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SYNOPSIS

The authors present the results of field and laboratory tests
carried out to determine the susceptibility to DDT, chlordane, and
dieldrin of Anopheles sacharovi larvae in the small coastal plain
of Astros, Peloponnesus, where chlorinated-hydrocarbon insecticides
have been extensively used for house spraying and for ground and
air larviciding for over ten years. It was found that the larvae had
recently developed a substantial degree of resistance to chlordane
and dieldrin, but no appreciable larval resistance to DDT was
observed, although the latter was by far the commonest of all the
larvicides used in recent years.

DDT in the form of a 1/1000 emulsion, which is applied to anopheline
breeding-places by means of ordinary pressure-type sprayers, has been the
standard larvicide in Greece since 1947. The decision to use this dilute
emulsion instead of the 5% solution of DDT in oil frequently used else-
where was taken after extensive field trials in Nea-Makri, Attica, had
demonstrated its effectiveness.' The great advantage of using such a dilute
form of DDT is that it avoids the inconvenience of having to cover large
bodies of water with minute amounts of concentrated material. In the
course of the Nea-Makri field trials, the senior author (G.D.B.) also found
that a dose of from 20 mg to 40 mg of technical DDT per m2 (depending,
among other things, on the depth of the body of water to be treated) gave
a 96%-100% larval kill. This roughly corresponds, under ordinary condi-
tions, to a dilution of 0.1-0.5 parts per million (p.p.m.) DDT.a

a It is to be noted that, whereas these doses were used in Greece for ground larviciding for malaria-
control purposes, air spraying of large swamps and rice-fields, with a view only to preventing mosquito
nuisance, was carried out at the reduced rate of 12 mg per m2.
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In 1955 in some areas, and in 1956 as a rule, other chlorinated hydro-
carbons, such as chlordane and dieldrin, were used for ground larviciding
when the stocks of DDT had been exhausted.

Extensive field trials carried out in Attica in 1954 had shown that the
dose of chlordane giving a 96 %-000% larval mortality (all species) was the
same as that of DDT, i.e., 20-40 mg of technical product per M2. For
dieldrin, the dose could be much smaller, i.e., 7-14 mg of technical product
per M2. On the basis of these results, a circular from the Malaria and
Tropical Diseases Division of the Ministry of Social Welfare was distributed
to all district health centres and regional malariologists.6

Quite good results were obtained not only in the few ground-larviciding
programmes carried out with either chlordane or dieldrin in 1955, but also
in the 120 or so areas where one or other of these larvicides was used in
1956. However, by the middle of the 1956 epidemic season, reports from
Astros, Arcadia District, that both chlordane and dieldrin were losing
their efficacy suggested that larval resistance had developed.

Insecticide resistance in adult anophelines is by now classical in Greece,2 8
but larval resistance has hitherto been unknown in the country, although
it has been recognized for some time in other parts of the world.7 It would
be a very serious matter if larval resistance became well established in
Greece, since a population of over 1.7 million, living mainly in urban areas,
is protected annually by inexpensive ground-larviciding,3 and this method
of malaria control will have to be relied on even more heavily in the future,
owing to the appearance of resistance in the adult anopheline vectors.

It was therefore decided to undertake a series of field and laboratory
investigations on the susceptibility of anopheline larvae to the various
insecticides used, starting with the Astros area, where resistance was first
suspected.

Simultaneously, all district health centres were directed to make a
careful appraisal of the efficacy of the routine ground-larviciding pro-
grammes in their respective areas and report their findings to the Malaria
and Tropical Diseases Division. At the time of writing (August 1956)
reports of partial or total failure of ground larviciding with the standard
dosage of chlordane have reached the Division from the following districts:
Laconia, Argolis, and Arcadia (Peloponnesus); Salonika (Macedonia);
Leukas (Ionian Islands); and Preveza (Epirus). On the other hand, 18 district
officers of health reported that in their areas anopheline larvae (all vector
species) were still quite susceptible to the standard doses of chlordane and
dieldrin.

Description of Astros area
The Astros area (see map below) is a small coastal plain, about 10 km

long and 4-6 km wide, bordered on three sides by fairly high mountain
ranges. On its east side, it is open to the Gulf of Argolis (Aegean Sea).
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ASTROS PLAIN, ARCADIA DISTRICT, GREECE

1. Batarola swamp
2. Mostos lake and swamp main breeding-places
3. Hag. Andreas swamp

It is thus seen that from the point of view of anopheline fauna, the area is
well isolated, communications by road and sea being scarce and difficult.

Three large coastal swamps-Batarola, Mostos, and Hag. Andreas
(No. 1, 2, and 3, respectively, on the map) form excellent breeding-places
for Anopheles sacharovi, which is by and large the most common vector in
the area.

In the Astros plain there are six main villages, with a total population
of 6196 (1951 census).
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Antimalaria measures and malariometric data

Since 1946, extensive antimalaria and insect-control measures have been
carried out in the area. From 1946 to 1950, the houses in all the villages
were sprayed with residual DDT and, in addition, the four most important
villages came within the radius of a ground-larviciding programme. The
larvicides used in the latter programme were Paris green and DDT in 1947,
DDT from 1948 to 1954, chlordane in 1955, and chlordane and dieldrin in
1956. Large sectors of the swamps, inaccessible by land, were sprayed
with DDT by air from 1946 to 1950. Air spraying was not carried out
from 1951 to 1953, but was resumed in 1954 for two years, DDT and chlor-
dane being used.

Malaria was reported to be very prevalent in the area in the pre-DDT
years, but no accurate data were available until the end of the first year of
the nation-wide malaria-control campaign, i.e., 1946. At that time the
parasite-rate among schoolchildren at Mesogeion Astros was 2% and the
infant parasite-rate was zero. During the following years (excluding 1952
and 1955, when no malariometric surveys were made) both these rates
remained at zero.

Since 1951, when the area was put under epidemiological surveillance,3
only one laboratory-confirmed malaria case has been detected in the Astros
plain; it was a Plasmodium vivax non-autochthonous infection.

Resistance in the adult A. sacharovi in the area was suspected for the
first time in 1952 and was confirmed in 1953.

Insecticides tested

In the field and laboratory tests described below, the following insec-
ticides were used:

(a) DDT, both in the form of a 100% technical-grade product and as
a 75 % water-dispersible powder of quite recent manufacture (1955);

(b) chlordane, in the form of a 74% emulsion concentrate manufactured
in 1954;

(c) dieldrin, in the form of a 20% emulsion concentrate manufactured
in 1954.

These products were taken from stocks in Tripolis and from the central
warehouse in Athens, where they had been stored under good conditions.
To ensure that the materials tested had not lost their efficacy during storage,
two samples of chlordane (one from Tripolis and one from Athens) and
one sample of dieldrin were sent to the State General Chemical Laboratory
in Athens for analysis. All three samples were found to be quite satis-
factory when tested for total organic-chlorine content and for emulsifia-
bility by the methods recommended by the WHO Expert Committee on
Insecticides.'0
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Field tests

The first series of field tests covered the period from 7 to 11 July 1956.
Representative areas of approximately 100-200 m2 each were selected in the
three main swamps of the Astros plain as well as in a drainage ditch at
Meligou (see map).

Before the larviciding, the larval density was very high everywhere,
from 10 to 40 larvae, all instars, and pupae being found per dip. All the
eggs, as well as 59 adults collected in stables and dwellings, belonged to the
species A. sacharovi. Temperatures in the breeding-places ranged between
220C and 280C.

Samples of chlordane and dieldrin from Tripolis and from Athens were
tested under close supervision at the standard doses and at three times the
standard doses. In all, 12 tests were carried out in this series. In 11 of these
tests, no measurable reduction in the larval density was observed 24 hours
after the larviciding. In the remaining test-namely, the one carried out
in the drainage ditch at Meligou with three times the standard dose of
dieldrin-there was some reduction in larval density.

Another field test took place three weeks later (30-31 July) in the Hag.
Andreas swamp. This time the 75 % DDT water-dispersible powder was
used at the standard dosage, and although the original larval density was
as high as in the previous series of tests, and the temperature of the breeding-
places was 26°C, almost a 100% larval kill was achieved (only two third-
instar larvae and one fourth-instar larva were found after spraying).

The results of the field tests therefore indicated that the larvae of
A. sacharovi had developed an appreciable degree of resistance to chlordane
and dieldrin while remaining quite susceptible to DDT.

Laboratory tests

Laboratory tests were obviously needed to confirm the field findings and
to provide quantitative data. Accordingly, a provisional field laboratory
was set up in the north-eastern corner of the Astros plain during the period
from 29 July to 8 August 1956.

The technique adopted was derived from the methods analysed by
Brown.a Fourth-instar A. sacharovi larvae, collected from the nearby
swamp of Batarola (No. 1 on the map), were used in all the tests. Twenty-
five of these larvae, in 20 ml of swamp water, were placed in 180 ml of
distilled water, or of a solution of the insecticide to be tested, contained in an
enamel pan 15 cm long, 7 cm wide, and 3 cm deep. For each test 6 or 7 pans
were used, one or two of them serving as distilled-water controls. A total
of 13 tests was carried out in which 2025 fourth-instar larvae were examined.
In the case of some of the critical dilutions of insecticide, replicate tests were

a A note on these methods will be published in a forthcoming number of the Bulletin.
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performed. The larvae were observed after 24 hours, those which did not
move when probed being considered " dead " as well as those which were
obviously moribund. Acetone was used as the solvent for the technical-
grade DDT, and distilled water was used to dilute the emulsion concentrates
of chlordane and dieldrin to the required strengths. It was not possible to
control the laboratory temperature, which fluctuated around 27°C, with
extremes at 24°C and 30°C. The temperature in the breeding-place at the
time the larvae were collected (between 7 a.m. and 10 a.m.) was about
26°C, with extremes at 21°C and 30°C.

TABLE 1. PERCENTAGE MORTALITY OF FOURTH-INSTAR
"ANOPHELES SACHAROVI" LARVAE AFTER 24-HOUR EXPOSURE
TO VARIOUS DILUTIONS OF DDT, CHLORDANE, AND DIELDRIN IN

DISTILLED WATER

* Average of two replicates
** Average of three replicates
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The results of the above tests are shown in Table I. Table II presents
data on some further tests carried out with two of the insecticides (DDT and
dieldrin) to compare the effects of insecticide solutions made up with
distilled water and those made up with water from the breeding-place. In
both tables all the data on dead larvae are given as percentages. Larvae that
had pupated (3.2% of the total number) were not taken into consideration.

TABLE 11. PERCENTAGE MORTALITY OF FOURTH-INSTAR
"ANOPHELES SACHAROVI" LARVAE AFTER 24-HOUR EXPOSURE

TO DDT AND DIELDRIN IN DISTILLED WATER AND IN SWAMP WATER

In distilled water In swamp water
Dilution
(p.pm.) ltreated pans control pans treated pans control pans

DDT

0.01 4 16

0.025 4 [28

0.05 20 0 40 4

0.1 56 J64

0.5 92 84

Dieldrin

10 68* 0*92

15 80* 100

20 84 100 0

25 96 0 100

30 96 J100

* Average of two replicates

Discussion

In spite of the inherent irregularities in Table I, which may be due,
among other things, to variations in temperature, nutritional state of larvae,
etc., the data derived from the laboratory tests are satisfactorily consistent,
fully confirming and amplifying the conclusions drawn from our field tests.
For instance, it can be seen from Table I that to obtain a larval mortality of
90% or higher, the required dilutions of the various insecticides are roughly
as follows: 0.5 p.p.m. for DDT, 6-8 p.p.m. for chlordane, and 20-25 p.p.m.
for dieldrin.

It thus appears that A. sacharovi larvae in the Astros area are, at the
present time, able to resist doses of chlordane approximately 15 times
higher than the tolerated doses of DDT, although their initial susceptibility
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to both these insecticides, at least in the field (see page 416), was-and perhaps
still is in other areas-of the same order of magnitude.

Even taking into consideration the fact that our readings, which cover a
24-hour observation period, do not allow for the delayed mortality often
observed after treatment with dieldrin, the behaviour of the latter in our
tests is still remarkably disappointing, particularly since a few years ago we
found it to be highly toxic to the larvae of A. sacharovi, A. superpictus,
A. maculipennis typicus, and A. m. subalpinus, as did various other authors,
working with different species (for example, Gillette & Gilkes 5 for A. albi-
tarsis, A. neomaculipalpus, and A. aquasalis; Christie & Webbe 4 for
A. gambiae ; and Wharton 9 for A. maculatus).

As far as the larvicidal properties of DDT are concerned, we are inclined
to conclude that this insecticide has lost little, if any, of its previous efficacy.
We would remind the reader that, in 1947, the dose of DDT required to
give a 96%-100% larval kill in the field was estimated at 0.1-0.5 p.p.m.,
whereas in the Astros laboratory tests in 1956, a dose of 0.5 p.p.m. gave a
92% kill. Similar observations have been made by various other workers:
Wharton,9 in Malaya, obtained a 92% larval mortality in A. maculatus with
a dose of 0.1 p.p.m. DDT, and at the Ross Institute of Tropical Hygiene,
London, the MLD for fourth-instar A. stephensi larvae was found to be
0.5 p.p.m.

From Table II it would appear that the larval mortality was rather higher
in the tests in which the insecticides, especially dieldrin, were diluted with
swamp water than in those where distilled water was used as diluent. It
is not quite clear why there should be this difference in the results, but
we have assumed it to be significant. The Tripolis State Chemical Laboratory,
to which a sample of the swamp water used in the above tests was sent for
analysis, reported that the water was strongly alkaline and that its chloride
content was high, i.e., 10.250/00.

It is interesting to note here that the results of our investigations confirm
that, from the point of view of larval susceptibility, chlorinated-hydrocarbon
insecticides fall into two groups.a To date, larvae have developed resistance
to members of the second group (chlordane, dieldrin, etc.) but not to those
of the first group (DDT and its analogues).

We propose, in the near future, to test the same insecticides, and also
BHC, against the larvae of the other important malaria vector in Greece-
A. superpictus. We are hoping that our investigations will enable us to make
a more rational selection of insecticides for use in next year's larviciding
programme.

a See article by J. R. Busvine on page 389 o this number of the Bulletin.
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RItSUMI2

Le DDT, sous forme d'e6mulsion a 1/1000, a ete couramment employ6 en Grece comme
larvicide depuis 1947. En 1955 dans certaines regions, et en 1956 plus regulierement, on
a utilis6 le chlordane et la dieldrine. Des essais avaient montr6 que 20-40 mg de produit
technique par metre carre, qu'il s'agisse de chlordane ou de DDT, assurait une mortalite
larvaire de 96 %-100 %; la dose de dieldrine donnant le meme r6sultat etait de 7-14 mg/m2.
Au cours de la saison epidemique de 1956, on signala que le chlordane et la dieldrine
avaient perdu de leur efficacite A Astros (district d'Arcadia). C'etait la premiere obser-
vation laissant supposer le developpement d'une r6sistance larvaire dans la population
anophelienne. En aout 1956, l'echec des larvicides utilises A la dose habituelle etait mani-
feste dans plusieurs districts du Ploponnese, de la Macedoine, des iles loniennes et de
l'Epire.

Des mesures de lutte antipaludique avaient et appliquees dans la region d'Astros
des 1946. Jusqu'en 1950, les maisons de tous les villages avaient e trait6es par le DDT
et quatre villages importants inclus dans la zone de lutte antilarvaire. On a utilise comme
larvicide le vert de Paris et le DDT en 1947, le DDT de 1948 A 1954, le chlordane en 1955,
le chlordane et la dieldrine en 1956. De vastes etendues marecageuses ont ete traitees au
DDT par avion, de 1946 A 1950. La resistance de A. sacharovi adulte a ete soupgonnee
en 1952 et confirmee en 1953.

Les recherches experimentales sur le terrain ont montre que les larves de A. sacharovi
avaient acquis une resistance appr6ciable au chlordane et a la dieldrine: la densite larvaire
etait pratiquement la meme dans les canaux traites que dans les canaux temoins. La
sensibilite au DDT etait restee intacte, en revanche. Ces conclusions ont ete confirm6es
au laboratoire, oiu la methode de Brown a e appliquee.

I1 semble donc que les larves de A. sacharovi dans la region d'Astos resistent mainte-
nant a des doses de chlordane quinze fois superieures aux doses de DDT tolerees, alors
qu'au debut des operations, la sensibilite aux deux insecticides etait la meme. La mortalite
larvaire parait etre plus elevee lorsqu'on emploie de l'eau de marecage (fortement alcaline
et contenant 10,25% de chlorures) pour diluer la dieldrine, plut6t que de l'eau distillee.

Ces constatations en confirment d'autres, selon lesquelles les insecticides antilarvaires
peuvent etre classes en deux groupes du point de vue de la sensibilite des larves. Jusqu'ici,
les larves ont acquis une resistance A l'un des groupes (chlordane, dieldrine), mais non
pas a ceux du deuxibme groupe (DDT et substances similaires).
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