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The official vital statistics show diarrhoeal disease and intestinal para-
sitism to be responsible for a major proportion of deaths in children between
one and four years of age, but fail to assign appropriate importance to
nutritional deficiencies. Although the data indicate the need for expanded
campaigns for environmental sanitation, it should be realized that such
programmes, while important, attack only part of the problem. It is ne-
cessary for workers in the fields of both communicable disease and nutrition
to recognize the synergism by which infectious diarrhoea in a protein-
deficient child has either immediate or delayed fatal consequences, which
would not perhaps have resulted from either disease factor alone. The
lesson from this study is not that environmental sanitation is less important
than is currently believed, but rather that nutrition must also receive
attention in the public health programmes if the mortality in the younger
age-groups in countries like Guatemala is to be brought within acceptable
limits.

* *
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In October/November 1957, the WHO Advisory Team on Malaria
Eradication No. 2 made a study of the susceptibility to insecticides of
Anopheles stephensi in southern Iraq. A summary of the results is presented
in the accompanying tables.

The demonstration of strong DDT resistance both in adults and in
larvae calls for some comment. The village of Om-el-Resas, opposite
Abadan, has had irregular treatment with DDT larvicide since about 1947
(precise information not available), and with DDT imagocide since 1954.
There is, therefore, a considerable history of exposure to DDT and the
development of resistance is not entirely unexpected. Table I shows that
there is no resistance to dieldrin in adults (LC50 approx. 0.1 %), and it
will be seen from Table 2 that the LC50 for larvae must lie well below
0.004 p.p.m., the lowest concentration we tested.

The village of Moawiya has been sprayed with DDT imagocide since
1956 and, as far as is known, no DDT has ever been used for larcividing.

Al Zeiad was sprayed for the first time with DDT in April 1957. It lies
some 35 km east of Nassriya and 15 km west of Garmat Beni Said, the

* Extract from a paper presented to the Technical Meeting on Malaria Eradication held by the WHO
Regional Office for the Eastern Mediterranean from 7 to 12 December 1957 in Baghdad, Iraq
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DDT-RESISTANCE IN ANOPHELES STEPHENSI

TABLE 1. RESULTS OF TESTS WITH ADULTS OF A. STEPHENSI

Om el-Resas (Basrah) a Moawiya (Basrah) b Al Zeiad (Nassriya) c

Concentration 31/10/57 & 2/11/57 6-7/11/57 12/11/57
Insecticide in non-volatile

oil No. No. Uncorr. l,lo. No. Uncorr. No. No. Uncorr.
tested dead mod. tested dead mort. tested dead mort.

0.50% 42 11 26.2 36 5 14 37 2 5.4

DDT 1.0 % 31 9 29 66 5 7.6 33 1 3.3

2.0 % 114 31 27.2 71 18 25.4 37 3 8.1

LC,, > 2% > 2% > 2%

0.1 % 35 12 34.4 31 19 61.2 36 21 58.2

Dieldrin 0.2 % 30 29 96.8 36 34 94.4 35 32 91.4

0.4% 31 31 100 38 38 100 35 35 100

LCO,, 0.13 0 0.086 % 0.09%

0.01% 37 1 5 40.5 29 1 9 65.5 - - -

Gamma-BHC 0.02 % 32 32 100 36 34 94.4 - - -

0.04 % 40 40 100 38 38 100 - - -

LCG5 < 0.02 % 0.009% -

Control 99 27 27.3 72 2 2.8 36 2 5.6

a DDT anti-larval treatment since 1947, DDT anti-adult since 1954
b DDT anti-adult treatment since 1956
c DDT anti-adult treatment since 1957

nearest two places to have received DDT residual spraying since 1954 and
1955 respectively. No anti-larval work has ever been undertaken at Al Zeiad.
Under these circumstances, the development of resistance to DDT by adults
and the fact that even 5 p.p.m. of DDT failed to kill 1000% of the larvae
are alarming.

The villages of Om el-Resas and Moawiya are situated in the palm
groves along the Shatt el-Arab. Al Zeiad is some 200 km north-west of
Om el-Resas, near one of the branches of the Euphrates in Muntafiq Liwa,
whereas Moawiya is about 60 km north west of Om el-Resas.

Unfortunately we could not find any locality to test out the resistance
of A. stephensi which had never been exposed to DDT. According to
Davidson (unpublished report), however, the LC5,, of such adults in Saudi
Arabia is less than 0.5%.

It is possible, of course, that the resistance shown by A. stephensi is
a seasonal phenomenon, peculiar to the autmun. We can only say that if
this is so then it is not due to hibernation, nor related to it. All adults
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TABLE 2. RESULTS OF TESTS WITH LARVAE OF A. STEPHENSI

Om el-Resas (Basrah) * Moawiya (Basrah) Al Zeiad (Nassriya) t
Concentration 31/10-5/11/57 6-8/11/57 12-14/11/57

Insecticide of insecticide

Insecticide in test Uncorr.Ucr Uncorr.
suspension No. No. mort. No. No. Uncorr. No. No. mort.tested dead mor. tested dead mor. tested dead mod.

0.004 p.p.m. 48 0 0 67 0 0 - -

0.02 p.p.m. 24 0 0 68 0 0 - _

0.10 p.p.m. 107 0 0 62 0 0 - _

DDT 0.50 p.p.m. 94 3 3.2 65 17 26.2 - _

1.0 p.p.m. 72 47 65.3 68 16 23.6 - _

2.5 p.p.m. - - - 64 21 32.8 - _

5.0 p.p.m. _ - - - - - 66 14 21.2

LC50 1 p.p.m. > 2.5 p.pm.m > 5 p.p.m.

0.004 p.p.m. 69 60 87.0

0.02 p.p.m. 67 67 100
Dieldrin

0.10 p.p.m. 60 60 100

0.50 p.p.m. 60 60 100

LC50 < 0.004 p.p.m.

0.004 p.p.m. 72 0 0 60 0 0

Gamma-BHC
0.02 p.p.m. 63 1 1.6 61 0 0

0.10 p.p.m. 93 66 71.0 60 54 90.0

0.50 p.p.m. 60 60 100 60 60 100

LC50 0.08 p.p.m. < 0.10 p.p.m.

Control 60 0 0 65 0 0 60 0 0

* DDT anti-larval treatment since 1947, DDT anti-adult since 1954
** DDT anti-adult treatment since 1956
t DDT anti-adult treatment since 1957

which survived our tests were dissected and showed full ovarian develop-
ment and no fat body. We conclude from this, as well as from the presence
of males and many larvae of all stages, that A. stephensi was actively
breeding. Macan a states that A. stephensi does not hibernate and breeds
throughout the year in Iraq.

a Macan, T.T. (1950) The anopheline mosquitoes of Iraq and North Persia. In: Anopheles and malaria
in the Near East (London School ofHygiene and Tropical Medicine, Memoir No. 7), London, p. 174.


