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Abstract

The susceptibility of Anopheles sinensis to the Wushereria bancrofti was examined experi-
mentally at Kin area, Okinawa Main Island with the result that the Okinawa strain
of this mosquito is fairly susceptible to the parasite, though it may have no bearing on
the spread of filariasis there in recent years because of its being not fond of human blood.
Upon comparison of the result with those of the other authors in Japan and China, it is
concluded that the susceptibility is varied with local strains and more fundamentally with
individual mosquitoes and accordingly the susceptibility of a local strain appears to depend
on the number of susceptible individuals within the population of the strain. On the other
hand, it is presumed that adaptation of the parasite to the local strain may occur under the
condition in which mosquitoes of the strain are abundant frequenting houses and feeding

readily on man.-
Introduction

Regarding the susceptibility of Anopheles
sinensis to the larvae of Wuchereria bancrofti, it
seemed to the present author that it differs
with the local strains of the species.
Mochizuki (1911) and Fujisaki (1959) working
respectively in Fukuoka and Nagasaki, Kyushu,
failed to obtain mature larvae in mosquitoes
in laboratory, while Yamada (1927) working
in. Tokyo succeeded to get mature larvae
in 18.8% of the mosquito.

On the other hand, Feng (1931) found the
mosquito being a principal natural transmitter
of filariasis due to W. banerofti in country
villages near Woosung, China, and Simpson
(1951) reported natural infection with mature.
larvae in the mosquito from the Okinawa
Main Island.

Hereupon, experiments were projected to
make clear in the laboratory the susceptibility
of the local strain to the parasite at Kin
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-zvirea, Okinawa, and also to examine the host
preference of the mosquito in nature.

The author wishes to express his sincere
appreciation to professor N. Omori for many
helpful suggestions and criticisms during the

course of this work dand for aid in the pre-
paration of the manuscript and to Dr. S.
Ito for her help in learning the laboratory
techniques.

Material, Place and Method

The mosquito, Anopheles sinensis Wiedemann,
1828 used in this experiment was reared as
adults from wild caugnt older larvae and
purae in ricefields and ditches near Kin
village which was located in the middle part
of Okinawa Main Island, the Ryukyus. The
rearing, feeding, dissecting and staining
methods followed those having been adopted

in the Department of Medical Zoology,
Nagasaki  University School of Medicine.
The donors on which the female mosquitoes
were fed were selected among the micro-
filarial carriers of bancroftian filariasis found
in the village of Kin the microfilarial preva-
lence of which were about nine percent.

Developmental stages and sub-stages of filarial larvae in the mosquito

The developmental periods for the succeeding
stages were examined at 27°C dissecting the
infected mosquitoes at adequate intervals
with the results that : In a mosquito among
262 infected ones, a larva reached the 3rd
stage (llla sub-stage) in the shortest period
of 11 days, while in other 3 mosquitoes they
reached 1lla sub-stage on the 14th day and
in some others they reached lllb sub-stage
or the infective larvae in the 14th day after
the infective blood méal. The period in
days for the Ist and 2nd stages appeared to
require 6 and 5 days in the shortest case,
while those in the other cases 7 and 6 days
respecitvely.

The Ist, 2nd, and 3rd stages were sub-
divided, for convenience, into Ia, Ib, Ic, Id;

IIa, IIb, Ilc; and IIla, IIIb sub-stages res-
pectively, after Omori (1957) as shown in
Table 1.

The 1lla sub-stage larvae are thicker and
a little shorter than [IIb sub-stage ones.
These two sub-stage larvae are said in-
clusively as the 3rd stage ones and vaguely
as mature larvae.  Strictly speaking, how-
ever, Illa larvae are less active and living
yet in the thoracic muscles of the host mos-
quito for a while, a half or a day, during
the time they become slender, very much
active and migratory, and to be called as
infective larvze. In this paper, unless other-
wise stated, IIla and IIIb sub-stage larvae
are called inclusively as the 3rd stage or
mature larvae.

The outline of infection experiments

Thirteen experiments were -carried out
during from February 6, 1965 to April 27,
1966 in our laboratory at Kin vi]lage to
examine the susceptibility of the mosquito

Sy

to the parasite. The rearing temperature-
before and after the feeding ; the number
of microfilariae per ml of each donor at the
time of feeding ; the number of mosquitoes
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Table 1 . Diagnosis of developmental stages and sub-stages
of filariae in mosquitoes
(After N. Omori, 1957)
|
Stage Substage ' BO?&’ llerr;gth i Remarks
1 a ! ©0.24-0.31 ' Microfilariae
Exsheath
b [ 0.31-0.19 ‘ Shortening and thickening take place
1 c ' 0.17-0.14-0.17 ' Shortest sausage stage
d ' 0.19-0.34 - I Elongation and thickening take place
Ist ecaysis
a ‘ 0.34-0.68
‘ Rapid elongation take place ;
|
I b ’ 0.68-1.02 three sub-stages are separated by length for
convenience
c ‘ 1.02-1.19 ‘
2nd ecdysis
1 a l 1.19-1.36 ‘ Thick and shorter, less active
b l 1.19-1.87 ‘ Thin and longer, very active
Remarks : IIla sub-stage larvae are found in the thorax which become thiner, longer and more
active in a half or a day and then migrate within the body cavity including
legs, head and proboscis. In this paper, IIla and IIIb sub-stage larvae are
denominated inclusively as the 3rd stage larvae or the mature larvae
Table 2. The susceptibility of Anopheles sinensis
to the larvae of Wuchereria bancrofti
Date of . No. Mf No. of mosquitoes
Exp. taking Rearing per ml % %
N infective temp. blood allowed infection to
o. blood o of engorged | infected | feeding
meal ¢ donor to feed the engorged
I Feb. 6, /65 27 3.167 25 10 5 40.0 50.0
I Apr. 1, 765 27 0.900 83 16 2 19.3 12.5
I Apr. 11, /65 27 2.933 30 14 11 46.7 78.6
i Apr. 25, /65| 27 3.600 140 54 49 38.6 90.7
V| Apr. 22, 765 27 2.900 20 4 2 20.0 50.0
Vi Jun. 25, 765 27 6.750 50 19 17 38.0 89.5
VI Jul. 9, 765 27 5.717 60 22 21 36.7 95.5
ult Jul. 13, 765 27 1.767 60 34 22 56.7 64.7
X Jul. 15, 765 27 1.733 30 16 12 53.3 75.0
X Dec. 3, 765 25 8.000 100 37 37 37.0 100.0
Xl Jan. 3, 766- 24 6.370 80 25 21 313 84.0
X Apr. 23, /66 | 23.0D 2.700 150 74 44 49.3 59.5
Xl Apr. 27, 766 | 232D 2.700 - 120 61 19 i 50.8 31.1
Total ‘ | ‘ 048 386 62 | 407 67.9
1) : Means of natural air temperatures




On the Susceptibility of Anopheles sinensis to the Larvae of Wuchereria bancroft:
and a Note on the Feeding Habit of the Mosquito in Kin Area, Okinawa Main Island 27

allowed to feed, engorged, and infected ; the

percentage feeding of mosquitoes; and the

percentage infection of mosquitoes to the.

.engorged are tabulated in Table 2.

The percentage feeding vafied greatly
with experiments. The variation appeared
to be related to the ages of mosquito larvae
reared in the laboratory to adults and ages
.of adult females from emergence to feeding

and some other unknown factors.

The percentage infection of mosquitoes to
the engorged was varied from 12.5% to
100.0%. The variation Seeme:i to have
intimate relation to the microfilarial count
of donors. The relation is illustrated in the
Tower Fig. of Fig. 1 which appears to
show that the percentage infection'of mos-
quitoes tecomes higher with nagative ac-
celeration with the increase in the number
of microfilarial count of the donors.

The process of development, death, and chitinization of
filarial larvae in the mosquito

As the larvae taken up by the females
-were expected to be killed or chitinized in
a great number bhefore reaching maturity,
the engorged females on the microfilarial
carriers were dissected at adequate intervals
‘to examine the process of development and
the fate of undeveloped larvae with the
Japse of time after the infective meal. The
whole experimental period during which the
dissection of mosquitoes were carried out
were subdivided into three : The first period
from the feeding to the 7th day is one in
which most larvae were in the Ist stage;
the 2nd period from the 8th to 13th day is
-one in which most of the larvae which passed
the Ist ecdysis were growing; the 3rd period
from the 14th to the 20th day is one in which
some larvae were expected to be in the 3rd
stage after passing the 2nd ecdysis. In
each experiment, the numbter of filarial
Tarvae of each sub-stage found in a group
. of mosquitoes were examined for life or
death for each period as shown in Table 3.

Before going further to explain the Table

Susceptibility of Okinawa

In mosquitoes (Table 3) dissected on from
the Ist to 7th day after the infective meal

3, some comment will be made on the process
of chitinization in the Ist stage and on the
living conditions of 2nd and 3rd stage larvae.
In the mosquitoes dissected in several days
after the infective meal, it is difficult to
make sure of the life or death of filarial
larvae, though on some days later partially
chitinized Ib or Ic and Id sub-stage larvae
become visible. With the lapse of time the
chitinization advance and the number of
larvae chitinized become larger. The process
of chitinization seems as follows : The mori-
bund lIst stage larvae in mosquitoes undergo
gradual chitinization or are covered partially
at first and entirely at last by black coating.
The larvae are naturally killed in the course
of advance in chitinization. In the case of
2nd stage larvae when killed: in mosquitoes
they gradually change in color from yellow-
ish to greyish and undergo gradual disinte-
gration for a long time. The 3rd stage larvae
are in all cases living and active in the

mosquito.

strain to the parasite

the Ist stage larvae were only found, among
which some were found Cchitinized, some
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were living, and some others were intact
‘but could not be distinguished their life or
.death.

Eighty five mosquitoes dissected on from
{he 8th to 13th day had 490 larvae of which
the Ist, 2nd, and 3rd stage ones were. res-
pectively 416, 73 and 1 in number or 84.9,
14.9, and 0.2 in percentage. About 71%- of
the Ist stage larvae were chitinized or dead
and the remainder were moribund or seemed
to die shortly.
were dead in 16.4%, while the remainer

The second stage larvae

appeared alive or virtually were moving.
A single active 3rd stage larva was found
in a mosquito dissected on the 1lth day in
Exp. IV. The akove shows that the great
majority of larvae are killed in this mos-
quito in their Ist stage, while ths 2nd stage
larvae which could pass the Ist ecdysis can
develop normally, excepting some of them
which may be killed mostly in the very early
ITa sub-stage. A mature larva which reached
Tila sub-stage was as active as in the most
suitable intermediate host, Culex pipiens fatigans
in the area at which this experiment was
carried out.

One hundred and thirty onz mosquitoes
dissected on from the 14th to 20th day had
1286 larvae of which the lst, 2nd, and 3rd
stage larvae were respectively 1130, 102,

and 54 in number or 87.9, 7.9, and 4.2 in

About 70% of the Ist stage
larvae were chitinized or dead. The per-

percentage.

centage was nearly the same as that in the
Ist stage larvae found in mosquitoes dissec-
ted on from the 8th to 13th day suggesting
that the larvae left behind in the Ist stage
must be killed even if they appeared intact
or alive at the time of the dissection. About
16% of the 2nd stage larvae were found
dead. The percentage was also nearly the

same as that found in the previous period,
and higher mortality which was found only
in the early Ila sub-stage was similar to
the previous case, suggesting that the 2nd
stage larvae can mostly develop further when
they could pass safely the Ist ecdysis. All
of 54 mature larvae were very active, some
in proboscis, some in thorax, and others in
abdomen. Throughout the whole period, the
number of infected mosquitoes and filarial
larvae found in them are totalized and the
number of larvae per mosquito are computed
for each experiment and given in the last
column of Table 3. ‘

The relation between the number of larvae
per mosquito to the microfilarial count of
the donors on which mosquitoes were fed
is illustrated in Upper Fig. of Fig. 1 which
shows that the relation appears to be linear.

To examine how many mosquitoes had the
larvae of being left behind in younger sub-
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Fig.1. Relation of the number of filariae per
infected mosquito (Upper Fig.) and that of the
percentage infection of mosquitoes against the
engorged ones (Lower Fig.), to the number

of microfilariae per ml blood of donors
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Table 4. Number of mosquitoes which had the larvae of any one of the
indicated sub-stages for the most advanced sub-stage at the time of
dissections from the 14th to 20th day after the infective meal
Exp. No. Mf per ml No. mosq. having different stage larvae
No. blood of donor I Total
b [ 1e | ra| ma| mp | me | W o| gog
v 3.600 1 0 7 3 0 o1 4 16
Vi 1.767 3 3 6
X 1.733 4 4
X 8.000 2 23 3 3 2 33
X 6.370 3 10 2 1 5 S 21
XI 2.700 14 22 5 2 1 44
Xit 2.700 1 3 1 1 I I
Total R RE I J 12 131
0
% to | o8 | 206 | s19 | o9 | 3 } 23 | 92| 1000

grand total

stages on the days of dissections carried
out on from the 14th to 20th day after the
infective meal, the number of mosquitoes
which had the larvae of any one of six sub-
stages from Ib to ITc and the 3rd stage are
presented in Table 4.

Of 131 mosquitoes, 96 (73.3%), 23 (17.5
%), and 12 (9.2%) ones had the Ist, 2nd
and 3rd stage larvae respectively. This
shows that in how many mosquitoes the
larvae are killed in their st stage especially
in the Id and Ic sub-stages. Table 4 also
shows that the numbers of mosquitoes with
1Ia, IIb, and Ilc decrease gradually, though
that of those with mature larvae become
larger suggesting that at least ITb and Ilc
sub-stage larvae shall have reached maturity
when dissections were made some days
later.

With each of 13 mosquitoes which had
active mature larvae (cf. Tables 3 and 4
at the time of dissections on from the 11th
to 20th day after the infective meal, the
number and fate of concurrently found larvae
are shown in Table 5.

Of the 105 Ist stage larvae found in 13

females shown in Table 5, 58 or 55.2% were

found chitinized and 47 or 44.8% appeared
intact or even alive at the time of dissections.
However, that the all larvae which remained
unchitinized will be killed in the Ist stage,
must be accepted by thz reason as presumed
above. Th= 2nd stage larvae were alive
and moving excepting -some dead ones es-
pecially in the early Ila sub-stage just after
the ecdysis. IIb and Ilc sub-stage larvae
were expected to reach maturity as mention-
ed above.

It is of great interest that the states of
development of the filarial larvae in mos-
quitoes were subjected to a great variation
with individual mosquitoes : In mosquitoes
No. 49 and No. 12, most larvae developed
well and majority of them reached maturity;
while in many other m_osquitoes the larvae
The
which had the

mature larvae also vaired greatly with ex-

were: killed mostly in their Ist stage.
percentage of mosquitoes

periments as shown in Table 6.

In 9 experiments shown in Table 3, the
percentage of mosquitoes with mature larvae
was zero. In only 4 experiments shown in
Table 6 some larvae could reach maturity.

However, interesting to say, the parcentages
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v

" Table &

8 .
The states of development of

P
e

“the larvae of Wuchereria bancrofti

in, Anopheles sinensis females in which one or more larvae of the 3rd stage were found
on dissection. "The number of larvae shown in parentheses shows that of
chitinized ones and-those in double parentheses does that of apparently dead omes

No. Mf per ‘:Da s after the Number of filarial larvae of each subst
Eﬁ‘p‘ ml blool()ie MI?IZq' }irnfective i Sl
0. of donor.v . blood meal b ‘ Tc ‘ Id } Ma ’ b ' Ic Ma ’ mb\Total
: 1
26 | 11 W 1 2
y 1 1 1
42 . 14 (1) (31) Ci) ) 2 1 2 8
i 3.'_60 44 14 , (‘;) %LID ((g)) ) 1 13
4 14 @| ®|an| G| 2| ! Lz
49 : 14 1 4 2 7
. 10 8
X 8.00 27 19 D ) 2 2 3 25
' 32 19 A I A I T 2 23
(ORNE))
7 19 1 1
12 19 3 11 3 7 22 46
) 2 25 2
Xt 6.37 18 19 @ 120 D 4 11 2 1 1 48
22 20 7 1 |1 2 11
2 4
25 20 @ D 1 1 8
| 270 52 | 19 ] | T ] | 1
7 67 31 20 33
Total 13 ‘ | | 1 | el @] (1 | 7 } 19 | 36 | 220
Total in each stage | 105(58 or 55,206 | 60 (9 or 15.0%) | 53 220
No. larvae per mosq. l 8.1(4.5) I 4.6 (0.7) 4.2 169

‘greatly varied with experiments ranging

from 5.3 to 23.8%. »
The above shows that in this local popu-

lation of Anopheles sinensis there existed a

few numder of mosquitoes which were

susceptible, and a small numder of those
which were moderate]y or less susceptible,
and a great majority of tho‘se’ which were
quite unsusceptible to the parasite.

Considerations on the susceptibility of Anopheles sinensis to Wuchereria bancrofti

In Japan, severalt\ aut‘hors had carried out
infection experiments to the parasite with
Anopheles sinensis but the results were not
the same and accordingly the present
- author intended to car£y out similar ex-

periments with the mosquitoes of the

same species in Okinawa. Mochizuki(1911)

carried out the experiment using:the local
strain at Fukuoka City, Kyushu. Yamada
(1927) did his experiment at Tokyo using
the Tokyo strain. Fujisaki(1959) made his
experiment with the local strain obtained
near Nagasaki, Kyushu. The present author
carried out the experiment using the local
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Table 6.

mosquitoes with mature larvae in the
experiments in which one or more mosquitoes

Variation in the percéntage of

noted that the mosquitoes found in the four
localities are not dlfferent ‘in morphology

were found baving mature larvae and therefore it may be not necessarily
Exp. | Total No. Wlf& ;Iﬁu"r/)e ﬁgf]céi appropriate to use the? term “strain” for
No. infoomoy T v | w them. However, in this report each local
popuiation is regarded for convenience as
w 49 5 10.2 different strain of the species because the
X 37 2 5.4 strains seemed different in ths susceptibili-
xi 21 5 23, ty to the parasite. The data of the four
Xt 19 1 5.3 authors are given for comparison in Table
7 (7.1 and 7.2).
Remarks : As for the sub-stage of mature larvae Tokyo strain was highest in percentages

compare Table 5.
In other nine experiments the percen-
tages were zeros.

of mosquitoes having 2nd stage and also
3rd stage or mature larvae and Okinawa

strain at Kin Village which is located at
of Okinawa Main
to be

about the middle part

Island, the Ryukyus. Here, it 1s

Table 7.

strain was next in these percentages as
shown in Table 7.1. Fukuoka strain
(Mochizuki, 1911) and Nagasaki strain

Comparison of the data of different authors on the

experimental infection of Anopheles sinensis with Wuchereria banerqfti

1

The number and percentage of mosquitoes infected

Diss- NO.‘t o Infection with Infection with | Infection with
Place ection| osquitoes % Ist stage larvae | 2nd stage larvae | mature larvae
Author of .Ir)leél()d di inf infection! ) '
Exp. 1 ftays lsst‘ dl -t d No. of (9 to the| No. of {9 to the] No. of (% to the
atter | ected) ecte mosgs. | infected| mosgs. | infected] mosgs. | infected
feeding .
Mochizuki [Fukuoka 11~13 28 23 82.1 22 95.7 1 4.3 6] 0.0
(191D
Yaémadg. Tokyo 12—19 16 16 | 100.0 15 93.8 6 37.5 3 18. 8
1927
Fué'isaki Nagasaki | 11—32 | 247 | 205 83.0 203 99.0 3 1.5 0 0.0
1959)
Present Okinawa | 14—20 | 188 ( 131 69.7 125 95. 4 32 24.4 12 9.2
author,

Remarks. The sum of the number of mosquitoes with each stage larvae becomes larger than the
number of mosquitoes infected because a single mosquito frequently has.the 1arvae of
different stages at the same time.

N

k]

2. The percentage of chitinized or dead larvae in the mosquito
Ist stage larvae 2nd stage larvae Ma‘eure larvae
Place L
Author | of |0 BOC Chitinized Chitinized | Chitinized
1niecte . —
Exp. Totall” [ “Gead | % | Totall” Geaq | B | Total" geaa | %
Mochizuki |Fukuoka 23 163 143 81.7 3 2 66.7
Yamada |Tokyo 16 203 107 52.7 46 0 0.0 12 0 0.0
Fujisaki [Nagasaki 205 634 590 [ 93.1| 5 0 0.0
Present  |Okinawa 131 1130 791 70.0 | 102 16 15.7 | 54 0 0.0
author,
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(Fuiisaki, 1959) were very much low even
in the percentage of mosquitoes with the
ond stage larvae and were zeros in that of
those with mature larvae. Particularly
speaking, however, Mochizuki found one
actively moving larvae just prior to the se-
cond ecdysis (IIc sub-stage of the present
author) and two dead larvae of being pro-
tably in IIa sub-stage in a single female
dissected 11 days after the infective meal
among 23 infected fefnales, and Fujisaki
found three very active larvae of IIc sub-
stage in a single femrale dissected 15 days
after the infective meal among 205 infected
ones. Regarding the fate of the living Iic
sub-stage larvae the two authors expected
that they shall have reached maturity if
the moscuitoes were dissected for a few
days later. The akove seems to show that
there exists no strain of Anopheles sinensis
which is perfectly unsusceptible to the
parasite although the degree of the sus-
. ceptibility is subjected to a great variation.

The percentages of mosquitoes with the

Ist stage larvae were very high in every )

strain, though those in Tokyo and Okinawa
strains appeared a little lower than in the
other two.

Rearging the fate of the great number
of larvae Jleft behind in the Ist stage till
the day of reaching or nearly reaching ma-
turity of some larvae concurrently taken up
by rnosquitoés at the initial infective blood
meal, Fujisaki (1959) made a couclusion
that the Ist stage larvae which were left
behind in that stage for a long time were
immobilized and most of them were chiti-
nized to death and the rest, even though
apreared intact at the time of dissection,
would be killed shortly. The present author

arrived at the same conclusion. Mochizuki

R

made no reference to the fate of the intact
and not chititized Ist stage larvae which
seemed to the present author to be killed
mostly in that stage shortly. However, the
result of the observation made by Yamada
(1927) was interesting to say, quite diffe-
rent from those of the others. His data
was that out of 203 Ist stage larvae, 52.7%
were chitinized or dead, 18.7% were those
to which he made no mention, and 28.6 %
were living. To the fate of the living Ist
stage larvae which were very much being
delayed in development, Yamda made no
reference and the present author can not
made any presumption about the matter.
The 2nd and mature larvae in Yamada’s
experiment were living and very active.

T hué, the 2nd stage larvae were mostly
living and expected by th= authorsvto deve-
lop further., The 3rd stage larvae were
ascertained by all of them to be very active
without exception. From the data given
in Table 7 the comparision on the suscepti-
bility of the strains will be made on the
next table. '

It is clearly seem from the table that the
susceptibility is the lowest in Nagasaki and
Fukuoka strains, while become higher in
Okinawa and highest in Tokyo starin. Thus,
the Suscepti.bilits} of Anopheles sinensis differs

clearly with local strains and moreover, as

[ % of |9% larvae %
l?trs‘rage chitinized mos.—t
. arvae quitoes
Strain Author to all 0? dead with
stage | in the |mature
larvae | Ist stage | larvae
| 0
Nagasaki ' |Fujisaki 99.2 93.1 0
Fukuoka Mochizuki| 98.2 87.7 0
Okinawa . {Uemura 87.9 70.0 9.2
Tokyo Yamada 77.8 52.7 18.8
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already mentioned, greatly with individual
mosquitoes. In other words, the susceptible
strain can be said to contain a larger number
of susceptible mosquitoes.

Cn the other hand, in nature, Feng (1931)
examined the natural infection of Anopheles
simensis in small farm villages scattered aro-
und Woosung Town near Shanghai, China.
In the villages bancroftian filariasis was en-
demic and Anopheles sinenis as well as Culex
tritaeniorhynchus were abundant frequehting
houses and biting readily on man, while
Culex pipiens seemed to be not -abundant,
In 17 such villages he caught 230 females
of An. sinensis in 54 houses and found infected
in 36 or 15.7%, of which 6 or 16.7% females
were found with mature larvae. From the
results, he concluded that in the villages A4n.
sinensgs 1S a very good natural intermediate
host of W. bancrofi. The percentage of
15.7 in natural infection with mature larvae
can be said to be vefy high for the rate in
mnature. Experimentally, he collected 67
engorged females of the mosquito in a mos-
quito-net in which a boy of bancroftian
Out of 5
females which lived for 7 to 11 days after

microfilarial carrier have slept.

the infective meal, in two females dissected
on the 11th day he found mature Jarvae and
in 3 females which died in less than 11 days
The re-
sults of Feng’s experiments seem to show

some number of 2nd stage larvae.

that the local strain he used is much more
highly susceptibfe than the Tokyo strain
which showed the highest susceptibility to
the parasite in Japan. Simpson (1951) found
4 infected mosquitoes out of 49 females of
Anopheles sinensis caught in nature and di-
ssected on the period July 13-20, 1945 at
Sedake village located in the middle part
of the Okinawa Main Island. - At that time

many rural communities (including the
Sedake villaged-along the coas%gl areas north
to middle parts of the Main Island had been
greatly overcrowded by the war refugees.
His statement is as below: “The species
was found to feed voraciously at night on
the exposed huamn population, which was
the most available source of blood meals in
the almost complete absence of domestic
animals.” In one of the 4 infected mosquitoes
he found a single mature larvae lying with-
in the proboscis. From the result of his
observation he concluded that “Anopheles
sinensis should be regarded as a possible
vector of bancroftian filariasis in Ckinawa
and neighboring islands and that under con-
ditions simi]ay to those encountered at the
time of the study, it may prove to be of
relative importance.”

"The results of examinations on the sus-
ceptibility of Anopheles sinensis to the para-
site carried out by many authors in the
laboratory and in nature, tell us that there
exists no strain of Anopheles sinensis which
is perfectly not susceptible to the parasite
although the degree of the susceptibility is
subjected to a great variation. The vari-
ation in susceptibility existing among strains
and more fundamentally among individual
mosquitoes seems innate for locality because
the variation has no connection with the
filariasis endemicity of the locality. In-
fact, Tokyo where the local strain was high-
est in susceptibility, and Nagasaki and
Fukuoka cities where the strains were
scarcely susceptible, were places where
filariasis was absent, while, Kin area (in
Okinawa) where the strain was moderately
susceptible was an area where filariasis
was moderately endemic (about 9%).

Apart from the apparently innate variation
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in the susceptibility among strains, adapta-
tion of the parasite to the local strain of
Anopheles sinensis may occur under the con-
dition in which mosqutoes of the strain

are abundant frequenting houses and readily
feeding on man as in the case of small-farm
villages near Woosung.

Host preference and epidemiological significance of

Anopheles sinensis in Kin area, Okinawa Main Island

Anopheles sinensis is the 3rd species in the
order of abundance in Kin area but it can
- be scarcely found in dwelling houses as
shown in Table 8. The species is only found

relatively large number in pigstys. The mos-

. quito, therefore, can be said to have no

significance on the epidemiology of bancrof-

tian filariasis in the area in recent years.

in a very small number in stables and in a

Table 8. Relative abundance and host preference of famale mo-quitoes
collected at Kin village, Okinawa Main Island. The catches were made one hour
after the sunset for 20 minutes by a man, once a week from June to November,

1965 usually in 3 to 6 mosquito-nets ; within 4 houses ; in a stable ; and in

2 pigstys. R.A. : Relative abundance. Mosgs. : Mosquitoes.

w In 29 mosquito-nets | In 71 dwelling Tn 26 stables ‘ In 35 pigstys
No. & in total houses in total in total in total
) R.A. No. of \ R.A. No. of | R.A. No. of [ R.A. No. of | R.A.
Species mosgs. %> mosgs. %> mosgs. | (%) mosgs. %)
C. P. fatigans 231 99.1 565 76. 4 28 6.2 8 0.7
C. tritaeniorhynchus 0 0 144 19.5 393 86 4 863 72.3.
C. vishnui 0 0 4 0.5 5 4 i 1 52 4.4
C. bitaeniorhynchus 0 0 0 0 0 0 4 0.3
C. sitiens 0 0 0 0 0 : 0 1 0.1
An. sinensis 0 0 1 0.1 5 } 1 1 140 1.7
Ar. subalbatus 0 0 18 2.4 22 4 8 27 2.3
M. uniformis 2 0.9 0 0 0 o | 66 5.5
Ae. vexans 0 0 3 0.4 2 + 0.4 31 2.6
Ae.  albopictus -0 0 5 0.7 0 0 2 0.2
Total \ 233 ‘ 100.0 740 ’ " 100.0 ‘ 455 | 100.0 1,194 | 100.0
Summary

Main Island, the Ryukyus,
February, 1965 to April, 1966.
in which the experiments were made was

Laboratory experiments were carried out during from

to examine the susceptibility of the local The village
strain of Anopheles sinensis to the larvae of

Wuchereria bancrofti at Kin village, Okinawa about mine percent inr filariasis prevalence.



36 Shoei UEMURA

The infection rate of mosquitoes appeared
to become higher with negative acceleration
with the increase in microfilarial count of
donors, while the number of filariae. per in-
fected . mosquito appeared to increase pro-
portionally with the increase in microfilarial
count. ‘

Of 131 mosquitoes dissected on from the
14th to 20th day after ths infective meal,
96 (73.3%), 23 (17.5%), and 12 (9.2%) ones
respectively had the Ist, 2nd, and 3rd staze
Of 1285 larvae found in the 131
mosquitoes, the Ist stage, 2nd stage, and 3rd

larvae.

stage or mature larvae were respectively
1130 (87.9), 102 (7.9, and 54 (4.2) in
number and percentage.

About 70% of the Ist stage larvae were
found chitinized or dead and the remainder
seemed to be killed shortly. About 169 of
the 2nd stage larvae were found dead at
early Ila sub-stage, while th= remainder
seemed to develop further and at least 1lb
:and IIc sub-stage larvae were expected to
reach maturity. The 3rd stage larvae i. e.
‘mature larvae were living and very active
in every case. The percentage of mosquitoes
infected with mature larvae was 9.2% in
an average as stated above but it varied
greatly with experiments ranging from zero
to 23.8 percent, and moreover, detailed ex-

aminations showed that the local strain
which was used.in the preseﬂt experiments
was consisted of a few number oi mosqui-
toes which were highly susceptible, and
some number of those which were moder-
ately or Jess susceptible, and a great majority
of those which were quite unsusceptible to
the parasite.

When compared the present data with
those by other Japanese authors, it seemed
that there exists no strain which was par-
fectly unsuszeptible to the parasite, although
the degree of the susceptibility was sub-
jected to a great variation with strains.
The wvariation in sus:éptibility existing
among strains and more fundamentally among
individual mosquitoes seemed innate for each
local strain or individual mosquito because
the variationvhai n> connection wita the
filariasis endemicity of the locality.

Apart from the innate variation in the
susceptibility among strains, adaptation of
the parasite to the local strain may occur
under the condition in which mosquitoes of
the strain are abundant frequenting houses
ani biting readily on man, as in farm villa-
ges near Woosung, China where Feng (1931)
had proved Anopheles sinensis to be an impor-
tant vector mosquito of bancroftian filariasis
there.
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DEPIEL > TEDLNEEDELZS.

SRHAF T DK strain OWIMRIFIEL TR TR, REEKKREL TR, aHET7H4Th, £
244 THRIROTENY, ARRTHIBACRES NFRICBIENTRE BRTERYL, BNGTET
B/NETRAR D REINBREROT, Astrain BEBNICIE, vYF L5 0L TR, PREOKZME
DOHBHDTHEBEFEMCI, P ETRTRLCHBLRESBNDEELN S,

AEBMEEAEA (1911) , IhE (1927) ., RUEE (1959) OREBOKE & Mgk 2 &, Rk HRE
BRORIEAGERD, BB (EBOFERAL /- strain TRANGETH 308, ZE GHE) OEARZ 9.2%,
WHE GER) DIEAI3EIC18. 8% TH 5. AR UMIKIZ205@A DR G 1 iz, BH1323 @ikdho 1 ik
© BGGHICE BRI D e OXKRGEEZFRRAL TEY, KARICHB T ERBGRIZE 27D TR

MERNRTNBE £EZ B & Anopheles sinensis (CITRZ D4 L strain FHHERNESICEHLNS.

Z QS DORE iistrin it X T, BICEAMICRBEKIC L >~ TEL L BiX A%, strain BORSEHED

BEIZZOD strain [CHETHAHIEEZONE, ERO0DIE, CORZHRDBBIITOM Fichrd7 «

7 ) 7T ORRRORER L IFTHIBEREE RO ONTL5TH B,

BEHOFENZOLMOD strain KEETHEEE SFELREFBIC, RE3HAFTLZDOLIHMD strain D

HEBOBAT, BBEENRL, FATALORMT AL SBEETTIE 747 U 7R BZD strain jcxflL
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