a 1 ~ ~ ~ a 0 ~ I s ~ n i a l i  

i ' o i s o s ~ n n G a  PCR u o n o ~ n a : i a a ~ u I a t ~ a z f l ~ ~ ~  

61aw1:gd ~ ~ a 1 ~ 1 s n m s a o w 1 ~ % a t a d b n a I d ~ 1 ~ ~ 5 ~  

a 7 b w q a ~ s b 5 @ ~ a d b n a ~ d b ~ % ~ ~ ~ ~ l n ~ 9 ~ i l ~ 5 ~ B ~ ~ \ 3 ~ d a u  

~ 4 o a ' n a " $ d a ~ ~ 4 ~ a T s ~ % ~ d a ~ ~ - , u r t ~ 5 n 9 ~ o i l n i ~ i m ~ $ o  

% ~ ~ : U : ~ ~ S I B ~ ~ ~ ~ ~ W ~ ~ ~ W V E ~ : K U ~ ~ ~ M G U O ~ ~ D K ~ ~ $ ~  

~~a-n1slcpi?~u1d~%auzbd~?nw162~badImalejbs5a 
~ ~ k e r a i o n 7 5 w s a o m " a u b n a ~ f l  PCR LL~CI~I~ ISZWIR 
~ a ~ i ) 5 z a ' s ~ b ~ . t a ~ a < u d 7 6 ~ 0 ~ 1 9 ~ 9 i o n 1 s ? ~ a a " e r b s ~  

l$od19i'~ds:3nFin1w ~ o n 1 s ~ i o n b i i . u a ~ m 2 0 9 i i ) a 9  

m 5 ~ B o d 7 9 D n ~ ~ 9 b ~ 8 1 7 ~ ~ ~ ~ b 2 ~ 7 ~ ~ D 7 n 7 5 ~ ~ 9 b 5 ~  
Y A' 

( l o c a l i z a t i o n  a o 9 ~ % a ~ ' ~ i 1 9 n 1 u )  ~aonbaa1n~n15 

ds:qnG~o~~wnGn PCR bba: RFLPS t.i'14'auKud1x 

a ~ . l a ~ n n l s b ~ o n w d ~ ~ e : d a u b a ~ a % w " b n ~ ~ ~  PCR G 
dcd:~u4lr~~1n~9~ud1n?un1s"as<ubs~~aelbw alelbs8a 

% u ~ : u : ~ ~ a ~ ~ ~ n ~ ~ o ~ w " ~ ~ n w ~ ~ : ~ ~ m ~ ~ u ~ ~ ~ o b ~ ~ % ~  

~ a a 7 ~ i i u a K ~  
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