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PRESENT STATUS OF PHLEBOTOMUS
IN CERTAIN AREAS OF GREECE*

JOHN HADJINICOLAOU, M.Sc.
Director-Entomologist, Malaria Division, Athens School of Hygiene, Greece

SYNOPSIS

A survey of the Phlebotomus populations of the city of Athens
and its suburbs, of the islands of the Saronikos gulf, of the island
of Euboea, of southern Peloponnesus, and of Crete was carried
out in the summer of 1957. Sandflies were found to have become
practically extinct in all areas where systematic spraying with
residual insecticides had been performed since the vector control
programme was started in 1946. On the other hand, they were still
plentiful in villages which had not been included in the programme,
and fairly plentiful in unsprayed towns and cities. P. papatasii was
the only species encountered in Athens, and by far the predominat-
ing species in most other places. Susceptibility tests on P. papatasii
showed an LC50 for DDT of 0.28% at Athens and 0.75 % at Chania
in Crete; the LC50 for dieldrin was approximately 0.2%.

A survey has been made of the distribution and density of sandffies in
Greece in 1957, some 12 years after the inception of intensive residual
application of DDT and other chlorinated insecticides for the control of
anophelines. Experiments have also been made to determine the suscepti-
bility or resistance of the surviving Phlebotomus to DDT and dieldrin.

Although many investigators have studied Phlebotomus in different
areas of Greece (Athens, Attica, Crete, Peloponnesus, islands of the Saro-
nikos gulf and elsewhere), most of the published works deal primarily with
the morphological characters of the insects and with their relation to
disease (Caminopetros, 1934; Papadakis, 1936); little information is given
about the quantities collected at various times and places.

In 1939 and 1940, the writer, in co-operation with the director of the
district health centres and with local sanitary inspectors, performed a wide
search for sandflies which covered extensive areas of the country. The
numbers of the various species of Phlebotomus collected are summarized
in Table 1, taken from an unpublished report to the Athens School of
Hygiene.

* The survey on which this paper is based was conducted under the auspices of the Malaria
Division of the Athens School of Hygiene in co-operation with the Division of Malariology of the Ministry
of Social Welfare and with the support of a grant-in-aid from the World Health Organization.
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PRESENT STATUS OF PHLEBOTOMUS IN GREECE

These figures show that in 1939 there was an extremely high density
of sandflies in the city of Athens, 17 positive shelters yielding some
1500 specimens, practically all of which were P. papatasii. In 1940,
20 positive shelters yielded only about 300 sandflies, but the collections
were made in June, whereas the 1939 collections were made in the peak
month of August. The year 1937 had been notable for the abundance of
Phlebotomus in Athens, and there had been an exceptionally heavy epidemic
of sandfly fever. At the beginning of the epidemic it was uncertain whether
dengue or pappataci fever was involved, and a systematic search was
organized for Stegomyia as well as Phlebotomus; large numbers of P. papa-
tasii were found in almost every house inspected.

The year 1946, when DDT was used for the first time for large-scale
residual spraying, witnessed the dramatic elimination of the sandfily popula-
tions in the sprayed areas. This immediate effect was established in the
course of regular periodic collections from sprayed houses, stables and
outbuildings. In 1948, a special study of the effect of DDT residual sprays
on Phlebotomus populations in Greece was made by Marshall Hertig (1949);
during the period from June to October extensive investigations were
made in the Athens area, other parts of Attica, and Crete. His main con-
clusion was that sandfiies were extremely susceptible to DDT, since they
were absent from all sprayed buildings but of normal abundance in un-
sprayed ones.

Distribution and Density of Sandflies

During the summer of 1957 an organized search for Phlebotomus was
made in the Athens area and certain villages in Attica, the islands of the
Saronikos gulf, the island of Euboea, the District of Lakonia (southern
Peloponnesus), and the island of Crete. In the urban areas the search was
made in houses; in the rural areas stables and other suitable shelters were
also searched. The sandflies were killed with chloroform and stored in
paper boxes; they were identified after soaking in chloral-lactophenol for an
average period of three days.

Athens area and Attica

The city of Athens was never sprayed in toto with residual insecticides.
On some occasions, only military barracks and other installations, such as
hospitals and camping settlements, received irregular treatment with DDT
and other chlorinated hydrocarbon insecticides. Since 1950 and thereafter,
a great many houses and other buildings have been sprayed at times with
chlordane to control cockroaches and other household insects. This kind
of spraying is being done on the basis of a special agreement between the
owners, who pay the expenses, and the municipal authorities who organize
the spraying operations.
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Generally speaking, it is not an easy matter to classify a particular
house or building in the Athens area as sprayed or unsprayed, since most
of the people use some kind of insecticide, particularly various types of
" Flit " for space-spraying. Two villages about 12 km distant from Athens,
namely Penteli and Melissia, have been receiving annual treatments with
DDT or another chlorinated insecticide. The former, a summer resort at
the foot of Mount Penteli, consists of separate houses, most of them with
gardens. In this villages there are many permanent buildings for convales-
cent children, and various institutions, governmental agencies and associa-
tions keep permanent camping installations where thousands of children
spend their holidays. The nearby village of Melissia, on the other hand,
is a well-known summer resort where a number of tuberculosis hospitals
and houses for patients convalescent from tuberculosis are located.

The search for sandflies in the metropolitan area of Athens was made
with the assistance of two sanitary inspectors.' Of more than 2700 speci-
mens of Phlebotomus collected between June and October 1957, all except
33 were P. papatasii. The other species were P. sergenti, P. chinensis, P.
major, and P. parroti (Sergentomyia minuta), and 29 of the 33 specimens
were found in one locality.

In the second week of August 1957, a few cases of what was thought
to be Asian influenza appeared among children in a camp belonging to the
Association of Bakers in Penteli. To rule out the possibility that these
might be cases of pappataci fever, the Ministry of Social Welfare requested
the writer to make a thorough search for sandffies. About 30 houses were
searched, but not a single specimen of P. papatasii was found. However,
two female and two male specimens of P. parroti (Sergentomyia minuta)
were caught in an unoccupied house.

Later a search was made in 37 buildings in Melissia and only 3 papatasii,
I chinensis and 1 minuta were found, all being females. Sandffies were
found in considerable numbers in the Papagos Settlement on the periphery
of Athens. This settlement consists of houses built since 1950, most of
them surrounded by gardens. They had never been sprayed with residual
chlorinated insecticides, but DDT-pyrethrum space-sprays (Flit) were
regularly used by almost all the inhabitants.

Five other villages in Attica were searched on 21 September, namely
Lavrion, Keratea, Markopulo, Koropi and Stavros. No specimens of
Phlebotomus were found; the numbers of houses searched were 22, 20, 3,
5 and 6 respectively.

Islands of the Saronikos gulf
The islands of Aegina, Poros and Hydra were visited from 31 July to

4 August in company with the sanitary inspector of the area. Sandffies
1 Full details of the results, giving the figures for different localities, are contained in unpublished docu-

ment WHO/Insecticides/75. A limited number of copies are available on request from WHO.-ED.
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were known to have been extremely abundant in these islands before the
application of DDT, but as soon as residual spraying was carried out, the
numbers fell sharply to near vanishing point. The findings are not tabulated
but are described below.

On the outskirts of the town of Aegina, 11 out of 12 houses were negative;
the remaining house yielded the comparatively high number of 13 sandffies
(2 male and 6 female minuta, 1 male and 4 female sergenti). A subsequent
evening search was made of another group of houses and a cave, none of
which yielded any sandffies. In the village of Mesagros, 15 houses were
searched and all of them found to be negative.

On Poros island a large monastery was reported to be infested with
sandffies; a thorough search of the rooms and garden walls after dark
failed to reveal a single specimen. No sandffies were found in the village of
Galatas, nor in 4 isolated houses at Lemonodasos.

On the island of Hydra, 12 houses were searched and 1 male and 1 female
P. papatasii were found.

Island of Euboea

This large island was inspected in July and again in August with the
assistance of two sanitary inspectors, who continued the observations until
October. Some villages have been receiving treatments with DDT or
another chlorinated insecticide annually since 1946, or for 2, 3 or 4 con-
secutive years. Others have only been sprayed at irregular intervals, and
some only once or not at all.

The findings (Table 2) show that sandffies were not at all abundant.
Of the localities listed, Katheni, Pyrgos and the Theatre at Eretria had
never been sprayed; Paliouras, Thorounia and Manikia had been sprayed
only once, in 1949, 1947 and 1947 respectively; Gides was sprayed twice,
in 1949 and 1950; Orologion had been sprayed for 3 consecutive years in
1946-1948.

Searches were made in the following 12 villages, the number of houses
being given in parenthesis: Bouni, reported as never sprayed (18); Steni,
sprayed once in 1950 (15); Eretria village, sprayed for three consecutive
years 1947-49 (8); Distos sprayed regularly since 1946 with DDT and later
BHC (15); Makrikapa, Makrimalli, Ano Gymnou, Kato Setta and Makri-
chori, sprayed once in 1950; Baribobi (4), Monodry (5) and Bitalos (12).
No sandffies were found in any of these villages.

District of Lakonia

This district in Southern Peloponnesus, notoriously malarious in the
pre-DDT days, is perhaps one of the most heavily sprayed regions in
Greece. Residual spraying with other chlorinated hydrocarbon insecticides
has been maintained continually for many years, and the marshy and rice-
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PRESENT STATUS OF PHLEBOTOMUS IN GREECE

growing areas have been frequently sprayed from aircraft. The farmers
themselves have been using quantities of chlorinated insecticides to control
pests of cotton and other crops, and the storing of such insecticides in houses,
stables, etc., is common.

The region was surveyed in June and again in August 1957 together
with the local sanitary inspector, who continued the observations through
September. Of the 27 villages visited, only 3 were reported as never having
been sprayed, and in these a surprisingly small number of sandflies was
found. 'At Gangania on 20 June, one stable yielded 1 male papatasii, 1 female
major and 1 male sergenti, and one house gave 6 male and 1 female papatasii
and 1 male sergenti; on 30 August one house yielded 3 male and 2 female
papatasii. At Anavitri, on 21 August, two positive houses out of ten examined
yielded 2 female papatasii. At Richea 24 houses and 3 stables were
searched on 30 August; 6 were positive, yielding 2 male and 2 female papa-
tasii and 1 male and 4 female major.

The 24 negative villages, which had all been sprayed by the Antimalaria
Campaign Service, are listed below with the number of shelters (houses or
stables) in parenthesis.

19.6.57: Asterion (12), Glykobrisi (15), Agios Ioannis (3), Sikia (7),
Palaea Monemvasia (16), Nea Monemvasgia (3)

29.8.57: Liberdo (9)
5.9.57: Riviotissa (11), Kalogonia (15)
13.9.57: Panigiritsa (8), Taxiarchae (7), Leimona (15)
17.9.57: Kokkinorrachi (11), Klada (13)
24.9.57: Asterion (25)
25.9.57: Myrtia (14), Filisi (16), Tsatsi (15), Grammousa (12)
26.9.57: Souli (15), Stephania (17), Skala (20)
27.9.57: Vlachioti (25), Gouves (15)

Island of Crete

This large island was visited on 10-19 September, at the seasonal peak
of sandfly abundance. The chief sanitary inspector for Crete accompanied
us in the field work and continued collecting after we left.

No residual spraying programme has been performed in Crete since 1951.
During the period from 1946 to 1951 practically all the villages had been
sprayed with DDT for 3 or 4 consecutive years. Towns like Chania and
Heraklion were never treated, with the exception of certain public buildings
and private houses. Chania and several other towns were sprayed from the
air in November 1947 for house-fly control. Most of the inhabitants of
Crete regularly use space-sprays against house-ffies.

The results of the survey of the island are shown in Table 3. Agios
loannis, a quarter in Chania, consists of houses with little gardens around
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and is well vegetated; many of the houses had been sprayed in 1946. Sand-
flies were found to be much more numerous than they were in 1948 when
the quarter was searched in company with Dr Hertig. Out of 62 houses
searched, 37 were positive, and some of these yielded consistently more
than 50 sandflies at a time. Collections were continued in October in three
of these houses by the chief sanitary inspector; the numbers were significantly
lower and dropped to zero by 24 October.

Splantzia, an old quarter in Chania which was previously a notorious
focus of oriental sore, proved to be almost free from Phlebotomus when
inspected on 11 September. Out of 19 houses examined, only 2 were positive,
yielding a total of 1 female papatasii and 3 female sergenti.

The village of Adiscari is perhaps unique in Crete in that it has never
been sprayed with residual chlorinated insecticides. Situated on the southern
shore of the district of Heraklion by the Libyan Sea, it had no road con-
nexion with the rest of the island until 1956. When we first visited it in
July 1948, we found that sandfilies were moderately abundant, along with
anophelines and other household pests. When it was re-visited on 16 Sep-
tember 1957, sandffies were found to be quite abundant, and 9 positive
houses yielded a total of 120 specimens of 5 different species.

In addition to the localities included in Table 3, a considerable number
of other villages were carefully searched for sandflies, but the results were
almost completely negative. These villages are listed below, with the number
of shelters examined in parenthesis:

12.9.57: Along the shore west of Chania: Parigoria (5), Agia Marina (6),
Platanias (2), Galatas (3), Daratzo (6)

13.9.57: Maleme (4), Kolymbari (5), Drapanias (5), Kaloudiana (6)
and Kastelli (9)

14.9.57: Boukolies (4) one sandfly, Kandanos (6) 2 sandflies, Palio-
chora (4)

15.9.57: Neon Chorion (4), 13 Ryses (7), Alicampos (7), Georgioupo-
lis (6)

16.9.57: Spili (6), Agios Kyrillos (5)
17.9.57: Knossos in the ruins of the Palace, 4 sandffies
18.9.57: Neapolis (8), Agios Nicolas (4) 4 sandffies
19.9.57: lerapetra and adjacent villages (12)

Insecticide-Susceptibility Tests for Sandffies

Collecting sufficient numbers of Phlebotomus for susceptibility tests
was not an easy matter owing to the low density of the populations in most
of the areas visited. We did succeed, however, in carrying out some preli-
minary tests in Pyrgos (Euboea), Athens (Papagos Settlement) and Agios
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loannis (Chania, Crete). Practically all the specimens used in the tests were
P. papatasii.

The test method employed was similar to that recommended in the
Eighth Report of the WHO Expert Committee on Insecticides I for determin-
ing insecticide resistance in adult mosquitos, and was based on the use of
papers pre-impregnated with an oily solution of DDT. This method was
found to be quite satisfactory and was followed closely, except for a few
slight modifications which became necessary during the course of the
work.

To prevent the sandflies escaping through the wire screen of the holding
tube, the end was tightly covered with very fine muslin. The transfer of the
flies from the holding to the exposure tubes did not present any difficulty.
The metal slides provided with the mosquito kit were found unsatisfactory
since a number of the sandffies would stick to them after knockdown,
making it difficult to decide whether they were dead or alive. Slides of white
paper (weight 150-250 g per sq. m) were therefore substituted, and these
proved very satisfactory if replaced after each test. In making the mortality
counts at the end of the 24-hour period, we found it easiest to allow the
survivors to escape from the holding tube into a new, clean tube, by attaching
it to the vacant screw top and opening the slide. When all the living sand-
flies had escaped into the new tube, the slide was closed and the survivors
were killed by chloroforming; they were stored in labelled pill boxes for
identification at a later date. The sandflies that died in the holding tube during
the 24-hour observation period were similarly stored for identification.

In the last series of tests (performed at Agios loannis, Chania) the
plastic tubes were replaced by the familiar glass catching tubes (125 mm by
32 mm) with an entry hole set in a conical depression at one end. The
transfer slide was provided on either side with a metal cap to fit these tubes,
and the procedure was the same as that followed with the plastic tubes of
the WHO test kit (see the accompanying illustration).

The main advantage of these glass catching tubes is that the sand-ffies
can be collected directly into them, thus reducing the amount of handling.
The catching tube is temporarily made into an aspirator tube by introducing
a cork and rubber tubing into its open end; this can be inserted either
directly into the catching tube or through the slide unit by simply opening
the slide without detaching it. When the tube is filled the cork is removed
and the slide closed. When all the tubes are filled with the desired number
of sandflies, the exposure tubes are attached and the rest of the procedure
follows. Another advantage of these tubes is the absence of a comparatively
large untreated screen end where sandflies could alight and avoid contact
with the insecticide.

1 WId H1th Org. techn. Rep. Ser., No. 153
N.B. A tentative standard test method for sandflies based on the method described above is at present

being developed by WHO. - ED.
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TABLE 4. PERCENTAGE MORTALITY OF ADULT PHLEBOTOMUS PAPATASII EXPOSED
FOR ONE HOUR TO PAPERS PRE-IMPREGNATED WITH VARIOUS

CONCENTRATIONS OF INSECTICIDES

Mortality *
Date Number
(1957) of tests Control

24.8 1 12.5 (16)

4.9

6.9 3 23.3 (77)
7.9

12.9
13.9 2 12.7 (118)

DDT
0.25%

50 (34)

12.4 (76)

DDT DDT DDT
0.5%0 1%0 2%

77.1 (10) 83.6 (10

70.9 (36) 92.9 (56) 100 (55

26.8 (72) 50.4 (102)

DDT Dieldrin Dieldrin
4% 0.2% 0.8%

4) 100 (16) 50.9 (14) 74.5 (18)

j) 100 (56? 53.4 (14)

93 (82) 98.3 (74) 89.6 (67)

* The first figure signifies the % mortality (corrected) and the second, in parenthesis, the
number of sandflies used in the test.

The results of these tests are shown in Table 4. The tests at Athens
and Chania, based on 314 and 524 sandflies respectively, indicate an LC5,,
to DDT of 0.28 % at Athens and 0.75 % at Chania. The dosage-mortality
regression lines for each population weie distinctly separate, although

GLASS CATCHING TUBES FOR USE IN INSECTICIDE-SUSCEPTIBILITY TESTS
ON PHLEBOTOMUS

wo ui

Locality

Pyrgos
(Euboea)

Athens
(Papagos
Settl.)

Agios
loannis
(Chania
Crete)



J. HADJINICOLAOU

roughly parallel. No explanation can be offered for the difference in
susceptibility of the two populations, since in neither locality (Papagos
Settlement at Athens or Hagios Ioannis at Chania) had residual insecticides
been applied, but only domestic space-sprays. The results from Euboea
and Athens indicate the LC50 to dieldrin to be approximately 0.2%.

Conclusion

The following findings indicate that Phlebotomus are very susceptible
to residual spray deposits of DDT and other chlorinated hydrocarbon
insecticides:

(a) They are practically extinct in all areas where residual sprays have
been systematically applied; e.g. the villages of Penteli and Melissia on the
outskirts of Athens, and almost the entire district of Lakonia.

(b) They are abundant or fairly plentiful in villages never sprayed in
the vector control programme; e.g. Gangania and Richea (Lakonia), and
Adiskari (Crete).

(c) They are fairly plentiful in towns and cities which were never sprayed;
e.g. the Papagos Settlement of Athens.

The susceptibility levels of P. papatasii to DDT and dieldrin have been
determined by means of a modification of the WHO test method for adult
mosquitos. The LC50 for DDT was 0.28 % at Athens and 0.75% at Chania;
the LC50 for dieldrin was approximately 0.2%.
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RItSUMI2
Une enquete sur la r6partition et la densite des phlebotomes a Athenes et dans quelques

villages de l'Attique, dans plusieurs iles du golfe saronique, dans l'Eubee, le sud du
Ploponese et en Crete, a et effectu6e en 1957, soit 12 ans apres les debuts de la lutte
antianophelienne au moyen du DDT et des hydrocarbures chlores.

En 1939, la densite des phlebotomes etait tres elevee dans ces regions. Des 1946, a
la suite des pulverisations, le d6clin de ces insectes fut rapide, et les resultats de la recente
enquete permettent d'affirmer que les phlebotomes sont tres sensibles aux insecticides
a effet remanent. Ils ont pratiquement disparu des zones ou des pulverisations systema-
tiques ont ete effectuees. Ils restent abondants dans les villages et les quartiers des villes
qui n'ont jamais 6te traites.

D'apres les tests de sensibilite aux insecticides, la CL;o pour Phlebotomus papatasii
est de 0,28% pour le DDT a Athenes, de 0,75% a La Can&e et, pour la dieldrine 0,2%.
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