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cal derivatives, synthetic pesticides are be-
coming prohibitively expensive for many
of those most in need of them, these com-
pounds have begun to fail vector control
requirements at a time of ebbing produc-
tion of new insecticides. Meanwhile man-
kind is steadily increasing in numbers; our
food and petrochemical crises are aug-
menting accordingly.

If, by the end of this century, we don’t
have not just one or two but a wide range
of biocontrols for mosquitoes on the mar-
ket in sufficient quantities for rational
choices to be made for integrated

methodologies from among them and
competing chemical agents, those respon-
sible for the year 2000 A.D.’s vector con-
trol (including, don’t forget, workers now
in this room) will be facing unprecedented
problems spearheaded by myriads of un-
healthy and decidedly discontented
people.

In order to have the necessary biocon-
trol supplements commercially available
then, the time to begin working towards
them is neither 10 years hence, nor next
year. It's NOW.

SOME ENTOMOLOGICAL ASPECTS OF INTEGRATED
CONTROL OF VECTOR BORNE DISEASE

J. P. BROOKE and J. B. KING

The Wellcome Foundation Ltd., Ravens Lane, Berkhamsted, Herts HP4 2DY, England

Integrated programmes for the control
of insect borne disease utilize the planned
appiication of complementary ento-
mological and medical and sometimes vet-
erinary measures. Although each pro-
gramme may be designed to fit individual
situations, the purpose of  the
entomological techniques employed will
be to achieve a level of vector control at
which individual adult insects are unlikely
to survive to an age at which they can
transmit the parasite. This applies to dis-
eases where the insect vector is an essential
part of the parasite life-cycle, as in malaria,
and also to diseases where transmission by
the vector is mechanical, as in communic-
able ophthalmia. At the same time, medi-
cal or veierinary measures can reduce the
reservoir of infection in the human or
animal host as in leishmaniasis. Thus
complete integration will obstruct the dis-
ease cycle at 2 or more different points.

This principle is valid for several differ-
ent vector-borne diseases.

MaLAaRIA. Malaria control programmes
using intradomiciliary residual insec-

ticides require transmission to be inter-
rupted during the attack phase. This
phase may last perhaps 4 years. If inter-
ruption of transmission is rapid, then in
the natural course of events a decline of
malaria in man may occur. This decline
may be largely in young children who are
not exposed to infection as transmission
pressure is reduced.

Traditional malaria control methods,
relying in the entomological phase upon
residual insecticides, are based upon the
premise that most endophilic female
Anopheles sp. will rest for some time upon
an internal surface of a room following a
blood meal. However, a prolonged attack
phase, during which the Anopheles sp. con-
cerned is often subjected to insecticide
pressure at sub-lethal doses, may be a
prime cause of the development of resist-
ance, although some authors blame ag-
ricultural use of insecticides for this. It is
our belief that by greatly shortening the
attack phase by the additional use of tech-
niques other than intradomiciliary re-
sidual spraying, the development of re-
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sistance may be delayed. Larviciding and
control of adult mosquitoes outdoors by
the planned use of ultra low volume
aerosols may be suitable complementary
techniques. Medical measures designed to
act directly against the parasite in man can
similarly shorten the attack phase. There-
fore, integration of both entomological
and medical measures into a single pro-
gramme can provide marked benefit.

Nevertheless, one must recognize that
methods of vector control requiring ex-
pensive equipment and needing a high
degree of treatment repetition may not be
suitable for use in and around small set-
tlements, and because the area treated
must be extensive enough to cover the
flight range of the mosquito species con-
cerned and prevent inward migration, a
high per capita cost may be incurred. Cost
effectiveness must be a guide to planning.

The. species of Anopheles present will
have a bearing on the success of the meas-
ures taken, especially the periodic flight
activity, the degree of exophily exhibited
and the migration habit. For example, An.
sergenti Theobald should be a more amen-
able species to control by the use of out-
door ULV aerosols, because of its
exophilic habit, than An. gambiae Giles al-
though the potentially long flight range of
An. sergenti (Shapiro et al. 1944) will make
control very difficult.

Anopheles stephensi Liston and more par-
ticularly An. gambiae are house haunt-
ing species with fairly well defined breed-
ing places and a short flight range. Never-
theless, An. stephensi with its rather specific
and limited breeding sites may be rela-
tively susceptible to larviciding while An.
gambiae with its far more diverse and ex-
tensive habitats in temporary ground
water during the wet season, is an ex-
tremely difficult species to control by lar-
viciding.

Martin, Stewart and Invest (1977) de-
scribed a field experiment conducted in
Gabon using ULV pyrethroids for mos-
quito control. On that occasion, Mansonia
untformis Theobald and Ma. africana
Theobald were the target. The techniques
employed were used in conjunction with a

population model. Although problems
were encountered with the long flight
range of these species, the control
achieved approximated to the theoretical
levels shown by the model.

The use of theoretical population mod-
els in vector control has been demon-
strated by Brooke, Martin and Stewart
(1975, Scientific Conference on Malaria in
Nigeria) where a technique which gives
95% control of (adult female) Anopheles sp.,
at each repeated application, carried out at
2-day intervals, was shown to provide
theoretical interruption of malaria trans-
mission after 3 treatments (Tables 1 and
2). If an external ULV adulticide aerosol is
combined with an intradomiciliary re-
sidual spray, then once transmission has
ceased the ULV aerosol can be withdrawn
and it may not be necessary to continue to
the point at which the life cycle is inter-
rupted. The presence of the residual in- )
secticide on indoor surfaces ought to
ensure that the density will not rise to a
level at which transmission recurs. How-
ever, it is only possible to determine the
validity of this supposition by field exper-
iment. The ULV aerosol technique ought
certainly to remove the exophilic, and a
large proportion of the endophilic, indi-
viduals if the treatments are timed to coin-
cide with peak outdoor activity. .

TracHOMA. The population model ap-
proach can be applied to any species and
any vector borne disease situation. For
example, in an integrated approach to
control of communicable ophthalmia
where the vector is probably Musca sorbens
Wied. (Jones, Darougar, Mohsenine and
Poitier 1976 WHO Inter-Regional Meet-
ing) control patterns can be predicted by
means of the model. This has been
demonstrated by Mahdi et al. (1976) who
showed in a field study conducted under
very unfavourable conditions, that the
theoretical point where interruption of
the life-cycle of Musca sp. occurred ap-
peared to be valid. )

Communicable ophthalmia, which in-
cludes trachoma, is often a disease of dry,
dusty climates. In village situations, where
isolated populations are far enough apart
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to restrict vector migration, the vector is
represented in isolation. In these circum-
stances, the use of the ULV technique to
interrupt the life-cycle of the fly and
therefore transmission, can be integrated
with medical treatment, chemo-
prophylaxis and environmental measures
in order to control the disease. In
trachoma management, the prevention of
transmission is an essential component of
the integrated programme.

LersuManiasis. The sand fly is int-
mately connected with the transmission of
cutaneous leishmaniasis, although knowl-
edge of the bionomics of the Phle-
botomine vectors is limited. A detailed
understanding of the resting, flight and
feeding habits of the adult sand fly is es-
sential, Adequate preliminary studies of
sand fly biology, biology of the rodent/
canine hosts of Leiskmania tropica, and the
relationship of these hosts to sand fly vec-
tors must be completed before an inte-
grated programme can be designed to
control cutaneous leishmaniasis. This is an
area where perhaps more is known of the
parasite than the vector, since effective
medical treatment is available.

It is established that all sand fly species
spend part of the adult stage of the life-
cycle outdoors and, being active after
dusk, are exposed to control by ULV
aerosols at this time. The sand fly may
spend many weeks in the immature state.
This must also be taken into account when
designing control programmes utilizing
ULV and residual adulticides. Some sand
fly species can be described as domestic in
their habits, which implies ‘continued
presence within a man-made shelter
throughout the whole or a definite part of

the gonotrophic cycle’ (Senior White
1954). Where residual insecticides have
been used indoors during malaria control
projects, a measure of control of some spe-
cies of sand flies has been recorded. This
implies that on these occasions the adult
sand fly has become domestic in habit.
Nevertheless, leishmaniasis can be
endemic in animals in uninhabited coun-
try where itinerant travellers can become
infected, so the term domestic may be
meaningless; thus each situation may need
a different approach.

ConcLusioN. These three examples,
and there are others, serve to illustrate the
part to be played by entomological meas-
ures within the structure of an integrated
programme. The benefits of this ap-
proach are such that it may be worthwhile
re-examining traditional methods which
rely upon a single entomological or medi-
cal measure.
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