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Le materLeI de cette These a ete recueilli lors d ' un se jour de

quatre annees au Congo, de 1980 a 1984, suivi d 'une mission de trois

semaines en mai 1985. Le carac t ere longi tudinal de la collec te de la

plupart des donnees, l'importance majeure ,- constatee tres rapidement­

des questions me thodoLogLques , les axes· nouveaux de recherches qui se .

sont degages au fur et a mesure que progressait le recueil des donnees

et i ' incertitude pe~manente sur le temps dont nous disposerions pour

mener a bien le travail entrepris, nous ont incite a consacrer entiere­

ment ces annees de terrain a la collecte intensive des donnees et a la

solution des divers problemes methodologiques rencontres, en differant

l'analyse approfondie des resultats et leur publication. Plusieurs rap­

ports et communications ont toutefois regul i.erement rendu compte de

l'avancement de notre recherche, au risque de perdre quelque peu lapri­

meur de certaines publications. Apres notre depart du Congo, intervenu

plus tot que nous l'aurions souhaite, deux annees ont ete necessaires

pour exploiter le materiel entrant dans le cadre de cette These, et.il

est probable que deux autres annees seront necessaa.res pour exploiter

la totalite du materiel recueilli.

14 articles publies ou sous presse sont donc ici rassembles sous

le titre "L'impact de l'urbanisation sur le paludisme en Afrique centra­

le". Paradoxalement, aucun volet urbain n' e t a i t prevu lorsque nous

avons ete af fectes a Brazzaville dans le cadre d 'un vaste programme de

recherches, finance par la D.G.R.S.T. puis le M.I.R., qui associait

l'ORSTOM a divers partenaires pour une evaluation comparee de la morta­

lite et de la morbidite occasionnees par le paludisme dans les princi­

paux facies ecologiques d'Afrique intertropicale. De meme, lorsque

M. Mouchet nous a propose en septembre 1982 d'entreprendre une operation

en milieu urbain, il ne s'agissait alors que de preciser si les criteres

diagnostiques d ' un acces palustre que nous venions de def i.mr en zone

rurale dans la region de Brazzaville pouvaient egalement s' appliquer

aux populations urbaines. Nous etions bien loin d'imaginer alors l'amp­

leur de 1 'impact de 1 'urbanisation sur le paludisme et 1 "orf.g tnal i te

remarquable des modal i tes ep i demi.o l ogi ques de cette affection en zone

urbaine. Les travaux anterieurs etaient tres peu nombreux, et si plu­

sieurs d ' entre eux avaient mon t re une moindre impaludation des villes

que des campagnes environnantes, ces constatations etaient restees

isolees sans qu'apparaisse l'ampleur des differences et encore moins,la

nature des mecani.smes responsables. En fait, nous e t i ons guides par
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l'espoir d'observer des differences de niveau d'endemie entre les quar­

tiers de la ville qui permettent d'approfondir la question de la morta­

lite par paludisme en Afrique centrale. Le volet strictement urbain de ce

travail a donc ete aborde assez tardivement, mais a ainsi immediatement

beneficie des acquis des etudes effectuees en zone rurale dans la region

de Brazzaville que nous avions debutees des 1980: l'essentiel du travail

methodologique etait acheve, un choix de parametres dont l'etude parais­

sait la plus prometteuse pouvait etre et.ahLi , les r esu Ltats pouvaient

etre immediatement c~mpares et exploites.

De nombreuses personnes ont ete e t ro.i tement; assocrees a ce tra­

vail, soit par une collaboration scientifique directe, soit par l'aide

materielle ou morale qu'elles nous ont apportee. Sur le plan strictement

scientifique, cette these est avant tout le produit d'un travail commun,

celui des co-auteurs des articles qui la composent: que tous trouvent

ici l'expression de notre reconnaissance. Nous soulignerons tout parti­

culierement l'importance decisive de la contribution de:

- Monsieur A. Zoulani, technicien entomologiste medical au Centre ORSTOM

de Brazzaville, qui a di r Lge sur le terrain la plupart des seances de

capture d ' anopheles et ef f ec t ue la plupart des dissections de glandes

salivaires et d'ovaires.

- Monsieur P. Peelman, medecin Volontaire du Service National, dont les

observations cliniques me t i.cul euses ont servi de base aux travaux sur

les criteres diagnostiques du paludisme clinique.

- Monsieur A. Fribourg-Blanc, medeci n biologiste, qui a realise dans

son laboratoire parisien l'ensemble des protidogrammes, permettant ainsi

de r eve l.er I.' e t LoLogi.e et les mecani smes du deficit en haptoglobine

des Africains.

- Monsieur H. Guillo du Baudan, medecin Volontaire du Service National,

dont la These sur les taux et causes de mortalite de l'enfant en zone

rurale dans la region de Brazzaville a revele la part etonnament faible

du paludisme, ce qui nous a conduit a approfondir les recherches sur

ce theme.

- Monsieur P. Druilhe, Assistant de Faculte et Assistant des Hopitaux

de Paris dans le service du Professeur Gentilini, qui a exploite d'une

fa~on remarquable les serums recueillis a Brazzaville et dans sa region.

Que tous les co-auteurs des travaux rassembles ici ne nous tien­

nent pas rigueur - ensemble, nous n'avons fait que notre travail! - si
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nous insisterons surtout sur les personnes qui autrement n' apparai­

traient pas alors qu' elles ont egaLemerrt eu un role essentiel dans

la realisation de cette These. Nous pensons tout particulierement a
- Monsieur J. Coz, dont les nombreuses annees de terrain et une extreme

rigueur scientifique font un des rares specLal i st.es authentiques du

paludisme africain. La confiance dont il a bien voulu nous honorer des

notre premiere annee a l'ORSTOM et qu'il a tenu a nous reaffirmer regu­

lierement par la sui~e a ete plus qu'un reconfort et un encouragement:

elle a ete determi.nant;e dans la posstbt l i te qui nous a ete offerte de

mener a terme le travail que nous avions entrepris au Congo.

- Nos collegues et amis entomologistes medicaux de l'ORSTOM a Brazza-

ville: MM. J.P. Eouzan, J. Lancien et A. Richard, dont l'aide a ete

particulierement precieuse et qui ont souvent ete etroitement associes

aux diverses peripeties de ce travail.

- Monsieur J.L. Frezil, collegue et ami, mais aussi investi de la lourde

responsabt l.Lte de la direction du Centre ORSTOM de Brazzaville, qui

nous a permis de poursuivre dans d'excellentes conditions les operations

de terrain.

- MM. J. Brengues, B. Sellin, D. Quillevere et Y. Sechan, qui par leurs

fonctions au sein de l'ancien Comite Technique MPEm et l'interet qu'ils

ont manifeste pour la solution des problemes rencontres nous ont permis

de mener a terme ce travail.

- Madame M.B. Milandou, directrice de l'ecole de Linzolo, les ensei­

gnants et la population de ce village. Sans leur confiance , leur amitie

et leur collaboration sans cesse renforcees pendant quatre annees d'etu­

des intensiyes dans leur village, beaucoup de travaux rappor t.es ici

n'auraient pas ete possibles.

- Les AutorLt.es Congolaises, aupres desquelles, a tous les niveaux de

responsabilite, nous avons toujours rencontre aide ou bienveillance

pour l'accomplissement des operations de recherche.

- Madame J. Mounzenze et MM. E. Malanda et A. Bouangala, dont L' aide

a ete particulierement precieuse lors de toutes les enquetes de terrain.

A ma femme, dont un des nombreux merites - non des moindres -a ete

de realiser la dactylographie complete de cette These.
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RESUME

L' essor considerable de I' urbanisation en Afrique t ropLca l e est

un phenomene recent qui occasionne d'importants bouleversements ecolo­

giques et sociologiques et sou l eve la question de leur impact sur le

paludisme.

Dans ce travail, a partir de I' exemple de Brazzaville et de sa

region Oil nous avons etudi.e comparativement en zone rurale et en zone

urbaine les principaux parametres entomologiques, parasitologiques,

biologiques et cliniques du paludisme, nous analysons l'impact de

l'urbanisation sur les modalites epidemiologiques du paludisme en Afri­

que Centrale et l'importance de cette affection comme cause de morbidite

et de mortalite chez l'enfant.

Les principales observations et conclusions de ce travail peuvent

se resumer ainsi:

- Sur le plan entomologique, alors que dans un premier temps

chaque implantation humaine favorise I' introduc tion et la pullulation

d'Anopheles gambiae, principal vecteur du paludisme en Afrique Centrale,

la croissance urbaine se revele ensuite hautement de favorabLe a ce

vecteur ainsi qu'a l'ensemble des vecteurs secondaires potentiels.

Si une poli tique d ' assainissement de I' espace urbain par drainage ou

canalisation des eaux de surface peut avoir localement un impact impor­

tant, de telles modal I t es d ' intervention sont devenues rares et ponc­

tuelles en raison de leur cout eleve; c'est l'augmentation de la densite

de la population qui, par ses consequences directes et indirectes en

zone urbaine, s' est revelee etre le veritable moteur de la diminution

de la transmission du paludisme: par la press ion fon~iere qu'elle exerce

au niveau des derniers espaces non urbanises et notamment des terres

a vocation maratcheres , elle tend a el imi ner un nombre croissant de

gites larvaires d'A. gambiae; par la pollution domestique qui l'accompa­

gne, principalement les detergents, elle favorise les culicines au

depens des anopheles; en limitant la dispersion des anopheles a partir

des gites larvaires, elle tend a focaliser la transmission; en diluant

les populations anophe l i ennes subsistantes dans une population humaine

plus nombreuse, elle tend a reduire le degre d'exposition de chacun.
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Selon la nature des sites conquis par 1 'urbanisation, ces meca­

nismes s' exercent plus ou moins rapidemment; leur somma tion aboutit

a des differences considerabLes dans I.' Lnt.ens'i te de transmission du

paludisme entre les divers quartiers d'une meme agglomeration, en rela­

tion directe avec l'anciennete de l'urbanisation: dans le cas de Brazza­

ville, I.' Lntens i t e de transmission du paludisme varie ainsi selon les

quartiers de la ville de moins d ' une pi.qflre infectante par personne

tous les deux ou trois ans (cas de la par tie centrale des arrondisse­

ments de Poto-Poto, Moungali et Ouenze , secteur le plus ancien de la

ville) a plus de 100 pIqflres infectantes par personne par an (cas de

l' arrondissement de Mfilou-Ngamaba et du quartier Ngangouoni, secteur

dont l'urbanisation est recente), tandis qu'en zone rurale environnante

l'intensite de transmission du paludisme est comprise entre 200 et 1.000

piqures infectantes par personne par an selon les villages.

- Sur le plan parasitologigue et biologigue, on retrouve des

differences de meme importance, consequences directes de la reduction

de la densite vec torielle. Ainsi, la prevalence dupaludisme chez les

enfants de 1 a 15 ans residant dans les villages des environs de Brazza­

ville est toujours tres elevee et varie entre : 79,1% et 94,2%· pour

Plasmodium falciparum, entre 13,8% et 26,1% pour P. malariae, et entre

4,6% et 9,8% pour P. ovale. En zone urbaine, la prevalence du paludisme

differe considerablement selon les quartiers de la ville: chez les

ecoliers, elle est de 81% a Massina, 65,8% a Talangai, 39,7% a Bacongo,

9,4% a Moungali et seulement 3,4% a Poto-Poto, tandis que P. falciparum

est beaucoup plus rarement associe a P. malariae et a P. ovale en zone

urbaine qu'en zone rurale.

L'impact biologique de l'urbanisation, par l'intermediaire de

la reduction de la transmission, est egalement tres important. L'acqui­

sition de l'immunite apparait tres retardee dans les quartiers urbains

ou l'intensite de transmission du paludisme est faible: 63% des enfants

ages de 6 et 7 ans residant depuis leur naissance a Poto-Poto n ' ont

pas d'anticorps antipaludiques alors que la totalite des enfants resi­

dant en zone rurale sont sero-positifs avant l'age de 5 ans. De meme,

alors que de 30% a 48% des eco l i.ers residant en zone rurale ont un
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deficit complet en haptoglobine dont il a ete demontre dans ce travail

qu'il traduit l'importance de L'fiemoLyse provoquee par 'le paludisme,

la prevalence de ce deficit est inferieure a 3% a Poto-Poto et a Moun­

gali, et atteint un niveau Lnterrnedf.ai r e (11% a 17%) a Massina et a
Talangai.

- Sur le plan clinigue, alors que la prevalence des acces palus­

tres chez l'enfant : evaluee par une methode nouvelle basee sur le rap­

port parasites/leucocytes dont il a ete montre l'interet dans les

regions de forte endemi.e palustre - est tres elevee en zone rurale

et semble beaucoup plus faible dans les quartiers urbains ou l'intensite

de transmission du paludisme est r edu i t e , il n I a pas e te observe de

difference significative dans la frequence des complications graves

du paludisme entre les zones urbaines et rurales d'une part, entre les

divers quartiers urbains d I autre part. La meme incidence des acces

pernicieux a ete observee dans les deux secteurs les plus contrastes

de Brazzaville ou resident respectivement 26.000 et 24.000 enfants

de moins de 15 ans, le premier caracterise par une intensite de trans­

mission du paludisme de 100 piqures infectantes annuelles et un indice

plasmodique chez les eco l i.ers de 81%, le second par une Lntens i t e de

transmission du paludisme LnferLeure a une pi qfire infectante annuelle

et un indice plasmodique chez les ecoliers inferieur a 4%. Pour l'annee

1983, seulement 42 deces ont pu etre at t.rLbues d 'une f acon certaine

ou probable au paludisme sur 1 I ensemble de 1 I agglomeration de Brazza­

ville qui compte 229.000 enfants de moins de 15 ans , Le taux annuel

de mort al.i t e par paludisme a ete eatime en zone urbaine a 0,43 pour

mille dans le groupe d'age 0-4 ans et a 0,08 pour mille dans le groupe

d I age 5-9 ans. En zone rurale dans la region de Brazzaville, un taux

de mortali t e par paludisme encore Legerement .inf erfeur a ete observe.

La mortalite directe par paludisme est ainsi environ 30 fois plus faible

que ne l'indiquaient les etudes precedentes en zone Afro-tropicale

et l'estimation de l'OMS.

Cet effondrement spectaculaire de la mortalite par paludisme,

survenu en l'absence de toute mesure specifique de lutte anti-paludique

et aussi bien en zone rurale qu'en zone urbaine, semble essentiellement
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base sur les profondes transformations sociologiques et culturelles

induites par le developpement. En particulier, devant un syndrome febri­

le de I" enfant, I.' usage d ' un trai tement presompt t f par la chloroquine

ou I.' amodiaquine direc tement prescrit et admiru stre par les parents

s'est generalise, diminuant ainsi considerablement la frequence des

complications graves du paludisme. Cette demarche spontannee des parents

a ete Lnt.erpretee comme un compromis entre la chimioprophylaxie qui

leur e t at t conseilLee mais dont l' Lnt.e re t n' e t a i t guere ressenti et

la chimiotherapie qui etait reservee aux formations sanitaires et dont

l'efficacite apparaissait clairement.

- En conclusion, l' urbanisation en Afr i que centrale se revele

benefique en ce qui concerne le paludisme en reduisant l'impact biolo­

gique et clinique de cette affection sans que le retard dans l'acquisi­

tion de l'immunite n'ait des consequences graves. Toutefois, il apparait

sur tout que ce sont les usages t.herapeut i.ques et les structures sani­

taires qui ont une importance decisive pour ev i t er les complications

graves du paludisme et r edu i r e la mort.a l i.te , Dans le contexte socio­

economique et epidemiologique actuel de l'Afrique centrale, l'apparition

en 1985 de souches de P. falciparum r es i stantes a la chloroquine et

leur multiplication rapide depuis constituent un phenomene nouveau

part t cul.Lerement grave, car la dispari tion dans la panoplie t herapeu­

tique de cette drogue et de l'amodiaquine - les seules qui soient peu

couteuses et d ' un emploi facile - ne pourra que r el ever la mortali te

par paludisme et accentuer fortement les Lnega.lftes face a ce risque

en fonction du niveau economi.que et cul turel et de I' eLof.gnement des

formations sanitaires.
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SUMMARY

In order to ascertain the impact of urbanization on malaria,

a research project was undertaken from 1980 to 1985 in the Brazzaville

region and 16 other urban centres of the Congo. Studies investigated

parasite prevalence and density, vectors bionomics, malaria morbidity

and mortality, serum haptoglobin and immunoglobulins, antimalarials

antibodies and antimalarials practices. In the rural area of the Brazza­

ville region, malaria is holoendemic: the parasite in children varies

from 79% to 94% and the inoculation rate from 200 to 1,000 infective

bites per person per year according to the villages. In Brazzaville,

considerable differences exist between the districts of the town, in

relation to the population density and the nature of the ground gained

by urbanization: the parasite rate in schoolchildren is 81% in Massina,

66% in Talangai, 40% in Bacongo, 9% in Moungali and 3% in Poto-Poto.

According to the districts, the inoculation rate varies from less than

one to 100 infective bites per person per year. Only 37% of children

aged 6 years living since birth in Poto-Poto are seropositive. In con­

trast, the annual rate of mortality from malaria is very low both in

the rural and urban areas and shows no significant differences between

the districts of the town. It was estimated at 0.43 per thousand in

child ren from 0 to 4 yearsand 0.08 per thousand in child ren from 5

to 9 years. The present-day drop in mortality is attributed to the

now general use of antimalarial drugs for the treatment of all febriles

episodes in infants and children.

The observations made in the Congo show that urbanization has

a considerable impact on entomological, parasitological and immunologi­

cal aspects of malaria. However, it would appear that it is above all

the antimalarial practices and possibilities of treatment which are

of capital importance in preventing serious complications and decreasing

mortality.
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INTRODUCTION

Une croissance demographique elevee conjuguee a une forte emigra­

tio~ des campagnes vers les villes explique le developpement spectacu­

laire de L'jirbaru.sat.Lon en Afrique tropicale ou aucune ville n'attei­

gnait un million d ' habitants en 1960 alors qu' elles seront 40 dans

ce cas en l'an 2000 (United Nations, 1985). Le taux de croissance annuel

des grandes villes africaines atteint frequemment 6 a 8% (Dakar,

Monrovia, Accra, Lome, Douala, Dar es Salaam), parfois 9 a 10% (Lagos,

Yaounde) ou meme 11 a 12% (Abidjan), ce qui correspond a un doublement

de la population tous les 6 ans (Marguerat, 1978). Alors que seulement

8,9% de la population de I' Afrique tropicale e ta i t urbani.see en 1950,

cette proportion atteint 25,2% en 1985 et sera proche de 36% a la fin

du siecle (United Nations, 1985).

Les consequences pour le paludisme de ce bouleversement majeur

de geographte humaine n' ont jusqu' a present fait I' objet que de rares

etudes. Dans une revue recente, Bruce-Chwatt (1983) ne cite pour

I' Afrique que les travaux de Vercruysse et de ses collaborateurs au

Senegal (Vercruysse &Jancloes, 1981; Vercruysse et al., 1983). Divers

travaux anciens ont bien ete realises en milieu urbain, mais ils ne

pr esen tent qu 'un Lnteret; indirect pour la comprehension des situations

ep i demi.o IogLques qui prevalent aujourd' hui pour une forte proportion

d'Africains. Meme dans le cas d'une croissance urbaine relativement

faible pour l'Afrique tropicale, comme a Freetown par exemple, il

n'existe plus grand chose de commun entre la bourgade de quelques

dizaines de milliers d'habitants qu'etudiaient magistralement Blacklock

et Evans (1926), Macdonald (1926) et Wal ton (1947, 1949) et la ville

actuelle qui compte plus de 500.000 habitants. Des travaux plus recents,

comme ceux de Harverson et al. (1966), Biggar et al. (1980), Gardiner

et al. (1984) et Sexton et al. (1984) montrent clairement que nos con­

naissances actuelles sur l'epidemiologie du paludisme en Afrique tropi­

cale, qui proviennent essentiellement d'etudes realisees en zone rurale,

ne permettent guer e d ' apprehender les situations bien plus complexes

observees en milieu urbain. Ce sont en effet tous les parametres essen­

tiels, tant entomologiques que parasitologiques, immunologiques, clini­

ques et t.her apeut Iques qui sont .potentieJ.lffiEl1t. af fec t es par les boulever-
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sements ecologiques et sociologiques qui accompagnent l'explosion

urbaine de l'Afrique noire.

La rarete des etudes sur le theme paludisme et urbanisation n'est

qu'un des aspects du retard que le concept d'eradication," qui a oriente

l'essentiel de la recherche sur le paludisme en Afrique dans les annees

50 et 60, a provoque dans plusieurs domaines qui apparaissent desormais

comme essentiels dans le cadre d'une reorientation de la lutte antipalu­

dique vers un objectif moins ambitieux : la reduction de la mortali te

et de la morbidite:occasionnees par le paludisme.

Les hasards de I' evolution ont fait d ' Anopheles gambiae et d 'h
funestus les vecteurs les plus efficaces dont le paludisme puisse dispo­

ser, et des Plasmodium des organismes pathogenes sans equivalents, capa­

bles de tuer leur hate dans une proportion rar::ement ega Iee par les

agents viraux, bacter i.ens ou parasi taires les plus virulents - 25%,

semble-t-il, pour P. falciparum chez un sujet non immun en I' absence

de traitement (Fontaine et al., 1961; Pampana, 1963) - sans pour autant

induire une Lmmun i t e veritable chez les survivants qui, au gre de re­

infections multiples si les conditions epidemiologiques sont favorables,

les hebergeront en permanence. L'immunologie encorenaissante des annees

30 a du definir un concept nouveau - la premunition - pour rendre compte

d'un ~quilibre hate-parasite si oarticulier.

La rencontre en Afrique noire de P. falciparum et d' A. gambiae

fait du paludisme africain une en t i.te exceptionnelle, qui a longtemps

deroute medeciris et chercheurs. En 1948, soit plus de soixante ans

apres la decouverte de Laveran et les premieres recherches sur le

paludisme en Afrique tropicale, le grand paludologue beIge A. Schwetz,

dont la contribution a la connaissance du paludisme et a l'amelioration

de la san t e des populations africaines est immense , pouvait ainsi

ec r i re : "Maintes fois nous avons t rouve jusque 100% de parasites chez

une cinquantaine ou une centaine de nourrissons ages de 3 mois a 2

ans, parasites de plus par un t res grand nombre de parasites de deux

et meme de toutes les trois especes, dont des dizaines de gametocytes,

des croissants y compris, dans une goutte epa i sse et meme dans un

frottis. Et tous ces enfants se portaient parfaitement bien : ni fievre

ni autre symptome morbide. ( ••. ). Comme tout le monde, nous consider ions

jusqu' aces derrrieres annees le paludisme comme la maladie tropicale

la plus grave pour les Europeens , comme le plus grand obstacle a leur
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installation en Afrique centra le . Mais nous faisions peu de cas du

paludisme, quand il s'agissait des Noirs. Et si l'on pensait a quinini­

ser les Noirs, c' e t a i t pour faire disparaitre leurs parasites nocifs

pour les Blancs".

La croyance en la benignite du paludisme chez les Africains etait

encore largement par t agee par la pIu part des medec i ns a cette epoque ,

Car ce qu' ils decouvra Lerrt en Afrique s' opposait compIe t emerrt a ce

qu'ils connaissaient du paludisme en Inde ou en Afrique du Nord ou

cette affection se, reveLai t hautement meur t r rere pour l' ensemble de

la population. En fait, plusieurs suspectaient fortement une responsabi­

lite partielle du paludisme dans la mort.a l i t.e elevee des nourrissons

et des t r es jeunes enfants (Whitbourne, 1930; Smith, 1943; Garnham,

1949), mais ce n'est qu'a la suite de la premier~ conference africaine

du paludisme a Kampala que les premieres contributions importantes

sur cette question sont parues (Duren, 1951; Bruce-Chwat t , 1952; Col­

bourne, 1954). Trente cinq ans plus tard, elles demeurent les seules

sur lesquelles sont basees les estimations de l'importance du paludisme

comme cause directe de morta l i t e de l' enfant (notamment I.' estimation

de l'OMS de 1972), tandis que moins d'une dizaine d'autres etudes impor­

tantes ont ete consacrees aI' epi.demi.o.Iogi.e clinique du paludisme en

Afrique. Car la reconnaissance de la grav i t e du paludisme chez les

Africains devait coincider avec I.' emergence du concept d ' eradication

qui allait desormafs imposer ses met.hodes et orienter I.' essentiel de

la recherche.

36 grands projets de controle, eradication et recherche sur le

paludisme en Afrique tropicale ont ete recenses par Kouznetsov (1977)

sur la periode 1948-1976. lIs ont permis le recueil d'une somme consi­

derable d'informations et une connaissance tres approfondie de nombreux

aspects du paludisme, notamment sur le plan vectoriel, mais n'ont

qu' exceptionnellement Lnt.egre des etudes cliniques. Celles-ci parais­

saient secondaires puisque l' eradication devait resoudre le prohleme

du paludisme en Afrique, et seuls quelques auteurs se sont Lnteresses

aI' histoire naturelle du paludisme et ont appor t.e une contribution

importante sur ce theme, au premier rang desquels il faut citer Wilson,

Bruce-Chwatt, McGregor, Colbourne, Draper et Miller.

Notre travail au Congo s' est ainsi inscrit dans le cadre d ' un

programme d ' evaluation comparee de la mor t aLi t e et de la morb i.di t e

occasionnees par le paludisme dans differents facies ecologiques: zones
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urbaines et rurales d ' Afrique centrale d ' une part, mais aussi Afrique

soudanienne et sahelienne. L'essence meme de ce programme etait d'ordre

comparatif, et, a cet egard, deux problemes majeurs sont apparus imme­

diatement:

- La relative pauvre t e de la bibliographie sur les themes abordes et,

de plus, sa dispersion et sa valeur tres inegale.

- L'importance des problemes methodologiques non resolus, responsables

d ' une grande confusion et empechant toute comparaison approfondie tant

les criteres utilises etaient differents, souvent peu satisfaisants

ou guere utilisables en dehors d'enquetes ponctuelles de portee limitee.

C'est a plusieurs de ces questions methodologiques que nous nous

sommes attaques en priorite, dans la mesure de nos moyens, et les resul­

tats des travaux auxquels elles ont donne lieu sont egalement rapportes

dans cette these.

Dans cet expose, nous presenterons successivement:

- Les principaux aspects de geographi.e physique et humaine des

zones rurales et urbaines ou ont ete conduites les operations de

terrain.

- Les principales observations entomologiques, parasitologiques,

biologiques, cliniques et demographtques real.isees lors de ces ope­

rations.

- Une analyse de I' impact de I' urbanisation sur le paludisrne

en Afrique centrale tel qu' il apparai t a partir de nos observations

et des donnees de la litterature.
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PRESENTATION DE LA ZONE D'ETUDES

1. LA REGION DE BRAZZAVILLE

Trois ensembles naturels se partagent l'arriere pays brazzavillois:

le plateau de Mbe, la r e t ombee du plateau de Mbe et le plateau des

cataractes.

Le plateau de Mbe debute a une quarantaine de kilometres au nord

de Brazzaville et s' e tend sur 7.500 km2• Son altitude varie entre 600

et 750 metres; le§ seuls accidents topographiques sont dus a quelques

val Lees et a des depressions dont la den i vella tion depasse raremen t

quelques metres. Les sols datent du tertiaire et sont c -ns t i t ues de

sables et de limons sablo-argileux sur une epaisseur de 60 a 100 metres.

Du fait de leur forte permeab i Li t e il n' existe pas de rivi.er es et les

seules collections d'eau, presque toujours temporaires, sont retrouvees

au niveau de rares depressions dont le fond a ete Impermeab i.Lise par

la decomposition de ma t Leres veget.aLes , La vegetation est une savane

a tapis gramineen clairseme a Trachypogon thollonii. Les arbustes sont

rares. Quelques bosquets correspondent a l'emplacement des anciens

villages tandis que des plantations r ecerit.e s de pins et d ' eucalyptus

ont ete deve l oppees avec succes pr es de PK rouge. La dens i t e de la

population est tres faible, moins de 1 habitant au km2•

Le plateau des cataractes occupe une partie importante du site

meme de I' agglomeration de Brazzaville et s' e t.end a I' ouest de celle­

c i , Dans le secteur qui nous interesse id, il est Li.mi t e au sud-est

par le Congo et au nord-est par le Djoue dont il deborde toutefois

legerement sur la rive gauche. D'un point de vue geologique, il s'agit

d'une serie schisto-greseuse (serie de l'Inkisi) datant du precambrien

superieur. Du fait d'une forte erosion occasionnee par un reseau hydro­

graphique t r es dense, ce "plateau" est en fait une region de collines

dont I' al titude varie general.ement de 300 a 500 metres. Les sols sont

sableux, soit qu'ils proviennent de la decomposition des gres de

l'Inkisi, soit le plus souvent -notamment au sommet des collines- qu'il

s'agisse de sables de recouvrement d'age tertiaire. Tout ce secteur

jadis tres boise (foret mesophile a essences caducifoliees) a subi

un def r i.chemen t intense en raison d 'une forte pression demcgraphique

et de la demande croissante de Brazzaville en produits vivriers et

en bois de chauffe. Les jacheres sont desormais insuffisantes pour

que la foret se reconstitue et celle-ci ne subsiste plus que sous forme
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Bacongo (50.758 habitants),
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de galeries tres degradees le long des cours d'eau et de lambeaux alter­

nant avec des zones de savane sur les pentes et les sommets. Ce secteur

regroupe plus de 90% de la population residant en zone rurale dans

la region de Brazzaville. La densite moyenne de la population est

d'environ 40 habitants au km2•

La retombee du plateau de Mbe s' e t end au nord de Brazzaville

entre les deux formations pr ecedentes , 11 s'agit de fortes collines

sableuses dont l'altitude varie entre 300 et 600 metres, et qui consti­

tuent les contrefer t s du plateau de Mbe. C' est sur des collines de

ce type que se fait actuellement vers le nord I 'extension de Brazza­

ville (Quartier Tout pour le Peuple notamment). Diverses vallees decou­

pent nettement le paysage. Elles sont de deux sortes : soit des vallees

vives ou coulent des rivieres ayant pris naissanc~. au pied des plateaux,

soit des vallees afferentes seches ou temporaires. D'etroites galeries

fo reat i.eres longent les cours d ' eau tandis que la savane occupe le

reste du paysage. Les sables des collines, delaves par l'erosion, sont

impropres a toute culture. La population de ce secteur est peu nombreuse

et regroupee dans quelques villages a proximite des rivieres. La densite

de la population est d'environ 5 habitants au km2•

2. L'AGGLOr1ERATION DE BRAZZAVILLE

Les resultats du recensement de 1983 indiquent 500.761 habitants

pour Brazzaville, soi t pres d ' un tiers de la population de I' ensemble

du pays. Brazzaville a ete fondee en 1880. Elle comptait 25.000 habi­

tants en 1935, 92.000 en 1955, 128.000 en 1961 et 317.000 en 1974,

soit une croissance de type exponentiel pour la per i ode 1880-1974 et

un Leger ralentissement depuis. Sa population a double entre 1972 et

1983.

Administrativement, la ville est divisee en 7 arrondissements

qui forment deux ensembles distincts regroupant la quasi t ot.aLi t e de

sa population. Ces deux ensembles s' e t enden t I' un au sud-ouest I' aut­

re au nord-est d ' une vaste zone med i.ane admi.n i s t ree a part - le centre

ville - qui comprend l'aeroport, le secteur administratif et commercial,

de nombreux espaces verts ainsi que l'ancien quartier residentiel euro­

peen.

est constitue par les arrondissements de

Makelekele (99.574 habitants) et Mfilou-
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Ngamaba (35.417 habitants). Le quartier le plus ancien est Bacongo,

qui etait deja pratiquement urbanise dans ses limites actuelles en

1950. L'extension la plus recente, a partir de 1965, correspond a l'ar­

rondissement de Mfilou-Ngamaba ainsi quIa la moitie ouest de celui

de MakeIekeIe.

Le deuxfeme ensemble comprend les arrondissements de Poto-Poto

(50.932 habitants), Moungali (71.348 habitants), Ouenze (90.274 habi­

tants) et Talangai (84.198 habitants). La partie la plus ancienne est

Poto-Poto, dont le~ limites actuelles etaient deja largement depassees

en 1950, la ville s'etendant alors egalement sur une partie des arron­

dissements actuels de Moungali et Ouenze , L' extension la plus r ecent;e

est Talangai dont l'urbanisation a commence vers 1965.

Le centre vi l Le , bien que t res e tendu e~. partageant la ville

en deux, ne compte que 18.260 habitants, soit 3,6% de la population

totale. Sous cette appellation on des i.gne en fait un ensemble hetero­

gene comprenant les quartiers a vocation administrative, commerciale,

industrielle ou r es i.dentLe.l l.e de haut niveau ainsi que 1 Iaeropor t et

de nombreux espaces verts. 11 s' oppose ainsi t r e s nettement au reste

de la ville, extension des deux anciennes "cites africaines" de l'epoque

coloniale qui e ta.i en t s i tuees de part et d Iautre de la "ville euro­

peenne"; Pour la cornmod i t e de 1 Iexpose, nous utiliserons les appella­

tions de "centre ville" et de "ville africaine" pour designer respect i­

vement ces deux entites.

L' unite d ' habi tation type dans l ' ensemble de la ville africaine

est la parcelle. Elle se compose d' une cour au centre de laquelle on

trouve une construction basse de 3 a 5 pieces d ' habi tation. Un coin

de la cour est amenage pour la cuisine, celle-ci etant parfois si tuee

dans une piece annexe. La cour est plantee de quelques arbres fruitiers

(manguiers, avocatiers et safoutiers essentiellement). Dans les quar­

tiers les plus anciens et centraux, on observe frequemment la presence

d'une construction d'habitation supplementaire d'une ou deux pie~es~

LIemploi de parpaings de ciment ou de briques adobes comme mat.er i.au

de construction est generalise depuis de nombreuses annees, rempla~ant

le traditionnel poto-poto (argile gachee soutenue par une double arma­

ture de bois). Le sol est presque toujours c imente et la toiture est

faite de tales ondulees fixees sur une charpente de bois.

L'auto-construction generalisee et le systeme de percelles expli-
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quent l'importance de l'etalement spatial de la ville qui precede pen­

dant une longue periode le peuplement effectif. Dans les quartiers

les plus anciens, la dens i t e de la population est d ' environ 200 habi­

tants a l'hectare. Elle est inferieure a 50 habitants a l'hectare dans

les quartiers recemment urbanises ( Auger & Vennetier, 1976).

L' habitat est carac t er i se par une relative qua l i t e , supe r i eure

a celle de bien des villes d ' Afrique noire, et une forte homogenei te ,

consequence d'un eventail assez resserre des revenus des actifs (ecart

de 1 a 4 entre les 25% des menages les plus pauvres et les 25% les

plus riches) et de l'absence de depense ostentatoire dans ce domaine.

Les inegalites se refletent avant tout dans la distribution des services

-eau et electricite- dont ne benef i.ci ent respectivement que 32% et

11% des menages (Urbanor, 1980).

On observe egal emerrt une absence de segregation sociale entre

les quartiers, centre ville excepte. L'ensemble de l'eventail des reve­

nus y est partout bien represen te , et le revenu mensuel par menage

varie de 36.966 Francs CFA a Talangai OU il est le plus faible a 53.298

Francs CFA a Moungali ou il est le plus eleve (Urbanor, 1980). En revan­

che, l'affinite ethnique intervient nettement dans l'occupation de

l'espace urbain. Ainsi Makelekele, Bacongo et Ngamaba sont habites

essentiellement par des Kongos dans une proportion comprise entre 87,7%

et 95,9%. La proportion de Kongos est ega l ement forte a Moungali ou

elle atteint 79,5% tandis qu'elle n'est que de 13,7% a Talangai ou

dominent les ethnies Teke et Mbochi (78,5%). Crest a Poto-Poto et Ouenze

que la repartition des ethnies est la plus equilibree Wrbanor., 1980).

3. LES AUTRES AGGLOMERATIONS ETUDIEES

Trois communes urbaines et treize autres agglomerations reparties

sur I' ensemble du Congo ont ete i: objet d ' enquetes ponctuelles dans

le cadre de cette these. Il s' agit des villes de Pointe Noire, Nkayi

et Loubomo dont la population respective est d'environ 220.000, 45.000

et 40.000 habitants. Ces trois villes sont s i t uees en zone de savane

(savane cotiere pour Poin te Noire, savane des plaines du Niari pour

Nkayi et Loubomo).

Les autres

sont reparties sur

4eme d 'S degre u et

agglomerations, de type generalement semi-urbain,

l'ensemble du pays depuis le 2
eme degre Nord jusqu'au

leur population varie de 4.000 a 15.000 habitants.

Quatre d'entre elles sont en zone forestiere (Ouesso, Mossendjo, Komo~o,
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Sibiti), trois en mosaique foret-savane (Makoua, Owando, Oyo), trois en

savane de plaine (Mindouli, Madingou, Mouyondzi) et trois en savane de

plateaux (Djamba18, Lekana, Gamboma).

4. DONNEES CLIMATIQUES SUR LA REGION DE BRAZZAVILLE

Ilexiste deux grandes saisons, t res contrastees , carac t er i sees

principalement par la pIuv i.os i t e , La saison seche dure quatre mois,

de juin a septembre , L'absence de prec i pt tattons est presque totale

mais les rosees etbrouillards matinaux sont habituels. Les temperatures

moyennes sont les plus basses de l'annee avec des minimas compris entre

17°C et 19,9°C. L'ensoleillement est faible du fait d'un epais plafond

de nuages. La saison des pluies dure huit mois, d'octobre a maL Les

precLpt tat i ons sont abondantes, general.ement sous forme d ' orages vio­

lents survenant en fin d'apres-midi ou en debut de nuit. Vers janvier

on observe frequemment pendant plusieurs semaines un net ralentissement

des pr ec Ip i t at i ons , d ' ou I.' appellation de petite saison seche , cette

"saison" gardant par ailleurs tous les caract.eres d 'une saison humide.

La hauteur annuelle moyenne des precipitations a Brazzaville,

calculee sur une periode de 34 ans est de 1.374,1 mm. Une hauteur maxi­

male de 1.716 mm a ete re levee en 1961 et une hauteur minimale de 990

mm en 1978. Les annees 1980 a 1984, pendant lesquelles ont ete effec­

t.uees les etudes vectorielles-, ..ont connu uneipLuvi.os i t.e variant de 1.092

mm a 1.492.'1lm. Les -ao i s les plus arroses sont novembre et avril,

avec en moyenne 264,4 mm et 204,1 mm de pluie. Les mois les plus secs

sont juin, juillet et aout avec moins de 4 mm de pluie chacun.

L'humidite relative moyenne est toujours elevee et ne montre

que peu de variations sa i sonn Leres , Elle est de 83% pour le mois le

plus humide (decembre) et de 73,4% pour le mois le plus sec (septembre).

L'humidite relative minimale moyenne, qui correspond habituellement

au debut de l' apres-midi ou la temperature est maximale, varie selon

les mois de l'annee de 60,8% (decembre) a 51,8% (septembre).

La temperature moyenne journaliere est de 2S,1°C pour l'ensemble

de l' annee , Son amplitude mensuelle est faible, avec comme extremes

26,soC en mars-avril et 21,9°C en juillet. La temperature minimale

moyenne est de 20 ,3°C. Elle est toujours super i eure a 21°C pendant

la saison des pluies mais descend jusqu'a 1rc en saison seche , La

temperature maximale moyenne varie de 31,soC (mars et avr i I ) a 26, rc
(juillet). Elle est de 29,9°C pour l'ensemble de l'annee.
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OBSERVATIONS ENTOMOLOGIQUES

1. LES PARAMETRES ENTOMOLOGIQUES DE LA TRANSMISSION DU PALUDISME EN

ZONE RURALE DANS LA REGION DE BRAZZAVILLE.

Pour la determination des principaux parametres entomologiques

de la transmission du paludisme en zone rurale dans la region de Brazza­

ville, nous avons.largement beneficie des nombreux travaux sur ce theme

deja realises par nos collegues de l'ORSTOM. Nous avons ainsi pu limiter

nos investigations a un suivi entomologique longitudinal du village

de Linzolo, choisi comme terrain d ' etudes principal pour le recueil

et i ' integration de i: ensemble des parame t res 9.e reference en zone

rurale, et a divers sondages dans 10 autres villages de la region de

Brazzaville. Les methodes utilisees et les resultats obtenus sont

l'objet de l'article 3 en annexe.

A partir de i: ensemble des donnees recueillies, il est possible

de degager un tableau precis des moda l i t.es entomologiques actuelles

de la transmission du paludisme en zone rurale dans la region de Brazza­

ville.

1.1. Resultats des enguetes vectorielles.

14 especes d ' anopheles ont ete s i.gnal.ees dans cette region

A. gambiae, A. funestus, A. moucheti, A. nili, A. hancocki, A. paludis,

A. coustani, AJ.. z i emanrri, A. brunnipes, A. rhodesiensis, A. obscurus,

A. cinctus, A. marshalli et A. brohieri (Lacan, 1958; Brady, 1961;

Adam et Souweine, 1962; Adam, 1964). Seules les huit premieres ont

ete capturees sur appat humain, et les citations de A. marshalli et

de A. brohieri correspondent probablement a des determinations erronees.

Toutes les enquetes ont mon t re une forte predominance de A. gambiae

lors des captures de nuit sur appat humain ou de la faune matinale

r esLdue.Lle intra-domiciliaire. Ainsi, A. gambiae est l' espece la plus

frequemment capturee dans les onze villages Oll nous avons enquete

(Linzolo, Madibou, Djoumouna, Yaka-Yaka, Loukanga, Nganga-Lingolo,

Kel e-Ke l.e , Makana, Tsangamani, Djiri, Kintele); elle est egaIemerit

la plus frequente a Mabaya, Massissia et Cite du Djoue (Brady, 1961),

M'bamou village et Yalavounga (Nziamboudi, 1982), PK rouge (Carnevale

et al., 1982) et Kinkala (Gueye et Odetoyinbo, 1974).
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La dens i t e de ce vecteur est toujours t r es e Levee : 31 pi.qflrea/

homme/nuit (PHN) en saison des pluies et 20 PHN en sa i son seche a

Linzolo, 96 PHN a Djoumouna (Carneva1e, 1979), 24 PHN a M'Bamou village

et 78 PHN a Yalavounga (Nziamboudi, 1982), 77 PHN a Loukanga (Bitsindou,

1984). Dans les villages ou les captures de nuit n'ont pas ete effec­

tuees , on peut neanmo i ns dedu i r e que la dens i t e vectorielle agressive

de nui test d I un meme ordre de grandeur a partir des r esul tats des

captures de la faune matinale residuelle intra-domiciliaire.

Les variatiqns saisonnieres de la densite anophelienne paraissent

faibles dans la plupart des villages, a 1 I exception toutefois de ceux

s i tues au nord-est de Brazzaville sur le plateau de Mbe en raison

de l'absence complete d'eau de surface pendant la saison seche : ainsi,

a PK Rouge, le nombre de PHN varie de plus de 50 en janvier a 0 en

juillet et aout (Carnevale et al., 1982).

A. gambiae represente habituellement pre s de 90% des captures.

Toutefois, localement ou sa i sonnLerement , certaines especes comme A.

paludis, A. moucheti ou A. funestus peuvent representer plus de 15%

des captures (Brady, 1961; Carnevale, 1979; Nziamboudi, 1982; Bitsindou,

1984). Dans le ~as de Linzolo, lors d'une capture effectuee en janvier

1983, A. funestus a represente 56,60% des anopheles captures avec 24

PHN pour cette espece alors que lors des 39 autres seances de capture

A. funestus n'a depasse 10% des anopheles captures qu'a trois reprises

avec un maximum de 15,4%. Nous n'avons pas d'explication satisfaisante

pour cette brusque pullulation qui semble toutefois associee a une

periode prolongee de precipitations regulieres mais de faible amplitude.

En fait, c'est sur tout A. moucheti qui localement peut etre parti­

culierement abondant. C'est le cas pour beaucoup de villages directement

riverains du fleuve Congo ou de grandes rivLeres . Ainsi, a Goma Tse­

tse sur le Djoue, Brady (1961) a observe une densite de 2,75 A. moucheti

par piece tandis que cette espece et.a'i t souvent la seule captures par

Adam et Vattier (1963) dans les villages riverains du fleuve Congo

en amont de Brazzaville. Les bassins de piscicul ture conviennent bien

a cette espece (Lacan,1958; Carnevale, 1979), mais les gites principaux

sont sur tout s i tues au niveau de la vegetation flottante des grands

cours d I eau et notamment des radeaux de jacynthes d ' eau et d I herbes

coupees bIoques par les berges (Maillot & Grejbine, 1947; Hamon et

a1., 1956; Grejbine et a1., 1977). Quelques rdv i e res de faible impor­

tance semblent egalement bien convenir a A. moucheti puisque cette
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espece est egalement abondante a Loumou et Djouari village sur le

Djouari (Brady, 1961). Dans les galeries fores t Leres et a distance

des villages, c 'est principalement A. paludis qui a ete capture sur

appat humain par Grejbine et a1. (1977) a l'ile M'Bamou et dans les

galeries de la Lifoula et de la Djiri.

Les resultats des dissections confirment que seul A. gambiae

joue un rOle epidemiol.ogi que important. A Linzolo; nous avons observe

en saison·des pluies un indice sporozoitique de 2,60% pour cette espece

sur un effect if de 3.689 femelles di ssequees , A Massissia, sur 55 A.

gambiae disseques par Brady (1961), 2 (3,6%) etaient infectes. De meme,

cet auteur a trouve 7 infections (11,5%) dans un lot de 61 A. gambiae

provenant essentiellement de Kele-kele et de Goma Tsetse. A Djoumouna,

Carnevale (1979) a observe un indice sporozo i t i.que de 3,4% (effectif

9.390), valeur proche de celles r e t r ouvees par Bitsindou (1984) dans

. ce meme village : 3,1% pour 2•.133 A._ gambiae di sseques , et a Loukanga:

3,2% pour 916 A. gambiae disseques.A M'Bamou village, Nziamboudi (1982)

a observe chez ce vecteur un indice sporozoitique de 4,2% (effectif:96)

et a Yalavounga un indice sporozof t i que de 3,5% (effectif:342). A PK

Rouge, l'indice sporozoitique etait de 1,5% pour 663 A. gambiae disse­

ques (Carnevale et al., 1982).

Nous avons observe a Linzolo un~ diminution irnportante de l'indice

sporozoitique de A. gambiae en saison seche que nous attribuons a la

diminution de la temperature en cette saison. Toutefois, une comparaison

avec les resultats de Djoumouna et de Loukanga (Carnevale, 1979;

Bitsindou, 1984) montre que la diminution de l'indice sporozoitique

est inconstante selon les annees et les villages lors des deux premiers

mois de saison seche. Ceci peut etre explique par le fait que le vieil­

lissement de la population anophe l i enne en saison seche , qui est va­

riable selon les villages en fonction de la nature des gites larvaires,

tend a augmenter 1 'indice sporozo i t Lque tandis que la baisse de la

temperature, dont l'effet est inverse, survient plus ou moins precocement

et d'une fa~on plus ou moins marquee selon les annees.

Outre A. gambiae, seuls A. funestus, A. moucheti et A. nili ont

ete trouves infectes dans la region de Brazzaville. En rassemblant

les resul tat s des dissections de Maillot et Grejbine (1947), Brady

{1961), Carnevale et al. (1978), ainsi que les notres, on. obtien t . Les

indices sporozoitiques suivants : 2,01% pour A. funestus (349 disseques)

et 1,79% pour A. moucheti (503 dt sseques ) . Sur 30 A. nili di sseques ,
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la presence de sporozoites a ete observes une fois. A. nili semble

toutefois etre un mauvais vecteur, comme le suggererit 1es r esu I tats

de dissection dans d'autres regions du Congo: un seu1 A. ni1i infecte

sur 1.981 disseques pres de Kindamba (Carneva1e, 1974) et aucun infecte

sur 107 dLsseques a Punga dans le Mayombe (Trape, 1981). Enfin A.

pa1udis et A. hancocki n'ont pas ete trouves infectes lors de la dissec­

tion de 248 et 71 feme11es de ces especes.

1.2. Analyse epidemio1ogigue (village de Linzo1o)

A partir des formu1es ma themat i ques c1assiques devel oppees par

Macdona1d (1957) et Garrett-Jones (1964), nous avons ca1cu1e a Linzo10

1es principaux parametres entomo1ogiques neces~aires a une analyse

quantitative de la transmission. On obtient 1es va1eurs suivantes

- Taux d'inocu1ation entomo1ogique en saison des p1uies : he = 0,814

(A. gambiae) + 0,039 (A. funestus) = 0,853, ce qui correspond a 5,97

piqures infectantes par personne par semaine •

- Taux d'inocu1ation entomo1ogique en saison seche : h~ = 0,143 (~

gambiae seu1ement), ce qui correspond a une pfqilre infectante par

personne par semaine.

- Taux quotidien de survie de A. gambiae : p = 0,915

Esperance de vie de A. gambiae : I/-1og ~ p = 11,26 jours

Esperance de vie infectante de A. gambiae (pn /_1og ~ p)

moyenne en saison des p1uies = 4,11 jours

moyenne en saison seche : 2,95 jours

maxima (mars-avri1) : 4,45 jours

minima (jui11et) : 2,15 jours

- Capacite vectorie11e (ma2 ~/-1og ~ p)

moyenne en saison des p1uies C = 41,09

moyenne en saison seche C = 28,24

- Indice de stabi1ite al -log ~ p = 5,35

1.3. Principa1es conclusions

La transmission du pa1udisme en zone rura1e dans la region de

Brazzavi11e est caracterisee :

- Par une tres forte intensite, comprise entre 200 et 1.000 piqures

infectantes annue11es par personne dans l'ensemb1e des villages a l'ex­

ception de ceux situes sur le plateau de Mbe OU une intensite de trans-
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mission plus faib1e est observee.

Par le role vecteur quasi exc1usif de A. gambiae, 1es autres

vecteurs potentie1s (A. funestus, A. moucheti et A. nili) ayant des

densites ou des indices sporozoitiques trop faib1es pour avoir une

importance epidemio1ogique significative.

- Par l'absence de variations saisonnieres importantes, la trans­

mission n'etant jamais inferieure a p1usieurs piqures infectantes

par personne par m~is lors de la saison seche, a l'exception toutefois

des villages situes sur le plateau de Mbe.

- Par un indice de stabi1ite e1eve, qui rend necessaire une reduc­

tion considerable de la densite vectorie11e pour permettre une diminu­

tion du niveau d'endemie pa1ustre.

2. LES PARAMETRES ENTOMOLOGIQUES DE LA TRANSMISSION DU PALUDISME DANS

L'AGGLOMERATION DE BRAZZAVILLE

2.1. Travaux anciens a Brazzavi11e.

Les premieres enquetes entomo1ogiques effectuees a Brazzavi11e

par Mai110t et Grejbine (1947), Grejbine (1950) et Mai110t (1948, 1951,

1953) ont montre la presence abondante d'A. gambiae dans tous 1es quar­

tiers de la ville. Maillot (1953) distinguai t pour cette espece deux

types de gites : (1) 1es gites d'eau de p1uie constitues principa1ement

par 1es f1aques d ' eau sur 1es routes, dans 1es cours, 1es jardins,

1es fosses empierrees a cie1 ouvert et 1es caniveaux et (2) 1es gites

le long des ruisseaux. Parmi 1es autres vecteurs potentie1s du pa1u­

disme, seu1 A. moucheti et.a i t re1ativement abondant, mais seu1ement

pendant une courte per i ode de l' anriee (janvier et fevr i er ) et dans

que1ques quartiers de la. ville riverains du fleuve Congo. C'est en

effet a cette per i ode de l' anriee que survient la baisse des eaux du

f1euve. De nombreux gi tes temporaires sont al ors crees , notamment par

1es radeaux de jacynthes d'eau qui res tent b10ques par la decrue.

En fait, bien que 11 especes d ' anopheles aient ete s i.gnaLees

dans l'agg1omeration de Brazzavi11e (Adam, 1964), A. gambiae represen­

tait a 1ui seu1 la presque t.ot a l i t e des anopheles captures sur appd t

humain ou dans 1es habitations (Mai11ot, 1953; Mer1e et Mai11ot, 1955;

Brady, 1961; Adam et Souweine, 1962; Adam et a1., 1964; Noamesi et
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al., 1972; Gueye et Oditoyinbo, 1974). A. gambiae a ainsi toujours

ete constdere comme le vecteur quasi exclusif du paludisme a Brazza­

ville, ce· que confirmaient les valeurs elevees de l'indice sporozoitique

qui et.ai.ent observees : 7,5% pour 1.672 A. gambiae di.sseques de 1948

a 1951 (Merle et Maillot, 1955), 4,4% pour 136 A. gambiae di sseques

en 1954 et 1955 (Merle et Maillot, 1955) ; 4,5% pour 1.723 A. gambiae

di sseques en avril et mai 1961 (Brady, 1961; Adam et Souweine, 1962)

et 2,3% pour 1.092, A. gambiae d i sseques en mars et avril 1964 (Adam

et al., 1964). Du fait de leur r are te, peu d ' autres especes ont ete

dissequees pour la recherche de sporozoites : Maillot et Grejbine (1947)

ont observe 2 A. moucheti infectes sur 23 examines et Merle et Maillot

(1955) ont s i.gna Le l' absence d ' infection dans ..un "petit lot" d ' A.

paludis examine.

2.2 Resultats des enquetes vectorielles.

D'octobre 1982 a mai 1984, 92 seances de captures de nuit sur

appat humain et 234 seances de capture de la faune matinale residuelle

intra-domiciliaire ont ete effectuees sur l'ensemble de l'agglomeration

de Brazzaville. Les seances avaient lieu alternativement dans chacun

des quartiers de la ville. Les sites de capture et.atent chaque fois

dLf f eren t s et r epar t i s sur l' ensemble de I.' agglomeration. Le detail

des methodes utilisees et des resultats obtenus est rapporte dans

I.' article 8 en annexe.

Les captures de nuit sur appat humain (550 nuits/homme) ont permis

la collecte de 13.994 culicides, parmi lesquels 977 anopheles (6,98%).

1L s'agissait de 967 A. gambiae (98,98%), 7 A. funestus (0,72%) et

3 A. nili (0,30%). Les 13.017 autres cul ic i.des captures appartenaient

principalement a l'espece Culex qUinquefasciatus (11.117 Q ) sauf lors

de quelques captures r eaIdsees a proxtmi te immediate. du fleuve Congo

Oll Mansonia uniformis et M. africana ont egalement ete captures.

Les captures de la faune matinale r es i.due Ll,e intra-domiciliaire

ont permis la capture de 5.537 cu l i c Ldes , Le nombre total d ' anopheles

captures a ete de 916 (16,54%) dont 763 femelles et 153 males. Les

autres culicides captures appartenaient pour la plupart a l'espece

C. gUinquefasciatus. Sur 763 femelles d'anopheles capturees, il s'agis­

sait de 745 A. gambiae (97,64%), 15 A. funestus (1,97%), 2 A. moucheti
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(0,26%) et 1 A. nili (0,13%).

L'examen des glandes salivaires a montre pour A. gambiae un indice

sporozoitique de 3,33% lors des captures de nuit et de 3,55% lors des

captures de la faune matinale r esi.dueLl.e . Une femelle d I A. moucheti

a egalement ete trouvee infectee.

L'age physiologique a ete determine selon la methode de Detinova

(1945) chez 745 A. gambiae. 614 femelles (82,42%) etaient pares et

131 (17,58%) nullipares.

Selon les seances de capture, le nombre d'anopheles captures

ainsi que le rapport anopheles/autres culicides a tres fortement varie.

Ainsi, sur 92 seances de capture de nuit sur appat humain, 31 (33,7%)

n I ont pas permis la capture d I anopheles alors que dans le meme temps

4.776 autres culicides etaient captures. Le nombre maximum d'anopheles

captures Lor s d"une seule seance de capture de nuit (6 cap tureurs )

a ete 144. Pour l'ensemble des culicides, les nombres maximum et minimum

captures lors d'une seule seance ont e te respectivement de 906 et 4.

De meme, sur 234 seances de captures de la faune matinale r esiduel l e ,

il nla pas ete capture d'anopheles lors de 120 d'entre elles.

2.3. Analyse epidemiologigue

L'analyse des resultats par site de capture montre que les diffe­

rences observees proviennent essentiellement de 1 I existence de fortes

variations de dens i t.e anophe l.i.enne entre les quartiers de la ville

et, dans une moindre mesure, de l'existence de variations saisonnieres.

Ainsi, sur les 27 sites de capture de nuit nlayant pas permis la col­

lecte d I anopheles en saison des pluies et en debut de saison seche ,

13 sont regroupes dans deux secteurs de la ville et delimitent deux

perimetres a l'interieur desquels aucun anophele nla pu etre collecte,

aussi bien a l'occasion des seances de captures de nuit que de celles

de la faune matinale residuelle. Les 14 autres points de capture nlayant

pas permis la capture d I anopheles sont dt ssemines dans des secteurs

de la ville ou la densite anophel.ienne a toujours ete t re s faible.

Inversement, les 24 sites de capture ayant permis la collecte d'au

moins 2 anopheles par captureur et par nuit sont tous situes en bordure

directe de zones non urbani.sees ou dans des quartiers de la ville ou

la densite anophelienne est toujours tres elevee en saison des pluies.
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Afin de pouvoir apprehender l'importance epidemiologique des

variations de deris i t e vectorielle selon les quartiers de la ville,

nous avons precede a une analyse quantitative des r esul tat s a partir

des formules et mod~les mathematiques de Macdonald (1957) et Garrett­

Jones (1964). Nous avons ainsi successivement envisage le cas de Brazza­

ville dans son ensemble et celui de deux secteurs de cette ville, le

premier caracterise par une densite vectorielle elevee (arrondissement

de Mfilou-Ngamaba _et quartier Ngangouoni), le second par la rarete

des anoph~les (centre de Poto-Poto et partie adjacente des arrondisse­

ments de Ouenze et Moungali).

Pour l'ensemble de l'agglomeration de Brazzaville, le taux moyen

d'inoculation entomologique (he) est de 0,0062, ce qui correspond a
une piqure infectante par personne toutes les 16 nuits, soit 22,5

piqures infectantes par an. Dans le secteur Mfilou-Ngamaba-Ngangouoni,

le taux d'inoculation entomologique est de 0,355 en saison des pluies,

soit une piqure infectante toutes les 2,8 nuits, et de 0,043 en saison

seche , soit une pi qfire infectante toutes les 23,5 nuits. Le nombre

total annuel de piqures infectantes dans ce secteur est ainsi de 100,8

par personne. Dans le secteur central de Poto-Poto-Moungali-Ouenze,

ou aucun anophe Le n' a ete capture lors de 42 nuits/homme, la Hmi te

supe r i.eure du taux d'inoculation entomologique est de 8,259 x 10-4,

soit une piqure infectante par personne tous les 3 ans et 4 mois (compte

tenu des fluctuations d'echantillonages, le plus grand nombre de plqures

compatible avec une observation de ° pi qfire est donne par la table

de Poisson, soit 3,7. On obtient alors he = 0,003, ce qui correspond

a une piqure infectante toutes les 327 nuits).

Le taux quotidien de survie (p) de A. gambiae a Brazzaville est

de 0,906, l'esperance de vie (1/-log e p) est de 10,2 jours, l'esperance

de vie infectante moyenne (pn/- l og ~ p) est de 2,76 jours et l'indice

de stabilite (a/-log ~ p) est de 5,04. Ces valeurs sont probablements

similaires pour l' ensemble des quartiers de Brazzaville. En revanche,

la capacite vectorielle varie fortement selon les quartiers et la

sa i son . Elle est en moyenne de 2,76, mais atteint 13,89 a Nft Lou­

Ngamaba-Ngangouoni en saison des pluies (1,38 dans ce secteur en saison

s~che), et n' est au maximum que de 0,137 dans le secteur central de

Poto-Poto-Moungali-Ouenze.
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2.4. Carte de l'intensite de transmission du paludisme a Brazzaville.

Pour I.' etab l i ssement de cette carte, nous avons utilise trois

types de donnees : (1) les r esul t.at s d 'une enquete sur les gites lar­

vaires d'A. gambiae, (2) les resultats des seances de captures de nuit

sur appat humain et (3) les r esul t.ats des seances de captures de la

faune matinale residuelle intra-domiciliaire.

Les methodes utilisees sont decrites dans l'article 11 en annexe.

Quatre niveaux d'exposition au paludisme ont ete choisis pour l'etablis­

sement de la carte (1) moins d ' une pi qfire infectante par personne

par semestre (2) de une prqflre infectante par personne par semestre a
une piqure infectante par personne par mois (3) de une piqure infectante

par personne par mois a une piqure infectante par personne par semaine

(4) au moins une pi qflre infectante par personne par semaine. Pour la

commod i t e de l' expose, chaque zone correspondante sur le terrain a

ete des i gnee comme zone de transmission: (1) t r es faible (2) faible

(3) moderee (4) forte.

La carte ainsi e t.ahl Le montre que les quatre degres d ' Lntens i t e

de transmission du paludisme definis precedemment sont tous bien repre­

sentes a Brazzaville. La transmission est forte dans i: ensemble des

quartiers Ouest et Nord-Ouest de la ville (Mfilou, Ngamaba, Ngangouoni,

Massina, Kinsoundi, Kingouari, Moukounzi-Ngouaka) ainsi que dans une

et r oi t e zone s i tuee de part et d ' autre du ruisseau Makelekele. Les

zones de transmission faible et t r es faible forment deux ensembles

concentriques distincts a l'Est et au Sud-Ouest de la ville. Le premier

est centre par la jonction de Poto-Poto, Ouenze et Moungali et couvre

I.' ensemble de ces trois quartiers. La transmission est t r es faible

dans leur partie centrale et s'eleve en peripherie. Toutefois, on obser­

ve que la zone de transmission faible se restreint consi.derab Lement;

dans la partie sud de Poto-Poto et Ouenze: a proximite du centre ville

seulement quelques centaines de metres separent les zones de transmis­

sion t r es faible et moderee , Le deux i.eme ensemble de quartiers Oil la

transmission est faible ou t r e s faible est sf.tue au Sud-Ouest de la

ville et comprend la majeure partie de Bacongo et de Makelekele. Ces

deux quartiers sont en partie separes par le ruisseau Makeleke1E~ le

long duquel la transmission est forte. Des que L' on s' eloigne de ce

ruisseau, la transmission diminue rapidement : la zone de transmission

forte n' est separee de la zone de transmission t res faible que par
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quelques centaines de metres. Enfin, la vil1e est coupee en deux par

une vaste zone de transmission moderee qui correspond ~ l'ensemble

des quartiers du centre viI le : Aeroport, Patte d'oie, plateau, Tchad,

Plaine. Cette zone remonte ensuite vers le nord en incluant les quar­

tiers qui bordent le fleuve Congo : Plaine, Mpila et Talangai.
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OBSERVATIONS PARASITOLOGIQUES

1. METHODOLOGIE

Dans les populations exposees a des infections palustres repetees,

I' acquisition progressive d ' une Immuru.te partielle se traduit par la

reduction marquee en fonction de I' age de la paras i t emi,e moyenne et

de l'amplitude de ses variations. Les indices parasitologiques rapportes

lors d ' enquetes e'pidemiologiques sont alors autant le reflet de la

technique ut i.Li.see (frottis ou goutte epatsse ) , du temps consacre a
la recherche du parasite et de l'entrainement et la motivation du micro­

scopisoe que de la prevalence reelle de l'affection. La simple expression

des resultats en termes de positivite ou de negativite, outre ses

limites inherentes a une sous estimation parfois importante de la pre­

valence, a ega l emen t pour inconvenient majeur de ne pas refLet.er les

modal.Ites toutes aut res de I "equi l fbre hate-parasite dans les popula­

tions semi-immunes, dont seule la mesure de la densite parasitaire

permet de rend re compte.

L'importance pratique de ces problemes nous est apparue tres

vite puisque des notre premiere enquete en zone rurale dans la region

de Brazzaville nous avons observe une prevalence deux fois plus elevee

que celle rapportee lors de tous les travaux recents dans cette region

du Congo. Nous avons alors estime necessaire de chercher a normaliser

la recherche de parasites et la notion de prevalence par une met.hode

qui inclut la determination de la dens i te parasitaire tout en restant

suffisemment simple et rapide pour etre utilisable lors d'enquetes

de masse.

La mise au point d ' une telle me t hode a necess i te d ' importantes

recherches bibliographiques, divers travaux complementaires, et surtout

plusieurs centaines d'heures de comptes precis de parasites. Les resul­

tats de ces recherches sont decrits dans le premier article en annexe.

La me thode que nous avons defLnLe comporte I' examen syst.ernat i.que de

200 champs d 'une goutte epaisse de confection standard (environ 0,5

yl de sang examine), la codification de la parasd t emi,e pour chaque

espece plasmodiale en cinq classes dont les valeurs limites sont 50,

500, 5.000 et 50.000 parasites par yl, et l'estimation de la parasitemie

a partir du rapport parasites/leucocytes sur la base d'une valeur
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moyenne de 8.000 leucocytes par yl. Pour une personne normalement

entrainee, le temps supplementaire de lecture qu'occasionne cette

methode par rapport au simple examen de 200 champs d'une goutte epaisse

est inferieur a 30 secondes dans la plupart des cas mais peut atteindre

1 a 2 minutes si la dens i t e parasitaire est proche de la limite entre

deux classes. La duree moyenne de lecture est ainsi d'environ 10 minutes

par goutte epaisse , Nous avons lu personnellement par cette me t hode

la t o t a l i t e des preIevements dont les r esul ta t s sont rappor t.es dans

ce travail.

2. PRINCIPAUX PARAMETRES PARASITOLOGIQUES EN ZONE RURALE DANS LA REGION

DE BRAZZAVILLE

2.1 Cadre des enguetes

Les donnees parasitologiques que nous avons recueillies en zone

rurale dans la region de Brazzaville proviennent d'une part du village

de Linzolo, dont la population, notamment scolaire, a ete l'objet d'un

suivi longitudinal particulierement etroit, et d'autre part des villages

de Djoumouna, Nganga-Lingolo, Massissia, Goma Tsetse, Madibou et M'Ba­

mou "all nous avons ef f ectue : divers sondages parasitologiques chez les

ecoliers de 5 a 15 ans.

Chez les eco l i.ers de Linzolo, 26 enquetes parasitologiques sur

une periode de 4 ans ant ete effectuees selon divers protocoles (perio­

dLci.te annuelle, bimestrielle, bimensuelle, hebdomadaire ou a 2 jours

d'intervalle) dans le but d'etudier les taux d'incidence et de guerison

parasitologiques, la dynamique des variations de charge parasitaire,

la duree et la signification des phases de paras i t emi.e negative, les

variations saisonnieres de prevalence et de densite parasitaire et

surtout de preciser leurs relations avec les divers parametres biologi­

ques, cliniques ou epidemiologiques etudies parallelement.

L' analyse Lnt egree de la plupart de ces donnees sort du cadre

precis de cette these. Les resultats presentes ici comprennent 10 bilans

repartis sur l'ensemble des quatre annees d'observations chez les eco­

liers et i: ensemble des enque t es ef f ec t uees dans les aut res classes

d'ages et villages.
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2.2 Prevalence brutes

L' article 4 en annexe regroupe les principaux r esuLt a t s sur la

prevalence et la deris i t e parasitaire des trois especes plasmodiales

rencontrees : P. falciparum, P. malariae et P. ovale. Tous les villages

enque t es sont carac t er i ses par des prevaLences brutes t r es e l evees ,

variant de 79% a 95,2% chez les enfants de moins de 15 ans selon les

groupes d'age et les villages, puis declinant progressivement chez

les adultes qui .conservent neanmoins des prevalences assez elevees

puisque 39% des adultes de plus de 40 ans vivant a Linzolo ont une

goutte epaisse positive. Des prevalences aussi elevees etaient attendues

a partir des resul tats des enquet.es entomologiques et des donnees de

la litterature, mais presentent neanmoins une car?cteristique remarqua­

ble : I' aspect nettement en plateau des preval ences pour les groupes

d'age 1-4 ans, 5-9 ans et 10-14 ans, avecun Leger maximum dans le

groupe d ' age 10-14 ans . Ainsi"les'p:~~~alences brutes a Linzolo sont

respectivement de 79,5%, 79,0% et 82,8% dans ces trois groupes d'age,

et les prevaLences brutes moyennes dans les 6 autres villages sont

de 83,8% entre 5 et 9 ans et de 85,4% entre 10 et 15 ans.

Cette observation semble a priori paradoxale : il est solidement

etabli que la prevalence maximum est toujours atteinte assez rapidement

pendant I' enfance : avant I' age de 2 ans en zone hoLoendemique , entre

2 et 4 ans en zone hyperendemique, entre 5 et 9 ans en zones mesoendemi­

que et hypoendemique (Boyd, 1949; Schwetz, 1949). La seule exception

reconnue est le paludisme ep i demi.que , ou tous les groupes d ' age sont

classiquement atteints d'une fa~on uniforme. Meme dans ce cas, il n'est

pas rare d'observer une incidence superieure chez les enfants (Swellen­

grebel, 1950) . Le paradoxe apparent d ' un indice plasmodiq ue maximum

dans le groupe d'age 10-14 ans, qui sera re t r ouve d'une f acon plus

nette encore en zone urbaine, sera di scu te dans la dern i ere partie

de cet expose.

2.3. Especes plasmodiales

P. falciparum est I' espece la plus f requemmen t observee , Elle

est presente, seule ou en association, sur plus de 98% des lames posi­

tives. Sa prevalence moyenne chez les enfants de 1 a 14 ans varie selon

les villages et les groupes d'age de 77,6% a 95,2%. P. malariae est
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egaIement f requente , avec une prevalence chez I' enfant compr.ise entre

13,8% et 26,1% selon les villages. A Linzolo, sa prevalence augment.e

d'abord progressivement de 9,6% chez les enfants de 1-4 ans a 20,6%

chez les enfants de 10-14 ans, avant de diminuer par la suite jusqu'a

10,1% chez les adultes de 20-39 ans et 2,6% chez ceux de plus de 40

ans. La prevalence de P. ovale decroi t rapidement avec l'age. Elle

est a Linzolo de 8,7% chez les enfants de 1-4 ans, 5,7% chez les enfants

de 5-9 ans et 3,5% chez les enfants de 10-14 ans. Chez les adultes

de plus de 20 ans, sa prevalence est inferieure a 1%. Dans les autres

villages, sa prevalence est en moyenne de 7,5% a 1 1age de 5-9 ans et

de 5,9% a l'age de 10-14 ans.

Les prevalences relativement elevees des infections a P. malariae

et a P. ovale traduisent avant tout la sensibiii te de la me thode de

lecture des lames que nous avons adoptee, comme le montrent les resul­

tats de l'etude de la densite parasitaire. 11 n1est pas rare en effet

qu 1un seul element parasitaire de ces especes soit observe sur 200

champs de la goutte epaisse.

2.4. Densites parasitaires brutes

Les resultats detailles presentes dans l'article 4 en annexe

montrent que la dens i te parasitaire dec ro.i t beaucoup plus rapidement

avec 1 1age que la prevalence. Cette diminution est sensible des le

groupe d 1age 5-9 ans pour les dens i t.es parasitaires de classe 4 et

5 et apparait des le groupe d lage 15-19 ans pour les dens i t.es parasi­

taires de classe 3. Chez les adul tes de plus de 40 ans, la majorLte

des parasitemies depistees sont de classe 1.

L'observation la plus importante vient de la comparaison des

r esul t ats des divers villages. A Linzolo, la prevalence des fortes

charges parasitaires (classes 3 a 5) se maintient a un niveau stable

compris entre 41% et 45% pendant toute l'enfance. Dans les autres

villages, . la yrevalence des fq~tes charges· parasitaires atteint un
niveau moyen : plus eleve (53,4%), et le maximum est a t.teint dans le .

village de Djoumounaou 63,3% des ecoliers de 6 et 7 ans et 61,9% des

ecol t ers de 14 et 15 ans ant une charge parasitaire de classes 3 et

4. 11 apparait ainsi clairement que les tres forts taux de transmission

du paludisme (1.000 p i qfires infectantes annuelles a Djoumouna contre

250 seulement a Linzolo) sont associes a des parasitemies moyennes
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tres elevees et a une decroissance plus lente avec l'age de la parasi­

temie moyenne.

La comparaison des r esul t.ats des enque t es effec t uee s en saison

des pluies et en fin de saison seche a Linzolo ne montre pas de varia­

tions significatives de la densite parasitaire.

2.5. Densite parasitaire des infections a P. falciparum.

La densite· parast rai re des infections a P. falciparum di f fe re

peu de la densite parasitaire brute. En effet, d'une part les infections

isolees a P. malariae et a P. ovale se sont revelees etre tres rares,

d ' autre part il e ta i t peu frequent lors d ' une association d ' especes

que la parasLtemie a P. falciparum soit sensiblement plus faible que

celle des especes assoc i ees . Dans la plupart des cas, elle etai t la
ou 100 fois superieure. Les relations entre la densite parasitaire

des di f ferentes especes plasmodialessortent du cadre de cette these

et seront analysees dans un article ulterieur.

2.6. Densites parasitaires des infections a P. malariae.

Sur 425 infections a P. malariae observees lors des enque t es

systematiques, une seule etait de classe 4 et toutes les autres etaient

de classes 1 a 3. Pres de 43% de ces infections eta i.ent de classe 1,

ce qui suggere qu'une proportion importante d'infections a P. malariae

ne sont pas depi.st.ees lors de I.' examen de 200 champs de la goutte

epaisse. L'epidemiologie de P. malariae en Afrique est particulierement

mal connue et on s' explique mal les differences consLderabLes dans

la prevalence de cette espece qui sont obser vees entre des Loca I f.t.es

di.ffe r ent.es et surtout entre des enquetes di f ferentes dans une meme

localite (Garnham, 1966; Onori, 1969). Les observations effectuees

a Linzolo suggerent fortement que A. funestus est le principal vecteur

de P. malariae en Afrique (a paraitre).

2.7. Densite parasitaire des infections a P. ovale.

P. ovale a longtemps ete confondu avec P. vivax, qui est absent

d'Afrique centrale, puis considere comme un parasite rare. Les resultats

des enquetes effec t uees dans la region de Brazzaville montrent que

cette espece est relativement f r equerite chez l' enfant mais que des
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I' age de 1 an sa dens i t e parasitaire est le plus souvent t res faible

(58% des infections sont de c1asse 1), ce qui explique qu' elle n' est

habituellement pas depistee. Seulement 4% des infections atteignent

la classe 4. Ainsi que dans le cas de P. malariae, la proportion elevee

d'infections pour lesquelles seulement 1 ou 2 elements parasi taires

sont observes sur 200 champs de la goutte epaisse suggere que la preva­

lence reel le est nettement superieure.

2.8. Gametocytes.

Nous avons e tabl i les indices game tocy tat r es pour P. falciparum

seulemen to Le volume de sang examine sur les gout tes epa Lsses (0,4­

0,S yl) est environ 3 ou 4 fois inferieur au volu~e de sang normalement

ingere par A. gambiae. Compte tenu du rapport game tocytes males/game­

tocytes femelles qui est proche de 3 pour P. falciparum, on peut ainsi

considerer que l'indice gametocytaire dans chaque tranche d'age repre­

sente etroitement la proportion de sujets potentiellement infectants

pour le vecteur.

Les observations faites cl Linzolo montrent que cette proportion

est remarquablement stable en fonction de l'age puisqu'elle est comprise

entre 18,8% et 25,6% chez les nourrissons, les enfants et les adultes

de moins de 40 ans et qu' elle ne diminue sensiblement que chez les

adul tes de plus de 40 ans ou elle est de 7,8%. Les valeurs observees

chez les nourrissons et les jeunes enfants sont ainsi sensiblement

plus faibles que celles rapportees lors des etudes anciennes '.au Congo

(Institut Pasteur, 1937) et dans les regions limitrophes du Zaire

(Schwetz, 1938), qui etaient habituellement comprises entre 30% et 50%.

La mesure de la gametocytemie suggere que cette diminution porte

essentiellement sur les fortes gametocytemies. Compte tenu de la faible

Lnfec t i os i t e statistique des game t ocy t emies faibles et moyennes

(Coz et Picq, 1972) il semble ainsi que le reservoir de parasites

ait nettement diminue par rapport aux etudes anciennes, et que l'impor­

tance epidemiologique relative des diverses classes d'ages ne soit

reequilibree aux depens des nourrissons et des jeunes enfants.
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3. PRINCIPAUX PARAMETRES PARASITOLOGIQUES EN MILIEU URBAIN A BRAZZAVILLE

(Article 10)

3.1. Cadre des enguetes.

A partir des indications fournies par une premiere analyse des

r esul t ats des enque t es entomologiques, quatre ecoLes ont ete choisies

dans quatre quartiers de la ville r epresentat i.fs des conditions de

transmission tres diverses observees (Massina, Talangai, Bacongo et

Moungali) .

Environ 120 enfants de 5 a 14 ans ont ete selectionnes par tirage

au sort pour une goutte epa i s se dans chacune de ces ecol es . Dans le

cas de Moungali, ou les prevalences attendues etaient faibles, un nombre

plus important d'enfants a ete selectionne (192 enfants).

A la suite de l'etablissement de la carte de l'intensite de trans­

mission du paludisme a Brazzaville, il a ete decide d'ajouter une

c i.nqu i eme ecole s i t uee au centre de la zone ou la transmission etaLt

la plus faible (Poto-Poto), et de ne fa ire porter le tirage au sort

que sur les enfants ages de 6 et 7 ans et de 14 et 15 ans residant

de puis leur naissance dans ce quartier.

3.2. Massina (Ecole Ngamaba A.)

Ce quartier de Brazzaville est I.' un de ceux ou I.' Lnteris i t e de

transmission du paludisme est la plus forte. Les enfants scol.ar i ses

dans cette ecole sont exposes a environ 3 piqures infectantes par

personne par semaine pendant neuf mois de I.' annee (octobre a juin),

l'intensite de transmission diminuant sensiblement de juillet aseptem­

bre (Article 8 et article 9). . L' enquete a ete r eal.Lsee en f evri.er

1984.

Sur 126 ecoLf.er s se Lec t Lonne s par tirage au sort, 102 (80,95%)

ont ete trouves positifs lors de l'examen de la goutte epaisse. L'in­

dice plasmodique e t a i t plus eLeve chez les ecol.i.ers ages de 10 a 14

ans que chez ceux ages de 5 a 9 ans : 84% (42 sur 50) au lieu de 78,95%

(60 sur 76) etaient positifs.

Plasmodium falciparum a ete observe sur toutes les lames positives

sauf dans un cas ou P. ovale et.a i t seul present. Douze cas (9,52%)

d ' association P. falciparum - P. malariae ont ete observes ainsi que

7 cas (5,56%) d'association P. falciparum - P. ovale. La presence de

gametocytes de P. falciparum a ete observee dans 24 cas (19,05%).
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Les r esul ta t s de I.' etude de la dens i t e parasitaire ont montr e

que 15,87% des eco Li.er s avaient une paras i t emie de classe 1, 23,02%

de classe 2, 29,36% de classe 3 et 12,70% de classe 4. 11 n'a pas ete

observe d'infection de classe 5. La densite parasitaire des infections

a P. malariae e ta i t generaIement fai ble (c1asse 1 : 9 cas, classe 2

1 cas, classe 3 : 2 cas) ainsi que celle des infections a P. ovale

( classe 1 : 5 ca~, classe 2 : 3 cas). En cas d'association d'especes,

c' est toujours la dens i te parasitaire de P. falciparum qui e t at t la

plus elevee, sauf dans un cas Oll la densite parasitaire de P. malariae

etait legerement plus forte.

3.3 Moungali (Ecole des Martyrs).

Cette eco l,e est s Lt uee dans un des quartiers de Brazzaville ou

la transmission du paludisme est la plus faible. Environ la mo i t i e

des enfants scol ar i ses dans cette eco l e sont exposes a une a trois

piqures infectantes annuelles, l'autre moitie recevant moins d'une

pf.qiire infectante chaque annee , L' enquete a ete real i see en fevrier

1984.

Sur 192 ecoliers selectionnes par tirage au sort, 18 (9,38%)

ont ete trouves positifs lors de l'examen de la goutte epaisse. L'indice

plasmodique des ecoliers ages de 5 a 9 ans etait de 5,62% (5/89) tan­

dis que celui des ecoliers ages de 10 a 14 ans atteignait 12,62% (13/

103).

P. falciparum a ete observe sur toutes les lames positives, isole­

ment dans 16 cas et en association avec P. malariae dans 2 cas. La

presence de game tocy t es de P. falciparum a ete observee dans 6 cas

(3,13%). Les resul tat s concernant la deris i t e parasitaire ont montr e

que seules les infections de classe 1 et 2 ont ete observees chez les

ecoliers de moins de 10 ans, mais les classes 1 a 4 ont ete observees

apres 10 ans. La densite parasitaire des infections a P. malariae etait

de classe 1 et 2, assocf.ees respec tivemen t a des densi t es de classe

4 et 3 de P. falciparum.

3.4. Talangaf (Ecole de la Liberte).

Les eco.l i ers scoLar i ses dans cette ecol e sont exposes a environ

une a deux piqures infectantes par personne par mois. L'enquete a

eu lieu en mai 1984.
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Sur 111 ecol ie r s se Lee t i.onnes par tirage au sort, 73 (65,77%)

ont ete trouves positifs lors de l'examen de la goutte epaisse. L'in­

dice plasmodique e ta i t de 71,67% (43/60) chez les ecoLiers ages de

10-14 ans alors qu'il n l eta i t que de 58,82% (30/51) chez ceux ages

de 5-9 ans , P. falciparum a ete observe LsoLemerrt dans 69 cas, f..:..
malariae dans 2 cas et P. ovale dans 1 cas. Un cas d ' association P.

falciparum - P. malariae a egalement ete observe. La presence de gameto­

cytes de P. falciparum a ete observee dans 11 cas (9,91%).

Les r esul.tats de l' etude de la charge parasitaire

ont montre que 16,21% de l'ensemble des ecoliers

a vaientune parasi t emi,e de classe 1, 24,32% de classe 2, 16,21% de

classe 3, 8,11% de classe 4 et 0,90% de classe 5. La densite parasitaire

des infections a P. malariae e t a i t de classe 3 (1 cas) ou de classe

2 (2 cas, dont un assoc i e a une infection a P. falciparum de classe

3). Le seul cas observe d'infection a P. ovale avait une densite para­

sitaire de classe 1.

Les III enfants sur lesquels a porte cette enquete ont ete inter­

roges pour savoir s'ils dormaient habituellement sous une moustiquaire.

26 d'entre eux (23,4%) ont r epondu par l'affirmative. La proportion

de gouttes e patsses positives a ete de 65,4% chez ces enfants et de

65,9% chez ceux n'utilisant pas de moustiquaire.

3.5. Bacongo (Ecole du 19 septembre 1965).

Cette ecole est situee dans un quartier particulierement hetero­

gene en ce qui concerne l'intensite de transmission du paludisme. Le

ruisseau MakeIekele et les jardins maraichers adjacents abritent de

nombreux gites larvaires d ' A. gambiae. Les populations immediatement

ri veraines sont ainsi exposees a une forte Lntens i te de transmission

du paludisme, super i eure a une pi qflr e infectante par semaine. Toute­

fois celle-ci decroit tres rapidement des que l'on s'eloigne des jardins

: a quelques centaines de metres elle devient LnferLeure a une pi qiire

infectante par semestre. Les enfants scoLar i ses dans cette ecol,e sont

donc exposes a des niveaux d'intensite de transmission tres divers

selon l'endroit Oll ils habitent. La majorite d'entre eux est cependant

exposee a moins d'une piqure infectante par trimestre.

L'enquete a ete realisee en mai 1984. Sur 126 ecoliers selection­

nes par tirage au sort, 50 (39,68%) etaient positifs lors de l'examen
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de la goutte epaisse. L'indice plasmodique etait de 32,26% (20/62)

chez les eco If.ers de 5-9 ans et de 46,88% (30/64) chez les eco l i ers

de 10-14 ans , P. falciparum eta i t present sur toutes les lames posi­

tives, sauf dans un cas d ' association P. malariae - P. ovale. Trois

cas d'association P. falciparum - P. malariae et un cas d'association

P. falciparum - P. ovale ont ega Iemerrt ete observes. La presence de

gametocytes de P. falciparum a ete observee dans 10 cas (7,94%).

Les r esul t ats concernant la dens i t e parasitaire ont montre que

12,70% des ecoliers avaient une parasitemie de classe 1, 9,52% de classe

2,11,11% de classe 3,5,56% de classe 4 et 0,79% de classe 5. Les

quatre infections a P. malariae se partageaient pour mo i t i e entre la

classe 1 et la classe 3, et les deux infections a P. ovale entre la

classe 1 et la classe 2.

Sur les 126 enfants interesses par cette enquete, 28 (22,2%)

ont declare dormir habituellement sous une moustiquaire. La proportion

de gouttes epaisses positives a ete de 35,7% chez ces enfants et de

40,8% chez ceux n'utilisant pas de moustiquaire.

3.6. Poto-Poto (Ecole de l'Unite Africaine).

Cette ecole est situee dans le quartier le plus ancien de Brazza­

ville, qui est egalement celui Oll la densite anophelienne est la plus

faible. Le tirage au sort des eco I i.ers seLec t i.onnes pour i: enquete

a porte sur les seuls ecoliers de 6 et 7 ans et de 14 et 15 ans ayant

toujours reside dans un perimet r e de 232 hectares ou aucun anopheLe

n' a ete capture lors des etudes vectorielles. L' enque te a eu lieu en

mai 1985.

Sur 61 gouttes epat.sses ef fec tuees chez des eco l Ler s de 6 et

7 ans, aucune n' a ete t rouvee positive; sur 58 gouttes epaisses effec­

t uee s chez des eco.l i ers de 14 et 15 ans, 4 (6,98%) ont e t e t r ouvees

positives. 11 s'agissait de 4 infections a P. falciparum dont la densite

parasitaire etait une fois de classe 4 et trois fois de classe 3. Ces

trois dernieres infections comportaient egalement la presence de game­

tocytes.
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4. SONDAGES PARASITOLOGIQUES DANS 16 AGGLOMERATIONS URBAINES OU SEMI­

URBAINES DU CONGO.

Pour ces sondages, une ecoLe a ete choisie dans la partie la

plus centra le de chaque agglomeration etudiee. Les enquetes ont associe

un releve syst.emat i que de la temperature axillaire chez un maximum

d'ecoliers presents (de 200 a 500 selon les ecoles) et une goutte epais­

se chez un echarrt i l Lon aleat.o i r e d ' une vingtaine d ' ecoLi.ers de chaque

annee d ' age entre 6 ans et 14 ans , Dans le cas de Pointe-Noire, une

seconde ecoLe a ete choisie dans une banlieue r ecente de cet te ville

(Loandjili). Toutes les enque t es ont ete ef fec tuees entre mars et mai

1984.

Les r esul t ats rappor tes ici sont ceux de la lecture rapide de

100 gouttes epaisses dans chacune des ecoLes , Seules les paras i t emies

de classes 3, 4 et 5 ont ete recherchees et prises en compte, ce qui

permet un temps de lecture tres court - moins d'une minute par lame ­

tout en autorisant une comparaison approfondie entre les resultats

des diverses Loca l Lt e s , Quand cela s'est reve Le necessat re , quelques

series de lames ont ete lues plus longuement afin de prec i ser si la

prevalence atteignait 75%, seuil classique de l'holoendemicite.

On observe (Tableau 1) une prevalence t r es e l evee des fortes

charges parasitaires dans toutes les agglomerations etudiees, que cel­

les-~i soient situees en zone de foret dense, de savane ou de mosaique

fore t-ssavane . Dans le cas de Madingou (savane ) et de Sibiti (foret),

la prevalence des fortes charges depasse meme ou approche f:IJ'Io, soit un

taux comparable au maximum observe en zone rurale dans la region de

Brazzaville. Ce n'est que dans le cas des quartiers centraux de Pointe­

Noire, ainsi qu'a DjambaIa , qu'un taux relativement moder e de fortes

charges parasitaires est observe.

La determination rapide des prevalences confirme que le paludisme

est hoLoendemf.qua dans toutes les Local.t te s e tud i.ees , a I' exception

de Djambala et de la partie centrale de Pointe-Noire. Une comparaison

avec les resultats de Brazzaville et de sa region suggere qu'il existe

neanmo Lns des differences sensibles dans I' Lntens i t e de transmission.

et que celles-~i se r efLet errt dans la prevalence des fortes charges

parasitaires.



58

DENSTIE PARASITAIRE %DE INDlCE llmNSTIE TYPE ZQ'JE DE
I.ro\LTIE (70) FDRfES PIA91}- DE D'URBANI- VH;ETATIOO

0-2 3 4 5 OORGES DIQJE 1RANS1ISSIOO SATICA'J

Djouroouna 37,25 43,14 19.,61 - 62,75 94,1% loan rural for-sav

Linzolo 56,SD 24,25 17,65 1,20 43,10 00,<XJ% 25) rural for-sav

~l3ssina 57,94 29,36 12,70 - 42,05 00,95% 100 urbain for-sav

'Ialangaf 74,78 16,21 8,11 O,SD 25,22 65,m 20 urbain for-sav

&congo 82,54 11,11 5,56 0,79 17,46 39,68% 10 urbain for-sav

lliungali 95,83 3,65 0,52 - 4,17 9,38% 1 urbain for-sav

Poto-Poto 96,64 2,52 0,84 - 3,36 3,36% 0,5 urbain for-sav

M:ldingou 39 48 13 - 61 )75% sani.-urb savane

Sibiti 44 43 12 1 56 " sani.-urb foret

Mindouli 48 40 12 52 " sani.-urb savane-

lliuyondzi 52 27 20 1 48 " sani.-urb savane

Pointe-Noire 57 32 10 1 43 " urbain savane
(Loandjili)

M:>ssendjo 57 J) 12 1 43 " sani.-urb foret

Ouesso 58 32 10 - 42 " sani.-urb foret

Loubaro 61 28 11 - 39 " urbain savane

Nkayi 61 32 7 - 39 " urbain savane

Lekana 61 29 10 - 39 " sani.-urb savane

<Mando 65 29 6 - 35 " sani.-urb for-sav

Gambara 65 29 6 35 " sani.-urb savane

Karnno 65 28 7 - 35 " sani.-urb foret
Dyo 68 26 6 - 32 " seni-urb for-say

Makoua 69 26 5 31 " sani.-urb for-say

Pointe-Noire 76 17 7 - 24 ), .':(Vo urbain savane
F.c. t'1=l--Loango)

Djambala n 18 5 - 23 " sani.-urb savane
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OBSERVATIONS BIOLOGIQUES.

1. CADRE DES ENQUETES.

La plupart des parametres pris en compte ont ete l'objet de deux

types d'etudes :

- Une etude longitudinale, ef f ec t uee chez les eco l i.er s de 5 a 14 ans

du village de Linzolo, qui avait pour but d ' e tud i er les variations

de chaque parametre chez un meme sujet sur une longue periode d'observa­

tion et de rechercher une eventuel Le correlation entre ces variations

et celles des autres parametres etudies.

- Une etude transversale, qui a interesse d ' une.' part i ' ensemble des

classes d ' ages de la population du village de Linzolo, d ' autre part

divers echan t i l.Lons _de - populations urbaines et rurales de la region

de Brazzaville selectionnees en fonction du niveau de transmission

du paludisme auquel elles etaient exposees. Nous avons ainsi selectionne

deux echant i Ll.ons d ' enfants ages de 6-7 ans et de 14-15 ans ayant

toujours reside depuis leur naissance dans le village de Djoumouna

(environ 1.000 pi qfires infectantes annuelles) et dans les quartiers

suivants de Brazzaville Massina, Talangaf, Moungali (partie sud)

et Poto-Poto (respectivement environ 100, 20, 1 et 0,5 piqures infectan­

tes annuelles).

2. HAPTOGLOBINE

2.1. Rappel bibliographique.

L'absence d'haptoglobine ser i que (HpO) chez une proportion impor­

tante d'Africains est connue depuis les travaux de Allison et al. (1958)

au Nigeria. Par la suite, diverses enquetes ont montre que la prevalence

de 1 'HpO en Afrique tropicale est habituellement comprise entre 20%

et 50%. Dans les populations non africaines, la prevalence de l' HpO

est gene ral emerit t r es faible, moins de 1%, a i: exception des Noirs

americains, chez qui elle peut atteindre 4%, et de quelques populations

des zones tropicales forestieres (Articles 13 et 14).

Pendant longtemps ce deficit, qui a ete appele phenomene d'anhap-
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toglobinemie, a ete considere comme etant essentiellement d'origine

genetique (Allison et al., 1958; Giblett & Steinberg, 1960; Parker

& Bearn, 1963). Toutefois, les etudes r ea.l i sees en Afrique n' ont pas

permis de confirmer les differentes hypotheses genetiques avancees

et ont au contraire suggere l'intervention de facteurs environnementaux

(Barnicot et al., 1960; Giblett et al., 1966; Lefevre-wi t i er , 1974).

Parmi ceux-ci, le paludisme a ete plusieurs fois evoque puis ecar t e ,

En effet, la f onc tdon de l' haptoglobine est de capter I.' hemogLob i ne

liberee lors d'un processus hemolytique, ce qui entraine une diminution

de son taux ser i que , voire une disparition complete en cas d "hemol yse

intense. Toutefois, les observations realisees chez des sujets non

immuns present.ant un acces palustre n' ont pas montr e de disparition

complete de l' haptoglobine (Blumberg et a l . , 1963; Areekul et a I , ,

1972; Patwari et al., 1979). De plus, les etudes realisees en Afrique

ont indique qu'une proportion importante de sujets dont la goutte

epa i sse est negative sont neanmoLns HpO, et que la proportion de su­

jets HpO varie moderemerit en f onc t i.on de l' age, a la difference de

la dens i t e parasitaire du paludisme/Ba:r:nicot:et ·al. ;::1960.;:...Rougemont

et al., 1974; Welch et al., 1979).

En e tudfant une population vol taique, nous avions precedemmerrt

montre pour la premiere fois l'existence d'une etroite correlation

entre la f r equence de l' HpO et l' importance de la densLte parasitaire

(Trape, 1979; Monjour et al., 1982). Ceci suggerait fortement une

responsabilite au moins partiell€ du paludisme dans la prevalence

e l evee de l' HpO en Afrique tropicale, ce que nous avons cherche a
demontrer au Congo.

2.2. Mise en evidence de la responsabilite du paludisme dans le pheno­

mene d'anhaptoglobinemie

Une etude longitudinale des relations entre le paludisme et l'HpO

a ete r ea l i.see de novembre 1980 a janvier 1982 chez les ecol.ier s de

Linzolo (Article 13). Cette etude a notamment montre que le phenomene

d'anhaptoglobinemie pouvait etre completement supprime par une chimio­

prophylaxie antipaludique prolongee (6 semaines), que l'HpO reappa­

raissait a sa prevalence initiale apres i ' interruption de la chimio­

prophylaxie,et qu'un facteur genetique favorisait sa survenue (le gene
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..!::!Q? ). L' analyse des r e su l t.at s indique que le paludisme est la seule

cause de la prevalence e l evee de HpO dans les populations africaines,

mais que son action s'exerce par l'intermediaire d'une suite tres

complexe d'interactions sous feffet de plusieurs mecanismes multifacto­

riels :

- L' hemoLy se des hemat i es paras i t ees , qui est fonction de l' e spece

plasmodiale et de la densite parasitaire, elle meme fonction de l'etat

immunitaire du sujet.

- L' hemoLy se des hemat i.es non para s i t.ee s , dont i: importance apparai t

capitale dans le phenomene d'HpO, et qui est fonction de l'espece plas­

modiae (P. malariae notamment) et de l'age du sujet (probablement par

un mecanisme auto-immunitaire associe a l'infection palustre).

- La synthe se et le catabolisme de 1 'haptoglobine, fonction no t amment

de son phenotype et de l'importance de la reaction inflammatoire.

L'haptoglobine apparait ainsi comme un outil pr i v i Leg Le d'inves­

tigation des relations hate-parasite dans le paludisme et notamment

des mecanismes de l'anemie.

2.3. Prevalence de l'anhaptoglobinemie.

En zone rurale, nous avons etudie la prevalence de l'HpO a Linzolo

et a Djoumouna. A Linzolo, ou toutes les tranches d ' age ont ete etu-'

dLees , la prevalence de l'HpO en fonction de l'age est respectivement

de 17,6% (1-4 ans), 26,5% (5-9 ans), 32,0% (10-14 ans), 24,0% (15-19

ans), 17,4% (20-39 ans) et 13,5% (40 ans et plus). A Djoumouna, ou

seuls les enfants de 6-7 ans et de 14-15 ans ont ete etudies, la preva­

lence de l'HpO dans ces deux classes d'age est respectivement de 55,2%

et de 38,1%.

En zone urbaine, la prevalence de l'HpO est t r e s faible a Poto­

Poto et a Moungali respectivement 1,8% et 1,7% chez les ecol i.er s

ages de 6-7 ans et 4% et 3% chez les ecol Lers ages de 14-15 ans , A

Talangai et Massina, des prevalences moderees sont observees : respecti­

vement 18,6% et 16% chez les ecoliers ages de 6-7 ans et 15,5% et 6,1%

chez les ecol i.er-s ages de 14-15 ans , On retrouve ainsi une e t ro i te

correlation entre 1 "Lntens i te de transmission du paludisme et la f r e­

quence des captations completes de l'haptoglobine. De meme, le taux

moyen d ' haptoglobine chez les sujets non HpO est et r o i t emerrt co rre Le
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a l'intensite de transmission du paludisme.

3. ANTICORPS ANTIPALUDIQUES.

3.1. Methodes.

Trois sortes d'anticorps ont ete recherches : ceux diriges contre

les stades erythrocytaires, les sporozof tes et les schizontes hepa­

tiques. Les anticorps contre les stades erythrocytai~es ont ete mesures

par immunofluorescence indirecte sur des etalements minces de sang

d'un malade presentant uneinfectio~a P. falciparum. La recherche d'anti­

corps antisporozofte a ete ef f ec tuee en immunofluorescence a partir

de sporozoites de P. falciparum obtenus par repas artificiels de

A. stephensi sur des malades presentant des gametocytes. Les anticorps

contre les stades hepatiques ont ete recherches par immunofluorescence

sur des coupes de foie de s Inge :Cebus ,apella :,.ihfec'te par P. falciparum.

Tous les titrages ont ete effectues dans le ,service du Prof~sseur

Gentilini (Dr Druihle) et on trouvera dans Druilhe et al. (1984:et sous

presse) une description des methodes utilisees.

3.2. Resultats.

3.2.1. Anticorps anti-stades erythr@cytaires.
"

A Linzolo, la proportion de sujets seronegat i f s est de 35% chez

les nourrissons, 14% chez les enfants de 1 a 4 ans, et de moins de

1% dans les classes d ' ages super i eures , Les titres moyens d ' anticorps

augmentent regulierement avec l'age tout au long de l'existence.

On retrouve une prevalence de 100% de seropositifs chez les

ecoliers de 6-7 ans et 14-15 ans de Djoumouna tandis qu'en zone urbaine

on observe des differences importantes selon les quartiers de Brazza­

ville: la proportion d ' eco.l Lers de 6-7 ans se ropos i t i f s est' de 100%

a Massina et Talangai, mais seulement . de 37% dans la partie centrale

du secteur Poto-Poto-Moungali-Ouenze. A, 1 'age de 14-15 ans, 84% des

ecoliers de ce secteur sont seropositifs.

3.2.2. Anticorps anti-sporozoites.

Plusieurs etudes exper imen ta l es ont mon t r e la haute immunogeni­

cite et la specificite des antigenes de surface des sporozoites (Coch-
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rane et al , , 1980). Chez les sujets vivant en zone de forte endemi.e

palustre, Nardin et al. (1979) ont egalement montre que des anticorps

contre ces ant i genes pouvaient etre mis en evidence malgre la t res

faible duree de vie de ce stade parasitaire et que leur taux augmentait

avec l'age. Toutef6is, la signification de cette observation est restee

incertaine car aucune etude nla ete effectuee depuis pour chercher

a correler le taux de ces anticorps avec les autres parametres du palu­

disme.

Les anticorps anti-sporozoites ont ete etudies a Poto-Poto,

Moungali,Talangai et Djoumouna; les resultats ont ete compares a ceux

d 'un village du Nord-Senega l (Podor), ou l' Lntens i t.e de transmission

du paludisme est d I environ 1 pi qflr e infectante annuelle, ainsi qu ' aux

resultats d'un village de Haute-Volta (Donse), ou l'intensite de trans­

mission du paludisme est d'environ 100 piqures infectantes annuelles.

Les principaux r esul t ats sont les suivants (Druiihe et al, a paraitre)

- Dans les quartiers ou villages ou la transmission est t res faible

(Poto-Poto, Moungali, Podor), une forte proportion d'enfants est sero~

negative (43% des enfants de 6-7 ans de Poto-Poto et Moungali). La pro-
. . .

portion de sujets positif$ augmente lentement avec l'age (30% de sero­

negat i f s chez les enfants de 14-15 ans· de Poto-Poto et Moungali) et

les taux d'anticorps sont toujours faibles, y compris chez les adultes.

- Dens les villages oula transmission est forte (Djoumouna, Donse),

tous les sujets sont positifs a des taux t r es e l eves des l' enfance.

Ceux-~i augmentent regulierement avec l'age et, a age egal, sont d'au­

tant plus eleves que l'intensite de transmission du paludisme est plus

forte. Le maximum a ete observe a Djoumouna ou la moyenne georne t r i.que

de l'inversedes titres est superieure a 14.000 chez les adultes.

- A Talangai, des resultats intermediaires ont ete observes.

3.2.3. Anticorps anti-schizontes hepatiques.

Grace a une technique mise au point par Druilhe et a1. (1984),

ces anticorps ont pour la premiere fois ete doses dans des populations

residant en zone d'endemie~

Les resultats sont particulierement interessants puisqu'ils

indiquent une dissociation complete entre les pr evaIences et titres

de ces anticorps et ceux des anticorps diriges contre les sporozoites.



64

En effet, non seulement la plupart des enfants residant en zone de

faible transmission presenten t des anticorps contre les stades hepa­

tiques, mais le titre moyen de ces anticorps est sensiblement plus

el eve chez ces enfants que chez les enfants et les adul tes residant

en zone de transmission moderee et forte (Druilhe et al., a paraitre).

11 existe ainsi une double dissociation entre les anticorps anti­

sporozoites et anti-schizontes hepatiques d'une part, les anticorps

anti-schizontes hepatiques et anti-formes erythrocytaire d'autre part.

Bien que ces resultats suggerent qu'une proportion considerable de

sporozoites sont de t r ui t s avan t de pouvoir se deveIopper dans le foie

chez les sujets soumis a des infestations repetees, les mecanismes

de cette double dissociation n' apparaissent pas encore clairement et

leur comprehension sera probablement d ' une grande importance pour la

mise au point d'un vaccin antipaludique.

4. AUTRES PARAMETRES ETUD1ES

Nous avons egaLemerrt etud i e comparativement en zone urbaine et

et en zone rurale les taux seriques des immunoglobulines M, G et A.

Les taux moyens d ' 19G et d ' 19M e tai.ent par t Lcul i erement e Ieves

dans tous les echan t i l.Lons de population e t udi es , et ne presenta i en t

pas de differences significatives entre les quartiers de Brazzaville

d'une part, entre zone rurale et zone urbaine d'autre part. Ces resul­

tats sont inattendus dans la mesure ou le role du paludisme dans Les

valeurs eLeve es des taux d ' 19G et surtout d ' 19M en Afrique tropicale

est solidement etab l i , comme le montrent notamment les observations

realisees chez les sujets proteges du paludisme (Molineaux et Gramiccia,

1980).

Ces observations laissent penser que l'importance des stimulations

ant i gen i ques n' intervient pas comme facteur de taux el eve d ' 19G et

d'1gM.
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OBSERVATIONS CLINIQUES ET DEMOGRAPHIQUES

1. CADRE DES ENQUETES.

1.1. Considerations generales.

Dans les regions de forte endemie palustre, la diversite des

approches necessatr es et la di.f f i.cul.t.e du diagnostic di.f fer ent i el des

expressions cliniques du paludisme rend toujours difficile l'estimation

de i ' impact clinique et demograph i que du paludisme dont deux aspects

doivent etre envisages : d ' une part la mor bi dd t e et la mortali te di­

rectement occasionnees par l'infection palustre, d'autre part la morbi­

dite et la mortalite provoquees par d'autres agen~s ou processus patho­

genes mais favorisees par le ~aludisme.

Cinq grandes entites cliniques sont directement rattachables

au paludisme : L' acces palustre (avec ses complications potentielles

diverses, notamment cerebraLes ) , I.' anemi e , I.' he patospLenomega l t e , la

prematur i t e et la nephr i te quartane. Nous n' avons pas envisage cette

derni ere qui semble rare au Congo mal.gre la prevalence t res elevee

de P. malariae et pose de difficiles problemes d'investigation.

Le pr obLeme de la mor bi di te et de la mort aI i t e indirectement

imputables au paludisme est del i cat , car aucune enti te clinique n ' a

pu etre specifiquement identifiee et les arguments sont seulement

indirects : outre ceux de simple bon sens, qui suggerent qu'un nourris­

son anemie et affaibli du fait du paludisme r es i st.e moins bien a la

maladie quelqu'en soit la cause qu'un nourrisson en bonne san te , les

seuls arguments sont ceux apportes par des observations realisees lors

de divers projets pilotes de lutte antipaludique qui ont mon t r e une

reduction de la mor t aI i t e infantile sensiblement plus importante que

celle pouvant correspondre a la seule suppression de la mortalite direc­

te par paludisme (Janssens 1952, Draper & Draper 1960, Payne et al 1976).

1.2. Enguetes en zone rurale.

Deux enque t es ont concerns la morbt.d i te et trois enquetes les

taux et causes de deces en zone rurale dans la region de Brazzaville.

La premiere enque t e sur la mor bi di t e (Article 2) a ete r eal i see

dans le cadre de consultations medicales regulieres (hebdomadaires

ou bimensuelles) dans les villages des environs de Kinkala. Dans quatre
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de ces villages (Oua-Oua, Yalavounga, Mbamou, Mvouloumamba) une deter­

mination precise de la densite parasitaire et un examen clinique appro­

fondi oni ete systematiquement associes pour chaque consultant febrile.

Les r esul t ats de ces villages ont ete utilises pour prec i ser les cri­

teres diagnostiques d'un acces palustre et la part relative en fonction

de I.' age de la pathologie febrile d ' une part, du paludisme clinique

d'autre part.

La deuxiemeepquete sur la morbi.di t.e (article 5) a ete r eal f see

chez 182 enfants ages de 5 a 13 ans du village de Linzolo. Elle a

consLst.e en un suivi clinique et biologique e t r o i t de ces enfants,

base notamment sur le r e l eve syst.emat i.que de la temperature axillaire

selon une perLod i.c i t e hebdomadaire pendant 4 mois et une per i.od i.c i te

quotidienne pendant 10 jours. Les r esul tats de cette etude ont servi

a etablir l'incidence et la prevalence du paludisme clinique pour chaque

groupe d'age de deux ans chez les enfants de 5 a 13 ans. Parallelement,

les usages en vigueur dans ce village devant un syndrome febrile de

l'enfant et les modalites de traitement ont ete etudies.

Les enque t es sur la mort al i t e ont ete conduites par Duboz dans

le secteur de Kinkala et par Guillo du Baudan a Linzolo. Dans le secteur

de Kinkala, il s'agissait d'une enquet;e a passages repe te s visant a
prec i ser les taux de mo r t.a I i t e infantile et juvenile (Duboz, 1984).

A Linzolo, deux enquetes retrospectives ont ete effectuees. La premiere

(article 6) a constste a retrouver les enfants nes 5 ans auparavant

dans la mat erni t.e de ce village et a prec i ser par i: interrogatoire

de la famille I.' age et les circonstances de la mort pour ceux decede s

entre-temps; la deuxIeme enque t e (Guillo du Baudan, 1982) a cherche

a e tab l i r les causes exactes de deces chez les enfants de moins de

5 ans hospitalises a Linzolo.

1.3. Enguetes en zone urbaine.

Trois enquetes ont ete real i sees en zone urbaine. La premiere

(article 11) a cons i s t e d ' une part a recenser sur la pe r Lode octobre

1982-fevrier 1984 le nombre de cas confirmes ou probables d'acces per­

nicieux et de deces par paludisme dans l'ensemble des formations sani­

taires de la ville, d'autre part a etudier les conditions d'hospitali­

sation et de diagnostic de f acon a proposer une estimation la plus
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fiable possible de la mortalite par paludisme compte tenu des problemes

specifiques poses par ce diagnostic dans le contexte africain.

La deuxieme enque t e a cons i ste a determiner la prevalence du

paludisme clinique chez les ecol i ers de cinq quartiers de Brazzaville

a partir de reIeves systematiques de la temperature axillaire associes

a une goutte epaisse.

Enfin, l'etude de Merlin (1984) nous a permis une analyse rapide

des taux de mortalfte infantile et juvenile par quartier a Brazzaville

en fonction de nos propres donnees sur le paludisme dans ces quartiers.

2. CR1TERES D1AGNOST1QUES D'UN ACCES PALUSTRE.

2.1. Position du probleme.

Une recherche spec i f i que a e t e entreprise sur le prob l eme des

crLtere s diagnostiques d I un acces palustre. Plus de 80% des enfants

ayant une goutte epa i.sse positive en zone rurale, 1 I utilisation de

ce seul critere nous aurait conduit a intituler acces palustre la plu~

part des cas de f i.evre observes chez l' enfant. Paradoxalement, ce pro­

bleme qui se pose quotidiennement au medecin et a l'infirmier en zone

de forte 2ndemie palustre avait jusqu'a present ete delaisse par l'en­

semble des chercheurs des recherches bibliographiques approfondies

ne nous ont permis de retrouver qu 'une seule contribution importante

a ce sujet, celle de Miller (1958) au Liberia.

De ce fait, l'usage s'est e tabl i en Afrique d'intituler acce s

palustre tout syndrome febrile non evoca t eur d' une affection a i sement

identifiable. Si une goutte epa i sse est pra t i quee , ce diagnostic est

ecar t e en cas de resu l t at nega t i f , mais si le moindre hema t ozoa i r e

est observe et s'il n'existe pas d'autre e t Lo Logi e ev i den t e , le diag­

nostic d ' acces palustre est parte sans reserves. 11 en resul te une

grande incertitude dans toutes les statistiques de paludisme clinique.

Un second prob Leme se posai t pour la mesure de L' incidence et

de la prevalence du paludisme clinique : celui de l'absence d'une defi­

nition claire de la f t ev re en Afrique tropicale ou les temperatures

moyennes corporelles sont sensi blement plus elevees qu' en Europe sans

que des normes n'aient ete jusqu'a present etablies. Nous avons egale­

ment entrepris plusieurs investigations sur ce probleme.
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2.2 Definition des cri teres utilises.
Les resultats des recherches entreprises sur le probleme des

cr i t er es diagnostiques d I un acces palustre sont de tad Lles dans I' ar­

ticle 2 en annexe. Dans un premier temps, nous avons cLasse en deux

categories les observations cliniques effectuees par P. Peelman et

B. Morault dans le secteur de Kinkala selon que le paludisme pouvait

ou non etre suspec t e de provoquer les symptSmes observes. La mesure

de la dens i t e paras i ta i.r e chez ces deux categories de malades et la

comparaison avec la densite parasitaire des sujets tout venant de meme

age du village de Linzolo ont indique une frequence beaucoup plus elevee

des fortes charges parasitaires chez les malades suspects de paludisme

clinique. Dans un second temps, l'etude approfondi€ de la densite para­

sitaire, de la Leucocy t emie et des conditions de survenue d ' un acces

febrile chez les ecoliers de Linzolo nous a permis de proposer un cri­

t ere precis pour le diagnostic d ' acces palustre a P. falciparum chez

I' enfant de moins de 15 ans : la presence d ' une paras i t erni.e au moins

deux fois superLeur e a la Leucoc y t emie , Nos r esul ta t.s ont en effet

Lnd i que que I 'utilisation de ce seul cr i t ere limite a moins de 5% le

risque d'erreur diagnostique chez les enfants d'age scolaire. Chez

les enfants plus jeunes, la marge d'erreur reste a preciser mais elle

semble egalement tres faible.

Parallelement, il a ete montre par une methode similaire que

les infections a P. malariae et a P. ovale n'occasionnent pas d'acces

cliniques chez les enfants d'age scolaire dans les conditions epidemio­

logiques de la region de Brazzaville.

Nous avons ega l emen t etudi e la question de la limite entre les

temperatures qui doivent etre consi.derees comme normales, et celles

qui traduisent un e t a t febrile. Un nombre important de donnees a ete

collecte a ce sujet, qui feront l'objet d'un article ulterieur. Certains

resultats ont ete rapidement mentionnes dans l'article 2. La principale

conclusion de ces recherches a ete que pour des etudes epidemiologiques

basees sur la temperature axillaire, il convenait d'adopter comme seuil

de f.ievre chez I' enfant au Congo 3]09C pour les etudes r ea l t sees en

debut de matinee, 38°C en milieu et en fin de matinee, et 38°1C l'apres

midi.
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3. MORBIDITE ET MORTALITE PAR PALUDISME EN ZONE RURALE DANS LA REGION

DE BRAZZAVILLE.

3.1. Part du paludisme dans la pathologie febrile.

Dans le secteur de Kinkala, le paludisme clinique a r epresente

chez les enfants de moins de 5 ans de 37,1% a 52,8% des motifs de con­

sultations pour un syndrome febrile selon le cr i.tere utilise pour de­

finir la f i evre (t"emperature rectale de 37°5C, 38°C ou 38°5C) et de

41,7% a 58,3% de ces motifs chez les enfants de 5 a 14 ans. Bien que

les etudes ul.t.erLeures aient montre que les temperatures rectales de

37°5C et 38°C ne pouvaient etre considerees comme febriles, elles ont

ete conservees dans l' etude car la proportion tres elevee de fortes

charges parasitaires chez les enfants consultant pour fievre mais non

febr LLes au moment de l' examen r efLet e l' importance des variations de

temperature survenant sur une courte periode de temps lors d'un episode

de paludisme clinique.

Les consultations pour paludisme clinique chez les enfants de

°a 4 ans ont ete en moyenne 2 fois plus nombreuses que chez les enfants

de 5 a 9 ans et environ 6 fois plus nombreuses que chez les enfants

de 10 a 14 ans.

3.2. Incidence et prevalence du paludisme clinigue.

Deux enquetes ont ete effectuees pour mesurer l'incidence et

la prevalence du paludisme clinique chez les enfants de 5 a 13 ans

(article 5 ). La prevalence et.ai.t comprise entre 3,19% et 2,40% chez

les enfants de 5 et 6 ans, entre 2,54% et 1,79% chez les enfants de

7 et 8 ans, entre 1,57% et 1,05% chez les enfants de 9 et 10 ans et

entre 0,46% et 0,34% chez les enfants de 11 a 13 ans , L'incidence du

paludisme clinique a ete es t i.mee lors de la premiere enque t.e a 3,0

attaques annuelles aI' age de 5 et 6 ans, 2,1 attaques annuelles a
l'age de 7 et 8 ans, 1,8 attaques annuelles a l'age de 9 et 10 ans

et 1,2 attaques annuelles a l'age de 11 a 13 ans. Lors de la deuxieme

enquete, l'incidence du paludisme clinique calculee sur une base annu­

elle e ta i t respectivement de 5,2, 2,7, 2,0 et 0,8 attaques dans ces

dLf ferents groupes d ' age. 11 n' a pas ete observe de difference dans

l'incidence des acces palustres entre les enfants declarant dormir
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sous moustiquaire et ceux n'en utilisant pas.

3.3 Pathologie associee au paludisme.

Lors des etudes realisees a Linzolo et dans le secteur de Kinkala,

nous avons cherche a mettre en evidence une eventuel l.e association

entre le paludisme clinique et les autres affections febriles observees.

Aucune association n'a pu etre mise en evidence. En particulier:

- Les fluctuations de~la densite parasitaire sont apparues independantes

de la presence ou de l'absence d'une affection intercurrente.

- Les probab i Li.tes de survenue d ' un acces palustre et d ' une affection

febrile autre que le paludisme se sont revelees independantes.

3.4. Mortalite generale et mortalite par paludisme.

Les taux bruts de mort alLt.e infantile et juvenile observes en

zone rurale dans la region de Brazzaville se sont reveles etre sensible­

ment plus faibles que ceux classiquement observes en zone rurale en

Afrique. Ainsi, dans le secteur de Kinkala, Duboz (1984) a observe

un taux de mortalite infantile de 62 pour mille. De meme, l'etude effec­

tuee par Guillo du Baudan chez les enfants nes a la maternite de Linzolo

a montre que sur une cohorte de 548 enfants nes vivants, 484 d 'entre

eux ont atteint leur 5eme anniversaire. Le taux de mortalite infantile

a ete de 71 pour mille (39 deces dont 34 avarrt I' age de 6 mois) et

la mor tal i te cumuLee entre 1 et 4 ans a ete de 49 pour mille (25 de­

ces pour 509 enfants ayant atteint I' age de 1 an). Dans aucun de ces

deces une r esponsab i l.Lte directe du paludisme n' a ete suspectee , De

meme , sur 34 deces observes en 1980-1981 chez les enfants ages de 4

mois a 4 ans hospitalises a Linzolo, seulement 2 ont presente un tableau

clinique compatible avec un acces pernicieux.

4. MORBIDITE ET MORTALITE PAR PALUDISME DANS L'AGGLOMERATION DE

BRAZZAVILLE.

4.1. Prevalence des acces simples.

Notre se jour au Congo a ete interrompu avant que nous ayons eu
la possibilite d'entreprendre une etude detaillee sur ce theme a Brazza-
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ville. Toutefois, cinq enquetes ponctuelles en milieu scolaire nous

ont permis d'obtenir quelques elements importants.

Parallelement aux enquetes parasitologiques, 1.764 releves syste­

matiques de la temperature axillaire ont ete effectues chez les ecoliers

de 5 a 14 ans des cinq eco l es de Brazzaville sel ec t i.onnees en raison

de leur situation dans des zones differentes d'intensite de transmission

du paludisme : il s'agissait de 510 ecoliers de Massina, 294 ecoliers

de Talangai, 308 e£oliers de Bacongo, 533 ecoliers de Moungali et 119

ecoliers de Poto-Poto.

41 cas de fievre ont ete depistes pendant ces enquetes, dont

10 occasionnes par un paludisme clinique. Sur ces 10 cas, 7 ont ete

observes a Massina, 2 a Talangai et 1 a Bacongq.. Meme en tenant com-

pte du fait que le critere diagnostique en zone de forte endemie (rapport

parasite/leucocyte '# 2) ne peut s' appliquer aux ecol i ers de Bacongo,

Moungali et Poto-Poto en raison d ' une moindre Lmmun i te acquise, les

resultats ne sont guere modifies : seul un cas supplementaire de fievre

peut etre cons i dere comme etant occasf.onne par le paludisme (chez un

ecolier de Bacongo).

Les taux de prevalence du paludisme clinique que nous avons

obtenus sont les suivants : 1,37% a Massina, 0,68% a TaIangai, , 0,32%

a Bacongo et 0,15% a Moungali-Poto-Poto. Bases sur des effectifs

faibles, ils n' ont qu' une valeur tres. relative. On observe neanmo i ns

une .correlation tres etroite avec l'intensite de transmission du palu­

disme. Une comparaison avec les resultats de Linzolo (article 5) montre

que les acces palustres semblent auss i v f requents en zone rurale qu' en

zone urbaine a forte transmission, alors qu' ils paraissent t res rares

en zone urbaine a faible transmission.

4.2. Incidence comparee des acces pernicieux selon les guartiers de

Brazzaville. (Article 11)

Sur la peri.ode octobre 1982 - f evr i er 1984, 142 dossiers d ' acces

pernicieux ont ete col l ec t es dans I.' ensemble des formations hospita­

Lieres de Brazzaville, dont 124 ont pu etre exploi t es pour une etude

comparee de I.' incidence des acces pernicieux selon les quartiers de

la ville en fonction de l'intensite de transmission du paludisme.

A partir des resultats des recensements de 1974 et de 1983

(D.S.C.E., 1976; Gondzia, 1983) nous avons estime la population residant
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dans chacune des quatre zones d ' Lnt.ens i t e croissante de transmission

du paludisme car t ograph i ees d "apre s les resul t.at s entomologiques. Par

ailleurs, en Lntegrant; les resul t at s d ' une etude precedente (Urbanor,

1980) sur la pyramide des ages par arrondissement, nous avons egalement

es t ime le nombre d ' enfants de 0-4 ans, 5-9 ans et 10-14 ans residant

dans chacune de ces zones.

Pour la duree de l'enquete, l'incidence des acces pernicieux

chez les enfants de:0-14 ans etait de 0,37 pour mille en zone de trans­

mission forte, 0,67 pour mille en zone de transmission moderee ,

0,58 pour mille en zone de transmission faible et 0,44 pour mille en

zone de transmission t res faible. Pour chacune des zones de transmis­

sion, c' est dans le groupe d ' age 0-4 ans que i: incidence des acces

pernicieux et.a i t maximum : elle etait de 0,92 pour mille en zone de

transmission forte, 1,46 pour mille en zone de transmission moderee ,

1,34 pour mille en zone de transmission faible et 0,88 pour mille en

zone de transmission t res fai ble. Apre s I.' age de 4 ans, i: incidence

des acces pernicieux et.a i t sensiblement plus faible dans chacune de

ces zones : 0,07 pour mille en zone de transmission forte, 0,36 pour

mille en zone de transmission moderee, 0,31 pour mille en zone de trans­

mission faible et 0,38 pour mille en zone de transmission tres faible.

La proportion d ' acces pernicieux survenus avant i: age de 5 ans e t af, t

ainsi respectivement de 93,3%, 82,4%,81% et 70,6% dans chacune de ces

zones.

La comparaison des deux secteur,-s les plus contrastes de Brazza­

ville, le premier carac t.er i se par une Lntens i t e de transmission du

paludisme de 100 piqures infectantes annuelles et un indice plasmodique

chez les ecoliers de 81%, le second par une intensite de transmission

du paludisme Lnf er i eure a une pfqiir-e infectante annuelle et un indice

plasmodique chez les ecoliers de 3,4%, a montre la meme incidence glo­

bale des acces pernicieux (neuf cas seulement dans chaque secteur pour

respectivement 26.000 et 24.000 enfants de moins de 15 ans).

4.3. Taux annuel de mortalite par paludisme (Article 11)

Pour l'annee 1983, seulement 42 deces ont pu etre attribues d'une

f acon certaine ou probable au paludisme sur l' ensemble de l' agglome­

ration de Brazzaville. Sur la base des enquetes hospitalieres, le taux
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annuel de mortalit~ par paludisme a ~t~ estim~ ~ 0,43 pour mille dans

le groupe d ' age 0-4 ans et cl 0,08 pour mille dans le groupe d ' age

5-9 ans.

Utilisant une m~thodologie tres diff~rente, une ~tude de l'OCEAC

(Merlin, 1984) bas~e sur l'interrogatoire de 4.267 meres de famille

seLectIonnees par tirage au sort (sondage en grappe) sur I' ensemble

de l'agglom~ration de Brazzaville a indiqu~ un taux annuel de mortalit~

par paludisme de O,~ pour mille chez les enfants de moins de 5 ans.

4.4 Taux bruts de mortalit~ infantile et juv~nile.

En 1974, une et.ude de Duboz indiquait pour Brazzaville un taux

brut de mortalit~ infantile de 64,1 pour mille et-un quotient de morta­

lit~ juvernIe de 67,1 pour mille (Duboz, 1979). En 1984, le taux de

morta l i te infantile et.ai t es t ime cl 57 pour mille (Merlin, 1984). La

comparaison par quartiers des r esul tats Lndi ques par cet auteur ne

montre pas un taux brut de mornali t~ de 1 1enfant plus e1e:v~ dans Les

secteurs les plus impaludes de Brazzaville que dans les autres secteurs,

ce qui suggere que le paludisme ne contribue pas indirectement d ' une

fa~on importante ~ la mortalit~ infanto-juv~nile.
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DISCUSSION:

L'IMPACT DE L'URBANISATION SUR LE PALUDISME EN AFRIQUE CENTRALE

1. LA REDUCTION DE LA DENSITE VECTORIELLE.

1.1. Les activites humaines sont seules responsables de la densite

vectorielle elevee en zones rurales.

Deux types de vegetation constituent le paysage naturel de

l'Afrique centrale : la grande foret equatoriale d'une part, la mosaique

foret-savane d'autre part. La premiere est hautement defavorable a
A. gambiae, qui affectionne principalement les petites collections

d ' eau claire et ensoLei Ll.ees , Les autres vecteurs potentiels du palu­

disme y sont habituellement en dens i t.e t r es faible, seules quelques

r Lv Leres offrent localement de bons gites larvaires a A. moucheti et

A. nili quand la couverture foreatLere est interrompue. A. paludis,

qui semble mieux adapte a la foret, transmet difficilement le paludisme

et n'a jamais de role vecteur important. A. funestus, tres bon vecteur

potentiel, est toujours tres rare en foret non anthropisee. (Adam,

1956; Li vadas et al , , 1958; Hamon et Mouchet, 1961; Mouchet, 1962,

1976; Gillies et de Meillon, 1968).

La mosaique foret-savane, paysage dominant dans la region de

Brazzaville, est a priori plus favorable a A. gambiae et a A. funestus.

Toutefois, deux facteurs limitent considerablement leur distribution

: l'existence de forets-galeries le long des rivieres et des ruisseaux,

et la nature t res sableuse du sol qui ne retient pas i: eau de pluie.

De ce fait, tant en foret qu'en mosaique foret-savane, c'est essentiel­

lement i: ac t i.vi te humaine qui permet i: introduction de A. gambiae· par

la deforestation, notamment celle des berges argileuses des cours d'eau,

et la creation directe ou indirecte de nombreuses collections d ' eau

de natures tres diverses favorables a cette espece. L'exemple de Linzolo

detaille dans l'article 3 en annexe, montre que la totalite des gites

larvaires observes dans ce village r esu Lterrt de i: action de I.' homme

sur le milieu. De meme, les tres fortes densites vectorielles observees

a Djoumouna sont la consequence de la construction de vastes

~tangs de pisciculture. En zone urbaine a Brazzaville, c'est l'utilisa-
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tion agricole des berges de certains ruisseaux et du fleuve qui est

a l'origine de la plupart des gites larvaires d'A. gambiae.

Ainsi, dans un premier temps, chaque implantation humaine entraine

la multiplication des gites larvaires d'A. gambiae. La longueur de

la saison des pluies et la nature des amenagements realises permettant

a ce vecteur d'etre abondant toute l'annee, la transmission du paludis­

me est intense et perenne, de l'ordre de plusieurs centaines de piqures

infectantes par personne par an. Les seules exceptions sont observees

sur les plateaux sablonneux prives de ruisseaux permanents (plateau

de Mbe et ensemble des plateaux Bateke): les gites larvaires sont en tie­

rement asseches de juin a septembre et la transmission se trouve ainsi

interrompue plusieurs mois chaque annee.

1.2. La densite humaine et la densite vectorielle ont une evolution

inverse en milieu urbain sous l'effet de la pression fonciere.

En zone urbaine, divers phenomenes nouveaux sont observes qui

se r evel en t defavorables a A. gambiae. En premier lieu la croissance

demographique necessite sans cesse de nouveaux espaces et cela d'autant

plus que l'habitat demeure sous sa forme traditionnelle de petites

constructions basses ent.ourees d ' line cour . La croissance spatiale des

villes est considerable mais le peuplement effectif des nouveaux quar­

tiers est lent et progressif du fait de I' auto-construction. Paral l.e­

lement, la densification de I 'habitat est intense dans les quartiers

plus anciens et centraux Oil elle e l i.mi.ne progressivement les derniers
espaces libres. Parmi les champs, jardins maraichers ou lambeaux de

f ore t subsistants, ne sont conserves que ceux Oil toute construction

est impossible en raison du relief· ou des crues des cours d ' eau. La

densite de la population est Lnf erLeure a 50 habitants a I' hectare

dans les quartiers r ecemmerrt urbanises, elle est de I' ordre de 100

habitants a I 'hectare dans la plupart des quartiers urbanises entre

1955 et 1970, tandis qu' elle depasse 200 habitants a I' hectare dans

les quartiers plus anciens.

La rarefaction des gites larvaires d'A. gambiae sous l'effet

de l'urbanisation apparait clairement en comparant les cartes de l'in­

t en sd t e de transmission du paludisme et de la croissance spatiale de

Brazzaville. Les deux zones de t res fai ble transmission correspondent
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etroitement aux deux quartiers africains les plus anciens de Brazzaville

dans leurs limites des annees 40. De meme, les deux zones de transmis­

sion faible correspondent a l'extension de ces quartiers dans les annees

60. Enfin, les zones de transmission moderee et forte correspondent

a leur extension la plus recente , sans que toutefois un paral.l.e l i.sme

aussi etroit que precedemment entre l'intensite de la transmission

et l'anciennete de l'urbanisation soit conserve, ceci pour des raisons

qui seront discutees llus loin.

L'exception apparente que constitue le centre ville tient en

premier lieu aux modal t tes de l'occupation des sols. Des le debut de

la croissance de Brazzaville, de nombreux espaces ont ete reserves

a l'extension future des activites administratives, commerciales et

industrielles ou conserves comme espaces verts. Ces terrains ont ainsi

ete soustraits au jeu normal de la pression fonciere tel qu'il prevalait

pour le reste de l'agglomeration. La croissance des activites du secteur

moderne ayantete faible, les terrains non urbanises sont toujours

-nombreux et I' occupation du sol s' est faite sur un mode t res lache,

une faible partie seulement e tant batie. De vastes espaces sont ainsi

profondement remanies sans etre amenages, ce qui favorise la stagnation

des eaux de pluies dans des petites depressions qui constituent de

bons gites pour A. gambiae. Par ailleurs , la densite de la population

est tres faible: seulement 3,6% de la population de Brazzaville reside

dans le centre ville, alors qu' il represente pres d ' un quart de la

surface de la ville.

1.3. La pollution du milieu contribue a l'elimination d'A. gambiae.

Un phenomene nouveau accompagne l'urbanisation l'amenagement

de l' ecoul ement; des eaux de pluies par la creation de fosses ou de

caniveaux et leur raccordement aux ruisseaux qui traversent la ville

qui sont eux memes canalises. Ces amenagements cofiterrt cher et sont

avant tout I' apanage des quartiers les plus anciens de la vi l.l.e , Us

modifient considerablement la nature des gites larvaires potentiels.

En zone rurale, il est frequent que des fosses soient creuses

en bordure des axes routiers principaux qui traversent un village,

ceci afin de faciliter l' ecouIement des eaux de pluies et ralentir

ainsi la constitution d'ornieres. Ces fosses sont habituellement colo-
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nLses par A. gambiae qui y trouve des conditions t res favorables a
son deve Ioppement larvaire. En zone urbaine, dans les quartiers Oil

il existe un reseau dense de fosses et de caniveaux, nous n' y avons

jamais observe de larves d'anopheles alors que les larves de culicines

y sont souvent nombreuses.

Toujours mal entretenus, les fosses et caniveaux en zone urbaine

sont insuffisamment lessives par les pluies et contiennent des collec­

tions d ' eau for temerit pol Luees qui ne permettent pas le deveIoppement

larvaire d ' A. gambiae alors qu' elles restent compatibles avec celui

de C. quinquefasciatus. La pollution principale est occasi.onnee par

les eaux domestiques (lessive et vaisselle), qui sont systematiquement

je t ees dans les caniveaux par la menager e quand ceux-ci longent sa

parcelle. L'interconnection de l'ensemble des reseaux de fosses et

caniveaux, et le brassage des eaux par les pluies, ecartent ainsi toute

possibilite pour A. gambiae de trouver un gite larvaire favorable.

Une fois e l imi nes fosses et caniveaux, il ne reste plus comme

gite larvaire potentiel pour A. gambiae en milieu urbain dense que

les flaques d'eau et les ornieres sur la chaussee. La encore, il s'agit

de gites lui convenant fort bien en zone rurale dans les villages,

ainsi que l'ont notamment observe Rageau et al. (1953) et Doby et

Mouchet (1957) au Cameroun et nous memes au Congo. Pourtant, A. gambiae

est absent de ce type de gites dans l'ensemble des quartiers d'urba­

nisation ancienne et semble rarement present dans les quartiers d'urba­

nisation plus recente, alors que des larves de culicines sont souvent

presentes . L' hypot.hese d ' tine pollution de ce type de gites en milieu

urbain ne peut etre ecar t ee mais semble peu plausible. L' explication

la plus probable est que les ornieres et flaques d'eau sont des gites

trop secondaires pour permet tre a eux seuls le main tien de A. gambiae

quand une forte concurrence s'exerce, ce qui est le cas dans les zones

urbaines Oll C. qUinquefasciatus est particulierement abondant grace

aux puisards et fosses sceptiques des habitations.

1.4. Dne chronologie differente selon la nature des sites conquis

par l'urbanisation.

Deux formations geologiques se partagent le site de l'agglomera­

tion de Brazzaville: (1) le plateau des cataractes"sULlequel s'etendent
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la majeure partie du centre vil1e (a I.' exception des quartiers P1aine

et Mpila) et 1es arrondissements de Bacongo, MakeLeke Le et Mfilou­

Ngamaba, et (2) la retombee du plateau de Mbe qui comprend 1es arrondis­

sements de Poto-Poto, Moungali, Ouenze et Ta1angai. Le deveIoppemerrt

de Brazzavi11e s'est fait para11~1~ment sur ces deux formations, a

partir de Bacongo d'un cote et de Poto-Poto de l'autre. Dans 1es deux

cas, on retrouve une diminution considerable de l' Lntens i te de trans­

mission du pa Iud i sme en relation avec l' anc i.enne t.e de l' urbanisation.

Toutefois, a anc i ennete egal.e , le niveau de transmission du pa1udisme

est sensib1ement plus e1eve dans 1es quartiers appartenant au plateau

des cataractes. Ceci est dO aux nombreux ruisseaux qui traversent ces

plateaux et qui ont creuse de profonds vallons dorrt 1es sols argileux

sont d'un bonrendement pour 1es cultures maraich~res et 1es plantations

diverses. Aussi, la bonne rerrtab i Li t e agrico1e des jardins riverains

d'une part, 1es crues periodiques qui 1es ba1ayent d'autre part, per­

mettent aces vallons de resister Long t emps a l' urbanisation. A l' in­

verse, 1es berges basses et marecageuses des ruisseaux qui traversent

la p1aine ou s' e tend la majeure partie des arrondissements de Poto­

Poto, Moungali, Ouenze et Ta1angai e taf.ent de faib1e va1eur agrico1e:

elles ont ete LmmedLat.emerrt Lot i.es Lors de la progression du front

d'urbanisation.

1.5. La foca1isation de la transmission.

Les observations effectuees dans 1es quartiers anciens de Brazza­

vi11e situes a proximite immediate de zones non urbanisees ou subsistent

des gites 1arvaires montrent que la dispersion d ' A. gambiae est tres

faib1e en milieu urbain densemen t peupLe , Des distances de vo1s de

p1usieurs ki10m~tres sont frequents pour cette esp~ce en zone de savane

faib1ement peup1ee mais beaucoup plus rares dans 1es zones a vegeta­

tion importante et densemerit peupl ees (Gillies et de Meillon, 1968).

Ce phenomene semble encore accentue en milieu urbain, ou la dens i.te

est maximum. Ainsi, dans le cas de Bacongo et de Poto-Poto, ou la den­

site de la population est d'environ 200 habitants a l'hectare, la den­

site anophe l i.enne mesuree par des captures de nuit sur appat humain

diminue de plus de 30 fois en l'espace de que1ques centaines de m~tres

en s'e10ignant des gites 1arvaires. Tandis que 1es habitants de Bacongo
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residant en bordure immediate du ruisseau Makelekele sont exposes a

plus d ' une pi qflre infectante par personne par semaine, ceux residant

a 500 metres de distance reco i vent moins d ' une pi qfire infectante par

semestre. La faible importance des deplacements des moustiques en zone

urbaine, comparee a celle observee en zone rurale, avait deja ete mise

en evidence par Subra (1972) pour C. guinguefasciatus.

Ce phenomene peut avoir pour effet indirect de limiter considera­

blement l' intensi te de transmission du paludisme dans Les zones ou la den­

site de population est faible lorsque des zones plus denseoent peuplees

sont situees en bordure des gites et constituent ainsi une sorte d'ecran

de protection. C' est notamment ce qui est observe dans les quartiers

r ecents de Brazzaville s i tues sur des col lines sablonneuses au nord­

est de la ville (Tout pout le Peuple et hauteurs de TaLanga i ) ou le

relief et la teneur du sol empecherit la constitution locale de gites

larvaires.

2. LA PALETTE EPIDEMIOLOGIQUE.

2.1. Une heterogeneite considerable en milieu urbain.

La reduction de la dens i t e parasitaire et la focalisation de

la transmission ont pour consequence une heterogeneite considerable

de l'endemicite du paludisme en zone urbaine.

Selon les cr f t eres de Metselaar et van Thiel (1959), tous les

niveaux d'endemie du paludisme sont representes a Brazzaville : holo­

endemicite a Mfilou-Ngamaba-Ngangouoni, hyperendemicite a Talangai,

mesoendemicite a Bacongo et hypoendemicite a Poto-Poto. Cette situation

est d'autant plus remarquable qu'elle survient malgre la presence d'un

indice de stabili te du paludisme t res el eve , super i eur a 5. I1 est

classiquement admis que le paludisme est toujours hautement endemique

quand i: indice de atab i Lf.te est eleve et la transmission non Li.mi t.ee

par des facteurs de temperature (Macdonald, 1952, 1957; Spencer, 1963).

L'originalite des conditions epidemiologiques observees en zone urbaine

apparait ainsi clairement.

L'importance des differences observees entre les quartiers d'une

meme agglomeration et la rap i di t.e des transitions - trois ou quatre

niveaux differents d'endemie peuvent etre observes sur un transect
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de quelques centaines de metres seulement - montrent les limites d;une

approche du paludisme urbain ~ p~rtir d'enqu&tes trop localis~es spatia­

lement, 'qui ne peuvent prendre en compte la di ver s i te des situations

~pid~miologiques pr~valant au sein d'une m&me agglom~ration. Ainsi,

dans le cas de Pikine au S~n~gal o~ l'ensemble des travaux sur cette

aggIomerat t on de plus de 500.000 habitants a ~t~ ef f ec t ue dans un ql!ar­

tier Lmmed i atement riverain d ' une zone de cultures maraIcheres (Ver­

cruysse & .JancIoes , 1981; Vercruysse et al., 1983), il est probable

que le choix d ' un quartier plus eLoi.gne aurait montre une moindre in­

tensite de transmission. Inversement, un plan de sondage couvrant

l'ensemble d'une agglomeration mais insuffisant pour permettre une

analyse par quartier n' aurait guere d ' inter&t .puiqu' il ne donnerait

que des valeurs moyennes et entrainerait ainsi une repr~sentation

erronee des modalites epidemiologiques du paludisme.

L' h~terogeneit~ de la transmission pose ainsi divers prob l.emes

methodologiques pour l'etude du paludisme urbain. Bien que seul un

suivi longitudinal e t r ot t d 'un quartier donne permette une estimation

pr~cise de plusieurs parametres essentiels, il est en pratique diffici­

lement possible de multiplier de telles ~tudes comme cela serait neces­

saire du fait de l' etaLement; spatial des grandes villes africaines.

Par ailleurs, la diminution de la densit~ vectorielle observee en milieu

urbain pose divers problemes specifiques pour l'estimation de plusieurs

parametres , Ainsi, dans le cas du secteur Poto-Poto-Ouenze-Noungal i ,

un nombre plus important de captures aurait permis de preciser davantage

la dens i t e anopheLi.enne , mais non d ' obtenir une estimation fiable de'

1 'indice sporozoi tique et de la proportion de femelles pares, du fait

de l' extreme rare te des vecteurs. On est done contraint de recourir

~ une ser i.e d ' hypotheses concernant ces parametres , Dans le cas de

l'indice sporozoitique, deux hypotheses opposees sont egalement plausi­

bles : soit les rares anopheles susceptibles d ' etre observes dans le

secteur Poto-Poto-Ouenz e-Hounga l i. proviendraient de la dispersion des

populations des aut res quartiers, et dans ce cas l'indice sporozoitique

serai t sans doute egal , voire super i eur , ~ celui qui est observe dans

ces quartiers, soit ces anopheles proviendraient de rares microgl tes

locaux temporaires, et dans ce cas l'indice sporozoitique serait'tres

inf~rieur a celui observ~ par ailleurs du fait de la faiblesse de l'in-
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dice game t ocy t aire de la population residant dans ce secteur. Quoi

qu'il en soit, la valeur tres faible de la capacite vectorielle, infe­

rieure a 0,137, montre que le paludisme ne peut se maintenir spontane­

ment dans ce quartier de Brazzaville : il est importe ou introduit.

2.2. Une reduction du niveau d'endemie gui est l'apanage des grandes

agglomerations.

A la differen~e de ce qui est observe a Brazzaville, les resultats

des enquetes parasitologiques effectuees dans les seize autres agglome­

rations etudiees montrent general.ement; une prevalence t res elevee des

fortes charges parasitaires (plus de 35% d ' infections de classe 3 a
5), rejoignant ainsi les observations effec tuees- en zone rurale , Les

prevalences plus faibles observees sur les plateaux bateke etaient

attendues en raison de la rarete de l'eau sur ces plateaux: des pre­

valences relativement faibles y ont toujours ete observees, aussi bien

dans les villages que dans les aggLomer-at i ons semi-urbaines (Institut

Pasteur, 1938). Ce n' est que dans le cas de Pointe-Noire, la seconde

agglomeration du Congo pour sa population (environ 250.000 habitants),

qu' on retrouve un impact de I.' urbanisation sur le ni veau d' endemi.e

du paludisme : seulement 24% des ecoliers residant dans les quartiers

anciens de la ville pr esentent une dens i te parasitaire superi.eure a
500 parasites par yl, au lieu de 42% a Loandjili, banlieue recente

de Pointe-Noire.

Tous ces r esul t ats et.a i ent; attendus a partir des observations

effectuees a Brazzaville sur les modalites de la reduction de la densite

vectorielle : seul un tissu urbain dense et etendu permet une diminution

de la transmission qui est ainsi l' apanage des seules aggLomerat i.ons

importantes. L' analyse des r esuLt.at s publ.ies par divers auteurs sur

la prevalence du paludisme dans des grandes villes d'Afrique tropicale

indique clairement qu' il est possible de generaliser les observations

faites a Brazzaville. Ainsi, Sexton et al. (1984) ont observe a Kinshasa

que la prevalence chez les ecoliers varie de 3,5% en zone strictement

urbaine a 46,1% dans les quartiers peri-urbains. A Lagos, Fasan (1969)

a observe chez les ecol t.ers une prevalence de 26,1% en zone urbaine

centrale, 44% en banlieue et 80,5% en zone rurale environnante. A Accra,

Gardiner et al. (1984) ont observe une prevalence chez les enfants
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de 1,5% en zone urbaine et de 23% en zone rurale. Si on excepte l'etude

de Fasan, ou les pr eLevemen t s ont certainement ete Ius attentivement,

les autres prevalences rapportees sont probablement tres sous-estimees.

Il apparait neanmoins dans chacune de ces agglomerations des differences

nettes entre les zones etudiees, que nous expliquons par une reduction

de la densite vectorielle selon des mecanismes similaires a ceux obser­

ves a Brazzaville.

2.3. La question des prevalences chez l'enfant et ses implications

Lors de toutes les enque t es en zone urbaine et de la plupart

des enquet.es en zone rurale dans la region de Brazzaville, c' est dans

le groupe d ' age 10-14 ans que nous avons observe les pr evalences les

plus elevees, quelque soit le niveau d'endemie. Cette observation semble

a priori paradoxale puisqu' il est so l i.demerrt e tabl L que la prevalence

maximum est toujours atteinte assez rapidement pendant l'enfance

avant I' age de 2 ans en zone hoIoendemique , entre 2 et 4 ans en zone

hyperendemique et entre 5 et 9 ans en zones mesoendemiques et hypoende­

miques (Boyd, 1949; Schwetz, 1949).

Les observations faites a Linzolo permettent d'expliquer ce para­

doxe. En effet, tous les travaux anciens ou des prevalences de l'ordre

de 80% et.aferrt cbservees dans le groupe d ' age 10-14 ans indiquaient

des prevaLences de 90% a 100% chez les enfants plus jeunes. C'etait

notamment le cas au Congo dans la region de Brazzaville (Institut

Pasteur 1937, 1944, 1945), ainsi qu'au Zaire dans les regions limitro­

phes du Congo (Schwetz, 1938; Ruppol, 1940; Peel & van Hoof, 1948;

Lejeune, 1958). Il apparait ainsi que ce sont les prevalences des jeunes

enfants qui sont aujourd'hui sensiblement plus faib1es que par le passe,

ce qui peut etre facilement explique par l'importance de la consommation

d ' antipaludiques qu' a r eveLe I' enque t e clinique ef f ec t.uee a Linzolo.

L'emploi d'antipaludiques pour le traitement presomptif de tout syndrome

febrile etant desormais generalise, la consommation d'antipa1udiques

est directement correLee a l'incidence des acces f ebr Lles de toutes

causes dans chaque tranche d'age. Lors des enquetes effectuees a
Linzolo, 12% en moyenne des ecol Ler-s ages de 5 a 6 ans et 6% des

ecoliers ages de 11 a 13 ans avaient re~u sous une forme ou une autre

un antipaludique pendant la semaine ecoulee. Cette proportion est
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probab1ement sensib1ement plus forte encore chez 1es enfants d'age

pr e-cscoLai.r e puisque L' etude effec t uee dans le secteur de Kinka1a a

r eveLe une incidence des affections febriles deux fois plus eIe vee

avant l'age de 5 ans qu'entre 5 et 9 ans.

La forte consommation d'antipa1udiques des jeunes enfants exp1ique

egal.ement que 1es indices et dens i t es gametocytai.res soient actue1­

1ement nettement plus faib1es que par le passe dans le groupe d ' age

1-4 ans. Alors que ces enfants constituaient auparavant le principal

reservoir de parasites. en raison notamment d'une forte gametocytemie.

1eur importance epf.demfoLogdque est moins grande ac tue l Lemerit , ce qui

entraine une nette diminution de l ' indice sporozoitique d ' A. gambiae

(environ 3% 10rs de nos enquetes a10rs qu'un indic~ de 7.5% etait obser­

ve par Mer1e et Mai110t (1955) entre 1948 et 1951).

2.4. Un impact bio10gigue considerable.

L'heterogeneite de la transmission dans 1es grandes agg10merations

a un impact bio10gique considerable. Les parametres ref1etant directe­

ment la prevalence ou l'intensite des infections pa1ustres se trouvent

fortement affec t.es , comme la f r equence de i: anemi,e et des captations

completes d ' haptogIobine . Sur le plan LmmunoLog i.que , on observe ega1e­

ment des differences tres importantes se10n 1es quartiers de residence.

En particu1ier, la proportion d'enfants sero-negatifs ou faib1ement

positifs est tres e1evee dans 1es quartiers Oll l'intensite de transmis­

sion est faib1e, ce qui traduit la "forte sedentarite des enfants. A10rs

que la vie familia1e implique de multiples occasions de depl acements

intra-urbains et de visites en zone rura1e, i1 apparait ainsi que 1es

enfants n'accompagnent pas 1es adu1tes et dorment regu1ierement au

meme endroit.

Ces observations ont des implications importantes car e11es mon­

trent que l' urbanisation permet a une fraction importante d ' enfants

de grandir sans contracter le pa1udisme, mais aussi de rester t res

Longt.emps exposes aux complications graves du pa1udisme faute d ' une

protection immunitaire suffisante.

Ce prob1eme, deja mentionne par p1usieurs auteurs (Harverson

et al. t 1968; Voller et Bruce-Chwatt, 1968; Biggar et al., 1980;
Gardiner et al., 1984) avait ete interprete comme etant la consequence
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des mesures de 1utte antipa1udique dans 1es agg1omerations et de l'usage

important d'antipa1udiques par 1es popu1ations urbaines. Ceci avait

conduit a s'interroger sur 1 "ut i l i te de la chimioprophy1axie et des

mesures de con t ro Le du pa1udisme qui risquaient d ' avoir des effets

globa1ement negatifs en retardant ou en empechant l'acquisition de

l'immunite et en provoquant ainsi la survenue de formes graves du pa1u­

disme dans des groupes d'ages norma1ement epargnes.

Nos observations montrent au contraire que l'emergence d'une

population nombreuse sans protection immunitaire est avant tout la

consequence de la reduction de la dens i te vectorielle par l' effet de

la seu1e croissance urbaine, et qu' elle est done desorma i s une donnee

permanente contre 1aque11e il n' est guere de mesures envisageab1es,

a supposer que de te11es mesures soient souhaitab1es. Les observations

c1iniques- qui seront discutees plus loin- montrent que le retard dans

l' acquisition de l' immuni te . n' a pas 1es consequences graves qui pou­

vaient etre redoutees.

3. LE PARADOXE CLINIQUE.

3.1. Les acces simp1es.

Les etudes cliniques que nous avons effec tuees montrent que le

pa1udisme est une cause t res importante de morbLd i te chez 1es enfants

exposes a une forte in tensi te de transmission : aussi bien en zone

rura1e que dans 1es quartiers urbains 1es plus impa1udes, cette affec­

tion represente environ la mo i t Le des causes de f Levr e chez l' enfant.

Bien que l'incidence des acces pa1ustres diminue rapidement avec l'age,

e11e est encore de 4 acces annue1s a l'age de 5-6 ans.

Nos resu l tats ne permettent pas de pr ec i ser avec certitude si

la reduction de l'intensite de transmission du pa1udisme qu'occasionne

l'urbanisation entraine ega1ement une reduction de l'incidence des

acces pa1ustres chez 1es enfants d'un age donne. C'est dans 1es quar­

tiers de Brazzaville ou la transmission est la plus intense que la

prevalence du pa1udisme c1inique chez 1es eco l Lers est la plus forte,

ceci ma1gre la faib1e proportion d'infections qui s'expriment c1inique­

ment chez ces eco1iers en raison d'une forte immunite acquise. La signi­

fication de ces resul t ats est cependant Lirmtee par le fait que nous



86

n ' avons pas et.ud i.e les causes d ' absences des eco.lLers residant dans

les quartiers ou la transmission est fai ble : la sever i te a priori

plus grande des acces palustres chez ces enfants occasionne sans doute

un absenteisme scolaire proportionnellement plus grand. Dans ces condi­

tions, il est difficile d ' evaLue r la f r equence ree l Le des acces sim­

pl.es dans les quartiers les moins tmpa ludes de Brazzaville, d ' autant

plus que le seul travail precedent sur ce theme, realise par Colbourne

(1955) a Accra, n'~st pas exploitable comparativement faute de donnees

precises sur les cri teres diagnostiques utilises et les resultats

obtenus.

3.2. Acces pernicieux et mortalite directe par paludisme.

En 1972, un comi te international d ' experts r eum a Brazzaville

pour une conference Ln t er-cregIonake de 1 'OMS a est i.me que le paludisme

en Afrique est directement responsable d ' environ un million de morts

chaque annee chez les nourrissons et les enfants de moins de 14 ans

(OMS, 1974). Cette estimation, la premiere proposee pour l' Afrique,

a eu un retentissement considerable et a ete reprise dans de multiples

publications. Si on excepte les oasis sahariennes et les regions d'alti­

tude ou le paludisme revet periodiquement un aspect epidemique parfois

responsable d'une forte mor t.a l.Lt.e dans toutes les tranches d'age (cas

de l'Ethiopie en 1958 notamment, sur lequel on dispose de l'etude

deta i l.Iee de Fontaine et al., 1960), il est general.emerrt admis que

la mortalite par paludisme en Afrique est l'apanage quasi-exclusif

des jeunes enfants, principalement entre 6 mois et 2 ans. L'estimation

de i: OMS a ainsi ete essentiellement basee sur un taux de mortali te

annuel d'environ 15 pour 1.000 dans la tranche 0-4 ans, valeur moyenne

suggeree par les etudes au Nigeria et au Ghana (Bruce-Chwatt, 1952

et 1979; Colbourne, 1954), mais aussi au Zaire (Duren, 1937 et 1951;

Janssens et al., 1966) et en Afrique de i ' Est (Pringle, 1969; Payne et al , ,

1976) .

Bien que l'estimation de la mortalite par paludisme soit toujours

delicate en zone de forte endemi.e et que chaque me t hodoIogLe ut i I i see

puisse etre cri t i.quee , les r e su.l tats obtenus a Brazzaville et dans

sa region par 3 methodes di.fferen t es sont remarquablement convergents

et suggerent; fortement que le taux actuel de mor t a l Lt e par paludisme
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est environ 30 fois plus faible que celui attendu a partir des donnees

classiques sur la mortalite par paludisme en Afrique et notamment l'es­

timation de l'OMS. 11 n'y a pas eu auparavant d l etude importante sur

ce theme au Congo, mais les etudes anciennes dans les regions ecologi­

quement comparables du Zaire montraient un taux de mortalite par palu­

disme bien superieur, habituellement compris entre 15 et 25 pour mille

chez l'enfant de moins de 5 ans (Duren, 1951).

11 existe donc certainement actuellement une diminution conside­

rable de la mortal i te par paludisme dans la region de Brazzaville,

mal gre I' absence de toute mesure spec i f Lque de lutte antipaludique

et la persistance en zone rurale et dans une partie importante de la

ville d'un paludisme holoendemique classique. On pbserve mAme le para­

doxe d ' une incidence des acces pernicieux identique a un ni veau t r es

faible dans les deux secteurs les plus contrastes de Brazzaville, le

premier caracterise par une intensite de transmission du paludisme

de 100 piqures infectantes annuelles et un indice plasmodique chez

les eco Liers de 81%, le second par une intensi te de transmission du

paludisme Lrrfer i.eure a une pi qfire infectante· annuelle et' un indice

plasmodique chez les ecoliers inferieur a 4%. Ces resultats traduisent

la raret.e des acces simples qui se compliquent dans un second temps,

ce que nous attribuons a la generalisation de l'emploi presomptif

d'antipaludiques pour le traitement des acces febriles de l'enfant.

3.3 La generalisation de l'emploi presomptif d'antipaludigues pour

le traitement des syndromes febriles est la cause probable de

i'effondrement de la mortalite par paludisme.

La chimioprophylaxie des femmes enceintes et des nourrisssons

est conse i l l.ee par les autori t.es sanitaires congolaises et la chloro­

quine est largement distribuee dans les Centres de Protection Maternelle

et Infantile. Toutefois, du fait de i: importance de la transmission,

seule une chimioprophylaxie tres regulierement suivie serait en mesure

d'eviter l'infection palustre. D'une f acon gene r aLe , la chimioprophy­

laxie est trop Lr regu l i ere pour ev i t er des infections repetees chez

les nourrissons et, des l' age d ' un an, i: indice plasmodique atteint

75% en zone rurale et dans plusieurs quartiers urbains. Aussi, la

chimioprophylaxie telle qu'elle est utilisee au Congo nous semble insuf-
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fisante pour expliquer des taux de mortalite aussi faibles.

La cause de l'effondrement de la mortalite par paludisme est

probablement l'usage desormais generalise d'antipaludiques dans le

cadre du traitement de tout syndrome febrile du nourrisson et de l'en­

fan t , Cette attitude est sy stema t i.que dans les formations sanitaires,

en particulier dans les petits dispensaires. Sur tout , I' habi tude d ' un

traitement presomptif initial par chloroquine ou amodiaquine directement

prescrit et administre par les parents s'est spontanement generalise.

Pendant longtemps, I' usage des antipaludiques a ete t r es faible

et n' a interesse que quelques populations r egroupees cl pr oxi.mi t e des

postes administratifs importants et des missions religieuses, ou em­

ployees cl des activites du secteur moderne (mine&, plantations, trans­

ports, chantiers divers •••• ).Dans la plupart des cas, un enfant febrile

etait laisse sans soins, les pratiques et pharmacopees traditionnelles

n'intervenant que tardivement et leur efficacite etant fort incertaine,

au moins pour le paludisme.

Actuellement, l'usage des antipaludiques s'est generalise et

peut etre directement compare cl celui des antipyretiques dans les pays

developpes. Sous forme d'automedication, il precede le recours au dis­

pensaire qui n'intervient qu'en cas d'echec de ce premier traitement

ou si les symptcmes sont d ' emhLee severes , Ainsi, I' etude sur ce theme

effectuee cl Linzolo a montre que malgre d'excellentes facilites d'acces

aux soins dans ce village, pr es de la moitie des syndromes .febrfles

de l'enfant ne sont pas suivis d'une consultation au dispensaire. Parmi

ceux-ci, 75% re~oivent neanmoins un traitement comportant des antipalu­

diques administres par les parents et seulement 13% ne sont pas traites.

Cette prise en charge par les parents du traitement de leur enfant

febrile peut etre interpretee comme un compromis entre la chimioprophy­

laxie qui leur etait conseillee mais dont l'interet n'etait pas directe­

ment apparent et la chi.mi.otherapde qui e ta i t r eservee aux formations

sanitaires et dont l'efficacite apparaissait clairement. Parmi les

facteurs qui ont permis la generalisation de cette attitude nouvelle,

les plus importants nous semblent etre l'anciennete de la scolarisation

(scolarisation totale au Congo depuis 1960), la creation de dispensaires

en zone rurale et l'apparition du transistor, dont l'essor considerable

traduit l'importance de l'impact de ce vehicule nouveau d'information.
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3.4. La question de la contribution indirecte du paludisme a la morta­

lite generale.

Les effets indirects du paludisme en tant que cause assoc i ee

de mortalite n'ont jamais ete estimes avec precision (OMS, 1974). Toute­

fois, une indication de l'importance de cette contribution a pu etre

obtenue a partir de la comparaison des chiffres de mort a l i.te avant

et apres I' introduction de mesures antipaludiques lors de plusieurs

projets de lutte (McGregor, 1960). La reduction des taux de mortalite

et.a i t genera Iement beaucoup plus importante qu' attendue sur la base

des etudes e tud i.ant la proportion de deces dus aux effets directs du

paludisme (10-15% chez les nourrissons et les enfants lors de la plupart

des etudes).

Ainsi, Janssens (1952) a observe une reduction du taux de morta­

lite infantile de 308 pour mille a 132 pour mille a la suite d ' une

chimioprophylaxie de masse en distribution hebdomadaire au Zaire. Dans

la province du Nyanza au Kenya, le taux de mort al.Lt.e infantile est

passe de 157 pour mille a 93 pour mille a la suite de I' interruption

de la transmission du paludisme au moyen d ' une lutte antivectorielle

(Payne et al., 1976), ce qui est a rapprocher de la reduction de 165

pour mille a 78 pour mille obtenue par la meme me t hode lors du projet

Pare-Taveta (Draper et Draper, 1960).

Bien que des projets de ce genre soient toujours accompagne s

d ' une amelioration plus ou moins importante des equt pements sanitaires

et sur tout des facilites d'acces aux soins et de traitement, les diffe­

rences sont impressionnantes et suggerentl'importance du paludisme com­

me cause associee de deces.

Dans le cas de Brazzaville et de sa region, on observe que les

chiffres actuels de mor t a l i t e infantile et juvenile sont plus faibles

que ceux observes apres des operations de contrfil e du paludisme dans

d 'autres regions d' Afrique en zone urbaine a Brazzaville, le taux

de mortal t te infantile e t ai t de 64 pour mille en 1974 et de 57 pour

mille en 1984 (Duboz, 1984; Merlin, 1984). En zone rurale, le t aux

actuel de mortalite infantile observe lors de deux etudes est respecti­

vement de 62 pour mille et de 71 pour mille (Guillo du Baudan, 1982;

Duboz, 1984). De plus, les donnees collectees a Brazzaville par Merlin

(1984) n'indiquent pas un taux de mortalite infantile et juvenile plus
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eleve dans les quartiers de Brazzaville Oll le niveau d'endemie du palu­

disme est le plus eleve. Bien que le developpement des infrastructures

sanitaires soit certainement le principal facteur responsable de la

diminution de la mortalite, ces chiffres suggerent que l'usage genera­

lise d'antibiotiques contribue non seulement a la reduction de la morta­

lite directe par paludisme mais aussi a celle de la mortalite indirecte.
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CONCLUSION

Par I.' Lnterrnedi ai.re de la diminution de la densi t e vectorielle,

l'urbanisation en Afrique centrale se revele benefique en ce qui concer­

ne le paludisme en r edu i sarrt la prevalence parasitologique de cette

affection et son impact biologique. Sur le plan clinique, l'urbanisation

semble occasionner une nette reduction de l'incidence des acces simples,

tandis que le retard:dans l'aquisition de l'immunite n'a pas les conse­

quences graves qui pouvaient etre redoutees. 11 est d'autant plus facile

pour des parents de prevenir l'apparition chez l'enfant d'un acces per­

nicieux par un traitement ou une consultation precoces que celui-~i peut

mieux exprimer sa maladie: toute mesure protegeant directement (re­

duction de la densite vectorielle) ou indirectement (chimioprophylaxie)

les nourrissons et les tres jeunes enfants ne peut etre que benefique

El cet egard.

Bien que 1 'urbanisation se r eve l e nettement favorable, le fait

que la chute de la mortalite par paludisme touche autant les populations

urbaines que rurales quelque soit le niveau d'endemie montre l'importance

capitale des facteurs socio-culturels (usages therapeutiques) et d'equi­

pement sanitaire (dispensaires et hopitaux) pour prevenir les complica­

tions graves du paludisme et redui re la mort a l.i.te , Mal.gre le faible

niveau economi.que du Congo, ces facteurs se sont r evel es suffisants

dans leurs developpements recents pour obtenir des resultats remarqua­

bles sur le plan du paludisme que ne laissait pas presager l'importance

du niveau d'endemie.

11 nous semble toutefois difficile de conclure sur une note opti­

miste car un fait nouveau, apparu en 1985 en Afrique Centrale, modifie

sensiblement les perspectives d'avenir. L'apparition et la generalisa­

tion rapide depuis des souches de P. falciparum resistantes El la chloro­

quine ne peuvent qu' amener dans un avenir proche le retrait de cette

drogue de la panoplie t herapeu t i que , alors que c' est sur elle et sur

l'amodiaquine que repose largement l'effondrement actuel de la mortalite

par paludisme, en raison de leur faible cout et de leur emploi facile.

11 est probable que les resistances accentueront fortement les inegali­

tes dans le risque de mourir du paludisme en fonction du niveau econo­

mique et culturel et de l'eloignement des formations sanitaires.



92

BIBLIOGRAPHIE

ADAM, J.P. (1956). Note faunistique et biologique sur les anopheles

de la region de Yaounde et la transmission du paludisme en zone

forestiere du Sud Cameroun. Bulletin de la Societe de Pathologie

exotigue, 49, 210-220.

ADAM, J.P. (1964). Repartition geographique des Anopheles en Republique

du Congo. Cahiers O.R.S.T.O.M., Serie Entomologie Medicale et

Parasitologie, 1, 73-82.

ADAM, J.P. & SOUWEINE, G. (1962). Etude de la sensibilite aux insecti­

cides des culicidae de Brazzaville (Republ i que du Congo) avec

quelques notes de faunistique et biologie. Bulletin de l'Institut

de Recherches Scientifigues au Congo, 1, 31-43.

ADAM, J.P. & WATTIER, G. (1963). Rapport d l enquete sur le peuplement

anophe l i.en des rives du Congo et de l'Oubangui. Rapport ORSTOM,

Brazzaville.

ADAM, J.P., PROGENT, A. & DEMELLIER, A. (1964). Organisation actuelle

et problemes de la lutte antipaludique a Brazzaville (Republique

du Congo). Etude de la sensibilite d'A. gambiae a divers insecti­

cides. Medecine Tropicale, 24, 437-446.

ALLISON, A.C., BLUMBERG, B.S. & AP REES (1958). Haptoglobin types in

British, Spanish Basque and Nigerian African populations. Nature

181, 824-825.

AREEKUL, S., CHANTACHUM, Y., MATRAKUL, D. & VIRAVAN, C. (1972). Serum

haptoglobin levels in malaria. Southeast Asian Journal of Tropical

Medicine and Public Health, 1, 505-510.



93

AUGER, A. &VENNETIER, P. (1976). La croissance peripherique des villes:

naissance et developpement d'une banlieue brazzavilloise. In:

croissance peripherique des vilies : cas de Bangkok et de Brazza­

ville. Travaux et Documents de Geographie Tropicale (Bordeaux),

n026, 223-286.

BARNICOT, N.A., GARLICK, J.P. & ROBERTS, D.F. (1960). Haptoglobin and

transferrin inheritance in northern Nigerians. Annals of Human

Genetics, 24, 171-183.

BIGGAR, R.J ., COLLINS, W. E. & CAMPBELL, C.C. (1980). The serological

response to primary malaria infection in urban ghanaian infants.

American Journal of tropical Medicine and Hygiene, 29, 720-724.

BITSINDOU, P. (1984). Impact des traitements insecticides (Deltame­

thrine) sur la transmission du paludisme et sa morbi di.te dans

un village des environs de Brazzaville. These, Universi te de

Paris~Sud, Centre d'Orsay.

BLACKLOCK, D.B. & EVANS, A.M. (1926). Breeding places of Anopheline

mosquitoes in-and around Freetown, Sierra Leone. Annals of Tropical

Medicine and Parasitology, 20, 59-86.

BLUMBERG, B.S., KUVIN, S.F., ROBINSON, J.C., TEITELBAUM, J.M. & CONTA­

COS, P.G. (1963). Alterations in haptoglobins levels. Journal

of the American Medical Association, 184, 1021-1023.

BOYD, M.F. (1949). Epidemiology of malaria: factors related to the

intermediate host. In : Malarialogy, Saunders company; Philadelphia

and London, 551-607.

BRADY, J.N. (1961). Rapport sur une enquete entomologique a Brazzaville

et dans les villages environnants. Mai 1981. World Health Organi­

zation, AFR/MAL/47 (Unpublished document).

BRUCE-CHWATT, L.J. (1952). Malaria in african infants and children

in southern Nigeria. Annals of tropical Medicine and Parasitology,

46, 173-200.



94

BRUCE-CffivA'IT, L.J. (1979). Man against malaria : conquest or defeat.

Transactions of the Royal Society of tropical Medicine and Hygiene

73, 605-617.

BRUCE-CHWA'IT, L.J. (1983). Paludisme et urbanisation. Bulletin de la

Societe de Pathologie exotique, 76, 243-249.

CARME, B., GUILLO DU BAUDAN , H., MOLEZ, J. F. & TRAPE, J. F • (1984) .

Etude retrospective sur la morta l i t.e de 1 'enfant de moins de

5 ans dans une zone rurale de la region de Brazzaville (R. P.

Congo). 1. Taux et causes de mortali t e , Bulletin de la Societe

de Pathologie exotique, 1I, 104-114.

CARNEVALE, P. (1974). Variations sa i sonnLeres d ' une population d ' Ano­

pheles nili (Theo) 1904 en Republique Populaire du Congo. Cahiers

ORSTOM, Serie Entomomlogie medicale et parasitologie, g, 165­

174.

CARNEVALE, P. (1979). Le paludisme dans un village des environs de

Brazzaville. These Sciences, Universite Paris XI, n02175.

CARNEVALE, .P., FREZIL, J. L., BOSSENO, M.F., LE PONT, F. & LANCIEN, J.

(1978). Etude de l'agressivite d'Anopheles gambiae A en fonction

·de l'3ge et du sexe des sujets humains. BulletinOMS, 56, 147-154.

CARNEVALE, .P., MICHEL, R., BOSSENO, M.F., MOLEZ, J.F. & ZOULANI, A.

(1982). Etudes simultanees de l'epidemiologie du paludisme en

zone de savane herbeuse et de foret degradee des environs nord

et sud de Brazzaville (R.P. Congo). Rapport final, 14° Conference

Technique de l' OCEAC, 115-126.

COCHRANE, A.H., NUSSENSWEIG, R.S. & NARDIN, E.H. (1980). Immunization

against sporozoites. In : Malaria. Kreier ed., Academic Press.

COLBOURNE, M.J. (1955). The effect of malaria suppression in a group

of Accra schoolchildren. Transactions of the Royal Society of

Tropical Medicine aM Hygiene, 49, 356-369.



95

COLBOURNE, M.J. & EDINGTON, G.M. (1954). Mortality from malaria in

Accra. Journal of tropical Medicine and Hygiene, 57, 203-210.

COZ, J. & PICQ, J.J. (1972). Etude en laboratoire de la recep t i.vi te

a Laverania falcipara d'Anopheles gambiae A et d'Anopheles gambiae

B. Bulletin de la Societe de Pathologie exotigue, 65, 668-675.

DOBY, J.M. & MOUCHET, J. (1957). Ecologie larvaire de quelques especes

de Culicides dans . la region de Yaounde (Sud Cameroun). Bulletin

de la Societe de Pathologie exotigue, 50, 945-957.

DRAPER, C.C. & DRAPER, K.C. (1960). Assessment of the effects of malaria

control upon the health of the community. In : Report on the

Pare-Taveta malaria scheme 1954-1959. East Africa High Commission,

Government Press, Dar es Salam, 57-78.

DRUILHE, P., PRADIER, 0., MARC, J.P., MILTGEN, F. & PARENT, G. (sous

presse). Levels of antibodies to Plasmodium falciparum sporozoites

surface antigens reflect malaria transmission rates, and are

persistent in absence of re-infection. Infection and Immunity

DRUILHE, P., PUEBLA, R.M., MILTGEN,F., PERRIN, L. &GENTILINI, M. (1984)

Species-and stage-specific antigens in exoerythrocytic stages

of Plasmodium falciparum. American Journal of tropical Medicine

and Hygiene, 33, 336-341.

D.S.C.E. (1976). Recensement general de la population de 1974. Volume

I. Commune de Brazzaville. I. Structure demographigue. Ministere

du Plan, Brazzaville.

DUBOZ, P. (1984). Mortalite et morbidite infantile et juvenile en

Republique Populaire du Congo. Cahiers ORSTOM, Serie Sciences

Humaines, 20, 157-169.

DUREN, A. (1937). Un essai d 1 etude d 1 ensemble du paludisme au Congo

beIge , Memoires de 1 1 Institut Royal Colonial BeIge, collection

in 8e, Tome V, fascicule 5.



96

DUREN, A.N. (1951). Essai d'etude sur l'importance du paludisme dans

la mortalite au Congo beIge. Annales de la Societe beIge de

Medecine tropicale, 1l, 129-147.

FASAN, P.O. (1969). Malaria in the school children of Lagos city and

Lagos state. West African medical Journal, ~, 176-180.

FONTAINE, R.E., NAJJAR, A.E. & PRINCE, J.S. (1961). The 1958 malaria

epidemic in Ethl0pa. American Journal of tropical Medicine

and Hygiene, lQ, 795-803.

GARDINER, C., BIGGAR, R.J., COLLINS, W.E. & NKRUMAH, F.K. (1984).

Malaria in urban and rural areas of southern Ghana : a survey

of parasitemia, antibodies, and antimalarial practices. Bulletin

of the World Health Organization, 62, 607-613.

GARNHAM, P.C.C. (1949). Malaria immunity in Africans : effects in

infancy and early childhood. Annals of tropical Medicine and

Parasitology, 43, 47-61.

GARNHAM, P.C.C. (1966). Malaria parasites and other Haemosyoridia.

Blackwell Scientific Publications, Oxford.

GARRETT-JONES, C. (1964). Prognosis for interruption of malaria trans­

mission through assessment of the mosquito's vectorial capacity.

Nature, 204, 1173-1175.

GIBLETT, E.R., MOTULSKY, A.G. & FRASER, G.R. (1966). Population genetic

studies in the Congo. IV. Haptoglobin and transfer in serum groups

in the Congo and in other African populations. American Journal

of Human Genetics, ~, 553-558.

GIBLETT, E.R. & STEINBERG, A.G. (1960). The inheritance of serum hapto­

globin types in American Negroes : Evidence for a third allele

Hp 2m. American Journal of Human Genetics, 11, 160-169.



97

GILLIES, M.T. & DE MEILLON, B. (1968). The anophelinae of Africa south

of the Sahara (Ethiopian geographical region). South African

Institute for medical Research, Publication n054, 2nd Ed.

GONDZIA, A. (1983). Recensement administratif 1983-1984. Resultats

de la ville de Brazzaville du 19 juin au 30 juillet 1983. Secre­

tariat General a l'Administration du Territoire, Brazzaville.

GREJBINE, A. (1950). Moustiques du Moyen-Congo. Bulletin de l'Institut

d'Etudes Centrafricaines, 1, 25-48.

GREJBINE, A., GRILLOT, J.P. & LAURENTIN, M.F. (1977). Moustiques de

l'ile de M'Bamou (Congo). 11. Quelques especes agressives de

Culicidae (Diptera) de la region du Stanley-Pool. Bulletin du

Museum National d'Histoire Naturelle, Ecologie Generale, 40,

201-236.

GUEYE, 1. & ODETOYINBO, J.A. (1974). Le paludisme en RepubLfque Popu­

laire du Congo. World Health Organization, AFR/MAL/138, (unpu­

blished document).

GUILLO DU BAUDAN, H. (1982). Contribution a l'etude de la morbi dLte

et de la mor t aI i t e chez I.' enfant de moins de 5 ans en milieu

tropical. These Medecine, Paris.

HAMON, J., ADAM, J.P. &GREJBINE, A. (1956). Observations sur la re par­

tition et le comportement des Anopheles de l'Afrique Equatoriale

Fran~aise, du Cameroun et de l'Afrique Occidentale. Bulletin

de l'OMS, 12, 549-591.

HAMON, J. & MOUCHET, J. (1961). Les vecteurs secondaires du paludisme

humain en Afrique. Medecine tropicale, 11, 643-660.

HARVERSON, G., WILSON, M.E. & HALL, P.J. (1968). Assessment of current

malarial endemicity in Bathurst, Gambia. West African medical

Journal, lI, 63-67.



98

INSTITUT PASTEUR (1937). Rapport sur le fonctionnement de I' Institut

Pasteur de Brazzaville pendant l'annee 1936. Brazzaville.

INSTITUT PASTEUR (1938). Rapport sur le fonctionnement de l'Institut

Pasteur de Brazzaville pendant l'annee 1937. Brazzaville.

INSTITUT PASTEUR (1944). Rapport sur le fonctionnement de I' Institut

Pasteur de Brazzaville en 1943. Brazzaville.

INSTITUT PASTEUR (1945). Rapport sur le fonctionnement de I' Institut

Pasteur de Brazzaville en 1944. Brazzaville.

JANSSENS, P.G. (1952). Cite dans McGREGOR, 1960.

JANSSENS, P.G., VINCKE, I.H. & BAFORT, J. (1966). Le paludisme d'Afrique

centrale. Son influence sur la morbi dt t e et la mortali te des

enfants. Bulletin de la Societe de Pathologie exotigue, 59, 665.

KOUZNETSOV, R.L. (1977). Malaria control by application of indoor

spraying of residual insecticides in tropical Africa and its

impact on community health. Tropical Doctor, 2, 81-91.

LACAN, A. (1958). Les anopheles de l'Afrique Equatoriale Fran~aise

et leur repartition. Annales de Parasitologie Humaine et Comparee,

33, 150-170.

LEFEVRE-WITIER, P. (1974). Un "LsoLat " du Sud Sahara: les Kel Kumrner ,

VI. Structure genetique des systemes sanguins erythrocytaires

et seriques. Population, 29, 517-527.

LEJEUNE, P. (1958). Contribution a l'etude du paludisme endemique des

villages riverains du Kwango. Annales de la Societe beIge de

Medecine tropicale, 38, 195-213.

LIVADAS, G., MOUCHET, J., GARIOU, J. & CHASTANG, R. (1958). Peut-on

envisager I' eradication du paludisme dans la region fo res t i ere

du Sud Cameroun? Rivista di Malariologia, 37, 229-256.



99

MACDONALD, G. (1926). Malaria in the children of Freetown, Sierra

Leone. Annals of tropical Medicine and Parasitology ! 20, 239­

263.

MACDONALD, G. (1952). The analysis of equilibrium in malaria. Tropical

diseases bulletin, 49, 813-829.

MACDONALD, G. (1957). The epidemiology and control of malaria. Oxford

University Press, London.

M.cGREGOR, LA. (1960). Demographic effects of malaria with special

reference to the stable malaria of Africa. West African medical

Journal, ~, 260-265.

MAILLOT, L. (1948). Travaux effec t ues en 1948. In : Rapport sur le

fonctionnement technique de l'Institut Pasteur de Brazzaville

en 1948. Institut Pasteur, Brazzaville.

MAILLOT, L. (1951) •. Acquisitions par les entomologistes medicaux.

In : Rapport sur le fonctionnement technique de l'Institut Pasteur

de Brazzaville en 1951. Institut Pasteur, Brazzaville.

MAILLOT, L. (1953). Etude de l'infection palustre et de l'indice maxil­

laire chez Anopheles gambiae Giles a Brazzaville de decembre

1950 a fevrier 1951. Bulletin de la Societe de Pathologie exotique

46, 839-847.

MAILLOT, L. & GREJBINE, A. (1947). Enquetes entomologiques effectuees

en Afrique Equatoriale Eranca i se au cours de 1"annee 1947. In:

Rapport sur le fonctionnement technique de l'Institut Pasteur

de Brazzaville en 1947. Institut Pasteur, Brazzaville.

MARGUERAT, Y. (1978). RefLexLons cursives sur l' evolution des reaeaux

urbains en Afrique Noire. Cahiers O.R.S.T.O.M., Serie Sciences

Humaines, 11, 173-185.

MERLE, F. & MAILLOT, L. (1955). Campagnes de des i.nsec t Lsatfon contre

le paludisme a Brazzaville. Bulletin de Pathologie exotique,

48, 242-269.



100

MERLIN, M. (1984). Enquete de mcrhi di t e-mor t al.t te par maladies diar­

rheiques des enfants de moins de 5 ans a Brazzaville en Republique

Populaire du Congo. Rapport O.C.E.A.C., Yaounde.

METSELAAR, D. & VAN THIEL, P .H. (1959). Classification of malaria.

Tropical and geographical Medicine, 11, 157-161.

MILLER, M.J. (1958). Observations on the natural history of malaria

in the semi-resis.tant West African. Transactions of the Royal

Society of Tropical Medicine and Hvgiene, ~, 152-168.

MOLINEAUX, L. &GRAMICCIA, G. (1980). The Garki project. World Health

Organization, Geneve.

MONJOUR, L., TRAPE, J.F., DRUILHE, P., BOURDILLON, F., FRIBOURG-BLANC,

A., PALMINTERI, R., GOUBA, E. & GENTILINI, M. (1982). Malaria

and haptoglobin content of serum in a rural population in Upper

Vol ta. Annals of Tropical Medicine and Parasitology, l..!!.., 105­

107.

MOUCHET, J. (1962). Influence des fleuves sur la biologie d ' Anopheles

gambiae pendant la saison seche dans le Sud Cameroun. Bulletin

de la Societe de Pathologie exotigue, 55, 1163-1171.

MOUCHET, J. (1976). ProbLemes ep Ldemi.oLog i.ques poses par les maladies

a vecteur dans les zones de fore t dense africaine : influence

des changements d'environnement. Wiadomosci Parazytologiczne,

22, 557-567.

NARDIN, E.H., NUSSENZWEIG, R.S., McGREGOR, LA. & BRYAN, J.H. (1979).

Antibodies to sporozoftes, their frequent occurence in individuals

living in an area of hyperendemic malaria. Science, 206, 597­

599.

NGIMBI, N.P., BECKERS, A. & WERY, M. (1982). Aper cu de la situation

epidemiologique du paludisme a Kinshasa (Republique du Zaire)

en 1980. Annales de la Societe BeIge de Medecine tropicale,

62, 121-137.



101

NOAMESI, G.K., CONEJO, M.G. & COLUSSA, M.B. (1972). Assainissement

a Brazzaville et dans ses environs. \oJorld Health Organization,

AFR/EH/122 (Unpublished document).

NZIAMBOUDI, P. (1982). Rapport de stage~O.R.S.T.O.M., Brazzaville.

O.M.S. (1974). Malaria control in countries where time-limi ted eradica-

tion is impracticable at present. World Health Organization

technical Report Series, nO 537.

ONORI, E. (1969). Malaria in Karamoja district, Uganda. Parassitologia,

.!.!.' 236-249.

PAMPANA, E. (1963). A textbook of malaria eradication. London, Oxford

University Press.

PARKER, W.C. & BEARN, A.G. (1963). Control gene mutations in the human

haptoglobin system. Nature, 198, 107-108.

PATWARI, A., ANEJA, J. & GHOSH, S. (1979). Serum haptoglobin in child­

hood malaria. Indian Paediatrics, 1£, 665-667.

PAYNE, D., GRAB, B., FONTAINE, R.E. & HEMPEL, J.H.G. (1976). Impact

of control measures on malaria transmission and general mortality.

Bulletin of the World Health Organization, 54, 369-377.

PEEL, E. & VAN HOOF, L. (1948). Le paludisme a la mat.erm t e indigene

de Leopoldville. Annales de la Societe beIge de Medecine tropicale

28, 413-420.

PRINGLE, G. (1969). Experimental malaria control and demography in

a rural East African community : a retrospect. Transactions of

the Royal Society of tropical Medicine and Hygiene, 63, (suppl.),

2-18.

RAGEAU, J., ADAM, J.P. & RIVOLA, E. (1953). Etude preI i.mi.na i r e sur

la biologie d'Anopheles gambiae, Giles 1902 dans les regions

forestieres du Sud Cameroun. Annales de Parasitologie humaine

et comparee, 28, 425-449.



102

ROUGEMONT, A., QUILICI, M., RANQUE, P. & PENE, P. (1974). Taux d'hapto­

globine, pa1udisme et anemi.e chez i: adu1te africain • Bulletin

de la Societe de Patho1ogie Exotigue, 67, 52-57, 370-377.

RUPPOL, A. (1940). Pa1udisme, enfance noire et quininisation au cerc1e

de Gombe-Matadi en 1938-1939. Recuei1 des Sciences Medica1es

du Congo be1ge, 82-89.

SCHWETZ, J. (1938). Recherches sur le pal udisme endemi.que du Bas-Congo

et du Kwango. Memoires de l'Institut Royal Colonial be1ge, Collec­

tion in 8e, tome 7, fascicu1e 1.

SCHWETZ, J. (1948). L'etat actue1 du prob1eme pa1udeen au Congo be1ge,

resp. en Afrique centra1e. In : Proceedings of the 4th Interna­

tional Congress of tropical Medicine and Malaria, Washington

May 10-18, 1948. U.S. GovernementPrinting Office,Washington,

Publication n03246, 896-902.

SCHWETZ, J. (1949). Notes on endemic and acute malaria in central

African natives. Transactions of the Royal Society of tropical

Medicine and Hygiene, 42, 403-408.

SEXTON, J.D., BIGONSA, M., OKANGA, B.W. & WATY, M. (1984). The preva­

lence of malaria in primary schoolchildren of Kinshasa, Zaire.

Proceeding of the Joint Meeting of the Royal and American Socie­

ties of Tropical Medicine and Hygiene, Baltimore, December 2­

6, 1984, 99.

SMITH, E.C. (1943). Child mortality in Lagos, Nigeria. Transactions

of the Royal Society of tropical Medicine and Hygiene, 36, 287­

303.

SPENCER, T.E.T. (1963). Classification of malaria endemicity. WHO/MAL/

406 (Unpublished document).

SUBRA, R. (1972). Etudes eco1ogiques sur Culex pipiens fatigans Wiede­

mann 1828 (Diptera, Culicidae) dans une zone urbaine de savane

soudanienne ouest-af ricaine, Longevi te et depLacemen ts d ' adu1tes

marques avec des poudres f1uorescentes. Cahiers O.R.S.T.O.M.,

Serie Entomo1ogie medica1e et Parasito1ogie, 10, 3-36.



103

SWELLENGREBEL, N.H. (1950). The malaria epidemic of 1943-1946 in the

province of North-Holland. Transactions of the Royal Society

of tropical Medicine and Hygiene, 43, 445-476.

TRAPE, J.F. (1979). Le paludisme dans six villages de Haute Vo l t a ,

Indices parasitologiques, spleniques et serologiques; correlation

avec le protidogramme. Memoire C. E. S. Pathologie et Immunologie

Parasitaires, Facu~te de Medecine Pitie-Salpetriere.

TRAPE, J.F. (1981). Evaluation quantitative de la transmission du palu­

disme dans les principaux facies epidemiologiques et son influence

sur la morbidite et la mortalite infantile. In : Rapport de 2eme

annee, ORSTOM, Brazzaville.

TRAPE, J.F. (1985). Rapid evaluation of malaria parasite density and

standardization of thick smear examination for epidemiological

investigations. Transactions of the Royal Society of Tropical

Medicine and Hygiene, 79, 181-184.

TRAPE, J.F. Malaria and urbanization in Central· Africa : the example

of Brazzaville. I. Presentation of the town and review of previous

surveys. Transactions of the Royal Society of tropical Medicine

and Hygiene (sous presse).

TRAPE, J.F. Malaria and urbanization in Central Africa : the example

of Brazzaville. IV. Parasitological and serological surveys in

urban and surrounding rural areas. Transactions of the Royal

Society of tropical Medicine and Hygiene (sous presse).

TRAPE, J.F. Etudes sur le paludisme dans une zone de mosaique foret­

savane d'Afrique centrale, la region de Brazzaville. 11. Densites

parasitaires. Bulletin de la Societe de Pathologie exotigue (sous

presse).

TRAPE, J.F. Drop in malaria mortality under typical conditions of holo­

endemicity in developing area of Central Africa. (a paraitre).



104

TRAPE, J.F. & FRIBOURG-BLANC, A. Ahaptoglobinemia in the Congo and

its relationships to malaria endemicity. (a paraitre).

TRAPE, J.F., FRIBOURG-BLANC, A., BOSSENO, M.F., LALLEMANT, M., ENGLER,

R. & MOUCHET, J. (1985). Malaria, cause of ahaptoglobinaemia

in Africans. Transactions of the Royal Society of tropical Medi­

cine and Hygiene,~ 430-434.

TRAPE, J.F., PEELMAN, P. & MORAULT-PEELMAN, B. (1985). Criteria for

diagnosing clinical malaria among a semi-immune population exposed

to intense and perennial transmission. Transactions of the Royal

Society of tropical Medicine and Hygiene, ]1, 435-442.

TRAPE, J. F., QUINET, M. C., NZINGOULA, S., SENGA, P., TCHICHELLE, F.,

CARME, B., CANDITO, D., MAYANDA, H. & ZOULANI, A•• Malaria and

urbanization in Central Africa the example of Brazzaville.

V. Pernicious attacks and mortality. Transactions of the Royal

Society of tropical Medicine and Hygiene. (sous presse).

TRAPE, J.F. & ZOULANI, A.. Etudes sur le paludisme dans une zone de

mosaique foret-savane d'Afrique Centrale, la region de Brazzaville

I. Resultats des enquetes entomologiques. Bulletin de la Societe

de Pathologie exotigue

TRAPE, J.F. & ZOULANI, A. Malaria and urbanization in Central Africa:

the example of Brazzaville. 11. Results of entomological surveys

and epidemiological analysis. Transactions of the Royal Society

of tropical Medicine and Hygiene (sous presse).

TRAPE, J.F. & ZOULANI, A•. Malaria and urbanization in Central Africa

: the example of Brazzaville. Ill. Relationships between urbaniza­

tion and the intensity of malaria transmission. Transactions

of the Royal Society of tropical Medicine and Hygiene (sous

presse) .



105

TRAPE, J.F., ZOULANI, A. & QUI NET , M.C.. Assessment of the incidence

and prevalence of clinical malaria in semi-immune children exposed

to intense and perennial transmission. (a para~tre).

UNITED NATIONS (1985). Estimates and projections of urban, rural and

city populations. 1950-2025 : the 1982 assessment. United Nations,

New-York.

URBANOR, (1980). Schema directeur de Brazzaville. Etude socio-urbaine.

Centre de Recherches et d'Etudes Techniques de l'Habitat, Brazza­

ville.

VERCRUYSSE, J. & JANCLOES, M. (1981). Etude entomologique sur la trans­

mission du paludisme dans la zone urbaine de Pikine, Senegal.

Cahiers O.R.S.T.O.M., Serie Entomologie Medicale et Parasitologie,

12., 165-178.

VERCRUYSSE, J., JANCLOES, M. & VAN DE VELDEN, L. (1983). Epidemiology

of seasonal falciparum malaria in an urban area of Senegal. Bulle­

tin of the World Health Organization il, 821-831.

VOLLER, A. & BRUCE-CHWATT, L.J. (1968). Serological malaria surveys

in Nigeria. Bulletin of the World Health Organization, 39, 883­

897.

WALTON, G.A. (1947). On the control of malaria in Freetown, Sierra

Leone. I. Plasmodium falciparum and Anopheles gambiae in relation

to malaria occuring in infants. Annals of tropical Medicine and

Parasitology, ~, 380-407.

WALTON, G.A. (1949). On the control of malaria in Freetown, Sierra

Leone. 11. Control methods, and the effects upon the transmission

of Plasmodium falciparum resulting from the reduced abundance

of Anopheles gambiae. Annals of tropical Medicine and Parasitology

43, 117-139.



106

WELCH, S.G., SWINDLEHURST, C.A., McGREGOR, I.A. & WILLI~~S, K. (1979).

Serum protein polymorphisms in a village community from the

Gambia, West Africa (Hp, Tf and Ge). Human Genetics, 48, 81-84.

WHITBOURNE, D. (1930). Notes on the infant mortality of the colony of

Lagos. West African Medical Journal, ~, 3-39.



107

ANNEXES

Photographie nOl: Partie centrale des arrondissements de Poto-Poto (au

deuxieme plan a droite), Moungali (au premier plan a droite) et Ouenze

(a gauche). Au fond: le centre ville et le fleuve Congo.

Photographie n02: Ruisseau Taraboro et partie riveraine des quartiers

Massina (a gauche) et Mfilou (a droite).

Photographie n03: Vue generale de la partie sud de Talangai. Au fond:

marais riverains du fleuve Congo.

Photographie n04: Confluent des ruisseaux Mfilou et Louka, et quartiers

Kingouari (a droite), Ngangouoni (a gauche) et Moukondzi-Ngouaka (au

fond) •

Photographie nOS: Quartiers Massina (premier plan) et Moutabala (deu­

xieme plan).

Photographie n06: La "piscine" a Moungali, dernier vestige des anciens

marais de la plaine de Poto-Poto.

Photographie n°7: Vue general,e de Djoumouna. Au fond: les er angs de

pisciculture.

Photographie n08: Vue generale de Linzolo.
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Rapid evaluation of malaria parasite density and standardization of
thick smear examination for epidemiological investigations

J. F. TRAPE
Office de la Recherche Scientifique et Technique Ourre-Mer (O.R.S.T.O.M.), Laboratory of Parasitology and

Medical Entomology, B.P. 181, Brazzaville, People's Republic of the Congo

Abstract
The results of epidemiological surveys and the follow-up of malaria endemicity are often difficult to

compare due to the high frequency cif low-density parasitaemia in semi-immune populations.
Detecting malaria parasites is dependent on the conditions and methods of parasitological
examination. A standardized method of examination in epidemiological surveys is proposed: this
includes the systematic rapid determination of parasite density.

Table I-Comparative results of the examination of 100
and 200 fields of the thick film in 245 schoolchildren aged 6
to 16 years from Linzolo (Congo)

Nigeria, thick and thin films were examined from 403
individuals of all ages for 10 min. The thick film was
1'4 times more sensitive in detecting Plasmodium
falciparum trophozoites, eight times more sensitive in
detecting P. fakiparum garnetocytes and five times
more sensitive in detecting P. malariae infections
(STOREY et al., 1973).

To ensure that the diagnosis of a given species or
form is independent of the presence of other species
or forms, it is necessary to examine the slide
systematically for a predetermined number of fields or
interval of time. We prefer to use a predetermined
number of fields, since the amount of blood examined
during an interval of time varies widely according to
the examiner, the parasite density, the quality of the
film, and the diagnostic difficulties encountered.

The examination of 100 oil immersion fields is
usually adopted for field studies (WHO, 1961).
However, the examination of 200 fields was adopted
for the Garki Project (STOREY etal., 1973)and several
recent studies.

In a study of 245 schoolchildren aged 6 to 16 years
conducted at Linzolo village (Congo), we compared
the results obtained by the examination of 100 fields
with those found after 200 fields.

The global prevalence was 75'9% for ioo fields and
80% for 200 fields (Table I). Ten individuals who
were negative after 100 fields were positive after 200,
showing P. falciparum infections (trophozoites in
seven cases and gametocytes in three). In 25 indi-

Introduction
Although the standard thick smear examination

readily permits a diagnosis of malaria infection in
non-immune subjects because parasite density is
usually high, it is often inadequate for diagnosing
those living in endemic areas whose parasite density is
usually lower. This is especially true of adults, who
have acquired a high level of immunity. The signi­
ficance of a negative result varies according to the
conditions of the examination and the immune status
of the subject. In epidemiological studies, the parasite
rate will depend upon the method used (thin or thick
films), the time devoted to examining the film, and
the motivation and training of the microscopist, in
addition to the prevalence of infection (Ross &
THOMSON, 1910; SCHWETZ, 1938; CoVELL et al.,
1953; BRUCE-CHWATT, 1963).

Although the importance of the parasite density has
been recognized for a long time (CHRISTOPHERS,
1924; WILSON, 1936; EARLE etal., 1939; SCHWETZ,
1941; WILSON et al., 1950; PARROT & CATANEI,
1950; MILLER, 1958), few field studies have used it
systematically. This, in our opinion, is because most
of the proposed counting methods are time­
consuming and unsuitable for mass screening.

Based on a review of the literature and a series of
complementary investigations, we have tried to define
a method permitting a relatively precise measure of
parasite density that is simple and rapid enough to be
used during large field surveys.

Standardization of techniques
Amount of blood examined

The probability of detecting a malaria infection is a
function of the amount of blood examined. In a thick
smear 20 times the amount of blood in a thin smear
can be examined in the same time. Hence, almost all
investigations use the thick smear technique. How­
ever, in most early and in some recent works thin
films were used, which explains some paradoxically
low prevalence rates found in highly endemic areas.
During equal times of examination, the difference in
efficiency between these two methods varies with the
length of the examining time, the plasmodial species
and forms present, and the immune status of the
population studied. For the time usually allotted to
examine a slide, these differences are always impor­
tant. In a comparative study performed recently in

Parasite

All species

P. falcjparum
all forms

P. falcjparum
gametocytes

P. malariae

P. ovale

Slides found positive

In 100 In 200
fields fields

186 196
(75'92%) (80%)

184 194
(75'10%) (79'18%)

52 69
(21'22%) (28'16%)

58 65
(23'67%) (26'53%)

9 13
(3-67%) (5'31%)
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viduals positive by the examination of 100 fields, an
additional species or P. falciparum gametocytes were
identified after the examination of 200 (P.
malariae = seven cases; P. ovale = four cases; P.
falciparum gametocytes = 14 cases). In conclusion,
examination of 100 fields of the thick film was
inaccurate for 35 individuals, or 14'3% of the total.

Although the examination was not continued
beyond 200 fields, the rather high frequency of low
parasite-density infections shows that the true preva­
lence is certainly higher in this group of schoolchil­
dren.

In adults, the level of parasitaemia is usually low,
resulting in greater differences depending on. the
number of fields examined. In Nigeria, DOWLlNG &
SHUTE (1965) showed that only 43% of infections in
adults were detected by examining 200 fields, 61% by
examining 600 fields and 70% by examining 1000
fields. In this study, the mean result of a WO-fields
examination of single thick films was a parasite rate of
38%; by making use of serial samples, the parasite
rate in the series was doubled, i.e., raised to 77%
when 14 consecutive drops of blood from a single
finger prick were prepared and examined as 14 thick
films. In the Garki Project, the prevalence observed
by the examination of 400 compared to 200 fields was
increased 10% for P. [alciparum, 24% for P. malariae
and 21% for P. ovale (MOLlNEAUX & GRAMICCIA,
1980).

However, it ·is necessary to limit the time spent in
examination. It is impractical to examine each slide to
find every infection in the sample of blood slides
investigated. Epidemiologically, it is not useful to
extend the time spent in examination beyond that
necessary to detect the minimum gametocytaemia that
is theoretically sufficient to infect the vector, l.e.,
about 2'5 gametocytes/ul of blood for P. falciparum­
male gametocytes of P. falciparum are on an average
three times less numerous than female gametocytes,
and a blood meal of Anopheles gambiae and of the main
malaria vectors is about 1'6 III (LACAN, 1958). Since
the volume of blood examined in 200 fields of a thick
film is usually 0'4 to 0·5 III (WHO, 1961; DOWLlNG
&SHUTE, 1966), examining 200 fields is probably the
best compromise between the need to limit the
number of false negatives and reducing the time for
examining each slide.

Parasite count
Numerous counting methods have been proposed

(THOMSON, 1911; SINTON, 1924; EARLE & PEREZ,
1932; see also BOYD et al., 1949; FIELD et al., 1963;
RUSSEL et al., 1963). We have rejected those that
require a separate count of leucocytes or the addition
of a given amount of bird red cells. These methods are
more precise but impractical in mass surveys because
they are time-consuming or cannot be used on finger
prick samples. We also rejected the method that
determines the ratio of infected red cells, because it
cannot be used with a thick film.

The remaining methods are of two types; one is
based on the parasite/leucocyte ratio in the thick
smear, the second on the mean number of parasites
per oil immersion field. The latter requires standar­
dization of the thickness of the smears, which is
usually difficult to achieve. A variant of this method
was used in the Garki Project (MOLlNEAUX &

GRAMICCIA, 1980), the parasite density being expres­
sed as '3 percentage of positive fields. However, this
has the disadvantage of collecting in a single class all
the films with a parasitaemia above about 500 per 1-11.
It is important to give a more precise evaluation of
these parasite densities, mainly for diagnostic and
clinical application (TRAPE er al., in press).

Evaluation of parasitaemia
The methods based on the parasite/leucocyte ratio

in the thick smear avoid the problem of the heter­
ogeneity of the thickness of the smear. However, in
order to express the parasitaemia per 1-11 of blood, it is
necessary to know both the leucocytaemia and the loss
of parasites during the staining of the thick film.

Loss of parasites during the staining process: This
parasite loss was described by DOWLlNG & SHUTE
(1966). The authors have compared the parasite/
leucocyte ratio on paired thick and thin films. They
observed a considerable loss of parasites in thick
smears, amounting to 60% for trophozoltes and 90%
for P. [alciparum garnetocytes. Subsequently Dowling
in 1968 specified that the loss of parasites varied with
the staining technique used, the age of the slide, the
use of pre-staining in the field, and environmental
conditions such as temperature and humidity, etc.,
but the results of this study have not been published.

In a study at Linzolo we compared the parasite!
leucocyte ratio on paired thick and thin films from 80
schoolchildren. These schoolchildren were selected
following a first examination of the thick smear:

- 50 schoolchildren with at least one P.[alciparum
trophozoite per oil immersion field.

- 30 schoolchildren with at least three P. falcipar­
urn gametocytes per 200 oil immersion fields.

We counted the trophozoites for 200 leucocytes
both on thick and thin films and the gametocytes for
1,000 leucocytes in the thin film and 3,000 leucocytes
in the thick film.

A relative count of parasites/leucocytes is difficult
in the thin film because the leucocytes are heter­
ogeneously distributed. Many of them are forced
toward the edges of the slide, especially in thinner
films. In order to minimize this disadvantage, all the
films were examined transversally, including the
corresponding edges, in a fairly thick portion of the
slide where the red cells do not overlap enough to
conceal parasites.

The results obtained are as follows:
- P. falciparum trophozoites: in total, 7,489

trophozoites were counted in thick films and
7,854 trophozoltes in thin films, a difference
less than 5%

- P. [alciparum garnetocytes: the number of
gametocytes was an average of three times
higher in the thick film examined for 3,000
leucocytes than in the thin film examined for
1,000 leucocytes (457 gametocytes in thick films
and 141 in thin films), namely, an equivalent
number of gametocytes as related to the number
of leucocytes with the thick film.

It is difficult to explain the difference observed
between our results and those of DOWLlNG & SHUTE
(1966). In our study, blood was collected by finger
prick, the time for defibrination was 30 seconds to one
minute,staining took place between three and six
days after. The mean temperature and relative
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humidity were 25°C and 80% respectively. The main
difference from the study made by Dowling and
Shute seems to lie in the time interval before staining,
three to six days instead of only 24 hours.

Classification of the parasitaemia: The classification
of parasite density by geometric progression was
introduced by BRUCE-CHWATI (1958). This method
has two advantages for epidemiological surveys. First,
in most situations the decision designating para­
sitaemia to its appropriate class can be made quickly,
without requiring an exact count of the parasite/
leucocyte ratio and after only reading several fields.
Second, classification permits characterization of the
epidemiological situation by analysing the distribu­
tion of parasite density and its evolution with age.
This can be used to define a threshold of parasitaemia
where the clinical symptoms are likely to be caused by
the malaria infection, thereby facilitating the differen­
tial diagnosis of febrile episodes in an endemic zone of
malaria (TRAPE et al., 1982 and in press).

To maximize the advantages of this method, we
have decided to use a geometric progression of a factor
of 10 (Table 1I) instead of the factor of two used by
BRUCE-CHWATI (1958). This results in an important
reduction of time required to read each slide, since in
four slides out of five the class distribution can be
made very quickly, without increasing the time spent
in examination. The relative loss of precision occurs
mainly in cases of low and moderate parasitaemia, for
which a precise determination is of little interest, at
least for children. Finally, the choice of a factor of 10
limits the importance of the problem of individual
variation in the leucocytaemia and the variation by age
of the mean leucocyte count.

Mean standard leucocyte count: The separate count­
ing of leucocytes per III of the blood enables a better
quantitative result to be given. However, since this is
impracticable for mass surveys, it is necessary to
adopt an average value of leucocytaernia as standard.
This approximation is acceptable for a series of
subjects, since the individual variations tend to cancel
themselves out.

The mean number of leucocytes and its variation
with age have been investigated in many populations.
Usually, it is approximately 7000 per III in adults
(WtNTROBE, 1967). In children the average values
are higher: about 10,000 per ....1between two and four
years, 8,500 per III between five and nine years and
8,000 per III between to and 14 years (CARTWRIGHT,
1963).

In tropical Africa, a tendency toward leucopenia is
seen in adults: most studies detect an average number
of [eucocytes between 5000 and 6500 per III (ACKER et
al.; 1967; BUSTEtN, 1950; EZEILO, 1971; HAGWOOD,
i969; LrNHARD, 1958; ROUGEMONT et al., 1975;
SHAPER & LEWIS, 1971).

A scheme for age grouping for malaria studies is
recommended by WHO (1963). The best solution
would be the adoption for each age group of the
corresponding standard leucocyte count. However,
on selecting 8,000 leucocytes per IJ.I as the average
value for the community, the distribution among
classes of parasitaemia is in fact little influenced since
a factor of 10 separates each class as compared with a
factor of 2, which includes the range of average
values.

Conclusion
The method of searching for malaria parasites in

epidemiological surveys is not standardized as is the
spleen measurement, which is another important
malaria parameter (HACKETI, 1944), or the search for
blood microfilariae, which is another parasitic diseases
in which diagnosis is based on the thick smear (WHO,
1962). The advantages of such a standardization are
obvious, making studies in varying epidemiol­
ogical situations easier to compare and making it
easier to follow the evolution of malaria endemicity in
a given area.

Based on a review of the literature and our
experience in Congo, we think that a satisfactory
method for mass surveys, a compromise between the
need for precision and rapidity, could consist of the
systemic examination of 200 oil immersion fields of
the thick smear (0'5 III of blood), the evaluation-of
parasitaemia in relation to leucocytes on the basis of
8000 leucocytes per Ill, and the classification of
parasite density by geometric progression of a factor
of 10.

The correspondence between the parasite/leucocyte
ratio in the thick smear and the actual parasitaemia
raises the problem of the loss of parasites in the course
of staining. However, such a loss can be avoided.
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Table II-Classification of parasitaemia and corresponding parasite count for a mean standard leucocyte
count of 8000 per III

Class
Parasitaemia

(per 111) Parasite count

o no parasite observed in 200 oil immersion fields·
I <50 Less than 1 parasite for 160 leucocytes
2 50-<500 1 to 9 parasites for 160 leucocytes
3 500-<5000 1 to 9 parasites for 16 leucocytes
4 5000-<50000 10 to 99 parasites for 16 leucocytes
5 ~5OO00 100 parasites and over for 16 leucocytes

·In thick film of normal thickness a single parasite in 200 oil immersion fields corresponds to about 2 parasites
per Ill.
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Abstract
In highly malaria-endemic areas, thick smears are usually positive regardless of the clinical context.

Therefore the simple positivity or negativity of the thick smear is not an adequate criterion for
distinguishing malaria-from other causes of fever. In order to define simple parasitological and clinical
criteria for diagnosing clinical malaria with a small risk of error, a study was undertaken in a rural area
in the Congo where malaria transmission is intense and perennial. Results of the systematic
determination of the parasite density of 1562 samples from persons of all ages considered
representative of the population of the studied area are compared to those from 327 febrile patients,
204 patients detected during medical consultations held in the villages and 123 febrile schoolchildren
detected during surveys for fever. The analysis of the clinical data and the parasitological results
clearly demonstrates the importance of the parasite density determination for the diagnosis of clinical
malaria. Clinical Plasmodium [alciparum malaria is unlikely to occur in children under 15 years if the
parasite/leucocyte ratio is less than 1'5. On the contrary this diagnosis is very probable if the
parasitelleucocyte ratio is higher than 2. Clinical criteria were too non-specific to serve as useful
diagnostic criteria.

Introduction
On what criteria should the diagnosis of malaria

attack be based in a semi-immune population living in
a malaria-endemic area? How does one interpret a
positive thick film during an attack of fever when the
thick film is positive in more than three quarters of
asymptomatic children and one half of asymptomatic
adults? Given the non-specific clinical symptoms of
malaria attacks, is it possible to make the diagnosis
without significant error?

Paradoxically, very little research has directly
concerned this problem which confronts doctors,
nurses and health workers daily in malaria-endemic
areas. Because of the uncertain reliability of clinical
diagnosis, there is great uncertainty concerning those
statistics on clinical malaria gathered from consult­
ations and health unit records. Their unreliabilityin
highly endemic regions prevents an accurate evalua­
tion of the importance of morbidity caused by
malaria. In the rural areas and many dispensaries,
available equipment does not permit thick film
examinations. Febrile syndromes unaccompanied by
specific signs and symptoms of a definite disease are
usually considered to be an attack of malaria. When a
thick film is taken, the diagnosis of malaria is
discarded if the results are negative, but if any
parasites are present and there is no other obvious
cause of the symptoms, malaria is usually diagnosed
without reservation.

To define better clinical and parasitological criteria
for diagnosing malaria in an area with intense and
perennial transmission, a study was undertaken in
several villages in the vicinity of Brazzaville (Congo).

Study Design, Material and Methods
The villages where this study was carried out (Ouaoua,

M'bamou, Mvouloumamba, Yalavounga, Linzolo) lie south­
west of Brazzaville, a hilly region with savannah gradually
replacing the original open forest and gallery forest which

have been heavily altered by exploitation for firewood and
the extension of agriculture.

The entomological context of the transmission of malaria
in this area has been studied by BRAOY (1961), AOAM &
SOUWEINE (1962) and CARNEVALE (1972, 1979». Malaria is
mainly transmitted by AIIO/Jhelel gambiae, whose abundance
throughout the year combined with sporozoite index close to
3% contribute to a particularly high rate of inoculation,
approximately one infected bite per person per night. The
other known or potential vectors present in this region (An.
[uneuus, An. moucheti, An. nili, An. hancocki, An. bunnipes,
An. paludiJ) are much rarer and have little epidemiological
importance. Surveys conducted during the study confirmed
for the chosen villages these regional data reported earlier.

Clinical and parasitological observations which have been
used in this study come from two different longitudinal
surveys:

Ouaoua, M'bamou, Mvoulournamba and Yalavounga vil­
lages

Between March and November 1981, weekly or fortnight­
ly medical consultations were held in the villages by two of
the authors (P.P. and B.M.P.). A clinical record was
maintained for each patient. Irrespective of associated
symptoms and clinical diagnosis, a thick film was taken from
every febrile patient (rectal temperature equal to or higher
than 37·SOC).

Linzolo village
From November 1980, this village has been the main

study area for a research project on the epidemiology of
malaria and its clinical and biological impact in rural regions
around Brazzaville,

For this study, we used the results of: (i) two parasitolo­
gical surveys in adults and pre-schoolchildren and seven
parasitological surveys in schoolchildren, performed be­
tween November 1980 and March 1982; (ii) 21 sessions of
systematically taking axillary temperatures (3429 records) of
170 schoolchildren between February 1983 and February
/984 and making clinical and parasitological observations

*Present address: Centre O.R.S.T.O.M., 97323 Cayenne
Cedex, French Guyana.



436 CRITERIA FOR DIAGNOSING CLINICAL MALARIA

during those sessions, especially among the 123 febrile
children; (iii) 189 leucocyte counts in schoolchildren (145
systematic counts made in January 1984 and 44 leucocyte
counts in febrile schoolchildren made from December 1983
to February 1984),

All thick smears included in this study (1562 systematic
samples and 327 samples from febrile patients) were
examined using the same method and by the same person
(J,F,T.), A qualitative and quantitative study of the parasite
density was conducted including particularly: (i) systematic
examination of 200 oil immersion fields in the thick smear
(about 0'5 III of blood examined); (ii) an evaluation of the
parasite density for each plasmodial species based on the
parasite/leucocyte ratio according to a range of five classes of
parasitaemia with a geometric progression of a factor of 10
(TRAPE, 1985) (Table I); (iii) the precise determination of the

. parasite/leucocyte ratio for all the slides with a class 4 or 5
parasitaemia (parasites counted for 100 or 200 leucocytes).

Results
I. Prevalence and density of parasites in thepopulation
of Linzolo

Table 11 shows that about 80% of children between
one and 14 years have a positive thick film and that
the parasite rate only decreases gradually to 36% in
subjects over 40 years old. Parasite density decreases
significantly with age: 24'5% of children aged be-

tween one and four years have class 4 or 5 para­
sitaemia, compared with only 14'3% of those between
10 and 14 years and 5' 2% of those between 15 and 19.
After 20 years there is no longer a high parasite
density, No significant seasonal variation of either
parasite rates or parasite density was observed. Some
particularities, such as the lower than expected values
for parasite rates and density among infants and
young children, are probably due to the frequent use
of anti-malarial drugs in this population and will be
discussed elsewhere.

P. [alciparum was found in almost all positive
slides. P. malariae, almost always associated with P,
[alciparum, was found in 15'7% of children under 15
years and 10'4% of adults. P. oualewas found in 5'2%
of children aged five to nine years and 3'1% of
children aged 10 to 14 years but was hardly ever seen
in adults. Parasite density never reached class 4 for P.
malariae infections and class 5 for P. ouale infections.
In cases of association between species, parasite
density of these species was generally lower than that
of P. [alciparum.
11, Clinical and parasitological study of 204 febrile
patients

204 observations of febrile patients were collected
during' medical consultations held in the villages of

Table I-Classification of parasitaemia and corresponding parasite count for a mean standard leucocyte count
of 8000 per III

Parasitaemia
Class (per Ill) Parasite count

o no parasite observed in 200 oil immersion fields I

I <50 Less than I parasite for 160 leucocytes
2 50-<500 I to 9 parasites for 160 leucocytes
3 500-<5000 I to 9 parasites for 16 leucocytes
4 5000-<50000 10 to 99 parasites for 16 leucocytes
5 ;11:50000 100 parasites and over for 16 leucocytes

I In thick films of normal thickness a single parasite in 200 oil immersion fields corresponds to about 2 parasites
per Ill.

Table II-Cntde parasite density by class by age group in unselected subjects from Linzolo village

Parasite density (classes)

Age 0 1 2 3

<1 12 1 4 3
(57'1%) (4'8%) (19%) (14'3%)

1-4 22 18 20 17
(21'6%) (17'6%) (19'6%) (16'7%)

5-9 118 88 78 114
(23'6%) (17'6%) (15'6%) (22'8%)

10-14 III 109 159 149
(18%) (17'7%) (25'8%) (24'2%)

15-19 41 27 39 23
(29'9%) (19'7%) (28'5%) (16'8%)

20-39 20 12 JI 2
(44'4%) (26'7%) (24'4%) (4'5%)

;11:40 65 21 15 1
(63'7%) (20'6%) (14-7%) (1%)

Total 389 276 326 309

4

1
(4'8%)

19
(18-6%)

90
(18%)

86
(14%)

6
(4'4%)

202

5

6
(5'9%)

12
(2'4%)

2
(0'3%)

1
(0'7%)

21

Total

21

102

500

616

137

45

102

1523
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Ouaoua, M'Bamou, Mvouloumamba and Yala­
vounga.

Based on clinical criteria alone, the febrile patients
were divided into two categories: (i) patients whose
signs on clinical examination clearly indicated a
disease other than malaria; (ii) patients without such
signs; these subjects were therefore suspected cases of
clinical malaria.

Of the 204 febrile patients, 93 were classified into
the first category. 30 of the cases were bronchitis or
pneumonia, 37 were ENT cases (14 otitis, and 23
rhinopharyngitis and tonsillitis cases) and 26 were a
variety of diseases. The symptoms in III of the
patients could not rule out the possibility of malarial
infection and these were classified as suspected
malaria.

The age groups of the patients and the distribution
of rectal temperatures taken during the examination
by diagnostic category are shown in Table Ill. For
this study, it was initially decided to consider each
patient with a rectal temperature over 37'5°C as
febrile, but temperatures were only taken in patients
who complained of fever or whose symptoms sug­
gested the possible presence offever. About one third
of the patients respectively had a temperature be­
tween 37'5°C and 37'9°C, between 38°C and 38'4°C
and 38'5°C and over. On average, suspected cases of
malaria had higher temperatures than did the other
patients.

Among suspected cases of malaria, fever was the
only symptom in 54 cases and was accompanied by
one or more symptoms in 57 cases. These were
rhinitis (18 cases), cough (18 cases), diarrhoea or
abdominal pains (17 cases), vomiting (13 cases),
congested tympanic membrane or external otitis (10
cases).

Among the symptoms, we should distinguish those
probably secondary to ENT inflammation or bronchi­
tis (possibly associated with malaria or the true cause
of fever) and those possibly secondary to malaria
(vomiting and diarrhoea). The latter were found as
frequently among cases of disease other than malaria
and can not, therefore, be considered to be suggestive
of malaria.

Various headaches and pains, which usually accom­
pany malarial infection, have not been considered
since they may not be reliably expressed by young
children who constitute most of the subjects studied.

Parasuological results
Among patients not suspected of clinical malaria,

Plasmodium was found in 74'6% of children and
34'6% of adults. 90% of the children and 66'7% of the
adults suspected to be cases of malaria were positive.

P. [alciparum was found in 97'9% of the positive
films of suspected cases of malaria and 94'9% of the
positive films of other cases. P. ovale and P. malariae,
alone or more often in association with P. falciparum,
were both found in 10'6% of the positive films of
suspected cases of malaria and in 10'2% and 8'5%
respectively of the positive films of the other patients.
The P. malariae parasite density was always low
«50/~1), except in two of the cases in which disease
other than malaria had been diagnosed and in one case
in which there was a much higher density of P.
[alciparum. In almost half of the P. ovale infections,
the parasite density was higher than 500/~1, but this
moderate or high P. ovaleparasitaemia was invariably
associated in suspected cases of malaria with heavy P.
[alciparum infections.

The greatest difference between the two groups was
in the parasite density: in those under 15 years old,
67'8% of suspected malaria patients had a parasite
density belonging to class 4 or 5 compared with 19'4%
in patients with other diagnoses.

To facilitate comparison between these results and
those from unselected persons, we have calculated the
parasite density in a control population (Linzolo)
matched by age to the cases of febrile episodes.

Under IS years of age, we can see that (Fig. I): (i)
for subjects not suspected of clinical malaria, parasite
rates and density can be superimposed on those of the
control population; (ii) subjects with suspected clinic­
al malaria have a class 4 or 5 parasitaemia in
significantly greater numbers than expected.

In adults the number of subjects studied were fewer
and their age distribution was wider. 21 patients were
classified as having diseases other than malaria and 26
patients were considered to be suspected cases of
malaria. All cases of high parasite density were among
the young adults (15 to 19 years) suspected of malaria.
Above this age, even a parasite density above 500 per
~I is rare (one case only). However the parasite rate
was twice as high in the adult patients suspected of
having malaria (66'7%) as in the other adults (34'6%).

Ill-Observations in Linzolo schoolchildren
Temperature suroeys

From February 1983 to February 1984, 21
successive temperature surveys were conducted in
schoolchildren (3429 records of axillary temperature).
The mean axillary temperature was 37'3°C and 2'8%

Table Ill-Age distribution of febrile patients according 10 their rectal temperature and diagnostic category

Suspected case of
malaria Other cases

37·5°C· 38°C- 37'5°C- 38°C-
Age 37'9°C 38"4°C ;;.38·5°C Total 37'9°C 38"4°C ;;.38'5°C Total Total

<1 2 2 2 6 2 3 5 10 16
1-4 7 13 19 39 17 15 10 42 81
5-9 11 10 10 31 5 2 3 10 41

10-14 2 4 8 14 I I 3 5 19
;;.15 ·6 9 6 21 13 9 4 26 47

TOlal 28 38 45 111 38 30 25 93 204
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Fig. I. Percentage distribution of children under 15 years according
to their parasite density. A: control population; B: diseases otherthan
malaria; C: suspected malaria cases.

o 1 2 , • 5

PARASITE DENSITY

2 S,2 of schoolchildren had a temperature of 38°C or
higher. .

In two of these surveys, thick smears were systema­
tically taken from all schoolchildren (310 samples
collected), The mean temperature of schoolchildren
whose parasitaemia was of classes 0, 1, 2 or 3 was
similar (37'4°C for each of these classes), but the mean
temperature reached 37'7°C in those with a class 4
parasitaemia. Only one schoolchild had a class S
parasitaemia, which was associated with a tempera­
ture of 39'S°C. In fact, the difference observed
between the mean temperature of the 46 schoolchil­
dren with a class 4 parasitaemia and the mean
temperatures of the 263 schoolchildren with a class 0,
I 2 or 3 parasitaemia, was due to 12 schoolchildren
with a class 4 parasitaemia (26'1%) whose axillary
temperature ranged from 38'1 to 39'6°C, Only five of
263 schoolchildren (1'9%) with a class 0, 1, 2 or 3
parasitaemia had a temperature equal to or higher
than 38°C.

Many authors have emphasized how difficult it is to
define the normal temperature in children living in
tropical regions, If we assume that the axillary
temperature is about O,soC lower that the body
temperature, most of the Linzolo schoolchildren
should be considered as febrile according to standard
criteria. As far as the possibility that malaria could be
responsible for these high temperatures is concerned,
we observed no difference between the mean tempera­
ture of two groups of Linzolo schoolchildren
(numbering 7S and 78 respectively) selected at
random, the first group receiving amodiaquine che­
motherapy (10 mg/kg on two occasions, respectively
nine and two days before recording temperature), the
latter group as a control.

Furthermore, using the same methods and condi­
tions as in Linzolo, we recorded the axillary tempera­
ture of 216 Caucasian schoolchildren from the French
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Table IV-Parasite density according to plasmodial species in 123 febrile schoolchildren from Linzolo village

P. [alaparum parasite density

4 and 5

0 I 2 3 PtL<2 PtL~2

0 II 8 7 10 8 58

P. malariae I 2 (1) 4 (2)
and

(P. ovale) 2 4 (1)
parasite
density 3 2

school in BrazzavilJe who were presumed to be free of
malaria. The mean temperature (37.2"C) was not
significantly lower and 18'5% of schoolchildren had a
temperature ranging from 37'5°C to 37'9°C,

Preliminary results of a study of the weekly
individual variations of axillary temperature in Lin­
zolo schoolchildren show that a temperature of 37'8°C
should be considered within the normal range of

temperatures. Consequently, for all studies conducted
on schoolchildren, it was decided to consider as
febrile any child whose axillary temperature was 38°C
or more.

Parasuelleucocyte ratio in classes 4 and 5 subjects
(i) Unselected schoolchildren aged 5 to 14 years:

Fig. 2 and 3 show the precise parasite/leucocyte ratio
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Fig, 4, Distribution of 123 febrile schoolchildren according la their parasite density. For subjects with a class 4 or S parasitaemia,
parasite/leucocyte ratio is given,

in 200 class 4 or 5 thick smears from unselected
schoolchildren aged 5 to 9 years and 10 to 14 years
during seven different surveys.

A large proportion of cases observed have low
values of the parasite/leucocyte ratio, and there is a
rapid decrease in the number of cases when the
parasitel1eucocyte ratio increases. From these data it
can be calculated that: (i) in schoolchildren 5 to 9
years old, 57% with classes 4 and 5 thick smears show
a parasite/leucocyte ratio less than 1'5 and 66% less
than 1'9; (H) in schoolchildren IQ to 14 years old, 64%
with classes 4 and 5 thick smears show a parasite/
leucocyte ratio less than 1'5 and 73% less than 1'9,

(ii) Febrile schoolchildren aged 5 10 /4 years:
Fig. 4 shows the crude parasite density in 123

febrile schoolchildren aged 5 to 14 years and Table IV
shows the distribution by species. All were detected at
school (95cases during 21 temperature surveys and 28
cases between these surveys). These were 91 cases of
P. [alciparum, one of P. malariae, 16 cases of
associated P. falciparum-P. malariae and four cases of
associated P. falciparum-P. ovale. No parasite was
found in II cases.

In 48 cases, the parasite density was lower than
class 4. For the 75 cases with a class 4 or 5
parasitaemia, Fig. 4 shows that the parasite/leucocyte
ratio is generally higher than 1'9 (81% of the cases).

Discussion
Parasite density

The similarity between the parasite rates and
parasite density of the febrile subjects suffering from a
variety of diseases other than malaria and those of the
control population suggest that the fluctuations in the
parasite density are independent of intercurrent
diseases. When a thick film is positive it merely
corresponds with parasitological malaria, whose Ire­
quency is always considerable in highly endemic
areas. Furthermore, the frequency of consultation for
a suspected case of malaria was not higher in those

who had previously suffered from a disease other than
malaria than in the rest of the population.

In febrile patients suspected of malaria, a consider­
able proportion have a high parasite density, even
though a significant number of them must be suffer­
ing from diseases other than malaria, although they
are clinically similar. In fact, many viral diseases do
not have any specific signs; the symptoms are fever
either alone or accompanied by non-specific signs.
Many other diseases do not present any specific
symptoms or signs during their early phase, and
therefore do not permit a clinical diagnosis until after
they have further evolved.

Ifwe assume that parasite density in febrile patients
suspected of having malaria who actually have another
disease is similar to that in the first group of patients
with diseases other than malaria, it appears from Fig.
1 that children under 15 years whose parasite density
is below class 4 can be excluded as suspected cases of
malaria.

Furthermore, comparison of the results from feb­
rile schoolchildren and unselected schoolchildren
clearly shows that the actual parasitaemia in class 4 or
5 subjects is different between these two categories of
schoolchildren (Figs. 2, 3 and 4): in febrile school­
children the parasite/leucocyte ratio usually ranges
between 3 and 12; in unselected schoolchildren the
parasite/leucocyte ratio is generally close to one.

Although parasitological surveys in unselected
schoolchildren have not been systematically paired
with temperature surveys, it appears from. the data
collected during temperature surveys that most of the
unselected schoolchildren with a parasite/leucocyte
ratio higher than 2 or 3 were probably febrile, and this
is confirmed by the results of the two surveys for
which blood samples and temperatures were paired.
However, in some cases we observed very high
parasite densities (parasite/leucocyte ratio close to 4 or
5) in the absence of fever. In our opinion these cases
must not be considered as examples of tolerance of a
high parasitaemia: on three occasions during surveys
in which thick smears and temperatures were syste-
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matically paired, we observed schoolchildren who
were initially afebrile but who developed a feverish
illness one or two hours later. In these three cases
parasitaemia was initially very high and remained
almost unchanged during the fever attack. These
observations can certainly be explained by the fact
that it is not the direct effect of the parasite which
induces the attack of the fever but the liberation of
toxins when the erythrocytes are destroyed at the end
of erythrocytic schizogony.

We interpret similarly the frequent observation in
the study conducted in the villages of 'very high
parasite density in patients consulting for fever who
were not actually febrile when examined.
. Concerning very high parasite densities in children
with symptoms of diseases other than malaria and
classified as non-suspected cases of malaria, their
significance probably varies according to the cases. In
four of eight children with a parasite/leucocyte ratio
higher than 2, the clinical diagnoses which were
reported (rhinopharyngitis in three cases and gas­
troenteritis in one case) suggest than the clinical
criteria used were inadequate. For these four patients
malaria was possibly the true cause of fever. For the
four other patients (two cases of pneumopathy and
two of otitis) there is no doubt that the diagnostic
report explains the fever. Clinical malaria was prob­
ably associated.

In fact, the entire parasitological and clinical
observations made in this study strongly suggest the
lack of significant individual variability in the
pyrogenic level of parasitaemia in subjects of a given
age in areas of intense and perennial transmission,
whether it is little affected by the variability of the
individual immune response or whether the character­
istics of malaria transmission in these areas tend to
standardize, in most cases, the host's response after
some years of exposure.

Consequently, parasite density appears to be the
only available criterion for distinguishing malaria
from other causes of fever, with a small and measure­
able risk of error. P. [alciparum clinical malaria is
unlikely to occur in children under 15 years if the
parasite/leucocyte ratio is less than I' 5. On the
contrary this diagnosis is very probable if the parasite/
leucocyte ratio is higher than 2.

To give more precise criteria would probably be
illusory and of little practical use: in more than 9 out
of 10febrile children, the parasite/leucocyte ratio is in
fact sufficiently far outside the range of I' 5 to 2 to
ensure that there are no difficulties in the diagnostic
interpretation.

It is important to note that our results permit us to
deduce similar febrile threshold values of parasitaemia
as those observed for P. falciparum by EARLE el al.
(1939) and MILLER (1958), who used very different
methods from our own. EARLE er al. (1939), from
observations on children in Puerto Rico, stated that
clinical malaria appeared when parasite counts ex­
ceeded 12,OOO/t-tI. MILLER (1958) stated that symp­
toms in the children he studied in The Gambia were
never produced unless the count exceeded 11,500. In
his study, the mean parasite count initiating clinical
attack was 18,000/t-t1.

In Linzo/o we observed that the mean leucocyte
count was 6,730/111 in febrile schoolchildren with a
parasite/leucocyte ratio higher than two, 7,070/t-t1 in

febrile schoolchildren with a parasite/leucocyte ratio
lower than 2, and ranged from 10,410/111 to 7,785/111
according to age in asymptomatic schoolchildren
systematically tested.

The relatively low number of febrile adult patients
restricted our observations. However, results indi­
cated a rapid decrease with age of the fever threshold,
thus confirming previous extensive studies by MIL­
LER (1958) and BRUCE-CHWATI (1963). Above ages
25 to 30 a parasite density of more than 500 per 111 in a
febrile adult is very suggestive of a malaria attack.

Infections by P. malariae and P. ovale
None of the clinical attacks in the study conducted

in the villages seemed to be caused by P. malariae or
P. ovale, even though we admit that these species
have a much lower febrile threshold than P. falci­
parum.

For these two species, the index and parasite
density of the control population and of the two
groups of febrile patients were similar. In suspected
cases of clinical malaria, they were invariably associ­
ated with a much heavier P. falciparum infection.
Therefore, the greatest consequence of infection with
P. malariae or P. ovalein these cases would have been
a contribution to raising the temperature or accent­
uating the symptoms.

In the study conducted in Linzolo schoolchildren,
one clinical attack was probably due to P. malariae.
Moreover there is some evidence that the febrile
threshold was lowered in some cases of mixed
infections by P. [alciparum and P. malariae.

Clinical infections caused by P. malariae and
P. ovale are rare. Hence, much larger numbers of
febrile patients that we were able to observe are
required to detect enough cases to establish their
relative frequency and to propose criteria for di­
agnosis.

For P. malariae, MILLER (1958) in the Gambia
observed that clinical attacks were initiated by para­
site counts ranging from 1,650 to 5,935 111. The mean
for all attacks was 3,712/111.

Clinical crileria
In order to specify clinical aspects of malarial

infections, we must eliminate those patients initially
classed as malaria suspects who had a parasite density
too low to be considered true cases of clinical malaria.
At the same time, we must include those cases in
which clinical malaria was potentially associated with
a specific disease.

By assuming that the clinical threshold in children
under 15 years corresponds approximately to a
parasite/leucocyte ratio of 2, malaria in our study
represented: (i) 54'4% of the causes of fever in
schoolchildren aged 5 to 9 years, and 43'6% for those
aged 10 to 14 years; (ii) from 28'9% to 41'7% of the
reasons for consultation due to febrile diseases in
children under 5 years, according to the level of
temperature which was used to define fever (rectal
temperatures of 37'5°C or 38'5°C) and from 37'1% to
52'8% by including cases in which clinical malaria was
potentially associated with a specific disease; (iii) from
41'7% to 58'3% of the reasons for consultation due to
febrile diseases in children aged 5 to 14 years.

In children under 5 years, fever was the only
symptom in 35'7% of cases, and was associated with
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other symptoms in 64'3% of cases. There was
diarrhoea or abdominal pain in 21'4% of cases, and
vomiting in 10'7%. Mild intercurrent inflammation of
the lungs or ENT was often present (50%), probably
reflecting the high prevalence of these symptoms
among young children irrespective of malaria infec­
tion.

In children aged 5 to 14 years consulting for fever,
fever was the only symptom in 56% of cases.
Diarrhoea or abdominal pain was present in 12% of
cases, vomiting in 20% and mild intercurrent in­
flammation of the lungs or ENT in 24% of cases.
However. in schoolchildren diagnosed at school these
symptoms were much rarer.

The most useful clinical criteria for diagnosing
clinical malaria in pre-schoolchildren were primarily
negative: (i) absence of bronchial or pulmonary rales
on ausculauon, (ii) absence of tonsillitis and pharyngi­
tis on examining the throat, (Hi) absence of otitis on
examining the ears.

However, these criteria do not rule out the possibil­
ity of an association with clinical malaria and were of
little use in older children because of the relative
rarity of diseases with specific signs. Furthermore.
from 22'2% to 44'4% of the cases of fever alone or
accompanied by non-specific symptoms according to
age and temperature were due to a cause other than
malaria.
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RESUME

Anopheles gambiae est le principal vecteur du paludisme en zone

rurale dans la region de Brazzaville; les autres vecteurs observes

(A. funestus, A. moucheti, A. nili) sont en dens i t e trop faible pour

avoir une importance epidemiologique significative. La transmission

du paludisme est intense toute i ' annee , sans variations satsonmeres

importantes. Selon les v~llages, le niveau d'exposition de la population

varie d'environ 200 a 1.000 piqures infectantes par personne par an.

Mots-cles: PALUDISME, ANOPHELES, EPIDEMIOLOGIE, CONGO.

SUMMARY

Studies on malaria in a forest-savanna mosaic area of Central Africa,.

the Brazzaville.region. I. Results of entomological surveys.

Anopheles gambiae is the main malaria vector in rural areas in

the Brazzaville region; the other vectors collected in this area (A.fu­

nestus, A. moucheti, A. nili) are much rarer and have little epidemiolo­

gical importance. Malaria transmission is intense and perennial; accor­

ding to the villages, the level of exposure of the population varies

from about 200 to 1.000 infective bites per person per year.

Key-words: MALARIA, ANOPHELES, EPIDEMIOLOGY, CONGO.
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INTRODUCTION

Dans le cadre d'un projet de recherches visant i pr~ciser l'in­

fluence de i: urbanisation sur les modal Lt es ep i.demi.o.Logi.ques du palu­

disme en Afrique centrale et leur traduction biologique et clinique,

diverses etudes ont ~t~ entreprises en zone rurale dans la regIon de

Brazzaville afin d'~tablir les principaux parametres de r~f~rence pour

les ~tudes conduite~ en zone urbaine.

En zone rurale, les enquet.es ont eu pour cadre d 'une part le

village de Li.nzolo , i 25 kilometres au .sud-ouest; de Brazzaville, choisi

pour: le, ".recueil. ···longi tudinal des donnees et leur analyse Lnt.egree ,

d'autre part une quinzaine de villages situ~s dans un rayon de 50 kilo­

metres autour de Brazzaville ou seuls des sondages ont ~t~ effectues.

Dans cet article, apres une description de la r egLon e tudree ,

nous presentons les r esul.t.at s des enque t es entomologiques ef f ec tuees

i Linzolo et dans les autres villages, etnous passons en revue les re­

sultats les plus significatifs des travaux ant.er.ieurs en zone rurale

dans la regi.on de Brazzaville afin de degager un tableau d ' ensemble

des modalit~s entomologiques de la transmission du paludisme dans cette

r~gion du Congo.

PRESENTATION DE LA ZONE D'ETUDES

Trois ensembles naturels se partagent l'arriere pays Brazza­

villois: le plateau de Mbe, la retomb~e du plateau de Mb~ et le plateau

des cataractes (fig. 1). De nombreux t ravaux de geographi.e physique

et humaine leur ont ~te consacr~s (4, 5, 14, 22, 25, 27, 31, 32),

auxquels nous empruntons les el~ments de la description suivante:

Le plateau de Mb~ d~bute i une quarantaine de kilometres au nord

de Brazzaville et s' et.end sur 7.500 km2• Son altitude varie entre 600

et 750 metres; les seuls accidents topographiques sont dus i quelques

val l.ees et i des depressaons dont la dem veLLat i.on depasse rarement

qlRlques metres. les sols datent du tertiaire et sont const i tues de

sables et de limons sablo-argileux sur une epai sseur de 60 i 100
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metres. Du fait de leur forte permeabilite il n'exi~te pas de rivieres

et les seules collections d ' eau , presque toujours temporaires t sont

ret.rouvees au niveau de rares depressions dont le fond a ete imper­

meabf l i.se par la decomposition de mat i.e res vegeta l es , La vegetation

est une savane a tapis grami neen cLai r seme a Trachypogon thollonii.

Les arbustes sont rares. Quelques bosquets correspondent a l'emplacement

des anciens villages tand i s que des plantations recentes de pins et
, ,

d'eucalyptus ont ete developpees avec succes pres de PK rouge. La

densite de la population est tres faible , moins de 1 habitant au km
2.

Le plateau des cataractes occupe une partie importante du site

meme de I.' agglomeration de Brazzaville et s' etend a I' ouest de celle­

c i , Dans le secteur qui nous interesse ici, il est limite au sud-est

par le Congo et au nord- est par le Djoue dont il deborde toutefois

legerement sur la rive gauche. D'un point de vue geologique, il s'agit

d'une serie schisto-greseuse (serie de l'Inkisi) datant du precambrien

superieur. Du fait d'une forte erosion occasionnee par un reseau hydro­

graphique t res dense, ce "plateau" est en fait une region de collines

dont i: altitude varie generaLemerrt de 300 a 500 metres. Les sols sont

sableux, soit qu' ils proviennent de la decomposition des gres de I.'

Inkisi, soit ' le plus souvent~notamment au sommet des collines - qu'il

s' agisse de sables de recouvrement d ' age tertiaire. Tout ce secteur

jadis t res boi se (f'oret; mesophile a essences caducdfoLf.ees ) a subi un

def r Lchement; intense en raison d ' une forte pression demographique et

de la demande croissante de Brazzaville en produits vivriers et en

bois de chauffe. Les jacheres sont de sormais insuffisantes pour que

la fon~t se reconstitue et celle-ci ne subsiste plus que sous forme

de galeries tres degradees le long des cours d'eau et de~lambeaux alter­

nant avec des zones de savane sur les pentes et les sommets , Ce

secteur regroupe plus de 90% de la population residant en zone rurale

dans la region de Brazzaville. La dens i t e moyenne de la population

est d'environ 40 habitants au km2.

La retombee du plateau de Mbe s' e tend au nord de Brazzaville,

entre les deux formations precedentes , Il s' agit de fortes collines
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sableuses, dont l'altitude varie entre 300 et 600 metres, et qui consti­

tuent les contreforts du plateau de .Hbe , C' est sur des collines de

ce type que se fait actuellement vers le nord l'extension de Brazza­

ville (Quartier Tout-pour le-Peuple notamment). Diverses vallees decou­

pent nettement le paysage. Elles sont de deux sortes : soit des vallees

vives ou coulent des rivieres ayant pr is naissance au pied des plateaux,

soit des vallees afferentes seches ou temporaires. D'etroites galeries

fores t i er es longent Les cours d ' eau tandis que la savane occupe le

reste du paysage. Les sables des collines, delaves par l'erosion, sont

impropres a toute culture. La population de ce secteur est peu nombreuse

et regroupee dans quelques villages a proximite des rivieres. La densite

de la population est d'environ 5 habitants au km2•

Les principaux parametres climatigues ont ete presentes par ail­

leuFs·{-3a).1l existe deux grandes saisons, tres contastees, caracteri­

sees principalement par la pIuv i os i t e , La saison seche· dure . environ

quatre mois, de juin a septembre. L'absence de precipitations est pres­

que totale mais les rcsees et brouillards matinaux sont habituels.

Les temperatures moyennes sont les plus basses de l' annee avec des

minimas compris entre 17°C et 19, 9°C. L' ensoleillement est faible du

fait d'un epais plafond de nuages. La saison des pluies dure huit mois,

d'octobre a mai. Les precipitations sont abondantes, generalement sous

forme d ' orages violents survenant en fin d ' apres-mi di. ou en debut de

nuit. Vers janvier on observe f requemmerit pendant plusieurs semaines

un net ralentissement des precipitations, d'ou l'appellation de petite

saison seche , cette "saison" gardant par ailleurs tous les carac teres

d'une saison humide.

La hauteur annuelle moyenne des precipitations a Brazzaville,

calculee sur une periode de 34 ans est de 1.374,1 mm. Une hauteur maxi­

male de 1.716 mm a ete relevee en 1961 et une hauteur minimale de 990

mm en 1978. Les annees 1980 a 1984, pendant lesquelles a ete r ea Lfsee

cette etude, ont connu une pluviosite normale. les mois les plus arroses

sont novembre et avril, avec en moyenne 264,4 mm et 204,1 mm de pluie.

les mois les plus secs sont juin, juillet et aout avec moins de 4 mm

de pluie chacun.
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L'humidite relative moyenne est toujours elevee et ne montre

que peu de variations sa i sonn i.eres , Elle est de 83% ,. pour le mois le

plus humide (d~cembre) et de 73,4% pour· ie mois le plus sec (septembre).

L'humidite relative minimale moyenne,· qui correspond habituellement

au debut de I' apres midi ou la temperature est maximale, varie selon

les mois de l'annee de 60,8% (decembre) a 51,8% (septembre).

La temperature moyenne journaliere est de 25,1°C pour l'ensemble

de I' annee , Son amplitude mensuelle est fai ble, avec comme extremes

26,5°C en mars-avril et 21,9°C en juillet. La temperature minimale

moyenne est de 20, 3°C. Elle est toujours superi.eure a 21°C pendant

la saison des pl uies, mais descend j usq u 'a 17°C en saison seche . La

temperature maximale moyenne varie de 31,SoC (mars et avril) a 26,7°C

(juillet). Elle est de 29,9°C pour l'ensemble de l'annee.

MATERIELS ET METHODES

Les captures de la faune matinale residuelle ont interesse 11 vil­

lages: Linzolo, Madibou, Djoumouna, Yaka-Yaka, Loukanga, Nganga-Lingolo,

Kele-Kele, Makana, Tsangamani, Djiri et Kintele. Elles ont ete effec­

tuees par une equipe de deux captureurs et n'ont pas comporte de pulve­

risation de pyrethrines.

Les captures de nuit sur appat humain, Ltnu t ees au village de

Linzolo, ont ete effec tuees par trois equ i pes de deux captureurs tra­

vaillant de 21 heures a 6 heures du matin dans trois habitations diffe­

rentes, un captureur etant place a l'interieur, l'autre a l'exterieur.

Quelques seances (8 au total) ont ete effectuees avec 8, 5 ou 4 captu­

reurs. Dans ce dernier cas] les quatre captureurs etaient places a l'in­

t er i eur , Lors de 7 seances, les trois captureurs initialement places

a l'exterieur ont poursuivi les captures a l'interieur en raison d'une

forte pluie. Enfin, 8 seances ont debute a 20 heures.

Les captureurs recol t a i ent les moustiques qui les piquaient au

niveau des jambes dans de petits tubes en verre co l l.ect.es toutes les

heures. Apres identification, les anopheles etaient disseques pour

la recherche de sporozoites dans les glandes salivaires et I' examen

des pelotons tracheolaires apres dessication selon la methode de DETINO­

VA (15). La dissection intervenait Lmmed i.atement dans la plupart des

cas; lors de recoLt.es t r es abondantes, une partie des anopheles eta i t

dissequee le lendemain apres conservation a +4°C.
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Des recherches systematiques de gites larvaires ont ete effectuees

a Linzolo en d i ffe rentes saisons. Selon les cas, les larves ont ete

determinees apres montage ou elevage. :

RESULTATS

CAPTURES DE LA FAUNE MATINALE RESIDUELLE

108 seances de capture de la faune matinale r es i dueLl.e intra­
, 'j

domiciliaire ont ete effec t uees entre novembre 1980 et mai 1984._

anopheles. Les resul tats par village ainsi que le detail des especes

capturees sont indiquessur le tableau 1. En moyenne, 2,6 anopheles

ont ete captures par piece vf.s i t ee , Toutefois, ces captures ayant ete

initialement des t i nees a des e l evages d ' A. gambiae, nous n ' avons

. ~as utilise de pyre thr i.ne et la dens i t e par piece est ainsi fortement

sous es t imee , Une etude comparative sans et avec pyre thr i.ne effec t uee

a Brazzaville a montre que dans les conditions de ces seances de capture

(type d 'habitat et equ i pe de captureurs concernes ) , il convenait de

multiplier par 3,4 la dens i t e par piece observee I soit un taux proche

de celui trouve en Cote d'Ivoire par C02 et al. (13).

L'observation la plus remarquable est la forte homogene i t e tant

qualitative que quantitative des resultats des divers villages, notam­

ment ceux s i tues au sud-ouest de Brazzaville. A. gambiae est partout

l'espece largement dominante, et elle represente en moyenne78,25%

des anopheles captures par cette methode.

Une partie des anopheles captures a ete dissequee, soit immediate­

ment, soit apres un se jour de plusieurs jours en insectarium. Sur 67

A. gambiae (tous captures a Linzolo) dLssequas le jour meme de leur

capture, 3 (4,48%) ont ete trouves infectes. Nous avons egalement dis­

seque le jour de leur capture 100 A. funestus, 100 A. moucheti, 31

A. paludis, 13 A. hancocki et 1 A. brunnipes provenant de 1 'ensemble

d~ onze villages. Seuls 3 A. funestus ont ete trouves infectes. Enfin ,
338 A. gambiae ont ete di sseques apres un se jour de 3 a 8 jours en

insectarium : 22 (6,51%) ont ete trouves infectes.
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CAPTURES DE NUIT SUR APPAT HUMAIN

40 seances de captures de nuit sur appat humain (229 nuits/homme)

ont ete effectuees a Linzolo entre octobre 1981 et janvier 1984. Elles

ont permis la capture de 6.949 femelles d'anoph~les appartenant a six

esp~ces differentes. 11 s'agissait de :

6.230 A. gambia~ (89,65% des captures)

375 A. funestus (5,40%)

202 A. paludis (2,91%)

55 A. nili (0,79%)

52 A. hancocki (0,75%)

35 A. moucheti (0,50%)

Nous preseritons separement les resu.l tats obtenus en saison des

pluies et en saison seche , Cette dern i.ere est caracterLsee par une

absence quasi totale de prectpttat i ons et, dans sa premi.ere per i ode ,

par des temperatures minima et maxima sensiblement plus faibles que

celles du reste de l' annee I Le debut et la fin des pluies survenant

a des dates variables selon les annees , nous avons consIdere comme

captures de saison des pluies celles effectuees dix jours au moinsapr~s

le debut des pluies et un mois au plus apres leur arret. . SJiiY:aat.:

cette definition, la duree habittielle de la s~isondes pluies est d'en-.

viron neuf mois et celle de la saison seche de trois mois.
. "

Captures en saison des pluies

26 seances de captures de nuit sur appat humain (145 nuits/homme)

ont ete ef fec t uees , Elles ont permis la capture de 5.145 anopheles.

11 s'agissait de 4.537 A. gambiae (88,18%), 361 A. funestus (7,02%),

115 A. paludis (2,24%), 51 A. hancocki (0,99%), 49 A. nili (0,95%)

et 32 A. moucheti (0,62%). Le nombre de piqures d'anoph~les par homme

et par nuit etait de 35,48, dont 31,29 pour A. gambiae.

L' examen des glandes salivaires de 3.943 anopheles (3. 689 ~

gambiae, 191 A. funestus, 35 A. paludis, 16 A. nili, 6 A. hancocki

et 6 A. moucheti) a permis d'observer la presence de sporozoites chez
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96 A. gambiae et 3 A. funestus, soit un indice sporozoitique de 2,60%

pour A. gambiae et de 1,57% pour A. funestus.

Captures en saison seche

14 seances de captures de nuit sur appat humain (84 nUits/homme)

ont ete effect.uees , Elles ont permis la capture de 1.804 anopheles

dont 1.693 A. gambiae (93,85%), 87 A. paludis (4,82%), 14 A. funestus

(0,78%),6 A nili (° 1 33%) , 3 A. moucheti (0,17%) et 1 A. hancocki,
(0,05%). Le nombre de piqures d'anopheles par homme et par nuit etait

de 21,48, dont 20,16 pour A. gambiae.

L' examen des glandes salivaires de 1.565 anopheles (1.555 h
gambiae, 7 A. funestus et 3 A. paludis) a permis d'observer la presence

de sporozof tes chez 11 A. gambiae, soit un indice sporozod t i.que de

0,71% pour cette espece.

Lieux et rythmes de piqures

Sur 6.230 A. gambiae captures sur homme, 3.566 provenaient de

captures intra-domiciliaires et 2.664 de captures extra-domiciliaires.

Compte tenu du nombre plus important d 'heures de capture effec tuees

'a l'interieur (1.249 heures) quIa l'exterieur (823 heures), ces dernie-

res se sont reveLees un peu plus productives (3,24 A. gambiae/h au

lieu de 2,86 A. gambiae/h).Enfait,cette difference peut etre attribuee

au fait que les captures a I' ext.er i eur e taIerrt interrompues en cas

de forte pluie, seules e tarit alors poursuivies les captures a I' Lnt e­

rieur des habitations. De meme , un nombre equivalent de A. funestus

a ete capture a I' Lnter i.eur et a I' exteri.eur des habitations (202 et

173).

Le rythme horaire de pi.qfires d ' A. gambiae a I' Lnteri.eur et a

l'exterieur des habitations est presente sur la figure 2. A l'interieur,

on observe un maximum entre 1 heure et 2 heures du ma t i.n , Toutefois

le rythme est eLeve des 23 heures et ne decrod t sensiblement qu' apres

4 heures. A I "exter i.eur des habitations, un rythme el eve est atteint

plus tot, entre 22 et 23 heures, et le maximum est egal.ement atteint

plus tot, entre minuit et une heure.
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CITES LARVAIRES

Dfverses enquetes visant a pr ec i ser la nature et l' emplacement

de gites larvaires des principales especes anopheliennes ont ete effec­

tuees a Linzolo.

Ainsi que dans l' ensemble de cet te region du Congo, les sols

ont une teneur en sable tres elevee, depassant 80% • 11 s'agit en outre

d'une region tres vallonnee, le village lui meme s'etendant sur quatre. ,

collines et les vallons qui les separent. De ce fait les eaux de pluies

s' infil trent rapidement dans le sol ou ruissellent, et les gi tes lar­

vaires directement consecutifs a leur stagnation sont exceptionnels.

En particulier, les pistes qui tra­

versent le village preserrten t general.emeut une pente marquee, ce qui

empeche la constitution d'ornieres ou la mise en eau des fosses, gites

classiques pour A. gambiae. Aussi, tant en saison des pluies qu'en

saison seche, les gites sont observes au niveau des ruisseaux qui tra­

versent le village et des amenagemerits de leurs berges realises par

les villageois.

Les ruisseaux ont un cours souvent rapide, ce qui limite la pos­

ai.bt.Li t e d'etablissement de gites. Toutefois, en de nombreux endroits

leur lit s' eLarg i t suffisemment pour que des petites criques d ' eau

calme et peu profonde apparaissent. La vegetation y est gene raLemen t

tres eclaircie car ces endroits sont souvent utilises par les villageois

pour leurs act Iv i t es quotidiennes ou comme point de passage. Sur les

bords et dans les zones d'herbes semi-immergees on y trouve frequemment

des larves d ' A. gambiae, plus rarement des larves d ' A. funestus et

d ' A. paludis. Par ailleurs, les variations du niveau des ruisseaux

jointes aux degradations des berges facilitees par la deforestation

et le pi.et i nement entrainent la creation en de nombreux endroits de

petites depressions et d'empreintes remplies d'eau stagnante qui forment

de bons gites pour A. gambiae.

Les amenagements des berges des ruisseaux constituent la deuxieme

grande categorie de gites larvaires. Realises par plusieurs generations

de villageois, il sont de nature, d'anciennete et d'entretien tres
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divers , I1 s' agit de trous d ' emprunts de terre, de puits sommaires

utilises comme reserve d ' eau, de peti tes mares anc i ennemerrt des t i nees

au rouissage du manioc, de bassins pour I' e l.evage de poissons (Tila­

pias), de rigoles d'irrigation ou de drainage des cultures maraicheres

et de mise en eau des bassins. Beaucoup de ces amenagernen t s restent

en eau toute l'annee, ce qui explique le maintien d'une densite anophe­

lienne relativement elevee en saison seche. On y trouve principalement

des larves de A. gambiae, mais nous y avons aussi capture des larves

de A. funestus, A. moucheti et A. paludis.

REVUE DES TRAVAUX ANTERIEURS ET DISCUSSION

Toutes les enquetes entomologiques ef f ec tuees a ce jour en zone

rurale dans la region de Brazzaville ont montre une forte predominance

de A. gambiae lors des captures de nuit sur appat humain ou de la faune

matinale residuelle intra-domiciliaire. Ainsi, A. gambiae est l'espece

la plus f requemment capturee dans les onze villages que nous avons

etudie; elle est egalement l'espece la plus frequente a Mabaya, Massis­

sia et Cite du Djoue (7), M'Bamou village et Yalavounga (26), PK Rouge

(12) et Kinkala (19).

La dens i te de ce vecteur est toujours t res eIevee : 31 pf.qflrea/

homme/nuit (PHN) en saison des pluies et 20 PHN en saison seche a Linzo­

10, 96 PHN a Djoumouna (10), 24 PHN a M'Bamou village et 78 PHN a Yala­

vounga (26), 77 PHN a Loukanga (6). Dans les villages Oll des captures

sur appat humain n' ont pas ete effec tuees , on peut neanmoins dedu i re

que la dens i t e vectorielle aggressive de nuit est d 'un meme ordre de

grandeur a partir des resultats des captures de la faune matinale resi­

duelle intra-domiciliaire.

Les variations saisonnieres de la densite anophelienne paraissent

faibles dans la plupart des villages, a I' exception toutefois de ceux

situes au nord-est de Brazzaville sur le plateau de Mbe en raison de

I' abscence complete d ' eau de surface pendant la saison seche : ainsi,

a PK Rouge, le nombre de PHN varie de plus de 50 en janvier a 0 en

juillet et aout (12). L'influence de l'activite humaine sur la prolife­

ration de A. gambiae, deja soulignee par de nombreux auteurs, est parti-
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cul.Lerement nette dans la region de Brazzaville. L' exemple de Linzolo

montre que la toral i te des gites larvaires observes dans ce village

r esul te de I' action de I' homme sur le: milieu. De meme, les t res fortes

densites vectorielles observees a Djoumouna sont la consequence de

la construction de vastes etangs de pisciculture.

14 especes d'anopheles ont ete signalees dans la region de Brazza­

ville 0, 2, 7, 23): A. gambiae, A. funestus, A. moucheti, A. nili,

A. hancocki, A. palud~s, A. coustani, A. ziemanni, A. brunnipes, h
, ,

rhodesiensis, A. cinctus, A. obscurus, A. marshalli et A. brohieri.

Seules les huit premieres ont ete capturees sur appat humain, et les

citations de A. rnarshalli et de A. brohieri correspondent probablement

a des de terminations erronees. ·A. gambiae represente habituellement

pres de 90% des captures. Toutefois, localement ou sa i sonru.e remerrt ,

certaines especes comme A. paludis, A. moucheti, ou A. funestus peuvent

r epresenter plus de 15% des captures (6, 7, 10, 26). Dans le cas de

Linzolo, lors d ' une capture effec tuee en janvier 1983, A. funestus

a represente 56,6% des anopheles captures sur appat humain avec 24 PHN

pour cette espece alors que lors des 39 autre seances de capture h
funestus n' a depasse 10% des anopheles captures qu' a trois reprises

avec un maximum de 15,4%. Nous n'avons pas d'explication satisfaisante

pour cette brusque pullulation qui a toutefois coincide avec une periode

prolongee de precipitations regulieres mais de faible amplitude.

En fait, c'est surtout A. moucheti qui localement peut etre parti­

culierement abondant. C'est le cas pour beaucoup de villages directement

riverains du fleuve Congo ou de grandes rivieres. Ainsi, a Goma Tsetse

sur le Djoue , BRADY (7) a observe une dens i te de 2,75 A. moucheti par

piece tandis que cette espece etait souvent la seule capturee par ADAM

et VATIIER (3) dans les villages riverains du fleuve Congo en amont

de Brazzaville. Les e t angs de piscicul ture conviennent bien a cette

espece (10, 23), mais les gites principaux sont surtout situes au niveau

de la vegetation flottante des grands cours d ' eau et notamment des

radeaux de jacynthes d ' eau et d ' herbes coupees bl.oques par les berges

(18, 20, 24). Quelques rivieres de faible importance semblent egalement

bien convenir a A. moucheti puisque cette espece est egalement abondante

a Loumou et a Djouari village sur le Djouari (7). Dans les galeries

forestieres et a distance des villages, c'est principalement A. paludis

qui a ete capture sur appa t humain par GREJBINE et al. (18) a l'ile

M'Bamou et dans les galeries forestieres de la Lifoula et du Djiri.
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La plupart des donn~es sur l'indice sporoz~~tique concernent

A. gambiae. A Massissia, sur 55 A. gambiae diss~qu~s par BRADY ( 7 .),

2 (3,6%) et.aierrt tnfect.es , De meme , cet auteur a t rouve 7 infections

(11,5%) dans un lot de 61 A. gambiae provenant essentiellement de Kele­

kel~ et de Goma Tse t se , A Djoumouna, CARNEVALE ( 10) a observe un

indice sporozo~tique de 3,4% (effectif 9.390), valeur proche de celles

retrouvees par BITSINDOU ( 6) dans ce meme village : 3,1% pour 2.133

A. gambiae di sseques , et a Loukanga 3,2% pour 916 A. gambiae dis­

s~qu~s. A M'Bamou village, NZIAMBOUDI (.26 ) a observe chez ce vecteur

un indice sporozof t i que de 4,2% (effectif : 96) et a Yalavounga un

indice sporozof t i.que de 3; 5 % (effectif : 342). A PK Rouge, l'indice

sporozof t tque et.a i t de 1,5% pour 663 A. gambiae di sseques L12 ).

Nous avons observe a Linzolo une diminution importante de l'indice

sporozoitique de A. gambiae en saison seche que nous attribuons a la

diminution de la temperature en cette saison. Toutefois, une comparaison

avec les r esul t at.s de Djoumouna (" 10) et de Loukanga (6)

montre que la diminution de l'indice sporozof t i que

est inconstante selon les annees et les villages lors des deux premiers

mois de saison seche. Ceci peut etre explique par le fait que le vieil­

lissement de la population anophe l i.enne en saison seche , qui est va­

riable selon les villages en fonction de la nature des gites larvaires,

tend a augmenter l'indice sporozof t tque tandis que la baisse de la

temperature dont l'effet est inverse survient plus ou moins precocement

et d'une fa~on plus ou moins marquee selon les annees.

Outre A. gambiae, seuls A. funestus, A. moucheti et A. nili ont

ete trouves infectes dans la region de Brazzaville. En rassemblant

les r esul.tats des dissections de MAILLOT et GREJBINE ( 24), BRADY

( 7 ), CARNEVALE et al. (: 11 ), TRAPE et ZOULANI (·30 ), ainsi que

ceux rapportes dans cet article, on obtient les indices sporozoitiques

suivants : 2,01% pour A. funestus (349 di sseques ) et 1,79% pour A.

moucheti (503 dLsseques ) , Sur 30 A. nili di sseques , la presence de

sporozoites a ete observee une fois. A. nili.semble toutefois etre un

mauvais vecteur, comme Le : suggerent les r esul tats de dissections dans

d'autres r~gi6ns du Congo: un seul A. nili infecte sur.1.981 disseques
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pres de Kindamba ( 9 ) et aucun infecte sur 107 disseques a Punga dans

le Mayombe (.29 ). Enfin, A. paludis ~t A. hancocki ~'ont pas ete trou­

yes infectes lors de la dissection de 248 et 71 femelles de ces especes.

Les taux d'agressivite de A. gambiae dans et hors les habitations

sont globalement equivalents, ce qui rejoint les observations de plu­

sieurs auteurs ( 16, 21, 28 ). Toutefois, cela n' est pas toujours le

cas: COZ et a1. ( 13 ) en Cote d ' Ivoire et BRENGUES ( 8 ) en Haute

Volta ont observe un 'taux d ' agress iv i te significativement plus eLeve

a l'interieur des habitations qu'a l'exterieur. Le rythme d'agressivite

de A. gambiae pr esente un maximum apres minuit, ce qui est conforme

a l'ensemble des observations anterieures ( 17 ). Un decalage est obser­

ve entre les pics d'agressivite dans et hors les habitations, ce dernier

intervenant plus tat, ce qui semble logique quand les lieux de repos

sont situes dans la vegetation. Un decalage inverse est parfois observe

( 8 ).

CONCLUSION

De nombreux travaux entomologiques ont ete effectues depuis pres

de 40 ans dans la region de Brazzaville. lIs montrent que la transmis­

sion du paludisme en zone rurale dans cette region est principalement

caracterisee:

- par une tres forte intensite de transmission, comprise entre environ

200 et 1.000 piqures infectantes annuelles par personne dans l'ensemble

des villages aI' exception de ceux s i t ues sur le plateau de Mbe Oil

une intensite de transmission plus faible est observee.

- par le role vecteur quasi exclusif de A. gambiae, les autres vecteurs

potentiels rencontres (A. funestus, A. moucheti et A. nili) ayant des

densites ou des indices sporozoitiques trop faibles pour avoir une

importance epidemiologique significative.

- par l'absence de variations saisonnieres importantes, la transmission

n'etant jamais inferieure a plusieurs piqures infectantes par personne

par mois lors de la saison seche, a l'exception toutefois des villages

situes sur le plateau de Mbe.



Tableau ~ : Resultats des captures de la faune matinale residuelle intra-domiciliaire effectuees

dans 11 villages des environs de Brazzaville.

Nanbre de faIElies d'anopheles capturees

Nan du v:i1.1age Nb de Nb de pieces total NblIDyen

seances visf.tees A.gambi.ae A.funestus A.noucheti A.paludis A.hancocki A.brunnipes Anopheles par piece

Linzolo 16 171 313 18 22 1 3 0 357 2,1

M:idibou 6 72 158 24 14 0 5 0 XlI 2,8

Djoumma 18 178 zo 34 73 3 5 0 445 2,5

Yaka-Yaka 8 100 240 26 33 5 0 0 ~ 3

Loukanga 13 136 as 81 44 0 0 0 43) 3,2

Nganga-Ungolo 10 95 192 :0 28 0 0 0 270 2,8

Ke1e-Kele 12 143 319 46 39 0 1 1 4CfJ 2,8

t11kana 6 6S 140 31 9 2 1 0 183 2,7

Tsanganmri. 8 84 1CX) 5 4 0 0 0 199 2,4

Djiri 6 42 54 0 0 12 0 0 fi:> 1,6

Kintele 5 31 3) 0 3 8 0 0 41 1,3

-
Total 103 HXl 2271 315 269 31 15 1 'ro2 2,6



LEGEN DES DES FIGURES

Figure 1: Carte de la region de Brazzavi11e.

Figure 2: Rythme horaire d'agressivite de A. gambiae lors des captures

de nuit sur appat humain. Le trait p1ein correspond aux cap­

tures dans 1es habitations, le trait discontinu aux captures

hors des habitations.
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11. DENSITES PARASITAIRES
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Laboratoire de Parasitologie et d'Entomologie Medicale, Centre ORSTOM,

B.P. 181, Brazzaville, Republique Populaire du Congo



RESUME

Le paludisme est holoendemique en zone rurale dans la region de Brazza­

ville: selon les villages, les pr eval ences brutes chez les ecol i ers varient

de 81% a 94%. La prevalence des fortes densf.te s parasitaires est toujours

t r es el evee jusqu' cl l' age de 15 ans (de 41% cl 63% d ' infections de classes

3 cl 5) et elle reflete le taux d'inoculation entomologique. Chez les jeunes

enfants, on observe des prevalences et des densites parasitaires plus faibles

qu'attendues en raison de la forte consommation d'antipaludiques de ce groupe

d'age.

Mots-cles: P. falciparum, P. malariae, P. ovale, PREVALENCE, DENSITE

PARASITAIRE, CONGO.

SUMMARY

Studies on malaria in a forest-savanna mosaic area of Central Africa,

the Brazzaville region. 11. Parasite density.

Malaria is holoendemic in rural areas in the Brazzaville region: accor­

ding to the villages, the crude parasite rate in schoolchildren varies from

81% to 94%. Prevalence of classes 3 to 5 parasite densities is high until

the age of 15 (41%-63%) and reflects the entomological inoculation rate.

Parasite rates and densities in young children are lower than expected. This

is due to the widespread use of antimalarials by this age-group.

Key-words: P. falciparum, P. malariae, P. ovale, PARASITE RATE, PARASI­

TE DENSITY, CONGO.
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INTRODUCTION

D I
t ,ans ce premier artic e consacre aux aspects parasito1ogiques

du pa1udisme en zone rura1e dans la region de Brazzavi11e, nous presen­

tons 1es indices et densites parasitaires observes lors d'enquetes

systemat i ques en milieu sco1aire et dans la population generaLe de

cette region du Congo.

Les indices.--parasitaires n'ont qu'une va1eur relative dans 1es

regions de forte endemie pa1ustre du fait de I.' immuni te acquise,

la parasitemie moyenne et l'amp1itude de ses variations regressent

fortement avec l'age, d'ou une probabi1ite variable, fonction du volume

de sang examine, de l'age du sujet et de l'esp~ce p1asmodia1e, de ne

pas detec ter des elements pourtant presents. Ainsi, dans le cas des

infections a P. malariae et a P. ovale d' une part, dans le cas des

game t ocytemi.es a P. fa1ciparum d' autre part, il est re1ativement fre­

quent de n' observer qu' un seu1 element parasitaire lors de I.' examen

de 0,5 IJ1 de sang. Un te1 examen demande une dizaine de minutes sur

une goutte epaisse de confection standard (19), mais plus de trois heures

sur un frottis. Si le frottis, encore parfois employe, est bien evidem­

ment a proscrire pour des etudes ep i demfoLogf.ques , il est non moins

clair que la simple positivite ou negat t vi t.e d ' une goutte epa i sse a

une signification trop relative pour permettre des comparaisons appro­

fondies entre des enquetes dLf fer-ent.es et qu' elle ne rend pas compte

des moda1ites toutes autres de l'equi1ibre hate-parasite dans 1es popu­

1ations semi-immunes.

Des 1939, Bagster WILSON (33) affirmait " But there is another

method of examination, namely the counting of parasites, which we owe

chiefly to Christophers and Sinton. It has not, I believe, been used

in field studies except by the Malaria Survey of India. This is a most

unfortunate omission, and I cannot too strongly urge its universal

adoption as a routine method in malaria surveys, for by its use a com­

pletely fresh insight into the susceptibility of a community to malaria

is obtained. I dare to predict that no worker who has once adopted

this method will ever discard it".

Bien que L' interet de la mesure de la dens i te parasi taire ait

ete reconnu tr~s tot, on ne peut pourtant que constater la rarete des
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etudes ayant utilise cette me t.hode et publ i e les r esu l t a t s obtenus.

Cette desaffection a sans doute ete pour une large part la consequence

du concept d'eradication du paludisme, qui a longtemps prevalu en

Afrique cornrne ailleurs et dans lequel la notion de densite parasitaire

n'avait pas sa place (sauf sous l'aspect de deceLab i.Li t.e ) puisqu'il

s'agissait de faire disparaitre toute parasitemie.

Un autre facteur important de cette desaf fec t Lon a sans doute

ete la relative complexite des methodes de determination de la densite

parasitaire qui e~aient proposees, Oll au temps trop long qu'elles

neceas i t.ai ent pour une utilisation de routine dans le cadre d ' etudes

de terrain comportant de nombreux prelevements. Ce dernier point expli­

que notarnrnent que la me t hode de .BRUCE-CHWATT (2), ma l gre son grand

interet, n'ait ete que tres peu utilisee.

Nous avons recernrnent montre l'importance de la determination

de la denst te parasitaire pour le diagnostic di.fferentfe l d ' un acces

palustre en zone de forte endemic i t e (28, 29), ce qui nous a convaincu

de l'interet d'inclure systematiquement cette determination lors de

toute enquete epidemiologique. Pour cela, nous avons propose une methode

s impLi.fLee {24) que nous avons ut t l i.see pour l' ensemble des pr el evement s

dont les resultats sont rapportes.ici.

CADRE DE L'ETUDE, MATERIEL ET METHODES

Le secteur etudie a ete presente dans un article precedent avec

les resultats des enquetes entomologiques effectuees dans les villages

concernes {30). Les resultats parasitologiques rapportes ici proviennent

d' enquetes r ea l Lsees entre novembre 1980 et mai 1985. Us concernent

d tune part le village de Linzolo, dont la population, notarnrnent sco­

laire, a ete l' objet d ' un suivi longitudinal par t i cul i.eremerrt etr ot t ,

d'autre part les villages de Djoumouna, Nganga-Lingolo, Madibou, Goma­

Tsetse, Makana et M'Bamou Oll nous avons effectue divers sondages para­

sitologiques chez les ecoliers de 5 a 15 ans.

Chez les eco'l i.ers de Linzolo, 26 enquetes parasitologiques sur

une periode de 4 ans ont ete effectuees selon divers protocoles (perio­

dicite, annuelle, bimestrielle, bimensuelle, hebdomadaires ou a 2 jours

d'intervalle) dans le but d'etudier les taux d'incidence et de guerison
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parasitologique, la dynamique des variations de charge parasitaire,

la dur ee et la signification des phases de paras i temie negative, les

variations saisonnieres de prevalence et de densite parasitaire et

sur tout de preciser leurs relations avec divers parametres biologiques,

cliniques ou epidemiologiques etudies parallelement. Ces resultats

seront rapportes ulterieurement et seuls sont presentes ici les resul­

tats globaux de 10 bilans espaces repartis sur l'ensemble des 4 annees

d'observations. Pour les pre-scolalies et adultes de Linzolo d'une part,

les eco Lf.er s desautres villages e tudf.es d ' autre part, les r esul tats

de l'ensemble des enquetes sont presentes ici.

RESULTATS

1. PREVALENCES

Si on excepte les nourrissons de moins d ' un an, la prevalence

globale du paludisme chez I' enfant est super i eure a 75% dans chaque

tranche d ' age et depasse habituellement 80% (tableaux 1 et 2). Chez

les ecoliers de 5 a 15 ans, la prevalence la plus forte a ete observee

a Djoumouna (94,1%) etTa plus faible a Linzolo (81,0%). Chezles adultes,

on observe une decrotssance progressive de la prevalence avec I' age.

Elle reste neanmoins toujours assez elevee puisque 39% des adultes

de plus de 40 ans residant a Linzolo ont une goutte epaisse positive.

P. falciparum est observe sur la quasi-totali t.e des lames posi­

tives. Des gamet.ocy tes de cette espece sont f r equernmen t observes a
tout age et leur prevalence qui est maximum chez les enfants de 1 a
4 ans, ne diminue sensiblement que chez les adultes de plus de 40 ans.

P. malariae, de meme que P. ovale, est presque toujours associe

a P. falciparum, et les infections triples sont observees chez 1,7%

des enfants de 5 a 9 ans et 0,9% des enfants de 10 a 14 ans.

La prevalence de P. malariae est maximum dans le groupe d ' age

10-14 ans a Linzolo et dans quatre des six autres villages et.ud i es ,

Elle ne diminue fortement que chez les adultes de plus de 40 ans.

La prevalence de P. ovale a Linzolo est maximum chez les enfants

de moins de 5 ans et decroit avec l'age dans tous les villages. Quelques

cas sont parfois observes chez les adul tes. Chez les eco.l Lers de 5
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a 15 ans, la prevalence la plus forte a ete observee a Djoumouna (9,8%).

En fonction de la saison, seules des variations faibles et non

significatives de la prevalence des dff f erentes especes plasmodiales

ont ete observees a Linzolo.

2. DENSITES PARASITAIRES

• Densite parasitaire brute

La densite pa~asitaire brute a Linzolo est indiquee sur le tableau

3. On observe que la proportion de dens i tes parasitaires superi.eures

a 500 parasites par ul est stable a un niveau e Leve (41-45%) jusqu l a
"

l'age de 14 ans et decroit fortement avec l'age ensuite. La proportion

de densites parasitaires superieures a 5.000 par,sites par yl decroit

plus tot, des le groupe d I age 5-9 ans. Chez les adul tes de plus de

40 ans, la major i t e des paras i t emi.es observees sont Lnfer Leures a 50

parasites par yl.

Dans les autres villages, ou seules les tranches d I age 5-9 ans

et 10-15 ans ont ete 1 I objet d I une enque te , la proportion de charges

parasitaires super i eures a 500 parasites par yl atteint en moyenne

53,4%. Elle est par t LcuLi.erement elevee a Djoumouna, ou elle atteint

63,3% chez les ecol.Lers de 6 et 7 ans et 61,9% chez les eco.l.Lers de

14 et 15 ans, ainsi qu'a Madibou et Nganga-Lingolo ou elle est comprise

entre 54,2% et 58,6% chez les ecoliers de 5 a 14 ans .

• Densite parasitaire de P. falciparum

La comparaison des tableaux 3 et 4 montre que dans toutes les

classes d'age la densite parasitaire de P. falciparum differe tres

peu de la dens i t e parasi taire brute. En effet, d I une part les parasi­

t.emies LsoLees a P. malariae et P. ovale sont rares, d I autre part i1

est peu frequent lors d'une association d l especes que la parasf temte

a P. falciparum soit sensiblement plus faible que celle des especes

associees elle est habituellement tres superieure. Les relations

entre la densite parasitaire des differentes especes plasmodiales seront

analysees dans un article ulterieur .

. Densite parasitaire de P. malariae

425 infections a P. malariae ont ete observees , dont 343 lors

des diverses enquetes effectuees a Linzolo. Toutes ces infections



5

et.ai errt de classe 1, 2 et 3, a I.' exception d ' une seule qui e t af t de

classe 4. 11 s'agissait d'un ecolier age de 10 ans, preleve lors d'une

enquete ef fec tuee a Linzolo en janvier 1984. Cette enque te comportait

egal.ement une numeration Leucocy t aire systemat i que , ce qui a permis

de preci ser la paras i temie exacte qui e t ad t de 5.800 parasites par

1)1.

Le detail des r esul tat.s observes a Linzolo est r egroupe sur le

tableau 5. La proportion de densites parasitaires tres faibles ­

inferieures a 50. parasa tes par 1)1 - est importante dans toutes les

classes d'age. Ce n'est quIa partir de l'age de 15 ans qu'apparait

une diminution sensible de la densite parasitaire en fonction de l'age .

• Densite parasitaire de P. ovale

126 infections a P. ovale ont ete observees lors des enque t es

rappor tees dans cette etude, dont 96 a Linzolo. A i: exception des

nourrissons, pour lesquels toutefois notre effectif est t r es r edui t ,

la densite parasitaire est generalement tres faible : 57,9% des infec­

tions sont de classe 1, 24,6% de classe 2, 13,5% de classe 3 et 4%

de classe 4. Le detail par age a Linzolo est donne sur le tableau

6. On observe une diminution t res rapide de la dens i t.e parasitaire

avec l'age, et les infections chez les adultes sont rarement observees.

DISCUSSION

De nombreuses enquetes parasitologiques ont ete real Lsees dans

la region de Brazzaville depuis 1918, date de la premiere enquete effec­

t uee par LEBOEUF (13). Les r esuLtats des enque t.es effec tuees en zone

urbaine sont df.scutees par ailleurs (26). En zone rurale, plusieurs en­

que t es ont ete ef f ec tuees par 1 'Institut Pasteur de Brazzaville entre

1936 et 1944 (9, 11, 12); elles indiquent toutes des prevalences tres

eLevees , approchant 100%. Ainsi, sur 145 enfants de moins de 10 ans

preleves en 1936 dans quatre villages sur la route Brazzaville - Linzo­

10, 142 (97,9%) ont ete trouves porteurs d'hematozoaires (9 ). P. falci­

parum representai t 20,4% des infections, P. ovale 4,9%, P. malariae

0,7%, l'association P. falciparum - P. ovale 28,9%, P. falciparum­

P. malariae 16,9%, P. falciparum - P. malariae - P. ovale 28,2%. La pre­

sence de gamer ocytes de P. falciparum e ta i t observee chez 40,7% des

enfants. La meme annee, 70 enfants de moins de 10 ans ont ete preleves



6

dans trois villages sur la route Brazzaville - Loumou (9). 65 d ' entre

eux etaient positifs (92,9%). P. falciparum representait 29,2% des in­

fections, P. ovale 4,6%, l'association P. falciparum - P. ovale 11,5%,,
P. ovale - P. malariae 3,1%, P. falciparum - P. malariae 21,5%, P.fal~

ciparum - P. malariae - P. ovale 20%. La presence de game tocy tes de

P. falciparum etait observee chez 32,3% des enfants. En 1943 et 1944,

71 enfants de moins de 10 ans de Ngamaba et Kelekele ont ete preleves

(11,12). Tous avaient une goutte epaisse positive. P. falciparum repre­

sentait 57,1% des infections, P. malariae 2,9%, l'association P. falci­

parum - P. malariae 28,6%, P. falciparum - P. ovale 10%, P. malariae ­

P. ovale 1,4%.

Contrastant avec ces preva.Iences t res el evees , des preva Lences

beaucoup plus faibles ont ete rapportees dans cette fueme region duCongo

lors de la plupart des enque t es r ecentes , Ainsi, GUEYE et ODETOYINBO

( 8) observent un indice plasmodique de 9,7% a Nganga-Lingolo chez

144 enfants de moins de 15 ans, tandis que CARNEVALE et col l , (5)

et CARNEVALE (4) rapportent respectivement des indices plasmodiques

de 40% chez 182 ecoliers de Linzolo et de 35,8% lors de 2.601 preleve­

ments sur une perIode de plusieurs annees chez les eco l i ers de

Djoumouna.

Les resultats des etudes anciennes de l'Institut Pasteur de Braz­

zaville sont r estes meconnus de ces auteurs; le paludisme e t a i t ainsi

consf.dere comme mesoendemi.que (8), ce qui soulevait le probLeme du

paradoxe apparent existant entre un t r es fort taux d ' inoculation entomo­

logique et une faible prevalence parasitologique. Cette question a ete

longuement df.scut.ee par CARNEVALE et co l l., (4, 6, 7) et MOUCHET et

CARNEVALE (16, 17) qui ont at t r i.bue les faibles preva Lences qu' ils

observaient a une augmentation du taux de guerison parasitologique

sous l'effet d'une forte stimulation des mecanismes de defense immuni­

taire provoquee par l'intensite de la transmission. L'frypothese de la

presence au Congo d'une souche particuliere de P. falciparum etait

egalement envisagee ( 4, 7 ).

Nos r esul tats permettent d ' infirmer nettement ceux des

enquetes r ecentes dans la region de Brazzaville et les hypotheses qui

avaient ete emises alors. D'une part, travaillant dans les memes villa­

ges, nous avons toujours observe des pr'eval.ences deux ou trois fois

superi eures quelque soi t la saison; d ' autre part, tant en zone rurale
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qu'en zone urbaine (27), nos resultats suggerent qu'il existe une rela­

tion directe chez les enfants d'un age donne entre l'intensite de trans­

mission et la dens i te parasi taire. En particulier, c' est a Djoumouna,,
village ou I.' Lritens i te de transmission est maximum avec environ 1.000

pigures infectantes par personne par an, que nous avons observe les

prevalences et densites parasitaires les plus elevees.

L'utilisation du frottis lors de beaucoup d "enque t es au Congo

explique pour une large part les faibles prevalences generalement rap­

por tees , Toutefois, '-:' la sous estimation des preva.Iences est souvent

beaucoup plus importante que ne le laisse pr evo i r la proportion de

faibles charges parasitaires. Si o~ excepte les quartiers centraux

de Brazzavffleet de Pointe-Noire et quelques Local i t.es des plateaux Bateke,

le paludisme. est partout hoLoendemi.que au Congo et la' prevalence des

densites parasitaires de classes 3 a 5 chez les ecoliers varie de 30%

a plus de 60% quelque soit le milieu naturel - foret, savane ou mosaique

foret savane - ou sont implantes les villes et le~~villag~~ (25).

La comparaison de nos resul t.at s avec ceux des etudes anciennes

de I.' Insti tut Pasteur de Brazzaville montre des differences sensibles

qui ne semblent pas pouvoir etre expliquees par des methodes differen­

tes. Environ 20% des jeunes enfants ont une goutte epa i sse negative

lors de nos enquetes alors que de tels cas etaient auparavant exception­

nels dans ce groupe d ' age. De meme, les preval.ences de P. mal.ar i ae

et de P. ovale sont plus faibles dans nos enquetes, ainsi que la pro­

portion de: jeunes -enfants porteurs de gametocy tes de P. falciparum.

La sensibilite de la methode de lecture des lames que nous avons

adoptee ne semble pas en cause, comme le montre le paradoxe apparent

d'un indice plasmodique en plateau dans les groupes d'age 1-4 ans,5-9

ans et 10-14 ans, avec meme un Leger maximum dans ce dernier groupe

d'age. Alors que des prevalences de l'ordre de 90%-100% chez les jeunes

enfants ont ete t.res souvent rappor t ees tant en Afrique Centrale (10,

14, 20, 21, 22, 23) que dans d ' aut res regions d ' Afrique (1 , 3 , 15,

18, 32, 34), par des auteurs examinant attentivement les gouttes epais­

ses, toutes ces enquetes montraient une nette diminution dans le groupe

d'age 10-14 ans pour lequel des prevalences superieures a 80% ont rare­

ment ete mentionnees.

Bien qu'il n'existe pas pour la region de Brazzaville de referen­

ces anciennes pour les sujets de plus de 10 ans, nous pensons que les
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changements actuels sont essentie11ement Lf.rm t es aux enfants de moins

de 10 ans et surtout a ceux de moins de 5 ans, et qu'i1s sont la conse­

quence de l' importante consommation d ' antipa1udiques par ces groupes

d'age a l'occasion du traitement des syndromes febri1es de toutes etio­

logies. Ainsi, dans le cas de Li.nzol o , nous avons pu estimer qu' en

moyenne 12% des enfants de 5 et 6 ans ont consomme des antipa1udiques

dans 1es 8 jours precedent chacune de nos enquet.es (31). Environ la

mod t Le des cas de fievre de i ' enfant sont effectivement provoques par

P. faciparum dans cette region du Congo (5, 31); les .fluctuations

aai.sonni.eres cde I.' Lntens i te de t ransmi.ss i on e tarrt peu importantes,: ce

sont paredoxa1ement 1es affections epidemiques bana1es (grippe par:exem­

p1e) qui sont le plus suscep t i hles vd ' introduire. des .variations de preva­

lence et de dens i t.e parasitaire entre deux enquet.es successives par

la forte consommation d'antipa1udiques qu'e11es occasionnent.
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Tableau 1 : Proportion de gouttes epaisses positives en saison des pluies (Svp.) et en fin de saison seche (Svs,') lors de L'exaren de 200 champs

. nncroscoptques (environ 0,5 y1 de sang) chez les habitants duvfflage de Linzolo•.

P. falciparun P. falciparun P. ITB1.ar:iBe P. ovale Toutes especes F£fectif
Groupe (toutes fonres) (ganetocytes)
d'age

S.p. S.s. Total S.p. S.s. Total S.p. S.s. Total S.p. S.p. Total S.p. S.s. Total S.p. s.s, Total

(,1 ffJ,n - ffJ,n 23,2% - 23,2% 3,6% - 3,6% 8,9% - 8;9% 64,3% -; - 64,3% 56 - 56

(34) (34) (13) (13) (2) (2) (5) .. (5) (36) (36)

1-4 79,4% 75,010 77,6% 26,010 25,010 25,6% 9,2% 10,2% 9,6% 9,2% 8,ag 8,n 00,9% 77,3% 79,5% 131 88 219

(104) (66) (170) (34) (22) (56) (12) (9) (21) (12) (7) (19) (la)) (68) (174)

5-9 76,9% 83,2% 77,n 23,3% 28,4% 24,010 16,2% 16,8% 16,3% 5,5% 7,4% 5,n 78,2% 84,2% 79,010 ffJ5 95 700

(465) (79) (544) (141) (27) (168) (98) (16) (114) (33) (7) (40) (473) (00) (553) -
10-14 81,6% 87,5% 81,9% 19,8% 31,3% 20,5% 20,5% 22,9% 20,6% 3,5% 4,2% 3,5% 82,5% 87,5% 82,8% 777 48 825

(634) (42) (676) (154) (15) (169) (159) (11) (170) (27) (2) (29) (641) (42) (683)

15-19 68,2% - 68,2% 19,5% - 19,5% 16,2% - 16,2% o,n - o,n 70,1% - 70,1% 154 - 154

(105) (105) (X» (X» (25) (25) (1) (1) (100) (100)

20-39 ffJ,9% - ffJ,9% 18,8% - 18,8% 10,1% - 10,1% o,m - Q,m 63,8% - 63,8% 69 - ff)

(42) (42) (13) (13) (7) (7) (0) (0) (44) (44)

)40 37,0% - 37,0% 7,8% - 7,8% 2,6% - 2,6% 1,3% . .~ 1,3% 39,0% - 39,m 154 - 154

(57) (57) (12) (12) (4) (4) (2) (2) (ffJ) (ffJ)



Tableau 2 : Proportion de gouttes epaisses positives lors de L'exaren de 2fJ) champs nricroscopiques

(environ 0,5 y1 de sang) chez les ecol.iers de six villages de la region de Brazzavi.l.Ie.

l.es valeurs minina et naxina selon les villages sont Indiquees entre parentheses.

. 'j

Age P.falciparum P.falci}Xlrull P.IIB1ariae

(toutes (garetocytes)

fomes)

5-9 83,0% :D,7% 17,8%

P.ovale

7,'3'10

Toutes

especes

83,8%

Effectif

241

(79,4-93,3%) (18,9-41,2%) (12,4-26,7%) (4,fr.10,O%) (00,2-93,3%)

10-15 84,4% 25,9% 19,0% 5,9%

(00,6-95,2%) (19,1-32,5%) (15,2-25,'3'10) (4,7-9,'3'10)

85,4%

(81,2-95,2%)

205



Tableau 3 : Iensi.te parasitaire brute en fonction de l'age a Linzolo

Densire parasitaire (classes)

Groupe Effectif

d'age

°
' ,

1 2 3 4 5

<1 35,7% 7,1% 19,6% 17,9% 17,9% 1,8% 56

(20) (4) (ll) (10) (10) (I),

1-4 20,5% 18,3% 17,3% 17,8% 22,4%" , 3,7% 219
(45) (40) . (38) (39) (49) (8)

S-9 21,cro 16,9% 17,1% 22,6% 20,6% 1,9% 700
(147) (1l8) (120) (158) (144) (13)

10-14 17,2% 17,3% 24,4% 25,9% 14,7% 0,5% 825
(142) (143) (201) (214) (121) (4)

1S-19 29,9% 20,1% 29,2% 15,6% 4,6% 0,7% 154
(46) (31) (45) (24) (7) (1)

LD-39 36,2% 27,5% 27,5% 8,7% 69
(25) (19) (19) (6)

~40 61,cro 21,4% 15,6% 2,CVo 154
(94) (33) (24) (3)



Tableau 4 : Densrte parasitaire de P. falciparun en fonction de l'age aLinzolo



Tableau 5 : I:aJsite parasitaire de P. rra1ariae en fonction de L'age·a Linzolo



Tableau 6 : Densi.te parasrtaire de P. ovale en fonction de i:age ca Linzolo
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ABSTRACT

In order to determine the incidence and prevalence of clinical malaria

in children exposed since birth to an intense and perennial transmis­

sion, two successive longitudinal surveys, one lasting 4 months and

the other 10 days, were carried out among 182 children aged from 5 to

13 years in a Congolese village where malaria is holoendemic. According

to age, prevalence of clinical malaria was between 3.19% and 2.40%

in children aged 5 and 6 years, between 2.54% and 1.79% in children

aged 7 and 8 years, between 1.57% and 1.05% in children aged 9 and 10

years, and between 0.46% and 0.34% in children aged 11 to 13 years.

The incidence of clinical malaria was estimated during the first survey

at 3.0 attacks per year at ages 5 and 6, 2.1 attacks per year at ages

7 and 8, 1.8 attacks per year at ages 9 and 10, and 1.2 attacks per

year at ages 11 to 13. During the second survey, the incidence of clini­

cal malaria calculated on a yearly basis was respectively 5.2, 2.7,

2.0 and 0.8 attacks for these different age groups. No difference was

observed in the incidence of malarial attacks between children using

bed-nets and those not using them. Also investigated were the customs
/

of the inhabitants of the village in presence of febrile syndromes

in children, and the importance of an timalarial drug consumption in

these cases. It was observed that almost all these syndromes were rapid­

ly treated with antimalarials, and in half of the cases, these

drugs were administered by the parents themselves.



The diagnosis of clinical malaria in semi-immune subjects presents

difficult methodological problems in regions of intense malarial endemi­

city. The presence or absence of parasites in a febrile patient is in­

sufficient evidence for diagnosis in these regions, since the thick
" ,

blood film is usually posi tive whatever the clinical context, as" in

healthy individuals. As a result, the estimates of the incidence of cli­

nical malaria in Africa carry a wide range of uncertainty. Few precise

data are available under conditions of high endemicity, and the impact

of different degrees of malaria control in terms of morbidity in each

age-group has never "heen assessed with any certainty (l r2).

The primary health care system and the prospect of a malaria vac­

cine urgently require the development of operational methods for a pre­

cise assessment of clinical malaria incidence and prevalence. A recent

study indicated that ,with a small margin of error, it is possible to

use the parasite/leucocyte ratio to determine whether or not malaria is

responsable for a febrile syndrome in a child living in an area of

intense perennial transmission (3). In the present study, this method was

combined with lorigitudinal :tanperature .surveys in order to specify the inci­

dence and prevalence of clinical malaria under typical cond i t i.ons of

hoLoendemi.ca t y in ch i Ldren from 5 to 13 years of age. Simultaneously,... .'

cer~ain antimalarial practices and their impact on clinical malaria were

studied.

STUDY AREA

The village of Linzolo is situated 25 km to the South-West of

Brazzaville. There are about a thousand inhabitants, whose main activity

is traditional agricultural farming (fruit and food crops). Health

care is available to the population through a large medical center

within a Catholic mission set up in the village. Malaria transmission

is perennial and remains intense for most of the year (4). From October

through June, the average number of infective bites per person per

night is 0.85, or 5.9"1 infec tive bites per person per week. From mid­

June through September - the coolest and driest season" of the year­

transmission decreases with an average of one infective bite per person

per week. The main vector is A. gambiae, which represents nearly 90%

of captures on human bait. The other anopheles captured on man are

A. funestus, A. paludis, A. nili,A. hancocki and A. moucheti but these

are epidemiologically unimportant. During the four month clinical study,

10 night-bite captures (58 man-nights) were carried out on humain bait.

The average number of anopheles bites per man per night was 33.8, of

which 31. 9 were from A. gambiae. The sporozoite rate was 2.18%. The
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malaria transmission intensity was thus 4.9 infective bites per person

per week..

During the 10 surveys carried out between 1980 and 1984 the

average malaria prevalence was 79.0% in schoolchildren aged from 5

to 9 (in a total of 700 thick smears) and 82.8% in schoolchildren aged

from 10 to 14 (of 825 thick smears). No seasonal variations were obser­

ved. P. falciparum was found on nearly all the positive slides (98.7%),

while P. malariae and P. ovale were observed on average in respectively

18.6% and 4.5% of the schoolchildren (5). In a survey carried out during

the present study in January 1984, the malaria prevalence was respecti­

vely 86.5% and 82.5% in two random samples of 37 schoolchildren aged

from 5 to 9 and 40 schoolchildren aged from 10 to 13~

Infant mortality in Linzolo and the surrounding villages is 71

per thousand; 'child mortality (1-4 years) is 49 per thousand (6). These

values, which are relatively low for Africa, are now habitual in this

region of the Congo (7, 8) , and malaria is responsab~e for only a low morta­

lity, since clinical attacks are rapidly treated (9, 10).

MATERIAL AND METHODS

Two surveys were carried out in schoolchildren, the first one

weekly for four months, and the second daily for 10 days. All children

over 5 years of age attend school in this village.

WEEKLY SURVEY

This concerned 179 schoolchildren from 5 to 13 years and lasted
rd st17 weeks, from November 3 1983 through March 1 1984. Every Thursday

(except one during the school vacation) the axillary temperature of

all children present was taken. The results were recorded on individual

charts. If fever was observed, a thick blood film and various other

clinical and biological examinations were carried out, and the child

was systematically treated with a single dose (20 mg/kg) of Amodiaquine

and 500 mg Aspirin. 17 weekly sessions took place.

An individual survey was carried out for all children absent

from school, to determine the reason for their absence, either on the
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day of the visit, during the following days, or when the child returned

to school. When the child was absent for medical reasons, the exact

cause was, investigated, especiallY,if clinical malaria was suspected.

This was done by questionning the child or the family and by examining

the results of tests carried out in the medical center or thick blood

films taken at the school in the interval between two weekly sessions.

AF each weekly session the schoolchildren were questionned .to single

out those who had been ill during the week. They were asked to describe

their symptoms and' 'to indicate whether or not they had visited the

medical center and been given treatment. If this was the case, the

exact nature of the disease and the treatment prescribed were investi­

gated by questionning the child or examining it's health card.

In between the weekly sessions, the headmtstress of the school

noted the axillary temperature of any child complaining of sickness

in school. If the child was feverish a thick blood film was prepared

immediately and a single-dose treatment of Amodiaquine and Aspirin

was given.

DAILY SURVEY

This concerned 171 schoolchildren from 5 to 13 years, and lasted

10 days from 17t h
through 26t h

April 1984. These were the same children

as in the previous survey, with the difference that 11 children had

left the school and 3 children had arrived in the interval of time
th

between the two surveys. On every day of the survey, except the 6

day which was Sunday, the ax i l l.ary temperature of all the children

present was taken (9 sessions). If the child was feverish a thick blood

film was taken and treatment given immediately as in the previous

survey. Each absence was investigated to determine the cause, and all

the children were questionned daily to find out who had been sick in

the interval between visits.

CLINICAL AND DIAGNOSTIC METHODS

All children whose axillary temperature was more than or equal

to 38°C were considered to be feverish. This value was fixed after

analysis of the results of an investigation into the individual
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variations in axillary temperature in Linzolo schoolchildren, and of

over three thousand readings of axillary temperature combined with

systematic thick blood films in school s in the Congo (TRAPE; to be

published). The parasitological and clinical methods used have been

d . b d . . . 1 1-9escr1 e 1n two preV10US art1c es

RESULTS

WEEKLY SURVEY

Theoretically, the number of temperature readings for 179 school­

children over a period of 17 weeks should have been 3,043. In fact,

the actual number was :2,997 due to the depar ture of 7 schoolchildren

who transferred to another school during the survey.

Results for schoolchildren present during the sessions

The total number or schoolchildren present -and of temperatures

recorded - during the 17 sessions was 2,727 (table 1). Fever was observed

in 65 cases (2.38%). The proportion of febrile schoolchildren was 4.13%

in the 5-6 year age group, 3.16% in the 7-8 year age group, 1.46% in

the 9-10 year age group and 1.88% in the 11-13 year age group.

In 30 cases (1.10%) the fever was combined with a parasite/

leucocyte ratio on thick blood film superior or equal to 2, thus attri­

buting the febrile syndrome to P. falciparum. The proportion of school­

children present presenting clinical falciparum malaria was 2.29%

in the 5-6 year age group, 1.66% in the 7-8 year age group, 0.89% in

the 9-10 year age group and 0.25% in the 11-13 year age group."

Results for schoolchildren absent during the sessions

270 absences were recorded for the 17 sessions. 210 of them were

for reasons other than medical (in over half of the cases the child

was temporarly suspended for non-payment of school insurance), 53

absences were for medical reasons, and seven for unknown reasons (for

this last group the survey to investigate the reasons for absences

was omitted; in most of the cases they were probably due to reasons
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other than medical).

Of the 53 absences for medical reasons, a diagnosis of clinical

malaria was ruled out in 31 cases,' either after questionning the child

and his family, by checking the child's health card, or by examination

of the thick blood film. In 7 cases a diagnosis of clinical· falci­

parum malaria was parasitologically confirmed (parasite/leucocyte

ratio) 2) and in 15 cases it was not possible to confirm the diagnosis

or to dismiss its ~ossibility, due to the fact that the children had

generally been treated at home by their parents without the examination

of a thick blood film. The majority were probably in fact cases of

clinical malaria. The results according to age are shown in table 2.

Results for the interval between sessions

Apart fran episodes of illness which where observed during the weekly sessions

and those which were the cause of absence, 153 other episodes were

mentionned by the schoolchildren during the 4 month study. In 55 cases

a diagnosis of clinical malaria was ruled out, either by examination

of the thick blood film or the child's health card, or by questionning;

in 32 cases the diagnosis was parasitologically confirmed (parasite/

leucocyte ratio') 2), and in 66 cases it could not be confirmed because

although these children described symptoms compatible with the diagnosis

of a malarial attack, a thick blood film had not been taken or had

not been kept for the parasite count. The results according to age

are shown in table 3.

Total results

- Prevalence of clinical malaria

The total number of clinical malaria episodes occuring during

the weekly sessions (including all schoolchildren present or absent)

was between 37 and 52, giving a minimum clinical malaria prevalence

of 1.23% and a maximum of 1.74%.

According to age, the prevalence was between 3.19% and 2.40%

in children from 5 to 6 years, between 2.54% and 1.79% in children

from 7 to 8 years, between 1. 57% and 1.05% in children from 9 to 10

years, and between 0.46% and 0.34% in children from 11 to 13 years.
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Incidence of clinical malaria

Table 4 shows the total number of clinical malaria episodes in

each age group, and the average number per child, during the four months

of the survey. It was not always possible to confirm parasitologically

the clinically suspected diagnosis of clinical malaria,' and this

explains the difference between the maximum and minimum values. However,

taking into account information obtained on clinical malaria in Linzolo,

it can be estimated .. that malaria is responsable for about half of these

cases, and that for each age group the total number of clinical malaria

episodes during the four months of the study can be. reasonably repre­

sented by the average value of the minimum and maximum values shown.

On a yearly basis, this corresponds to 3.0 attacks in children

from 5 to 6 years, 2~1 attacks in children from 7 to 8 years, 1.8

attacks in children from 9 to 10 years and 1.2 attacks in children

from 11 to 13 years.

DAILY SURVEY

Nine daily sessions over a period of 10 days were carried out

for 171 schoolchildren. Theoretically, the number of temperature

readings should have been 1,539, but the actual number was 1,424.

Nineteen cases of fever (1.33%) were observed, of which seven (0.49%)

were due to falciparum malaria attacks. These attacks were treated

immediately, and never lasted more than one day.

Of the 115 absences, 74 were for reasons other than medical,

and 34 had a medical cause other than malaria. For the 7 other absences,

in 4 cases clinical malaria was parasi tologically confirmed, and in

3 cases the diagnosis could not be established due to the absence

of thick smear. Table 5 shows the results according to age. Apart from

the above-srentaonned episodes of illness, 5 other episodes were reported during

the interval between sessions, but none led to suspect clinical malaria.

Thus, over the whole 10-day period, clinical malaria attacks

were observed in 4 children out of 28 aged from 5 to 6 years, 3 children

out of 40 aged from 7 to 8 years, 3 to 6 children out of 55 aged from

9 to 10 years and one child out of 48 aged from 11 to 13 years.

On a yearly basis, these results correspond to 5.2 attacks per



7

year in children from 5 to 6 years, 2.7 attacks per year in children

from 7 to 8 years, 2 to 4 attacks per year in children from 9 to 10

years and 0.8 attacks per year in children from 11 to 13 years.

ANTIMALARIAL PRACTICES IN LINZOLO

Use of mosquito nets

Mosquito nets are fairly widely used in Linzolo as in the whole

of this region of th~ Congo. It was thus possible to compare the results

observed for children using mosquito nets with those of children who

did not use them.

Of the 182 children involved in the whole of the weekly and

daily surveys, 46 (25.27%) said that they used bed-nets. These were

9 out of 30 schoolchildren from 5 to 6 years of age (30%), 10 out of

42 schoolchildren from 7 to 8 years (23.81%), 17 out of 57 school­

children from 9 to 10 years (29.82%) and 10 out of 53 schoolchildren

from 11 to 13 years (18.86%).

Of 80 parasitologically confirmed attacks of clinical malaria,

27 (33.75%) were observed in children who used bed-nets, and 53 (66.25%)

in children who did not. Taking into account the departures and arrivals

of children during the study, and the different propor t i.ons according

to age-group of children using mosquito nets, the theoretical percentage

of clinical malaria attacks in children using mosquito nets was 27.13%.

It can be seen that clinical malaria attacks were slightly more frequent

in children using mosquito nets, but the difference is not statistically

significant.

Attitude towards febrile episodes and the use of antimalarial drugs

The inhabitants of Linzolo have easy access to health care through

the medical center situated within the village, run by the mission

nurses. Moreover, this medical center is well-stocked with drugs, and

has an excellent reputation far beyond the village and its vicinity.

This being so, it seemed interesting to study the customs of the

inhabitants of Linzolo in presence of a febrile episode in a child,

and the importance of antimalarial drug consumption in these cases.

This study, carried out at the same time as the weekly survey, concerned

53 episodes of illness which were the cause of the chidd 's absence dlii:61g fue
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visits, and 153 episodes of ilJness reported during the interval between visits.

The results are shown in table 6. It can be seen that

a considerable proportion of episodes of fever or "headaches" in

children did not lead to medical visits; only 53.4% of these children

were examined (and treated) at the medical center or the school.

However, most of the children who were not examined medically

did receive treatment directly from their parents. Out of 75 episodes

of fever or headaches in children who were not examined medically,

56 (74.7%) were treated with antimalarials (alone or combined with

other drugs), 9 (12%) were treated with other drugs, and only 10 (13.3%)

received no treatment.

Furthermore, since at the: nedical.rcenter .:itis .usual to. prescribe .antt­

malarials (either alone' or combined with other drugs) in presence of

all episodes of fever or "headaches", the total consumption of anti­

malarials is high : on average, at each weekly session, the proportion

of schoolchildren present who had received antimalarial treatment in

the preceding 8 days was 12. .2% at ages 5 and 6,.7,5% at ages 7 and 8,

6.5% at ages 9 and 10 and 5.9% at ages 11 ~o 137 .

DISCUSSION

The methodological difficulties encountered in measuring the

incidence of clinical malaria in regions of high malarial endemicity

are the main impediment to this type of survey. This explains the fact

that until now little work has been done on this subject. Precise

knowledge of the semi-immune African adult comes from studies by

Miller (12) and Bnice-01watt (13). . These authors closely followed up two

groups of adults over a long period, both clinically and parasitologi­

cally, and found the annual number of clinical malaria attacks to be

1.5 and 0.5 per person for the two groups. The difference between these

two values can partly be explained by the lower average age of the

group studied by Miller.

To our knowledge, the only corresponding studies in children

are those of Colbourne (14), Wilson (15) and Miller (12). In the first of these

studies, it was observed that in Accra each child of 7 years of age
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suffered on average each year from 5 to 6 days sickness due to malaria,

serious enough to lead to absence from school. These results actually

took into. account those of two school s in different districts of the

town where malaria transmission intensity differed considerably. The

lowest incidence of clinical malaria corresponded to the highest trans­

mission intensity.

Miller's study in Liberia concerned children from 3 to 7 years

of age. 10 children were controlled daily for 2 months, and during

this period 9 clinical attacks of malaria due to P. falciparum and

5 attacks due to P. malariae were observed. It should be noted that in

Linzolo R malariae seems to be only exceptionally responsable for febri­

le episodes. It has only been suspected once during the two surveys, even

though this species is relatively prevalent, usually varying between 14%

and 20% in schoolchildren •. P. malariae prevalence was 20.8% in January 1984.

In Wilson's study in Ghana, the average number of clinical malaria

attacks in adolescents from 12-20 years was estimated at about 0.4

per year.

Overall, these results coincide well with those which were

observed in Linzolo. The incidence of clinical malaria, which is still

high at age 5-6, decreases rapidly until it reaches a very low level

in the adolescent and adul t , The role played by transmission level

in the speed of decrease with age is uncertain. The absence of precise

data on malaria transmission intensity in most of clinical studies,

and the different methodologies used to evaluate the incidence of

clinical malaria do not allow thorough comparisons. The incomplete

protection afforded by mosquito nets appears to be insufficient to

modify the natural course of the infection when transmission reaches

several dozen infectives bites per year (16) , and "this also seems to be the

case for the incidence of clinical at tacks. As far as the incidence

of simple attacks in children is concerned, it is probably of little

interest to attempt to decrease a naturally intense transmission.

The total consumption of antimalarial drugs by children in Linzolo

is considerable. The most interesting observation is that this is mainly

due to the parents themselves. The use of amino-4-quinolines in Linzolo

can be directly compared with that of antipyretics in developped

countries a temporary treatment conducted by the parents in the
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presence of any febrile episode or simple headache. If this treatment

is not rapidly effective, the child is taken to the dispensary where

a quinine injection (and if necessary a prescription for antibiotics)

is given. This attitude, now widespread in urban areas and the IIDst developped

rural areas of the Congo, explains the present fall in mortality due

to malaria despite the fact that transmission remains unchanged at

a very high level. Lastly, the high consumption of antimalarial drugs

explains the appar~~t paradoxe of a maximum malaria prevalence in the

10-14 years age group. The higher the incidence of febrile episodes

of all kinds, the higher the number of antimalarial treatments given;

this is especially true in childhood.



Table 1: Attendance of schoolchildren and prevalence of fever and clinical nalaria

during weekly surveys.

. Age Number - Theoretical Actual Number Number of cases

group of number of 2 number of of cases of clinical

children
1

attendances attendances of fever nalarta

:D 501 4?h 18 10
(1)

(4.13%) (2.29/0)

7-8 40 670 001 19 10
(2)

(3.16%) (1.66%)

9-10 56 952 13 8

(1.46%) (0.91%)

11-13 53 874 15 2
(4)

(1.88%) (0.25%)

Total 179 'm7 2727 65 :D
U)

(2.3&) (1.10%)

1. The number of children who left the school for good during the study period is shown
in brackets.

2. Not including the 46 absences corresponding to departures during the study period.



Table 2: Causes of absence of schoolchildren frrm weekly surveys.

t1ili.cal cause
NoIH1l2dical

cause ------------
. Age Total
group number of

absences

Unknown
cause

other
than

IIB1aria

confinred possible
clinical . clinical
nalaria nalaria

5-6

7-8

9-10

11-13

Total

65

62

74

270

1

3

3

o

7

51

48

63

210

7

11

4

9

31

2

2

2

1

7

4

5

5

1

15



Table 3: Episcxles of ilJness occuring during the intervals between surveys

according to age and diagnostic category.

Age Number of Number of episcxles

group children!

weeks other than possible confi.nred Total

nalaria nalaria IlE1aIiB

5-6 :01 11 11 10 32

7...f3 670 9 9 8 26

9-10 952 17 23 9 49

11-13 874 18 23 5 46

Total 55 66 32 153



Table 4 : Incidence of clinical rra1aria over a 4-nnnth peraod, according to age.

"

Age Number of Number of episodes ~ rnmber of episodes
group children! of clinical nalaria 1E" child during

weeks the 4-nnnth study

minimm IIBXimum minimum naximm

5.01 22 37 0.75 1.26

7~ 670 20 34 0.51 0.86

~10 952 19 47 0.34 0.84

11-13 874 8 32 0.16 0.62

Total 69 15.0 0.39 0.85



Table 5 : Results of the daily surveys.

Total number
Schoolchildren present Schoolchildren absent of cases of

clinical malar-iaAge Number of Theoretical Actual number Number of
group children number of of absences . Number .Number . NorHredical ~cal Confi.nred . Possible m:i..n:imum naximum

attendances attendances
of cases of cases causes causes clinical clinical
of fever of clinical" other than rm1.aria nalarta ::,

nalarta nalarta

5-6 28 252 229 23 8 3 18 4 1 0 4 4

7-8 40 ?fJJ 337 23 4 1 18 3 2 0 3 3

9-10 55 495 453 42 5 3 22 17 0 3 3 6

11-13 48 432 405 27 2 0 16 10 1 0 1 1

Total 171 1539
!'

1424 115 19 7 74 34 4 3 11 14



Table 6: Distribution of 2CX) episcdes of illness according to symptore described, place where the child was examined

and treatment received,

:1

~:ital center School Qrild not
examined

Total

Fever or : Miscellaneous . Fever or Miscellaneous
headache headache

Fever or
headache

t·iiscellaneous' Fever or
headache

Miscellaneous

Total number
of cases

Antirralarials
given

"

63

55

21

1

23

23

o

o

75

56

24

4

161

134

45

5
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ETUDE RETROSPECTIVE

SUR LA MORTALITE DE L'ENFANT DE MOINS DE SANS

DANS UNE ZONE RURALE

DE LA REGION DE BRAZZAVILLE (R. P. CONGO)

I. Taux et causes de mortalite.

!'ar n. f:AflME ('), 11. (;UII,LO 1111 1l0llAN ("), .1. F. MOLE7, [''''
& .1. F. TflAPE (... ) (.... I

JlI~S \J ~I'::

Il ue ':'/I.III~ r,ilrospr.r/.':w) longiuulinale sur Wit? cnltort« de 1003 ellf,lIlls a permis de pre­
I:isa l.es 111It:,. I!I lrs l'IIIlSI;S dr. /I/"rlofi/'I! ,(1)0 I; 5 IIIIS dall.~ I/IW zone d'holcetulemicite palustre
ell /lep,,(,fiqllr. l'oplIIII;re du Congo.

Les taux dl) /IIort"Iit,: solit sr.I,sil,ll'/l/I'nt inf,:ri"lI.rs I; 1.''',1.1: IItI(,i/'lIcffe/l/ellt r,ites en Afrique
Noire: la /IIorlalite i"folllile (0-1 on), la /l/ol'lino/.l/lil':, la tuortalite neo-ruttale preeoce et la
1II0rtalite entre 1 et 5 ans sont resncrlioemcn! dl! 71'10°' 13 %0, 41 '7'00 et 49 '7'00' S,,,
100 IIIIi.~,~I"/I·I!S vivanles, 93 enfants on; atteinl. ('Iigl! tle 1 011 et 88 l',ige de 5 ails.

L« "wrll/lile est dOll,,'III:e I'M le« cause» tli,.I!I.'1,'IIwn/. lilies li la gros,~esse (prelllatllrite,
patlwlogie ollsle/.rimle) et par le« 1'0/l.SI:,q illll!,'li'!/Iscs avec en premier lien la rougcolc,
Par CIIII.tre, dan« ceue e.tl"le, a/ll;IIII IUn]s lie parai; ileooir etre attribue dirertemcnt all palu­
distue.

Alots-rlh : T.\IJX m: MOIl·,.,\/.rr I:: 0-5 .\NS, c.HISES liE MonT'\I.ITI~ 0-5 ,\NS, HEPUnl.lQUE

1'00'IJI,,\IIlE nu CONI;O, ".\I.IJIIIS~IJ-:.

A study IIhout childreu rllol'l."lil.y ulIIl,,,, 5 y,:al's oltl ill a 1'111''') nren nf the Peupln's,
H"p"J,li" of 1.111, COII~O.

I. H;t1.f:S 11.111 ""IIS':S "f mort"lity.

JI rl'lr(J.~//I''''i"e sllldy of 1,003 chililrcn perinit« liS /.0 ;d""I;fy I"",:i.~t!f!l rotes mul causes
Ilf "'Ilrlalily ;/1 "'/I''''rl'lI III11I,-r .5 y,'ors 01" ;11 1I rural. holoeiulemic mulnria area of the
l'I'Il/,le's Il"flllblir. of tlu: Cllugll.

The ",ortl/lity rotes lire distilldlylllll'''' thol/. '''Il.~I: {{I'//I'mlly observed ill tropira! ilfrira.

(.) C1",r dll S"rd"" d,: l'ar·a~i'"IIlJ.:ic, ,le I'IIISlilll!. SlIl""'iellr ,I,,~ Sdc,"ce~ cl,: In Salll",
11. 1'. 2(172, Bra7.zn\'illt" 11. 1'. CIlll!!" ; 11t"lacl,,', dll S"I'\'ie,' d,' Pnrasitulogio cl l\I(iclccillc Tropi­
call' (1"'. 1\1. (;,,:~'rll.INI), (;1'11111") lI"s!,ilali"I' l'ili"'-Sall"~lri""'e, Paris,

(.. ) J\1,;,I('cill V"I""I.ail'c du Servic« Nalillllal, 1;""11'1.' i\I,,,lic,,-S,,cial cle Li 117."1,, , H. P. du

C"lIgll.
(... ) l'arasil"I"gislc ,I" I'll IISTO~(, 1:1'1111'" (I IISTO~I d" 1I1'1I1:7.a\, ill", B. P. I RI, H. P. flu

(:""gll.
(•••• , S"aIlCl: ,Ill 13 anil I'IRJ,

IMPRIMERIE BARNtOUD -- LAVAL
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I/I{alll mortalits] (0-1 year) was {"'"III 10 Ill' 71 %0, mnrtinatalits] 13 %0, I'(Irly 1II'llIwIIIl
mortalits] (0-7 d"ys) 41 '100 ,,/Id morl"/ily hl'/lI'I'I'1I 1-.5 !//!"rs, 49 '100' lI1a;II I:nlt.~es o{ mor­
la/ilY are those related 10 preglllll/,:y (prc//Illlllrily. ""'~ll'/r;/'{/1I)1/tllIJ/O{{Y) alld 11';1" in[ertions
discasl's particulorls] measles. 011 th« ollll!r IWI/II, /I" dl:I,I" seems 10 /J1~ attrilnutble dirertb]
10 nialorin ;/1 thi« studs).

Ii.'I:y-lI'ords: ~IonTA!.JTY nATES ()-s n·:.\lIS, I:.\I!SES OF MonTA!.JTY o-s YE,\IIS, PIWI·I.,·;'S
I!f.;l'lTIII.IC OF Till·; I:ON';O, 1\1.\1..\1,1,\.

INTIIOllllCTION

tJIII: appri~(;ial.ioll oltj'~el.iv,: lips p,'oltli:lIl1:s sallil.ai"l·s 11,: rl~lIfalll. 1:11 milieu
trnpical SllI'P"S': ,It:s stntistiques I'rc,:ises sur la ,"orl.alil.c inlnnt.ile.

Si les chillres hnhitucllement I:itcs f01l1. 1~l.al. de tnux de plus lie 200 %0
en Afri'llle intcrf.ropicnle (12), les I]olln(:,:s disl'0llil'les. enuuue 1,: I'l'ccise Cl: mellll:
uut.eur, snnt snn vent SlIjl:1. 11 cnut.iuu, stnl.uu l. I:n ,"ili':ll rurnl oi, 11$ r,.,,~isl.rl:s d,.

nnissnnce et de ,Ieces, lorsqu'jls existent, SOIlI. 1":11 Ilahles.
La rnrcte ,11:s i:l.11des pllhli'~I:s Sill' ':I~ slIjl'l "" Afri'l"': ceutrnl« I.llllllli~IW ,le: ces

rlillicultes et IIII11S a ineile il Itrlls,:nler les ri:slIll.al.s d'une Ctllflc ri:l.rnspccl.ive sur
5 ans d'uue 1:0"01'1.,: de I 003 cnlnnts nes 1:11 1l)76 all Cenl.rl: M'lllico-Social d,:

Linznln, village: Sil.llll 11 30 kill all sml-nues t dl: Hrnzznville (It P, COII~Il),

l ,c sel:II:III' c1pssl:n-i par I,: <:,,"1.1'" Mlldil:o-S",:ial d,: Linzulo (Ii~, I), Sil.lIll dalls

la I'Cgioll du Pool, 1'l:gl'IIlll'e mu I'0p"lal.ioll I('cnviroll 20000 \":I'SOn11l:s sur IIl1e

slll":rfil:ic ,It: I 500 k m",
Cdl.,. rl':gioll, sil.lli:p all SlId-OIlI'SI. cl,. IlI'a7.7.:l\·ill,:, recou vrn l'arl.il"\'·.lIwlIl.

3 disl.rids (Ilolw, I<ill"ala, N~all.aloa) lI.ais 1'I'I·~S""I.P 1111" ~"a'lfl,: IIl1il.l': /'1111.111,,.111:,

cthniqu« et lin~llisl.illlre,

1I s'agil. 11'111": l'llgion fOI'l.elllf'lI1. \'allo'"Il'~I' oil 1I1W sn vnue a"lollsl.i"I: rl:lIIl'lal:l,

pl'IIgl'l:ssi\'ell"~lIl la flll'H clnire d \,:s forl~l.s galuies 'lI'i~illdll:s I.'+s 111'~~I'alllll:s 1111

fait IIIl cnmuu-rc« du hois f:l lie' I'''XII:IISioll des 1:IlII.IlI'l:s. LI:!' cultures vivrieres
[numioc priucipalumcnt, mnis nussi nruclrirlus, igllall"~s, 1lI:1'j!" ... ) d frlliticl'es

(nuunns, hanuniers, agrllllll:S, nvncat.ir-rs, safolll.iel's) cnnst.itueut l'essl:lIl.id des

ael.i,·itcs a~ril:oll:S. La peehe I'I:!'I.C IIIII~ adi,·il.ll illll'llrl.alll.e le long IIIl 111:1I\'e

COlIgo. Lcs :Jcl.i,-il.cs conuuerciales sunt 1:I:III.J'IlI'S Sill' la ,~apil.:Jle, Sculc la rou 1.1:

Linzolo-Brnzzn villu est re,-HIlI; j tnus lcs \-ill:lg"s sit IlCS ell rlehurs de cct te vnie lie

couuuunicatiou SOIlI. rl'ncces dillicilcs, ell part.iculicr pendant la snison des pluies
]ongul: de R muis.

Unc dizaiue de displ:llsaires s01l1. "cJlarl.is SIII'I:C secteur ; la plupnrt sont demu­
nis de uraterjel et ell: mcdicuuu-nt.s, Trois d'r-utrc CIIX 1"I!'si:dl:nl. 'I"el'!",:s [its
11'"OS pi tn Iisa f.inn.



106 BULLETIN DE LA SOC1~T~ DE PATHOWG1E EXOT1QUE

1 ... I P r

b ..... 1'"Dca
a__"__,,__t'~bo

_, . (I
-~~---

-=- ---=+. ~ .-=-.--=-. ~:.:.E-- - .-_.--,--- _. --".---- ------4----_

. d.C"'....

:' ~

..- de.e L'hll. ~.-'
,~ ~

+hHJ>---I-_Linzolo

,;':
[.

.
KINOAUOA

le~oumou

a.4INDOUlI. --- !. :-:~.~

../, ..

,/ ~.
I

?

"
Boue"za

,.'

......... \.

~~gion de :a

.._---------._- .....-- .._--,--- ',' -_._-----'

REGION DU POOL

~l <~

F -.----, tC. IS

E :J

_ >1~

Fi!l'. " - r:nrl. de In rOIl;ulI du Ponl (11. 1'. rill Congo)

2. Le Centre Medico-Social de Linzolo.

Linzolo est la premiere mission cntholique du Congo, creee en 1883, et des
1920 un premier dispensaire s'ouvrit, Actucllement le Centre comporte 135 lits
d'hospitalisation dont 55 Jits pour la matcrnite. La direction du Centre cst assuree
par des rdigicllscs infirmieres. 11 [aut insister sur la bonne tenue des locaux, la
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1"'I'~senee II'IIn mall:ricl en hon dal. do 11I1I~ displlllihilili~ en IlIcllicalJlcnl.s relative­
ment large, gr:ice en partie il nl~s c10lIS nxteriours..

Une qunrnntnine ne pcrsounes travnillent all Centre, parmi lesquclles on note :

4 infirmiercs et 2 sngcs-Iemmcs (lil'ltIIlH:I~S ; R matrunes nccoucheuscs, 2 monitrices

sncinles, 2 pllilriCIIll.ricI:S, 17 inlirmiers non diplollles cl agcnls techniques.
ParacloxalClllcIIl aucun medccin permnncut, en dehors d'un cooperant volontaire
Iln Sm'viell Nntiounl en 1981, II'Y est :"TI~dc.

J.I~S neJ.i\-il.i~s sout essentielhuucn! I:'~IIl.rl:es Sill' la IlInll~rnil.l~ cl la pedialric,

011 1:00IIpl.C en moycnne chnque nnuce 1 OO() nccoucheurents et plus ne 4000 consul­

tnt.inns Ill: nourrisous I:l il I'en pres nutnut de f':III1I1CS «nceintcs. Les rcgistres

snut hien 1.I'II11s ; ils suut disponihles dl:pllis 19491'0111' les neeouchemeuts, dep"is
19741111111'II~scousultnt.inus dl' ~rOSSI)SSI:, depuis 1979 pOllr les autrcs consultntious
et dqll,is H)Ro pour les JlOspila lisn tions,

11 falll pri:eiser '1"1: II~s cnndit.ions "I~ surveillnuce de In grosscsse, d'nceouche­
tueut cl. "I~ soius post-nntnux sout rldal.i\-I~lIl1:nlsntisfnisnntes. Sur les 976 meres

uyunt "onni: naissuuce nux 1 003 culnnts ';'JrI~gisl.r,;s all CMSLcn 1976, R920nlCti:
suivies pendant lenr ~rossesse aver: IllI 1lI0YI~nnc une premiere consultation
di;s le cuurn uf. c111 5e mois, 1:1. une IIIOYI:nIW lIe 4 visit.es. 52 accnnchmunuts seule­

II",nt. (soil. 5,3 !j'o) 0111. ell lieu il dmuiuile uu "ails IIn moycn de transport cnuduisnnt
il la fIIal.c:rllil.l~. Dnus 1.0llS II~s ens les 1~lIfalll.s lllll dl'~ I:xnllli,lllS i, In mntcruite du
eMS!..

Ell "1' IIIIi I:OIIC;I~r'lIl le suivi post-nntul, sigllalons '1"e In qunsi-totnlite des
eulunt.s SOIlt. '''"11Tis nil sein Ill, II"e la llIajOl·il.Il Il'enlrc eux sont snivis en PM I
reglllihellll:nlln I'rl:llliilrl~ nnnec. l.n eOll\,I;I·I.IIrt: vncciuale est. sntisfnisnnte 1'0111' le

l.Ct.anos neountal, II~s Ieunnes elll:eilll.l~s I~I.:IlI1. sysl.crnnliqllelllenl vnccinecs, cl

pOIll' la I.IIII1~rl:ll10SI~ (Ben ehez l'cnlnnt all I~Ollrs (Ill premier mois], Les autros

v:II;I:illal.ions snnt assnri~l~s (le faroll mnins ri~glllii:re (Tctrneoq® nvnnt Ic 6e mois,
HOllvax~ I~IIJ.re 6 mois cl 1111 all).

" s·a~il. Il'lInC 1~IIII"Hc 101l~il.l"lillalc rl'uue cohortc (II~ 1 003 cnlnnts, lies entre
II~ ler jnnvier 11)76 cl le 31 lleeelllhrc 1976 nu Centre Mc"icn-Social de Linzolo
(eMS!.).

TOilS les rellsl~ignelllcIIls concernunt la ~rossessc cl l'accouchcmcnt elaielll

"iSI'0llil"I~s dnns les r':gislrcs "(~ la run 1,I'I'IIil"'~,

1'0111' chnque enfant 2 liches i'Hlividlldle" out He etahlies

--. la premiere rl'groulH: tnutes les "Ollnlle!l coucornant la grossesse et lcs
I:OlllliJ.ioIlS de nuissnnce. Crnee n nx diITI~...mts rl~~isl.res disponihlus, les reuseigne­
IlIcnl.s suivnuts nnt I'" I\I.rl~ I'ri:,;is"~s :

II~ nom "I~ III IlIi:rl~, 1111 I'i~re nt "I~ 1'1'11 fa Ill.,
11: villllgf: '" llI'i~i IIf~.

la da ll: t:I I' Iwul'e III~ I' aeeolll:lwIIII'nJ.,

le poills "Il naissanec, Ics eirl~ollsl.allel~s "I~ l'nccollc!Jcllllml el I'evolulioll
all cOllrs "I:S prellliers jOllrs,

Ics anleeedellls ohsl.HricRllx dies eOI"liliolls IIc sllrvcillnnec lIe la grosscssc ;
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la deuxieme est un quest.ionnairc : deces de moins de 5 ans (Annexe I).

Parmi les I 003 naissanccs, 64R onl cte selcctionnees sur le critere geographiqlle
suivnut : mere doruiuiliee, Iors de I'accouehcment, dans le secteur desservi par le
CMSL. Los 355 nnissances non prises en compte correspondent a des meres dorni­
eilil~flS soit h tlrazza villc (317 cas), soit dnns line autre rcgion du Congo (38 cas)
et aynnt accouche it Linzolo all eours rl'lIn deplacement temporaire.

L'enqllCtc dans les villages, dans le hut de retrouver Ies 648 enfants s'est
derolllee entre le 15 decembre 1981 et le 15 jnnvier 1982, les rneres et [es enfants
nynnt ete convnques nominalcmenl it l'avance par l'jntermerliaire des chefs de
village.

IH:sl1J.TATS

Sur les 648 nnissnnces, 93 snit 14,4 %n'nnt pll Ctre explnitecs I,our les rnisnns
suivnntes :

---- Iarnilles cllligrces hors du sectcur de Linzolo entre 1976 et fill 1981 :
(17 nns :

nhscnce fll~ la IIIhe lnrs du I'as!\age : 15 eas;
- renscignements err-ones sur le villag'l d'origine : 11 cas,

'.'analyse lies eirconstnnces de l'eJl(IIIi:t.~ I'" [nurnit nucun arglllnp.nl. IH~rlllel­

tnnt de pen!\p.r qu'il Y ait une plus grande mortulite chez les enfants perdus de vue
'1ue chez les enfants enqu~tcs.

Ainsi les renseignements concernnut les 5 prf~lIIiilres nnnces de la vie nnl I'll
ctre recueilljs pour 555 naissnnces.

I. Tnua: de IIwrl.nlite.

Sur 555 naissanccs, 71 enlnnts suit 12,8 % n'ont pas atteint leur Se anniver-
snire. Les differents indices de mortnlite sont representes sur les figllres 2 cl 3.

On reticndra essentiellemcut :

- 11 ne mortinatalite IlIl 13 %0 j

- uue mortnlite infantile .Ie 71 %0 rl'l'rl~sf~nll~fl Slll'I.01l1. par la lIIorlalitc
. I [nni e') lI/neo-nnta c nmssnnce-y JOllr, 42 /00;

- IIn quut.ieut Ilc lI\ortalill~ 0-5 am Ill' J 17 %0 (64 ,Ieeils I'0llr 548 naissallel~s

vivnutcs}.

Les causes des 71 dcci~s l~nl·l:gisl.l'I\s pcnvrnt Ctrc rcparl,if~s de la fa"oll Sill­
vnnte :

les causes lilies a la gro,~,w~s,~e etlou. r; Lnccouchement.

1':lIes rcprescnteut pres fie la lIloilii~ des cas nvcc 34 rleci:s (soil 48 %).
--. IIwrLs-Il/Js : 7, suit 20 %, repartis counuc suit :

2 procidcnccs I1u cordon,
2 dystocies,
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morti

Ioeto- infantile

83

infantile
71

perl-natale
54

neo-natale

47 n.n. tardiv
r------

natalite neo-natele /
precoce I~13 24 post41

e

n.n.

.-..
1 AN

• •
7J 28J

-- ...>---_._----......--

28 .. S. NAISSANCE

de GESTATION

FiK. 2. -- 'I'nux Ill: IIllIrlalilt'~ 0-( un,

2 pl'Clllatllrf~s "f~ mnins cif, , 500 g,
..... 1 cause non detcrminee.

prcmntnres et/on hypotrnph,:qrws /liEs vioants : 25 cas, soit 75 %. 11 s'agit ell
rail. iei pillS rle circoustnuces II'"l 1I'II11e veritable cause.

.. detresse /lco-/latale : 2 ens suit 5 110.

. ... le« autres causes.

Elles rllgrollpcllt les 37 nutres c1Cd:s (52 %).
Elles se conccntrcnt essontiellcmcnt npres 1 III11is et sont dominees par les

cI,iologies inlectieuses avcc en premier lien In rougenle (15 deces soit 21,1 %'
fie l'ensemble des dcees et 40,5 % de ceux non lics dircctement a la grossesse et it
I'aceouchcrncnt]. Lcs diarrhecs vicnncnt ensuite avec 4 ens. On reIeve une pneumo­
pathie et line coquclueho.

l.a malnutrition (2 ens) et les anemies (3 ens, dont 2 snnt en rapport avcc une
drepanocytose homozygote) sont a I'origine de 12,5 % des dcees de ce grollpe.
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Naissance
•
1
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4 5 ans

Oil rel.rou v« I'al' ailll'\I"s ::? l rnu mnt.is u ...S 1'1. \1111' 11.0"1. su hit.r-. J.I'S nu l rr-s

"~I.iolo~il's (R ens) SOIlI, illrlf'~l"',IIIilli,l's lIIais f'I'S .If'~c:i~s S01l1. SlIr\'I'II\1S f'lI fl,'!Jo"s .1"
1.0111 synrlrollw ff"III'iJ.' 011 (.oll\'lIlsir.

IlJSClISS'ON

NoITf~ '~II'1l1i'll' fail. f',l.al. fl'lI11 1,:IIIX dl' 1I111\'l.alilp. illfalll.ill' rll' it,::? '~';'O' llil'lI
f/II'il s'a~issf~ 11'11'11' dlld,' 1'I"I,'osl"'f'li\',', I'llI' Ill' f'fllllporl.l· I'as II' risqm- fl'o,"issioll
des fl.\c:i~s par rilltl'lTo~aloil'l', "111111111' ,Ialls !Ps I'IIII"(~l.f:S Iwhitlwlll's, En I'ITI'''
il I1f~ s'ngissnit "as dl' dl'IIla'lIll'" 11 'OIlI.I'S Il's lIli:"l's dun \'illagl' eO'IIJ,i"lI I'lIl's
nvnicnt 1"'1'11\1 d'l'lIfalll.s, "01111111' ('l'la I'st II' f'as dalls It,s 1"III"f~tl's ri,t,'osllI'e:ti\'l's
dnssi"\ll's, POll r d1:1II1I1' fl'"'"'" a,\'allt a"f'olll'l,,\ all CI\ISJ. I'll Ill7h, 1I11l' li(,lw
l'OlllJlfll'lall1. k 110111 Ill' 1('111' I'll fa 111 , II' S"XI', le !,oifls Ih' lIaiSSall('1' f'I. ta rlall' d,'
f'f;lh'-f'i 1.'111' a f"If', I'rf\SI' 11 I,',I', 11 s'agissail, nlurs .II' fll'lIla,,,I('I' si f,,'1 1'lIfalll i'lail.

vivnnt (1'1. dalls "I' I'as I'l'x:ll11i,wrJ, 1111 df"f "'df': (1'1. Ilalls f'l' f'as "l'llIl'li,' h' 'IlwsliOIl­
llai,'(~ If d"~f'i's df~ ,,,oills .11' ,i ailS )I),

()\loi 'I"'if 1:11 soil. f'l'lll' (',t,lIdf' 1'1'1"011\'(: df'S tuux .1,: '"oJ'l.alil.f'~ nvnut 5 ails
lIettell":JI1. illff\rielll's I. fOf'lIX hnhitlll'lI"'"I'lIt allrllis IInUS f:cUe region rill 1110,,,1,,,

La '"l1rtalitli inlunt ilc I'll Afl'i'llw Noire csl. f'onsillcri,e C:f1I1II1H: l'une des plus
elevcc f't se sil.lwrait. en IIlflyl'llne, rI'a!'J'{:s lIJW dlll/e de VAJ.I.JN (12) puhlico en

1~7G, nut our de 200 %0'
J.n rql"f:sl,"1 al.i\'il'" df~ 1I0fTf: ..~,'ltnlltilloll 1I0llS parnit 1101I1If~ dnns la '1II'SIII'C

ou lcs 1'lIfallls retrouves il !'''f'('asi,," rlf' f'dl.,: elllJllcte 1'lIl1sl.il.,wllt plus tics 3/4
des euluul s :igfis rln 4 1\ 5 ails vi vu nt dnlls I,~ s.'t:tem' fIe Lillzolo,

Cos rfislIll.a l.s 'I"i "f""Tail'lI1. i:t re a It ,'il'lIi:s 11 I'clJi"af'itc pl'O""C .111 Celllrc
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M,idieo Soeial ,:ollsid,':I',i, ne sl:III11I':II1. "as s"f:eili'lIw all sccteur ,11: Linzol« puis­
'1"'"111' ":1.11111: prospective ':11 ':OIIl'S "al' 1'1 IltSTI IM duns la IIICIIU: rf:~ioll ,Ill Pool
mais rlans le sectcur rle Kinknln, il 7') kill i, l'nuest de Brazza\'illc, retrou vc IIJ1 tnux
de 1I11,rl.ali"'l infantile de 62 %0 (3),

L'lS tuux de II10rlalilfl illlaJll.ihl lI11l':IIII!' 11 pal'l.ir de stntisf.iques nllieiclles
pllhliccs I·Il,:elllllll:1I1. all COII~O vuriun]. rluus ,1,:1'1 proportinns importnntes tnnt il
Brnzzn\'illc (58,9 %'0 ':11 1!J74 il R7 %0 ell l!Ji9) (r.r r) qu'en wile rurnle oil des
ehilTres de 250 %0 IIl1l clc rapporl.,ls ell 1!J77 (6). L,:!' conditions rl'ouquete dilliciles
et souvcnt diIT,lr,:nl.e!' rcndent 'llllllpl.e, tout all mnins en parl.i'l, de ces impre­
cisrons.

1.1' Inhlcuu I rl'~rOIl"e rles r,:slllbll.s Tfleelll.s cuuccrun nt des "ays d' Ah'i'llIC
Nnire non sa h,ilil:n!'.

TAIlI.EAl! I

7'1//1.:1; de IIwrt.l/lil.l! in/ill/till! en France
I:/. dun» ·3 fI"Ys ,I'llrriq/l.': Noire 5;/ul-s"/,,Uiell/w.
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l Jnns nntre ~t.udc In JIIorl.alil.'\ ..sI. dOIUillll" "aI' I,:s enuses licl's 11 la l!1'O!'!'C!'!'C
el./ou 11 l'a,;coI,,:I"lll":III., p:II'llIi l'ls'1"dlcs la pr'~IlI:'luril.c repniseut.o 75 %, cc
qui rend compte d'lI11 tnux rl'lal.iHlIlelll. f:le\'c de II10J'I.inal.alil.c (13 o;o~) et
surtuut de murtn lile nco-nu I.:d'l 1'1'1\1'111'1: (41 IX.O)'

Dc plus, il esl. possihle que ces tnux snicn], snus-nsl.imes, surtnut "ollr 1:1 1Il00'l.i­
Ilal.alil.'i. En r-Hcf., l'el'laillCs ,lysl.ol'ies IIldl.alll. I'll jr-u la vio ,te la 111;'1'0 "I. !'f' t.er­
minnnt "I'CS'II".: tnujnnrs )1111' 1111 al'I'olll'l"'III(;1I1. de IIllll'l.-i"ls (6palll,: 1,,~!!ligce,

Irollt. J:l. lace ':IIe1a\'(·:s.... ) 0111. pu "'1.1'1: ,'!\':II'l,,'!l'S Sill' ltrnzzuville \'11 r:dISI'Ill'e de
possihilil.,ls "hil'lIl'gical,:s I,"'all's. 1:,:1'1 :II'I'IIII..I":lIll'lIls 11'0111. pa!' I'" 1:I.I"l 'lllJ"l~i!'I.I'CS

all eMSL.

PaJ'llli 1,·1'1 nut.rr-s CalIS..S cI'l d":I'i's, la Illllit.ii: SIIIII. ,rlll'i~illl' illrl'diellsl' a \'('1: IIIW
JWI.l.,: 1"'''!,lllIlIillallJ:ll de la J'IllI~l:"II" I fll': "I"llIl~11' paralli-I.., ..IT..,'I.I"·!': elu-z
1 676 elllanl.s de mnins ,I'l 5 :1111'1 hosl'ilalis,'ls I'll II)~O-19RI nu eMSL (5), rr-trnu vc
des tnux "IIIIII"'l'allles (10 d'\l'I'lS Sill' 42 suit 24 7,,).
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Lcs deux deces cnnsecutils n 1II1C dl'cpnllocylose temoignent de la frequencc
de cclle hCllloglollinopnlhie all COllgo : 20'% de sujets AS (9),

L'nllsellcc de deces par I.elallos est it relever et s'cxplique par line couvorture

vnceinale specilique sa tisfnisnuto duns la rcgioll de Linzolo.

Les ctiologies ilHlclerllli,u'~I~s, (11li representent 22 % des ,Icces enlre I mois

III 5 ans, cnrrespundnnt a ceux pour lesquels I'inlcrrogntoire de In mere n'a relc\"l~

lIi licne, ni couvulsions, ni rOllgcohl, ni diarrhee, ni nncun symptfime [a isant
l'uhjet du ques tiounnirc 11 I>i~ei~s dl' IIIOillS (Ill 5 nns ». II semhlernit que ces deces
suicut constitues prillc:ipnlcllwlIl. par In nmlnutrition et les nll'~lIIics, si I'on tieut
compte des resultnts olll.flllllS nil CI\ISL ell 19R1 nil cnurs de l'enquate precedcm­
nu-nt I,il.el: (5) 011 dies rPl'rcsI~lIl.njelll. n-spectivetueut 19 % el. 10 % des causes
dl~ IIlOrl:dil.e enl'cgisl.ri:,:,

Bil:Il II'll: II~ II01l1hre de dl:d:s soil. 1.1'01' Ia ihle p01lr permcttro IIJlIl analyse
del.aillee des nutrcs i~liologil:s, 011 relllnrcl'lf' cependant qu'aucun deces ne semble
Ilc\"llil' Ctre at.trj hue dircuteuu-ut nu pnludisme.

Cel.le absence est rCIII:lI''IlIall\,: cnr le pnludisme dam eclte region du Congo

I'S\. enrnell~risl: I'nr 1I11f: 11OIoe'HI'~llIieil.l: slnlll,: (2).
1J1Il: elllde longilllllinale ell cnnrs dalls I:CllllCIIII: \'illnge (TnA I'E et al., a paraUre)

uiontre nntn nuunnt :

- IIW: forle prl:\'nll:llcc : ilHliees plnslIlodill'":S, etal,lis Sill' l'examen lie
200 chnmps cn gOlllJ.e i~pnisse, de 76 '10 chez les cnlants lie 1-4 ans (efTeetif : 90)
cl de ii % ehcz II~s I\eoliers rle 5-14 ails (l'fTI:dif : 39i),

1I111' ncttc prcdolllillancc dl: /'IIISl/wdiIt11l [alciparuni qui est rctrouve, seul
Oil en association nvec P, malarine ot P. (wale, Sill' 96 % des lames positives,

.- uno fortc intensite ,11) trausuussiun, sa ns varjations saisnnnieres majeures,

n ven en lIIoycnne pills d'une pil!,irc inlcctnuto par nuit et pnr personne pour
It nophele» gambiae.

l.a rarete des lormes severes du paludisme dans celte region du Congo (10),
si clle etnit confirmec, pourrnit etre la consequence de l'ncquisition tres precoce

d'une inununite stable et protcctrice, dll Init du caractere intense et permanent
lie In trnnsruission. CepelHlnnl il cxiste nne lihr« circulntion assez impnrtantc de

chloroquine dnns eell.e rl:gion IJlli pourrnit egalelllenl expliqllcr cc phenomene.

11 I~SI. pnr cuntre pos~illlc: '1111: If: pnludisui« suit IIn des fnclcllrs responsahles
de In hnute frcqllcllel~ lies premnt.nres et par eOllscIJllcllt du taux relntivemcnt
impurtnnt (le IIlOl'lalilc I'crillalale retrnuve duns nolre enquete.

11 E~' E IlC1IDI ENTS

NOlIs tClIOllS i\ relllcre:ier le Dodellr VOUII.I.AUME, Spccinliste de Gy"ccologie­
O),stclrillue. Mcdeeill 1111 Serviec de Santc dels Armees qui a Lien voulu relire
notre IIInnllserit et apporter qllelqlles critiqlles.
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ANNEXE I

Enqrtete mortnlite.
Morbidite chez l'en{ant de moins de 5 ans en milieu tropical.

QUESTIONNAIIIE : J)(':d:s liE MOINS liE SANS

UTILIS(~ POUH L'ENQUf.:TE LONI:JTlJIIINALE

"3

D"10 ,I" I",s.ag"
Vill"go

Nom:
Prl:llurn
Villag., ,I'll.igi,,,,
Nom ,I" 1'1'::IIE :
Nom de I" M(.;11 E

DATE, DU Il(.:cf.:s

Hf·IHU:i~lIf·tnf:n'1=I rcmrllis par:
-+ ~r;'rl~

ENFANT 1l(.:C(.:IJ(.:

S"x" : M'F
Ilak (II~ "lIaissallt:I'
N° uc t e fh~ unissnnce :

ACE IlU J)f.:c~s

- 24 hcurcs

JI h .17
--_...- ... --'-- _._.-

J8 h J28

I It 6 Inll18
------ --------

r, mnis h I 0"

I h 2 01119

-----
2 ,', ,1 nil!=!--_._-
"h 4 11111

4 It ~ /II1M

+5 ails

SYMPTOMES AVANT I'll (.:c:(.:Il(.: LE Il(.:cts

1:""1,,,,1 nvnit-j! ,I., la FII~:VII E?
1.',,,,la"l nvnir-il dr-s CONVULSIONS?
1.'.,,,la,,1 avnit-il In IIOUI;J':OI.E?
1.'""la"l TI IIISSA IT-il?
1:""1,,,,1 a\'ail·il ,I"s 11IFFICIJI.T(.:S !"'''' JIESPIIIEII?
L'r"la"l a\'ail-il.I,," VOMISSI,:MENTS?
1.'""la"l uvait-il In IlIAIIIIII(.:E?
1"",,1""1 nvnit-il ~IAI";III?

L'cnlant nvnit-il des IElli,MES?
,I" VISAt;E
cl". MEMIlIIES

L'cnlnntnvnit-il des SII;N ES CUTAN (.:S?
l:rnla"III\':,il-il.I". IJOULEUIIS?

SII'::I;E ,I". douleu rs :
AUTHES SYMPTOMES

Bull. Soc. Path. Ex., nO I, 1984.

our , NON
Olll , NON
(l1J) , NON
OUI , NON

, OITl , NON
OITl , NON
OIJT , NON
OUI , NON
OUT , NON

(1111 NON
OUI NON

8
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SUMMARY

For a growing number of citizens, the upheavals caused by rapid

urban development completely transform malaria epidemiology in tropical

Africa. The author presents here the first of a series of articles

on the study of th i s phenomenon in Brazzaville, capital of the Congo

Republic, where already a third of .the. cmmtty's population is concentrated.

After a description of the main human and physical geographical aspects

of the town, we review the most significant results of the studies presiously

carried out in this town and in the surrounding rural area. They show

the existence up to the 'Seginning of the 1950's of a stable holoendemic

situation characterized by a malaria prevalence approaching 90% in

children in urban as well as rural areas. After this date, the intensive

development of anti-malaria campaigns in urban areas over about ten

years led temporarily to a considerable decrease in the level of ende­

mici t y, while in rural areas it remained unchanged. In the 1960' s,

the vector control and systematic chemoprophylactic measures were gra­

dually stopped, thus permitting the study of a new malaria dynamic

related onlyt6 the growing originalities ,of a changing urban ecosystem.
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INTRODUCTION

A high demographical growth combined with mass emigration from

the rural areas to the towns explains the spectacular development of

urbanization in tropical Africa where, in 1960, no town could count

a million inhabitants~ In the year 2000, 40 towns will have a population
, ,

of over a million (United Nations, 1985). The annual growth rate of

large African to~ns frequently reaches 6 to 8% (Dakar, Monrovia, Accra,

Lome , Douala, Dar es Salaam), sometimes 9 to 10% (Lagos, Yaounde ) or

even 11 to 12% (Abidjan), which corresponds to a doubling of the popula­

tion every 6 years (MARGUERAT, 1978). Whereas only 8,9% of the tropical

African population was urbanized in 1950, this proportion reaches 25,2%

in 1985 and will approach 36% at the end of the century (United Nation~

1985).

The consequences for malaria of this major human geographical

upheaval have rarely been studied up till now. In a recent review,

BROCEriJiHATI (1983) only rentioned about Africa the work of VERCRUYSSE and eo-workers

(VERCRUYSSE & JAOCWES, 1981; VERCRUYSSE et a1., 1933); to which the works of FASAN

(1969), ~I et al. (1982), GARDINER et al. (1984). and SEXION et al. (1984) must be ad­

ded.Our present knowledge of malaria epidemiology in, tropical Africa, which

comes mainly. from studies carried out in rural areas, does not help

us to understand the much more complex situations observed in urban

environments; and former studies carried out in urban areas are impor­

tant only in an indirect way for the comprehension of the epidemiologi­

cal situation of a rapidly increasing proportion of Africans. Even

in the case of a relatively small urban growth rate, such as Freetown

for example, there is not much in common between the small town of

a few tens of thousands of inhabitants rerarkably studied by BlJ\CKI.a:::K & EVANS

(1926), MACDONALD (1926) and WALTON (1947,1949) and the present town

of over 500.000 inhabi tan t s • All the essential epidemiological para­

meters whether entomological or parasitological, clinical or therapeutic

are likely to be affected by the ecological and sociological changes
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which accompany the urban population explosion in Africa.

The present study was carried out in Brazzaville, capital of

the Congo .Republic which is the most urbanized country in tropical

Africa. The proportion of citizens was 11% in 1945, reaching 24% in

1955,35% in 1965 and 56% in 1974 (AUGER,1977). At the present time,

with more than 500.000 inhabitants, Brazzaville alone contains a third

of the country's population.

The aim of this study is on the one hand to specify the main epide­

miological and clini~~l aspects of malaria in Brazzaville at the present

time, in view of the diverse epidemiological situations possible in

this town, and on the other hand, to define the influence of

urbanization in order to get a general outlook on human

malaria in central African urban regions.

In this first article, after a description of Brazzaville, we

review the main parasitological and entomological surveys previously

carried out in this town and the surrounding rural area.

PRESENTATION OF BRAZZAVILLE.

POPULATION AND HABITATION.

At the present time the population of Brazzaville is 500.761

(GONDZIA,1983). The population was 92.520 in 1955, 127.964 in 1961

and 316.878 in 1974. The main stages of growth can be seen in Figure

1.

From the administative point of view, the town is divided into

7 districts, which form two distinct groups comprising almost the total

population. These two groups are to the South-West and North-East res­

pectively of a vast cen tra l area with a separate administration-the

town centre- comprising the airport, the administrative and commercial

sectors, numerous open spaces and the original European residential

quarter (Figure 2).

The first group is nade up of the administrative. districts of Bacongo (:D.758

inhabitants), Makelekele (99.574 inhabitants) and Mfilou-Ngamaba (35.417

inhabitants). The oldest district is Bacongo, which in 1950 was already
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urbanized up to its present limits. The most recent extension, since

1965, corresponds to the district of de Mfilou-Ngamaba and the western

half of the district of Makelekele~:

The second group is made up of the districts of Poto-Poto (50.932

inhabitants), Moungali (71.348 inhabitants), Ouenze (90.274 inhabitants)

and Talangai (84.198 inhabitants). The oldest part is Poto-Poto; its

limits were already largely overreached in 1950 when the town also

extended over a pa~t~of the present districts' of Moungali and Ouenze.' The

most recent extension is Talangai where urbanization began around 1965.

The town centre, despite its vast area dividing the town into

two, only contains 18.260 inhabitants,or 3,6% of the total population.

The term "town centre" designates in fact a heterogeneous zone compri­

sing the high-level administrative, commercial, industrial or residen­

tial sec nors , as well as the airport, and many open spaces. It thus

contrasts with the rest of the town, extension of the ancient Cite' Af­

ricaine dating from colonial times, situated on either side of the

"European town". For reasons of simplification in this article, we

will therefore use the terms "town centre" and "African town" to des­

cribe these two different zones.

Most of the dwellings in the African town are built on the same

model, a plot consisting of a yard with a low construction of three

.to six rooms. A corner of the yard is reserved for cooking,

but this may also be done in an adjoining room. Some fruit trees are

planted in the yard (usually mango, avocado and safoutier trees) •

In the older and more central distric ts, an extra construction of one

or two rooms can often be seen. Cement or adobe bricks have been used

for building for a number of years, replacing the traditional poto­

p'oto (tempered clay with a double reinforcement of wood). The floor

is usually of cement, and the roof is of corrugated iron fixed on a

wooden frame.

The system of plots and self-construction explains the spacial

extension of the town, which preceeds by a long period the actual popu­

lating of the zone. In the older districts, the population density is

about 200 inhabitants per hectare Cl hectare = 2,47 acres). In the
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recently urbanized districts, the population is .Le'ss than" 50 inhabi-

tants per hectare (AUGER &VENNETIER, 1976).
.'

Accomodation in general is of; - relatively good quality, superior

to that of many African towns, and extremely homogeneous as a result

of the small differences in income . (a margin of 1 to 4 between the

25% poorest families and the 25% richest) and the absence of ostenta­

tious spending in this domain. The inegalities can mainly be seen in

public utilities : electricity and water supply; only 32% of families

have water and 11% ei~ctricity (URBANOR,1980).

The absence of social segregation can also be observed between

the different districts; except the town centre. All the different

salary levels are represented, and the monthly wage per family varies

from 36.966 CFA francs -in Talangai where it is lowest, to 53.298 CFA

francs in Moungali where it is highest (URBANOR,1980). However, ethnic

affini ties play a Large role in the occupation of urban space; thus

Makelekele, Bacongo and Mfilou-Ngamaba are mainly inhabited by theKongos

in a proportion of between 87,7% and 95,9%. The proportion of Kongos

is also high in Moungali where it reaches 79,5%, whereas it only

reaches 13,7% in Talangai where the Teke and Mbochi ethnic groups domi­

nate (78,5%). The most equal distributions of ethnic groups are to

be found in Poto-Poto and Ouenze (URBANOR,1980).

CLIMATE

The main climatic parameters in Brazzaville can be seen on Tab­

le I. The two main seasons contrast by the difference in rainfall.

The dry season lasts four months, from June to September. Rainfall

is practically inexistant, but dew and morning mists are common. Average

temperatures are the lowest of the year with minimas between 17°C and

19,9°C. There is little sunshine due to thick clouds. The wet season

lasts eight months, from October to nay. Rainfall is abundant, usually

in the form of violent storms in the evening. During

several weeks in January the rainfall becomes lighter giving rise to

the term "short dry season" which however has all the other characteris­

tics of a wet season.
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The mean annual rainfall in Brazzaville, calculated over a period

of 34 years is 1.374,1 mm. A maximum of 1.716 mm ~as measured in 1961

and a minimum of 990 mm in 1978. The years 1982 to 1984, during which

this study was carried out, had normal rainfall with respectively

1.236,1.396 and 1.092 mm. The most rainy months are November and April

with an average of 264,4 mm and 204,1 mm .of rain. The driest months

are June, July and August with less than 4 mm of rain each.

The mean relati~e humidity is always high and shows only a little

seasonal variation. The humidity is 83% during the most humid month

(December) and 73,4% during the driest month (September). The mean

minimal relative humidity, which usually corresponds with the beginning

of the afternoon when the temperature is highest, varies according

to the month of the year from 60,8% (December) to 51,8% (September).

The average daily temperature is 25,1°C taken over the whole

year. Its monthly amplitude is small, with at each extreme, 26,5°C

inMirch-~ril and 21, 9°C in July. The mean minimal temperature is

20,3°C. It is always more than 21°C during the rainy season, but goes

down to 17°C in the dry season. The mean maximal temperature var i es

from 31,5°C (M:lrch and ppril) to 26,7°C (July). It is 29,9°C for the

whole year.

REVIEW OF PREVIOUS SURVEYS.

PARASITOLOGY

The first malaria survey in Brazzaville was carried out in 1918

by LEBOEUF on 71 children aged under 5 from Bacongo and Poto-Poto.

The malaria prevalence observed was 29,57% (Institut Pasteur,1919).

Out of the 21 infections detected, 8 were attributed to P. praecox

(=P. falciparum), 11 to P. vivax (= P. ovale) and 2 to P. malariae.

In July 1926 and February and April 1927, three new surveys were

carried out by LEDENTU and VAUCEL (1927). 1.810 blood smears were taken,

of which 600 were from children under 5 years, 538 from children from

5 to 10 years, and 672 from children from 10 to 15 years. The malaria

prevalence was respectively 37,16%, 26,39% and 16,36%. Out of the 475
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infections detected, 161 were attributed to P. falciparum, 242 to f..:..
ovale, 22 to P. malariae and 50 remained undetermined. In the total num­

ber of blood smears, the proportion:of forms with gametocytes was 1,32%

for P. falciparum, 1,41% for P.ovale and 0,16% for P.malariae.

In October 1931 a survey of 239 children was carried out in 6

districts of Brazzaville. The global malaria prevalence was 63%. P.

falciparum represented 33% of the infections, P.malariae 60,2%, P.

ovale 1,3% and the association P. falciparum-P. malariae 5,3% (Institut

Pasteur, 1932). M~r~ surveys took place in May and August 1932 on

"numerous" children from 0 to 10 years. The malaria prevalence was

then respectively 93,95% and 92,53% (Institut Pasteur ,1937).

In June 1935 thick blood films were taken from 100 children from

o to 15 years chosen at random from the population of Bacongo , The

global malaria prevalence was 80%; in the 54 children from 0 to 5 it

was 88,9% (Institut Pasteur,1936).

In 1936, 256 children from 0 to 10 years from Bacongo, Poto-Poto,

Police and M.ili tia camps were examined. The malaria prevalence was

90,62%. P. falciparum represented 33,68% of the infections, P. ovale

13,90%, P. malariae 3,74%, the association P. falciparum-P. ovale

29,41%, P. falciparum-P. malariae 11,23%, P. malariae-Po ovale 5,35%,

P. falciparum-P. ovale-Po malariae 2,67%. The presence of gametocytes

was observed in 45,70% of the children. The P. faltiparum gametocyte ra­

te was ?7,11%,(Institut Pasteur, 1937).

In a survey conducted in Bacongo by MERLE (1951), 37 schoolchild­

renaged 6 to 9 years out of 66 (56,06%) were infected by P. falciparum.

The following years., LAMY & LAMY (1954) carried out a survey on 244

infants, 553 children and 209 adults from Poto-Poto, Bacongo and Ouenze.

The malaria prevalence was 31% in the infants (Poto-Poto : 7%, Bacongo

45%, Ouenze 25%), 46,5% in the children (Poto-Poto : 52,5%, Bacongo

46,5%, Ouenze 37%) and 14,3% in the adults (Poto-Poto : 21%, Bacongo

8,6%,Ouenze 8%) •

In 1954 MERLE & MAILLOT (1955) took blood samples from 599

children from Poto-Poto,Bacongo and Ouenze after a malaria eradication

programme. The malaria prevalence had dropped to 3,16%.
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In July 1973, a study of the whole of the Brazzaville urban area

was carried out by GUEYE & ODETOYINBO (1974). 1.)40 children from 0

to 14 years were selected at random. The general malaria prevalence

was 11,9% with a maximum of 12,6% in the 10-14 age group (270 children).

In the different districts, the highest malaria prevalence was in Poto­

Poto and Talangai (23,8% and 21,8%) and the lowest at Makelekele (4,6%).

All the infections detected were attributed to P. falciparum.

In April 1980,_a survey was carried out by MICHEL et al. (1981)
.' --

on 125 schoolchildren in Talangai. 28 schoolchildren (22,4%) were

positive (27 P. falciparum infections and one mixed infection P.

falciparum-P. ovale).

In the rural area around Brazzaville numerous parasitological

surveys were also carried out. In 1936 J blood samples were taken from

145 children aged 0 to 10 years from 4 villages in the south-western

outskirts of Brazzaville; 142 (97,93%) were found to harbour parasi­

:tes' (Institut Pasteur, 1937). In each village studied the

malaria prevalence was over 90%. P. falciparum represented 20,42% of

the infections, P. ovale 4,92%, P. malariae 0,70%, the association

P. falciparum-P. ovale 28,87%, P. falciparum-P. malariae 16,90%, f:..
falciparum-P. ovale-P. malariae 28,16%. The presence of P. falciparum

gametocytes was observed in 40,69% of the children. The same year,

blood samples were taken from 70 children aged 0 to 10 years from 3

villages in the northern outskirts of Brazzaville. 65 of them (92,85%)

were positive (Institut Pasteur,1937). P. falciparum represented 29,23%

of the infections, P. ovale 21,54%, P. falciparum-P. malariae 21,54%,

P. ovale-Po malariae 3,07%, P. falciparum-P. ovale-P.malariae 20%.

The presence of P. falciparum gametocytes was observed in 32,31% of

the children.

In 1943 and 1944, blood samples were taken from 71 children under

10 years of age from 3 villages near Brazzaville during a screening

for sleeping sickness (Institut Pasteur,1944 and 1945). All except

one had positive thick blood films. P. falciparum represented 57,14%

of the infections, P. malariae 2,86%, the association P. falciparum­

P. malariae 28,57%, P. falciparum-P. ovale 10%, P. malariae-P. ovale
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1,43%.

In 1961, an OMS survey (MAFFI et a.l , , 1962) was carried out in,
7 villages. in the south-western outsk.i r t s of Brazzaville where there

was a weekly distribution of chloroquine among children from 0 to 5

years. The malaria prevalence was 30% between 7 months and one year,

52% between 2 and 4 years, 79% between 5 and 9 years and 71% between

10 and 14 years.

In 1973, a survey was carried out by GUEYE & ODETOYINBO (1974)

at Nganga-lingolo, 'a' village situated at about 10 kilometres from

Brazzaville. Out of 144 blood samples taken from children under 15,

only 14 (9,72%) were positive.

In 1974, CARNEVALE et al. (1975) took blood samples from 782

children from 0 to 14 years in 4 villages situated to the south-west

of Brazzaville. The malaria prevalence was 28,2% before the age of

2 (out of 39 children), 48,3% between 2 and 4 (out of 60), 46,3% between

5 and 9 (out of 330) and 45,6% between 10 and 14 (out of 353).

In the village of Djoumouna, 15 km to the south-west of Brazza­

ville, 927 smears were taken from children under 5 and 2.601 from

children from 5 to 15 by CARNEVALE (1979) over a period of 6 years.

The malaria prevalence was respectively 32,04% and 35,8%.

In the village of Linzolo, 25 km to the south-west of Brazzaville,

a longitudinal survey carried out by TRAPE et al. (1985) showed a

malaria prevalence of 78,4% between 1 and 4 years (out of 102 children),

76,4% between 5 and 9 years (out of 500), 82% between 10 and 14 years

(out of 616), 70,1% between 15 and 19 years (out of 137), 55,6% between

20 and 39 years (out of 45) and 36,3% aver 40 years (out of 102).

ENTOMOLOGY

The first entomological surveys carried out in Brazzaville by

MAILLOT & GREJBINE(l947) showed an abundance of Anopheles gambiae in

all districts of the town. MAILLOT (1953) found two types of breeding

places for this species : (1) rainwater breeding places formed mainly

by puddles of water on the road, in yards, gardens, open stone pits

and ditches and (2) breeding places. alongside streams. Among the other

potential vectors of malaria, only A. moucheti was relatively abundant,
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but only during a short period of the year (January and February) and

in a .limited area of the town bordering the River Congo. This is in

fact the time of year when the level of water -iri the river is f a l l i ng ;

many temporary breeding places are thus formed, especially in the

pools where floating water hyacinths are caught by the fall of the river.

The inventory of the anopheles of Brazzaville and its region

was later completed by LACAN (1958), BRADY (1961) and ADAM & SOUWEINE

(1962). On the map ~~wing the distribution of anopheles in the Congo,

ADAM (1964) pointed out 11 species for Brazzaville: A. gambiae, h
brunnipes, A. cinctus, A. hancocki, A. marshalli, A. moucheti, A. nili,

A. rhodesiensis, A. coustani, A. obscurus and A. paludis. However h
gambiae alone represented almost the totality of the anopheles captured

on human bait or in habitations (MAILLOT, 1953, MERLE & MAILLOT, 1955;

BRADY, 1961; ADAM & SOUWEINE, 1962; ADAM et al., 1964; NOAMESI et al.,

1972; GUEYE & ODETOYINBO, 1974). For this reason, this species has

always been considered as the only malaria vector in Brazzaville.

Successive determinations of the sporozoite rate showed high levels:

7,5% for 1.672 A. gambiae dissected from 1948 to 1951 (MERLE &MAILLOT,

1955), 4,4% for 136 A. gambiae dissected in 1954 and 1955 (MERLE &

MAILLOT, 1955), 4,5% for 1.723 A. gambiae' dissected in April and May

1961 (BRADY, 1961; ADAM & SOUWEINE, 1962) and 2,3% for 1.092 A. gambiae

dissected in March and April 1964 (ADAM et al., 1964). Because of their

rarity, very few other species have been dissected in search of sporo­

zoites; MAILLOT & GREJBINE (1947) found 2 A. moucheti infected out

of 23 examined, and MERLE & MAILLOT (1955) pointed out the absence

of infection in A. paludis in the "small batch" of anopheles of this

species which they dissected.

In the rural area around Brazzaville, all the surveys carried

out up to the present time also show a high predominance of A. gambiae

in captures using human bait, or in habitations. However, this predo­

minance is always less pronounced than in urban areas. Depending on

the villages and the seasons, certain species such as A. moucheti,

A. paludis, and A. funestus may represent more than 15% of captures

(BRADY, 1961; CARNEVALE & LE PONT, 1973; CARNEVALE, 1979; NZIAMBOUDI,

1982; BISINDOU, 1984; TRAPE & ZOULANI, in press). The other anthropophi~

lic species captured were .hnili,_ A.'hancocki and A.brunni"pes, but always
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in a very low density.

Most information on the sporozoite rate concerns A. gambiae.

BRADY (1961), CARNEVALE (1972) and,NZIAMBOUDI (1982) observed global

sporozoite rates of 11,5% (out of 61), 5,41% (out of an unspecified

number) and 3,65% (out of 438) in various villages on the outskirts

of Brazzav i l Le . Out of 42 A. moucheti dissected by BRADY (1961) none

were found to be infected. In Linzolo, the sporozoite rate during the

wet season was 2,60% for A. gambiae (out of 3.689) and 1,57% for ~

funestus (out of 191). In the dry season, it was only 0,71% for ~

gambiae (out of 1.555) (TRAPE & ZOULANI, in press). In Djoumouna,

CARNEVALE (1979) found a sporozoite rate of 3,37% on dissection of

9.390 A. gambiae. In this village the rare studies on the bLonomtcs of

A. gambiae in the Congo were carried out (CARNEVALE et al., 1979).

The anopheles population of the gallery forests near Brazzaville was

studied by GREJBINE et al. (1977 a .& b)i it is mainly made up of h
paludis.

MALARIA CONTROL

The main stages of malaria control in Brazzaville, its organi­

zation, methods and some results obtained, have successively been

described by MERLE & MAILLOT (1955), ADAM et al. (1964), NOAMESI.,.gL

al. (1972), GOMA (1972) and GUEYE & ODETOYINBO (1974). It concerned

originally the eradication of culicidae in general, and consisted of

several distinct periods. Until 1947, anti-larvae measures only were

taken, by means of sanitation improvement, drainage and destruction

of breeding sites. These methods were continued from 1948 to 1951,

when anti-imaginal measures were started, by spraying habitations with

DDT and HCH. from 1952 to the beginning of

the 60' s, the an t f.-cu l t c i d i an measures became intensive, considerable

funds being available for both personnel and equipment: systematic

treatment of breeding sites, applications of insecticide to habitations,

and aerial spraying. As well as DDT and HCH, Dieldrin was used from

1956 to 1959. However, in 1961 A. gambiae was found to be highly resis­

tant to the latter two insecticides while it remained sensitive to
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DDT which was later used in combination with malathion. At the same

time, systematic chemoprophylactic measures were t.aken in schools and

infant welfare centres. The result of all these measures was a reduction

of the density of anopheles and a considerable decrease in the degree

of malaria endemicity (MERLE & MAILLOT, 1955). However the transmission

of malaria remained uninterrupted in Brazzaville. Gradually, the

combined effects of the growth of the town and financial difficulties,

slowed down the anti-malarial measures. The chemoprophylactic campaigns
, 'j

in schools were interrupted, and only pregnant women and infants

received chemoprophylaxy in the mother and child welfare centres. The

anopheles eradication measures, which even in the early 60 r s covered

only a part of the town, gradually diminished until only a few breeding

sites were sprayed intermittently. A considerable effort was made to

improve the health services, but this proved to be dramatically insuf­

ficient for the growth rate of the town.

DISCUSSION

Contradictory results of numerous parasitological surveys carried

out in Brazzaville and the surrounding rural area gave rise to diver­

gences of opinions concerning the level of malaria endemicity in this

region of central Africa. The surveys effected by the .I~atitut Pasteur

of Brazzaville between 1931 and 1944 all gave malaria prevalences of

over 80% in children under 10 living in Brazzaville and the surrounding

regions, pointing to the presence of holoendemic malaria. During this

period, similar resul ts were observed in the whole of the Congo, wi th

the exception of a few villages situated on the Bateke tablelands,

where, because of the nature of the soil, there exists hardly any

surface water (Institut Pa~teur,.1938).

These results r emai.ued generally unknown to the following authors who nearly

all reported much lower malaria prevalences. In urban areas, the low

prevalences observed by LAMY & LAMY (1954) and MERLE & MAILLOT (1955)

can easily be explained by the importance of the anti-malaria campaigns

at this time, but this explanation does not apply to the studies conduc­

ted _in rural areas. The results of surveys carried out by GUEYE & ODEIOYJMOO

(1974), CARNEVALE et al. (1975) and CARNEVALE (1979) show surprisingly
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low malaria prevalences, from 9,72% to 48,3% in children. GUEYE &
ODETOYINBO (1974) reached the conclusion that mal:.aria is mesoendemic

in this region, a conclusion which ~eems incompatible with the results

of previous and subsequent surveys (Institut Pasteur, 1936, 1937, 1944,

1945; TRAPE et al., 1985; TRAPE, in press).

Unlike the parasitological surveys, all the entomological surveys

carried out in Brazzaville and the surrounding areas give remarkably

similar results. All .. the authors emphasize the role of A. gambiae as

the major and almost unique vector. The intensity of malaria trans­

mission by this vector in rural areas can be estimated at one infective

bite per night and per person, sometimes more. Transmission is perennial

but decreases during a part of the dry season. In urban areas, most

of the information was collected immediately before or after the

beginning of the vector control measures in 1950. It reveals a high

level of transmission before this date,and a considerably lower one

later. More recent information shows that relatively large anopheles

populations are present, but does not permi t an es timation of the

level of transmission.(ADAM et a I ; , 1964; NOAMESI et al.., 1971).

The contrast, in rural areas, between the high intensity of

malaria transmission and the low malaria prevalences observed during

several surveys has been discussed at length by CARNEVALE et al. (1975),

CARNEVALE (1979), CARNEVALE & BOSSENO (1979), CARNEVALE &MOUCHET (1980)

and MOUCHET & CARNEVALE (1980,1981). According to these authors, a

high perennial transmission intensity entails paradoxically low malaria

prevalences, under 50% in children, due to a. powerful stimulation of

the immunological processes, :arid:this paradoxical situation can be seen

in the whole of central Africa where the classical cri teri~'-of METSE­

LAAR &VAN THIEL (1959) to define the level of endemicity do not apply.

(CARNEVALE, 1979; MOUCHET & CARNEVALE, 1980, 1981) • However,

this assertion was based essentially on the results of surveys where

only thin blood films were studied, and not thick blood films. It is

well known that this method greatly underestimates the real prevalence

(STOREY et al., 1973; TRAPE, 1985). In the villages studied by these

authors in the Brazzaville region, we found that the real prevalences

in children are in fact much higher than those previously reported
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and are always greater than 75% (TRAPE et al., 1985; TRAPE, in press)

thus confirming the presence of a classical holoendemic malaria.

Moreover, apart from the Institut Pasteur surveys previously referred

to, it is of interest to note that the various surveys by Belgian

authors in the regions of Zaire bordering on the Congo and ecologically

comparable, all showed very high parasite prevalences (SCHWETZ, 1938;

SCHWETZ & GERONNEZ, 1938; LAMOTTE, 1939; RUPPOL, 1940; PEEL & VAN HOOF,

1948; LEJEUNE, 1958)~ We also consider that the low malaria prevalences
. ,

found in Brazzaville until 1931 were due to the fact that only thin

blood films were examined, since during this period thick blood films

were rarely used (BRUCE-CHWATT, 1963).

CONCLUSION

Numerous parasitological and entomological surveys have been

carried out for the study of malaria in Brazzaville and the surrounding

region for nearly 70 years. Although a thorough comparison of the

results of the successive surveys was not possible, especially in

parasi to Iogy , because of the diversi ty of methods used, the following

conclusions can be reached :

(1). Until the beginning of the 50's, a stable holoendemic malaria

existed in Brazzaville and the surrounding region, characterized by

a very high intensity of transmission, probably as many as several

hundred infective bites per person per year, mainly by A. gambiae.

The malaria prevalence in children from 0 to 14 years was constantly

over 80% and reached 90-100% in the younger age groups.

(2). From 1950 to the beginning of the 1960' s, in tensive an ti­

malaria campaigns were carried out in urban areas, combining anti­

vectorial measures with chemoprophylaxy. They rapidly reduced the level

of endemicity, without, however, stopping the transmission.

(3). A period of intense growth, both in population and in area,

began in Brazzaville at the end of the 1950' s, and continues today.

All the organised anti-malaria campaigns have gradually been stopped.

Entomological and parasitological information concerning this latter
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period is sparse and of unequal value, but shows that a high level

of endemicity has again been reached, at least in certain districts

of the town.

In the rural area around Brazzaville, where no important anti­

ma'larti.a cempai.gne !If;lVE:! e'l.el:--takefLplace; .maLar i.a-prevalence reaches: 7.~"O'90%. .. . .

up to the age of 15 years and the intensity of transmission, which

varies in the different villages, generally reaches several hundred

infective bites per p~rson per year.



Table I: ~ and extrerre clinatic values in Brazzaville* --0--

latitude : 04°15' S Pertod : 19:£>-1983
wngitude : 15°15' E Altitude : 313 m

M:>nth Jan. feb. Mrr. April M:ty June July Aug. Sept. Oct, Nov. Ia:. -tear-

~ daily temperature in degrees ,
Centigrade and tenths of degrees 25,7 26,0 26,5 26,5 25,8 23,4 21,9 23,0 25,0 25,9 25,7 25;6 25,1

~ naxinal tanperature JJ,2 JJ,9 31,5 31,5 JJ,5 28,2 26,7 28,1 JJ,l JJ,7 JJ,l JJ,O 29,9

~ mininal tanperature 21,1 21,1 21,4 21,5 21,1 18,5 17,0 17,9 19,9 21,2 21,3 21,1 X>,3
,i

Absolute naximm 34,8 35,8 38,0 35,6 35,0 35,2 32,6 34,0 38,0 36,0 35,8 34,5 38,0

Absolute min:imum 17,8 17,5 17,7 18,6 17,0 12,7 11,0 10,3 14,8 17,1 17,0 17,7 10,3

t1:xm rainfall in millinetres and 152,1 131,8 178,4 204,1 129,1 3,2 3,0 3,6 33,9 111,4 264,4 159,1 1.374,1
tenths of millinetres
~ number of rainy days 10,7 10,3 13,2 14,6 9,8 0,8 0,6 0,8 4,5 10,6 16,1 13,6 105,6

00

M:ocimum rainfall 323,8 2ffi,7 279 379,8 318,1 27,8 62,8 32,3 119,8 251,4 513 E,7 1.716,7

M<lximum number of rainy days 18 16 19 19 17 4 2 3 11 17 23 19 132

Mininal rainfall 64,9 15,0 36,5 39,6 1,7 0,0 0,0 0,0 0,0 40,8 134,0 72,1 m
Mininal number of rainy days 1 5 5 8 1 0 0 0 0 4 10 6 0, 67

Absolute naximm for 24 hours 91,5 164,9 1X>,O 114,0 1al,5 23,8 9,2 32,3 58,6 100,3 142,2 92,4 164,9

_t1:xm relative humidity in % 82,6 81,2 00,5 81,2 82,3 81,6 79,5 74,6 73,4 77,6 81,7 83,0 79,9

~ mininal relative humidity EO,3 57,1 55,4 56,3 59,3 59,6 58,7 53,5 51,8 55,0 58,5 EO,8 57,2

t1:xm naximal relative humidity 97,2 96,9 96,9 97,5 97,5 97,2 95,9 _ 93,9 93,8 94,6 97-,1. 97,2 96,3

* From Trouillet et a1. (1976) for-o the period 1950'--'-1975 and O.R.S.T.O.M". "(unpubl.Lshed ) for the period 1976:....1983.



KEY TO FIGURES

Figure 1: Demographic growth of Brazzaville (From I.N.R.A.P., 1976 and

GONDZIA, 1983).

Figure 2: Map of Brazzaville, with indication of the boundaries of the

administrative districts.
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SUMMARY

92 night-bite collections on human bait (550 man-nights) and

234 collections of the .house-restLng fauna were carried out from

October 1982 to May 1984 in Brazzaville. A total of 19.531 culicidae

were captured, of which 1.893 were anopheles almost exclusively of the

A. gambiae species. From the dissection of 1.291 A. gambiae, an average

sporozoite rate of 3,41% was found for this species, whereas a female

A. moucheti was also found to be infected. Considerable differences

in the transmission intensity of malaria were observed in the different

districts of the town. Whereas the inhabitants of Brazzaville received

on average 22,5 infective bites per person and per year, in reality

this number varies according to the district, from over 100 infective

bites per person per year, to less than one infective bite per person

every three years. With the help of classical '.quantitative epidemiological

models, the authors analyse here the overall results, as well as those

of two areas of the town, the' first area characterized by a high

anopheline density, and the second by the rarity of anopheles.
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INTRODUCTION

The very nature of the urbanization process, and of its conse­

quences - demographic growth and spreading, sanitation policy, equi­

pment, environmental pollution, etc - suggest that urban growth is

liable to alter considerably the main entomological parameters involved

in the transmission of malaria. Whereas the epidemiology of malaria

at the present time is well known in rural areas of central Africa
"

where transmission is generally intense and perennial, there exists

for urban regions very little recent information on the main entomo­

logical parameters necessary for a thorough epidemiological study of

present conditions for the transmission of malaria. In this article,

we present the results of a study of these main parameters in Brazza­

ville, and we analyse certain characteristics of epidemiology in dif­

ferent districts of the town. In a subsequent paper, we will present

and analyse the relationship observed with the phenomenon of urbani­

zation.

MATERIAL AND METHODS

From October 1982 to May 1984, 92 night-bite collections on

human bait and 234/;lou se":' resting collections were

carried out in Brazzaville. The captures took place in turns in each

district of the town. The collection stations were different each time,

and spread over the whole of the town (Figure 1). All the collections

were made by the same team of collectors.

NIGHT-BITE COLLECTIONS ON HUMAN BAIT

The collections were carried out by 6 collectors and a team

leader, working from 9 p.m. until 6 a.m. in 3 habitations close

together. Three collectors were positioned indoors, generally in a

bedroom, and three others outdoors in front of each habitation. The

mosquitos were captured in small individual glass tubes collected every

hour. After identification, the anopheles _were dissected to look for

sporozoites and to determine their physiological age using Detinova' s
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method (1945,1963). Dissection took place eit~er immediately or the

next day~ in which case the anopheles were preserved at +4°C.

HOUSE-RESTING COLLECTIONS

The aim of these captures was to complete the compilation of

information necessary to draw up a map of the transmission intensity

of malaria in Br?zzaville (TRAPE & ZOULANI, in press). Most were

carried out by a team of two collectors, though no strict method was

used : the time and duration of collections as well as the number of

rooms or habitations involved, were very variable. For 15 collections

in selected stations, the pyrethrum spray technique was used. The

anopheles captured were identified and dissected the same day, or the

next day after preservation at +4°C.

RESULTS

RESULTS OF NIGHT-BITE COLLECTIONS ON HUMAN BAIT

With the exception of one collection where onlY4 collectors were

used, all were carried out with 6 collectors, making a total of 550

man-nights.

The total number of culicidae collected was 13.994 among which

were 977 anopheles (6,98%). These were 967 A. gambiae (98,98%), 7 A.:..
funestus (0,72%) and 3 A. nili (0,30%). The 13.017 other culicidae

collected belonged mainly to the species Culex qUinquefasciatus

(11.117 <;j1 ), except for a few collections carried out in the immediate

vicinity of the river Congo, where Mansonia uniformis and M. africana

were also captured. The average number of bites per man per night was

25,44 for all the culicidae and 1,78 for the anopheles.

The dissection and examination of the salivary glands of 817

anopheles (812 A. gambiae, 4 A. funestus, and 1 A. n i I i ) showed the

presence of sporozoites in 27 A. gambiae, giving a sporozoite rate

of 3,33% for A. gambiae.
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The maximum man-biting activity of A. gambiae was between midnight

and 3 a.m. However man biting activity was pigh from 10 p.m. and

decreased moderately from 3 a vm , ; maybe because the collectors became

less vigilant as the night advanced.

The physiological age was determined using DETINOVA's method

(1945) for 745 A. gambiae. 614 females were parous and 131 nulliparous.

An equivalent number of A. gambiae was captured indoors and

outdoors (496 and 471 respectively).
, ,

RESULTS OF THE .1fOUS£-RESTIi~G COLLECTIONS

From October 1982 to February 1984, 234 house resting

collections were made. 5.537 culicidae were captured, of

which 3.900 were fem~le and 1.637 male. The total number of anopheles

captured was 916 (16,54%) of which 763 were female and 153 male. The

other culicidae captured mostly belonged to the species Culex guingue­

fasciatus.

Out of 763 female anopheles collected (19,56% of all the female

culicidae), 745 were A. gambiae (97,64%), 15 A.funestus (I, 97~), 2 A.

moucheti (0,26%) and 1 A. nili (0,13%).

The examination of the salivary glands of 481 anopheles (479

A. gambiae and 2 A. moucheti) showed the presence of sporozoites in

18 of them (17 A. gambiae and 1 A. moucheti~ making a sporozoite rate

of 3,55% for A. gambiae.

VARIATIONS BETWEEN DIFFERENT COLLECTIONS.

The number of anopheles collected and the ratio of ,anopheles

to other culicidae varied greatly with the different collections. Out

of 92 collections on human bait, 31 (33,70%) did not produce any

anopheles whereas 4.776 culicidae were captured during this time. 20

collections produced 1 to 5 anopheles, 17 from 6 to 11 anopheles, and

24 produced 12 or more anopheles. The maximum number of anopheles

captured on human bait in a single collection was 144. For all culicidae

the maximum and minimum numbers captured during a single collection

were respectively 906 and 4. Out of 234 house testing collections, 120.

produced no anopheles.
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The analysis of the results according ,to the capture station

shows the differences observed: are essentially due to considerable

variations in anopheline density between the different districts of

the town, and, to a lesser degree, to seasonal variations. Thus, out

of 27 night capture stations where no anopheles were collected during

the wet season and the beginning of the dry season (October to June),

13 are grouped to~ether in two areas of the town and form two perimeters

within whose limits no anopheles were collected, neither during night­

bite collections nor during house resting collections. The

14 other night capture stations where no anopheles were collected

during the wet season are scattered over the areas of the town where

anopheline density has always been very low.

Conversely, the 24 capture stations where at least 2 anopheles

were collected per person and per night are all situated on the border

of non-urbanized areas or in districts of the town where anopheline

density is always very high in the wet season.

EPIDEMIOLOGICAL ANALYSIS

Although some of the parameters used were not studied specifically

in the conditions of Brazzaville, the results were analysed using the

classical formulas of MACDONALD (1957) & GARRETT-JONES (1964) in view

of the interest of these formulas applied to Brazzaville, and the

rarity of similar studies in urban environments. The advantages as,
well as the limitations of such an approach have often been emphasized,

particularly by HAMON & C02 (1966), GARRETT-JONES & SHIDRAWI (1969),

GARRETT-JONES (1970), NAJERA (1974) and BRUCE-CHWATT (1976).

First, we will analyse the overall results of Brazzaville, then

separately two different districts of the town, the first characterised

by a high anopheline density, and the second by the rarity of anopheles.
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RESULTS FOR BRAZZAVILLE IN GENERAL

Entomological inoculation rate

The entomological inoculation rate .!le is calculated using the

formulas h =~ and MER = ma, were MER (man-biting rate) is the number
-e

of anopheles bites per man per day ..( here estimated from night-bite

collections on human bait),.!!!. is the anopheline density in relation

to man, ~ the average number of men bitten by one mosquito in one day

and s the pr oport'ion of mosquitos with sporozoites in their salivary

glands.

For the whole of Brazzaville we obtain the following values: MER =
1,78 and ~ = 0,0347. We can thus calculate the entomological inoculation

rate: h = 0,0062, which corresponds to one infective bite per person
-e

every 16 nights, or 22,5 infective bites per year.

Daily survival rate

Various methods may be used to estimate the daily survival rate(£}

They are based on the immediate and delayed sporozoite rates (MACDONALD

1952; DAVIDSON, 1955; DAVIDSON & DRAPER, 1953), the ratio between .the

oocyst rate and the sporozoite rate (DAVIDSON, 1957; GARRETT-JONES, 1970),

determination of the physiological age (DAVIDSON, 1954; HAMON et a1­

1961; COZ et al., 1961; BRENGUES & COZ, 1973), studies after marking

and recapturing (GILLIES, 1961; GILLIES &WILKES, 1965).

The simplicity of the determination of physiological age according

to DETINOVA' s method (1945) has led most authors to use DAVIDSON's

formula (1954) : £. = 3fA, where A is the proportion of parous females

and ~ the number of days separating two blood meals.

Concerning A, this formula is valid only if the anopheline popula­

tion is relatively stable, i.e. excluding in particular the rise in

number of nullipares due to the arrival of water in breeding sites

as well as the older populations remaining after drying-out of the

breeding sites. Therefore we have considered only the results of

dissections carried out from November to May. In these conditions

A = 0,822 for 701 A. gambiae examined.
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The time interval between two blood meal~ varies for A. gambiae

between· 2 and 3 days (MUIRHEAD-THOMSON, 1951; GILLIES & WILKES, 1965;

BRENGUES & COZ, 1973). It varies in particular with the temperature

(GILLIES, 1953) and the distance from breeding places (CARNEVALE

et al..; 1979) • Because insufficient information was available for Brazza­

ville, we took into consideration the value ~ = 2 days.

We can thus calculate the daily survival rate p = VO,822
. ,

= 0,906.

Expectation of life and expectation of infective life

From the daily survival rate, it is possible to calculate the

expectation of life' O/-logeE-) and the expectation of infective life
n -

of the vector (Z-/-logeE-) (MACDONALD, 1957).

The expectation of life of A. gambiae in Brazzaville is 10,18

days. The expectation of infective life varies firstly with the daily

survival rate, and secondly with the duration of the plasmodium extrin­

sic cycle in the anopheles (~), which itself varies with the temperatu­

re (T). According to MOSHKOVSKY (950), for P. falciparum ~ = 111/T­

16 = 12,2 days in the climatic conditions of Brazzaville (Mean annual

temperature = 25,1 °C). We thus obtain a value of 2,76 days for the

expectation of infective life of A. gambiae in Brazzaville.

Vectorial capacity

The vectorial capacity (C), defined by GARRETT-JONES (1964),

reflects the expected quantum of new infections per infective case

per day. It varies with the expectation of infective life of the vector

(~/":"logeP), the man-biting rate (ma) and the man-biting habit (~)

C = ma2~/-logeE-.

The value of a is equal to the ratio of the human blood index

to the duration of the gonotrophic cycle. Although we did not study

the human' blood index of A. gambiae in Brazzaville, we can estimate

that it is very close to 100% because of the absence of livestock.
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In diverse semi-urban area of the Congo, GUEYE & ODETOYINBO (1974)

found a human blood index of 100%. In the rural,areas of central Afric~

high human blood index values of: A. gambiae have always been observed

(BRUCE-CHWATT .et al, 1960; GILLIES & DE MEILLON, 1968). We therefore

considered the human blood. index of A. gambiae in Brazzaville to

be 99% which allows the calculation of the daily frequency of blood

meals on man a = 0,99/2 = 0,495, and weobtainthe vectorial capac i t y;

C = 2,76.

Stability index

MACDONALD's stability index (1957) represents the mean number

of bites on man taken by a vector during its entire lifetime. The higher

this index (stable maiaria), the lower is the anopheline density neces­

sary to continue transmission. This index varies with the man-biting ha­

bitand the daily survival rate: stability index = ~/-log~.

By applying this formula we found a stability index for Brazza­

ville of 5,04.

THE DISTRICTS QF' }WILOU-NGAMABA AND NGANGOUONI

Presentation

Extending to the west of the town, the administrative district

of Mfilou-Ngamaba and the Ngangouoni district (administratively

incorporated into the Makelekele district) represent one of the more

recent extensions of Brazzaville. The present population is over 50.000,

whereas in 1974 it was only 16.810 (Census of 1974 and of 1983). Until

the mid 1960's, only a few scattered villages existed within the present

periphery of these districts, with a total population less than

1.500 inhabitants.

(
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As in all recently urbanized districts, the number of inhabitants

per hectare is low, generally less than 50. This area has the aspect

of a mosaic, with plots which are unoccupied;' under construction or

inhabited. Several streams pass through the districts, with vegetable

gardens and food crops planted along their banks (Figure 2). In AUGER &
VENNETIER (1976) a detailed description of this district can be found.

Results of the collections

In this area of Brazzaville, we carried out 63 _'house,' resting

collections and It night-bite collections on human bait (72 man/nights).

The total number of culicidae collected on man was 1.058, of

which 392 were anopheles (390 A. gambiae and 2 A. funestus). Out of

354 A. gambiae dissected, 13 (3,67%) were found to be sporozoite

carriers.

The 63 house' resting collections produced 1.070 culicidae

(853 ~ and 2170") of which 497 were anopheles (411 ~ and 86 cj'I ). These

were 486 A. gambiae (4009 and 860"),9 A. funestus and 2 A. moucheti.

Out of 249 anopheles dissected (244 A. gambiae, 3 A. funestus and 2

A. moucheti), 14 (5,62%) were found to be sporozoite carriers (13 A.

gambiae and 1 A. moucheti).

Epidemiological analysis

For the analysis of the results we considered two separate

periods, the first covering the eight months of the wet season and

the first month of the dry season, and the second covering the last

three months of the dry season.

The average number of anopheles bites per man and per night was

7,26 in the wet season and 0,94 in the dry season. For the wet season,

the sporozoite rate used was the one we found after dissection of 552

anopheles collected in this area during this season : 4,89%. We thus

obtain an inoculation rate of 0,355 in the wet season, which corresponds

to one infective bite every 2,82 nights. For the 9 months of the

considered period, this gives a result of 96,9 infective bites per

person. In the dry season, 51 anopheles only were dissected (none were

infected) which is insufficient to obtain a reliable sporozoite rate.
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To determine the inoculation rat~, we used the ~verall sporozoite rate

for all the anopheles dissected originating in this district. In fact,

the sporozoite rate in the dry season was probably inferior as a result

of the longer extrinsic cycle due to the fall in average temperature

during this season. The inoculation rate thus calculated is 0,0426,

or one infecting bite every 23,47 nights. For the three months of the

considered period'this gives a maximum of 3,9 infective bites per

person. We can thus' calculate that the total annual number of infective

bites in this district of Brazzaville is 100,8 per person.

We determined the physiological age of 331 A. gambiae collected

from November to May when the vectorial population is at its most

stable. The proportion of parous females was 83,7%. Taking the same

values previously used for the duration of the gonotrophic cycle (x=2),

the duration of the P. falciparum cycle in A. gambiae (~=12) and the

man-biting habit (~ = 0,495),. we obtain' the-following parameters .for

the wet season:

Daily survival rate : ~ = 0,915

Expectation of. life.': 1/-logeE- = 11,24

Expectation of infective life : ~/-logeE- = 3,865

Vectorial capacity : C = 13,89

Stability index :. ~-l0&e£ = 5,56

In the dry season, the daily survival rate and the ~tation of life

of A. gambiae are probably unchanged, since the longevity of this vector

is not modified (GILLIES & DE MEILLON, 1968).

On the other hand, the expectation of infective life is decreased due

to the fall in temperature (mean temperat.ure from July to September

= 23,3°C) the duration of the extrinsic cycle, calculated from

MOSHKOVSKy'sformula (1950) is 15 days. The expectation of infective life

is thus only 2,96 days, and we observe a considerable decrease in

the vectorial capacity: C = 1,38.
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POTO-POTO CENTRE AND ADJACENT PART OF THE DISTRICTS OF OUENZE AND

MOUNGALI.

PresentatiPlt-.

Although divided administratively into three districts (Poto­

Poto, Ouenze and ~pungali), this homogeneous area is one of the oldest. ,

parts of Brazzaville and corresponds approximately to the ancient

African Cite of Poto-Poto in the 1940's (Figure 3).

The population density is the highest in the town with about

250 inhabitants per hectare. The typical unity of habitation, built

on a plot, is similar to those in other districts of the town, except

that a second low construction of one to three rooms is generally added

to the first, thus reducing the empty space on each plot. Within the

limits of our study the area covered was 232 hectares for a population

of about 60.000 inhabitants. This is also an important commercial

district, with two local markets and many small traders and traditional

workshops.

Results of collections

In this area we carried out 20 house resting collections

and 7 night-bite collections on human bait (42 man-nights). The total

number of culicidae collected on man was 1.523, an average of 36,26

per man and per night. No anopheles were found among these, all the

culicidae collected belonging to the Cule~·quinguefasciatu~~~~pecies.

757 culicidae were caught during the. house-resting collections;

these were almost exclusively Culex guinguefasciatus and there were

no anopheles.

Epidemiological analysis

Since no anopheles were collected in this area we were unable

to determine the real inoculation rate, only the possible upper limit.

The maximum number of anopheles bites/man/night is less than 1/42,
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or MER <0,0238. Assuming that the rare anopheles likely to be present

in this area come from neighbouring districts and that they have the

same sporozoite rate (3,47%), we"can calculate the upper limit of the

inoculation rate to be :.!!e <8,259 x 10-
4,

or less than one infective

bite per person every 3 years and 4 months. The maximum upper limit

of the inoculation rate taking into account the sample fluctuations

can be calculated using POISSON' s law. The greatest number of bites

compatible with an observation of 0 bites is given by POISSON's table:

3,7. We thus obtain ~~ = 0,00306, or one infective bite every 327

nights. We can also calculate that the maximum upper limit of vectorial

capacity is 0,137.

DISCUSSION

This study shows the existence of considerable differences in

anopheline density in different districts of the town : the average

number of bites per man and per night is at least 238 times greater

in the Mfilou-Ngamaba-Ngangouoni area, where it reaches 7,26 in the

wet season and 0,94 in the dry season, than in central area of Poto­

Poto-Ouenze-Moungali where no anopheles were collected during 42 man­

nights. However, even in the areas where it is highest, the anopheline

densi ty in Brazzaville remains considerably lower than in the sur­

rounding rural region, where it is several dozen bites/man/night :

96 bites/man/night for A. gambiae alone in Djoumouna (CARNEVALE, 1979),

77 bites/man/night in Loukanga (BITSINDOU, 1984), 35 bites/man/night

in Linzolo (TRAPE &ZOULANI, in press ).'

Although four species of anopheles were collected within the

limits of the town (A. gambiae, A. funestus, A. moucheti, and A. nili)

and two of these species were found to be infected, only A. gambiae,

which represents 99% of the collections, plays a role in the trans­

mission of malaria. The predominance of A. gambiae in Brazzaville had

already been observed by MAILLOT (1953), MERLE & MAILLOT, 1955), BRADY

(1961), ADAM & SOUWEINE (1962), NOAMESI at a1. (1972) and GUEYE &

ODETOYIMBO (1974). Very pronounced in the surrounding rural areas where

this species represents about 90% of the collections (BRADY, 1961;

CARNEVALE & LE PONT, 1973; CARNEVALE, 1979; NZIAMBOUDI, 1982; TRAPE



14

& ZOULANI, in' press ) the predominance of A. gambiae is thus

even more accentuated in urban regions.

Unlike the anopheline densi'ty, the sporozoite rate is remarkably

similar in ur ban and surround ing rural regions : from 3,30% to 3,74%

in Brazzaville, 3,37% in Djoumouna (CARNEVALE, 1979), 3,51% in

Yalavounga and 4,16% in M'bamou (NZIAMBOUDI, 1982) and 2,60% in Linzolo

(TRAPE & ZOULANI, in press ) • However, most of the previous

studies carried out in Brazzav i l.Le and the surrounding areas mention

higher sporozoite rates, usually between 4,5% and 7,5% (MAILLOT, 1953;

MERLE & MAILLOT, 1955; BRADY, 1961; ADAM &,SOUWEINE, 1962; ADAM etal.,

1964; CARNEVALE, 1972). If this is effectively the case, the present

decrease in sporozoite rate is probably due to the more intensive use

of antimalarial drugs in infants and young children.

The considerable difference in intensity of malaria transmission

in the different districts of the town, the causes of which will be

analysed in a subsequent article, shows

the limitations of a study based on localised surveys, which do not

take into account the diversity of the epidemiological situations

existing in the same town. Thus, in the case of Pikine in Senegal

(VERCRUYSSE & JANCLOES, 1981; VERCRUYSSE et a1., 1983), where all the

collections were carried out on the border of a marshland whereAoara-~

biensisbreeding places were found, it is probable that the choice

of another district farther from the marshland would have given dif­

ferent results concerning the vectorial density. Although only a close

longitudinal study of a given district allows a precise estimation

of several of the essential entomological parameters, it is in practice

difficult to carry out the number of studies necessary because of the

large area of African towns. Moreover, the decrease in vectorial density

observed in urban environments creates specific problems for the

estimation of several parameters. Thus, in the case of Poto-Poto-Ouenze­

Moungali, a greater number of captures would have given a more precise

result for the anopheline density, but would not have permitted a

reliable estimation of the sporozoite rate or the proportion of parous

females, because of the extreme rarity of vectors. We are thus obliged
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to use a series of assumptions concerning these parameters. In the

case of the sporozoite rate, two opposing s~ppositions are equally

plausible either the rare anopheles likely to be observed in the

Poto-Poto-Ouenze-Moungali area came from the surrounding districts,

and in this case, the sporozoite rate would probably be equal, or even

greater, than that observed in these districts, or these anopheles

came from minute temporary local breeding places, and in this case

the sporozoite rar.e would be much less than that observed elsewhere

because of the very low gametocyte rate of the population residing in this

district (TRAPE, in press). However, even assuming that the sporozoite

rate is high, the entomological rate of inoculation remains very low.

Likewise, a very low vectorial capacity,' less than 0,137, shows that

malaria cannot exist spontaneously in this district of Brazzaville:

it is imported or introduced.

In the case of the Mfilou-Ngamaba-Ngangouoni district, the epide­

miological analysis shows on the contrary a high level of transmission,

about 100,8 infective bites per year and per person. Such a high

transmission intensity is frequent in the Guinean region of tropical

Africa (HAMON et a l , , 1962; COZ et a l , , 1966). In regions of the Sudan

and especially of the Sahel, the annual number of infective bites per

person is generally considerably lower (BRUCE-CHWATT, 1954; CHOUMARA

et a l , , 1959; SERVICE, 1963; HAMON et al., 1965; DRAPER et a L, , 1972;

KRAFSUR & ARMSTRONG, 1978; MOLINEAUX & GRAMICCIA, 1980) because of

a sharp decrease in the vectorial density during the driest season

of the year, and the fact that A. arabiensis has a low anthropophilic

tendency in rural areas. In urban regions, the only recent study on

this subject is by VERCRUYSSE & JANCLOES (1981) in Senegal. They

observed in Pikine a cumulative entomological rate of inoculation of

43 infective bites per year.

The main entomological parameters in Brazzaville (daily survival

rate, expectation of life, expectation of infective life, stability index) have

values close to the ones observed in the surrounding rural areas

(CARNEVALE, 1979; BITSINDOU, 1984; TRAPE & ZOULANI in press '),

and in other regions of central Africa (RICHARD, 1983).,Because,A~8ambiae

has a high daily survival-rate and human blood index,

the stability index is high, more than 5. So, only a considerable

reduction in the anopheline density is liable to appreciably affect

transmission : this is precisely what we found in certain districts

of Brazzaville.



KEY OF FIGURES

Figure 1: Localization of night-bite collections on human bait (black squares)

and house-resting collections (black points). The shaded areas repre­

sent the Mf~lou-Ngamaba-Ngangouonidistrict (to the West) and the

central area of the Poto Poto-Ouenze-Moungali district (to the East),

Figure 2: A typiati view of the Mfilou-Ngamaba-Ngangouoni district.

Figure 3: General view of the central area of the Poto Poto-Ouenze-Moungali

district.
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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 the

anopheline density and the 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

canalisation of surface water and sanitation improvement, it is the

increase in population density which seems, by its direct or indirect

consequences in urban areas, to play the determining role for the

decrease in malaria transmission intensity : by favouring the absorption

of the last remaining open spaces and by the accompanying domestic

pollution, it tends to eliminate an increasing number of A. gambiae

breeding places; by limiting the dispersion of anopheles from breeding

sites, it tends to focus malaria transmission; by thinning out the

subsisting anopheline population in a denser human population, it tends

to reduce the degree of exposure of each person.
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INTRODUCTION

In a previous article (TRAPE & ZOULANI, 1985) we studied the

present entomological context of malaria transmission in Brazzaville,

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, considerable differences are observed

between the districts, 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 between 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.

MAP OF MALARIA TRANSMISSION INTENSITY IN BRAZZAVILLE.

MATERIAL AND METHODS.

The data necessary for drawing up a map of malaria transmission

intensity in Brazzaville was collected during three studies carried

out between October 1982 and June 1984. They concerned the breeding

places of A. gambiae, anthropophilic fauna which is active at night,

and house resting fauna.

Survey of A. gambiae breeding sites;

Collections of water of all kinds in which A. gambiae larvae are
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liable to be found are numerous in the town. We classed them into 5

main categories : (1) the banks of the river and the streams which

cross the town, (2) wells and installations for the watering of

vegetable gardens and crops, (3) ditches, gutters and puddles in ruts

and car-tracks on the road, (4) the borrow-pits and draining wells

in plots under construction and various building sites, (5) marshy

hollows on non-urbanized ground.

For each district of the town we first localised or determined

the frequency of these potential breeding places from field surveys.

aerial photographs (I .G.N.. 1978). information on this subject found

in literature (MERLE &MAILLOT, 1955; BRADY, 1961; NOAMESY et al.,,1972) I

and the archives of the ORSTOM Centre and Service d'Hygiene in Brazza­

ville. Then. we tried to establish their importance as breeding sites

of A. gambiae by looking for larvae and analysing the results of captu­

res in nearby habitations.

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 collections. The techniques used as well

as the main results of these collections are published in a previous

article (TRAPE & ZOULANI,1986).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 : (1) less than one infective bite per person per half-year (2)

from one infective bite per person per half-year to one infective bite

per person per month (3) from one infective bite per person per month

to one infecti ve bite per person per week (4) at least one infective

bite per person per week. For convenience, each corresponding area

is referred to as having a transmission intensity (1) very low (2)

low (3) moderate (4) high. The sporozoite rate of A. gambiae was assumed

to be the same for the whole of the town and only the results of collec­

tions carried out between October and June were taken into account.

The map thus represents the average transmission intensity during
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the nine months of the year when it is at a maximum.

However, allowing for the fact that the vectorial density observed

during collections on human bait was slightly underestimated (capturing

started at 9 pvm, 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 defined are largely represented in Brazzaville. Transmission

is high in the Western and North-Western districts of the town (Mfilou,

Ngamaba, Ngangouoni, Massina, Kinsoundi, Kingouari, Moukoundzi-Ngouaka)

as well as in a narrow area situated on either side of Make.IekeLe

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 distric t s , Transmission is very low

in the central part, and higher on the periphery. However we notice

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 Bacongo and MakeIekeLe • These two districts are partly separated

by the Makelekele stream alongside 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 I oie, Plateau, Tchad, Plaine. This area

continues towards the North to include the districts bordering the

River Congo: Plaine, Mpila and Talangai.
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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 administratives

activities developed for which a great deal of space was reserved.

Until the beginning of the 1950' s the African population was fairly

low, and concentrated in two cites indigenes on the outskirts of the

town. The space occupied by these two cites was then relatively small

compared to the rest of the town. Later, the extension of the adminis­

trative, commercial and high level residential part of the town slowed

down considerably, while the two African cites rapidly developed.

The comparison of maps 1 and 2 shows a striking relationship

between the malaria transmission intensity 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 1940' s, 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 airport, numerous open spaces, and high-level administra­

tive, commercial, industrial or residential districts. Although we

only carried out a limited number of investigations, because of the

low population (only 3.6% of ilie 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 BRAZZAVILLE.

Unlike the breeding places of culicidae which are numerous and

varied, the breeding places of A. gambiae which we found in Brazzaville
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are fairly rare. They fall mainly into the following categories

- streams and waterside gardens.

Various streams cross the town, and most of them, particularly

in the western half of the town 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 stream

and in the adjacent hollows which fill up whith rain or when the water

level is high, a~d also in the waterside gardens due to diverse

installations for watering. These represent the main breeding places

in Brazzaville.

- Rainwater breeding places.

Despite the high number of potential breeding places, few actually

breed anopheIes ., The di tches , ,gutter:s:a~d puddIesj,n -ruts and icar'-Lracks

which are particulary numerous all over the town are only exceptionally

used by A. ga~biae in most districts, which is inconsistent with the

findings ofCHINERY (1969,1970) in Accra, RAGEAU et al. (1953) and DOBY

& MOUCHET (1957) in the Carreroon and our own findings in the rural areas of the Congo.

In fact, among all the stagnating rainwater breeding places,

the only ones frequently used by A. gambiae are the small marshy

hollows, fairly numerous in non built-up areas, particularly in in­

dustrial zones and along railways tracks and forest reserve.

RELATIONSHIP BETWEEN A. GAMBIAE AND C. QUINQUEFASCIATUS.

C. guinguefasciatus 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 rainwater

and, to a lesser degree, by ditches, gutters and various recipients

(SUBRA, 1971; CHAUVET & RASOLONIAINA, 1968). Its rapid multiplication

seems to be recent in tropical Africa. Initially, two explications

were found for this : the use of insecticides and urban progression

(MATTINGLY, 1962; SERVICE, 1966). However C. guinguefasciatus is also

abundant in localities where no insecticide was used, and in localities

where spraying has not taken place for many years. Thus, SUBRA (1973)

suggested that the increasing use of washing powder and industrial

detergents modifies the breeding sites to favour C. guinguefasciatus

and could be one of the causes of the rapid multiplication of this

.... :.:
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species.

Thus the abundance of C. quinquefasciatus is linked to urban

development in at least two ways firstly, the multiplication of

breeding places particular to this species (drainage wells and diverse

recipients), and secondly, the pollution of breeding places where

competition between species could have taken place (gutters and ditches)

and which favours tPis species.

For each of the four areas of growing malaria transmission

intensity marked on map 1, we calculated, from the results of 92 night­

bite collections on human bait, the average number of C. quinque­

fasciatus 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

dnferent 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 transmis­

sion area and 30.79 in the very low transmission area. For the moderate

transmission area the results are considerably different 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

bi tes is 1.84 in high transmission areas, 42.46 in low transmission

areas oorl 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

The natural central African landscape comprises two kinds of

vegetation the tropical rain forest and the forest-savanna mosaic.

The former is highly infavourable to A. gambiae which prefer 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. nili being a few rivers in the forest; A. paludis,

which is more adapted to the forest, is never an important vector,

and A. funestus a very good potential vector, is always very rare in
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forests unmodified by man (ADAM, 1956; LIVADAS et a1., 1958; HAMON

& MOUCHET, 1961; MOUCHET, 1962 , 1976; GILLIES &DE MEILLON, 1968).

The forest-savanna mosaic seems to be more favourable to A.

gambiae and A. funestus. However, two factors considerably limit their

distribution in the Brazzaville region the existence of gallery

forests alongside rivers and streams, and the sandy nature of the soil

which does not retain rainwater. 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 al., 1953;

LIVADAS et al., 1958).

Thus each human settling 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 the major part of the year, the transmission

of malaria is perennial and generally intense. In most of the villages

in the Brazzaville region it is about one infective bite per person

per night, sometimes more (TRAPE, 1985).

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 habitations are still

buil t in the traditional way, small low constructions surrounded by

a yard. The towns spread rapidly but the actual populating of the new

districts is slow and progressive because of the self-building of

habitations. At the same time, the increase in habitation density is

high in the older districts where the last empty spaces are progres­

sively eliminated. Among the fields, vegetable gardens and remains

of the forest, only the 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 200-250 inhabitants per

hectare in the older districts. The town centre is an exception, as

explained later. Within its present administrative limits it represents
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about a quarter of the total surface of the town, but houses only 3%

of its population.

Another new phenomenon accompanies urbanization : the canalisation

of the streams which cross the town and of surface water by the building

of ditches and gutters. These installations are expensive and mainly

concern the oldest districts of the town. They considerably modify

the nature of the potential breeding sites. They are badly tended and

the rainwater is insufficient to clear them; these very polluted

collections of water are infavourable to A. gambiae, and are colonised

by C. guinguefasciatus which is abundant all over the urban area of

Brazzaville.

The abundance of C. guinguefasciatus and the great variety of

its breeding places raises the problem of possible competition with

A. gambiae to the disavantage of the latter species. 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. guinguefasciatus is small whereas it is considerably large for

A. gambiae. The study of breeding places shows that they are different

for these two species, and the fact that drainage wells and gutters

are much fewer in the more recent districts where the infrastructure

and the density of habitations are limited, is sufficient to explain

the lower density of C. guinguefasciatus. However, the absence of A.

gambiae larvae and the presence of C. guinquefasciatus larvae in

breeding places apparently suitable for both species, such as ditches,

gutters and puddles on road, only seems to be partially explained

by pollution of this type of breeding place. The theory of pollution

by detergents, which is undeniable for gutters and ditches, seems to

be ruled out for a great number of puddles. It is likely that the lack

of permanent breeding places of A. gambiae in:the vicinity of many tempo­

rary water collections is an important factor. Other factors:may be invo­

lved, such as inter-specific competition.

The growing scarcity of A. gambiae breeding places due to urbani­

zation can be clearly seen by comparing the maps of malaria transmission

intensity and of the expansion of Brazzaville. This relationship is
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particularly obvious in the case of the African town, where the only

older districts where transmission remains high or moderate are situated

on the edges of non-urbanized areas or of the town centre. The apparent

exception of the town centre is mainly due to its layout. Since the

beginning of the growth of Brazzaville plenty of space has been reserved

for the future extension of administrative, commercial and industrial

activities, or kept as open spaces. Non-urbanized land is still

plentiful, and the real density of occupation is usually low. There

are numerous marshy hollows where rainwater stagnates and these are

frequently used as larval habitats by A. gambiae. Furthermore, no

district of the town centre is far from the banks of a river or stream,

or from vast non-urbanized areas such as the railway station, the

airport and the ancient "patte d ' oie" forest reserve. The importance

of the characteristics of the site of development of a district is

also apparent when one compares the transmission intensity observed

in the various new districts of the African town. In all those situated

to the West of Brazzaville (Ngamaba, Mfilou, Massina, Kinsoundi,

Ngangouoni), where there is a dense network of streams and vegetable

gardens, the anopheline density and malaria transmission are high.

In the Eastern districts (Talangai, Tout pour le peuple) where the

soil is particularly sandy and unsuitable for market gardening, the

A. gambiae larval habitats are fewer and malaria transmission is lower.

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 the dispersion of A. gambiae is very low

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 the case of Bacongo and Poto-Poto

where the population density is about 200: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

Hakel ekel e stream receive more than one infecting 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 small dispersion of



12

mosquitos in urban areas, compared to that observed in rural areas

has already been emphasized by SUBRA (1972) for C. quinquefasciatus.

The increase in human population density seems by its direct

or indirect consequences in urban areas, to play the determining role

for the decrease in malaria transmission intensity in Brazzervf.Lle :

by favouring the absorption of the last remaining open spaces and by

the accompanying domestic pollution, it tends to elimina te a growing

number of A. gambiae breeding places; by limiting the dispersion of

anopheles from breeding sites, it tends to focus malaria transmission;

in thinning out the remaining anopheline populations in a denser human

population, it tends to reduce the degree of exposure of each in­

habitant.



KEY OF FIGURES

FIGURE 1: Map of malaria transmission intensIty in Brazzav:ille.

H~gh transmission: at least one infective bite per

person per week; moderate transmission: from one in­

fective bite per person per week to one infective

bite per person per month; low transmission: from one

infective bite per person per month to one infective

bite per person per half-year; very low transmission:

less than one infective bite per person per half-year.

The boundaries on the map are approximate.

FIGURE 2: The stages of growth of Brazzaville since the creation

of this town. Map established from I.G.N. aerial photo­

'graphs (C.R.E.T.H. ,1980) •.
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SUMMARY

Five schools were chosen in different districts of Brazzaville

where the intensity of malaria transmission, determined in a previous

study, is representative of the very varied conditions observed in

this town in relation to urbanization. The parasitological and serolo­

gical results found in schoolchildren are analysed according to the

level of transmission to which they are exposed, and compared with

the results of a longitudinal survey carried out in the rural area

of the Brazzaville region.

In the urban area malaria prevalences in schoolchildren aged

from 5 to 9 years and from 10 to 14 years vary considerably according

to the districts. They are respectively 78,9% and 84% in Massina, 58,8%

and 71,7% in Talangai, 32,3% and 46,9% in Bacongo and 5,6% and 12,6% in

Moungali. In Poto-Poto, no positive thick films were found in a repre­

sentative sample of 62 schoolchildren aged 6 and 7 years who have always

lived in this district, and the malaria prevalence is only 6,9% in

schoolchildren aged 14 and 15. In the rural area, the malaria prevalence

is 76,4% in schoolchildren aged 5 to 9 and 82% in those aged from 10

to 14. According to standard immunofluorescent technique, 63% of chil­

dren aged 6 and 7 years living since birth in the central part of the

Poto-Poto and Moungali districts have no detectable antibodies. In

the rural area, all children over 4 years of age are seropositive.

These results show that the decrease in vectorial density which

accompanies urbanization has a considerable parasitological repercus­

sion. All levels of malaria endemicity are found in Brazzaville despite

the presence of a very high malaria stability index. The presence of

a constant maximum plasmodic index in the 10 to 14 years age group

is discussed. This seemingly paradoxical observation is attributed

to the growing use of antimalarial drugs, self-medication represe~ting

now one of the essential aspects in urban areas as well as in developed

rural areas.
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INTRODUCTION

Urban development in Brazzaville is accompanied by an important

decrease in malaria transmission intensity in many districts of this

town. According to their place of residence, inhabitants are exposed

to a number of infective bites varying from less than one infective

bite per person every three years, to over 100 infective bites per

person per year (TRAPE & ZOULANI, 1986a). In order to establish the

parasi tological and serological repercussions of the lowering of the

level of transmission which accompanies urbanization, a survey of the

prevalence, parasite density and fluorescent antibodies was carried

out in five schools of Brazzaville. The results are analysed in conjunc­

tion with the results of another study carried out in a village near

Brazzaville, where the entomological conditions, about 250 infective

bites per person per year, are representative of those habitually obser­

ved in rural areas of this part of the Congo.

MATERIAL AND METHODS

In a previous entomological study, we drew up a map of malaria

transmission intensity in Brazzaville, where four areas were marked

(TRAPE & ZOULANI, 1986b): (l) very low transmission: less than one

infective bite per person per half-year, (2) low transmission: from

one infective bite per person per half-year to one infective bite per

person per month, (3) moderate transmission: from one infective bite

per person per month to one infective bite per person per week, (4)

high transmission: at least one infective bite per person per week.

PARASITOLOGICAL SURVEYS

In each of these areas a school was chosen and a representative

sample of schoolchildren from 5 to 9 years and from 10 to 14 years

was selected at random. These schools were the Martyrs school in Mounga­

li for the very low transmission area, the 19 t h September 1965 school

in Bacongo for the low transmission area, the Liberte school in Talangai

for the moderate transmission area, and the Ngaliema A school in Massina

for the high transmission area.
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In the very low transmission area, a second school was chosen

(Unite Africaine school in Poto-Poto) where the random selection of

schoolchildren wa~ carried out only among the children of 6 and 7 years

and 14 and 15 years who have lived in this area since their birth.

The parasitological surveys in ~ areas which serve as referen­

ces were carried out in Linzolo, a village situated 25 km to the South­

West of Brazzaville. The results presented here are those of two surveys

concerning adults and preschool children, and seven surveys of school­

children.

The parasitological methods used for these surveys have already

been described in a previous article (TRAPE, 1985). 200 oil-immersion

fields on thick blood films (about 0,5 ql of blood) were systematically

examined by the author. The parasite density was estimated with ~tion

to the leucocytes, on the basis of 8.000 leucocytes per ':11 of blood,

and classed into 5 categories with limiting values of 50, 500, 5.000

and 50.000 parasites per 91.

SEROLOGICAL SURVEYS

Serological surveys in" Brazzaville concerned. 'two "samples of 60

schoolchildren of"6 to 7 years and 14 to 15 years from Poto-Poto and

Moungali schools chosen at random among those living since birth in

the central part of these districts. In Linzolo, 506. subjects of all

ages were tested.

Blood samples were taken by fingerprick using heparinized micro­

haematocrit tubes. After separation, the plasma was stored at -20°C

until it was tested for antibody according to standard immunofluorescent

technique using P. falciparum antigen.

RESULTS

PARASITOLOGICAL SURVEYS
The Village of Linzolo

The overall results of parasitological surveys carried out in

this village between November 1980 and March 1982 are presented in

Table 1. The detailed results and analyses of these surveys, those of

the period 1982-1984, and those of six other villages in the Brazzaville

region will be presented in a subsequent article (TRAPE, in press).

We observed that malaria prevalence was at its maximum in the 10-14

age group where it reaches 82%. Malaria prevalence is also very high

in the 1-4 and 5-9 age groups, where it reaches respectively 78,4%
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and 76,4%. From the age of 15 onwards, it decreases progressively to

36,3% in adults over 40 years of age.

In children and adolescents, we noticed significant differences

between malaria prevalence in the 5-9 and 10-14 age groups on the one

hand, and the 10-14 and 15-19 age groups, which confirms the unusual

form of the graph of plasmodic index variations according to age with

a maximum between 10 and 14 years.

On the other hand, we observe a regular decrease in parasite

density with age : 24,5% of children aged from 1 to 4 years have a

parasi taemia of class 4 or 5, compared with only 20,4% of those aged

between 5 and 9 years, 14,3% of those aged between 10 and 14 years

and 5,2% of those aged between 15 and 19 years. In persons over 20

years of age a high parasite density is no longer observed.

Plasmodium falciparum was found on almost all the positive slides.

P. malariae, usually associated with P. falciparum, was found in 15,7%

of children under 15 and 10,4% of adults. P. ovale was found in 5,2%

of children aged from 5-9 years, 3,1% of children aged from 10-14 years

and was only exceptionally found in adults. Parasite density never

reached class 4 for P. malariae or class 5 for P. ovale. In the case

of associated species, the parasite density for these species was

generally lower than for P. falciparum.

The gametocyte rate of P. falciparum was 24,5% between 1 and

4 years, 21,6% between 5 and 9 years, 21,4% between 10 and 14 years,

18,3% between 15 and 19 years and 8,8% in adults.

Massina (Ngaliema A school)

This district of Brazzaville is among those where malaria trans­

mission intensity is highest. The children attending this school are

exposed to about 3 infective bites per person per week during nine

months of the year (October to June), the transmission intensity

decreasing considerably from July to September (TRAPE &ZOULANI, 1986a).

The survey took place in February 1984.

Out of 126 schoolchildren selected at random, 102 (80,95%) had

positive thick blood films. The malaria prevalence was higher in

schoolchildren aged from 10 to 14 years than those aged from 5 to 9

years : 84% (42 out of 50) instead of 78,95,% (60 out of 76) were

positive.

Plasmodium falciparum was found on all the positive slides except

in one case where only P. ovale was present. Twelve cases (9,52%) of
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associated P. falciparum-P. malariae were found, and seven cases (5,56%)

of associated P. falciparum-P. ovale. The presence of P. falciparum

gametocytes was observed in 24 cases (19,05%).

Table 2 shows the results of the study of parasite density.

15,87% of the schoolchild ren had a class 1 parasitaemia, 23,02% class

2, 29,36% class 3 and 12,70% class 4. No class 5 infections were found.

The parasit~ densit~ of P. malariae infections was generally low (class

1 : 9 cases, class 2 : 1 case, class 3 : 2 cases) as well as that of

P. ovale infections (class 1 : 5 cases, class 2 : 3 cases). In cases

of species associations, the parasite density of P. falciparum was

always the highest, except in one case where the parasite density of

P. malariae was slightly higher.

Moungali (Martyrs schooi)

This school is situated in one of the districts of Brazzaville

where malaria transmission is lowest. About half of the children

attending this school are exposed to one to three infective bites per

year,' and the other half receive less than one infective bite per year.

The survey took place in February 1984.

Out of 192 schoolchildren selected at random, 18 (9,38%) had

posi tive thick blood films. The malaria prevalence of schoolchildren

aged from 5 to 9 years was 5,62% (5/89) whereas that of schoolchildren

aged from 10 to 14 years reached 12,62% (13/103).

P. falciparum was found on all the positive slides, alone in

16 cases and associated with P. malariae in two cases. The presence

of P. falciparum gametocytes was observed in 6 cases (3,13%). Table

3 shows the results concerning parasite density. Only classes 1 and

2 infections were found in schoolchildren under 10 years of age, but

classes 1 to 4 were found after the age of 10. The parasite density

of P. malariae infections was of classes 1 and 2, associated respecti­

vely with densities of classes 4 and 3 for P. falciparum.

Talangai (Liberte school)

The children attending this school are exposed to about one or

two infective bites per person per month.• The survey took place in

May 1984.
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Out of III schoolchildren selected at random, 73 (65,77%) had

positive thick blood films. The malaria prevalence was 71,67% (43/60)

in schoolchildren aged from 10-14 years whereas it was only 58,82%

(30/51) in those aged from 5 to 9 years. P. falciparum was found alone

in 69 cases, P. malariae in 2 cases, and P. ovale in one case. One

case of P. falciparum-P. malariae association was also observed. The

presence of P. falciparum gametocytes was observed in 11 cases (9,91%).

Table 4 shows the resul ts of the study of parasite density for

each of the two age-groups. We found that 16,21% of all the school­

child ren had a class 1 parasi taemia, 24,32% class 2, 16,21% class 3,

8,11% class 4 and 0,90% class 5. The parasite density of P. malariae

infections was of class 3 (1 case) or class 2 . (2 cases, of which one

was associated with a class 3 P. falciparum infection). The only case

of P. ovale infection observed had a class 1 parasite density.

The III children concerned by this study were questioned to find

out if they usually slept under a mosquito net. 26 of them (23,4%)

were affirmative. The proportion of positive thick blood films was

65,4% in these children, and 65,9% in those who did not use a mosquito

net.

th
Bacongo (19 September 1965 school)

This school is situated in a district which has a particularly

heterogeneous malaria transmission intensity. Numerous A. gambiae

breeding places are found in the Makelekele stream and adjacent

vegetable gardens. The residents in the immediate vicinity are thus

exposed to a high malaria transmission intensity, more than one infec­

tive bite per week. However, this decreases rapidly as one moves away

from the gardens : at a few hundred metres distance it is less than

one infective bite per half-year. The children attending this school

are therefore exposed to very different transmission intensities

according to where they live. However, the majority of them are exposed

to less than one infective bite every three months.

The survey took place in May 1984. Out of 126 schoolchildren

selected at random, 50 (39,68%) had positive thick blood films. The

malaria prevalence was 32,26% (20/62) in. schoolchildren from 5 to 9

years and 46,88% (30/64) in schoolchildren from 10 to 14 years. P.

falciparum was found on all the positive slides,except one case of
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an association P. falciparum-P. ovale. Three cases of P. falciparum­

P. malariae association and one case of P. falciparum-P. ovale asso-­

ciation were also observed • The presence of P. falciparum gametocytes

was observed in 10 cases (7,94%).

Table 5 shows the results concerning the parasite density. 12,70%

of the schoolchildr:en had a class 1 parasitaemia, 9,52% class 2, 11,11%

class 3, 5,56% class 4 and 0,79% class 5. Half of the four P. malariae

infec tions were of class 1 and the other half class 3, and the two

P. ovale infections were ,of class 1 and class 2.

Out of 126 children concerned in this survey, 28 (22,2%) said

that they usually slept under a mosquito net. The proportion of positive

thick blood films was 35,7% in these children and 40,8% in those who

did not use a mosquito net.

Poto-Poto~Unit~Africaine school)

This school is situated in the oldest district of Brazzaville,

which is also the district with the lowest anopheline density. The

schoolchildren who were selected at random for the survey were among

those between 6 and 7 years and 14 and 15 years who had always lived

wi thin a perimetre of. about 200 hectares, shown in Figure 1,. where no anopheles

were captured during the entomological survey (TRAPE &. ZOULANI, 1986~).

The survey took place in May 1985.

Out of 61 thick blood films of schoolchildren between 6 and 7

years, none were positive; out of 58 thick blood films of schoolchildren

between 14 and 15 years, 4 (6,98%) were positive. These were 4 P.

falciparum infections, of which the parasite density was in one case

class 4 and the three other cases class 3. In these last three infec­

tions, the presence of gametocytes was also observed.



9

SEROLOGICAL SURVEYS

The village of Linzolo

The percentage of subjects with a positive titre was 65,5% in

infants (out of 55), 85,9% in children aged 1-4 years (out of 78),

100% in children aged 5-9 years (out of 110) and 100% in subjects over

9 years of age (out of 263). Antibody levels !ose steadily throughout

childhood and adult life.

The central part of Poto-Poto, Moungali and Ouenze districts

All children concerned in this study were selected at random among

those living since birth in the area shown in Figure 1 where the anophe­

line density is the lowest of Brazzaville. Half were selected in Mounga­

li school and the other half in Poto-Poto school.

Out of 60 schoolchildren aged 6-7 years, only 22 <:36,7%) have detec­

table antibodies; out of 60 schoolchildren aged 14-15 years, 50 (83,3%)

have detectable antibodies." Very low titres were observed in 9 out of

22 seropositive children aged 6-7 years.

DISCUSSION

In a previous study, we observed the existence of major variations

in malaria transmission intensity in the different districts of Brazza­

ville, which suggested the existence of important differences in malaria

prevalence in the residents of these districts. The comparison of the

resul ts of Poto-Poto, Moungali, Bacongo , Talangai and Massina shows

a very close relationship between --th~-- level of malaria transmission

and malaria prevalence: for the different districts studied, the higher

the malaria transmission intensity, the higher the malaria prevalence

observed. Above all, the differences observed in malaria prevalence

are considerable : according to the usual classifications of malaria

endemicity (METSELAAR & VAN THIEL, 1959; WHO, 1964), malaria is holo­

endemic in Massina, hyperendemic in Talangai, mesoendemic in Bacongo

and hypoendemic in Moungali and Poto-Poto. The whole range of endemic
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levels is thus observed in Brazzaville, despite the presence of a very

high malaria stability index, over 5 (TRAPE & ZOULANI, 1986a). Such

an observation is remarkable since it is classically accepted that

malaria is always highly endemic when the stability index is high and

transmission not limited by temperature factors (MACDONALD, 1952 and

1957; .SPENCER; 1963). Thus the originality of the epidemiological condi-

.tions in the urban area is clearly apparent.

Another peculiarity observed in this study, independant of the

level of endemicity and in the rural as well as the urban area, is

the presence· of a malaria prevalence higher in the 10

to 14 age group than in the younger age groups.

This observation seems at first paradoxical : it is a well-esta­

blished fact that maximum prevalence is usually reached fairly quickly

during childhood : before the age of. 2 years in holoendemic areas,

between 2 and 4 years in hyperendemic areas and between 5 and 9 years

in mesoendemic and hypoendemic areas (BOYD, 1949; SCHWETZ, 1949). The

malaria prevalence then progressively decreases after a stable phase,

thus indicating that immunity is acquired. The only acknowledged

exception is epidemic malaria, where, classically, all·age ~rou~s.

are uniformly affected. Even in this case, it is not rare to find a

higher prevalence in children (SWELLENGREBEL, 1950).

The analysis of the results of Linzolo and Massina give an

explanation for the apparent paradox of a maximum malaria prevalence

in the 10-14 year age group. All the previous studies in Central Africa

as well as in other regions where malaria is holoendemic showed that

the malaria prevalence for this age group was considerably lower than

that of younger age groups. Even when the malaria prevalence in children

from 10 to 14 years was less than 80%, the malaria prevalence in the

1-4 and 5-9 year age groups was often over 90% (CHRISTOPHERS, 1924;

BARBER & OLINGER, 1931; FARINAUD & PROST, 1939; ARCHIBALD, 1956;

MUIRHEAD-THOMSON, 1954). In fact, a direct relationship between trans-
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mission intensity and prevalence only exists for low or moderate trans­

mission levels. Rapidly, the parasitaemia tends to become permanent

as shown by various authors in children of populations where anti­

malarial drugs were not regularly used and where thick blood films

were carefully examined (PUTNAM, 1931; WILSON, 1936; WILSON et al.,

1950; SCHWETZ, 1938; DAVIDSON & DRAPER, 1953; MUIRHEAD-THOMSON, 1954).

The fact that parasite density decreases much more rapidly with age

than does prevalence suggests that the parasitaemia remains permanent

in adults despite a high level of acquired immunity. Th:i..S;j.sa1s(r~sugges-·

ted by the observations of DOWLING & SHUTE (1965).

In these conditions, the decrease in malaria prevalence with

age is only apparent and only expresses the growing proportion of very

low parasite densities whose detect~onisimpossible or depend&.on the

conditions and methods of the parasitological examination (TRAPE,'1985).

The results 'observed"in' Massina and Linzolo in the 10-14 age group 'show that

the method we adopted was highly sensitive and that much higher pre­

valences, of about 95%, should have been observed in the younger age

groups. It must be remembered that prevalences between 90% and 100%

before the age of 10 were continually reported from Brazzaville and

the surrounding area during previous surveys by the Insti tut Pasteur

(1937, 1944, 1945) and that similar prevalences have frequently been

reported in Zaire in regions bordering on the Congo (SCHWETZ, 1938,

RUPPOL, 1940; PEEL & VAN HOOF, 1948; LEJEUNE, 1958).

We attribute this difference to the growing use of antimalarial

drugs. For a long time, small use was made of these drugs, and concerned

only a few populations grouped around important administrative posts

and religious missions or employed in modern sectors (mines, plantations/

transport, various work sites •.• ). At the present time, various factors

favorise the generalisation of the use of these drugs, the most im­

portant according to us being the·exterision-anddurationof.schools.,{tQtal :Schooling

in the Congo since 1960) (COURADE & BRUNEAU, 1983), the c reation of

dispensaries in rural areas and toe increasing use of transistor radios
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which allow' information to be broadcast. It must be pointed out that

similar observations were made in Tanzania by DRAPER et al. (1972)

and MATOLA & MAGAY UKA (1981). It was also in older schoolchildren

that SEXTON et al. (1984) observed the highest prevalences in Kinshasa.

The increasing use of antimalarial drugs has developed in various

ways, of which the most classical chemoprophylaxis is only of secondary

im portance at the present tim e. The mass che moprophylactic ca mpaigns

for children have been abandoned everywhere, but a relatively large

(but difficult to estim ate) proportion of infants still receives more or

less regularly so me che mopro phylaxis, either after visits to the dispensary

or mother and child welfare centres, or on the initiative of the parents

themselves. Above all, the systematic use of antimalarial drugs to treat

all fe brile attacks in children has beco me generalized with the multiplication

of dispensaries and s mall health centres. Whereas at the beginning this

systematic treatment was the prerogative of nurses and health workers,

we now observe that the initial treatment of a febrile child has generally

been taken over by the parents, with the syste matic use of cl.loroquine

or amodiaquine. Only in cases of serious symptoms or where this first

treat ment has failed is the child brought to the dispensary, where he is

usually given an injection of quinine.

Thus, children receive antim alarial drugs on nu merous occasions,

especially in early childhood when febrile syndroms of all aetiologies are

particularly frequent. This was particularly brought out in the study we

effected in Linzolo (T RAP E et al., in press). We calculated that for each

survey carried out in this village, an average of 12,2% of schoolchild­

ren aged from 5 to 6.years'and 5,9% of children aged from 11 to 13 years

had received in one form or another an antimalarial drug during the previous

week. In the majority of cases treatment was given at home by the parents.

Just as in advanced societies parents give aspirin or an equivalent

antipyretic to their febrile child before deciding to consult a doctor, we

are now witnessing the generalization of a similar approach in the Congo,

with chloroquine or a modiaquine. At first limited to certain classes of the

population and essentially observed in urban environments, this attitude

is now frequent in rural areas. It is made posible by the low cost of 4

a mino--quinolines.
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Our previous observations on the decrease in malaria transmission

intensity which accompanies urbanization, and the low prevalence of

malaria parasites and antibodies in schoolchildren from Moungali and

Poto-Poto, show that Brazzaville and probably many large cities in

tropical africa become enclaves of hypoendemicity within a naturally

holoendemic region. The observations of FASAN (1969) in Lagos, BIGGAR

et al. (1980) and GARDINER et al. (1984) in Accra, NGIMBI et al. (1982)

and SEXTON et al ~: (1984) in Kinshasa also poin t to this. This is a

new situation since it is difficult to compare with the previous situa­

tion observed in urban areas during intensive antimalarial campaigns.

The considerable decrease in malaria prevalence which was then observed

was as much the consequence of mass chemoprophylactic campaigns as

of a decrease in vectorial density (MERLE & MAILLOT, 1955). fureover,

even in the case of intensive antivectorial campaigns (WALTON, 1947

and 1949; LIVADAS et al., 1958; HARVERSON et al., 1968), the extent

of urbanization was insufficient to prevent the recurrence of a high

anopheline density as soon as the antivectorial measures were relaxed.

The present evolution presents us with various major questions, particu­

larly concerning clinical epidemiology, because of the emergence of

a large population without immunological protection during childhood,

usually rarely exposed to malaria but necessarily exposed to high condi­

tions of transmission from time to time.



Table 1: Village of Linzolo. Malaria prevalence and 'parasite density according to age •
. .' ~. ::" .'

. -,

PARASITE AGE
. DENSITY

'(Classes) (1 1-4 5-9 10-14 15-19 20-39 >40 total

- -
0 12 22 118 111 41 Xl 65 389

(57,1%) (21,6%) (23,6%) (1~) (29,970) (44,4%) (63.7%)
,
<' .. 1 18 as 100 27 12

,;

21 2761 '
(4,~) (17,6%) (17,6%) (17,7%) (19,7%) (26.7%) (Xl,6%)

2 4 Xl 78 159 39 11 15 326
(1970) (19,6%) (15,6%) (25,~) (28.5%) (24.4%) (14.7%)

3 3 17 114 149 23 2 1 s»
(14,3%) (16,7%) (22,~) (24.2%) (16,~) (4,5%) (1%)

4 1 19 so 86 6 X)2

(4,~) (18,6%) (1~) (14%) (4.4%)

5 6 12 2 1 21
(5,9%) (2,4%) (0,3%) (0,7%)

Total 9 00 382 =a> 96 25 37 1134
Positive (42,86%) (78,43%) (76,40%) (81,~) (70,07%) (55,56%) (36.27%)

Total 21 102 .:ro 616 137 45 102 1523



Table. 2: .Massina (Ngaliema A School). Malaria prevalence and

parasite· density in 126 schoolchildren. selected at

random.

Parasite density

(Classes)

5-9

Age ..

10-14 Total

0 16 8 24

(21,05%) (16%) (19,05%)

1 12 8 20

(15,79%) (16%) (15,87%)

2 17 12 29

(22,37%) (24%) (23,02%)

3 21 16 37

(27,63%) (32%) (29,36%)

4 10 6 16

(13,16%) (12%) (12,70%)

5 0 0 0

..

Total positives
60 42 102

(78,95%) (84%) (80,95%)

Total 76 50 126



Table 3: Moungali. (Hartyrs·· School ).-Malaria: pr.evaLeneet.and

. parasite density in 192 schoolchildren selected at

random.

Parasite density

(Classes)

5-9

Age

10-14 Total.

° 84 90 174

(94,38%) (87,38%) (90,63%)

1 3 1 4

(3,37%) (0,97%) (2,08%)

2 2 4 6

(2,25%) (3,88%) (3,12%)

3 ° ·7 7

(6,80%) (3,65%)

4 ° 1 1

(0,97%) (0,52%)

5 ° ° °
Total positives

5 13 18

(5,62%) (12,62%) (9,38%)

Total 89 103 192



Tabie 4: Talangai (LiberteSchool). Malaria prevalence add'

. parasite density in in ~choolchildren selected at

random.

Parasite density

(Classes)

5-9

Age

10-14 Total

0 21 17 38

(41,18%) (28,33%) (34,23%)

1 8 10 18
, :. (15 ','69%) (16,67%) (16,21%)

2 10 17 27

(19,61%) " ',r" (28,33%) (24,32%)

3 5 13 18

(9,80%) (21,66%) (16,21%)

4 6 3 9

(11,76%) (5%) (8,11%)

5 1 0 1

(1,96%) (0,90%)

Total
., ,. 30 :43 73positives

(58,82%) (71 ,67%) (65,77%)

Total 51 60 111



· " -
Table 5: Bacongo (19 septembre 1965 School). Malaria prevalence"

and parasite density i~ 126 schoo1c~iidren sele~~ed at

random;

Parasite density

(Classes)
5-9

Age

10-14 Total

0 42 34 76

(67,74%) (53,12%) (60,32%)

1 7 9 16

(11,29%) (14,06%) (12,70%)

2 5 7 12

(8,07%) (10,94%) (9,52%)

3 3 11 14

(4,84%) (17,19%) (11,11%)

4 4 3 7

(6,45%) (4,69%) (5,56%)

5 1 0 1

(1,61%) (0,79%)

Total positives 20 '30 50

(32,26%) (46,88%) (39,68%)

Total 62 64 126



KEY OF FIGURES

Figure 1: Map of Brazzaville with localization of the schools investigated:

A: Ngaliema A School in Massina; B: 19 Septembre 1965 School in

Bacongo; C: Martyrs School in Moungali; D: Unite Africaine School

in Poto-Poto; E: Liberte School in Talangai. The shaded area indicates

the place of residence of the Poto-Poto and Moungali schoolchildren

selected for serological surveys.
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SUMMARY

A study of the current incidence of pernicious attacks and of

mortality due to malaria was carried out in Brazzaville. The results

of this study, which concerned all the medical units of the town, were

analysed in terms of the previous studies on the epidemiology of malaria

transmission in the various districts of the town.

It was estimated that the annual incidence of pernicious attacks

in children in Brazzaville is 1,15 per thousand between 0 and 4 years,

0,25 per thousand between 5 and 9 years and 0,05 per thousand between

10 and 14 years. The annual mortality due to malaria was estimated

at 0,43 per thousand between 0 and 4 years and 0,08 per thousand between

5 and 9 years. These values are about 30 times lower" than those expected

from the results of previous studies of the mortality due to malaria

in inter tropical Africa.

Whereas considerable differences in malaria transmission intensity

exist in the different districts of Brazzaville, the incidence of

pernicious attacks and the resulting mortality are remarkably unvarying

whatever the level of transmission . In particular, similar results

were observed for the sector Mfilou-Ngamaba-Ngangouoni, where malaria

is holoendemic with over 100 infective bites per person per year and

a parasite rate of 80,95% in schoolchildren, and the central sector

of Poto-Poto-Ouenze-Moungali, where malaria is hypoendemic with less

than one infective bite per person every three years and a parasi­

te rate of less than 4% in schoolchildren.

These results are discussed in terms of previous observations

in urban .and surrounding rural areas. The authors consider that at the

present time .there is a dramatic drop in rmrtal.i.ty due to malaria despite

the maintenance in rural areas and numerous urban districts of a very

high transmission ensuring a stable holoendemicity. This drop is attri­

buted to the widespread use of antimalarial drugs by the population.
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INTRODUCTION

Whereas all .. the populations residing in the rural area around

Brazzaville are exposed to a very high intensity of malaria transmis­

sion, about one infective bite per night per personv the inhabitants

of Brazzaville are exposed to variable degrees of malaria transmission

intensity, according to the district where they live and particularly

to the geographic si'te and the type and age of urbanization. The rate

of inoculation thus varies from about 100 infective bites per person

per year to less than one infective bite per person every three years,

and considerable differences are also observed for the malaria pre­

valence which varies from 3,36% to 80,95% in schoolchildren according

to the district of the town (TRAPE, 1986a and b, TRAPE &ZOULANI, 1986a

and b).

It is generally acknowledged that in areas of high malaria

endemici ty the incidence of severe clinical forms of malaria and the

resulting mortality are high for infants and very young children but

from then on decrease considerably because of acquired immunity. For

this reason, in regions where malaria eradication is not possible at

the present time, the question of the advisability of taking measures

to reduce transmission intensity and of systematic chemoprophylaxis

for infants and young children are for a long time subjects of contro­

versy, since they could delay or prevent the acquisition of immunity

and thus increase the incidence of serious formes of malaria in age

groups normally spared (WILSON, 1939; SCHWETZ, 1948; SWELLENGREBEL,

1950; VISWANATHAN, 1951; WHO, 1968; KOUZNETSOV, 1979; MOLINEAUX & GRA­

MICCIA, 1980; WHO, 1980; ONORI et al, 1982; GREENWOOD, 1984). Indeed,

although numerous studies have shown an important decrease in serum

gamma-globulin and malaria antibody levels during prolonged chemoprophy­

laxis (McGREGOR et al., 1956; McGREGOR &GILLES, 1960, GILLES &McGREGOR

, 1959 and 1961; VOLLER & WILSON, 1964; MATTERN et al., 1967; CORNILLE­

BROGGER et al., 1978), the conditions have not yet been established un­

der which this decrease would be susceptible to be accanpanied by a sufficiently
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large or durable increase in the incidence or the gravity of clinical

attacks of malaria when chemoprophylaxis is stopped, to counterbalance

the positive effects previously observed. Moreover, although there is

no doubt that any prolonged interruption in transmission can have very

serious consequences when there is a renewal of transmission, as is

clearly shown by the examples of populations living in areas of epidemic

or unstable malaria .. (CHRISTOPHERS, 1948; FONTAINE et al., 1961), the

price paid by population residing in holoendemic areas is sufficiently

high, and at least the immediate benefits of antivectorial measures

are sufficiently ~rtant (fDFFMAN & VAN RIEL, 1948; DRAPER & DRAPER, 196J; PAYNE et al. ,

1976) that the question of the advisability and the eventual choice of methods
.'

for such measures remains to be settled. In this context, during va-
riousprojects of malaria control where transmission,

initially very high, was interrupted or considerably decreased for

several years, the observation of the populations concerned did not

show any important adverse effects when measures were stopped and

transrrission began again (BRlK::&QMATI, 1963; PRllU.E, 1967; MJLINFAUX & GRAMICXlA, 1(00).

In the case of Brazzaville, because of the very low malaria

transmission intensity observed in various districts of the town, the

first experience of malaria occurs late in childhood for the majority

of children, and the acquisition of immunity is uncertain or very

slow for the whole of the population living in these districts. This

specifically urban phenomenon, .which appears in a region where malaria

remains holoendemic, is liable to considerably modify the classical

epidemiv10gical aspects of severe forms of malaria. Furthermore, the

presence of numerous populations in other districts of the town where

malaria transmission intensity remains very high, allows a detailed

comparison with these sociologically and economically similar popu­

lations for whom the acquisition of immunity remains unchanged.

In the present study, we attempted on the one hand to estimate

the present-day incidence of severe forms of malaria and the resulting

mortality in Brazzaville, and on the other hand to specify the impact

of the considerable decrease in transmission intensity observed in

certain districts.
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MATERIAL AND METHODS

GENERAL CONSIDERATIONS

Al though there are numerous semiological varieties of pernicious

malaria (GALLAIS, 1945; REY et al. 1966; MARSDEN & BRUCE-CHWATT, 1975)

sooner or later cerebral symptoms (alterations in the level of consciou­

sness) are observed. These enter into the definition of cerebral malaria,

whereas they are secondary symptoms accompanying severe involvements

in other systems. These symptoms are considered by the

parents to be sufficiently serious to justify a visit to the dispensary

or hospital, and then by the doctor or nurse to justify immediate

admission into hospital. Unlike simple attacks of malaria which are

treated at home by the parents or in a dispensary by the nurse, we

consider that in Brazzaville very few cases of pernicious malaria are

not brought to the hospital. In particular, the importance of traditional

medical practices does not seem to delay admittance into hospital for

this type of clinical picture. Only in the case of certain religious

sects, few in number but becoming more popular in urban areas, are

such delays probably frequent.

Even in a hospital survey a precise estimation of the incidence

of severe forms of malaria and the resulting mortality is always

difficult in areas of high endemicity. Diverse methodological problems

arise, as stressed by numerous authors (GARNHAM, 1949; WILSON et al.

1950; BRUCE-CHWATT, 1951 and 1952). The health statistics are difficult

to exploit, because they are usually incomplete and the information

is of unequal reliability. Based on the hospital records, the problem

of record-keeping arises, and of the value of the information in these

records. It is usual in areas of high malaria endemicity to attribute

to malaria all febrile syndromes for which another aetiology is not

clearly evident, especially when the thick blood film is positive.

In the same way, death or coma in a child with a positive thick blood

film is easily attributed to malaria especially as there are usually

few possibilities for further tests. Finally, another difficulty results

from the high frequency in hospitals of cases of simple malaria

attacks complicated by hyperthermic convulsions with no cerebral
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significance (SENGA et al., 1985). Convulsions are infrequent in a simple attack, but

they are cause for worry in the parents and usually lead to hospital

admittance; They mayor may not be followed by a period of lethargy,

always of short duration, and their prognosis is excellent (REY et

al., 1966). However, these forms are often confused with cerebral

malaria, which often presents inaugural convulsions, and are found

under this name in the hospital records.

In order to limit the risk of errors in either direction in the

enumeration of cases of pernicious malaria and the estimation of their

annual incidence in Brazzaville, the study undertaken by us concerned

the four hospitals in this town, and several types of survey were

associated.

METHODS

General Hospital and Military Hospital.

A longitudinal survey was carried out from December 1982 to

February 1984 in the Pediatrics ward of the General Hospital and

from December 1983 to February 1984 in the Pediatrics ward of the

Military Hospital and the Pediatrics clinic of the General Hospital.

On the one hand, we recorded the number of cases of pernicious attacks

observed during the given period, and on the other hand we studied

the diagnostic references used by each medical team, the feasibility

and the place of biological tests, the keeping of patients' notes and

hospi tal records and the reliability of the information contained in

them. At the end of the longitudinal survey, a retrospective survey

was carried out for the period October 1982-February 1984 using the

hospital notes and the records of admittance and discharge from the

hospital. From the observations made during the longitudinal survey,

we took into consideration :

- For cases of recovery: all the patients' notes in which the diagnosis

of pernicious malaria appeared to be probable (typical clinical picture

and normal lumbar puncture).
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- For cases of death : all deaths occurring within a picture of acute

encephalitis or acute haemolytic anaemia (not due to drepanocytosis),

and not proved to be due to a disease other than malaria.

The cases observed in children normally living outside Brazzaville

were excluded from this study.

Makelekele and Talangai Hospitals.

These two hospitals do not possess pediatric intensive care units.

Because of this, any child presenting a coma or severe collapse is

normally immediately transferred to one of the two hospitals mentioned

above. In fact. the longitudinal survey which we .carr i ed out over a

period of 3 months (December 1983-February 1984) showed that this

transfer was not systematic when loss of consciousness was only slight.

and that it was therefore necessary to take into account these two

hospitals even though there were only a small number of pernicious

attacks.However. a retrospective survey was not possible because of

the absence of patients'notes and the unreliability of hospital records.

The enumeration of cases of pernicicus malaria therefore concerned

a period of 3 months only, from which we estimated the number of cases

per year in these two hospitals.

RESULTS

RESULTS OF THE HOSPITAL SURVEY

Results for each hospital •

.fe.!!.e.!:.a.!.l!o~.!.t~l.

For the seventeen months of the period October 1982 - February

1984 we took into account 112 patients' notes as being probable cases

of pernicious attacks (61 in the Pediatric Ward and 51 in the Pediatric

Clinic). In 39 cases (34.8%) a fatal issue was observed. For the year

1983 only, 68 pernicious attacks were recorded, among which 29 deaths

were observed.
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k1i.!.i!.a'!:'y_H.Q.s.£.i!.al.

For the seventeen months of the period October 1982 - February

1984, we took into account 25 patients' notes as being probable cases

of pernicious attacks, of which 2 were fatal. For the year 1983 only,

21 cases were observed, of which 2 were fatal.

Iala.!},g~i_a.!!.d_M~k~l~k~l~l!o3Jit~l§..

During the three months'study, 5 pernicious attacks were observed

(4 cases in Talangai and one case in Makelekele). They were relatively

mild clinical forms (2 cases of lethargy and 2 cases of stupor). In all

cases the evolution was rapidly favourable.

Length of evolution.

Out of 101 cases of favourable evolution, the precise length

of hospital stay was known for 90. It was less than 3 days in 5 cases

(5,6%), between 3 days and one week in 64 cases (71,1%) and more than

one week in 21 cases (23,3%).

For the 41 cases of fatal evolution, death occurred less than

24 hours after admittance into hospital in 26 cases (63,4%), between

24 and 48 hours in 40 cases (24,4%) and between 48 hours and 10 days

after admittance into. hospital in 5 cases (12,2%).

Seasonal occurrence.

No seasonal variations in the frequency of pernicious attacks

were observed. For the year 1983,35,9% of the cases observed at the

General Hospital and the Military Hospital occurred during the 4 months

of the dry season (June to September), 31,5% during the first half

of the wet season (January and October to December) and 32,6% during

the second half of the wet season (February to May).

Age of patients.

Figure 1 shows the distribution by age of 140 cases of pernicious

at tacks for which the age was known. 62,1% of the cases concerned

children from 0 to 2 years and 84,6% children under 5 years.
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EPIDEMIOLOGICAL ANALYSIS

Distribution of the population of Brazzaville according to the malaria

transmission intensity.

In a previous article (TRAPE & ZOULANI, 1986b) we drew up a map

of the intensity of malaria transmission in Brazzaville, in which 4

levels of transmission were considered :

- Very low t ransmi.sai.on : less than one infective bite per person per

half-year.

- Low transmission from one infective bite per person per half-year

to one infective bite per person per month.

- Moderate transmission : from one infective bite p.er person per month

to one infective bite per person per week.

- High transmission: at least one infective bite per person per week.

From census results for 1974 (D.S.C.E., 1976) and 1983 (GONDZIA,

1983) as well as aerial observations and photographs (IGN, 1978; TRAPE,

unpublished observations) we estimated the population living in each

of the four regions defined above. Furthermore, by incorporating the

results of a previous study (URBANOR, 1980) on the age pyramid in each

administrative district, we also estimated the number of children from

0-4 years, 5-9 years and 10-14 years living in each of these regions

(table 1).

Incidence of pernicious attacks according to degree of exposure.

Out of 142 patients' notes concerning pernicious attacks collected

during the hospital survey, 124 included the exact address of the

patient and were localized on a map of Brazzaville (figure 2), thus

allowing a comparison of the incidences of pernicious attacks in the

4 areas of malaria transmission intensity.

The results are shown in table 2. It can be seen that during

the survey the incidence of pernicious a ttacks in children is 0, .40

per thousand in the high transmission area, 0,65 per thousand in the

moderate transmission area, 0,58 per thousand in the low transmission

area and 0,44 per thousand in the very low transmission area. For each

transmission area, the incidence of pernicious attacks is at a maximum

in the age group 0-4 years it is 0,99 per thousand in the high
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transmission area, 1,41 per thousand in the moderate transmission area,

1,34 per thousand in the low transmission area and 0,88 per thousand

in the very low transmission area. Over the age of 4 years, the

incidence of pernicious attacks is considerably lower in each of the

areas : 0,07 per thousand in high transmission areas, 0,36 per thousand

in moderate transmission areas, 0,31 per thousand in low transmission

areas and 0,38 per thousand in very low transmission areas. The propor­

tion of pernicious .at t acks occurring before the age of 5 years is thus

93,.8%, 81,8%, 81% and 70,6% in each of these areas, whereas the average

ages for pernicious attacks are respectively 27 months, 36 months,

33 months and 39 months.

The differences observed between the areas of transmission in the

incidence of pernicious attacks are not significant, neither generally

nor in any age group. Likewise, the incidence of pernicious attacks

is remarkably similar in the central sector of Poto-Poto-Ouenze-Moungali

and in the sector of Mfilou-Ngamaba-Ngangouoni whereas the malaria

transmission intensity is at least 300 times superior in the latter

sector (TRAPE & ZOULANI, 1986a) respectively 0,35 per thousand

(estimated number of children from ° to 14 years = 25.584, number of

pernicious attacks 9) and 0,38 per thousand (estimated number of

children from ° to 14 years : 23.800, number of pernicious attacks

: 9).

All deaths from pernicious attacks occurred before the age of

10 years. For the whole of the 0-9 years age group, the incidence of

death was 0,24 per thousand in the high transmission area, 0,30 per

thousand in the moderate transmission area, 0,20 per thousand in the

low transmission area and 0,15 per thousand in the very low transmission

area.

The fact that the duration of the survey was considerably shorter

in the Makelekele and Talangai Hospitals is only liable to slightly

modify the above results. These two hospitals receive other patients

coming from all over Brazzaville and the number of patients admitted

with pernicious attacks is very low. However, the number of pernicious

attacks is higher in Talangai Hospital than in Makelekele Hospital,

which would cause an underestimation in this study of the incidence

of pernicious attacks which is higher in the moderate transmission
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area, where the majority of patients admitted into Talangai Hospital

originate, than in the other transmission areas.

Annual incidence of pernicious attacks in Brazzaville.

For 1983 we recorded 68 cases of pernicious attacks in the General

Hospital and 21 cases in the Military Hospital. We also estimated the

annual number of pernicious attacks treated in the Makelekele and

Talangai Hospitals. ~o be about twenty. Finally, it would appear that

children who arrived dead at the hospital or who died on arrival were

not taken into account in this type of survey. We thus estimated that

each year, in Brazzaville hospitals, about 10 more cases of pernicious

attacks, all fatal, should be added to the total nu~ber.

On a base of 119 cases in 1983, of which 42 were fatal, and of

the age distribution previously calculated for 140 patients, the annual

incidence of pernicious attacks in children in Brazzaville is 1,15

per thousand between 0 and 4 years, 0,25 per thousand between 5 and

9 years and 0,05 per thousand between 10 and 14 years.

The annual incidence of death from pernicious at tacks is 0,43

per thousand between 0 and 4 years and 0,08 per thousand between 5

and 9 years.

DISCUSSION

Although there exist between the different districts of Brazza­

ville considerable differences in malaria prevalence and transmission

intensity, the differences observed in this study in the incidence

of pernicious attacks are small and insignificant. It is particularly

of interest to note that the incidence of pernicious attacks is not

higher in the Mfilou-Ngamaba-Ngangouoni sector, where malaria is holo­

endemic with more than 100 infective bites per person per year and

a parasite rate of 80,95% in schoolchildren, than in the central

sector of Poto-Poto-Ouenze-Moungali, where malaria is hypoendemic with

less than one infective bite per person every three years and a parasite

rate less than 4% in schoolchildren. Moreover, although the average age

of pernicious at tacks is higher in very low transmission areas than

in high transmission areas we nevertheless observe that pernicious

attacks are very rare in children over 4 years of age whatever the
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level of exposure.

Finally, we also observe that the annual incidence of pernicious

attacki and the annual mortality rate due to malaria in children repor­

ted in this study are much lower than those generally reported up to

now in Central Africa and in the other regions of Africa where malaria

is holoendemic.

Whereas we observed an annual mortality of 0,43 per thousand

between 0 and 4: years and 0,08 per thousand between 5 and 9 years,

a review of studies on mortality due to malaria in Zaire (DUREN, 1937

and 1951) reported rates between 12 and 24 per thousand each year in

children from 0 to 3 years. Likewise, JANSSENS et al. (1966) in the

Ituri reported an annual mortality due to ma Lar La of 40 per thousand

in infants and 22 per thousand in all children. These high values obser­

ved in Central Africa were similar to those observed in other regions

of Africa where malaria is holoendemic. Thus, in the urban area of

Lagos, BRUCE-CHWATT (1952, 1963) estimated the rate of mortality due

to malaria to be about 12,5 per thousand in infants, 7 per thousand

between 1 and 4 years and 1 per thousand between 5 and 10 years. This

author added: "Compared with similar estimations in other regions of

Africa, the values found in the region of Lagos in Nigeria are lower

in infants and children. It is probable that the values for Nigeria,

if they were available for rural areas, would be superior by about

a third to a half". In Accra, COLBOURNE & EDINGTON (1954) reported

an annual mortality from malaria of 15,7 per thousand in children under

5 years of age.

In 1972, a WHO interregional conference proposed an estimation

of the death rate due to malaria in Africa (WHO, 1974): "On the basis

of a few past studies, it can be estimated that malaria is directly

responsible for about one million deaths annually of infants and chil­

dren below the age of 14 years". For a total exposed population of

about 200 millions in 1972, and taking into account the much lower

rate of mortality between 5 and 14 years than under 5 years, this esti­

mation infers an annual mortality rate due to malaria of more than 15

per thousand for children from 0 to 4 years.
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Thus, . the rates of mortality due to malaria observed in this

study are about 30 times lower than those expected from the results

of previous studies, most of which, however, date back from a long

time or concern remote rural areas. In the districts of Brazzaville

where transmission is low or very low, these results might be explained

by the very low malaria incidence. It must be noted, however, that

the low incidence of:pernicious attacks in young children is not com­

pensated by a higher incidence in older children.

On the other hand, in the districts of Brazzaville where trans­

mission is moderate or high, there is a considerable difference between

the results expected and those observed. In t hese : districts, a rate

of mortality of 15 per thousand corresponds to 515 annual deaths due

to malaria in children under 5 years, whereas we observed only 14 deaths

in 1983. Even by adding to this total some unrecorded or unlocalized

cases, the total number of annual deaths from malaria remains very

low.

It is probable that a survey carried out uniquely in hospitals

underestimates the real number of pernicious attacks and of deaths

due to malaria in the general population. However, for reasons explained

above, we consider this underestimation to be very slight in the case

of Brazzaville. Furthermore, due to the absence of necroscopic veri­

fication, we cannot affirm that all deaths attributed to malaria in

this study are effectively due to this disease. The diagnosis of perni­

cious attack could have been unduly made at times, particularly in

cases when death occurred before biological tests, especially lumbar

puncture, could be carried out.

The results of this study link up with those of two other studies

recently carried out in Brazzaville and the surrounding rural area

which used very different methods. In Brazzaville, an O.C.E.A.C. survey

based on interviews with 4.267 randomly selected mother (cluster samp­

ling) indicated an annual mortality due to malaria of 0,6 per thousand

in children below 5 years of age (MERLIN, 1984). In Linzolo and the

neighbouring villages, where malaria is holoendemic, the study of a

cohort of 548 live-born infants showed that 484 (88,3%) of these chil­

dren reached their 5th birthday. Infant mortality was 71 per thousand

(39 deaths, of which 34 occured before 6 months of age) and mortality
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in the 1-4 year age group was 49 per thousand (25 deaths out of 509

children having reached the age of 1 year. The direct responsability

of malar i a was not suspected in any of these cases (GUILLO DU BAUDAN,

1982; CARME et al., 1984).

It would thus seem that at the present time there exists a

considerable decrease in mortality due to malaria, in Brazzaville as

well as in the surrounding region, irrespective of the modifications

in the level of ende~icity due to urbanization, and despite the persis­

tence of a very high level of endemicity in rural areas as well as

all the recently urbanized districts. In a previous paper (TRAPE, 1986b)

we showed the unusual aspect of the graph of variation in malaria

prevalence as a function of age in Brazzaville and the surrounding

area, with the presence of a maximum prevalence between la and 14 years

indicating the importance of the use of antimalarial drugs in the

younger age groups. This use has two aspects : irregular prophylactic

use and presumptive

chemotherapy of febrile attacks. In both cases we emphasized the growing

role of selfmedication ( TRAPE et a I , , in press). To this

important use of antimalarial drugs, we attribute the present drop

in mortality due to malaria in Brazzaville and the surrounding area,

which has come about despite the total absence of any specific anti­

malarial campaign and the persistence in rural areas and in numerous

districts of the town of a very high transmission which maintains a

stable holoendemic state.

It is well known that the oncome of a pernicious attack can be

very sudden, sometimes following the appearance of the first clinical

signs by less than 24 hours. However such an acute evolution is normally

very rare. Nevertheless these forms represent two thirds of the

pernicious attacks observed at the present time in Brazzaville, probably

indicating that it is becoming exceptional for a child to remain febrile

for several days without receiving a presumptive antimalarial treatment,

thus preventing severe complications. With regard to this, it would

seem that only a sociological approach to the problem of the remaining

non-acute pernicious attacks could allow an even more significant

decrease in their incidence in Brazzaville and the surrounding region.
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The part played by malaria as a cause of death in association

with other diseases has never been estimated with any certainty (WHO,

1974). However, some indication of the importance of this contribution

was gained by contrasting figures of crude mortality in holoendemic

areas before and after the introduction of antimalarial measures (McGRE­

GOR, 1960). In general, the reduction in mortality rates was much more

important than expected from the results of studies investigating the

importance of malaria as a direct cause of death: infant death rate

fell from 308 per thousand to 132 per thousand following mass weekly

chemoprophylaxis in a hyperendemic area of the Zaire (JANSSENS, 1952),

and malaria control by spraying of insecticides was accompanied by

a marked reduction in infant death rates during two control schemes

in East Africa: from 165 per thousand to 78 per thousand in Pare-Taveta

(DRAPER & DRAPER, 1960), and from 157 per thousand to 93 per thousand

in the Nyanza province (PAYNE et al., 1976). Although control projects

are generally accompanied by the improvement of health care facilities,

such differences are impressive and suggest the importance of malaria

as a contributory cause of death.

However, in the case of Brazzaville, data collected by MERLIN

(1984) do not show higher infant and child crude death rates in the

most malarious districts of the town j present figures of infant

and child mortality in rural and urban areas are lower than those obser­

ved following malaria control in other regions of Africa: in urban

Brazzaville, infant death rate was 64 per thousand in 1974 and 57 per

thousand in 1984 (DUBOZ , 1984 ; MERLIN, 1984); in rural areas, infan t

death rates during two different studies were respectively 62 per thou­

sand and 71 per thousand (DUBOZ, 1984; CARi1E et al., 1984). Whatever

the part played by medical services, these figures suggest that the

widespread use of antimalarials contributes to the reduction of both

direct and indirect mortality from malaria,

If this analysis is correct, the development of strains resistant

to 4 amino quinolines would probably have major consequences, since

it would seriously affect the present process of the initial treating
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of f ebr i l.e children by the parents. The income level of the majority

of the populations concerned by this study ( URBANO~, 1980 ) ,

although considerably higher than that of populations living in remote

rural areas or in other regions of Africa, remains very low. It would

not allow the replacement of 4 amino quinolines in the family medecine

chest by new drugs ~hich are all much more expensive : at the present

time the presumptive treatment by chloroquine of a febrile syndrom

in an infant only costs the family 20 CFA francs (4 US cents), which

explains its generalization. The start of treatment in the case of

a resistance would thus be very much delayed, whereas it is certainly

the reduction of this delay which is the basis of the present drop

in incidence of pernicious attacks and mortality due to malaria.

Despite the problems which will sooner or later be caused by

resistances, this study clearly shows that the persistence of a very

high level of endemicity is compatible with a considerable decrease

in mortality due to malaria. In the case of Brazzaville and the sur­

rounding area, the most remarkable fact is that this result is not

the consequence of an antimalarial campaign strategy organised by the

health authorities and international organisations, but that of a

compromise, established by the populations concerned, between the

chemoprophylaxis which was recommended to them, and the chemotherapy

which was reserved for the medical units. It is probable that the case

of Brazzaville and the surrounding region is not isolated, and that

this same phenomenon is from now on frequent in intertropical Africa.

In places where this is not the case, particularly in remote rural

areas, this study suggests that an authentic policy of primary health

care could rapidly have a considerable impact on mortality due to

malaria.



Table 1: Estimated distribution of the populati~n of Brazzaville by

age groups according to the malaria transmission intensity

in the district of residence.

-----------------------------------------------------------------------

Transmission

intensity

Population

.: 0-4 years· 5-9 years 10-14 ysars ') 15 years Total

--~---~--------------~~-~---------~-----------------------------------

High 15.169 13.629. 11.479 40.656 80.933

Moderate 19.179 17.241 14.127' 58.802 109.349

---------------------------------------------------~--------------- - - - -

Low. 35.183 34.955 29.241 121~118 220.497

Very low 13.511 13.786 11. 715 50.970 89.982

Total 83.042 79.611 66.562 271.546 500.761

~------------------------------------------------------------------ - - -



Table 2: Incidence of pernicious attacks in children

during the pe~iod October ,1982-February 1984 according to

age and malaria transmission intensity.

----------------------------------------------------------------

Transmission
Age groups

intensity
Q.1. 5-9 10-14 Total

High 0,99%" 0,07%~ (J}'"" 0,40%.

(15/15.169) (1/13.629) (0/11.479) (16/40.277)

Moderate 1,41%. 0,29%" 0,071'00 0,65%0

(27/19.179) (5/17.241) (1/14.127) (33/TJ.547)

Low 1,34700 0,31%. CWo. O,SBr""

(47/35.183) (11/34.955) (0/29.241) (58/g;).379)

.Very low 0,88%" 0,29%0 O,(fJ'Io" 0,44%0

(12/13.511) (4/13.786) (1/11.715) (17/39.012)

.Total 1,WOIl

(101/83.()42)

0,26%•

(21/79.611)

0,Q317""

(2/fiJ.562)

0,54%"

(124/229.215)



KEYS TO FIGURES

FIGURE 1: Age distribution of 140 cases of pernicious

attack, of which 39 were fatal, in Brazzaville hospitals.

The dots correspond to fatal cases.

FIGURE 2: Map of Br:azzaville showing the- localization of pernicious

attacks.
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In 1972, an international group of experts gathered in Brazzavi11e

for a WHO Interregiona1 Conference estimated that in Africa malaria is

directly responsible for about· one million deaths annually of infants

and children below the age of 14 years 1. Excluding the Saharian oasis

and high-altitude regions where malaria takes on an epidemic aspect and

is sometimes responsible for high mortality in all age groups 2, it is

generally accepted that malaria mortality in Africa is the prerogative

of young chi1drenl especially those from six months to 2 years. The WHO

estimation was thus essentially based on an annual mortality rate of

about 15 per thousand in the 0-4 age group, the average value suggested

by studies in Nigeria and Ghana 3, 4, 5, and also in Zaire 6, 7, 8 and

East Africa9, 10. The formidable efficiency of the two main African

malaria vectors, Anopheles gambiae and A. funestus, explains these high

figures, which have no equivalent inothe~. continents 11. Field studies

during various pilot projects 12, 13, 14, 15 and mathematical models 16

revealed the very high stability of malaria transmitted by these vec­

tors, and the impossibility at present time to eradicate malaria or to

durably reduce the endemic level. For this reason, the antima1aria cam­

paigns deve10pped in the 1950's and 1960's never wen~ beyond the stage

of pilot projects limited in time and space. We pr-esent here the main

findings of a research project carried out in the Brazzaville region I

Congo, on the current impact of urbanization on malaria. Despite the

absence of any control measures, malaria mortality rate in rural and

urban areas was observed to be about 30 times lower than could be expec­

ted from former studies in Africa. The results indicate that a conside­

rable reduction in mortality from malaria is compatible with the per­

sistence of intense transmission and a malaria prevalence of over 75% in

children. We attribute this drop to the generalization of a presumptive

use of antima1aria1s for treatment of fever cases.

The project took place from November 1980 to May 1985. It concer­

ned the whole of urban Brazzaville and the Villages situated within a

range of 50 kilometres from this town. Particular attention was given

to methodology, especially for the collecting and analysis of parasito­

logical and clinical data 17, 18, 19
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In rural areas, malaria is holoendemic: the average prevalence

in children aged 1-14 years varied among the villages between 79.1% and

94.2% for Plasmodium falciparum, between 13.8% and 26.1% for P. malariae

and between 4.6% and 9.8% for P~: ovale. 20. The intensity of malaria

transmission, which was determined by night collections on human bait

and indoor-resting collections, varied with the villages from about 200

to 1,000 annual infective bites per person 21 Only A. gambiae was

of epidemiological importance. No seasonal variations were observed in

the parasite rat~s and densities, and the transmission showed moderate

fluctuations.

In urban areas, considerable differences were observed between

the different districts of the town. Thus, the average malaria preva­

lence in . scliooldrildren from 5 to 15 years was 81% in Massina, 65.8% in

Talangai, 39.7% in Bacongo, 9.4% in Moungali and 3.4% in Poto-Poto 22,

Entomological surveys show that these differences are associated with

equally large differences in A. gambiae density, in relation with urba­

nization 23, 24. Thus, the degree of exposure to malaria of the inhabi­

tants of Brazzaville varied according to the districts from 3 infective

bites per person per week to less than one infective bite per person

per year, 57% of the children aged 6 to 7 years living in Poto-Poto

since birth had~ no antimalarial antibodies.

Studies on malaria mortality in rural areas were carried out

on children born in. the lIBternityhbspital in: Linzolo vi1.1age, at 25 km .'. frrm Braz­

zaville, where most of the women liVing in the villages to the South­

West of Brazzaville give birth to their children. In the Congo, it

is compulsory to give birth in a maternity hospital under penalty of

a fine, and this obligation is largely respected (70% of births over

the whole country) despite the difficulties encountered in many rural

areas situated far from a maternity hospital. The study of a cohort
I

of 548 live-born infants showed that 484 of these children reached their

5th birthday. Infant mortality was 71 per thousand (39 deaths of which

34 occured before 6 months of age) and mortality in the 1-4 year age

group was 49 per thousand (25 deaths out of 509 children having reached

the age of 1 year) 25. The direct responsability of malaria was not

suspected in any of these cases. Likewise, out of 34 deaths observed

in 1980-1981 in children aged from 4 months to 4 years hospitalized

in the Li.nzo Io medical center, only 2 presented a clinical picture
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compatible with a pernicious attack, 2\__ Nevert:fieless, jn the. villages where

these children live, the intensity of malaria transmission reaches

several hundred infectives bites per person per;' year, the parasite rate

is over 75% up to the age of IS' years, and clinical malaria represents

about half the causes of child fever 18, 27.

In urban areas, we studied malaria mortality in children over

the period October 1982 - February 1984 19. The study consisted firstly

in recording the confirmed or suspected cases of pernicious attacks

and deaths caused':by malaria in all the health establishments of Brazza­

ville, and secondly in studying the conditions of hospitalization and

diagn.osis in order to propose the most reliable estimation possible

of malaria mortality, taking into account the specific problems concer­

ning this diagnosis. in an African context. For 1983 only 42 deaths

could be definitely or probably attributed to malaria over the whole

of urban Brazzaville for 229,000 children under 15 years. The annual

death rate from malaria was estimated at 0.43 per thousand in the 0-4

year age group and 0.08 per thousand in the 5-9 year age group. A very

low incidence of pernicious attacks and deaths from malaria was observed

in all the districts of the town, whatever the level of endemicity.

In particular, the same incidence of perni~ious attacks

were observed in the two most contrasted sectors of the town where

respectively 26,000 and 24,000 children under 15 years live, the first

characterized by a malaria transmission of 100 infective bites per

person per year and a parasite rate in schoolchildren of 81%, and the

second by a malaria transmission intensity of less than one infective

bite per person per year and a parasite rate in schoolchildren of 3.4%.•

Using a very different methodology, a study by the O.C.E.A.C.

carried out in 1984 and based on the questioning of 4,267 mothers selec-

ted at random (cluster sampling) over the whole of urban Brazzaville,

indicated a yearly malaria death rate of 0.6 per thousand in children

'under 5 years of age ~R.

Although the estimation of malaria mortality is delicate and

no method can be considered entirely satisfactory, the convergence of the,

results obtained strongly suggests that the malaria death rate at the

present time in the Brazzaville region, in urban as well as rural areas,

is about 30 times lower than could be expected from former studies

on malaria mortality in Africa, and in particular the WHO estimation.

There have been no important studies on this theme in the Congo before,

but former studies in the 1950' s in ecologically comparable regions
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of Zaire showed a much higher malaria death rate, usually between 15

and 25 per thousand in children under 5 years 7, 8 Therefore, there is

certainly a considerable recent decrease in malaria mortality in this

region of the Congo, despite the absence of any specific control measu­

res, and the persistance of a :classical holoendemic malaria in rural

areas and a large part of the town.

Chemoprophylaxis for infants and pregnant women is advised by

the Congolese health authorities, and chloroquine is widely distributed

in Mother and Child Welfare Clinics. However, because of the importance

of transmission,· ·only a regular course of treatment can prevent malaria

infection. Generally, chemoprophylaxis is too irregular to prevent

repeated infections in infants, and malaria prevalence reaches 75%

before.::the age of 1 year in rural areas as well as in several urban

districts. Therefore, chemoprophylaxis as practised in the Congo seems

to be insufficient to explain such low mortality rates.

The reason for the drop in malaria mortality is probably the

now generalized use of antimalarial drugs for the treatment of all

febriles syndromes in children. This has become systematic in health

establishments, especially in small dispensaries. Above all, presumptive

treatment by chloroquine or amodiaquine directly prescribed and adminis­

tered by the parents has spontaneously come in general use. This self

medication by antimalarials drugs can be directly compared with the

use of antipyretics in developped countries. If such a treatment is

not rapidly effective, the child is then taken to the dispensary where

a quinine injection (and a prescription for antibiotics) is given.

Thus, a follow-up study made in a village near Brazzaville indicated

that 46.6% of febrile syndromes in schoolchildren did not lead to a

·medical cO:1s'.lltation.Among these, 74.7% still received treatment by

antimalarials drugs from the parents, and only 13.3% were not

treated 27.

The indirect effects of malaria as a contributory cause of morta­

lity have never been estimated with any certainty 1. However, some

indication of the importance of this contribution was gained by contras­

ting figures of crude mortality in holoendemic areas before and after

the introduction of antimalarial measures 29 In general, the reduction

in mortality rates was much more important than expected from the resul­

ts of studies i~vestigating the importance of malaria as a direct cause

of death: infant death rate fell from 308 per thousand to 132 per thou­

sand following mass weekly chemoprophylaxis in a hyperendemic area
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.,' 30
of the Zai r e and malaria control by spraying of insecticides was accom-

panied by a marked reduction in infant death rates during two control
.'

schemes in East Africa: from 195 per thousand to 78 per thousand in

Pare-Taveta 31, and from 151 per thousand to 93 per thousand in the

Nyanza province 9 Although control projects are generally accompanied

by the improvement of health care facilities, such differences are

impressive and suggest the importance of malaria as a contributory

cause of death. In the case of the Brazzaville region, present figures
. ":'

of infant and child mortality in rural and urban areas are lower than

those observed following malaria control in other regions of Africa:

in urban Brazzaville, infant death rate was 64 per thousand in 1974 32

and 57 per thousand in 1984 28; in rural areas, infant death rates
32

during two different studies were respectively 62 per thousand and

71 per thousand 25. Furthermore, data collected in Brazzaville 28 do

not show higher infant and drild crude death rates in the most malarious dis­

tricts of the town. Although improvement in existing medical services

is probably the principal responsible factor I these figures suggest

that the widespread use of antimalarials contributes to the reduction of

the importance of malaria as a contributory cause of death.

The results observed in the Brazzaville region clearly show that

a considerable reduction in malaria mortality is compatible with the

persistance of intense transmission and very high malaria prevalence.

The probable explanation of this phenomenon suggests that the fall

in malaria mortality is not only limited to the region studied here I

but is probably a general tendancy in developped urban and rural zones

in tropical Africa.

The future is, however, jeopardized by the very rapid development.

of resistances to chloroquine in the whole of tropical Africa. These

appeared in particular in the Congo in 1985. It is uncertain how serious

the impact of these resistances will be on malaria mortality, especially

when one takes into account the almost systematic and long-term use

of quinine compounds in all health establishments. It is nevertheless

probable that the resistances will strongly accentuate inequalities

with regard to death from malaria, according to economic and cu l tural

levels, and distance from health establishments. Despite considerable

progress toward the development of an antimalaria vaccine, this solution

is still very uncertain to solve the problem of malaria in Africa.

There is an urgent need for further field research on alternative stra­

tegies, which, as data collected in the Congo have shown, can be remar­

kably efficient in preventing severe complications of malaria.
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Abstract
The lack of serum haptoglobin in Africans has been investigated in the Congo, Central Africa,

where HpO prevalence is about 30%. This study shows that it is possible to suppress
ahaptoglobinaemia within a few weeks by antimalarial chemoprophylaxis, that it does not occur in
protected individuals, that ahaptoglobinaemia reappears at its original incidence levels after
interruption of chemoprophylaxis, and that some individuals are more susceptible in relation to Hp2

gene. Malaria is the only significant cause of ahaptoglobinaemia in subjects both with and without
detectable parasitaemia. The possible mechanisms involved are discussed ..

Introduction
The cause of the lack of serum haptoglobin in

Africans, first reported in Nigerians by ALLlSONet al.
(1958), remains unknown. About 20 to 40% of
individuals are ahaptoglobinaemic (HpO) in tropical
Africa (ALLlSONet al., 1958; BLUMBERG & GENTILE,
1961; GIBLETT et al., 1966; SUTTON, 1970; ROUGE.
MONT etal., 1974; BOREHAM et al., 1981). Elsewhere,
HpO is rare (less than 1% of individuals) except in
American Negroes (about 4%) and in some tropical
forest populations (GIBLETT, 1959, 1969; SUTTON et
al., 1960; CURTAIN et al., 1965; SUTTON, 1970). It
has been suggested by ALLlSON et al., 1958, ALLI·
SON, 1959, GIBLETT & STEINBERG, 1960, PARKER &
BEARN, 1963, and Vu TIEN et al., 1975a and b that
genetic factors, and by CURTAIN et al., 1965, GIBLETT
et al., 1966, SUTTON, 1970 and LEFEVRE-WITIER,
1974 that environmental factors play roles in its
aetiology. In Africans, a significant association be­
tween malaria parasitaemia and HpO has been
reported (ROUGEMONT et al., 1974; WELCH et al.,
1979; BOREHAM et al., 1981; MONJOUR et al., 1982).
However, there has been no clear evidence that
malaria was the only significant factor involved. Here
we report the results of a longitudinal study made on
schoolchildren in Linzolo, Congo, where HpO preva­
lence is about 30%.

Methods and Results
From November 1980 to January 1982, 14 successive

surveys which included a battery of biological and clinical
investigations were made on 250 schoolchildren in Linzolo
village, Congo, 25 km south-west of Brazzaville. Plasma
samples were collected by finger prick. The Hp level was
measured by immunonephelometry. Plasma was diluted
11200 in 9% NaCI solution. Anti-Hp serum, diluted 1/80,
was then added. The antigen-antibody complexes were
measured by a Technicon f1uonephelometer. This method
can detect Hp levels as low as 5 mgll00 ml.

HpO prevalence and incidence
The first three surveys were made at intereals of two

months and 163 schoolchildren were present in all three.
The number of HpO individuals was respectively 54
(33'1%),51 (31'3%) and 49 (30'1%). In most cases
ahaptoglobinaemia was a transient finding: in half of the
individuals found HpO in one survey, haptoglobin was
found at the next. Only 18 individuals (11%) remained
constantly HpO in all three surveys (Table I).

Correlations with malaria parasitaemia
The examination of thick smears showed a correlation

between the frequency of HpO and malaria parasitaemia.
The mean parasite rate was 78'6%. The proportion of HpO
individuals was 20' 2% in those cases with a negative thick
smear but reached 42'1% in those heavily infected (Table
11). With reference to species of Plasmodium, the HpO
frequency was highest (45'4%) in cases of infection with P.

Table I-HpO appearance and disappearance in the same subjects in the course of three surveys made at intervals of two
months

Surveys

No. of subjects
No. of HpO

subjects

No. of subjects
with temporary

HpO

No. of subjects
with constant

HpO

Surveys compared

2 2 3 3 2 3

226 213 204 163
72 57 63 65 65 60 54 51 49

(31'9%) (25'2%) (29'6%) (30'5%) (31-9%) (29'4%) (33'1%) (31-3%) (30'1%)

44 29 23 25 34 29 36 33 31
(19'5%) (12'8%) (10-8%) (11'7%) (16'7%) (14-2%) (22'1%) (20'2%) (19%)

28 40 31 18
(12'4%) (18'8%) (15'2%) (11%)
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Table lI-Percentage of HpO according to malaria
parasitaemia (AlJ species; surveys I, 2, 3 and November
81). Parasitaemia was assessed by a standard examination
of 200 fields of stained thick blood filmand parasite count
in relation to the number of leucocytes on the basis of 8000
per 111 of blood. Parasite density classes: 0: no parasite
observed; I: <SO/!!l; 2: S0-499/!!l; 3: S00-4999/!11; 4:
SOOO/49999/!11; S: ",SOOOO/!1l. A single parasite observed in
200 fields corresponds to about 2·S parasites per !11

Parasite
density Hp
(classes) present HpO % HpO No.

0 142 36 20'2% 178
I 114 35 23'5% 149
2 l32 65 33% 197
3 103 62 37'6% 165
4 73 53 42'1% 126
5 11 4 26'7% 15

Total 575 255 30'7% 830

Table Ill-Percentage of HpO to Plasmodium malariae
parasite density (surveys I, 2, 3 and November 81)

Parasite
density Hp
(classes) present HpO % HpO No.

I 28 19 40'4% 47
2 24 19 44'2% 43
3 7 II 61'1% 18

Total 59 49 45'4% 108

Table IV-Plasmodium malariae infections: associated P.
falciparum parasitaemia according to the presence or
absence of haptoglobin

P. falciparum parasite density

0 I 2 3 4 5 Total

Hp present 9 4 16 18 12 0 59
HpO 8 2 10 17 12 0 49
Total 17 6 26 35 24 0 108

malariae, despite a generally low parasitaemia, and reached
61'10(0 in heavy infections with this species (Tables 111 and
IV).

Effeel of amodiaquine
After the third survey, weekly antimaJarial chemoprophy­

laxis with amodiaquine (Flavoquiae", 10 mglkg) was started
in 167 schoolchildren for three months (ApriJ to June 1981).
At the beginning of treatment, 55 schoolchildren (32'9%)
were HpO. After six weeks, only four of 164 (2'4%)
schoolchildren and after three months, only two of 119
(1'7%) schoolchildren were HpO. All the individuals absent
at this last survey were Hp positive at the previous survey.

During chemoprophylaxis, seven additional weekly sur­
veys were made in 54 individuals, of whom 33 were HpO at
the beginning of treatment. Haptoglobin appeared in them
after a delay of one week to two months and usuaJly in less
than one month. However, a transient ahaptoglobinaemia
was observed in seven individuals under treatment. Six of
these individuals (Table V: subjects Nos. 311,315,327 and
353; Table VI: subjects Nos. 251 and 542) were aJready HpO
at the beginning of treatment: after generally appearing
rapidly, usuaJly within less than one month, haptoglobin
disappeared before reappearing most often at the end of the
second month and remaining in three or four successive'
weekly tests.

17 of the 18 individuals who were constantly HfO in the
first three surveys were included in this study. AI standar­
dized their haptoglobin level when treated with amodiaquine
(Table V).

Results afte« Ihe iruerruplion of amodiaquine
Chemoprophylaxis was interrupted during five months

(July to November 1981). A fresh survey was made in
November. 104 of the schoolchildren who had previously
had chemoprophylaxis were found. 34 (32'7%) were HpO in
April at the beginning of chemoprophylaxis and all had
standardized their haptoglobin level when treated. In
November, 27 (26%) 16of which were new individuals were
HpO.

This survey also included 126 subjects who had not
previously had chemoprophylaxis: 32 subjects (25'4%) were
HpO. Among the 126 subjects, 59 had been previously
investigated in April and 14 (23'7%) were HpO at that time;
in November, 13 subjects (22%) were HpO, but only four of
these were the same individuals as in April.

Table V-Evolution of haptoglobin level (mgllOO ml) under weekly antimalarial chemoprophylaxis with
amodiaquine in 17 schoolchildren who were constantly HpO in the first three surveys

Days

Patient 0 8 15 25 40 49 61 69 75 82

217 0 35
248 0 55 145 110 210 200 200 145 130
311 0 0 100 0 0 45 185 55 50
315 0 0 110 0 45 275 60 185 110 145
327 0 0 25 0 0 0 40 60 65 75
343 0 35 45 100 75 120 50
346 0 100 125 265 145
353 0 10 20 0 40 55 45
365 0 40 65
372 0 130 125 310 130 110
375 0 65 110 175 165 220
381 0 30 120 110 110 185 190 310 120
385 0 145 175 330
388 0 0 65 90 155 155 130 165
390 0 45 55 80 55 75
391 0 0 35 65 90 175 130 145
405 0 0 120 100
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Table VI-Evolution of haptoglobin level (mg/l00 ml) under weekly antimalarial chemoprophylaxis with
amodiaquine in 16 schoolchildren who were HpO at the beginning of the treatment

Days

Subject 0 8 15 25 40 49 61 69 75 82

251 0 145 0 200 155 90 100
267 0 55 110 105 50 50 175 200 145 130
277 0 25 90 110 115 120 145 45
278 0 65 175 210 105 185 190 275 110 50
291 0 120 130 130 120
301 0 0 130 80 95 100 90 155 145 110
309 0 65 120 90 275
319 0 0 90 50 110 175 275 130 120
330 0 0 80 145 165 295 145 155 75 45
333 0 90 100 135 100 130 330 250 175 275
339 0 55 130 90 155 165 240 110
348 0 165 120 250 165
407 0 65 145 110 90 115 145 175 110 100
412 0 50 55 145 240 110 265
508 0 90 120 100 25
542 0 25 45 65 35 0

Table VII-Distribution of haptoglobin types in (A) 32 individuals who had never been HpO in four samples
taken in the absence of chemoprophylaxis and (8) 18 individuals who have been at least three times HpO in
four samples taken under the same conditions. The samples were collected at a minimum interval of two
months

Phenotype

Group No. I-I 2-1 2-2 Hpz frequency

A 32 14 17 I 0'30
·8 18 2 13 3 0'53

Table VIII-Distribution of HbAS individuals according to the number of times HpO was observed in the
same individual in the course of three surveys made at intervals of two months

HpO 0 I 2 3 Total

No. of individuals 73 43 29 18 163
(Total)

No. of individuals 20 6 6 9 41
with HbAS (27'4%) (13'9%) (20'7%) (50%) (25'2%)

Comparison of amodiaquine and mefloquine
The 174 schoolchildren were randomly divided into two

groups. One group of 89 was treated weekly with amodia­
quine as previously, and the other (85) with a monthly dose
of mefloquine (20 mglkg up 10 25 kg, 500 mg from 25 10
40 kg, 625 mg above 40 kg). After two months (January
1982), another survey was done on both groups. Of the 89
individuals treated with amodiaquine, none was HpO,
compared with 29 (32'6%) who had been HpO at the
beginning of treatment. Of the 85 individuals treated with
mefloquine, only one was HpO (1'2%), whereas 22 (25'9%)
had been HpO at the beginning of treatment.

Correlations with haptoglobin phenorype
The haptoglobin phenotype was determined by the

polyacrylamidegradient gel method (ENGLER et al .• 1973) in
(a) 32 individuals who had never been HpO in the four
samples taken in the absence of chemoprophylaxis and (b) 18
individuals who were HpO at least three times in the same
four samples. The three common phenotypes were observed
in the two groups of individuals (Table VII). However the
Hp1 gene frequency was significantly higher (P<O'05) in
those indi~iduals who were regularly HpO.

Correlations with sickle cell trait
Sickle cell trait (HbAS) was observed in 41 of the 163

schoolchildren present in the first three surveys.
To investigate if individuals with HbAS were more

frequently HpO than others, we studied their distribution
according to the number of times HpO occurred in the same
individual in the three surveys.

Results are given in Table VIII. There appears to be no
relation between sickle cell trait and HpO. However, 9 of the
18 individuals constantly HpO in these three surveys are
HbAS subjects.

Discussion
Our results show that it is possible to eliminate

ahaptoglobinaernia in a population in tropical Africa
through antimalarial chemoprophylaxis. Of the 237
schoolchildren studied while receiving chemoprophy­
laxis, not one remained constantly HpO. The exist­
ence of a null allele HpO, which has been proposed for
a long time to explain the high frequency of HpO in
Africans, can be excluded in this population. Poten­
tial causes of ahaptoglobinaemia other than malaria,
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whether genetic or acquired, can be excluded as
significant causes and their frequency is no higher
than that observed in the non-African populations,

How does malaria act? The function of haptoglobin
is to bind free haemoglobin. It is probable that when
infected erythrocytes are haemolysed, both by direct
damage by invasion and growth of the parasites and
by sequestration of parasitized cells in the spleen and
other parts of the micro-circulation, haemoglobin is
liberated and swiftly complexed with haptoglobin,
thus initiating a fall in Hp level correlated with the
severity of the parasitaemia. However, HpO was
frequently observed in individuals with negative thick
smears or scanty parasitaemia. The reappearance of
haptoglobin in these cases when given antimalarials
clearly shows that malaria is responsible. A possible
explanation is that the level of parasitaemia can vary
greatly, from very low to very high within a few days;
it is thus possible that a simple analysis of parasite
density as detected by examination of one blood film
is inadequate to reveal a consistent, quantitative
relationship of malaria to HpO.

However, there is evidence which suggests that
mechanisms other than haemolysis of infected red
cells are involved: Firstly, previous studies made in
non-immune patients with malaria did not show a
complete disappearance of haptoglobin, but only a
decrease in Hp level (BLUMBERG et al., 1963;
AREEKUL et al., 1972; PATWARI et al., 1979);
although ahaptoglobinaemia can certainly occur in
this type of patient, these observations are all the
more significant as the parasite density observed in
non-immune individuals is generally high. Secondly,
surveys conducted in adults in Linzolo show that
HpO is frequent despite very low parasite densities.
Among 1S4 adults over 40 years old investigated,
HpO was observed in 22 (14'3%). Thick smears from
102 of these adults (14 of whom were HpO), showed
no parasite or a parasitaemia lower than SO/~1 in
84'3% of cases, and the maximum parasitaemia
observed was SSOlld. Furthermore, investigations in
febrile adults living in neighbouring villages showed a
maximum parasitaemia of 600/1J1 in those over 40
years old. Higher levels of parasitaemia were observed
in more than 40% of schoolchildren in each cross
sectional survey.

Finally. our data showed that even in children
receiving continuous chemoprophylaxis, haptoglobin
concentrations fluctuated markedly and, in some
cases, transiently totally disappeared. These fluctua­
tions were observed in the absence of recurrence of
parasitaemia and agree with previous observations by
BOREHAM et al. (1981) who used pyrimethamine as a
chemoprophylactic. Boreham suggested that HpO in
such cases was due to factors other than malaria. Our
data clearly show that cases of transient HpO were
frequent in the first weeks of chemoprophylaxis but
very rare after the second month (only one case among
110 tests performed between days 61 and 82 after the
beginning of chemoprophylaxis in subjects previously
HpO). This suggests that no factor other than malaria
was involved in most of these cases.

Mechanisms other than the destruction of parasi­
tized red cells that may be involved concern haptoglo­
bin synthesis and the immune destruction of red cells.

A decrease in the synthesis of haptoglobin resulting
from malaria infection would account for a persistent

ahaptoglobinaemia once parasitaemia has dis­
appeared. However, this seems to be very unlikely
since an increase of haptoglobin synthesis is observed
in any inflammatory syndrome which is not associated
with liver alterations (ENGLER & lAYLE, 1976). A
significant increase of the mean level of (XI glyco­
protein (orosomucoid) was observed in HpO indi­
viduals, which paradoxically suggests an increase in
haptoglobin synthesis. This would constitute a
mechanism which opposes ahaptoglobinaernia.

The hypothesis which would account best for our
observations is that of the existence in HpO indi­
viduals of a high auto-immune haemolysis induced by
malaria. It has been shown that immune complexes
fixed on to the surface of non parasitized erythrocytes
are responsible for a persistent haemolysis several
weeks after the disappearance of parasitaemia
(ROSENBERG et al., 1973; WOODRUFF et al., 1979).
Studies in the Gambia showed that red cell sensitiza­
tion occurs frequently in P. faiciparum malaria in
individuals living in hyperendemic areas (FACER et

.al., 1979; ABDALLA et al., 1980; FACER, 1980;
ABDALLA & WEATHERALL, 1982). However, these
studies could not adduce convincing evidence that
erythrocyte sensitization was frequently associated
with enhanced red cell destruction (WEATHERALL &
ABDALLA, 1982).

Genetic factors have been thought to play an
essential role for a long time. Our study shows that
the determination of HpO in tropical African popula­
tions cannot be explained on a direct genetic basis. Of
the 237 schoolchildren investigated while receiving
chemoprophylaxis not one remained constantly HpO.
The existence of a null allele Hpo can be excluded in
this population. However, the difference of Hp2 gene
frequencies in the two subgroups of subjects found
HpO at least three times or never found HpO indicate
a greater susceptibility to the "suppressive" effect of
haemolysis in relation to Hp2 gene. It is known that
the haptoglobin binding capacity is phenotype depen­
dent (CURTAIN et al., 1965; SUTTON, 1970). Since
types 2-2 and 2-1 haptoglobins bind less haemoglobin
than type 1-1, one would expect to find types 2-2 and
2-1 individuals ahaptoglobinaemic at levels of
haemolysis which still leave type 1-1 individuals with
detectable haptoglobin. This explains the apparent
relative inheritance of HpO found in many studies.
Furthermore, this leads to a re-evaluation of many of
the Hp' and Hp2 gene frequencies reported from
tropical Africa.

Conclusion
Although it clearly appears that malaria is the only

significant cause of ahaptoglobinaemia in tropical
African populations, the mechanisms are undoubted­
ly multifactorial and reflect an extremely complex
series of interactions. The following factors which are
certainly involved include: (i) haemolysis of parasi­
tized red cells, (ii) plasmodial species, (iii) immune
status of the subject and (iv) haptoglobin phenotype.
Factors which are probably involved are: (v) immune
destruction of red cells and (vi) enhanced synthesis of
haptoglobin in response to malarial infection.

There is indirect evidence that the immune destruc­
tion of red cells contributes significantly to HpO. This
suggests the existence of an important immune
component of the anaemia of malaria in semi-immune
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populations, although repeated recent attempts to
demonstrate it were largely unsuccessful.
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ABSTRACT

A study of the relationship between plasma haptoglobin levels

and malaria endemicity was carried out in various populations of the

Brazzaville region chosen from the results of previous studies on

malaria transmissiop. in this region of the Congo. The prevalence of

ahaptoglobinaemia in schoolchildren is 2.2% in Moungali and 2.9% in

Poto-Poto, two districts of Brazzaville where malaria transmission,inten­

sity is less than one infective bite per person per year and malaria

prevalence in schoolchildren is less than 10%. On the contrary, ahapto­

globinaemia prevalence· is 48% in schoolchildren from the village of

Djoumouna, where malaria transmission intensity reaches 1,000 infective

bites per year and malaria prevalence in schoolchildren is 94%. Inter­

mediate values, between 11.1% and 23.4% are observed in schoolchildren

from Talangai, Massina and Linzolo, districts or village where malaria

transmission intensity is between 20 and 250 infective bites per year

and malaria prevalence in schoolchildren between 66% and 81%. These

results indicate that ahaptoglobinaemia prevalence is a good indicator

of the level of malaria endemicity in African populations.
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In a recent study, we have shown that malaria is the only signifi­

cant factor responsable for the high prevalence of ahaptoglobinaemia

(HpO) in tropical African populations1• The existence of a relationship

between malaria and HpO had previously been suggested by Rougemont

et al. 2, then demonstrated by Boreham et al. 3• The mechanisms involved

are yet to be clear~y determined
1•

The demonstration of the part played by malaria suggests that

in Africa there exists a close relationship between malaria endemicity

and HpO prevalence. In order to verify this hypothesis, a study was

undertaken in diverse populations of the Brazzaville region chosen

from the results of previous studies on malaria transmission in this

region of the Congo
4

, 5 . The chosen populations are subject to very

different endemic levels as a result of the considerable impact of

urbanization on vectorial density6.

MATERIAL AND METHODS

Populations studied

The surveys concerned four districts of Brazzaville (Massina,

Talangai, Poto-Poto and Moungali) and two villages (Djoumouna and Lin­

zolo) situated at 15 and 25 km to the south-west of the town.

The first investigations previously described into the relation­

ship between malaria and HpO were carried out in the village of Lin­

zolol. We present here the overall results of five surveys concerning

schoolchildren, and two surveys concerning adults and pre-school chil­

dren, between November 1980 and January 1984.

The surveys undertaken in Djoumouna and in four districts of

Brazzaville all took place in May 1985. They each concerned two samples

of schoolchildren of 6 to 7 years and of 14 to 15 years of age chosen

at random (in the case of Brazzaville) or representing the whole of

the age group considered (in the case of Djoumouna), among children

living'since birth in the village or district studied.
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Determination of haptoglobin level5

A sample of blood was taken by fingerprick using heparinized

microhaematocrit tubes. After separation, the plasma was stored at

+4°C (one week) until it was tested for haptoglobin in Paris. The hapto­

globin level was measured by immunonephelometry using a Technicon auto­

analyser. This method can detect haptoglobin levels as low as 5 mg/

100 ml.

Malaria surveys

The level of exposure to malaria was determined by means of night

collections on human bait and indoor-resting collections. Details of

methods used and the results obtained have been published elsewhere4,5.

The number of infective bites to which the subjects in this study are

exposed is about 1,000 per year in Djoumouna, 250 per year in Linzolo,

100 per year in Massina, 20 per year in Talangai &rl less than one per

year in Poto-Poto. In Moungali, the random selection of schoolchildren

concerned only those living in the southern part of this district,

where the level of exposure to malaria is about one infective bite

per person per year.

The parasite rates and density were established using the method

described by Trape
7

: this includes the systematic examination of 200

immersion fields of the thick film (about 0.5 yl of blood examined)

and determination of the parasite/leucocyte ratio on a scale of 5

classes (Limits: 50, 500, 5000, and 50000 parasites per yl, on the:basis

of 8000 leucocytes per tjl). In the cases of Poto-Poto, Djoumouna and

Linzolo, the thick films and the blood samples for determination of

haptoglobin levels were collected during the same survey. For Massina,

Talangai and Moungali, the thick films were made during previous surveys

in February and May 1984.

RESULTS

Compared prevalence of ahaptoglobinaemia in six populations of school­

children

Table 1 indicates haptoglobin findings in schoolchildren of 6-
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7 years and 14-15 from Poto-Po to , ~oungali, Talangai, Massina, Linzolo

and Djoumouna. Table 2 indicates parasite density findings in these

same schoolchildren in Poto-Poto, Linzolo and Djoumouna. In Massina,

Talangai and Moungali, malaria prevalence in schoolchildren from 5

to 14 years was respectively 80.9%, 65.8% and 9.4% in a survey carried

out the previous ye~r.

It can be observed that a close relationship exists between

the degree of exposure to malaria, malaria prevalence and HpO preva­

lence. In Poto-Poto and Moungali, where malaria endemicity is lowest,

HpO prevalence is also very low .. less than 3% on average in school­

children. In Djoumouna, where the level of malaria endemicity is

highest,. the greatest proportion of schoolchildren with no detectable

haptoglobin (48%) can be seen. Intermediate values are observed in

Talangai and Linzolo. In the case of Massina, HpO prevalence is lower

than expected in schoolchildren of 14-15 years.

Variations in HpO prevalence in the same population of schoolchildren

in five successive surveys

For Linzolo schoolchildren, the results stated in the above

paragraph cover five successive surveys of which the details are shown

in Tables 3 and 4. It can be seen that the parasite rates and density

remained stable between surveys while the HpO prevalence and the average

haptoglobin level showed relatively high variations although these

were statistically insignificant.

Variations according to age

Table 5 shows the results of a study of variations in haptoglobin

levels and HpO prevalence in Linzolo according to age. It can be seen

that HpO prevalence increases progressively with age during childhood

reaching a maximum of 32.04% in the 10-14 years age group. It then

decreases progressively reaching 13.45% in adults over 40. The preva­

lence of low levels of haptoglobin is at its maximum in the 5-9 year

age group and decreases only slightly thereafter.
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Variations according to parasite density

The results of the study of the relationship between HpO preva­

lence and parasite density were presented in a previous article as

regards Linzolo schoolchildren
1•

These represent almost all the children

in the 5-9 year and 10-14 year age groups and the majority of children

in the 15-19 age ,g-Joup in this study. For the 1-4 year, 20-39 year

and over 40 age groups, the resul ts are shown in Tables 6 to 8. The

absence of a clear relationship between HpO prevalence and parasite

density can be seen, probably because of the insufficient number of

individuals. The results observed in schoolchildren, which concerned

a large number of blood samples, showed a moderate but significant

increase in HpO prevalence with increase in parasite density.

In Djoumouna, a positive relationship was found between HpO and

parasite density. Of 19 schoolchildren with a classe 0, 1 or 2 parasite

density, only five were ahaptoglobinaemic (26.3%). Of 31 schoolchildren

with classe 3 or 4 parasite density, 16 were ahaptoglobinaemic (58~1%).

In Poto-Poto, none of the four children with positive thick blood

films were ahaptoglobinaemic two of them had normal haptoglobin

levels, and the two others low haptoglobin levels.

DISCUSSION

Numerous studies have specified HpO prevalence in various African

populations. This prevalence is low, less than 5%, in Bushmen, Hottentot

and South African Bantu populations8,9. It is also very low, less than

1%, in Berber Arab populations of Sahara and North Africa10• On the

contrary, HpO prevalence is high in tropical Africa, especially in

children and young adults values between 20% and 50% were observed

Ln N1."ger1."all,12,13,14 Li.b "15 M 1"10,16 S 110,17 G bi 3,14, 1. er1.a , a 1. , enega , am a.a ,

C 1 Af " R "18, 19 ... 9 20 20entra r1.can epubl1.c , Za1.re , Ouganda and Tanzania •

However, several exceptions have been reported in tropical Africa.

HpO prevalence is only 4% in Dakar21, 3,2% in Kinshasa9 and 6.4% in

Kisangani
9,

much lower values than those observed by the same authors
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17 .. 9
in rural : areas of Senegal and ~Zaire . Apart from the towns, low

prevalences have sometimes been reported these were generally in

populations residing in high altitude regions or plateaux where water

is rare . Thus HpO prevalence is less than 5% in various populations

of Burundi22, 23 and it is 10% in the Masai in East Africa20 .
11Following Allison et al. , it was for a long time considered

,

that a genet~c factor could explain the high HpO prevalence in Africans.

This seemed to be backed up by studies of American Negroes, which showed

a prevalence of about 4%24,25,26, while remaining less than 1% in

Caucasians27• Various genetic models were then suggested to explain
. 25 26 28 29 30 .th1S phenomenon ' , " but fam1ly studies showed they could

not be applied to African populations12,19 .

Our results show that considerable differences in HpO prevalence

can exit between populations which are geographically very close,

especially in urban regions. They also confirm the observations of

Giblett et al. 9 who demonstrated that the differences observed in Zaire

could not be explained by ethnic factors : although the populations

of Moungali, Massina, Linzolo and Djoumouna belong to the same ethnic

group (from 80% to 100% are Kongo), HpO prevalence varies from 2% to

48% in schoolchildren.

Above all, our observations show that HpO prevalence is closely

related to the degree of malaria endemicity to which the considered

population is exposed. Thus these results confirm those of our previous

study, which pointed to the possibility of suppressing HpO in an African

population by prolonged anti-malarial chemoprophylaxis1 .

Variations of HpO prevalence in Linzolo with age are relatively

slight, in accordance with the observations of Boreham et al. 3 in

Gambia. These authors, who obtained their results from a large number

of blood samples, observed that in Keneba the HpO prevalence is at

its maximum between the ages of 5 and 19 years when it is between 29,1%

and 32%, and that it is 20,8% in adults over 40 years old.

Observations such as these were made as long ago as 1960 in

N· . b B' 1 12 d" 1 frger i.a y arruco t et a. , an i t 1S main y or this reason that

malaria, alluded to when HpO was discovered in Africans, was not later
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held responsible. Indeed, if one: considers only the destruction of

parasitized red blood cells, it is difficult to explain why HpO preva­

lence is not at its maximum in children under 5 years of age who always·

present very high parasite densities, and does not fall considerably

in adults who always present very low parasite densities in regions

of high malaria end~micity.

In fact, the question of the mechanisms involved in ahaptoglobi­

naemia in African . populations links up with the question of the mecha­

nisms of anaemia in malaria which is controversial but rapidly evolving·

owing to numerous recent studies. Furthermore, it is interesting to

note that studies carried out in pregnant women in tropical Africa

revealed a prevalence of HpO appreciably higher in these subjects than

in the corresponding age group9,lS,31. It is generally acknowledged

that women present an increase in prevalence and severity of malaria

during pregnancy. The relationship between malaria and pregnancy, not

yet fully understood, has recently been reviewed by McGregor et al.
32

and Brabin33•

The sensitivity of the method used is crucial in the di egnos i s

of HpO, which may limit the significance of the comparison of resu.l ts

obtained by authors using different methods. However, our results

strongly s~ggest that it is possible to use HrO prevalence as an index

of malgria endemicity and that the determination of haptoglobin levels

can be very useful for the investigation into the host/parasite rela­

tionships in malaria.



Table 1: Haptoglobin findings in schoolchildren of 6 - 7 years and 14 - 15 years in four districts

of Brazzaville and the villages of Linzolo and Djoumouna*.

Locality 6 and 7 years 14 and 15 years Total

or

district
0 ~ ........ r mean S.D. No. 0 1. ........ r mean S.D• No. 0 ~ ""'t r No.

-
Poto-Poto 1 6 21 26 167,2 00,9 54 2 10 21 17 149,8 101,7 so ,I 3 16 42 43 10'.

1,8% 11,1% 38,<1% 48,Z7c 4,010 20,010 42,010 34,010 2,<1% 15,4% 40,4% 41,3%

t-bungali 1 9 20 27 184,5 119,7 57 1 6 11 15 184,0 137,6 33 2 15 31 42 so
1,7% 15,8% 35,1% 47,4% 3,010 18,Z7c 33,3% 45,7% 2,Z7c 16,7% 34,4% 46,7%

'Ialangaf 11 13 27 8 92,3 81,0 59 9 21 15 13 99,2 119,9 58 20 34 42 21 117

18,6% 22,010 45,8% 13,6% 15,5% 36,Z7c 25,<1% 22,4% 17,1% 29,1% 35,<1% 17,<1%

M:issina . 8 14 13 15 122,5 118,0 so 3 20 18 8 94,9 87,0 49 11 34 31 23 99

16,010 28,010 26,010 3J,010 6,1% 40,8% 36,8% 16,3% 11,1% 34,4% 31,3% ,. 23,Z7c

Linzolo 38 71 70 17 70,0 ro,5 196 26 28 21 3 49,6 ~,2 78 64 99 91 20 274

19,4% 36,Z7c 35,7% 8,7% 33,3% 35,<1% 26,<1% 3,<1% 23,4% 36,1% 33,Z7c 7,3%

Djourouna 16 8 1 4 39,3 68,8 29 8 10 0 3 52,1 95,9 21 24 18 1 7 so
55,Z7c 27,6% 3,4% 13,8% 38,1% 47,6% 0,010 14,3% 48,010 36,010 2,010 14,010

* Symbols: O=HpO; 'le= (77 mg/100 ml; ~= 77-154 m£/lOO ml; t=> 154 mg/100rnl. Average level of haptoglobin in a young adult

French population as a reference: 110 mg/lOO ml (77-154 mg/1.00iill).



Table 2: Distribution of schoolchildren in Poto-Poto, Linzolo 'and Djoumduna by classes of parasite

density.

Parasite density (classes)

Locality 6 and 7 years 14 and 15 years

CJ 1 2 3 4 5 No". o 1 2 3 4 5 No.

Poto-Poto 54 0 0 0 0 0 54 46 0 0 3' 1 0 :0

laJio 0,010 0,010 0,010 0,010 0,010 92,010 0,010 0,010 6,010 2,010 0,010

Linzolo 42 37 27 48 36 6 196 17 15 22 19 4 1 78

21,4% 18,9% 13,8% 24,5% 18,4% 3,0 21,8% 19,2% 28,2% 24,4% 5,1% 0,010

".
Djoum::>una 2 3 6 12 6 0 29 1 1 6 9 4 0 21

6,9% 10,3% 20,7% 41,4% 20,7% 0,010 4,8% 4,8% 28,6% 42,8% 19,010 0,010



Table 3: Haptoglobin findings in schoolchildren of 6 - 7 years and 14 - 15 years from the village of Linzolo

in five successive surveys.

Date of
6 and 7 years 14 and 15 years Total

survey

° \ ,.
° ~

,.
~ r...... msan S:D; No. ...... rrean S.D. . No. ° ..... _No .

27 Nov 1900 8 16 17 2 67,8 51,5 43 11 3 4 ° 29,9 44,2 18 19 19 21 2 61

18,6% 37,2% 39,5% 4,7% 61,1% 16,7% 22,2% O,CVo '31,1% 31,1% 34,5% 3,3%

28 Jan 1981 7 9 22 10 104,3 78,0 48 6 6 7 3 68,8 64,6 22 13 15 29 13 70

14,6% 18,& 45,& 20,& 27,3% 27,3% 31,& 16,6% 18,6% 21,4% 41,4% 18,6%

2 April 1981 12 14 13 1 49,8 43,7 40 6 11 4 ° 40,9 34,8 21 18 25 17-· . 1 61

X>,CVo 35,CVo 32,5% 2,5% 28,6% 52,4% 19,CVo O,CVo 29,5% 41,CVo 27,9% 1,6%

24 Nav 1981 11 23 16 4 EO,6 52,0 54 3 6 6 ° EO,5 45,7 15 14 29 22 4 69

20,4% 42,6% 29,6% 7,4% 2O,CVo 4O,CVo 4O,CVo O,CVo 20,3% 42,CVo 31,9% 5,&
,.

12 Jan 1984 ° 9 2 ° 48,0 44,1 11 ° 2 ° ° 24,8 3,9 2 ° 11 2 ° 13

O,CVO 81,& 18,2% O,CVo O,CVo 1<m O,CVo O,CVo O,CVo 84,6% 15,4% O,CVo

Total 38 71 70 17 70,0 EO,5 196 26 28 21 3 49,6 :D,2 78 64 CJ) 91 20 274

19,4% 36,2% 35,7% 8,7% 33,3% 35,9% 26,9% 3,9% 23,4% 36,1% 33,2% 7,3%



Table 4: Distribution of Linzolo schoolchildren by classes of malaria parasite density in five successive

surveys.

Parasite density (classes)

Date of
6 and 7 years 14 and 15 years

survey

0 1 2 3 4 5 No. 0 1- 2 3 4 5 No.
_i

27 Nov 1980 12 7 6 11 6 1 43 4 3 4 5 2 0 18

27,9% 16,3% 14,0% 25,6% 14,0% 2,3% 22,2 % 16,7% 22,2% 27,~ 11,1% 0,0%

28 Jan 1981 12 11 8 8 8 1 48 6 5 7 3 1 0 22

25,0 % 22,9% 16,7% 16,7% 16,7% 2,1% 27,3% 22,7% 31,~ 13,6% 4,6% 0,0%

2 April 1981 9 7 6 12 5 1 40 5 2 7 7 0 0 21

22,S % 17,5% 15,0% 3),0% 12,5% 2,5% 23,~ 9,5% 33,3% 33,3% 0,0% 0,0%

,-
24 Nov 1981 9 12 5 12 13 3 54 2 4 3 4 1 1 15

16,7 % 22,2% 9,3% 22,2% 24,1% 5,5% 13,3 % 26,7% 20,0% 26,7% 6,7% 6,7%

12 Jan 1984 0 0 2 5 4 0 11 0 1 1 0 0 0 2

0,0 % 0,0% 18,2% 45,4% 36,4% 0,0% 0,0 % ~,O% ~,O% 0,0% 0,0% 0,0%

Total 42 37 27 48 36 6 196 17 15 22 19 4 1 78

21,4 % 18,9% 13,~ 24,5% 18,4% 3,0% 21,8% 19,2% 28,2% 24,4% 5,1% 1,3%



Table 5: Haptoglobin levels according to age in Linzolo



Table 6: Haptoglobin levels according to malaria parasite density

in 108 children aged from 1 to 4 years.

----------------------------------------------------------------------

Haptoglobin levelParasite

density

(classes)"
o ~ ........ ! mean S.D. No.

o

1

2

3

4

5

Total

':'

4

16,7%

2

12,5%

2

8,7%

5

29,4%

4

18,2%

2

33,3%

19

17,6%

6

25,070

3

"18,7%

5

21,7%

5

29,4%

9

4O,fJ'lo

1

16,7%

29

26,8%

8

33,3%

6

37,5%

10

43,5%

6

35,3%

8

36,4%

3

:0,070

41

38,0%

6

25,C1io

5

31,3%

6

26,1%

1

5,fJ'lo

1

4,5%

o
0,070

19

17,6%

106,6

107,9

110,5

64,1

76,0

48,6

91,5

89,6

78,5

70,4

67,6

71 ,2

45,9

76,3

24

16

23

17

22

6

108

-----------------------------------------------------------------



,

Table 7: Haptoglobin levels according to malaria parasite density

in 61 adults aged from 20 to 39 years.

----------------------------------------------------------------------

Parasite Haptoglobin level

density -------~------------------------------------------------

(c;lasses). 0 \ -.. r mean S.D. No.

----------------------------------------------------------------------

0 5 7 6 6 89,4 79,6 24

20,8% 29,2% 25,0% 25,0%

1 0 7 7 1 85,8 49,7 15

.0,0% 46,7% 46,7% .6,6%

2 2 5 8 1 80,4 50,6 16

12,5% 31,3% 50,0% 6,2%

3 2 2 1 1 66,0 70,2 6

33,3% 33,3% 16,7% -. 16,7%

Total 9 21 22 9 83,9 64,1 61

14,8% 34,4% 36,0% 14,8%



Table 8: Haptoglobin levels according to malaria parasite density

in 143 adults over 40 years of age.

----------------------------------------------------------------------

Parasite Haptoglobin level

density --------------------------------------------------------

(classes) 0 \ +-+ i mean S.D. No.
,

----------------------------------------------------------------------
0 12 21 38 17 100,9 71 ,5 88

13,6% 23,9% 43,2% 19,3%

1 4 12 7 7 90,6 75,8 30

13,3% 40,0% 23,3% .23,3%

2 5 2 10 5 102,0 73,7 22

22,7% 9,1% 45,5% 22,7%

3 1 2 0 0 33,0 28,6 3

33,3% 66,7% '0,0% 0,0%

Total 22 37 55 29 97,5 72,3 143

15,4% 25,9% 38,4% 20,3%
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TRAPE

~OM Jcan-Fran~ois

KE: L'impact de l'urbanisation sur le paludisme en Afrique Centrale.

,IME: A partir de I" exemple de Brazzaville et d ' enquet.es comp.lementeLres
dans 16 agg.lomerat.fons du Congo, 1 'impact de 1 'urbanisation sur le
paludisme en Afrique Centrale Post etudie dans cette these. Les rela­
tions entre paludisme et urbanisation sont successivement envisagees
sur les plans entomologique, parasitologique, sero-immunologique et
c1inique.

Par l' Lnt.ermedf.adre de la pression foncf.ere , de la pollution du
milieu et de l'augmentation de la densite de"la population, la crois­
sance urbaine se revele hautement defavorable aux vecteurs du paludisme
et tend a reduire et a focaliser la transmission, avec pour consequence
des differences consdderabIes dans la prevalence du paludisme entre
les quartiers d'une meme agglomeration. Ainsi, dans le cas de Brazza­
ville, alors que l' intensi te de transmission est superdeure a 200
piqures infectantes par personne par an dans les villages environnants,
elle varie en zone urbaine de 100 pfqflres infectantes par personne
par an a moins d'une piqure infectante par personne tous les trois ans.
De meme , alors que l'indice plasmodique est homogene a un niveau tres
eleve chez les enfants residant en zone rurale (79%-94% selon les
villages), cet indice varie de 3% a 81% selon les quartiers de la
ville.

On observe egalement un impact important sur la prevalence des
captations completes d'haptoglobine et les modalites de l'acquisition
de l'immunite. En particulier, plus de la moitie des enfants residant
depuis leur naissance dans les quartiers centraux de Brazzaville n'ont
toujours pas d'anticorps antipaludiques a l'age de 6 ans.

Sur le plan clinique, 1 'observation la plus remarquable est la
mise en evidence d'un taux de mortalite par paludisme particulierement
faible (environ a,s pour mi1le par an dans le groupe d'age 0-4 ans)
tant en zone rurale dans la region de Brazzaville que dans tous les
quartiers de la ville, quelque soit le niveau de transmission et la
prevalence du paludisme. La chute de la mortali te par paludisme est
attribuee a la precocite actuelle du traitement des syndromes febriles
de l'enfant et a l'emploi presomptif quasi systematique d'antipaludi­
ques pour ce traitement, usages nouveaux favorises par les profondes
transformations sociologiques et culturelles induites par le develop­
pement.

'S CLES : Paludisme, urbanisation, epidemiologie, mortalite, Afrique Centra­
le, Congo.'




