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Abstract. Field surveys of Paragonimus in Surat Thani Province, southern Thailand, revealed a new record of a
lung fluke species other than P. westermani. The metacercariae were obtained from the crab, Ranguna smalleyi.
The cysts of the metacercariae were spherical in shape and the larval body in the cysts contained pinkish
granules. Fully mature adult worms were obtained from experimental infections with a rat and a ferret. The adult
worms from the two host animals resembled each other, except for size, and had the anatomical characteristics
of P. bangkokensis, ie the cuticular spines were arranged mainly in groups, the ovaries were highly branched,
while the testes were more simply divided. Chromosomal preparations of the testes showed a haploid number
of 11. As no sequence data of P. bangkokensis has been deposited in the GenBank/EMBL/DDBJ nucleotide
database, the ITS2 region was sequenced using the metacercariae as starting material. A similarity search of P.
bangkokensis ITS2 sequence using the BLAST program revealed that there was only one base difference between
this population and P. harinasutai occurring in central Thailand. The result may suggest a close relationship
between P. bangkokensis and P. harinasutai. This is the first description of Paragonimus species other than P.

westermani occurring in southern Thailand.

INTRODUCTION

At present, there are at least 6 species of Parago-
nimus in Thailand: Paragonimus westermani, P.
siamensis, P. heterotremus, P. bangkokensis, P.
macrorchis, and P. harinasutai (Blair et al, 1999).
Paragonimus bangkokensis, the fourth species
discovered in Thailand, was reported in the central part
(Nakhon Nayok: Miyazaki and Vajrasthira, 1967, and
Saraburi: Srisont ef al, 1997) as well as in the eastern
part (Chantaburi: Srisont et al, 1997). In China, He
et al (1982) published their first discovery of this
species in Hainan Island. To date, studies concerning
P. bangkokensis in Thailand have included morphology
(Sugiyama er al, 1989; Komalamisra et al, 2004) and
molecular genetics (Intapan et al, 2004). In all studies
mentioned, only specimens obtained from central
Thailand were employed.

Studies of the second intermediate hosts of P.
bangkokensis revealed 3 species of waterfall crabs:
Potamiscus smithianus, Larnaudia beusekomae, and
Apotamonautes hainanensis. There was one report of
P. bangkokensis natural infection in Indian mongooses.
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Experimental infections were carried out and adult
worms were obtained from cats and a bandicoot
(Miyazaki and Vajrasthira, 1967; He et al, 1982).

In the present study, we focused on P. bangkokensis
occurring in southern Thailand. We extensively
surveyed the distribution of the metacercariae in
waterfall crabs in Surat Thani Province. Experimental
infections with metacercariae were carried out in
maminalian hosts, other than cats and bandicoots.
Morphological, chromosomal, and molecular data were
obtained either from the metacercarial or adult stages,
or both.

MATERIALS AND METHODS

Collection of crab intermediate hosts

Waterfall crabs were collected along mountain
streams in Pa Nom district, Surat Thani Province
during the period January 2003-May 2004. The crabs
were identified as Ranguna smalleyi according to
Naiyanetr (1988). These crabs were further examined
for Paragonimus metacercariae.

Examination of Paragonimus metacercariae

The crabs were ground and digested with pepsin
(1%, w/v) and concentrated hydrochloric acid (0.7%,
v/v). The samples were filtered through wire sieves
(pore sizes 300 and 500 um), and 0.9% physiological
saline was added, They were allowed to stand for
approximately one hour and the sediment was
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examined under a stereomicroscope for Paragonimus
metacercariae. Morphological observations and
measurements of the metacercariae obtained were
carried out.

Adult worms from test rat and ferret

The metacercariae were infected into a Wistar rat
and a ferret to raise them to adult worms. The feces of
these test animals were examined for Paragonimus eggs
after approximately 60 days using the formalin-ether
concentration method. The results of the experimental
infections are shown in Table 1. To prepare permanent
specimens for morphological observation, recovered
worms were pressed between two glass slides, fixed in
70% ethanol, stained with borax carmine, and mounted
with Canada balsam.

Chromosomal preparations from adult worms

The Giemsa air-dried preparation of chromosomes
from testes followed Sugiyama er al (1985).
Photomicrographs of a total of 30 cells with well-
spread meiotic metaphase chromosomes were taken
and a haploid number of chromosomes obtained.

DNA amplification and sequencing of the ITS2
region

DNA samples were prepared from the metacercariae,
as previously described by Sugiyama ef al (2002). DNA
was amplified by PCR using primers 3S (Bowles et al,
1995) and A28 (Blair et al, 1997) for the ITS2 region
of the nuclear ribosomal DNA. The conditions for the
PCR reactions followed Sugiyama er al (2002). The
resultant PCR products were sequenced using the
corresponding primers and the BigDye Terminator
Cycle Sequencing Kit (Applied Biosystems, USA)
on an automated DNA sequencer (ABI310, Applied
Biosystems). The consensus sequence obtained was
compared to sequences in a database (http://www.ncbi.

nlm.nih.gov/BLAST/).

RESULTS

New crab intermediate host of P. bangkokensis

In January 2003 and May 2004, field surveys of P.
bangkokensis were carried out in Surat Thani Province.
A total of 1,001 freshwater crabs were examined.
These crabs, belonging to the family Potamidae,
called Ranguna smalleyi (Fig 1), are recorded as a new
crustacean host of P. bangkokensis.

Fig 1- Ranguna smalleyi, a new crab intermediate host of P.
bangkokensis collected in southern Thailand.

PESSE——

J—
100 pm 100 pm

Fig 2- Paragonimus bangkokensis metacercariae obtained in
southern Thailand. Scale bar = 100 pm.

Fig 3- Adult worm obtained from a test rat. A: Photomicrograph of the adult worm (OS: oral sucker, VS: ventral sucker, O: ovary,
T: testes). B: Drawing of the ovary and testes. C: Photomicrograph of cuticular spines. Scale bar = I mm.
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Experimental infections of rat and ferret with metacercariae of P. bangkokensis.

Duration of

No. of adult flukes
recovered

Rate of mc®
recovered as

Test animals Dose of me™ infection (days)  adult flukes (%) Lungs Liver Total
Rat 11 111 18 1 1 2
Ferret 7 239 43 3 - 3

@ mc = metacercariae

Fig 4- Adult worm obtained from a test ferret. A: Photomicrograph of the adult worm (O: ovary, T: testes). B: Drawing of the
ovary and testes. C: Photomicrograph of cuticular spines. Scale bar = 1 mm.

Fig 5- A photomicrograph of the meiotic metaphase
chromosomes with a haploid number of 11 (n= 11).
Scale bar = 5 ym.

Characteristics of metacercariae

A total of 55 metacercariae were recovered
from all crabs examined. Fig 2 shows representative
metacercariae, which were spherical in shape; the
inner membrane was approximately 13 pm thick. In

Vol 37 (suppl 3) 2006

25 fresh specimens, excluding the outer membrane, the
longitudinal and transverse diameters of the inner cyst
ranged from 521-379 x 469-365 um (average 437 x 422
pm). The larval bodies contained pinkish granules.

Adult worms from test animals; morphology and
number of chromosomes

After Paragonimus eggs were detected in feces,
the rat and ferret were sacrificed. Table | illustrates
the number of adult flukes obtained at necropsy.

Five adult worms were obtained from the rat and
ferret; thus, these mammals became the new definitive
hosts of P. bangkokensis. In 3 mounted specimens of
adult worms from the rat (Fig 3A) and ferret (Fig 4A),
the sizes of the worms were different. Two specimens
from the rat had an average size of 7.60 x 3.75 mm,
with length 7.5-7.7 mm and width 3.7-3.8 mm. The
average transverse diameters of the oral and ventral
suckers measured 590 pm and 597 um, respectively.
The ovary was highly branched, while the testes were
much more simply divided (Fig 3A and 3B). The
cuticular spines were arranged in groups (Fig 3C). One
specimen from the ferret showed a larger body size,
with length and width 13.40 x 6.30 mm. The transverse
diameters of the oral and ventral suckers were 1.06 and
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TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGTGAACTGCATACTGCTTIGAACA
TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGTGAACTGCATACTGCTTTGAACA

TCGACATCTTGAACGCATATTIGCGGCCACGGGTTAGCCTGTGGCCACGCCTEGTCCGAGGS
TCGACATCTTGAACGCATATTGCGGCCACGGEGTTAGCCTGTGGCCACGCCTGTCCGAGGG

TCGGCTTATARACTATCGCCGACGCCCAAARAGTCGCGCGCTTIGEGGTTTTGCCAGCTGGCGT
TCGGCTTATAAACTATCGCGACGCCCAAAAAGTCGCGECTTIGCGEGTTTTGCCAGCTGGCGT

GATTICCCCGATCTGACCTTGCIGTCGGTGGGGTGCCAGATCTATGGCGTTTCCCTARCCT
GATTTICCCCGGICTGACCTTGIGTCGGTGEGETGCCAGATCTATGGCGTTTCCCTAACCT
*

GTCCGGGCGTACCCATGTTGTGCGCTCGAAGGCCTTCGTGGGGATGTGGCAACGGAATCGTG
GTCCGGGCGTACCCATGTTGTCGGCTGAAGGCCTTGGTCGEGATGTGGCAACGGARTCGTG

GCTCAGTGAATTATTTATGTGCGCEGTTCCGTCEGTCCTATCATCATCTATGGTITGATGCTG
GCTCAGTGAATTATTTATGTGCGCGTTCCGTCGTCCTATCATCATCTATGGTTGATGCTG

CGTGIGGCTGTGCGTCTGATGCTCGACCTCGAGTATCGTGCCATCGTGGCTCATTCTCCTIGACCT
CEGTGTGGTGTGCEGTCTCGATGCIGACCTCGAGTATGTGCCATGTGGCTCATTCTICCTIGACCT

Pb: CGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTAA
Ph: CGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTAA

Fig 6- Similarity search result of the ITS2 sequences from P. bangkokensis (Pb) and P. harinasutai (Ph). An asterisk (*) indicates

a variable region.

1.18 mm, respectively. Other structures, including the
ovary, testes (Fig 4A and 4B), and cuticular spines (Fig
4C) resembled those of the rat.

In the present study, chromosomal preparations
of the testes from one adult worm showed many well-
spread meiotic metaphase chromosomes. Fig 5 is a
photomicrograph of the chromosomes with a haploid
numberof 11 (n=11).

Genetic variation of P. bangkokensis based on the
ITS2 region

The result of the ITS2 sequence similarity search
of P. bangkokensis showed only one base difference
between this population and P. harinasutai occurring
in central Thailand (GenBank accession number
AF159609) (Fig 6).

DISCUSSION

Insouthern Thailand, P. bangkokensis metacercariae
were discovered in the new crab intermediate host, R.
smalleyi. Similar to the previous report by Miyazaki
and Vajrasthira (1967), the metacercariae were
spherical in shape and the average longitudinal and
transverse diameters of the inner cyst were 437 x 422
pm. The larval bodies contained pinkish granules.
In addition, the morphological characteristics of the
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adult worms obtained from the new mammalian
hosts (the rat and ferret) were also identical to those
described by Miyazaki and Vajrasthira (1967). These
worms possessed a highly branched ovary, more
simply divided testes, clustered cuticular spines, and
a haploid chromosome number of 11. In terms of the
genetic variation of P. bangkokensis based on the ITS2
region, there was only a single base difference between
this population and P. harinasutai occurring in central
Thailand. The result may suggest a close relationship
between P. bangkokensis and P. harinasutai. This
agreed with the morphological characteristics of both
species, except for the arrangement of the cuticular
spines.
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Sequence Analysis of ITS2 and CO1 Genes of Paragonimus harinasutai
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[Abstract] Objective To identify Pawagonimus harinasutai from Ninghai, Zhejiang Province, China. Methods Meta-
cercariae were collected from the crabs Sinopotamon chekiangenes in Xixi villages of Ninghai County for ITS2 sequence
analysis, CO1 sequence analysis and endonuclease BsaHI and Stul analysis by PCRRFLP. Results The fingerprintings of PCR-
RFLP were virtually same to the isolate from Thailand (Nakornnayok). The ITS2 sequence with 366 bp and CO1 sequ-ence
with 390 bp of the metacercariae collected from Ninghai revealed a nucleotide identity 95.6% and 895% respectively to the Thai
isolate Conclusion The study confirmed that Paragonimus harinasuta is present in Ninghai, China, with certain variation on
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molecular biology in comparison to the Thai isolate.

[Key words] Paragonimus harinasutai; Classification; Sequence analysis
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REE, RXMEY 79 R, B3 HiEE, M
FRE M E, REEVPEEEEL NIFERBK
HEWRHC, PEAHIFERIFMALAKE, £EFTT+
STHEE, F 2004 FH R AR % £ EE Mahidol X
FREEZE¥REFLEE, NESZEEHRINARKF
BERE, EXRE(—FE M BRFTHIAEER¥
Bea 4 TR, RREMHLTEES KFHR
HAOTEYENERE, N TFEYE2AEHR—FH
EWL TSN RIFAR M SR RERETR,

R E

1 BFERE
BLERET 2004 ERAWLTIEEE R KM,
M 100 REBEFRE 5 R KR ERREY, rHE
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70 EREEEEH,

2 DNA BE

DNA Hi fiai{bi® Sugiyama® W EE#HFT. B4
WA KERER 100l ¥EHE KK DNA #
£ [10 mmol/L Tris-HCl, PH 8.0, 10 mmoll. Z &
TUZ.ER48(EDTA), 0.1%+ 4EEREE45(SDS), 02mg/
ml ZHEF KI60°C 2h, 95 CKi% 10 min, B 41k
DNA, ZEEEEPRZ KN ZE(TE SR,

3 ITS2, CO1 ERY HEFMET 47

ITS2 # & PCR ¥ #3534 35 5'-GGTAC C-
GGTG GATCA CTCGG CTCGT G-3', A28 5'-GGGAT
CCTGG TTAGT TTCTT TTCCT CCGC-3'¥, CO1 #EE
PCR V"5 #%E A JB3: 5'-TTTTT TGGGC ATCCT
GAGGT TTAT-3'; JB4: 5'-TAAAG AAAGA ACATA
ATGAA AATG3'®), PCRI KM HR 98C, 5s; 55C,
10s; 72°C, 10s; 35 7B, PCR ™=#% QIAEXII
(#8H Qiagen A7) #ifk, & B IFIHTUHITF
5i4-#7 (AB1310, Applied Biosysteme, HZ, EZE
RBRYRA R F LSRR,

4 PCR ¥ #7481 (PCR-RFLP)

ITS2-PCR ¥ 1 7= #) 2 BsaHI F1 Seul B§1I (37 C,
12h), 2% e B ik 4> B, 100bp DNA 3l
(32 E Invitrogen 2 8 ) A4A-FHRIC,

5 ®WHESOH

PCR-RFLP 3 iR ¥ & % B 3K 4 B B 3% A Kodak
1D {44 DNA R KE; FIIGHERS Gen-
Bank H R4 FSFFE R B ITS2 F1 CO1 % F 30 3% 17 3¢
b, FITEERERE,

& R

1 ITS2-PCR #3714 BsaHI # Stul 1]

VLS R FE R AN EE PCR-RFLP JRJE s SR e v,
WABEE, SEEWEFERAAFEER—Z (B,
ITS2-PCR 3 ¥ 7= #1%4) 560bp, BsaHI-PCR ¥ 7= 142
340bp A1 220bp, StwIPCR 347441 300bp 71 260bp,

2 ITS2BERAFETSH

WL THEWRERFEBSE ITS2 ZEAH 366 B
S, SEREFME(AF159609)3T L. H 16 MREL
4T AL, W TSR 268-270 1A (GTC)BRE N
REMBRRA, REER9I5.6%(E 2),

3 COl1ERFILH

WL THRKIFERE COL ZEE 390 B &
X, ESEREFE (AF159600)%ftk: FH 41 MREEX
T2, FEER89.5% (B 3),

bp M 1 2 3 4 5 6

100

M: DNA#REY, 1. SFOLFHERE ITS2 £ PCR 7™=4%, 2. REHFH
B ITS2 £E PCR /47, 3: SILTHFRE BsoHl BBUIEIHE, 4. RE
¥ BscHI EBYIEE, 5. WL TR Sul BEIELE, 6. REH
7 Sl BUAEME,
M: DNA marker, 1: PCR product of ITS2 from China, 2: PCR pred-
uct of ITS2 from Thailand, 3: The fingerprinting for BsaHl from Chi-
na, 4: The fingerprinting for BsaHI from Thailand, 5: The finger-
printing for Stul from China, 6: The fngerprinting for Stul from China
B 1 WEFFARHPCR FHFHE BseHI 7 Stul
BYIRBEAR Rk S HEH
Fig.l The fingerprinting of PCR-RFLP by
endonuclease BsaHI and Stul

PhariZ) ATATTGCGGC CACGGGTTIAG CCTGTUGCCA CGUCTETOCG AGGG OGO T
AF159609

SETATAAACTAT CGCGACGCCC AAAAGGTCGC GGCTTGOGTT TTGCCAGCTG
........ Acrmverrnen reeasmnemreaneane <iemeisioee senres

11T GCGTGATTTC CCCANTCTGA COTTETGRTCA GTGGUGTGOC AGATUTA TGO
G G

201 TGGGGATGTG GCAACGGAAT COGTGGCTCAG TGAAGTATTIT ATGTGCGCGT

231 TCCGTCOTLY TATCATCGLL ATCTATGGTT GATGCTGUGT ATGOTGTECW
C G

30U TCCCATGCTA ACCTARGEAT GTGCCATGTG GCTCAITUTIC CTGACCICGG
5 : Ga

IS ATCAGACGTG AGTACC

B2 HITHSRNEEHRKFARS ITIS2 EEHFALK

Fig2 TIS2 nucleotide seq e of P. harinastai from
China and Thailand

AF15%t0 1 IVFGATTNPA CCGHGATIVG G AT MG TOATVITIGE ATGAUTTIG L O ANTAARGA
PhyrtnZ)-COY N O o) <. G T

81 TICGCTGTIT GGTTALTATG GOGTTCGTGTT (GCTATCGGG GCRATTGTIT GTTTGGGTAG
PIRTNS ) FSRRTTR Aciisscaenn T JUpRT, ¥ G A

TGTTFATGGT TGGTITAGAT GTTAAGACCG CGGTGTTTIT
. LT T

I TAGTEPLEI TG CATGATACCT GATITGTIGT
o ) N

B3 WITERREZHBRRAATH COLEAFILEER
Fig3 Col nucleotide seq e of P. harinastai from
China and Thailand
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it it

W TS R EBE R SRR KRR, B
WEAATORK, BEREBELTALEH=Z22—, 5
8 BWES, BUWHRLEREKXNERET, 5
Miyazaki %73 B B IR E fa [CHFFE IR L RS AEAH AT
HREEFME—LBAEMEFNFES, MBARER,
FEFABELLIRRY 381 dKE, HERhEAe
B, MHTTARds, MNEER—-FR#aE, NERE
BEOAMEFS L, RRERFIBAERNSERSN
BE, NWEHEALRE, BYENEX, BEME
WEMKNEFNLEEEENEY, B5—FHE, &8
MEHE AT EEZ B R RE EE N, RREMFEEE
MERYMESAERNFEEN, AIEELAXS, Wik
MRE, 2HETEETARER, BERFMHER+
SR, EURHE,

— RIS — R X BN BE B AR IR IS B 4
fEgesE, MinEEAENELEIEMAEZTEK
BB ERM Y, RESREWILAHEERE,
K EREAMARPEREE, TeEE R — R
HER, BEEE-MHIHEFEdEBEEEEEATN
B RS FAEYRETHNTE., A
SFEYEEREEHEEESEREERE, BF
FIFER AR R A ER FEE R R
B 48 IR X (ITS2) fEk 4 CO1 EHE T 447, ITS2
BTF&EEA, HMRATRE, B ENATHER
HAEZE R, W COl HERE FLBEREEA,
MATHEREHABEHRS, Af—SN0TFE
VETERBERLTERENIEMA, 2HET
2004 FEF R A FTEE A KR SRERS TR R HE 1T
SFEMERR, EREVHITS2PCRY =Y 2
BsqHI #1 Stul B4, PCR-RFLP HUARBHER BB E
ESRERKHFETEEA 5, FLTESKRFER
BTS2 BEA 366 By, MREFME (AF159609)1%
363 XM WE, H 6 TREMSANRR, REHN 5.
6% ; WIILTWEM KR ME COl EEAE 390 Xt 5
, 5SREMBE(AF159600) R X 89.5%, & 41
IMEEMNEARR, HREENFFEYSRAEH 2

Bl L Ty Bk o RIF R, 5RE R KM
B, MERERKREESR,

LAIER SRR, A TRRFERIEHA M N E
HAREE, 3 AKMRYLE R BIRRS518 60.0%.,
83.3%%M 85.7%, MKERE EERMNRE RIF, FERE
SFHETHE, TR R TR E R E A
WARMITX, W RIFEES TR T — R o 28 ) ]
RITFTE T UL, BRI XS v FG I 78 UR S 7 # UL
ARZKEERNARNBURE, URZAERE N
WA THE—SHR,

& £ X W
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HT 8 TR IR 0 B ITS2 5447

RED

H. Sugiyama’
(1. WOHEENERAEY IR, WL HM

KB A

310013;

2. BAEFBRIEREFRFENYR, A5 K5,
3. WL THERER PO, WL T8  315600)

HE NT#H—-STRWILTEILRHFERSR (Paragonimus westermani) HEEERHERL, W LRHFERR
FRFBEHIT T2 FFSHHE. SHEANFLTFENT. FEEE (BPRRA) AITERURERTER
B, #EDRFBERBFELFHFHTIT2FF PCRY AT, EREZH: WMITHESH DRHFAERRIT F
FUA 363 MR, MEMBREMEMRBEHRAN IT2 FIHELHA; SHEEMHE (AFIS9604, Nakom
Nayok &) BBFEER97.5%, BHIRFIAREAFTERER, WITELRFAERASHE, HE
EWHTRAPBRENEBRAEESES, BENKRICAR,

XN DEHERHE,; ITS2; $E; £E

e THEWEMBRARTE, HpT
MEATBERRRRTE. A TH-STH
WO TEDRHEARRBET R, X TIEMEN
W £k 0l il BY A % SRR B AT ITS2 R A B BT

5,
1 MREAFE

1.1 HRERE

WL BB ( Sinopotamon chekiangenes Taiet
Sung, 1975) A FIF BWILTE/DT, TIEEE
(BRI MTERLU. 7B ERFEREY K
/N 360 ~ 400 pm, ) T0REREEE.
1.2 DNAE

DNA 112 ¥ Sugiyama 77 E#E1T (Sugiyama et
al., 2002): BABEYKLEE 100l FEHE
K 8 lysis Z /(10 mol/L Trs-HCl, pH 8.0, 10
mol/L EDTA, 0.1% SDS, 0.2mg/mL Proteinase
K), 60°C 2h B¢fR 2 DNA, OSCRIEEH
K10min, EHELEIL DNA, TE BB EE,
1.3 PCR ¥ IE# ITS2 47

ITS2 7% PCR ¥ 35| 4% A 3S'#1 A28: 38
5'-GGTAC CGGTG GATCA CTCGG CTCGT G-3',
A28 5'-GGGAT CCTGG TTAGT TTCTT TTCCT CCGC-

U E i 2006-01-12

3's PCR ¥ 3 & £ K. 98°C, 5s; 55C, 10s;
72°C, 10s, 35 M {& ¥, PCR =4 £ QIAEXI
(Qiagen, Germany) #ifk, 7& B 3% 5 44 4k
fTRFI44F (ABI310, Applied Biosysteme, H 4,
BERBRRERARFTFENYE) .
1.4 HERSH

FOaHHERS GenBank F TR HEF &
ITS2 FP3#EATX b, IRt ERRERE.

2 &R
WL FENT ., FETE (BRA) fTHE

AN BRIFFERE ITS2 FHH 363 MREE
t, BYEeMR.

ATATTGCGGC
CGCCTGTCCG
CGCGACGCCC
TTGCCAGCTG
TCTTGTGCCT
CGTTTCCCTA
GTTGCGGCTG
GCAACGGAAT
ATGTGCGCGT
TGTGGTTTAT

CACGGGTTAG
AGGGTCGGCT
AAAAAGTCGC
GCGTGATCTC

GTGGGGTGCC
ACATACTCGG
AAAGCCTTGA
CGTGGCTCAG
TCCGCTGTCC

GTTGCGCCGTG

»ZS&0H: BERMERTE-FERBESERE (17-603), WMIHFHLITHE (2005F13023)
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CCTGTGGCCA
TATAAACTAT
GGCTTGGGTT
CCCAATCTGG
AGATCTGTGG
GCGCACCCAC
CGGGGATGTG
TGAATGATTT

TGTCTTCATC

GTCTGCTTTC
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FERSEXRHER

EI3EE2H

GATGCTGACC TACGTATGTG CCATGTGGTT
CATTCTCCTG ~ ACCTCGGATC AGACGTGAGT
AcC

WL THIRFERR ITS2 55 5% E M3

(AF159604, Nakorn Nayok %) M ER R B %% A
97.5%, SEMREEEK (MKX) BRFERE
MECRUSERMIERLE 1,

1 FITEIRHABERA M2 EINSTENEEERMBOLS

Tab.1 ITS2 sequence comparison of Paragonimus westermani populations from Ninghai Zhejiang and some Asian countries

58 147 170 217 230

232 252 278 2917 298 316 330 350

LT H/ANT

T G G G G G C T T T A T C
Xiaoting, Ninghai
WOLTHER

T G G G G G C T T T A T C
Xixi, Ninghai
WL T4

T G G G G G o} T T T A T C
Yushan, Ninghai
P E & 096908

T G G G A G C T T T A T o
Taiwan, China
H Z& 196907

T G G G G G C T T T A T C
Japan
HE (3n) AF333277

T G G G G G c T T T A T (o}
Korea (Lrip)
HE (20) AF333278

T G G G G G C T T T A T [
Korea (dip)
HE (3n) AF333276

T G G G A G C T T T A T C
Korea (tn'p)
RE AF159604

C A C G G A T C G T A C T
Tailand
FEHE U96910

T A G A G A T T G A T T C
Philippines
OkET U96909

T A G A G A T T G A A T C
Malaysia

HEE
A A
3 i PRIAEREMBRERRRRBLEET

VEAERS_AREX (I1S2) BTRER
4, MM ETRE, B ZNATHERAFE
HMAESHR, EERN TRHFERH ITS2
FCOIEETFF, Blair ¥ (1997) IAAEM K
FER BT LT R BAEEEMNELY
Aibd# (FEXKEREE. B4, BE) &
EEEHEETNEHAHE (BREL. FEM
FEREER); ATWPFREXR, LTENMT. TE
THE (BRR) MTERLFRAE T2 Z£F5]F
iR, HLTEDRFERHRETMERL

« 78 -

EHARMEESN, BTHMSR. By, BHp
ESREE—H, RENES L X5 A2 503k fif 5
AEMRER, HRRNSEHFRTHET B,
EARSEEREAKREMINGREYHX G
ARG RS RMERBFEER, WA RUA
B, BERWHIL 108 () TRHFERE
BRESVE, GRIELEZVAHFAZTLER
(B8F %, 2004), Miyazaki (1978) % ¥ &M
SNEEBHEZIERBRBRELNES, BB=
fERAE (triploid type) FF7E Tk B 8 5 J4 B 9 Jilf
AR, EXFHRAEREEFERMBERFE
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BERSE. WITEILRFEBRHE TS2 FI5H7

W HBRA P EINES, BERNMRARBELH
HAFERRRRITRANMEZ . FTB/HTH
FOABZEDTRHAEREHBLREERRERIA
S, Z4EEE (diploid type) ik & E (mosaic
type) WATRESI R BB HHER (ERLAE,
1986; BEm %%, 1994; BERME, 2003). B
ENFEYEHEAR, LHE PCREAMBZRAE
HMFERMBREERE, S TFEVEEARMAT
HERHEMNHRCEARF . Pak % (2003) X
HEN_EEN A DIRFAERELERRE
B2 B F % & HE (AF333277,
AF333278) ERE R 1B/ (AF333276). Agatsuma
% (1994) 5 FARR &I LI B DNA 2/ HEAR
(RFLP, restriction fragment length polymorphism) Xt
BRI 5K B # 8K R & DNA #1791 458
K, ZEREWH, NBRNUEE Ptl, Ha I
Rsa T ] R B H 4 Z A5 4 70 = 15 (4 B e 6 {4 il IR
H, EHTFREKZERHAAREHRBERARR
e, EBTR A BE X A B B R0 3E A BUR [R] & R (6]
&,

WL THE/NMNIAYE BB MR BB ETX,
44 BIRAE B . HERER, ERBFHER
FEI (FTRE, 1987), MTFEHEN, &
BBREEMBRYBELET/MN, HHERD
BRBERAEBEFEIR, BEEILRKRLMAE
HRERRA, IRGERFAWILTELRAFE
% o J B i R R RN B R RF R R ITS2 RIS
HHE. RELMLHE (2006) YN HRENT L
# DNA (PCR-RAPD, PCR-based random amplified
polymorphic DNA) BiR, MWL THENT. TiE
TR ZFE . RS T RIFHERHBY TR
EERHR, BRER B 17~1600bp, A9~
680bp EN DRHARAAFRBEHEN D T
F5iC. SHEfth DNA HARM ., PCR-RAPD RA&
. ORI, BUR. PTHMRERMNER, HEERT
HYFERREERMAES FRIEHAR. B
W E PCR-RAPD X [ %14, #%Pk PCR-RAPD %2
EMMEERERE, 1 BRR TR ER BB
IS FiRRCEE,

EHEREFRHMEHPERESERE, &

TH M E 48 #F1%E E Nakhorn Nayok 4 i ik
HRWATR ARG, PR E R EI R SR
RBORM, DR BUR B0 FARC g
BRI T %, REHRFEHTFERL
4 5 % [ Nakhom Nayok 45 B9 TG HF W & ITS2
FFxth, EREAFSB LRFERRBEELES
BR, AEENT.5%, XEFAEIFED
RHERERDAFRBRRENBETRARH
— B R,
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FEASE¥RB %R B 13EE2H

ITS2 SEQUENCE OF PARAGONIMUS WESTERMANI
IN NINGHAI, ZHEJIANG

QIAN Bao-Zhen' H. Sugiyama® ZHU Zhi-Hang’
(1. Institute of Bio-engineering, Zhejiang Academy of Medical Sciences , Zhejiang , Hangzhou 310012;
2. Department of Parasitology , National Institute of Infectious Diseases, Tokoy, Japan;
3. Zhejiang, Ninghai, CDC, Zhgiang, Ninghai 315600)

Abstract In ordér to understand the genetic variation of Paragonimiasis westermani in Ninghai county, Zhejiang province, the
metacecariae were sampled from Xiaoting, Xixi and Yushan village respectively for their ITS sequences analysis. Results indicated
that all ITS of the three populations contained 363 base pairs nucleotide acid with the same sequence. The similarity of P.
westermani ITS sequence was 97.5% between the P. westermani populations in Zhejiang and the population from Nakorn Nayok
province (AF159604) in Thailand, which appeared lower compared to those between the three P. westermani populations in
Zhejiang and populations in Japan Korea and Taiwan province of China, so the P. westermani populations obtained in the three
villages in Ninghai should belongs to Northeast Asia group.

Key words Paragonimus westermani; ITS2; China; Thailand
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<EBERHER>
2008 FERICEREE LT 2 AT Y HRSEIC
£BRFEEHCONT

XN =0ETEE (BE) 2ERLT39=27F
Ve o HREOEABRREFICEL (HET 2, £E
BOFERT VRIS 2 PEREED, 20044 9~118
i, B AN =OEBREFEMATREL, F=60H
RE L, EEEIMTEDOE AN 2BMLEL,
EE (Fra—g:20%) tEREE L1 30EE
TRELBETT @ESTHEK) 4, 5 HEETAL
tws, PERNEFELCHEEBELLb DO TH S, AR
Ky FEZXF=Z (Db®sEEAFZ) bEMELT
FERINY, Cb0RMARTHL, BTHEF
BADBEED» S, T TMARRL CRExhAT T,

REMEYREESE Vol. 27 No. 10 (2006. 10)

23 (277)

o7~ 2%

SFBRKB ORI, BE/EOREICFIREEE
RTCAB L CO-AEAOEEED, 2004F1LBIKY =
AFNe v REBRRE MBS EhzlLicd b,
BEOETI AN —EErHoBYEED, xR F
W R L 3 EREROCOBENARL T3,
E, ETEENEICERL, AaR/ESERRIZES
DOEBEMLE)Z,

EEEOREIC LD, ¥FECBVWTEIAN =%
BELLIEPERSN-ERI4GICEo T, BE
BEZZOEE, WREOBRPERF4LTHET L
Mahot, PBOEEE2ET 2L (b5 14IXER
REGSE) IFREBEREEL, o 24 (BRES
FMEBERERSE) BIBERGCORBEOEEETCH-
Too THRBHAZBRBBRAT VA v FLOREEFT,
FUAMIOET 2 8258 L L, BEIHEEh,

FER&EROE7 A=k, BRELGSOMERDEHA
EZoEE, BItAR2HEA 3 EE/ITREINZ
LB e ER 0T, 2T, 690L%E AFE L CHiRE
DEEEFANIE 23, 130527V Y 7K
HENhL (FEEII%), BEEEoFICE, £
GITEDOA A U 7HHRHEEN, TD 55124
PHERCHIHARAICFET 2 =bWwi, TDAY
ENHYTE, REROICBRBREETELBRREOTE
PREL, XAEFOERERY 2 A7 V= VHRE (3
EEE) THEZEEEELR,

R BORLREL LCE 7 AT DEBBEVEET
HBHI LR, R, SHE - BETRIALGN, B
DHEKE BV TH IhE2FER L T3 EBREN»ERE
ENTERLY, T AHEHREOBREE (b
BE) ThhH, NMEAFBLTH»5EET S LHEM
EhTw3EtBbhid, BERIERTH 2EEIEOHR
BHEAERI LAY, SEOEREFREX T,
D& LW TOMBRRIEORKEETHTHITE, #
FEBERERNLT, 27X (Y7 H=, &5
o Fre I XAZ) o mBaLTRET S L 5,
WHTHEL-BEZTILENDH S,

EHEHE, 92TV vEREFERET 2 &S
EFLTASBEECESO TR bR, FEESR
(FHEOFER) ELTRT7T =¥ RN THDT
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HhELLTRIEOLE, BECERT BES
E) % TadE LU LS, BREE (&%
=) OREPFERTHIHETYL, BE (AF=E28
) 2P LIER»EREEERCE LTEGH DY
ZET, REFOL I BERENTEREORESEE
BEOEFRBBEZND LI KD, BEOFHICH
‘b D LHFEEN S,
X B

1) BEEEEEEERR (B, AREEEETH
Blo—#%#RET 2EL2OBITEICOWT (B
11128288 - £&FE1836%), 1999 (http://
wwwl.mhlw.go.jp/topics/syokueihou/tp1228-1_13.
html)

2) BRBIER, MRREC X 2PEREOHEE, FH
S EEEARERIFE GTHE - - BRARRENEE
%) HEE HWATOEREL L 2EENBRERED
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Abstract: In 2003, a Leptospira survey was performed on Yoroshima Island of the Amami Islands located in
the southwestern part of Japan. Seven Leptospira strains were isolated from the field rat Rattus rattus,
which were identified as L. borgpetersenii by flaB sequencing, 16S rDNA sequencing and gyrB sequencing,
and serovar Javanica was determined by a microscopic agglutination test. NorI-long restriction fragment
analysis indicated that these isolates were genetically indistinguishable from an isolate from the Okinawa
Islands. The present results suggest that L. borgpetersenii is migrating into the Amami Islands in Japan.

Key words: Leptospira, Amami Island, LRFP, Field rat

Leptospirosis is a worldwide zoonosis caused by Island).

infection with spirochetes belonging to the genus Lep- Yoroshima Island (28°0' N, 129°9' E), one of the
tospira. Leptospirosis is acquired through direct contact Amami Islands, is located between the main islands of
with animal reservoirs and/or an environment contami- Japan and the Okinawa Islands and lies within a sub-
nated by their urine, and causes a wide range of clinical tropical zone. To date, there has been no recorded iso-
manifestations (4). In subtropical/tropical countries, lation of Leptospira from wild animals or domestic ani-

outbreaks of leptospirosis have caused a great amount of mals of the Amami Islands; however, no field survey
damage (3, 11, 14). Eight pathogenic Leptospira has been attempted in this region. Therefore, the rate of
species are known to cause human leptospirosis world- contamination among field rats infected with dominant
wide (4). Leptospira species and serovars has remained unknown.

Recently, huge outbreaks of leptospirosis have not The purpose of this study was to isolate Leptospira in
been reported in Japan, but sporadic cases and a small this area and to characterize the isolates in order to
outbreak have been recorded in the Okinawa Islands in determine whether or not the properties of these isolates
the southwestern part of Japan (13). In the Okinawa are similar to those from the Okinawa Islands or the

Islands, Leptospira interrogans and Leptospira borg- main islands of Japan.
petersenii have been isolated from field rats (Rattus rat-
tus, R. norvegicus, Suncus murinus) and humans (10, Materials and Methods
unpublished data). However, L. borgpetersenii has not
been isolated in the main islands of Japan (Hokkaido Leptospira isolation from field rats, Leptospira
Island, Honshu Island, Shikoku Island and Kyushu strains, and Leptospira cultivation. In 2003, a field sur-

*Address correspondence to Dr. Hiroki Kawabata, Depart- Abbreviations: L. borgpetersenii, Leptospira borgpetersenii;
ment of Bacteriology, National Institute of Infectious Diseases, L. interrogans, Leptospira interrogans; L. santarosai, Leptospira
Toyama 1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan. Fax: santarosai; L. weilii, Leptospira weilii; R. norvegicus, Rattus
+81-3-5285-1163. E-mail: kbata@nih.go.jp norvegicus; R. rattus, Rattus rattus.
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vey was conducted on Yoroshima Island, one of the
Amami Islands, as a part of the Project for the Surveil-
lance of Zoonosis. A total of 19 R. rastus captured on
Yoroshima Island were sacrificed, and the kidneys were
used for the isolation of Leprospira. For the cultivation
of Leptospira, Korthof’s medium was used (4). Cultiva-
tion was continued for 2 months at 30 C and the cultures
were assessed every week by dark field microscopy.

Strain OS39, L. borgpetersenii serovar Javanica, was
isolated from S. murinus on Okinawa Island. Leptospira
serogroup Javanica strains Veldrat Batavia 46 (L. borg-
petersenii serovar Javanica), Aa3 (L. santarosai serovar
Fluminense), 24 (L. santarosai serovar Vargonicas),
A8S5 (Leptospira sp. serovar Mengla), Cox (L. weilii
serovar Coxi), A102 (L. weilii serovar Mengrun), S590
(L. weilii serovar Mengma), Piyasena (L. borgpetersenii
serovar Ceylonica), Del0 (L. borgpetersenii serovar
Dehorg), Kerala (Leptospira sp. serovar Menoni), 1.82
(L. borgpetersenii serovar Zhenkang), Sorex Jalna (L.
borgpetersenii serovar Sorexjalna), and Poi (L. borg-
petersenii serovar Poi) were kindly provided by Rudy
Hartskeerl, the Royal Tropical Institute in the Nether-
lands. These strains were cultured in Korthof’s medium
at 30 C for use in this study.

DNA preparation, sequencing, and phylogenetic
analysis. Genomic DNA was extracted by using a High
Pure PCR template purification kit (Roche Diagnos-
tics), which was based on the silica particles/guanidini-
um thiocyanate method originally reported by Boom et
al. (2). Oligonucleotide primers, listed in Table 1, were
used for the PCR and sequencing studies.

PCR amplification for the 16S rRNA gene (rrs),
DNA gyrase subunit B gene (gyrB), and flagellin gene
(flaB) was performed under the following conditions:
30 cycles of 95 C denaturing for 30 sec, 50 C annealing
for 30 sec, and 72 C extension for 60 sec; the amplifica-
tion was carried out using high-fidelity EX-Tag poly-

Table 1. PCR and sequence primers of rrs, gyrB and fluB

merase (TaKaRa Bio). The PCR products were purified
with a High Pure PCR purification kit (Roche Diagnos-
tics) according to the manufacturer’s instructions.
Direct cycle sequencing was performed by using a
BigDye termination kit (PE Biosystems) or a Thermo
Sequenase pre-mixed cycle sequencing kit (Amer-
sham). For the sequencing of gyrB, Texas-red labeled
sequence primer sets, LgyrF3, LgyrR3, LgyrF, and
LgyrR (Proligo Japan) were used. Sequences were
aligned using the CLUSTAL-W software package (19),
and the neighbor joining (NJ) phylogenetic tree con-
struction (15) and bootstrap analysis were carried out
according to the Kimura 2-parameter distances method
(9), supplied on the web (www.ddbj.nig.ac.jp). Pair-
wise alignments were performed with an open-gap
penalty of 10, a gap extension penalty of 0.5, and a gap
distance of 8. Multiple alignments were also performed
using the same values, and the phylogenetic branches
were supported by bootstrap analysis with 1,000 repli-
cations. The phylogenetic tree was constructed by
using TreeView software (ver. 1.5). The flaB sequences
of the Leprospira strains previously published (acces-
sion numbers AB027160, AB027165, AB027169,
ABO027170, ABO027174, ABO027175, AB027179-
ABO027182, ABO027184, ABO027185, AB030270-
ABO030273, AB167766) were used for the phylogenetic
analysis. The flaB sequence of Leptospira isolates in
this study were deposited in DDBJ/EMBL/GenBank as
accession numbers AB174774-AB174780. The gyrB
sequences of Leptospira strains used in this study have
been assigned DDBJ/EMBL/GenBank accession num-
bers AB169982, AB169989-AB169995, AB169997—
AB170002, and AB252857.

Cross agglutination test. Cross agglutination analysis
was performed using a microscopic agglutination test
(MAT) with a panel of anti-Leptospira rabbit sera listed
in Table 2. Leptospirae were incubated with serial

Primer Target gene Sequence (537 Position in accession no. Reference
Lept-16S-F1+* rrs GTTTGATCCTGG CTC AGA ACT A 11-32 (X17547) Fukunaga et al. (5)
Lept-16S-R1+" rrs TTC TTA ACT GCT GCC TCC CGT 349-329 (X17547) Fukunaga et al. (5)
UPITL*" gyrB CAY GCN GGN GGN AARTTY GA 301-320 (AF434658)  Yamamoto and Harayama (24)
UP2rTL>? gyrB TCN ACR TCN GCR TCN GTC AT 1520-1501 (AF434658) Yamamoto and Harayama (24)
LgyrF” gyrB GGT CTT TCC GGA GAA GAT G 940-958 (AF434658) This study
LgyrR? gyrB GAA TTG AAT TGA GGT TGA GG 1016-997 (AF434658) This study
LgyrF3”» gyrB GTW TCD GGN GGW YTV CAY GG 337-356 (AF434658) This study
LgyrR3” gyrB TTM CCN GGA AGV CCD CCH CC 1232-1213 (AF434658) This study
L-flaB-F1¢# flaB CTC ACC GTT CTC TAA AGT TCA AC 35-57 (AF064056) Kawabata et al. (8)
L-flaB-R1+" flaB TGA ATT CGG TTT CAT ATT TGC C 825-804 (AF064056)

Kawabata et al. (8)

* The primer was used for amplification of DNA fragment on target gene.
" The primer was only used for sequencing of amplified DNA fragment.
“D,AorGorT;M,AorC;N,AorGorTorC;R,AorG; V,AorCorG; W, AorT;Y,Cor T.
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twofold dilutions of the sera starting at 1:200 in
microtiter plates kept at room temperature for 2 hr.
Agglutination was examined by dark-field microscopy.
The titer was defined as the highest dilution giving 50%
agglutination in comparison with that of the negative
control.

Long restriction fragment pattern (LRFP) analysis.
Aliquots (10 ml) of spirochete cultures were collected
and prepared as agarose plugs, as described by Smith et
al. (17), but with a minor modification. Leptospira cells
centrifuged at 15,000Xg for 15 min at 4 C were
washed with EDTA-Saline (0.15 M NaCl-0.1 M EDTA,
pH 8.0) and were resuspended in PettIV solution (1 M
NaCl-0.1m EDTA, pH 8.0) to 2X10" cells/ml. An
equal volume of 2% InCert agarose (Bio-Rad) solution
was added to prepare the gel plugs. In order to digest
protein, the gel plugs were incubated with proteinase K
(0.1 mg/ml) at 50 C for 18 hr, then the reaction was ter-
minated by treatment with 0.1 M phenylmethylsulfonyl
fluoride. The gel plugs were digested with 15 units of
Notl (Nippon Gene, Osaka, Japan) at 37 C for 18 hr.
The DNA was electrophoresed on 1.2% pulsed-field
certified agarose (Bio-Rad) gels in 0.5% TBE (0.045 M
Tris-borate and 0.001 M EDTA) using Gene Navigator
(Pharmacia). Lambda phage DNA concatemers (New
England Biolabs) were used as molecular size markers.
The DNA samples were run at 200 V with a consecutive
pulse time of 10 sec for 5 hr, 30 sec for 12 hr, and 60
sec for 7 hr. After electrophoresis, DNA bands were
stained with SYBR green I (BioWhittaker).

Results and Discussion

As a part of the Project for the Surveillance of
Zoonosis, a total of 19 R. rattus captured on Yoroshima
were sacrificed, and seven of nineteen rat kidneys were
found to be culture-positive (36.8%) in this study.

Previously, we discovered the Leptospira infection of
field rats on Okinawa Island and in other regions in
Japan. The rates of infection were 4.5% (10/220,
2000y-2001y) and 2.3% (40/1,766, 2000y-2002y),
respectively (unpublished data). On the other hand,
Akiyama and colleagues have reported that the rate of
detection of Leptospira from field rats ranged from 19.0
to 80.6% in Miyagi Prefecture (1). Therefore, it was
suspected that field rats on Yoroshima Island might be
highly infected with Leptospira, as was the case in
Miyagi Prefecture.

The seven isolates (Yoro-1 to Yoro-7) from this study
were used for further analyses. In order to determine
the species of the isolates, a portion of the flaB and the
rrs sequence was determined and compared with previ-
ous published sequences. The flaB sequences deter-

mined here were identical among the seven isolates
(accession numbers AB174774-AB174780). The
sequence of fluB was also identical to those of L. borg-
petersenii strains Poi (accession number AB027176),
Castellon 3 (accession number AB027163), Veldrat
Batavia 46 (accession number AB027171), and M84
(accession number AB027173). An NJ-phylogenetic
tree created according to the flaB sequence of represen-
tative strains was constructed as shown in Fig. 1A.

Strains Yoro-1 to Yoro-7 were identified as L. borg-
petersenii, and were distinguishable from the L. interro-
gans serovars Icterchaemorrhagiae, Copenhageni, Heb-
domadis, Autumnalis, and Australis, which have been
isolated in the main islands of Japan. We also found
that the Amami isolates could be identified as genus
Leptospira by rrs-sequencing, and that they were clearly
distinguishable from Leptospira isolates from the main
islands of Japan (data not shown).

DNA gyrase is a housekeeping enzyme for bacteria.
Phylogenetic analysis of gyrB has been applied to the
taxonomic classification of Pseudomonas, Acinetobac-
ter, and Mycobacterium (6, 24, 25). Molecular evolu-
tion of gyrB is thought to be faster than that of rrs; the
average base substitution rate of rrs is 1% per 50 million
years, while that of the gyrB at synonymous sites is 0.7
to 0.8% per 1 million years (6, 25). The gyrB analysis
can recognize subtle differences among closely related
bacterial strains (7, 20, 22, 23), although tested strains
were identical according to rrs sequencing. As a result,
the gyrB sequences of Yoro-1 to Yoro-7 (accession
numbers AB169982-AB169988) were identical to
those of L. borgpetersenii strains Piyasena, Veldrat
Batavia 46, Del0, Kerala, and 1.82 (Fig. 1B). These
results indicate that the field rats in the Amami Islands
were infected with L. borgpetersenii strains.

Serovar determination was very important, because
serodiagnosis in leptospirosis is dependent on the iden-
tification of the serovar of infected Leptospira (4). The
serovar identification of isolates from Yoroshima Island
was achieved by a cross-agglutination test based on
MAT (Table 2). Seven isolates, Yoro-1 to Yoro-7 were
agglutinated by antisera against strains L. borg-
petersenii Veldrat Batavia 46 (serovar Javanica) and
0OS39 (serovar Javanica) isolated on Okinawa Island, as
well as by antiserum against Yoro-1; however, the other
sera tested did not agglutinate isolates from Yoroshima
Island. The reactivity of the Yoroshima isolates to a
panel of antisera showed similar reactivity among the
isolates, thus indicating that all Yoroshima isolates
belonged to the same serovar and were closely related to
the serovar Javanica and Okinawa isolate OS39. There-
fore, Leptospira isolates from the Amami Islands were
determined to be of the serovar Javanica. In the past,

— 386 —





