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A NEW BLACK-FLY SPECIES OF SIMULIUM (MOROPS)
FROM LUZON ISLAND, PHILIPPINES
(DIPTERA: SIMULIIDAE)

HIROYUKI TAKAOKA
Received August 24, 2000/Accepted October 16, 2000

Abstract : A new black-fly species, Simulium (Morops) lilianae sp. nov., is described from a female that was
reared from a pupa collected in Banaue, Luzon Is., Philippines. In the female, this new species is distinguished
from all the eight known Morops species reported from the Philippines by the mandible with serrations on both
sides. This new species, S. (M.) lilianae, is somewhat similar in the female to S. (M .) disneyi reported from Su-
lawesi by having the similar mandible, but easily separated from the latter by the size of the sensory vesicle and the
coloration of the mid and hind tibiae. In the pupal stage, S. (M.) lilianae is distinctive within this subgenus by

having the antler-like gills.

Key Words : Simuliidae, black fly, Morops, Philippines, description

From the Philippine Archipelago, 57 Simulium species
have been reported, among which eight species have been
assigned in the subgenus Morops (Takaoka, 1983). Re-
cently, one more species of this subgenus was collected
from Luzon Island in the Philippines. This species is read-
ily distinguished from all the other known Morops species
from the Philippines and Australasian Region by the antler-
like pupal gills. The female and pupa of this new species
are described here.

The morphological features and terms used herein fol-
low mostly those of Crosskey (1969), and partially those of
Takaoka (1983). The type specimens will be deposited in
due course at the Natural History Museum (=British Mu-
seum Natural History), London, UK.

Simulium (Morops) lilianae sp. nov.
DESCRIPTION.

Female. Body length 2.1 mm. Head. As wide as tho-
rax. Frons (Fig. 1) dark brown, dull, densely covered with
yellowish white, scale-like recumbent hairs, interspersed
with 4 or 5 dark simple hairs along each lateral margin;
frontal ratio 1.8: 1.0: 3.5; frons-head ratio 1.0: 6.2. Fronto-
ocular area (Fig. 2) well developed, narrow. Clypeus dark
brown, dull, densely covered with yellowish white, scale-
like recumbent hairs, intermixed with 11-13 dark simple
long hairs along each lateral margin. Proboscis short, ca.
0.56 X as long as clypeus. Antenna composed of 2+9 seg-

ments, scape and pedicel entirely yellow, 1st flagellar seg-
ment mostly yellow except for light brown apical 2/5 of
posterior surface, and flagellar segments 2-9 brownish black
except for yellow anterior surface of 2nd segment of left an-
tenna; 1st flagellar segment somewhat elongate, ca. 1.6X
as long as 2nd one. Maxillary palp composed of 5 seg-
ments, medium to dark brown, proportional lengths of 3rd,
4th and 5th segments 1.0: 1.0: 2.0; 3rd segment (Fig. 3) of
moderate size, with elongate sensory vesicle, ca. 0.35X as
long as 3rd segment. Maxillary lacinia with 10 or 11 inner
teeth and 14 or 15 outer ones. Mandible (Fig. 4) with 20-22
inner teeth and ca. 10 outer ones (though a few outer teeth
near apex vestigial). Cibarium (Fig. 5) simple, without any
tubercles near posterior margin. Thorax. Scutum medium
brown except for yellow anterior calli, subshiny, densely
covered with yellowish white, scale-like recumbent hairs;
scutum with 3 dark brown longitudinal vittae (i.e., 1 median
and 2 submedian), all connected posteriorly to dark brown
prescutellar area; scutellum light brown, covered with
yellowish-white short hairs as well as dark long upright
hairs along posterior margin. Postscutellum dark brown,
subshiny, bare. Pleural membrane with 3-5 fine hairs.
Katepisternum dark brown, longer than deep, moderately
covered with dark hairs as well as whitish yellow ones.
Legs. Foreleg: coxa whitish yellow; trochanter and femur
dark yellow or light yellowish brown with apical cap of fe-
mur somewhat darker; tibia light brown with base whitish
yellow and apical cap medium brown; tibia moderately

Department of Infectious Disease Control, Qita Medical University, Hasama, Oita 879-5593, Japan
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Figures 1-13. Female and pupal characters of Simulium lilianae sp. nov. 1-9, female; 10-13, pupa. 1, frons; 2, fronto-ocular area;
3, 3rd maxillary palpal segment with sensory vesicle; 4, apex of mandible; 5, upper 1/2 of cibarium; 6, hind basitar-
sus and 2nd tarsal segment showing calcipala and pedisulcus; 7, claw; 8, genitalia in situ (ventral view) showing $th
sternite, anterior gonapophyses, genital fork, spermatheca, paraproct and cercus (left paraproct and cercus omitted); 9,
paraproct and cercus (lateral view); 10 and 11, gill filaments of right side (10, dorsal view, and 11, lateral view); 12,
terminal plate of left side (end view); 13, cocoon (dorsal view). Scale bars 1.0 mm for fig. 13; 0.2 mm for figs. 10
and 11; 0.1 mm for fig. 6; 0.05 mm for figs. 1, 2, 3, 5 and 8; 0.02 mm for figs. 9 and 12; 0.01 mm for figs. 4 and 7.



covered with whitish-yellow fine hairs (brightly shiny when
illuminated) on outer surface of basal 3/4; tarsus brownish
black, with sparse dorsal hair crest; basitarsus slightly di-
lated, ca. 6.72X as long as its greatest width. Midleg:

coxa medium brown; trochanter whitish yellow; femur
dark yellow or light yellowish brown; tibia medium to dark
brown with basal 1/3 whitish-yellow; tibia moderately cov-
ered with whitish-yellow fine hairs (brightly shiny when il-
luminated) on posterior and outer surfaces of basal 2/5; tar-
sus dark brown. Hind leg: coxa light brown; trochanter
whitish yellow; femur dark yellow with base whitish yel-
low and apical cap medium brown; tibia whitish yellow on
basal 1/2 and medium brown on apical 1/2; tibia densely
covered with whitish-yellow fine hairs (brightly shiny when
illuminated) on posterior and outer surfaces of basal 3/4;
basitarus whitish yellow on basal 3/5 and medium brown on
apical 2/5; 2nd tarsal segment whitish yellow on basal 1/2
and medium brown on apical 1/2; remaining tarsal seg-
ments medium brown; basitarsus (Fig. 6) narrow, nearly
parallel-sided, ca. 6.64 X as long as wide, and ca. 0.60X
and ca. 0.46X as wide as greatest width of tibia and femur,
respectively; calcipala ca. 1.53 X as long as wide, and ca.

0.84 X as wide as apical portion of basitarsus; pedisulcus
well developed. All femora, tibiae and parts of tarsi densely
covered with dark (and also pale), scale-like hairs. Claws
(Fig. 7) each with large basal tooth, ca. 0.54X as long as
claw. Wing. Length 1.9 mm. Costa with dark spinules as
well as dark hairs except for most hairs near base yellow.
Subcosta with several hairs but bare near apex. Hair tuft on
stem vein mostly dark brown with a small patch of yellow
hairs. Basal portion of radius fully haired. Basal cell ab-
sent. Abdomen. Basal scale pale light brown, with fringe
of pale whitish yellow hairs. Dorsal surface of segment 2
yellowish-white with pale light brown tergite; dorsal sur-
face of segments 3 and 4 pale light brown, sparsely and ex-
tensively mottled with dark reddish brown pigments, re-
spectively; dorsal surface of segment 5 pale light brown,

not mottled; tergites 3-5 small, quadrate and medium
brown; dorsal surfaces of segments 6-9 medium brown to
dark reddish brown; tergites 6-8 wide and shiny; dorsal
surfaces of all segments sparsely or moderately covered
with dark short hairs; ventral surfaces of segments 2-6 yel-
lowish white but segment6 sparsely mottled with dark red-
dish brown pigments; ventral surfaces of segments 7 and 8
dark reddish brown; sternal plate on segment 7 undevel-
oped. Genitalia (Figs. 8 and 9). Sternite 8 bare medially,
with 28 or 29 short and long hairs on each side. Anterior
gonapophyses nearly triangular, with round medioposterior
corners, thin, membranous, covered densely with microse-
tae interspersed with 2 or 3 short setae; inner margins
straight or sinuous, moderately sclerotized, and moderately
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separated from each other. Genital fork of usual inverted-Y
form; each arm strongly folded medially, appearing to have
a short projection directed anteriorly. Paraproct produced
ventrally, with 23-25 long hairs on ventral and lateral sur-
faces, and with 5 or 6 sensilla on inside surface. Cercus ca.
0.5X as long as wide, rounded posteriorly. Spermatheca
oblong, ca. 1.6X as long as wide, well sclerotized except
tube and small area near tubal juncture, and with many fis-
sures on surface; internal setae seemingly absent; both ac-
cessory tubes slender, subequal in diameter to major one.
Pupa. Body length ca. 3.0 mm. Head. Integument yel-
lowish, sparsely covered with round tubercles on frons; an-
tennal sheath normal, with no spinous projections, and bare;
face with a pair of simple long trichomes, and frons with 3
pairs of simple Jong trichomes; 3 frontal trichomes on each
side arising close together, subequal in length, and almost
equal to facial ones. Thorax. Integument yellowish, bare
except small conical tubercles moderately covering dorsal
surface of posterior 1/3 of thorax; integument with 3 pairs
of simple long trichomes dorsally, 2 pairs of simple long
trichomes anterolaterally, 1 pair of simple medium-long
trichomes posterolaterally, and 3 pairs of simple medium-
long trichomes ventrolaterally. Gill (Figs. 10 and 11) com-
posed of 6 short, somewhat inflated, antler-like filaments,
arranged in 3 pairs, arising from medium-long basal stalk
with somewhat swollen, transparent organ ventrally at base;
all filaments nearly transparent or pale yellow, subequal in
thickness to one another but variable in length, i.e., 0.3-0.6
mm long, with inner filament of lower pair longest, and
dorsal ones of upper and middle pairs shortest; total length
of gill (from base of basal common stalk to apical tip of the
longest filament) ca. 0.9 mm; cuticular surface of filaments
smooth, with no annular ridges and tubercles. Abdomen.
Terga 1 and 2 pale yellow, almost bare; tergum 1 with 1
simple, slender, medium-long seta on each side; tergum 2
with 1 simple, slender, medium-long seta and 5 short,
somewhat spinous setae, submedially on each side; terga 3
and 4 pale and bare, each with 4 hooked spines and 1 short,
somewhat spinous seta on each side; tergum 5 lacking-
spine-combs; terga 6-9 each with spine-combs in transverse
row, together with comb-like groups of minute spines on
each side (though spine-combs on tergum 9 much smaller
than those on terga 6-8); tergum 9 with a pair of distinct
plate-like terminal hooks having serrated outer margin (Fig.
12). Sternum 4 with 2 simple hooks (outer hook much
stouter than inner one) and a few simple, slender, minute se-
tae on each side; sternum 5 with a pair of bifid hooks (ex-
cept inner hook on right side trifid) submedially, and a few
simple, slender, short setae on each side; sterna 6 and 7
each with a pair of bifid inner and simple outer hooks (ex-
cept inner hook on left side of sternum 6 trifid) somewhat
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spaced from each other, and a few, simple, slender, short se-
tae on each side. Each side of segment 9 with 3 grapnel-
like hooklets. Cocoon (Fig. 13). Wall pocket-shaped,
thinly but compactly woven without open spaces in webs,
moderately extending ventrolaterally; anterior margin
thickly woven; posterior 3/5 with floor roughly woven; in-
dividual threads indistinct; 2.8 mm long X 2.0 mm wide.
Male and Mature larva. Unknown.

TYPE SPECIMENS. Holotype female, reared from a pupa
collected from Banaue, Ifugao Povince, Luzon Island, Phil-
ippines, 2.VII1.1999, by H. Takaoka and A. Takaoka. Para-
type: 1 pupa, same data as holtype.

ECOLOGICAL NOTES. The pupae of this species were col-
lected from trailing grass leaves, together with S. banauen-
se and S. benquetense, in a fast-flowing stream ca. 5m
wide, with water temperature of 22°C, exposed to the sun,
at an altitude of ca. 1,100 m. This is one of the streams
crossing the local road from Banaue Town eastward to
Mayoyao Town.

DISTRIBUTION. Luzon Island, Philippines.

ETYMOLOGY. The species is named in honor of Prof.
Lilian A. de las Llagas, Chair, Department of Parasitology,
College of Public Health, University of the Philippines, Ma-
nila, in recognition of her contributions to medical parasi-
tology and entomology.

REMARKS. Among the eight known species of the subge-
nus Morops reported from the Philippines (Takaoka, 1983),
S. banauense, S. ifugaoense (both described from Banaue,
Luzon Island) and S. riverai (described from Negros Island)
are similar in the adult female to this new species by having
the similar coloring of the hind tibiae and of the scale-like
hairs on the scutum. However, the three species mentioned
above are readily separated from this new species by the
much wider frons (i.e., frons-head ratio 1.0: 4.6-5.0), the
smaller sensory vesicle (i.e., relative length to the third
maxillary palpal segment 0.22-0.28), and the mandible ser-
rated only on inner margin; the latter two species also differ
by having an ellipsoidal spermatheca, and numerous fine
hairs (ca. 30) on the pleural membrane, respectively.

The female of S. disneyi, the only Morops species de-
scribed from Sulawesi, Indonesia (Takaoka and Roberts,

1998), has some similarities to this new species by having
the narrow frons and the mandible with serrations on both
sides, but is easily separated by the smaller sensory vesicle
(i.e., relative length to the third maxillary palpal segment,
0.27) and the much darker mid and hind tibiae.

The pupa of S. lilianae sp. nov. is easily distinguished
from all the eight Morops species from the Philippines
(Takaoka, 1983) and all the other known Morops species
from Papua New Guinea (Smart and Clifford, 1965;
Takaoka, 1995), Australia (Colbo, 1976) and the Solomon
Islands (Takaoka and Suzuki, 1995) by the antler-like gills.
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PREVALENCE OF TOXOPLASMA GONDII
AND OTHER INTESTINAL PARASITES
IN CATS IN CHIBA PREFECTURE, JAPAN
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Abstract: To survey the prevalence of Toxoplasma gondii and other parasites in cats using the sucrose flotation
method, fecal samples were collected from stray cats in Chiba Prefecture (outside Chiba City) and Chiba City from
December 1998 to December 1999. T. gondii oocysts were detected in only one of 326 cats examined (0.3%),
while 13.4% of the cat sera (13/97) were serologically positive for anti-7. gondii antibodies by the latex agglutina-
tion test. However, the antibody titers in these sera were relatively low. The prevalence of protozoa infections in
cats was higher in Chiba City area than outside Chiba City. The high prevalence of S. erinaceieuropaei infection in

cats was found in the Chiba Prefectural area.

Key Words: Toxoplasma gondii, oocyst, cat, survey, Isospora, latex agglutination test

INTRODUCTION

Many animals including humans are known as inter-

mediate or paratenic hosts of Toxoplasma gondii (T. gondii).

However, of all the hosts of 7. gondii, cats are the only de-
finitive host that can excrete the environmentally resistant
oocysts in feces. Thus, stray cats often contaminate the soil
and the environment with excreted oocysts. Environmental
contamination with oocysts and eggs of feline intestinal
parasites continues to be a significant public health risk. Re-
cently, human congenital toxoplasmosis abnormalities are
gradually increased in Japan (Yano et al., 1997). Further-
more, attention has been paid to 7. gondii infections as a re-
emerging parasitic desease. Although many epidemiologi-
cal surveys of 7. gondii infection in cats have been done,
very little recent attention has been paid to this subject.
Furthermore, only a few reports are published concerning
surveys for parasitic infections in cats in the Chiba area, Ja-
pan. This study was carried out to determine the prevalence
of T. gondii infections, and other parasitic infections, in cats
of the Chiba area.

MATERIALS AND METHODS

Stool examination: 7. gondii and other parasitic infec-
tions were detected by sucrose flotation technique for fecal
samples of 326 cats. The samples were obtained from two
different areas of Chiba; one was Chiba Prefecture Owners
Guidance and Animal Protection Center in Chiba Prefecture
and the other was Chiba City Doubutsu-Hogo-Shidou Cen-
ter from December 1998 to December 1999. Collected fe-
cal samples were stored at 4°C until use. Flotation solution
was prepared by adding 128 g granulated sucrose to 100 m!/
of water.

Latex agglutination test: Blood samples were collected
from cats in Chiba Doubutsu-Hogo-Shido Center, Chiba
City. Sera were separated from blood by centrifugation,
and stored at —20°C until use. The antibody titers against
T. gondii were measured by commercially available latex
agglutination kits (Eiken-Kagaku, Co., Japan). Antibody
titers of 1:34 or above were regarded as positive.

Infection study of oocysts: T. gondii-like oocysts isolated
from cat feces were examined for their cyst formation abili-
ties in mouse brain by infection study. The oocysts were
cultured in 1% H,SO; solution for 1 week. The sporulated
oocysts were given orally to B10.A(4R) mice at various

1 Department of Parasitology, Chiba University School of Medicine, Inohana, Chiba 260-8670, Chiba, Japan
2 Laboratory Animal Center, Chiba University School of Medicine, Inohana, Chiba 260-8670, Chiba, Japan

3 Chiba City Doubutsu-Hogo-Shido Center, Chiba 263-0054, Japan

4 Chiba Prefecture Owners Guidance and Animal Protection Center, Tomisato, Chiba 286-0211, Chiba, Japan
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Table 1

Prevalence of interestinal parasites in cats in Chiba area examined by sucrose flotation techique

Chiba City (Dec.1998-Nov. 1999)

Chiba Prefecture (Jan. 1999-Dec. 1999)

Sample number

Sample number

Parasites Positive/Total (%) Positive/Total (%)
Toxoplasma gondii 1/126 (0.8) 0/200 (0)
Isospora rivolta 24/126 (19.0) 7/200  (3.5)
I felis 18/126  (14.3) 10/200  (5.0)
Besnoitia wallacei 0/126 (0) 0/200 (0)
Hammondia hammondi 0/126 (0) 0/200 0)
Cryptosporidium sp. 0/126 (0) 1/200  (0.5)
Giardia cati 0/126 (0) 1/200  (0.5)
Spirometra erinaceieuropaei 1/126 (0.8) 43/200  (21.5)
Toxocara cati 43/126  (34.1) 65/200  (32.5)
Trichuris campanula 0/126 (0) 1/200  (0.5)
Ancylostoma tubaeforme 22/126  (17.5) 19/200  (9.5)
Strongyloides stercoralis 0/126 (0) 0/200 (0)
Pharyngostomum cordatum 0/126 (0) 0/200 (0)
Protozoa 43/126  (34.1) 19/200  (9.5)
Helminthes 66/126  (52.4) 128/200  (64.0)
Total positive cats 75/126  (59.5) 131/200  (65.5)

doses. B10. A (4R) strain is susceptible to 7. gondii infec-
tion, and 7. gondii easily from cysts in the mouse brain
(Brown et al ., 1995). Eleven weeks after infection, cyst for-
mation in the brain was examined microscopically, and anti-
T. gondii antibody formation was also examined by latex
agglutination testing.

RESULTS

The cat feces were collected from Chiba Prefectural
area and Chiba City area. As shown in Table 1, none of the
cats tested excreted 7. gondii oocysts in the Chiba Prefec-
tural area. The prevalence of Isospora rivolta and I. felis
was 3.5% (7/200) and 5.0% (10/200), respectively. Only
0.5% of the cats were infected with Cryptosporidium and
Giardia. Toxocara cati, Spirometra erinaceieuropaei and
Ancylostoma tubaeforme infections were detected in 32.5%
(65/200), 21.5% (43/200) and 9.5% (19/200) of cats, re-
spectively. On the other hand, in Chiba City area, as shown
in Table 1, one of 126 cats excreted T. gondii oocysts. The

Table 2
by using mice

prevalence of 1. revolta and I. felis was 19.0% (24/126) and
14.3% (18/126), respectively. T. cati and A. tubaeforme in-
fections were detected in 34.1% (43/126) and 17.5% (22/
126) of cats, respectively. However, S. erinaseieuropaei in-
fection rate was low at 0.8% (1/126).

To identify the T. gondii species, oocysts with a size of
10-11 um in diameter from the cat feces were inoculated
into mice and examined for cyst formation in the brain
(Hammondia hammondi also excreted a similar size of oo-
cysts with T gondii as in cat feces. However, they do not
from cysts in mouse brain; Tabros and Laarman, 1982). As
shown in Table 2, in mice infected with 6 or 12 oocysts,
cysts developed in the brain. However, mice infected with
30 or more oocysts died at 2 or 7 weeks after infection.
High antibody titers against 7. gondii were also detected by
latex agglutination test (Table 2). Furthermore, when these
oocysts were given orally to mice, they formed cysts in the
brain (Table 2).. Thus, these oocysts isolated from cat feces
were identified as 7. gondii oocysts.

Despite the results of the sucrose flotation methods,

Infection study of Toxoplasma gondii oocysts found in cats

No. of oocysts

Latex titer*

Cysts in brain (No.) *

infected (for T. gondii )
6 X2,048 (Survived) +  (960)
12 X4,09 (Survived) + (2,640)
30 Died (7 weeks after infection) ND
50 Died (2 weeks after infection) ND
100 Died (2 weeks after infection) ND
300 Died (2 weeks after infection) ND

* Eleven weeks after infection.
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Table 3 Prevalence of anti-Toxoplasma gondii antibody in cats in Chiba City area

by the latex agglutination test

No. of positive cats

I\:(;Zfizjds Anti-T. gondii antibody titer Total
<Xx16 X 32 X 64 =X128 positiveT (%)
Adult 53 43 8 2 0 10 (18.9)
Kitten* 44 41 2 1 0 3 (6.8)
Total 97 84 10 3 0 13 (13.4)

* Estimated age was 2 -8 months.

T Antibody titers at X 32 or more were regarded as positive.

more than 60% of the cats in Chiba area were infected with
any of the parasites. The prevalence of protozoan parasites
in cats was higher in Chiba City than outside the city. On
the other hand, the rate of S. erinaseieuropaei infection was
higher in Chiba Prefectural area. Seasonal differneces in
parasite infection rates were not found in each areas.

Latex agglutination testing to detect anti-7. gondii an-
tibodies was also performed on the sera of 97 cats in Chiba

City. As shown in Table 3, 13.4% of the cats tested positive.

The positive rates were higher in adult cats (18.9%) than in
kittens (6.8%).

DISCUSSION

This study described the prevalence of 7. gondii and
other parasites in cats in Chiba Prefectural area and Chiba
City area. T. gondii oocysts were isolated from one of 326
(0.3%) feline feces examined. It was reported that the
prevalence of oocyst shedding in Japanese stray cats was
low, at less than 2% (Ito et al ., 1974; Yamaura et al., 1975;
Shimura ef al ., 1978). Since the period of oocyst excretion
in the feces is so short, i.e. 1 to 3 weeks in experimentally
infected cats (Dubey and Frenkel, 1974), the oocyst shed-
ding cats may be found at such a low prevalence. The oo-
cyst shedding in cats may be affected by several factors
such as immune status, age and breed (Dubey, 1995).

These factors may influence the low oocyst shedding
prevalence in cats in the Chiba area.

In Japanese stray cats, a low isolation rate of 7. gondii
oocysts in feces and a high positive rate of antibodies to 7.
gondii in sera have commonly been observed (Oikawa et
al ., 1990). Also in this study, although only 0.3% of the cat
was found to excrete oocysts, the seroprevalence by latex
agglutination testing was 13.4%. The seroprevalence for 7.
gondii in Japanese stray cats shows a wide range of vari-
ations from 3 to 33% (Japan Small Animal Veterinary
Medical Association, 1982). Furthermore, it was reported
that the mean seroprevalence for 7. gondii in Japanese stray
cats was 13.9% (Japan Small Animal Veterinary Medical

Association, 1982). Even now, the seroprevalence for 7.
gondii in the Chiba area was almost the same as the mean
prevalence observed 20 years ago in Japan. The level of an-
tibody titers in Japanese stray cats was relatively high;
5.6% of the positive cats showed more than 1:2,048. In this
study, however, none of the 13 serum positive samples
showed higher titers than 1:128 by latex agglutination test-
ing. Their titers were relatively low.

Although the prevalence of helminth infections, espe-
cially S. erinaceienropaei infection in cats, was higher in
Chiba Prefectural area than Chiba City, the prevalence of
protozoan infections was higher in Chiba City. The infec-
tion rates of Isospora felis and I. revolta were higher, at
17% and 14%, than the rates seen in other areas of Japan;
8.7% and 0.4% in Tokyo (Ito et al ., 1974; Shimura et al .,
1978), 10% and 5% in Osaka (Iseki et al., 1974), 6% and
3% in the Kanto area (Tanaka er al., 1985), respectively.
These high rates of Isospora infection might be caused by
the closed living environment of cats in cities. One T. gon-
dii oocyst-shedding cat was also detected in Chiba City area.
Since T. gondii-infected cats excrete the oocysts up to 10%/g
feces, and the oocysts can survive for a long time in soil
(Jackson and Hatchison, 1989), this creates a threat to pub-
lic health. Further surveys are necessary to examine
whether the sand pits in Chiba City area are contaminated
with 7. gondii oocysts.
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T2 T EIL BT, WBGFHIBLCEIE L TE£DERE
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1941 (B3FI16) 4, KFHEEFVHDRTILo0ER, £
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MISHFRE 2B RO, HAN L S I ABR 25
DEAL, TSR ETL (urbanization) 725G 775K L
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EMEDFEEELMREET VD, [{HIDOEENHN
W, ARERICAEBALT, B8 & R Tkt
FBAEDBEETIE RV, UROZ ELDS, FITHORIT
FBLIEAEICE, MERBOBRNIFER2E T LT
WEDTHD, SHIIFKADS, EEMBEICT D% 5T,
MR RFHEEIZ, HWHARAWHO HAEISE
567-0891 KATWAR1-7-1

FATZER L D0 B AEICH LFE RN Rl L ED, b
AV FORIEIZBHTHI L, AFROY A IV AFEIT
EoT, BMITHENLEWEBLEDNS, 20X 2IRiR
rHEZ, FTUSROBEREBERE T LD, S 5F%EA
DEED I, B TARR L ERE L 72, Bk T 5
912, ETRERKEBIERICT V7RO REIT2 4725
L7:DA LT, REMEOELICH LVERTE L2
DTHo72s L7zDoT, RgXOGEBANFIEEE LTK
Wik, 4HICTOTERMRICO L HRFERCHREE T4
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MEIEZWMDTZ L2720, LEb T4 NVAFZEFNEREN
RALGEBFECD o7z, DB, T4 NVAFEOERIES T,
T TROFEDLRNICKZLERELZELNTSHI
FoTWwb, TNDLH) RERT, MESEBDT v 7 #F
FEDHRAE, EDLLBITIANAZOELZDLD,:
MSETHHEEIZLLTELI, RITITBWTIE,
FOXH)BBEICL-T, TV SBMEREDER %o
TRZWEEZ )2, LA L—M, KFELTE2Z Y HWIL
R HEE DAL OTHNTAILEERLA, B9 F
T BRI BITAHERIE, BELChIZ> TRAERDS
e DMED EIZEINLLDTHL, L72H o T,
HWHDIZHYKRGZ ONEREFHPNERI DL IETT
Hbo TLHVIOBFILVHEAIrLRET LI, BEE
ey bR MEEEBOTVAEZELH L, ZOD
L) hBEREEOT, B LIBROGTT v e s
HHRZTALZVEVG DY, SERPRVPLRGHILOMH
Thbo
BEOLEDEL LI, INEEFORETF -I383 I
AIZlEL, FNLIIFBEKICELEDHOLNTWS, HiL Kuno
BIUOHREZEERR, T rBBIOT Y IERADILE
TR A P EFATLZ (Kuno and Flores, 1982: Kuno,
1993)c CHIICEIER I, O THHAT, MR LA
Aans_ELDTH 5B,

B21C, KR TOBEEIZOWT—SRRTBEv, B
Hilx [ 78] (dengue fever) &\ ZHHILLHVS
N7, ETRKERE, B2 172 7) (dengue) & FHIE
NEZEP—fEIEME o LDL, [Frr#] i
[BMRE] THHZ L EWMWICERTLEKRT, B75HE
YWHEBXRE-TWaA LB S, Lo THIKRY, EE
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MEEZR L AHAICE [Fy 7] Ay, oL
T, "4 VAOEBHMEL R T A, [7v 77
4 VA (dengue virus) ZEHT LI LIl dok D,
XROMERET, LTFLI-EL2WHT A Lehod
HBY, HATIOEEYBALZZLIIDE, —ROTH
A KRETHD, T2, BRREIERLE [B5HK] 00
EDTHY, Lo TREMC [BES] OBEE 257
HELTERENDIRNETHL, ZDLH) LEZIIHESN
TEIELEM L7,

F1E ERNBEH

I. 7780268

TP D EI DL, —RERICGERINL TV
LA THB, FNbEUBbA-THRELZI LI, ERFL
BEHLHFETHA IV, KRLTIEIFIIFELISAT S
EldL%v, UL, MIELEELREREZF2LEZON
LZHR OV oh%k, BT LI L ETH,

77 BT B Rl OESF#0E, Bylon (1780) @
FNTHBEVIDY, BIEF—HL-RETHL, 2h
i, 177199 ICA Y FAYTONRFET (BEOY Y IV
7)) TRELLAREZZFELIZLDOTH D, UIRI1981EF
TO2004E/ 12, 3,000 EOEFGRIXPEREINL T
%, Kuno and Flores (1982) OXEE» SR L T, ki
TEERINTERTAHAZE (1) OTELIlkhb, UHA
19814ELMEIZIEZ, TSNS BOR/IBEEIN TV 5,

F1 FrrRBIUT Yy 7BRERICETAHXOFERISHE

A (%) EBRGEENHEE
204EX Y b
1780-99 3 AV FAYT, 297 MBI BTV FRAT DR
1800-19 1
1820-39 26 (0.8)
1840-59 22 (0.7)
1860-79 60 (1.9) EAMEZEOEE
1880-99  115(3.7)
104X Y
1900-09 89 (2.8) Fr IBMABORR/T Y IEYA
N AR HOPEE
1910-19  111(3.5)
1920-29  142(4.5) Fr7BETHAICBA, KiRfT
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1940-49  523(17.0) SBkitbFER#E%E, @7V 7/
PEACE MR 7 v 7 BKAT/
F VT AN ADSEERT)
1950-59  186(5.9) F v/ HM# - v a v 7 EEFEOLH
1960-69  557(18.0) F ¥ A VA DERENTFLEDOLEE
1970-79  946(30.0) HED [ A v ALz ] O
1980-81  238(7.6) F ¥ ZBFATOMREMILK/ T A WA

DHFFEYFHMEOER, DY, B
FIZE->TWn3
5 3,143 (100.0)

BES 2 &, 19 OKY, EAMEFOHE LT

YUBOMELERL, FNIIE TR RIS

L7z

0MAICAB L, T TBOBBENF, VAV AIRED

PHERWTIRE SR, F285 K EORFE LY, RBiF
HWHIZ D AIEDKFATIR L 72 Z LICBESINT, @
OIS mAMmMoEmz o7z,

DWTHE RERKELHRT S L, €OEEGO—D
ThoTzH/ET7 V7, FaRFERIBICARIEDRIEN AT
L7z7z0, —BICMEEHET ), THICON TR
LRBR M L7z GBIOBH, FY 7 UL VADT
v AEESEI L, ERWEIEICHELEDS T A VAR
BEN, ZORDICERNFTROERIZNE 23T AH
2l shiz,

KA T, —BRAICEIZEAS T KIS % o 72IRI DS, B
BOBIPOLEZ DL, LEPLEb 2L, [Fr7Hims -
a7 fEE#E] (dengue hemorrhagic fever/dengue shock
syndrome) ASERakEN7zZ &R LE LT, FHooB.OH
B EATY, SHOEME L6 LTWna,

19604ER LARE, W A VAZEEORRE LI, TV
e b3 LWESICA D, Fv 7o AV ADEBENEIRD
BB, FNEED LT v IR FHIBREAN R, V7
FUBRBOMELR ECERANB o . BaAITI ORI,
7y MmBICEE LT, YA VAEHT#] (viral hem-
orrhagic fevers) DELEDHLE L T 5, 5 I 72 23S BB
DR, BREFROHEW, BENLREY (&2, 2&
HEHALE AOESRER) 24 o TF v FRFET O
KL, BEBIIELENMOBE VDS, L, iEkd
FVREOR SN o oHEREE, FEBEHICHRES
BT -6 ERTWwh,

1980— 19904 IC A B &, BT, T+, RICIZE L
LB EEHET ARITVH TR o TE, AEHEN
DEEHEPEZET S L, SEROFEBMBEZRII L RIGET
LEATOLHNEDL LIEE SN T S (Halstead, 1988;
Monath, 1994) o
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al. (1926), Lumley and Taylor (1942), van Rooyen and Rho-
des (1948), Carey (1971) Z X OE#EZ5IHL 22, #
NOSEBANTEERDL I B,

(1) 7, dandy &R USMELS [FIV A2 (polka fe-
ver), [782 b¥ A 4%] (pantomime fever) &Iz
EDBH D, WTNOFEOBAPEIFELRFDI LD
5, B EHMLEDbIFTHS,

(2) L2 L—7%, dengue DFEWEIE A XA ¥ FED den-
guero TW3% <, 77U HDAT)iED [dingal F72id
[dyengal, 534 ¥ Fi&E® [dangue] TH 2 &9
HEHL, INHOFRIITND [$TE], [WRIT] ok
TER, REOBE T LM LEAICEET LD L
Bbhb, AELEEDS, [coup-de-bare] (FEDFTE),

[trancazo| (YIWF) & W HEED - T b,

(3) KaEiRE, TOMAEEHROBHIEESTL 0L
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[ Knieiibel | %2 EA%504F Eik > TW B, WEFNR S (O &
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Rigau-Pérez (1998) 12X, 7= h)a, 77
v DOBEEIRBEICENE L 7o [l José¢  Sabater 2%, 17714E (2
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DHMEEBEZTEELTB Y, FOR®RITSOEICT 1+ 5T
7 4 TIHEAE L 728505 “breakbone” & MEIX L7z, F 721801
FAZANA ¥ DO TF Luisa A%, “dengue” & IFHITN 5 BiF 12
Bol- L VIRBPEETA LV, #9727+, &
WCARL VRO AN AZBLT, THEDEHAH Y T,
kK, AL VI CREB I WA L2k b,
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TWwb, bHRAHED LIS, Fr UVB8IZHT b EFH
NELT, HAREODDEAL TN TV LHE (By-
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M (B8R oBMB L UEE, 2O0MIFBEELERTS
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EE EZITERRTIANELECRALA-TTREED S
ETEXHhWEHIZBz 5,

FrrE, BIREEUOREL ORREAL, ©HA
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(7) Fv 780, el THENMSREI L
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ENTWL)THb, LEWoT, FEMHICLEALZR
O SNIEEbH B, 728 21 [date fever (V7 A Y
B (FYAY Y ONFERICFEAT B), [south wind fe-
ver (FAZ) | (HOBRMNREICHKI Z) & ED, Wk
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(8) EEffToHAEA & 2, FERDBE R FLR AKX IZIE
EEZHELTLAIIONT, TROITE ZEHOM S i
LD, EICHS IR TW A,

Exanthesis arthrosia

Exanthesis rosalia

Epidemic inflammatory fever
Epidemic eruptive fever
Eruptive/exanthematous articular fever
Eruptive rheumatic fever

Scarlatina mitis

Scarlatina rheumatica

PDED L) BMEREHRVEZONTELE W) FEER,
WIZF R, T IROERCBMY, THZFREALT

(MEL) AEOBFE LTHERIE [7 2 7#] (dengue fever) AV SN72%%, AR 8] (fever) ZHMEL T, [7 7] (dengue) IZ#%
—3INTV5, LPLERLTEHZT, [Fr 78] 2BV, BBV THERLLBY, THUTE > T [#MEHERE] (febrile disease) &
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ANWZNZET 2 BN LRBICE, (77 2L, 2720, 239 2MEORNE, ARLOAICETLIZ L2 B LTBEZW,



372

Wl LRBEHRTADTHAS ), LI ->T, TOKRED
JEEBOEMCICL D, HIRICLoT, PR VAHEL VAL
S2E9. GAATANAZEWAR L L-RIE, 20
ORI SN,
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A, PEEZECD TV FBEMRRORESH ), LrbE
MRIIZIZ LRI D LD, EAELIZEPDIZS,

B ok (FE/E265—420%F) 1CF S hzlRE [Nk
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12 TiE%E] oigddrd b, Fhac L, JEE, TR, W
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T UBREIRE) 230, EHICE > TETMm, A HIM
MY, BILzRLUIEEEZ, HICELIENEVEER
nTwa, KEIF [KEFE] LI, 72 [RE] v
IFBEORESH 2 L6, BEOTH, RAFTHRBIC
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NS W ER 2R ITHE 2 WwaS, BT ERE T’
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VTE, BWLT U SHIMBICET 2O TIE v i
FHLTD, REZEVEAVWESICEZS [(UE, BH
(1979) O#EBIZL B, B, BE [F FBOBEKR] %
ZROZ L],

B oAz, 20RICA - TS 2L, 7¥ 7BOBRE
I ANWATH S EPIHHEINZ, SHIKETRERK
AL LT, WEY AL AOSEESRI L, FRIC
LoT, FUTBROBBIEESN, T4V ADOHIRDE
BH « SO LR EFEBHRIER L, L7z2¥o T,
TACBREREZORED ST, [Frrsus, v 7y
ANVAZE o THIERBISNLERTH L) LEHZREIND,
EVHZNIE, HIERSTF VTR THDLERET L0
2, FNDBF U T IANAE BN RERICHD LN
EHESNZTNEL S 2w, Y ESAZETHEN, &
BDTEHRLHBATHY, ThIZE o TIRTOMESD,
BEMICERSNLDTH A,
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T TN ADREFE EOEBRUEFZER

7Ty 74 VA (LLF, DENV EBFL) ORI %E
RErIPEBT 272012, KVANVAOGEFELOMNEEZE
ZATADLIEET A,

7 AV AL, MIE (bacterium) REH (fungus) DFh
WHRTHBENHF L WITENGRTH b, €05 HEN
(system of virus taxonomy) (X, 7 A JVAFEDERE LI
HZILEBFERTEITCVEDOPBIRTH S, LA -T,
HERESINTWE 0P, T LK LR E13E

REEV, FILWHEASR S SICb B &z, #2395
HarpELRLENTYWLTHA ),

DENV b Ol g, 48 oA E R a4 EA
Lo TERE>TETWVDS, FDOIC, WEDOLE O
b ELHEE, BETORIREBOETHIENS DS, 2O
HAWHEICT 57010, THOBRNFEA TG L T, =
BIZET AL E L2,

F IR AL (arbovirus) DTEFH
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rus; arbovirus, 7RI AWV AEMEE) O—HETHBHI &
i, H OB EINAERAMETHY, HEL LB MK
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(2) BEOCHEOHEHY WI/-Ey=) oMiaNIZE
VT, EEMBETESL, VA NVAE, FRITEREL
EFE RAIE LT, b breatiRmBERY) o
M % W o 728 R BN T3 5, Bi/2E D
WEH IR OB CE S I L T, D% (vacu-
ole) MICERB LT, OEHEEWMIH L WiE1L%
Fill§ HHRIZ, REARDOBERELILITTY <,

(3) FOFiRESEML LT, A NVAE, HEEHICLT
BYEEIOMBEICHET 5, $hbb, BREFETIC
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PR ET 5,
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EBMET L ITRDTILEIAINZEL TOEH:
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1, 19004F X V 19024E 1242 1) T, WalterReed 2 B & T 5
7 A A BEEEEMEEDS, TkFE o — N CREDFZE
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(1) HHOBEAEE, MEEEST BT 5645, »

bWLIANATHAI E
(2) ZREREBHOBZOMBPIZEINTNAI L
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(YD) CRPET BT ANALBMENLBRPEL720, r ZFR X, arbovirus & ED H N/,



(3) TANRIE, BEMOW, Aedes aegypti(F v ¥4
BN E o THEAEIND Z & {Reed er al., 1900,
1901,1902; 3 & U Strode (ed.), 1951% Z:Ha}

IRUE, TURTIANVAZIZ LD TERAHEY Y - Bk

FEFICBG SEERTHY, BELD LR BAROEE
FoTwnh,
GHINICMBEENT D THAH H, EHIZF Y 7#
WCHTAEFEDS, MOV — TOWEEZILL > THD SN
72 £ 3 Graham (1903) &, WASF » FBOBEANETH
5 EERHEEL, T, EAMMOFRENRA SN, #
BN L D Ae. aegyptik, S 5121 %) —D Ae. albopicius
(B MRTU=H) PHEINL (RyFALTTHIZON
Tid, Bancroft, 1906; Cleland e al., 1916, 1919; Siler et al .,
1926; Simmons eral.,1931; & P AV I HIZDOWTI, /)
%5, 1916; Snijders et al ., 1931; Simmons ez al., 1931), =
? 9 5, Simmons b DAFZEIE, ZDEEBRDOBEEDNLE T
HDHI L, ERFREDOENPHRBETHLI LD, ZOH
DI ROEFRI L EF EFFMEIN TS, E PATY YA
&, HAEWIZHBAETOEEEL L TWwAE I L, EH
it 2, FOFY T4V ABARE R WO THIL 72/
MRODEBIIBIT AL, 7 7ROBERO T, M
LWw—hkaxHILbDEVnZ X,

LRI, BTRKEMBIZ, Ae scutellaris (Mackerras,
1946) B £ U A. polynesiensis Marks (Rosen ef al ., 1954) 7%,
Ty I A NVAENE LTEMES Nz, 510K
iT, Savage 5 (1998)1%, Y v 7EEH.LE LIz OrY
T DTV TBFATICB T, Ae. hensilli DEHEDOE R % E
L2z /ML, SUFHLVENETHA ) LR
Who, TDXHIZ, FYT YA NABAEILIT R T Aedes

(Y7H) BIZROENTWAE (HE3),

WMBRE TV TBED, AR LB v ) FHEE,
T AV AFEASEREBIFRIZH B DTIE BV & wv ) TEEH
ZHRERTALDOTHY, WHOMEENEL L IZFD L
INCEZTWL)THD, ZOHLEE, Z0ORIZBITAS
fige, $ICT A VAR T DWIROFEH, EEhE 7 780
IREF T oM 7 E ORI EMN TN, 2
AT DOV T ORI BB ICFEMIC B RS,

TELOBFFEICSE7Z 5> T, Ashburn and Craig (1907) &5
O TBOBEERD, EEETANATHDL I E2FH LT,

(HE3)
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HFLOWTPIRILIZADFER

IS OHMADE, BREHMTHFLVTARTANVZA,
HOLICFNIZE o TR SNBEEIKL L RH SNz,
19454E D R R RERFERE TIC, 77U HTY A
FF AV (WN ERSEDR, LTFRIL) 797 CEARSE (E),
kT Y MV A AL (SLE), EIEEw <% (EEE),
PHER R < % (WEE), A TRAZXZIH% (VEE),
BN 7THiFTO Y THEREM%E (RSSE) ZE&D7 A
WADZER, « FEIHHRZ,

BB TRKEE, EEFEATE RN EE TITb
XY, IHRIZTA NVRAFREMOESI D - T,
TNVEIA N AERPFEDORHRITE L IR Lz, Te b
DEGHED AR 5T, ZEHYOBRYGHE, B L ORGE L
F— RAEERIC, HIREWFDOLDONLERICVA VA
SHET DRADIRNIHED SN EDNS, TVEIA L
ADREEITLFICHEN L 720 FOREE, BHYANVADE
o6 R 2 4272195044812, B < 100 Eovb
W5 [TVWRERIANA] BHSNAICESTZ,

FIWEILIWIDABEBE

T, INLERERTANEICAONE Z LIl R o7,
FO7HIC, YRR ST W O AR M BREREIH
S (hemagglutination-inhibition, HI & B&EE) ZFIF L T,
REREEZEEL LTTVRIANVAZRGT 5 L0
BBEINLIZEST, Tabb,

ABET VAR A VA (Group A arbovirus)

B#T VAT A VA (Group B arbovirus)
D2BNFNTH L, ZO—HEOWFENOET, By s 7
T—MRFTOTANVAFEHE, L) bl Casals EHLET
57— T OEBAK Z v (Casals and Brown, 1954; Clarke
and Casals, 1958; Casals, 1968), F#hiZ XL, 72 & 2 4E
FRROTANADH B, st GREE - FERA - XA
ALF) A NVAITARL, %3 -FU By
ANFAN « HERSE « £ VA Rk « 0o 7HEER
REEDOTA VAR BEICEFNEFNX S I N,

Togaviridae & Flaviviridae DEIEE

EIABN, FOBRTIVEYAIVAOEEIX, RERIZHE
L7z ZOEHIE, b MREOREIESH /21T T% L
(Tt LALET), B CTIRISNIZH RS S,
HA LT LWIA VAN GHESNTE/272DTHSL, T

FERAIZIE, MBS ZOERPNT, DENV OEEZEFT I LIRASNT W5, 728 21X, Culex quinquefasciaus TIE, MFENEE

f (intrathracic inoculation) 2 X % DENV DRSNS RETH 572, Lo L, ZORERERLI 1L/ ) O )V AHFERE L, Ae aegypt DEFN
EHRB EBHITEL, P ofEIES (oral infection) 12X B 4 NV ADMIEIIATEE TS o 72 (Vazeille-Falcoz et al., 1999), - T, B4t
WZBWTZ DDA DENV % AT 2 WTHEM I, FELEBEVWEEZ TLIWVWTHS I,

WE4) oI BBE»LTRIE, [TARTAVA] E0IHIBAR, PRVEBRICA-TELEEDLELEELR Y, L2 L, ThikE
INLZTANZADHB LD, RIELLOMONTEY FIZIE, &R FUVIIBOTANVR), ZOLHETAINAZDOERONTHE
WiERER - TE L, FRW AL, TNE2ELCERLERI T8, B TLIRYTREVWEWVIELDNTESINL, TAY VEEE
WA 4 VAZFH % (American Committee on Arthropod-Borne Viruses) 1, D&% —IGFEHKSELI L L LT, ThIZEEFhE YA
WADHZ O T RER LBFBEICUFT L TWD, 2507 A VAR, HREMOERATEEL, FhrbEEsH s L) halriFo
THEY, COHEELRPLLTOLFLDICINTVWEDTH D, 1996F12HBIE, BITHO Y A VADPEFINTWE, Thid, BE—D
DIN=TIFBRTEZIANAORE LT, BADOIDE LT wh, 72 LIONICE, EBRLALICELDBREOTVANVADNETH
TWBHDT, TRoDFEFEZXPERFBL TBLRAITLE L2V,



374

DA NAEFMIHASCTAL L, RROEFEDT IV
RIANADHRG LT, MOBED SO, HIRTBAEDH
B2 b AT, Arenavirus, Bunyavirus, Orbivirus, Phlebovirus,
Rhabdovirus, Coronavirus, Herpesvirus £ 2 b5 L9 7%
MELTANVAVREEINDLZ LB LA, TVRT AV
ADEBENELAHEBII L > TELDIFTHSE (HWHEL),

ZZITBWT, 7EE L) RE, PHRICTILEFELD
TEZ £oT, KROAFETVERIANVA, BET L
RIANADRETIEL T Togavirus & L, TORN AR
4 VA% Alphavirus, BEEY A WV A % Flavivirus &% T
BT EREINT (WES)

LD L#FDHK, 74 NVAKRTOWIRE TS 50 F4%9
ZFH), DT BEFHEMPEEIESL, £ OHMAIE
BENBIZRAT, SHIHRS @2 HONEZ
Ll otz $% b b, Family (BH) & L T Togaviridae
& Flaviviridae % Bi3% U, Alphavirus V814 (2, Flavivirus
FHRECESEDL L L L7z, Zofic, BHxBRICHS
EEZONDLTANATED, FRLEFNOFRIHAANLN
726 Murphy et al.(1995) 1%, KOGEXRIBL T 5,

Murphy et al. (1995) DFRF

3 Species*
Fo 7T
7 B CGREE, FEE, XFAL7)
Y FEX
Semliki Forest
Rz
(e 1)
HH
b
7z AMFAN
RN
v MV A AR
Murray Valley Ji% %
(7 =84 1)
O TEBERK
Kyasanur AR EL
7 ¥ THE
C EIfF4¢

Family Genus

Togaviridae  Alphavirus

Rubivirus

Flaviviridae Flavivirus

Pestivirus
“Hepatitis
C-like virus”

% [VANAR] OLFREWET D,

Z D%, Pringle (1999) 13, FRlOSEEREL . T
7B, Cavanagh (1997) 12X - TH7ZIZ& 5172 Or-
der Nidovirales D W2, Togaviridae & Flaviviridae O 2 D
O Family % &%, 72 CRIFFR Y AV AIZH L\ Genus
%, Hepacivirus % 5- 2., Flaviviridae \2 & 720 T2 77
A VAL, EHY A VA L AT Genus Flavivirus 126 %

5,

Pringle (1999) MiE%

Order Family Genus Type Species
Alphavirus  Sindbis virus
Togaviridae -
Rubivirus Rubella virus
Nidovirales -
Flavivirus Yellow fever virus
Flaviviridae Pestivirus Bovine viral diarrhea virus
Hepacivirus  Hepatitis C virus
nido. T 7 ~FED nidus, HEFED nest IZH 725

nested set arrangement of subgenomic mMRNA DE % &K ¥,

Flavivirus DY

FEROGEOTELERNRIL L 2o/ DiE, AV
ARF DD THERENFNETH S, Ty TIANVATED
Flavivirus 13, SR THOFEEE > T 5 (Fr7o4
W ADEERMERIE, BETRRTS),

(1) BYEMENBEETE, RALLYINVRAGER
40~50 nm DERJEALT- T, REICA 6 nm DRI D
ERE2EF->TV5bH, WED core (%) EEZE30nm
ThHb,

(2) TAVADKEEIL RNA R, Bk (linear) T, posi-
tive sense, single-strand, fBELX 7 L 4 F FOHIIH
10,0005%TH 25 (HREFRESINTVEIRI DT —
Z iz i, 10,9767 510,488 EIH %),

3K, BT Fo VB S % LR (A)H
(poly A tail) %¥F7zZe\vy (TNDS, Alphavirus & 5%
RAHEBEHRD—DOTH5),

5K HhFE - T, C, prM, M, E (L _E“struc-
tural” [#3& ¥ > 7¥2 B ]), NS1, NS2A, NS2B, NS3, NS
4A, NS4B, NS5 (LL_L “non-structural” [FEEE & > /%
28] ORGHEDY, FnFERY ANV AKTOH
B E 2 — FLTwb,

(3) EEYAEEMFIMNIC BT B0 A VAN TR DOREE
BEiE, MAEPN D ZER (vacuole) WIZHBWTIThH
No, MESS OHE (budding) DHEGUIZER
ELTHEDONE VW, 2O T, budding % Fl¥l 72
(AT Alphavirus EBBEPIZE LG o T b,

(4) ERGTE TR S & L7z (extracellular) RFUKL
TiE, N0 E, BRE, RKMWEET B, ¥~
237 B, “envelope” 2 HE 3 5 E, WM 5
M, BLIUBBICESTLZCrOLHS, HER,
BemEEMA»rSHE LD TH S, mAKILDIE,
YN0 B, IRELEGLTCENRENNESY V80K

(glycoprotein), HEPEE (glycolipid) %K T %,

(5) wANRIE, WMHFHEEWORMEKIIRALT, 2

NEEE S5 GRILEREESE S, hemagglutination) o

(BE5) Togald, BT —<TIhH{ERICER SN TWANELZERTHET, CROLDT A VAN, IR BRTERE ICWIEE & envelope
PETLIEPLEMNTONZOTH S, Alpha 3L AA A (group A) 2 BT %, Flavild 77 VEETHEEBEZEKL, TVFRY A VAEL

TERMICHER SN/ EE (yellow fever) ICH B ATZBHTH 5,



ZORBOE#SEME (B ZE, RIOFKEZRMET 28
WA, PULKERO pH) & LiE, £7 4V AILL >
THER D,

(6) BRDZ LuH o, HEMOWRIMMEEEEY, B
CIRMEHEWORANTL (HET 2, BOBOOD
DA NARIIZOWT, BZED D 5 H L EIE AR
FoTWwb, ENoBEYOMEDOEAEEEICBWT
b BIFicHY 2,

(1) BIBECERIGLENSEL8, Thbbl
BEHEME YA VAT ETS, 2hiZiE, E¥ v
VEPTEGAREROLEZ LN TV S,

LA LD Flavivirus, ODWTIEF V77 4 W AGHEHDOIEK
Thb, FIBLLII, TOSELAHROMIEIZL ST
BHETENLZLDIHDH B, TDEH R EiE, FMo
ELELLRNE, G LAYKRTHAH, LErLBEDLZ
5, LRoOBEB L UCSTEISRAERN L ZHEB TN,

B2E BEXLOT > THRIT

B L7-& 91, FroaB8XOFr 7y 4 VADRS
i, FEORMRAREAIEL LT, iLWEBIZA-E
EZOENBE, ORI, Fr 7Y A NVADBED THEES
Nl ©AAZNDENCD, L DEELR T -7 HHEAE
ROENTWEDE, YA INVAZEORE NS TV I« 5
YT ANVADIGER G & e o 72D, 1942— 19434 DLE
THHLEE->TORELRBYTERNTHA ), 2D,
AHREABLET XU IDONTLBIZBWT, Fr 7850
KIEAT A RIAE L, FROMEOIEE 5 R L 72,
5, YRFOEFM L EFIEIICMb - T, HIEOH#H
EPR SN DTH o7, LoT, KFHLIFTFTHRERN
DT ¥ FRGATICET 28l SR 72w,

LAz, EEO [AARKRL] LiddviE, A<M, D
TN ZIRT, Thbb, REEICEINL IR THE, W
BAREB X UREOBE, HAM W LEIGEWEE
LT, KX OEENPSBN Lz, 72720, TRIEARE
WBWTOARDREGTHLI EEBEH LIz,

1942 (HRAI17) B, 2=/UME LTT v FRAORITHFE
HPNIEE Z - 72, FATIZERICERR, hE, &, fiF,
KBR 7% EOERTICOIEATY, 35121944 (BBF119) FF
TERELTHRELE (WE6),

1942 —19444F D12, BBIRIER % R L 72 BE 0BT,
Pl Eb205%2THT, BERLAEHOBREZEONIT,
EPICEFIGEL - L HEE S NS (Hotta, 1953) 6

UL, BERHEOT L BT E LTIE, #RESSR
LR ARABED—DTH -7, kL, AREATH
FUUBHATO 1A E SR TwWE D (Kaku, 1923), 20
BEFBIINE L (D, T4 NVAEHFHERITZ IR T
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W), fEo T1942—1944FE D RFATIIEE L, HAEN
TOW—HRADIDERLZENLD,
Lb ZORREARD T ¥ FEGEATTIE, MBICEFZ R
V. o 72T O AR T 5,
(1) F¥, HEBEMRE I AORTE 2, B4R
KAHIZ BT, HEAEIR (194240 5 19444 %
TOIEBOEE) I, —FBIEKT, HHOEEFR
BRBELLZE,
RO, Ty BRI L TRer [l ]
ThHY, LILEFOT VRS LV ARGEZ, BHEX
RSN Lol &, Bz, &
FZHIR L BEREIR R BB L, Mk T v
BOBARBERICIZLDERRLTHEENEEZS
Lol &,
(3) BRI ANVAFEMICEELSE, ZoRThELTFYS
TANVADHMO TSN &,

(

o
~

HATOREFRITURICD, BWHBICBITAT Y 7HOD
KFATH, WL OoPRBFIN TS, flziE, k740 %
mEgE (1922—234F), ¥ ¥ v (1927—284F), F— X b
517 (1925—264F) B EDFNTHB, LELINRLD
FiATIE, ERO L) B ERTORERITIRLS:, HHELR
BT LML Twhdols,

FOYEEL, TEHREIANADPEEENR TV o7
7, BlZE, FRBRGYEDTED S b, F-BmHizBw
TiE, FUv7BUITE LV EREZBELTEEL TWAL2D
12, FOBRKRERLHEBNEILIES 2EE “BH~ Shkt
bDEEZ LN, WKHIZBITBMEEDFNLIEIH%D
Bobb0THA) (ZOHICELTIE, RETHATS
HERH D). BUT, 1M42—44EDHAFERD 7~ 7 #h
FATIE, BREFHICOBMOTEEZbDEEZLNLD
Thb,

FITRIHLINED, BBLEI LICIM2-M4EDOREK
EWNOFATIE, FOBHE « ZRIMLERLZERICD 2D
boT, FHMLEFEIBEITEAEERINTVYRY, F0
HEIE, O&ZICEEETOFRRIERCEICDDTHS,
(1) H—IC, BHERBELHFTHRICIAAOCHLVEH
BdHollzo, BHRRELBOTHETH 72, 2) £
12, FEEREENS Z & HARDS, EOBBEEEICMNLIGEN
ot B, BIE, M5, KR4 EomfTaxhid, &
FHIE & DR BOERIC > T\Wiz, LS HATOREmIE
HABEMNIZE L 2 EHROFBHEBIC I > TH b 8N
B, FNLIOZY, RABHK, HEH L FERL 2
FHIE LTHEE Sh, REEEZLEO TRBOES
A5, TNEIPIVELZ LIIEO THEETH - 72, (3)
EZ, HWOLTEDOLNEE L OBELRERIE, KHE
BB - TEDbRT LE 2, &) bi), BEEOER

(H7E6) 1945 (BEFN20) 4RI, REOHTHFRO LN, L LIOEIR, LB, RBEDOEFREHEZED, 4 Ol EEICL5
BRICESL 3N, FHlEFARRIZINRTEST, MAMNREREIRENTVBILEEL Y, Lad, BEBIUVZAILIZAKDTD,
FY T A VAN () D% LD, —EBEICEREEOREHEN I TS, B FDHTEREDLN LY, 1046 (BHF121) 4L
M, 7 Z78OFATREREALSLEMH L, BIEE, SMERTICE 2MAREFAIBOONLOALEZ>TVE (i),



376

BEARFR (BRI AR ZFEESRL) OWFEH I & - THED LN
e« WK  RESO KB A KL T — F 13T
TIREE I L7cs F7oiieEmkod Cdstksn, 4H
FOEHZESETAH T LIIATRRE 2o TV b,

LL%2SH, COL)BHEILrrbLT, H41E
FEOREEEIBRINTWEOT, ZIICFNLLZIEL
T, FIEOHFIRINE TEELE 0 ISR E 5% A
77

1. RBOT > TERIT

1942 (BgRIL7) 4E 7 H ISR CAHW 2 2R A5mAT L,
BEFIHE LI L7, HEr il L - RIRERE
BRI, TOREOIREZ BIGER S (BEHREE
SER) CEE L, FRKFNREBEORRTHE, KB
B (BE 1, 2) SPlb o THIZEIZITEAT N
Too FORER, REXT V7B EBW SN, BIFELFIC
Lo T8 A2THIZZDEOARFEERY R I NIz,

WAT O, RO\ LHEEIN TN L, 1EDOEM
WAL —EBERBL, BHRV{2P0BIZEFE L
%, THABICEBC AL, RMroFE a4, 13
R CAIE R SE L, BRI T Y B EREIZ LY
BREINTWiz, RIFAER, SFMEEEEL, 720
BABEE « Witk e EOBRE, BLOWEBRESO»RY) O
AN Z O %N T B,

B, FEHoMBREERY 7 PO T, BROMA L ED/N
SHAME DI, WoOLHREEIEHOWETRR I,
INSRERENTHE - WML A, FrrvA

WA D 1 FTH D, dv 74 2<h (Ae. aegypti)
RN (BEEEFRFA DT THEE] L
RO, 19435 U S, 1943), F724RMICiE, WAL R
DER R LTV &8, EROZ V=718 ) R
éhfio

FATOMRERER

PelE (1943), %K (1942,1943a,b) O, B L A
BELOWPET - EERETH L, BIGORTEITED
Ol s A,

WEIX1942 (FA0L7) £7 ALIAT, BEHIZ24, 7l
EE 7 HAHETIZTEDIRAE L HEo T, TH RO
HEEHITOLTH T, LIANSAICALE, kL
FER AR THEESER L, R 2, 250810 L7,
o T, BISEAELEB L CEBENKSELHLE LT,
W oD KREE, BIFEEREATH L CRSIEENATEI G X
720

BEBIZO AICA-> TSI S IZHIML, 10AMEE TICR
5113,323%4, SoA91223,338% (L1H&RD LA L#R
x e, 7277 L S OEE, LEROSHEEEIC X - T
EENTAREBETH o T, ThPA S BERPRERD
BE HLVIERATICE TN D o R &S A
LizbHfiEanb, fto TEBTENMI IR EIZESE
F2C, REGZBYIRVWEHIICEDbNS, ;

BIFHANT, HBICRBEISEL, BEREBX LB 5
NG 3T - 720 UEFOR % T, FEAHET - 3T
A « -+ AEDSZNT, TRORMBEISGEEL W, 20
HXZFEBROBEESILENE L, BEEDE 4O

ME & cos.vie) Bl

1892 (WIG254F) £ BEUHRIC TR

w06, E—wse (8ED %

##C
1917 (RIE6)  #  BURAHEREET R R A3
1925 (KiE14) 4 RRERCENEHEEEE
1936 (FEAILL) 4 REERRER
1945 (B9AI20) 4 JRCTHRUAR IS C T

1908 (Him4l) 4

1929 (WEFI4) 48

1933 (HEFN8) 4F
1940 (BEFI15) 45
1946 (I3F021) 4B
1974 (HFFI49) 4
1994 (P 6) 4

B s2vz-Ls) Bt

el RitTee S
Pl o (M), MWHSEE (B0 *
#C

SO A TR A
BNFIERIASE 1 42

BN 2R
IR N2 DR
BRI (flc Rk
EAE

il

SEBRFAER)



SERGERTT, BLUBEOMRER THO8EE, i
LIZFORETHo e Sbh b, BEIO—HIZ, T
Ty A NVABAWO—FEL N ATV < (Ae. albopictus)
PREBERL TV EPHERIN TV, TR OHX
WEEOSEICEL, KiTTHED TR, BEICRO
HHEEDHITVELL Lozt EbN T, L LERD
itk D7z, SHOKESHESN, TNOHPFVDY
5% 7 (Aedes W) DIIFOEFIKIKE 7o Tz, Z
DHEEL L AARDOOIRTHIZ D R o, SR T > 7%k
KFITOEELREENE o720 EZHNE,

COMKXOFATICEH L CEATREZ &L, KHEORR
KEBUROZN LD S, KBENESVWERPRAONZHTS
be Tbb,

FERBRE (FRBITT 2 BEHOLE)
B39.8%: 47, 9%

Tholz, ZTOMERENE, 2084 5508 F TOERKEIC

BUTHIZEL],
FPE40.1%: ZHE54.2% Th o720 o AIT,
WX RO RIRR=2,704/6,162 (43.8%) TH >
7o (BEEE, 1943),

Z0L ) REROERIE, REZHEMBIZSNL TV, L
PLEREINE—2DEE LT, ZOEMROTMIZ, B
CRENICE T AL WO TEI VW EYEEZ L
N7z, BIZHMSRTWD I, ARADEWIEZFOFEN
2, B ATV Y ARIFATERL, L2d, ZORIMEE -
WIMEBIZEM L DL LABMIIBWTHEETH D, £
72, COEROLHIBEZEOFEEDOIZ, BEILEDL
HENE L, ZTREZTBREROFIN % 2T 5 BE05% <
7o oM REMEASE 2 BTz,

FoBRERIE, FRICLoTHIEDHLZEFAEDLN
770

TERUTFONETIE,  #930%,
FEMOVESLTIE, #45%,
AL, #948%

EVIHIENRBON TS, 0B DBEREILAMER
i, HESDTATOMHNBEL TwE (K 5,1942),
T/, FLUROERDIEBMEETHL I L DT,

O &) A, BEEOHROKEFRLEFEIC L o72%
DTHED, HHVIRMEOE, OB THREDLNL D
EWVWIHREER, —ZIUlTsEBbN s,

MWAER (1993) &, Wil shBwve b &, £ Thw
v NOFET AR OWTERL, XEERrY F A4
T HRT /7 2V A (Anopheles gambiae) (ZD\WT, £D
v MR ICEEDEY RO EROBE LA LTV D,
Fhc kR, e oM, Fik, BAZERZ SIS THD
RSB SNSRI s N T b, HAZEL
T, REoGHE (BY), kiR, BFE, EETWE,
MR % E3z8F o, Fhicon Ty, HEL BE
L OO FREDTIHICE G 2 RT L O ImEDDH L &
Wbt b,

BEOWET 75 « Hy 7 TOBERIC I L, TEH
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An. gambige (7 7 ) AR BTHROEELE~ T TN
W o—fE) 2 O0EDTAEE1E, FEHROFNIHTIE
¥ 2512 7% 572 (Lindsay ef al., 2000), ZDHHE LT,
TR IC X AR BN ((E-> T Co HELEOBM), K
B EOEK o TRBROLA) 2EPETLNT
Wb, $77, HIRIHERICEL 20, HEBIRE BT
VAT B8 7200, RIS ORISR 258 < 7
D, THPEERLEEOBATMRKIEITHREIHL L
L Twb,

FROEBTRONBREROEN, £2ZLTIDE)
HEBELS, SATELIPEPITHRE LBV, T/,
DL ERTFOFEBOEES VY, LTLLMEINEb DL
SxhVhbENEV. L L, EL{BBoTn oL L
THEETRETH %L, SHBOBFHRFAFPLETE RN
nEBbis,

$R12, SR ORRO BREREHRERDS, B
CEETHL E V) B, BE (1943), FEH (K&
5, 1M42)OFNAEE I LTWb, £, RIFPMHA
OFATIZBWT, MEDFERIIBEADOENERRELRY,
BB WEENES 2O TRV Hr EHEL-RE (B
M A, 1942; 555, 1943b) 13, HEHITRNEEEEZ
bbb,

Thbb, FEHT - BATHIBTRITLOo2H 5, B
BOF v rEEgE (Wbwd [Frromm - v a vy 7fE
1&# |, DHF/DSS) ¥, SVFEMOBZEIIERET LI LN
4% OFFEEIT X o TEFH R (B IN TS, LPLT
Nn&, HRODEBIIBITLHITLE, &< FETHHRRED
LB AATHA ), A L7z & H I, 1942 DRI D
FATORMENL, YUREOBELEHTOOICHS HERIC
HEONWTWBEEREVEEVY, AkhsiE, XDIERICERS
N7=Th»IBEDL, BLOHRKICL o TL L EEE
DICIE, EDONLEDozZ L RFETHL, LAL, &
SNTRY DF—%id, EMROBEZBLILDOTHLD
T, —EOREHLMEEL G2 ONDEE EEFITHETL
T 5,

227L, THICEHELTEHICERLTBrRAE RS 2w
R, BEHICBIAT Y IBRIZE L DBRE, KRB
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Review

Dengue Fever and Dengue Virus
— A Challenge to Tropical Medicine —

SUSUMU HOTTA, M.D., Ph.D.

Professor Emeritus, Kobe University,
Vice President, WHO Association of Japan

This series of papers will present an overview on dengue fever and dengue viruses. i.e., history, symptomatology, pathology, vi-
rus isolation, basic properties of viruses, pathogenesis, prevention, epidemiology, etc.

The present issue consists of two chapters. The first chapter contains such sections as: historical aspects, relatedness to other
arboviruses, nomenclature and classification.

The second chapter describes big dengue epidemics which occurred in Japan during 1942-1945. Port cities such as Nagasaki
and Kobe were heavily infected. The first onset was among seamen of cargo boats which were connecting those port cities and
Southern areas such as Philippine Islands, Malaysia, Indonesia, New Guinea, etc. About two hundred thousand typical cases were
reported and the whole number of patients including abortive and unrecorded ones were probably much greater. This was the first
and only outbreak of dengue fever in Japanese main islands and also one of the grearest dengue epidemics ever recorded in the tem-
perate regions.

Chapters describing the other items will follow in later issues of this Journal.
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CULTIVATION OF PLASMODIUM FALCIPARUM ISOLATES
UNDER THE ANAEROPACK® GAS CONDITION
IN A PORTABLE THERMOSTATIC INCUBATOR

YASUTAKA MIZUNO"*, TOSHIMITSU HATABU', SHIN-ICHIRO KAWAZU', GOHTA MASUDA’,
HIROSHI OHTOM(?, MAMORU SUZUKI' AND SHIGEYUKI KANO'
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Establishment of the candle jar method for continuous
cultivation of Plasmodium falciparum (P. falciparum) by
Trager and Jensen (1976) allowed for parasites to be main-
tained in vitro. The secret of cultivation is keeping the oxy-
gen at a low concentration (WHO, 1977). Now, the gas
condition can be adjusted automatically in an ordinary CO,
incubator (Waki ef al ., 1984) or a computerized mixed-gas
incubator (Takagi and Waki, 1987; Trager, 1990). Although
an incubation system can be easily maintained in a rela-
tively sophisticated laboratory, it is not always an appropri-
ate technology to transfer to the field. The AnaeroPack®
Malaria Culture System (SUGIYAMA-GEN Co., Ltd., To-
kyo) was devised as a portable cultivation system in which
the proper conditions for growing P. falciparum parasites
can be maintained in a sealed jar. Culture-adapted strains of
P. falciparum have been reported to grow nicely in systems
that use such gas generators as the AnaeroPack” - Campylo
(Haruki ef al ., 1997), AnaeroPack®-CO,, or AnaeroPack®-

plas (Onda er al ., 1999). We examined whether this system
could also be used for cultivation of freshly isolated para-
sites from patients.

P falciparum isolates were obtained from four
imported-malaria patients in Japan. IMA-1 was taken from
a Japanese man who contracted malaria in the Philippines;
IMS-1 was taken from a Japanese man who was infected in
Thailand; IMK-1 was taken from a Japanese woman who
returned from Mali; and IME-1 was isolated from a Zam-
bian man who moved to Japan. The isolates were subjected
to three different gas conditions: mixed gas (5% CO,, 5%
0, 90% N.), AnaeroPack”-CO, (15% O, 6% CO.), and
AnaeroPack®™ plas (5% 0., 5% CO.). Mixed gas conditions
were maintained by computerized incubator (ASTEC Co.,
Ltd., Tokyo). The AnaeroPack® gas generators are used as
follows. Briefly, an aluminum packet is opened containing
a dry paper sachet that is put into an AnaeroPack”™-
Kakugata jar (SUGIYAMA-GEN Co., Ltd.). Requiring nei-

Figure 1~ A. An outfit of AnaeroPack™ Malaria Culture System with a portable incubator and Kékugata jars.
B. An AnaeroPack®-Kakugata jar inside the incubator. Arrows indicate the petridish (*) and a dry paper sachet (*¥).
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Figure 2 Parasite proliferation curves of wild isolates under the different gas systems.

ther water nor catalyst, the sachet starts immediately to ab-
sorb O, and simultaneously generate CO; until the predeter-
mined gas condition is reached. Stable gas conditions can
be attained within 2 hr and last over 24 hr. The jar is then
placed into a portable incubator (SUGIYAMA-GEN Co.,
Ltd.) (Fig.1) in which the temperature is maintained at 37°C
by a specific thermostat. The incubator needs only to be
supplied with alternating current or direct current from a car
battery. The sachet inside the jar is replaced with a new one
every day when the culture medium, RPMI 1640 (GIBCO
BRL, NY) with 10% human serum and 25 1 g/m! Gentami-
cin, pH 7.4, is changed. In the present experiment, parasite
growth was monitored by microscopic observation on
Giemsa-stained smears.

Parasite proliferation curves of IMA-1 and IMS-1 un-
der the different gas systems were almost parallel (Fig. 2-a
and b). IMK-1 stopped growing for an unknown reason un-
der the AnaeroPack®-CO, condition just after 10 days of
cultivation (Fig. 2-c). IME-1 did not grow very well under
any of the three conditions for 2 weeks (Fig. 2-d) but even-
tually started multiplying (data not shown). The An-
aeroPack” Malaria Culture System provided conditions
preferable to those provided by the ordinary mixed-gas in-
cubator.

Infestation of drug resistant strains of P. falciparum is
a major obstacle to prevention and treatment of falciparum
malaria. It is important to monitor drug susceptibility in vi-
fro to document the extent and distribution of resistance

against not only chloroquine but also other antimalarial
agents. If we isolate new parasites from malaria patients in
the field, drug susceptibility tests should ideally be con-
ducted on-the-spot. Bras et al. (1983) reported differences
in in vitro drug susceptibility of isolates between before and
after adaptation to continuous culture. Lin ez al. (1999) re-
ported no difference in the results of drug susceptibility
tests between the gas conditions produced by the mixed-gas
incubator and the AnaeroPack™- CO, using some culture-
adapted chloroquine-sensitive and -resistant strains of P, fal-
ciparum. We show that wild isolates from the P. falciparum
patients can be grown nicely in a portable system.

On the other hand, a piece of AnaeroPack“gas genera-
tor costs only 200 yen and supplies the gas to the An-
aeroPack”™- Kakugata jar which can hold 24 culture dishes
(60 mm in diameter) or 8 culture dishes (100 mm in diame-
ter) inside. This culture system is much cheaper than main-
taining an ordinary mix gas incubator in the laboratory.
Tangible advantage in cost effectiveness is also recognized.

Therefore this AnaeroPack®™ gas generator and portable
incubator system is recommended as an appropriate tech-
nology to be transferred to the field for epidemiological sur-
veys of drug resistant malaria. Indeed, a small pilot study
on the epidemiology of chloroquine- and mefloquine-resistant
falciparum malaria is currently underway in an endemic
area in the Philippines. The results of the field survey will
be reported elsewhere.
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YUZURU IWANAGA'!, MORITYASU TSUJI? AND MASAMOTO KANNO!
Received July 26, 2000/Accepted November 6, 2000

Oncomelania hupensis subspecies serve as intermedi-
ate snail hosts for Schistosoma japonicum. It is well known
that the Japanese strain of S. japonicum shows different de-
grees of infectivity to O. hupensis subspecies (De Witt,
1954; Iwanaga, 1976a, b; Lee and Fan, 1982; Iwanaga et
al., 1984; Lee et al., 1986). Although the larval develop-
ment of S. japonicum in O. hupensis has been described
(Harada, 1971; Jourdane and Xia, 1987; Xia and Jourdane,
1991), few detailed observations exist on the relationship
between the location of sporocysts and infectivity of snails.

The present paper examines this relationship using the

Japanese strain of S. japonicum and O. h. nosophora and O.

h. chiui. The Japanese strain of S. japonicum originated
from Yamanashi has been maintained in our laboratory by
passage through O. h. nosophora and Swiss albino mice.
The snails employed were reared in our laboratory by the
method of Iwanaga and Tsuji (1972), and only adult snails

Figure 1 Diagram showing Oncomelania hupensis divided into region
*Region of snail: 1. Head region 2. Gill region
3. Kidney and intestine region
4. Stomach region 5. Mid-gut region

were used. The laboratory colonies were obtained as fol-
low: O. h. nosophora from Yamanashi, Japan, O. h. chiui
from Shihmen, Taiwan. For distribution of sporocysts, ex-
perimental snails were divided into two groups; the first
group consisting of snails in which mature daughter sporo-
cysts, including mature cercariae, developed; the second
group consisting of snails in which neither mature daughter
sporocysts nor mature cercariae developed. To localize site
in snails where the parasite developed, the snails were di-
vided into five regions as shown in Fig. 1; The head (region
1), gill (region 2), kidney and intestine (region 3), stomach
(region 4), and mid-gut (region 5). Snails were individually
exposed to 20 miracidia and 5 snails each were examined 4,
6, 8, 10, 12, 15, 18, 20 and 22 weeks later. Examination of
some snails was with a dissecting microscope, other snails
were fixed in Bouin’s, serially sectioned at 8-10 wm, and
stained with hematoxylin-eosin for histological observation.

The result of distribution of immature daughter sporo-

“ Region of snajl i
| EZZRegion 1(Head region)

( EBMM Region 2(Gill region)

| [ETIRegion 3(Kidney & intestine region)
i

|

0. h. chiui

E==] Region 4(Stomach region)
B8 Region 5(Mid-gut region)

EE . W WE E W

0. h. nosophora

Numbers of immature daughter sporocysts %

8 10 12 15 18 20 22
Weeks after exposure to miracidia

Figure 2 Distribution of immature daughter sporocysts of Schistosoma ja-
ponicum in Oncomelania hupensis nosophora and O . k. chiui
* : Total numbers of snails examined
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Figure 3 Section of normally developing immature daughter
sporocyst* in kidney of snail, 6 weeks postexposure,
hematoxylin-cosin stain, X 12.5.

* Sporocyst recovered from O. h. nosophora, Arrow
show sporocyst and scale bar represent 50 um

- z

Figure 4 Section of degenerating immature daughter sporocys-

tin kidney of snail, 12 weeks postexposure,

hematoxylin-eosin stain, X50

* Sporocyst recovered from O. h. chiui, Arrow show
sporocyst and arrow-head, amoebocytic or leukocytic-
like cells. Scale bar represent 20 pm

O.h.chivi

- N W AU
[ ]
L X ]
L X N ]
o90SH

Region of snail

0.h.nosophora

—- N oW A
L]

[ N K N ]

[ X X N

29900

[ XN X R J

4 6 8 10 12 15 18 20 22

Weeks after exposure to miracidia

Figure 5 Distribution of mature daughter sporocysts of Schis-
tosoma japonicum in Oncomelania hupensis no-
sophora and O . h. chiui.
® _ Mature daughter sporocysts observed in each region

cysts in the snails is shown in Fig. 2. The majority of im-
mature sporocysts were detected in regions 2 and 3 in the
snails at 4 weeks postexposure (wpe), where some of them
remained during the experiment. Our data for the location
of the immature sporocysts at 4 wpe almost agrees with the
report by Jourdane and Xia (1987). The number of sporo-
cysts recovered in the snails remarkably decreased towards
the tenth and fifteenth wpe in O. h. chiui and O. h. nosophora,
respectively, and appeared to decrease more rapidly in O. h.
chiui than in O. h. nosophora. Histological examination of
sporocysts was at 6, 12 wpe and later. Sporocysts, which
appeared to be developing normaily at 6 wpe, were a thin
walled sac containing sausage-shape structures. A host tis-
sue response was not noted (Fig. 3). This result almost
agrees with the report by Jourdane and Xia (1987), who
found that sporocysts had elongated into a wall sac contain-
ing tube-shaped structure. At 12 wpe and later, many de-
generating sporocysts were found in regions 2 and 3, and
were being resorbed by accumulations of amoebocytic or
leukocytic-like cells (Fig. 4). In Biomphalaria glabrata, a
host for S. mansoni, Sullivan and Richards (1981) reported
that destroyed sporocysts were completely resorbed with
only amoebocytic accumulation. In contrast, Lo and Lee
(1995) showed that the sporocysts of S. japonicum, Han-
pao/Taiwan strain in O. h. formosana were destroyed by
leukocytosis. It need further investigations whether the de-
generation of sporocysts are caused by amebocytic or leu-
kocytic cells. Mature danghter sporocysts had formed by
the tenth and fifteenth wpe in O. h. nosophora and O. h.
chiui, respectively (Fig. 5). At 18 wpe, mature daughter
sporocysts in O. h. nosophora were recovered from 2, 3, 4,
and 5, but those in O. h. chiui were not found in region 2
and 5. At 22 wpe, mature sporocysts were observed in all
region in the snails, and the dense population of mature
sporocysts in the mid-gut region (region 5) of the snail was
noteworthy. In general, sporocysts in O. h. nosophora ma-
tured more rapidly in each region than in O. h. chiui.
Iwanaga et al. (1998) reported the most suitable host snail
for the Japanese strain of S. japonicum was O. h. nosophora,
which had a shorter cercarial maturation time and higher in-
fection rate than O. h. chiui. Cross et al. (1984) reported
that O. h. chiui was the most suitable host snail for the
Japanese strain of S. japonicum. The result was distinctly
different from the reports, which Japanese strain of S. ja-
ponicum showed higher infection rate for the Oncomelania
from its own endemic area from the results of Iwanaga
(1976a, by and De Witt (1954). The report of Cross et al.
(1984) might have been due to lack of technique used dur-
ing the period of observation. This problem is a debatable
point. In this stady, the infection rates of S. japonicum to O.
h. nosophora and O. h. chiui were 52.8% (66 of 125) and



25.3% (38 of 150), respectively, The results almost agree
with the report by Iwanaga et al. (1976 a) that snails ex-
posed with 10 or more miracidia always showed the lowest
survival and infection rates than those with fewer numbers
of miracidia.

The present results strongly suggest that there is a correla-
tion among infection rate, maturation time of cercariae, and
distribution of sporocysts in snails infected with S. japoni-
cum. Iwanaga (1997) reported the existence of different an-
tigenic structure in five subspecies of Oncomelania hupen-
sis. These physiological differences might account for the
differences noted in parasite development.

Key Words : Schistosoma japonicum, Oncomelania snails,
Sporocyst development
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