Abstract

Var genes are multicopy family gene and encode the antigenic protein, Plasmodium falciparum

infected-erythrocytes membrane protein-1 (PfEMP-1). Here we identified expressed var gene

transcripts and their cytoadherent characteristics. Random cloning and sequencing analysis of

DBL-alpha domain of var gene transcripts expressed in matured parasites revealed that

approximately half of all c¢cDNA clones were derived from a single gene, var-1/ItG.

Immunofluorescence assay (IFA) showed that approximately 40% of ItG parasites expressed

PfEMP-1 encoded by var-1/1tG-1 (PfEMP-1/ItG-1). Parasitized RBCs (PRBCs) selected for

binding to C32 cells (ItG/C32), where the PIEMP-1/ItG-1-positive PRBC population increased to

78%, showed an increased cytoadhesion to C32 cells (241 PRBCs per 300 C32 cells) compared to

originally cultured PRBCs (9 PRBCs per 300 C32 cells). To evaluate the contribution of PfEMP-

1/1tG-1 in C32 adherence, PIEMP-1/ItG-1-enriched fraction (ItG/8A) was prepared by limiting

dilution. In ItG/8A fraction, 83 % of the PRBCs were PfEMP-1/1tG-1 positive and only var-1/ItG

was detected in the sequence analysis. PRBCs in 1tG/8A fraction also showed higher cytoadhesion

to C32 cells (153 PRBCs bound per 300 C32 cells). These results demonstrated that PEEMP-1/1tG-

1 is expressed on ItG parasite-infected RBCs and contributes to the cytoadherent phenotype of ItG

parasites to C32 cells.
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1. Introduction

Human malaria is a significant infectious disease caused by four protozoan species of the
genus Plasmodium. Among them, Plasmodium falciparum is responsible for the severe
malaria, including cerebral malaria.\ Sequestration is thought to be central pathological feature
in the severe malaria due to adhesion of parasitized-red blood cells (PRBCs) to endothelium of
host tissue [12].

Sequestration is mainly mediated by P falciparum-infected erythrocyte membrane protein-
1 (PIEMP-1) encoded by the large multigene family, var [2,25,27]. The cytoadherent
characteristics of PIEMP-1 is determined by the expression of var genes and by the binding
ability to several receptors on the surface of endothelial cells, including CD36 [18], intercellular
adhesion molecule 1 (ICAM-1) [6], vascular cell adhesion molecule 1 (VCAM-1) [17],
thrombospondin (TSP) [20], P-selectin [4], and CD31 [4]. In placental malaria, chondroitin
sulfate A (CSA) plays a major role in the cytoadherence [9]. The binding domain of PfEMP-1
for these host cell surface molecules have been investigated, revealing that Duffy binding-like
(DBL)-1 domain was a binding region for heparan sulfate [1], gamma type DBL was for CSA |71,
DBL-beta-C2 tandem was for ICAM-1 [26], and cystein-rich interdomain region-1 alpha
(CIDR1-alpha) was for CD36 [3], respectively. Although it had been studied on the interaction
of PfEMP-1 with their single receptor molecules, the studies on the binding properties of
PRBCs in the presence of multiple receptors was a little.

P. falciparum WG parasites, which derived from Brazilian isolate, P. falciparum It (Ituxi084),
are cytoadherent population selected with its cytoadherence to an amelanotic melonoma line
cells, C32 cells [30]. C32 cells had been used as in vitro models for sequestration because of
the expression of various surface molecules in similar composition to endothelial cells [24].
Therefore, it is expectative that the binding properties of tG parasites could reflect that of
PRBCs in patients in the presence of multiple cellular receptors for PRBCs.

In this study, the expression pattern of var gene transcripts in mature itG parasites selected
with high cytoadherent ability to C32 cells were examined. In addition, the cytoadherent
characteristics of the major PfEMP-1 of ItG parasites were determined.

2. Materials and methods

Parasites and cells

P falciaprum WG parasites were maintained in culture with daily change of medium as
described by Trager and Jensen [28] with human group O RBC. ICAM-1-transfected CHO
cells (CHO/ICAM-1) was obtained from American Type Cell Collection (Cell No. CRL-2093,
Virginia, USA), and CD36-transfected chinese hamster ovary (CHO) cells (CHO/CD36) was
kindly gifted from Dr Minami T (Yokohama City University, Japan). These cells and C32
melenoma cells were maintained in RPMI 1640 (Invitrogen, Tokyo, Japan) supplemented with
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10 % fetal bovine serum (FBS). Nontransfected CHO-K1 cells were obtained from RIKEN Cell
Bank (Cell No. RCB0285, lbaragi-ken, Japan) and cultured in HamF12 Nutrient Medium
(SIGMA, Tokyo, Japan) supplemented with 10 % FBS and 0.02 M L-gultamine.

RT-PCR, cloning and sequencing analysis of var gene expressed in ItG parasites

Trophozoite- and schizont- stage parasites collected by magnetic cell sorter (MACS, Milteny
Biotec Gmbt, Gladbach, Germany) [13] was ruptured with 0.2 % sodium chloride solution and
followed by the standard acid guanidinium thiocyanate-phenol-chloroform extraction method.
Using RNA PCR kit (AMV) ver 1.1 (TaKaRa, Tokyo, Japan), 1 g total RNA was reverse-
transcribed and DBL-alpha domain of var gene was amplified. Oligonucleotide primers were
based on the sequence alignment described by Su X et al. [2]: prvar-2; 5-CCA (A/T)C(G/T)
(GMAA/G) (A/G)AA TTG (A/T)GG-3', prvar-3F; 5-CCA TA/T)(CIT) AGA CGA TTA CAT
(CIG)TA TG-3'. Reverse-Transcribing condition was : 10 min at 30°C and 1 hr at 42°C
followed by 5 min at 99°C. The cDNA was treated for 5 min at 94°C followed by 40 cycles of
30 sec at 94°C, 20 sec at 40°C, and 1min at 65°C. Amplified cDNA was ligated to pCR2.1
(Invitrogen) or pBluescript KS (+) plasmid vectors (Strategene, La Jolla, CA). Randomly
selected cDNA clones were sequenced by BigDye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems, Tokyo, Japan). FASTA research was performed on DDBJ
web site (DNA Data Bank of Japan, National Institute of Genetics, Japan).

Immunofiuorescence assay with antiserum specific for predominant PfEMP-1

An oligopeptide based on the amino acid sequence specific for predominant var transcript
was synthesized. Five BALB/c male mice (Nihon CLEA, Tokyo, Japan) were immunized with
20 g of KLH-conjugated peptide (SIGMA GENOSYS, Japan, Tokyo) mixed with Freund's
complete adujavant (DIFCO LABORATORIES, Detroit, MI) and boosted with incomplete
adjuvant. Immunofiuorescence assay (IFA) was performed with 10 »1 of PRBC. PRBCs
were fixed with 1 % paraformaldehyde (PFA) (Wako Pure Chemical Industries, Tokyo, Japan)
for 10 to 15 min at 4°C and incubated with the antiserum at a dilution of 1:100 in PBS(-) for 1 hr
at 4°C and washed for three times with PBS wash. PRBCs were incubated with FITC-
conjugated AffiniPure goat anti-mouse 1gG and IgM (H+L) (Jackson ImmunoResarch, West
Grove, PA) at a dilution of 1:50 for 1 hr at 4°C and were stained with 0.1 ng /ml of 4’ 6-
diamidino-2-phenylindole (DAPI) for 5 to 10 min at 4C. PRBCs were suspended in 2.3 %
1,4-diazabicyclo-2,2,2-octane (DABCO) in PBS (-) to inhibit from discoloring and were
observed with microscopy. Expression rate of the predominat var gene was calculated as the
proportion of FITC-positive PRBCs in 100 PRBCs with more than two DAPI-positive nuclei.

Selection of PRBC with C32 cells and cytoadherence assay
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Selection on C32 cells and cytoadhesion assay of ItG parasites were performed following
the methods described by Marsh K et al. [10] with a little modification. Five mililiter of
trophozoite-rich PRBCs suspension having at least 3% parasitemia at 2.5% hematocrit were
co-incubated with 5 x 10° C32 cells per 25 cm’ culture flask at 37°C for 90 min with agitation at
15 min interval. After co-incubation, unbound PRBCs or normal RBCs were removed by
washing with culiure medium. Bound parasites were maintained by reinfecting to new normal
human erythrocytes at 5% hematocrit. This procedure was repeated eight times. To
measure the binding ability to C32 cells and CD36, 500 . | of parasites suspension were also
added to 2 x10* €32 or CD36/CHO cells seeded onto coverslips. The coverslips were
washed by PBS, fixed with methanol, and stained with Giemsa’§ solution. The cytoadherence

was evaluated by the number of bound PRBC per 300 target cells.

Limiting dilution for isolation of PRBC

To fractionate PRBC population presenting the predominant var gene, ItG parasites were
limiting-diluted. Ring stage PRBCs were negatively separated from crude culture with MACS
and diluted at the rate of 0.3 PRBC per well and cultured in a 96-well plate. Wells were
stained with Giemsa’s solution to detect PRBCs. From the PRBC-positive well, PRBCs were

transferred into 6-well plate and cultured. Each parasite-positive wells were examined for the

expression of a dominant PfEMP-1 by IFA.

3. Results
Var gene transcripts in P. falciparum ItG parasites

A total of 23 cDNA clones were randomly selected, sequenced, and aligned. They were
classified into one major group and four minor groups (Table 1). The major group was
designated as var-1/ItG, in which 13 clones were included. The other four groups, var-2/ltG to
var-5/tG, included a few cDNA clones. The nucleotide sequences of these clones within each
group were almost same except for several mutations. Since the positions of mutations within
the groups were random, they were considered as PCR errors. Amino acid sequences of
representative clones within each group were aligned in Fig. 1. FASTA research on the DBL-
alpha domain of var-1/tG to var-5/tG showed that var-1/1tG and var-3/tG were identical to that
of AdtresVAR (accession no. AF193424) and ItG var (accession no. U31083), respectively.

Expression of PIEMP-1 encoded by the major var gene

In order to determine the ratio of the PRBC positive for the major PfEMP-1 encoded by var-
1tG (PFEMP-1/1tG-1), antiserum against PFEMP-1/1tG-1 were generated. Five BALB/c mice

were immunized with KLH-conjugated synthetic peptide based on the amino acid sequence
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specific for DBL-alpha domain of PfEMP-1/tG-1 (Fig.1). P falciparum WG parasites was
examined by IFA using the antiserum. The signal was detected at the PRBCs surface and
more intensively in the parasitophorous vacuole membrane in 53.5 =1.1 % of P. falciparum G

parasites before any selection (data not shown).
The cytoadherent phenotype and expression of var-1/ItG

PEMP-1/ItG-1 expression was examined in the P falciparum WG parasites selected by
panning PRBCs on C32 cells eight times (ItG/C32). While 9 bound PRBCs per 300 C32 cells
were observed in P, falciparum G parasites before panning, 241 bound PRBCs per 300 C32
cells were counted in tG/C32 parasites (Fig.2). IFA showed that 88 % of tG/C32 parasites
were positive for PFEMP-1/tG-1, which was 1.6 times highér than that of RG parasites before
selection (53.5 %).

In order to isolate PRBC presenting PEMP-1/tG-1, P falciparum WG parasites were
limiting-diluted, fractionated PfEMP-1/1tG-1-positive or negative PRBCs populations and tested
to the cytoadhesion assay. In the 24 examined wells, 6 wells were parasite-positive, and IFA
was examined 12 of them, resulting that PRBCs in 1 of 12 wells, subline tG/8A, was PfEMP-
1/1tG-1-positive and 4 of them wells were negative parasites. Both parasites were examined
the binding ability to C32 cells. In PEMP-1/ItG-1-positive fraction (tG/8A), which included
83 % of PFEMP-1/1tG-1-positive PRBCs, 153 PRBCs attached per 300 C32 cells (Fig.3) and 68
PRBCs per 300 CD36/CHO (Fig.4), respectively. On the other hand, one of PIEMP-1/tG-1-
negative fraction (ItG/7B), of which 3.5 % of PRBCs were PfEMP-1/tG-1-positive, 6 PRBCs
attached per 300 C32 cells and 13 PRBCs bound per CD36/CHO.

To ensure PEMP-1/tG-1 expression of {tG/BA parasites, the var gene usage of tG/BA was
analyzed by RT-PCR-cloning of DBL-alpha domain. All of total 24 cDNA clones were identical
to that of var-1/ItG, except for a few PCR errors.

4, Discussion

Cytoadherence of mature PRBCs to vascular endothelium of several organs, which is
called as sequestration, plays a major role in the pathology of severe malaria. It is important
to understand how the PRBCs interact with their host receptors. We studied here the
expression pattern of PfFEMP-1 encoding var genes in G parasites and demonstrated that the
predominant PfEMP-1, PfEMP-1/tG-, was functionally selected and contributed to C32
cytoadherence of G parasites.

Var is a multicopy gene of approximately 50 to 100 copies per haploid. While many
different var genes are transcribed at the ring stage, one or two of them will be transcribed at
mature stage, which defines the cytoadherent phenotype [8,23]. In this study, var transcripts
corresponding to 5 var genes were isolated from tG parasites at the mature stage. That may

result from many reasons, such as ring-stage parasite contamination [23], co-existance of PRBC
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expressing another cytoadherent PfEMP-1, and co-expression of PfEMP-1/ItG-1 and other PfEMP-
1 [15]. However, no contamination in the ver transcript profile of ItG/8A (table 1) and others
(data not shown), isolated from matured PRBC with the same procedures, denies the first
possibility. ItG parasites should have many C32 adherent var genes other than Var-1/ItG, and
some ItG parasite may express thos;, genes by chance. Alternatively, as shown in recently study
by R. Noviyanti et al. [15], multiple var gene transcripts may be expressed in a single matured
PRBC selected to C32 cells. However, these var genes should be expressed after C32 selection.
Single var-1/ItG expression in ItG/C32 (data not shown) and ItG/8A, which was positively selected
for PfEMP-1/ItG-1 expression by limiting dilution (Table 1), also denies the second and third
possibilities, respectively. A var gene is registered in NCBI data base (accession no. U31083)
which has the same DBL-alpha sequence as our var-3/ItG clone (Fig. 1). It is possible that the
registered var gene is identical to var-3/ItG and is one of cytoadherent var genes. However, at
least in our system, var-3/ItG expression was not positively selected by C32 cytoadherence (Tab. 1).
It was reported that expression of var genes was switched at the rate of 2.4% per generation [20,
21]. We considered that multiple var gene detection in ItG parasites may be due to the co-
existence of PRBCs with the randomly switched var gene expression. These results indicated that
var-1/1tG was functionally cytoadherent transcripts in our tG parasites.

Since most laboratory P, falciparum strains and field isolates bound to CD36 [14, 16, 21],
we also examined the binding ability of PIEMP-1/HG-1-positive and PEMP-1/ItG-1-negative
population to CD36. In our cytoadhesion assay, the binding ability of RG/8A to CD36 alone
increased 2.6 times as much as that of G parasites (Fig.5). However, the binding ability of
ItG/BA to C32 cells increased 16.6 times as compared with that of ItG parasites (Fig.4).

FASTA research indicated that the nucleotide sequence of DBL-alpha domain of var-1/itG
was identical to that of AdtresVAR. Adtres was derived from A4 clone, which was isolated
from IT 4/25/5 by selection on ICAM-1 [25] and bind to both CD36 and ICAM-1. ICAM-1 on
C32 cells may also affects PIFEMP-1/ltG-1 selection as well as CD36 molecule. In this study,
only DBL-alpha domain region was isolated. Full length cDNA, especially, DBL-beta-C2
tandem region, which was responsive for ICAM-1 binding, should be cloned. It was reported
that co-expression of ICAM-1 with CD36 on the surface of host cells contributed to increase the
cytoadherent ability of PRBCs [11]. PfEMP-1/tG-1 may also need co-expression of ICAM-1
and CD36 on host cells in order to increase the binding ability to C32 cells.

The current study showed that a dominant var gene expressed in P falciparum WG
parasites appeared to adhere to C32 cells, and suggested that it might not be dependent on
only CD36 but also other receptors. ICAM-1 is one candidate because it was expressed on
the surface of C32 cells [24]. ICAM-1 plays an important role in sequestration of PRBC in
brain capillary vascular [14, 28] and in placenta [5, 22], therefore, the binding ability of PfEMP-
1/1tG-1 to ICAM-1 should be examined. |
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Figure legends

Fig.1 Alignment of amino acid sequences of var cDNA clones derived from ItG strain
The positions and sequences of the primers used for RT-PCR analysis are indicated in
lowercase letters. Box shows amino acid sequence specific for var-1/tG. Dashed lines

represent gaps.

Fig.2 Selection of P. falciparum ItG parasites to C32 cells

P, falciparum 1tG parasites were selected for cytoadherence to C32 cells and the expression
of the PFEMP-1 encoded by a predominant var gene (PfEMP-1/ItG-1) was detected by IFA
using anti-PfEMP-1/ItG antiserum and pre-serum as described in Materials and Methods. The
cytoadherent ability of PRBCs after selection is shown as the number of PRBCs per 300 C32
cells. Lower panel shows the percentage of PfEMP-1/ItG-1-positive PRBCs in ItG or tG/C32.

-P < 0.05 compared to ItG parasites before selection.

Fig.3 PFEMP-1/1tG-1 expression and the C32 cells cytoadherence

To enrich PEMP-1/1tG-1 expressing PRBCs, ItG parasites were fractionated by limiting
dilution. IFA was performed and PfEMP-1/tG-1-positive and —negative PRBC populations,
1tG/8A and ItG/7B, respectively were picked up. The percentage of PfEMP-1/kG-1-positive
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PRBCs in each population is shown under the graph. The cytoadherent ability of each
population to C32 cells, which was described as the number of bound PRBCs per 300 C32
cells, was tested. -P < 0.05 compared to itG.

Fig.4 Binding ability of PfEMP-1/1tG-1 to CD36

The binding ability of ItG/8A and itG/7B to human CD36, which was described as the
number of bound PRBCs per 300 CD36/CHO, was tested. -P < 0.05 compared to ItG.
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Fig.1
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VWEAITCKAEQNNKYFRDACSTG-TPTHEKCRCVNRADVPTYFDYVpqflrw
VWYAITCGAGQIGKYFRNACSNNTTETDKKCRCAIG-TVPTYFDYVpgflrw
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Fig. 4
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Table 1

var cDNA clones expressed

in P falciparum ItG,

number of cDNA clone

Gene ItG (23)"  ItG/8A (23)" 1tG/7B (26)f
var-1/ItG 13 24 1
var-2/1tG 4 0 2
var-3/ItG 3 0 1
var-4/ItG 2 0 0
var-5/TtG 1 0 1
var-8/MG 0 0 21

fvalue of total number of sequenced cDNA was shown in bracket.

—200—

—166—



WERFE 18-3, 201-208 (2003)
Journal of Arid Land Studies

— /N EE—
MRS BREEE R

P BRI R S B2 IR EHYE D it T

WA TS -

ZHEBTH"

New Epidemics of Parasitic Diseases Attendant on Irrigation PrOjects

MATSUMOTO Yoshitsugu® and SaNjoBa Chizu™

1. 3UBIC

WE RWEAHEROMETOIARLBIE LD, T
OWEAMAFNDKRELBREL>T5E, INHGFE
O E ABIIZELL , BRYEEATRICT 2L
HREGEETTFDbOI TS, LIAMNABICEEL L
L NEK, FIFAKICREBRENS LOZOENEE
G % OBOEMOEFICEEME LD, HEhED
G- RMEORTARTILIIAS, PLIDOBERT
+ b)) T, PEFEY A SLERBEK, SRIUHRRT
vrsETE, EREICLY, KRELEREEN
FbhTnd, BrEL» L LB, REOHKAZLV L
Y4, HIHER AT AR TWE, & I ANWEDERL
AR, BERENTEBIYETH S 7 U T LT
Y=L 2 v T, KRBPIETH BT A —/SE, BHE
254 FREED B BN % < OBARHEIZ W THE
Lk, BREORESEENTVWS (R, RAEZ

NETT VTR THERCICES TV THITY —
Vv TR EFERROBE L L UH - ARTICHE
+ L EHEEE A 1T - C %7 (Matsumoto, 1999). £ T
ETid, IO FERROP = LFT LV F(LETE
DEOFEICESEHT, FLLTILAFETF b Y
THIF I B SRR B AR L, DEOR(LETE
IZHEDLBEL DA LIC—FERL W,

2. MVOBET S MY THIFEREBEICH S
Te B A RRE DRAT

FOBET ;U TR FEREE

P OB RERT S O ERAEE 8T 1981
FoEHTWS [MLadEE7 T MY 7R E]
(Southeastern Anatolia Project; GAP) ¥V 7B LT
457 LEBERTAEET T MY THIBICK T 3K
BhagpsExcss (K1), ZoMg, $ibbFs
YA, -7 57 ZAWMAOLFREEER, LAVES

1)

£, PEHHEICECFICEBE Ko TV TR LT ERBYE.

HHEHEWEE
(Vector & B\ I3 FPEITEE)

RS

Falciparum malaria

Vivax malaria ZR#~3 YT

Anopheles spp.
(Nw&3FH)

Plasmodium falcipparum
P vivax

PRI — > 2 7= THE

Visceral leishmaniasis (Kala azar)

BRBY — ¥ a7 = TIE

Cutaneous leishmaniasis

Phlebotomus spp.,
Sand fly (¥ ¥ F 3 D/3x)

Letshmania donovant
L. infantum

L. tropica

L. major

YLV R IR SR E
< vV MR SRTE

Bilharziasis
Schistosomiasis mansoni

HWAKR

Schistosoma haematobium
S. mansont

Onchocerciasis (River blindness) F v atL HEE

Onchocerca volvulus Blackflies (7'1)

* R A ASRA S A ISP RIS AR T E H I

* Graduate School of Agricultural and Life Science, University of Tokyo. 1-1-1, Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan.
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Tl\e Euphrates River

The Tigris River

1 BE7F Y 7RGBERENE (GAP). /L3 Adiyaman, Batman, Diyarbakir, Gaziantep,
Killis, Mardin, Siirt, Urfa % & U Sirnak Bz a-MeEETF U THE, TabsFoY
R A—7 %7 ATAAEIZ 220 & 4 L 19 DKHFBEBI A HET 5 AR AREHAEE.

ITFUMAEA IR TH D, BERHIRE, L THT
Bt Z L HEEFENRIECLDELNIEINTV S,
&7 35 GAP BRI D T IR IR A E A, B
i E st E H o T, GAPIZ 22D 8 AL 19D
AKNREFEFZY X, 2—7 57 AWADO_EFBICE
BFBI LIk, FEEICLIBERBEITOLUTIE
ml, BEREHEKEROTIOMROTENL, &F
REFEETARELBARRHETSS (K2). &
MREEAZTFENCE B L, 200F0T Y2 M5E
THIZIZF 20 X - 22— 7 557 ZF0F9 75,000 75 F
DA—-AREEEIIDIEORBALBFTEN TS
(Olcay Unver, 1998). Z O KHIE 2 R B O HETT IS
Ly, BiEmOEEROEME L OMEREDEIZ
CEBEOAE L E{LAEENO AL L TIELERT T b
DTS CHEE L AN DOOH B, F-, ELOLEFRE
MEREN, KO P o FSEREITIL 350 TADH:

—202—

HIEH & 900 ~ 1,000 HAILET 2 ADDMMARA £
NTW5E, ZDXSIZHLIIRITBICEATHNS -],
ZOHIRII B AT YT, VY awETE, BXU
M4 A HREEOE LWEMAFEE S L5112k
T/, V

2) HFAERBEORK

(n <397

BEETH DT ) THERE (K3) 37 &0
Mok ->Tk MIRET3 (1), HE fivsy 7
B R 2 B AT T OO 2. Thi
THAREIY P LIIBRIIL TOEIT 0T Y
BEKHWNT S, Y7 U 7OBE (reemerging)
PHBAIIEEE TS, YT TORREEL, &
s FICT 7Y H, M7 AN, RET Y
Pl e LCEMYS ~ 5 @A, JECHEILERM150
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~300FATH B &HEE 2N T3 (World Health
Organization, 1995). & + <3 ) 7 (38F#~ 5 ) 7,
ZH# Y7, MBERASS YT, LU )7
DLFETHDH, TORT, Bgfh~7 ) 7EIEFICS
L, W~ 7THEEESANESEI LR TR
CELED, —HZHEAC I ) 7IERTEER RO,
BEH~ 9 ) TEDRBEEREY I Y 7L LTI 3,
LA LZA#EYI Y 7T SIFRIEEOEE (HER
#) KEUEANEZUE VIELRT I EIZEDLDIIA
<, Wiz, MEREETOAEVCIRVEBRE T2 IL2%
VL CORDBERIC TR, B, A, EEK
HEIZE ARERBOB I E R L, HIBEEIZRITTE
W kE o, ZHERYI ) 7RSWHREILL, BH 5
II—HEFHFIIBTIHBICLRBRENR OGNS, 1950 F
RYBEE TETOREMRRONZAEOLE YV T (F
Y, HB3NETITTYVI) BEEAENZBHTTY
TTHoT.

HNBL LOEERIZE S & b 3R iR
2N TORTIZEBEL DEHOTENR S ~7-& Eh,
RS =AY TORENBTH 72 EXD
NTWB, PLaOHMPERRERRET kbbb TF YT
EEOFITRIZHNEBYT S F 2o 0/ iiFIE, Fk&kDE
MU BENR TS 57z, 21T B L BIFOESHE
LThAaDwd ) TERBF 220/ IZERLT
WhZeaghs, 1950 FRERGREDO~ 7Y 7
et E (Malaria eradication programme) 2 5E{T &4,
DDT % sl & § 2 R ABFEA O R THEAILD WA %
#L, vIUTHRERIRESBEALE LIAHN
1960 £z, w307 - T b u—EtENHEN
EhADIZEN, BUSERIIEMEBDZ, Fa220
3 TR 1977 SR IC A 102,000 Rl EE E TV B,
LaL, w3 ) 7REDEL RT3 R R U
THMUTHHEED, BIEONELED-DEEHL Tk
DEMBENBETH 7. UBHEERT T LU THHAE
IR AE AT IO EISEE Y, IO TeS YT
BEoRET T idE, o7, A IBUFIEEUSF o
gusFizBEa w37 ay bu—- ik AR,
COFIIETEY T Y TEREBIRDICEL. LIS
731981 FREME X iz GAP DETICfEY, SR F 22
TN T BB @EORRDOBEHTH S GAP
HIFIZ BT, EEHFHFLSO ZOMICEET S AL
23373 ) 7TORITHEBE %> TE 7, 1998 F
ITFRECHE N T3 368420BI0>7 U T7D5 5
N%HGAPHE»SDENDTH S, GAPHEFD 7L
77 BTE7I8TH, F4 v/ Ao NEBETIZISIH, sy b
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v VBT10413FAREEN TS, BH7F MY Tk
FHliklId 37 ) 7O EHRIT (emerging) (3 GAP
12&D, ZOHNHFDF LB, EENERICEVFEEE
BolmBHETHBH., Tabd, HEHIRICEDT 3MEKE
ORMEE, [IRSEL, HAW (PLTIZEWT
13 Anopheles sacharovi ¥ & U A. superpictus) DEFEHMNE
Sl REHFORIIZ XD ZOMTH - LR
sz xhi-7=0eEZo6N5. BIIZEYLT 7RO
RICEBRENRTHE XL v 7 BBTRARBINL
A 70,000 A (2% L, 1996 £ 1,792 A, 1997 4 1,802
A, 1998 44,629 ADBREFLHFTILEF LM%
FRLTWBHIR S 5 5. ¥ <Ly o 8812 GAP LIAT, &
KEHDEL, BOEBOBHTIHENZ LREIR
Thot&rd, &I AH GAP DEFTIZHVLEEKREH
Wi, BETRAKED, MIBREREESITED, &E
BRI 4 12 T DI T Anopheles DR (K7 35) %7
BELTW3 (H4)., 2L DBE, BREEOERNER
TRENE TTORPEN L > 2RIV TR
3. BAOLIFEBOERESEHEX TH AR (2
i) TR—EDOHATENE CREFZ A LICE
DREAERL TS, Thabb % 0RYMECX LER
HAETTERSEETS. IOLDEBERNLKRTIIEE
BV, EIZAN, HikiRREEDEAE R HIRT
i, FROIFLAENTORFEFIIHNT 2 REEFAL
WHFEREDZIBIER L4, BRENARTERT
ZkiZnd,

IRV oy VHOEROERII LV RERTH 5.
ZZIZES—OOBENH B, L FREROBETS
HiRid GAP I & 2RO IIcHEB L, MBREED
LAt 0O TBIIECBERATH LS IXRARBEICE
BELWEHOFTETHS. /L FRERGIEOHTS
AELTEEHMAEELLBATHIENE L, KRE
Hy@HEE L THFO7 4 FEBICHBEITT<ENS
W, $abB GAPETEOEBEOBEIZBR TSI Mk
wW—F, RBREHHB IV~ ) 7O 2WLBINSORIE
MEBEBIIRENhTHWALELS.

(2) V= av=THE

Yo v TR I 7ER B E8
WMEMTH D) —Y 27 =7 EHE (Leishmania spp.) %R
Bihe L (K5, RO H L F 3 w51 ([HKABETIE
Phigbotomus spp.) (Z& W ah 2 EEE L ABBRRY
FED—D2TH5. Bfrh SR, THRDRE it
WAL, EHATIES THANERREOGHEIC
Bah, 1200 FADBEEN VB EEHN TS (World
Health Organization, 1995), REFHMEIZ LD, RER
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4, FBEAEOBIIZL D HBEL 2K ED.
TIYTRENTET /7 =V AOYRPFER E Ntz

2. GAP HigaE =,

a, BEIR{LABEARY V) T AT 7 A

b 1992 4R L7 GAP DR B A AT 7 8 F a0 &4, 2008 F . o
NDERE LD, : |

A, 6 4V INT s HOPETRA-MBNEHEY -2 4

POEA IS T VK, - = 7R,
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(cutaneous lesihamaniasis) , BZR$EMRA (mucocutaneous
Jeishmaniasis), PR (visceral leishmaniasis) % & %
UamiEr L, BCAREY) - 2 v = 7EOHAE
PaEmAThh A VIROREN TH B, 4, RED
Aﬁﬁﬁ@%ﬁ&bfﬂ%h,@Cﬁﬁ%ﬁhbu%ﬂ
Sy (REBFEE S 5\ 1 reservoir host) 12 HRET 5.
CrD) -V AR TROKEMOARRREE
(reservoir host) & L Tid 4 X FHlpsy (4 X, £V 1%,
Sy ANE) BIUKRARTWE (haxsr—, A
FAXI%) NEETHL, Tabbe @M, 25
ZH L F 3 INIOMTY — ¥ 2 v = 7 RROEERS
EIhTnb,

bL T TIEER & D GAP HURO BT BIZ BT,
Oriental sore (B PEFEME) # 5\ 13 Aleppo button & L
THBERBEMEY - 2 v = TEQRESMOATL
7 (6). ZOHIBDKRERE L tropica TH B, —
¥, HuidiEinE T L infantum A EEkE T AR
) — 3 2w =7 (Kala-Azar) NEROIIHEEEINT
Wa, 1950 FROV I ) TREFEO-RELTTDH
N EEIOERIZE D 7T ) TENEO AL S THIE
AT YL F s ST EHA L, —HRIELEHDE
FLf boAnvI YT ERUL, 1981 F & DR
x 7~ GAP OMATIZHVF L EMmAE R L2, RED
LB SRR - 2 v S TERBZDEL A F o
sl H B3 GAP HiRic &R L TH D 1983 ~
1996 F£EOR, L7 7 BT 160194, 7 #F T 5573
FrEEIhTnE, V-V v TREOCEMIZ Y L
7 BOEETHBEAOWBTADY Y Y VTLT 7
HCRVHEETHV, 1990552 T & - 7= & D A31993
48 2,080 i, 1994 £ 2,780 Fl &SR L, FRICHEET
5M§ﬁ5é(mﬂ.t:%ﬁ,$ﬁmb»:tﬁﬁé

3,000, ;
2,500 |
2,000 |

1500 1

sases 1) JO JaquunN

1,000 1~

7 1991 1992 1993 1994 1995 1996

Years

®E7. or77BIizkITBEAEY — 3 4 vz 7REFOEM.
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ERICRILTIRABAAENEEEN TS, ThET
1= b LB T 17580 Phiebotomus WY& F g v /3L h
FEIhTWBICdprbs T, EIMOMEIZEE-
TuAl, PATETAAREY - 2w = TEDR
METELTA XAEETHBZ LML RTY
B0, FMA) — v 2w 2T EORREEOFMISIRKL
RETHY, BHEETAbO AOBEZBENZ N
b REFEENNELET, L ¥V F 3 v/ TOR
CEE LCEEYA 7 ApEl- T2 ELONS.
Jm o v S TETHRR N BRAESKLT AL
PEIENTVES, —E ) — 27 = 7RISR LA
5L REAERL, TOROBRIIK LBVIERET
U, RELEVLSH B VIEETHED, BESTDNL
SE 4 BLRTA & leishmanization & FRIEh 3 K&, T4 b
BERBEY — ¥ 2 v TEOBEDOKBREDO—H (K
EISER AR BiR) 2860 LHEcEEL, e
R E ANBENICEZ T I 2Dk D, TOBROBIICK
LISl & (5T B B R T V7 6 R —H iZ
PHFPMTWEZ L ARMERD 3V EXES 5H
bRTWND, BETLHRTITOYAREAL TR
BEGRTEE N FEREAORET 7 FYBRVD
ﬂfwa‘ﬁofﬁﬁﬂu—vlv:TEGEEMﬁf
i3, BEEIHE CIRREEZT 2T EBMOTTORE
GEABELTOALE, TabbBARIEEL., &I5
2706 R I SEE IR b IERIEE B BAA
LA /NRICIR S FREERAE L B, T4
LHFART I LITH B, GAP R T 216w, B
SRR LOEENED SR T E A, MR, ThICH
5%&&AD%W#EZOTH6#,§<MU—917
= PO IEELHIR T & 5 EEL S 5D ADHRA
THhD. EL ALY -V v TENREL, —EOR
EOREIEOND S ODBROLFTATHEE G207
e YymLT rHcEWT, BE, BEVRELTY
5—BEREH-TWS, ¥ F 2 v STORRBIIHEL
BRSNS T BRI AT 2 I &5 8 5.
(3) BEAFER
BERFERICEL TS, PLITRERRT A~/
PERIOET ER RS 5. TRITLB L, GAP SIS
WTF 4 /5o LB T 1994 41,761, 1995 4 3,425 i
WL 7 BT 1994 46 51105, 19954 395 FIDOWE A H 5.
FOMIBEERIIOVWTERRENETH IR TS
P, FhICk B LIEHRETIIEE (Ascaris lumbricoides) ,
sl @t (Enterobius vermicularis) , S H (Taenia
soginata) , /I B2 (Hymenolepis nana) ¥ 2 (Trichuris
trichuria) , B4 B (Strongyloides stercoralis) %, FR B T3
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5 VI NMER (Giardia lamblia) OWMENH 3. L
L, TOREXEERBERML TS EEEL 61T,
KLD—FAARLTOBIEBE L, FAIE 1989 Fic
fFbhizr vy VY ILT s HDd B NERTOREEICK
5 &, FEIZBTSNDREMNM O »OEFEBRICELEL T
5. GAP DEETIZHEVT v VYL T 7 HADHAA
MEEFELLEBMLTCBY, THBOERESIHAL Ty
5. MAAODOZ IZIHH O SN BBE L
FLUTRDEREORM (LTK, 28, Wk oxb
BN A L FERBIYEO SIS ER TS,

3) MLDCHTE2BERMEDORIR S HEA
PLOREL S5 Y TOREMRTH 779
1920 £ X2 6 ERONMETCO~V I ) 7 HRESNEHE SR
T3, PLIBRPRFE#HEOF )7 -3 L a—
JLFF (Department of Malaria Control) 13 £ FIZIRET
L2300 ADTINT - DA —EFTEYS) T -2
viha-LOpOEETHY, EE, BEUEUSHY

58 &h S ORI 2R T 5. RTPE (RIEED -

ERTEOW2%BIEYTIEDIETHB) DF80%
BABBRICHE TSN TEY, MFERE, REAOEA
BIEHIN TS, w57 - - —BFEMEIC &
A%T, EMoEln, BAKOETE, BEEOEMRED
‘EzHiB, w7 ) TORM, BRIERTITbOA
5. FLYREEBBRHEEROSGHKRTY 7 7HEENE
MThhuL~5 )7 - 7—H—%BUBEE (FooF
vBLUTYvRY) BPFESID. RRENSER Sh
RFETOBREHRNIZIsIY T - avbu=—iL - %
F-=VaVEBNT A T—T oy TREIFREFTEIT
Wa, w3y T -aAvia—L- AF—-Y g YTETI
DT ORM, BEICIA, ENNOSEEORL L, &
HEIDOEFESKELTETH), £ D75V 7 - I—
H—=BIOFEIZY 5 TWB, THFIZIZZ 2HEER
KOV TRENETH -7z & s H D 1927412+ 5
D TE AR &R, U¥vIUT - arba—nlz
bR ERVMEET>TEL, HEIZHEL TR
EIFEOEYR, BREHOEZEZITI~I VT - T—H—
OIFE WBEICHRDAEKREOTE + HRREE~ T Y
Toearru-AmOER, BEEICIOREL TS,
WoT, w35 7HWICEL TERBIZER L XLTONW
FO(CPE, ) VYR h—EDT o b —L2UE
EoTna, 1950 FRICELLA-ZDOT T ba—nid
LUREROLOTHD, BAUAIEREIZI Y 27 41k &
NTVWA, LrL, FOBIDY AT LONENE 6N
BN RS TILGAPHKIZ BT 2w 07
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BEORELOLIHA-LEBEIIELIMEHE B LT
Ak, TZTEBEEABDE, FOBALDEROR
PR, B OBALTOBEIENI LTSS, B
T, GAPHMiAD<S Y7 - o tu—j -ty a—k
UTHBET 2 Z L 2 HENZ, 74 Y87 LBV
FIMREEIC K DER A, <5 ) TIEEMISD 58
fLERBEEADIEND , BEHBORE, HEMEED
FEEZELDLHIBIIES L BESLETH S, Th
13 DHIRITE L 2R, EREOER, FREADK
5, BWIORE, MEMEOE LA 6 0N, HusEREHE
EDBEELEAD LICLEETH B, LIANIDMEI
L7z 3W5RE, HWMENTEL TWD, GAP #HIZ b
LW TEREMETH D, L ATETH 5
AN ERAT 5200 GAPTH 5. T —7rBiRE
DOFEERHbIE & SRE I S UUIc  FEZELFE LS, B
ZEEFZUABDOE <1 GAP g % & O s
ANDEABES . EE ML IBUFIL GAP iz i 4 &
KEZFHRL T EMBRE & NG A2 IIEHEOHIZ
B2 SEBLSONERTH 5.

27 U7 - avra—LEtEiEY ) 7RO ) R o
HHIWEFHDIZEALEDORRES LETEE, 550
AorORESAEINTNE, ZHIZHEIZYI Y TOE
RO 728 721 Tl <, UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Diseases
(TDR) $EEOCFEOREL » VEEH 15 31T
FERBIEIEOR THAT I LD TER VA= 2 — Lo
TWa0HTHs. £EIANTIVT, &, AIDS%
PRENZBYEEIR &, ORYET » b o — LEHE
AR E S H 5 IR MEEE T & & R U TR
BDTBPTHLEEDET22BE 0, PLraithbnTd
ERCY — Y2~ 7EIY o -LCET 32 EHOH
BO7o0Ycs MEIELS, AT LI FOREIZEL
D, BELREW, LT 7BE) Y272 TEDR
BEEMART, Yy Uo7 s TO—DOREER I
U= a2 THEAT g V&R~V T -7 —
B —T% H BEERBETAIA 7 OBUF (FEERMED
FAPBREERORE) 2% T0 3, KETHDHT
LA E ISR THER (S v 84 AOFAE
) AREEhD, V- v TR F g wSTIs
SO END ARILBRIETH 223, GAPHUAT
FRASENREE, REEFOERTLRHATSHS. &
FOBRBEE T TIERANEEE LT THEANEFFE
TED, o RE, RAFFO2 Y Pu- L, BE
B, HERICHPETH D, & HITBEEL, FER
OFEAL, ADHEN, FHRIUSSREEMOERTH Y

T

il
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