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Recent applied field research activities carried out in
tropical Africa

S. GORIUP & H. J. VAN DERKAAY2

A review has been undertaken of applied field research in malaria in tropical Africa
from 1975 onwards, the aim being to show recent trends and to emphasize the needs for
further research in support of malaria control.

Studies are grouped according to whether they relate to parasites, vectors, epidemi-
ology, or control. The first group is concerned mainly with the study of the appearance
and development of resistance of Plasmodium falciparum to drugs. The second group
deals with vector bionomics and the differentiation of various species in the Anopheles
gambiae complex. Next come descriptive and analytical surveys and studies on the charac-
terization of malaria as a health and social problem, the importance of some congenital
factors, and immunological aspects of the disease. Studies on control comprise the use
of drugs, insecticides, and biological methods.

The main achievements of research to date have been to improve knowledge of the
distribution of chloroquine resistance, which is still mainly confined to East Africa;
to clarify the distribution of the components of the A. gambiae complex, even in the
formerly known A. gambiae sensu stricto; and to provide indications that the use of
mass chemosuppression may favour drug resistance and reduce the malaria antibodies
in the population, although the clinical significance of the latter needs to be elucidated.

Among the domains considered important for future research are the monitoring of
drug sensitivity, not only to 4-aminoquinolines but also to alternative drugs; the deter-
mination of optimum drug regimens in various circumstances and population groups;
studies on malaria mortality, morbidity, and immunity as related to the use of drugs;
the study of the epidemiological importance of various vector species, their behaviour
and amenability to control; and feasibility studies on various methods of control in the
context of the primary health care settings, including cost-effectiveness and cost-benefit
determination.

The term "recent" is employed here to mean re-
ported after 1975, and "applied field research" is
used in accordance with the definition of the UNDP/
World Bank/WHO Special Programme for Research
and Training in Tropical Diseases (TDR).' The
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a TDR definition of applied field research in malaria: "An inves-
tigation closely connected with field activity and devoted to practical
use of its results, for the purpose of improving our knowledge of
the transmission of human malaria and (not or) with the aim of
decreasing or eliminating the transmission of the infection by devis-
ing new or improving the existing methods of attack on the parasite
and on its mosquito vector."

period from 1975 to the present is considered to re-
flect present trends in research consonant with the
generally accepted orientation of long-term malaria
control, as opposed to malaria eradication.b An in-
ventory of applied field research in malaria covering
the period 1975 -80 was prepared by TDR in 1981 .'
From 1979 onwards, several projects developed
under the auspices of the Special Programme. An
attempt will be made here to review this work and
recent literature on applied field research in Africa.

b Although eradication has never made any real progress in the
tropical regions of continental Africa, several pre-eradication sur-
veys, malaria eradication pilot projects, and studies related to the
development of health infrastructures in support of malaria eradi-
cation were in fact carried out prior to the 1970s.

HAWORTH, J. Inventory of applied field research in malaria
covering the period 1975-80. Unpublished document, UNDP/
World Bank/WHO Special Programme for Research and Training
in Tropical Diseases, November 1981.
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STUDIES RELATED TO THE MALARIA PARASITE:
ASSESSMENT AND MONITORING OF

PLASMODIUM FALCIPARUM SENSITIVITY
TO ANTIMALARIAL DRUGS

The resistance of plasmodia to antimalarial drugs
has been known since the beginning of the twentieth
century, but it is only recently that the problem of
resistance of P. falciparum to antimalarials has
reached such a level that hopes for the efficient con-

trol of malaria in tropical countries are seriously
compromised. Since chloroquine resistance of P. fal-
ciparum was first detected and confirmed in 1959, an

important geographical spread of resistance has been
observed in Asia and the Pacific. In South America,
recent geographical spread has been less marked,
although the problem has grown in intensity. Resist-
ance of P. falciparum to chloroquine in East Africa
was detected in 1978, first in non-immune expatri-
ates, later in local semi-immunes, but it still seems to
be limited both in extent and degree. There have been
numerous reports of chloroquine resistance from
East Africa (Comoros, Kenya, Madagascar, Sudan,
Uganda, United Republic of Tanzania, and Zambia)
(51). It would seem that the prolonged use of chloro-
quine for mass chemosuppression may induce the
development of drug resistance as shown in a recent
study in the United Republic of Tanzania (1). Some
cases of resistance were also reported from West
Africa, including a localized focus in Ivory Coast (2,
3), but this would need confirmation. More recently
one case was reported in Upper Volta (D. Baudon,
unpublished observations, 1983). Resistance to sulfa-
doxine-pyrimethamine and to dapsone-pyrimetha-
mine combinations have been reported from East
Africa by several authors (see Onori, 4).
A few countries are now engaged in a cooperative

programme for the assessment of drug sensitivity in
P. falciparum. It is important to have this infor-
mation in order to plan a realistic approach to the use

of antimalarial drugs in the immediate future. This
assessment is to be complemented by a longitudinal
qualitative and quantitative follow-up of drug sensi-
tivity under different epidemiological conditions. A
system has therefore been established whereby data
are reported on precoded forms to WHO where they
are processed and analysed.

Monitoring of drug resistance should be related to
the use of drugs, either retrospectively or prospec-
tively. Baseline data are required on the sensitivity of
P. falciparumn to new drugs, e.g., mefloquine, and
data on infections showing multiple resistance (e.g.,
to pyrimethamine, chloroquine and sulfadoxine-
pyrimethamine combinations). This is important for
drug policies and for attempts to limit the spread of
resistance.

STUDIES RELATED TO THE MALARIA VECTOR

Vector bionomics
The value of studies on the biology and behaviour

of vectors lies mainly in the relationship of these
properties to the epidemiology of malaria and its con-
trol. Studies on the distribution of various anopheles
in Africa revealed the presence of Anopheles arabien-
sis, a known savanna breeder, in other ecotopes,
particularly in derived savanna in the midst of tropi-
cal rain forest (Nigeria (5), Gambia (6)). In Kenya
(7), A. arabiensis bites predominantly outdoors and
A. gambiae predominantly indoors, but no signifi-
cant difference was observed between the species re-
garding host preference and sporozoite rates (8).
Observations on the biting habits of A. gambiae
sensu stricto (9) revealed that adults are bitten much
more frequently than infants and children. A. merus
densities increase on the Kenyan coast at the begin-
ning and after the end of rains, when salinity in
breeding places is at the optimal level, i.e., between
3017 and 50OWo sea water (10). In the Congo, it was
observed that the duration of the gonotrophic cycle
of A. gambiae depends on the time spent by females
on searching for blood meals, which is related to the
distance from breeding sites to hosts. Due account of
this fact should be taken in applying McDonalds's
formula (11). In A. nili, the gonotrophic cycle
is usually 3 days (12) and this mosquito is pre-
dominantly anthropophilic (13).

Estimation of the survival and biting rates of 3
species of the A. gambiae complex is carried out in
Kenya. These rates are calculated through a modi-
fication of the parous rate formula. The three dif-
ferent species are studied in different seasons. These
data are required for the construction of insect life
tables, the simulation of population dynamics, and
eventually for the determination of management
strategies, such as the optimal timing of pesticide ap-
plications (Birley, unpublished observations, 1981).
More studies on vector bionomics are required as a
basis for malaria control.

Anopheles species complexes
Several anophelines previously considered as be-

longing to a single species are in fact complexes of
various sibling species, and can be distinguished only
by the identification of karyotype and by biochemical
methods. Each of these sibling species has its own
behavioural characteristics, and plays a different
role in the transmission of malaria. For instance, in
A. gambiae, it is known that certain behaviours, like
exophily, are associated with chromosomal charac-
teristics (6). Coluzzi (14) observed associations be-
tween behaviour and frequency of some inversions
within species of the complex.
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Research on this important subject follows two
different though convergent lines. One is the initial
identification of genetic barriers and heterogenicity in
natural vector populations, followed by studies of the
relationship of such genetic variation to behaviour
and dependence on environmental factors. The other
approach is first to identify eco-epidemiological
and behavioural differences of vectors, and on this
basis to search for polymorphism and reproductive
isolation.

In savanna areas of Mali, there is evidence that in
addition to A. arabiensis, which constitutes a single
homogeneous population, there are three types of
mosquito previously known as A. gambiae sensu
stricto with almost complete reproductive isolation
and some ecotypic divergence: these taxa are called
Bamako, Savannah, and Mopti. Mopti is found in
areas subject to flooding along the river Niger. It co-
exists with Bamako in the humid areas of the south.
The Savannah taxon is found in drier areas. These
taxa also show different seasonal variations and it is
likely that they are responsible for the epidemiological
heterogeneities of the malaria endemicity observed
in Mali. Studies on their respective vectorial status
with seasonal population dynamics are therefore en-
visaged (Toure, unpublished observations, 1982).

Differences in behaviour of Anopheles gambiae
s.1. have been observed in two different epidemio-
logical situations in Upper Volta; one in the wood-
land savanna and the other in an area surrounded
by woodland savanna, where rice paddy cultivation
was introduced and where paradoxically the malaria
incidence is lower (Carnevale, P. & Hervy, J.P.,
unpublished observations, 1982). One hypothesis
is that different sibling species of the A. gambiae
population exist in the two ecological areas.
Once it is proved that different sibling species exist,

it is necessary to study their bionomics and to deter-
mine their vectorial importance. The geographical
and seasonal distribution of the species and their
breeding, resting, and feeding behaviour may give
clues to their control.

Vector resistance to insecticides

The resistance of anopheles species to insecticides
is a major problem in malaria control and it is a con-
sequence of the wide use of insecticides in agriculture.
The mechanisms of resistance, its epidemiological
significance, the limitations that it imposes on the
use of insecticides, and the consequent policies and
practices to be adopted need elucidation. Sometimes,
insecticides (e.g., DDT) have an irritant effect which
may be beneficial, even in the presence of resistance,
by diverting anopheles to animal biting. This might
be worth trying in certain situations in Africa where
cattle are abundant.

STUDIES ON THE EPIDEMIOLOGY AND CONTROL
OF MALARIA

Epidemiology

Under this heading are included studies on the tech-
niques of surveillance, the identification of demo-
graphic, geographical, meteorological, and socio-
economic predictors of exposure, the identification
of serological and other predictors of susceptibility,
and the development of demographic, geographical,
and chronological malfunctions of control strategy
based on epidemiological patterns (unpublished
report, 1983).
Examples provided from the literature on Africa

include: (a) descriptive and analytical surveys needed
for the definition of a control strategy, (b) studies
aimed at characterizing malaria as a health and social
problem, (c) epidemiological surveillance studies,
(d) determination of the importance of malaria in
special conditions such as pregnancy, (e) determining
the interference of congenital blood factors with
malaria, and (f) immunological studies in malaria.
Some of the findings are briefly summarized below:

(a) A project in Burundi proposed to use standard
epidemiological methods to identify the most appro-
priate intervention measures for malaria control in
the Ruzizi plain. This plain is the site of a recently
developed irrigation scheme, in an area where a num-
ber of insecticides have been used for agricultural
purposes and where chloroquine and pyrimethamine
have been used for mass chemoprophylaxis over the
past 16 years (Coosemans, unpublished observations,
1982).

In an urban area of Senegal, where the situation
is hypoendemic, the peak of transmission is reached
in the rainy season, with parasite rates of 12% and
a gametocyte index of 3.6%o. A. arabiensis shows
parous rates of 40-70% and sporozoite rates of 0-
1.35%o, and it is highly anthropophilic and partially
exophilic. The extrinsic parasite development cycle is
11 days, the expectation of life 3.3-10.1 days, and
the number of infective bites per person per year is
43. The vectorial capacity is 2.8 (15). This study
could be important if it served as baseline for malaria
control.

(b) Studies attempting to define malaria as a
health and social problem are few. In Rwanda,
malaria was found to account for 20%o of hospital
attendances.d In Zambia, a significant association
was found between malaria and malnutrition (16);
at the Solwezi hospital, 34 cerebral cases were found
among 458 adult malaria patients admitted in a 4-year
period, and of these 12 patients died (17).

d GUEYE, I. ET AL. Programme de lutte anti-paludique au
Rwanda: rapport final 1974- 75. Unpublished WHO document,
AFR/MAL/149 (1976).
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(c) Islands off the coast of East Africa previously
freed from the disease tend to be reinvaded. There-
fore, follow-up of all positive cases, including a
classification after an epidemiological investigation,
is necessary. In Reunion, the average number of im-
ported cases is 60 per year, mostly imported from
Madagascar. Since eradication was declared in 1979,
there have been 13 introduced cases (18).

(d) Malaria in pregnancy is a critical problem.
Various studies have shown that fever is not a con-
stant symptom, but parasitaemia increases between
the first and the second trimester of pregnancy (19).
The consequences are anaemia (20) and abortions
(21): 13 of 14 cases of malaria in pregnancy during
the first trimester and 8 of 14 cases in the second tri-
mester aborted. Premature labour was found in 50%o
of cases and neonatal deaths in 160%o of babies. There
is a predisposition to malaria, especially in mid-
pregnancy, with consequent damage to the placenta
and diminished transport of maternal IgG to the fetus
(22). These consequences also reveal themselves in a
discordance between maternal and cord blood anti-
body levels observed in the rainy season (23). Con-
genital malaria was found to be around 2%7o, but the
disease causes low birth weight (20).

(e) Studies on blood groups and their importance
in malaria have confirmed the correlation between
Duffy positive rates and the prevalence of P. vivax
(24). In P. falciparum, protection is conferred by
the HbAS and HbAC genotypes of haemoglobin,
especially in young children, and by the female geno-
type GdA/GdB in all age groups (25, 26).

(f) Studies on the role and mechanism of im-
munity in malaria have shown that circumsporozoite
antibodies have comparable concentrations in
mothers and their infants and that they persist for
1.5 months after birth, after which they decrease and
disappear at 3-5 months (27). Immunity has an im-
portant effect on the disease, reducing the episodes of
parasitaemia after infective bites, increasing tenfold
the rate of clearance of parasitaemia, and reducing
the gametocyte indices to very low levels (e.g., 1.34%1o
in the Congo) (28, 29). Transmission is nevertheless
present, thanks to the very high anopheles biting rates
(80-100 per night). Longitudinal studies in Accra
showed that 10 out of 31 infants, followed from birth
to 15 months, had a positive seroconversion, the
earliest occurring at the fifth month. The symptoms
of disease were absent or minimal. The peak of anti-
body concentration was reached one month after the
seroconversion and declined to undetectable levels in
a few months (30).

Trials with various drugs and treatment regimens

Malaria control in Africa is based essentially on the
use of drugs to reduce mortality and to some extent

morbidity. The rational use of drugs is therefore an
important aspect of research in the present strategy.
Yet studies on the use of drugs for therapeutic pur-
poses are not very numerous.

In a nonimmune expatriate in Kenya, 25 mg of
chloroquine per kg body weight, resulting in a serum
concentration of 0.3 Amol/litre, did not prevent a
recrudescence of P. falciparum while 30 mg/kg, re-
sulting in a maximum concentration of 1.28 Amol/
litre, achieved radical cure (31). A comparative
single-dose trial was carried out in Nigerian villages,
where all people received a single dose of either
chloroquine 450 mg plus 45 mg of pyrimethamine, or
sulfalene 500 mg plus 25 mg pyrimethamine (adult
doses). Although both regimens achieved parasite
clearance, there were more relapses (or reinfections?)
ir. the former than in the latter group (32). Would it
be the same with a higher dose of chloroquine?
The answer would seem to be no, as indicated by a

recent trial in Kenya, where semi-immune children
were cleared from parasitaemia by day 3 after treat-
ment with sulfadoxine-pyrimethamine (500 mg and
25 mg, respectively, adult dosage) in combination
with chloroquine (25 mg/kg over 3 days). However,
pyrimethamine alone proved totally ineffective, and
chloroquine in a single dose of 10 mg/kg achieved
parasite clearance in 8807o of patients onlye

Trials should aim at determining the optimum
dosage of drugs to achieve radical cure and at assess-
ing drugs and drug regimens for the prevention of
transmission of drug-resistant parasites. It is impor-
tant that alternative drugs, such as sulfadoxine-pyri-
methamine and the new compound mefloquine, be
kept in reserve to treat confirmed chloroquine-
resistant cases.

Evaluation of methods of malaria prophylaxis
and treatment

Among the proposals submitted to the UNDP/
World Bank/WHO Special Programme for Research
and Training in Tropical Diseases, there have been
several that included efforts to evaluate the results of
chemoprophylaxis in indigenous subgroups at high
risk of morbidity from malaria infection, such as
toddlers and pregnant women, and the adminis-
tration of antimalaria treatment to malaria patients.

(a) Kenya. A community was organized to take
primary responsibility for distribution of chloroquine
at the village level to symptomatic cases for chemo-
therapy and to pregnant women for chemoprophy-
laxis. The trial is being carried out in three areas,
one with chemotherapy made readily available by
community-based health workers, one with the

e MASABA, S.C. ET AL., unpublished document, WHO/MAL/
83.998.
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addition of prophylaxis to pregnant women, and the
third with only surveys and without specific inter-
ventions. Assessment is being carried out through
measures of mortality and morbidity rates, birth
weight, and the outcome of pregnancy. Drug sensi-
tivity of P. falciparum is monitored. After the
collection of baseline data, census taking, the organ-
ization of the communities, and the training of village
health helpers, the chemotherapy programme started
in April 1982. A number of community income-
generating activities have been started to provide the
income necessary for maintaining the programme
beyond the period of external support (Kaseje, D.
& Spencer, H.C., unpublished observations, 1982).

(b) Nigeria. Chemoprophylaxis is administered
to three groups of 120 children each, all under 5 years
of age. They receive either weekly pyrimethamine,
weekly chloroquine, or a placebo, which are admin-
istered by house visitors. Each child completing 5
years of age is followed up and an attempt is made to
measure differences between the three study groups
in terms of parasitaemia, morbidity, and immuno-
logical status (Oyediran & Topley, unpublished
report, 1979-83).

(c) Upper Volta. The project comprises five
villages in a typical Sudanese savanna environment
and seven villages in the Kou-irrigated valley. One
village in each group is kept untreated; in half the
remaining villages weekly chloroquine prophylaxis is
administered and in the other half all fever cases are
treated. The target groups are children up to 14 years
of age. Chloroquine dosage is the same in both in-
stances, i.e., 10 mg base per kg of body weight. The
evaluation of the impact is based on mortality data
and on quarterly malariometric surveys. Entomologi-
cal observations are also carried out in an attempt to
observe any difference that may occur in sporozoite
rates in the various areas following drug adminis-
tration. Preliminary results suggest a possible impact
of chemoprophylaxis on morbidity in spite of incom-
plete participation of the population. The parasite
indices are lower in the rice cultivation areas than in
the surrounding savanna. The entomological evalu-
ation showed slight differences of doubtful interpre-
tation in sporozoite indices. This study made it
possible to observe important differences in malaria
transmission in the two eco-systems, thus opening an
interesting avenue for further research aimed at the
control of malaria (Baudon & Hervy, unpublished
observations, 1980-82).

Other chemoprophylaxis trials using chloroquine
have been reported in Zambia/f where schoolchildren
receiving 300-600 mg base fortnightly were 100%7o

f CHA YABE JARA ET AL., unpublished document, WHO/MAL/
75.845.

protected from parasitaemia. In Senegal (33), para-
site rates in 2-5-year old children receiving weekly
doses of 10 mg chloroquine base per kg body weight
for 16 weeks showed a drop from 6707o to 9.7%. In
Sao Tome and Principe (34), weekly doses of 150 mg
chloroquine base for two months reduced spleen rates
in 7-10-year old children from 27% to 7.5%. In
Liberia (35), chlorproguanil every four weeks in-
creased haematocrit levels and reduced spleen size in
2-9-year old children. After two years of prophy-
laxis, chlorproguanil remained effective, while in
another village where pyrimethamine was used, re-
sistance developed. Proguanil therapy was attempted
in Nigeria (36) in cases of tropical splenomegaly;
100 mg were given daily for 12 weeks under protec-
tion with folic acid. Of the 40 regular takers, 2 died,
whilst of the 29 defaulters, 8 died. Also in Nigeria,
chemoprophylaxis was attempted with sulfadoxine
and pyrimethamine, with optimum results in a group
receiving one tablet of the combination weekly (37).
In another group of 548 schoolchildren, no side-
effects were observed after one year of prophylaxis
at monthly intervals (38).

Side-effects of chloroquine range from itching (8%
of cases in Nigeria (39)) to skin depigmentation and
retinopathy (40, 41). For these ocular lesions, high
cumulative doses are required, i.e., between 100 and
500 g. In Ghana, the prevalence of retinopathy was
estimated to be 1.6% among hospital patients (42).
The use of mass chemosuppression may interfere

with the development of humoral immunity, as
shown by various authors (43, 44). However, the
effect of this on clinical immunity needs to be clari-
fied. More studies are therefore required on (a) the
interference of drug use with immunity, (b) the
determination of optimal doses of drugs for radical
cure, according to age and immunity status, and (c)
the prevention of the spread of resistance through the
use of gametocytocidal or sporontocidal drugs. The
effects of various drug policies on malaria mortality
also need to be investigated.

Evaluation ofprogrammes of delivery
of antimalarial services

In some parts of the world, notably in Africa, anti-
malarial services are restricted to the administration
of drugs in order to decrease mortality and mor-
bidity; in less endemic areas, the rapidity and com-
prehensiveness of chemotherapy may reduce the level
of transmission. Several programmes designed to
evaluate factors that affect the process of deliver-
ing drugs have been supported by the Special Pro-
gramme, including one in the United Republic of
Tanzania (Mwasha, unpublished observations, 1982).
The aim of the project is to reduce mortality and

morbidity in target groups of the population (chil-
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dren below 5 years of age and expectant mothers)
through improved administration of antimalarials
based on community participation. The definition of
appropriate mechanisms for the motivation of the
community is the primary goal. The project com-
prises three phases: (1 ) the diagnostic phase, in which
the reasons for the non-utilization of government
facilities and baseline epidemiological data are
analysed, (2) the intervention phase, i.e., adminis-
tration of drugs and evaluation of its effect, and (3)
the interpretation of the results and their utilization
in the design of a revised strategy for malaria control.
In the first phase, the attitudes of the population were
found to be influenced mainly by (a) the distance
from maternal and child health centres, (b) the side-
effects of chloroquine, especially itching, which is
reported very frequently, and (c) the scarce supply
of chloroquine for curative purposes for the general
population. The intervention phase, designed to
overcome at least the first and last difficulties, is in
progress. The problem is the incipient P. falciparum
resistance, which is closely monitored. Some cases
also show resistance to sulfadoxine-pyrimethamine.

Insecticide trials

Although insecticides are not in extensive use in
Africa, they may prove essential in particular circum-
stances, for example:

agroindustrial complexes;
areas exposed to epidemics (e.g., at high altitude);

- endemic areas where there is need for cutting
down seasonal peaks of transmission;
- periurban or other areas free of transmission, to
provide a barrier of protection.

Studies are therefore needed to ensure the choice
of the right insecticide, at the right dosage and appli-
cation frequency, and to develop a method to slow
down the development of resistance. Several such
studies have already been carried out and a few
examples are given below.

In Sudan, malathion proved useful against A. ara-
biensis resistant to DDT with a residual effect of 3
months! In Kenya, fenitrothion was used success-
fully, although transmission could not be fully inter-
rupted (45). In Nigeria, chlorophoxim had a residual
effect of 10-12 weeks in huts in the savanna area;h
with decamethrine the residual effect lasted 20 weeks
and with pirimiphos methyl, 12 weeks. In eastern
Nigeria, malathion was applied weekly with ultra-
low-volume portable sprayers inside houses, under
the eaves, and around the perimeter of houses; this

g HARIDI, A.M. & NUGUD, A.D., unpublished WHO report
SUD/MPD/001(B).

h RISHIKESH, N. ET AL., unpublished documents WHO/VBC,
77.661, WHO/VBC,79.712.

was done at a cost of US$0.70 per household for
insecticide. Mosquito densities were reduced to zero
indoor resting levels and were still 10 times lower than
in the houses of the control area 5 months later (46).
A repellent substance, Deet (N,N-diethyl-m-tolu-
amide), was used on tents in Kenya and afforded
good protection for up to 4 weeks (47). The effect of
spraying with fenitrothion was evaluated in Kenya,
where infant mortality decreased in two years from
157 to 93 per thousand live births (48). It seems
that insecticides could be used with some success in
malaria control in various African conditions.

Use of biological methods in malaria control

A project was completed in northemn Somalia,
using a locally occurring larvivorous fish (Oreo-
chromis spilurus spilurus) against larvae of A. ara-
biensis.' The trial area is characterized by scarce
rainfall and mosquito breeding is limited to large
rainwater reservoirs. Among the 6000 people living
in the intervention area and a similar number in the
control area, the initial parasite rates were about
150o. Soon after the introduction of fish, the parasite
rates dropped to about 2% and they remained very
low (less than 1%) for the remaining two years of
observation. In the control area, the rates remained
around the same levels as before the trial. Mosquito
densities of adults and larvae followed a similar
trend, dropping to near zero levels in the interven-
tion area and remaining at high levels in the control
area. Mass chemotherapy with chloroquine was used
during the preliminary survey and treatment of
malaria patients only during the subsequent surveys.
This was done in both areas and it probably accounts
for the very rapid initial decline in the malaria
prevalence rates. The cooperation of the population
was very good and the trial is considered as a major
achievement in the methodology of malaria control
in tropical Africa, although the ecological strata to
which this method is applicable are limited. The
project is at present being extended by the Govern-
ment to a large part of northern Somalia. In the
southern area, where ecological conditions are dif-
ferent, other approaches to biological control are
planned using the larvivorous fish Notobranchius
spp., the eggs of which can survive the dry season.

Integrated malaria control

Trials of this type are not so numerous. In nothern
Nigeria, a WHO-supported project at Garki (44)
comprising 50 000 people, used several methods:

(a) propoxur 2 g/m2 spray at intervals of
2 months for 3-4 rounds;

i ALIo A.Y. & ISAQ, M.A., unpublished WHO document EM/
MAL/191, EM/VBC/38.
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(b) same as above, plus mass drug administration
with sulfalene 500 mg plus pyrimethamine 25 mg
(S + P) every 10 weeks during the dry season and
every 2 weeks during the wet season;

(c) same as in (b) but with mass drug adminis-
tration once every 10 weeks throughout the year;

(d) a comparison area, without interventions.

The number of infective mosquito bites per person
was up to 145 per year. Spraying did not greatly re-
duce the vectorial capacity owing to the exophily of
A. gambiae s.l. The effect on A. funestus was good.
Among children aged 1- 8 years, the cumulative
prevalence of patent parasitaemia, i.e., the pro-
portion of children found positive at least once
among those examined at 8 baseline surveys in a
period of 18 months, was 100%o for P. falciparum,
more than 80% for P. malariae, and more than 30%
for P. ovale. Spraying reduced P. falciparum para-
site rates from 50% to 30% and P. malariae rates
from 17%7o to 14%. Where mass drug administration
was added, P. falciparum prevalence was reduced
to 1-4%. It was observed that frequent mass drug
administrations reduced immunity.

In the United Republic of Tanzania (49), following
dieldrin spraying in 1956-59 and a marked reduction
in malaria, vector densities increased gradually but
the malariometric indices showed a comparatively
smaller increase. At present, the prevalence of mal-
aria is similar to that before spraying but the anti-
body levels are slightly higher than in 1970. The
delayed resurgence of malaria is associated with in-
creased use of antimalarial drugs by the population.
In a mining district in Liberia, DDT spraying is
used twice a year along with antilarval measures and
chemoprophylaxis with 600 mg amodiaquine weekly
to all workers. This method has reduced transmission
to very low levels at a total cost of US$4-5 per
person per year (50).
The combined control measures are generally ef-

fective in reducing malaria transmission, but their
cost is often prohibitive. Studies are therefore re-
quired to determine the most cost-effective combined
measures, but this presupposes a good knowledge
of the epidemiological situation. The use of math-
ematical modelling to discover cost-effective com-
binations might be attempted.

In the integrated malaria control approach, ways
must be found to make the best possible use of the
primary health care system and to obtain active in-
volvement of the local community.

CONCLUSIONS

From the above review of the broad subjects of
applied field research in malaria from 1975 onwards,

it appears that many research areas have been ex-
plored to some extent, especially the resistance of
P. falciparum to 4-aminoquinolines, the behaviour
of vector complexes, and some epidemiological and
control aspects.
Of particular interest were studies related to the

appearance and spread of P. falciparum resistance
in East Africa, which revealed several foci now
affecting autochthonous semi-immune populations.
This phenomenon seems to be related to the use of
4-aminoquinolines, particularly for mass chemosup-
pression. The development of resistance should be
carefully monitored. Whilst resistance to dihydro-
folate reductase inhibitors is known to be very com-
mon, the response of P. falciparum to combinations
of sulfonamides and sulfones with the dihydrofolate
reductase inhibitors, mefloquine, and quinine needs
to be further evaluated.

Studies on vectors have enhanced knowledge of
the distribution of the members of the A. gambiae
complex. Even A. gambiae sensu stricto appears to
be constituted of several variants. The vectorial role
of these species as well as of other anophelines should
be studied, together with their ecological and be-
havioural characteristics. Such studies may result in
important leads for malaria control.

There have been several epidemiological studies,
but mostly conducted in a haphazard manner. From
a practical point of view, epidemiological studies are
less important in the absence of malaria control pro-
grammes. In the African region, these programmes
tend mainly to reduce mortality in the most vulner-
able groups, using antimalarial drugs.

Epidemiological studies should therefore concen-
trate on the effects of malaria on mortality and
morbidity, the effects of drugs on these parameters,
interference of drugs with immunity and their poss-
ible side-effects, the effect of environmental and
vector control measures on the prevalence of the
disease, and behavioural changes in the population as
a result of educational interventions. These studies
should serve as a basis for planning malaria control
and it is likely that the need for them will increase
with the wider use of systematic planning for malaria
control in the African countries.
With regard to the advantages and disadvantages

of chemoprophylaxis as opposed to adequate diag-
nosis and treatment of acute malaria cases, the
present trend seems to be more towards the latter
method of drug use. The various studies undertaken
have given no definite answers as yet, and some were
affected by the development of drug resistance. The
main need in relation to the use of drugs would there-
fore be to determine the optimum regimen in differ-
ent circumstances, considering the status of immunity
of the various groups of the population and the
situation in regard to drug resistance. Another im-
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portant question is how to prevent drug resistance.
The clinical diagnosis of malaria is yet another
problem that needs investigation.
Apart from a successful trial of vector control

using a biological agent in northern Somalia, there
have been no other studies that have added much
knowledge on vector control methods. Various insec-
ticides and insecticide application methods should
be tried, not just with the aim of evaluating those
agents and instruments but with the purpose of pro-
viding a cost-effective recipe for controlling malaria

in different epidemiological situations. The object is
not to prove the feasibility of interrupting malaria
transmission, as in the past in malaria eradication
field projects, but to evaluate the benefits of a
method of control as well as its cost and its feasi-
bility under local conditions. The difficulty lies in
the definition of the benefits and this shows how
applied field research is closely dependent on the
economic and cultural traditions of the communities
concerned.

RESUME

LES ACTIVITES DE RECHERCHE SUR LE TERRAIN RECEMMENT MENEES
EN AFRIQUE TROPICALE

Une etude sur la recherche de terrain appliquee au
paludisme a et entreprise en Afrique tropicale a partir de
1975, dans le but de degager les tendances recentes et de
souligner la necessite de poursuivre l'effort a I'appui de la
lutte antipaludique.

Ces etudes sont groupees par themes: parasites, vecteurs,
epidemiologie ou lutte. Dans le premier groupe figurent
principalement les etudes sur I'apparition et du developpe-
ment de la pharmacoresistance chez P. falciparum. Le
deuxieme traite de la bionomie des vecteurs et de la diffe-
renciation des diverses especes du complexe A. gambiae.
Viennent ensuite les enquetes descriptives et analytiques
et des etudes sur la caracterisation du paludisme en tant
que probleme de sante et social, l'importance de certains
facteurs congenitaux et les aspects immunologiques de
la maladie. Les etudes relatives a la lutte antipaludique
portent sur l'utilisation de medicaments, d'insecticides et
les methodes biologiques.
On peut considerer qu'A ce jour la recherche a permis de

parvenir a une meilleure connaissance de la distribution
de la resistance a la chloroquine, qui continue a se limiter

principalement a I'Afrique orientale, d'avoir une idee plus
claire de la repartition des especes du complexe A. gambiae,
meme au sens strict ancien de A. gambiae; et enfin de
montrer que l'utilisation de la chimiotherapie suppressive
de masse peut favoriser la resistance au medicament et
abaisser le titre d'anticorps antipaludiques dans la popu-
lation, encore qu'il faille preciser l'importance clinique de
ces derniers.

Parmi les domaines consideres comme importants pour
la recherche future figurent le contr6le de la sensibilite aux
medicaments, non seulement aux amino-4 quinoleines,
mais egalement a d'autres medicaments; la determination
des posologies optimales dans des circonstances et groupes
de population varies; la mortalite, la morbidite et l'immu-
nite dans dans leurs rapports avec la chimiotherapie, l'etude
de l'importance epidemiologique des diverses especes de
vecteurs, de leur comportement et des possibilites de les
combattre; enfin la faisabilite des diverses methodes de
lutte dans le cadre des soins de sante primaires, en proc&-
dant notamment a des analyses cofit-efficacite et cofit-
avantages.
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