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Abstract

Keywords: Leptospira, PCR, real-time PCR

Leptospirosis is a major zoonotic disease throughout the world,
especially in tropical and subtropical areas. Infection causes flu-like
episodes, occasionally more severe forms such as haemorrage and
jaundice can occur. Traditionally laboratory diagnosis of
leptospirosis has depended upon the isolation of Leptospira from
clinical specimens, but it takes more than eight weeks to have definite
results. Currently the microscopic agglutination test (MAT),
designated by the World Health Organization as a reference method, is
used to demonstrate seroconversion in paired acute and convalescent
serum samples. Both of these methods require expertise not
routinely available in clinical laboratories and usually result in
delayed diagnosis. The purpose of this study was to establish and
optimize a conventional and real-time PCR methodology for early
detection pathogenic Leptospira in clinical specimens. Reactions
were monitored by SYBR green fluorescence and melting curve
analysis. Specific PCR products were obtained only with DNA of
pathogenic Leptospira genomospecies. Using melting curve analysis
is able to identify a single species or set of species. Assay
sensitivity was approximately 100 |eptospires/ml. These data
illustrate the potential of real-time assay for the rapid detection of

Leptospira in serum samples and their subsequent quantification in a



single run. This established methodology will benefit to patients
with severe forms (Weil’s disease or SPHS) of Ieptospirosis, the early

detection will ensure the effective treatments.
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Difco Michigan USA Enrichment) 5-fluorouracil
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DNA -20

3 G1l/G2
285-bp
flaB-typing
793-bp Hind Il  Hae Il
RFLP profile Real-time PCR LFB1-F/ LFB1-R
Lai LAO0322 locus
331-bp
PCR real-time PCR
PCR 1X PCR 0.25 mM dNTP 0.2
u M 1 U Taq 50U L
94 ) 94 1 55 1
72 2 35 72 5

4 flaB-typing

2.5% GTG agarose
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Real-time PCR Fast Start DNA STBR Green |

(Roche Diagnostics) dNTP mixed STBR
Green | Fast Start Taq 5 mM MgCl, 0.5 U M
20p L
94 ) 94 1 55 1 72 2
35 72 )
4
MAT

Aaustralis Canicola Pomona

Icterohaemorrhagiae Lyme Javanica Bataviae Shermani

8 9
PBS ( phosphate
buffered saline ) 0.025
mL
PBS 50 20 0.025
mL
37 0.003 mL

200 50
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6,400
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50



1. G1/G2 flaB LFB1
L. biflexa
flaB
331-bp
G1/G2 flaB LFB1
flaB
331-bp
2. flaB typing
flaB gene Hind Il

la b Ila Illb llc

LFB1

G1l/G2

Hae Ill

I1a v

G1l/G2
16
L. inadali 2
LFB1
flaB type
la

Bratislava, Akiyami A, No 8 Vcop, Djasiman, lzena, Honda

Utrecht IV, LT1026, CF1, Pomona, Van Tienen

L. interrogans b
L. interrogans lla
kirschneri b
noguchii llc

santarosai [H1a

Jez
Kremastos
3522C L.
Cz214 L.
ATCC43286 L.
Poi L.



borgpetersenii Vv 43289 L.
inadai
3. real-time PCR
LFB1 real-time PCR
43289 LFB1 331-bp
331-bp Tm
flaB typing 10 Bratislava,

Akiyami A, No 8 Vcop, Djasiman, lzena, Honda Utrecht IV,

LT1026, CF1, Pomona, Van Tienen Jez L. interrogans
flaB type la m 83.788 0.39
4. PCR real-time PCR

L. interrogans strain CF1 10°

leptospires / mL - 10 leptospires/ mL

G1/G2 flaB PCR LFB1lreal-time PCR LFB1
100 leptospires /mL m 83.62
G1/G2 PCR 10* leptospires /mL
flaB PCR 10° leptospires /mL

14



35 G1l/G2

flaB 1 PCR 34
flaB typing
Hind 111 3
367 306 120-bp Hae Il 2
642 151-bp flaB-type Illa

LFB1 real-time PCR
331-bp Tm 86.32 L. borgpetersenii strain poi
0.1

L. borgpetersenii
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MAT

PCR
10*
leprospires /mL 10*
leprospires /mL SYBR
Green | real-time PCR
10% leprospires /mL
L.
interrogans Icterohaemorrhagiae  Canicola

Pomona Australis Autumanilis Pyrogenes Grippotyphosa
Djasiman Hebdomadis Sejroe Bataviae Ranarum Louisana

Mini Sarmin

16



santarosai
weilii

reservoir

2006 5

flaB typing

L. noguchii

L. alexanderi L.
2005 6
Pomona
Shermani
Shermani
89

L. inadai L. santarosai L. borgpetersenii

LFB1 SYBR Green |
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M1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

Hind IIl  flaB typing 1: L. interrogans strain Jez Bratislava

2: L. interrogans strain No 8 Vcop 3: undefined strain 4: L. interrogans
strain lzena 5: L. interrogans strain CF1 6: undefined strain 7: L.
interrogans strain Kremastos 8: L. santarosai strain ATCC43286 9: L.
kirschneri strain 3522C 10: L. noguchii strain CZ214 11: L. borgpetersenii
strain Poi 12: L. inadai strain 43289 13: Taiwan human isolate, L. inadai
strain CSY 14: Taiwan human isolate, L. santarosai strain CCF 15 Taiwan
human isolate, L. borgpetersenii strain WJS 16: undigested L. interrogans

strain CF1
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M1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

100 =

50— -

Hae Ill  flaB typing 1: L. interrogans strain Jez Bratislava

2: L. interrogans strain No 8 Vcop 3: undefined strain 4: L. interrogans
strain lzena 5: L. interrogans strain CF1 6: undefined strain 7: L.
interrogans strain Kremastos 8: L. santarosai strain ATCC43286 9: L.
kirschneri strain 3522C 10: L. noguchii strain CZ214 11: L. borgpetersenii
strain Poi 12: L. inadai strain 43289 13: Taiwan human isolate, L. inadai
strain CSY 14: Taiwan human isolate, L. santarosai strain CCF 15 Taiwan
human isolate, L. borgpetersenii strain WJS 16: undigested L. interrogans

strain CF1
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130

L. interrogans flaB typing 1: strain Akiyami A, Hind
[11-digested 2: strain Djasima, Hind Ill-digested 3: strain Honda Utrecht
IV, Hind lll-digested 4: strain LT1026, Hind lll-digested 5: strain Pomona,
Hind Ill-digested 6: strain Van Tienen, Hind Ill-digested 7: undigested L.
interrogans strain CF1 8: strain Akiyami A, Hae Ill -digested 9: strain
Djasima, Hae Ill -digested 10: strain Honda Utrecht 1V, Hae Il -digested
11: strain LT1026, Hae IlIl -digested 12: strain Pomona, Hae Il

-digested 13: strain Van Tienen, Hae |ll —digested
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LFB1 real-time PCR

melting curve analysis L. interrogans
Akiyami A Djasima CF1 Tm =83.78
L. kirschneri 3522C L. noguchii Cz214
Tm =84.5 L. borgpetersenii Poi
Tm =86.22
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Cycle Numbaer
LFB1 real-time PCR

L. interrogans strain CF1 100

leprospira/mL
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G1

CTGAATCGCTGTATAAAACT

G2 GGAAAACAAATGGTCGGAAG
flaB-F CTCACCGTTCTCTAA AGTTCAAC
flaB-R TGAATTCGGCATATTTGCC
LFB1-F CATTCATGTTTCGAATCATTTCAAA
LFB1-R GGCCCAAGTTCCTTCTAAAAG
flaB typing G1/G2
PCR
species strains flaB-RFLP flaB-tvp G1/G2
Hind I[II-RFLP Hae III-RFLP
Jez Bratislava, Akiyami A, 369+306+118 380+283+130 la Y
L. interrogans No 8 Vcop, Djasiman,
Izena, Honda Utrecht IV,
LT1026, CF1, Pomona,
Van Tienen
Kremastos 369+306+118 413+380 Ib Y
L. kirschneri 3522C 487+306 510+283 lla Y
L. noguchii Cz214 487+306 793 b Y
L. santarosai ATCC43286, CCF* 487+306 490+152+151 llc Y
L. borgpetersenii Poi, WJS* 367+306+120 642+151 Illa Y
L. inadai 43289, CSY* 675+118 264+165+159+ v N
123+82
L. biflexa Patoc 1 - N
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LFB1 real-time PCR

flaB
strains ™m Gel _EP(331-bp)? species flaB-type
Jez Bratislava 83.62 Y L. interrogans la
Akiyami A 83.77 Y L. interrogans la
No 8 Vcop 83.69 Y L. interrogans la
Djasiman 83.72 Y L. interrogans la
lzena 83.90 Y L. interrogans la
Honda Utrecht IV 84.01 Y L. interrogans la
LT1026 83.89 Y L. interrogans la
CF1 83.71 Y L. interrogans la
Pomona 83.86 Y L. interrogans la
Van Tienen 83.71 Y L. interrogans la
Kremastos 85.97 Y L. interrogans Ib
3522C 84.47 Y L. kirschneri lla
Cz214 84.52 Y L. noguchii b
ATCC43286 86.87 Y L. santarosai llc
CCF® 87.02 Y L. santarosai llc
Poi 86.22 Y L. borgpetersenii Ila
wJs® 86.32 Y L. borgpetersenii la
43289 85.08° N L. inadai v
csy® 85.52° N L. inadai Y,
Patoc 1 81.65° N L. biflexa -
a Real-time PCR 331-bp
B C 331-bp

28



MAT G1 PCR flaB PCR-RFLP type
MAT PCR _
titer major serogrope G1 PCR flaB-type Species
1 66 2 400 Javanica + Ila L. borgpetersenii
2 34 1 <100 - -
3 52 4 <100 - -
4 56 0 <100 - -
5 43 1 <100 - -
6 74 2 <100 - -
7 73 1 <100 - -
8 79 5 <100 - -
9 41 3 <100 - -
10 47 3 <100 - -
11 30 2 <100 - -
12 50 8 100 Australis - -
13 50 8 <100 - -
14 49 6 <100 - -
15 48 5 1600 Shermani - -
16 69 4 100 Shermani - -
17 34 6 <100 - -
18 61 6 <100 - -
19 21 7 <100 - -
20 35 5 <100 - -
21 14 5 <100 - -
22 40 8 <100 - -
23 38 2 <100 - -
24 30 4 <100 - -
25 71 6 <100 - -
26 45 8 <100 - -
27 18 5 <100 - -
28 74 6 <100 - -
29 74 6 <100 - -
30 70 7 <100 - -
31 36 1 <100 - -
32 77 6 <100 - -
33 38 5 <100 - -
34 63 1 <100 - -
35 42 0 <100 - -

29



30



	CTGAATCGCTGTATAAAACT
	CTCACCGTTCTCTAA AGTTCA AC
	
	L. interrogans
	L. borgpetersenii




