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SYNOPSIS

A series of observations is presented on the susceptibility or
resistance to insecticides of Anopheles sacharovi in Greece, Iran,
Italy, Romania and Turkey. High physiological resistance to DDT
was observed in the Tarsus area of southern Turkey. In Greece
very marked physiological resistance to dieldrin was found in all
the areas examined and was associated, at least in the Peloponnese,
with similar resistance to DDT, affecting, however, only a part
of the sacharovi population. In Italy and Romania, after 10 years'
use of DDT, sacharovi is still susceptible to it; long use of BHC
in Romania has not resulted in the development of resistance to
dieldrin or to BHC. Further investigation of the situation in Iran
is considered necessary.

The fact that the use of DDT in Greece, after the development
of resistance to this insecticide in 1951, has not resulted in the
formation of a highly resistant mosquito population is considered
to be due to the irritant effect of the DDT on susceptible mosquitos,
causing them to leave sprayed surfaces before they have picked up
a lethal dose.

The information to date points to the existence in A. sacharovi
of two independent mechanisms of physiological resistance-one
to DDT and another to dieldrin and BHC-which may or may
not be present together.

The finding in 1951 in Greece that DDT was no longer effective against
Anopheles sacharovi marked a turning-point in the history of vector control.
From 1945 to 1951 DDT had met with success in nearly every country where
it had been tried against malaria. In Greece the spraying of houses once a
year at the dosage of 1.8 g of DDT per square metre of treated wall had
practically interrupted transmission in all the malarious areas of the country
(Livadas & Belios, 1948). But in 1951 it was observed in the Peloponnese
that the sprayed houses, which in previous years had remained free from
anophelines for several months after the application of the insecticide, were
now invaded by A. sacharovi a few weeks or even a few days after spraying
(Livadas,l Georgopoulos, 1951; Livadas & Georgopoulos, 1953). This was

I Do anophelines acquire resistance to DDT ? (Unpublished working document WHO/Mal/74)
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the first case of insecticide resistance in an anopheline mosquito, and the
significance of the finding was immediately realized. A. sacharovi was one
of the chief vectors in the Palearctic Region, responsible for a great deal of
malaria transmission in all its area of distribution between Afghanistan and
Italy. The development of resistance in Greece could well mean the develop-
ment of resistance in other countries within the area of distribution of the
species. It could also mean that what had happened in Greece with sacharovi
might happen with other vectors elsewhere. The fact that the resistance of
sacharovi to DDT soon extended to chlordane (Georgopoulos) 1954;
Hadjinicolaou, 1954) as well as to BHC (Georgopoulos, 1954) and dieldrin
(Livadas, 1955; Belios, 1954a) showed even more clearly how serious was
the threat of insecticide resistance to the drive against malaria in the world.

In 1954 resistance to DDT appeared in two more malaria vectors:
A. stephensi in Saudi Arabia (Davidson; 1 Daggy, 1957) and A. sundaicus
in Java (Crandell, 1954; Davidson 2). Other cases of resistance appeared

TABLE 1. INSECTICIDE RESISTANCE IN MALARIA VECTORS
IN DECEMBER 1958

Resistant vector Insecticide to which Country in which
species they are resistanta ! resistance was detected

A. albimanus Dieldrin El Salvador b
Guatemala
Nicaragua
Jamaica (British Caribbean

Federation)

A. aquasalis Dieldrin Trinidad

A. gambiae Dieldrin French West Africa
Liberia
Nigeria

A. pseudopunctipennis Dieldrin Mexico

A. quadrimaculatus Dieldrin United States of America

A. sacharovi Dieldrin and DDT Greece
DDT Turkey

A. sergenti Dieldrin Jordan

A. stephensi DDT Iran
India
Iraq
Saudi Arabia

A. subpictus subpictus Dieldrin Indonesia

A. sundaicus DDT Burma
Indonesia

a Dieldrin resistance characteristically extends to BHC, and to aldrin, chlordane and other
cyclodiene derivatives

b In El Salvador, A. albimanus may possibly be resistant to DDT as well.

I Unpublished report to WHO on a visit to Saudi Arabia, 1955
2 Unpublished report to WHO on a visit to Java, Indonesia, 1955
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during the next years and, by the end of 1958, resistance to DDT or dieldrin
had developed in ten proved malaria vectors in nineteen countries. A sum-
mary of the position of insecticide resistance in malaria vectors in the world
is given in Table 1. As can be seen, A. sacharovi in Greece and possibly
A. albimanus in El Salvador are the only cases in which resistance to both
DDT and dieldrin has developed within the same species and in the same
country, and this is a fact which should be underlined. Also it should be
pointed out that dieldrin has been used for four years in Saudi Arabia and
Indonesia in areas where DDT-resistance had developed in A. stephensi and
A. sundaicus respectively without any indication of a development of dieldrin-
resistance. This seems to indicate that the pattern followed in Greece by
sacharovi will not necessarily be followed by other malaria vectors, and that
the development of resistance to one type of insecticide does not necessarily
mean the subsequent development of resistance to another type.

The investigations presented in this paper were undertaken with the aim
of learning more about the nature of the resistance mechanism in A. sacha-
rovi. The writer had the opportunity of visiting several countries within the
area of distribution of this species and so was able to obtain comparative
information on the susceptibility or resistance of different populations of
A. sacharovi. The data presented here were collected during the course of a
visit to Iran in 1956, a visit to Italy in 1957 and an entomological mission to
Turkey, Greece, Romania and Italy in 1958. This last mission had been
planned in conjunction with an investigation of the relationship between
resistance and DDT detoxification to be carried out by Dr A. S. Perry of
the Communicable Disease Center, Savannah, Ga., USA. The two inves-
tigations, however, could not be carried out simultaneously and the results
of them are for this reason discussed separately.

Methods

The susceptibility tests made in 1956 and 1957 were carried out following
the Busvine and Nash method (Busvine & Nash, 1953; WHO Expert Com-
mittee on Malaria, 1954). The same method was employed in the field trials
carried out in Turkey and Greece in 1958, in which malathion was used.
Since this organo-phosphorus compound does not dissolve in Risella oil,
which is the solvent used in the Busvine method, olive oil was used instead.
This had been used before by Davidson (1958) in his investigations of
dieldrin-resistance in A. gambiae. In the Busvine & Nash tests carried out
in Iran in 1956, small glass jars with a layer of wet cotton wool covered with
a piece of blotting-paper placed at the bottom and closed with muslin, were
used as recovery cages to keep the mosquitos during the 24 hours following
exposure. But in the tests carried out in 1957 and 1958 paper drinking-cups
were used as recovery cages. This had been recommended to us by Davidson
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(personal communication, 1957) and proved to be a very satisfactory way
to keep mosquitos after exposure. The cups used were of half-pint capacity
and made of unwaxed paper; they were covered with a piece of muslin fixed
to the mouth of the cup with a rubber band, and with a small opening cut in
the middle for the introduction of the mosquitos.

Most of the susceptibility tests made in 1958 were carried out following
the standard WHO adult test method (WHO Expert Committee on In-
secticides, 1958). Larval susceptibility tests were carried out in Greece in
1958 following the method recommended by WHO for the assessment of
susceptibility in larvae (World Health Organization, 1957).

In 1958 a series of tests to measure the irritation produced by DDT
deposits were carried out in several countries visited. They are referred to
in this paper as " irritability tests " and they were made with a technique
which proved to be very close to that described previously by Hadaway &
Barlow (1953) for the measurement of irritability using batches of five
mosquitos. The method was based largely on the experience gained by
Brown (1958a) in Panama. We used, like Brown, the conical exposure
chamber devised by Bruce-Chwatt, which is made of polished transparent
cellulose acetate and has the shape of the main body of a funnel 8.5 cm in
diameter at the base and 5.5 cm high. Instead of a stem it has a cone 2.5 cm
long directed inwards to form a one-way trap with a hole 1 cm in diameter.
The broad base of the funnel has a circular rim 1.5 cm wide which provides
a good surface for fixing the chamber to the wall. This device had been
proposed by Bruce-Chwatt for the bio-assay of insecticide deposits in walls,
but proved adequate also for the measurement of irritability to DDT in
A. albimanus in Brown's experiments (Brown, 1958a). The chamber was
applied against the 2% and 4% DDT-impregnated papers, supplied with the
standard WHO kit for the determination of susceptibility or resistance in
adult mosquitos. This was also done in our irritability tests, but instead of
using individual mosquitos and measuring the time lapse between their
release in the chamber and the first flight or take-off produced by the irritant
effect of the insecticide, we released batches of five mosquitos and counted
the total number of take-offs during a 15-minute period.

The general procedure followed in our irritability tests was as follows:

(a) The test was carried out between 8.30 a.m. and 1.0 p.m., using
recently engorged wild-caught females captured in the early morning.

(b) Three conical exposure chambers were applied respectively against
4% DDT, 2% DDT and a control paper (impregnated with Risella oil).
The chambers were applied to the papers by means of transparent adhesive
tape or strips of adhesive sponge. The same material was used to stick the
papers against the piece of glass which was placed vertically against an
opaque surface. The three exposure chambers thus set in position were
separated from each other by a distance of about 10 cm. To avoid any
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possible contamination, exposure chambers used in test runs with the DDT-
impregnated papers were never used in control runs.

(c) Three observers were placed facing the three exposure chambers,
their heads at a distance of about 40-50 cm from the chamber under
observation.

(d) Five mosquitos were released in each of the exposure chambers and
the number of take-offs from the impregnated paper counted during a
period of 15 minutes, after which the mosquitos were removed with the
bent tube proposed by Busvine for the withdrawal of mosquitos from this
type of exposure chamber (WHO Expert Committee on Insecticides, 1958).
If the mosquitos managed to rest on the polished surface of the chamber their
take-off from it was not counted.

(e) The mosquitos were transferred to paper drinking-cups of the type
already described and mortality counts were made 24 hours after exposure to
the toxicant.

(f) The test was carried out with natural light. The incident light as
measured by a Weston photometer was 40-50 foot candles. Lateral illumi-
nation was always used, the source of light being a window or an open door.

In connexion with the last point, it should be added that preliminary
trials in Greece indicated the need of lateral illumination in the tests. If
the source of light was in front of the exposure chamber, the mosquitos
trying to escape towards the light found the opening of the chamber more
easily than if lateral light was used. In these first trials five mosquitos out
of 30 escaped when the light was directly in front of the exposure chamber
and none out of 120 when lateral light was used.

It may be pointed out here that illumination is probably one of the fac-
tors that has most effect on the results of the irritability tests. We were
interested in evolving a simple method which could be carried out with
little equipment anywhere in the field, but the experience gained inclines us
to think that for the standardization of an irritability test, uniform condi-
tions of illumination will be necessary, and this can only be obtained in the
field with artificial light.

Dieldrin-Resistance and DDT-Resistance in Greece

The development of resistance in A. sacharovi in Greece has been the
subject of a great number of field and laboratory investigations. The most
significant findings in these series of investigations have already been
briefly mentioned in the introduction to this paper. At the time of our
visit it had already been established that resistance to DDT, to dieldrin or
to both types of insecticide existed in most of the area of distribution of
sacharovi in Greece. Extensive surveys carried out by Greek investigators
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(Livadas & Thymakis, 1956; Hadjinicolaou; 1 Belios 2) indicated, however,
that the degree of resistance to one or the other type of insecticide varied
considerably from place to place; also it appeared that no clear relationship
could be established between the degree of resistance and the presence or
absence of malaria cases (Belios, 1954b).

Of all the areas investigated in Greece, the area of Skala in the Southern
Peloponnese was probably that where the most intensive work on the
susceptibility of sacharovi had been carried out. In addition to the tests
made by the Greek investigators just mentioned, a series of tests was
carried out by Busvine in 1955. He compared his results with those obtained
by previous workers and concluded that DDT-resistance was on the increase
in the area.3 Investigations carried out later by Hadjinicolaou 1 in 1956
and 1957 indicated that Skala was probably the area in Greece where
DDT-resistance was at its highest level. It was for these reasons that the
Skala area was selected as one of the places to be investigated during our
mission to Greece in 1958. In addition to Skala, the areas of Nisseloudi in
Macedonia in the north of the country, and Agios-Joannis, near Pyrgos in
Western Peloponnese, were also studied. The spraying history of the three
areas is as follows:

Skala 1946-51 sprayed with DDT
1952-53 unsprayed
1954-55 sprayed with chlordane
1956 unsprayed
1957 sprayed with dieldrin
1958 unsprayed

Nisseloudi 1946 sprayed with DDT
1947 unsprayed
1948-51 sprayed with DDT
1952 unsprayed
1953-54 sprayed with DDT
1955 sprayed twice: Ist round-DDT

2nd round-chlordane
1956 sprayed with BHC
1957-58 sprayed with DDT (last spraying 20 June 1958)

Agios-Joannis 1946-50 sprayed with DDT
1951-53 unsprayed
1954 sprayed with BHC
1955 sprayed with dieldrin
1956 sprayed with BHC
1957 sprayed thrice: 1st round-BHC

2nd round-DDT
3rd round-chordane

5 Quoted in World Health Organization (1957a) and in Second assessment of susceptibility to insecticides
In anopheline mosquitos (unpublished working document WHO/Mal/203, WHO/Insecticides/77)

' In an unpublishedreport (1958) to WHO and quoted in Second assessment ofsusceptibility to insecticides
in anopheline mosquitos (unpublished working document WHO/Mal/203, WHO/Insecticides/77)

' Unpublished report to WHO on a visit to Lebanon and Greece
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The results of the susceptibility tests carried out in these three areas are
summarized in Tables 2, 3, 5 and 6. It may be mentioned here that in each
table results have been placed in chronological order.

The adult susceptibility to DDT appears, to be almost normal in
Nisseloudi and Agios-Joannis, whereas in Skala it indicates a certain amount
of physiological resistance. It is surprising that, eight years having passed
since the development of resistance in Greece, so little physiological resist-
ance could be detected by the WHO method, particularly when it is taken
into account that since 1951 DDT has repeatedly been used in the three
areas studied, as is shown by the summary of the spraying work given
above. In the adult tests carried out by us in Skala and summarized in
Table 2 it can be seen that one hour's exposure to 4% DDT produced a
39.0% mortality. When the exposure was prolonged to 8 hours, the mor-
tality increased to 96.0%, and in tests with 12 hours' exposure the mortality
was 94.0%. These results indicate that, although there must have been
many susceptible individuals, a fraction of the population tested was
physiologically resistant to DDT.

The results of Nisseloudi and Agios-Joannis (Table 2) do not differ
greatly from the results obtained with normal susceptible anophelines and
correspond closely to the results we obtained in an unsprayed locality of
Iran (Ghantargholou) with A. sacharovi, presented in Table 4. In Agios-
Joannis, however, we had an opportunity to make a test with 8 hours'
exposure to 4% DDT, and, as will be seen in Table 2, this did not produce
100% mortality, but as in the tests at Skala with the same 8 hours'
exposure, the mortality was 90%. This again we believe is an indication
that in spite of a comparatively low DDT LC50 (2.9), reflecting a relatively
high kill with the various concentrations used, a fraction of the population
tested at Agios-Joannis was physiologically resistant to DDT. Lack of time
prevented us from making prolonged exposure tests with sacharovi at
Nisseloudi, so that the same conclusion cannot be drawn from the tests
carried out in this locality.

Regarding the dieldrin tests (Table 3), there is no question that in the
three localities examined there was a very high level of dieldrin-resistance.
This was in agreement with previous observations made at Nisseloudi and
the vicinity of Agios-Joannis. I Greek investigators had also shown that
dieldrin-resistance in sacharovi extended to gamma-BHC. In Skala the
results of our tests point to a practically homogeneous dieldrin-resistant
population. There was a 2% mortality with 4% dieldrin (at the ordinary
one-hour exposure), but the control mortality in this series of tests was
also 2%; 0.4% and 0.8% concentrations, however, had given mortalities
slightly above the control mortality, so that a few susceptible individuals

1 Second assessment of susceptibility to Insecticides in anopheline mosquitos (unpublishedwork ing
document WHO/Mal/203, WHO/Insecticides/77)
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TABLE 2. ADULT SUSCEPTIBILITY TESTS WITH

Temperature
Temperature Relative during following

Cou ntry L ocality
Date during humidt 24 hours (nC)Country Locality ~~(1958) exposure dxourin

(OC%) max. min.

Ozel Bahsis (Tarsus) 21 May

22 May

23 May

25.0

25.0

25.0

65

67

70

26.5

26.0

26.0

22.5

22.0

21.0

Total

Demirtas (Alanya)b 28 May 25.0 70

29 May 24.0 72 27.0 23.0

30 May 26.0 68 26.0 24.0

Total

Edremit c

Nisseloudi (Macedonia)

Skala (S. Peloponnese)

Agios Joannis
(near Pyrgos,
N.W. Peloponnese)

..

3 June

16 June

14 July

15 July

17 July

21 July

23 July

28 July

30 July

29.0

19.5

29.0

30.0

32.5

29.5

28.0

29.5

29.0

38

65

31

47

39

42

56

38

57

29.0 23.0

23.5

30.0

33.0

34.0

30.0

31.5

32.0

15.0

26.0

29.0

31.0

26.0

26.0

26.5

,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Romania Enisala (near Babadag, 9 August 26.0 67 27.5 22.0
Dobrogea) g I

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Italy Vieste (Foggia) 31 August 27.5 49 26.0 25.0

Total

Total

Turkey

Greece

a The figures in parentheses after the percentage mortalities indicate the number of mosquitos
tested.

b 95 % sacharovi + 5 % melanoon
c 55 % sacharovi + 43 % typicus + 2 % messeae
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DDT ON A. SACHAROVI, USING WHO METHOD

Percentage mortality a at following DDT concentrations in Risella oil:

0.5% 1% 2% 4% 4% 4% 4%
(8 hrs) (12 hrs) (24 hrs)

o (20) 0 (29)

0 (20) 0 (20)

5.0 (20) 17.5 (40) 5.0 (20)

O (20) 0 (49) 2.5 (40) 17.5 (40) 5.0 (20) > 4.0

100.0 (18)

10.0 (10)

5.0 (20) 25.0 (20) 62.5 (16) 0 (10)

5.0 (20) 25.0 (20) 82.5 (34) 5.0 (20) 2.6

24.0 (50) 86.0 (50) 0 (50) 2.6

70.0 (50) 98.0 (50) 0 (50) 1.6

12.0 (50) 40.0 (50) 2.0 (50)

38.0 (50) 100.0 (50) 2.0 (50)

92.0 (50) 4.0 (50) d

4.0 (50) 96.0 (50) 0 (25)

92.0 (50) 16.0 (25) e

4.0 (50) 12.0 (50) 39.0 (100) 96.0 (100) 94.0 (100) 1.6 (125) 5.6

34.0 (50) 64.0 (50) 2.0 (50)

6.0 (50) 96.0 (50) 0 (25)

6.0 (50) 34.0 (50) 64.0 (50) 96.0 (50) 1.3 (75) 2.9

37.3 (75) 88.0 (75) 100.0 (73) 2.0 (50) 1.2

96.0 (50) 100.0 (50) 0 (49) <2.0

d8 hours' contact with control paper and 24 hours in holding tubes
e 12 hours' contact with control paper and 24 hours in holding tubes
f Excluding controls of 17 and 23 July
g Approximately 70 % sacharovi + 30 % messeae and atroparvus
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TABLE 3. ADULT SUSCEPTIBILITY TESTS WITH

Temperature
Tempeature Relative during

Temperauren humidity following
Country Locality Date exposure during 24 hours (C)

(5eu exposure
(NC)max. min.

Ozel Bahsis (Tarsus)

It

Edremit b

Nisseloudi (Macedonia)

Skala (S. Peloponnese)

Agios-Joannis (near
Pyrgos, N. W.
Peloponnese)

Enisala (near Babadag,

Dobrogea) e

Vieste (Foggia)

22 May

23 May

24 May

3 June

16 June

14 July

15 July

17 July

28 July

29 July

30 July

9 Auciust

31 August

25.0

25.0

24.0

29.0

19.5

29.0

30.0

32.5

29.5

29.0

29.0

26.0

27.5

67

70

63

38

65

31

47

39

38

48

57

67

49

27.0

26.0

25.5

29.0

23.5

30.0

33.0

34.0

30.0

32.0

27.5

22.0

21.0

21.0

23.0

15.0

26.0

29.0

31.0

25.0

26.5

22.0

26.0 25.0

Total

Total

Total

a The figures in parentheses after the percentage mortalities indicate the number of mosquitos
tested.

b 55 % sacharovi + 43 % typicus + 2 % messeae

may have existed in the population examined. The high level of dieldrin-
resistance can be judged by the mortalities obtained with 4% dieldrin
concentration and at 8 hours' as well as 18 hours' exposure. Davidson (1958)
found that dieldrin-resistant gambiae had a mortality of 77 % when exposed
to a 4% concentration for 18 hours. In Skala we obtained an 86% mortality
with the same concentration and the same exposure time, which indicates
that the resistance found in sacharovi is of approximately the same level as
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DIELDRIN ON A. SACHAROVI, USING WHO METHOD

Percentage mortality a at following dieldrin concentrations in Risella oil: lCl
Control LC6;

0.1% |0.2% 0.4% 0.8% 1.6% 4% (8hrs) (8 hrs)

100.0 (20) 100.0 (20)

25.0 (20) 30.0 (40) 97.5 (40) 100.0 (20)

20.0 (20) 100.0 (80) 100.0 (20) 5.0 (20)

22.5 (40) 30.0 (40) 97.5 (40) 100.0(100) 100.0 (40) 100.0 (20) 5.0 (20) 0.2

56.0 (25) 100.0 (25) 100.0 (50) 0 (50) <0.2

4.0 (25) 16.0 (25) 8.0 (25) 12.0 (25) 0 (50) > 4.0

4.0 (50) 10.0 (50) 2.0 (50)

0 (50) 2.0 (50) 2.0 (50)

2.0 (50) 36.0 (50) 86.0 (50) 4.0 (50) C

4.0 (50) 10.0 (50) 0 (50) 2.0 (100) 36.0 (50) 86.0 (50) 2.0 (100)d > 4.0

20.0 (50) 16.0 (25) 2.0 (50)

16.0 (50) 4.0 (25)

8.0 (25) 64.0 (50) 0 (25)

20.0 (50) 12.0 (50) 16.0 (50) 64.0 (50) 2.0 (100) > 4.0

93.3 (75) 97.3 (75) 100.0 (75) 2.0 (50) <0.2

74.0 100.0(50): 0(49) <0.1

c 8 hours' contact with control paper and 24 hours in holding tubes
d Excluding control of 17 July
e Approximately 70 % sacharovi + 30% messeae and atroparvus

the resistance of A. gambiae (Ambursa strain). It should be pointed out,
however, that Davidson's observations were made in the laboratory with a
purely resistant strain from which the susceptible and hybrids appear to
have been eliminated by the long voyage from Nigeria to London (Davidson,
1958), whereas our observations at Skala were made in the field with wild-
caught females. It thus seems as if the selection produced by the spraying
with dieldrin and chlordane, and possibly the use of these and other cyclo-
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TABLE 4. ADULT SUSCEPTIBILITY TESTS WITH DDT

Temperature Relative
during humidity

Country Locality Date exposure during
exposure

(OC) (%

Iran Ghantargholou (Shiraz) 29 September 1956 77.0 24

Dadin Bala (Kazerun) 3-7 October 1956 32 b

84.0 26

21

Polabgineh (Kazerun) 9-11 October 1956 84.0 c 16 d

85.0 22

84.0 16

Italy Vieste (Foggia) e 31 August 1958 27.5 49

Vieste (Foggia)f 3 September 1958 24.0 72

a The figures in parentheses after the percentage mortalities indicate the number of mosquitos
tested.

b Relative humidity on 3, 5 and 7 October
c Temperature on 9, 10 and 11 October

diene derivatives, as well as BHC, for agricultural purposes in the area had
resulted in the selection of an almost pure resistant strain. Three years
before our visit, Busvine 1 had found almost no mortality with 0.5 % and 1 %
dieldrin, using his own method and a small number of sacharovi. This
seems to indicate that a high level of dieldrin-resistance had already deve-
loped in the Skala area in 1955.

In Nisseloudi and Agios-Joannis a small part of the sacharovi population
was susceptible to dieldrin, as the mortalities observed at 0.4% and 0.8%
dieldrin concentrations seem to indicate, but from the results of our tests it
may be concluded that the bulk of the population was resistant to dieldrin.

The malathion tests made with sacharovi at Skala are presented in
Table 5 and they indicate a very marked degree of susceptibility to this
organo-phosphorus compound. It may be added here that except for a
few small-scale trials, organo-phosphorus compounds have not been used
for malaria control in Greece.

The results of larval tests carried out with sacharovi in Skala are sum-
marized in Table 6. They indicate physiological resistance to DDT, dieldrin

1 In an unpublished report (1955) to WHO on a visit to Lebanon and Greece
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ON A. SACHAROVI, USING BUSVINE AND NASH METHOD

duTemperature Percentage mortality a at following
24 hours(fC)og DDT concentrations in Risella oil: Control LC,

max. min. 0.5% 1% 2% 4%

77.0 64.0 13.0 (31) 50.0 (34) 83.0 (36) 100.0 (27) 5.0 (38) 1.1

0 (2) 0 (4) 0 (1) 0 (2) 0 (1) > 4.0

0 (7) 0 (26) 0 (18)

Total 0 (2) 27.0 (11) 22.0 (27) 35.0 (20) 0 (1)

26.0 25.0 17.9 (95) > 4.0

24.5 23.5 54.0 (100) 0 (25) <4.0

d Relative humidity on 9, 10 and 11 October
e Mosquitos captured with vials
f Mosquitos captured with sucking-tubes

and BHC. Although the information available on the susceptibility or
resistance of mosquito larvae is much less than that on the adult mos-
quitos, it does indicate that at equal concentrations dieldrin produces a
higher mortality than DDT.' A dieldrin LC50 of 5.0 parts per million
(p.p.m.) indicates therefore a higher level of resistance than a DDT LC50 of
1.1 p.p.m., and this is in agreement with the results of the adult tests.

Irritability tests were carried out with the method described before with
sacharovi of Skala and Pyrgos. The results of these tests together with the
results obtained with other strains of sacharovi and other species of the
maculipennis group are summarized in Table 7 and are shown graphically
in the figure. If the results obtained in Skala are compared with those
obtained with sacharovi in Agios-Joannis and later in Enisala (Romania),
it will be noticed that the Skala strain showed a much lower degree of
irritability than the other two. This is perhaps due to the fact that the
Skala strain had a considerable proportion of physiologically resistant
individuals. As was pointed out by Davidson (1958), typically resistant
anophelines such as A. sundaicus and A. stephensi rest on DDT-treated

1 Second assessment of susceptibility to insecticides in anopheline mosquitos (unpublished working
document WHO/Mal/203, WHO/Insecticides/77)
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TABLE 5. ADULT SUSCEPTIBILITY TESTS WITH

Cou ntry

_

Turkey

Greece

Locality

Ozel Bahsis (Tarsus)

Skala (S. Peloponnese)

Date (1958)

15 July

Temperature
during

exposure
(OC)

25.0

24.0

30.0

Relative
humidity

during exposure
(%)

70

63

47

a The figures in parentheses after the percentage mortalities indicate the number of mosquitos
tested.

surfaces without moving and without showing any sign of irritation. This,
as will be shown later, was also our experience with resistant A. sacharovi
in the Tarsus area (Turkey), and if the Skala strain had, as the results of
the susceptibility test seem to indicate, a good number of physiologically
resistant individuals, then it would be expected that the irritability of the
strain as a whole would be diminished. In Agios-Joannis, where the physio-
logically resistant individuals must have been few, and in Enisala (Romania),
where no resistance was detected, sacharovi showed a very high degree of
irritability. If the number of take-offs from the control paper is deducted
from the number of take-offs from the 20% DDT paper, it will be noticed
that the irritability of sacharovi in Agios-Joannis and Enisala was three or

four times greater than in Skala. This seems to be an indication that an

increase of physiological resistance means a decrease in the irritability of
the species.

TABLE 6. LARVAL SUSCEPTIBILITY OF A. SACHAROVI IN SKALA,

Water
temperature(1 5 ) (.C

Insecticide

0.004 p.p.m.

ao OJa~~~ C:~
(a a.
Q 0 0 :

z 2 a

Insecticide

0.02 p.p.m.

i:zf D t (D
C

>

a) 0 0 ,3
z 0 2 a
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17 July 23 DDT 50 0 0 0 7 50 2 0 4.1 1

17July 23 Dieldrin 50 0 0 0 1 50 2 0 4.1 1

18July 24 BHC 50 1 1 4.0 0 50 7 0 14.0 0
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MALATHION ON A. SACHAROVI, USING BUSVINE AND NASH METHOD

Temperature
during following
24 hours (CC)
max. min.:

Percentage mortality a at following
malathion concentrations in olive oil:

0.062'%/ 0.125% 0.25 %

Control

0.5 %

LCso
(%)

26.0 21.0 100.0 (25) 0 (25)

25.5 21.0 66.0 (50) 92.0 (50) 100.0 (50) 4.0 (25)

Total 66.0 (50) 92.0 (50) 100.0 (50) 100.0 (25) 2.0 (50) < 0.05

33.0 29.0 92.0 (50) 100.0 (49) 100.0 (50) 2.0 (49) < 0.62

DDT-Resistance in Turkey
The field investigations made with sacharovi in Turkey were part of a

survey of anopheline susceptibility-the first one carried out in that country.
Several areas along the coast of Turkey where malaria transmission had
not been interrupted were examined in this survey. The results of the tests
with sacharovi are presented in Tables 2, 3 and 5. As can be seen, in the
locality of Ozel Bahsis in the area of Tarsus (southern Turkey), where control
failure had first been observed in 1957, the sacharovi population tested
proved to be highly resistant to DDT. The results summarized in Table 2
indicate that the population tested was probably a homogeneous resistant
one. There was no mortality with a 40% DDT concentration and one-
hour's exposure, and only 2.5 % mortality when exposure was prolonged
to 8 hours. But since control mortality in this series of tests was 5.0%, the
mortality even at the last exposure should be considered nil. Only at

GREECE, TO DDT, DIELDRIN AND BHC, TESTED BY WHO METHOD

concentration
Controls

0.10 p.p.m. 0.50 p.p.m. 2.50 p.p.m.

-. -. V

\.\O r D (: O<l) C t)Larval

C.~~~~~~~~~~-C51'
(I) C3 Ci)=

o~~~~~~~~c co cooo|2oco)°° ,oa
a a c a ao aEE

6 a O 0 0 0 0 :3 6 a) 0 0 0 a2 0
z o zZ 0oZ C) ~ .Z 0

50

50

50

8,

3

13

0

0

16.7

8.0

26.0

2

0

0

50

50

51

11

4

42

1
0

0

23.3

8.3

82.3

5

2

0

51

50

50

36

34

50

0
0

0

76.6

68.0

100.0

4

0

0

50

50

0

0

0

0

1.1 p.p.m.

5.0 P.p m.

4 0.16 p.p.m
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TABLE 7. IRRITABILITY TO DDT IN VARIOUS ANOPHELINE SPECIES

IE-

Temperature Relative
CountryLocality Species ~Date Tepeauren humidityCountryLocality Species ~~~(1958) tet ('C) during test

(%

Greece

Greece

Romania

Romania

Romania

Italy

Italy

Skala

Agios-Joannis

Enisala

Podgoria

Bucharest

Borgo Schir6

Vicalvi

A. sacharovi

A. sacharovi

A. sacharovi

A. maculipennis
(typicus)

A. atroparvus

A. Iabranchiae

A. maculipennis
(typicus)

24 & 25 July

29 & 30 July

9,10, 11 August

13 &14 August

16 & 17 August

23 & 24 August

28 & 29 August

28, 29

29, 29

28.5, 27, 24

25, 25

27.4, 28

28, 28

29.5, 31

56, 60

48, 58

60, 52, 76

75, 76

45, 47

60, 66

38, 35

a The number of mosquitos examined is given in parentheses

24-hours' exposure a certain mortality (17.5 %) was obtained, but since no
control was run with 24-hours' exposure, it may bei possible that at least
part of the mortality observed was simply due to long confinement in the
test-tubes and not to the effect of the toxicant.

NUMBER OF TAKE-OFFS PER MOSQUITO DURING 15-MINUTE PERIOD
IN IRRITABILITY TESTS

7U I 20

18

16

A 14

, 12

I
1! 10

.X

a

a

i to

6

4

2

E with control paper

E with 2% DDT

with 4% DDT

1I..
toi A. saotovi A. sacharovi A. tocolipeoia A. tcudipennts A. agroparwus A. laoronchiae

Ag eJonnis Eniosoli1 Iyp=nua ypsctas) Colony Int. Bor Slcl4ird
colvi C tauonznino,

nio Iltoly ucharest
IRottaniol

18

16

14 .A
i

12 E
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ASSESSED BY NUMBER OF TAKE-OFFS FROM DDT-TREATED PAPERS

Temperature during Number of take-ofis Percentage mortalityfollowing per mosquito during 24 hours after exposure a
24 hours (OC) 15-minute period a

max. min. DDT 2% DDT 4% control DDT 2% DDT 4% control

31.5 26.0 4.7 (40) 9.0 (40) 2.3 (40) 5.1 (39) 15.0 (40) 10.0 (40)

32.0 25.0 15.4 (40) 18.3 (40) 6.4 (40) 0 (40) 0 (40) 0 (40)

28.5 22.0 15.0 (50) 16.8 (60) 4.5 (80) 0 (10) 21.7 (60) 0 (60)

25.0 24.0 15.5 (45) 16.7 (45) 9.1 (50) 4.4 (45) 6.7 (45) 2.0 (50)

29.0 26.0 7.8 (60) 10.7 (60) 2.5 (60) 5.1 (59) 29.1 (55) 1.7 (60)

30.5 25.0 7.2 (60) 7.8 (65) 4.2 (70) 15.0 (60) 29.2 (63) 2.9 (68)

26.5 24.0 15.4 (40) 18.9 (35) 10.3 (40) 0 (15) 10.0 (10) 0 (1b)

To get a better idea of the degree of resistance found it should be
mentioned here that practically all the females used in Ozel Bahsis were
caught resting on walls sprayed with 2 g of DDT per m2 less than one
month before. The mosquitos had in fact been in contact with DDT for a
longer time than during the period of test exposure.

The differences observed between the degree of DDT-resistance found
in Greece and what was observed in the area of Tarsus will be discussed
later, but it may be said here that, considering the population as a whole,
A. sacharovi from Tarsus was much more resistant to DDT than the
sacharovi tested in any of the three areas examined in Greece. Also it may
be added that in all the DDT tests carried out at Ozel Bahsis there was
practically no irritation. A. sacharovi from Ozel Bahsis rested on the DDT-
sprayed walls of the houses as well as on the DDT-impregnated papers of the
test without moving and without showing any sign of intoxication.

The results with dieldrin at Ozel Bahsis showed that the local sacharovi
had normal susceptibility to this insecticide. 0.4% dieldrin concentration
produced 97.5 % mortality and 0.8 % dieldrin produced complete mortality
(100 mosquitos tested). Higher concentrations also gave a complete kill.
This does not exclude the possibility of some dieldrin-resistant individuals
being present among the population of sacharovi in the Tarsus area, but
seems to indicate that the frequency of resistance, if any, must be low.
Also it indicates that DDT-resistance has not produced any tolerance
towards dieldrin as a collateral effect.

The malathion results given in Table 5 indicate, as in the case of sacharovi
from Skala, a very marked degree of susceptibility to this insecticide. The
Tarsus area has been sprayed by the Turkish Antimalaria Department with
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DDT once a year since 1948. In 1957 two sprayings were carried out to
cope with an increasing number of malaria cases and a certain number of
additional sprayings (also with DDT) were carried out in previous years by
the local authorities and cotton-growers. In addition to the anti-adult
work already mentioned, larviciding, also with DDT, was carried out
until 1956. The Tarsus area has probably received more DDT than any
other area in Turkey. Little use appears to have been made of BHC or
dieldrin for agricultural work in the area.

The results obtained with sacharovi in two other localities of Turkey
(Demirtas and Edremit) do not seem to indicate the development of resist-
ance. A 4% dieldrin concentration produced only an incomplete kill. This
and the comparatively high DDT LC50 (2.6 in the two localities) should
perhaps be taken as an indication of tolerance. It is regretted that prolonged
exposures to 4% DDT were not carried out in these localities. It was only
later in Greece, in the case of Agios-Joannis, for instance, that we found
that similar mortalities and LC50's were associated with the presence of
physiological resistance, as the presence of survivors after 8 hours' exposure
to 4% DDT indicates. We would like to point out here that the results of
our observations in the Demirtas and Edremit areas do not exclude the
possibility of a situation similar to the one observed with sacharovi in
Greece. Dieldrin tests at Edremit, as at Ozel Bahsis, indicated normal
susceptibility to this insecticide.

Observations made in Iran, Romania and Italy

Observations made in 1956 in the south of Iran 1 showed that A. sacharovi
from the localities of Dadin Bala and Polabgineh, in the Kazerun area,
which had been sprayed several times with DDT, had a considerable
degree of tolerance to DDT when compared with sacharovi from Ghantar-
gholou, an unsprayed locality (Table 4). The results obtained are in fact
very similar to those obtained in 1958 in Skala. DDT in a 4% concentration
produced a 35 % mortality in Dadin Bala and Polabgineh and 390% at
Skala (one hour's exposure). Although the tests made in Dadin Bala and
Polabgineh were carried out at the beginning of October, the temperature
in the area was high and there was no sign of hibernation in any of the
females tested. Hibernation is known to increase tolerance to insecticides
of mosquitos of the maculipennis group (Zulueta et al., 1957; Raffaele &
Coluzzi, 1957a), but as we have explained, this could not be the cause of
the tolerance observed. The small sample (61 females) examined, however,
inclines us to the view that the findings of Dadin Bala and Polabgineh may
be taken as an indication but not as definite proof of resistance.

1 Zulueta, J. de, Jolivet, P., Thymakis, P. & Caprari, P. (1957) A survey of anopheline susceptibility to
insecticides in Iran (unpublished working document WHO/Mal/188)
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The observations made with sacharovi in Romania, summarized in
Tables 2 and 3, indicate normal susceptibility of this species to DDT and
dieldrin. This is in agreement with the thorough investigations carried out
by the Romanian entomologists (Ciuca, 1956; Duport et al.1). In fact, all
the extensive investigations on the susceptibility of the Romanian anophe-
lines point to normal susceptibility in all the vectors in that country, where,
it should be emphasized, DDT and gamma-BHC have been used
extensively against malaria for ten years.

The results of the tests carried out in Italy are shown in Tables 2, 3
and 4. It will be noticed in the first place that the results obtained with
the WHO method (Table 2) are different from the results obtained with the
Busvine and Nash method (Table 4). This difference was also found with
other species of the maculipennis group in Italy (Zulueta 2). The WHO
method gives higher mortalities and consequently lower LC50's than the
Busvine and Nash method, using mosquitos captured under the same con-
ditions. A discussion of the difference observed between the two methods
will be made later, but it may be pointed out here that extensive investiga-
tions carried out by Raffaele & Coluzzi (1956, 1957b) using a modification
of the Busvine and Nash method had shown what appeared to be a high
level of DDT tolerance in A. maculipennis (typicus), A. labranchiae, A.
sacharovi and A. claviger in the Italian peninsula. This was confirmed by
us with the ordinary Busvine and Nash technique during a visit to Italy
in 1957 (Zulueta 3). Also, it should be pointed out that this happened in
areas where DDT had been and still was effective against local anophelines
and in certain cases in non-malarious areas with no history of residual
spraying, so that it was difficult to explain how the observed " tolerance"
had developed.

Discussion

The fact that A. sacharovi from Greece-the first anopheline mosquito
to develop resistance to DDT-has a low level of physiological resistance to
this insecticide eight years after the development became apparent deserves
perhaps to be discussed at some length.

The first sign of the development of resistance to DDT in Greece was
the invasion of sprayed houses a few weeks and even a few days after the
application of the insecticide. This has been and still is the most obvious
sign of the insecticide's failure. When the first quantitative estimations of

' Quoted in Second assessment of susceptibility to insecticides in anopheline mosquitos (unpublished
working document WHO/Mal/203, WHO/Insecticides/77)

' Unpublished report (1958) to WHO on an entomological mission in the European Region
3Unpublished report (1957) to WHO on a visit to Italy
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susceptibility were made with sacharovi in Greece, the results obtained
indicated a level of tolerance above what then was considered normal, and
it was thought that the tolerance observed was enough to explain the
control failure in the field. But the information available at that time on
the susceptibility levels of mosquitos, and of anophelines in particular, was
very limited. When Busvine visited Greece in 1955, the number of ano-
pheline species in which the susceptibility level had been determined by his
method was probably no more than five, and at that time there was no
information about the level of resistance in typically resistant anophelines.
When DDT-resistance was found and measured by the Busvine and Nash
technique in A. stephensi in Saudi Arabia and A. sundaicus in Java it was
realized that it was much higher than the resistance observed in Greece.

In most places examined in Greece the susceptibility of sacharovi appears
to be very close to normal, as was the case with the strains of Nisseloudi
and Agios-Joannis examined by us. It was only by 8 hours' exposure to
a 4% DDT concentration that the presence of a small number of resistant
individuals could be demonstrated in Nisseloudi. Of all the places examined
in Greece during the last years, Skala is probably the one where the level
of resistance in the sacharovi population has been highest. But this level is,
as we have pointed out already, much below what we observed with sacha-
rovi in Tarsus (Turkey), or what has been observed with a typically resistant
anopheline like A. stephensi or A. sundaicus. That the number of physiolo-
gically resistant individuals which must be present in the Skala population
may be sufficient to produce the control failure in this area can be con-
sidered a possibility, but this is not the case in Agios-Joannis, in Nisseloudi,
or indeed in other areas where Greek investigators have observed control
failure associated with normal or almost normal susceptibility in the vector
species. The physiologically resistant fraction of the sacharovi population
in these places is so small that it cannot explain the control failure. In
Agios-Joannis great numbers of sacharovi were found in houses and stables
which had been sprayed with DDT and BHC respectively two months and
one month before our visit. The very high physiological dieldrin-resistance
detected could well explain the failure of BHC, but it is difficult to under-
stand how the failure of DDT could be explained in terms of physiological
resistance when the majority of the mosquitos captured in the sprayed
premises were killed in our tests by low concentrations of DDT. A similar
situation was found in Nisseloudi, where at the time of our visit sacharovi
began to appear in DDT-sprayed houses in the area only a few days after
the application of the insecticide.

That a mosquito population with such a low level of resistance can live
in sprayed dwellings and escape unharmed the action of the insecticide can
only be explained by a protective behaviour pattern. We have avoided
saying that sacharovi has the ability to rest on DDT-treated surfaces,
because the irritation produced by the insecticide must drive the mosquito
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away within a very short time. After several trials the mosquito probably
settles on a surface free from DDT-a part of the wall untouched by the
insecticide, a cobweb or a piece of clothing.

Irritability is an essential part in any protective behaviour mechanism,
but high irritability is not enough to explain the situation in Greece. The
results of our irritability tests (Table 7 and the figure) show that, although
sacharovi from Agios-Joannis (Greece) is the most irritable strain in our
tests, its degree of irritability is very close to that of two strains of A. maculi-
pennis (typicus) in which no control failure has been observed. Further-
more, sacharovi from Agios-Joannis had practically the same irritability
as sacharovi from Enisala (Romania).

Although the method we used can still be improved and probably gives
only an approximate idea of the irritability of a mosquito population, we
are satisfied that the differences in irritability which we observed reflect
the true picture. For this reason we doubt that irritation alone can give the
clue to the situation in Greece. We think that it is the combination of high
irritability with a certain amount of physiological resistance which enables
sacharovi in Greece to remain in sprayed structures without suffering the
lethal effect of DDT. Since irritability, or in more general terms, behaviour,
is in our opinion in great part responsible for the failure of DDT in the
field, the degree of physiological resistance cannot be expected to be-and
in fact is not-commensurate with the amount of malaria transmission.

The fact that physiological resistance to DDT, having appeared in
Greece eight years ago, has not reached a high level in the Greek sacharovi
populations (as happened in Turkey), is explained, in our view, by the
protective behaviour pattern of sacharovi in Greece. Since the mosquitos
are soon driven away from the sprayed surfaces by the irritant effect of the
insecticide, little or no selection can be established from the point of view
of physiological resistance: the susceptible mosquitos which could be
eliminated by the toxic effect of the insecticide are driven away before they
have picked up a lethal dose. Thus physiological resistance to DDT and
the protective behaviour against this insecticide appear to be processes
which develop in opposite directions. And this, as we have already said,
probably explains why, physiological DDT-resistance being present in
Greece, selective insecticide pressure has not led to the development of a
homogeneous resistant population.

We should add in this part of the discussion that the importance of the
irritability to DDT in the behaviour of sacharovi in sprayed areas of Greece
had been recognized at an early date by Belios (1949), who saw how this
species was driven away from DDT-treated surfaces by the irritant effect
of the insecticide. He also noticed a change in the reaction of sacharovi to
light stimuli resulting in a change of preference for daytime shelter. Busvine
had also noticed the contact repellent effect of DDT in his visit to Greece
in 1955 (on which he submitted an unpublished report to WHO).
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The term " behaviouristic resistance" has been deliberately avoided in
this paper because we have no evidence of a development of resistance of
this type in Greece. As Brown (1958b) puts it, " resistance is a developed
attribute that has come to characterize the insect population consequent
upon the application of the insecticide ". In the case of A. sacharovi in
Greece it is not clear if the behaviour pattern existing at present did exist
before the introduction of DDT or if the prolonged use of this insecticide
has resulted in the production of a population with great irritability by the
progressive elimination of the less irritable individuals in the original
population.

In Italy the evidence from the field (A. Coluzzi-personal communica-
tion, 1957) points to a high degree of irritability among the local represent-
atives of the maculipennis group. But irritability is not associated here
with physiological resistance and this is probably the reason why no control
failure has been observed in Italy. The irritant effect of DDT is so marked
in that country that the mosquitos have rapidly to leave sprayed dwellings,
which in this way remain practically free from anophelines for months and
even two or three years after spraying. That in a country where DDT had
rmet with such success, the local anophelines when tested were found to be
" resistant " or at least " tolerant " to DDT was difficult to explain. The
fact that practically the same results were obtained in areas treated and in
areas never treated made explanation even more difficult. If the prolonged
use ofDDT had produced a selection resulting in the elimination of the more
susceptible individuals and the survival of the more " resistant " or " tole-
rant " ones, one would expect to find in the susceptibility tests higher mor-
talities and therefore lower LC50's in untreated areas than in areas regularly
sprayed. This, however, as we have said, was not the case, the results in
both being practically the same. That in spite of the possible selection, the
constant mixing between the populations of treated and untreated areas
had made the populations in the latter areas almost as " resistant " or
" tolerant " as the populations in the former was again difficult to explain,
considering that in certain cases the untreated areas were 60 km or more
away from any area covered in the spraying operations. Even if a certain
amount of mixing had taken place, a greater susceptibility was to be ex-
pected in the untreated areas, but in the observations made by myself in
co-operation with A. Coluzzi and M. Coluzzi in 1957 (Zulueta 1), the strains
from the untreated areas were no more susceptible than those from the
treated ones. In fact, the least susceptible anopheline tested was a strain
of A. maculipennis from Vicalvi (Frosinone), where no DDT spraying had
been carried out.

The results obtained in Italy with the new WHO adult test kit indicate,
as we have explained already, normal susceptibility to DDT, and they

' UnpubHshed report (1957) to WHO on a visit to Italy
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show that the previous results obtained with the Busvine and Nash method
do not correspond to the real situation. This applies to the results obtained
with sacharovi summarized in this paper as well as to the results with other
members of the maculipennis group not included here. The possibility that
the handling of the mosquitos might have accounted for the different results
obtained with the two methods was considered. The specimens we were
testing in Italy had been captured (and kept) one by one in small vials, and
this method used by A. Coluzzi causes less traumatism than the use of a
sucking-tube. However, a sucking-tube was also used, and the difference
in the results between the two methods persisted, though as can be seen in
Table 4, it was a smaller difference. The experience of most entomologists
using the two methods has been that the two produce very similar results,
and so far no cases of a marked difference, like the one found in Italy, have
been reported. We do not yet have an explanation for this difference, but
we think that behaviour again may be the cause of this peculiar finding.
The inspection of mosquitos inside the large plastic tubes of the new WHO
kit is easy, but the inspection of the 3-inch by 1-inch tubes of the Busvine
and Nash method is more difficult. Comparison of the activity of the mos-
quitos in the two types of tube is also rendered more difficult by the fact
that the number of mosquitos in each is different. Nevertheless, from what
it has been possible to observe, we believe that the lower mortality obtained
with the Busvine and Nash tubes is probably due to reduced activity, which
in turn reduces the pick-up of insecticide.

Summary and Conclusions

A series of observations on the susceptibility or resistance ofAnopheles
sacharovi in Greece, Iran, Italy, Romania and Turkey are presented in
this paper. High physiological resistance to DDT was observed in the area
of Tarsus in the south of Turkey. In Greece very marked physiological
resistance to dieldrin was found in all the areas examined, and was associated,
at least in the Peloponnese-in the south of Greece-with physiological
resistance to DDT affecting only part of the sacharovi population, the
majority of which remained susceptible to DDT.

Quantitative data on the irritability of A. sacharovi and other species
of the maculipennis group were obtained using a method described in the
paper. The sacharovi from Skala, Peloponnese, where the physiological
resistance to DDT has been the highest in Greece, had a lower irritability to'
DDT than the sacharovi from Agios-Joannis, where only a few mosquitos
appeared to be physiologically resistant to DDT. Irritability in sacharovi
in Agios-Joannis as well as in another area examined in Romania was
higher than the irritability observed with other species of the maculipennis
group.
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The observations presented in this paper confirm that sacharovi in Italy
and Romania is susceptible to DDT after ten years' use of the insecticide.
Also that prolonged use ofBHC in Romania has not resulted in the develop-
ment of dieldrin-BHC resistance as in the case of Greece. The situation of
sacharovi in Iran is considered to require further investigation.

The fact that the use of DDT in Greece, after the development of resis-
tance to this insecticide in 1951, has not resulted in the formation of a
highly resistant mosquito population, as in the case of sacharovi from
Tarsus, is considered to be due to the presence of marked excito-repellency.
The physiologically resistant mosquitos may rest on sprayed surfaces with
impunity, owing to their ability to detoxify DDT; but the physiologically
susceptible ones are not killed by the insecticide because the irritant effect
of the DDT drives them away from the sprayed surfaces before they have
picked up a lethal dose. The behaviour pattern of the Greek sacharovi
thus renders inoperative what would have been a selective action of the
DDT.

We may conclude by saying that the information obtained until now,
including data presented in this paper, points to the existence in A. sacharovi
of two independent mechanisms of physiological resistance: one to DDT
and another to dieldrin and BHC. The two may exist together, as in the
Peloponnese in Greece, or only one may be present at a time as with the
DDT-resistance in Tarsus, Turkey. Finally, we may add that in the light
of the observations reported in this paper, behaviour should also be con-
sidered an important factor in the general pattern of resistance in Greece.
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RtSUMI

La resistance de A. sacharovi aux insecticides, et les formes qu'elle revet, en Grece,
Iran, Italie, Roumanie et Turquie, fait l'objet de cet article.

En Grece, une resistance physiologique marquee a la dieldrine a ete observee dans
les regions explorees. Elle etait associee, du moins dans le Peloponese, a une resistance
physiologique au DDT, qui n'affecte cependant qu'une partie de la population de A. sacha-
rovi. A Skala, localit6 de Grece oiu la resistance physiologique de A. sacharovi etait la plus
elevee, l'irritabilite de cette espece vis-a-vis du DDT etait moindre qu'a Agios Joannis,
ou quelques moustiques seulement, en revanche, paraissaient physiologiquement resistants.
En Italie et en Roumanie, il se confirme que A. sacharovi a gard6 sa sensibilit6 au DDT,
meme apres dix ans de lutte. L'usage du HCH en Roumanie n'a pas non plus suscit6 de
resistance 'a ce produit et a la dieldrine. Le comportement de A. sacharovi en Iran reste
a preciser. L'usage du DDT en Grece n'a cependant pas eu pour consequence la formation
d'une population hautement resistante, malgre l'apparition de la resistance en 1951,
comme ce fut le cas 'a Tarse, Turquie. Ce fait s'explique probablement par le degre eleve
de repulsion provoque par l'insecticide. Les moustiques physiologiquement resistants
peuvent se reposer impunement sur des surfaces trait6es, grace a leur faculte de d6toxifier
le DDT. Ceux qui ne sont pas resistants sont repousses par l'insecticide, avant d'avoir
absorbe une dose letale. Ainsi l'action selective du DDT, qui aurait joue en d'autres
circonstances, est ici inoperante.

D'apres les etudes citees dans cet article, A. sacharovi presente deux mecanismes
independants de resistance, l'un au DDT, l'autre 'a la dieldrine et au HCH. Ils peuvent
coexister, comme au Pelopon6se, ou se manifester independamment comme 'a Tarse.
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