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On the basis of the results described above, 300 multi-outlet reciprocating
pumps, known locally as the " LP " (lift and pressure) sprayer, were ordered
for the 1954 programme.

Although hand-sprayers were also used during this campaign, it was
noted that with the introduction of the" LP " sprayer the number of metres
covered per man-hour was 10% greater than that of the preceding year.
Under better supervision, in Lan-Yu, this rate was increased by some 75 %.
As further evidence of the efficiency of the new sprayer, it might be men-
tioned that, during the 1955 programme in Central Taiwan, 50% of the
operations had been completed at the end of the fourth week, whereas in
the preceding year, when hand-sprayers alone were used in that area, only
46% of the work had been done in the same period.

From the experience acquired during the 1954 campaign, it was con-
cluded that certain conditions had to exist if optimum use was to be made
of the " LP" sprayer: (a) the number of buildings in the area should be
sufficient to keep the squad occupied for half a day, i.e. there should be
4bout 8 structures, the average area per structure being calculated at 350 M2;
(b) the houses or structures should be in groups of at least 5 in flat areas
and 10 to 15 in hilly country, so that operators would not have to walk for
more than about 5 minutes from one house to the next.

Two further comments might usefully be made on the advantages of
the " LP " sprayer:

1. The effects of erosion on nozzles, even if these are made of stainless
steel, are considerable. While the nozzles of hand-sprayers had to be
changed in the middle of the campaign, those of the " LP " sprayers lasted
throughout the entire spraying period.

2. To pump a compression sprayer from 20 to 50 p.s.i. (1.4-3.5 kg/cm2)
would need a force of 48 to 120 lb. (about 20-55 kg). Many operator
applicants were, in fact, rejected on grounds of inability to pump to 50 p.s.i.
With the " LP " sprayer, however, it takes a force of 'only 6 lb. (2.7 kg) to
pump at 16-20 strokes per minute.

Anopheles claviger in the Middle East

by G. GRAMIccIA, M.D., Senior WHO Malaria Adviser,
Iran Insect-Borne Diseases Control Project

What account should be taken of Anopheles claviger in the Middle
East when one is planning a malaria eradication campaign ? A. claviger
is widely distributed in all the Middle Eastern countries, but its role as a
vector of malaria in rural communities is not entirely clear. It has been
definitely associated with hyperendemic malaria (Jerusalem), with hypo-
endemic malaria (Lebanon, Cyprus), and with anophelism without malaria
(Lebanon, Greece, Italy).
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The probable role of. A. claviger in the transmission of malaria in the
Middle East can be resolved by trying to answer three questions:

(a) Why was A. claviger able to produce hyperendemic malaria in
Jerusalem ?

(b) Is A. claviger a vector of malaria in rural communities ?
(c) If it is a vector in rural communities, could it alone be capable of

maintaining over long periods some level of malaria endemicity ?
The factors involved are both ecological and epidemiological.

Ecological considerations. Few anopheline species present such a
variety of behaviour within a relatively small part of their area of distribu-
tion as A. claviger: (I) as a breeder in underground water reservoirs in
towns, it is chiefly a domestic species, whose adults are found in houses;
(2) as a breeder in water reservoirs in rural communities its habits are
chiefly extra-domestic, and the adults rest mostly outdoors-especially
after feeding-or on the walls of wells, but in late autumn it becomes
domestic, and fed females are frequently found indoors; (3) as a natural-
water breeder it is mostly a wild species unimportant in malaria transmission.

The food preferences of A. claviger are probably dependent on the
available species of host near its breeding places, but it attacks man readily,
mostly in the open and in daylight, although with varying frequency de-
pending chiefly on the season and prevailing temperatures. It winters
chiefly in the larval stage in case 3 above, but a few wintering adults have
been found in outdoor resting-places; in cases 2 and 1, however, because of
the microclimate inside wells, it usually carries on its larval development and
adult activity-including mating and feeding-throughout the winter.
There is also an unconfirmed report from the northern Caucasus a claiming
that A. claviger can lay one batch of eggs autogenically.

The behaviour of A. claviger in its different habitats has suggested the
possibility that the species includes two or more varieties,b but several
attempts at taxonomic differentiation have failed, with the exception of the
recognition of two varieties of eggsC obtained from material collected in
an area of Italy where the species is a non-vector.

The following observations made in 1953 in the village of Dedde (Koura),
Lebanon, provide additional information, because they were carried on for
over a full year.d Dedde is a village of 1500 persons, situated at 450 m
altitude on the hills south-east of Tripoli, Lebanon. Its water-supply is
drawn entirely from underground water cisterns (over 100) that collect
winter-spring rain water. Each compound has one such cistern; other
cisterns, dating from very ancient times, are situated along the village
streets. Some rats frequent the cisterns. Each house has a small garden,
and many have a stable. The nearest open water is a small ditch three

a Markovich, N. Y. (1938) Med. Parazlt., 7, 897
b Kliger, 1. J. (1930) The epidemiology and control ofmalaria In Palestine, Chicago
c Del Vecchio, G. (1939) Riv. Parassit., 3. 27
d I wish to express my indebtedness to Mr. C. Garrett-Jones, to whom goes the credit for most of the

entomological observations carried out in Dedd6 and quoted in this note.



kilometres south of the village, where only A. claviger larvae were found.
Almost all the cisterns were found to breed larvae of A. claviger all the
year round, thanks to the relatively constant climate inside the cisterns
(temperature 15°-20°C). The lowest point of larval activity was in March-
April, when many of the reservoirs were filled to overflowing. Adults were
present all the year round, but their resting habits varied with the season.
Houses and stables were entirely free from A. claviger from February to
mid-September; during this period the adults were present in very large
numbers-peak in July-August-inside the cisterns. In late September-
the end of the hottest season-limited numbers of adults appeared in all
kinds of rooms, and increased during the autumn; but as the weather
became cooler, they deserted the bedrooms in favour of stables. Early in
December, during an exceptionally cold spell, the A. claviger index in
cowsheds was very high, but it fell again in that month, probably as a
result of a rise in temperature. Heavy breeding continued in the cisterns
through this season. It is possible that in many Lebanese localities, where
the winter rains flush out all the breeding places, the A. claviger populations
will be dependent on their temporarily endophilic adults for survival.
These observations probably account for the claim by some authors that
A. claviger has two annual peaks in density-spring and autumn-whereas
our observations indicate only one peak, in July-August.

Investigations with specially designed well-traps showed that even
during the coldest winter months, females would leave the cisterns in the
afternoon (3 p.m.) and return at dusk. A. claviger has long been known to
attack out-of-doors by daylight. This habit was recorded in Dedde especi-
ally in the cool season on cloudy days, whereas in summer the over-all
biting-rate was lower and the attacks took place from dusk onwards. In
all areas of Lebanon the species was observed to attack man readily in or
very near its resting places, whether they were under rocks, in well-cavities
or at the edge of wells (biting especially persons in the act of lifting the
well-cover), or in houses. When A. claviger became endophilic in autumn, it
bit indoors from 9 a.m. onwards. Its attacks on animals were not noticed
(although sought) in Dedde until the end of December, when calves were
bitten. A. claviger was observed to mate in the cavities of cisterns in June
and in December, and in December females were observed to attack man
immediately after mating. The number of engorged females resting on the
walls of cisterns was small, especially in summer, which suggests that after
feeding they rest outdoors in other shelters, such as under fallen leaves, in
holes in walls, under rocks, in irrigation ditches and earthen culverts
(outside Dedde), where they have been found in small numbers.

In Dedde, and for over three kilometres around, no larvae of other
anopheline species were found. No adults of other species were found
from December 1952 to October 1953. In October and November 1953, a
total of two A. sergenti and eight A. superpictus were collected after ex-
tensive searches; but in December 1953 a fairly large number of A. super-
pictus appeared in stables (pre-hibernation flight); their number was re-
duced in the following month.

818 NOTES



ANOPHELES CLAVIGER IN THE MIDDLE EAST 819

Epidemiological considerations. A. claviger has been reported to be a
vector in some areas (Palestine, Cyprus, Lebanon, Mesopotamia, southern
Italy, Baku, Azerbaidjan), and is considered a non-vector in many other
malarious areas (Central Italy, Greece, Balkans, Iran, etc.). it is rarely
found to be the only vector species in a region, usually being associated
with other recognized vector species. These associated species are chiefly
A. superpictus, A. sacharovi and A. sergenti, which all have wide pre-
hibernation flights that make it difficult to define the vector activity of
A. claviger. Natural sporozoite infections of A. claviger have been recorded
in Cyprus,e Mesopotamia,f and in Taranto, Italy.9 There is full epidemio-
logical evidence that the species was a vector in Palestine," and sufficient
evidence that it was a vector in Lebanon.i4 Sporozoite infection of
A. claviger with P. falciparum has been obtained in the laboratory in
Switzerland.k

Among the claviger-infested Palestinian towns, Jerusalem, for example,
presented in 1912 spleen-indices of 40 %-83% in children, and the total
parasite-rate was 21.5 %.l Other observations in the same yearm gave a
parasite-rate of 23% for adults and 27% for children. There, A. claviger
was the only anopheline present, and its abundance and the hyperendem-
icity of malaria left no doubt as to its role as a vector. A. claviger, breeding
in house wells, was probably able to produce hyperendemic malaria there,
because it had little chance of feeding on anything else but man; the com-
plete urbanization of Jerusalem, constricted within its walls, provided
little or no space for domestic animals. Larval treatment of wells, water
piping, and obliteration of unused wells in subsequent years brought about
complete control of malaria.

On the other hand, A. claviger was not a vector in those areas where it
was a natural. water breeder and where plenty of alternate hosts were
available.

In the rural villages where there were wells, the situation was inter-
mediate, and this probably explains the hypoendemicity that this species
produced in some places (e.g., in the hills and mountains of Lebanon).
Berberiann believed that A. claviger was a vector in Lebanese towns and
villages where it bred in wells, but that other species might have been
implicated if the spleen-rate was over 10%. The present author found
A. claviger to be a strongly suspect species in some hilly villages of Lebanon
provided with several wells. Together with A. superpictus, it was found in
almost every coastal, hilly and mountain area, wherever there were wells,
up to altitudes of 1200-1500 m, and its distribution had no direct relation

e Stratman-Thomas, W. K., Barber, M. A. & Carter, J. C. (1936) In: Cyprus, Director of Medical and
Health Services, Annual medical and sanitary report, Nicosia

f Christophers, S. R. & Short, H. E. (1921) Indian J. med. Res., 8, 508
g Hargreaves, E. (1923) Bull. ent. Res., 14, 218
h Palestine, Department of Health (1941) A review of the control of malaria in Palestine (1918-1941),

Jerusalem
i Berberian, D. A. (1946) J. Palestine Arab med. Ass., 1, 120
i Gramiccia, G. (1953) Rev. mdd. Moyen-Orient, 10, 283
k Geigy, R. (1945) Acta trop. (Basel), 2, 1
1 Brunn, W. & Goldberg, C. (1913) Z. Hyg. InfektKr., 75, 209
mMuhlens, P. (1913) Zbl. Bakt., L Abt. Orig., 69, 1
n Berberian, D. A. (1946) J. Palestine Arab med. Ass., 1, 120
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to the malariousness of the area. This was, therefore, an example of " un-
stable anophelism without malaria ". In a limited number of localities on
the dry limestone hills of Lebanon, both spleen and parasite indices were
found. Although A. superpictus females found their way at one time or
another to nearly all these villages, their numbers and activity were too
limited to account for the malaria there. A. claviger was the only abundant
indigenous anopheline in such localities, and one presumes (although it
has not been definitely proved) that it was the chief or the only malaria
vector there. The rates, however, were so low and so uneven in the dry hill
villages that it was considered possible that A. claviger would be unable to
maintain transmission indefinitely in a sedentary human population with-
out the help of visits from time to time of persons carrying the disease from
elsewhere.

Again, as an example, the situation in Dedde, Lebanon, in terms of
malarial indices for age-group 2-9 was:

Spleen index Parasite index Parasite species
October 1952 7 1.8 P. vivax
April 1953 12 4.4 P. falciparum
July 1953 6 5.8 P. vivax

Starting in July 1953, antilarval treatment in cisterns (5% DDT in
fuel oil at a rate of 1 ml per m2 of water surface, once every four weeks)
was applied, and the indices were:

Spleen Index Parasite index

October 1953 5 0.0
December 1953 4 0.0

All the cases of parasitaemia occurred in children who had not left the
village during the preceding two years. Dissection of 433 A. claviger proved
negative. In Dedde, as elsewhere, annual migration of rural labourers
occurs. One group, for instance, works from June to August in the Bouqaia
plain (at the northern border between Syria and Lebanon) at the very peak
of the A. sacharovi season; they then move on to the Akkar coast plain,
where the anopheline population includes late summer species such as
A. superpictus and A. sergenti. During these periods, the parasite charge is
liable to build up in the labourers. Finally, in October or November, a
number of the same persons move into the olive groves of the foot-hills;
Dedde is one of these villages watered by underground water reservoirs
where A. claviger breeds, and there A. claviger is fully active from July
until February. There is thus a striking coincidence between the seasonal
movements of human carriers of malaria on the one hand, and the geo-
graphical distribution and seasonal prevalence of the potential insect
vectors on the other.

Discussion. A full clarification of the role of A. claviger as a vector in
rural villages is, therefore, difficult because of: (a) the difficulty of capturing
large numbers of females in their outdoor shelters (they usually do not rest
indoors except in late autumn, and those that rest on the walls of wells are
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rarely fed); (b) the difficulty of finding infected specimens because of the
very low endemicity of malaria in those places where A. claviger is predomi-
nant; (c) the existence of other more prominent vector species; and (d) the
frequent movements of human populations-i.e., of parasite carriers-
occurring in those areas, which complicate the picture.

Is A. claviger capable of sustaining alone the malaria endemicity in those
villages where it happens to be a vector species-alone or in association
with other species ? And, if so, what special control programme would be
advisable in a general malaria eradication scheme ? An epidemiological
investigation of the Lebanese A. claviger villages-such as Bire (Akkar),
Markebta (Tripoli), Deir Billa (Koura), Medjel Baana (Aley)-where
residual spraying but no larval control in the wells has been carried on for
some years, to find if transmission has been eliminated, would provide an
indirect answer to whether A. claviger control in wells is necessary in order
to achieve rapid malaria eradication. But it would not show whether
interruption of transmission had been achieved from the beginning.

One of the basic requirements for stopping control operations in an
eradication scheme is that there is complete interruption of malaria trans-
mission for at least three years. Residual spraying has been found not to
control A. claviger, while larval control does. It would seem best, in the
light of the probability that A. claviger maintains " casual transmission " of
malaria for some time after the starting of residual spraying, to envisage
larval control in wells simultaneously with residual spraying for at least the
first two years. The eventual cost of such larval control would be much less
than that of extending the residual spraying programme, and the chances
would be decreased that other vector species might build up resistance-
this in an area where A. sacharovi has already shown signs of decreased
susceptibility to DDT.0

0 Garrett-Jones, C. & Gramiccia, G. (1954) Bull. Wd Hlth Org., 11, 865

The Implications of Anopheles sergenti for Malaria
Eradication Programmes East of the Mediterranean

by M. A. FARI, Dr.P.H., Malaria Adviser,
WHO Regional Office for the Eastern Mediterranean, Alexandria, Egypt

Experience gained in the control of malaria in the Jordan Valley during
1949 to 1952 showed that the main malaria vectors, A. sergenti and A.
superpictus, especially the former, were successfully evading contact with
DDT-sprayed surfaces by using caves and fissures in the hills as daytime
resting-places, and were still capable of maintaining active malaria trans-
mission in some villages.a In Israel, the importance of A. sergenti in main-
taining malaria was demonstrated after the great reduction of the other

a Farid M. A. (1954 Bull. Wld Hlth Org., 11, 765


