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House spraying with DDT, as shown from its first experimental
5

applications in Greece in 13945,” as well as from its subsequent general -
application throughout the entire country between 1946 Aand119-50, is highly ‘

effective against the local malaria-vectors (Anopheles: sacharovi and A.super—

pictus) and other domestic pests.

During these years, anopheline catches within sprayed quarters were, as a
rule, negative from the day following the spraying and remained so during the
entire breeding‘ season of these insects ‘(May to October)-. ‘Occasionally, \a few
speeimens were caught within sprayed quart.ers R especlally durlng the early
mornings; these anophellnes showed ObV'.LOU.S tox:Lc symptoms (kmetic atax:\.a,
convulsions, ets.,) and died a few hours after be1ng caught.lv'ot On the other
'hand it was noted that anopheline densn;y in the few premsés left unsprayed
(qontrol stations) in each treated nllage was usually low and that not

1nfrequent1y, -~ despite some fluctuations — complete annlhllation of “the
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anophelines was ai;t;axi'ned.9 . The immediate consequence was the rapid decline of
malaria incidence in Greece to a point when malaria transmission was almost completely

checked.e-’ 11

However, during the second year of the nationwide application of DDT by house
spraying, the housefly (Musca domestica) - which, in the previous year, had completely

disappeared from sprayed quarters - reappeaxjed in high density, being entirely
unaffected by the insecticide.B’ 6 - During the following years the same phenomenon
repeatedly appeared in the case of other domestic pests (Culex molestus, fleas, bed-
bugs, cockroaches, etc.). However, until the end of the 1950 malaria season there
was not the slightest indication of the presence of a similar situation with regard

to anopheline mosquitos. During the.1951 malaria season, signs of the lower efficacy
of DDT against A. sacharovi were observed for the first time in some areas of the

Peloponneae.l’ 2 This fact was reported by the senior writer in a brief report
submi tted by him in October 1951 to the Malaria Section of the World Health Organiza-
tion.7 The present paper includes more recent observations made from July to
September 1952 in certain areas, with particular reference to Ské'la, Lakonia, in the

Peloponnese.

In various villages sprayed with DDT during 1952, a weakening of DDT efficacy on
anophelines was observed. In the villages of the M8rnos area of Na’vpaktos, where
systematic daily ‘catches were made, it was observed that eatches within treated )
quarters remained negative for 8 to 12 days after spraying. Subsequently, a féw
specimens of A. sacharovi appeared; and about four weeks after the spraying ,A the

number of mosquitos of this species caught daily within sprayed quarters ranged from
45 to 106 per ten catching-stations. It should be noted that this anopﬁeline density
was markedly lower than that observed in the same villages before spraying, or the
density observed during the same period in unsprayed villages of the area,

Observations in SkAla, Lakonia (Peloponnese)

The Skila area is located near the outlet of the river Evrgtas and is approxi-
mately 45 kilometres (28 miles) from Sparta. It includes 13 villages with a total
population of 7,182 (see fig. 1). ‘The population is ﬁlainly engaged in rice
cultivation, which has assun{ed great importance in that area during recent years, and
in the cultivation of cotton, L ‘ | L

*»
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Before the DDT-spraying operation malaria was widely prevalent in this area..
Table I shows the fluctuations which occurred in the spleen~ and parasite rates of-
schoolchildren during the years 1933-8;12 these figures can be considered as

representative of conditions throughout the whole area.

After the application of DDT house-spraying in 1946, malaria rapidly declined
and the parasite-rates of the infant and school age-groups in the village of Skala
1 ‘

dropped to zero.

Barly in 1951, difficulties involved in connexion with the procurement of the
necessary quantitjr of insecticides made a reduction in the extended gpx‘aying—progra_mex
previously applied in Greece advisable. It was thus deéided that two districts ~ .
namely, Peloponnese and ({rete - should, in principle, be excluded from the house—
spraymg programme and that spraying should be carr:.ed out only in areas where carefal
ep:.dauologlcal investigations had shown it necessary to take mmedlate suppressive
measures. Accordingly, house spraying with DDT was not apphed to the-Skgla area at
first. A little later - about the middle of the 1951 malaria season - the high :
anopheline density observed in that area'f‘e‘sulting from the too highly developed r_d.ce-
cultivation suggested that house spraying should be resumed. Nevertheless, it was
observed that, in spite of the spraying, the anopheline density in treated fremi.sés B
continued to be unusually high.

’ The_Ské’la aréa therefore presented appropriate conditions. for the carrying out -
of more detailed investigations during 1952, - For this purpose, two observation
stations with field laboratories were established - one in the village of Asterion .andv
the second in the village of Souli. Of all the villages in the area only in Asterion
was a systematlc DDT house—spray:.ng programme carried out.in 1952,  The personnel of
the stations consisted of two laboratory ass:.s’cants(a) and three insect-collectors who
were provided with a jeepe. The supervision of the work done iri these two stationé )
was made successively by the writers. It should be noted here t.hat transport ,
diffieulties, the 1mprov1$ed nature of the 1nstallations, and the lack of various 4 '.

() Special mention should be made here of the co-operation shown throughout the -
period of observation by the laboratory assistants, Mr. J. Petmdes and Mr. F. Terzis.
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facilities had some effect on the progress of the work and, to some extent, prevented
its integration into the originaily planned programme, Additional difficulties arose
from the action of a service of the Ministry of Agriculture whiéh, in compliance with
outside pressure, resumed, at various intervals during the year, DDT air-spraying of
the rice-fields in'the Skila area, However, ow observations do not seem o have
been seriously affected by this activity, - -~ ~ . 0 . . oo

Observations in the village of Asterion’

During the period 2 - 4 July 1951, the houses in the village were sprayed with
DDT emulsion, A dose of 2,0 g active ingredient per square metre of sﬁrfaée was
used. Two premises were left unsprayed as control stations. fhe village had-thus
been sprayed for the seventh time since 1946, ) )

1. Two days after spraying, catches made within tﬁe sprayed quarters provdd positive
for A, sacharovi and in the ten stations searched, 110 specimens of this species were

found, Then followed a progressive rise of anopheline density in the sprayed
catching-stations, about a month after the spraying, anopheline density in the
catching centres approached the level of dens1ty observed in the unsprayed catchlng-
stations (l 200 - 1,500 anopheline per 10 stations).

About the middle of September the natural seasonal decline of anopheline density
was noted in both the sprayed and'unsprayed.stations. ‘

2, During the catches made every mornlng in the. sprayed quarters of the village for
the collectlon of entomological materlal to be used for carrying out the proposed

tests, some dead specimens of A, sacharovi were found on the floors and furniture,

Of the living mosquitos, some presented advanced toxic‘symptoms, moving continually
from place to place, while others (20% - 30%), were seen calmly restlng on the

sprayed surfaces with no sign whatever of poisoning,

3. The A, sacharovi cagghé in sucking tubes during the daily search in sprayed and
unsprayed quarters were transferred into large wire cages, within which a high

QQCatching included all mosquitos found, irrespective of whether or not they showed
-signs of poisoning,
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relative humidity was maintained by placing wet pieces of cloth on the cage walls,
The time mosquitos stayed within these cages was 72 hours, At the end of each |
24~hour period the dead specimens found in the cages were withdrawn and the number
recorded on a card, The following observations are made on the results of this
test which lasted from 6 July to 3 October 1952 (see t.aﬁle 1L )

(a) After the first 10-day observation period it was noted that a large number
of the mosquitos caught in sprayed quarters continued to 1ivé loriger than 24 houré. ,
The survival-rate was still considerable after a third 24-hour period, and ‘showed'r ‘
an obvious upward tendency as the date of spraying became more and more remote (see
figs, 2, 3, and 4), ‘

(.1_7) The same remarks apply to the mosquitos caught in unsprayed quartersl
except that, in their case, the survival-rate, was on the whole higher (see figs.
2, 3, and 4).

Of the 12,158 A, sacharovi caught in sprayed quarters in Asterion, 9,857
(81,1%) survived after the first 24-hour period, 8,771 (72.1%) after the second
24-hour period, and 7,545 (62%) after the third 24-hour period.

4, A small container of water was placed in the cages into .which A. sacharovi
caught in spraycd places of the village had been introduced, The laying of eggs
and the hateching of larvae from them was frequently observed but no follow-up was

possible owing to lack of means and shortage of time,

5. A number of the A, sacharovi caught in sprayed quarters of Asterion village were

placed in clean cages. After 72 hours, the surviving mosquitos were transferred,
at intervals, to one or the other of two special contact%bbces‘.é’c) One of these boxes
had been sprayed with DDT emulsion at the rate of 2 g active ingredient per square .
metre of surface on 1 August 1952; the other was left unsprayed and was used as a

c

¢ %hese special contact—boxez were first used by Hadjinicolaou for his -experiments

in the control of Dacus fly, These boxes are made of 5~mm-thick wood, and consist .
of six separate sides hinged together so that the box can be opened and closed very
easily, Mosquitos introduced into this box come into contact with the sprayed
interior surfaces, When the contact time has expired, the closed box is placed in a
clean cage which has an opening large enough to allow the passage of the hand placing
the contact box in the cage. The contact box is then opened inside the cage, the
mosquitos enter it, and the contact box is withdrawn,
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conﬁrol. The mosquitos were left in the boxes for 30 minutes and were then placed in

two large clean cages,

It will be seen from table III, which summarizes the results -of this test, that,
of the 1,194 mosquitos which had had renewed contact with the insecticide, 28,4%
survived after 24 hours, 21.3% survived after 48 hours, and 18,3% survived after 72
hours,  Of the 808 control mosquitos, 8l,5% survived after 24 hours, 63,9% after
48 hours, and 54,3% after 72 howrs, It should be noted that the mosquitos swviving
this test remained without food for six 24~hour periods owing to the impossibility of
feeding them. ) \ |

6. A number of A. sacharovi, which had been hatched in the laboratory from larvae
collected from breeding-places in the Skila area, were placed eithsr in the contact

box éprayed on 1 August or in the unsprayed control-box. - The mosquitos were left in
the boxes for 30 minutes and were then transferred to large clean cages, 4s shown in
table IV, of the 231 mosquitos that came into contact with the insecticide, 52.4%
survived after 24 hours, 41.1% after 48 hours, and 33.2% after 72 hours, Of the 199
control mosquitos, 91.9% survived after 24 hours, 75.4% after 48 hours, and 68,3% after
72 howrs, For t_he reason stated earlier, these mosquitos were'not fed after their -
hatching,

Observations in the villa)ge of Souli

This village had been sprayed amnually since 1946, but was left unsprayed during
1952, '

1, On 27 June 1952 five contact-boxes were sprayed in the Souli laboratory each with

one of the following insecticides:

»

(3) DDT solution in kerosene, at the rate of 2 g active ingredient per square

metre of surface;

(b) DDT emulsion concentrate conta:.n:.ng 25% DDT, at the rate of 2 g active

ingrecient per square metre oi‘ suri‘a.ce

(e) Gammcxans L.G, 140 (10%), at the rate of 250 mg active ingredient per Sq, metre,
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(d) Chlordane 74%, at the rate of 150 mg per square metre of surface;
(¢) Dieldrin 24%, at the rate of 250 mg per square metre of swf.a.‘ceau :

The daily. catches of A, sacharovi were placed in the contact boxes, After 30
minutes the mosquitos were transferred to large clean cages, Iwenty-four hours later

the dead specimens found in each cage were counted, As in the ‘tests described abdve,
an unsprayed box was used as control, The results of .each test were recorded on a
special card. ‘ '

Table V summarizes by 1l0-day per:.ods the results of the test, which 1asted from
1 July to 10 October 1952, The following conclusions are drawns

(a) All the mosquitos placed in the boxes: sprayed w:.th Chlordane and D:Leldrin \
died 24 hours after being transferred to the cages, ' C

(b) During the first 10-day period of tho observations almost all of the mosquitos
that had been placed in the box sprayed with DD‘I‘ solution died after 24 hours, How-
ever, as the experiment proceeded the number of mosqm.tos surv:.ving more than 24 hours
increased considerably,

(¢) A considerable number of the mosquitos which had been placed in. the:box
sprayed with DDT emulsion survived during the first 10-day observation period, The.
results of each succeeding 10-day period showed that the percentage of these. mosquitos .
surviving had an ObV'.l.OLIS upward tendency which increased steada.ly as. the date of
spraying the contact ‘boxes became more and more remote, D\n‘ing the enf.ire observation
period this percentage was steadily higher than that observed in the mosquitos w}uch
had had contact with DDT solution.

(d) The mosquitos that had been placed in the box sprayed m.th Gamme:ane ha.d a
higher survival-rate than the mosquitos which had contact wz.th either DDT solut:.on or
DDT emulsion and, from the fourth lO-day period, this percentage a.pproached the sur-
vival-rate observed in the mosquitos. of the control box (see f:.g. 5) It should be .
noted that the area in which these observatlons were made had never been sprayed with
Gammexane,

2, For the sake of brevity, male and female mosquitos ars not shown separately in the
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tables, It is noteworthy, however, that in all the tests the effect of the insecticides
on male mosquitos was decidedly greater than on the female mosquitos,

CONCLUSIONS -

The observations made this year in the Mornos area (Nivpaktos) indicate tha.t the
effect of DDT on the local malaria-vector, although presenting signs of weakening, is,
‘however, still sui;ficiently strong., On the other hand, from the observations made in
the Skila area, (Lakonia) B it appears that the effect of DDT on the malaria vector of
that area has considerably reduced. |

The catching of a number of A, sacharovi within quarters sprayed with DDT two days

after the spraying of Asterion village, the progressive, increase in the numbers found

during the following days, and the absence of toxic signs in a considerable number of
these mosquitos are all in complete contrast with observations made in Greece dwuring
the years 1946-50. The high survival-rate observed among the mosquitos captured within
sprayed quarters of Asterion village, as well as the results of other tests made in the
Asterion laboratory, and in the village of Souli (which remained unsprayed during 1952)
leave no doubt that the locdl malaria-vector has developed a considerable degree of
resistance to DDT,.and it seems even in a higher degree,. to Gammexane, although this
insecticide had never been used in the area,

The high survival-rate observed during the last phases of the test among mosquitos
that had had contact with Gammexane — which approached the rate observed among the
mosquitos in the control cage - is possibly associated with the shorter residual action
of this insecticide. ' R

The resistance deveio‘ped by A, sacharovi in Sk;.la should be mainly attributed to
the syst.eniatical]y'applied house-épray:‘mg in that area since 1946, However, the
possibility cannot be excluded that antilarval airspraying applied concurrently with

the housé-spraying has also contributed to this effect, Airepraying, although
irregularly applied in the area dwring the previous five-year period, probably

accelerated in some measure the development of this phenomenon,
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TABLE III, SURVIVAL-RATES OF A, SACHARQOVI C4UGHT IN SPR&YED QUARTERS OF ASTERION
TABLEAU III, TAUX DE SURVIE DES A, SACH&ROVI CAPTURES DANS DES SECTEURS TRAITES D!'ASTERION
® ) . » .
Interval “ A, sacharovi having renewed contact with the insecticide L. sacharovi without renewed contact with the insecticide
between - h. sacharovi ayant été remis en contact avec l'insecticide| A. sacharovi n'ayant pas été remis en contact avec
Observation period spraying . ' 1l'insecticide
f contact . e - -
ocox and Survivors Survivors
observation | Number Survivants ) Survivants
(days) of tests Number caged “after after after Number caged after. after after
Intervalle Nombre . : 2L s.oswm /8 hours 72 hours ) 2/, hours 48 hours 72 hours
. : entre le d'expériences; Nombre Embo.w aprés aprés aprés Nombre d'ano~ } aprés aprés aprés
Période d'observation| traitement phéles captures 24 heures L8 heures 72 heures |phdles capturés ‘| 24 heures | 48 heures |72 heures
de la. cage s 4 -
a._wsgx...rQMI No. % | No. % | No. % No, % | No. % | No, %
tion et les Noms. . Nom-~ Nom~ Nom~= | Nom~ Nom~
observations bre % | bre| % | bre % bre % 1 bre % |vre %
(Nombre de
jours)
: 2 = 8 August 6. : .
2 -8 .noaﬁ,. -7 7 452 97 |2L.5 Th | 17.4 &om 14.6 355 301 845 240| 67.6] 179 § €0.4
2). August - a
3 September . , ,
21 aofth - 22-33 14 742 242 |32.6 18l 2halks 153 | 20.6 453 358 79.0} 277] 6L} 260 | 57.4
3 septembre |
2 August - [
3 September 1-33 21 1,194 339 |28.4 | 255 |23 | 219| 18.3 808 659 | 8L.5| 517 63.9] 439 | 543
2 aofit ~ o o '
3 septembre
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page 1, TLBLE V... L.SACHAROVI CAUGHT IN SOULI.  SURVIVAL-RATES AFTER CONTLCT WITH DIFFERENT INSECTICIDES

TLBLEAU V. A. SACHLROVI CAPTURES A mo.cH._l. ¢ TAUX DE SURVIE APRES CONTACT LVEC DIFFERENTS TNSECTICIDES

Obscrvation i Interval . |Box sprayed with DDT v Box sprayed with DDT . .Box sprayed with .. .. M,wox sprayed with {Box sprayed with ~ Unsprayed box
iperiod | between solution in keros¢ne’ . | emulsion concentrate Gommexanc L,G.; 140 {10%) iChlordane 74% ‘Dieldrin 24% i T
. spraying . . . (5% DDT) .. e Cadgmeet A
of contact o “ . i . . ~ - .
: boxes and - | Cage traitée pariuge - ... |Cage traitée par une Cage traitéctpes®du- . ICage traitée par du .Cage traitée par de la | Cage non traitée
{ observatior | solution d¢ DDT dans - . émulsion concentrée - Germexenc L.G,. 140 . .{Chlordane (3 74%) . 'Dieldrine (& 24%) 1
! j du kéroséne i de DDT (25% de- DDT) (&.10%) o Lo '
Période Intervalle _ i : . - m—— : P T
d!observation entre le Nunmber w Number | i Nunber | Number ; Nurmber  Number Number;  Number < Number Number Number :  Number
‘traitemerit of { Ioof e o of e ” j of ! ¢ of it of
de la cage |tests jcaged of .| $ | tests lcaged of % tests caged  of™ % itests icaged  of | % ,tests jcaged of | % |tests lcaged of %
d'intoxica~ ! SUrVie M i survi- | . suryi- ! i survi- | e survi- | survi-
tion et les ~ vors : ‘ vors | : : vors ! vors , - |- ' ~ vors i vors
obgeryations = T —— .- S e e e s for e b — T T e RS
Nombre  MNombre ! Norbre TNombre : Nombre ;  Horbre i |Hombre! . Nombre _ Nombre { Nombre Nombre
dlexm ————————i [ dlex- ———————  dlex~ — dtex- | R E— dlex- .
péri- ‘dlano- % | péri~ d'ano~ de | % péri- dleno-. de; ¥ |péri- [d*ano~ " de % |péri~ !d'anod4 - de %
ences wgmu.mmw - ences jphéles survid encos phéles| survi- jences iphéles survid jences |phéleg survid
cap- ; cap- -lwants® . cap- |vants: o icap=~ : vants cap- | vants
. . m.wswmmw ” « turés | N iturés | D turés | turés
e M . i . : ; : i i ! i
: « : S— W T ! T . | |
28,VI - 7,VII ~10 10 m 97 2 9 921 . 173:18.8 10 (1,027 | |10 1,0100 0 0.0 | 10 1,288 1,241] 96.3
j ! . N . | i i _ i ;
8.VII-17.VII | 1120 | 10 116 11.6 ¢ 10 1,069 | 367|343 1o '1,078 T~522 48.4] 10 1,06 o loo| 9 | 95 em|on7
18.VII-27.VII * * 21-30 9 274313 | 9 | 825 425 515 9 919 | 664 72.2] 9 853] 0 l0.0 | 10 1,221 1,168 95.6
J I ! ! - ," . J s ! .
: | : : i : ‘ X i ! . : H i
28,VII-6.VIIT . 31-40 10 505 43.9 . 10 1,041 556 1 53.4 10 1,097 | 952.!90.0: 10 {1,057] © 1,137 o 10.0 | 10 -|1,369; 1,337] 97.7
| o : o ; « P
7.VIII~16.VIIT 41-50 8 317 42,1 ¢ 9 | 827 395 _ 47,8 8 825 { 713 .36.4 ! m ©%5: 0 0.0 9 11,041 998] 95.9
17.VITI-26,VIIT | 51=60 = - 9 471 5044 | 9 lL,104 622 m 6L.9 8 856 757 i88.4 m L 97 o0 |o.0 | 10 |1,264] 1,225| 96.9
27.VITI-5.%% - -1 6170 | 1o 557 52.6°, 9 | 956 599 62,6 10 1,066 | 956 89.7 _M 1,070 o 0.0l 10 |1,166] 1,119] 95.9
) i i ! ' i I H i . P i .
; ; _ . g i : : : T .
6,D-15.1X | 780 .1 6 .l 5830 330 56.6 6 88| 6341:92.1 ” | : : 10 1,241 1,195 96.3
16, 1%~25. TX g1=00 |- , 8. | 755 520 68.9 8 . 84, 791 190.5 ! , H : : | o | 970!  943| 97.2
| ; H ; ‘ ; “ w o i : : :
| R6.TX-5.X 91-100 | LT ss . amienz 7 sig ! 1B4e8.3 ) ! w : w 10 j1,016; 883] 86.9
i i ! i | ! i i \ : ,';\ T _ B ! : | ' f ) ! | | : B
*Ihe test was interrupted at this point . o \

Les experiences ont cessé aprés cette date : ,
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FIG. 2

Asterion lst 24 hours period
Astérion : Premiére période de 24 heures

Days after spray
Nombre de jours écoulés depuis le iraitement
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FIG. 3

Asterion 2nd 24 hours period

Astérion : Deuxiéme période de 24 heures
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Unsprayed quarters
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FIG. 4

Asterion 3rd 24 hours period
Astérion : Troisieme periode de 24 heures

Unsprayed quarters

Sprayed quarters
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FIGe 5
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/ Control box
— 7 Cage de contréle

Gammexane 10% : 150 mg per sq m
; " Gammexane a 10% : 150 mg par me

/ IDT emulsion 2.0 per sq m
Emulsion de DDT : 2,0 g par n?

DDT solution in Kerosene 2.0 g per sq m
===~ Solution de DDT dans kéroséne : 2,0 g par m®

Chlordane 74% 150 mg per sq m
Chlordane & 74% : 150 mg par m®

Dieldrin 24% 200 mg per sq m
Dieldrine & 24% : 200 mg par m?

Euzust September
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10 20 30

50 60 0 90

Days after spray

40 70 100

Nombre de jours écoulés depuis le traitement

% moyen de A. Sacharovi survivants




