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tissue systems are involved in this delayed toxic effect remains quite
unknown.

TABLE 4. DELAYED MORTALITY EFFECTS OF BRIEFLY EXPOSING SEXED
ANOPHELES QUADRIMACULATUS PUPAE, 24 HOURS OLD, TO 0.5 P.P.M. DIELDRIN *

Percentage mortality

0.5 p.p.m. dieldrin untreated controls
Minutes
exposed during during adult stage a during during adult stage

durigpal ___________ total pupal total

stage first second third mortalityb stage first second third mortality
________________ _day day day day day day

Females

2/2 12.0 4.0 0.0 12.0 28.0 16.0 0.0 0.0 4.0 20.0

5 12.0 4.0 8.0 8.0 32.0 12.0 0.0 8.0 4.0 24.0

10 28.0 16.0 8.0 12.0 64.0 4.0 4.0 4.0 8.0 20.0

15 15.0 40.0 25.0 10.0 90.0 10.0 10.0 0.0 3.3 23.3

Males

2/2 9.0 4.0 4.0 12.0 29.0 12.0 0.0 0.0 4.0 16.0

5 8.0 8.0 12.0 16.0 44.0 9.0 0.0 4.0 4.0 17.0

10 20.0 16.0 16.0 24.0 76.0 8.0 8.0 4.0 16.0 36.0

15 22.0 9.0 65.0 4.0 100.0 8.0 12.0 0.0 12.0 32.0

* Five to ten tests were run at each exposure on groups of 5 pupae in 100-mI beakers; all dieldrin-
treated pupae received two 1-litre rinses in distilled water immediately after exposure.

a Adults were kept individually in 75-mI, cotton-stoppered Erlenmeyer flasks without food;
10 ml of water in flask.

b Uncorrected mortality figures

Observations on the Susceptibility of
Anopheles gambiae to Dieldrin assessed by
Topical Application
by Professor E. UNGUREANU, Professor of Parasitology, Faculty of Medicine, Iavi; Chief,
Malaria Section, Institute of Hygiene, Iati, Romania

During the author's visit to the Ross Institute, London, England, a
series of experiments was carried out on the susceptibility of different strains
of Anopheles gambiae to dieldrin.

Method. The method used was the topical application technique devised
by Ungureanu & Ungureanu a by means of which a known amount of the
toxicant can be applied from a micropipette individually to each mosquito.
Batches of 15-20 mosquitos were collected in a test-tube and anaesthetized

a See note on page 1005.
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by placing a small wad of cotton wool containing 0.2 ml of ether on top of
the test-tube for about 2 minutes. The stunned mosquitos were then placed
on a slide and a small drop of an alcoholic solution of dieldrin was deposited
on the thorax of each insect from the micropipette. The size of this drop
varied between 0.1 mm3 and 0.35 mm3 according to the batches ofmosquitos
and the concentration of the solution. Two or three minutes after the
topical application of the insecticide, the mosquitos were transferred to
gauze-covered cardboard cups. The number of dead insects was counted
after 24 hours. Control tests were carried out with 90% ethyl alcohol. The
environmental temperature varied between 27°C and 28°C and the humidity
between 80% and 90 % during the experiments.

Results. The results obtained with a strain of A. gambiae of normal
susceptibility (Diggi) are shown in Table 1 and those obtained with two

TABLE 1. SUSCEPTIBILITY TO DIELDRIN OF FEMALE A. GAMBIAE
OF NORMAL STRAIN FROM DIGGI, NORTHERN NIGERIA *

Concentration Amountoftoxicanti Number Number of Percentage
of dieldrin per mosquito of mosquitos mosquitos dead mortality
solution (Mg) exposed after 24 hours

0.001 % 0.0015 22 3 14

0.0020 12 6 50

0.0020 13 7 54

0.0025 19 11 58

0.002 % 0.0030 20 18 90

01 0.0050 30 30 100

Controls - 50 0 0

* All the mosquitos were 48 hours old and were fed on 10 % glucose solution.

dieldrin-resistant strains are presented in Table 2. The two resistant strains,
colonized at the Ross Institute, were composed of resistant homozygotes
(RR) and originated in West Africa, one in Bobo-Dioulasso (Haute Volta)
and the other in Kano (Northern Nigeria).

The results of a third experiment, in which a hybrid (RS) strain obtained
by crossing the resistant Kano strain with the susceptible Diggi strain was
tested, are shown in Table 3. In this experiment an attempt was made to
assess the results in relation to the food given to the mosquitos on the day
before the experiment.

Discussion. Using the method of Busvine & Nash,b Davidsonc found
that the median lethal dose (LD50) for the hybrids (Kano x Diggi) was
approximately 30 times higher than that for the susceptible A. gambiae

b Busvine, J. R. & Nash, R. (1953) Bull. ent. Res., 44, 371
c Davidson, G. (1958) Bull. Wld Hlth Org., 18, 579
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TABLE 2. SUSCEPTIBILITY TO DIELDRIN OF FEMALE A. GAMBIAE
OF TWO RESISTANT STRAINS FROM WEST AFRICA *

Origin of strain Amount Number Number
Test concentration of of toxicant of mosquitos of mosquitos Percentageconcenratioof pr mosqito eposed dead after mortality

dieldrin solution (J9g) expose 24 hours

Bobo-Dioulasso
(RR)

0.2 % 0.30 14 8 57

1 it 0.50 10 6 60

if .0.70 13 11 85

Controls - 14 0 0

Kano (RR)

0.08 % 0.12 20 0 0

..0.20 20 0 0

2 0.2 % 0.30 21 0 0

to ~~0.50 20 1 5

of 0.70 23 4 17

Kano (RR)

1.0 % 1.50 20 0 0

3 2.50 20 4 20
33

2.50 13 7 54

Controls - 45 0 0

* The mosquitos were 5-6 days old and were fed on 10 % glucose solution in the first two tests
and on blood and glucose solution in the third test.

from Diggi. On the other hand, the LD50 of the dieldrin-resistant
A. gambiae from Kano was about 800 times higher than that of the sus-
ceptible strain. The results obtained by the topical application method
described here are in good agreement with those obtained by Davidson.
The LD50 values obtained for the four strains of A. gambiae used in this
investigation were as follows:

LDs0 (jsg)
Susceptibles (Diggi) .... . . . . 0.002 to 0.0025
Resistant (Bobo-Dioulasso) ... . . 0.3
Resistant (Kano) . . . . . . . . over 2.5 (extrapolated value, 4.0)
Hybrids (Kano x Diggi) .... . . . 0.05 to 0.07

It is obvious from these figures that the resistant strain of A. gambiae
from Kano was about 1000 times more tolerant of topical application of
dieldrin than the susceptible strain from Diggi. The hybrid strain (Kano x
Diggi) was about 30 times more tolerant than the susceptible strain. The
resistant strain from Bobo-Dioulasso was about 150 times more tolerant
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than the susceptible strain from Diggi. It should be borne in mind, of course,
that these figures are only approximate, since the number of mosquitos used
was small.

TABLE 3. SUSCEPTIBILITY TO DIELDRIN OF FEMALE A. GAMBIAE
OF HYBRID STRAIN (DIGGI x KANO) *

Feed of mosquito Amount of Number ofNumber
and concentration toxicant per of mosquitos of mosquitos Percentage
of dieldrin solution mosquito exposed dead after Imortality

(,4g) 24 hours

Blood-fed

0.02 % 0.03 15 1 6.7

of 0.05 12 6 50

of 0.07 15 15 100

Controls - 14 0 0

Empty

0.02 % 0.03 10 2 20

0.05 11 7 64

0.07 12 11 92

Controls - 11 0 0

Fed on blood
and sugar

0.02 % 0.03 25 2 8

is 0.05 20 4 20

go 0.07 12 6 50

is 0.15 12 11 92

Controls - 24 0 0

* The mosquitos were 2-5 days old.

In the course of these experiments each mosquito was closely examined.
Most of the specimens of A. gambiae from Diggi were found to have a
paler and more fragile integument than the resistant A. gambiae from Kano,
which had a darker and seemingly tougher exoskeleton; the hybrids were
half way between the susceptible and the resistant strains. The differences
were so obvious that it was possible to distinguish single specimens of those
strains under low magnification or even with the naked eye. It might be of
interest to carry out a more detailed investigation of the morphological
differences between the susceptible and the resistant strains. It is possible
that the striking difference in tolerance to dieldrin could be explained not
only by a physiological mechanism, but also by morphological factors. The
morphological differences might extend beyond the integument to other
internal structures and therefore have an important bearing on the tolerance
of the mosquito to insecticides. It seems that there might be a close rela-
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tionship between the morphological and the physiological differences, and
more investigations on this problem, using refined histological and cyto-
logical techniques, are required.

* *

The author expresses his gratitude to Professor G. Macdonald and
Dr G. Davidson of the Ross Institute, London, and to Dr J. R. Busvine
of the Department of Entomology, London School of Hygiene and Tropical
Medicine, for their kind welcome and for putting at his disposal all the
facilities of their laboratories; and also to Dr L. Bruce-Chwatt of the
Division of Malaria Eradication, WHO, for his technical advice.

Resistance de Culex pipiens fatigans
aux hydrocarbures chlores
a Leopoldville (Congo belge)
par le Dr J. CERF, Chef du Service de l'Hygiene, Liopoldville, et le Dr A. LEBRUN,
Directeur de l'Institut provincial d'Hygiene Marcel Wanson, Leopoldville.

Depuis 1949, les insecticides organiques de synthese ont ete largement
utilises 'a Leopoldville dans la lutte contre les arthropodes vecteurs de
maladies: anopheles, Aedes aegypti et simulies. Les resultats ont ete specta-
culaires et nous en sommes actuellement au stade du maintien et de la sur-
veillance de 1'eradication sur l'ensemble de l'aire de l'agglomeration.
Cependant, d'autres varietes, sans grande importance medicale d'ailleurs,
n'ont pas suivi cette regression. Parmi celles-ci se trouvent les Mansonioides
et Culex fatigans.

Les premiers sont issus de gites larvaires extra-urbains et leur biologie
particuliere les rend difficilement accessibles. Leur nombre et le degre
d'inconfort qu'ils creent n'a guere fluctue au cours de ces dernieres annees.

En ce qui concerne Culex fatigans, la situation a evolue. Alors que la
mise en ceuvre de la lutte antipaludique imagicide avait entraine une reduc-
tion sensible de ce moustique au cours des premieres annees, depuis 1955
sa proliferation s'accrolt tandis que disparaissent les derniers anopheles
et Aiedes.

Le probleme peut paraitre mineur puisque jusqu'a present le role en
pathologie de Culex fatigans en Afrique Centrale n'a pas ete demontre.

I1 peut cependant ne s'agir que d'une lacune de nos connaissances,
puisque ce diptere est, dans d'autres parties du monde, transmetteur de
filarioses et de certaines formes d'encephalites. I1 s'agit donc d'un vecteur
potentiel dont le role ne pourra etre clairement precise que lorsque l'etude
des viroses du centre africain sera plus avancee qu'a l'heure actuelle.

Il est, de surcroit, un autre aspect du probleme.
Culex fatigans est un insecte fortement anthropophile, particulierement

vorace, importun, qui fait obstacle 'a la recuperation physiologique que
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