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Pilot Experiments in the Control of
Bancroftian Filariasis in Japan and Ryukyu*
MANABU SASA, M.D. 1
In this paper the author reviews the literature on the distribution and epidemiology of
filariasis in Japan and discusses the extensive programme of research on the disease that
is at present being carried out there. As part of this programme, comparative pilot experiments were started in 1958, in several areas of differing filariasis endemicity, with the
object of determining the most effective and economical methods for preventing and treating
the disease. The results so far obtained from these pilot experiments, which are still in
progress, suggest that a close approach to the eradication of filariasis from the endemic
areas could be reached through the administration of diethylcarbamazine at a suitable dosage
to microfilaria carriers and the simultaneous application of control measures against the
vector mosquitos.

Filariasis is a disease that has interested Japanese
workers for many years, as the large number of
works on this subject published in Japanese medical
periodicals before 1957 bears witness (Sasa, Hayashi
& Sato, 1958). Before the Second World War, no
successful attempts at the regional control of endemic
filariasis in Japan had been made, but in 1952 a systematic and co-operative research programme was
undertaken by Japanese scientists. This work was
aided from the start by grants from the Japanese
Ministry of Education and, since April 1961, has been
further supported by a grant from the Public Health
Service of the United States Department of Health,
Education, and Welfare. The successful results obtained in these pilot experiments in Japan and in
similar experiments elsewhere have encouraged the
Japanese Government to sponsor the control project,
and the budget for a nation-wide programme, through
which further valuable information will be accumulated, was approved in 1962.
To date, two species of human filariae have been
reported from Japan- Wuchereria bancrofti (Cobbold, 1877) and Brugia malayi (Brug, 1927). The
latter species was found by Sasa et al. (1952) to be
endemic only among a group of some 170 people in
* This work was supported by Public Health Research
Grant E-3328 from the National Institute of Allergy and
Infectious Diseases, Public Health Service, United States
Department of Health, Education, and Welfare.
1 Professor and Chief, Department of Parasitology,
Institute for Infectious Diseases, University of Tokyo, Japan.
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Hachijo-koshima Island in the Pacific south ofTokyo.
The former species, on the other hand, is widely
distributed in three of the four main islands of Japan
and their adjacent dependencies, its northern limit
of endemicity being Aomori at the latitude of about
410 N. The epidemiological characteristics of filariasis in Japan have clearly been demonstrated from
reviews of the Japanese literature pertaining to case
reports and epidemiological surveys made by Sasa &
Hayashi (1953) and, more recently, by Sasa (1962).
From these data, it is estimated that in northern and
central Japan bancroftian filariasis has a sporadic
distribution of low density, being restricted to some
isolated rural communities or community-groups,
whereas in south-western Japan it is more or less
evenly distributed with a higher density. For
example, in Kagoshima Prefecture, which includes
some 2.5 million people and covers the southern
part of Kyushu and a number of small islands in the
south, the results of previous surveys reported in the
literature often showed that more than 10% of the
entire population exhibited some signs of filarial
infection. Even higher rates have been reported
from Okinawa, which is further south and has a
population of nearly one million. Saigo (1939)
carried out a survey of filariasis among 7766 people
in Okinawa and found positive rates of 14.24% for
microfilaraemia, 11.14% for fever attacks, 1.07 % for
chyluria and 1.94 % for elephantiasis. The only
nation-wide survey of filariasis so far made in Japan
was that reported by Rikugunsho-Imukyoku (Sur-
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geon General, Ministry of Defence, Japan) in 1912,
in which 2090 or 1.86% of 112 353 soldiers recruited
from all over Japan were found to be positive for
microfilariae on blood examination.
METHODS

Blood surveys
In our pilot experiments, the detection of microfilaria carriers was carried out in each village by
examining the blood of the entire population aged
over 1 year. Between 9 p.m. and midnight, blood
samples were drawn from the ear lobe through a
30-mm3 pipette, graduated at 10-mm3 intervals, and
three linear smears, each consisting of 10 mm3, were
prepared per person on a slide. For convenience in
transportation and staining, the slides were arranged
in pairs, with the blood films facing outwards, and
were then made up into bundles of some 30 slides
each, the pairs of slides being separated from one
*another by two rubber cords (one at each end) and
fixed with plastic tape.
Before being stained, the blood samples were
dehaemoglobinized by immersing the bundles of
slides in tap water. Staining was usually effected by
soaking the bundles for about an hour in 5 % Giemsa
solution buffered to pH 7.8-8.0 and then immersing
them in 0.1 % acetic acid solution for half a minute.
After being rinsed in water the slides were dried
either in bundles or spread out on paper.
In the microscopic examination of the specimens,
linear smears were found to be more convenient for
counting the microffilariae than circular smears. The
reason for making three separate 10-mm3 smears per
person was that in this way we could obtain more
information for epidemiological analysis, such as,
for example, the value of the maximum likelihood
estimate of the rate of detection of microfilariae from
a 10-mm3 smear and of the potential carrier rate of
the population (see page 447). Staining in alkaline
Giemsa solution, followed by differentiation in dilute
acetic acid, makes the microfilariae more easily
detectable than simple Giemsa staining.
In certain special cases, methods of concentrating
the microfilariae from larger blood samples were also
used in the detection of carriers. Among the various
methods tested so far, the following two devised by
us are recommended.

the volume of a solution of 20 % methanol and 500
Giemsa stain in water is added to and thoroughly
mixed with the sediment, and the mixture is allowed
to stand for about half an hour. The red blood cells
are immediately dehaemoglobinized and the microfilariae, which are stained by the solution, are
concentrated in the small amount of sediment
obtained by centrifuging at 1500 r.p.m. for about
10 minutes.
Freezing method. In this method, haemolysis is
effected by freezing the sediment of blood cells
instead of by the addition of methanol solution. The
tubes are placed in a mixture of ice and salt in the
ratio of 3: 1 for about 10 minutes. The sediment is
then redissolved in about five times the volume of
normal saline and the solution is centrifuged.
Microfilariae, usually alive and active, may be
detected in the sediment. Excellent stained specimens
may also be made by fixing the desiccated sediment
on a slide with pure methanol and adding diluted
Giemsa solution or by Wright's staining method.
Clinical surveys
Two methods were used direct examination of
the people and collection of clinical records from
local physicians. In areas where hospital facilities
are well distributed, such as in Ehime Prefecture, the
latter method provided satisfactory information on
the distribution of endemic areas and on the characteristics of the clinical manifestations. Individual
inquiries and examinations were also made in our
experimental areas.

Entomological surveys
Basic observations on mosquito species, densities
and bionomics were made in our experimental areas.
Trials to develop more efficient methods for the
collection of adult mosquitos were carried out in
the field and in the laboratory. In addition to the
customary methods using sucking-tubes, light-traps
and animal traps, a method using dry-ice and
mosquito nets was employed and proved to be most
efficient in some areas, though its use was naturally
restricted to places where dry-ice was available.
Takeda et al. (1962) reported that several thousands
of mosquitos could be collected in the suburbs of
Tokyo in a single night by means of this dry-ice trap,
which was constructed as follows. A nylon mosquitoMethanol method. 1-3 ml of blood is drawn into a net, about 2 m square and 2 m in height, was set up
syringe containing an anticoagulant, such as 100% in a yard surrounded by rice-fields, and a jar conpotassium succinate or 3.80% sodium citrate. After taining about 1 kg of dry-ice was placed on the
removal of the serum by centrifugation, five times ground near the centre of the net. On one side of
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the mosquito net, a small opening, about 30 cm in
height from the ground and 50 cm in length,
was made to enable the mosquitos to enter. The
activity of the mosquitos was greatest soon after
sunset, when large numbers of females, attracted
to the carbon dioxide source, entered the trap
through the small opening and could be collected
with sucking-tubes.
Dissections of naturally caught mosquitos for the
detection of filarial larvae were carried out by the
routine techniques. The results reported by Omori
(1962) from Nagasaki and by Yamamoto (1962)
from Amami showed that Culex pipiens s.l. was
the most important natural vector and that other
species appeared to be of minor, if any, practical
importance. In view of these results, our investigations on the bionomics and insecticide-resistance of
mosquitos were directed mainly to this species.
Laboratory colonies of a number of strains of
Culex pipiens s.l. collected from the experimental
areas in Amami, Ryukyu and Ehime have been
established in our laboratory in Tokyo, and basic
studies on taxonomy, bionomics, genetics and
insecticide-resistance are in progress. It has been
elucidated that the species distributed in Japan and
formerly regarded as belonging to the single subspecies C. pipiens pallens is no longer a homogeneous
colony, but consists of a number of forms with
different morphological, bionomic and genetic
characteristics which may conventionally be designated pipiens, pallens, vagans, fatigans and molestus, though hybrids of these forms may also be
produced.

Insecticide-resistance surveys
In order to obtain basic information on the
effectiveness of insecticides against the vector
mosquitos, methods for testing the susceptibility or
resistance of larvae and adults to various insecticides
were developed. With C. pipiens s.l., the test methods
recommended by the WHO Expert Committee on
Insecticides for anopheline mosquitos were only
partly successful because of the generally high resistance of this mosquito, and the introduction of
various new or modified methods, as reported by
Mitzutani & Suzuki (1962), became necessary.
EPIDEMIOLOGICAL OBSERVATIONS

Microfilarial survey
Our experimental areas were selected from four
prefectures in south-west Japan-Ehime, Nagasaki,

Kagoshima and Okinawa. The first two areas are on
or near the mainland of Japan and represent zones
of low to medium bancroftian filariasis endemicity,
while the last two are situated further south, in a
region of much higher endemicity. The results of
blood surveys carried out during the period 1958-61
are shown in Table 1.
TABLE 1
CARRIER RATES AND AVERAGE MICROFILARIAL
COUNTS OBTAINED IN BLOOD SURVEYS IN THE PERIOD
1958-61

District

~
Average
No.No.
ofofCarrier microNo. of
No. of
filarial
rate
villages people
filaria
(%)
count per
surveyed examined carriers
carriers
30 mm3

Ehime

23

13 056

215

1.65

Nagasaki

11

13 530

957

7.07

Amami
Okinawa
Sakishima

18
4

5 873

733

12.5

2 000

207

3

617

138

10.4
22.4

13.83
-a

44.49
19.98

81.83

a The surveys in Nagasaki were made by Katamine and
associates (unpublished data) by a non-quantitative method.

Table 2 shows the age distribution of microfilaria
infection rates in the districts surveyed. , It seems
that, in general, the rates increase with age up to a
certain age-group, and then remain at almost the
same level. A marked difference can be seen,
however, between the age-distribution pattern in
Ehime (the area of lowest endemicity) and that in
Okinawa (the area of highest endemicity). In Ehime,
the microfilaria rate increases steadily with age up
to the age-group 50-59 years and the rates in the
oldest age-groups are more than twice as high as
the average rate, while in Okinawa the rate stops
increasing at a much younger age (20-29 years) and
thereafter remains at almost the same level, which is
not much higher than the average.
As an aid to the drawing up of work schedules for
blood surveys, the programme of work carried out
in Ehime Prefecture is shown in Table 3. In 1958,
for example, two villages with a registered total
population of 2082 were surveyed, blood samples
being taken from 2050 people (98.5 %)-a figure that
represented almost the entire population present in
the villages on the three days of the survey. Nine
technicians were engaged in the blood sampling,
which was carried out each night between 9 p.m.
4
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TABLE 2
AGE DISTRIBUTION OF MICROFILARIA INFECTION RATES IN THE DISTRICTS SURVEYED

ge-g

(years)

ro

Ehime a
upNo.
Percentage
examined
positive
0.0

30-39
40-49
50-59
60 and over

978
1 674
1 707
632
1 021
1 233
1 029
914
1 262

Total

10450

04
5-9
10-14
15-19
20-29

a

b
c

Nagasaki b
No.
Percentage
examined
positive

e

2.3 e

2 74sf

5.9!
8.7

3.0
3.4
3.2

1 591
1 180
1 076
868
688

1.51

8934

0.4

0.5
0.6
1.4
1.6

753

Amami c
No.
Percentage
examined
positive
353
1 254
1 388
521
320

2.3
6.9
12.5
17.7
19.4

1 027

18.5

416
322
310

18.3
32.0
26.4

893
765
631

18.1
18.6
18.4

362

26.2

436

20.2

5246

14.16

7766

7.7

8.2
10.8
11.3
7.56

Okinawa d
No.
Percentage
examined
positive

1965 e

6.5 e

2 047f

13.7!

14.24

d Data from Saigo (1939).
e Figures relate to the age-group 0-9 years.

Data from Shimono (1961).
Unpublished data from Katamine and associates.
Data from Sasa et al. (1953).

f Figuresrelatetotheage-group10-19years.

and midnight, and an average of 75.9 people were
examined per technician per night. Over the years
the schedule has gradually been enlarged, but the
proportion of the population examined has dropped
considerably with the coverage of larger areas. The
number of people examined per technician per night
has fluctuated for various reasons, such as differences
in the length of time spent in sampling per night, in
the grade of training of the technicians, and in the

number of people who turned up at the appointed
times, but on the average each technician examined
about 70 people per night, which seemed to be a
reasonable number. With our technique of taking
three 10-mm3 blood smears per person, trained
technicians were able to prepare the slide specimens
from at least 50 persons per hour, i.e., from more
than 100 per night, if the work was properly organized.

TABLE 3
PROGRAMME OF BLOOD-SAMPLING CARRIED OUT IN EHIME PREFECTURE

Year

No.
of villages
surveyed

Total
population

No.
of people
examined

Percentage
examined

No. of days
spent

No.
of technicians
participating

2050

98.5

3

9

No.
of people
examined
per day

per technician

6 361

94.6

7

15

10

2082
6 722
9 035

6 395

5

14

20

11 986

8066

70.8
67.3

7

18

75.9
60.6
91.4
64.0

29825

22872

76.7

-

-

73.0

1958
1959
1960
1961

Total

38

2

6

j

j
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TABLE 4
CLINICAL MANIFESTATIONS OF FILARIASIS IN THE DISTRICTS SURVEYED
District

Fever attacks
No.

Aomori a
Ehime b
Nagasaki c
Okinawa d
a

%

Chyluria
No.

Elephantiasis

%

No.

%

'Hydrocele

Total

No.

%

No.

%

0

0

7

77.8

0

0

2

22.1

9

100

2

1.8

103

91.2

4

3.5

4

3.5

331

66.3
78.7

27

5.4

14

2.8

127

25.5

113
499

100
100

83

7.6

151

13.7

-

-

1 099

100

865

Data from Sasa et al. (1953).

b Data from Shimono (1961).

Clinical manifestations
As reported by Sasa & Hayashi (1953) and by
Kitamura & Katamine (1953), there is much published work on clinical filariasis in various regions of
Japan. The symptoms associated with bancroftian
filariasis are extremely variable, but the disease may
be roughly classified into three stages-subclinical,
acute and chronic. A long period, ranging from
two or three to more than ten years, of so-called
" incubation" seems to precede the appearance of
clinical symptoms; during this period people may
harbour large numbers of the parasites witbout
having any recognizable symptoms of illness. For
example, a 13-year-old girl in Ryukyu, examined
by the author, harboured as many as 1357 microfilariae in a 30-mm3 blood sample, but was apparently quite healthy and no swellings of lymph
nodules could be detected. In the acute stage, the
patients suffer from repeated fever attacks, often
associated with lymphangitis. The chronic stage is
represented by various conditions, such as elephantiasis, hydrocele, chyluria or permanent swellings of
lymph nodules, all of which may or may not follow
the acute stage. The percentages of the various
clinical manifestations recorded from several endemic
areas are shown in Table 4.
It should be noted here that the type of clinical
manifestations most frequently encountered differs
considerably in different districts, according to the
density of infection in the area. In highly endemic
regions such as Okinawa or Amami, acute symptoms
associated with fever attacks are fairly common
among the people, and elephantiasis of the legs is
one of the common chronic manifestations. In areas
of lower endemicity, such as Aomori and Ehime,

c

Unpublished data from Katamine and associates.

d Data from Saigo (1939).

cases in the acute stage are extremely rare, and the
most common chronic manifestation encountered is
chyluria, which usually commences suddenly without
any previous signs of filarial attacks. In our experience, treatment with diethylcarbamazine is
highly effective in curing patients in the acute or
incubation stages and in preventing the development
of chronic symptoms, but often fails to cure or even
to ameliorate the condition of sufferers from the
chronic syndrome; hence the need for applying
preventive measures to the entire population in
endemic areas should be emphasized.
One of the important aspects of filariasis epidemiology is that the patients with chronic clinical
manifestations, such as elephantiasis or chyluria,
often turn out to be negative for microfilaraemia.
As shown in Table 5, it was recognized by some of
the early Japanese workers that the microfilaria
rate for the apparently healthy population was
usually higher than that for the people with elephantiasis in the same areas.
A mathematical study of the mode of development
of bancroftian and malayan filariasis in Japan based
on our observations was made by Hayashi (1962),
who applied Muench's concept of catalytic models
in epidemiology (Muench, 1959) to this field and
estimated that the average incubation periods for the
development of clinical manifestations of bancroftian
filariasis in Amami were 4.59 years for fever attacks,
7.24 years for chronic lymphangitis, 8.13 years for
chyluria, 7.44 years for hydrocele and 17.22 years for
elephantiasis, while for malayan filariasis in Hachijokoshima the average incubation period was only
0.34 year for the initial fever attack but was as long
as 26.12 years for the development of elephantiasis.
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TABLE 5
COMPARISON OF MICROFILARIA RATES OF PEOPLE WITH AND OF PEOPLE WITHOUT ELEPHANTIASIS
IN THE SAME ENDEMIC AREAS a
Area surveyed

No.
examined

People with elephantiasis
Percentage
No.
positive

positive

People without elephantiasis
Percentage
No.
No.
positive
examined
positive

121
40
30

38.4
36.0
24.8

121

34

28.1

1 393

396

28.4

Amakusa
Kagoshima
Kagoshima

218
156
78

39

17.9

29

18.6

315
111

11

14.1

121

Amakusa
Kagoshima

28

8

28.6

275

41

14.9

a

Data compiled by Sasa & Hayashi (1953).

Role of mosquitos as vectors
Studies pertaining to the role of various mosquito
species as vectors or intermediate hosts of Wuchereria
bancrofti in Japan have been reviewed recently by
Omori (1962), and additional information accumulated by us from the experimental areas in Amami
has been reported by Yamamoto (1962). In all, in
our survey in Amami, 20 species of mosquitos were
identified. The numbers of female mosquitos
collected by sucking-tubes or by light-traps and
examined for filarial larvae in 1961 were 1201 Culex
pipiens s.l., 851 Culex tritaeniorhynchus, 432 Anopheles sinensis, 172 Armigeres subalbatus, 13 Aedes
albopictus, 12 Culex bitaeniorhynchus and 1 Culex
vorax. The numbers positive for any stage of larval
Wuchereria bancrofti were 69 (5.7%) Culex pipiens
s.l., 1 (0.1 %) Culex tritaeniorhynchus and 2 (0.5%)
Anopheles sinensis; all the other mosquitos examined
were negative. Infective-stage larvae were found
only in 17 (1.5 %) Culex pipiens s.l. From the
previous reports, as well as from the results quoted
above, there are good reasons to assume that the
most important natural vector of bancroftian
filariasis in Japan is Culex pipiens s.l., though some
other species may play minor roles in its transmission
in certain areas.

malayan filariasis in Koshima and by Sato et al.
(1952) against bancroftian filariasis in Kagoshima.
Both its remarkable effect on filarial infections and
its tendency to give rise to side-effects (severe fever)
in the initial stage of treatment were soon recognized
by various workers. The early Japanese trials of
diethylcarbamazine for the control of malayan and
bancroftian filariasis in endemic areas were on a
small scale; in 1958, however, the more extensive
use of the drug under systematic schedules was
undertaken by members of the Filariasis Control
Research Committee. Comparative studies were
designed to determine the most economical and
effective schedule of administration. Some of the
results were reported by Sasa et al. (1959, 1960), and
additional information has also been accumulated.
Our pilot experiments were carried out in some thirty
villages of Ehime, Amami, Ryukyu and Nagasaki,
various systems of drug administration being applied.
In all these experimental areas, the blood of the
microfilaria carriers was repeatedly examined during
and after the course of treatment. With a few
exceptions, where the drug was administered to all
the members of the community, treatment was given
only to people who showed microfilaraemia at the
previous blood survey.

Efficacy of various treatment schedules
For convenience, it was assumed that 100 mg of
Use of diethylcarbamazine
diethylcarbamazine would correspond to a dose
At present, the only chemotherapeutic drug of level of 2 mg/kg for adults over 15 years of age,
practical value against filarial infection is diethyl- 75 mg would correspond to the same dose level for
carbamazine (Hawking, 1962). This drug was the age-group 12-15 years, and 50 mg for children
first used in Japan by Sasa et al. (1952) against under 12 years of age. In order to avoid the severe
ANTIFILARIAL MEASURES
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febrile reactions often encountered in the first few
days of diethylcarbamazine therapy, treatment was
usually started with the relatively small dose of
2 mg/kg once a day, and larger doses were administered later. The preparation used was Supatonin
(Tanabe Seiyaku Co.), which could be obtained
either in tablet form (50 mg of diethylcarbamazine
citrate per tablet) or in the form of a water-soluble
orangeade powder easily swallowed by infants.
In 1958, in the initial stage of our study, we made
comparative observations of the effects of relatively
small total doses given at daily, weekly and monthly
intervals. It was soon realized that a small dose,
such as 2 mg/kg per day, was effective in reducing
the microfilarial count at each administration for
the first few days. But when administration of this
daily dose was continued for 10 or more days, up to
total doses of 20-30 mg/kg, the marked reduction in
the average microfilarial count (to almost 50% of
the initial level) observed during the first few days
was not maintained in the latter half of the course;
a few months after the suspension of drug administration, the average microfilarial count was found
to have increased to more than 10 % of the initial
level. However, administration of further small daily
doses after a certain period again proved as effective
as the initial treatment. By contrast, the same small
doses (2 mg/kg) were found to reduce the microfilarial count much more slowly when administered
at weekly or monthly intervals than when given
daily, but the carrier rates and microfilarial counts
at the end of the course were much lower than after
the short-period system. It was, however, found
that, even with the long-interval treatment, the
carrier rates and microfilarial counts tended to
increase after the cessation of treatment if the total
doses were insufficient. In summary, the same total
doses of 20-30 mg/kg seemed to give better results
when administered over a long period than when
concentrated within a short period, though the rate
of reduction of the microfilarial count was lower.
In view of this experience that eradication of
microfilaria carriers from an area could not be
expected with such small total doses as 20-30 mg/kg,
similar comparative tests on higher doses were
started in 1959. The schedules were classified into
three types: the short-period system (S), in which the
drug was administered once a day for successive
days; the long-interval system (L), in which the drug
was given at weekly or monthly intervals (as recommended by Kessel (1957) for non-periodic
bancroftian filariasis and by Edeson & Wharton
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(1 958) for malayan filariasis); and the combined
system (C), in which the drug was administered daily
at the start and later at weekly or monthly intervals.
Emphasis was laid on the application of the lastmentioned system since it seemed to cover the
advantages and avoid the disadvantages of the other
two systems.
The results obtained in 1958 and 1959 have been
reported in detail by Sasa et al. (1959, 1960), and
are given in outline, together with those obtained
in 1960 and 1961, in Table 6. From this table it can
be seen, for example, that the short-period system
with a total dose of 20 mg/kg (S-1) reduced the
average microfilarial count of 67 microfilaria
carriers in Daikuma village to 11.6 % of its original
level, but 76.1 % of the initially positive people were
still positive on examination 4 months after the start
of treatment. The short-period system with higher
total doses, such as 63 and 72 mg/kg (S-3 and S-4,
respectively), effected much greater reductions in
the microfilarial counts as well as in the carrier
rates, but some of the people still failed to become
negative.
As to the long-interval system (monthly or weekly
doses), only the results obtained with a small total
dose (20 mg/kg) are shown in Table 6; but the efficacy
of this system with higher total doses, such as 72 mg/
kg, has already been established by Kessel (1957) and
by Edeson & Wharton (1958). The combined system
(daily doses for about a week followed by weekly or
monthly doses) gave results that were, on the whole,
better than those obtained by the short-period
system with the same total dose. As can be seen in
Table 6, in the groups which received total doses of
more than 63 mg/kg all or most of the people were
negative on examination several months later. As
was reported by Sasa et al. (1960) and Shimono
(1961), daily courses of the drug repeated two or
more times at intervals of several months, up to total
doses of 50-130 mg/kg, were also effective in eradicating the microfilariae, and this system was sometimes
easier to apply than the weekly or monthly system.
Table 7 shows results of observations on the same
lines made in Ryukyu by the author and his associates in 1960. In the short-period system applied at
Maesato village, 23 microfilaria carriers received
daily doses of 2 mg/kg for 3 days and 6 mg/kg for
the following 11 days (72 mg/kg in total); as a result
of this treatment, only 15 of the 23 carriers became
negative, but the average microfilarial count after
4 months was reduced to 2.8 % of that before
treatment. The effects were less satisfactory with
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TABLE 6
EFFICACY OF VARIOUS SCHEDULES OF DIETHYLCARBAMAZINE ADMINISTRATION IN REDUCING
THE AVERAGE MICROFILARIAL COUNTS AND POSITIVE RATES OF MICROFILARIA CARRIERS

Average

System
of drug
administration a

Village

S-1

Daikuma

Amami

Noshima
Ariya
Nakakachi
Misaki

Nagasaki
Amami

Shionashi
Maesato
Kunetsu
Koniya

Ehime

63

Ryukyu
Amami
Amami

72
to

to

go

S-2
of

if

S-3
S-4
to

..

Distrit
District

Total dose

I(mg/kg)

No.
of carriers
treated

Re suits of treatment

microfilarial
count per
30 mm3
before
treatment

Period after
treatment b
(months)

Relative
microfilarial
count (%) c

Positive
rate of
carriers

(%) d

20

67

71.0

4

11.6

76.1

..

14

4.9

2

11.7

54.6

30

21

34.4

4

12.4

66.7

Amami

23

27.9

4

4.3

52.2

Ehime

32

13.5

4

5.0

41.7

18

18.7

4

1.9

16.7

23

87.5

3

2.8

34.8

38

42.9

4

1.4

25.0

67

19.9

5

0.2

2.2

L-1

Yaburoki

Nagasaki

20

30

23.3

12

7.2

63.3

L-2

Oshima

Nagasaki

20

26

16.6

4

9.0

38.4

C-1

Amonoko
Sato
Misaki
Ohama
Koniya-A
Atetsu

44.2

C-2
..

C-3
Co
of

of

of

C-4
..

Katetsu
Koniya-B
Tean
Seisui

Amami

30

52

92.4

12

1.8

Amami

63

44

16.5

12

0

0

Ehime

72
72

21

4

0.1

19.0

Amami

20

16.7
114.5
22.7

Ryukyu

32

3

0

0

8

0.2

5.0

Amami

63

66.6

4

0.2

10.0

Amami

59

36.8

5

1.1

11.5

Amami

43

30.7

6

0.01

2.9

72

26

61.2

8

0

0

of

33

19.4

8

0

0

Amami
Amami

S = short-period system; L = long-interval system; C = combined system.
S-1: 2 mg/kg once a day for 10 days; S-2: 2 mg/kg once a day for the first 5 days and 4 mg/kg once a day for the next 5 days;
S-3: 1 mg/kg on the first day, 2 mg/kg on the second day, and 6 mg/kg once a day for the following 10 days; S-4: 2 mg/kg once a
day for 3 days and 6 mg/kg once a day for the following 11 days.
L-1: 2 mg/kg once a week for 10 weeks; L-2: 2 mg/kg once a month for 10 months.
C-1: 2 mg/kg once a day for 5 days, followed by 10 doses of 2 mg/kg at 10-day intervals; C-2: 1 mg/kg on the first day, 2 mg/kg
on the second day, 6 mg/kg on the following 3 days, 6 mg/kg once a week for 5 weeks, and 6 mg/kg once a month for 2 months;
C-3: 2 mg/kg once a day for the first 3 days and 6 mg/kg once a day for the next 3 days, followed by 6 mg/kg once a week for 8 weeks;
C-4: 2 mg/kg once a day for the first 3 days and 6 mg/kg once a day for the next 3 days, followed by 6 mg/kg once a month for
8 months.
b Period between the start of treatment and the date of examination of the blood after treatment.
c Calculated by dividing the average microfilarial count after treatment by that before treatment and multiplying by 100.
d Calculated by dividing the number of persons still positive after treatment by the total number of former carriers examined
after treatment and multiplying by 100.
a
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TABLE 7
EFFECTS OF VARIOUS SCHEDULES OF DIETHYLCARBAMAZINE ADMINISTRATION ON POSITIVE RATES
AND AVERAGE MICROFILARIAL COUNTS OF CARRIERS IN YAEYAMA, RYUKYU, 1960
No. of

Total
doee
Total/dos

formerir

carriers

~examined

72

50-69
30-49
10-29

a

23
13
9
6

72

32

30-49

12

No. negative

Percentage
negative

Average microfilarial count
After
Before
treatment
treatment

Short-period system (daily administration)
87.5
15
65
58.2
6
46
2
22
67.7
17
45.3
Combined system (daily and weekly administration)
100
32
114.5
0
0
99.6

Relative
microfilarial
count (%) a

2.5

2.8

1.9

3.3

3.7

16.3

5.4
36.0

0

0

4.0

4.0

Calculated by dividing the average microfilarial count after treatment by that before treatment and multiplying by 100.

smaller total doses. The combined system, starting
with daily doses of 2 mg/kg for 3 days and 6 mg/kg
for the next 3 days and continuing with weekly doses
of 6 mg/kg for 8 weeks, gave excellent results;
32 microfilaria carriers who received the full total
dose of 72 mg/kg were all found to be negative on
re-examination 4 months later. On the other hand,
12 carriers whose treatment by the combined system
was stopped at total doses between 30 and 49 mg/kg
were found to be still harbouring microfilariae,
though their average microfilarial count was much
lower.
Effects of selective treatment on carrier rates for the
whole community
For several reasons, our filariasis control programme in a given community was usually designed
according to the selective treatment principle, drug
administration being confined to the microfilaria
carriers instead of being applied to the whole
population. This system obviously suffered from
the disadvantage that some potential microfilaria
carriers might be excluded from treatment, but a
fairly close approach to eradication could be attained
by repeated blood surveys followed by treatment of
the positives. As can be seen in Table 8, remarkable
reductions in microfilaria rates were seen at each
blood survey of the villages. In Aminoko village,
for example, 30.3% of the 241 people examined
were positive at the initial survey; all 73 positives,
but none of the negatives, were treated with diethyl-

carbamazine under the daily dose of 2 mg/kg for
5 successive days and for 10 times at 10-day intervals.
At the second blood survey of the village, one year
later, 29 of the 149 people examined were positive-a
carrier rate of 19.5%; of the 52 people who had
been positive at the first survey 23 (44.2%) were
still positive, while of the 97 people who had been
negative at the first survey 6 (6.2%) had become
positive. By repeating the additional treatment of
the positives and the blood surveys of the village,
the carrier rate for the community was further
reduced; at the fourth survey, about two-and-a-half
years after the start of the control programme, only
2 out of 120 people (1.7%) were found to be harbouring microfilariae.
In villages where treatment with larger total doses
was given, the carrier rates were reduced more
rapidly and a closer approach to eradication was
attained. At the third survey in Sato-A village,
where selective treatment of the positives was
carried out with total doses of 63 mg/kg, all of the
former carriers examined proved to be negative and
only one new carrier was detected, the carrier rate
for the community thus having been reduced from
19.6% to 0.7% in 8 months. In Sato-B village,
where the drug (in total doses of 63 mg/kg) was
administered to the entire population, positive and
negative, the results were even better, the carrier
rate for the community falling from 20.9% to zero
in the 8-month period between the first and the
third survey.
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TABLE 8
REDUCTION IN MICROFILARIA RATES OF VILLAGES AFTER REPEATED TREATMENT
OF CARRIERS WITH DIETHYLCARBAMAZINE

Village

Nakakachi

Ariya

Aminoko

Matsu

Futanatsu

Survey No.

Positive rate of
all people
(%)a

Positive rate
among carriers

Rate of new
positives
(%)

Period
between blood
surveys

betweeniblood

Total dose
received
in
this
period
(mg/kg)

(%) b

c

1
2
3
4
5

16.2
11.4
7.8
5.8
2.9

(32/198)
(22/193)
(12/154)
(6/104)
(4/139)

60.0 (18/30)
17.9 (5/28)
18.2 (2/11)
16.7 (1/6)

2.5 (4/163)
5.6 (7/126)
4.3 (4/93)
2.3 (3/133)

13 days
1 year
4 months
8 months

30
20
30
30

1
2
3

18.8 (36/192)
13.0 (24/185)
7.4 (10/135)

42.4 (14/33)
23.3 (7/30)

6.6 (10/152)
2.9 (3/105)

13 days

30
20

1
2
3
4

30.3
19.5
11.1
1.7

(73/241)
(29/149)
(22/199)
(2/120)

44.2 (23/52)
58.6 (17/29)
5.9 (1/17)

6.2 (6/97)
2.9 (5/170)
1.0 (1/103)

4 months
1 year

30
30
30

1
2
3
4

3.3
2.1
0.6
0.2

(27/813)
(16/756)
(4/692)
(1/570)

25.9 (7/27)
0 (0/19)
0 (0/14)

1.2 (9/729)
0.6 (4/673)
0.2 (1/556)

1
1
1

year
year
year

50
63
72

1
2

0.5 (6/1237)
0.2 (2/1089)

33.3 (2/6)

0

1 year

50

2
3

2.3 (9/389)
0.9 (3/331)
0 (0/343)

11.1 (1/9)
0 (0/3)

0.6 (2/322)
0 (0/340)

2
3

1.8 (18/999)
0.7 (6/843)
0.4 (3/714)

1.2 (2/16)
0 (0/6)

0.5 (4/827)
0.4 (3/708)

2
3

19.6 (32/163)
11.8 (18/153)
0.7 (1/145)

29.6 (8/27)
0 (0/28)

7.9 (10/126)
0.9 (1/117)

2
3

20.9 (18/86)
10.4 (8/77)
0 (0/71)

41.2 (7/17)
0 (0/16)

1.7 (1/60)
0 (0/55)

Myojin

(0/1083)

2

years

1

year

1

year

1

year

63
72

-~~~~

Shionashi

Sato-A

Sato-B

1

year

1

year

months

63
63

4 months
8 months
onhs

63
63
6

4 months

8

_I

63
72

Number of people positive at the survey, expressed as a percentage of the total number of people examined.
Number of people still positive after treatment, expressed as a percentage of the number of people found positive at a previous
survey who were also examined at the present survey.
c Number of people who were negative at a previous survey but positive at the present survey, expressed as a percentage
of the number of people found negative at both a previous and the present survey
a
b
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Although selective treatment of the microfilaria
carriers is easier to carry out and less expensive in
drug consumption than mass treatment of the whole
population, it has the disadvantage that there is
always a possibility of missing some potential carriers
who may turn out to be positive at later blood
surveys. The numbers and the rates of such new
positive cases observed in our experimental populations are shown in Table 8. These possible carriers can be classified into four groups: (a) those who
were positive at both the first and the second survey
but were overlooked at the first owing to a technical
error; (b) those who were diagnosed as negative
at the first and as positive at the second survey,
owing to the factor of chance in the blood-sampling;
(c) those who were in the incubation period at the
first survey but had become positive by the second;
(d) those who were not examined at the first survey.
The numbers in groups a and d may easily be determined by checking the slide specimens and the
names of the subjects. Although no direct means of
checking the numbers in groups b and c are available,
the former may be estimated by statistical analysis
of the results, as discussed below.

Evaluation of antifilarial measures
There are a number of aspects to the evaluation
of the effects of antifilarial measures or, more
particularly, the administration of diethylcarbamazine to microfilaria carriers. As mentioned above, the
drug is effective in reducing the carrier rates to
almost zero if properly administered, in curing
filariasis patients in the acute stage of the disease,
and in preventing subclinical microfilaria carriers
from having subsequent clinical attacks, but it has
little effect on the chronic manifestations. Here,
mention must be made of certain statistical procedures that need to be applied in evaluating the
effects of the drug on microfilarial counts.
When evaluating the effects of various schedules
of drug administration, it has been our routine
procedure to compare the rates of reduction in
carrier rates and in average microfilarial counts of
the populations concerned. However, the frequency
distributions of the microfilarial counts among the
carriers are always highly skew and do not follow
Poisson's formula. In other words, the microfilariae are not evenly distributed among the populations, certain groups of people being far more
heavily infested than can be attributed to chance
alone. Therefore, the average microfflarial counts of
the populations are highly affected by the numbers

447

of microfilariae recorded from a few people who
harbour extremely numerous worms-for example,
more than 1000 per 60-mm3 blood samples. Since the
counts are not based on samples drawn from
normally distributed populations, there are no direct
means of estimating the fiducial levels of differences
between the averages of various groups.
In classifying the frequency distribution of the
microfilarial counts of individuals from a population,
Kessel (1957) and Wharton et al. (1958) applied the
arbitrary class intervals of 0, 1-5, 6-10, 11-30, 31-50,
51-100 and over 100 for the counts in 20-mm3 blood
samples. A more reasonable approach to this would
be the system proposed by Sasa et al. (1959), who
classified the frequency distribution of the counts in
60-mm3 blood samples by the class intervals of
0, 1-3, 4-10, 11-32, 33-100, 101-316, 317-1000 and
over 1000, as based on numbers (/' l0))n, by which
the distribution of the positives was approximately
normal.
Instead of examining a single blood smear of
20-mm3, as recommended by Kessel (1957) and
Wharton et al. (1958), or three blood smears of
20-mm3 (total 60-mm3), as was done by Sasa et al.
(1959), it has been our practice since 1960 to examine
three blood smears, each consisting of 10-mm3, the
blood sample being taken from the ear lobe in a
single operation with a 30-mm3 graduated pipette.
The reliability of this method for the detection of
microfilariae among populations in endemic areas
of different infection levels has been estimated by
the mathematical method proposed by Moriya
(1954, 1955) for the detection of helminth eggs in
faecal specimens. As shown in Table 9, the results
of examination of the three blood smears from each
individual were expressed in the following terms:
N (total number examined); N1 (number positive for
one 10-mm3 blood smear and negative for the other
two); N2 (number positive for two smears and
negative for one); N3 (number positive for all three
smears); and Nt (total number with one smear
positive). By applying Neuman's best asymptotically normal estimate, the maximum likelihood
estimates of the rate of detection of microfilariae
from a single 10 mm3 smear in the surveys in Ehime,
Amami and Ryukyu were 0.72, 0.72 and 0.82,
respectively, and the positive rates for these populations, as estimated from Neuman's formula, were
1.07, 1.27 and 1.05 times higher than those actually
observed. After diethylcarbamazine treatment of
the carriers, the microfilarial counts of those who
remained positive were greatly reduced and hence
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TABLE 9
RELIABILITY OF OUR METHOD OF EXAMINING THREE BLOOD SMEARS FOR THE DETECTION
OF MICROFILARIA CARRIERS, AS ESTIMATED BY MORIYA'S METHOD a

District

N

Ni

N2

N3

I

Positive rate (%)
Observed
Estimated
(A)
~~~
~

Nt

Ratio

p

~~~~~~~(A)

I

Detection before diethylcarbamazine treatment
Ehime

8 023

49

49

107

205

2.55

2.74

1.07

0.72

Amami

3 813

91

73

288

452

11.86

15.12

1.27

0.72

Ryukyu

2 301

75

75

310

460

20.08

20.99

1.05

0.82

Ehime

178

28

34.89

1.22

0.41

Ryukyu

192

23

31.55

1.51

0.38

a N
Ni
N2
N3

Detection after diethylcarbamazine treatment
17
6
51
28.65
12
5
40
20.83

= total number of people examined.
= number of people with only one smear positive.
= number of people with two smears positive.
=

number of people with all three smears positive.

Nt = total number of people with one smear positive (NI+N2+N3).
A = observed positive rate (%) - i.e., Nt/N x 100.

A = maximum likelihood estimate of the positive rate (%P = maximum likelihood estimate of the rate of detection of microfilariae from a single smear.

the maximum likelihood estimates of the rate
of detection of microfilariae from single 10-mm3
smears were only 0.41 in Ehime and 0.38 in Ryukyu,
while the corresponding ratios of the estimated to
the observed positive rates for the treated carriers
were 1.22 and 1.51.
From the results given above, it is clear that some
of the microfilaria carriers with low densities may be
diagnosed as negative owing to the factor of chance

in the blood-sampling. The risk of such failures
increases as the microfilarial densities in a population
become lower and decreases as the size of the blood
samples taken from the individuals is increased.
Thus, whether a person with a low microfilarial
count is diagnosed as "positive" or "negative"
will depend to a certain extent on the size of the
blood sample taken. This is illustrated in Table 10,
which presents the results of an investigation of a

TABLE 10
NUMBER OF MICROFILARIA CARRIERS DETECTED ON EXAMINATION OF DIFFERENT-SIZED
BLOOD SAMPLES TAKEN FROM THE SAME INDIVIDUALS BEFORE AND AFTER TREATMENT
WITH DIETHYLCARBAMAZINE a

Totalredose
administered

coAverage

micrountaria
count per

No. of people
examined

7 August 1958

28.30

32

20 August 1958
16 October 1958

30-50

3.52
2.00

32

50-70

Date of survey

20

December 1958

7 October 1959

11 June 1960

I

those

(mg/kg)

No. positive for blood samples of
1 ml

60 mm3

40 mm3

20 mm3

30

28

20

15

31

32
21
16

1i

9

1.42

24

10

8

50-133

0.25

56

1

50-133

0.30

60

4

30

At the first four examinations, the concentration method with
persons who were positive at the previous examination.

I

ml

was

not performed. The drug

was

6

administered only to
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group of microfilaria carriers, diagnosed as positive
on the basis of the examination of three 20-mm3
blood smears, who were treated with various doses
of diethylcarbamazine administered at intervals of
several months. Blood surveys were carried out
after each treatment, 20-mm3, 40-nmm3 and 60-mm3
samples from each person being examined and, in
the last two surveys, an additional 1-ml sample
prepared by one of the concentration methods
described on page 438. The positive rates observed
with the 20-mm3, 40-mm3 and 60-mm3 samples did
not differ greatly before the start of treatment, when
the average microfilarial count was high, but the
difference became more marked as the total doses
of the drug were increased and the microfilarial
counts decreased. At the survey made about one
year after the start of treatment, for example,
9 persons out of 56 examined by the concentration
method were found to be positive, as compared with
4 by the 60-mm3 sample, 3 by the 40-mm3 sample
and only 1 by the 20-mm3 sample.
ANTIMOSQUITO MEASURES

Among some 60 species of mosquitos recorded
from Japan, Culex pipiens s.l. is considered the most
important vector of bancroftian filariasis. Consequently, the mosquito control studies in our
experimental areas have been directed primarily
against this species, which is widely distributed all
over Japan and is highly domestic in its habitats, the
adults being voracious night biters of man and the
larvae breeding in polluted waters in discarded
water containers, temporary stagnant pools and
open drains.

Antilarval measures
In our surveys carried out in the experimental
areas of Amami and Ehime, the breeding-places of
Culex pipiens s.l. could be roughly classified into
two types, those which could easily be removed or
dried out and those in permanent structures. The
former type comprised stagnant pools and various
discarded containers of polluted water, found mostly
around houses and of no use to the people, while the
latter type was represented by open concrete sewers
and water reservoirs. In our survey of the breedingplaces of various mosquito species in the endemic
areas of Amami, the main source of breeding of
Culex pipiens s.l. in small towns such as Koniya was
found to be the open concrete sewers, while that
in rural villages was discovered to be almost ex-
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clusively the temporary water containers discarded
around the houses. In a survey of 407 houses in
5 rural villages in Amami, 147 breeding-places of
Culex pipiens s.l. were detected, of which 138 (94%)
were temporary containers and only 9 (6y%) were
permanent structures. The details of these observations have been reported by Yamamoto (1962).
It has been our experience in Japan that most of
the breeding-places of Cukex pipiens s.l., especially
those in rural villages, can be eliminated by the
introduction of properly designed sanitary measures;
with the co-operation of the sanitary engineers and
the local people, such measures have usually proved
successful. Three methods have been recommended:
the removal of temporary water containers, the
application of insecticides to sewers and cesspools,
and the breeding of small fish in the reservoirs serving
as the water supply.
Residual insecticide spraying
In most of our experimental areas, spraying of
the walls of houses with residual insecticides as a
means of controlling vector mosquitos has been
investigated, but the effect of this measure on the
reduction of mosquito and filarial densities has so
far been difficult to evaluate. The insecticides tested
were 5% DDT, 0.5% dieldrin, 1 % lindane, 0.5%
diazinon, 0.5 % fenthion 1 and 0.5 % Sumithion,2 all
applied at the rate of 50 ml per m2 (about 5 ml per
square foot). In the earlier studies reported by
Sasa et al. (1959) and Ikeshoji et al. (1959), dieldrin
spraying seemed to be effective in reducing the
mosqUito counts in houses throughout the summer
season in Ehime. More detailed observations are in
progress in Amami, where organophosphorus
insecticides such as Sumithion and fenthion have
also proved effective. However, the marked seasonal
fluctuations in the densities and activities of Culex
pipiens s.l. in Japan, and the successful results
obtained in eliminating breeding-places in our
experimental areas, have always interfered with the
proper evaluation of the effects of residual spraying.
An interesting example of the non-effectiveness of
a residual-spray campaign with DDT on the filarial
density was observed in Ishigaki Island, Ryukyu.
In 1955, a survey of microfilaria rates was carried
out by Sato (unpublished data) in four villages. The
I
Fenthion is the common name recommended by the
International Organization for Standardization (ISO) for

0,0-dimethyl 0-[4-(methylthio)-m-tolyl] phosphorothionate
(also known as Baytex and Bayer 29493).
2
O,O-Dimethyl-O-(3-methyl-4-nitrophenyl) phosphoro-

thionate.
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TABLE 11
MICROFILARIA RATES IN YAEYAMA BEFORE AND AFTER EXTENSIVE DDT
RESIDUAL SPRAYING OPERATIONS FOR MALARIA CONTROL
Before spraying (1955)

Village
No. examined

Heishin
Ohama
Miyara
Shiraho

No. positive

After spraying (1960, 1961)

PercentaePretg
positivage

No. examined

No. positive

poseitive
19.4
20.0
25.0
21.3

497

94

18.9

294

57

161
201
255

40

24.8

255

51

25

12.4

164

41

41

16.1

315

67

island had been highly malarious and a malaria control project was started in that year (1955); as a result
of DDT residual spraying, repeated at least twice
a year, the number of malaria cases has been almost
zero since 1959 (Wheeler et al., 1961). However, at
the second survey of microfilaria carriers in these
villages, which was carried out in 1960 and 1961 by
the author and his colleagues (unpublished data), it
was found that there was no significant difference in
the microfilaria rates observed before and after the
extensive DDT spraying (Table 11). Several breedingplaces of Culex pipiens s.l. were discovered in these
villages and the mosquitos were highly resistant to
DDT in comparison with the strains collected from
the nearby island of Taketomi, where malaria had
never been endemic and no DDT spraying had been
done until recently.

aldrin, lindane and p,p'-DDT. The strain of Aides
aegypti was about 3 to 6 times more resistant to
the insecticides than the strains of C. pipiens, while
the strains of the other two species were generally
more susceptible. It was also estimated that C.
pipiens s.l. collected from Tokyo had acquired an
approximately fourfold increase in resistance to
DDT and a threefold increase in that to lindane and
dieldrin during the period 1952-58.
More detailed studies on test methods and comparative effects of various insecticides on adults,
pupae and larvae of Culex pipiens s.l. have been
reported by Mizutani & Suzuki (1962), using our
standard colony (Denken strain), which had originally been collected in Tokyo (Table 12). The
efficacy of three chlorinated hydrocarbons and nine
organophosphorus compounds was investigated by
various
test methods. Against larvae and pupae,
Insecticide-resistance studies
a dipping technique similar to that proposed by
The susceptibility.or resistance to insecticides of the WHO Expert Committee on Insecticides for
Culex pipiens s.l. and other mosquito species from anopheline larvae was adopted, while against
various localities in Japan has also been studied adults three methods, each with a different signifiextensively in the author's laboratory by Suzuki and cance for the evaluation of the results, were applied:
his associates. The effects of 8 different insecticides (a) topical application, in which 0.6-,ul drops of
on the larvae of 6 strains of Culex pipiens s.l., acetone solutions at various dilutions were directly
3 strains of Aedes albopictus, 2 strains of Armigeres applied to the females by means of a microsyringe
subalbatus and one strain of Aides aegypti were specially designed for this purpose; (b) a tube
investigated (Ikeshoji et al., 1959). Assessed on the technique similar to that proposed by Busvine &
basis of the LC50 values for C. pipiens and Aedes Nash (1953); (c) a method in which females in Petri
aegypti, the order of efficacy of these insecticides was: dishes were brought into contact with insecticide
parathion, dieldrin, diazinon, dichlorvos,' Dipterex, residues on filter-paper and either the knockdown
I
Dichlorvos is the common name approved by the Inter- time or the duration of residual effect was determined.
national Organization for Standardization (ISO) for 0,0As estimated by the topical application method,
dimethyl-2,2-dichlorovinyl phosphate (also known as
the order of efficacy of the compounds was: fenthion,
DDVP).
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TABLE 12
EFFECT OF INSECTICIDES ON CULEX PIPIENS (DENKEN STRAIN), AS ASSESSED
BY VARIOUS TEST METHODS a
Against adult females
Insecticide

LDso in topical
application test
(Mg per

mosquito)

DDT

Lindane
Dieldrin

>19.2
0.92
0.52

Knockdown
time (KTso)
in contact test

Effective dose b
in contact test

(minutes)

(mg/m2)

<1440
61
>1 440

>2 500
>400
>400

Dratilonf~Ot
residual
effect

(weeks)t

Against larvae

Against pupae

dipping
LCso intest

LCso intest
dipping

(p.p.m.)

(p.p.m.)

0

0.92

15.8

0

0.49

1.7

0

0.28

11.0

(weeks)____

Dibrom
Dichlorvos

0.0035

9.0

3.1

2

0.075

2.3

0.0039

8.8

1.6

2

0.029

2.1

Fenthion

0.00062

34

3.1

8

0.26

3.8

Diazinon

0.010

36

1

0.088

1.3
3.7

Malathion
Acethion
Butonate
Dipterex
Ronnel
a

b
c

0.011

50

100

1

0.095

0.34

400

0

2.2

12.5

200

0

0.91

6.4

0.054

74
85
89

200

0

0.10

3.8

0.016

100

50

1

0.058

0.9

0.085

After Mizutani & Suzuki (1962).
Dose producing over 90 % kill.
Over 90 % kill.

Dibrom,1 dichlorvos, diazinon, malathion, ronnel,
Dipterex, Butonate,2 lindane, Acethion,3 dieldrin,
technical DDT and p,p'-DDT. As assessed by the
knockdown time and by the doses applied to the
filter-papers, dichlorvos and Dibrom were the most
effective, with fenthion third. In respect of the
duration of residual effect, fenthion was the best,
giving a more than 900% kill after 8 weeks with
filter-papers soaked with the insecticide at the rate
of 263 mg per m2 (26.3 mg per square foot). As to
the effects on larvae and pupae, dichlorvos was the
most effective against the former and ronnel against
the latter. In general, the chlorinated hydrocarbons
were less effective than the organophosphorus
compounds; with regard to the latter, the remarkable
effects of fenthion against adults and of dichlorvos
against larvae deserve special mention.
1
2

50

O,O-Dimethyl-1,2-dibromo-2,2-dichloroethyl phosphate.
O,O-Dimethyl 2,2,2-trichloro- 1 -butyryl-oxymethyl phos-

phonate.
3O,O-Dimethyl
nate.

5-carboethoxymethylphosphorodithio-

It should be noted here that the above results were
obtained with a single strain of Culex pipiens s.l.
from Tokyo, where chlorinated-hydrocarbon insecticides have been rather extensively used. Different
results have been reported by workers in other
countries with the same species, and by our workers
with different strains of the same or other species
collected in Japan. Suzuki & Mizutani (1962) carried out tests, using the topical application method
against adult females and the dipping technique
against larvae, on a number of strains of Culex
pipiens s.l. and on three other mosquito species. As
shown in Table 13, remarkable differences in the
susceptibility to chlorinated hydrocarbons, especially
DDT, were seen between strains of C. pipiens s.l.
collected from various localities with different
histories of insecticide application, while the susceptibility to organophosphorus insecticides did not
differ greatly. It was also noted that the susceptibility
to insecticides was markedly different in species
collected from the same area, as is reflected, for
example, in the extremely low lethal dose of DDT
for Culex tritaeniorhynchus in Okayama and the
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TABLE 13
EFFECT OF INSECTICIDES ON ADULT FEMALES AND LARVAE OF SOME MOSQUITO STRAINS
COLLECTED FROM VARIOUS LOCALITIES IN JAPAN a

Species
Locality - Year
Strain

DDT

Lindane

Dieldrin

Diazinon

Malathion

Dichlorvos

Against adult females: LD5o in topical application test (Mg per mosquito)

Culex pipiens s.l.
Tokyo - 1959
Denken
Kawasaki - 1958
Daishi
Hamacho
Amami - 1960
Nase
Asani
Koniya
Ryukyu - 1961
Miyara b
Shiraho b
Kabira b
Taketomi c

19.2

0.29

0.52

0.010

0.011

0.0039

55
58

0.32
0.20

3.1
4.2

0.016
0.015

0.0060
0.0086

0.0024
0.0048

4.2
4.5
22

0.16
0.16
0.16

0.48
21
0.41

0.017
0.019
0.013

0.016

39
>39
38.5
0.88

0.19
0.20
0.053
0.098

3.0
3.7
0.15
0.25

0.0058

0.0094
_
-

-

0.0045
0.0038

-

0.013

Against larvae: LC5o in dipping test (p.p.m.)
Culex pipiens s.l.
Tokyo - 1959
Denken
Kawasaki - 1958
Daishi
Hamacho
Amami - 1960
Nase
Asani
Koniya
Ryukyu - 1961
Miyara b
Shiraho b
Kabira b
Nozoko b
Sakieda b
Taketomi c

0.49

0.28

0.088

0.095

0.029

0.86
1.06

0.55
0.35

0.089
0.13

-

0.056
0.060

0.57
0.12
0.19

0.67
0.50
0.66

0.30
0.22
0.21

0.033
0.0088
0.050

0.061
0.028
0.064

0.60
>20
> 20
2.1
7.8
0.41

0.27
0.11
0.10
0.27

0.052
0.072
0.076

0.19
0.21

0.50
0.16
0.081
0.21
0.10
0.20

0.077
0.076
0.096
0.10
0.10

0.92

94.8
12.0

-

-

0.13

-

-

-

Cu/ex tritaeniorhynchus
Okayama - 1960

0.00051

0.11

0.17

0.079

0.051

Aedes albopictus
Kawasaki - 1960
Takashima - 1960

0.020
0.017

0.22
0.053

0.043
0.013

0.65
0.23

0.60
0.18

0.19
0.14

Armigeres subalbatus
Takashima - 1960

0.055

0.68

0.086

2.4

2.0

0.89

a

b
c

After Suzuki & Mizutani (1962).
Strains from DDT-sprayed'areas.
Strains from unsprayed island.

PILOT EXPERIMENTS IN BANCROFTIAN FILARIASIS CONTROL IN JAPAN

relatively high tolerance of Armigeres subalbatus in
Takashima to organophosphorus compounds. The
degree of DDT resistance developed by the adults
and larvae of C. pipiens s.l. collected from Ishigaki
Island, Ryukyu, was also, as mentioned earlier, very
marked in comparison with that of a strain collected
from the adjacent island of Taketomi.
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From these and other results, it was concluded
that the development of resistance to chlorinated
hydrocarbons by C. pipiens s.l. might be an. important problem in filariasis control projects, and that
the use of organophosphorus insecticides such as
fenthion should be recommended in certain circumstances.
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RItSUMI2
L'auteur passe en revue les premiers essais de traitement global de la filariose a bancrofti au Japon et aux
Iles Ryukyu. Quelque 50 villages ont et6 choisis parmi
4 prefectures du Sud-Ouest du Japon pour cette experience. Dans chaque zone le programme s'est d6roul6 en
trois temps: enquete epidemiologique et entomologique,
lutte contre les filaires, lutte contre les moustiques. Le
but etait d'apprecier l'efficacite des differentes methodes
de lutte antifilarienne afin d'adopter un schema standard
a l'echelon national.
Le tableau epidemiologique de la filariose est tres
variable d'un district aL l'autre ou meme d'un village a
l'autre. Le taux d'examens positifs de sang a pu aller de
1,65% 'a Ehime 'a 22,4% 'a Sakishima (une des Iles
Ryukyu). Sur le plan clinique, la chylurie est le sympt6me
le plus fr6quent dans les regions faiblement infestees,
alors que dans les zones de forte infestation l'on observe
plus frequemment des attaques de fievre ou de l'lephantiasis.
En vue d'etablir un sch6ma de traitement des porteurs
de filaires, I'on a administre a ces sujets de la diethylcarbamazine a doses diff6rentes et a intervalles variables.
Le meilleur facteur therapeutique est indiscutablement la
dose totale administre aL chaque malade. Dans les groupes
traites par de faibles doses, de l'ordre de 20 a 30 mg/kg,
seule une fraction de ces sujets a ete negativee et peu de
temps apres l'arret du traitement, le pourcentage de
frottis sanguins positifs a remonte, alors que dans les
groupes ayant reou une dose totale superieure 'a 60-70
mg/kg, la plupart des examens sont demeures negatifs La
long terme.

Parmi les differentes methodes d'administration de la
medication, le systeme dit ( combine * semble le meilleur,
du fait de son efficacite et de sa simplicite. Dans ce systeme, le medicament est administr6 chaque jour, pendant
plusieurs jours, mais des cures supplementaires, hebdomadaires ou mensuelles, se surajoutent au traitement
initial. Un autre systeme consiste La doubler la dose journaliere Li intervalles assez longs (un mois ou davantage).
Dans les deux systemes, le traitement d'attaque a r6ussi
a faire descendre, en peu de jours, le pourcentage des
filaires Li 5 %, tandis que les doses supplementaires sont
destinees a detruire la totalite des parasites.
Lorsque, dans une region donnee, l'on n'a traite que
les sujets parasites, l'on a, au cours de depistages ulterieurs, toujours trouve de nouveaux cas de filariose. C'est
pourquoi le traitement systematique de toute la population vivant dans une region ou sevit l'endemie est recommand6 en principe. Cependant, il convient egalement de
multiplier les examens de d6pistage et les traitements
selectifs.
Dans les zones soumises a cette etude, Culex pipiens
sensu lato parait etre le vecteur exclusif de l'infestation.
La meilleure fa9on de lutter contre le moustique vecteur
est de detruire les lieux oui il peut se reproduire, essentiellement les eaux polluees ou stagnantes (flaques d'eau,
etangs, canaux d'irrigation). La pulverisation residuelle
d'insecticides (DDT, dieldrine, diazinon ou fenthion) a
egalement et effectuee, bien qu'il soit difficile d'en apprecier exactement l'efficacite.
Dans l'lle d'Ishigaki oui des pulverisations residuelles
de DDT sont effectuees deux fois par an depuis cinq ans
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et ont entrain6 la disparition quasi totale du paludisme
et de son vecteur, Anopheles minimus, l'on n'a observe,
au cours d'examens systematiques de sang, aucune diminution du taux des microfilaires sanguins et les colonies
de Culex pipiens sensu lato se sont toutes montrees tres
resistantes au DDT.
Des etudes concernant la bionomie, la genetique et la
sensibilite aux insecticides des differentes souches de
Culex pipiens sensu lato sont en cours. L'on a pu mettre
en evidence certaines differences morphologiques et gen&

tiques entre la forme pallens trouvee a Tokyo et la forme
fatigans d'Amami et des Ryukyu. L'on a compare l'efficacite des insecticides a base d'hydrocarbures chlores et
de derives organo-phosphores contre les larves de differentes souches de Culex pipiens sensu lato et contre les
insectes adultes. Cette espece semble acquerir, plus rapidement que d'autres, une resistance aux insecticides
chlores, alors que certains insecticides organo-phosphores (tels que le fenthion) ont montre une grande efficacite.

REFERENCES
Busvine, J. & Nash, R. (1953) Bull. ent. Res., 44, 371
Edeson, J. F. B. & Wharton, R. H. (1958) Ann. trop. Med.
Parasit., 52, 87
Hawking, F. (1962) Bull. Wld Hlth Org., 27, 555
Hayashi, S. (1962) Jap. J. exp. Med., 32, 13
Ikeshoji, T., Sasa, M. & Osada, Y. (1959) Jap. J. sanit.
Zool., 10, 188
Kessel, J. F. (1957) Bull. Wld Hlth Org., 16, 633
Kitamura, S. & Katamine, D. (1953) Filariasis (clinical
aspects). In: Saishin Keseichugaku, Tokyo, Igakushoin,
vol. 7, p. 53
Mizutani, K. & Suzuki, T. (1962) Jap. J. sanit. Zool.,
13, 56
Moriya, S. (1954) Parasitology, 44, 300
Moriya, S. (1956) 6saka Igaku Zasshi, 1, 81
Muench, H. (1959) Catalytic models in epidemiology,
Cambridge, Mass., Harvard University Press, p. 110
Omori, N. (1962) Bull. Wld Hlth Org., 27, 585
Saigo, C. (1939) Kumamoto Igakkai Zasshi, 15, 173
Sasa, M. (1962) Distribution of filariasis in Japan. In:
Studies of parasitology in Japan, Tokyo, Meguro
Kiseichukan, p. 1
Sasa, M. & Hayashi, S. (1953) Filariasis (epidemiological
aspects). In: Saishin Keseichugaku, Tokyo, Igakushoin,
vol. 7, p. 1

Sasa, M., Hayashi, S., Kano, R., Sato, K., Komine, I. &
Ishii, S. (1952) Jap. J. exp. Med., 22, 357
Sasa, M., Hayashi, S. & Sato, K. (1958) Jap. J. Parasit.,
8, Suppl. 14
Sasa, M., Hayashi, S., Sato, K., Ikeshoji, T. & Tanaka, H.
(1959) Jap. J. exp. Med., 29, 369
Sasa, M., Hayashi, S. & Tanaka, H. (1960) Indian J.
Malar., 14, 123
Sato, H., Yonezawa, T., Hashimoto, S., Fukushima, H.,
Katahira, K. & Otsuji, Y. (1952) Kagoshima Ikadaigaki
Kiy6, 3, 16
Shimono, 0. (1961) Jap. J. Parasit., 10, 1
Suzuki, T. & Mizutani, K. (1962) Jap. J. exp. Med., 32,
297
Taketa, U., Kurihara, T., Suzuki, T., Sasa, M., Miura, A.,
Matsumoto, K. & Tanaka, H. (1962) Jap. J. sanit.
Zool., 13, 31
Wharton, R. H., Edeson, J. F. B., Wilson, T. & Reid, J. A.
(1958) Ann. trop. Med. Parasit., 52, 191
Wheeler, C. M., Marshall, I. H. & Nakata, H. (1961) In:
Abstracts. Tenth Pacific Science Congress, Honolulu,
p. 425
Yamamoto, H. (1962) Jap. J. sanit. Zool., 13, 23

