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Annexe 3

VALEURS MOYENNES OBSERVEES DES CONCENTRATIONS LETALES
50°/ ET 1000% (CL5O ET CLIoo) DE SEPT INSECTICIDES ORGANOPHOSPHORE-S

VIS-A-VIS DES SOUCHES OUEST-AFRICAINES D'AEDES AEGYPTI,
AVEC INDICATION DES SOUCHES SEMBLANT MANIFESTER

UNE TOLERANCE A CES COMPOSES

Insecticides CLso CLloo Souches a sensibilit6 diminu6e(parties par million) (parties par million)

Malathion 0,045 a 0,18 0,25 a 0,50 Sibla (Mali)
Bouafl6 (Cote d'lvoire)

Fenthion 0,0024 a 0,007 0,004 a 0,02 Monrovia (Lib6ria)
Bobo-Dioulasso (Haute-Volta)

F6nitrothion 0,002 a 0,018 0,01 a 0,05

OMS-437 a 0,003 b 0,012 0,01 a 0,05

Bromophos 0,005 a 0,026 0,02 a 0,1 Daloa (C6te d'lvoire)
Sehou6-Sekkou (Dahomey)
Glazou6 (Dahomey)
Azouriss6 (Dahomey)

Abate 0,0012 3 0,0045 0,004 a 0,020

Dursban 0,0006 a 0,0022 0,002 a 0,01

(' Tolu&ne dithiol bis (O,O-dim6thyl) phosphorodithioate.

Development and Reversion of DDT Resistance
in an Aedes aegypti Population in Bangkok, Thailand *
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In a study of the baseline susceptibility of 14 Bang-
kok strains of Ae. aegypti to DDT, Bang, Tonn &
Punurai found that very few log dosage probit lines
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(Id-p) were linear, but showed a heterogeneous dis-
tribution owing to discontinuity between the types
contained in the sample. Hence the LC,50 or LC5.-
values could not be used to determine the gain or loss
of DDT resistance. Brown (1966) emphasized the
need to establish discriminating dosages to separate
susceptible, hybrid, and resistant genotypes of field
populations of Ae. aegypti.
The objectives of the present study were (l) to

characterize the larvae of field populations of Ae.
aegypti into the three genotypes with respect to DDT
resistance; (2) to measure the increase or loss of DDT
resistance in a pilot control project area at Huay
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Kwang, Bangkok, Thailand; and (3) to determine the
degree of dispersion of resistant Ae. aegypti to and
from the control project area. The results here re-
ported were obtained between November 1966 and
June 1969.

Materials and methods
Experimental site. The Huay Kwang Government

housing project consists of about 1 700 houses occu-
pied by approximately 15 000 inhabitants. A pilot
project for the control of Ae. aegypti at Huay Kwang
was initiated in April 1964. A combination of DDT
residual spray on all inner surfaces of the houses
(DDT water-dispersible powder, 2 g/m2) and larvici-
dal treatment in water containers (DDT water-dis-
persible powder, 1.0 ppm) was followed by perifocal
applications of the larvicide every fortnight (Jata-
nasen, 1967). The Aedes index of 85% in March 1964
was reduced to 4.5% by the initial combined treat-
ment. After the perifocal treatment (June 1964), the
index was reduced to about 0.5 % and maintained
at this level for a year. Since the Aedes index in-
creased in August 1966, about 80% of the houses in
the neighbourhood of the Huay Kwang housing pro-
ject were treated with DDT as in the original project
area. This treatment was maintained in most of these
surrounding protective areas until March 1967, but
at some sites immediately adjoining the control pro-
ject area it was continued until the project itself
ended in March 1968.

Discriminating concentrations. To characterize the
field population of Ae. aegypti larvae into genotypes
for DDT resistance a mosquito pool was established
with the larvae collected from the pilot control pro-
ject area. Twenty-five late third-instar or fourth-in-
star larvae of the laboratory colony (F-1 originated
from Huay Kwang project area) were exposed to each
of 16 different concentrations of DDT ranging from
0.06 to 3.0 ppm. The mortality rate was recorded
after 24-hour exposure at a room temperature of
approximately 260C. Similar tests were repeated with
three different strains of larvae collected from Tha
Tian, King Phet, and Bang Khen localities near Bang-
kok.

Developnment and loss ofDDT resistance. The sus-
ceptibility tests were performed on larvae collected
in the Huay Kwang control area under the continual
DDT pressure of the pilot project, and for 1 year
after the pressure ceased. The larvae collected in the
area by the field workers during their bi-weekly in-
spections were pooled and reared in the laboratory
to the adult stage, and the F1 larvae were utilized

for the tests. The tests were carried out according to
the WHO standard test procedure (WHO Expert
Committee on Insecticides, 1963).

Results
Discriminating dosage of DDT. The log dosage-

probit (ld-p) regression lines obtained from the sus-
ceptibility tests with several strains of Ae. aegypti
larvae (Fig. 1) show two plateaux at the concentra-
tions of 0.16 and 2.0 ppm. These concentrations are
similar to those used by Brown (1966). The propor-
tions of the RR, Rr. and rr individuals indicated

Bang Khen
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90
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80 Huay Kwang 4
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Huay Kwang 160 Ha

5 50~~~~~~~~~~~~~~~~Huay Kwang 3

0.06 01 0160.2 10 20 30
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Fig. 1. Results of dosage-mortality tests made on se-
veral strains of Aedes aegypti from Bangkok, Thailand,
using a close series of D DT concentrations to reveal the
points of inflexion.

by the use of the two diagnostic concentrations
(Table 1) fitted a Hardy-Weinberg distribution in
9 of 10 tests. In the other test, the segregation was
statistically different (P < 0.05) from the expected
ratio. The data as a whole are sufficient to support
the conclusion that the DDT resistance is due to
monofactorial inheritance.

Development and loss ofDDTresistance. The LC50
and LC9. levels determined in the project area
(Table 2) show that DDT resistance had already de-
veloped during the first year to an LC50 of 0.2 ppm
as first determined in June 1965. This level further in-
creased more than 10-fold in the next 5 months.
Subsequently it rose to 9.3 ppm by September 1967,
and thus the LC50 increased about 50-fold in 27
months. For the period between November 1966 and
May 1968 the average LC50 was 5.5 ppm, and an
average mortality of 70% was obtained at the con-
centration of 10 ppm. No comparison was made be-
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Table 1. Genetic make-up of DDT resistance in the larval populations of Aedes aegypti from several localities
in Bangkok, Thailand

Test nRatio observed a Gene frequency b Chi-square Probability
rr Rr RR rr Rr RR (X) (P)

Tha Tian 1

_

King Phet

2

Bang Khen

10.2

6.8

3.6

9.0

17.6

2.0

13.7

19.4

25.0

40.4

43.5

38.5

30.8

42.0

48.8

24.0

46.6

49.2

50.0

45.9

46.2 10.306 -- 0.80

54.7 0.273 -0.80

65.6 0.033 - 0.98

49.0

33.6

74.0

39.7

31.4

25.0

1.021 0.50

2.700 - - 0.20

12.583 0.01

1.253 0.50

i-
0.025 0.98

2.000 0.30

13.7 0.010 0.99

a Separated by using discriminating dosages, 0.16 and 2.0 ppm.
b Expected ratio determined by using the Hardy-Weinberg formula.

tween the LC95 levels because the computed LC95
values were higher than the highest concentration
used (10.0 ppm) in most of the tests. After the DDT
pressure ceased in March 1968, the LC50 levels de-
clined markedly and were maintained at about 1.0
ppm for over one year. The average mortality at
10.0 ppm for the year following June 1968 was 91 %Y
and during the same period the LC50 values ranged
between 3.0 and 0.5 ppm, with an average of 1.5 ppm.
Examination of the individual dosage-mortality

lines obtained during the period (Fig. 2, line 1) shows
that the slope was already shallow in June 1965 and
became most shallow (line 6) when the maximum
resistance was reached in May 1967. In September
1967 the slope became steepest (line 7), and by March
1969 (line 9) it had equilibrated at a steeper slope than
that found in June 1965. The figures for the slope
(change in probits per 10-fold change in dosage)
showed a minimum of 0.68 in May 1967 and a maxi-
mum of 2.41 in September 1967 (Table 2). However,
the changes of the slopes were not related to the in-
crease of the LC50 values.

The proportion of the three genotypes for DDT
resistance, as calculated by applying the discrimnina-
ting dosages (Table 3), shows that in June 1965, one

year after the DDT pressure was commenced, there
were 100% of RR homozygotes and 420% Rr hetero-
zygous individuals. The proportion of rr dropped
drastically within thesubsequent 5 months and became
zero by November 1966; it was 2% at the termination
of the control project in May 1968. The proportion
of the heterozygotes (Rr) reached a minimum of 2
in May 1967 and stood at 18% in May 1968. For
the period from November 1966 to May 1968, i.e.,
until the termination of the control project, the aver-

age of the RR was 78% and that of the Rr was 21 %.
Upon release from the insecticidal pressure, the pro-
portion of heterozygotes had already surpassed their
original 1965 level by September 1968. The propor-
tion of RR homozygotes, which had reached a maxi-
mum of 98% in May 1967, had returned to the 1965
level by March 1969.
The discriminating dosages were further sub-

stantiated by characterizing DDT resistance in the

Strain

Huay Kwang

1 12

2 8

3 4

4 1 2

5 12

6 8

40

36

30

36

60

12

54

48

60

46

48

56

66

52

28

80

36

32

20

14

10

20

20

40

I -~~~I-- -1
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Table 2. LCso and LC95 of DDT determined with the Aedes aegypti larvae
collected in the Thai pilot control project

cetain 95%fdca
Con

Month
LC50

June 1965 0.16

November 1965 2.30

November d 1966

December d 1966 4.40

Januaryd 1967 2.90

May ( 1967 -

September 1967

January

May

June

August

September

9.30

1968 4.20

1968 6.40

centration 95 % fiducial
(ppm) limits for

LC9 LC50LC95

2.2

- c

0.11-0.23

1.50-4.20

3.40-5.70

2.10-4.20

7.30-10.00

- 3.10-5.80

- 4.70-9.90

1968 3.00 -

1968 3.00

1968 0.63
~~~I

December d 1968 1.30

January

March

2.00-4.70

0.44-0.89

0.94-1.80

1969 0.70 9.6 0.51-0.93

1969 0.50 5.7 0.38-0.66

Regression
coefficient HD "

1.45 b

1.30 50 b

2.23 36 e

1.71 76

1.38 60 e

0.68 4

2.41 54

1.55 76

1.48

1.41

1.05

1.15

1.35

_1-
1.44

1.56

64

90

76

94

92

96

98

" Percentage mortality at the highest concentration of 10 ppm.
b The highest concentration, 2.5 ppm.
The computed value is greater than the highest concentration used.

(I The Fl larvae tested, otherwise the field population.
c The highest concentration, 5.0 ppm.

larval populations of Ae. aegypti at the Huay Kwang
control project area (Table 3). Of 15 tests conducted
during a period of 4 years, 14 showed that the ratios
indicated were not significantly different from those
expected on the basis of a Hardy-Weinberg distri-
bution. In 10 tests the experimental ratio resembled
closely (chi-square less than 2) the respective pro-
portion expected on the basis of random distribution
of two alleles of a single gene.

Spread of DDT resistance into iuiitreated ar-eas.
When the proportions of the three genotypes are
plotted against the distances of the sampling sites
on either side of the control project area (Fig. 3),
it is seen that the RR proportion is negatively corre-
lated with the approximate distance. Whereas the
average RR in the control project for the three diffe-
rent seasons is 80o%, and that in three of the sites in
the protective area that were treated until 1968 is
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Fig. 2. Changes in dosage-mortality regression lines of Aedes aegypti larvae resulting from DDT pressure at the
Huay Kwang control project area.

70°0, that in the remainder of the protective area
treated until 1967 only is 51 %, and in the untreated
adjoining areas the proportion of the RR is approxi-
mately 37 %. The proportion of rr types rises from
2% in the control project area, and 100% on the three
sites of the protective area, to approximately 37%
in the untreated adjoining areas. Analysis of variance
shows that the proportions of both the RR and the rr
types are significantly different between the sampling
sites (p 0.01). The proportions of the rr types are
also significantly different between the three seasons
(p <0.01). The proportion of the Rr heterozygotes
fluctuated less in the 15 sampling sites, with a range
of 16-32o%.
The average LC50 for the three seasonal tests is

negatively correlated with the proportion of the rr
(Fig. 3). The average of the larval LC50 levels at four
collecting sites within 40 m from the treated houses
was 7.3 ppm, which was approximately 8 times the
average of those determined in the untreated areas
and 4 times those in the remainder of the " pro-
tective " area surrounding the treated area.

Disciussion
It was evident that as DDT resistance developed in

the larval population in the project area at Bangkok,

the proportions of the homozygous susceptible indi-
viduals were almost completely eliminated and the
RR individuals became predominant. The develop-
ment of resistance in the Bangkok field populations
was somewhat slower than that found on laboratory
selection of the Bangkok strain by Inwang et al.
(1967). However, the rapid reversion of DDT sus-
ceptibility in the field populations on release of the
pressure is comparable with the laboratory experience
of Abedi & Brown (1960) with the Penang strain of
Ae. aegypti. The rapid reversion of developed resis-
tance when a field operation is discontinued appears
to derive especially from a recovery in the proportion
of the Rr heterozygotes in addition to environmental
pressure of adult emigration. This genotype element,
unlike the rr, never completely disappears with DDT
pressure. As soon as the DDT pressure is relaxed, a
decrease in the RR types results, and this is followed
by the increase in the rr individuals.
The changes in slopes of ld-p lines (Fig. 2) during

the continuation of DDT pressure in the area are in
agreement with the data of Hoskins (1960). The
ld-p lines were changed not only in position but also
in slope. A marked bending on the lines was not
noted for over 2 years after the control measure was
initiated. As the line shifted from the left to the right,
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Table 3. Proportions of the three genotypes of DDT resistance in the larval
populations of the Huay Kwang pilot control project area, Bangkok, Thailand

Ratio obtained a Ratio expected b

Month

RR Rr rr RR Rr ri

June

November

1965

1965

November 1966

December 1966

January 1967

May 1967

September 1967

January

May

1968

1968

June 1968

August 1968

10

52

72

66

63

98

94

70

82

70
6

_I

42

42

28

34

33

2

6

28

16

22

20

48

6

0

0

4

0

0

2

2

8

1 6

September 1968 34 52 14

December 1968 42 48 10

January 1969 30 48 22
6_ _ __2

March 1969 10 62o 28

10.2

54.8

74.0

68.9

63.2

98.0

94.1

70.6

81.0

65.6

54.8

36.0

43.6

29.2

16.8

43.6 46.2

38.4 6.8

0.066 > 0.95

0.288 > 0.80

24.0 2.0 1.360

28.2

32.6

2.0

> 0.50

2.9 2.107 > 0.30

4.2 0.016 -> 0.99

0.0 0.001

5.8 0.1 0.058

28.8 2.6 0.099
_ _- _

18.0 1.0 0.617 > 0.70

30.8 3.6 4.094

38.4 6.8 1 1.421

48.0 16.0 0.338

44.8 11.6 0.253

49.6 21.2 0.062

48.4 34.8 3.951

0.10

< 0.01

- 0.80

0.80

0.95

> 0.10

ar Segregated by using discriminating dosages, 0.16 and 2.0 ppm.
b Determined by using the Hardy-Weinberg formula.

the curvature was entirely reformed (Fig. 2, line 6).
It was observed that the Id-p lines were slightly
shifted back during the cool season (Fig. 2, lines
4 and 5). After the relaxation of DDT pressure the
Id-p lines rapidly returned to their original position
and shape (Fig. 2, lines 8 and 9). The regression
coefficient of the ld-p lines (Table 2) was not clearly
related to the changes of the slopes (Fig. 2) but there
are some indications that the coefficient fluctuated
with the resistant levels. The proportion of the RR
segregated with the upper concentration (2.0 ppm)
indicates vertical position of each of the ld-p lines.

The influence of the DDT residual spray and larvi-
cide treatment in the control area on the develop-
ment ofDDT resistance in the Ae. aegypti population
in the vicinity was geographically limited, since the
LCie values and proportions of the RR genotype
were found to decline drastically at sampling sites
that were more than 50 m away. Schoof (1967) states
that it is of prime importance to the success of a con-

trol operation against Ae. aegypti that the range of
dispersal should be limited. The smaller change of
the Rr population (Fig. 3) with distance from the area

suggests that immigration of adult mosquitos into the
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Fig. 3. DDT resistance of Aedes aegypti larvae in relation to distance of sampling sites from the Huay Kwang Pilot
control area, Bangkok (diagonal shading: protective area; heavy shading: project area).

treated areas appears to be more important than emi-
gration from it. However, it should be remembered
that the greater part of the rr types that immigrate
into the treated area are undoubtedly killed by the
DDT. Although the prevailing wind in the area was
from the south-west, it evidently did not affect the
distribution of the resistance levels, because the
larvae collected from the east section were found to be
more susceptible to DDT than those collected at the
same distance on the west.
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