
INHERITANCE OF DDT-RESISTANCE IN MOSQUITOS 1109

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h Armstrong, J. A., Ramsdale, C. D. & Ramakrishna, V. (1957) Unpublished working document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)
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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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viously been the subject of toxicological investigations. C, d In spite of the
fact that the larval DDT-resistance in this strain was determined by him to
be 120 times that of the normal, Coker discovered considerable amounts
of overlapping of the log-dosage/probit regression line of the F, with those
of both the susceptible and the resistant parents. This considerably added
to the difficulty of interpreting his results.

Subsequently, a more resistant colony was obtained from the Trinidad
strain by selective exposure to DDT in the laboratory by Professor G. B.
Craig, working at the US Army Chemical Centre in Maryland (this is
hereafter designated the selected Trinidad strain). He very kindly supplied
a subcolony to the London School of Hygiene and Tropical Medicine.
This permitted the writer on the one hand to establish the susceptibility
levels of the susceptible and selected Trinidad strain and on the other to
confirm Coker's conclusions that a single gene was involved in the inheritance
of resistance.

Maintenance of cultures. The larvae were raised at a constant room
temperature of about 24°-25°C by the technique suggested by Leeson.'
The adults were fed on sugar supplied on cotton wool pads, and whenever
eggs were required a blood meal was given by introducing an anaesthetized
guinea-pig into the cage for about an hour.

Test methods. The method of measuring resistance was similar to that
advocated by Brown. C In this slightly modified method, suspensions of
DDT are prepared in 250 ml of tap water at 24°-25°C. Batches of about
20 early fourth stage larvae were immersed for 24 hours and then examined
for mortality.

Genetical method. Virgin females of each of the two strains were obtained
from sexed and isolated pupae for mass crossings and the two reciprocal
crosses produced.

Results. The mortalities observed with different doses in the susceptible
strain were as follows:

DDT Number of Replicates Percentage Probit LC,,
concentration larvae mortality

(p.p.m.)
0.004 160 8 4 3.25
0.02 240 15 41 4.77
0.1 334 18 71 5.55 0.03
0.2 148 10 88 6.18
0.5 160 8 92 6.41

The probits of the percentage mortality were plotted against the loga-
rithms of the dosage and a regression line obtained, from which the LC50
was determined.

c Brown, A. W. A. (1957) Bull. Wld Hlth Org., 16, 201
d Busvine, J. R. & Coker, W. Z. (1958) Bull. Wld Hith Org., 18, 651
C Leeson, H. S. (1932) Bull. ent. Res., 23, 25
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The mortalities with different doses in the selected Trinidad strain were:
DDT Number of Replicates Percentage Probit LC,,

concentration larvae mortality
(P.p.m.)

5 70 4 - -
10 130 7 5 3.36
20 120 6 18 4.08
30 100 5 48 4.95 30
50 120 6 50 3.33
60 120 6 89 6.18

The LC50 for the susceptible strain is 0.03 parts per million (p.p.m.)
and that for the selected Trinidad 30 p.p.m. Thus it would appear that the
selected Trinidad is 1000 times more resistant. It is interesting to note
that the figure for the susceptible strain is exactly the same as determined
by Shidrawit and slightly higher than Coker's, b who estimated it at
0.016 p.p.m. However, the LC9o value obtained in the present experiments
is much higher than equivalent figures of these earlier authors.

The results of tests on the F, obtained by crossing the two strains
(T =Trinidad, S - susceptible) were:

DDT T?xSj (HJ S?xTd (H,)
concentration

(p.p.m.) Number of Replicates Mortality Number of Replicates Mortality
larvae (%J larvae (%)

0.1 40 2 -
0.5 95 5 9 - -
2.5 80 4 21 120 6 36
5.0 60 3 58 120 6 67

10.0 40 2 92 120 6 93

From the mortality figures of the F1 and the regression lines obtained
therefrom it is clear that there is comparatively little overlap with either of
the two parents, and the resistance is not a completely dominant character.
The slight difference in the F1 of the two crosses-LC50 3.5 in one and 4.5
in the other-probably does not represent any genotypic difference but is
surely due to the variations observed during the course of experiments,
particularly in the lower doses. Therefore, there seems to exist no sex-
linkage.

The F2 generation. The F2 generation produced by the inbreeding of
the F1 was tested for two concentrations: 0.5 p.p.m. and 10 p.p.m. The
former was expected to give 25% mortality and the latter 75% mortality
in case the resistance depended on a single gene, for these were determined
to be the discriminating doses that would kill nearly all the susceptibles
and all the susceptibles plus the hybrids respectively. The following tabula-
tion shows the results:

t Shidrawi, G. R. (1957) Bull. Wld Hith Org., 17, 377
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DDT H1 F2 H2 F2
concentration

(p.p.m.) Number of Replicates Mortality Number of Replicates Mortality
larvae (%) larvae (%)

0.5 300 15 27 180 9 20
10 380 19 64 160 8 65

The above figures do not depart considerably from the expected per-
centages.

Now the F1 was back-crossed to each of the two parents as follows:
(1) F1 males x susceptible females;
(2) F1 males x Trinidad females.

The results of the tests on offspring of the backcrosses are given below:
Type of DDT Number of Replicates Percentage
backcross concentration larvae mortality

(P.p.m.)
FldxS 0.5 180 9 46
F1c xT? 10 520 26 45

Both these mortality figures are near to 50 %, which would be expected
in monofactorial inheritance.

* *

My grateful thanks are tendered to Professor D. S. Bertram for affording
me facilities for work in his department. I owe a deep debt of gratitude to
Dr J. R. Busvine for his interest, encouragement and guidance during the
course of the work.
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Les recherches effectuees au cours des annees 1956 et 1957 ont porte
sur les sujets suivants: evolution saisonniere de la densite anophelienne,
dans quelques localites traitees par les insecticides chaque annee depuis
1947-49, comparee a celle des localites oju l'on a interrompu les pulveri-
sations depuis 2-3 ans; la determination de la formule anophelienne; les
tests de sensibilite, par la methode de Busvine & Nash, dans les localites
traitees pendant un certain nombre d'annees et dans les localites n'ayant
jamais ete traitees. Cette note donne les resultats de quelques tests de sensi-
bilite en relation plus specialement avec la saison et la temperature.

* Sous la direction du Professeur Acad. M. Ciuca et du Professeur G. Lupasco.
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