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Bull. Org. mond. Santh 1951, 4, 301-327Bull. World Hlth Org.
 MALARIA IN NIGERIA
 LEONARD J. BRUCE-CHWATT, M.D., D.T.M. & H., M.P.H.
 Malaria Service, Medical Department, Lagos-Yaba, Nigeria
 1. GENERAL SURVEY
 1.1 Topography
 Nigeria, divided for administrative purposes into three regions (northern,western, and eastern) forming a Protectorate, is situated on the northernshore of the Gulf of Guinea and bounded on the west, north, and eastby the French territories of French West Africa, French Equatorial Africa,and part of the Cameroons under French Trusteeship. It is the largestBritish dependency in West Africa, with a total area of 372,674 squaremiles (964,853 km2).
 Along the entire coast of Nigeria is a belt 1-60 miles (1.6-97 km) wideof mangrove swamp forest. Farther inland is a zone 50-100 miles (80-160km) wide of tropical rain forest. Beyond this zone the vegetation changesto dry forest and farther north to open woodland and to grass savannahinterspersed with scrub. In the extreme north desert conditions prevail.Most of the south of the country is less than 1,000 feet (300 m) above sealevel, while most of the north is between 1,000 and 2,000 feet (300-600 m)above sea level.
 Nigeria possesses few mountains except along the eastern boundary,where the Cameroons mountain rises to 13,350 feet (4,070 m), and on thecentral Bauchi plateau, which rises to over 6,000 feet (1,800 m) abovesea level.
 The river Niger enters the territory from the north-west and afterflowing nearly 500 miles (800 km) is joined by its principal tributary, theBenue, at Lokoja about 340 miles (550 km) from the sea. From here itflows due south into its delta, which extends for over 100 miles (160 km)along the coast and for about 140 miles (225 km) inland. The Niger hastwo almost independent floods-in the upper river from July to Januaryand in the lower river in September-October. Second in importance tothe river Niger (with its main tributary the Benue) is the river Cross. Insouthern Nigeria several rivers flow into the coastal creeks and lagoons.In northern Nigeria a few smaller rivers drain from the Bauchi highlandstoward the Lake Chad basin.
 - 301 -89
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 1.2 Climate
 The most important features of the climate of Nigeria are connectedwith the rainfall, the main source of which is the south-west wind, whichcomes from the Gulf of Guinea. The total annual rainfall varies from over140 inches (3,556 mm) at Forcados to well under 25 inches (635 mm) atMaiduguri and diminishes steadily from the south to the north.(Debundscha, on the western slope of the Cameroons mountain, has anabnormally high annual rainfall of 375 inches (9,525 mm), the secondhighest on earth.) The eastern part of the coast of Nigeria has a higherand more constant rainfall than the western part. The double maximumcurve of the annual rainfall is less pronounced in the east and very noticeableon the western part of the coast. In the north-east the annual rainfallshows pronounced local variations on account of the configuration of theBauchi plateau, which is about 4,000 feet (1,220 m) high. The numberof rainless months in southern Nigeria varies between nil and four. Inthe north the average number of rainless months is five or six, but in thefar north of the country there are only four months during which any rainmay be expected. The bulk of the rain falls between the months ofMay and September; in the north the month of August constitutes thepeak of the brief rainy season.
 In the coastal belt the mean daily temperature throughout the year iswithin the 84OF-93OF (28.90-33.90C) range with little variation. Fartherinland the range of variation of the daily temperature increases, particularlyduring the rainless season on account of the dry north-eastern " Harmattan "blowing from the Sahara. In the north during the early part of the dryseason variations between a maximum temperature of 1IOOF (43.30C)during the day and a minimum of 60°F (15.60C) at night are not uncommon.In that part of the country the mean monthly temperature shows also pro-nounced seasonal variations, being lowest in December and January(730F (22.80C)), rising steadily throughout the first four months of theyear to a mean of 88.50F (31.40C) in May, then decreasing to a meanof 78°F (25.60C) in August, rising again to a lower peak of 800F (26.70C)in September, and decreasing once more towards the low mean in December.The high elevation of the Bauchi plateau and of the Cameroons highlandscreates climatic conditions of a temperate category.
 The humidity along the coast of Nigeria is on a high level, with littleseasonal or daily variation, within a mean daily range of relative humidityof 75%-85% (5-10 millibars of saturation deficiency). Farther inland theperiods of seasonal high humidity are shorter and the influence of theHarmattan becomes more pronounced, until in the far north the meanmonthly range of relative humidity is from 63% to 74% during June toSeptember (saturation deficiency, 10-20 millibars), decreasing steadily to
 302
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 20% and less during the period December to February (saturation deficiency,20-40 millibars), and then slowly rising to higher values.
 The ecological zones of Nigeria as related to annual rainfall can bedivided into: (1) the forest region, and (2) the savannah region. The firstis subdivided into the rain forest and dry forest zones and covers roughly
 FIG. 1. MAP OF NIGERIA
 the southern third of the country. The much larger savannah region canbe subdivided into the Guinea savannah, Sudan savannah, and the northern-most Sahel savannah.
 1.3 Population
 No general census has been undertaken throughout Nigeria since 1931,when the population was found to be 19,928,171, inclusive of natives ofNigeria, natives of foreign extraction, and non-natives. Estimafes ofvarying degrees of accuracy are made from annual returns of taxpayers.These returns have only a limited value as guides to population trends,if only because women are not subject to direct taxation in large parts ofthe territory, so that their number, as well as that of children, can be onlyapproximately estimated. None the less it can be stated that the nativepopulation of Nigeria is increasing, the estimated figure for the last pre-
 303
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 war year being 20,588,840, and those for the years 1943, 1944, and 1945being 21,329,328, 21,498,674, and 22,023,662 respectively. The estimatedfigure for 1948 was 24,388,470. The mean density of the populationin the south is 97 per square mile (250 per km2). In the north the figureis 40 per square mile (100 per km2).
 The predominant anthropological type in the population of Nigeriais that of the " Sudanese Negro ", to be found with greatest uniformityand purity in the heavily timbered country of the south-east where overlandmigration has always been difficult and unattractive. In the north andwest Hamitic stock has mingled with the substratum, while in the south-eastthere is evidence of Bantu admixture.
 The relative strength of the four main linguistic groups, as shown bythe 1931 census, is: Hausa, 3,604,016 ; Ibo, 3,172,789 ; Yoruba, 3,166,154and Fulani, 2,025,189.
 In northern Nigeria it is customary to divide the population intoMoslem tribes and non-Moslem or Animists (Pagans). The principalMoslem tribes, numbering about 8,000,000, are the Hausa, Fulani, Kanuri,and Nupe. The non-Moslem tribes are the Tiv, Gwari, Angas, and Burra.In the south the two largest groups are the Yoruba in the western portionand the Ibos in the eastern part. Both these tribes number about7,000,000, while the smaller tribes-Ibibio, Bini, Ijaw, etc.-are next in size.
 Nigeria is still very largely a country of peasant farmers. Although noaccurate figures are available to show the numbers actually engaged in thevarious branches of agriculture, it can safely be stated that the great majorityof both the male and female working population is so employed. Thisoverwhelming predominance of agriculture as the source of livelihoodshould not, however, be allowed to obscure the full appreciation of thegrowth of wage-earning employment in government services-such asthe railway, colliery, mines, public works, and postal and telegraph services-and in private firms.
 The important general population trend which began during the waryears has been a steady drift to Lagos, Ibadan, and to other towns, par-ticularly in the western provinces. This was accentuated by heavy demandsfor labour for military works, but the main reason is undoubtedly theattraction of higher wages and increased social amenities in the townswith which, owing to improved communications, the peasant is now becom-ing increasingly familiar.
 1.4 Vital Statistics
 While the registration of vital statistics is compulsory in certain townshipsin the Protectorate and is also undertaken with varying success by a numberof native administrations in both the northern and western provinces, afair standard of accuracy has been attained so far only in Lagos where
 304
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 registration has been in operation since 1867. The available Lagos figuresindicate that during the past quarter of a century the crude death-ratehas decreased from 25.2 per 1,000 per year to 18.6 per 1,000 per year (1948).The crude birth-rate was 29.8 in 1925 and 51.0 in 1948. Infant mortalityfell during that period from 238.2 to 105.5 per 1,000 live births.
 Apart from deaths in the hospitals, certification of death is compulsoryonly in Lagos. The percentage of deaths due to unspecified or unknowncauses occurring in government hospitals was 0.015 in 1947 and 0.011in 1948.
 The registry of births and deaths at Katsina in northern Nigeria wasstarted in 1945 under the aegis of the medical services. This scheme thoughnot compulsory is supported by the authority of the Emir, and its resultsare too valuable to be omitted since it refers to a population of about80,000 and is the most reliable registry of vital statistics in the north.The crude birth-rate for Katsina town was 37.2 per 1,000 in 1945 and40.5 per 1,000 in 1946. The respective rates for the Katsina Emirate were33.9 in 1945 and 40.5 in 1946. Crude death-rates for Katsina town were24.9 and 27.4 per 1,000 in 1945 and 1946 respectively. For the KatsinaEmirate comparable figures were 22.3 and 16.9 per 1,000.
 Infant mortality, investigated in 1928 by McCulloch,8 gave theappalling figure of 412 per 1,000 live births per annum. A later figure,quoted for 1946 by Bruce-Chwatt (unpublished report), was 173 per 1,000live births.
 1.5 Nosology
 Human diseasesOnly the most important of the communicable human diseases known
 to exist in Nigeria are outlined in this brief account.Bilharziasis is an important cause of morbidity. Surveys carried out in
 the north revealed the presence of eggs of Schistosoma haematobium inover 30% of urine specimens and S. mansoni in 15% of stool specimens.The highest prevalence is found in adolescents, among whom as many as50% have been found infected with S. haematobium. Reported cases ofbilharziasis do not reflect the true incidence since many cases show mildclinical symptoms or are temporarily asymptomatic.
 Brucellosis has been reported sporadically from the Northern Provinceswhere the infection is enzootic among goats.
 Cerebrospinal meningitis appears nearly every year as a more or lesswidespread and strictly dry-season epidemic in several northern areas.A particularly severe epidemic was reported in 1948 with about 40,000cases and a case fatality-rate of 20%.
 Diphtheria in its clinical forms is relatively rare but subclinical infectionsin urban areas are common, judging from the results of Schick-test surveys.
 305
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 Dysentery, both amoebic and bacillary, is common and accounts forat least 1% of all hospital admissions. The actual incidence is certainlymuch higher since many cases are unclassified. The ratio of bacillary toamoebic dysentery is approximately 1: 5. In cases of the former, Shigellaflexneri is most commonly reported.
 Filariasis. Loa loa is very common in the east, particularly in theCameroons, but occurs also in some areas of the western provinces. Duringsporadic surveys microfilariae of loa loa have been found in about 5 %of children and 25 % of adults. The same geographical distribution appliesto Acanthocheilonema perstans which is believed to be asymptomatic.Onchocerca volvulus is common in the north-east and the Cameroons andmay be associated with blindness.
 Helminthic infections are extremely common affecting probably about80% of the population. Ankylostomiasis is found in approximately 30%of examined specimens. Ascaris lumbricoides, Trichuris trichiura, andHymenolepis nana are present in about 10 %-20% of single examinations.Paragonimus westermani is not exceptional. Taenia saginata was presentin about 10% of specimens during a survey carried out in the north.Cysticercosis seems to be uncommon. Dracunculus medinensis (guineaworm) is particularly common in the north and north-east and may resultin a prevalence of 160 per 1,000 in some areas. Smaller foci of the diseaseare also found in the west.
 Hepatitis of viral origin is reported sporadically though an extensiveoutbreak occurred recently in the river Cross area.
 Leishmaniasis (cutaneous) is not uncommon in the extreme north ofthe country.
 Leprosy constitutes a major problem. There are about 400,000 lepersin Nigeria, of whom one-quarter are thought to be infective. The highestincidence of leprosy is signalled from the eastern provinces, but smallerfoci are distributed over the central and northern areas. The incidencevaries from between 0.5 to over 10 per 1,000 of the population. Surveys,treatment, segregation, and research on leprosy are directed by the newLeprosy Service of the Medical Department.
 Neurotropic virus infections constitute a new group of diseases of thecentral nervous system, the importance of which is constantly growing.The annual number of cases of poliomyelitis averages 30. Among theothers, Bwamba fever is the first virus infection previously recorded inEast Africa to be found also in West Africa.
 Pneumonia and other acute respiratory infections are one of the majorcauses of death, particularly in the lower age-groups.
 Rabies in dogs and other animals is enzootic and several human casesare reported every year.
 Relapsing fever (predominantly louse-borne) occurred during recentyears in the form of considerable outbreaks amounting to about 4,000 cases.
 306
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 Smallpox occurs sporadically in many areas. Extensive outbreaksoccurred recently in the Northern Provinces, where the peak annualincidence was 7,600 reported cases.
 Skin diseases account for at least one-fifth of all hospital attendances,with tropical ulcers constituting about half of the total number of skindiseases. Staphylococcal, streptococcal, and fungal infections are verycommon. The same applies to scabies. Myiasis and infestation by thejigger flea (Tunga penetrans) are often reported. In the past the latterassumed serious proportions in mining areas of the Bauchi plateau.
 Tetanus causes a considerable number of neonatal deaths but is relativelyuncommon in adults.
 Trypanosomiasis. A series of surveys carried out in 1930 revealed amean prevalence of 5%-25 % of the population in endemic areas, thoughin some of them the figure was as high as 50 %. Large-scale surveys carriedout during the past few years on about 2,000,000 people have shown that asa result of mass treatment and vector control the prevalence of the diseasewas approximately 1.5 per 1,000. Surveys, and the control of humantrypanosomiasis, are directed by the Sleeping Sickness Service of theMedical Department.
 Tuberculosis amounted in 1948 to about 3 per 1,000 of all hospitalattendances and seems to be on the increase particularly in urban areasof the south. About 1,500 pulmonary cases and 750 non-pulmonary casesare reported annually, but the true incidence is not known. The clinicalcourse is often rapid and severe.
 Typhoid and paratyphoid are sporadically recorded from many partsof the country though their overall incidence is low.
 Typhus (louse-borne) was first reported in 1945 on the Bauchi plateauwhere about 400 cases were diagnosed. Smaller outbreaks occurred duringrecent years in the north.
 Venereal diseases. Syphilis, gonorrhoea, and chancroid are commonthroughout the country, and in some hospitals comprise nearly half of allattendances. Syphilis is more common in the north while gonorrhoea isprevalent in the south-east. The two latter diseases constitute 3.9 % of allhospital admissions (1947) but this does not reveal their real incidence,which in some parts of Nigeria was found to be 125 per 1,000 adult males.A large-scale treatment scheme was planned on the basis of 500 infectionsper 1,000 population per year. Of some 50,000 cases reported annuallyabout half are due to gonorrhoea and one-third to syphilis. There is evidenceof a mutually exclusive distribution of syphilis and yaws, the former beingprevalent in the north and the latter in the south of the country.
 Yaws is prevalent in the eastern provinces of Nigeria and in the Came-roons but uncommon in the north and west of the country. The numberof cases reported annually averages 30,000 and constitutes about 2.5 %
 307
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 of all hospital admissions. The prevalence is greater in rural areas whereit may average 100 per 1,000 of the population and is seen predominantlyin the lower age-groups.
 Yellow fever is endemic throughout the country, but many cases areunrecognized on account of their mild and often subclinical course in theindigenous population. During the period 1934 44 about 30 cases werereported every year, mainly among non-immune immigrants. The presentrarity of this disease in the non-African population is due solely to com-pulsory inoculation. Protection-test surveys revealed that in southernNigeria immune antibodies are present in about 80% of the indigenouspopulation under 15 years of age. Urban, Aedes aegypti-transmittedepidemics are rare and due to series of particularly favourable epidemio-logical factors. Sylvan yellow-fever, the actual vector of which has notyet been discovered in West Africa, is prevalent in the south and localizedin the north along the watercourses with their fringing forests.
 In addition to communicable diseases, problems associated with nutri-tion deserve a very important place in any health survey. Malnutrition anddeficiency diseases are very common particularly in the north where short-ages of food due to droughts are frequent. Large numbers of childrensuffer and die from kwashiorkor a or malignant malnutrition, most probablycaused by protein inadequacy. Protein-vitamin A and vitamin B complex-deficiencies (particularly ariboflavinosis) are common. Hemeralopiais frequently seen in the north. Beriberi and pellagra vary from year toyear but about 1,500 cases are reported annually. Scurvy and ricketsare rare. Endemic goitre is seen on the Bauchi plateau and in theCameroons.
 Of the diseases causing high hospital mortality the following should bementioned in decreasing order of absolute numbers of annual deaths(1948):
 Pneumonia, bronchopneumonia, and bronchitisInfectious diseases (mainly cerebrospinal meningitis, relapsing fever)Tuberculosis (all forms)Violent and accidental deathsDiseases of the heart and circulatory systemDysentery and enteritisMalariaHernia and intestinal obstructionDiseases of the liver and biliary passagesDiseases of blood-forming organsDiseases of pregnancy and puerperiumSmallpoxa An article on kwashiorkor in Africa, by J. F. Brock and M. Autret, will appear in a forthcoming
 number of the Bulletin of the World Health Organization. - ED.
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 Animal diseasesAnimal trypanosomiasis is the major veterinary problem of the country
 and takes a heavy toll of cattle. The trypanosomes involved are Trypanosomacongolense, T. vivax, and T. brucei in decreasing order of priority. Theproblem of control of the disease is difficult on account of the nomadichabits of cattle-owners. During the seasonal movements over long distancesthe herds maintain their old infections through mechanical transmissionby Tabanidae or Stomoxys or they disseminate their infection throughtsetse flies encountered en route.
 Rinderpest and contagious pleuropneumonia are next in importance,followed by haemorrhagic septicaemia, blackquarter, contagious abortion,foot-and-mouth disease, heartwater, piroplasmosis, and rabies.
 2. MALARIA
 2.1 Morbidity and Mortality due to Malaria
 In West Africa the morbidity and mortality attributed to malaria shouldalways be assessed separately for the transient, small, non-indigenouspopulation (highly susceptible to the infection though more or less success-fully protected by mechanical methods and antimalarial drugs) on theone hand, and for the very large, immune or semi-immune indigenouscommunities on the other.4 The recent tendency to make hospital and healthreturns in which these two dissimilar groups are pooled may be politicallyexpedient but is scientifically unsound and is to be deplored.
 Approximate morbidity and mortality figures for the non-Africanpopulation of Nigeria, which numbered about 6,000 in 1944 and 10,900in 1948, are given in table I.
 TABLE I. MALARIA MORBIDITY- AND MORTALITY-RATESAMONG NON-AFRICANS IN NIGERIA, 19444
 1944 1945 1946 1947 1948 I
 Morbidity-rate per 1,000 popu-lation (malaria) .298 305 212 266 206
 Mortality-rate per 1,000 popu-lation (malaria and black-water fever 1.28 0.97 0.93 1.08 0.55
 ~
 Data referring to the morbidity and mortality caused by malaria inthe indigenous African population are incomplete and not reliable.Adequate records submitted to the Medical Department refer only to govern-ment and native administration hospitals. The attendance figures for thenative administration dispensaries which are submitted to the MedicalDepartment are not shown in the annual returns of diseases and deaths.
 309
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 It is true that the morbidity statistics based on dispensary figures mightbe misleading, since the diagnosis made by the dispenser is of limited value.On the other hand, the dispensaries are far more numerous than the hospitals(526 against 75), more evenly distributed, more accessible, and their totalattendance figures average one-and-a-half times the total number of in-patients and outpatients in all the government and native administrationhospitals. Thus the hospital data represent not a cross-section of thepopulation seeking medical aid but refer to a highly selected sample.
 Actually, as concerns the diagnosis of malaria in West Africa even thehospital figures, based on medical evidence, are of limited value. There is
 TABLE II. MALARIA MORBIDITY AMONG AFRICAN PATIENTS IN HOSPITALSIN NIGERIA, 1944-8
 1944 1945 1946 1947 1948 1T94o4a8
 Inpatients . . . . 97,048 106,083 116,429 118,774 133,838 572,172
 Outpatients . . 947,341 866,449 1,002,244 1,051,345 1,214,712 5,082,091
 Inpatients andoutpatients 1,044,389 972,532 1,118,673 1,170,119 1,348,550 5,654,263
 Malaria cases
 inpatients 6,049 7,913 9,028 8,036 9,267 40,293
 outpatients 78,352 76,248 90,705 100,090 113,998 459,393
 inpatients andoutpatients 84,401 84,161 99,733 108,126 123,265 499,686
 Percentage ofmalaria cases
 inpatients . 6.23 7.46 7.75 6.77 6.92 7.04
 outpatients . 8.27 8.80 9.05 9.52 9.38 9.04
 inpatients andoutpatients . 8.08 8.65 8.92 9.24 9.14 8.84
 little doubt that the diagnosis of malaria in the immune or semi-immuneAfrican is subject as often as not to individual interpretation of clinicalsymptoms by the medical officer, in the majority of cases without the criticalsupport of the blood examination. To complicate the issue, a positiveblood-slide from an indigenous inhabitant of West Africa is not necessarilya criterion of the diagnosis. Subclinical parasitaemia may be found in themajority of African children and in from 10% to 20% of African adults,without any obvious symptoms of the disease. Thus the morbidity-andperhaps even the mortality-data culled from the annual medical andsanitary reports in West Africa 10 must not be treated as irrefutableand absolutely reliable.
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 TABLE IlIl. MALARIA MORTALITY AMONG AFRICAN PATIENTS IN HOSPITALSIN NIGERIA, 194-8
 1944 1945 1946 1947 1948 Tota1
 Total deaths 4,575 4,501 4,373 4,596 5,689 23,734
 Deaths from ma-laria . . 132 122 157 157 240 808
 Percentage ofdeaths due tomalaria . . . 2.89 2.71 3.59 3.42 4.22 3.40
 Malaria case fa-talitv-rate (per1,000 cases) . . 1.56 1.45 1.57 1.45 1.95 1.62
 Tables II and III show malaria morbidity and mortality data withregard to the African population attending or admitted to any of the75 government and native administration hospitals in Nigeria during theperiod 1944-8.
 Data with regard to blackwater fever, given in table IV, are shownseparately for the non-African and for African patients. While the diagnosisof blackwater fever in non-Africans is usually reliable, it is felt that a certainnumber of cases of " blackwater fever " diagnosed in Africans are notrelated to malaria but are of a different origin (sickle-cell anaemia, toxichaemolytic anaemia, haematuria, etc.).
 2.2 Distribution of MalariaMuch information on the prevalence of malaria in Lagos was obtained
 in 1930-1 by Barber & Olinger.' During the period 1934-47 series ofmalaria surveys were carried out by J. Y. Brown (unpublished reports tothe Director of Medical Services, Nigeria). Supplementary surveys of thecountry were carried out during the war by the military authorities andparticularly by No. 7 Malaria Field Laboratory, Royal Army MedicalCorps (unpublished reports to the Deputy Director of Medical Services,West Africa). The total number of all these surveys is nearly 60, of whichover 40 refer to different stations. Not all of them are comparable, sincemany were restricted to one or two malariometrical or entomological data,and most of them are of a brief reconnaissance type. More complete andrecent malaria survey data are available for Lagos, Katsina, and Enugu.
 TABLE IV. BLACKWATER FEVER CASES IN HOSPITALS IN NIGERIA, 19448
 1944 1945 1946 1947 1948 Tota1
 Non-Africans . . 10 9 5 7 2 33
 Africans . . 16 17 14 35 20 102
 Note: The case fatality-rate In non-Africans was 33%, in Africans 13%.
 2
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 Summarizing the available information it can be stated that the wholeof Nigeria is malarious. Hyperendemic malaria extends from the coastto the 10-inch (254-mm) dry season (November-April) isohyet. Malariaof varying degrees of endemicity extends through the rest of the country.While in the hyperendemic southern area there are islands of low endemicity(Ijebu Ode), in the northern part of the country there are numerous hyper-endemic foci (Katsina). One would expect to find, at least in the Sahelsavannah zone, with its small annual rainfall and the consecutively veryshort transmission period, a typical picture of epidemic malaria with itsclinical consequences. Actually, there is no evidence of such a condition,and in investigated rural and urban communities in the far north of Nigeriaa picture of highly endemic or hyperendemic malaria is common. Thereason for this is not quite clear at present, and it seems that the problemof indigenous malaria in the north of Nigeria deserves a thorough and long-term investigation. The distribution of malaria on the Bauchi plateau andin the Cameroons highlands has not yet been investigated, but in at leastone area in the Cameroons highlands (Bamenda) there is evidence ofendemicmalaria.
 In the southern hyperendemic belt spleen-rates in the 1-10 age-groupare rarely below 60% and usually vary between 65% and 80% withrelatively little seasonal variation. In the north, the mean spleen-rates arebetween 50% and 60 %, with an increase up to 70% and more towards theend of the rainy season. The average enlarged spleen varies usually between1.2 and 1.8 (Hackett's classification) but rises to 2.5 towards the end of thetransmission period. Large and very large spleens (Hackett's sizes 4 and 5)are uncommon.b
 Parasite-rates vary considerably according to the area investigated, tothe time of the year, and to the age-group involved. Approximate averagefigures are as follows:
 In infants the crude parasite-rate (all species) is usually between 15%and 50%, although this figure depends considerably on the compositionof the less-than-i-year group : the higher the mean age of this particulargroup the higher the parasite-rate. In the north the crude parasite-ratesof infants less than 6 months of age seem to be consistently higher than thecorresponding rates in the south. In the 1-10 age-group the mean crudeparasite-rates vary between 65% and 90%. The highest rates are consistentlyfound in the 3-4 and 5-7 age-groups, so that once again the meanparasite-rate of the 1-10 age-group depends to a great extent on its com-position. The influence of the transmission season on the crude parasite-rateof this group is more pronounced in the north than in the south of Nigeria.
 o It must be pointed out that in West Africa the spleen-rates taken during separate surveys are strictlycomparable only if the composition of the 1-10 age-groups of African children is very similar. Usually the34 and 5-7 age-groups show considerably higher spleen-rates than the 8-10 age-group, not only becausein the latter group the enlarged spleen retracts following the increase of the acquired immunity but alsobecause of the early muscular development of the abdominal wall, which often makes the correct palpationof the spleen more difficult.
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 The adolescent group (1 1-15 years) has a mean parasite-rate varyingbetween 20% and 50%. In adults the parasite-rate was found to bebsuallybetween 11% and 28%.
 The specific parasite-rates are as follows. The overall rate ofPlasmodiumfalciparum corresponds rather closely to the crude parasite-rate, since about96 % of all infections are due to this species. P. malariae, either alone orassociated with P. falciparum, occurs in 5 %-20% of all examinations.Highest rates of P. malariae seem to occur in the 3-7 age-group. As a ruleP. malariae is more common in southern than in northern Nigeria. P. vivaxis uncommon and rarely seen more frequently than in 0.5 % of examinations.P. ovale was recorded sporadically from several areas in Nigeria. Recentlya focus of P. ovale was found in a suburb of Lagos with a specific parasite-rate of 3 % in about 300 schoolchildren.
 The overall density of the plasmodial infection measured by the estima-tion of the Parasite Density Index (PDI) (Bruce-Chwatt 3) varies in relationto the mean age of the sample of the examined population and toepidemiological conditions ofthe area at the time of the survey. In southernNigeria the PDI for P. falciparum averages 1.5-2.0 in infants, rises to 2.5-4.0in the 1-4 age-group, occasionally remains at this peak figure in the 5-7age-group, but usually decreases steadily to about 1.0 in adolescents and to0.5 and below in adults.
 Gametocytes of P. falciparum are seen in approximately 10% ofexamined infants, (this rate varies considerably in relation to the agecomposition of the infant group), 20% of young children (1-4 age-group),and 12% of older children. In adolescents the gametocyte-rate is usuallybelow 5 % ; it decreases to between 0.5 % and 1 % in adults. Thegametocyte density is usually low-around 80-150 per mm3.
 Falciparum gametocyte carriers with over 200 sexual parasites per mm3are an exception. The highest gametocyte density of 960 per mm3 wasobserved only once, as was the next highest of 520 mm3.
 This low average P. falciparum gametocyte density explains the disparityof results produced by various investigators with regard to the gametocyte-rate in West Africa.
 2.3 Malaria in Infancy
 Malaria in African infants was investigated during the period 1947-9through studies of 616 infants attending two infant-welfare clinics adminis-tered by the Health Department of Lagos Town Council. Thus the investiga-tion was carried out on a selected sample of the population. None the less itis applicable to a large portion of the urban and peri-urban child population.
 Consolidated results of 3,657 blood examinations of all 616 infants,from 1 week to 18 months of age, treated as a random sample are shownin table V. For comparative purposes this table contains also some similardata reported by other workers in West Africa.' 2, 5,12
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 During the first four months of life the proportion of infants infectedwith malaria is usually below 10%. During the second half of the firstyear this proportion rises steadily and by the end of the first year at leasttwo-thirds of all the infants are infected. Finally, during the second year
 of life most of the children show the presence of malaria parasites in theblood, even on a single examination.
 TABLE V. COMPARISON OF PARASITE-RATES FOUND IN AFRICAN INFANTSIN LAGOS, NIGERIA, AND FREETOWN, SIERRA LEONE, 1925-49
 Lagos and environs Lagos Freetown
 Study, 1947-9I _~~~~~~~Age in
 mnnths
 Number Numberof examina- of % %
 tions infections
 1 or less 964 8 0.83 25.0
 2 350 14 4.0
 3 362 20 5.5 22.4
 4 392 I 36 9.2 29.7
 5 326 58 17.8
 6 230 52 22.6
 7 220 72 32.7
 8 184 58 31.5 57.6
 9 206 64 31.1
 10 134 69 51.5
 11 72 32 44.4
 12 46 32 69.6 90.0
 13 50 28 56.0
 14 44 36 81.8
 15 30 28 93.3 93.6
 16 18 15 93?17 15 14 87.2
 18 14 12
 Total 3,657 648
 Barber & 'Blacklock & Davey & Turner &Olinger, Gordon, Gordon, Walton,1931 1 1925 ' 1933 6' 1946 1
 4.9
 7.3
 17.3
 27.6
 4.8
 41.2
 58.8
 70.6
 41.8 83.7
 13.0
 14.6
 30.0
 40.0
 39.0
 55.0
 55.0
 Specific identification of parasites involved was as follows : P. falciparumwas found in 98 % of all infections, P. malariae in 2.8 , and P. ovaleand P. vivax in 2.1 %. There were 5 mixed infections with P. falciparumand P. ovale or P. malariae. Gametocytes of P. falciparum were foundin 3.2% of all examinations and in 28.3 % of all infections.
 Ii
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 The density of the plasmodial infection for P. falciparum, which wasdetermined by counting the number of parasites per mm3 and calculatingthe PDI, is shown in table VI.
 Table VI shows that the average intensity of the infection acquiredby African infants starts at a low level and rapidly increases during the first18 months in a way similar to the parasite-rate.
 TABLE VI. PARASITE DENSITY INDEX IN 616 AFRICAN INFANTSACCORDING TO AGE, LAGOS, 1947-9
 Month of life 1st 2nd 3rd 4th 5th 6th 7th- 10th- 13t8h
 Parasite densityndex .... 0.01 0.07 0.08 0.23 0.38 0.59 1.3 1.89 2.42
 2.4 Malaria as a Cause of Death in Childhood
 There are many unanswered questions with regard to the importanceof malaria as a cause of the reproductive wastage of the African populationinhabiting hyperendemic malarious areas. The reasons for this unsatis-factory state of knowledge are obvious. In large areas where there are noelementary biostatistical data pertaining to birth or death, how can a reliableand numerically important figure for the causation of death be expected ?
 Smith,' in his report on the child mortality in Lagos based on 500 post-mortems of children up to 5 years of age, found that malaria was a causeof death in 10.8 % of 293 infants and 14.5°% of children from 1 to 3 yearsof age. Whitbourne 13 estimated that malaria is responsible for 8 %-IO%of the total infant mortality in Lagos.
 In an attempt to collect more data, it was decided to extract from thepast records of the Pathology Department of Lagos General Hospitalall the information pertaining to postmortems performed on Africanchildren from the age of one week to 15 years, to classify them, and toconsolidate the information gathered in this way. The records cover theperiod 1933-48.
 To determine if malaria was the actual or most probable cause of deaththe records were critically reviewed. Only the following pathologicalpictures were retained as criteria of death caused by malaria:
 (1) Acute cerebral malaria: pigmentation of the grey matter, congestionand oedema, blockage of cerebral capillaries by malaria parasites orswollen endothelium.
 (2) Acute general infection with an enlarged and intensely congested,slate-coloured, parasite-containing spleen, and/or pigmentation and en-largement of the liver with fatty changes, and/or diffuse pigmentationand lymphoid macrophage response of the lungs, and/or presence ofschizonts in the blood from the heart.
 315
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 Malarial cachexia was hardly ever seen on the postmortem table andvery rarely mentioned in records. Smith 1 makes a special point ofmentioning that the feature of the malaria group was the well-preservedand nourished appearance of the children.
 Tables VII and VIII present the consolidated information gatheredfrom the records of the General Hospital in Lagos.
 TABLE VII. MALARIA AS A CAUSE OF DEATH, AS REVEALED BY3,085 POSTMORTEMS ON AFRICAN INFANTS AND CHILDREN,
 ACCORDING TO AGE, LAGOS, 1933-48
 Age in years Total
 Less 1 - 2 3 - 4 5 - 7 8 -10 11-15 Num-bthan 1 -ber
 Total number of post-mortems 755 753 562 421 250 344 3,085 100
 Malaria :
 cerebral 38 57 34 12 3 4 148 4.8
 other 28 44 40 19 6 2 139 4.5
 total 66 101 74 31 9 6 287 9.3
 Proportion of malaria inpostmortems (%) 8.7 13.4 13.2 7.4 3.6 1.7 9.3
 * One death from blackwater fever has been excluded.Note: Respiratory diseases, including tuberculosis, were the most common (70%) cause of
 death in all these groups; diseases of the alimentary tract, meningitis, malaria, anaemia,and malnutrition were the next most important causes of death.
 In the Lagos General Hospital (which caters for an important portionof the urban African population) 40% of all postmortems during theperiod 1933-48 were carried out on subjects below 15 years of age. Ofthese, as shown in tables VII and VIII, nearly half were on infants andchildren between one and two years of age. Malaria as a cause of deathseemed to play the most prominent and equally important part in theage-groups 1-2 and 3-4 years, where it amounted to over 13 % of all causesof death. In African infants the average percentage of malaria diagnosedas a cause of death was 9%. In all age-groups, but particularly in the1-2 years' group, there was a considerable increase of the postmortemdiagnosis of malaria during the first half of the war years. It is not possibleto decide whether this was due to a particularly severe form of the diseaseor to other, perhaps extraneous, factors.
 It should be emphasized that the figures quoted above do not applyto the death-rate by specific causes of the entire infant and child populationof Lagos. The mean ratio of postmortems to the total number of infantand children's deaths registered in Lagos varies considerably. The hospital
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 TABLE Vil. MALARIA AS A CAUSE OF DEATH, AS REVEALED BY3,085 POSTMORTEMS ON AFRICAN INFANTS AND CHILDREN, ACCORDING TOTAGE
 AND CALENDAR YEARS, LAGOS, 1933-48
 Age in years
 Yea Less than 1
 Post-' Mal-Imar ariatemsI
 1933
 1934
 1935
 1936
 1937
 1938
 1939
 1940
 1941
 1942
 1943
 1944
 1945
 1 946
 1947
 1948
 Total
 8
 23
 18
 22
 26
 12
 27
 48
 70
 141
 110
 59
 51
 59
 41
 40
 00
 6
 12
 15
 8
 5
 2
 7
 5
 755 66
 12.5
 5.6
 4.5
 0
 83
 3.7
 !12.517.1
 10.6
 7.3
 8.5
 3.9
 11.9
 12.2
 2.5
 8.7
 Post-mor-tems
 9
 17
 17
 17
 18
 18
 21
 46
 101
 98
 110
 75
 80
 42
 45
 39
 753
 1 - 11
 Mal -aria
 0
 0
 2
 4
 2
 2
 1
 18
 27
 8
 9
 106
 3
 5
 4
 101
 2 ~3-4
 Post- Ma- Post-mor- % mor-teMs aria tems
 0 10 1 10.0 15
 0 15 1 6.7 21
 11.8 24 6 25.0 11
 23.5 24 2 8.3 17
 11.1 15 1 6.7 12
 11.1 22 3 13.6 12
 4.8 35 5 14.3 28
 39.1 31 5 16.1 26
 26.7 41 6 14.6 41
 8.2 50 4 8.0 40
 8.2 60 4 6.7 44
 13.3 60 10 16.7 41
 7.5 47 4 8.5 37
 7.1 45 9 20.0 25
 11.1 62 11 17.7 39
 10.3 21 2 9.5 12
 13.4 562 74 13.2 421
 Mal -aria
 O0
 3
 0
 0
 3
 2
 5.5
 2
 3
 18
 0
 31
 8 - 15
 Post- Mal-% mar- %
 tems aria
 6.7 17 0 0
 0 20 0 0
 0 22 1 4.5
 17.6 15 0 0
 0 16 1 6.2
 0 18 0 0
 10.7 33 2 6.1
 7.7 50 2 4.0
 12.2 37 ' 2 5.4
 5.0 60 0 0
 4.5 52 11 1.9
 7.3 67 0 0
 2.7 70 0 0
 4.0 45 2 4.4
 20.5 49 3 6.1
 0 23 1 4.37_4_59_ _2_5
 7.4 594 !15 2.5
 Note: The X' test of this series of observations gave a P value less than 0.001, showing that theseries of values observed in the five columns arranged by age-groups differ between themselves toa far greater degree than might be expected to occur by chance.
 cases represent a highly selected sample and are not sufficiently large nor arethey representative of the cross-section of the community. Interpretationof these tables is therefore subject to the usual difficulties encountered whendealing with proportional rates.
 2.5 Transmission of Malaria
 In the coastal belt the transmission period of the malaria infection ispractically perennial. Throughout the forest region, with its more than60 inches (1,524 mm) annual rainfall, this transmission period may beinterrupted or considerably slowed down during the peak of the dry season,but it is never shorter than eight to nine months in the year. In the central
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 dry forest zone the transmission period is shorter and averages six to sevenmonths in the year. In the Sudan and Sahel savannah regions the naturaltransmission period is usually less than five months in the year. It mustbe emphasized that the transmission season depends not only on the totalannual rainfall but also on its distribution in time, viz., the number ofrainy days. Local factors may be more important than meteorologicalconditions ; as, for instance, in some northern towns where the numerousborrow-pits, which hold water throughout the year, contribute to theartificial, perennial transmission and create hyperendemic foci within anendemic area.
 Of the total of some 28 anopheline species found in Nigeria, eight havebeen found infected with oocysts or sporozoites of malaria. They are(in order of importance) Anopheles gambiae group (including A. gambiaevar. melas), A. funestus, A. hargreavesi, A. pharoensis, A. nili, A. mouchetivar. nigeriensis, A. hancocki, and A. rufipes. Of all these, two only-A. gambiae group and A. funestus-are widely distributed and of permanentimportance as malaria vectors. The others are secondary vectors eitherbecause of their localized distribution or on account of their low densityand short, seasonal breeding peak. Of the secondary vectors, A. hargreavesifollowed by A. nili are the most likely to be efficient vectors in Nigeria.There is little doubt that the six secondary species play little part in theepidemiology of malaria compared with the enormous total amount ofinfection carried by A. funestus and the A. gambiae group.
 Comparison of the epidemiological importance of the two main speciesreveals the following facts applicable to West Africa in general and toNigeria in particular:
 A. gambiae gambiae (but not A. gambiae var. melas which is strictlycoastal) has a country-wide distribution due to its relatively indiscriminatebreeding-habits in many kinds of water, completely or partially exposedto sunlight, and situated more or less close to human habitations in ruralas well as urban areas. On the other hand, the distribution of A. funestusis patchy, because of its preference for breeding in clean water, more orless shaded by vegetation.
 The seasonal prevalence of the two vectors varies considerably in relationto general meteorological and local ecological factors. Nevertheless, it ispossible to describe summarily the general trend of the breeding activityof the two species.
 The curve of the seasonal density of A. gambiae gambiae correspondswith the rainfall curve with a time lag of a few weeks. In Nigeria thebreeding activity rises sharply, almost explosively two to four weeks afterthe onset of the rainy season, shows a short high peak in June-July-August,and then falls away more or less rapidly to almost nil in January-March.The breeding activity of A. gambiae var. melas is related less to the rainfall
 318
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 curve and more to the tides, particularly where the range of tidal movementsis considerable. It could reasonably be expected that throughout northernNigeria, with its prolonged dry season, breeding of A. gambiae gambiaewould be restricted to a few months in the year. Actually in some localitiesthe situation may be surprisingly different, and even during the peak ofthe dry season considerable anopheline breeding may exist in quasi-perennial borrow-pits and hundreds of small, private wells. This isparticularly true with regard to the famous borrow-pits in northern townsand villages. They serve as quarries, water-sources, sewage-disposal sites,bathing-places, communal laundries, cattle dips, etc., and incidentally assemi-permanent anopheline breeding areas with daily outputs varying froma few hundred to well over 100,000 anopheles per day. The fascinatingproblem of the hibernation of A. gambiae gambiae in northern Nigeriahas still to be investigated.
 The minimum density of A. funestus is just before the onset of the rains.Later the curve rises more slowly and steadily well into the wet season inJuly and then decreases somewhat during the slight rains. Heavy downpoursdo not always increase the breeding activity of A. funestus but on the con-trary may decrease it by swelling the watercourses and washing away orstranding the eggs and larvae. With the lessening of the rainfall the densityof A. funestus rises again and then falls to its minimum in March. It canbe said that while A. gambiae gambiae is the wet season vector, A. funestusbecomes the chief vector during the first half of the dry season.
 A. gambiae gambiae is virtually omnipresent and plays an important partas a vector of malaria in both rural and urban areas. A.funestus is more com-mon in either rural communities or small urban areas, though in northerntowns it may often share with A. gambiae gambiae the same overgrownborrow-pits and breed among the vegetation on the shady side, under anearth bank, while its sun-loving neighbour chooses the sunny, shallow, edgeon the opposite side.
 Most of the infectivity-rates of both vectors investigated in Nigeriaare based on the dissection of salivary glands for sporozoites. The meanoverall sporozoite-rate of the A. gambiae group in Nigeria, irrespective ofseasons or localities, is 5.89% ; the comparable figure for A. funestus is4.96 %. However the month-by-month trend of the infectivity-rate may varyin Nigeria within a range of 0%-20.0% for A. gambiae and 0%-15.0%for A. funestus. During the dry season the apparent C sporozoite-rateof A. gambiae gambiae is very low; it increases rapidly soon after thebeginning of the rainy season and reaches its peak when the rains decrease.With the decreasing rainfall the infectivity-rate of A. gambiae declines,at first slowly then more rapidly, to almost nil at the peak of the dry season.
 c The reference to the apparent sporozoite-rate is due to the fact that during the dry season the numbersof captured adult female anopheles are usually very low and in many instances the low infectivity figuresare due to small numbers of dissected mosquitos. Dry season sporozoite-rates statistically comparable withsporozoite-rates as found soon after the peak of the breeding activity are very difficult to obtain in the field.
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 The above does not necessarily apply to A. gambiae var. melas, the breedingactivity of which depends little on the rainfall. There is evidence ofthe A. gambiae var. melas sporozoite-rate being rather lower than thatof A. gambiae gambiae. The respective trend with regard to A. funestusdiffers as far as the infectivity is concerned since its high level extends wellinto the dry season.
 The highest infectivity figure of 20.0% recorded in Nigeria for the A. gam-biae group was found in 1942 in Ibadan. The next highest figure is 14.0%recorded from Gusau in the north (1948). The highest infectivity figure forA. funestus was found in 1941 in Tiko- 15.0 %. These very high infectivityfigures often accompany high anopheles densities. The number ofinfectivemosquito-bites received by each person exposed to such epidemiologicalconditions as existed in September 1948 in Gusau in northern Nigeria mayamount to 640 per year-a somewhat theoretical but none the less fan-tastic figure.
 2.6 Antimalaria Measures and Programmes
 The general methods of mosquito control in Nigeria are limited to thedomestic control of Aides aegypti, by inspection and enforcing the drypot day routine. Anti-anopheline measures are: filling in borrow-pitsand depressions, controlled tipping, small-scale drainage, and larvicidingby gas-oil or malariol. Imagocidal measures are carried out more or lessoccasionally by spraying groups of houses with DDT in kerosene or DDTwettable powder. Lately the use of the less expensive benzene hexachloride(BHC) in wettable powder form or in kerosene dilutions has become morefrequent. All these antimalaria measures are on a rather small scale, notvery regular, with little adequate supervision, and are usually carried outas part-time work of the local public-health organizations.
 No country-wide antimalaria programmes are being carried out orplanned, but plans and estimates are ready for series of area-wide mosquito-control schemes, particularly in the north.
 The Lagos Mosquito Control Scheme by swamp drainage began in1942 as a limited military project. It was later extended, and eventuallycompleted by the end of 1947 at a total cost of approximately £120,000.It was put on a maintenance basis in January 1948, and handed over to theLagos Town Council's Public Health Department on 1 April 1948. Thisscheme, which extends over an area of nearly 4,200 acres (1,700 ha) of coastalswamps, was executed with a view to controlling the breeding activity ofA. gambiae var. melas, at first near the Royal Air Force Airport at Apapaand later in the Lagos urban area proper. The breeding foci of A. gambiaevar. melas were formerly irregularly distributed over a wide area of tidalswamps covered with a dense tangle of mangroves and coarse swampgrass-conditions that precluded the effective application of larvicides.
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 This drainage scheme, designed and executed by Gilroy,6 consists of:(a) a sea-wall or bund which encloses the low-lying swamp and preventsthe tidal waters from flooding it ; and (b) a system of channels and contourdrains which lead the impounded water to (c) a controlled outlet in the formof hand-operated sluice-gates. The sluice-gates open at low tide and permitthe outflow of water from the system of drains into the creek. At the risingtide the gates are closed and prevent the inflow of water when the waterlevel outside the bund is higher. The success of this scheme is obvious withregard to the control of A. gambiae var. melas in its main breeding areas.
 The urban district of Lagos covers an area of 24 squares miles (62 kM2),of which about 71/2 squares miles (19.5 km2) were tidal swamps breedingenormous numbers of mosquitos. Since 1947, of this vast mosquito breedingarea there remain 11/2 square miles (4 km2) which are slowly being reclaimedby sand pumping or controlled tipping and are treated with larvicides underthe supervision of the Medical Officer of Health, Lagos. The MedicalOfficer of Health, Lagos, also administers measures for the control of thefreshwater breeding A. gambiae gambiae in the township itself. Thelatter is divided into 35 zones, each of which has a permanent larvicidalteam which deals with the respective zone in six days at the rate of onesector per day. Gas-oil, alone or with the addition of 1% DDT, is inroutine use.
 Of the specific antimalaria programmes carried out at present two meritmention. The first is the Ilaro Experimental Anopheles EradicationScheme and the second is the malaria-control programme of the Came-roons Development Corporation.
 The aim of the Ilaro scheme is twofold : (a) to investigate the practicalpossibility of an " island " eradication of the anopheline vectors by intensiveresidual spraying of all dwellings within a determined medium-sized(7 square miles (18 kM2) area situated in a hyperendemic part of WestAfrica; (b) to assess the influence of a prolonged removal of the vectorsof local malaria on the collective picture of malaria and the general healthof an untreated African community.
 The Ilaro scheme, conceived by the Malaria Service, began in February1949 when Ilaro, a medium-sized Yoruba town in south-western Nigeria,was tentatively chosen for an experimental " island " anopheles eradication.Ilaro has some 12,000 inhabitants and 2,300 houses and is a typical mixedurban and rural community, situated within a geographical zone thatcorresponds to hyperendemic malarial conditions in Nigeria.A preliminary malaria survey carried out between March 1949 and
 March 1950 revealed that malaria in Ilaro is on the lower level of hyper-endemicity with a pronounced subclinical endemic wave that starts shortlyafter the beginning of the rainy season and lasts for at least four months.P. falciparum with the concomitant P. malariae is Ithe main parasitespecies. A. gambiae gambiae and A. funestus are the main vectors, with
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 A. funestus persisting throughout the year, while A. gambiae has a pro-nounced seasonal importance during the rains.
 The residual spraying of Ilaro began in March 1950. The insecticideused for it is the BHC wettable powder P.520 containing 6.5% gammaisomer. The dosage is 10 mg gamma isomer per square foot (109 mgper m2). The routine spraying equipment consists of Eclipse " SuperTriumph" bucket sprayers (stirrup-pump pattern) with a 20-foot (6.1-m)hose, 2-foot (0.61-m) lance with trigger release, and nozzle of 3/64 inch(0.12 cm) aperture giving a flat fan-shaped jet. Modifications of thisequipment are being tested. There are 4 spraying squads each composedof 1 recorder and 4 sprayers.
 The spraying of the 2,300 houses containing over 11,000 rooms is beingrepeated every three months. All dwellings within a 3 miles' (4.8 km)radius round Ilaro are also treated. The results of the residual sprayingare being assessed by means of entomological (anopheline density, larvaldensity, infectivity-rate) and malariometrical (spleen-rates, parasite-rates,parasite densities, morbidity, etc.) data.
 The second well-defined malaria-control programme carried out atpresent is the Mosquito Control Scheme of Tiko and Bota areas organizedby the Cameroons Development Corporation. These two main centres ofactivity of the Corporation are within a widespread breeding area withA. gambiae gambiae, A. gambiae var. melas, A. funestus, A. hargreavesi,and A. nili as vectors. Both larvicidal work and imagocidal spraying arecarried out within a mile from the inhabited area. For residual sprayingthe BHC dispersible powder P.520 and the liquid concentrate LG.240are used. The frequency of residual spraying is four times a year.
 2.6.1 Organization of antimalaria services
 Activities connected with malaria control are directed by the Directorof Medical Services through the Deputy Director of Health Services, thethree regional Deputy Directors of Medical Services, and AssistantDirectors of Medical Services (Health). Eight medical officers of health,40 sanitary superintendents, and a cadre of sanitary inspectors are directlyresponsible for the malaria-control work within their areas. As a rule themalaria-control work forms a part of the general hygiene and environ-mental sanitation routine.
 In Lagos only there exists a separate antimalaria section of the PublicHealth Department of the Town Council directed by the Medical Officerof Health and the Assistant Medical Officer of Health.
 The work of the Malaria Service, established in Nigeria in 1948 under theColonial Development and Welfare Act as an ancillary service of theMedical Department, began in February 1949. Its objectives are as follows:
 The Malaria Service acts in an advisory capacity to the Director ofMedical Services. It carries out field surveys, research on chemotherapy,
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 epidemiology, and entomology of malaria, and organizes pilot controlschemes. It trains the junior personnel of the Medical Department in fieldentomology and the technique of malaria control. It co-operates witheducational bodies, such as the University College, Ibadan, in teachingand training in malariology. It interchanges results and methods withother branches of the Medical Department and with other British or foreignWest African dependencies. It will also co-ordinate the antimalaria workthroughout the country.
 A ten-year scheme for the Malaria Service was drawn up in 1948 underthe Colonial Development and Welfare Act. The financial provision forthe first two years of this project was approved, and future expenditureis to be determined at the end of this preliminary period in the light ofexperience gained.
 2.6.2 Legislation on malariaThe most important legal document pertaining to the problem of
 mosquito-borne diseases is the " Ordinance to provide for the Destructionof Mosquitoes" No. 31 of 26 April 1945.
 This Ordinance defines (1) the powers for appointing sanitary authoritiesfor particular areas, and (2) the powers of the appointed sanitary authoritiesin taking preventive measures, performing works and recovering costs,imposing penalties for default, and general regulations with regard toantimalaria schemes.
 2.6.3 Prophylaxis and treatment of malariaThere is no standardized schedule of treatment of acute malaria but a
 survey carried out in 1949 4 revealed that for the immediate treatment ofvery severe attacks of malaria intravenous or intramuscular quinine indoses varying between 5 and 20 grains (0.32 g and 1.29 g) (fractional) inthe first 24 hours is favoured by most of the medical officers in Nigeria.Intramuscular mepacrine in doses of 0.3 g - 0.9 g during the first 24-48 hoursis the next best choice.
 For the treatment of malarial attacks of average severity the mostpopular combined therapeutic regimens are the following:
 (1) Quinine - given as a single intramuscular injection of 5 grains(0.32 g) or orally 30 grains (1.94 g) a day for 2-3 days followed by 0.2 g - 0.6 gmepacrine a day for 4-6 days.
 (2) Quinine - dosage as above, followed by proguanil 0.3 g - 0.6 ga day for 7-10 days.
 (3) Mepacrine - 0.6 g - 0.9 g on the first day, 0.3 g - 0.6 g on the secondday, followed by proguanil 0.3 g - 0.6 g daily for 4-10 days.
 Prophylactic (= suppressive) antimalarial drugs are taken by practicallyevery non-African resident in Nigeria and many educated Africans have
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 adopted a more or less regular schedule of antimalarial drugs for theirchildren and occasionally for themselves.
 Prophylactic proguanil is used by 65% of the non-African populationat the daily dose of 0.1 g. Quinine taken at a daily dose of 5 grains (0.32 g)is used by 23% of non-Africans, while mepacrine (0.4 g - 0.7 g a week)is used by 10% of non-Africans. Chloroquine is still new in West Africa
 TABLE IX. ESTIMATE OF YEARLY CONSUMPTION OF ANTIMALARIAL DRUGSIN NIGERIA
 Quinine Mepacrine Proguanil(all formulations) (all formulations) (tablets)
 Source _
 lb =kg lb= kg lb-kg
 Delivery by theMedical Depart-ment Stores 5,792 2,627 2,315 1,050 1,102 500
 Sales throughprivate firms 661 300 2,601 1,180 772 350
 Total . . . . . . 6,453 2,927 4,916 2,230 1,874 850
 and used as a regular suppressive only by a very small fraction of thenon-indigenous population.A recent experimental evaluation of the therapeutic activity of the three
 synthetic antimalarial drugs, carried out on a fair-sized sample of Africanchildren, has revealed that chloroqume seems to be the most active schi-zontocidal drug followed closely by mepacrine.
 Treatment is free for the African population while prophylaxis andtreatment are free for all government officials.
 Approximate amounts of antimalarial drugs consumed in Nigeriaper annum (1949) can be estimated from table IX.
 ACKNOWLEDGEMENTS
 My thanks are due to the Director of Medical Services, Nigeria, for permission topublish this paper.
 I am indebted to Dr. David Cannon, Assistant Director, Laboratory Services, MedicalDepartment, Nigeria, for permission to use the postmortem records of the GeneralHospital in Lagos.
 324

Page 25
                        

MALARIA IN NIGERIA
 SUMMARY RIESUME
 In the first part of the article, the authordescribes briefly the topography andclimate of the country. Details are alsogiven of the population by numbers,anthropological type, tribal and linguisticdivision, and occupation, and such vitalstatistics as are available for the region aresummarized. A brief account of the prin-cipal communicable diseases-human andanimal-prevalent in Nigeria follows.
 Data on malaria in Nigeria are discussedin the second part under five main heads:malaria morbidity and mortality ; distribu-tion of the disease; malaria in infancy;malaria transmission; and antimalariameasures.
 Malaria morbidity and mortality dataare presented separately for the smallnon-African population, on the one hand,and the very large indigenous populationon the other. The total number of malariacases among the indigenous populationhas increased from 84,401 in 1944 to123,265 in 1948, while the case fatality-rateper 1,000 cases has increased from 1.56to 1.95 over the same period. Thesefigures cannot, however, be consideredabsolutely reliable, as annual returns arebased solely on attendance figures at the75 government and native administrationhospitals, exclusive of attendance figuresat the 526 native administration dispensa-ries, and, even in the hospitals, malariadiagnosis is often based purely upon anindividual interpretation of clinical symp-toms without confirmation by laboratoryexamination.
 Surveys over the last 20 years haverevealed that the whole of Nigeria ismalarious, while several regions arehyperendemic. Available data on the meanspleen-rates, parasite-rates, specific para-site-rates (about 96% of all infections are
 Dans la premiere partie de l'article,l'auteur decrit brievement la topographieet le climat du pays. Il donne egalementdes indications sur le chiffre de la popula-tion, le type anthropologique, la divisionen tribus, les langues parlees, les occupa-tions des habitants, ainsi qu'une analysesuccincte des statistiques demographiquesactuellement disponibles. Suit un brefexpose sur les principales maladies, trans-missibles a l'homme et aux animaux, quisevissent dans la Nigeria.La seconde partie est consacree a l'etude
 des donnees relatives au paludisme dansla Nigeria, lesquelles sont classees souscinq rubriques principales: morbidite etmortalit6 par paludisme; repartition dela maladie; paludisme chez les enfants;transmission du paludisme; lutte anti-paludique.
 Les chiffres de morbidite et de mortalitepar paludisme sont presentes separement,d'une part pour la population non afri-caine, qui est peu nombreuse, et d'autrepart pour la population africaine qui, aucontraire, est trbs importante. Le nombretotal des cas de paludisme dans la popula-tion africaine s'est eleve de 84.401, en 1944,a 123.265, en 1948, le taux de letalitepassant de 1,56 A 1,95 pour 1.000 au coursde la meme periode. Ces chiffres appellentcependant certaines reserves, car les sta-tistiques annuelles sont basees exclusive-ment sur les cas traites dans les 75 hopitauxrelevant des services gouvernementaux etde l'administration indigene, et ne tiennentpas compte des malades qui ont recudes soins dans les 526 dispensaires admi-nistres par les autorites indigenes. D'ail-leurs, meme dans les hopitaux, il arrivefrequemment que le diagnostic soit fondeuniquement sur l'examen clinique, sansetre confirme par des epreuves de labora-toire.
 Les enquetes entreprises au cours desvingt dernieres annees out revele quel'ensemble de la Nigeria est impalude,l'infection etant hyperendemique dansplusieurs regions. L'auteur enumere lesdonnees disponibles sur l'indice splenique
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 due to Plasmodium falciparum), andgametocyte-rates are cited by the author.
 Investigations on malaria in infancywere carried out in Lagos from 1947 to1949. The results obtained, combinedwith similar data from earlier workers inLagos and in Freetown, Sierra Leone,may be taken as representative of urbanconditions throughout Nigeria. Malariaparasites are to be found in the blood ofmost infants of two years of age, withP. falciparum as the causal agent of 98%of the infections. Postmortems performedbetween 1933 and 1948 at the GeneralHospital at Lagos on African childrenfrom one week to 15 years of age revealedthat 9% of the deaths had been causedby malaria. These figures, althoughrepresentative of only a cross-section ofone community, are significant.
 The malaria transmission period inNigeria varies from less than 5 monthsa year in the Sudan and Sahel savannahregions to almost 12 months of the yearin the coastal belt. While eight speciesof anopheline vectors have been found,Anopheles funestus and the A. gambiaegroup are the most important. A. gambiaegambiae, which breeds relatively indis-criminately, is found throughout Nige-ria, while A. funestus is found only nearclean, more or less shaded, water. Theseasonal prevalence of the two vectorsvaries considerably; nevertheless, it maybe said that while A. gambiae gambiaeis the wet season vector, A. funestusbecomes the chief vector during the firsthalf of the dry season.
 No country-wide antimalaria pro-grammes are in operation in Nigeria at pre-sent. However, a ten-year malaria-controlscheme was inaugurated in 1948 when aspecial Malaria Service for Nigeria wasestablished under the direction of theDirector of the Medical Services. Mean-
 moyen, l'indice parasitaire, les indicesd'infections specifiques (environ 96% detoutes les affections sont dues a Plasmodiumfalciparum) et le taux des gametocytes.
 Des observations sur le paludisme chezles tout jeunes enfants ont 6te faites ALagos de 1947 A 1949. Les resultatsobtenus, completes par les donnees ana-logues rassemblees par des auteurs quiavaient proc6de A des enquetes ant6rieuresA Lagos et A Freetown (Sierra-Leone),peuvent etre consid6r6s comme caracte-ristiques des conditions qui regnent dansl'ensemble des agglomerations de laNigeria. Des parasites du paludisme serencontrent dans le sang de la plupart desenfants de deux ans, P. falciparum etantl'agent de 98 % des infections. Les autopsieseffectuees de 1933 a 1948 au GeneralHospital, A Lagos, sur des enfants indigenesages d'une semaine A quinze ans, ontrevele que 9% des deces avaient ete causespar le paludisme. Bien qu'ils ne portentque sur un groupe particulier dans uneseule collectivite, ces chiffres sont signi-ficatifs.La periode de transmission du paludisme
 varie selon les regions: inf6rieure a cinqmois par an au Soudan et dans la regionde savanes du Sahel, elle couvre presquetoute l'annee dans la zone c6tiere. Deshuit especes d'anopheles vecteurs qui onteteobservees, Anophelesfunestusetle groupede A. gambiae sont les plus importants.A. gambiae gambiae, qui se reproduitpratiquement dans tous les milieux, sevitsur l'ensemble de la Nigeria ; en revanche,l'on n'observe A. funestus que dans levoisinage des eaux limpides, plus ou moinsombragees. La predominance saisonnierede l'un et de l'autre de ces deux vecteursest tres variable; toutefois, on peut direque A. gambiae gambiae est le vecteur dela saison des pluies, tandis que A. funestusdevient le vecteur principal pendant lapremiere moitie de la saison seche.
 I1 n'existe actuellement, dans la Nigeria,aucune campagne antipaludique entreprisedans l'ensemble du pays. Cependant, unprogramme decennal de lutte antipaludiquea et6 amorce en 1948, lors de la cr6ationd'un Service antipaludique special, placesous la direction du Directeur des Services
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 while, mosquito-control schemes havebeen introduced in some regions. In theperiod 1942-7, 6 square miles (15.5 km2)of tidal swamps breeding huge numbersof mosquitos were reclaimed in the urbandistrict of Lagos through the LagosMosquito Control Scheme. A pilotproject -the Ilaro Experimental AnophelesEradication Scheme-for anopheles era-dication was instituted in the town ofIlaro in 1950 by the Malaria Service.The Cameroons Development Corporationhas organized a Mosquito Control Schemein the Tiko and Bota areas.
 As regards treatment and prophylaxis,while there is no standardized treatmentschedule for malaria in Nigeria, quinine,mepacrine, and proguanil are in generaluse, and antimalarial drugs are takenregularly by many educated Africans, aswell as by nearly all non-African residents.
 medicaux. D'autre part, des plans de luttecontre les moustiques ont et mis enceuvre dans certaines regions. De 1942 a1947, en application du plan appele((Lagos Mosquito Control Scheme )), ila et procedd, dans la zone urbaine deLagos, a F'assechement de 15,5 km2(6 milles carres) de marais a flot, quiconstituaient un terrain exceptionnellementfavorable pour la reproduction des mous-tiques. En 1950, le Service antipaludiquea organise, dans la ville d'Ilaro, un pro-gramme-pilote denomme ((Ilaro Experi-mental Anopheles Eradication Scheme)).La Cameroons Development Corporationa institue un plan de lutte contre lesmoustiques dans les regions de Tiko etde Bota.En ce qui concerne le traitement et la
 prophylaxie du paludisme, il n'existe pasde pratique uniforme dans la Nigeria, maisl'emploi de la quinine, de la mepacrine etdu proguanil est tres repandu. En outre,de nombreux indigenes instruits, ainsi quela quasi-totalite des residents non africains,font un usage regulier de medicamentsantipaludiques.
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