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The Susceptibility of Adult Female Anopheles gambiae
to Insecticides in East Africa
by J. A. ARMSTRONG, B.Sc., Scientific Officer (Entomologist),
Colonial Pesticides Research Unit, Arusha, Tanganyika

In 1955 a survey was initiated in East Africa to establish the normal
susceptibility levels of adult female Anopheles gambiae to DDT, gamma-
BHC, and dieldrin. The survey was extended to cover areas where -no
extensive applications had been made and areas where mosquito-control
schemes by the use of insecticides were in progress or were to be initiated.
With this information it was considered that any change in the susceptibility
of A. gambiae to insecticides in these control schemes could be detected.

The test technique used was that described by Busvine & Nash. a
Adult female A. gambiae were exposed, in lots of ten per tube, for one
hour to filter-papers impregnated with a Risella-oil solution of the particular
insecticide. With each test, a control in which the mosquitos were exposed to
non-insecticidal filter papers was set up. After the exposure period, the mos-
quitos were transferred to survival cages, and placed in a darkened room or
box for a 24-hour holding-period. These survival cages were of wire frame
construction, measuring 15 cm x 7.5 cm x 7.5 cm, covered with mosquito-
netting. A piece of cotton wool soaked in sugar solution was placed on the
top of each cage. After the holding-period, the percentage mortality was
ascertained for each concentration of insecticide and for the control. All
test mortalities were corrected by means of Abbott's formula. b A graph
of concentration of insecticides versus corrected percentage mortality was
plotted on log-probit paper, and the regression line was fitted by eye. The
median lethal concentration (LC50) with its fiducial limits was calculated
for each insecticide according to the technique described by Finney. b
All test papers were checked by setting up a test with laboratory colony
A. gambiae at Arusha. At no time was it necessary to discard papers owing
to errors in impregnation.

Mosquito tests were carried out at Gonja in the centre of the Taveta-
Pare Malaria Control Scheme; at Magugu, a small untreated village 90
miles (144 km) south-west of Arusha; at Mombasa c on the coast where a
mosquito-control scheme has been in progress for several years; on the
island of Zanzibar, as part of a pre-spray assessment for the Zanzibar
Malaria Control Scheme; d and at Kisumu on Lake Victoria e where a
survey in both sprayed and unsprayed areas was made. At Gonja, no great
differences in mortalities were observed between house-caught A. gambiae
and A. gambiae collected in box traps adjacent to cattle enclosures.f These

a Busvine, J. R. & Nash, R. (1953) Bull. ent. Res., 44, 371
b Finney, D. J. (1952) Prob.v analysis, 2nd ed., Cambridge
c Armstrong, J. A. (1957) Miscellaneous Report No. 177 (Colonial Pesticides Research Unit, Arusha)
d Armstrong, J. A. (1957) Miscellaneous Report No. 181 (Colonial Pesticides Research Unit, Arusha)
e Bransby-williams, W. R. & Armstrong, J. A. (1958) Miscellaneous Report No. 201 (Colonial Pesticides

Research Unit, Arusha)
fDraper, C. C. & Smith, A. (1957) Trans. roy. Soc. trop. Med. Hyg., 51, 137
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results are grouped and shown as Gonja in the tables. Davidson g found
that it was possible to determine the genetic composition of a population of
A. gambiae with respect to dieldrin-resistance by exposing the mosquitos
to only two concentrations of dieldrin. If the probit mortality curve was
extended to the theoretical LC1o0, this concentration of dieldrin (0.33 %)
was sufficient to kill only the homozygous susceptible A. gambiae. Further
tests showed that a one-hour exposure to 4.0% dieldrin would kill hetero-
zygous resistant as well as homozygous susceptible A. gambiae, but would
not kill homozygous resistant A. gambiae. In the search for dieldrin-
resistance in the Taveta-Pare Malaria Control Scheme it was, in fact, found
that the LC100 for susceptible A. gambiae was similar to that used by David-
son, and this concentration was used as the discriminating dose to separate
resistant from susceptible A. gambiae. No exposures were made using
4.0% dieldrin. The results are included as Gonja mosquitos exposed to
0.5 % dieldrin. The tests at Magugu were carried out using wild-caught
mosquitos collected from the native houses. At Mombasa, it was impos-
sible to obtain the required numbers of adult female A. gambiae by
house collections, so larval collections were made. The larvae were reared
to pupae in enamelled iron pans filled with water from the larval habitat.
No food was added. The pupae were collected and placed in a small con-
tainer in a 25-cm cube cage covered with a dark cloth. The adults were
tested the morning after emergence, having been fed only on a sugar-water
solution. After the tests on Zanzibar Island, using wild-caught mosquitos
from houses, were completed, eggs were obtained from female A. gambiae
and shipped to Arusha. The eggs were hatched, the larvae were reared
to adults, and a test, using freshly treated filter-papers, was set up. These
results are shown as Zanzibar bred-out. At Kisumu, where the survey
covered unsprayed areas adjacent to Kisumu and a section of the controlled
area of the Nandi Malaria Control Scheme, wild female A. gambiae, collec-
ted in houses, were used to obtain susceptibility levels. These results
are shown as Kisumu sprayed and Kisumu unsprayed, respectively.

In Table 1 are shown the median lethal concentrations for all three
insecticides, expressed as percentage concentration of insecticide. In
Tables 2, 3, and 4 are shown the test results using DDT, gamma-BHC,
and dieldrin.

The tests using DDT show very little variation in median lethal concentra-
tions. The reversed mortalities observed using A. gambiae from Mombasa
may be attributed to the inaccuracies that arise when small numbers of
test insects are used. Using gamma-BHC, the median lethal concentrations
from all localities surveyed were found to be of the same order as the
laboratory colony A. gambiae. Zanzibar A. gambiae appear to be slightly
more susceptible to gamma-BHC than any of the other A. gambiae. The
low kill with laboratory colony mosquitos exposed to 0.005 % gamma-BHC
as compared to the kill with 0.0025 % gamma-BHC may be due to the fact
that in this portion of the log-probit paper a variaticm of 1 % or 2% covers
a wide range. In this test there was also a relatively .high control mortality

g Davidson, G.( 1956) Nature (Lond.), 178, 863
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TABLE 1. MEDIAN LETHAL CONCENTRATIONS WITH FIDUCIAL LIMITS (EXPRESSED AS
PERCENTAGES IN RISELLA OIL) OF DDT, GAMMA-BHC, AND DIELDRIN WHEN ADULT

FEMALE A. GAMBIAE ARE EXPOSED FOR ONE HOUR

Locality DDT gamma-BHC Dieldrin

Laboratory colony 0.66 ±0.11 0.006 ±0.0010 0.15 ±0.010

Mombasa 0.74 ±0.10 0.0049 ±0.0010 0.020 ±0.010

Zanzibar

(wild-caught) 0.88 ±0.10 0.0039 ±0.001 0.041 ±0.010

Zanzibar
(bred-out - 0.049 ±0.010

Gonja 0.42 ±0.10 0.0055 ±0.0014 0.097 ±0.010

Kisumu
(unsprayed) 0.87 ±0.16 0.0056 ±0.0010 0.053 ±0.010

Kisumu
(sprayed) - 0.034 ±0.010

Magugu - | 0.044 ±0.020

TABLE 2. MORTALITIES OF ADULT FEMALE A. GAMBIAE WHEN EXPOSED TO DDT*

* The percentage mortality in the control test, and the corrected percentage mortality at each
concentration of insecticide, are shown. The number of mosquitos tested is given In parentheses.
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TABLE 3. MORTALITIES OF ADULT FEMALE A. GAMBIAE WHEN EXPOSED TO GAMMA-BHC*

Percentage concentration of insecticide
Locality Control

0.0025 0.005 0.010 0.025 0.050

Laboratory colony 16 (36) 3.5 (58) 2 (55) 39 (60) 98 (59) -

Mombasa 15 (40) 15 (78) 42 (49) 91 (63) - -

Zanzibar
(wild-caught) 18 (39) 27 (40) 57 (40) 98 (40) 100 (40) -

Gonja 0 (26) 34 (29) 26 (30) 83 (30) 100 (27) -

Kisumu
(unsprayed) 0 (61) 14 (72) 35 (69) 87 (54) 97 (32) 100 (31)

* The percentage mortality in the control test, and the corrected percentage mortality at each
concentration of insecticide, are shown. The number of mosquitos tested is given in parentheses.

TABLE 4. MORTALITIES OF ADULT FEMALE A. GAMBIAE WHEN EXPOSED TO DIELDRIN *

Percentage concentration of insecticide
Locality Control

0.025 0.050 0.070 0.10 0.25 0.50

Laboratory colony 5.6 (672) 5 (569) 8 (680) 10 (678) 24 (671) 76 (674) 98 (677)

Mombasa 0 (23) 38 (50) 97 (64) 100 (59) 100 (8) 100 (102) -

Zanzibar
(wild-caught) 23 (40) - 67 (50) 90 (45) 98 (43) 100 (44) 100 (34)

Zanzibar
(bred-out) - 55 (31) 64 (28) 84 (31) 100 (32) -

Gonja 1 (103) 5 (131) 17 (105) 39 (100) 41 (90) 99 (77) 100 (311)

Kisumu
(unsprayed) 5 (79) 15 (77) 43 (83) 64 (89) 89 (64) 100 (52) 100 (49)

Kisumu
(sprayed) 15(40) 16(31) 20(49) 84(42) 97(36) 100(11) -

Magugu 1.5 (130) 9(29) 66(125) 72(117) 94 (104) 100 (52) 100(41)

* The percentage mortality in the control test, and the corrected percentage mortality at each
concentration of insecticide, are shown. The number of mosquitos tested is given in parentheses.
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with these mosquitos. In the tests with dieldrin, the most susceptible mos-
quitos were found at Mombasa. Unfortunately it was not possible to send
eggs to the laboratory at Arusha in order to repeat the test with the bred-
out adults, under laboratory conditions. At Zanzibar, it was possible to
collect eggs from wild-caught A. gambiae and send them back to Arusha
to check the field tests using wild-caught material. The two LC50's obtained
are in very close agreement, 0.041 and 0.049 %. In the Taveta-Pare Malaria
Control Scheme, at Gonja, where spraying has been in progress for three
years, no survivors were observed at 0.50% dieldrin. At Kisumu, where
spraying has also been in progress for three years, the LC50's of dieldrin
for A. gambiae in unsprayed and sprayed areas were of the same order.
The field test at Magugu indicates an increased susceptibility of A. gambiae
to dieldrin, as compared to laboratory colony A. gambiae.

There was no increase in the mean tolerance of A. gambiae in the
investigated areas to DDT, gamma-BHC or dieldrin above the levels
present in the fully susceptible strains of this species. The results suggest
that dieldrin-resistance, as reported in Northern Nigeria, h does not occur
in either the Taveta-Pare Malaria Control Scheme or in the Nandi Malaria
Control Scheme.

h Armstrong, J. A., Ramsdale, C. D. & Ramakrishna, V. (1957) Unpublished working document
WHO/Mal/182 (WHO/Insecticides/52)

The Inheritance of DDT-Resistance
in a Highly Resistant Strain of Aedes aegypti (L.)

by M. QUTUBUDDIN, M.Sc.,* Department of Entomology, London School of Hygiene and
Tropical Medicine, London, England

There existed no literature on the inheritance of insecticide resistance
in mosquitos until Davidson a studied it in two anophelines: dieldrin-
resistant A. gambiae from Northern Nigeria and DDT-resistant A. sundaicus
from Java, both of which showed normal Mendelian inheritance. Coker b
studied in great detail the inheritance of resistance to DDT in Aides aegypti
(L.) in three different resistant strains, originating respectively in Trinidad,
Malaya and Haiti. By crossing each of these resistant strains with the
normal susceptible Aides aegypti and conducting larval experiments on
the F1, F2 and the offspring of the backcrosses of F, to the two parents, he
concluded that a single factor, perhaps a gene, is responsible for the different
levels of resistance in the three strains.

The Trinidad strain used by Coker was obtained from a colony main-
tained at the Communicable Disease Center, Georgia, USA, which had pre-

* Medical Entomologist, Ministry of Health, Government of the Sudan.
a Davidson, G. (1958) Bull. Wld Hlth Org., 18, 579
b Coker, W. Z. (1957) Inheritance of DDT resistance in Aedes aegypti (L.), London (Thesis)
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