
Bulletin of the World Health Organization, 62 (Suppl.): 89-100 (1984) ( World Health Organization 1984

Vector control operations in the African context

A. R. ZAHAR1

In order to define the scope of vector control as a component of malaria control in
the WHO African Region, examples of recent experiences with different vector control
methods in this region are reviewed. Residual house spraying applied alone or in com-
bination with mass drug administration has failed to interrupt malaria transmission in
savanna areas for several technical and administrative reasons. Nevertheless, there is
evidence that residual house spraying has led to an improvement in general health.
However, the existence of DDT and dieldrin/HCH and lately malathion resistance in
the Sudan in Anopheles gambiae s.l. would militate against the use of residual house
spraying as a main tool for long-term malaria control. It should therefore be used only
to reduce malaria prevalence to an acceptable level until integrated control methods can
be developed and become operational.

Experience with larval control, space spraying, and biological control of vectors is
also reviewed, and the value of self-help methods of reducing man-vector contact under
African conditions is examined. All these methods need to be more thoroughly assessed.
Several proposals are made for applied field research.

Malaria control with a vector control component
has a long history in the African Region. Prior to
the Second World War, control was based mainly on
antilarval measures, including source reduction,
while pyrethrum spray as an imagocide was tried on
a small scale in certain areas with variable results.
During the late 1940s, when organochlorine insec-
ticides became available, malaria control by house
spraying was initiated on a small scale in certain
countries and on a larger scale in Madagascar, Mauri-
tius, South Africa (Natal and Transvaal), Swaziland,
and Zimbabwe, formerly Southern Rhodesia (Mazoa
valley).
When the global malaria eradication programme

was established in 1955, the WHO African Region
was excluded because of the problem of intense
transmission of Plasmodium falciparum by the most
efficient vector, Anopheles gambiae s.l., assisted by
A. funestus. In the hope of overcoming this prob-
lem, a reorientation of malaria control activities was
undertaken in certain countries and islands, and
malaria eradication pilot projects were established
in circumscribed areas in several countries from the
mid-1950s to the early 1960s. These projects were
aimed at complete interruption of transmission as a
prerequisite for malaria eradication. The main tech-
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nique used was residual house spraying with or with-
out chemoprophylaxis.
The results of these projects have been reviewed by

several authors, e.g., Hamon et al. (1) and Bruce-
Chwatt (2), and in various meetings and conferences.
Despite the success achieved in certain forest areas,
it was realized that it is almost impossible to main-
tain the gains in a small area surrounded by a large
expanse of unprotected land. Complete failure to
interrupt malaria transmission was encountered in
the dry savanna of West Africa owing to a complex
of technical, operational, administrative, logistic,
and financial factors. In addition, population move-
ments represented a constant threat of reinfection to
the areas freed of malaria transmission (3).
The most important technical factors responsible

for the high malaria endemicity in West Africa were:
(a) the exophily of A. gambiae s.l. and A. funestus,
which was aggravated by the excitorepellency ofDDT
(both species are much less endophilic and anthropo-
philic in savanna than in forest areas), and (b) the
appearance of dieldrin/HCH resistance in A. gam-
biae s.l. (hitherto DDT resistance has not appeared)
and in A. funestus in certain projects. Attempts to
supplement DDT spraying by chemotherapy failed
owing to the appearance of strains of P. falciparum
resistant to pyrimethamine, the short-lasting effect of
chloroquine, and the decline of population support
for drug administration.
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When the introduction of pre-eradication pro-
grammes was advocated as an approach for de-
veloping countries, several such programmes were
established in countries of the African Region from
1962 onwards, but they were discontinued a few years
later because, as explained by Quenum (4), they
could not fulfil their objectives of parallel develop-
ment of a malaria service and basic health services.
Subsequently, antimalaria activities became limited,
except in a few countries. The WHO Interregional
Malaria Conference (5) formulated several recom-
mendations for reviving long-term malaria control in
countries where time-limited malaria eradication was
impracticable, including those of the African Region.
In May 1979, the Thirty-second World Health As-
sembly noted with grave concerna that, despite the
resolution of the previous Assembly recommending
the reorientation of malaria control strategyb and
many previous recommendations, organized anti-
malaria activities had yet to be initiated in most
countries in the African Region where the havoc
caused by malaria was greatest. The Assembly made
several recommendations and stressed that unless
the African countries were assisted in implementing
realistic antimalaria activities, the situation would
further deteriorate and consequently jeopardize the
achievement of the goal of health for all by the year
2000.

In 1981, the WHO Regional Committee for Africa
approvedc the recommendations and conclusions of
the Regional Director's reportd relating to a regional
malaria control strategy. This report advocated that
priority be given to chemotherapy and chemoprophy-
laxis, recommended appropriate drug dosages and
defined the role of primary health care in the com-
munity. Emphasis was placed on the need to im-
plement environmental management for the control
of malaria, including drainage of stagnant water, fill-
ing in of hollow ground and levelling of sites, clearing
of vegetation, regulation of waterways, improvement
of drainage and waste disposal, and screening of
houses. Depending on local conditions and the avail-
ability of resources, further measures were suggested,
such as larviciding in urban and periurban areas in
conjunction with environmental measures and the
use of larvivorous fish and other biological control
agents, e.g., Bacillus thuringiensis H-14. With regard
to residual house spraying, it was pointed out that
local conditions and availability of resources should
be taken into account. In view of the high cost, the
personnel required, and technological consider-
ations, house spraying could be reserved for special
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situations (e.g., control of epidemics).
According to a synopsis of the world malaria situ-

ation in 1979 and 1980 published in the Weekly epi-
demiological record (6, 7), Lesotho, St Helena, the
Seychelles, and the major part of South Africa have
always been considered malaria-free, while Reunion
had been officially registered as having eradicated
malaria. In Mauritius, although malaria eradication
had also been successful, cyclones had been partly
responsible for an outbreak, the number of cases
reported in 1980 having reached 470. In Cape Verde,
parts of South Africa, and Swaziland the risk was
limited. In Somalia, malaria prevalence in areas
under control remained low, and no outbreaks had
occurred in refugee camps. In the Sudan, the situ-
ation in areas under control had improved, the
slide positivity rate having reached 0.807o in Gezira
Province, the lowest in 10 years. In the remaining
countries malaria control activities, if applied, were
generally conducted by primary health care and the
health services, with the aim of reducing mortality
and morbidity. Vector control activities were limited
to some urban and suburban areas, and areas of
particular socioeconomic importance. The malaria
situation in Africa (south of the Sahara) in 1980 was
as follows: 45 countries (areas) were affected, 313
million people were at risk, and the estimated number
of infections was 160 million (8).

RECENT EXPERIENCE WITH VECTOR CONTROL
METHODS IN THE AFRICAN REGION

Undoubtedly, a great volume of work has been
done on vector control methods throughout the
years, either experimentally or on an operational
scale, and probably a good deal has remained un-
published. The present review gives some examples
of recent experiences with vector control methods,
selected from the available reports, which point to the
need for further field research and future planning of
vector control. For chemical control, only the out-
come of epidemiologically assessed large-scale trials
or operations employing mainly house spraying is
considered, but no attempt is made to summarize the
village-scale trial for testing new imagocides and
larvicides conducted in Kaduna, Nigeria. For those
insecticides that have been found eligible for further
and larger trials, or wider application, the recent re-
view of Pant et al. (9), the abstracts of field research
in malaria by Haworth (10), and a guide to chemical
control (11) should be consulted. In view of the
paucity of knowledge on other methods of vector
control, those that have been attempted are noted,
whether parasitologically supported or only entomo-
logically assessed.
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Residual house spraying

The latest report of the WHO Expert Committee
on Vector Biology and Control (12) noted that in the
African Region malaria vector control operations on
the mainland are largely confined to urban and peri-
urban areas. In some islands, more comprehensive
malaria eradication or control programmes have been
carried out, such as in Cape Verde, Mayotte, and Sao
Tome and Principe, where. malaria control activities
have led to a spectacular drop in parasite rates and
malaria incidence. In Sao Tome and Principe, DDT
alone was applied in two rounds annually, while
in Mayotte, DDT was alternated with malathion to
delay the onset of insecticide resistance.
From this it appears that house spraying has not

been employed as a principal measure for malaria
control in the majority of countries of the mainland,
in conformity with the recently adopted malaria
control strategy. However, some limited spraying is
probably applied around urban areas, or selectively
in some rural areas as in Ethiopia and Somalia, but
no recent information could be obtained on the epi-
demiological assessment of such operations. There-
fore, the examples given here are drawn mainly from
field trials. Additional information is given from the
Sudan, where large-scale spraying operations have
been pursued, as described later.

In West Africa, as already mentioned, past ex-
perience with DDT house spraying in savanna areas
showed it to be incapable of interrupting malaria
transmission, owing mainly to the increased exophily
of A. gambiae s.l. and A. funestus. More recent
experience has not only confirmed this, but has
demonstrated that more complications have been
added with the appearance of DDT resistance in
A. gambiae s.l. In the Guinea savanna of An6cho
district, Togo, a malaria control demonstration zone
covering 1110 km2 with a population of 207 000
inhabitants was sprayed with two annual rounds of
DDT at a target dose of 2 g of active ingredient per
ml in each round from 1965 to 1967, and with an
annual round during 1968 and 1969 as reported by
Ivorra Canoe and Bakri (unpublished report to
WHO, 1975). A spectacular reduction in A. gambiae
s.l. man-biting density occurred and A. funestus
almost disappeared following DDT spraying in
1965-66. Parasitologically, the effect of this was
clearly demonstrated by a considerable reduction in
the infant parasite rate, which reached almost zero
in 1966. From 1967, the density of A. gambiae s.l.
progressively increased and A. funestus started to re-
appear. DDT resistance in the already dieldrin/HCH-
resistant A. gambiae s.l. (identified as A. gambiae
s.s.) was demonstrated in 1968; the continuous use

e IVORRA CANO, V. Rapport d'affectation, octobre 1961-aout
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of pesticides in agriculture contributed to increased
selection pressure for resistance. The infant parasite
rate concurrently showed a rising trend from 1967
reaching about 3-12% in 1968. Likewise, the para-
site rate in children of 5-9 years increased to about
32-50% in January 1970, after reaching a very low
level in 1966. Partial exophily of A. gambiae s.l. was
evidenced by exit trap observations before spraying.
Despite an increase in this behaviour under the excito-
repellency of DDT, satisfactory control was achieved
in the initial years of DDT spraying until the action
of DDT was blunted by DDT resistance.

In the dry savanna of Kankyia, northern Nigeria, a
trial was conducted during 1967-68 by DDT spray-
ing combined with mass drug administration covering
a population of 52 000, as reported by Najera et al.f
and Najera (13). The trial was designed according
to the expectations of a mathematical model. DDT
spraying was applied at a dosage of 2 g of active
ingredient per m2, initially at 4-month intervals and
later at intervals of 2½ months; the applications of
each spraying round lasted only for one month. Ac-
cording to the critical appraisal of the mathematical
model indicating inherent deficiencies in assumed
variables, and taking into account the commonly
experienced poor confidence of field-estimated para-
meters, the results did not meet the calculated ex-
pectations. Control operations continued for two
years but did not achieve interruption of malaria
transmission, and malaria prevalence returned to its
pre-operational level. However, the parasitological
findings indicated that during the two dry seasons
malaria prevalence was greatly decreased, probably
because mass drug administration had reduced the
reservoir of infective cases. On the other hand, DDT
spraying could not produce the expected reductions
in transmission. Consequently, there was a big in-
crease in prevalence during the main transmission
season of the wet period of the year, and under such
conditions mass drug administration was unable to
check the increase in the parasite reservoir. There
was evidence that the excitorepellency of DDT drove
A. gambiae s.l. (A. arabiensis was identified later)
from the sprayed houses after feeding to rest out-
doors. In addition, bioassay tests showed that DDT
deposits covered with soot did not have a lethal
effect, and DDT effectiveness on mud did not last
for more than 2 V2months.
Even the use of the most powerful insecticides

could not lead to interruption of malaria trans-
mission in the dry savanna of West Africa. This
was demonstrated in the Garki project in northern
Nigeria (14), confirming the experience obtained
from various control trials over the last 25 years in

f NAJERA, J. A. ET AL. Mass drug administration and DDT
indoor spraying as antimalarial measures in the northern savanna,
Nigeria. Unpublished document, WHO/MAL/73.817 (1973).
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West Africa. Propoxur spraying was applied in an
area with about 50 000 inhabitants, divided into three
sectors, where the impact of spraying alone, or as
supplemented by high- and low-frequency mass drug
administration, was assessed. Propoxur spraying
alone produced a very limited impact on malaria; the
vectorial capacity remained well above the critical
level to maintain P. falciparum transmission, and
the entomological inoculation rate remained at a
measurable level. Despite a 9007 reduction in the vec-
torial capacity, the prevalence of P. falciparum was
reduced by only about 25% on the average. In villages
with the highest level of transmission prior to spray-
ing, an equilibrium was reached after two years, indi-
cating that further spraying would not have improved
the situation. Various causes of the limited effect of
propoxur were discussed. The most plausible explan-
ations were the high level of transmission represented
by high vectorial capacity before spraying (base-line)
and the relative exophily of A. gambiae s.l. The
effect of propoxur in reducing A. gambiae s.l. popu-
lations and consequently malaria transmission varied
significantly between villages. Partial exophily of
A. gambiae s.l. was indicated from indirect evidence,
as reflected in the prespray ratio between man-biting
and indoor resting densities, which varied consider-
ably between villages. This was supported by the
cytogenetic investigation conducted by Coluzzi et al.
(15), who showed that the resting behaviour of the
predominant vector A. arabiensis (and probably of
A. gambiae s.s.), and consequently the effect of pro-
poxur were associated with the frequency of certain
intraspecific chromosomal arrangements, resulting in
a relatively stable behavioural pattern among carriers
of such arrangements.
Propoxur combined with mass drug administration

also failed to interrupt malaria transmission, even
with high drug frequency (every 2 weeks). This fre-
quency, however, gave good control; P. falciparum
prevalence varied between 1 No in the dry season and
5% during the wet season. In contrast, with low drug
frequency (every 10 weeks), despite a decrease in
prevalence to 2%1o in the dry season, there was a con-
siderable increase of up to 28% during the wet
season. With low or high frequencies of mass drug
administration, a new oscillating equilibrium was
reached, and continuation of intervention would
probably not have altered the situation. With high-
frequency mass drug administration, child morbidity
was reduced. The conclusion drawn from the effect
of propoxur spraying combined with mass drug ad-
ministration is that, despite giving a high degree of
control, it is too expensive to be applied on a large
scale for a long time. Also, there is the possibility
that its prolonged application could lead to selection
for drug and/or vector resistance. On the other hand,
dangerous epidemiological consequences should be

expected if mass drug administration is interrupted,
as this would lead to a loss of immunity among older
children and adults. It was further stressed in the
report on the Garki project that mass drug adminis-
tration, either alone or in combination with residual
house spraying, should not be recommended for
long-term malaria control in rural areas of the Sudan
savanna of Africa.

In the forest area, only one trial with house spray-
ing was conducted in recent years. Bearing in mind
that previous experience in certain forest areas
showed that under DDT spraying A. funestus dis-
appeared and continued to be absent for several years
after spraying was discontinued, a trial was con-
ducted in Palime, Klouto district, Togo, in the hope
that malaria prevalence would be reduced by elimin-
ating transmission effected by A. funestus.1 The trial
was; conducted in two areas: dense.forest and de-
graded forest, with A. gambiae. s.l. -(having a low
level ofDDT resistance) and A. futestus as the major
vectors. Only a single round of DDT spraying was
applied in October at a target dose of 2 g of active
ingredient per M2. The trial could not be assessed
parasitologically because no blood surveys could be
carried out in an untreated area for comparison.
Entomologically, the A. funestus man-biting rate
was greatly reduced and reached a negligible level two
years after spraying in the two sprayed areas, but the
A. gambiae s.l. biting rate, after declining sharply
during the first two months following spraying, soon
regained its prespraying level, and A. gambiae s.l.
populations became totally resistant to DDT three
months after spraying. A transient effect was noted
when the entomological inoculation rate (EIR) was
computed in terms of the ratio of treated to untreated
areas. The conclusion drawn from this trial was that
the impact of DDT was not sufficient to change
permanently the equilibrium of the malaria hyper-
endemic level; in the case of the most favourable
decline, that obtained in the degraded forest, the EIR
fell from 2.02 before spraying to 0.14, i.e., a 14-fold
decrease in the first six months after spraying, but
this fall was not subsequently sustained. The sharp
increase in the level of DDT resistance in A. gambiae
s.l. was not expected.

In East Africa, the most recent house spraying trial
was conducted during 1972-76 with fenitrothion near
Kisumu, Kenya, being the final stages of evaluating
this insecticide under the previous WHO Programme
for Evaluating and Testing New Insecticides.' As
reported by Fontaine et al. (16), the trial was carried

g BAKRI, G. & NOGUER, A. Impact of a single DDT spraying
application on vector densities and entomological inoculation rates
in Togo. Unpublished report WHO/MAL/77.891, WHO/VBC/
77.676 (1977).

h The programme has now been modified, as shown in unpub-
lished document WHO/VBC/82.846, Revision 1 (1982).
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out in an area of 200 km2 with about 50 000 popu-
lation, where malaria is known to be hyper/holo-
endemic and A. gambiae s.s., A. arabiensis, and
A. funestus are the major vectors. Fenitrothion was
applied at a target dosage of 2 g/m2 at 3-month
intervals for a total of eight consecutive spray rounds
in two years. The indoor and outdoor resting and
biting densities of the three vectors were reduced to
a negligible level after spraying and for 10 months
after the last spray round. However, A. gambiae s.l.
reappeared during the main wet season at densities
sufficiently high to re-establish a low level of trans-
mission. In general, spraying produced a marked and
rapid reduction in both the incidence and prevalence
of malaria. Prevalence in the evaluation zone fell
from a baseline level of 58.87o to 17.2%, whereas
in the untreated zone it remained at 46-49%. With
P. falciparum being predominant, prevalence should
have fallen to 8.61o after one year, if transmission
had been interrupted. Mathematically, it was esti-
mated that the prevalence among the youngest age-
groups would have reached 6.90o if spraying had
been continued. It was concluded from this trial that,
despite the general reduction in malaria prevalence,
without supplementary measures, fenitrothion was
incapable of containing the explosive increases in the
vector population during the most favourable period
of the year. The high cost of the insecticide would
be prohibitive for long-term malaria control pro-
grammes at the dosage and frequency of application
adopted in the trial. The insecticide can be useful for
selective focal spraying. Depending on the epidemio-
logical situation, lower dosages and less frequent
applications may reduce the cost.
From the above examples of various well per-

formed and carefully assessed trials, as well as from
the many pilot projects in the past, residual house
spraying cannot be considered as a principal tool for
long-term malaria control in tropical Africa. Indeed,
as expressed by Bruce-Chwatt (17), the days of the
magic words "let us spray" are over. Apart from
the technical, administrative, and logistic problems,
there are now the added problems of the increasing
incidence of double resistance to organochlorine
compounds and the risk of resistance extending to
alternative insecticides (already DDT/dieldrin/mala-
thion resistance in A. arabiensis has been recorded
in the Sudan, as shown below), with selection being
enhanced by the use of pesticides in agriculture.
Other problems include the rapidly increasing cost of
alternative insecticides; the remoteness of the hope
of developing new effective, safe, and cheap com-
pounds; and the greatly increased concern about
environmental safety. Yet residual house spraying for
malaria control has its own advocates. For example,
Kouznetsov (18) noted that, despite the failure of
malaria control or eradication projects to interrupt

malaria transmission in tropical Africa, there had
been considerable reduction in malaria prevalence,
but few systematic attempts had been made to assess
the beneficial effects of this reduction. He therefore
reviewed the results of 13 projects in four different
ecological zones and used the available data from
health institutions to illustrate the impact of reduc-
tion in malaria prevalence on the general health. In
his conclusions, while calling for more comprehen-
sive studies on this aspect, Kouznetsov endorsed the
view that, in highly malarious endemic rural areas in
tropical Africa, although house spraying does not
interrupt malaria transmission, it would make a con-
siderable contribution to an improvement in health.
While this opinion has much to commend it, for the
strong reasons stated above, house spraying cannot
be accepted for long-term malaria control; it may,
however, be considered as an interim measure in an
integrated control programme for initial reductions
of malaria prevalence, as discussed below.

Space spraying
Probably, several municipalities in the African

Region apply space spraying in the form of thermal
fog or ultra-low-volume (ULV) applications as a
means of vector control in urban areas, but little is
known about its efficacy. No space spraying seems to
have been undertaken in rural areas, but information
on a village-scale trial is available from Nigeria and
is briefly summarized. Bown et al. (19) reported the
results of a ULV malathion trial carried out during
1978 by the former WHO Arbovirus Unit at a village
consisting of 247 compounds (582 houses) with about
1700 people in a relict forest area, 35 km from Enugu.
A technical grade of malathion was applied by a
ULV Fontan R12 backpack sprayer. The application
was made indoors and outdoors around each com-
pound. The safety precautions recommended by
WHO were carefully observed to protect the spray-
men and inhabitants. Two consecutive applications
were applied, with a one-week interval between. The
dosage rate per application was 364.4 ml per com-
pound, giving a total consumption of about 90 litres,
while the consumption outdoors was 62 litres per
application. The target species were A. gambiae s.l.,
A. funestus, Aedes aegypti, and two other Aedes
species.
The trial was assessed entomologically by landing

catches on man and by pyrethrum spray capture be-
fore and after spraying and in an unsprayed compari-
son village, as well as by bioassays. Droplet size and
counts were assessed by placing cards horizontally
and vertically indoors and outdoors. The two sequen-
tial applications gave good control of Anopheles and
Aedes species. The highest percentage reduction was
against A. gambiae s.l. and A. funestus indoors; the
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landing rate for the two species remained below 0.2
per man per night for 14 weeks, followed by a small
increase in the 20th week, coinciding with a gradual
decrease in the residual effectiveness of malathion on
mud walls indoors. Although the density of the two
Anopheles species was declining in the comparison
village, with the advent of the dry season, the density
was 10 times higher than in the sprayed village. The
density of A. gambiae s.l. per room, as determined
by pyrethrum spray capture, dropped from 10 before
spraying to zero after spraying. During the 20th
week it was 0.025 per room in the sprayed village, as
against 2.5 per room in the unsprayed village. The
sustained effect indoors was attributed to the large
droplet size, estimated to be 70-101 ym, and the high
droplet density. The cost of the two applications was
calculated as US$ 0.70 per compound, based only on
the price of malathion plus shipping charges, and this
was considered inexpensive.

It was recommended that future trials of ULV
applications should be conducted with due attention
to safety precautions, in order to determine accu-
rately the insecticide dosage rate and droplet size in
relation to the residual effect, as well as the efficacy
of other alternative insecticides. It should be noted
that in this trial, the authors showed that the highest
droplet density (465 /cm2) was recorded on cards
placed on floors indoors; on cards that were placed
vertically on inside walls opposite to the doorway and
so received a direct blast, the droplet density was too
high to be counted. From this it appears that there
must have been a great amount of spray falling on
the floors. Although foodstuffs and utensils were
removed before spraying and furniture covered with
plastic sheets, future development of ULV machinery
and application procedures should ensure the mini-
mum fall of droplets on floors to avoid toxic hazards.

Antilarval measures

(a) In urban areas. There is little recently pub-
lished information on the assessment of antilarval
operations currently being applied in several urban
areas in the African Region, whether for malaria con-
trol or as part of general mosquito control, yet much
work was done by the WHO/AFRO intercountry
malaria teams and by consultative teams with a view
to reorienting malaria control, particularly antilarval
measures in several urban areas, during the early
1970s. Briefly, recommendations were made to im-
prove urban vector control operations- for example,
by conducting geographical reconnaissance; by re-
ducing the unduly large number of insecticides used
as larvicides or imagocides to the most effective ones,
with continuous monitoring of vector susceptibility
levels; by intensifying source reduction; and by en-
couraging the use of larvivorous fish where they exist

locally.
An example of assessment of vector control oper-

ations in an urban area has been provided by the
studies of Chinery in Accra, Ghana (20-22). Longi-
tudinal larval and adult house-resting mosquito
surveys were conducted at monthly intervals for two
years, starting immediately after the first application
of control measures in September 1964. The breeding
places were classified into eight types and the results
were expressed as percentage of positivity for each
mosquito species in each type. The composition of
the mosquito species was found to have changed from
that recorded 40- 50 years previously. While A. gam-
biae s.l. had constituted only 0.95% of all mosquito
fauna in the past, the proportion had risen to about
1307 in 1964-66. The change was attributed to the
creation of new breeding places, favouring certain
species, through increased urbanization and indus-
trialization. Antilarval measures consisted of mech-
anical means of source reduction, such as emptying
and burying water containers, as well as larviciding
with diesel oil.

Satisfactory control was noted for nine months
after the initiation of control measures, but expan-
sion of breeding with marked increase in adult den-
sities was observed during the rainy season April-
August. During this period, high rainfall caused large
tracts of land to be flooded, with reduction in the
efficacy of the larvicide, and in certain areas the
operations were even disrupted. Subsequently, con-
ditions returned to normal and operations kept the
breeding under good control, resulting in a very low
adult density from September 1965 to March 1966.
In 1971, an attempt was made to assess the control
operation parasitologically. Malaria-positive cases
including children below 10 years of age detected by
the hospital in Accra were mapped and compared
with previous positivity records of A. gambiae s.l.
breeding places in various districts under control
measures. Although the latter records had been made
in 1964-66 surveys, the comparison was considered
as valid because conditions in Accra did not change
much between the two periods.
Assuming local contraction of infection, the com-

parison showed no correlation between the malaria
parasite rates and A. gambiae s. 1. positivity and adult
density. The explanation offered was that in districts
with low breeding intensity and low adult density
associated with high parasite rates, poor housing con-
ditions and low standard of living create opportuni-
ties for overexposure of the inhabitants to the bites
of the small population of A. gambiae s.l. This was
observed in the old part of the city where few open
spaces are available among buildings to allow pools
for A. gambiae s.l. breeding to become established.
Only polluted drains were available and these are un-
suitable for breeding of this vector, but they become
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favourable sites in the rainy season. On the other
hand, districts with high breeding positivity and high
adult density arising from the existence of favourable
breeding places in open spaces and around streams
were associated with low or moderate parasite rates.
These were modern districts where better housing
and high standard of living resulted in lower exposure
to vector bites. From further analysis of entomolo-
gical data, Chinery (23 and personal communication,
1983) found that there was a lack of correlation be-
tween breeding frequency of A. gambiae s.l. and
adult density in four districts. This was thought to
be due to several causes, such as cross flights be-
tween districts, variable degrees of success in control
measures, microclimatic and ecological diversities
between districts, as well as differences in behaviour
of members of the A. gambiae complex' probably
occurring in different proportions between districts.
The outstanding difficulties in standardizing

sampling of immature stages for reliable evaluation
of antilarval measures are acknowledged. The posi-
tivity index was adopted in the above evaluation in
Accra as a convenient approach, but it should be
supplemented by a numerical estimate of density, in
terms of the number of the 3rd and 4th instar larvae
and pupae per unit dip. An attempt was made to
overcome the difficulty in larval sampling by estab-
lishing a protocol based on standardizing sampling
procedures as adopted in studies in Sapele township,
Nigeria (A. Smith, unpublished report to WHO,
1980). The protocol established the relationship
between the number of dips made by two sampling
tools that had to be used according to the types of
breeding place. No antilarval measures were applied
in the township to test the validity of this protocol
for evaluation. Studies aimed at standardizing larval
sampling are badly needed.

(b) In rural areas. An attempt was made to protect
the Gezira irrigated area, Blue Nile Province, Sudan,
by larviciding, since DDT had to be discontinued
owing to the significant operational implications of
DDT resistance in A. arabiensis (already resistant
to dieldrin/HCH) as reported by Haridi et al. (24).
Based on laboratory observations and a preliminary
field trial, temephos 500 EC was applied on a larger
scale during the dry season, November 1972-Feb-
ruary 1973, using 0.05% concentration applied at a
rate of 10 ml/m2 to give a target dosage of 50 g of
active ingredient per ha weekly in small irrigation
canals where A. arabiensis continued to breed.
Assessment was based on larval sampling on the first
and sixth day after application, and an untreated
area was also sampled for comparison. This weekly
dosage was found to give good control under the

i Identification not so far made, but A. gambiae s.s., A. arabien-
sis, and A. melas suspected to be present.

prevailing conditions.
The results encouraged the application oftemephos

at this rate after the dry season, starting from June
1973, in a larger-scale trial covering about 123 000
population in an area of 9200 km2 (Zahar, unpub-
lished report to WHO, September 1974). On the basis
of accurate mapping of irrigation canals, the area was
divided into operational sectors to which larvicider
squads were assigned according to the estimated
workload. Larval and adult surveys indicated satis-
factory results until very heavy rains fell from the
beginning of August to September and large areas
in certain sectors were flooded and subsequently
extensive swamps were formed. According to the
evaluation made in September, the workload on lar-
viciders, which had been estimated on the basis of
conditions prevailing at the end of the dry season,
became so great that large parts of the operational
units could not be covered. The result was that many
breeding places where A. arabiensis proliferated
remained untreated and the corresponding adult
density in houses increased drastically (zero in June,
1.7/room in July with the onset of rains, 56/room in
August, and 96/room in September). The situation
became threatening and in fact, in the following year,
a sharp increase in malaria transmission occurred for
which emergency measures were applied and mala-
thion house spraying was introduced.
The two examples from the Accra urban area and

the Gezira irrigated rural area illustrate the need
for environmental measures to be the backbone of
malaria control under African conditions, a subject
that is dealt with in a separate paper (see pp. 77-80).
Another deduction from the two examples is that the
idea of larviciding during the dry season to reduce
or retard the appearance of a wet season vector peak
under African conditions is unlikely to materialize,
as has been shown. This was also the experience
obtained with a larviciding field trial during the
dry season in Kaduna during 1972-73 (N. Gratz,
personal communication, 1983).

Biological control

Little has been done recently in the way of utilizing
biological control against malaria vectors, although
there are many records in the African Region of
potential parasites, predators, and other biological
agents. Some preliminary field testing of Bacillus
thuringiensis H-14 was undertaken in a small number
of artificial ponds in Upper Volta where A. gambiae
s.l. breeds. In Zambia, a feasibility study has recently
been conducted to determine the efficacy of the "in-
stant fish", Notobranchius guntheri, a larvivorous
fish indigenous to East Africa, against A. gambiae
s.l., but no results are available so far (Ravanojana-
hary, unpublished report to WHO, 1982). The only
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available recent information comes from Somalia
and concerns a successful field trial with larvivorous
fish.' According to this report, the fish previously
known as Tilapia has now been identified as Oreo-
chromis spilurus spilurus, which was discovered
locally in substantial numbers in breeding places
where no mosquito larvae could be found. A few
preliminary observations showed that the predatory
quality of this fish was most encouraging. The fish
was subsequently introduced into villages where it
did not previously exist and was used successfully to
eliminate breeding of A. arabiensis in an area where
a malaria epidemic occurred.
The systematic field evaluation of the efficacy of

the fish was made in the semidesert area of Buraro
district, Togdher Region, northern Somalia, where
the conventional antimalaria measures could not
solve the malaria problem. Malaria in this area is
mesoendemic but epidemics occur in favourable
years. P. falciparum is the predominant infection
with P. vivax and P. malariae next in importance.
A. arabiensis, the principal vector, breeds in man-
made cement-lined water reservoirs used for water
storage, known locally as "barkits". The trial was
conducted in an experimental area with a population
of 6216 living in 16 villages having 608 "barkits"
and a comparable area was selected for control pur-
poses. Stocking and restocking of fish in the "bar-
kits" continued throughout the trial period 1980-82.
Entomological assessment was based on longitudinal
observations by pyrethrum spray capture and man-
bait capture indoors and outdoors. Parallel para-
sitological assessment was made by periodic blood
surveys in indicator villages and outside. Sharp and
continued decline in vector density and slide positivity
was observed from the initial months of the trial to its
end in June 1982. In addition to its high efficacy as a
larvivorous fish, adult Oreochromis spilurus spilurus
attain up to 15-20 cm in length and can serve as a
source of food for the inhabitants. The authors of the
report expect that, from the enthusiasm of the people
encountered in this trial, community participation in
fish distribution and maintenance of the fish can be
ensured when the results are extrapolated to other
areas in Somalia.
The sixth report of the WHO Expert Committee

on Vector Biology and Control (25) identifies the
most promising fishes of different regions, including
those existing in East and West Africa. These are in
addition to Gambusia, which exists in several coun-
tries in the Region but has never been assessed, al-
though some trials were conducted in the Sudan in
recent years, but were inconclusive.

J ALIo, A. Y. & ISAQ, M. A. Field trial of the impact of Oreo-
chromis spilurus spilurus on malaria transmission in northern
Somalia. Unpublished WHO document EM/MAL/191, EM/
VBC/38 (1982).

Genetic control

Only one trial of genetic control has been con-
ducted. This took place in a small isolated village
in Upper Volta during 1968-69, using sterile males
produced from crossing A. arabiensis and A. melas
against the local vector A. gambiae s.s., as described
by Davidson et al. (26). The trial failed and several
reasons accounted for this failure. Since then, the
London School of Hygiene and Tropical Medicine
has elaborated genetic control laboratory studies on
the A. gambiae complex with the eventual aim of
developing a carefully studied plan for a new trial.

Self-help methods of vector control

Although the use of bed-nets, insecticide sprays,
aerosols or coils, and screening of houses in modern
quarters in urban areas, are mentioned in a general
way in some reports, no specific reports could be
traced on organized self-help programmes, nor on
community participation in malaria vector control
activities at a village level. Several authors referred to
the regular large-scale use of bed-nets by the inhabi-
tants of the Gambia, West Africa, and Port & Bore-
ham (27) made a specific assessment of this form of
protection in Tibora village, where A. gambiae s. s. is
the prevalent species. From a series of observations in
experimental huts where local inhabitants slept under
their own bed-nets, and also in a local house where
people had bed-nets in good condition, it was con-
cluded that nearly all nets tested reduced A. gambiae
s.s. feeding, but the degree of reduction was cor-
related with the number and size of the holes in the
nets.

Little has been done to assess the efficacy of mos-
quito coils. Hudson & Esozed (28) studied the effect
of different coils in verandah trap experimental huts
in Arusha, Tanzania. With smoke generated from
0.04-0.4Wo pyrethrin coils, 24-84% of A. gambiae
s.l. were deterred from entering the treated huts, but
with coils containing 7.3 -13%o DDT, 91 %lo of A. gam-
biae s.l. were deterred. Smith et al. (29) carried out a
further series of experiments, also in Arusha, during
January-March 1972, using coils containing 0.3'Vo
pyrethrins but with a higher pyrethrin I:II ratio than
those used by Hudson & Esozed. Although only 29%7o
of A. gambiae were deterred from entering treated
huts, 94% of the females of this species were repelled
after entering the huts, as against 86% in the earlier
experiment.

These results clearly demonstrated the effect of
smoke from insecticidal coils in deterring mosquitos
from entering individual huts, but what is needed
is to assess this on a village scale and see whether
the deterred vector will be diverted to feed on ani-
mals. Some trials on impregnation of bed-nets with
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insecticides were made in Upper Volta. Brun & Sales k
impregnated cotton-made bed-nets with different
insecticides at a rate of 0.2 g/m2 each. The impreg-
nated nets were used by sleepers in experimental huts
and the mortality of A. gambiae s.l., A. funestus,
and A. nili was estimated the following morning.
Only chlorophoxim gave satisfactory results, the
mortality being about 85% for over two months. In
the recent progress report of the London School of
Hygiene and Tropical Medicine' it was briefly men-
tioned that repellent-impregnated bedsheets and
nightcaps were tested in the United Republic of Tan-
zania and had given very promising results as a self-
help device for malaria protection, but no details or
data were given.
Community participation is enhanced as people be-

come increasingly knowledgeable about the disease.
Noting that, in Nigeria, lack of participation by the
local population in the malaria control programme is
posing a serious problem, Ogbalu (30) carried out an
interview survey using a specially designed question-
naire. Although the sample was small, with 211 out
of 250 people responding from two towns, Enugu
and Onitsha, the results were quite pertinent. About
250%/o of the people could not identify three types of
water collection as a source of mosquito breeding. In
reply to a question about the use of household spray,
56%o said they applied it when mosquitos were plenti-
ful. Dislike of the smell of the spray, fear of poison-
ing animals, or shortage of money were reasons given
by non-users. A large majority (about 97%0) did not
connect spraying of houses with elimination of breed-
ing sources as means of mosquito control. About
4007o of the people did not know what the government
was doing to achieve mosquito control. About 570%o
were not using bed-nets because of the cost or the
inconvenience; the non-users were those with a lower
level of education.
The difficulty in conceiving the connection be-

tween breeding places and the flying mosquitos that
attack man is often encountered among those with
a low level of education in developing countries.
Health education should explore the right approaches
for such groups. Schools could be a very useful
medium for live demonstrations of the vector life-
cycle for teachers, children, parents, and other family
groups. The available self-help devices need to be
sold at a price that can be afforded by those on iow
incomes; new cheap and safe self-help devices also
need to be developed.

k BRUN, L. 0 & SALES, S. Stage IV evaluation offour organo-
phosphorus insecticides, OMS-43, OMS-115S, OMS-1424, applied
at 0.2 g/m2 to cotton bed nets. Unpublished report WHO/VBC/
76.630 (1976).

I CURTIS, C. F., ed., Mosquito studies at the London School
of Hygiene and Tropical Medicine. Progress Report No. 43, 1982
(unpublished).

Integrated control

Ekanem (31) described the programme of malaria
control in Nigeria, indicating that it involves com-
bined measures of drug prophylaxis for vulnerable
groups and children below 12 years, insecticidal house
or space spraying, source reduction, and self-pro-
tection methods. The programme was implemented
in small-scale projects covering 50 000-100 000
population and expanding according to the degree
of administrative and operational ability. By the end
of five years, with the available resources, the pro-
gramme covered 2 million people, providing protec-
tion for 204 841 children and expectant mothers by
administration of chloroquine. In areas with opti-
mum community participation, over 607o reduction
in parasite rates was achieved.

In Liberia, a small programme of malaria control
in Yekepa town in the northern part of the country
was described by Hedman et al. (32). The town is a
centre of an iron mining company with about 16 000
local inhabitants and 1500 expatriates. Control
measures have been undertaken by the company since
1963, but with subsequent modifications, the latest
including an annual round of DDT house spraying;
source reduction and oil larviciding of swamps and
water pools, if found positive on inspection; drug
prophylaxis for all workers on pay-day; and screen-
ing of all houses except those of non-staff. The con-
clusion was that satisfactory malaria control had
been achieved despite the movement of local workers
to visit their families in the surrounding untreated
villages where malaria is thought to be holoendemic.
Added to this is the problem of infiltration of the
vector from the surrounding uncontrolled area, re-
sulting in a continuation of vector breeding in the
rice fields on the outskirts of the town. The vector
was identified as A. gambiae s.s. The annual cost of
the control operations (excluding house screening,
drainage, filling, and cost of antimalarials purchased
by expatriates) was estimated as US$4.40 per capita;
this was considered low and an essential investment
contributing to the general health and welfare of the
labour force.
The Blue Nile Health Project in the Sudan repre-

sents not only an integrated malaria control pro-
gramme but also a comprehensive approach to the
control of schistosomiasis and other water-associated
diseases. As mentioned above, malathion spraying
was introduced in 1975 because of organochlorine
resistance in A. arabiensis and the failure of control
operations by larviciding. According to the plan of
operations of this project, house spraying is to be
continued in the Gezira/Managil area to maintain
malaria prevalence at a low level until the environ-
mental measures are developed and ensure the pro-
tection of the area. The annual report of the project
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for 1982 is not available at the time of writing, but
information given in progress reports up to June 1982
shows that, under malathion spraying and presump-
tive treatment, the parasite rate in children was
1 .75%70 in January 1981 and only 0.4/o in 1982 (20.4%
before malathion in 1975). Because of the detection
and confirmation of malathion resistance in A. ara-
biensis, fenitrothion was applied as a replacement
insecticide in part of Gezira/Managil from June 1981
at a dosage of 1 g/m2. It is understood that environ-
mental measures are being developed.

THE SCOPE OF VECTOR CONTROL
IN THE AFRICAN REGION

It is well known that development in Africa has
been progressing rapidly, involving the construction
of dams for hydroelectric schemes or for the expan-
sion of irrigated land for agriculture, progress in
mining and industrialization, and increasing urban-
ization, as well as the construction of the necessary
roads. The question may be asked: Would chemo-
therapy and chemoprophylaxis cope with all these
situations? It seems unlikely, except perhaps among
migrant labour groups. For settled communities,
permanent vector control measures are indispensable
to ensure healthy development. It has been shown
that residual house spraying cannot be relied upon as
a permanent measure. For the last 20 years or so, it
has been repeatedly recommended that the answer is
integrated control, whether for Africa or for other
parts of the world. The approach is not new: it was
practised in the past as combined measures for con-
trol of vector-borne diseases. The latest report of
the WHO Expert Committee on Vector Biology and
Control (12) defined the principles of integrated
control and its implementation through community
participation in association with primary health care
in a planned programme of control of vector-borne
diseases. Research requirements for integrated vector
control were outlined. Guidelines were also given for
the selection of vector control methods for use by pri-
mary health care programmes and by communities.
A combination of simple, safe, and cheap methods,
including self-protection measures, should be the
target. As suggested above, in an integrated control
programme, residual house spraying may be used as
an interim measure for reducing malaria prevalence
for a "relief" period, during which non-chemical
methods can be developed and assessed to ensure that
they can reliably maintain the designated acceptable
or tolerable target of malaria control.

PROPOSALS FOR FIELD RESEARCH

The proposals made here in regard to vector control
should be considered as complementing proposals

dealing with other aspects of malaria control. On
the basis of the above review, the following field
researches are proposed:

Vector bionomics

Profound knowledge of vector bionomics is not
only an essential component of malaria epidemiology
but is also a sine qua non for planning and evaluation
of vector control, either singly or in an integrated
malaria control programme. The importance of iden-
tification of members of the A. gambiae complex is
self-evident and is dealt with elsewhere in this sup-
plement (see pages 107-113). Additionally, it is
necessary to underline the need for updating know-
ledge of vector dispersal, since extrapolation is often
made from observations dating back some 20-40
years. Since large-scale malaria vector control oper-
ations are not envisaged in the near future, know-
ledge of vector dispersal under the greatly changed
ecologies (e.g., deforestation, irrigation) is essential
for protecting rural and urban areas selected for long-
term vector control operations. Moreover, studies on
vector breeding habitats under changed ecologies,
using standardized larval sampling techniques, are
needed in view of the increasing interest in antilarval
measures.

Self-protection methods

Village-scale trials with the available methods
should be conducted with the principal aim of find-
ing out the best health education approaches to
stimulate the population and thus ensure sustained
use of the methods. Cost is an important factor and
ways and means should be explored to keep the price
of materials at a level that can be afforded by people
on low incomes. The trials should be conducted in
villages representing different ecologies and whose
inhabitants have a variety of customs and beliefs.

Biological control

Preliminary field testing of Bacillus thuringiensis
H-14 is needed to determine whether larger-scale
trials can be organized. On the other hand, where
promising indigenous larvivorous fish exist, prelim-
inary screening should be conducted, subsequent to
which field trials should be organized in different
areas to permit operational, epidemiological (para-
sitological and entomological), and financial assess-
ment, with community participation and involvement
of primary health care programmes, if these exist.
The report of the WHO Informal Consultation on
the Use of Fish for Mosquito Controlm and the pro-
tocol proposed for testing fish (included in the report

'Unpublished WHO report TDR/BCV/ICMC/81.3-WHO/
VBC/82.838.
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of the sixth meeting of the WHO Scientific Working
Group on Biological Control of Vectors") are par-
ticularly useful in this respect. Where Gambusia
exists, its evaluation should be focused not only on
its effectiveness but also on determining any undetec-
ted adverse effect it may have on fish of economic
importance, should it be used on a large scale.

Space spraying

Problems of maintenance of space-spraying mach-
inery, particularly with respect to the availability of
the necessary spare parts, are well known in many
developing countries. Industry should be stimulated
to produce simple, safe, and economical machines
that can be repaired locally. When such equipment
becomes available, field trials should be conducted
for comparison with conventional indoor-spraying
equipment on the basis of cost/effectiveness. More-
over, the possibility of using space spraying to control
the exophilic fraction of the vector population, which
has been shown to play an important role in malaria

n Unpublished WHO report TDR/VBC-SWG(6)/82.3.

transmission, should be explored using insecticides
of low persistence and low mammalian toxicity.

Integrated control

At present, there is only a single project in tropical
Africa, namely in the Sudan, that can be said truly
to represent the integrated and comprehensive disease
control concepts. It is very difficult to conceive that
this kind of project could be replicated in different
highly malarious areas of Africa, bearing in mind
that the Sudan project was launched with inter-
national cooperation, in addition to national re-
sources and multidisciplinary expertise. It is therefore
suggested that miniature versions of such a project
be launched in different ecological situations in the
continent, e.g., dry savanna with and without irri-
gation schemes, forests, and degraded forests. Such
trials should, in fact, aim at demonstrating the
feasibility of assembling the methods shown in the
foregoing proposals (depending on their evaluation)
in an integrated control programme to be undertaken
by the community and with primary health care play-
ing an important role.

RESUME

LA LUTTE ANTIVECTORIELLE EN AFRIQUE

Afin de definir la portee de la lutte antivectorielle en
tant qu'elment de la lutte antipaludique dans la Region
africaine et d'en selectionner les aspects qui necessitent
une recherche appliquee sur le terrain, I'auteur donne quel-
ques exemples recents des methodes de lutte antivectorielle
appliquees dans la Region. L'experience la plus complte
porte sur les essais de pulverisations A effet remanent dans
les habitations effectues isolement ou en combinaison
avec l'administration massive de medicaments, ces deux
methodes n'ayant pas reussi A interrompre la transmission
du paludisme dans les zones de savane pour plusieurs
raisons techniques et administratives. Neanmoins, certains
indices donnent A penser que les pulverisations A effet re-
manent dans les habitations ont conduit A une amnlioration
de l'etat de sante general. Cependant, l'existence au Soudan
chez Anopheles gambiae s.l. d'une resistance au DDT et
A la dieldrine/HCH, et plus recemment au malathion,
militerait contre l'emploi des pulverisations A effet rema-
nent dans les habitations comme outil principal dans la lutte
antipaludique A long terme. I1 ne faut donc recourir A cette
methode que pour ramener la prevalence du paludisme A

un niveau acceptable jusqu'a ce que des methodes de lutte
integree puissent etre elaborees et deviennent operation-
nelles. Une lutte integree bien planifiee n'a encore guere
e tentee dans la Region africaine, sauf dans le projet
en cours sur le Nil Bleu au Soudan, dont on attend les
resultats.
La lutte antilarvaire et les pulverisations spatiales sont

en cours d'application dans de nombreuses agglomerations
urbaines de la Region africaine, mais elles n'ont pas encore
fait l'objet d'une evaluation approfondie. Pour ce qui est
de la lutte biologique, on ne possede des renseignements
que pour un seul essai effectue avec des poissons larvivores
en Somalie, mais il existe pour la Region africaine des
dossiers concernant de nombreux agents potentiels de lutte
biologique. On n'a guere cherche a evaluer les methodes
d'auto-assistance pour la reduction des contacts entre
l'homme et le vecteur dans les conditions qui regnent en
Afrique, bien que de telles methodes soient souvent utilisees
dans certains zones.

L'article contient plusieurs propositions pour des travaux
de recherche appliquee sur le terrain.
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