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[17—20]. The worm reduction rates (WRR) were 77.5-99.5%
when S. japonicum-infected mice (300 mg/kg), rabbits (2040
mg'kg) and dogs (30 mg/kg) were orally administrated with
artesunate once each week for 4 consecutive weeks [21].
Patients infected with S. japonicum in endemic areas of China
were treated with praziquantel, and then divided into one group
that was inoculated with 6 mg/kg of artesunate and another that
received a placebo [22]. The protective rates of artesunate were
83.9-100% and 68.2% in areas of light to moderate, and heavy
endemic infection, respectively. Recently, artesunate has also
been reported to be effective against S. mekongi infection [23].

The efficacy of artesunate against infection with S. mansoni
as opposed to S. japonicum remains controversial. An early
study by Araujo et al. showed that artesunate obviously
modified the reproductive organs of S. mansoni [24]. The
results of our preliminary study showed that artesunate was
therapeutically effective against S. mansoni infection in mice.
We investigated details of the prophylactic and therapeutic
aspects of artesunate against S. mansoni infection with a view
of expanding the use of this drug. Since recent report has
suggested that artesunate is less effective against S. mansoni
than artemether, we attempted to reproduce these findings [25].
Chronic S. mansoni infection is associated with a latent iron-
deficiency and iron is thought to be important for the activities
of artemisinin-derivatives [26—28]. We therefore studied the
effects of artesunate against S. mansoni infection in iron-
deficient and in normal mice.

2. Materials and methods
2.1. Parasites and infection of mice

Cercariae of Puerto Rican strain of S. mansoni were released
from Biomphalaria glabrata snails after exposure to artificial
light for 3-5 h. BALB/c female mice weighting about 20 g
(SRL, Hamamatsu, Japan) were infected with 200 cercariae by
the tail dipping method. Developmental stages of the parasites
were divided into the following: pre-lung stage at <7 days after
infection, lung stage at 7-8 days after infection, post-lung
stage at 2-3 weeks after infection, young adult stage at 45
weeks after infection, and adult stage at 6 or more weeks after
infection. The Ethical Committee for Animal Experiments,
Nagoya City University Graduate School of Medical Sciences,
approved our experimental protocol.

2.2. Treatment protocol

Artesunate provided by the Guilin Pharmaceutical Corp (lot
#021205) (Guilin, China) was suspended in 1% sodium
carbonyl methylcellulose (CMC-Na) for treatment of S.
mansoni-infected mice. Mice were administrated orally with
the aid of stainless stomach tube attached to a syringe. In each
experiment, there was a control group(s) being administrated
with 1% CMC-Na alone. In all experiments described below,
one group contained 6 or 7 mice.

The first experiment was to determine which developmental
stage of the parasite was most susceptible to artesunate. Five
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groups, each of which contained 7 mice, were orally
administrated with dose of 300 mg/kg for 2 consecutive days
on the day 7-8, 14-15, 21-22, 28-29, or 35-36 post
infection (PI). This covered different developmental stages (7—
36 days) of the parasite. Adult worms were collected by
perfusion method 56 days PL. The dosage of 300 mg/kg was
referenced from our previous results from testing S. japonicum
and S. mansoni [19,24].

In the second experiment, 6 groups, each of which again
contained 6 or 7 mice, were treated orally in different time
schedule at the dose of 300 mg/kg. Comparisons were made for
three points: start of treatment (14 or 21 days PI), frequency of
treatment (3 or 4 times), and interval of treatment (every 2
weeks or 3 weeks). Adult worms were collected by perfusion
method 70 days PL

For electron microscopic observation and for in vitro
oviposition study, we prepared mice with sub-optimal artesu-
nate treatment, because full-dose treatment of artesunate
eliminated almost all worms. For this purpose, mice were
treated orally with 100 mg/kg of artesunate on 14 days PI,
followed by two consecutive treatments on day 28 and 42.
Adult worms were collected by perfusion method 56 days PL

2.3. Iron-deficient mice

To test the efficacy of artesunate in the iron-deficient host
animals, 2 groups had been fed with normal or iron-deficient
feeding for 7 weeks, and we tested the iron concentration in
serum every week by Fe-IC diagnostic kit (Wako, Osaka,
Japan). After Fe level in the serum decreased significantly,
groups of mice were infected with S. mansoni, and then given
the drug on day 14 PI at dose of 300 mg/kg once a week for 4
consecutive weeks. WRR were compared between the two
groups as described below.

2.4. Assessment of the therapeutic effects

Mice were sacrificed and worms were recovered by portal
perfusion with phosphate-buffered saline (PBS). The reduction
rates of total and female worms were calculated by comparing
the mean worm number with that of control group. The whole
small intestine and almost all of the liver, from which a small
part was removed for histological examination, were digested
in 4% KOH overnight at 37 °C in separate tubes. The number
of eggs were counted after centrifugation and washing. The
fecundity of female worm was assessed by the parameter of
eggs per female worm calculated as follows: total number of
eggs recovered from mice was divided by the number of female
worms. Paraffin-embedded sections of the liver were examined
histologically to assess the hepatic lesions due to S. mansoni
infection, Wet weight of the liver from each mouse was
measured.

2.5. Scanning electron microscopic analysis

Adult worms obtained from the group treated with
artesunate and from the corresponding control group were
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Fig. 1. Optimal time for artesunate prophylaxis against S. mansoni infection.
Artesunate was orally administrated at the dose of 300 mg/kg to infected mice
at different times from day 7/8 to day 35/36 after infection. Parasites were
collected by perfusion 8 weeks after infection. WRR was highest at 21 days
after nfection.

tested for electron microscopic observation. The worms were
collected by perfusion method 56 days PI, and processed for
scanning electron microscopic analysis according to standard
methods [18]. Briefly, samples were fixed with 1-2%
glutaraldehyde, washed, and post fixed in 0.1 M osmium
tetroxide, dehydrated using ethanol, coated with gold-palladi-
um and then examined with a scanning electron microscope (S-
4800, Hitachi, Japan).

2.6. In vitro evaluation of artesunate on oviposition by adult
worms '

Adult S. mansoni pairs of 8 weeks PI were obtained from
control or artesunate-treated mice, and were cultured in vitro to
compare their egg production in vitro. Two worm pairs were
dispensed to each well of 24 well plates (Nunc, Roskilde,
Denmark) m RPM1 1640 (Sigma, St Louis, USA) supplemented
with 10% fetal bovine serum (FBS; GIBCO BRL, Rockville,
USA) and 100 pg/ml streptomycin, 100 U/m! penicillin and 20
mM L-glutamine (GIBCO). After incubation for 3 days with 50
pg/ml of hemin in CO; incubator at 37 °C, produced eggs were
collected and compared microscopically between the worms
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Table 2
Effect of artesunate (300 mg/kg) with different re
hepatomegaly in S. mansoni infection

Group N

gimens on oviposition and

Administration

Eggs/female®+SD Mean liver
(days) weight (g)+SD

1 6 - 4449+ 641 2.00+0.40
2 5 14-28-42 448+91" 1.14+0.02°
3 4 14-35-56 155£26" 1.1540.01"
4 4 14-28-42-56 270+33* 1.28+0.11
5 5 21-35-49 702+226" 1.17£0.04
6 6 21-42-63 1339+320" 1.28+0.13"
7 6 21-35-49-63 684150 1.23+0.16"
Cont® 4 - - 1.1020.01"

* Number of eggs deposited in the intestine and the liver divided by number
of female worms recovered.

® Cont: Age-matched no infection control.

* p<0.01 (vs Group 1).

from artesunate-treated and non-treated mice. Results were
shown as mean egg number per one worm pair.

2.7. Statistical analysis

Student’s f-test was employed to assess the statistical
difference between treatment group and control group.
Differences were considered when p values were <0.05.

3. Results
3.1. Susceptible stages of S. mansoni

Fig. 1 shows the susceptibility of S. mansoni at various
developmental stages to artesunate in mice. The anthelmintic
effect was significant at a WRR of 41% in the group
administered with artesunate at the lung stage (days 7-8 PI),
and reached a maximum of 93% WRR in the group medicated
at the post-lung stage (days 14-15 and 21-22 PI). The
efficacy decreased when mice were treated afier day 21 PI, but
the effect against the young adult stage remained significant
(days 35-36 PI) at a WRR of 46% (p<0.01).

3.2. Optimal protocol for artesunate treatment

To identify a suitable treatment schedule, groups of mice
were initially given artesunate on either of day 14 or 21 P, and

Table 1

Effect of artesunate (300 mg/kg) with different regimens against §. mansoni infection

Group Administration (days) Total wormsSD WRR (%) Female worm+ SD FWRR (%)
1 7 - 25.0%11.2 6.43+2.63

2 6 14-28-42 3.17£3.58*# 87 1.67£1.77* 73

3 6 14-35-56 4.16+2.61** 83 2.33+1.89% 63

4 6 14-28-42-56 0.67+0.90* 97 0.33+0.51% 95

5 6 21-35-49 4.832.90%5 81 2.17+1.48* 66

6 6 21-42-63 8.50+4.17%% 66 3.16£1.91% 50

7 6 21-35-49-63 1.00x1.63* 96 0.50+0.80* 92

All mice were sacrificed 70 days PL
*p<0.01 (vs Group 1), #p <0.05 (vs Group 4), and sp <0.05 (vs Group 7).

WRR: worm reduction rate, percent reduction in worm burden compared with Group 1.
FWRR: female worm reduction rate, percent reduction in female worm burden compared with Group 1.
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repeatedly medicated at different frequencies and intervals. The
WRR and FWRR were highest in mice given 4 doses of
artesunate at 2-week intervals (Groups 4 and 7), regardless of
whether drug administration was started 14 or 21 days PI (Table
1). The WRR values for the groups given 4 consecutive doses
were significantly elevated compared with given 3 consecutive
doses (p<0.05). Artesunate was more effective when adminis-
tered at 2-week than at 3-week intervals, although the difference
was not statistically significant. The reduction in oviposition of
all groups given artesunate was statistically significant com-
pared with the control group (Table 2) (p<0.01). The
diminished egg production indicated a pathological improve-
ment, because morbidity is mainly due to eggs being deposited
in the liver and other organs. Mice that did not receive artesunate
developed apparent hepatomegaly, whereas no changes were
evident in infected mice given artesunate compared with
uninfected mice (Table 2). Histological observations revealed
that liver sections from mice treated with artesunate contained
neither eggs nor circumoval granuloma (data not shown).

3.3. Efficacy of artesunate in iron-deficient mice

After 50 days of feeding with an iron-deficient diet, the
mean serum iron concentration in mice decreased to 6312 pg/

(b)

dl, compared with 272+19.9 pg/dl in mice fed with a normal
diet. Table 3 shows that worms were not recovered from either
normal or iron-deficient groups treated with artesunate, while
the worm burden was high in non-treated mice. The worm
burdens in mice fed with iron-deficient and normal control
diets did not differ. These results indicated that a serum iron-
deficiency at the level tested here did not influence the efficacy
of artesunate against S. mansoni infection.

3.4. Electron microscopic observation

Scanning electron microscopy revealed that artesunate
induced damage mainly on the worm tegument. Fig. 2a and
b shows normal tubercles with small sharp spines on the
tegument of control 8-week-old adult worms and alterations on
the tubercles of 8-week-old adult worms treated with artesu-
nate, respectively. The tubercles on the surface of male worms
were retracted and small, and the sharp spines were shortened
or absent, although the sensory structures were unaffected. The
suckers of both male and female worms were damaged and
collapsed (Fig. 2¢) and the tegument ridges were focally
swollen and fused (Fig. 2d). Host leukocytes adhered to the
damaged tegument, although cellular characterization of those
leukocytes was not clarified (Fig. 2¢).

Fig. 2. Morphological damage observed by scanning electron microscopy. Worms were collected 8 weeks after infection from mice treated with artesunate at sub-
optimal dose (100 mg/kg) on 14 days PI. (2) Normal tubercles on tegument of male worms from control group. (b) Alterations on tubercles of male worms from
group given artesunate. (c) Damage to the oral sucker of treated group. (d) Focal swelling and fusion of tegumental ridges of treatment group (arrow). (€) Host
Jeukocytes adhered to surface of parasites treated with artesunate, although cells were not characterized. Bars: 100 pm.
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Table 3

Effect of artesunate on S. mansoni infection in iron-deficient or normal mice

Group N Fe-deficient Artesunate® Total worms recovered WRR (%) No. of female worms FWRR (%)
F-1 6 + - 24.8+3.9 133423

F2 6 + + 0 100 0 100

N-1 6 - - 28.8+9.1 14.0+4.0

N-2 6 - + 0 100 0 100

All mice were sacrificed 70 days PL

* Artesunate was treated at the dose of 300 mg/kg on day 14-21-28-35 PL

* p<0.01 vs artesunate non-treated groups.

3.5. Inhibitory effects of artesunate on egg production in vitro

The number of eggs and degree of egg maturation were
compared between adult pairs of S. mansoni recovered from
mice with or without artesunate treatment. Worm pairs from
control mice produced significantly more eggs in vitro than
those from mice given a sub-optimal dose of artesunate
(45.0£3.6 vs 12.3£1.8 eggs/pair, p <0.01). Over 80% of eggs
produced by worms from control mice were mature and/or
normally developed, whereas worms from mice treated with
artesunate did not produce any mature eggs in vitro.

4, Discussion

The present study found that artesunate prominently
affected the immature stages of both S. mansoni and S
Japonicum but at different levels of efficacy, since S. mansoni
was the most susceptible to artesunate 1 or 2 weeks later than S.
Japonicum in a previous study in mice [21]. The lung stage
schistosomula of S. japonicum were the most susceptible to
artesunate [21], whereas immature adult S. mansoni worms at
the post-lung stage were most affected by the drug. This
coincides with their growth profiles: §. mansoni takes
approximately one week longer than S. japonicum to develop
from the schistosomula to the adult stage. A common
metabolic profile, which is sensitive to artesunate, might be
expressed in the highest level at a particular developmental
stage of schistosome parasites, but there might be a time lag of
one week between the two parasite species. Our results
regarding the effectiveness of artesunate are equal to the
efficacy of artemether reported by Xiao et al. [29]. The
difference in developmental time course could explain the
different time schedule for effective drug prescription between
S. mansoni and S. japonicum. To combat S. japonicum
infection, the first medication should be given 7 days after
infection and 3 consecutive administrations once a week are
recommended [21], although early diagnosis method should be
developed when we implement the protocol. For S. mansoni,
drug administration starting 14 or 21 days after infection
followed by 3 repeated doses at 2-week intervals provided
optimal protection. Considering the lengthy exposure period in
heavy endemic areas, a treatment regimen with long intervals
might be practical for field application. Other morphological
observations have shown that damage caused by a single
administration of artemether recovers within one week [24],
indicating a need for repeated administration.
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In addition to immature worms, artesunate also seems to kill
mature adults, because the WRR was enhanced when
additional doses were administered at 8 or 9 weeks after
infection (Group 4 vs Group 2, or Group 7 vs Group 5: Table
1). The mechanism of the effects of artesunate has not been
defined. Electron microscopy showed that artesunate 'caused
morphological changes in S. mansoni, especially tegument
damage similar to that caused by artemether {18,20,30]. The
adhesion of host leukocytes to the surface of the parasites
suggests that parasite antigen is released and these cells could
cause immune-mediated damage, although no direct evidence
is available.

Artesunate not only diminished the number of eggs
produced, but also retarded their maturation. Although the
reduced worm burden and inhibition of sexual maturation
might be responsible for preventing the development of hepatic
lesion, one study has shown that artesunate protects against
liver injury induced by acetaminophen and carbon tetrachloride
by stimulating hepatic-metabolizing enzymes [31]. Artesunate
also inhibits the growth of hepatocellular carcinoma by
inducing cancer cells to undergo apoptosis and by increasing
topoisomerase activities [32,33]. We speculate that the schis-
tosomicidal effects suppressed hepatic lesions, but an addi-
tional mechanism of hepatic cell protection conferred by
artesunate could not be ruled out.

Iron-dependent free radicals generated by interaction be-
tween artemisinin and a high concentration of heme generated
by extensive hemoglobin digestion might be toxic for the
parasite [26]. Iron is an important factor for artesunate action.
Mansour et al. suggested that chronic S. mansoni infection is
associated with a high incidence of latent iron-deficiency [34].
Artesunate exerted striking schistosomicidal effects against S.
mansoni in iron-deficient mice at levels comparable to those in
control mice with normal iron levels. We thus conclude that
even a severe iron-deficiency would not influence the efficacy
of the artesunate.

Among several artemisinin derivatives, artesunate and
artemether are usually used as anti-malarial drugs. Artesunate
is less toxic than artemether [35], but a recent study has
reported that artemether is more effective than artesunate
against S. mansoni [25], although the experimental design in
these studies and artesunate lots in the present study differed.
Further studies are required to conclude which should be
recommended for use as an anti-schistosome drug in humans.

In conclusion, artesunate is a promising prophylactic and
therapeutic agent with which to combat S. mansoni infection,
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and human trials should be implemented in the near future. In
view of the short half-life of artesunate, parasite will probably
not develop tolerance or resistance. Nevertheless, artesunate
should be extensively applied in areas where malaria and
schistosomiasis are co-endemic to minimize any latent risk of
resistance.
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P BEEMRBEE KA, TORHE, BIPKBECETLAZ L AREO—D LB LTV,

— 104 —



132

253

BRE1 REOHRE BE2 FilOEmk R fERSE

ZERTHONSREDOR VIZHEE, ¥t LEBAEROREEETH LD, HELEBTAT
EBFOBTFILEHEE L, BREMRAE DMATFREFBREIN TV,

ROIARE(HEELL

FEECIEZET 5 &, PETHAREMBEASFEHICHIEEN20R 20 R A THLTH -
720 WEARENSVOEROOHE TRE A Logan %1905 FiCk PEED LREZFERL TW5Y,
CHIZARICBIAER, EROFRICENREZEDLTP1ETHo12%, S LLFETORRD
B H AR R OFL 3 e olzl &k 5, HIEROBEIORER 25 DRFBFIRICL
AREEMTHAIH D, BREEEMBEEEOE S ERNZREFICEZY 00H 5, BIURIZHHE
BRBLOHET, FEBRRITTH TS 2 RPTHOMB IR TEAL, K —RHIXAEIFD
HEEOBETHY, TEHEGRFEOR, LHELAHET O ENREEDCRERITH THo 22 LR
¥, BREOSEHICBENREESEICEEICHo 2L Bbhb, ZOBEDL H o THEMBREE
WO Ero726 L, EHEBD 1955 F I EMREERNE L ROBEBRICER 72 LiF
ERROFEICH B EMERFITEDESE(BEE DOERICLIE, 0K TENEROLE 2 EE
WA TRONIZLZEETH S, BHORR TH o 7EMIREAEIIN T 5HDOB VA TEEM,
EWIEBIZEDNTVE, BRERZRZOFTEHERARELE LOAELRBEFSPHEICE2C
LEBOLMICEL TV AL, ERICBEOEGPICBFIRRT, fIRESIEERD L TnikdoZs

2. WEOBAREMBEE, EERFE

FEOHTHIZERTERETH L, 2O EDPREONKEHEICL TWAIRBKERICZRoTW
b FEOHTHOSERELR 1 12T L0, B, FHEZROLEEE, REBINE
HEHh Y, PREOPOTORITHELEL T, ZORBEOEVEEARATH S, FEOEMPRE
FERITORBEMA 7202, WSOPDEERRA ¥ MOV THBEEZMRATHA LI

1) WIEEEATH 2L EREAT

BB Y, {EIBHIZIEASAMITBE! (Marshland type) & HEBMER OB VHIRICA DS ILER (Hily
type) @ 2 ENCHEOFTHIZFTEIN TV AE (K 2), MITHORFLIMBETH Y, HFILMWE
W, BB SFI, MBCho THEEEEIERL, £ T MREEMORENBZ 5, H
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K1 FEOHFELREERTOHEIR (2003 4£)

748 413 TBIX

oo (VL8R - &8 - 7178 - #de - #m - )1 - ZEA)
BRuE P # 843,007 &
DEEE 1,114 %
BgaEE 817,453 %
REAEHE 24,440 %
FEEEEAE B 31,321.5 ha

F2 HEO2OOWHTHSNY -

) R2 il IR

ot LER, 2% mi, &
LT, WiEE, Wt

WATHEEAD 1,080 H A 493 H A

TATH BB 7,200 3,200

R 11.5% 7.6%

7 RE B, B%, B B¥, FARY
BIL¥, BA, 24LE

RS E B 5 29,760 ha 1,380 ha

F18 F B X Oncomelania hupensis TH Y, BERDIXY AL JFA (0. nosophora) & V) bR KEICTHD
v, TOERERIZESLOTAL, BEEL/NE, BR, BE, WIECHSH5EE, ik
SRSPER S LI BEARENS VA EFHPERE 5D 5, BRBEIC L AT ~OBE):
EDOTREVY, TOBRBIBFILOKMENTHEFTLEKBETI0m B ECERDTH b,
ThbbL, EFRICEERGESIIENEZ LR, FCHREEE A LCREDE & 4 5,
ZTITHOMNRZERLTD, HFTHEAIICREARLTLEY, IEOETT SIKEIZET
BDTH5,

—7, WEEIZS/AHPEPERLE O ILE
WIHIZH Y, EE DK 2,000m P EICR AR E
mL, PRVEEZBIRTH S, BEBEER O.
robertosoni b & H, TIIZHAEDIXT AL YH L &
TERERYIZEUL T2, I o/NT)IIZH - TH
BEEL, &4 V7 I BRER L0, HkRiE,
B EREFHOBICERET 5 (BE ), 2D
TOLHPEOWTHE D PB o 2HREZIT B
BTho, BENICEE N2 OREROREER
BiZHB L bAREEHIIL TS, ZORED 0 =
TATHEEEL LTRE 2000, FETY B3 miEEetmio L R
BEWIBIZIERY, HEA VI SEBEOEND ANANNCEERKEES 720, BASmRE
o Tt LREEZ S B Lo TV A, BREEHT 22 LUERETH 2,

R e
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2) BREEIBY

AARMGMEEIEABLEESERT, b PSS DIFAEEWIMBEEICRD ) 5L~
VY U EIMBE R A VYRR S EDORERBENTH D, Lrl, REBIHWOERIT
FIUTORTHETRELRY, HIRT L ORI D L0, FETIIKSE, T8, RV VREPERER
BEFBETHY, IR ZEERIHEIT V(R D, BROIEELZRABEETH S5, PETIEL
DF— 7 PEFEINTVWARV, TEREIRTIRKSISMEARE LTRECERSh, ThERRHT
B DA OEKIICETFILIEER SIS S b, ZZTEBELTCVWAHRBEEREEMTLIZL
K bo MUAETL 74V E VY TRAKRERESICIENETH S & SNEH, TOBEBIIEY
2HICBEHIRTWRY, BRETZOS SO, BAME T HE o R BE IS T
SO P CHETHY, FETHE P EAKFOMBEOWNKIERETHL I LNWEREY I 2 —
YarvTHLRPZENTWS,

3 HEORREIEY

B) LYl [ZE - (AR | LR
# 4 16.5% (17.0% [ 16.5%)
X * 12.3% (16.6%/ 5.5%)
7 4 3.1% ( 4.0%] 2.1%)
< 10.4% (43.6% ] 0.4%)
4 X 2.6% (342%] 2.1%)

3. WENCHU B R ERGEHE DR A

BETHRAREEBY, PEOFMFEEEREOR D M PELERIC X 2 EFRICBINICE
WA OND & Do 770 THENKEIZD W2 1950 4EEO H AR MK BUEE O WATISIE B FILHIREL
BIZEL AR LTBY, BEZEB IV Oncomelania BOAEBBIGHFEET 127 - BlZALNZ
WERIMAE DA R, B L2 LTARETHRENRREREI R o 72720, &
RSO FELE L TRFEEIEORRICER BN 2282072, bo bk bAHOREERE
FEEERZRICED B D ET, AT ROEBROBE, T LTHL KR,
%@i@?%k@%ﬂM%@b%?&ﬁﬂ%ﬂtoL#L@%ﬁ%ﬁ%&é@ﬁkSioti5f
bbb, FOH, BOMNEL LTIEHLAEETOIIO N L )T, KERGTERIC L 5 FEEPH BRI O
At Sz, BEFOBATS - & bMEL 25 OFABMER LOBEBET, FOATES
S OBEFH O EEIBEMNMA Shtze 1970 K85 Na-PCP #MEbNI s L5124, ZAZ
BIEh o 278, BEEENEL, 2000 F 3 CRESIFERAPH I LN, W THERENS
X 312% o720 Niclosamid T, ABEFRLRPRDOONE 00, SHEZBHTEEANTHER ST
LEENLBREF OB RS TWS, LPL, ShLBREFOERHICL - TS, FEOTHEE
BoABERIEATHY, BFILOKMEZLIZEHNOREES DHo T, READHRIZELN
2HDIEE o TWa,

mEOEMEEENE L LRS- FEE, FEREICITHIE & FARIC mass-screening & mass-
chemotherapy T& %o X ROERETEIZH BHREEE 1SR L. PECREMREOC &2 LK
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| wssoy s ] weo |

| &2 wmar | | wEcpc
| N

] T T
(8% %t B RTIE)

| |
(TT1 1T

(i 57T )

Bl 1 A E o> (i W H A SRR A
PRER, SEBRCERLIEL, EMEHe LTE
DFERTET TR FHEEL TV, 70V b5 4 V2
WIBE AT AR B S TV B,

REMPEDIZHL A, WTHOTTOY I 4 VI
T TR, ERRT AR HIENRA T — T =
VHBEREINTWA(EE ), TITIEHEENOK
MNEBH B SO0, BRMEMPHIEOBH, Sk
CABBEZIT) 2l oTWh, TXRTIE
MAAEELTWS 0TIV, RIKROERE
P—EXEHTIENTEDL, FOLRRIZE
RIBOFEBHOTHRREE V) ZLI2R B4,
WATHL CTld— AL _E ORI E D BAE D
FEZBVWTVWE LS, ILRHTHOE BE4 NBHEER
BT IEEFEREE E LT TEAeRREIAEF WITO70 Y bS5 4 VICBREIN- MBI EE
%) HEANTVE, BROHSERemEs ¢ ORIREES TR,
T XD, BHOL 7 7 VYA, BMMERESCEEY—X4, FEHHZE, 25 CFmMREEST
FEBOEREMRICD 252 L, FEOEMEEEN K CRIBELZREZE-TWE, FN5D
BMEEELT, EHBUF~ORELIT, ERVANVOBEERS EREEEZE D O LiEOF
El CDC Th %, 4, FEOERKHORE LIEATEY, &0 TSERFEFIEHEF, b
EHEBSOHEPEATH S, BETNEE, Bdtd, IHE, THEL, WL S hE
ﬁﬁﬂ%%iéﬂﬁﬁiﬁ%@%?%ﬁﬁ%éhfwé B BRFEX RDBIEMEE LTHEE
BRZEDDIDESL S, LIHAOHEANEZIIBRTWEY, EEIZEITHS I H

4. WEO BAE MR HEERT OBLIR

FPEERNO B AEIRRECETL2EE LN VOEET —RA138F 2 AERIN TS, 1989
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2 1 BOESEY — <A 3ThC, FMAHEEITT SN UEREGIC X 5 BRI
POLEELT, BUAEEDPEE LT LBHNERTOEMBHERITEETH 5, ZORKHIEF
HERFREOBIZV R Vb0, FITHOKREINAEADILL A 2HE§sHIRICEES L
TWil b ddoT, FIRENEZO CLENOMFELE L OEAD T RONLIDICEILE
2EERD ol HEETHERELVNVOBEZEES 2 L TOENEEIIRE-TELT, —
DREZ B THERROEBHE~OEBTITLAEZEN TRV, LeL, B ISR L7
FREEELTB Y, EHMLERRD L EFHRE, BRORTERIEBIER S Tw, ERIED
Tl Kato-Katz B & 3 5 ¥V AHEC X 2 EFRE, ELISA IZX 2MEDH, WPk
LERBBEL LY MILTIT) OB TH ol ZRIIZDIDPDLT, HEA V758 7%Y
BETHo-I s, WEOHREL LTERTHICEE s T h o ETH S,

A E O IR B FEXT S O E R DTRIBHIIC EASo T E2D1d 1990 FEREETH Do 1996 I8 2 [
OEEY — R PEREN, FHENFA—FIZ@REREEVSRONTVEY, TORHORRI L
Mo l-BHO—F, WRETIC L B EMBREN KOO DORBES 1992 £ 5 10 FHEBS
s Thb, FRICLY, WA TRERORZ LTI VA v FVEREILLHBEFEAIE LT
R CERTELLIICRY, NEFZEOARIV T4 7 vV APMLE L, FELEA V7 TE
BLEBALTEDEIEALIEDEELTVETHAS), ZOH, BREELLTL P ERE
BLEEEZ 4ERLTIE, RUCBOABHEREZ PHEES I L2BITF WD, FEEEDIH 7
4 413 HIRITHATHATR - TV D25, FHITHOERE THATHESE (Transmission areas)s, WATHIE
(Transmission-controled areas)) 3B & OF THAT#EM (Transmission-interrupted areas)s D 3 2IX) 5
N, 203% TFHTEE) OHIBIZEED 60% % 55 L9 1 hofe—HT, £FD 254% % i
TG, OFERENTVS, BE, TEERND 63 »Fds THATHIE) 2o THEH, 3518 T
T3, ICELZERERL TS, — &I THRTHE) 0o T2 bIdhECED 2 L
THFNIEHEEER L TIER WD, SNERIEDL7-DIEEORELZR) . BARELDREP<
v VAEIMBH 7 & intestinal schistsomiasis A ERFRABEHICHA2FRATH 5720, BEEN
BHICHLORAEEETAZ D%V, 0T, X DIEMER casé detection EE ML L THRE
HERBEEIZVERLBREFEOREILEIC R b, WITPERT S L EDIERDEFN—
g viE—BICETT2 L3P0 2BV ETHY), SBROFEEEORRIBEETH 5,

ZOBEOHEENORIIIZW L OPOBREMEIENTE TWb, TIIIMEMREREDHHE
Thbo, E1WEBEINTVILORBEREOHTILOKEKICLIZEETHE, DIFET HE
B oL H12, BFTHFRT 1990 FRBLDREED X ) ICREKPREL, ERMIMOILK
BRONTWE, #ORKEER, FrPHEEIEOSHFBIAPERENTEY) (F1), RREFOR

F4 HEEROBKICE ZEEBEOE(

) 1996 4 FLIKHT 1996 4 Pk 1997 4

AR HoEBER (T m?) BiEx BosBEE( m?) BEE HoZREE(Im?) BEX
AN 0 0% 305.0 0% 0 0%
B 0 0 0.4 0 0.4 0
CH 19.7 0 2442 0 442 0
D # 0 0 26.2 0 26.2 0
E 0 0 38.0 0 38.0 0
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HHD 2003 FEITE 114 B2 E X, BIEERENE 22% LH o700 74 38 X CEMERED
BEPRONZIE, HOEBSMICLEEF R ON, MEE, Mg sichri Rkl
Vho FEMETOBEEPHBVRRINTEOMENDH B, M, Fi-tkiFhoBERI 0 -
BEMIML CT& 720 WHE CRAENR, EHRHTH o R OMITIEME T 2002 £ 5T O.
hupensis L BREDFRENTWD, ZOMBITHKDOEED S - 721X & idBEN- ILEERICH b
EEPEBEEIROEBPBITLTCELOPbIo TR,

FENCET 5 BAEMBEE ORI~ TEAIRE SN TV =2 L Th b, OB IZRTR
DFEFATRUE A 2002 FTHT L7#EE, MBFE L BEEOBRBERSSEN L LCSRERE
o /elbild b, HFMEITHE TEM 2 BITOFTETITo TV, BIEHTHIT 7,000 5
TIER L 72 Th b, MBEEOEFATRIBDTT VN v FVLERER 20 TE(AADTY 300
FICEE LR, BROBIEMNZZZIER L 770 20 L5120, MITHCOMNEEEIZHT 240
ROAVTIAT VY AREBHITETLCWS, &5 ICMBFOBEICHT 2 0BRSS, &
KUEFEDOA VT4 TORTOIREZHESEL2OTH B, 512, BFILERBOTHO
BZ2IIABTHDY, MITBRI > THERPERYMOET N—2 5 VPMET LR, &)
IR TRIKET B E R E2 BB T AL )ik o/- 2 L BEEINTVL, 20X %
ER2 XTI T, LEOHE CDC TiE, 222004 EICH 3 HOREY —~A 2EHT2 2L 55k
L, 20044 10 AP OARRAEIEBINEZ LICE o TS, &5 CIEBERA~DES 270,
T DFER, 2004 FED S EMBRETED-OOERTFEL L CHREESTH 5 OEEORBEEICIT
B2 2 BRASRE SN2 HEVAFLOBREL ST BROREFBESN L,

5. HEOEMBEIERITICHE T 2RIERE, BICSBRI20BBE2RLILT

HFILRREOBREE L L TEBV BRI ARFOFESERIIAR I NDIE 1992 £ 2
ETHB, PTEORBEFB I BERAOEAR U2 b O—DTHEEESTI Vv, FARROE
ZHEBEEDRRE LB FIPRIBROEKT, 2009 EDOFHEE O S L TCTEIBATNS, SiEn—
i3 B AR EEORATH TIZ 2 DS, Bl THRICIETHIEELTWE, 2072012, ¥
ASERBE DR RERATERICE A E LA E PR LN TVEY, ¥ ADRRIZES fEifdk
EDTATHERFFEL LTI, TIVTIDTRATUNL FAOBBHIELNDD, SIEY AICET 2
BmmlETNERELZoTWVD, VY VEMBRBELPE VALY EMBREORBELIETH 2
Biomphalaria )&% Blinus BOBIISZE&RKERTH 5720, FAIZEBEREAENEZDE F
RO h 0720 TRAT UNA FLUSN T BEEBOBBEEIC S TE A NIV Y T HE
FEDWATIERBEFT THEENT WS, —F, Oncomelania |8 FEKERTH Y, Tt EEE
FEEHZERT CTH L, #oT, FABRICLAKRABOWANPEELOTIER L, BFITO
BEETHERE L BHHAMEOREIFEBII R L E 2 bN20TH b, BEHOTELELT, ¥
ADOTHIBICHIER 2 ERFIEHEE L TRENICHEL, ZAPETILOREAICE - TEAT
BT EDV R RBEENTWS, ThbL, Oncomelania BB OREN 2 EFEBREIEBER TR
SNBHIELLBEDTFETH D, ZHEDILDEEFANZ ENTV S, HRATRTHED
MEE L ALE & CRETHASIER L, —F TIEE TREIT 2 L RESRTVS, SiEy A%
BETRIITORH I TOIHRFILARTHADT, BHEIAVHALZIRBOBE Z>NWTIESY
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TR A D 283
2 B% 100 FHOMEH OHEZE
FEBRBFLL SMAT ZREO LI L YEALTELY, BF 100 FHOELIIZET, HE—o
HzR3% o T

AR A R WEH 5w,

THAHICETAEARTU Y2y b LTIE, AEBORESEND B, HEMIIKL, FEK
KOBEKMTH o720 LL, 20 HRICA- THSEBICHEI DL, RAETIER, W, HRE
WMICAE X N(K2), BECTERAOHRKIZEGMIZE o TAb bz, EMICIIHFIAN
25 3 RDOFEABZETEASAL EPCHHEELL SEHOFT/MINAFHAL T2, AR
5 OFHIT AL, HHETHED 1 » #7/2
FCEFIARERZBL TS, ZO L) i3
BeRgEr S, MEMIHTFIIOBRD TKAH
By Ay OfEerHEoTE, THEMBE2HD,
DBCHD LS, BEWORZ OTHBTFIL S
BUREZBLWEB I KTHY, BERKEOLTHNE
HLTWwWb, TOFE, BFLIOFNIKIREL
TALTL BIAENTIZESE 8,200 5 m* DL
PUBT B LIS, FNASHATEOREED
ER s EH RO BAICEY 5720 MEOBEBORR, ERZER

L AR R T, Esnc DB0Y, TOZLEBRERRE LTHASNT
BRI o THY, FRREROMENRE R, V20, FHELTRESATREr—2350
TWwa, BH»5HET T 2-3km IC &5 (BE 5)0 % D% Oncomelania BB DIFHETEH
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THAHAZERTTECYBRLTHERTELZ L TH D, KBBBETEICL > TREN*BU—D2
DI TRHAIL, MEOTHFAZEZED LI IRy, BARBSNTERIZIZoTWVS
ETHHRETICRT B LN, FHEFEBEEAROM/NE VINENEHEIID I LI
%50

BFIOEKFH LR SN TS, BFLOEELKERZ IWFEEREIM FICEAKL TR
#, THREPEFRAKRE LTOEHATAIEREETH Y, 2001 EICE L L CSHRFORER % Hig
LTEBIETL TS, EAKELZERTIRETH LS, 2D Oncomelania BEDEES
MOLEZRYT LB —HMTHEEINT VD, BEEZS ) V7 OERPVEICL L, —HHOD
EBIRZELE, 2Oy b O— VIO THELZDDOICZS I,

6. OB W SRR BT D IR R T

MR EAEDORIEEL EHT LI L BWRTH LS, TOLDREHEVAT LAORNEHITT, &
BRBEUSRTREBRE L HHCETT L LR ON S, FEOFEMEHEIGTEVERSE IR
MTELDOTHS )Mo EIPHERED-DBHEOHEIROONE I LRIMTHEDOhRE
AT ATz,

FEMRIGERED2DD T T b a— VT T TICHMLTWE, T4bh, BEEEOKREL RHE
W2, KeD CRERA 7 T OEMEFHMBEIROMNKTH 2, £ DREEIZE o T TR, 12
MbdaZ & &9 2 LT, morbidity control IZERZHL T &% WHO 1B LTWa2s, HE
CIEREDCSS DL TR 2 BT 2 EPHIFENL. 70U KV ¥ FAY 7 OFATHIE
ITRBIZEPVDODH B I b, FETORINICE o THEK LD 5 HAFMBRE S BRET S o
EWlbo TOLDICEELRI LIZEREETHY, H7 V7 Tid Regional Network for Asian
Schistosomiasis (RNAS) & 9 {2 WHO OB TICHEBEEINTHB V0, 2o v EmkHRENE
SHRIFFICANT, EE, BIK BWERE, Y2 F VERL2 EREN BRI 2 ED T 5,
HAEDREEZS TIEFEE 74V V2T OMBICE o TwWB2s, BAE, BN, Bkir b
RAATOREBELZEDLENEZHF LI,

HAGMPEHEESABREBFARETHLULE, € b ETOMNECIIBERICELZ LTV,
MBI N REH/TEH 29, 7757 v ERLEZERTEEIRESATVE, ZhET
Paramyosin ¥ Calpain ZH W TRKFR 7 ¥ 2 EXBEHY CORBSTAAREMN EORF Ty ud 2
7 bPELTHAALNT WSR2, —F T bOXREE LTCIRTEIC 20T TIHEETH 2
Arthemether [ Artesunate 25 ) 2 FMB R FHRIEZFOZ LB LRI Y1110, Nf )R
Th—=TDANLO—RR2EREEELZ BRICT X D E8NEE, 3R THaE 885
T, BAEMPER TR EXLHER LY, BHETHZ TV V7 VORERED i8S
THELENRDHD, TDLIBERT, FHEEHER, 77 F VEARLZEESHBREOBINICED S
WEBH 5,

BREPETLAEBRETH L0022, FEHOEMEEENFEZTEAEEZEZ TWE, HITHE
B DRI 3% R OHIX T selected mass-chemotherapy %479 S &2 o TWb, FD72%
1213 case-detection @ IEHEIZATH 2 T bRV, BEREFEREIMIE LT golden standard
TH2F, CORERRLTESLZV, X7 -2V 7L LTRBENEVC L, RERRIES
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ThHHIENKDLNDLA, PCR BW, ERMERLE, FBMABRESHE® & CORBEE
ABEGBILBEITED )0

BbY I

fE I B EE DS M BRI IZ 13V b W B Neglected Disease \IMEDT b b %4 T, HEOELK
HEEIMEAE LTEAROBEEREL L THA RHEROFRIZZ o TWA I EOFRITIRE V. FH
DEBRN R EENERE T LT, FIREERRICER MR MEREERIORT I L, £
Mg BERIT 2 A 2B EEORBITRICIRRE S X500 Th b, TOHITH, FEOEM
B SE R 7 XA =) = LT TE—NVTELIEBLETH S, LrL, FEOHESE
ERBEOSBLICE > TEINOERBENSHLL TETw L, FOREEICEL TRRFEHOL
WETH, BHIE R ETRBRICE - 2—FT, NWESOMES, BikEkEToRBERERL L)
IS LT E 72 55, FMBERAENES L EICHET 20%, HMOMSERKEITE
HbNTLEIPIEE SR b, FEOFEMFEHEREICET2HWEEERS —= VIR, Vb %
MR Tw5o
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