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Malaria and urbanization in Central Africa: 
the example of Brazzaville. 

Part III: Relationships between urbanization and the intensity 
of malaria transmission 
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Summary 
The authors present a map of malaria transmission 

intensity in Brazzaville from which they analyse the 
impact of urbanization on anopheline density and 
transmission of malaria. Whereas at first each new 
human settlement promotes the introduction or the 
proliferation of A .  gambiae, the major vector of 
malaria in Central Africa, urban growth later proves 
to be unfavourable to this vector. Apart from the 
canalization of surface water and improvement in 
sanitation, it is the increase in population density 
which seems, by its direct or indirect consequences in 
urban areas, to determine the decrease in malaria 
transmission intensity. By favouring the absorption of 
the last remaining open spaces and by the accompany- 
ing domestic pollution, urbanization tends to elimin- 
ate an increasing number of A .  gambiae breeding 
places; by limiting the dispersion of anopheles from 
breeding sites, it tends to focus malaria transmission 
and by thinning out the subsisting anopheline popula- 
tion among a denser human population, it tends to 
reduce the degree of exposure of each person. 

Introduction 
In a previous article (TRAPE & ZOULANI, see pp. 

10-18) we reported our studies of the present entomo- 
logical component of malaria transmission in Brazza- 
ville, and showed the diversity of epidemiological 
situations existing in the different districts of this 
town. With an average of 1.78 anopheles bites per 
night and per person with a sporozoite rate of 3.47%, 
the inhabitants of Brazzaville receive on average 22.5 
infective bites per person per year. However, con- 
siderable differences are observed between the dis- 
tricts, the number of infective bites varying from over 
100 per person and per year to less than one per 
person every three years. 

The existence of such important differences be- 
tween the districts of the same town is of great interest 
for the epidemiological study of numerous clinical and 
biological aspects of malaria in tropical African 
regions. It also raises the problem of urbanization and 
its repercussion on morbidity and mortality due to 
malaria. 

In this article we present a map of malaria 
transmission intensity in Brazzaville, from which the 
impact of urbanization on the anopheline density and 
the transmission of malaria are analysed. 

Mapping Malaria Transmission Intensity in 
Brazzaville 

Material and Methods 
The data necessary for drawing up a map of malaria 

transmission intensity in Brazzaville were collected 
during three studies carried out between October 
1982 and June 1984. The studies were of the breeding 

places of A .  gambiae, the anthropophilic fauna which 
is active at night, and the house-resting fauna. 

Survey of A. gambiae breeding sites 
Collections of water of all kinds in which A .  

gambiae larvae are liable to be found are numerous in 
the town. We classified them into five main categor- 
ies: (i) the banks of the river and the streams which 
cross the town, (ii) wells and installations for watering 
vegetable gardens and crops, (iii) ditches, gutters and 
puddles in ruts and car-tracks on the roads, (iv) the 
borrow-pits and draining wells in plots under con- 
struction and various building sites and (v) marshy 
hollows on non-urbanized ground. 

For each district of the town we first localized or 
determined the frequency of these potential breeding 
places from field surveys, aerial photographs (I.G.N., 
1978), existing information in the literature (MERLE 
& MAILLOT, 1955; BRADY, 1961; NOAMESY et a l . ,  
1972) and the archives of the ORSTOM Centre and 
Service d’Hygiène in Brazzaville. Then, we tried to 
establish their importance as breeding sites of A .  
gambiae by looking for larvae and analysing the results 
of captures in nearby dwellings. 

Night-bite collections on human bait and house-resting 
collections 

We carried out 92 night-bite collections on human 
bait (550 man-nights) and 234 house-resting collec- 
tions. The techniques used as well as the main results 
of these collections are published in a previous article 
(TRAPE & ZOULANI, see pp. 10-18). To interpret the 
results of each collection we took into account the 
season of the year, the external conditions, the results 
of captures in neighbouring areas, information found 
on the location and type of breeding places and, for 
the house-resting collections, of the number of houses 
and rooms visited. 

Drawing up the map 
Four levels of exposure to malaria were chosen to 

draw up the map: (i) less than one infective bite per 
person per half-year, (ii) from one infective bite per 
person per half-year to one infective bite per person 
per month, (iii) from one infective bite per person per 
month to one infective bite per person per week and 
(iv) at least one infective bite per person per week. 
For convenience, each corresponding area is referred 
to as having a transmission intensity (i) very low, (ii) 
low, (iii) moderate and (iv) high. The sporozoïte rate 
of A .  gambiae was assumed to be the same for the 
whole of the town and only the results of collections 
carried out between October and June were taken into 
account. The map thus represents the average trans- 
mission intensity during the nine months of the year 
when it is at its maximum. 1 
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Fig. 1. Map of malaria transmission intensity in Brazzaville. High transmission: at least one infective bite per person per week; moderate tramfision: from one infective bite per person per 
week to one infective bite per person per month; lau tramission: from one infective bite per person per month to one infective bite per person per half-year; nay lau transmission: less than 
one infective bite per person per half-year. The boundaries on the map are approximate. 
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Fig. 2. The stages of growth of Brazzaville since the creation of this town. Map established from I.G.N. aerial photographs (C.R.E.T.H., 1980). 
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However, allowing for the fact that the vectorial 
density observed during collections on human bait 
was slightly underestimated (capturing started at 9 
p.m. and the collectors possibly became less vigilant 
as the night advanced), it is probable that the figures 
on the map represent, in fact, the average yearly 
intensity of malaria transmission. 

Results 
Map 1 shows that the four degrees of malaria 

transmission intensity previously defìned are largely 
represented in Brazzaville. Transmission is high in 
the western and north-western districts of the town 
(Mfilou, Ngamaba, Ngangouoni, Massina, Kinsoun- 
di, Kingouari, Moukoundzi-Ngouaka) as well as in a 
narrow area situated on either side of Makelekele 
stream. The areas for low and very low transmission 
form two distinct concentric zones to the east and 
south-west of the town. The first is centred around 
the junction of Poto-Poto, Ouenze and Moungali and 
covers the whole of these three districts. Transmission 
is very low in the central part, and higher on the 
periphery. However, we noticed that the area of low 
transmission is very narrow in the southern part. of 
Poto-Poto and Ouenze, near the town centre: only a 
few hundred metres separate the areas of very low and 
moderate transmission. The second group of districts 
where transmission is low or very low is situated to the 
south-west of the town, and includes the major part of 
Bocongo and Makelekele. These two districts are 
partly separated by the Makelekele stream beside 
which transmission is high. Moving away from this 
stream, transmission rapidly decreases: the area of 
high transmission is separated from the area of very 
low transmission by only a few hundred metres. 
Lastly, the town is divided into two by a vast area of 
moderate transmission corresponding to the town 
centre districts: airport, Patte d’oie, Plateau, Tchad, 
Plaine. This area continues towards the north to 
include the districts bordering the River Congo: 
Plaine, Mpila and Talangai. 

Relationship between Malaria Transmission 
Intensity and Urbanization 

The Urbanization Process 
Map 2 shows the stages of growth of Brazzaville 

since the creation of this town in 1880. It was 
originally a simple administrative and military post. 
Later, as capital of the original French Equatorial 
Africa, it expanded rapidly and important commercial 
and administrative activities developed for which a 
great deal of space was reserved. Until the beginning 
of the 1950s the African population was fairly low, 
and concentrated in two cités indigènes on the outskirts 
of the town. The space occupied by these two cités was 
then relatively small compared with the rest of the 
town. Later, the extension of the administrative, 
commercial and high level residential part of the town 
slowed down considerably, while the two African cités 
developed rapidly. 

The comparison of Maps 1 and 2 shows a striking 
relationship between the malaria transmission intensi- 
ty and the progression of urbanization. The two areas 
of very low transmission closely correspond to the two 
oldest African districts of Brazzaville, as they were in 
the 1940s, and the two areas of low transmission 
correspond to the expansion of these districts about 

1960. The areas of moderate and high transmission 
correspond to their most recent expansion without, 
however, maintaining the same close parallelism as 
previously between the transmission intensity and the 
progression of urbanization. 

Contrary to the African town, this relationship does 
not exist for the town centre, a vast, usually old, 
heterogeneous urbanized area, comprising the air- 
port, numerous open spaces and high-level adminis- 
trative, commercial, industrial or residential districts. 
Although we only carried out a limited number of 
investigations, because of the small population (only 
3.6% of the inhabitants of Brazzaville live in the town 
centre), the information collected clearly indicated a 
much higher density of A .  gambiae than in the 
districts of the African town of similar age. Malaria 
transmission reaches a moderate level in most of the 
districts of the town centre. 

Types of A. gambiae Breeding Places found in Brazza- 
ville 

Unlike the breeding places of Culicidae which are 
numerous and varied, the breeding places of A .  
gambiae which we found in Brazzaville were fairly 
rare. They fall mainly into the following categories: (i) 
streams and waterside gardens; various streams cross 
the town, and most of them, particularly in the 
western half which is situated on a raised plateau, 
have formed small fertile valleys where vegetable 
gardens and crops have been planted; the breeding 
sites are on the banks of the streams and in the 
adjacent hollows which fill up with rain or when the 
water level is high, and also in the waterside gardens 
in the diverse installations for watering. These 
represent the main breeding places in Brazzaville; (ii) 
rainwater breeding places; despite the high number of 
potential breeding places, anopheles actually breed in 
only a few; the ditches, gutters and puddles in ruts 
and car-tracks which are particularly numerous all 
over the town are only exceptionally used by A. 
gambiae in most districts; this is not consistent with 
the findings of CHINERY (1969, 1970) in Accra, 
RAGEAU et al .  (1953) and DOBY & MOUCHET (1957) 
in the Cameroon and our own findings in the rural 
areas of the Congo. 

In fact, among all the stagnating rain-water breed- 
ing places, the only ones frequently used by A .  
gambiae are the small marshy hollows, fairly numer- 
ous in areas which are not built up particularly in 
industrial zones and along railways tracks and in the 
forest reserve. 

Relationship between A. gambiae and C. quinquefas- 
ciatus 
C. quinquefasciatus is a typical urban mosquito and 

is the dominating species in large tropical towns. The 
breeding places are situated in the drainage wells for 
waste domestic water and rain-water and, to a lesser 
extent, in ditches, gutters and various receptacles 
(SUBRA, 1971; CHAWET & RASOLONIAINA, 1968). Its 
rapid multiplication seems to be recent in tropical 
Africa. Initially, two explanations were put forward 
for this, namely, the use of insecticides and urban 
progression (MATTINGLY, 1962; SERVICE, 1966). 
However, C. quinquefasciatus is also abundant in 
localities where no insecticide has been used and in 
localities which have not been sprayed for many years. 
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Hence SUBRA (1973) suggested that the increasing use 
of washing powder and industrial detergents modifies 
the breeding sites to favour C. quinquefasciatus and 
could be one of the causes of the rapid multiplication 
of this species. 

The abundance of C. quinquefasciatus is thus linked 
to urban development in at least two ways: firstly, the 
multiplication of breeding places particular to this 
species (drainage wells and diverse receptacles), and 
secondly, the pollution of breeding places where 
competition between species could have occurred 
(gutters and ditches) and which favours this species. 

For each of the four areas of increasing intensity of 
malaria transmission marked on Map 1, we calcu- 
lated, from the results of 92 night-bite collections on 
human bait, the average number of C. quinquefasciatus 
bites per man and per night. For the area of moderate 
transmission, which corresponds to certain districts of 
the African town and the whole of the town centre, 
the results of these two different sectors were analysed 
separately. 

The average number of C. quinquefasciatus bites per 
person per night was 9-33 in the high transmission 
area, 19-64 in the low transmission area and 30.79 in 
the very low transmission area. For the moderate 
transmission area the results differ considerably 
between the African town and the town centre, with 
respectively 18.38 and 37.19 C. quinquefasciatus bites 
per person and per night. The ratio between the 
number of C. quinquefasciatus bites and the number of 
anopheles bites is 1-84 in high transmission areas, 
42.46 in low transmission areas and 2,032 in very low 
transmission areas. In moderate transmission areas, it 
is 9.13 in the African town and 14-88 in the town 
centre. 

Discussion 
Human Activities and Vectorial Density in Rural Areas 

The natural central African landscape comprises 
two kinds of vegetation: the tropical rain forest and 
the forest-savanna mosaic. The former is highly 
unfavourable to A .  gambiae which prefers small 
collections of clear sunlit water. The other potential 
vectors of malaria exist here in small numbers, the 
only good breeding places for A .  moucheti and A .  nilì 
being a few rivers in the forest; A .  paludis, which is 
better adapted to the forest, is never an important 
vector and A .  funestus, a very good potential vector, is 
always very rare in forests unmodified by man 
(ADAM, 1956; LIVADAS et a l . ,  1958; HAMON & 
MOUCHET, 1961; MOUCHET, 1962, 1976; GILLIES & 
DE MEILLON, 1968). 

The forest-savanna mosaic, the main type of 
vegetation in the Brazzaville region, is more favour- 
able to A .  gambiae and A .  funestus. However, two 
factors limit their distribution considerably: the 
existence of gallery forests alongside rivers and 
streams, and the sandy nature of the soil which does 
not retain rain-water. Because of this, in forest as well 
as in the forest-savanna, it is essentially human 
activity which allows the introduction of A .  gambiae 
by deforestation, particularly along the clay river 
banks, and the direct or indirect creation of numerous 
breeding places favourable to this species (RAGEAU et 
a l . ,  1953; LIVADAS et a l . ,  1958). This is particularly 
the case in villages of the Brazzaville region: nearly all 
A .  gambiae breeding places are the results of human 

environmental modifications (TRAPE & ZOULANI, 
1987b). 

Thus each human settlement initially favours the 
multiplication of breeding places and the presence of 
high density populations of A .  gambiae. Since the 
length of the wet season allows this vector to exist in 
abundance for most of the year, the transmission of 
malaria is perennial and intense: in most of the 
villages in the Brazzaville region it is about one 
infective bite per person per night, sometimes more 
(TRAPE & ZOULANI, 1987b). 

Impact of Construction Pressures in Urban Areas 
In urban areas, diverse new phenomena are 

observed which prove to be unfavourable to A .  
gambiae. Firstly, the demographic growth requires 
more and more space, particularly as dwellings are 
still built in the traditional way, i.e., small low 
constructions surrounded by a yard. The town 
spreads rapidly but the actual populating of the new 
districts is slow and progressive because of the 
“do-it-yourself’ building of dwellings. At the same 
time, the increase in density of dwellings is high in the 
older districts where the last empty spaces are 
progressively eliminated. Among the fields, vegetable 
gardens and remains of the forest, only those areas 
where construction is impossible because of the relief 
or flooding of the rivers are preserved. The population 
density is less than 50 inhabitants per hectare in 
recently urbanized districts, about 150 inhabitants per 
hectare in most of the districts urbanized between 
1955 and 1965 and reaches 200 to 250 inhabitants per 
hectare in the older districts. 

The growing scarcity of A .  gambiae breeding places 
caused by urbanization can be clearly seen by 
comparing the maps of malaria transmission intensity 
and the expansion of Brazzaville. The apparent 
exception of the town centre is mainly due to its 
layout. Since Brazzaville began to grow, plenty of 
space has been reserved for the future extension of 
administrative, commercial and industrial activities, 
or kept as open spaces. These grounds thus constitute 
an exception to the normal construction pressures in 
the rest of the town. Since the growth of activity in the 
modern sector is low, many un-urbanized areas 
remain where construction sites are few and scattered. 
Vast areas are thus considerably rearranged without 
being built up and this favours the stagnation of 
rain-water in small marshy hollows which constitute 
good breeding places for A .  gambiae. Furthermore, 
no district of the town centre is far from the banks of a 
river or stream and population density is very low: 
only 3.6% of the Brazzaville population resides in the 
town centre even though this represents about a 
quarter of the town’s area. 

Influence of Environmental Pollution 
Another new phenomenon accompanies urbaniza- 

tion: the canalization of the streams which cross the 
town and of the surface water by the building of 
ditches and gutters. These installations are expensive, 
are mainly in the oldest districts of the town and 
considerably modify the nature of the potential 
breeding sites. 

In rural areas, ditches are usually dug alongside the 
roads which run through villages, in order to drain 
rain-water and thus slow down pothole formation. 
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These ditches are usually colonized by A .  gambiae 
since they present ideal conditions for larval develop- 
ment. In urban areas, in districts where a dense 
network of ditches and gutters exist, no anopheles 
larvae were observed although there are often numer- 
ous culicine larvae. 

Ditches and gutters in urban areas, being badly 
kept and insufficiently washed by rain, contain highly 
polluted water which does not allow A .  gambiae to 
develop, but which remains favourable to C .  quin- 
quefasciatus. The main pollution factor is domestic 
waste water from local houses (soap and detergents). 
The interconnection of ditches and the continual 
mixing of the water by rain leaves no possibility for A .  
gambiae to find a favourable breeding place. 

The ditches being unsuitable for A .  gambiae, the 
only remaining potential breeding sites in dense urban 
areas would be puddles and potholes on the roads. 
These sites are particularly suitable in villages in rural 
areas. However, A .  gambiae is absent from these sites 
in all the older urbanized districts, whereas culicine 
larvae are often present. The possibility of pollution 
of this type of breeding site in urban areas cannot be 
excluded, but seems hardly plausible. The ,most 
probable explanation is that potholes and puddles are 
sites too minor in themselves to maintain A .  gambiae 
when fierce competition exists from C .  quinquefas- 
ciatus, the latter being particularly abundant in urban 
areas due to domestic drainage and septic tanks. 
Comparison of the results concerning the absolute and 
relative densities of these two species in the different 
districts of the town shows the existence of a negative 
relationship, but the amplitude of density variations 
of C. quinquefasciatus is small whereas it is consider- 
ably larger for A .  gambiae. 
Diffment Chronology According to the Type of Site used 
fm Urbanization 

Brazzaville is built on the site of two geological 
formations: (i) the plateau des cataracres on which the 
major part of the town centre is founded (with the 
exception of the Plaine and Mpila districts) and also 
the Bacongo, Makelekele and Miilou-Ngamaba admi- 
nistrative districts and (ii) the sandy plain and Ells of 
the retombie du plateau de Mbé where the Poto-Poto, 
Moungali, Ouenze and Talangai administrative dis- 
tricts are built. Brazzaville has developed simul- 
taneously on these two formations, starting from 
Bacongo on one side and Poto-Poto on the other. In 
both cases the intensity of malaria transmission has 
decreased considerably in relation to the length of 
time since the beginning of urbanization. However, 
for the same length of time, the level of malaria 
transmission is higher in the districts of the plateau des 
cataractes. This is due to the numerous streams which 
cross this plateau making valleys with clay soils which 
are very favourable to market-gardening and various 
plantations. These valleys have held out against 
urbanization for a long time because of their good 
agricultural value. On the contrary, the low marshy 
banks of the streams which cross the plain where the 
main parts of the Poto-Poto, Ouenze and Talangai 
districts are situated have little agricultural value; 
they were immediately divided into lots for construc- 
tion as urbanization progressed. 
Focalization of Transmission 

The observations carried out in certain older 

districts of the African town situated near non- 
urbanized areas where there are numerous larval 
habitats show that A .  gambiae is very narrowly 
dispersed in densely populated urban environments. 
Flight ranges of several kilometres are frequent for 
this species in sparsely populated savanna regions, but 
much rarer in areas of dense vegetation and high 
population (GILLIES & DE MEILLON, 1968). In 
Bacongo and Poto-Poto where the population density 
is about 250 inhabitants per hectare, it would seem 
that the anopheline density decreases by more than 30 
times over a few hundred metres distance from larval 
habitats. So whereas the inhabitants of Bacongo living 
along the banks of the Makelekele stream receive 
more than one infective bite per person per week, 
those living at a distance of 500 metres receive less 

' than one infecting bite per person per half-year. The 
narrow dispersion of mosquitoes in urban areas, 
compared to that observed in rural areas, has already 
been emphasized by S U B U  (1972) for C. quinquefa- 
ciatus. 

Indirectly this phenomenon may limit considerably 
the intensity of malaria transmission in areas of low 
density population when more densely populated 
areas are situated on the edge of breeding sites and 
thus constitute a sort of protective screen. This is 
observed in particular in recent districts of Brazzaville 
situated on sandy hills to the north-east of the town 
(Tout-pour-le-Peuple district and the high parts of 
Talangaï) where the relief and constitution of the soil 
prevent the local formation of breeding sites. 

Conclusion 
The increase in human population density seems, 

by its direct or indirect consequences in urban areas, 
to play the determining role in the decrease in 
intensity of malaria transmission in Brazzaville: it 
favours the absorption of the last remaining open 
spaces and, by the accompanying domestic pollution, 
tends to eliminate a growing number of A .  gambiae 

-. breeding sites; it limits the dispersion of anopheles 
from breeding sites and tends to focus malaria 
transmission; it thins out the remaining anopheline 
populations in a denser human population and so 
tends to reduce the degree of exposure of each person. 

Acknowledgements 
This work was supported by a grant fom the Ministère de 

l'Industrie et de la Recherche (Paris). The authors gratefully 
acknowledge Mr J. Coz, ORSTOM Bondy, for- helpful 
discussion of the manuscript. 

References 
Adam, J. P. (1956). Note faunistique et biologique sur les 

anophèles de la région de Yaoundé et la transmission du 
paludisme en zone forestiere du Sud Cameroun. Bulletin 
de la Société de Pathologie exotique, 49, 210-220. 

Brady, J. N. (1961). Rapport sur une enquête entomologi- 
que à Brazzaville et dans les villages environnant-mai 
1961. World Health Organization, AFR/MAL/47. (Un- 
published document.) 

Chauvet, G. & Rasoloniaina, G. (1968). Culex ssp fati- 
gam Wild. en milieu urbain à Madagascar. Cahiers 
O.R.S.T.O.M., série Entomologie médicale et Parasit- 
ologie, 6,  145-159. 
Chinery, W.A. (1969). A survey of mosquito breeding in 

Accra, Ghana, during a two-year period of larval 
mosquito control. I. The mosquitoes collected and their 
breeding places. Ghana Medical Journal, 8, 266-274. 



r--- 

-- 
Health Organization, AFR/EH/122. (Unpublished docu- 
ment.) 

Rageau, J., Adam, J. P. & Rivola, E. (1953). Etude 
préliminaire sur la biologie d'Anophe2es ganibiae, Giles 
1902 dans les régions forestieres du Sud Cameroun. 
Annales de Parasitologie humaine et comparée, 28,425-449. 

Service, M. W. (1966). The replacement of Culex nebulosus 
Theo. by Culex pipiens fatigam Wied. (Diptera, Culici- 
dae) in towns in Nigeria. Bulletin of Entomological 
Research, 56, 407-415. 

Subra, R. (1971). Etudes écologiques sur Culex pipiens 
fattgans Wiedemann, 1828 (Diptera, Culicidae) dans une 
zone urbaine de savane soudanienne ouest-africaine. 
Dynamique des populations préimaginales. Cahiers 
O.R.S.T.O.M., série Entontologie Médicale et Parasitolo- 

Chinery, W. A. (1970). A survey of mosquito breeding in 
Accra, Ghana, during a two-year period of larval 
mosquito control. II. The breeding of Culex (Culex) 
pipiens fatigam Wiedmann and Anopheles (Cellia) gambiae 
Giles, in Accra. Ghana Medical Journal, 9, 109-116. 

C.R.E.T.H. (1980). Brazzaville 1880 - 1980. Mission 
d'urbanisme et d'Habitat au Congo, Brazzaville et Paris. 

Doby, J. M. & Mouchet, J. (1957). Ecologie larvaire de 
quelques espèces de Culicidés dans la région de Yaoundé 
(Sud Cameroun). Bulletin de la Société de Pathologie 
exotique, 50, 945-957. 

Gillies, M. T. & De Meillon, B. (1968). The Anophelinae of 
Africa south of the Sahara (Ethiopian geographical region). 
South African Institute for medical Research, Publica- 
tion No. 54, 2nd edit. 

Hamon, J. & Mouchet, J. (1961). Les vecteurs secondaires 
du paludisme humain en Afrique. Médecine Tropicale, 

Institut Geographique National (1978). Couverture photo- 
graphique aérienne de Brazzaville. Photothèque 
Nationale, Saint Mandé, 78 -CONG-05/150 UA G 455. 

Livadas, G., Mouchet, J., Gariou, J. & Chastang, R. (1958). 
Peut-on envisager l'éradication du paludisme dans la 
région forestiere du Sud Cameroun? Rivista di Malariolo- 
gia, 37, 229-256. 

Mattingly, P, F. (1962). Population increases in Culex 
pipiens fatigans Wiedemann. A review of present know- 
ledge. Bulletin of the World Health Organization, 27, 

Merle, F. & Maillot, L. (1955). Campagnes de désinsectisa- 
tion contre le paludisme à Brazzaville. Bulletin de la 
Société de Pathologie exotique, 48, 242-269. 

Mouchet, J. (1962). Influence des fleuves sur la biologie 
d'Anopheles gambiae pendant la saison sèche dans le Sud 
Cameroun. Bulletin de 'la Société de Pathologie exotique, 

Mouchet, J. (1976). Problèmes épidémiologiques posés par 
les maladies à vecteur dans les zones de forêt dense 
africaine: influence des changements d'environnement. 
Wiadomosci Parazytologiczne, 22, 557-567. 

Noamesi, G. K., Conejo, M. G. & Colussa, M. B. (1972). 
Assainissement à Brazzaville et dans ses environs. World 

21, 643-660. 

579-584. 

55, 1163-1171. 

gie, 9, 73-102. 
Subra, R. (1972). Etudes écologiques sur Culex pipiens 

fatieans Wiedemann 1828 IDiutera. Culicidae', dans une 
'ZOG urbaine de savane 'soÛdaniénne ouesi-africaine. 
Longévité et déplacements d'adultes marqués avec des 
poudres fluorescentes. Cahiers O.R.S.T.O.M., série En- 
tomologie médicale et Parasitologie, 10, 3-36. 

Subra, R. (1973). Etudes écologiques sur Culex pipiens 
fatigam Wiedemann 1828 (Diptera, Culicidae) dans une 
zone urbaine de savane soudanienne ouest-africaine. 
Dynamique des populations imaginales. Cahiers O.R. 
S.T.O.M., série Entomologie médicale et parasitologie, 11, 

Trape, J. F. (1987). Malaria and urbanization in Central 
Africa: the example of Brazzaville. I. Description of the 
town and review of previous surveys. Transactions of the 
Royal Society of tropical Medicine and Hygiene, 81 (Suppl. 

Trape, J. F. & Zoulani, A. (1987a). Malaria and urbaniza- 
tion in Central Africa: the example of Brazzaville. II. 
Results of entomological surveys and epidemiological 
analysis. Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 81, (Suppl. No. 2), 10-18. 

Trape, J. F. & Zoulani, A. (1987b). Etudes sur le paludisme 
dans une zone de mosaique forêt-savane d'Afrique 
Centrale, la région de Brazzaville. I. Résultats des 
enquêtes entomologiques. Bulletin de la Société de Patho- 
logie exotique, 80, 84-99. 

79-100. 

NO. 2), 1-9. 

.. . . .  
i ' . '  , "  . 

, .  

' " ,, . - ,  ., . I. ,. 



... 

ISSN 0035-9203 

Vol. 81 (Supplement No. 2) 1987 pp. 1-42 

Malaria and urbanization 
in Central Africa: the 
example of Brazzaville 
(People's Republic of Congo) 

Transactions of the 
Royal Society of 
Tropical Medicine 
and Hygiene 

P 

ZONAE TORRIDAE TUTAMEN 

INSTITUT FRANçAIS 
DE RECHERCHE 
SCIENTIFIQUE POUR LE 
DgVELOPPmENT EN 
COOPERATION 

Patron: HER MAJESTY THE QUEEN 

Royal Society of Tropical Medicine and Hygiene 
Manson House, 26 Portland' Place, London, W I N  4EY 
Telephone: 01-580-2127 ' Telegrams: ANOPHELES 

ORSTOM Fonds Documentaire LONDON, NWI 

N" : i 6 . W  a A 2 " y A  
Cote : g 14 AVR. 9989 


