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Experimental Observations Governing the Choice
of a Test Method for Determining

the DDT-Irritability of Adult Mosquitos*
A. W. A. BROWN 1

In an attempt to determine the optimum test conditions for assessing the irritability of
adult mosquitos to DDT, the author has carried out a series ofexperiments with two strains
of Aedes aegypti, one resistant and one susceptible to DDT. In these experiments a
comparison was made between, on the one hand, the results obtained with the three possible
test steps included in a tentative methodproposed in 1960 by the WHO Expert Committee
on Insecticides, and, on the other hand, the results with those same steps to which modifica-
tions proposed by M. Coluzzi were applied.

The conclusions drawn from these investigations are that Alternative Step B of the
WHO Expert Committee method is the best test step, and that the optimum conditions for
performance of this technique are provided by a combination of elements from both the
WHO Expert Committee and the Coluzzi methods (2 % DDT test papers, three-minute
settling period, Coluzzi illumination). This is in fact the technique recommended as
standard in 1963 by the WHO Expert Committee on Insecticides.

The tentative method drawn up by the WHO
Expert Committee on Insecticides (1960) for deter-
mining the irritability of adult mosquitos to insecti-
cides was designed to detect differences between
populations within a mosquito species and of different
species in their irritability to DDT or other insecti-
cides, and thus to make it possible to investigate
cases where the development of this type of behav-
iourist i c resistance is suspected or feared. It provides
for the carrying out of two different test steps,
offering the choice of an alternative technique for
the second step. Briefly, these steps are as follows.
Step A consists in determining the time between a
mosquito's settling down in an exposure chamber
containing an insecticide-impregnated paper and its
take-off from that paper; Step B in determining
the number of take-offs by one mosquito during
15 minutes after settling down; and Alternative
Step B in determining the number of take-offs by
five mosquitos exposed together during 15 minutes

* This investigation was supported in part by a research
grant from the World Health Organization.
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after settling. Coluzzi 2 has developed what is
essentially a modification of Step B in which a
pre-test conditioning period is provided (eliminating
the need for the three-minute settling-down period
which was allowed for in the tentative WHO Expert
Committee method) and in which the contact surface
is illuminated by transmitted light (ensuring uniform
illumination and eliminating the unpredictable effect
of reflected light).

In the study described here results obtained with
the three possible steps of the WHO Expert Com-
mittee method are compared with those obtained
with the same three steps to which the modifications
inherent in the Coluzzi method are applied.

It would seem that a criterion of prime importance
for assessing the suitability of a test is that it should
show the least possible variance in the figures it
yields. In order that the variance of one test may be
compared with that of another it is necessary to
express that variance in relation to the mean value;

2 Coluzzi, M. (1962) An experimental method for deter-
mining the irritability of adult mosquitos to insecticides
(unpublished document WHO/Mal/329; WHO/Insecticides/
130).
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such an expression is the " coefficient of variation ",
which is the standard deviation (square root of the
variance) expressed as a percentage of the mean.
The purpose of standardizing the test conditions
(e.g., light before treatment, settling time, age of
mosquitos, nutritional state) is to reduce the variance.
In short, the superiority of one set of test conditions
over another depends not only on its reducing the
control irritability, but also on its inducing less
variance.
A test which entails high variance in itself may

fail to show a statistically significant difference
between populations which do in fact differ, even
if the test conditions are standardized. Hitherto
Steps A and B of the WHO Expert Committee
method have succeeded only in showing significant
differences between laboratory strains and the F1 of
field populations-namely, with Anopheles albimanus
in Panama (Brown, 1958) and Anopheles gambiae in
Uganda (Cullen & de Zulueta 1); despite the stan-
dardization of pretreatment light, age and nutritional
state, the associated coefficients of variation were
too high to demonstrate the smaller differences
between populations. That such differences do exist
and may be demonstrated is evident from the results
of Vargas (1961) with three strains of Anopheles
albimanus in which his own type of test revealed one
to be much more irritable than others, and those of
de Zulueta 2 where the use of Alternative Step B
showed a DDT-resistant population of Anopheles
sacharovi in the Peloponnesus to be significantly less
DDT-irritable than one from a less heavily treated
region of Greece. The necessity for a standard test
for DDT-irritability that is capable of revealing
significant differences between field populations is
indicated by the conclusion of Muirhead-Thomson
(1960) that relevant figures obtained by the date at
which he wrote had as yet failed to reveal any con-
vincing proof of the existence of behaviouristic
resistance.

In the following study, the coefficients of variation
associated with Step A (time to take-off), Step B
(number of take-offs for one mosquito) and Alterna-
tive Step B (number of take-offs for five mosquitos)
were determined with respect to their value for con-
trasting two strains of Aedes aegypti known to differ
widely in their response to DDT. The Guelph strain
was highly susceptible; the Trinidad strain was

1 Cullen, J. R. & Zulueta, J. de (1962) Observations on
the irritability of mosquitos to DDT in Uganda (unpublished
document WHO/Mal/331; WHO/Insecticides/13 1).

2 Unpublished report (1958) to WHO.

DDT-resistant and could detoxify DDT to DDE
(Chattoraj & Brown, 1960) and by analogy with
resistant flies would therefore be expected to be less
DDT-irritable (Weiant, 1955; Smyth & Roys, 1955).
Moreover the Guelph strain was founded from a
single female and should show lower coefficients of
variation than the other; indeed its dosage-mortality
response had been found to be very homogeneous.

METHODS

The instructions drawn up by the WHO Expert
Committee on Insecticides (1960) were followed to
the letter. Adults of Aedes aegypti were taken three
days after emergence, and had been held and were
tested at 75°F (23.9°C) and 75 % relative humidity.
The test lots of 20-25 females had been held in
screened, 1-pint, waxed-cardboard cartons; they had
either been maintained on sugar-water alone
(" unfed "), or had also been given a blood-meal one
hour before the test (" blood-fed "). Pretreatment
light conditions were either "uncontrolled " (the
mosquitos being taken any time during the day from
the rearing-room maintained by a time-switch on a
cycle of 12 hours of light and 12 hours of darkness),
or" controlled " (the insects being kept in continuous
dark since emergence, and removed for test either
directly, or after one hour of illumination, or after
eight hours of illumination, the blood-meal being
given in the light or dark accordingly). The test
papers employed were those impregnated with either
2% or 4% DDT. A similar series of tests was made
according to the method of Coluzzi (op. cit.) with
transmitted light, using a 25-watt, frosted bulb at a
distance of 35 cm (13.7 inches),3 and a comparison
was made between a waiting period of one minute
and one of three minutes.
A test with Step A involved 20 individual mos-

quitos, with Step B 20 individual mosquitos, and
with Alternative Step B eight lots of five mosquitos.
Control tests with papers impregnated with oil with-
out DDT involved five individual mosquitos in
Steps A and B and eight lots of five mosquitos in
Alternative Step B.

3 For a light intensity of 8 foot-candles reaching the
mosquito (as used by Coluzzi) the following distances of the
source from the apparatus are necessary for naked light-
bulbs of three types:

Wattage Clear Frosted G.E. Shadow-ban
25 35 cm -

40 25 cm 41cm 46 cm
60 40 cm 55 cm 66 cm
100 50 cm 92 cm 92 cm



COMPARISON OF METHODS FOR DETERMINING DDT-IRRITABILITY OF MOSQUITOS

TABLE 1

MEAN VALUES AND STATISTICAL SIGNIFICANCE OF THEIR DIFFERENCES FOR THREE TEST STEPS:

TRINIDAD STRAIN VERSUS GUELPH STRAIN

Test conditions

Step A (n = 20)

Blood-fed

Unfed

Step B (n = 20)

Blood-fed

U nfed

Alternative Step B (n = 8)

Blood-fed

Unfed

2%

4%

2%

4%

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

2 % Uncontrolled

4%

2%

4%

2%

4%

2%

4%

Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

U ncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Uncontrolled
Dark
1-hour light
8-hour light

Trinidad Guelph

9.85 ± 1.68
7.01 ± 1.34
5.26 0.92
6.84 1.26

7.58+ 1.43
4.93 0.80
5.52 ± 0.87
5.38 ± 0.84

9.23 1.36
5.92 ± 1.08

11.92 1.62
1 1.64 1.48

6.35 ± 1.11
8.16± 1.45
7.59- 1.54
6.50 1.49

2.65 ± 0.55
4.20 ± 0.66
5.15 ± 0.74
5.70 ± 0.90

3.45 + 0.86
7.15 0.65
9.00 1.09
9.70 0.94

2.45 ± 0.69
4.55 1.01
6.70 0.62

11.75 ± 0.81

6.95 ± 0.90
7.25 ± 0.69
9.65 ± 0.97

13.95 ± 0.63

30.5 ± 2.17
19.9 ± 1.48
23.4 ± 1.02
28.6 ± 0.82

34.1 ± 3.08
27.2 ± 0.92
32.2 + 3.50
38.9 ± 4.06

51.2 ± 3.50
23.1 ± 1.99
31.6 ± 2.77
39.3 ± 2.35

44.8 L 2.91
33.0 ± 0.77
35.0 ± 1.54
47.6 ± 3.13

7.62 + 1.25
10.67 ± 1.34
5.43 ± 0.85
6.01 + 1.03

9.27 4- 1.21
10.79 + 1.54
6.36 ± 0.97
9.27 ± 1.31

12.55 + 1.58
5.65 ± 0.66
6.63 ± 1.30
5.60 ± 0.98

6.61 ± 0.90
8.56 ± 1.32
7.74 + 1.33
5.75 ± 0.85

4.20 0.68
3.90 ± 0.45
7.05 ± 0.44

11.25 0.45

4.80 + 0.72
8.00 ± 0.42
9.05 + 0.77

11.85 ± 1.24

5.85 ± 1.26
6.85 ± 0.64
9.10 ± 0.81

13.35 ± 0.93

8.85 ± 1.55
9.00 ± 0.54
9.80 ± 0.53

13.00 ± 0.92

36.4 ± 1.95
24.7 ± 2.35
38.2 ± 2.98
42.1 ± 2.60

31.9 2.22
25.0 -4- 1.07

34.0 ± 1.58
48.2 ± 3.19

54.2 ± 3.71
52.6 ± 1.64
69.1 ± 1.68
82.8 ± 3.02

48.6 ± 2.29
31.0 ± 1.43
37.9 + 1.95
54.1 -_ 1.45

a Minus sign indicates Trinidad more irritable than Guelph strain.
b Statistically significant at 5 % probability level.
c Statistically significant at 1 % probability level.
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Difference a

2.23 2.09
-3.66 1.89
-0.17 1.25
0.83 + 1.63

-1.69 1.87
-5.86± 1.74
-0.84 1.30
-3.89 1.56

-3.32 2.08
0.27 1.27

5.29 2.08
6.04± 1.77

-0.26 1.43
0.40 1.96

-0.15 2.03
0.75 1.72

1.55 - 0.87
-0.30 ± 0.80
1.90 0.86
5.55 1.01

1.35± 1.12
0.85 ± 0.77
0.05 ± 1.33
2.15 ± 1.56

3.40 1.44
2.30 1.20
2.40 1.02
1.60 1.23

1.90 1.79
1.75 ± 0.88
0.15 1.11

-0.95 ± 1.12

5.9 ± 2.92
4.8 ±2.78

14.8 ± 3.15
13.5 ± 2.73

-2.2 ± 3.80
-1.8 ± 1.41

1.8 ±3.84
4.3 ± 5.16

3.0 ± 5.10
29.5 ± 2.58
37.5 ± 3.24
43.5 ± 3.83

3.8 ± 3.70
-2.0 ± 1.62

2.9 ± 2.48
6.5 + 3.45

1.07
1.93
0.14
0.51

0.90
3.36 b
0.65
2.48 b

1.60
0.21
2.54 b
3.41 b

0.18
0.20
0.07
0.44

1.78
0.38
2.21 b
5.50 b

1.20
1.10
0.04
1.38

2.36 b
1.93
2.35 b
1.30

1.06
2.00
0.14
0.84

2.01
1.73
4.70C
4.94C

0.58
1.28
0.47
0.83

0.59
11.45 c
l1.58C
11.36 C

1.03
1.24
1.17
1.89

t
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TABLE 2
AVERAGE MEAN VALUES AND COEFFICIENTS
OF VARIATION FOR THREE TEST STEPS:

TRINIDAD STRAIN VERSUS GUELPH STRAIN

Trinidad Guelph

Step Average Average Average Average
mean coefficient mean coefficient
value of variation value of variation

Step A 7.48 76.1 7.78 67.2

Step B 6.89 63.1 8.49 44.6

Alternative
Step B 33.8 21.8 44.4 18.7

RESULTS

When the mean values obtained for each test are

tabulated for both conditions of feeding, for the
four conditions of light, and for the two DDT con-

centrations (Table 1), it is possible to obtain an

average of them for each of the steps to compare

the Trinidad with the Guelph strain; such average

figures are thus based on a total of 320 mosquitos
for Step A, 320 for Step B and 640 for Alternative

TABLE 3

COEFFICIENTS OF VARIATION FOR THREE TEST

Step B. It is seen (Table 2) that Step A fails to
show any difference between Trinidad and Guelph
(excitation time 7.48 versus 7.78 minutes); on the
other hand Step B shows Trinidad to be less irritable
than Guelph (6.89 versus 8.49 take-offs per mosquito),
and Alternative Step B shows a similar difference
(33.8 versus 44.4 take-offs per five mosquitos).
The differences between Trinidad and Guelph for

each test for the various standard conditions of
pretreatment light, DDT concentration and state of
feeding may be assessed for their statistical signifi-
cance (Table 1). The standard error of the difference
between the means is computed as the square root
of the sums of squares of each of the two standard
errors of the means. Student's t is the difference
between the means divided by the standard error

of the difference. If this value exceeds 2.02 for Steps
A or B (with 38 degrees of freedom) or 2.15 for
Alternative Step B (with 14 degrees of freedom),
then the difference is significant at the 5% probability
level (i.e., such a difference could arise solely by
chance only in one out of 20 instances); for Alter-
native Step B, a t value in excess of 2.98 indicates
significance at the 1 % level (only one chance in
100 of it being fortuitous). It is seen (Table 1) that
Step A yields differences which are not consistently

STEPS: COMPARISON BETWEEN STEPS

Test conditiStep A Step B Alternative Step B
Test conditionsI

Trinidad Guelph Trinidad Guelph Trinidad T Guelph

Blood-fed 2 % Uncontrolled 76 73 94 67 32 24
Dark 86 57 71 51 21 27
1-hour light 78 69 66 28 13 22
8-hour light 83 76 70 18 8 18

4 % Uncontrolled 85 59 113 72 40 28
Dark 74 64 41 23 10 12
1-hour light 72 68 54 38 31 13
8-hour light 70 63 43 47 30 19

Unfed 2 % Uncontrolled 66 56 112 96 30 31
Dark 81 52 98 41 24 9
1-hour light 62 87 41 40 25 7
8-hour light 57 78 31 31 17 10

4 % Uncontrolled 78 60 58 78 29 43
Dark 80 70 42 27 7 13
1-hour light 90 76 45 24 12 15
8-hour light 79 67 20 32 19 8

_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

100

Average 71.6 53.5 20.2
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TABLE 4
AVERAGE MEAN VALUES AND COEFFICIENTS OF VARIATION FOR THREE TEST STEPS:

EFFECT OF CONTROLLING LIGHT AND OF DURATION OF LIGHT

Uncontrolled Dark 1-hour light 8-hour light

Step Average Average Average Average Average Average Average Average
mean coefficient mean coefficient mean coefficient mean coefficient
value of variation value of variation value of variation value of variation

Step A 8.63 69.1 7.71 70.5 7.06 75.3 7.12 71.6

Step B 4.90 87.5 6.36 49.3 8.19 42.0 11.34 36.5

Alternative Step B 41.5 32.1 29.6 15.4 37.7 17.3 47.7 16.1

in one direction, there being two instances of signi-
ficant difference one way and two the opposite way;
Step B shows differences in a consistent direction,
four of the instance reaching significance at the
5% level; Alternative Step B is also consistent, and
in five instances the differences attain significance
at the 1 % probability level.
The amount of variance associated with each of

the three steps may be estimated from the coefficients
of variation (Table 3) obtained under each of the
test conditions for either strain. When the average
coefficients of variation are calculated for each step
it is seen that Step A incurs the greatest variability,
while Alternative Step B is the least variable in terms
of the relative amount of variation around the mean
value. The progression in coefficient of variation is as
follows: Step A 71.6%, Step B 53.5%, Alternative
Step B 20.2%.
When the coefficients of variation associated with

the Guelph strain are compared with those shown
by the Trinidad strain (Table 2), it is seen that Guelph
shows less variance in each of the three test steps.
This expected result is shown most clearly by Step B
and least clearly by Step A.
The standardization of light conditions during

the pre-test period proved to exert an important
effect not only on the mean values, but also on the
variability (Table 4). The longer the light period
immediately before test, the greater the number of
take-offs in Step B and Alternative Step B; its effect
in, increasing irritability was not manifested in
Step A. Standardization from uncontrolled light
conditions to any one of the controlled conditions
had the effect of diminishing the coefficient of varia-
tion, down to some 40% for Step B and only 16%
for Alternative Step B.

When the effect of the concentration of DDT is
assessed (Table 5), the 4% papers are slightly more
stimulatory than the 2% papers, as judged by the
mean values, in Steps A and B but not in Alter-
native Step B. As for the coefficients of variation
(Table 5), the 4% papers show the lesser variance in
Step B, but not in Step A or Alternative Step B.
However, the most important point bearing on the
choice of concentration is to be seen in Table 1:
in every one of the 10 instances revealing Trinidad
as significantly less irritable than Guelph 2% papers
had been employed, whereas in the only cases (two
in Step A) where 4% papers attained significance it
was in the wrong direction.
The effect of the blood-meal on the mean values

obtained is to reduce the number of take-offs in
Step B and Alternative Step B, but not to increase
the time to take-off in Step A (Table 6). The co-
efficients of variation associated with blood-fed
mosquitos are much the same as those associated
with unfed mosquitos.

TABLE 5
AVERAGE MEAN VALUES AND COEFFICIENTS
OF VARIATION FOR THREE TEST STEPS:

2% DDT VERSUS 4% DDT

2% DDT 4% DDT

Step Average Average Average Average
mean coefficient mean coefficient
value of variation value of variation

Step A 7.99 71.1 7.27 72.2

Step B 6.55 60.3 8.84 47.3

Alternative
Step B 40.5 19.9 37.7 20.6
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TABLE 6
AVERAGE MEAN VALUES AND COEFFICIENTS
OF VARIATION FOR THREE TEST STEPS:

BLOOD-FED VERSUS UNFED

Blood-fed Unfed

Step Average Average Average Average
mean coefficient mean coefficient
value of variation value of variation

Step A 7.36 72.1 7.90 71.2

Step B 6.69 56.0 8.69 51.6

Alternative
Step B 32.2 21.7 46.0 18.7

The various controllable factors in the test may be
summarized (Table 7) for their effect on the mean

value for activity as a measure of irritability, and on

the coefficient of variation. The state of feeding has
no effect on the variance but only on the mean num-

ber of take-offs. The DDT concentration has no

consistent effect on the mean values or the variance,
but, as we have seen elsewhere, 4% DDT fails to
reveal significant differences. Control of light during
the pre-test period reduces the variance in Step B
and Alternative Step B. Light during the pre-test
period increases the number of take-offs, and reduces
the variance involved in Step B. All three test steps
show the Trinidad strain to be more variable than

TABLE 7

EFFECT OF FACTORS OF FEEDING, CONCENTRATION, LIGHT AND STRAIN UPON MEAN VALUES
AND COEFFICIENTS OF VARIATION

Conditions compared Mean values Coefficients of variation

Blood-fed versus Unfed:

Step A 7.36 versus 7.90 No difference 72.1 versus 71.2 No difference

Step B 6.69 ,, 8.69 Less active 56.0 ,, 51.6 No difference

Alternative Step B 32.2 ,, 46.0 Less active 21.7 ,, 18.7 No difference

2% versus 4 % DDT:

Step A 7.99 versus 7.27 No difference 71.1 versus 72.2 No difference

Step B 6.55 ,, 8.84 Less active 60.3 ,, 47.3 More variable

Alternative Step B 40.5 ,, 37.7 No difference 19.9 ,, 20.6 No difference

Light controlled (1 hour) versus
uncontrolled:

Step A 7.06 versus 8.63 More active 75.3 versus 69.1 No difference

Step B 8.19 ,, 4.90 More active 42.0 ,, 87.5 Less variable

Alternative Step B 37.7 ,, 41.5 No difference 17.3 ,, 32.1 Less variable

Light (8 hours) versus dark:

Step A 7.12 versus 7.71 No difference 71.6 versus 70.5 No difference

Step B 11.34 ,, 6.36 More active 36.5 ,, 49.3 Less variable

Alternative Step B 47.7 ,, 29.6 More active 16.1 ,, 15.4 No difference

Trinidad versus Guelph:

Step A 7.48 versus 7.78 No difference 76.1 versus 67.2 More variable

Step B 6.89 ,, 8.49 Less active 63.1 ,, 44.6 More variable

Alternative Step B 33.8 ,, 44.4 Less active 21.8 ,, 18.7 More variable
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TABLE 8

MEAN VALUES FOR TWO STRAINS AND STATISTICAL SIGNIFICANCE OF THEIR DIFFERENCES:
COLUZZI METHOD VERSUS WHO EXPERT COMMITTEE METHOD

Test conditions Trinidad Guelph Difference a

Coluzzi method

1-minute settling:
Step A

Blood-fed 2% 6.55 + 1.05 6.15 ± 1.46 0.40 ± 1.80 0.22
4 % 9.29 + 1.40 5.92 ± 0.97 3.37 ± 1.70 1.99

Unfed 2 % 8.07 ± 1.39 9.40 ± 1.51 -1.33 ± 2.05 0.65
4 % 5.34 + 0.73 5.53 ± 1.01 -0.19 ± 1.25 0.15

Step B

Blood-fed 2 % 2.85 + 0.47 2.90 ± 0.81 0.05 ± 0.94 0.05
4 % 4.65 0.76 3.05 ± 0.78 -1.60 ± 1.09 1.47

Unfed 2 % 2.85 + 0.63 3.30 ± 0.99 0.45 ± 1.17 0.38
4 % 4.45 ± 0.64 4.10 ± 0.94 -0.35 ± 1.14 0.31

Alternative Step B

Blood-fed 2 % 16.8 ± 1.23 23.5 ± 3.10 6.7 ± 3.33 2.01
4 % 18.8 ± 2.09 25.0 ± 3.06 6.2 ± 3.71 1.67

Unfed 2 % 14.4 ± 2.17 24.1 ± 4.12 9.7 ± 4.66 2.08
4 % 10.1 ± 1.20 15.4 ± 1.47 5.3 ± 1.90 2.79

3-minutes' settling

Step A

Blood-fed 2 % 9.42± 1.10 6.84 ± 1.36 2.58 ± 1.75 1.47
4 % 9.71 ± 1.31 6.61 + 1.39 3.10 ± 1.91 1.62

Unfed 2 % 9.93 ± 1.49 9.88 ± 1.38 0.05 ± 2.03 0.02
4 % 6.24 ± 0.74 6.34 ± 0.91 -0.10 ± 1.17 0.09

Step B

Blood-fed 2 % 2.90 + 0.50 2.70 ± 0.81 -0.20 ± 0.95 0.21
4 % 4.30 ± 0.82 2.£5 ± 0.77 -1.45 ± 1.12 1.29

Unfed 2 % 2.65 ± 0.61 3.20 ± 0.82 0.55 ± 1.02 0.54
4 % 4.35 ± 0.63 4.15 ± 0.87 -0.20 ± 1.07 0.19

Alternative Step B

Blood-fed 2 % 16.5 ± 1.36 24.8 ± 3.04 8.3 ± 3.33 2.49b
4 % 19.8 ± 2.44 23.9 ± 3.20 4.1 ± 4.02 1.02

Unfed 2 % 13.5 ± 1.91 25.6 ± 4.99 12.1 ± 5.36 2.26
4 % 9.4 ± 1.29 15.0 ± 1.90 5.6 ± 2.30 2.43 b

WHO Expert Committee method

1-hour light:

Step A

Blood-fed 2 % 5.26 ± 0.92 5.43 ± 0.55 -0.17 ± 1.07 0.15
4 % 5.52 + 0.87 6.36 ± 0.97 -0.84 ± 1.30 0.65

Unfed 2 % 11.92 ± 1.62 6.63 ± 1.30 5.29 ± 2.08 2.54 b
4 % 7.59 ± 1.54 7.74 ± 1.33 -0.15 ± 2.03 0.07

Step B

Blood-fed 2 % 5.15 ± 0.24 7.05 ± 0.44 1.90 ± 0.86 2.21 b
4 % 9.00 ± 1.09 9.05 ± 0.77 0.05 ± 1.33 0.04

Unfed 2 % 6.70 0.62 9.10 ± 0.81 2.40 ± 1.02 2.35 b
4% 9.65 0.97 9.80 ± 0.53 0.15 + 1.11 0.14

Alternative Step B

Blood-fed 2% 23.4 ± 1.02 38.2 ± 2.98 14.8 ± 3.15 4.70 b
4% 32.2 ± 3.50 34.0 ± 1.98 1.8 ± 3.84 0.47

Unfed 2 % 31.6 t 2.77 69.1 ± 1.68 37.5 ± 3.24 11.58 b
4% 35.0 t1.54 37.9 ± 1.95 2.9 ± 2.48 1.17

a Minus sign indicates Trinidad more irritable than Guelph strain.
b Statistically signiflcant at 5 % probability level.
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TABLE 9

AVERAGE MEAN VALUES AND COEFFICIENTS OF VARIATION FOR THREE TEST STEPS:
COLUZZI METHOD VERSUS WHO EXPERT COMMITTEE METHOD

Coluzzi method WHO Expert Committee method

Step
1-minute settling 3-minutes' settling 1-hour light

Average Average Average Average Average Average
mean coefficient mean coefficient mean coefficient
value of variation value of variation value of variation

Step A 7.03 76.0 8.12 67.8 7.06 75.3

Step B 3.52 98.0 3.39 98.8 8.19 42.0

Alternative Step B 18.5 34.6 18.6 37.3 37.7 17.3

Guelph, while Step B and Alternative Step B show
Trinidad to be less DDT-irritable than Guelph.

It may be observed from the average figures in
Table 7, and for the mean values of individual tests
in Tables 1, 4, 5 and 6, that the number of take-offs
for the five mosquitos in Alternative Step B is
approximately five times that for the single mosquito
in Step B. The over-all average figure for Alter-
native Step B is 39.1 take-offs as compared with
7.69 take-offs for Step B; the ratio between them is
thus 5.1. This indicates that with Aedes aegypti in
the WHO Expert Committee test, the " proximity
factor" involved in using more than one mosquito
at a time is negligible.
When the values obtained by the Coluzzi method,

which employs a 30-minute period of light before
test, are compared with those obtained by the WHO
Expert Committee test, with a one-hour period of
light before test (Table 8), it is seen that there is
little change in the time to take-off by Step A, but
a very great reduction in the number of take-offs by
Step B and Alternative Step B. Thus, whereas the
coefficients of variation (Table 9) in Step A remain
unchanged, in Step B and Alternative Step B they
are roughly doubled by the Coluzzi method. More-
over, it is found that when the inter-strain differences
are assessed (Table 8), Steps A and B give inconsis-
tent results and no statistical significance of the
differences, whereas Alternative Step B gives con-
sistent results and reveals statistical significance in
four out of the eight instances. Therefore the results
obtained with the Coluzzi method may be compared
with those obtained with the WHO Expert Com-
mittee method (Table 1), where Alternative Step B
showed a consistent difference with a very high
statistical significance in five out of the 16 tests.

The substitution of a one-minute settling-time for
the usual three-minute period (Table 8) naturally
reduced the mean excitation time in Step A, and
very slightly increased the number of take-offs in
Step B and Alternative Step B. The reduction in
the settling-period increased the variance (Table 9)
in Step A but not in Step B or Alternative Step B.
It will be seen from Table 8 that in the Coluzzi
method the number of take-offs by five mosquitos
in Alternative Step B is approximately 5.5 times that
shown by the single mosquito in Step B.
From examination of the significance of inter-

strain differences in Tables 1 and 8, it is evident that
the use of the Coluzzi method for Alternative Step B
(the preferred step), 2% DDT papers (the preferred
concentration) and three minutes' settling (the
preferred introduction) gives the following t values
indicating significant differences, as compared with
the t values obtained for this step and concentration
with the WHO Expert Committee method:

Blood-fed, 2%
Unfed, 2%

WHO Expert
Coluzzi method Committee method

(1-hour light)
2.49 4.70
2.26 11.58

Thus the Coluzzi method has difficulty in showing
significance at the 5% probability level (where
t14= 2.15), while the WHO Expert Committee
method shows significance at the 1% level (where
t14= 2.98).

DISCUSSION

The question now arises of the relation of these
observations made on Aedes aegypti to those already
made or expected on anopheline mosquitos. Accord-
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TABLE 10

LITERATURE SURVEY OF MEAN VALUES AND COEFFICIENTS OF VARIATION FOR STEP A

Species Strain

Anopheles funestus S. Kigezi, Uganda Cullen & de Zulueta a

Anopheles gambiae N. Kigezi, Uganda to to

Kihihl Laboratory It it

Anopheles pharoensis N. Kigezi, Uganda VP of

Average coefficient of variation for above anophelines 49.3 %

Anopheles albimanus Gatuncillo, Panama Brown (1958) 10.7 7.8 61 99
Santa Rosa, Panama .. 11.4 10.8 72 92
Rio Gatun, Panama ., 16.6 12.8 103 67
Gorgas Lab., Panama .. 22.7 17.2 40 72

Aedes aegyptil Klhihi Laboratory Cullen & de Zulueta a 7.23 5.43 69 78
Guelph This paper 7.62 9.27 73 59
Trinidad || 9.85 7.58 76 85

Average of mean values (2 % versus 4 %) 10.86 8.73

Over-all average coefficient of variation for all determinations 62.1 %

a Unpublished document WHO/Mal/331; WHO/lnsecticidesl131.
b Originally given as 4.92, since Cullen & de Zulueta took zero time as 0 + 3 minutes.

TABLE 11
LITERATURE SURVEY OF MEAN VALUES AND COEFFICIENTS OF VARIATION FOR STEP B

Mean values Coefficients of

Species | Strain | Author | Mean values | variation

I__
2%

1
4% 2% 4%

Anopheles funestus S. Kigezi, Uganda Cullen 4 de Zulueta a 6.2 8.8 63 92
Bobo Dioulasso, U. Volta Hamon & Eyraud (1961) 3.0

Anopheles gambiae N. Kigezi, Uganda Cullen & de Zulueta a 20.6 25.5 51 54
Kihihi Laboratory it t, 13.9 21.8 76 67
Banfora, Upper Volta Hamon & Eyraud (1961) 15.8

Anopheles pharoensis N. Kigezi, Uganda Cullen & de Zulueta a 14.1 16.2 102 84

Aedes aegypti Kihihi Laboratory Cullen & de Zulueta a 3.1 2.6 73 88
Guelph This paper 4.20 4.80 67 72
Trinidad .. 2.65 3.45 94 113

Average of mean values (2 % versus 4 %) 9.28 11.88

Over-all average coefficient of variation 78.3

a Unpublished document WHO/Mal/331; WHO/lnsecticides/131.
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TABLE 12
LITERATURE SURVEY OF MEAN VALUES AND COEFFICIENTS OF VARIATION FOR ALTERNATIVE STEP B

1 1 _ _ _ _ ] ~~~~~~~~~~~~~~~~~Coefficientsof
Species Strain Author Mean vu variation

22% 44% 2% 4%

Anopheles atroparvus Bucharest Laboratory de Zulueta a 39.0 53.6 37 38
to it Duport et al.b 35.4 49.2

Anopheles sacharovi Skala, Greece de Zulueta a 23.6 44.8 28 30
Pyrgos, Greece it 77.1 91.7 25 26
Enisala, Romania of 75.0 84.2 44 39

of to Duport et al.b 46.6 48.6

Anopheles messeae Murighiol, Romania Duport et al.b 50.1 52.0
Caraibil, Romania ,, ,, 70.4 73.4

Anopheles maculipennis Podgoria, Romania de Zulueta a 77.6 84.3 27 37
Vicalvi, Italy ,, 77.2 94.2 39 21

Anopheles labranchiae Vieste, Italy de Zulueta a 81.6 74.0 36 40
Belice Sinistro, Italy ,, 36.0 39.0 36 38
Skirat, Morocco Sacca & Guy (1960) 50.0 68.0
Mazagan, Morocco ,, ,, 79.0 74.0
Sidi Bettache, Morocco ,. ,, 81.5 99.5
Sidi Yahia, Morocco .. .. 97.0 64.5

Anopheles pharoensis S. Kigezi, Uganda Cullen & de Zulueta c 87.0 94.0 28 18

Anopheles gambiae Kihihi Laboratory Cullen & de Zulueta C 125.5 192.5 30 41
N. Kigezi, Uganda ,, ,, 149.5 199.0 35 16

Anopheles pharoensis N. Kigezi, Uganda Cullen & de Zulueta c 181.0 179.0 15 18

Aedes aegypti Kihihi Laboratory Cullen & de Zulueta C 34.0 27.5 52 22
Guelph This paper 36.4 31.9 24 28
Trinidad ,. 30.5 34.1 32 40

Average of mean values (2% versus 4%) 71.3 80.5

Over-all average coefficient of variation 31.3

a Unpublished report (1958) to WHO.
b Unpublished document WHO/Mal/230; WHO/lnsecticides/94.
c Unpublished document WHO/Mal/331; WHO/lnsecticides/131.

ingly, a literature survey of figures already obtained
with the WHO Expert Committee method is sum-
marized in Tables 10-13, in all cases for blood-fed
mosquitos with pre-test light conditions uncon-
trolled.
With Step A (Table 10) the high variance found

with our American Aedes aegypti was also found
for their Uganda Aedes aegypti by Cullen & de
Zulueta.1 But, whereas with Anopheles albimanus
Step A had shown a high variance (Brown, 1958),

1 Cullen, J. R. & Zulueta, J. de (1962) Observations on
the irritability of mosquitos to DDT in Uganda (unpublished
document WHO/Mal/331; WHO/Insecticides/131).

with three African species of Anopheles it had shown
a quite moderate variance (Cullen & de Zulueta,
op. cit.). Step A is evidently capable of giving a fair
ranking of the characteristic irritability of different
anopheline species, descending from A. gambiae to
A. funestus to A. pharoensis to A. albimanus; with
a method based on Step A the further progression
A. albimanus to A. aztecus to A. quadrimaculatus has
been shown (Hecht, Mancera & Barrera, 1960).
With Step B (Table 1 1) the results obtained for the

African and American strains of Aedes aegypti
(blood-fed and pre-test light uncontrolled) show
similar coefficients of variation, which are on the
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TABLE 13
STATISTICAL SIGNIFICANCE OF DIFFERENCES BETWEEN STRAINS FROM PUBLISHED TESTS

Means Standard errors
Test conditions t

d1st strain 2nd strain Difference 1st strain 2nd strain Difference

Anopheles gambiae: N. Kigezi versus Kihihi Laboratory a

Step A 2 % 6.25 9.38 3.13 0.75 1.12 1.35 2.3
4 % 5.10 5.75 0.65 0.48 0.52 0.71 0.9

Step B 2 % 20.6 13.9 6.7 3.10 2.36 3.90 1.7
4 % 25.5 21.8 3.7 2.34 3.28 4.03 0.9

Alternative Step B c 2 % 29.9 25.1 4.8 3.74 2.64 4.58 1.0
4 % 39.8 38.5 1.3 2.29 5.59 6.04 0.1

Anopheles albimanus: Santa Rosa versus Gorgas Laboratory d

Step A 2 % 11.4 22.7 11.3 1.9 2.1 2.8 4.0 b
4 % 10.8 17.2 6.4 2.3 2.8 3.6 1.8

Anopheles albimanus: Gatuncillo versus Rio Gatun d

Step B 2% 10.7 16.6 5.9 1.5 3.9 4.2 1.4
4% 7.8 12.8 5.0 1.8 2.0 2.7 1.9

Anopheles sacharovi: Pyrgos versus Skala e

Alternative Step B c 2 % 77.1 23.6 53.5 6.7 2.3 7.1 7.5b
4 % 91.7 44.8 46.9 8.3 4.8 9.6 4.9 b

a Cullen & de Zulueta: unpublished document WHO/Mal/331; WHO/lnsecticidesl131.
b Statistically significant at 5% probability level.
c Take-offs per mosquito.
d Brown (1958).
e De Zulueta: unpublished report (1958) to WHO.
f Take-offs per 5 mosquitos.

whole higher than for Step A. The African species
of Anopheles also show a higher variance in Step B
than in Step A. For all the mosquito species tested,
the average coefficient of variation for Step B is
78% as compared with an average of 65 % for
Step A.

Alternative Step B (Table 12) is characterized by a
low variance with Anopheles as with Aedes aegypti.
The average coefficient of variation for all mosquito
species tested is 31 %, while that for our Aedes
aegypti (blood-fed and pre-test light uncontrolled)
had been found to be 32%. A perusal of the mean
values shows that Alternative Step B yields a good
ranking of the species with respect to their charac-
teristic irritability.
The three steps may now be compared with respect

to their having revealed significant inter-strain
differences (Table 13). Step A has succeeded in

attaining statistical significance for differences be-
tween laboratory and wild strains of Anopheles
albimanus (Brown, 1958) and Anopheles gambiae
(Cullen & de Zulueta, op. cit.). Step B failed to
show this inter-strain difference in Anopheles gam-
biae. Alternative B showed very significant differ-
ences between two wild populations in Greece, the
DDT-resistant Skala material revealing by this
method a much lower DDT-irritability than the
Pyrgos material. However, with the two strains of
Anopheles gambiae Alternative Step B, like Step B,
failed where Step A had succeeded in revealing a
significant difference.

In our experiments with American Aedes aegypti
there was no " proximity irritability " associated
with the use of five mosquitos in Alternative Step B,
the number of take-offs per mosquito being no
greater than with the use of one mosquito in Step B.
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TABLE 14
AVERAGE VALUES FOR ALL DATA

WITH AEDES AEGYPTI

Alternative
Test Step A Step B Step B

DDT| Controll DDTI Control DDT| Control

WHO Expert
Commiftee
method:

Cullen & de
Zulueta a 6.3 13.8 2.8 1.1 30.8 15.5

This paper 7.3 14.6 7.7 1.8 39.1 13.0

Coluzzi method:

Coluzzi, Cullen
& de Zulueta b - - 10.3 0.7 - -

This paper 8.1 11.4 3.4 1.4 18.7 3.2

a Unpublished document WHO/Mal/331; WHO/insecticides/
131.

b Unpublished document WHO/Mal/345; WHO/Insecticides/
141.

However, Cullen & de Zulueta found with their
African mosquito strains that the number of take-
offs per mosquito in Alternative Step B was about
twice as great as with Step B, not only for Aedes
aegypti but also for their three species of Anopheles.
When the method of Coluzzi was employed for

the three test steps, the associated variance (Table 9)
was found to be about the same as with the WHO
Expert Committee method for Step A, but to be
considerably increased for Step B and Alternative
Step B with comparable pre-test light conditions.
With Step B-that favoured by Coluzzi for his
method-the coefficient of variation is almost
100%, a consequence really of the greatly diminished
mean values for number of take-offs. Unfortunately,
Coluzzi, Cullen & de Zulueta 1 did not record the
variance for their tests with the Coluzzi method,
Step B.
When the two American strains of Aedes aegypti

were compared by the Coluzzi method (Table 8), no
significant inter-strain differences were revealed
either by Step B or by Step A. Alternative Step B
did show consistent differences which were significant
in four out of the eight tests. With Anopheles
gambiae the substitution of the Coluzzi method for

1 Coluzzi, M., Cullen, J. R. & Zulueta, J. de (1962) A
field trial in Uganda of a new method for determining the
irritability of adult mosquitos to insecticides (unpublished
document WHO/Mal/435; WHO/Insecticides/141).

the WHO Expert Committee method in Step B
succeeded in increasing the inter-strain difference in
means from 25.5 minus 21.8 (Cullen & de Zulueta,
op. cit.) to 33.3 minus 27.9 (Coluzzi, Cullen & de
Zulueta, op. cit.), but still this difference is insufficient
to indicate statistical significance, since the t value
was only approximately 1.3.
The advantage of the Coluzzi method, as parti-

cularly observed with active mosquitos such as
Anopheles gambiae, is that it reduces the spontaneous
activity responsible for take-offs from control papers
and for the complicating factor of cone-resting. It
was observed with our Aedes aegypti, as with the
other mosquitos previously tested, that with the
Coluzzi method they settled on the paper almost
immediately on being introduced into the cone.
But on the matter of take-offs from the control
paper, the Coluzzi method in our hands with
American Aedes aegypti did not show the greatly
reduced control activity as contrasted with the
WHO Expert Committee method. For the WHO
Expert Committee method, our results with the three
steps were similar to those of Cullen & de Zulueta
(op. cit.), taking the average values for all the data
with Aedes aegypti, as shown in Table 14. But with
the Coluzzi method, Step B, we were unable to find
that the number of control take-offs was less than
10% of the experimental take-offs as Coluzzi, Cullen
& de Zulueta (op. cit.) had found. With Step A, the
Coluzzi method showed even smaller differences
between control and experimental take-offs than did
the WHO Expert Committee method. With Alterna-
tive Step B, the control take-offs by the Coluzzi
method were less than one-fifth those of the experi-
mental-a net improvement over the WHO Expert
Committee method, where they had been one-third
to one-half those of the experimental.

All the control take-offs with Aedes aegypti, with
either method, were found to occur within the first
eight minutes after the mosquito was introduced
into the cone, i.e., in the first five minutes of the
observation period. Similarly high control take-offs
were observed with the WHO Expert Committee
method for the African anophelines, and Hamon &
Eyraud (1961) suggested increasing the arbitrary
three-minute settling-period since the stimulated
take-offs evidently do not commence until about
10 minutes after the introduction of the mosquito.
Reducing the settling-period to one minute would
seem to be a step in the wrong direction, although
the increase in variance involved is only slight. The
figure for the time of first take-off in Step A should
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logically be taken from the zero time when the
mosquito was introduced to the paper, since most
species spend more time on the paper than off it in
the first three minutes; the instructions of the WHO
Expert Committee (1960) take zero time as that of
initial settling and not the end of the three-minute
period. This Committee took 90 minutes as the
maximum time a settled mosquito should be
watched; for Aedes aegypti the 20-minute limit
employed seemed realistic, an average of three
mosquitos per test staying settled for the whole
period; a longer period would have greatly distorted
the mean values for time to take-off.
The cone-resting, observed by Hamon & Eyraud

(1961) to involve about one-third of the total take-
offs from cone or paper with Anopheles gambiae
and Anopheles funestus, and found to be rare in
Anopheles albimanus (Brown, 1958), was of inter-
mediate frequency in these experiments with Aedes
aegypti. We counted only the take-offs from the
paper, although the French workers found that the
inclusion of the cone take-offs did not alter their
coefficient of irritability (the ratio between experi-
mental and control take-offs). There was much less
cone-resting with the Coluzzi method than with the
WHO Expert Committee method; fewer mosquitos
alighted on the cone, and those that did were more
easily stimulated to leave the cone surface.

Ancillary to the choice of the test method is the
standardization of the test conditions with respect to
nutritional state, pre-test light conditions, and DDT
concentration. Much information was obtained
from this study on the effect of these variables on
the mean values and the variance.

Blood-fed adults of Aedes aegypti taken one hour
after feeding proved to be slightly less irritable than
the unfed when tested by Step B, but slightly more
irritable than the unfed in Step A and Alternative
Step B; these trends were identical in both the WHO
Expert Committee and Coluzzi methods. Freshly
engorged Anopheles gambiae and Anopheles funestus
were about half as irritable as the unengorged when
tested by Step B of the WHO Expert Committee
method by Hamon & Eyraud (1961); for this reason
they suggested that the test be performed on unfed
adults. Coluzzi found that Anopheles atroparvus
taken 2-10 hours after the blood-meal were 25%
more irritable than those taken one hour after the
meal, and suggested that the former category be
selected for Step B with his test. The figures obtained
in our studies with Aedes aegypti indicate that unfed
mosquitos show a slightly but insignificantly lower

variance in all three steps of the WHO Expert
Committee method; with the Coluzzi methodthe
over-all average coefficients of variation for fed and
unfed were identical.
The period of light during the pre-test period

proved to be important in our tests; the mere
standardization of its duration reduces the variance
by almost one-half in Step B and Alternative Step B.
Increasing the light period from zero up to eight
hours greatly increases the number of take-offs in
Step B and Alternative Step B and progressively
reduces the coefficient of variation for Step B. On
the other hand, Cullen & de Zulueta (op. cit.) found
that Anopheles gambiae was less DDT-irritable in
the afternoon than in the morning and showed a
high variance. These authors also found that mos-
quitos isolated during the 18 hours between feeding
and test were less irritable, with a considerably lower
variance and a slightly lower coefficient of variation.
With regard to concentration of DDT, the 4%

papers were slightly more stimulatory to Aedes
aegypti than the 20% papers in Steps A and B, but
not in Alternative Step B; this finding was the same
for both the WHO Expert Committee method and
the Coluzzi method. The higher concentration was
the more stimulatory in Steps A and B for all the
anophelines tested (Tables 10 and 11), but in
Alternative Step B in only half of them (Table 12).
With Aedes aegypti, the 4% papers show a slightly
lower coefficient of variation than the 2%, not only
for the WHO Expert Committee method but also
for the Coluzzi method. With the African anophe-
lines, 4% is quoted as showing the higher variance
(Cullen & de Zulueta, op. cit.), although the tabu-
lated figures show little difference between the con-
centrations. However, in the final analysis, 2%
papers were more consistent and revealed more
significant inter-strain differences than the 4%
papers, not only for Aedes aegypti (Tables 1 and 8),
but also for Anopheles gambiae and Anopheles albi-
manus (Table 13).

In considering the choice of the above test con-
ditions-and, moreover, the choice of the test
method-the criterion should be the pragmatic one
of whether the test is capable of demonstrating
significant inter-strain differences. Where a test
method shows consistent differences in one direction
with significance at the 1% probability level in five
out of six comparisons, as did the Alternative
Step B of the WHO Expert Committee method with
controlled light and 2% papers for the two Ameri-
can strains (see Table 1), this is a very cogent

8
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reason to consider this verdict as " true "-namely,
that the resistant Trinidad strain was less DDT-
irritable than the susceptible Guelph strain. That
Step A did not reveal this difference may be taken as a
shortcoming of that test step of that method;
although it did reveal a significant difference between
a laboratory and field strains of Anopheles albimanus
(Brown, 1958), and this difference was borne out by
their performance in window-trap huts (Duret,
1961). It is, however, possible that irritability may
exist in two forms, one affecting the time to take-off
as detected by Step A, and the other affecting the
number of take-offs and the number of re-landings,
as involved in Step B and Alternative Step B.
Although there is no "proximity irritability"

involved in the use of five mosquitos at a time in
Alternative Step B, its substitution for Step B on the
grounds of lower variance does not necessarily
indicate that the mosquitos act more uniformly
when five are used instead of one, but simply that
less variance is obtained when the numbers are
increased by five times. It may be difficult to count
the number of take-offs of five mosquitos at a time
accurately when testing very irritable species such as
Anopheles gambiae; in such a case it might be better

to use one at a time as in Step B. The effect of
the condition of transmitted light incorporated into
the routine (Coluzzi method) is usually to reduce the
irritability; this is advantageous but may introduce
a complicating factor due to the effect of the light
itself.

It is realized that it is most unlikely that any one
method alone is completely sufficient to characterize
differences in DDT-irritability. Other methods
such as that of facultative choice developed by Mou-
chet & Cavalie (1961), or the excito-repellency test
box (Model OPS) described by Rachou et al. (1963),
which resembles a miniature sprayed hut and window-
trap-offer opportunities of detecting and measuring
the differences. Since these studies were carried out,
however, and partly on the basis of their results,
Alternative Step B, incorporating the modifications
inherent in the Coluzzi technique, has been adopted
by the WHO Expert Committee on Insecticides
(1963) as the standard recommended method; and
the figures reported in this paper indicate that this
method offers the maximum chance of detecting
differences between samples and demonstrating
significant differences where these exist between
populations within a mosquito species.
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RtSUMI

Afin d'evaluer les methodes d'epreuve destinees A
determiner l'irritabilite des moustiques adultes au DDT,
I'auteur a effectue une serie d'experiences portant sur
deux souches d'Aedes aegypti, l'une resistante, l'autre
sensible au DDT. Les methodes utilisees ont ete, d'une
part les trois m6thodes proposees en 1960 par le Comite
OMS d'experts sur les Insecticides, d'autre part la
methode proposee en 1962 par Coluzzi, et selon laquelle
la lumiere est transmise a travers la surface de papier
d'epreuve au lieu d'etre r6flechie par cette surface.

L'auteur tire de ses recherches la conclusion que la
variante de la determination B du Comit6 OMS d'ex-
perts est la meiileure et que les resultats optimums sont
obtenus en combinant cette methode avec celle de
Coluzzi (papiers impregnes de DDT a 2%, periode de
repos de 3 minutes, 6clairement de Coluzzi). Cette
technique a d'ailleurs et6 recommandee en 1963 par le
Comite OMS d'experts sur les Insecticides.
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