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Abstract: In order to explore the molecular and serological characterization of pathogenic Leptospira in Jiangxi Province, a
collection of 27 strains isolated from Jiangxi Province in China since 2013 were analyzed using Serogroup identification, 16S
rRNA gene sequencing and multilocus sequence typing (MLST) in this study. Seven loci were chosen for genotyping in MLST
analysis and the results were analyzed by BioNumerics (Version 5.10) softwares. Microscopic agglutination test (MAT) was
conducted and a total of four serogroups were identified among 27 Leptospira strains. Serogroup Icterohaemorrhagiae was the
most frequent serogroup, accounting for 59.26 % , followed by Javanica 25.92% , Australis 7.41% and Bataviae 7.41% , respec-
tively. 16S rRNA sequencing was conducted and two pathogenic species of L. interrogans and L. borgpetersenii were identified
among the 27 isolates. L. interrogans was the most prevalence species, accounting for 77.78% , while the remaining 6 isolates
were identified as pathogenic L. borg petersenii. Five different sequence types (STs) were obtained By MLST. ST1 accounted

for 59.26 % and was the major genotype in Jiangxi Province in China. Phylogenetic analysis using BioNumerics softwares re-

vealed that five major clusters (Cluster]l to Cluster5) corre-
B Z A E k% T (No.20172X10303405-002) fo [l 5 B & # % % 4 sponding to five ST types was identified among 27 isolates.
(No.81601812,No.81471968) B & % By (K EH th #H KA FF 7 ) Obvious epidemiological relationship was found between the

#AAFE % 7 H  Emailsjiangxiugao@icde.cn distributions of STs and isolated location, but not across years.
TEE B 1. B R 107 4 %t 3w B0 45 & A, e In this work, the results revealed that MLST analysis could be
102206

used to explore the genetic diversity and population structures
2. MW KA &S #0888 3300295
3.EHAF,ER 400715

of Leptospira. In this work, the results revealed that Sero-

group Icterohaemorrhagiae was the most frequent serogroup,
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L. interrogans was the most prevalence species, and ST1 was the major genotype in Jiangxi Province in China. The detailed se-

rological and molecular characteristics circulating in this region may provide new insights into the epidemiology of leptospirosis

and vaccine design in China.
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MLST) Sy Hefilt (14 43 784 J5 0 32 W 07 T 4 1 2 JE A
OPRL Oy TRAT TS . AL AR Y 16S rRNA B
A TR SFE C 8T 2 T R AR R PR R A E
B O T =0 AN WL R (SRR N N O B 2p 1o
DX, o AF 1Y B4 1A g 2 i 380 ey T4 T 28 R R L T
AN LR SRR AR E N oS i R B e i (11 o NUUR % ST 4
. AHEEE BT I 2013 4F LISk 15 = sh ¥
M e o3 BRI 27 BRAER 53 25 bk , P s 00t (i
U5 A T R AT M 3 A 25 5 U 16S rRNA 5 [
P BRSBTS A 4 L LA A T MILST J5 i
Xof HC AT R 23 B 5T, W0 20 R VL8 48 2o 1 i
PR IR TE 28 53 B AT 9 27 R AE VL7 48 B AR T3
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1 MEE5FZE

1.1 WHORIE AL VL VG4 2013 4E LAk
1k 25 3 W v 4 B BB 27 BREDIR Y B R . 4 )
KA bige. bm TERAEAR 4 ALK,

1.2 EZIRKF 15 BF 15 B S 2 B bR i2 W7 i v
FH A B A 2 A R R B 5 B 3R 8t s PCR Premix SR
FHR % 52 A TR (R ) A7 BRZA w7 i 100 bp
DNA Marker & H b 57 K # A= 46 B B A7 R 2 5] 7~
i 3 B P AL B IBOR FH b 5 98 7 % 3k B R A R A
REC IR TM JE R 2 DNA #2475 & .

1.3 Iy HEAE Rk H g 0T A B e 4R K IR
(Microscopic agglutination test, MAT), | FH /f H
15 Bf 15 AU 1R 2 28 TR R 1) G 058 e I 3 T 49 85
PR IEAT 100375 58 4 1050, R P s 0 B ol ARl B 0L 45, DA
50 Vo T A B8 B TR Ay e 240 S 0 1LV

1.4 B DNA il & SRS 28 Chs

I 7~10 d, KB BUE K B BOE 41 DNA, #4F
5 R G U B AT

1.5 16S rRNA K PCR ¢3¢ )7 ZMSH
kL1438 /519 7 51 64T PCR 9734 Xl /s, 51
W % . (Dl 5'-CCGAATTCGTCGACAA-
CAGAGTTTGATCCTGGCTCAG-3", rP2: 5'-
CCC-GGGATCCAAGCTTACGGCTACCTTGT-
TACGACTT-3". 59 bifg A T4 9 TR AR R
SABRAF A M. KA 50 pL PCR VAR R P31,
Premix Ex Taq 25.0 pL, FFUE514) (10 pmol/L)
#% 2 pL,cDNA Bt 5 pL, 4i /K48 E 50 pl KN
W, PCRY M SEAN T .95 CHIZPE 5 min, 95
CAE 30 5,55 “CiEk 30 5,72 ‘CHEfH 1 min, ¥ 1
30 ME M, | J5 72 C ZE{f 10 min, PCR =¥ 4l
b BT I ER AR TR R A5 BR A Rl 98 B .
1.6 MLST £/ PCR ¥ 38 7 2% SCilik
fiziE MLST &5 R 7 008 pntA | sucA .
pfEB tpiA mreA .gluM ,caiB #t17 PCR ¥ 14,
MmfE B 1,51 E i A TAEY) TR
RIRFSARAF TR, KA 20 pL RWAKRIETTH
1, Premix Ex Tag 10.0 ‘uL,J_‘—Ffﬁ?gl%(lO pmol/L)
% 1 pL,cDNA Bz 1 pL, 4K ¥ FEE 20 pL I
AR, PCR ¥ P F .95 °C WAEYE 5 min, 95
CARME 30 5,55 ‘CiBk 30 5,72 “CHEAH 1 min, § 1
30 MG G 72 CHEAR 10 min, 473 =Y 2lifk .
XU o R 584 TR CR ) A BR 2 A 58 B .

1.7 B

1.7.1 FERFEE PR 16S rRNA JE
K915 GenBank $# 2 47 [W] U5 LT DUBA &
HEE K Al

1.7.2 MLST #7587 NS FH 5 MLST K
¥4 http://pubmlst.org/ b A 55 47 38 K 347 Ho 4,
RS B PR A LI 3 (gluM-pntA-sucA-t piA-
pfkB-mreA-caiB) L & STs (Sequence Types) #
A, FIH BioNumerics #4347 2 28 70 A1, W48 1
R T] 1 35 PR 2 25k S R R &5 44
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Tab.1 Seven loci in MLST analysis

PCR 74

(7 1, (5 —3")
fii 5195 b /b

A F-TAGGAAARATGAAACCRGGAAC 621
pnt.
. R-AAGAAGCAAGATCCACAAYTAC

| FTCATTCCACTTYTAGATACGAT »
e RTCTTTTTTGAATTTTTGACG

,p FOGGAGAGTTTTATAARAAGGACAT -
o)
I R AGAACACCCGCCGCAAAACAAT
| FTTGCAGGAAACTGGAAAATGAAT s
t
P R GTTTTACRGAACCHCCGTAGAGAAT
F-GGCTCGCTCTYGACGGAAA
mreA 719
R-TCCRTAACTCATAAAMGACAAAGG
F-AGGATAAGGTCGCTGTGGTA
gluM 650
RAGTTTTTTTCCGGAGTTTCT
5 FCAACTTGCGGAYATAGGAGGAG -
A RATTATGTTCCCCGTGAYTCG

2 &% B

2.1 IMIEBYE 2 MAT RIS TR .27 BRI
VG 28 BOW MR 2 B bR SRR T 4 A s B 2 0
B LA O B DN T RN LA 4R . A
JEL IR A VP A4 LS v B L o 59.26 %6 (16/
27)  FeR AR U R ICERE 5 25.92% (7/27)  EL ik 4
B 7,410 2/2D) FRYNAE 5 7.41%(2/27) . 13K
BEDATATAE — E L B M 22 5, TR 2 A0 L e X
LB LN 3, i X DT B R 3 b e
DAY J3 2 3] — Bk TR bR, iR L TR DL IR 1,

= W R
® 67 TR
i 5 =

ol W A4

1]
0- . — B HIX

fint7 TR Bt st

Bl 27 (RiIIAEHREREEER AR MBS

Fig.1 Distribution of Serogroups among different regions

for 27 Leptospira strains isolated from Jiangxi

Province

2.2 JENBREEE 27 BROPEARY 16S rRNA N
725 25 5 GenBank £ R WCGR 891K 16S rRNA
SR B L [ R = 99.7 %6 T O S [l — A~ JE
ML ERBIR. 27T BREMRKE T L. interrogans

L. borgpetersenii 2 NI HER R Fh, P L. in-
terrogans ALV FEMHAELERFF, 5 77.78%
(21/27) . N 53 A 47 A — 5 (19 380 2% 5 . il 4n
L. borgpetersenii F& R M {UAEFE T VLVG 4 0 W I
WL L. interrogans 3R F T ZHFET L, I
R B A A DAL TE LA 2,

AR

M L. interrogans
M L. borgpetersenii

0 X
EB G LAt Em=
B2 27 RIEHAREREERAEEXEERM SR
Fig.2 Distribution of species among different regions for
27 Leptospira strains isolated from Jiangxi Prov-

ince

2.3 MLST RN Z &M MLST #F545 R i
TN 27 BREURME R R B 5 S ST ), o ST1
Sy EEAH ST B, 5 59.26 % (16/27)  HkAK Ik
g ST143 5 22.22% (6/27) . ST105 5 7.41% (2/
27).ST224 5§ 7.41%(2/27)F1 ST216 5 3.70% (1/
27) . ST 3 A WAFAE — & 2 2 19 b 38l 25 5%, ST 43
A5 TEIF A 1B X, ST143 {43 A 76 L AL b IX,
ST105 43 i 7 L GeF0 b & e IX , ST216 F1 ST224 {2
FE LR IX 23 A, TE LI 3,

9_
8_
7_
# 64
= v
®| 5 mER
- m bR
mLE
3_
2_
1_
0+ STHY

ST1 ST143  ST105  ST216  ST224
B3 27 HIEA SRR A ST BAERRE MK 546
Fig.3 Distribution of sequence types (STs) among differ-
ent regions for 27 Leptospira strains isolated from

Jiangxi Province
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2.4  BioNumerics 40 UPGMA R2K 4
WK 27 BREMRIL SN 4 5 4 Cluster B, 20 54 5
Fh ST &I, 3 WL K 4, Clusterl Xf R ST224, 3k A
2015 4E b bk s Cluster2 X ST216, 4y 2014 4
LB Ak s Cluster3 X ST105,3€ A 2013 4 |58
12015 | &5 B k5 Clusterd X ST1, HILTPE44 1Y
PR TERERE, AU 4% 16 Kk 2013.2014 4E [ BN 2013

— 2015 4F ¥ 2 ¥k Cluster5 XF % ST143, 3k B
2013—2015 4F F LA Mk, HERFKEBIR: ST i
T REAL B R Rl 3 S fE e — e B 22 R A
] 4E A% 1] 22 S A BH (2, ST 29 50 7 1 54 St ihi
ANE S, PR RUME N A L 4G ST224,
ST216.ST1 F1 ST143 U/~ ST #1,

mer
e ®& 8 8 8  SHWS HEEE ®mE HEF  mwE ST A
Clster] | NJ202 2015  BER Lint BEAgTH# 224 Bt
| NJ210 2015  BRIER Lint EA%ETH 224 EHif
Cluster? NJ166 2014  B4RiER Lint  JREES 216 bt
Cluster3 | N107 2013 EER Lint My 105 i
| NJ213 2015 #i Lint M@ 105 k&
NJ100 2013  BLRIER L. int HEHmE 1 sl
NJ101 2013 mesimm Lint  E#dms# 1 e
NJ102 2013 Mg Lint  E#dms 1 tix
NJ104 2013 B&IER Lint  E#&dm# 1 i
NJ105 2013  Bkimr Liint  E#Edms 1 ]
NJ109 2013 HER Lint  H#dms 1 =]
NJ120 2013  HBUERIER Lint  E#dms 1 i
NJ139 2013 EER Lint  E#dms 1 i
NJ140 2013 HER Lint EEdm® 1 Ep
NJ141 2013  #ER Lint  E#dm# 1 FEp
NJ173 2014  BEBHER Lint  EEAms 1 Ep
NJ174 2014 BB Lint  ESdms 1 TP
NJ175 2014  BEBHER Lint EEdm® 1 IER
NJ176 2014  BLHER Lint  E#dm® 1 Ep
Cluster4 NJ189 2014 HER Lint fehm# 1 b6
NJ214 2015  BEBHER Lint  E#Edm® 1 T
NJ142 2013  BEHER L.bor  JREERE 143 bt
NJ144 2014 #BRR L.bor  JREER$ 143 Ei
NJ165 2014  BEER L.bor  JREERE 143 HR
NJ171 2014  #ER L.bor  JREES$ 143 Hit
Chutér5 NJ198 2015  BLBER, L bor JREEEE 143 bt
NJ201 2015 EER L.bor JRE:R% 143 bt
L.int: L. interrogans, L.bor: L. borgpetersenii.

B4 27 BRIIFH HWIRBENEM UPGMA BESH
Fig.4 UPGMA dendrogram of 27 Leptospira strains isolated from Jiangxi Province
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9o FHF IOV A by B R A . 25 b TR VPR Y F
AT RS H U] 5 M S H A b XA R AT
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1600 m 747 5 10 L4581 B2 A T b i e b
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Ut

Thaipadungpanit 25 %f 2000 — 2005 4F 22 FH &
JUER S PR PEAE HEAT MLST 387 WF5E R L. inter-
rogans FKZERE ST34 N EBERMNHTEHERE . Guern-
fer 811005k [ U R JE T I A AR DR R L BN
PEAT R A R D, AF 5 R B i b X A HE L. interro-
gans Fl L. borgpetersenii 2 ~F K Fh A1 3 B ST #l
AL Ep L. interrogans J& FEBUR IR R, Lepto-
spira interrogans ST140 NAEE Y K, L. inter-
rogans ST17 Fl Leptospira borg petersenii ST149
ENFVE TR YR 2], Voronina 557 XHE 2 #r 29
BREDIR 7 B Bk 2R AT 20 B, BT 50 e B M X AP A L.
interrogans L. kirschneri # L. borgpetersenii —.
ANFER FR, Hodr ST37,ST17,ST 199 (L. interro-
gans) ., ST110 (L. kirschneri ) Fl ST146 (L. borg-
petersenii) FAS ST T 51| DI 8] F0 b 388 F 75 2 3 X
e A7 7E . Benacer 450 Th e PG 2 & 19 39 i R
AT RARAE I 5T KB L. interrogans H F B
FE DR Tl o T4 35 2 S 0 R TCIEE B o 8 2 AT 0l v R
ST143 M ST50 N EZFiAT ST B4, LE5EN
I B4 P95 SCHR A1 & B o A R A B L B0
FHFH L. interrogans Fl L. borg petersenii & [H
L LL L. interrogans R A 3 L H 2N 6] B F Al
Hby X SR B A7 AR — SRR Y ST RS, 5] 4 VL 7Y 1Y
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A0 HIL A 1 5 1 — 2P B S SR E
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