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SYNOPSIS

The authors present the results of an investigation, carried out
in 1956-57 in the Rawasari district of Djakarta, to determine the
vector of Bancroftian filariasis and to study its bionomics.

Culex pipiens fatigans was the only species found to harbour
the larvae of Wuchereria bancrofti in the area surveyed, and even
in this mosquito the infection rate was very low. Among 24271
C. p. fatigans dissected, the rate of infection with larvae of all
stages was 1.8% and the rate of infection with larvae of the mature
(infective) stage was 0.3 %. It was established, however, that trans-
mission occurred throughout the year, with a maximum in Septem-
ber. The density of larvae of all stages per dissected mosquito was
0.12 and that of the infective-stage larvae per dissected mosquito
was 0.014. The potential transmission index was calculated to
be 0.26.

As to the bionomics of C. p. fatigans in Rasawari district, the
study revealed that the density of mosquitos was highest in July
and August, that mosquito-nets, clothes, hanging objects and
furniture were the preferred resting-places, and that feeding took
place mostly after midnight.

Bancroftian filariasis of the nocturnal type has for some time been known
to exist in certain parts of Djakarta, the capital of Indonesia (Flu, 1921),
but until recently no detailed survey had been completed. An intensive
study of both the parasitological and entomological aspects was conducted
in 1956-57 in the Rawasari district of Djakarta. The results of investigations
of microfilarial rate and periodicity and of disease symptoms, together with
descriptions of the topography, housing conditions and climate of the area,
have been reported elsewhere (Lie Kian Joe et al., 1958). This paper pre-
sents the findings of a survey to determine the vector and of a study of the
bionomics of the vector, during a period of one year.

Vector- studies in Djakarta have previously been carried out by different
workers. Brug (1920) found an experimental infection rate of 59% in Culex
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pipiens fatigans. Flu (1929) states that 6% of C. p. fatigans caught in a
certain area in Djakarta were naturally infected. Suwadji Prawirohardjo
(1939), who examined the ability of different mosquitos in Djakarta to
harbour the microfilariae of Wuchereria bancrofti, came to the conclusion
that C. p. fatigans, Anopheles sundaicus, and A. subpictus were good vectors;
that Anopheles annularis, A. vagus, A. barbirostris and A. tesselatus were
probably good vectors; that Culex sitiens, C. whitmorei and C. fuscocephalus
were probably of little importance as vectors; and that C. tritaeniorhynchus,
C. vishnui, C. gelidus, C. bitaeniorhynchus, Aedes albopictus, Aedes aegypti,
Armigeres obturbans, Mansonia annulifera and probably also M. indiana
were of no importance as vectors.

The Vector Survey

Species of mosquitos found

The following species of mosquitos were found in daytime and night
collections in houses: Culex pipiens fatigans Wiedemann, 1828; Mansonia
uniformis (Theobald, 1901); Anopheles aconitus Donitz, 1902; A. nigerrimus
Giles, 1900; A. subpictus subpictus Grassi, 1899; and A. subpictus malayensis
Hacker, 1921. C. p. fatigans was the most predominant species and was
present in great numbers throughout the year, while the other species were
found only in insignificant numbers. A few collections of larvae were also
made, and revealed that the majority were of C. p. fatigans.

Dissections of mosquitos

Routine dissections of the mosquitos were carried out several times a
week, throughout the year. The mosquitos were caught with a sucking-
tube from the houses early in the morning and brought back carefully to
the laboratory, which is only 2 km away. In order to obtain a true picture
of the risk of infection to which the population was exposed, so far as possi-
ble the mosquitos were dissected on the morning of capture. When the
number of mosquitos was too big, dissections were continued in the after-
noon of the day of capture and on the following morning. For dissection,
the mosquitos were anaesthetized with chloroform; and, after removal of
the wings and legs, the head, thorax and abdomen were separated, placed
in different drops of saline on a slide, and then teased apart. Examination
was made with a compound microscope, first at a low magnification and
then at a high one, for early stages of filarial larvae. Some of the mature
filarial larvae were also examined to ascertain the number of tail papillae.

As mentioned above, few mosquitos other than C. p. fatigans were found.
These were also dissected but with negative results, except for one Mansonia
mosquito with ex-sheathed microfilariae. Only C. p. fatigans was found
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infected with W. bancrofti larvae throughout the year and the infection
rate was very low. Of a total of 24 271 C. p. fatigans dissected during the
year (see Table 1), the infection rate for all stages of the filarial larvae
(stages 1-3) was only 1.8 %, and the infection rate for the mature (infective)
stage (stage 3) was 0.3 %. This low infection rate in the mosquitos correlated
with the low microfilarial rate (7.76%Y.) in man as reported elsewhere (Lie
Kian Joe et al., 1958).

TABLE 1. DISSECTIONS OF C. P. FATIGANS COLLECTED FROM
HOUSES IN THE RAWASARI DISTRICT OF DJAKARTA,

APRIL 1956 TO MARCH 1957

Percentage positive
Number for filarial larvae

Month of mosquitos
dissected All stages Infective stage

April 674 0.6 0.14

May 2 835 0.9 0.03

June 1 840 0.3 0.05

July 3 026 1.5 0.43

August 2 661 1.3 0.37

September 2 059 3.4 0.73

October 1 950 2.1 0.36

November 1 552 3.1 0.39

December 1 910 1.8 0.05

January 1 787 2.9 0.45

February 1 334 1.9 0.3

March 2 643 2.3 0.27

Total .... 24271 ] 1.8 0.3

The mosquitos for dissection were caught from two nearby villages
(Baru-Rawakerbo and Djawa-Rawasari, in Rawasari district) on the fringe
of Djakarta City, but there was no marked difference in infection rate
between the two villages. Although the infection rate was low, transmission
occurred throughout the year, with a maximum in September and a
minimum in June.

Density offilarial larvae in C. p. fatigans
During the above dissections, the following data were recorded for each

mosquito: the number and stage of filarial larvae, and the part of the
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mosquito in which the larvae were found. Some of the data (latter part of
June 1956 to March 1957) were analysed for the density of filarial larvae
in C. p. fatigans. The results were as follows:

Total number of mosquitos dissected: 19 039
Total number of mosquitos positive: 400
Total number of larvae of all stages found: 2 314
Total number of infective-stage larvae found: 264
Density or average number of larvae of all stages per dissected mosquito: 0.12
Density or average number of infective-stage larvae per dissected mosquito: 0.014
Density or average number of larvae of all stages per positive mosquito: 5.8
Density or average number of infective-stage larvae per positive mosquito: 0.66

Frequency distribution of filarial larvae in different parts of the body of
C. p. fatigans

Some of the above data were analysed to determine the frequency
distribution of filarial larvae of different stages in different parts of the
body of C. p. fatigans.

Among 360 mosquitos found positive with early stages (stages 1-2) of
filarial larvae in the thorax, the frequency distribution of the number of
larvae was as follows:

Number of Number of
early-stage larvae mosquitos

1 27
2 56
3 45
4 65
5 33
6 18
7 24
8 13
9 15
10 9

11-15 2-9
16-20 1-4
21-30 1-3

33 1
36 1

It can be seen that the highest frequency was 4 early-stage larvae per
mosquito, and the maximum number of early-stage larvae found in one
mosquito was 36. It is quite possible that a few of the larvae, owing to
their small size, might have been missed on examination.

Among 79 mosquitos found to be harbouring only infective-stage
larvae, the distribution of larvae in different parts of the body was as
follows:
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Site of body Number of
mosquitos

Head only 2
Thorax only 46
Abdomen only 4
Head and thorax 3
Head and abdomen I
Thorax and abdomen 21
Head, thorax and abdomen 2

Among the 46 mosquitos harbouring infective-stage larvae in the thorax,
the frequency distribution of the number of larvae was as follows:

Number of Number of
infective larvae mosquitos

1 11
2 11
3 9
4 6
5 2
6 2
7 3
8

15 1

Thus, the maximum number of infective-stage larvae found in a mos-
quito was 15. It is interesting that during the whole series of dissections
only three mosquitos were found to be infected with both early- and
infective-stage larvae.

Potential transmission index

A potential transmission index can be calculated by multiplying the
" average number of mosquitos caught per minute " by the " density or
average number of all stages (stages 1-3) of filarial larvae per dissected
mosquito" (Kessel, 1957).

The average number of C. p. fatigans caught per minute in Djakarta
in night collections during a period of ten months (see Table 4) was 2.2,
and the density of larvae of all stages per dissected mosquito was 0.12, so
the potential transmission index of C. p. fatigans in Djakarta was 2.2x
0.12 = 0.26.

Bionomics of C. p. fatigans

Breeding-places

The main breeding-places of C. p. fatigans in Djakarta City, including
the areas investigated in our study, are ditches and certain pools with
polluted water. These places are flooded during heavy rains, with the result
that the density of larvae is reduced. As shown in Table 2, the density of
C. p. fatigans was considerably lower during the rainy season.
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Seasonal prevalence

Mosquitos were collected by hand in three houses at Baru-Rawakerbo,
Djakarta, once a week, in the morning, over a period of one year. As shown
in Table 2, the density of C. p.fatigans was high throughout the year, with a
peak in the months of July and August. The lowest density was observed
in November and December. As stated above, the main factor influencing
the mosquito density was rainfall. The temperature remained between
790 F and 870 F (about 26°-31° C) throughout the year.

TABLE 2. MONTHLY AVERAGE OF WEEKLY COLLECTIONS OF FEMALE
C. P. FATIGANS IN THREE HOUSES AT BARU-RAWAKERBO, DJAKARTA,

MAY 1956 TO APRIL 1957

Percentage of total number
Month Number of mosquitos of mosauitos caught

in the year

May 251 8

June 310 9.6

July 429 13

August 456 14

September 235 7.3

October 198 6

November 150 4.7

December 163 5

January 284 9

February 203 6.4

March 319 10

April 215 7

Total . 3 213 100

Resting habits

The resting habits of mosquitos are of great importance in relation to
the effectiveness of insecticide residual spraying. Chow & Thevasagayam
(1957) reported from Ceylon that over 60% of C. p. fatigans were found
resting on clothes and other objects hanging in the room, mosquito-nets
and furniture. Such objects are usually not sprayed as an antimalaria
measure.
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At Baru-Rawakerbo two houses, one with mosquito-nets and the other
without, were searched for mosquitos weekly, in the morning, throughout
one year. Table 3 shows that 55% of C. p. fatigans were found resting on
the objects mentioned above, while 45 % rested on walls. It was not possible
to search the roofs, which usually were fairly high. However, a special
search made in a house where the ceilings were comparatively low revealed
only a few mosquitos during the year.

TABLE 3. DAYTIME RESTING-PLACES OF FEMALE C. P. FATIGANS IN TWO HOUSES
AT BARU-RAWAKERBO, DJAKARTA, MAY 1956 TO APRIL 1957*

House with mosquito-nets House without mosquito-nets

Resting-placeSiin-ifngBedroom Kitchen Sittong. Bedroom Kitchen Sitting-

0-1 m 5 3 1.5 8 2 2

Wall 1-2 m 6 3 2 8 8 4.5

>2 m 1 1 0.5 4 5 5.5

Total 12 8 4 20 15 12

Hanging objects 33 3 2 10 1 3
and clothes

Furniture 10 5 5 8 4 2

Total . . . 55 16 11 38 20 17

Percentage . . . 67 20 } 13 50 26 24

* The figures represent the average number of mosquitos per house per catch In 49 weekly
collections.

Over 50% of the mosquitos were caught in bedrooms; the rest were
found in kitchens, sitting-rooms, etc. The house with mosquito-nets, which
are an ideal resting-place for mosquitos, had more mosquitos, particularly
in the bedrooms, than that without nets. As to the distribution of mosquitos
resting at different heights on the walls, it was found that most of the
mosquitos rested below the height of 2 metres.

Time of entry

Night collections were carried out in two houses on the same night,
twice a month from June 1956 to March 1957. The collections were dis-
continued in April 1957, which was a fasting-month known locally as
" Lebaran ". In each house someone slept in the sitting-room to provide
bait for the mosquitos, which were caught by hand by two collectors during
the first quarter of every hour throughout the night, except in the bedrooms
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where the owners were sleeping. In these 15-minute collections it was
possible to catch most, if not all, of the mosquitos in the house.

Most of the mosquitos entered the houses for the purpose of feeding,
though some were observed merely to seek resting-places. The number of
mosquitos caught was greatest between 7 and 8 p.m., one to two hours
after sunset, and thereafter decreased gradually (Table 4).

TABLE 4. TWICE-MONTHLY NIGHT COLLECTIONS OF FEMALE C. P. FATIGANS
IN TWO HOUSES AT BARU-RAWAKERBO, DJAKARTA,

JUNE 1956 TO MARCH 1957*

P.M. A.M.
MlFonth

6-7 7-8 8-9 9-10 10-11 11-12 0-1 1-2 2-3 3-4 4-5 5-6

June 28 28 24 23 24 20 22 27 1 9 21 20 12

July 38 53 38 32 31 39 31 24 24 27 49 16

August 51 50 64 80 70 60 54 57 37 47 40 39

Septembe- 46 38 40 36 28 24 40 36 35 32 25 *28

October 50 47 47 34 34 36 32 28 30 39 28 16

November 35 25 24 29 26 22 17 27 24 21 16 13

December 25 32 23 21 20 29 24 26 17 17 19 12

January 49 37 40 35 36 25 34 33 46 32 24 18

February 34 56 39 40 29 37 51 40 40 28 22 15

March 45 55 46 41 45 42 26 35 30 23 22 21

Total . 401 421 385 371 343 334 331 333 302 287 265 190

Percent-
age 10 10.6 9.7 9.4 8.7 8.4 8.31 8.4 7.9 7.3 6.3 5

* The figures represent the average number of mosquitos per house per 15-minute catch.

Time of feeding

During the night collections, the abdominal condition of the mosquitos
was determined immediately after each 15-minute catch had been obtained.
As shown in Table 5, C. p. fatigans was observed to feed throughout the
night but mostly after midnight. Out of a total nightly catch of 2555 fully-
fed mosquitos, 8% fed in the 1st quarter of the night, 25% in the 2nd
quarter, 35% in the 3rd quarter, and 320% in the 4th quarter.

It is well known that C. p. fatigans is a domestic, anthropophilic species,
feeding and resting inside human dwellings. Since it can be seen from
Table 5 that many half-gravid and gravid mosquitos were caught in the
houses, especially during the first quarter of the night, it seems likely that
C. p. fatigans completes its whole gonotrophic cycle indoors.
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TABLE 5. ABDOMINAL CONDITION OF FEMALE C. P. FATIGANS COLLECTED
TWICE MONTHLY IN DIFFERENT QUARTERS OF THE NIGHT IN TWO HOUSES AT

BARU-RAWAKERBO, DJAKARTA, JUNE 1956 TO MARCH 1957 *

Quarter of the Abdominal condition
night Unfed Fully-fed Half-gravid Gravid

1st (6-9 p.m.) 1 221 190 1123 200

2nd (9-12 p.m.) 1 109 646 495 91

3rd (0-3 a.m.) 828 900 410 68

4th (3-6 a.m.) 436 819 405 51

Total ..... 3 594 2 555 2 433 410

Percentage 40 29 27 4

* The figures represent the total number of mosquitos examined during the 10-month period.

Susceptibility to insecticides

It is also well known that C. p. fatigans is naturally resistant to chlori-
nated-hydrocarbon insecticides. Susceptibility tests carried out on the adult
and larval stages showed high resistance to DDT and dieldrin. The details
of these tests will be reported later, together with the results obtained in
other areas of Indonesia. In a small-scale larvicide experiment with dieldrin
emulsion that was undertaken at Kebajoran Baru in Djakarta City, an
area where no insecticide had previously been used, the mosquitos were
observed to develop resistance to the dieldrin so quickly that after only
3-4 weekly applications the dosage had to be doubled or trebled in order
to get the same percentage of larval kills as at the beginning of the experi-
ment.

RtSUMt

Dans le district de Rawasari (Djakarta), le moustique le plus frequemment rencontre
est de loin Culex pipiens fatigans. D'autres especes ont ete trouvees en tres petit nombre.
Pour savoir si Culex pipiens fatigans etait un vecteur frequent de la filariose, les auteurs
ont dissequ6 pendant un an, a raison de plusieurs seances de dissection par semaine,
24 721 moustiques de cette espece.

Le taux d'infection par les larves de W. bancrofti, 'a tous les stades de developpement,
etait de 1,8% et seulement de 0,3% par les larves infectantes. Ce taux d'infection tres
bas correspond d'ailleurs au taux tres bas de microfilariose chez l'homme (7,76%).
Malgr6 ce taux d'infection tres bas, la transmission s'effectuait toute l'annee avec un
maximum en septembre et un minimum en juin. La densite des larves i tous les stades,
par moustique diss6que, 6tait de 0,12 et celle des larves au stade < d'infection e6tait
de 0,014. L'index de transmission a ete calcule comme 6tant de 0,26. La densite de mous-
tiques la plus 6levee se situe en juillet et en aoiut. Ils se posent le plus souvent sur les
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vetements et tous les objets suspendus dans les pieces d'habitation, sur les moustiquaires
et le mobilier. It faut noter, qu'en g6n6ral, ces lieux de repos pour moustiques ne reqoivent
pas de pulv6risations.

La recherche des moustiques fut effectuee chaque semaine dans deux maisons, l'une
avec, l'autre sans moustiquaire. II y avait nettement plus de moustiques dans la maison
avec moustiquaire que dans l'autre, surtout dans les chambres. Enfin, il semble que ce
soit le plus frequemment aprbs minuit que les moustiques se nourrissent.
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