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ABSTRACT : In order to understand the etiologic characteristic of leptospirosis in Guizhou Province, nearly full length of
16S rRNA gene of four leptospiral strains isolated from Apodemus agrarius in the epidemic area of leptospirosis in Guizhou
Province in 2011 were amplified with PCR and subsequently sequenced. These sequences were compared to each other and to
the representative strains of 17 Leptospira genospecies. Leptonema illini « and Turneriella parva. Phylogenetic tree were con-
structed to demonstrate the evolutionary relationship of the four isolates and the representative strains of 17 Leptospira geno-
species. Leptonema illini y and Turneriella parva. The results showed that nearly full length (1 192 bp) of 16S rRNA gene for
the four isolates were amplified and successfully sequenced. The alignment showed that the nucleotide homogenies of the four
strains were as high as 100% . and the four isolates were most related to strains belonged to genospecies Leptospira interrogans
serogroup Icterohaemorrhagiae, with the homogeny of 99. 9%. Phylogenetic tree indicated that the isolates from Guizhou, the
representative strains of seventeen genospecies of Leptospiraceae. Leptonema illini and Turneriella parva formed four main
clusters (pathogenic. intermediate, nonpathogenic, and other). Isolates from Guizhou and the strains from the eight pathogenic
genospecies groups were included in the pathogenic clade. in which the isolates from Guizhou were most related to genospecies
Leptospira interrogans. Our results suggest that Leptospira strains isolated {rom A podemus agrarius in the epidemic area of
leptospirosis in Guizhou Province in 2011 belong to genospecies L. interrogans. which indicate that genospecies L. interrogans
might be the epidemic genospecies of Leptospira in the localities. Tt will contribute to the control and prevention of leptospirosis
in Guizhou Province.
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Leptospirosis is one of the most widespread zoono-
ses and is caused by infection with pathogenic spi-
rochetes of the Leptospira genus '''. The disease
in human is most frequent in developing countries.
and the spectrum ranges from subclinical infection
to severe symptoms of multiorgan dysfunction with
high case-fatality rates. reaching a mortality rate
as high as 70% in the case of severe pulmonary
hemorrhage syndrome 7. In contrast. most of
the infected mammalian reservoirs., such as ro-
dents. only presents mild chronic disease or are a-
symptomatic, and shed infectious organisms in the
urine for their lifetime "/, Leptospires dwell in
the renal tubules of their maintenance hosts and

are excreted into the environment with the urine.

Humans may be infected indirectly from animals by
contacting with contaminated water, soil or mud in
a moist environment, or by direct contact from u-
rine. fresh carcasses or organs ' Rodents are rec-
ognized as important mammal reservoirs of Lepto-
[9-10]

spira spp Infection may occur early in the li-

fespan of the animal and the chances of infection

[1.11]

increases with age After infection, the spiro-

chetes are localized in the kidneys and excreted by

Y. Once excreted, the bac-

urine discontinuously'"!
teria can survive in a favorable environment for
months or years before infecting new hosts, inclu-
ding humans. So, surveillance on carrier status of
reservoir hosts and analysis on the characteristic of

causative agents contribute to the clinic laboratory



1082 hoE N &

Best

N

B R 2012,28(11)

diagnosis, active surveillance, outbreak investiga-
tion and source tracking for leptospirosis.

There were several cases of leptospirosis pa-
tients as well as death cases reported in Rongjiang,
Jingping Liping of

Guizhou, every year in recent decade, which were

and counties, Southeast
only clinically and serologically diagnosed. For ex-
ample, 127 human leptospirosis cases including 28
death cases reported in Liping County from 2001 to
2008 14,

solated from patients in recent years, and the epi-

However, L. interrogans were never i-

demic bacteria genospecies remains unclear.

Traditionally, several hundred serovars of
Leptospira were classified into two species, (Lep-
tospira interrogans (L. interrogans) and Leptospi-
(L. biflexa) M7,

pathogenic and saprophytic strains, respectively.

ra biflexa which contained

Pathogenic Leptospira are classified into more than
200 serovars based on serological methods 7).
And based upon the most recent DNA-based classi-
fication, to date 17 Leptospira species have been
described, which can be divided into pathogenic
(i. e. , having the potential to cause disease in hu-
mans and animals) and saprophytic (i. e. , free liv-
ing and considered not to cause disease) species.

Some strains show unclear pathogenicity and are

"2 Therefore, identification

termed intermediates *
of Leptospira genospecies is important for the con-
trol and prevention of leptospirosis in the local are-
a.

The objective of this study was to reveal the
etiologic characteristics of leptospirosis in Guizhou
Province by 16S RNA gene analysis and genospe-
cies identification of Leptospira strains isolated
from the rodents in the local epidemic area, which
will contribute to clinical laboratory diagnosis, ac-

tive surveillance, outbreak investigation and source

tracking for leptospirosis.

Materials and Methods

Leptospiral strains and cultivation

Four Leptospira strains (Table 1) used in this
study were strain JP13, JP15, JP19 and LLP62 iso-
lated from A podemus agrarius in the rice-field en-
vironment of epidemic region of leptospirosis in
Guizhou Province, which was identified as patho-
genic Leptospira by PCR and cultivated with liquid
Ellinghausen-McCullough-Johnson-Harris  ( EM-

JH) medium (Difco, USA) at 28°CL",

Tab. 1 Background information of Leptospira strains used in this study
Strain no. Host Environment Region Year of isolation
JP13 A podemus agrarius Rice-field Jinping 2011
JP15 A podemus agrarius Rice-field Jinping 2011
JP19 A podemus agrarius Rice-field Jinping 2011
LP62 A podemus agrarius Rice-field Liping 2011

16S rRNA gene sequencing

DNA was extracted from cultures of strains of
Leptospiraceae using DNA Extraction Kit (SBS
GenenTech, Beijing, China) according to the man-
ufacturer’s directions, and the DNA concentration
were diluted to 1 ng/plL with ND-1000 Spectropho-
tometer (Nanodrop, USA). The 16S rRNA genes
were amplified from the purified DNA using the
PCR Kit (TaKaRa, Otsu, Japan). Briefly, each
50pLL reaction system contained 19ul. of deionized
water, 25 pl. of PreMix Taq, 2 pL of DNA, and
2 uL of D1 (forward: 5'-CCG AAT TCG TCG
ACA ACA GAG TTT GAT CCT GGC TCAG-3")
and rP2 (reverse: 5'-CCC GGG ATC CAA GCT
TAC GGC TAC CTT GTT ACG ACTT-3") prim-

ers with concentrations of 5 pmol/ul. correspond-
ing to positions 8 and 1 492, respectively'**/, Am-
plification was performed on an TProfessional PCR
thermocycler at 94°C for 5 min, followed by 35 cy-
cles of 94°C for 15 s, 50°C for 5 s, and 72°C for
90 s, with a final single extension of 72°C for 5
and then held at 4°C.

were characterized by electrophoresis of 1 pl. of

min, Amplified products

each reaction on a 1. 2% agarose gel for 30 min at
85 V. The PCR products were sent to TaKaRa
Company (Dalian, China) for purification, sequen-

cing and sequence assembly.

Phylogenetic analysis
The homologies among the 16S rRNA gene
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sequences obtained from leptospires were analyzed
using the MegAlign program in the DNAStar soft-
ware package (Inc. ., United States). Phylogenetic
trees were constructed for the 16S rRNA gene se-
quences of leptospires isolated from Apodemus

agrarius in Guizhou and representative strains of

Tab.2 GenBank accession numbers of leptospiral 16S ribosomal RNA gene sequences used in this study

17 Leptospira genospecies, Leptonema illini and
Turneriella parva using the Neighbor-Joining
(N]) method "', The 16S rRNA gene sequences
of the representative strains of 17 genospecies used
for comparison with those obtained in this study were
downloaded from the NCBI database (Table 2).

[13]

Clade Species Serovar Strain GenBank no.
Pathogenic  Leptospira interrogans Icterohaemorrhagiae RGAT ATCC 43642T AY631894
Leptospira interrogans Australis Ballico AY996794
Leptospira interrogans Autumnalis Akiyami A AY996791
Leptospira interrogans Bulgarica Mallika AY996792
Leptospira interrogans Canicola Hond Utrecht IV AY996798
Leptospira interrogans Copenhageni M 20 AY996790
Leptospira interrogans Hardjo Hardjoprajitno AY996796
Leptospira interrogans Hardjo Lepto-0184 AY996797
Leptospira interrogans Pomona Pomona AY996800
Leptospira interrogans Pyrogenes Salinem AY996793
Leptospira alexanderi Manhao 3 L60T ATCC 700520T AY631880
Leptospira alexanderi Manzhuang A23 AY996803

Leptospira alexanderi Nanding M 6901 AY996804

Le ptospira borg petersenii Javanica Veldrat Batavia 46T ATCC 43292T AY887899
Leptospira borg petersenii Ballum Mus 127 AY631884
Leptospira kirschneri Cynopteri 3522 CT ATCC 49945T AY631895
Leptospira kirschner: Bim 1051 AY996802
Leptospira kirschneri Bim PUO 1247 AY996801
Leptospira noguchii Panama CZ 214T ATCC 43288T AY631886

Le ptospira santarosai Shermani LT 821T ATCC 43286T AY631883
Leptospira santarosai Georgia LT 117 AY996805
Leptospira weilii Celledoni CelledoniT ATCC 43285T AY631877
Leptospira genomospecies 1 Sichuan 79601T ATCC 700521T AY631881
Intermediate  Leptospira inadai Lyme 10T ATCC 43289T AY631896
Leptospira inadai Aguaruna MW 4 AY631891
Leptospira inadai Kaup LT 64-68 AY631887
Leptospira broomii Not designated 5399T ATCC BAA-1107T AY796065
Leptospira fainei Hurstbridge BUT 6T ATCC BAA-1109T AY631885
Leptospira fainei Hurstbridge BKID 6 AY996789
Nonpathogenic Leptospira bi flexa Patoc Patoc 1T ATCC 23582T AY631876
Leptospira biflexa Andamana CH 11 AY631893
Leptospira meyeri Ranarum lowa City FrogT ATCC 43287T AY631878
Leptospira meyeri Hardjo Went 5 AY631889
Leptospira meveri Semaranga Veldrat Semarang AY631892

Le ptospira wolbachii Codice CDCT ATCC 43284T AY631879
Leptospira wolbachii Gent Wa Gent AY631890
Leptospira genomospecies 3 Holland WaZ HollandT ATCC 700522T AY631897
Leptospira genomospecies 4 Hualin LT 11-33T ATCC 700639T AY631888
Leptospira genomospecies 5 Saopaulo Sao PauloT ATCC 700523T AY631882

Other Leptonema illini Illini 3055T AY714984
Leptonema illini Habaki Habaki AY996806
Turneriella parva Parva HT NCTC 11395T AY293856
Turneriella parva Parva S-308-81 AY398688
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Results Phylogenetic tree of 16S rRNA gene

16S rRNA gene sequence analysis

Nearly full length (1 492 bp) of 16S rRNA
gene for strain JP13, JPI1, JP19 and LP62 were
amplified by using the primer pair of rP2 and DI
1)

quenced. These sequences were compared to each

( Figure and subsequently successfully se-

other and to the sequence of strains from the sev-

enteen genospecies of Leptospiraceae """, The a-
lignment showed that the homogeny of sequences
within the four strains in this study and the three
strains isolated from Rattus tanezumi in Rongjiang
in 2007 was 100% . the homogenies among the four
isolates and strains from pathogenic genospecies.
including Leptospira alexanderi, Leptospira
borg petersenii « Leptospira interrogans, Leptospi-
Leptospira

Leptospira

ra kirschneri, Leptospira noguchii,

santarosai « Leptospira weilii, and
genomospecies 1. were from 98. 8% to 99. 9%
with the highest percentage (99. 9 %) compared
with Leptospira interrogans serovar icterohaemor-
rhagiae strain RGAT ATCC 43642T. while the ho-
mogenies among the four isolates and strains of in-
termediate genospecies, including Leptospira ina-
dai, Leptospira broomii, and Leptospira fainei,
were from 95.0 % to 95. 2 % . reaffirming the high
degree of species conservation among spirochetes.
But the homogenies of the four isolates and Le pto-
spira reference strains belonging to the nonpatho-
genic genospecies, such as Leptospira alexanderi ,
Leptospira borg petersenii « Leptospira noguchii,

were only 88. 4% —88.6%.

3 4 bp

bp

1500- -1500

1000~ -1000
750- -750
500- -500

?38: -250

-100

Fig. 1 PCR detection results of leptospiral 16S rRNA gene
with the amplification fragment at the sides
of 1 492 bp

M. Marker; 1. Strain 56601; 2. Strain JP13;
3. Strain JP15; 4. Strain JP19; 5. Strain LLP62;

6: Negative control.

Phylogenetic analysis of 16S rRNA gene se-
quences showed that leptospiral strains isolated
from A podemus agrarius in Jinping (strain JP13.
JP15 and JP19). Liping (strain [LP62) in 2011 and
the representative strains of 17 Leptospira geno-
species, Leptonema illini and Turneriella parva
formed four main clusters (pathogenic, intermedi-
ate, nonpathogenic. and other) of species (Figure
2). The isolates of Guizhou as well as the strains
from the eight pathogenic species (Leptospira al-
exanderi . Leptospira borg petersenii s Leptospira
interrogans .« Leptospira kirschneri, Leptospira
noguchii s Leptospira santarosai .« Leptospira wei-
lii, and Leptospira genomospecies 1) group could
be divided into the pathogenic clade. in which the
seven strains from Guizhou were most related to
genospecies Leptospira interrogans, such as Lep-
tospira interrogans serovar i(‘lcrohzlcm()rrhagizw
strain RGAT ATCC 43642T, L. interrogans sero-
var Autumnalis. strain Akiyami A and so on. The
intermediate clade comprised species Leptospira
inadai . Leptospira broomii, and Leptospira
fainei , while species Leptospira biflexa . Lepto-
Leptospira

4,

spira Meyer., Leptospira wolbachii ,

genomospecies 3. Leptospira genomospecies
and Leptospira genomospecies 5 formed the non-
pathogenic clade. In addition. Leptonema illini
and Turneriella parva were included in another
clade separated clearly from the pathogenic, inter-

mediate and nonpathogenic clade.

Discussion

The present study demonstrates that nearly
full length of 16S rRNA gene of the four lepto-
spires isolated from the kidney of Apodemus agra-
rius were sequenced in Jinping and Liping coun-
Guizhou Ho-

mogeny analysis and phylogenetic tree indicated the

ties, Province, Southwest China.

four isolates belonged to genospecies L. interro-
gans, which is consistent with the identification re-
sults of Microscopic Agglutination Test (MAT).
There were several cases of leptospirosis pa-
tients as well as death cases reported in Guizhou
Province in every year of recent years. For exam-
ple, according to the China National System for
Disease Control and Prevention. twelve human lep-
tospirosis cases with one death case were reported

in Guizhou in 2011. However, these reported cases
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Fig. 2 Phylogenetic tree of leptospiral isolates and Leptospiraceae 16S rRNA gene sequences

were only clinically and serologically diagnosed,
and the source of infection and the characteristic of
epidemic bacteria remain unclear.

Guizhou has been proved to be the old foci of
leptospirosis in China """, Liping. Rongjiang and
Jinping counties. belonging to Qiandongnan Pre-
fecture, were the high-incidence region of leptospi-
For example, 14 126

human leptospirosis cases with 534 deaths were re-

rosis in Guizhou Province.

ported in Qiandongnan Prefecture from 1958 to

2005. Investigation on the epidemiology of lepto-
spirosis in Liping county, a county in southeast
Guizhou, revealed that a total of 127 leptospirosis
cases with 28 deaths were reported from 2001 to
2008 “5,

Control and Prevention revealed that the incidence

And China National System for Disease

peak time was from September to October, but
these reported patients were only clinically diag-
nosed.

Rodents are recognized as important mammal
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reservoirs of Leptospira spp "', A study per-
formed in 1992 in Guizhou Province revealed that
the animal carrier, Apodemus agrarius, was a
very important reservoir host of leptospirosis. with
a carrier rate of 7. 36 % , accounting for 95. 84 % of
all the checked rats. The geographic distribution of
host animal in local area had a close relation with
cases of leptospirosis aggregate distribution "%
However. few studies on the carrier status in re-
cent year were reported. To trace the source of in-
fection, three strains (JP13, JP15 and JP19) of
Leptospira were isolated from A podemus agrarius
in Jinping County and one strain (LLP62) from Li-
ping County. Detection results suggest that
Apodemus agrarius may be the main carrier of
Leptospira in the localities.

MAT and cross-agglutinin absorption test
(CAAT) are, traditionally. used to identify lepto-
spires. However. these techniques are laborious
and time-consuming, requiring the maintenance of
a collection of more than 200 reference strains and
correspondent rabbit antisera. Based upon DNA-
DNA hybridization data, the genus is now classi-
fied into 17 species """/, Morey RE et al''* deter-
mined nearly full-length 16S rRNA gene sequences
of approximately 1 430 bp from well-characterized
_type strains and representative serovars of Lepto-
spira species for species identification of lepto-
spires, and concluded that 16S rRNA gene sequen-
cing was a powerful method for identification in the
clinical laboratory and offers a simplified approach
to the identification of Leptospira species. In this
study, the four strains of Leptospira were identi-
fied as genospecies L. interrogans by using 16S
rRNA gene sequencing analysis. It is consistent
with the species identification result for the three
Leptospira
Rongjiang County in 2007 “*/and is also consistent

isolated from Rattus tanezumi in

with the antibody detection results of local lepto-
spirosis patients in recent years.

In the present study, four leptospires isolated
from Apodemus agrarius in Jinping and Liping
counties in 2011 were identified as L. interrogans
which belongs to the genospecies of pathogenic
clade, which is consistent with MAT detection re-
sults for the Leptospira antibody of the patients in
the local area. Our results suggest that A podemus
agrarius may be the main carrier of Leptospira in

Jinping and Liping counties, and L. interrogans

may be the epidemic genospecies of Leptospira in
the local area, which will contribute to the clinical
laboratory diagnosis, active surveillance, outbreak
investigation and source tracking for leptospirosis

in Guizhou Province.
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