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3. RE - WREERE - ZW o

VBB R ICRE R THFAERIIONT,
WELRE - BWMEIENT 20023 DT
DR Lz REREEREIX, FERED
KEERBIZEBEZADKRE VD, HERR
MEICBITLEFEBMLDEET, 112 Vater#
BEMEICFEZ &7 89 25681, PRFAE
ThoTHRAMICHEREEZRT I L2H 5.
JEH D o R HEORBEIIFREIC L - TE
LEHAEN, REETELVWHEHEZRT LI
D7 <, FFAREREEE O H Tl alkaline phos-
phatase (ALP) "R #i» 6 EH L, HEICELT
LREREL LTHHETESLZ L2 W, JH
BROBEGRBEIZOWVTIE, MOFIRERESR
LRk, BEERERLCTRENITHAEIL
575, FERRER 2 LE R B 2 ALE ISR D
ERCP% EOPRBRELFIH L TORED L 1T
bz ERPLFFRE - FEZRE BB
XpBHEERICOWTIE, BEERETIIEE
NOEY, EERETITERMGE L CEERH
ENBEELH L. BEW, CT, MRIZEIZX
AERREL, ZWOALZ S THEBEOKBE
BICHFIHINEDS, FFOMEEREAEREICO
AR L SNHEBFELOFTRIZIZEA LR
WOT, FAMEERICHEZEZ TEHFERICD
WT, RE»L T T ZOWEESEEBRT 2500
EETH LY

a. FFOR=, KFEE

FkdiE EERCFETAHKERELI-2cm
DHEHT, L MIFETLHIELRBELTE 7
V7 T (¥ F) FFWRE Clonorchis sinensis ‘the
Chinese liver fluke’ & ¥ £ FFWH Opisthorchis
viverrini BB E 2 ), WEKO—ERIZ A 2 Kk
B Op. felineus H3A LN 5. 1 HFEBEEDRK
A»Senh ) 7HERAL, $F2HEBEDR
KEBICAZENA) T Lo THET S, 2
mEfEEL LTI, EOa, ¥4I v5A%
EIARRT AT F R EORKESEHITHN,
INODOADAEEMBRERICLD, x5k
WAV T BT HI LT, & bANDREGEDIRK
MY A BIPHBEIITAY =TT, 19704
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VENc e i ATb Nz RETIE, BEBLUS
TR B ARDMINRWE Z OIS, RKAED R
YL H) THRER, A8V H)T
BEEL b EL A EmMIA LN, B,
ERBEGE XA 7% < 72 0 FER B9 B A B AN
LTwW32, BED, BENTA XRRIT2RE
FLLT EAFEEMMERIATVwELEDLNS.

FFEDHERICHFET A REORRT, 2t
FRICHEETHH, AROKBEEIEL, v¥ey
VR EDEEMORBEMTHS. FERZ R
BFBICE2HEBELLELEY, LXE/TT
HA B EDPKRAP LR VAN TIE, Hi
MOWIHELTAY VAT ELRD, B
FEICe MIERET 5. Bk, HFEE, 3-—
QXN F—ZAMF)T7D DX Fasciola he-
patica, TIVT T 7V ADRLRLKEDOH DI
F gigantica L LTXBIZ N, HAREDH DTIX
EEPNScm BE L KXW,

BOMICERENZAZEVAY T, +2
TN THREL, FRHEOEEITL R Vater
FELSHERIZBALTWLA, € MEERE
DORIBEL LBVIFEER, SRBTEZES L,
Vo 7z A, NEEED O BRI & TR 2 &
FEHEIMTHHEBEICAS. Lizdio THIELE
DAL, BWERE LT B3, LATE,
JEEREIR 2 E0S A b, HERIKES 2R T E
%, FRECHIEORR R IIEERICFEL,
VEBROBEERICZ LW LI H D2 B
BRI PAESIFIEERRE, BARLELE
2. HRERAERRAZEDOFERE 25 C
Edhy, BHBEIChR o TREN T S &
JEH ) o HEIDOFHEICEITRET A LD
5.

PR, Z &2 4 FRBEOBEE, BN
RIEFIFNC & > TE L B BE LR OMIEEEL
A, BEEEALENTHILNHEEL SRS,
BT, A FRBETORMEIL woER
WX AEE LROREREL L, 2RV RE%o
TWw3 L), BEEFOMERL—BILER
(NO) 2k 2AEME= FufbicBT 28R T
ORI TE, —FK, FEIZOWTIE,
BYEARIEDRRENRE & BT 5 L) iR,
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FFRERRHFED X ¥ 2V Y) 738, fBE
FREROHNS T TOMMIE—E L. Hk
RTiE, EINZ 1Y BREETHESh, KRo
FIE3-10F L SN b BEREOEELHE
BYAFAT—RERERLEEIE BN
B, EREZRTEBDLNLY, PEEED
BE, BEHEERICLAZERERTICE 2k
D RENCH7: 2 BBV B2 B,

JEE R D JEhE <2 B 2E & 7~ 3 LA ZE AT R DAoL
2, BEICBIZREOREZMASH AT, B
BREVAERTHAZ LIE, MOBEERE LR
LThb FABPELHREEOIES T I1—
CT, ERCP % ETHH 2 Z L%, 4z, 8
BERETIE, EEOILR - BAPIEEREDO
BLuoFRUAN, FEOLIICKELE
HERTIE, BAEEBRLLL2BZENTELY
FREDSHEL, HREmEmDSHEERIEALL
RAY HREREOARELZE(LE LTROONDS
TEVHAH FEEDEICIE EECHEE, +2
B ORI EZRBTEEHETH 5. I
WHIEEIE DD 2w T, BIECRL<)
Yoo I—FOVER AMS-II % &) 2 T,
PWTHULENH L. T/, ELISA % EDORE
MEREEDFHENLZ L H D, b badf
BEMBEL LRWIFETIE, EESDLEH S
WCHIISKRB &5 2 &34 7% <, RIEMER

ELHETRTRENIIBHING Z &S0,

b. #HR, ERBELEDHLEESERR
TELREREPICERTH 747 ) THEF
B)Gm2s, & L TRENICERET 58HL
AR, ISR Y3 5 [E] R # R
& DI, THEHRIEIE M (soil transmitted hel-
minths: STHs) & #8#R & A, STH EYE IS,
B - A OR EEICB W TIE, —RRY R
BAET, #FRPTIILEET20/AL Lo &Y
EVPVLELEHEESNTVS, L MIRESS
ETH8HME LTI, 7 XY %4$1H Necator
americanus + X ¥ =§)H Ancylostoma duodenale
D2OWERMERED, #RBTIET ) AsH
DO MEFHDF VL. F72, BEALV— ML
S, BOMV— P THRETLILAHON
TBY, BIIAE=gHo FRIG BT, %E

WX BB E ., BALAFRISHIE meT
HICHIICELE L 7-H &, [RE-EEREDSH
LEICAY, +ZIRBREIEIC TR L TR IR
olchE, BEOMBEEBESIILTHFET 5.
PRl S - R IE, AR ORBE CTIRBEZRET
THILL, 57V F2ARRE)SH, FRYH
EERLT, b MOBREENIEZERT S X
MIETYH, FRIGHDSEEEEL, MicBEL
721%, /N THRBICE > THFELEER XS DS
FCR ASHEE U 72 BUF AR E OEILER TRE L,
REHHIZ 2 5 7R TREFICHRES 1L 5.
HILENO RS RIE, HFRICHEZE%LF
BB ANLBiE - BRL T ZE2H Y, #
MEE, BRBELENTHIWETEL LN
HT, WHROPTHNNFETH 5.

LB ICEETAERIZH - TIE, HKHICHF
ET DR (FRICHER) ¥, A ICHERES
NDHIPHLH R I BEEMART 5. EED/I
BT, HLROREY Tk  MERE FKES &
THHETIE, FICHKOBIRIA+2RGE
FHEREBIZIBRMOETICHKE LBRT 5.
SRR EICEE L COEERTRBET S
LlEENTIE R, MEERE LTI FR%)
HOBANIE-THEBEOREEAONS. $iH
DL RHRE F BATT BRI, MR DER
(Loffler FEfERE) 2R3 2 & bbb, HEHEBET
X, REOHHEOBREGICLD, BEEER
HHE L Wh N AEIER & b & Bt & &
FEIRDS, RGBT EL-12HETYH, RER
ERBRIEZLZ LN H B HRBIZHAB L,
IA RGP A EBBIEIK & 2 FEZDS
HAERN T, WHEEEREERZPOICEE
A5, M T MRt Bmw (ATL) ORETH 5
v b THIlA B> 4 VA 18 (HTLV-1) Dig
EE LTHmonTBY, EHREE OERRYE
HLIFLITRAOONHELE o TWnb, RER
EOREIIR DL, KEICHME L -EREOL
H(EICFR)REHEA, BEND S S LBHER
WZRAE LTI IcBITL, BEEERIUES
&b, BulmiE, {LIRTEBEREY:, MM KLR &
DEELZAWENALNLZ LXHAH. BER
EHHETIE, ERBOBEIRHEMEICEST, /D
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BB DORENRERIC D R SHEE RAHE L %
A% %72, Vater FLEAFH I IT - RAE D H 1FEE
MPRE L L, RIEEERIMFHETLILIIR
5270, TOEIFEREKELD b FEIMLIC
LHLIANKEL, BERHUNTYH, #ho
APEEIZIoTHIELBI LD Y. gl
PIAREH R SREBEINLZ LD HBHH, SR
DIREAFEICL ZEEREZBBEHIRRT 5
H|E T2,

EHFTRICELTIE, BERAOSHFLET

FER/NE DREEL IR R T, BEEL >~ b
FUTA Ly AME, BEEEE T ZEE

b EEANBOIRE, PME, FERLEERD L.

MRS TIIREDRIE, FR, ERORELR L

DHREZEL, ERTERBRBZRHUTE 2.

DX pplTi, BEEETHEEEORER
BIESEL, BEERERL CTRETHEDDL
naZ L%,
FERFWPDWICER L TIE, SHUEITERER
Z (ER %k, #®INE) CTHIFZRHET 2. &
HENTH H8HOEIPFEIZIZ, F=) r -
I — 7 Vi O BE DA A IR R
Hubibd SHEEEZICHPIPETING
TIE, M2HARETAS B AE=-gil
L7 X)) RO, EENORIIEIE
MEEEL, RELYHOBETHNTS. &
BEEODHNE, o HAERELHR) % FEH
FTARIEIZEBD, A=Y Y T—F VR
TREEZHHALTH, PEFLEOHBEIIRHET
ERWVZ LB, KEL, F|/REHO LD
BEOEEZEE, BEREHHOFEH ETOBRE
BB EBEERIAREREIRDBLT VDY,
F7:, BEFITIE, WKL L FRLEARRE S
NBEZELHH 5.

c. VTPLVIT(ZTIVEBER)E

gVTRRRI I L

VTPNVITIE, VT AR I LIEL D,

ANBSLERETH W HERFTALNL D,

(B - BT O EETIE— R RBIET,

RITBETREORRNZ2REARL LTHITHN
TWhA, SYTVHBEROEFRRIIRERLE
Fizhhn, FEERIAGOWEERZ L HESNE

BHVBEOHMENTEEAEMICE ) HEMET
5 BFIGESMIZRVWA, EBEEZLDICK
FICHEE SN BB CBEICRBREEXFELTHY,
COBETTHREINIKPEmE L2 L TR
EHRELT S 7V T PRARY) VT ARRD
3bb bTHIEICZADIE, FEIZC parvum k
C.hominis Tdhb. 7V T FAR) I 7 AER
D MAOBRERITH B4 — ¥ A T (oocysts)
i, HtEhprEAFRTVA P eRMTA X
Rov4 b, BEOHEE LEMEBIZEBAL
MRIC A 525 EBRICHIE Z TIIALT,
BV L AT o CTHES 5. KEH
IR E N A F -V 2 bOED, THIELg
$H720 100-1,000 5 L %) x, HRIZLo T
IDso 2% 10 128 & 46D TREE TRV, T 7
VHEERDOBEFR 7)) 7 MRAR) I LAFERD
F—Y A ML HEH S M- BRECERIC RS %
BAELTWADT, Em¥PK, FHEVDPAT4T
HNIZFHRPER LR END, BHICREIILK
T35 BED)RIVEBEVWINV—TL LT,
AR ELEED L ORER, 7rTHEZET
FHREEVPRTEVARE, BEOREEE,
HYER)FoTwEELRERHITONE. £
7o, BFRA—TVZAMINLTE, BEOER
HEORIFVOT, LH#ETH AKREG)
MEE 20, BARERHNTY, ZUVTIARIYY
Y AN EKER A L7 EFAREOEHII IR
%‘é fL'Cb\Z)ls'm),

VT NVITEDEKIBIEI—E LW, 2-3
BRRBEHNS . BL WARERBRIHE A S 8kfE £
THREIHRATH), BHELETIELHS. K
iz, LRSI, AEHRER, Bl - R 6B
B2 EOBUBHRREREZME) ZEHH W,
THRIZEDLRZWVEEREOHETYH, BT
HidkEd DTREIRE 2 5. FKEEITHERE
CHEBRETAZ LR RVWDT, KIt0%HE
PREMMEE 25T L3R BELETLH
BRERZBVETHATIE, HEHIEBRIARRLHEER
AR L 2 575 DL RBITIE RER
Eh COEBRBIIOVTRETRETH 5.
2T RARY VY AEOERAIIS-8HE
BT, KERETH, BB EH, ek E0ORE
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RTHEET . THOBBUILHEZDS RIERE
AEFTHIE B L 2 BMEETHRLC
EET 5. Lal, REREEOHEIE, B
LRTWwWIzx, BEELBREEZRIET LD
£\, CDAMMDEEEICHEL, EELLES
LIIKBOKEEIC L BBA L BEREREIH
ETETERMELRLIELH 5.

ITNVITHETORE - JREK L EOEHI,

RELAEETELAONEDY, WERIIETEE
BOLWHITOREF S HZ". EELTHZ
RETEEOFIBERERT, Y7NVYT7RYE
VLD R o 7BFZHAENTOHRESINT
WwWa"Y —F) YT PFRKRY I LETIE,
REAEZOH 2R E RGBT L
%<, FIEEREHED, BMLWTHRZRTE
RBEO/NENTHIEL2 ) 7 2E) VoL
FERAFEERNO ERICHHEY RIZTILICE
5. KEOHETYH, T/ ATHALNAIEER
WEDRBARELT, ZUTMAKR) VI LR
Hit, ¥4 P AFTOIANVRAEFATENE X
nTwa®

HLERRECHEZHNE, FELTHED
EHERHRERT EMECHEL, REAZHR
THZEDRERICHE VTIVITETIE X
ERICBTIREBEEFAET 2%, T2HEEBR
JEHHICKEREFAET AL TRINS B
FIXTH - EREL S IHRHETEET, Sv<)
Vo BB FOVEOEBE MGLEE) 2 X0
KETEICI— FRAEZHHET S & THRE
ENEL 25 BTOHEHIIBRE 27201,
KHM, BREEZBRYVETONETILW. 29T
AR TV MEDHESMIIEFEPOA -
A b2BBETAILICL S BEORKERER
BTIFROHEAGEELHELH Y, FOiL

BER Y a BRI VES -V A P ETY,

AR E R A 2 OB ER L /R
ThHLIW FUTNVEEROETRZY) T b
AR DT LDF—V A M EBHET HEE, #E
AR R D BREN L WIRERET, BTk
fiELEERFy PRI TS, T,
BT+ — VA MONTEEREICIE, #MOT
BEEMEEASE L T W5,

Z0M, HEAERNTOBMERIZITEAL RN
B, ITA X R ERBAETHERSHELES
THERAPEZGEWE LT 1 VAKR—FEE
(Isospora belli) % 3 7 @ A K1) V7 (microspor-
idia) 2 LA O TWAE. ThoDREMKIC &
BIBBREDBWTICIE, S FEWENFERR
EHEFNFELH V- RESWHALELR &
bdhh, DU - BERICEKRT LI LN,

4. BAEE TR *]

D FREIC L 5 EEMRERREERLL, &
LWEAZEMSEEICH LTI, BN - REIRERN
RV F=UdMTbihb. FEERDLVHIEHIC
TR T A — BT T R TR L
AL Yav Il EELRRBICRS
Ebdh, FEEERLLZWARRLEILEIC
AHZEHHEV. THIIHT HKS G B
MIZH T 2 HKFREG & Vo X FEEDEE
7208 BEARIE, BEEEZoTWAFEREDG
BRTHD FEHEDERIIOWVWTIE, ‘F4E
HE e W6 D F5| & TET (2010 4E) 88 7.0 bV
WKL, AR T dolzonTiREIC
LTELdz? (2, 3). 20 ‘F5|& 121,
BHFABIEDRBRRE - BT DOWT HHERE
AWHBEEINTEY, 70OANASEIZLRAH, H
RFERZERKRPEFR - ta—< LY
A 3R B HBUR B M A 3K B RIn R
SERFZEPE (B&F5)’ (http://www.med.miyazaki-
u.ac.jp/parasitology/orphan/index.html) 2> 5 %
7yu—FT&5. HEHOERIIHZ-TII,
EREAFA—DR=TLEDQFH LML, EICFH
M2 EFBROAFIIEDOTHE 2V, BAEAT
DHFEBIEICH T HIEHREL, ENKBETH
Y3 5 HFEREICRREIEHH 5 b0, ERNK
RELZIRBREISD 2L O, ERREKDE?
AREIEE S MERRAICIE A EE o T
5b07%E, RELTWAZOT, EBRIEHET
LHBIZIIERVLETHS. £/, ZUT MR
R T MER ERBAEVERICHHHE1I,
IA RIZH$ 5 HAART 2 L, REREONE
EHELZEELBILL2ITNE R 6%,
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ARG (7272L, RBIIKREKR)

EWNTHR SR TWiRWERO
FERB (CFFFRBE (24KHE)

T T A — N

T A=K E AbR=FV-VRBOF(7FY—) | A bRV — VEBRICBE LW
1,500-2,000mg/H, 43, 7B e
FFV—=VROF (N P Y) /82 E< 4 ¥~ (Humatin)
1,200mg/H, 43, 5HFH 1,500mg, 43, 10 HFH
7 A — VIR A ROz & — LEROH A ha= 7V — ViESH
1,500-2,000mg/H, 43, 10 H 500mg, 8FFEI L, 7HM
F =¥ — VEEOH A hOz= ¥V — VRS
2,000mg/H, 73, 7HMH #E1,000mg. D%, 6EEIE
12 500 mg
ST NI TIE A b=V — VEROH = %% % = F(Alinia)

750mg/H, 5 3UNRTIX 15-30mg/
kg/H) 5-7HR
Fo ¥ — VEROH|
2g(/NR T2 50mg/kg), HE
TINRY &) — )
400mg/H (22.5mg/kg/H), 41,
5 HH

1g/H, 4 20U~R T2 200-400mg/
H), 3HMH

S E< 4 ¥~ (Humatin)
(FFREPRET 270 AEBIEINS
neahs)

VT AR T LEE

TVARRAL Y/ (VATOT YY)
600mg/H, 41, 14 HMH
noevL e

=% V¥4 = F (Alinia)
(FRIEHRE L, RELREE DA
BETD)
1g/H, %2, 14HH
(¥HETIZ3HMTT)

T E% 4 ¥ ¥ (Humatin)
(FRFRIEAPRE L, SRIBEREE O AN
RL¥5)
1.5-2.25g/H (25-35mg/kg/day),
43 148
TvVAuxA Y EHE
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3 FHHBEFERREICHT 58

TRIBGEIS D & 5 AR IE & HE PRIBGEIS D 72 W EF AR BE & AR

NEBYS VTV [a] B E 10mg/kg, H.[EIARH
(avnNyhyv) SHAE  10mg/kg, HMEIARFE

ARV T =) EHE  200mg/H, 72, 3HMHE
(ARYFT—)) $UHE  200mg/H, 52, 3HH
LRz 17— LR T
ARNVRATF v FOREE 200ug/kg/H. 1H1HE, #E1
(A bE Az b—)) WERI AR, 2 BRI FEEIR & % AR
H

RIEA SRR LM AR IE T3,
BTS2 TI-2BMET4EIE

#5955,
TRy TV — ) %) 3y s AE(BRIE) EEFERAE 15mg/kg/H
(A A=) 600mg/H, 43, 28 HREARE L 727, (A 800mg/H), 42,

14 HMAEDY 4 2 V240 KT 8-30 B4
M) TSGR TS— ) JFERE  10mg/kg 1 HIRAE BEESE
(Egaten) 20mg/kg, 42 HEE%(EER)
TSVHh VT % HE 20-40mg/kg/H, 472, 3 HHE | HLBESFESBE(REFEDHE)
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b, LhoT, ERIZBWTLEALDER
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BEA1980 FURFDEEEREERBFERE H.OIC
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AL, BFR - B4 RAERE IO L CEiY) & iGE
RRETAZ L EHELL.
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LEAL(FEL 2), bIETRETLBEICHL
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1,2,6,7-Tetraoxaspiro[7.11|nonadecane (N-89) is a chemically synthesized compound with good efficacy 25
against malaria parasites. We observed strong anti-schistosomal activities of N-89 both in vitro and in vivo.Ina 26
murine model with experimental infection of Schistosoma mansoni, orally administered N-89 at the dose of 27
l‘f Acc?Pted &7 &b"’ary 2081 300 mg/kg resulted in a significant reduction in worm burden (63%) when mice were treated at 2-weeks 28
15 Available online xxxx ¢ i . L i ;
18 postinfection. Strong larvicidal effects of N-89 were confirmed in vitro; schistosomula of S. mansoni were 29
killed by N-89 at an EC50 of 16 nM. In contrast, no significant reduction in worm burden was observed when 30
N-89 was administered at 5 weeks postinfection in vivo. However, egg production was markedly suppressed 31
by N-89 treatment at that time point. On microscopic observation, the intestine of N-89-treated female worms 32
seemed to be empty compared with the control group, and the mean body length was significantly shorter 33
than that of controls. Nutritional impairment in the parasite due to N-89 treatment was possible, and 34
therefore quantification of hemozoin was compared between parasites with or without N-89 treatment. We 35
found that the hemozoin content was significantly reduced in N-89 treated parasites compared with controls 36
(P<0.001). The surface of adult worms was observed by scanning and transmission electron microscopy, but 37
there were no apparent changes. Taken together, these observations suggested that N-89 has strong 38
antischistosomal effects, probably through a unique mode of drug efficacy. As N-89 s less toxic to mammalian 39
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host animals, it is a possible drug candidate against schistosomiasis. 40
© 2011 Elsevier Ireland Ltd. All rights reserved. 41
45 43
44
146 1. Introduction Artemisinin-derivatives (ADs) are compounds extracted from the 6o
plant Artemisia annua used in traditional Chinese herbal medicine, 61
47 Schistosomiasis is a parasitic disease caused by trematode flatworms ~ which has strong malaricidal effects [10-13]. Recent studies clearly 2
4 ofthe genus Schistosoma that is common in many tropical countries and showed that this compound also have strong effects against 63
49  affects more than 200 million people living in conditions of poor schistosome parasites [14,15]. The most notable difference between 64
50 sanitation and/or with less developed social infrastructure [1-3]. PZQ and ADs is the developmental stages of the parasite at which the 65
51 The World Health Organization (WHO) is leading the global strategy drugs show efficacy [16,17]. Adult worms are highly sensitive to PZQ, 66
52 of schistosomiasis control, with a focus on morbidity control through while the larval stages are less sensitive to the drug [18,19]. On the ¢7
53  chemotherapy. Praziquantel (PZQ) is a safe and effective drug for other hand, ADs are effective mainly against the larval stage parasites, 68
54  schistosomiasis and has been the drug of choice since the late 1970s. while adult worms are less sensitive to treatment with these drugs. In 69
55 This has raised concerns about the development of drug resistance, and this sense, PZQ is a therapeutic drug, while ADs are drugs for 70
56 suggestive cases of PZQ-resistant parasites have been reported in prophylaxis [20]. Therefore, it is recommended to use a combination 71
57 Schistosoma mansoni from African countries [4-G|. Therefore, the  of the two drugs [21,22]. 2
58 development of new antischistosomal drugs is a matter of priority, Although the mechanism of the efficacy has not yet fully been 73
50 and new candidate compounds have been reported [7-9). elucidated, peroxide bridge is necessary for antimalarial activities of ADs 74
[10}. Previously, we reported that synthetic endoperoxide (1,2,6,7- 75
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[23-25). ADs are structurally complicated and their chemical synthesis is
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Fig. 1. In vivo effects of N-89 to S.mansoni. S. mansoni-infected mice were orally treated
with N-89 from week 1 through week 5 postinfection. (a) Y-axis shows the number of
worms that were collected by perfusion 9 weeks postinfection (*P<0.001). (b) Y-axis
shows the number of eggs produced per female worm. (*P<0.05, **P<0.001).

not easy. On the other hand, N-89 is a compound with a relatively simple
structure and is inexpensive to mass produce [23-25]. If N-89 also has
strong effects against schistosome parasites, this will allow a new strategy
of schistosomiasis control using a lower cost agent.

In this study, we found strong effects of N-89 against S. mansoni both
in vitro and in vivo. The efficacies of N-89 were almost comparable to

those of ADs. However, N-89 had additional effects that were not &
reported in the case of ADs, suggesting that N-89 may be a novel 87

compound with unique antischistosomal activities. 88
2. Materials and methods 89
2.1. Parasites and animals 90

Puerto Rican strain S. mansoni, which was kept in our laboratory, was 91
used for the present study. Female 5-week-old BALB/c mice were 92
purchased from CLEA (Tokyo, Japan). 93

2.1.1. In vivo treatment of S. mansoni-infected mice with N-89 94

For in vivo study, mice were infected with 180 cercariae by the 95
standard method in which mice were percutaneously exposed via the 96
tail to cercariae for 1 h at room temperature [ 14]. BALB/c mice infected 97
with S. mansoni were orally treated with N-89 suspended in olive oil ata 98
dose of 300 mg/kg twice a day for two consecutive days. Mice were 99
divided into 6 groups and treated with N-89 at various time points, i.e., 100
from week 1 through week 5 postinfection. To analyze parasite egg 101
burden, eggs were recovered from the liver and intestine by the method 102
reported previously [26]. Briefly, chopped liver and intestine were 103
digested in 4% KOH at 37 °C for 1h. After incubation, the digested 104
samples were centrifuged at 1500 rpm for 5 min at room temperature, 105
and pellets were resuspended in distilled water. Eggs were counted 106
under a light microscope. Effects on pathological lesions after N-89 107
treatment were determined by observation of egg granulomas formed 108
in the liver. Liver sections of Azan staining were prepared, and 109
granuloma size was measured by using Image ] image processing 110
software (NIH). The mean size of 100 granulomas formed around a 111
single egg in N-89 treated mice was compared to that in control 112
(olive oil-treated mice). In addition, we calculated the body length of the 113
worms using Image J. All in vivo experiments were approved by the 114
Committee of Animal Rights and Ethics, Tokyo Medical and Dental 115
University. 116

2.1.2. In vitro treatment of S. mansoni with N-89 117
As N-89 seemed to be effective against larval stage parasites, we 118
prepared schistosomula from the lungs of mice and incubated them in 119
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Fig. 2. Schistosomicidal effects of N-89 in vitro. (a) 14-day schistosomula were round-shaped and in a state of continuous contraction and extension when they are alive in the
medium containing DMSO (2.5%) alone. (b) Schistosomula treated with 50 nM of N-89 were stiff and easily stained with trypan-blue. (c) Y-axis indicates the survival rate of 14-day

schistosomula after treatment with serial dilutions of N-89.
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Fig. 3. Light microscopic observation of adult parasites after in vivo treatment with N-89. S. mansoni-infected mice were treated with or without N-89 5-weeks postinfection.
Worms were collected 2 weeks after the treatment. 7-week S. mansoni worms were stained with hematoxylin-carmine solution. A male worm from mice treated with N-89 (a),
a male worm from control mice (b), a female worm from mice treated with N-89 (¢), a female worm from control mice (d).

RPMI-1640 (Wako, Osaka, Japan) supplemented with 10% FBS
(JRH Biosciences, Kansas, MO), 150 U/ml of penicillin, and 150 pg/ml
of streptomycin (Gibco, Gaithersburg, MD) in 24-well plates (Greiner,
Ulm, Germany). N-89 was dissolved in dimethylsulfoxide (DMSO) and
added 25l to the plates which contains 1 ml of RPMI at various
concentrations from 3.12 to 100 nM. Plates were incubated at 37 °Cina
humidified atmosphere of 5% CO, and 95% air for 7 days. Survival of the
treated schistosomula was determined by trypan blue dye-exclusion
test. Based on the observations, we calculated the ECsy of N-89 against
schistosomula of S. mansoni in vitro.

2.2. Morphological observation of adult parasites after treatment with N-89
in vivo

To observe the morphological changes after N-89 treatment, infected
BALB/c mice were administered orally with N-89 at 5weeks post-
infection at a dose of 300 mg/kg, and 2 weeks later adult worms were
recovered by portal perfusion. Recovered parasites were washed
thoroughly with 0.85% NaCl and 0.45% Na-citrate in distilled water,
and paired worms were fixed in 70% ethanol and stained with
hematoxylin-carmine solution for light microscopic observation.
Parasites were observed by scanning electron microscopy and
transmission electron microscopy (Hitachi, Tokyo, Japan) according to
the method reported previously [27,28].

2.3. Quantification of hemozoin contents of S. mansoni

Hemozoin was extracted from S. mansoni and quantified by the
method reported previously [29-31]. Protein contents of worm homo-
genates were measured using a protein assay kit (Bio-Rad, Hercules, CA).
Infected mice were administered orally with N-89 (300 mg/kg) at
5 weels postinfection, and 2 weeks later adult parasites were tested for
hemozoin contents. The worms used for the tests were paired to compare
worms in the same/similar developmental stages. For each experiment, 15
to 30 worms were used from each mouse. Worms were homogenized in
1 ml of PBS (pH 7.2), and centrifuged for 10 min at 10,000xg. Insoluble

pellets were washed with 0.1 M sodium hydrogen carbonate, and then
dissolved in 0.1 N NaOH. Hemozoin was converted to heme in this
treatment, and we then measured the converted heme as hemozoin in
accordance with the reagent manufacturer's protocol (Hemin, Sigma-
Aldrich, St. Louis, MO). Heme was quantified spectrophotometrically by
measuring absorbance at 405 nm. Hemozoin content in the parasite was
expressed as ng heme/mg protein.

2.4, Statistical analysis

Statistical analyses were performed by Student's t test. In all analyses,
P<0.05 was taken to indicate statistical significance.

3. Results
3.1. Schistosomicidal effects of N-89 in vivo

Reduction of worm burden was observed when mice were treated
2 or 3 weeks postinfection, and the maximum effect of N-89 driven
reduction in worm burden was observed at 2 weeks postinfection
compared with the olive oil control group (Fig. 1a). Schistosomicidal
effects became less apparent at 3 weeks postinfection, and there was
no detectable reduction in worm burden when mice were treated at
5 weeks postinfection. However, egg production per paired female
worm was significantly reduced when mice were treated with N-89 at
5 weeks postinfection. Reduction in egg production per female worm
in the N-89-treated group was statistically significant in comparison
to the olive oil control group (Fig. 1b). These observations indicated
that the larval stage is the target for the killing effect of N-89, while
this agent showed inhibitory effects on fecundity of adult worms
without killing the parasite.

3.2. In vitro effects of N-89 for schistosomula of S. mansoni

To confirm the direct effects of N-89 against the larval stage of
S. mansoni, schistosomula were treated with serial dilutions of N-89 and
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Fig. 4. The mean body length of the worms. All worms used were obtained in the same manner as described in Fig. 3. Y-axis indicates the length of male worms (a) (*P<0.01) and

female worms (b) (*P<0.01).

cultured for 7 days in vitro. The schistosomicidal effects of N-89 were
dose-dependent, and the ECs, against S. mansoni larvae was calculated
as 16 nM (Fig. 2a-c). During the observation period, all schistosomula
were alive and active under culture conditions containing DMSO alone
(data not shown).

3.3. Pathological changes in the liver in infected mice treated with N-89

The sizes of granulomas formed around single schistosome eggs in
N-89 treated mice was compared to that in control animals. The liver
pathology of the mice treated at 5weeks postinfection showed
significantly smaller granulomas compared with controls (P<0.001)
(data not shown).

3.4. Morphological changes of N-89 treated adult worms

To observe morphological changes of the parasite after N-89
treatment in vivo, we compared morphological profiles of the adult
worms with or without N-89 treatment. The most obvious difference
was noted in the intestine of female worms on light microscopic
observation. Briefly, the dense substances, probably hemozoin,

disappeared in N-89-treated worms (Fig. 3a-d). Furthermore, the
mean body length of the treated worms was smaller than that of
untreated controls (Fig. 4a-f). On TEM observation, the tegument
morphology was compared between parasites with and without N-89
treatment. In both males and females, there were no marked differences
between N-89-treated worms and control worms (Fig. 5a-d). In the
SEM profiles, we found small surface changes, such as the disappearance
of tubercles on the surfaces of males and shortened spines on females,
but these changes were not as severe as the findings of previous studies
for PZQ and ADs [28,32] (Fig. 5e-h).

3.5. Heme contents of adult parasites with and without N-89 treatment

As hemoglobin is the main source of nutrition for adult female
worms, we measured hemozoin contents of parasites with and without
N-89 treatment to examine whether nutritional impairment occurred in
N-89-treated parasites. In the N-89-treated group, the mean heme
content was 15 nmol heme/mg protein, while it was 89 nmol heme/mg
protein in the untreated controls; this difference in heme content was
statistically significant (P<0.001) (Fig. 6).
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Fig. 5. EM observation‘of S. mansoni adult worms. All worms used were obtained in the same manner as described in Fig. 3. TEM observation of a male worm from mice treated with
N-89 (a), a male worm from control mice (b), a female worm from mice treated with N-89 (c), and a female worm from control mice (d). SEM observation of a male worm from mice
treated with N-89 (e), a male worm from control mice (f), a female worm from mice treated with N-89 (g), and a female worm from control mice (h).

4. Discussion

Rational drug design should be applied to develop new agents for use
against schistosomiasis. As PZQ is the only drug available for controlling
disease activity, the appearance of drug-resistant strains is a non-
negligible concern. New drug candidates must be developed to address
this concern, and ADs are promising candidates for this purpose.
However, it should be noted that ADs are used for malaria therapy
because of the recent WHO recommendation for use of artemisinin-
based combination therapy (ACT). ADs are drugs prepared from plant
materials. Due to their structural complexity, these compounds are not
easy to chemically synthesize, and the distribution of the product
depends on the supply of herbal plant materials. On the other hand,
mass production of N-89 is not difficult, and it can be prepared at a much
lower cost than ADs. No serious toxicity has been noted for N-89 in
animal [23-25]. As N-89 is effective for reducing egg fecundity but not
worm burden when it is administered 5 weeks post infection, it can
supplement the effect of praziquantel that is effective for reducing
worm burden.

The results of the present study suggest that N-89 is a novel
antischistosomal compound with a unique mechanism of action
compared to other drugs used to combat schistosomiasis, such as PZQ
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Fig. 6. Heme contents of adult parasites obtained after invivo treatment with N-89.7-week
worms collected in the same manner described in Fig. 3 were examined for quantification
of hemozoin contents. Y-axis indicates the hemozoin contents (as nmol heme/mg protein)
(*P<0.001).

and ADs. Due to the structural similarity, we postulated that N-89 would
have both antimalarial and antischistosomal effects in the same manner
as observed for ADs. However, reference to previous publications
regarding ADs indicated that there were marked differences in its anti-

schistosomal effects. That is, N-89 showed two modes of antischisto- 2

somal effect — larvicidal effects and antifecundity effects. Previous

reports have indicated no such dual modes of drug efficacy for ADs [17]. 24

Thus, it is possible that N-89 has functions distinct from those of ADs.

Itis still necessary to elucidate the detailed mechanisms of action for :
the two different effects of N-89. Considering the presence of :
endoperoxide structures in N-89, it is possible that oxygen stress :
generated by N-89 may be a factor involved in the schistosomicidal
effects. Recent studies demonstrated the importance of the redox :

system for parasite survival (33,34]. However, no direct evidence in

support of this possibility is available, nor killing effect of the worms was 25
observed when Sm-infected mice were treated with N-89 at 5 week :
postinfection. In spite of this situation, we observed the reduction of egg 25:

fecundity. Morphological observations in the present study suggested
that N-89 treatment induce nutritional deficits in the worms, as heme

contents in N-89-treated female worms were significantly reduced :
compared to controls. This may be related to the antifecundity effect of :
the drug against female worms. Itis well discussed that host hemoglobin -

derived from the host blood is essential for growth, development and

reproduction of schistosomes [35,36]. It is possible that N-89 inhibits a :
process for hemoglobin usage in female worms, and more direct 26
evidence may be obtained by testing the effects of N-89 on the biological 262
pathways involved in hemoglobin uptake. It has been suggested that 26:
proteolysis of hemoglobin was important for worm development in 2
male and female, and production of yolk protein in developing egg was
also important for female worm [37]. The two modes of drug efficacy in 2
N-89 raise questions regarding why the larval stages were destroyed, :
while the adult stage was resistant to this drug. In other cases, such as :
vaccine efficacy, lung stage parasites are the targets for the killing effects :
|7}, although these are immune-mediated mechanisms. Analysis of the :
direct target molecules for N-89 could provide valuable information for :

the development of therapeutic strategies. Studies to elucidate these

points using other approaches, such as proteomic analysis, are currently :

underway in our laboratory.

In conclusion, N-89 is a promising compound for use as an ¢

antischistosomal drug, which may supplement the effects of PZQ
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through mutually different modes of efficacy. Strategies using N-89 as
supplemental effect for praziquantel or ADs would be helpful to avoid
the development of drug-resistance. Therefore, N-89is a good candidate
partner for its efficacy, safety, and its low cost of mass production.
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Detection of Early and Single Infections of Schistosoma japonicum in the
Intermediate Host Snail, Oncomelania hupensis, by PCR and
Loop-Mediated Isothermal Amplification (LAMP) Assay
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Abstract.  Polymerase chain reaction (PCR) with the specific primer set amplifying 28S ribosomal DNA (rDNA) of
Schistosoma japonicum was able to detect genomic DNA of S. japonicum, but not S. mansoni, at 100 fg. This procedure
enabled us to detect the DNA from a single miracidium and a snail infected with one miracidium at just 1 day after infec-
tion. We compared these results with those from loop-mediated isothermal amplification (LAMP) targeting 288 rDNA
and found similar results. The LAMP could amplify the specific DNA from a group of 100 normal snails mixed with one
infected snail A PCR screening of infected snails from endemic regions in Anhui Province revealed schistosomal DNA
even in snails found negative by microscopy. PCR and LAMP show promise for monitoring the early infection rate in
snails, and they may be useful for predicting the risk of infection in the endemic places.

INTRODUCTION

Schistosomiasis japonica is a relatively neglected tropical
disease, and it is a chronic zoonotic parasitic disease in China,
the Philippines, and small pockets of Indonesia.' In China, the
causative organism, Schistosoma japonicum, and its interme-
diate snail host, Oncomelania hupensis, are distributed along
the Yangtze River valley and recently, in the hilly and moun-
tainous regions of Sichuan Province.> Since the mid-1950s,
the People’s Republic of China has markedly decreased the
prevalence of schistosomiasis through mass-chemotherapeu-
tic treatment and the control of the intermediate snails.**
However, a complete eradication of this disease is difficult in
endemic areas. The estimated prevalence in the provinces of
Hunan, Hubei, Jiangxi, Anhui, Yunnan, Sichuan, and Jiangsu
was 4.2%, 3.8%, 3.1%, 2.2%, 1.7%, 0.9%, and 0.3%, respec-
tively, in 2004.> A total of 564, 207, 83, and 57 acute cases of
S. japonicum infection were reported nationwide in 2005,
2006,2007, and 2008, respectively.® These findings suggest that
control measures must be improved among at-risk popula-
tions, especially in lake and marshland regions. A new inte-
grated strategy was tested for the control of schistosomiasis
in China.”™ It involved the reduction of infectious sources by
the replacement of water buffaloes with tractors for agricul-
tural work, improved access to clean water and general sanita-
tion, better livestock management through fencing to isolate
schistosomal egg sites, and better feces management using
newly constructed latrines on-shore. These strategies mark-
edly reduced the infection rate in both humans and interme-
diate snails in the pilot areas. Remarkably, the prevalence of
infected snails reportedly decreased to almost 0% in some
areas.® To maintain these successes, it may be useful to use new
snail-monitoring systems in such areas.
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Environmental Parasitology, Department of International Health
Development, Division of Public Health, Graduate School of Medical
and Dental Sciences, Tokyo Medical and Dental University, 1-5-45,
Yushima, Bunkyo-ku, Tokyo, 113-8519, Japan. E-mail: tkuma.vip@
tmd.ac.jp
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Molecular tools such as conventional polymerase chain
reaction (PCR) and improved DNA amplification methods
have been shown capable of detecting schistosome DNA in
a variety of samples. A highly repetitive, 121-base pair (bp)
sequence has been used to detect DNA from S. mansoni and
S. haematobium in stool, serum, urine, and plankton samples.>
Because no similar repetitive sequence has been found in the
S. japonicum genome, the repetitive non-long terminal repeat
(LTR) retrotransposon SjR2! was used for DNA detection
as a target sequence.” In an experimental rabbit model, the
SjR2 sequence was detected in serum (1 week after infection)
and stool samples using a PCR assay, and the 230-bp band
of SjR2 was absent at 10 weeks after treatment with prazi-
quantel,' and real-time PCR was applied to the detection of
SjR2 gene from cercaria in an environmental water sample.!”
Alternatively, real-time PCR was also applied to the detec-
tion of a mitochondrial nicotinamide adenine dinucleotide
(NADH) dehydrogenase I gene at low intensity in an infected
pig model."® Another highly repeated sequence, 28S ribosomal
DNA (rDNA), was used for multiplex PCR to detect a distinct
Schistosoma sp. from human urine samples."®

Loop-mediated isothermal amplification (LAMP) is a sim-
ple, sensitive, and rapid DNA detection method.*” The LAMP
reaction requires only a single enzyme, Bst DNA polymerase,
that can synthesize a new strand of DNA while simultaneously
displacing the former complementary strand, thereby enabling
DNA amplification at a single temperature. The LAMP reac-
tion can be achieved using four primers (FIP, BIP, F3, and B3),
two of which (F3 and B3) contribute to the formation of a stem-
loop structure, whereas the other two (FIP and BIP), designed
complementary to the inner sequence of the stem-loop struc-
ture, are used for amplification of the target sequence. This
provides a higher specificity to the reaction than conventional
PCR methods.” The LAMP assay has been widely applied for
diagnosis and detection against several infectious diseases,
including Plasmodium® Trypanosoma? Leishmania® and
Taenia* In the present application, LAMP targeting to SjR2
for detecting the DNA from S. japonicum was also reported.>

In the present study, we evaluated the performance of
the PCR method by comparing SjR2 and 28S rDNA from
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S. japonicum. Next, we detected the schistosomal DNA from
experimentally infected snails at 1 day after infection and
detected schistosomal DNA from wild snails collected from
endemic areas of Anhui Province in China. We also applied a
LAMP assay to detect infected snails on-site in endemic local
areas. Finally, we developed a simple, rapid, and safe screening
method for determining the infection rate of snails in endemic
areas after implementation of the above-described integrated
strategy and detected infections using the LAMP dssay with
DNA extracted from a large number of snails.

MATERIALS AND METHODS

Parasites and snails. S. japonicum was maintained using
ICR mice as a final host and O. hupensis nosophora from a
non-endemic area (Yamanashi strain) as an intermediate host.
The livers from infected mice were digested with 1 mg/mL
collagenase and 0.5 mg/mL actinase, and then, purified eggs
were put into water to hatch the miracidia. The collected
miracidia were experimentally infected to each snail in
a 96-well plate. Wild snails from endemic areas in China
(O. hupensis hupensis) were collected from three places in
Anhui Province as follows: (1) Shankou-city (30.52° N, 116.93°
E) in marshland regions of Anquine county, (2) Shun’an town
(30.56° N, 117.54° E) in the sand regions of the Yangtze River
in Tongling county, and (3) Guanghui City (30.56° N, 117.45°
E) in the marshland regions of the Yangtze River in Tongling
county. Figure 1 presents detailed locations about each area.
The snails were picked up in Anquine in March 2007 and
in Tongling in September 2007. The collected snails were
crushed and checked for infection under microscopy before
preparation for DNA extraction.

DNA extraction. To detect schistosomal DNA by PCR and
LAMP assay, we applied the DNA extraction method using
heated NaOH . Briefly. the counted miracidium was put into
a 200-uL volume of 50 mM NaOH and heated at 95°C for
30 minutes. After centrifugation, the 50-uL supernatant was
recovered and then mixed to an equal volume of 1 M Tris-HCI
(pH 8.0). This solution was directly used as a template (1 pL)
for the PCR and LAMP methods. For direct extraction from
a single infected snail (non-endemic area), each snail was also
put into a distinct tube, and 200 pL of 50 mM NaOH solution
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FiGure 1. Schema of the selective areas for snail sampling in Anhui
Province of China. Three points located along the Yangtze River in
Anhui Province are shown as closed circles, and the capital of each
country is shown as an open circle. Shankou-city in Anquine county
and Guanghui City in Tongling county were marshland regions, and
Shun’an town in Tongling county was in the sand regions.

was added to the tube. After crushing the snail with tweezers,
the DNA was extracted using the above procedures. A large-
scale DNA extraction from different numbers (100, 50, 25, 10,
5,and 1) of snails from non-endemic area was also performed
with 10 mL of 50 mM NaOH in a 50-mL tube that was heated
at 95°C for 60 minutes. After neutralization with 1 M Tris-HCL
(pH 8.0), 1 uL of the solutions was directly used as a template.
Genomic DNA of S. japonicum was purified from adult worms
using the Get-pure DNA Kit (Dojindo, Kumamoto, Japan),and
the concentration of DNA was measured with a spectrometer.

Primer sets. To amplify the specific DNA of S. japonicum,
the 28S rDNA gene (GenBank Accession No. Z46504) was
selected as a target sequence. For the conventional PCR and
LAMP methods, we designed specific primer sets (Table 1).
As in the previous report, SjR2 (GenBank Accession No.
AF412221) primers were generated for conventional PCR'"
and the LAMP assay® (Table 1). The LAMP primer sets were
prepared to be high performance liquid chromatography
(HPLC) purification grade.

PCR and LAMP assay. The PCR solution (20 pL) was
prepared with a standard procedure using Top polymerase
(BIONEER, Daejeon, Korea). The reaction consisted of
35 cycles each at 95°C for 30 seconds, 55°C for 30 seconds,
and 72°C for 30 seconds. The PCR products were resolved
by agarose gel electrophoresis and stained in ethidium
bromide. The LAMP method was performed according to
the manufacturer’s instructions (Eiken Sci, Tokyo, Japan),
except for use of the 20-uL total reaction mixture. The LAMP
reaction was performed at a constant 65°C. The amplification
of the target gene was confirmed based on the turbidity of
magnesium pyrophosphate and by gel electrophoresis.

RESULTS

Sensitivity and specificity of PCR and LAMP assay. To
determine the sensitivity of the PCR and LAMP methods, we
performed the reactions using S. japonicum genomic DNA
from 10 pg to 10 fg, respectively, by serial dilution. As shown in
Figure 2, PCR using specific primers amplified the band of
405 bp from 28S rDNA, and the PCR method was able to detect
more than 100 fg of genomic DNA (Figure 2A). The LAMP
assay had the same level of sensitivity as the conventional PCR
assay (Figure 2B). Furthermore, both methods amplified only
DNA from S. japonicum and none from S. mansoni. Thus, our
methods distinguished the S. japonicum species from others.
However, PCR using SjR2 primers detected DNA at the level
of 1 pg (Figure 2A). whereas LAMP did not detect the SjR2
gene at all, contrary to a recent report® (data not shown).
Taken together with these results, we performed the following
experiments using 28S rDNA primers as the appropriate
targeting genes because of higher sensitivity.

Detection of the schistosomal DNA from miracidia and
infected snails. To confirm whether a single miracidium DNA
could be detected by the PCR and LAMP assay using 28S
rDNA primers, we extracted DNA using the heated NaOH
method from one miracidium and performed both methods
with 10 independent samples. The PCR and LAMP detected
the DNA from one miracidium in all samples (Figure 3A
and B), indicating that the total DNA included in a single
miracidium was enough to be amplified by both the PCR and
LAMP methods. Furthermore, we performed the infection
experiment with the intermediate snail with a different number
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TabLE |
Specific primer sets used in this study

PCR $j288

Forward primer; 5-GGTTTGACTATTATTGTTGAGC-3’
Reverse primer; 5-TCTCACCTTAGTTCGGACTGA-3

SjR2'6

Forward primer; 5-TCTAATGCTATTGGTTTGAGT-3’
Reverse primer; 5-TTCCTTATTTTCACAAGGTGA-3

LAMP Sj28s

F3 primer; 5-GCTTTGTCCTTCGGGCATTA-3"

B3 primer; 5-GGTTTCGTAACGCCCAATGA-3

FIP primer; 5-ACGCAACTGCCAACGTGACATACTGGTCGGCTTGTTACTAGC-3’
BIP primer; - TGGTAGACGATCCACCTGACCCCTCGCGCACATGTTAAACTC-3

SjR2*

F3 primer; 5-GCCGGTTCCTTATTTTCACAAGG-3’

B3 primer; 5-CTAACATAATTTTATCGCCTTGCG-3

FIP primer; S-CTACGACTCTAGAATCCCGCTCCGCGAATGACTGTGCTTGGATC-3

BIP primer; 5-CCTACTTGATATAACGTTCGAACGTATTGGTTTGAGTTCACGAAACGT-3

of miracidia and extracted total DNA from each snail at 1 day
after the infection. As a result, we found four positive samples
out of a total of five samples infected with one miracidium,
although all samples were positive in the five samples infected

A
500 bp=-
100 bpee
10 1 100 10 10pg () 10 1 168 10 {0pg (-)
P g gm PG gm
28S rDNA PCR SjR2 PCR
B

Ipg | 1 10010 1 ()

L{
sm | PP g ®

288 rDNA LAMP

Ficure 2. Sensitivity of the PCR and LAMP methods using
genomic schistosomal DNA comparing 28S rDNA with §jR2 prim-
ers. (A) PCR was performed with different weights of genomic DNA,
and the 28S rDNA primer set was able to detect 100 fg of DNA from
S. japonicum but none from §. mansoni; the SjR2 primer set was able
to detect just 1 pg of DNA. (B) The LAMP assay method showed
the same sensitivity (100 fg) as the PCR method. Neither method
reacted to DNA from S. mansoni, and no template (-) was the nega-
tive control.

with 5 or 10 miracidia, respectively (Figure 3C). We considered
that one negative snail was not penetrated by a miracidium,
because not all miracidia could enter the snail. These results
showed that the PCR detected the schistosome-specific band

e - -

" ipg -}
1 miracidivm SIDONA

] i 5 10
{the miracidium number/snail)

Ficure 3. Detection of a schistosome-specific band in genomic
DNA extracted from naked miracidia and the experimentally infected
snail by PCR and LAMP. (A) The DNA extracted from one miracid-
ium was amplified by PCR. PCR detected the specific band (arrow)
in each of 10 samples extracted distinctly from one miracidium but
not the no-template sample (-). Genomic DNA (1 pg) of S. japoni-
cum was used for the positive control. (B) The DNA extracted from
one miracidium was amplified by LAMP assay. LAMP showed the
positive results as the white turbidity of magnesium pyrophosphate
in all 10 samples extracted distinctly from one miracidium (1-10) and
Sj DNA (1 pg) as positive control (P) but not the no-template sample
(N). (C) Each snail from the non-endemic area was experimentally
infected with a different number of miracidia (0, 1,5,and 10 miracidia/
snail), and genomic DNA was extracted from each snail at 1 day after
infection. The PCR method detected the schistosome-specific band in
DNA from a snail infected with just one miracidium without ampli-
fying DNA from non-infected snails. Each lane represents a distinct
snail infected with the same number of miracidia.
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TABLE 2
The comparison of detection rate between the PCR assay and microscopy method in wild snails from Anhui Province

Shankou-city in Anquine

Shun’an town in Tongling Guanghui city in Tongling

Microscopy positive  Microscopy negative

Microscopy positive ~ Microscopy negative Microscopy positive  Microscopy negative

PCR positive 10 13
PCR negative 0 217
Positive rate of microscopic examination 42%
PCR positive rate 9.6%

2 0 0 0
0 72 0 48
2.7% 0%
2.7% 0%

in the DNA extracted from the infected snail with a single
miracidium. Furthermore, using the same DNA prepared from
the snails infected with a single miracidium of S. japonicum, the
result of the LAMP method was consistent with that of the PCR
method (data not shown). Thus, the PCR and LAMP methods
have the high specificity and sensitivity and detect schistosomal
DNA immediately after the infection to the snail host.

Detection of the schistosomal DNA in wild snails collected
from endemic areas. To evaluate whether the PCR assay could
detectschistosomal DNA from theinfected snailsin the endemic
areas, we collected wild snails from three points, Shankou-city,
Shun’an town, and Guanghui City of Anhui Province in China
(Figure 1), in which the human infection rate is 4%, 0%, and
1.6%, respectively. As shown in Table 2 in snails collected from
Shankou-city during the spring, the PCR method detected
more positive snails than did the microscopy method with the
observation of S. japonicum cercaria. Although all positive
snails by microscopy were also positive by PCR, PCR also
amplified the DNA of S. japonicum in the snails negative by
microscopy. This indicates that PCR could detect the infection
not only in the matured cercaria but also in the early sporocyst.
However, in snails from Tongling collected in the autumn, PCR
detected DNA only from the snails positive by microscopy.

Screening with large-scale DNA extraction from the
infected snail by LAMP assay. The PCR method is difficult
to use in the field in endemic areas because of the expense
of the thermal cycler and the impracticality of performing
gel electrophoresis and staining. To amplify the specific DNA
without such problems, we applied the LAMP method, which
can be performed at a constant temperature and the result
can be determined without gel electrophoresis. The LAMP
detected schistosomal DNA from a single miracidium of
S. japonicum (Figure 2B) and the snail infected with a single
miracidium (data not shown). Thus, the LAMP method
should be useful for the detection of specific DNA in the field
without the need for a thermal cycler or gel electrophoresis.
We also screened the rate of infected snails in local areas using
large-scale DNA extraction. Different numbers (99, 49, 24,
and 4) of non-infected snails from non-endemic areas were
prepared, and a single infected snail (1 day after infection with
10 miracidia) was mixed in each group. The snails were crushed
together, genomic DNA was extracted in one tube, and each
sample was assayed by the LAMP method. LAMP detected
28S rDNA of §. japonicum from all infected groups but not
non-infected groups (Figure 4), indicating that it is useful for
detecting schistosomal DNA from a large number of snails in
the field in endemic areas.

DISCUSSION

Schistosomiasis-control activities in China since the mid-
1950s have decreased the prevalence of human infection with

S. japonicum to less than 10%.?’%* Furthermore, a new inte-
grated strategy was developed and proven effective in endemic
areas.”® However, the complete eradication of schistosomiasis
japonica and the prevention of its reemergence remain diffi-
cult. To monitor the infection rate and distribution of infected
snails, we developed molecular detection tools based on the
amplification of nucleic acid.

PCR targeting 28S rDNA amplified 100 fg of genomic DNA
from only 8. japonicum and none from S. mansoni. The ribo-
somal DNA was known to have a highly repetitive sequence
in the genome,®#¥ and each region has been shown to be
useful for molecular diagnosis and identification of species
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FiGUure 4. Detection of 28S rDNA from S. japonicum by LAMP
assay in the total DNA from different numbers of non-infected
snails artificially contaminated with a single infected snail. The snails
infected with 10 miracidium were prepared and mixed with different
numbers of snails (99 + 1,49 + 1,24 + 1,9+ 1,4 + 1,0 + 1; normal +
infected snails). Total DNA was extracted from each group and one
non-infected snail (-), and the LAMP assay was performed. The 285
rDNA was amplified from all samples contaminated with the infected
snail but not from non-infected snails by the LAMP assay. The results
were confirmed based on the white precipitation (Upper) and gel
electrophoresis (Lower).



