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Preliminary Report on Research towards the Development
of a Standard Test for Insecticide-Resistance and Susceptibility
in Drosophila

by GIORGIO SCHREIBER, H. C. CARVALHO and E. PAULIm, Centro de Pesquisas de Belo Horizonte, Instituto
Nacional de Endemias Rurais, Belo Horizonte, Brazil

Geneticists working on the problem of insecticide
resistance in Drosophila, either for selection of
resistant mutants or in testing levels of resistance,
use very different testing methods, with the conse-
quence that in practice their results cannot be com-
pared. Some methods involve spraying with aero-
sols; others-especially in tests on larvae-are based
on feeding techniques; others again involve contact
of the insect with a coating of insecticide on the walls
of the testing recipient or with impregnated paper.
Experiments have therefore been carried out at
the Centro de Pesquisas de Belo Horizonte, Brazil,
with a view to developing a method for testing resist-
ance and susceptibility to insecticides by Drosophila
which would be capable of use as a standard method.

Before conducting trials with the method des-
scribed in detail below, the authors also tried out
two other methods. One was the adult test method
of Tsukamoto & Ogaki; a in the other the test
insects were placed in a current of air saturated with
water vapour and containing insecticide vapour.
Both these techniques were discarded as the results
proved not to be generally applicable.

Advantages were then recognized in developing
a method based on the standard WHO method used
for the determination of susceptibility of adult mos-
quitos. It was felt that such a method, appropriately
modified for Drosophila and using glass vials and
tubes in common use by drosophilists, would satisfy
the basic requirements of a standard test.

Trials were conducted with the standard WHO test
kit for use with adult mosquitos, but it became
apparent that this kit could not be used without
modification in view of the following factors:

(1) The screen closing the exposure tube is of too
wide a mesh for Drosophila.

(2) The slide unit with screw-cap has a " dead"
area around the filling hole which makes the transfer
of ffies difficult.

a Tsukamoto, M. & Ogaki, M. (1953) Botyu-Kagaku,
18. 39.

(3) It is difficult to transfer Drosophila flies with
the aspirator tube on account of their great motility.
The authors believe that it may be possible to perfect
a method of transferring these flies with an aspirator,
but trials have so far given unsatisfactory results.

(4) No provision is made for maintaining a humid
atmosphere in the recovery tube.

For these reasons the method described below
was developed. It has proved suitable to the purpose
and requires only the WHO impregnated papers
and the glassware commonly used in Drosophila
work.

Materials and method
The tubes used are the cylindrical glass tubes, 3 cm

in diameter and 9.5 cm high, employed in every
Drosophila laboratory for isolating new strains or
for mating flies in genetic tests (see the accompany-
ing figure).
The inner wall of the tube is covered with standard

WHO paper impregnated with insecticide and
Risella oil and cut to a size of 8.5 x 10 cm. A disc
of the same paper, 2.8 cm in diameter, is placed at
the bottom of the tube, which is closed with an
ordinary gauze and cotton plug.

Control tubes are lined with paper impregnated
only with the solvent oil.
The recovery tubes are similar but without the

impregnated paper lining and with a 1.5-cm layer
of banana-agar at the bottom. This agar is covered
with a disc of non-impregnated filter paper to avoid
the possibility of the flies sticking to it on knock-
down (D in the figure).
For transferring ffies from the original culture

bottle to the testing tubes 300-500 flies are first
shaken into a Borrell tube, which is then closed with
a rubber or cork stoppef through which passes a
short glass tube (E in the figure). Flies are then
transferred in the required number from the Borrell
tube to the testing tubes either by making use of
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their phototropism or by gentle shaking (the older
flies not being very sensitive to light).
Many authors working with Drosophila have

pointed out the difficulties caused by this insect's
sensitivity to a low relative humidity. For this
reason, in our first tests all tubes contained a layer
of banana-agar at the bottom covered with a
disc of filter paper, impregnated in the exposure
tubes and non-impregnated in the recovery tubes
(A and D in the figure). However, the impregnated
paper lining the walls of the exposure tubes, being
in contact with the agar, absorbed some moisture
from it, and in consequence the final results of the
tests were falsified. In a second group of tests, there-
fore, a rubber ring was used in place of the paper
disc to separate the lining paper from the agar
(B in the figure). Finally, in a third series of experi-
ments, no agar at all was used in the exposure tubes
(C in the figure), although it was kept in the reco-
very tubes, in which the flies must remain for 24
hours. It was found that the flies were well able to

tolerate the low humidity of the tubes without agar
for the duration of the exposure period (generally
1 hour).
The effect of varying the following factors was

investigated:

Humidity:
1. With agar (heavily moistened paper).
2. With agar and rubber ring (dry paper and humid

air).
3. Without agar(dry paper and humidity oflaboratory:

60%-70 %).
Age offlies:

1. Drosophila of various ages, taken indiscriminately
from culture bottle.

2. Young Drosophila, aged 2-5 days.
3. Old Drosophila, aged 30-35 days.

Insecticide:
1. DDT, several concentrations.
2. Dieldrin, several concentrations.

Time of exposure:
Variable, ranging from /4 hour to 3 hours.

Strain offlies:
1. D. melanogaster Oregon.
2. D. melanogaster "Marconi", strain isolated from a

house treated several times with DDT and BHC.
3. D. willistoni, strains of various origins.
4. D. prosaltans, strains of various origins.

No narcosis was used, in order to avoid the
physiological influence of the post-narcotic state
on the action of the insecticide (see Busvine b). In
the first series of experiments, the sex of the flies
was not noted either before or after the tests.
Each test was repeated two to four times, using

30 flies per test. The flies knocked down were
considered to be alive, and those which died acci-
dentally in the exposures tubes were discounted.
Only flies found dead after 24 hours in the recovery
tube were included in the calculation of results.
The temperature varied from 23°C to 30°C, but

was generally 25°C. The relative humidity in the
laboratory was 60%-70%.

Dosage-mortality curves were plotted on log-
probit paper, and correction for control mortality,
where necessary, was made using Abbott's formula.

Results are shown in Tables 1-4.

b Busvine, J. R. (1957) A critical review of the techniques
for testing insecticides, London, Commonwealth Bureau of
Entomology.



TABLE 1
24-HOUR MORTALITIES (%) OF YOUNG OR VARIABLE-AGE DROSOPHILA MELANOGASTER OF OREGON AND
MARCONI STRAINS FOLLOWING 15-MINUTE EXPOSURES IN TUBES WITHOUT AGAR (DRY PAPER) TO DIELDRIN-

IMPREGNATED PAPERS OF VARIOUS CONCENTRATIONS

Concentration of dieldrin
Strain Age of flies Date of test

0.2_% | 0.4_ 0.8% | 1.6%

Oregon Variable 8.5.59 1.3 31.2 - -

11.5.59 33.3 80.6 90.9 100.0

13.5.59 28.9 70.6 90.0 100.0

Mean 17.7 60.0 90.5 100.0

Oregon Young 22.5.58 0.0 2.6 22.0 32.4

(2-5 days) 25.5.58 2.2 12.2 76.2 100.0

26.5.58 3.2 0.0 18.8 87.0

27.5.58 8.3 6.7 80.0 94.5

1.6.58 8.1 21.6 81.3 100.0

4.6.58 0.0 6.9 35.2 93.8

Mean 3.1 9.8 51.0 84.3

Marconi Variable 14.5.58 70.7 21.4 82.9 97.4

15.5.58 33.3 0.0 57.1 90.1

2.6.58 0.0 9.0 75.7 100.0

6.6.58 0.0 0.0 100.0 100.0

Mean 35.1 8.6 74.1 95.7

Marconi Young 29.5.58 0.0 0.0 0.0 100.0

(2-5 days) 3.6.58 0.0 0.0 0.0 100.0

4.6.58 0.0 0.0 100.0 100.0

5.6.58 0.0 0.0 0.0 53.3

6.6.58 0.0 0.0 2.9 86.1

Mean 0.0 0.0 21.8 90.6

Each value based on two replicates of approximately 30 flies each. No control mortalities. Temperature of laboratory: 22°-27°C
Relative humidity of laboratory: 60 %-70 %.

Summary outline of test method

1. Prepare cultures of Drosophila of known age.

2. Transfer test flies from culture bottle to Borrell
tube (approximately 30 flies for each test vial) by
gentle shaking.

3. Line exposure and control tubes with WHO
standard paper (impregnated with insecticide and
solvent oil for exposure tubes and with solvent oil

TABLE 2
LD5o VALUES FROM PROBIT MORTALITY CURVES FOR

DROSOPHILA EXPOSED TO DIELDRIN

Species Young flies Flies of various
ages

Oregon 0.85% 0.35 %

Marconi 1.05 % 0.68 %
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TABLE 3
24-HOUR MORTALITIES (%) OF YOUNG OR VARIABLE-AGE DROSOPHILA MELANOGASTER OF OREGON AND
MARCONI STRAINS FOLLOWING 1-HOUR EXPOSURES IN TUBES CONTAINING MOIST DDT-IMPREGNATED PAPERS

OF VARIOUS CONCENTRATIONS

Concentration of DDT
Strain Age of flies Date of test

0.5% 1.0% 2.0% 4.0%

Oregon Young 12.5.59 9.3 87.0 98.0 100.0

(2-5 days) 13.5.59 30.3 84.6 100.0 100.0
15.5.59 52.8 83.3 97.5 100.0

Mean 29.5 85.1 98.2 100.0

Oregon Variable 16.9.59 26.7 17.9 61.0 70.6

29.9.59 11.8 0.0 36.4 82.6

27.10.59 3.2 20.4 51.9 69.2

28.10.59 2.2 33.3 50.0 86.8

4.11.59 2.3 11.3 25.2 68.9

28.11.59 22.7 41.5 70.4 91.5

Mean 13.5 27.6 53.0 79.9

Marconi Variable 29.9.59 9.1 32.2 35.7 27.6

27.10.59 0.0 0.0 11.4 6.3

28.10.59 0.0 0.0 3.1 12.5

26.11.59 9.0 20.1 22.4 38.3

Mean ] 6.3 16.7 | 19.1 f 32.3

Each value based on one or two replicates. Control mortalities of less than 5 %. Temperature of laboratory: 230-280C. Relativehumidity of laboratory: 60 %-70 %.

TABLE 4
24-HOUR MORTALITIES (%) OF YOUNG, OLD AND VARIABLE-AGE DROSOPHILA MELANOGASTER OF OREGON
STRAIN FOLLOWING 1-HOUR (VARIABLE-AGE ADULTS) AND 3-HOUR EXPOSURES IN TUBES CONTAINING SEMI-MOIST

AND DRY DDT-IMPREGNATED PAPERS OF VARIOUS CONCENTRATIONS

ICondition___ Concentration of DDT
Strain Age of flies Condition Date of test | _5 __|1.0 % | .0 % | 4.0of papers[ ~~~~~0.5% 1.0% 2.0% 4.0%

Oregon Variable Semi-moist 24.12.59 3.0 3.3 26.1 32.1

Oregon (2-5 days) Dry 6.2.59 - -| 3.6 13.6

Oregon Old Dry 17.2.59 - - 68.5 86.9

20.4.59 - - 16.2 48.5
22.4.59 - - 22.9 92.9

Mean - 40.5 81.3

Control mortalities of less than 5 %. Temperature of laboratory: 23-300C. Relative humidity of laboratory: 60 %-70 %.
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only for control tubes) cut to a size of 8.5 x 10 cm
and place disc of similarly impregnated paper (2.8 cm
diameter) at bottom of tubes.

4. Transfer flies from Borrell tube into exposure
tubes by gentle shaking or phototropism.

5. On completion of exposure period (generally
I hour), transfer flies from exposure tubes to reco-
very tubes (by gentle shaking) and maintain the
tubes in a horizontal position for 24 hours.

6. Count the dead ffies and transfer living flies
to a normal tube to be etherized and counted.

7. Calculate the correction for control mortality
and prepare the mortality curve on log-probit
paper. The LD50 values are determined graphically.

Conclusions
The authors believe that the method described

can be used for Drosophila in much the same way
as the WHO standard test is used for adult mosqui-
tos, but with certain modifications. For practical
reasons the use of the WHO standard impregnated
paper, cut to a suitable size, is recommended. While
Drosophila flies may be exposed to the insecticide
in dry tubes, a sufficient degree of humidity must be
maintained in the recovery tubes. Banana-agar
and molasses-agar are commonly used in Drosophila
laboratories and are therefore recommended for
this purpose, but simple agar-gel or any other
material which would maintain a constant humidity
could, of course, be used.

Insecticide-Resistance in Bed-bugs and Flies in Zanzibar

by NORMAN G. GRATZ,a Team Leader, WHO Housefly Investigation and Control Project, Monrovia, Liberia

In November 1959, in the course of an investiga-
tion of reported increases in the populations of bed-
bugs, fleas, and mites following dieldrin applications
in Zanzibar, a resistance survey was carried out on
bed-bugs and flies.

Anti-malaria spray programmes were begun on
the island by the WHO Malaria Eradication Team
with an initial spraying cycle from April to September
1958 and a second one from March to August 1959.
In each case dieldrin was applied at a rate of
0.8 g/m2. The entire island was sprayed with the
exception of one area of Zanzibar town. In addition,
DDT has been used for several years by the island
Health Department for the control of pests in
individual homes. The island's Department of
Agriculture has also used substantial quantities of
DDT for insect control in agricultural areas close to
Zanzibar town. There has been some use of diazinon-
impregnated cords for fly control in the markets, and
diazinon was sprayed into 28 pit privies (of which
there are over 9000 in the African section of the
town), but its use was discontinued when it was
found that it gave but 10-12 days' control of
Chrysomyia putoria.

a On leave from Vector Control Section, Ministry of
Health, Jerusalem, Israel.

Fly densities were fairly high in rural and municipal
areas, with estimated grill counts as high as 175 in
one village; bed-bug populations varied consider-
ably from village to village and from hut to hut
within villages. A number of very heavy bed-bug
infestations were found in Zanzibar town in both
the sprayed and unsprayed sections. Only a very
small number of fleas were found in the villages, all
Pulex irritans; and, despite their reported appearance
in heavy numbers following the dieldrin spraying,
no fowl mites were found in any of the huts in the
villages.

Insecticide-resistance tests were carried out on
houseflies, on C. putoria, and on bed-bugs (Cimex
hemipterus). Flies were exposed in 21 mm x 71 mm
vials to dieldrin and DDT residual deposits from
acetone solutions. Exposure was for 30 minutes
with dieldrin and for 15 minutes with DDT. Bed-
bugs were tested in Petri dishes by a previously
described method,b with the modification that there
was continuous exposure to dieldrin for three days
and to DDT for two days.

Results of the tests (Tables 1-3) show a high degree
of resistance to dieldrin in houseflies and C. putoria
taken from Zanzibar town. Houseflies from this

b Gratz, N. G. (1959) Bull. Wid Hlth Org., 20, 835.
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