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ABSTRACT

A study of the inpact of construction works on the
nosquito fauna and incidence of human nal aria was under -
taken in the Federal Capital Territory (Abuja) of
Ni geria from February 1986 to June 1987.

In sunmary, a total of 67 breeding sites were
visited out of which 37 (55.2% were found in Garki
Muni ci pal conpared to only 6(8.6% at Sheda Vill age.

A total of 2,057 nosquito |arvae were collected out of
which 1,284 (61.8% were Culicine |larvae while 793

wer e Anpphel i nes. 2,411 adult Cul ex pipiens fatigans

were caught from the various outdoor resting places.
The sex ratio, i.e. mle:female was estimated to be
1.3:1. of the 40 adult Anopheline nosquitoes caught,
11 were An. fenestus.
The indoor resting Anopheline popul ation was studied
using the Pyrethrum spray-sheet collection (PSC) technique,

259 -female An. ganbi ae were caught out of which 11 were

sporozuite positive on dissection. The sporozoite rate
of the population for the period April-QOctober 1986
was found to be 4.2% 65.8%of the total nunber of

Anophel es ganbi ae dissected were bl ood-fed. The bl ood-

feeding rates of the population were highest in August
and Septenber - 70.3%and 71% respectively.

The di sease transm ssion potentials of the nobsquitoes
for Septenber and COctober at Garki were 0.08 and 0.03

respectively. 35 Adult Aedes aeqypti were caught feeding

outdoors between 4-7 p.m at Sheda. 177 mal aria patients

were hospitalized in the clinic between January to
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Decenber, 1986. The hi ghest percentage in-patient cases

due to malaria, (11.8% was recorded in June. on blood

exam nation, 31.3%positive slides were found in the

age group 2-4 years.
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CHAFTER ONE

* o INTRODUCTION

The term malaria originated in Italy and refers to
the connectlon between the disease and "Bad aig®
(mal-arla) that was believed to cause it (Boyd, 1949).
It was suggested that the disease originated in Africa
and spread in the wake of human migrations to the
Mediterranean shores, to Mesopetamia, the Indian
Peninsula and South-East Africa (Jones, 1909; Rarrison,
1978). Besldes the simple associatlon of the disease
with marshes or swamps, its aetiology remained unknown
until around 1880 when Manson discovered some human
filarial parasites in mosqulitees {(Knowles and Senior-
White, 1%27). This gave a clue for censidering mesqulitoes
as peassible vectors of malaria parasites (Russel, 1952,
1956}, Information on the mode of transmissicn came
in 1897 when Ronald Ross in Secunderabad (India) found
sparozoites of malaria parasite in the body of a
mosquito that had previously fed on a patient with
pPlasmodia in his blood (Manson~Bahr, 1963). 1In 1900,
Manson et al. confirmed that malaria is transmitted by
female anopheles mosquito (Bruce-Chwatt, 1977}.

Mosquitoes have a world-wide distribution, occurring

throughout the troplcal and temperate remion and are only

absent in Antarctica (3Smith, 1978). However,sone
genera have a restricted distribution and may be confimmgi

to certain areas; for instance, the genus Haemagequs is




found only in Central and South America (Service, 1980).

Certain mosquito species such as Culex pipiens

fatiqans and Aedes aeqypti are said to be ubiquitous

but are more widespread in the tropics (Mattingly,

1962). Anopheline meosquitoes are most frequent in

tropical or sub-tropical regions but are also found
in temperate climates and even in the artic during
summer (Bates, 1949).

Malarial parasites belong to the genus Plasmodium

which contains about 100 known species, out of which

only four, P. malariae, P.vivax, P. falciparum and

P, ovale, are recognised as malaria parasites of man

(Bray, 1957; Hoare, 1949; Garnham, 1966). P. falciparum

is generally caonfined to tropical or sub-tropical regions,
and is the principal malarial agent in north-west India,
Ceylon and in Africa (Garnham, 1966). oOn the other

hand, P. malariae occurs not only in the tropical and
sub-tropical areas but is also found irregularly in
tempevate areas; while P. ovale occurs predominantly

in tropical Africa (Garnham, 1966).

Indigenous malaria has been recorded as far north
as 64°N latitude, in (USSR) and far south as 32°s
latitude (Cordoba in Argentina). 1ts records include
those in the Dead sea are at 400 metres below sea
level, at Londiani (Xenya) at 2600 metres above sea
level and in cochabamba (Bolivia) at 2,800 metres

(Bruce-Chwatt, 1980).
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puring the 1950s the annudl incldence of malaria
was about 250 million cases with 2.5 million people
dying of the disease every year (Russel, 19%56).
According to Lysenko, gt al. (1966) in one of the
gpkeatest epldemics of malaria in modern times that
struck the Soviet Union, more than ten million cases
watre repqrited between 1523 - 1926, and at least
about 60,000 deaths were recorded. 1In 1938, the
invation of Brazil by A. gambiae was followed by an
epidemic with over 100,000 cases and at least 14,060
deaths {(Bruce-Chwatt, 1980).

Between 1542-1944, the same mosquito invaded
lower EgQypt and caused about 160,000 malaria cases
and meore than 12,000 deaths, while in 1958 an
epidemic of malaria in Ethiopia caused more than
3 million cases and 150,000 deaths (MacDonald, 19%87).
More recently it has been estimated (Scholtents, et al,
1972) that about 1.8 bhillion people live in areas
that are considered malarious. o©Out of these pepple,
about 287 milllon are said to live in Africa, 1n what
is described as totally unprotected areas (Bruce- -
Chwatt, 1966).

In Nigeria, one of the earliest written study
of cases of Relapsing fever caused by insect bites
was the work of Mc-Cullah (1%283). He studied about

three hundred cases of relapsing fever in northern
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Nigeria whose relationship he traced to insect bites,
Mast notorious mosquito vector speclies that have been
incriminated for the transmissign of such diseases like

yellow fever (Aedes aeqypti), filariasis (Culex pipiens

fatigans) and malaria (Anopheline spp.) have been

identified in Nigeria (Bruce-Chwatt, 1945).

Throughout most of Africa South of Sahara, Nigeria
inclusive, malaria shows a high endemicity, but has a
low epidemic potential (Bruce-Chwatt, 1980)., 1In these
areas, malaria causes significant mortality in todlers,
and young children suffer frequent and severe attacks
{Miller, 13886). High incidences of malaria -as manifested
by high spleen rates in children has keen recorded in
most parts of the country {(Wilcock's and Manson-Bahr,1980)
and malaria situation is thus described as h~lcendemic.

In a recent report by the Federal Ministry of
Health Statistlic Unit (Anonymous, 1986), arkotal of
16,568,403 cases of illness are recorded on the nations -
20 most common diseases from various hospitals throughout
the federation. The document covers the period 1981 -
1985 and deals with eight killer disease: '~ “he country
namaly measles, malaria, pneumonia, dysentery, tuberclosis,
tetanus, chicken-pox and whooping caugh. The statlstics
further released that 9,703,770 people suffered from
the eight killer diseases in the period which represent
abaut 91% of total cases. From the total numbr~ of
deaths due to these diseases, 5,191 were attributed to
malaria which is second only to measles in death topll

{Anonymous, 1986).



Malaria is a morbid disease with savere socio-
ecanomic implications (Baudon et al, 1585). 1In 1981
a study of economic aspect of troplcal diseases in
Ghana undertaken by the Ghana Health Asdessment
Project Team, estimates were made of the number of
days of Healthy Life lost per thousand persons per
year for each of the 48 disease problems! and malaria
was ranked highest with about 32,000 Days of healthy
life lost per/1000 persons per year due to the
“infection. Not much work has been done to assasa the
aoclo-aconomic impact of malaria in Nigerla, but it
is sufficlent to state that a lot of man-hour is being
lost to slick-leave eor child absence from the school
due to malaria (Ekanem, 1984). .

The acknowledge of the distribution and
epidemiclogical characteristics of malarla in the
country led earlier workers to start pilot contrel
projects in certain places (Bruce-Chwatt, et al. 1965).
Sevaeral control methods used in Nigeria include
anvironmental manipulations to reduce mosquitgp breeding
(Gilroy and Bruce-Chwatt, 1945), decmestic spraying
uging organochlorines (DDT, BHC and Dieldrin) in
western Sokoto Mass malarlia Campaign (Dodge, 1961)
and Qrganophosphorus insecticldes, fenithion and
malathion (Gratz and Dawson, 1963). No sooner were
the insecticlide-based control manoceuvre pursuved, than

reports of development of resistance to DDP started
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te appear (Ramakrishna and Elliott, 1959). Despite all
the technlcal, operational and other problems sncountered
in the course of malaria contrel irn this country,
syecessive governments continued with the control pegliley
and by 1974, a National Malaria Control Unit Qas
established under the Federal Ministry of Health

(Ekanam, 1984).

By the decree Number Six of 1976, the Fedéral
Military Government decided to shift the seat of the
central government from lLagos to Abuja. Abuja was
therefore chosen to be the New Federal Capital Territory
(FCT) of Migeria as recommended by the Justice Aguda
Report (Mabogunje, 1978). Henceforth, the government
fully embarked on malor projects including Dams and
Roads constructions, It is assumed that these changes
in the area will unavoidably alter the ecology and ave
mest likely to have effects on both the floral and
faenal compesitions (Imevre, 1580). The construction
of the surface run-off, the provision of soakaways for
the houses, the building of central sewage lines, the
bBurrow-pits made by the construction companies are
llkely to create breeding grounds for mosquitoes,

And it is suspected that the influx of labour force to
Abuja will increase the human malarial parasites pool
for transmission by the mosquitoes in the area: i.e.
such a condition 1s potentially favourable for malarial

epldemic (Bruce~Chwatt, 1980).
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The present study is aimed at finding the
distribution of mosgquito vectnrs in this area, and
at assessing the.rincidence of human malaria in the
tercitory with a view to advising the Pederal Capital
Terrltory Authority (FCTA) on the possible impact of

constructian activities on public health.



CHAPTER TWO

LITERATURE REVIEW

Information exists on the various aspects of the
biology of mosquito vectors and also on the life of the
parasite. An attempt will be made here to review the
taxonomic characteristics of some important vector
species, their global distribution and identification

of the parasite.

2.1 General Morphology and identification:

Mosquitoes possess conspicous proboscis, numerous
appressnd scales on the thorax, legs, abdomen and wing
veins and along the posterior margin of the wings
(Service, 1980). They are slender and relatively small
insects, measuring about 4-6mm in length while others
may be as long as 10mm (Smart, 1965; Service, 1980).

The body is distinctly divided into a head, thorax and
abdomen. The head is more or less globular in shape,
bear a conspicous palr of kidney-shaped compound eyes,
and a palr of filamentous and segmented antennae
(Service, 1980).

All species of mosqulte can be conveilently
differentiated into males and females by the examination
of the antennal hairs which in males are long and feathery
while in the females are short and inconspicous

(Mmattingly, 1962; Service, 1980). Below the antennae
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a pair of palps may be long or short, dilated or pointed
at their tips, depending on the sex of the adults of
different groups (Stone, 1959)., The proboscis or the
mouth~parts consists of the labrum, labium an upper
mandibles and a lower maxillae which are pronounced in
females and reduced in males; the hypovrharynx contains
the salivary glands (Roberts, 1978; Service, 1%80).
Both the thorax and the legs attached to it bear scales
and colour patterns that are useful in species
identification (Brown, 1953; Service, 1980).

The abdomen composed of ten segments are covered
dersally and ventrally with brown, blackish or whitish
scales in Culicinae while members of Anophelinae are
almost devoid of scale (Smart, 1956). The adult
Anopheline mosquito rests at an angle to the surface
while the Culex rest horizontally (Mattingly, 1969).
Arophelipne peculiar larval adaptations include the loss
of respiratory siphon, the presence of "fleoat hairs®
on all or most of abdominal segments and the ability to
rotate the head through 180° while feeding (Mattingly,

1973).

2.2 Identification of_ Anopheline Mosguito:
The genus Anopheles includes all the known vectors

of human and simian malaria as well as the major vectors
of rural bancroftian filariasis within its area of
distribution (Mattingly, 1969). It contains about 350

spevies distributed all over the world (Stone, 1959).
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Members of the Ancpheles gambiae (Giles) complex,

fenestus (Giles) complex, An. moucheti (Evans),

An.
An. nili (Theobald) are known to be important malaria

vectors in West Africa (Haddow et al. 1951; Hamon,
19634 Hopkins, 1952; Giles & de Melllon, 1968).
The identification features of these species are
discussed here under.

Anopheles (complex): At the beginning of this

century, it was recognised that within the group of some

Angpheles species some forms exist with some bilologically
and morphologically different characteristics (Mattingly,
1969). The detection of 'long-winged' and 'short-winged'

forms of Anopheles maculipennis in the Netherlands and

their association with fresh and blackish water-of their
breeding places provided the fi-st clue (Bruce~Chwatt,
1980). Studies on egy markings, behaviour patterns and
reproductive compatibility led to more information
enabling the separation of the species into about five
sibling species. More recently, the value of studying
the structure and banding patterns of chromosomes in
the salivary glands of Anophelec “_ ‘“drontification of
sibling speciees (Maltingly, 1969). These cytotaxonomic
and cytogeneti~ methodr 'ed *o the separation of

An. gambiae into at least six species. Four of these
six species have been given the provisional names of

species A, B, C and D, and the other two An. melas and
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An. merus are salt water specles, usually found near
the cost (Mattingly, 1969). The first two are .
extremely efficient vectors of malaria throgghout trapical
parts of the Africar, continent (Bruce-~Chwatt, 1980).

An. gambiae Is a medium sized ancﬁheline with
irregularly speckled legs with pale spot in 3rd dark grea
of wing vein 1 and lower branch of vein 5 (Smart, 1965;
Gillet, 1971). The palps are smooth with three pale
rings including wide ring at tip which is occasionally
divided inteo two. The thorax is grey, brown reddish-
brown or nearly black with creamy-yellow scales along
centre of back (Hopkins, 1952). The wing markings are
also lmportant features In species identification
(Brown, 19523 Gillet, 1971). 1In An. gambiae, wings
have pale areas which vary irn size. Pale patches gcecur
on costa and vein 1, with two pale interruptions at
base of costa and pale spot in 3rd area of vein 1,

The main branch of vein 5 is alse pale except at the
end, while fringe-spots occur at tilps of veins 2-6.

The abdomen is pale brown or occaslonally much darker
and hairy with scales on back ~¢ ~~oments 8§ and
sometimes on segment 7, (Gillet, 1871).

| An. melas is darker than typical An. gambiae and
tends to havce fcur ilpged maTme ohile An, merus hreeds
along East Copast salt-water and tends to have four-

ringed palps also (Gillet, 1871).
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An. fenestus (complex) is made up of An. fenestus,

An. arumi, An. brucei, An. confusus, An. fuscivenosus,

Ah. leesonl, An.parensis and An. riveolorum but these
are difficult to separate as adults (Gillet, 1971),

They are small dark anophelines with almost entire
dark and smooth with narrow white rings including one
at tip, the last two rings widely separated in most
of the species, but broad and narrowly separated in
An. arumi and An. brucci(Gillet, 1571). The wings are
with or without single pale interruptions to base of
Costa, and vein 3 remain pale only in the middle or
else it is all dark (Mattingly, 1962, 1967; Gillet,
1971). The legs are usually dark,but with faint
pale-tips to the “ihiae and occasionally also to the
first four tarsal segments while the abdomen is dark
brown and without scales (Smart, 1956; Gillet, 1971},
An. moucheti is a small dark anopheline with two
wide pale rings of about equal width at tip of the
palps (Brown, 1952). The palps are dark and smooth
with three pale-rince including one at tip: ring 1
small, 2 and 3 wid~ (Gillet, 1971). The thorax is
grey at the centre with creamy scales, and dark brown
towards edges. The wings have pale scales which are
creamy-yellow in colour (Brown, 1952) with two pale

interruptions to base of costa, and no pale iInterruption
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to 3rd.main dark area of veln 1. Pale fringe spots

are found at tips of all veins except vein 6 (Gilleg,
1971}. The legs of An. moucheEi.afe long and mainly
dark, but with pale tips te all tiblae, and te mest

of the tarsal segments (particularly on the front legs),

Its abdomei. bears e scales (Browr, 19563 Gillet, 1971),

2.3 Malarial parasites

2.3.%7 Classification:

There is still conslderable uncertalnty en the
taxonomical status of malaria parasites, especially
above the order level, these parasites are placed under
the phylum.prososca (Honigberg et al. 1964)}. This
systen of classification is based on morphological
apd biological criteria as well as an phylogenetic
consideration. It includes malarial parasites

Plasmodium spp under subphylum sporozoad,class,

Telosporea (Telosporidia) and the sub-class Coccidia
(coccidiomorpha). All members of the subphylum
sporozoa are parasitic and do not possess cilia or
flagelle, _.i_.plL urn —°'~ gamchse ~f cerctain genera
(Baker, 1977). The Telosporea possess sporozolites

and repreoduce sexually while the trophozoites of
subclass Cocc'r’ia are’rintracellular in nature.

Baker (1977) further divides the subclass Coccidia into
two orders, Protomoccidia and Eucoccidia, The latter

include three sub-orders namely Adeleina (Adelecrina),
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Eimeriina (Eimeriorina), and Haemosporina (Haemospororina).
The common characteristics »f the order Eucoccidia are
asexual and sexual phases of reproduwetion and anisogamy.

By similar classificatien, Garnham (1566) placed the
Bucoccidia in the family of Plasmodiidae. They show

blood schizogony, have mosquitoes as arthroped hosts

and their gametocytes are restricted to mature

erythrocytes.

2.4 MALARIA

2.4.1 Mechanism of infection by Plasmodium:

The infection caused by Plasmgdium species may be

classified into the exoerythrocytic and erythrocytic
stages (wernsdorfer, 1980). The exoerythrocytic forms
infect the parenchymal cells of the liver, while the
erythrocytic forms infect the erythrocytes (Petersdorf,
1985). The infections are usually characterized by
rigor, fever, splenomegaly, anaemia and by a chronic
relapsing course (wernsdorfer, 1980G). P. vivax and

P. gvale mostly infect young cells, while P, malariae
predominantly infect senescent cells and P. falciparum
both old and young cell (Wintrcbe et al. 1974).

The attarhment of Plasmodlium to an erythrecyte 1is

a pre-~requisite for the invasion and seems toLbe mediated
by the following mechanisms: Glycophorins, i1.e. certain
glyco-proteins, are found on the surface membranes of

erythrocytes and are believed to be receptors for
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occupation or attachment by the Plasmodia (Howard

et al. 1982). Facer (1983) has demonstrated that

human erythrocytes with a deficiency in glycophorin

A and B shows a significant resistance to the invasion
by P.falciparum merczoites in vitro. After such
attachment, some products from the apical organelles

of the merozoites (See and Krier, et al. 1980) i.e.

the rhoptries and micronema initiate invagination of

the host cell Plasmolemma. When the malarial parasite
is completely enqulfed, the ring forms will multiply and
give rise to hundreds of the schizonts. This in tuen
leads to lysis of the red cells. The release of toxins
and other antigens cause the characteristic rigor and
fever of malaria (wintrobe et al. 1974). 1In the case

of P. vivax, the mechanisms of attachment to erythrocytes

is different from that manifested by P, falciparum.

Miiler et al. (1975) have reported that the initial
recognition and attachment of P. vivax merozeites to
erythrocytes are mediated by Duffy bleood group-related
antigens. This means that individual whose erythrocytes
are Duffy-negative, are notllikely to be infected by

P. vivax due to the inability to form a merozoite-

erythrocyte (Duffy negative) complex.

2.4.2 pathogenesis and Morbidity;

The occurrence and survival of malaria are only
possible when the mosquitepes and the infected human
populations remain above a threshold i.e. they are very
unlikely when the populations are below the critical

density for each (Wintrobe et al. 1974). The pathological
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changes in malaria are primérily brought about by

the Plasmodial infection of erythrocytes and the

gsequel to the host's response., Broadly, the

pathophysiologlical changes can be clasgsified under:
(1} acute attack; or

{ii) chrontiz Lafection.

{1) Acute Attack: 1In an acute attack, the shapes and
sizes of infected erythrocytes are changed, e.g. .

P. vivax parasitized red blooG cells are enlarged

angd become angular in shape when pressed by relghbeuring

cells, P. falciparum parasitized cells become smaller

than normal erythrocytes and there are some degree

of crenation of body-infected and non-~infected cells,
moderate enlargement and distortion of the red blood
cells occur in infections caused by P. ovale; while

in P. malariae parasitized erythrocytes, there are no
distinctive changes in the size and shapes of the cella
(Field & Shute, 1956). These altered erythrocytes

are prone to agglutination and Phagocytosls and ewven
non-infected erythrpcytes are liable te Phagocytosis.
In addition .i. .c. vlood cells are lysed by the

malarial parasltes, particularly, the falciparum species,

All these, result in a remarkable degree of anaemia

and profound L] -"~~ moxla both of which can lead to

shock and the d.ath of such patlents (Alkawa gt al. 1980),
Alsc, caplllary occlusions due to seguastration

of the infected erythrocytes cause haemorrhage and

necrpsis in the perivescular areas of the brain,

myocardm. intectinal mucosa and skin (as purpura).
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In the ﬁeart tﬁere may be fatty, degemeration, focal
fragmentation and necrosis of the cartia® %uscles

whereas in the lungs the changes seen ake ﬁulmonary
oedema, congestion and accumulation of pig:ént laden

macrophages in the capillarles. Acute pulmonary

insufficiency syndrome (APIS) due to falciparum malaria

is not uncommon (Aikawa ef al. 1988).

In acute malaria, the spleen becames dark red
to chocolate colour due to congestion and accumulation
of malarial pigments. The pulp baecomes soft and
friable and the spleen is easily ruptured. The white
and red pulps show hyperplasia amd hyperenia anpd the
sinusolds are dilated with numersus blood cells,

There may be profound haemelysis due to Increased
actlivity of the spleen by speeding up the rate of
erythrocyte destruction. Thrombin in the spleen may
also cause haemorrhages, necrosis and infarctions
(schnitzer, et al. 1973). There is alsco a generalized
stimulatirn of the reticulo-endothelil}l system (RES
(Alkawa et al. 1980).

Darcff et al. (1967) observed that about 2% of
patients with acute P. falgiparum malaria will develop
cerebral malaria. Such patients may develop ocedema
ef the brain with broadened and flattened gyri,
congostgdara~hn~id hlgod vessels with "pink brain®
appearance. Depgsits of malarlal pligments and patachial

haemorrhages, capillary ccculussions with erythrocytes
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masses are all common {(Connor et al. 1976); These

pathophysislogical changes of the brain caused by

B. falciparum, reverse after the patients recover
(Rigdon, 1944; Maegraith, 1965). Studies in animals,
however, negated these findings because clogged brain
capillaries irreversibly produce impedence of local
bleod flow (Maegraith and onabanjo, 1970).

In acute Infection by falclparum malaria, the

placenta is enlarged and the intervillous spaces of

the maternal circulation are clogged with parasites

and macrophages containing malarial pigment. There

are also focal lymphocytic infiltrations and lympecytic
histioecytic villitis. Therefeoreg, acquired intrauterine
malaria through placental infection is quite common in
endemic areas (Archibald, 19%56}.

The circulatory changes assoclated with tacute
infection by P. falciparum are two fold: (i) vaso-
constriction during the "cold" stage followed by
(1i) vasodilation during the "hot'" stage. The
vasodlilatation in the skin 1s associated wlth hypotension,
decreased central venous pressure, enhanced vascular
permeabil it «'*h conzequenit increase in blood
viscosity and in turn will lead to intravascular

coagulation and capillary occlusion.

{il) Chronic infection: Disorders due to chronic

infection are mostly caused by P. malariae whose level

of parasitaemia is usuvally low. Also, P. falciparum
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which is usually associated with acute attaeks
can cause disorders typical of chronic infeetions
more aespecially when acute infections are not
properly treated (Aikawa et al. 1980)..

In chronic malaria, the colour of the spleen
becomes darker than in acute malaria because of
increased depogition of malarial pigment in the
tissues, The spleen may become fibrous and firm
in texture and the number of follicles and capsules
in 1t, are increased. The reticuleoendnthelial system
shows marked proliferation. 1In the liver too, there is
more deposition of malarial pigment whieh consequently
gives the liver a black colour. The midzonal and
central lebular kupffer cells become hypertrophied.
The number, distribution and hence the activities of
phagocytic cells in the liver are greatly increased
(Alkawa et al. 1980).

Chromic hepatosplenomegaly, a condition usually
referred to as "tropical splenomegaly syndrome (TSS)"
is not uncommon in endemic malarious areas. It ls
characterized by infilteration of hepatic sinusoids
with lymphocytes, very high levels of serum IgM and
high malaria antibody titres. This condition results
from defective T-cell control of immuncglobulin
production leading to excessive macroglobulin preduction

and immune complex formation (Plorde, 1985). Malaria
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is also implicated as a contribulory facter in the
aetiology of Burkitt's lymphoma. In the pre#ence
of Epstein Barr (EB) virus and the continuous
stimulation of the lymphoid system during chronic
malarial infection, makes malaria more liable to
neoplastic transformation (Plorde, 1985).

Nephrotic syndrome with marked oedema and
albuminuria due to P. malariae infection has long
been documented (watspon, 1905; Boyd, 1940).
Proliferative glomerulonephropathy in patients who
developed renal disease and nephrotic syndrome
following P. malarige infection had since long been
reported from East Africa by ward and Kibukamusoke
(1969). These authors also described the deposition
of IgM, I9G, IgA, complement, fibrin and malarial
antigen in the glomeruli.

In P. falciparum malaria proliferative glomera-
lonephritis with basement membrane thickening had heen
reported in 1946 by Spitz. Berger et al. (1967)
had reported the depo.illor 27 ' "~ ... droplets in

the kidneys of patients who suffered severe falciparum

malaria, Fatty degeneration and necrosis of the
kidpeys were alsgo described. They alsc reported

mild thickening of the glomerular basement membrane

and adhering of Bowman's capsules, in the same patients.
Small quantities of 1gG, IgM and BRIC were deposited
wlithin the measangium and along the basement membrane

in patient, who suffered Trom falcipapum malaria
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(Hartenbawer, et al. 1972). Howevéf, thése Qloﬁerular
lomune complexes disappeared from the kidneys of ’
patients who responded to prednisone, cyclophosphumide
and azathloprine therapy (adeniyi et al. 1970).
Irregular chemosuppression or inadequate :.

chemotherapy of falciparum malaria (especlally with

quinlne) can precipitate a condition known as CpdLp s
‘Black~Water Fever', which iIs characterised by.:.., .

fever, rigor, massive intravascular haemolysis, .., .,

fomh o
I

icterus, haemogloblinuria, collapse and often acuté“
renal failure and wuraemia (Edington and Gilles, 1976)}.

Individuals living in an endemic malarious areas
are likely to suffer from the pathophysiological

imbalance enumerated above. However, there are

LA

indlviduals whose haempglebin genotypes are abnormal

and these abnormalities tend to confer'pfoiection

g %ol
against malaria. Notably, haemoglobins carriers,

individuals with thalassemia, glucose 6-phosSphate or
pyridoxal-kinase deficlency and haemogloblin F, are
known to be protected against severe malaria attacks,
S~haesmpglobin is sald to be capable of limiting
intracellular parasitic growth and to prevent intens;
;Qi;éitaemia. The tacteoids frn-mad ASuring sickling of
A+S. cells may directly damage the parasites and render
B, TR

the deformed erythrocytes more susceptible to’

&t g

phagocytosis (Plorde, 1985).
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2.4,3 Types of malaria
The genus Plasmodium includes malarial parasites

of man and animals (including birds). The subgenera,
Plasmodium (Laverania) affects man and the following
species are saild to be the causative agents of human
malaria;
(a) Benign tertian group

Plasmodium vivax
{(b) Malignant tertian group

Plasmodium falciparum

(e} OQuartan group
Plasmodium malariae
(d) ovale group

Plasmodium ovale

Of these, P. malariae, P. vivax, P. faleiparum and
P. gvale are the most common species that Infect man,
P. malariae can exist in man-mosqulte-man, chimpanzeee
mosquito~-chimpanzee and chimpanzee-mosquito-man cycle,
on the gqther hand, P. falciparum, P. gvale and P. vivax,
predominantly exist in the man-mosgquite-man cycle and
then only affect chimpanzee and apes feebly anpd
incidentally (Garnham, 1980).

As shown above, the disease conditions caused
by Plasmgdium could be insidious or abruptly acute,

depending on the intensity of infection and the

infecting Plasmodium. For example, falciparum
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malaria in most cases is acute and life threatening;
while malariae malaria is usually insidious and does
not cause immediate serious effects. According te
the causative organisms, malaria may be classified
inte four main types, namely: (i) Tertian malaria;

(if) Guartan malaria; (iil) Malignant or Falciparum

malaria; (iv) Black water malaria (Plorde, 1%85).

(1) 7Tertian malaria: The cawsative agents of this
type of malarla are elther P. vivax or P. pvale,
Although the infection 1s rarely fatal, relapses are
common and arga the most difficult to cure, The symptoms
are usually sypshrenized, occuring on alternate days,
hokever, they may be irregular more especially during
the early stage of the illness. The early signs of the
disease are myalgla, headache, chillness and low grade
fever for 48 to 72 hours. The spleen becemes palpable
at the end of the second week of the paroxysms.

P. gvale malaria is milder and the primary attacks

are shorter than in pP. vivax malaria (Plorde, 1985).

{ii) Quartan malaria: This is caused by P. malariae

and the recurrent symptoms usually occcur every third
day. The disease is more disabling than in tertian
malarla but responds better to treatment. A prolonged
duration of asymptomatic parasitaemia is characteristie
of this type of malaria. Nephrotic syndrome assoclated
with ocedema, albuminuria and haematuria are common.

The paroxysms caused by P. malariae are more frequently

seen during the wet seasocon.
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(1i1) Malignant or Falciparum Malaria: This type of

malaria is caused by P. falciparum. The cycle of

multipljcation is not synchronized and therefore the
onset of the disease may be insidious and the fever
continuous, remittent or irregular. Splenomegaly
occurs tapidly, and mental confusion, postoral
hypotension, oedema and gastrointestinal symptoms are
all common, 1If attacks are treated promptly, recovery
1s usually uneventful but if delayed or left untreated
in a non-immune individual, anaemia becomes severe

and eapillary blockage is eminent (Plorde, 1985).
Other complications of untreated falciparum malaria
include;

fa) cerebral malaria

(b) algid malaria

(e) bilious remittent malaria; and

(d) malarial cachexia (wilcocks et al. 1980).

———

2.5 Distribution of malaria and its vectors:

Different mosquito species are found to be

responsible for malaria transmission in the different
ecological zones of the world (Service, 1980). Even

wlthin the same geographical region, an Angpheline

gpecies may be considered a primary vector of malaria
in one area and a secondary vectar in anenther, depending

on local condition such as temperature, humidity and
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human activities which affect the behaviour of the
mosquito (Hamon, et al. 1970). In Central America
and Mexico, the important malaria vectors include
An. albimanus, An. albitaris and An. aquasalls.
while in the Indian sub-continent, including Pakistan,
Afghanistan and India, the primary malaria vectors of
concern are An. culicifacies, An. fluviatilis, An.
minimus and An. stephensi (Reid, 1968; Service, 1580).
It is generally accepted that the endemicity of
malaria in a region is estimated by determining the
spleen rate in children (2-9 years) and adults
(Wilcock & Mansor.eBhr, 1980; wernsdorfer, 1980).
The spleen rate, is defined as the percentage of
persons (usually children of 2-9 years) that show a
palpable enlargement aof the spleen at a given time.
Based on the spleen rate of children and adults,
endemicity is classified as follows:
(i) Hypoendemic : spleen rate (0 - 10%)
(ii) Mesoendemic . opleen rate (11 = 49%)
(11i) Hyperendemic : spleer rata constantly over 50%,
The adult spleen is also high.
(iv) Holecerndemic - _'een rate constantly over

75%, The adult spleen rate is low.
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America
The above figqure shows that on the american

continent, Plasmodium is endemic in Tropical South

America (except for high altitude areas) including
the associated islands like Haiti, Nicaraqua and
Honduras. Columbia, Haiti, Boiivia, Ecuador,
Pominican Republic, Peru and Brazil are particularly

at high risk of P. falciparum infection. Central

America and Mexlico are predomlinantly infected by

Plasmodium vivax. North America, however, notably

the USA and Canada have succeeded in eradicating
malaria and are no longer endemic areas (Wilecock &

Manson-Bahr, 1980).

As;a

Sri Lanka, the Indian subcantinent, and Pakistan

are endemic to Plasmodium vivax. Bangladash and

Nepal are infected by P. falciparum strains which are
transmitted by A. balabacensis (an excellent vector

for P. falciparum.) In South East Asia, areas like

Thailand, vietnam. Indonesia. the Phillippines, New
Guinea, Singapore, Burma, Malaysia, and Korea are
highly endemic to Plasmodium falciparum. Certain
strains of P. falciparum are alse prevalent in these
areas whist P. vivax and P. nvale are moderately and

sporadically distributed (wernsdorfer, 1980).
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Source: From Malaria surveillance: Ann
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Europe

with the exception of Greece and European
continental Turkey, is free from malaria. The UBSR
have eradicated malaria except for a small area in
the Aslan region adjacent to Afghanistan (Rruce-

Chwatt, 1980).

Africa

wWith regards to Africa, all the tropical countries,
as well as Malagasy are malarious. The parasite rate
in children exceeds 50% in most areas, with B. falciparum
representing between 80 and 90% of the parasite formula,
followed by P. malariae (1-36%) (especially in west

Africa) and P. ovale (0-11%) (Strickland, 1982),

erja
P. falciparum is the most common infecting species

in Nigerla (Molineaux and Grammiccia, 1980). Quartan

malaria (P. malariae) is the next mest frequent, while

P. guale infectlion occur scarcely (Anonymous, 1979).

Mixed infections comprising P. falgiparum and P. malariae

are found freguently (/M&lir:2ux and Grammiccia, 198Q).
The most important‘vectors of human malaria found

to be abundant in Nigeria include Anppheles gambiaeg,

A. (Giles). An. gambiae B (Ramsdale and Lepert, 1967),
and An. fenestus Giles (Lewis, 1934). The others that
may be secondary vectors are An. melas, An. merus and

An., nili (Mattingly, 1949).
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2.6 DRUG RESISTANT STRAINS QF PLASMOLIUM

Chlorggquine received greater prominence in the

" Chemotherapy of human malaria fever, and the drug was
extensively used in endemic malarious regions in

" South East Asia, South America and Africa, This

extensive use of chloroquine has led to the development

of resistant strains of Plasmodium- {wernsdorfer,

1880) .

2.6.1 Distributiop of drug resigtange:‘

South East Asia: De-Gowin and Powell (1964) have
reported the existence of R, resistant strains of

P. falgiparum in Malaya. This strain is now referred
.to as Malayan {(camp) strain., Similarly, Harrinasuta
;égm;f*-(1965) and Colwell et al. (1972J described“A;Hh
E. falcigarum strains in Thailand. 1In addition_::'. ‘

Succharit et al. (1977) have repgrted an Ri41 Chlor’quiue

e ,
S * .

strain of P. falcigarum from Uletnam.

th A rica: Rieckman et al. (1871) determined the | ...
presence of R, and N ~hl'aracninceresistant ;wa-m”
P. falciparum strains in Brazil. It has alse been 3y;
reported that Chloroquine resistant pP. falciparum straleg

are spread over Columbia, Bolivia, Fuadev, and Peru

(Strickland, 1982). - P R O



Africa: Until very recently, mo Chlorojuine-resistant
strains of P. falciparum have been suspected in the
African continent (Schwendler, 1965; Lasch ahd

Nguyen; 1965} Stevenson, 1966). However, Dennis ekt al.

(1974) have reported the presence of P. falciparum
straln tolerant to Chloroquine in Ethiopia. Later

Fogh et al. (1974) reported the first confirmed case
of R, type of resistant P. falciparum in Kenya.
Thereafter, Spercer, gt al, (1983} and 0Oloo gt al.
(1988 ) have reported cases of Rqq4q types of Plasmpdium
straing in Western Kenya. The first case of Rl-type
of P. falciparum reslistance in W. Africa, was repsrtcd

from Cameroun {Sansonetti, et al., 1%85).

Nigeria: Earlier reports indicated the effectiveness
of the 4-aminoquinolines (Chloroquine and Amodiaquine)
in malaria chemotherapy and prophylaxis in Nigeria
(Bruce~-Chwatt, 1951; Charles, 1958; and Dodge, 1967).
On the other hand recent studies (Olatunde, 14¥77)

have shown a decreased sensitivity of P. falciparyn

to ¢chloreoguine rdenroonmu,; Salake and Adelusl

(1980) have treated thirty-five children having

P. ralciparum infection with 25mg/kg chloroquine ang
observed the parasite reaction for 3 days during whieh
time the parasites were found to disappear from blaed
films. About four vears later, Salake gt al, (1984)

conducted an extended in vivo and in vitrg tests of
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sensitivity of P. falciparum to chloroquine and
amodiaguine. Both tests were carried out in children
and the result of the in vitrg test showed a decreased
sensltivity of the parasite to chloroquine. In Zaria,
Midala (1986) in an in vivo test of EB. falciparum teo
chloroquine .o.flowed decreased sensitivity of the
parasite to drug. Jackson, Marcarelli and Segal

(1987) have reported a case of Ri—type of P. falciparum

strain resistant to chlorogquine in Enugu, Nigeria.
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CHAPTER THREE
MATERIALS AND_METHODS

3.1 Gereral descpiption of study grea:

The Federal Capital Territory (Fig. 1) refers te

the area located between latitudes 6°45* and 7°45°
gast of Greenwlch (Mabogunje, 1977). The area covers
some 8000 sq. kilometres and has a relatively low
population density with about 11-20 persons per sq.

km (Anonymous, 1984).

Egological status prior to constryctlion activitlies:

Nigeria can be divided into twe malor ecological

zones, that is forest and savannah zones (Hopkins,
1965). But at geographical characteristies, three
distinct belts, the southern forest zene, the northernm
grassland and the middle belt between them can be
distinguished (Mabogunie, 1877).

Abula lies in the middle belt of Nigeria, an
area gecupled by the wide valley trouphs of middle
Niger and Benue rivers (Anonymous, 1981). Although
the arez lies near the northern boundary of Keay's
southern savannah, both forest and savanna vegetation
are found within the Capltal Territory (Keay, 1960).
Adejuwon and Jeje (1977} have reported two'tfpes of
forest~ and three types of savanmahs in thq.territary.

patches of rain forest vegetatlion areasaicd so:be
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wide-spread covering some $92sg. km. They are found

to occur in broad valley bottoms such as those of rivers
Bobo, Mangol, and Afara Bokwoi, Riparlan vegetation
occurs along the gother major river valleys notably

Iku, Usuman, Wuye and Middle Gurara in a mixture with
gallery forest a;d dense thickets (Adujuwon and Jeje
1977). Savannah woodlands cover some 1026 sq. kmi

or about 12.8% of the area; Park savannah is the most
expensive vegetation type covering about S53% of the

total area (Comben, 1964; Adejuwon, 1977; and Anonymous,

1981). Fowr species Albizia zygia, Butyrospernum

paradoxium, Dapiella oliveri and pParkia clappertoniana
(Tuddy and Alford, 1975). Shrub savannah occurs areund

the 120M plains, middle Gurara, and along the Usuman
valley between Cibiri and Gwako and between Gwagwalada

and Tungan Aguma,

Dra e Pattern:
of

Abuja is an area/hilly or undulating country
lying on precambrian granite which gives rise to
rocky-beddcd rIivers with rapids and falls (0loge and
Ebisemisu, 1977). The area is drained principally by
three main river systems; Iku, Tapa and Usman (Fig. 2).
These rivers flow In a south-westerly direction to
join River Guvara. River Guvara arise on the
western fringe of the Jos Plateau and joins the Niger
about 60 miles south of the area (0loge and Ebisemisu,

1977). The area is drained also by a multiplicity of

seasonal streams.
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3.2 Entomeological investigatinns:

——

The present research work covers Garki Municipal
(city), Gwagwalada a satellite tgowh, and Sheda a
typical rural village in which is situated the
Simulium Control Unit. Preliminary visits were
undertaken to these localities to survey and map
out the areas and observe any breeding around the
newly occupied residential areas at Garkl and Gwagwalada.
Moscuito larvae were collected using an improvised
dipper (Service, 1976) technique.

From 18 February, 1986, to 16 September, 1986
larval prospections continued on monthly basis. All
sites where breedings was found were marked (Figure
3 and 4). Similar investigations were carried out at
Sheda village. All specimens collected were preserved
in 70% alcohol (MacMahon, et al. 1976). Larvae were
later identified in the laboratory using simple
taxonomic characters such as the palmate hairs, the

presence or absence of siphon etc (Service, 1980).

Identifica®ian of Mosauitp larvae:

Larvae were identified in the laboratery using
simple taxponomic characters such as the presence or
absence of tihc siphon, subventral tuff of hairs,

pacten teeth, and the tergal plates (Service, 1980).

Cculex spp larvae:

The genus is easily distinguished in the larval
state by the invariable presence of more than one palir

of subventr>1 tuff nf halrs on the siphon (Hopkins,
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1952). The siphon is often long and narrow, but it
may be short and fat (Service, 1980), The larvae
of the mosguito species belonging to thls genus have
the following morphological characters; |
Head - Mouth brushes composed of simple setae, uysually
very dense. Antenna usually long, almost
spiculate, tuff usually beyond half, subapleal
setae usually well removed from tip except
when antenna short.
Thorax -~ Setae usually long and branched; inner
shoulder-hairs well develpped and usually set
in distinct sclerotized plate. Propleuyral
group usually with one leng simplé setae, the
other three are shortened; No air-sacs present,
Abhdomen -~ Siphon in some cases very shart, byt usyally
long, and longer in some species than {n any
other genus. Pecten always present and usually
well developed; always more than one pair ef
subventral tufts, lateral and subdorsal tufts

also present {Hepkins, 1952).

Hopkins (1952) further emplayed certain
taxonomic characters specifically to identify larvae
of mosgaiteoes belonging to this species,

Length - about 8mm; colour yellowish-~brown, head
and siphon not much darker,

Head - tuft of antenna composed of about 30 plumege

branches placed at about %.



Abdomen - Comb a semli-circular patch of about 50 small
scales. o
Siphon variable in length, pecten composed of
a very varlable number of'spines (9-18, but
usually 12-14), none of the spines markedly
spaced, usually 4 pairs of subventral tufts,
the branches of which are nearly 1% times the
diameter-of the siphon. Anal segment with a
complete saddle, surfacg rathar sparsely ang
very minutely spiculate, upper caudal seta.
double or tripple, ;ower single, lateral seta
double or single. Ventral brush of about 12 *‘
palrs of many-branched tufts, “Gills» bluntly
laceplate, dorsal pair uéually about 11/3

length of saddle, ventral slightly shorte;f

Aedes Species: § , _ . :

I3

In general, thé larvae of mosqulitoes belonging
te thls group have a short barrel-shaped siphon and
enly one pair of subventral tufts which never arise
less than a 4 distance frem base of siphon. Thera are
at least three pairs of setae in the ventral brush,
and the antennase are not greatly flattened (Service,

1980), There are 1o encrmous setae on the thorax,

gedes'aegygti:

“The larva of thils species is distinguishable from
any other by the possession of ﬁery large metapleural
"spines, coupled wlth the shape of its comb-sppnes ané
pecten-spines (Hopkins, 1952). Length about SBmm, | B

colour varying from dark grey to nearly white.
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Head - about as broad as long. Antenna about one third

1/3.length of head, cylindrical, tuft a single minute

seta at about 2/3. Thorax - the pleural tufts of ®ese

and meta thorax have at their bases strong

sharply-pointed spines.

Abdomen - Comb a single curved row of 7-12
have a large main terminal denticle
of basal denticles, of which one on
of the terminal denticle is usually

larger than the rest, thusiiglving

curve® 286

spines which
and a pumber
each #ide

considerably

the whole

spine a distinctly trifid appearance under

low power.

Siphon - somewhat barrel-shaped, subventral tuft of 2-S

simple branches at just heyeond %3 Pectin

extending to tuft and composed of 14-20 spines.

"Gilles", sausaqe-shaped, subequal, rather thar

more than twice length of saddle.

n les species:

Larvae of mosquitoes belenging to this group are

distinguished by total lack of siphon (Service, 1980).

Abdomen - Has small sclerotized plates or the tergal

plates all abdeminal segmeats have a pair of well

developed palmate hairs. oOn either side of the

segments a group ef spines joined together at

their base to form a structure called

"pecten”

(Service, 1980). Evans (1932, used taxonomic

characters such as 'clypeal' hairs, sheulder hairs

to separate members of the different species.
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tdoor Resting Adult Mesguito Fauna;

Samples were collected with an improvised
aspirator, vaseline bottles, test-tubes and insect
net (Gutsevich, Monchadskii and Shtakel'berg, 1974)
from natural resting places such as Culverts, undere

bridges, tree~trunks; walls and behind bathrooms.

Indoor Resting Mosquito fauna: Sampling of the Adult

Indoor resting mosquito was undertaken using Pyrethrum
spray collectlon (PSC) technique (Service, 1976},

All the spray sheet collections were performed
between 12 May, 1986 to Octeber 28, 1986, at Garki,
Gwagwalada and Sheda. Samples were collected fort-
nightly and in the morning (08«10 heurs). Heuses were
chosen at random for in-doar cateches. Remavable ..t
items such as chairs, stools are kept aside and the
floor covered with the spray sheet before each room
was sprayed thoroughly. After 10 minutes, we re-entered
the room to collect the mosquitoes carefully from a
the sheet with forceps. They (mosauitoes) were
examined with a hand-lens counted, sexed and placed
in bottles. oOn returning to the laboratnry, different
mosquito species were identified and the females

Anopheles dissected for malaria parasites.
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Culicine species:

The adults culicines are recognised more by thelr
lack of @rnamentation than any striking diagnestic
characters (Service, 1980). Mosgulitoes belonging tdl
this group are easily separated from others by ”
examination of thelr palps. 1In the female Culex the
palps are much shorter than the preoboscis, but never
swollen at ends, and they may be halry distally
{Service, 1980),

a <, H
The description given by Glllett (1971) was
sbecifically used te identify members of the species.
Below are the taxonomic characters employedftfor the
identification:
Probosnis: Dark abové, mainly pale beneath.
Palps: Dark
Antennae: First seqgment largely pale.
Thorax: Scutum uniformly brown, reddish-brewn or pale brown.
Wings: Dark-scaled.
Legs: Mainly dark
Hind~-Tiblia-wlth pale, often inconspicuous spot at
tip.
Abdomen: Distlnctly rounded or blunt at tip, dark
above with white or creamy bands, along base
of each tergite; largely pale scales beneath

(Plate I)c
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Plate 1: Culex pipiens fatigans (After Gillett, 1971)
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Aedes sp.
Adults have conspicous patterns on the thorax
formed by black, white or silvary scales, legs
often have black and white rings, Scales on wing
velns are narrow, and usually more or less black

except at the base of the wing (Stone, 1959),

Aedes aseqvptl ~ is often recognized by the "lyre"~shaped
silver markings on the lateral edges of the scutum =
{service, 188(0). The following taxonomic characters
as described by Gillett (1971) were used as follows:

Size: Small te medium-sized culicine with brilliant
silver-white lyre pattern on thorax and five white
rings on hind tarsi. | -

Head; Silver white stripe down centre (censlsting of

| two rows ef narrewly separated scales).

Probescis: bDark |

pPalps: Short at base ~ outer nne~third white

Thorax; Silver-white lyre-pattern on dark backgrouad
{background paler in some speclmens, particularly
in dry regions or near the cost}; twe central
¥ellow lines (strings of lyre).

Scutellum: All white

wings: Dark scalled except for white dot at base of
costa, | .

Legs: Front—Femur-white tipped with white.line in

front
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Tibia « blawk

Tarsus -« segments 1 and 2 with white ring at

base, sagments 3-S5 all black,

Middle -~ Femur - white tipped with line in front

Tibla - hlack
Tarsus - segments 1 and 2 with white
| ring at base.
segments 3-5 all black
Hind - Femur - white at tip
Tibia - black
TarsuUs - segments 1-3 with hroad white
rings at base
segments 4 white except for black tip,
.Iaeqmbnt 5 usually all white.
Abdamen ; éolnted; black with white bands at base

of segments 2-6; two silver-white spots down

a@ach slde, conspleuocus from above segment 7

(Plate IX).

Aropheles sp, _

In qeneral,'mosqu{to species belonging to this
genus are distingulished by thelr spotted wings, dark
and pale scales are arranged in small blocks on areas
on fhe veins (Evans, 1938). The dorsal and ventral
surfaces of the abdomen are entirely or almest devold
of appressed scales, In all Angpheles spp. the

scutellum is rounded in outline (Seévice, 1980).



Plate 2: % (Stegomyia) aeqypti (After Gillett,
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Angpheles gambiae and An. fenestus:

The taxonomic characters contained in the
degcription given by Gilletty (1971) were. used in

the identlification of these species,

Anopheles gambige:

Medium-sized anopheline with irregularly speckled
legs in 3rd dark area of wing vein 1 and lower hranch
of vein 5 mostly pale,
palps: smooth with three pale rings including wide ring

at tip.

Thorax: Grey, bréwn, reddish-brown or nearly black,

with creamy yellow scales along centre back.
Wings: Pale areas very variable in extent (sometimes

greatly reduced). Pale scales creamy vellow:

pale patches on costa and vein 1 usually longs

two pale onterruptions at base of costaspale

spot 1n dark area of vein 3 pale except at eaech end,
Legs: Irreqularly speckled

Tibise - narrow pale ring at tip

Tarsi - segments 1-4 pale at tips

segments 2-4 also pale at bases in front,

Abdomen: Pale brown (occasionally much darker) and halry,

often with scales on back of segment 8 and sometimes

on segment 7 (Plate 13).
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Plate 3: Anopheles gambiae (After Gillett, 1971).
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Anopheles funestus eéﬁglex;

Small dark anophelines with almpst entirely
dark legs and three narrow white rings to palps.
Palps: Dark and smooth wlth three narrdw.white rings

© including one at tip. . N
Thorax: Grey down centre, dark brown towards edges.
Wings: With or without single pale interruption to

base of costa; veln 3 pale in middle or all dark,

'Lags: Usually all dark, but with faint pale tips to

the tibiae and occcasionally zalseo to the firse

"; -- four tarsal segments.

Abdomen: Dark brown, without scales (Plate 4).

g;sgégtigg method: The presence of an-infection in

Anspheles may confirm the importance of a given species

‘as a vecter of malaria {Bruce-Chwatt, 1980),

'All the female mosquitoes caught were dissected
as described by Mollneaux and Grammiccia, (1980);
WHO , (1976)\§nd Bruce~Chwatt, (1580) 1n order to
determine infection. Fliles that could not be disseéfed

the same day were stored overnight in a domestic

- refregerator (Service, 1976).

Each specimen was dissected {(using Shutes needles)
aeperatély in a drop of normal (0.85%) saline on a
glass slide under a lew power dissection microscope.
The chitinous skin at the side of the abdomen was

nicked between seqgments & and 7, while the abdominal
L “‘ .‘{. )

.‘.
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Plate 4: Anopheles funestus (after Gillett, 1971).
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contents were drawn out gently to touch the drop
4f salinei The mid-gut was loosened and transferred
into a fresh larger drop of saline on the same slide.
The material was covered wlth a coverslip and care
was taken to avold excessive pressure on the specimen,
Oocysts were searched for around the periphery
of the gut at (x 40) and later (x 100) power
magnifications. The head of the female Ancpheline
mosquito was separated gently from the.thoxaxgith;
dragging out the small sausage-shaped salivary glands.
Sporozoites were looked for in the salivary glands by
examining under high power. PFesence of the
sporozoltes was usually confirmed by fixing the slide
-wlth absolute methyl-alcohol and étaining with Glemsa,
The percentage of female Angpueies showlng sporozoltes -
in the salivary glands gives tke sporozoite rate whlle
those shgwing the oocyst in the gut, the cocysts rate

(Bruce~Chwatt, 1980).

3.3 Parasitological investioations:

A definite diagnosis of nalarla lnic.ot3on =
established on the finding of parasites in the blood
(Bruce-Chwatt, 1980). Two methods were adeopted for
the purpose of parasitoloc’~al investigation in the

area.
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(1) pagsive case findings: To gain general knowledge

about the epldemiological situation in the area
regarding malaria morbidity and mortality, the
hosﬁital returns for January 1986 to December, 1986
were examined. The record was obtained from the only
hospital in the Federal Capital Territory which is

situated at Garkl Munlicipal town.

Active case fiﬁd;ggs: The prevalence of malaria was

investigated in the population from children below the
ages of one to adults over 55 years. Blood was rapdomly
eollected from pesple lncludineg school-~chlldren and
those reparting teo the haematology laborateory for

any tests., Blood was obtained from the 2nd or 3gd
finger of the left hand, The skin was cleaned with
methylated spirit and left to dry before prickling it
wlth a lancet (micrelance). The blood was squeezed

on to mlddle of a clean glass slide 25mm by 75mm.

Thin Blond £1lim: Thin films were prepared by touching
the drop of bloed at an angle of 45° and spreading -

towards the edge (Bruce-Chwatt, 1980). Each film was

left to dry before 1t was stained.

Thigg—glggd film: Thick blood flilms were also

prepared on other clean slides as descﬂibed'by Bruce-

Chwatt, (1980).
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Staining of the Blood film: The thin films were
stained using Giemsa stain. The film was first

placed in absolute methylalcohol for about 30 seconds;
drops of the fixatlve were poured on the film by means
of a pipette. The staln was freshly prepared by

mixing Sml. Giemsa stock solution with 100ml of
buffered water. The slides were sustained on a glass-
rod and the stain poured on each and left for about
20-30 minutes (WHO, 1961). The thick films were all
stalned with Fleld's stain (WHO, 1961, and Bruce~Chwatt,
1980). All films were examined under (x 40) and

(x 100) power magnifications (Dowling & Shute, 1966;

Molineaux and Grammiccia, 1980; Trape, 1985).
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CHAPTER FOUR

RESULTS

4.1 pPreliminary Qbservatigns:

The results obtalned from the prelimlnary surveys
are graphically shown in Plgs 3@gTable 1,and are
summarized in Appendix 1.

All the major permanent breeding sites were found
to be distributed around the tributaries of Rivers
Kwata-kwata and Rafin-maltama, oOn the first visit
to area I along the festival road at Garki, two
breeding sites were noted at the point of entry of
the gutter draining flats of houses in the area (Fig. 3).

It was noted that the gutters draining this area
are constructed in a slanting manner to fit the
elavated topography of the area. But at the polint of
entry inte the valley, the gutters create a small
pond which allows breeding. Species of Anopheline
and Culicine larvae were collected from some points
around (Appendix 1).

Borrow pilts especially in Phase I Area I behind
Bagudu Hotel were found te harbour larvae. Breeding
was also noted around the bridge, in the central area,
which bisects the city in the centre. Permanent
and potential breeding sites were identified (Flg. 3).

Temporary breeding sites such as the P & T man-
holes, in Area I around Neighbourhood centre, which

contained larvae between June to August were identified.
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Preliminary survey at Gwagwalada:

on prospection, five breeding sites were located
initlally at Phase I Area I. Culicine larvae were found
around water-tanks for the houses. No Anopheline larvae
were found during t-is visit. The surface run-offs in
this area, empty into a tributary of R. Usman. Both
Anopheline and Culicine Larvae were found in this
area (Filg. 4). Numerous temporary collection points
caused by the accumulation of rain-water in depressions
on road surfaces, around culverts and in flower pots

were noted between May to September (Appendix 1).

Preliminary survey at Sheda:

Some culicine larvae were collected from a ém

deep well, sltuated about 2km away in the bush. A
well about 9m deep situated in Sheda research centre
is found to contaln some Culicine larvae. A total of
67 breeding sites were visited from February-october,
1986, out of which 37 were found in Garkl Municipal,
while 24 *» mwanwalads and A in Sheda village
(Appendix I). Table 1 shows the monthly break—down

of the mosquito larval collection in the area,

4,2 Entomological investigations
outdoor resting collection (ORC) Results:

Longitudinal collections of mosguitoes from natural
resting places outdoors, started in october 1986,

2,411 adult Culex pipiens fatlgans were obtained in
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Table 1: Summary of results and averages of monthly larval Collection a&
FCT - Abuja: February-September, 1986,
GARKI MUNICIPAL GWAGWALADA SHEDA

Angpheline Culicine Anopheline Culicine Anopheline Culicine

larvae larvae larvae larvae larvae larvae
Months Totallav./digpiTotali{av/dig Total| av/dipiTotal Av/dip| Totall av/dip! Total av/dip
February - - 65 3,02 - - 25 - - - - -
March 55 2.7 185 5.02 - - 44 - - - - -
April 42 2.0 78 3.7 36 3.6 71 7.1 - - 43 -
May 71 3.5 127 | 6.0 52 2.6 181 | 6.01 - - 77 -
June 73 3.6 219 7.0 89 2.4 - - 53 5.3 " - -
July 109 25 - - - - g6 | - 5 ~ 31 | -
August - - - - 119 | 3.9 - - 38 3.8 - -
September 51 25 - - - - 22 - -— - - -
TOTAL 401 - 6584 - 296 - 429 - 96 - 151 _ -
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the three areas studied. 1,360 were malesx, while
1,051 were femalesd (Table 2). From these, 968 or
(40%) were collected from Gatki Municipal,; while

730 and 713 Cullcines were collected from Gwagwalada
and Sheda respectively (Table 2 and 3). A detailed ..
breakdown of the monthly distributlen of the Cullcine
fauna 1n the three areas studied is presented in

Table 3.

Anophelines: A total of 40 Anophclines (21 males and

19 females) were caught In outdoor survey in the area
(Table 2). 11 were 1ldentlfled as A. fenestus, six
were females out of which two were blood fed, 29
A gamb}ae were identified out of which 2 were blood-
fed. All the blood-fed Anopheline females caught from
the outdoor resting places were found to be sporozolte

negatlve on dissectlion (Table 3).

Aedes: Observations on Aedes mosquitoes were carried
out between Aprill-Jgune 1987, Larvae were observed in
an old pot behind staff houses at Sheda Research
Centre. O©On 15 Aprll, two adult Aedes mosqultoes were
caught émerging from the pot. 20 houses were then
randomly sampled, out of which four were found to

have water-holding contalners each with live Aedes

aegyptl larvae.
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Densities of mosquitoes in natural outdeoor resting places in

Table 2:
FCT - Abuja: October 1986 to March 1987
Anophelines Culicimes iedes
Area No. collected No. collected Noc. gollected

Males Females Males Females Males Females
Garkl 17 S 612 356 - -
Gcwagwalada 2 2 442 288 - -
Sheda 2 B 326 407 - -
Total 21 19 1360 1651 — -




60

Table 3:; Monthly densities of mosqulitoes In natural outdoor resting places in FCT - >UCumv_
Qoctober 1986 to March 1587
Area Genera of Mosguitoes gct.} Nov, | Dec, | Jan. | Peb, | Mar. Comments
Garkl Culicines males 218 135 9] 50 55 &2 4 male A, fenestus
females S0 57 44 43 36 8Q
Anophelines males 1 10 5 0 0 1 4 female A. fenestu
females C ) 3 O ¢ O 2 female A, gambiae
blood fed
Gwagwalada ulicines males 152 115 190 59 - 16
females 68 64 T4 36 - 26
Anophelines males 2 0 0 % | o 0 | anophelines identi-
females 2 0 0 Q G q] fied as members of
A+ gambise.
Shedsz Culicines males 135 59 60 | 36 16 - 2 female A. fenestus
_ females 142 125 125 10 5 - identified, 411 _
collected from
Anophelines males 0 0 1 1 0 - outslde huts at
: females 1 Q 6 1 C - Sheda., 2 blood fed,

No sporozoite on
dissection
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Three of the containers were abandoned pots,
while one was an abandoned tractor tyre. The house
index (H.1.) which shows the percentagz of houses
with live Aedes aeqyptl larvaey, 1s calculated

according to Service (1976) as follows:

3 a = Number of houses with live larvae
b = Total number of houses sample
l.ea 3%— p }%ﬂ
= 20%

35 adult Aedes aeqgyptl were caught (Appwendix 5) in the

period April-June 1987. Most of the adults collection
was performed between 4-7 p.m. The landing rate was

highest between 5-6,

4.3 1Indoor Resting Anophelipe population by Pyrethrum

spray Collection (PSC) Results:

The results under this section are qrouped into
two parts (April-May) representing the end of dry
season with some showers of ralnfall on some days,
and (June~October) marking the wet-season according

to the 19806 ralnfall pattern.

Dist ut ; a ag s :
A total of 259 female An., gambiae s.l. were caught
and dissected from the three areas, between April-October

1986. of these, 155, 90 and 14 were caught from Garki
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Municipal, Gwagwalada and Sheda respectively (Table 4).
puring April-May, only 50 female An._gambiae s.l. or
(19.Y%) of the total were caught. Wwhlle between
June-october, 209 il.e. (80.1%) of the whole population

were caught (Fig. 5).

\nopheli Density:
The average number of female An. gambilae s.l. per

bedroom per month for the whole study area was 2.

The highest density 2.3 was observed in oOctober while
the lowest 1.2 in May. The index was highest at Garki
(3.4) than at Gwagwalada and Sheda with mean averages

(1.7) and 0.3 respectively (Table 5).

Sporozolite rate:

11 of the 259 An. qambiae s.l. dissected were
found to contaln sporozoites in the salivary glands.
The sporozolte rate of the population for the period

found
was/to we 4.2%. It 1s calculated accordin® to Bruce-

Chwatt (1980) as follows:

x 1Q0
C A
H X = Number of female égppheline mosquito sporozeite
positlive

Y = Total number of female Anopheline mosquito

dissected.
At Garkl Municipal, eleht of the 155 An._gamwkiae s.l.
dissected were found to be sporozoite positive, while

three of the 90 An. gambiae s.l. dissected at Gwagwalada
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Table 4: Results of monthly salivary gland dissection of L. gamblae s,l. from Pyrethrum
spray catches in the three Areas of FCT - Abuja: April - October 1986
Totalo April q.uw May June July of August | Sept. T Gctoberg
T |- O 4 : o : g - :
| 21zl Sl o Sl fd sl o 81 2 31 58 21 2F ol =4
AREA 193] 5 1 Yoy | S Ml S5 %l LF vy o by B N X
ENLS| & |85 e8| 8 | & F | &2 O & | O & | &N
B L LR LA R e o R R F o Y
& a8l S K ke B ol S P Sl S S I Sk
Garki Municipal | 155 8 18 0 13 0 22 0 24 0 27 2 24 4 27 2
swagwalada S0 3 6 0 9 0 12 o 7 0 5 o 24 2 26 1
Sheda 14 0 0 - a 0 1 0 2 U 4 (4] 2 0 1 0
TOTAL 259 |11 24 0 26 0 35 0 33 0 37 2 50 6 54 3
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Takle 5:

PSC catches in Garkl, Gwagwalada and Sheda: April - October 1986

Average number of female A. gamblae s.l. per bedroom per month, as shown by

AREA APRIL MAY JUNE JULY AUGUST SEPT. OCT. Meloa
GARKI MUNICIPAL 3.50 1.3 2 . . 3 2ak 3 3437
GW# GWALADA 0.86 1.43 2.0 1.25 0.87 3.33 2.44 1.74
SHEDA 0 0.22 .43 0.50 0.44 0.22 0.25 0,27
AVE RAGE 1.45 1.23 1.4 1.80 1,77 2408 2433 1,90

PSC

3.}.

Pyrethrum spray catches

Mean Average
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Table 6: Monthly cCistribution of hospitalized cases of malaria by sex in relation to the
total in-patient 4ases in PCT Hospital (January - December 1986,
Sex Total] T.N.I.C. | Percentage Diagnosis _
Months No. Mzle | No. Femaled bed space due Comment
tc malaria
January 12 12 24 228 10.53 Acute malarla { one case of
R Abortion
February 6 11 17 185 9.20 Acute to severg Malaria in
malaria pregnancy
March 7 g 16 242 .61 " one case of
malaria in
pregnancy
April 4 10 14 229 6.11 r -
May 10 5 15 200 7.50 " 1 malarla
with measles
June 14 8 22 187 11.76 " -
July | 3 10 13 186 6.995 l -
August 7 3 13 202 .44 - |A case of

cerebral No.1
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Table 6 (cont'd.)

sex Total T.N.X.C. | Percentage Diagnosis Comment
bed space due
No. Male No. Female to malaria
Septe. 4 9 156 5.97 ' -
1
October 4 3 196 3,02 : "
| _ “ |
Novembher 9 18 240 7.50 Severe malaria|4alaria in
_ . o ) mvnmn:m:nH_
Docemoer 3 8 214 3.7 " Malaria m
with
measles
- O S — IO~
T.N.I.Ce = Total Number of In-Patient Cases

Meas:

Measles
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Table 7: Prevalence of malaria by sex and Age groupsin FCT
memwsmm. mmwmww<m Wmmmmmwwmm Both sexes Percentage
Male| remale| Male| Female| Male | Female | Total noe [ Total Positive

examined Positive

0 = 11 months 3 2 1 0 33 0 3 1 20

12 —~ 23 months 2 0 9) 0 0 0 2 0 c

2 - 4 years S 7 2 3 22 43 16 5 31.3

5 - % years . 9 13 1 4 11 30 22 5 2247

10 - 14 years 10 9 2 2 20 15 23 4 18

20 years 22 54 4 15 18 28 76 19 25
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were positive (Table 4). The corresponding sporozoite
rates for Garkl and Gwagwalada were 5.2% and 3.3%
respectively. No sporozoite positive anopheline was

found on dissection at Sheda.

Blood~feeding rates:

Appendix II summarizes the results on the blood-
feeding pattern of An._gambiae as observed at Garki.
65.8% of the total number of An. gambiae dissected
were blood fed. The blooding feedinh rates of the
population were highest in August and September with
percentage rates of 70.3 and 7046 respectively. An
estimate of the disease transmission potentials of the
moquitoces for the months of August, Se;tember and
October was calculated according to Bruce~Chwatt (1980)

as follows:

Innoculation
rate = Anopheline density/person/day x
sporozolte rate
19 7.4
Thus for August = (=% +.3}% 755 = €.05

The eorresponding flgures for September apfl October
were accordingly worked out to be 0,08 and 0,03

respectively (Appendix 11).
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Parasitolegica ve ation:

From hospital records, a total of 177 patients
(91 females and 8€ males) varlously diagnosed as
acutely or severely affected by malaria were
hospitalized in the territory's central clinic,
between January-December 1986 (Table #, Appendix 4).

The total number of beds occupied feor the period
was 2,707 and the percentage bed-space due to malaria
was (84%) with mean monthly average of (7.1%). The
highest percentage in-patient case, 11.76% due to
malaria was recorded in June (Table &). The age group
24 years (Toddlers) 1s the most frequently affected,
while 43 of the 91 adult patients admitted are wemen
in their reproductive period majority of whom were

pregnant on admission (Appendix 4).

Regsylts of exa a

The results of slides studied was shown in
(Table 7). A total of 163 patlents variously referred
te the Haematology laboratory in the clinic were
randomly examined, 38 (22.6%) of the sample was found
te mhe positive for malaria. P. falciparym was most
frequently occuring and at times in mixed infection
with P. malariae. About 14,.1% of the people examined
were children under the age of five. The most
pinmularly affected age-~group 1s 2-4 years with about
3143% positive (Table 7).
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CHAPTER FIVE

BI S CLUSBS S I 0N

Collections of water which provide habltats for
anopheline larvae may be temporary or permanent,
natural or man-made (Setvice. 1280). The breeding
sltes found in Garki Municipal Area, around tributaries
of River Kwatakwata, such as those under the festival
road Brldge in Phase I, Area I in the Central Areas
and at wuse District around Rafin-Maitama and also
those at Gwagwalada around Areas 2 and 3, and in
the old town market can be salid te be both permanent
and natural (Figs. 3 and 4).

Presently these types of habitats are more abundant
at Garkl than at Gwagwalada or Sheda. This may be
attributed to the presence of the two small Rivers
Kwatakwata and Rafin-Maltama which bisect the city in
the centre ferming marshy valleys (Fig. 3). This
natural feature may be contrasted to that in Sheda
where the only active breeding sites are the abandoned
wells (Appendix I).

Ponds and borrow-pits are typical examples of
man-made breeding habitats (’ruce-Chwatt, 1580).

The borrow-=plits such as theose found around wuse
District and behind Bagudu Hotel at Garkil are typlcal
of the Federal Capltal Territory now.

Temporary larval habitats such as those at wuse
Ring road, and the P & T man-hcles in Area I and 2

at Garki are also a result of construction work.
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37 or (55%) of the breeding sites were at Garki.
Municlpal where the construction work 1s tapids 1In
contrast only six major kbreeding poihts were found at
Sheda, where no construction work is going on at the
period of study. Wells are the permanent source of
bra¢ding at Sheda and are therefore minimlzed compared
to the situatlon found at Garkil or Gwagwalada. h

Not only the locatlion of the hablitat buk also Its
conditlion such as; dissolved inerdanic and organic matter
suspended mud, temperature light and shade, 1s important
in determining the nature of mosquito fauna at the
pelnt. For instance, 1t has been reported that Culex
fatigans hbreeds 1n water with high organie content but

Angmheles gamblae do not breed in such water (Hopkins,

1952). It has been shown that each speciles and often
each group of species,sub—genus.or genus has its own
preferred type of habltat (Service, 1980). |

Table 1, shows that 1,284 or (61.8%) of the total
larvae collected are Culex larvae. This can be attributed
to the fact that as an ubliquiteus group, Culex breeds in
a wide range of habitats, including pit-latrines in
contrast to the more restricted breeding places of
Angpheles (Hopkins, 1952). |

Aedes larvae are sald to prefer special habitats,
usually contalners such as die~avdzed tins, bottles,
motor-tyres (Hopkins, 1552). The incidental observation
of Aedes breeding in pots arcund staff houses in Sheda *

(Appendix 4) happens to support Hopkins (1952) and
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suggests strongly that flewer-pots used for docoaoration
in houses at Garki and Gwagwalada may provide wod
breeding points for Aedes. |

A large wumber (2,[11) of Culex, asz compared to L0
Anopheles, were found resting in varieus outdeor resting
places. This numerical supremacy of Culex over Ancpheles
or Aates species may be aftributed to the multivlicity of
the ideal breedirg sites created for Culex as a rasult of
consiruction activities. (Culex appears to rast in a
variocty of habitats such as under the bridge, wnlls bdhind
tathrooms or culverts; these resting places arz riite
abundant at Garkl am¢ Gwagwalada where construcuion
activities are on. The avalilabillty of the rogoting sites
may e one af the factors responsible for the »racence
of mure Culex (684) at Garkl than at Gwagwalada o Sheda.
Hopkins (1952) has shown that adult female Cyl-i can
choose for syipoesition, any type of habitat including
rocii--pools, sutters, tree-hole and latrines. Gutserich
.gﬁ_ al, (1974) has also reported that most mossuitoes
usually disperse less than 2km and most only few hundred
metres from their breeding places, and this wmay lse
partially explain the preponderance of Culex f£blp:ins in
the outdoor resting places.

In contrast the Anopheles female in general is
more diseriminately and prefers unpolluted water
habitats, such ag isolated horrow-pits or pools, fﬂ.

In Tanzania the elutdoor popula tien of Anopheles
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gambiae was found amongst dense érowth of salt bushes,
and alse in crevices underground (Smith, 1961). In
this survey, nec collection was made from undergound
or crevices, but five individuals of An. fencstus were
found resting on a cool exterior of a hut at Sheda
(Table 3). The investigation on Aedes fauna was
limlted only to Sheda. Apart from the primary school,
the Simulium Research Unit, and the abandoned low-cost
houses, the vlllage can be descrlbed as typically rural.
The results {(Appendix 4) conflirm the predomestic

hablt of Aedes aeqymwtl as reported by Surtees (1959),

Pichen and Gayral (1970). Ideally the survey of Aedes
aemyptl In the Federal Capltal Territory should be
carried sut extensively te cover Garkl Munlcipal and
Gwagwalada where new houses are contlinuously being
completed and occupled by ¢ivil servants. The result

is alse very significant in view of the recent outbreaks
of vellew fever epldemics in Benue, Ibadan and other
places in Nigerla (Anonymous, 1987).

The alm of 1lndeoor resting mme~uito population
survey 1s to study the relationship between the mosquito
fauna and incldence of human malaria. Apart from the
inherent errors In the sampling technique used in
collecting the Adult Angpheles from the Houses, the
‘result depends inot only on the time of the day the
egllection is made but also on the nature and sites of
the houses, and the attltude of the inhabitants (Service,

1964). Imprevement Iin sampling technique lncreases with
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usage but specimens may be lost elither due to
inaccessibility of certain portions of the room to
be sprayed or through crevices in the walls or roofs.

It 1s important to note that the number of
mcsquitoees obtained by Pyrethrum spray sheed collection
technique, as in this study, has no direct relation-
ship to acteal mosquito population in the locality
(Service, 1976). However it 1s evident fwom the
results that differences exist in the total number of
An. gamblae s.l. caught in the three leocalitles. The
highest number was caught at Garkl while the lowest at
Sheda (File. £). 1In each locality, the distribution
exhibit a definite seasonallty (Fig. 6). At Garkdl
the highest number of An. gambdiae s.,l. per month was
caught in Augqust and October, and the lowest flgyre
was obtained in May. While at Gwagwalada, the highest
number of female An. gambiae s.l. was observed in
September and October and the lowest in Aprils and at
Sheda the highest was noted in August and the lowesg in
April. The total distribution of An. gammiae s.l.
showed peaks in the months of sugust, September and
October (Figure 5),

The preponderance of the Anepheline masqulte
vectors at Garkl may largely be attributed to its
gaoyraphic-loeatlion, and the resultant local weather
characteristics. Although no exact recerd af the

rainfall during this study period was kept due te lack
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of any metreological station in the territory, it is
evident from literature (Oguntoyinbo, 1977), that
rainfall in the Federal Capital Territory (FCT)
exhibits a transitional character between the zone of
double maximum to the south and that of a single rainfall
maximum to the north. However, a reversal of this
North-South decreasing rainfall trend, a rather
unusually situation, exists In Garki and some parts of
(FCT) because of its location to the windward side of
Jos Plateau. This fact coupled with the elevated
topography of the city accounted for the higher amount
of rainfall experienced at Garki Munlcipal compared to
Gwagwalada and Sheda. Peaks of nmosguito population were
found to follow peaks of rainfall (Fige. 5). The larger
Anopheline mosquito fauna as observed at Garki Municipal
may also be attributed to the rapid nature of the
construction activities going on in the city. These
activities created borrow-plts which are found to be
good breeding sites for the Apnopheline larvae.

The average number of adult female Anopheles of a
defined species caught sheltering in human habitation
or bitlng exposed individuals indoors or out of doors,
is the Anopheline density. It can be expressed as a
relative proportion per room, per person, per day
{Bruce~Chwatt, 1980). A bedroom is defined for the
purpose of this work, as any room in a house where

people sleep. The result (Table 5) indicates some
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characteristics of the Angpheline population in the
localities studied. Taking the area as a whole, a

mean average of 1,90 Anopheline per bed room per month
has been found. Thls shows that throughout the period
of study the mosquito population continues to survive
at certain threshold level. Wwhen viewed individually,
in each locality, the highest average density was

noted in October which coincides with the little
decline of rainfall after the heavy rains of July/
August. From the results it can be seen that peaks occur
in the rainpy months of Jduly to October while in the dry
monvths of April to May the population 1is lower. oy
Although no past records on this subject concerning
this leocality was obtained from the literature, the
findines did confirm the earllier reports elsewhere in
the country (Mattingly, 1949; Dodge, 19613 Molineaux
and Grammicciae, 1980),

In his studies on West African forest mosquitoes,
Mattingly (1949) showed the seasonal trend in the
distribution of the main malaria vectors. Molineaux
and Grammiccla (1980) in a report on the Garkl
Malarla Project in Kano reported the preponderance of
the main malaria vectors and the highest incldences of
human malarla in the wet scason as compared to the

dry season.
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In Zimbabwe, Taylor and Mutambu (1986), have
shown malaria prevalence and transmission to be
markedly affected by season and altitude. The reasons
for this have been clearly explalned by Leeson (1931)
in his expesition of the effect of the inter-related
factors season, temperature and altitude on the
survival and migration of An. gambiae s,1. He did
not find An. gambiae occurring over 600m altitude
during the winter and the peak An. gambiae population
pccurred in summer. Reeds & Woods (1957) found the
peak of mosqulto population to follow immediately the
end of rainy season and with malaria peak occurring one
month later. Mutambu and Tayler (1986) have reported
a decrease in the number of suitable breeding sites
l1{mited only to the pools left by major rivers drying
up, while in the wet season the breeding slites rapidly
multiply. The higher values of Anopheline density
generally-~ohserved in September and October may not
me divorced from the increased humidity and temperature
conditions that is commen’in all Federal Capital Territory
at this time (oguntoyinbo, 1977). These weather
egnditions are sald to be optimum for the survival
of the mosqulte vectors throughout the tropics

(service, 1980).
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The Angpheline density index is also a function
of the survival rate of the insect. Mortality can
be induced in the mosquito population by factors
other than harsh weather conditions (Service, 1976).
Practices such as the domestic use of mosquito coil,
the use of residual insecticides (shelltox), repellants
(0ff), have ween observed to keep away the mosquitoes
from the houses as reported (WHO, 1986). These may
explain the relatively lbw catches made in some houses
both at Garkil and Gwagwalada (Table 5, Appendix 2).
The use of mosquito proofings in the windows and doors
and mosqulto nets in the bedrooms was observed to
discourage flles. Alr-conditlions and Table-fans are
used often by inhabitants occupying government quarters
at Garkl and Gwagwalada and this was observed to
discourage feeding activitles of this in the night.
In contrast the figures noted at Sheda where not such
of these facilities were available appear to be more
consistent throughout. The low number of Anopheline
gambiae caught in houses at Sheda,may be largely due
to the porous nature of dwelling rooms (huts) and
possibly the low number of people in the village about
1000 as compared to high population about 200,000 at
Gwagwalada (Census Office, 1986).

The sporozolte rate is the percentage incidence
of sporozoite infection in the sallvary glands of
Anopheles (Bruce-Chwatt, 1580). The total sporozoite
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rate for the whole area of study during the period

of investigation is 4.2% (Table 4; Appendix 2).
The Anopheles gambilae s.l. 1s described as both
anthropophilic and to some degree zoophilic (Service,
1980). The hlgher sporozolte rate observed at Garki,
therefore, may be attributed both to the probable
énnﬂmn°number of Anopheline population there (Garkl)
and also to larger number of inhabitants at Garki
compared to Gwagwalada and Sheda. It 1s also possible
that the domestic animals often found at Gwagwalada and
Sheda are alternative hosts for themomosquito
population, whereas at Garki Municipal, the vector
mosquito remain strictly endophilic and anthropophilic
for lack of alternative hosts.

The hospital records gave a picture of the
severe cases of malarla only. Cases of malaria in
pregnancy, cerebral malaria and others were recorded,
The records of out-patients was not included in this
study. Nevertheless, both the in-patients and out-
patients records put together will not give an actual
picture of malaria in the territory because not all
people report to héspital for malaria as many resort
tc self-meditation. However, the record here provides
some useful information in assessing the prevalence
of malaria in the period of study (Taylor: and Mutambu,
1986). From the result (Table 6) about 84% of the

cases
available in-patientfin the central hospital during
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the period of study, has been dominated by malaria
cases. This shows malaria to be a significant
public health disease among-others in the territory.
It also confirms the common view of earlier workers
in the study of epidemiological significance of
malaria in the troplcs (Bruce-Chwatt, 1974,1980;
Molineaux and Grammiccia, 19%80).

when viewed agalnst the seasonal varlation in
the mosqulite population (Flgure 7), the malaria
incidence seemed to ingrease immediately following
the month witnessing mosquite peaks. Mosquito
population peaks appeared between August to October,
whlle malaria peaks occurred between November, January
and February. Lesson (1931) in similar studies found
malaria peaks one month after mosquito peaks. The
longer interval observed in this case may be assoclated
with widespread use of antinmalaria.drugs, particularly
chlorogulne as prophylaxis (Gardiner, et al. 1984).
They have found a low malaria parasites rate (1.6%)
in an urban communlty 1n Ghana where prophylactic use
of chloreoqgulne is rampant.

The blood examined for this aspect of the
investlgation was obtained from people reporting for
haematological investigation in the laboratory; and
may not be without blas. Ideally the sampling could
have been randomly conducted from the city or the

village, This was not possible because of problems beyond
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the resources for this work. The data,'however; can
be relied upon because none of the cases studied had
been clinically suspected for malaria. Many were
referred to the laboratory for ¥Toutine examination
and other mediczl tests,

From the result (Table 7), 23.7% of the slides
examined were malaria positive. There 1is no much
differences between the sexes. MaJority of the females
examined were women in the reproductive period. It
appears that children between 2-4 years were mostly
affected. This may be attributed to the absence of
immunity in this age~group and to lowered immumity in

pregahancy {(Bruce~Chwatt, 1580).
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 SUMMARY AND GONCLUSION

The mosquito fauna and incidence of human malaria
in Federal Capital Territory (FCT) aAbuja has been
studiéd.- A total- of 67 breeding sites were visited
from February to october 1986, out of which 37 (55%)
were found at Garkl where the constructlion activity
is .aceelerated. Tabkle 1 shows that out of the 2,057
1afvae collected, P73 were Anophellne larvae and 1,264

Culigine larvae.
2,451 Adult mosquitoes were caught resting nut

of doors between October 1986 to March 1987. oOn analysis,
_éhe results: of the natyral outdoor resting places surveyed
{Table 2 and 3) showed that 40 mosqultoes belong to

Anophelline genus cut of which 11 were identifled as

Apn. fenes . A large number 2,411 of the outdoor
population were Cuylex pipjens fatigans. Slightly larger
number of males, 1,381 were found in the outdoor
population than females 1,070, The sex-ratio, i.ec. male:
female was estimated to be 1.3:1.

35 Adult Acdeg acnyptl mosqultoes were eollected

between April to June 1987. 4ll the Aedes agqyptl were

ceught feeding in the evening between 4-7pm. o©ut of
the 20 houses randomly sampled for Acedes aeqyptl larvae-

breeding contalners,four were found with such containers.
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The indoor-resting Anogheline mosquito population
was surveyed using the Pyrethrum spray sheet collection
(P5C) technlque. 259 female An. gamblae s.l., were
caught from all the three localities, between April-
October, 1986.

On dissection, 11 were found to contaln sporozoites
in ﬁheir salivary glands. The sporczoite rate of the
population for the period was found to be 4.2%.
Different sporozolte-rates, 5.2% and 31.3% were
ecalculated for Garkl and Gwagwalada respectively.

From the hospital records,a total of 177 patients
soveraly affected by malaria were hospitalised in

the territory Central Clinic between January to
Dacember 1986, The total percentage of in-patients
cases due to malaria for the perlod was 84% with mean
monthly average of about 7.1%. The hlighest percentage
11.8% was recorded in June (Table 6). The blood
examination result shows that the age group 2-4 years

to be most affected by malarla with about 31.3% positive

slides.,

CONCLUSION

The construction work in Abuja 1s not only an
engineering problem but alsc has major pubilc health
implications. For instance the borrow pits abandoned
by the contractors at the construcétion sites are

active breeding sites of Anopheline mosquitoes.




87

The gqutters, culverts and even the domestic water-
tanks are found to be good breeding sltes of

mosquitoes especially Culex pipliens fatigans. It

1s significant that the Federal Capltal Territory
Authority (FCTA), should recognize these findings

and as avomatter of policy makes it compulsory on all
the contractors to "flll-in" any borrow pit on their
sites. The authority could also legislate against
indiscriminate digging-of borrow pits in the clity
such as those behind Bagudu Hotel. The monthly
en¥lronmental sanitation should be encouraged so that
all onecupied houses and thelr surroundings are kept
clean, Iin order to discourage the pre~domestic breeding
of Aedes aegypti. Likewlise, the gutters and culverts

80

Should be maintained clean/as to reduce breeding of
iarge Culex population. -

The vectors survelllance study In general and

the Aedes aegyptl survey in particular, should be

extended to cover all thé development areas and
continued oﬁ a routine basis by the vectonr control
unit, The authority sheuld eguip its malarlia v ¢ ¢
control unit to enable it conduct adult mosquitn
contrecl by residual insecticide spray of houses
especially during the rainy-season and a month aftews.
The health education unlt should enlighten peaple
about the need of using mosqulto nets in bedrooms,

and mosquito—proofs in doors and windows.
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Prophylactic tablets, such as chloroquine,
amodiaguine and fansldar, should be provided to all
clinics and vyellow fever vaccines should be readily
avallable when needed.

Abuja 1s now a centre of attra;tion, invifing
people ~“from all over the federatlon and beyond,
including places where the epldemic is affecting and
with the vectors around, this can easily preclpitate
an epldemic in thecicity, when appropriate measures

are not serinusly planned and implemented.
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APPENDIX 1: PRELIMINARY SURVEY GARKI JA) .
Date General Breeding| Types ef Number |Anepheline|Culicine Pupae

Location  |Sites . _|B.S, of Dips|Larvae Larvae | Aneph.} Cule]
18 February, 1986 Area 1 Festi- S

val Road 2 gutter 10 - - S - -
19February, 1986 “ Central Area | m i | “ ' ‘

Bridge 5 R. Valley 10 } - 40 * - -
13 March, 1986 Area 8 7 Fadama 10 24 90 - 13
19 March, 1986 Area 11 5 Fadama 10 21 105 - 5 g
25 March, 1986 Area 1 2 8 Borrew-pit 10 1 - - -
10 April, 1986 ! Wuse District 4 Road- side

: . “?vummﬂoam ¢ 10 ¢ e ! 77 L a8 18

20 April, 1986 * Wuse-District { 2 { Borrow-pit : 20 ! 42 L ARt RSTE I
20 June, 1986 | Area I s {R. Valley | 10 53 | 113 14 3 36
20 June, 1986 Area 2 2 Road-cute - 20 69 - -
20 June, 1986 Area 7 1 P&T Man-hole - - 107 - 12
10 May, 1986 Asokero £ Borrew-pits 20 73 118 11 15
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Teble 1 (cont'd.)
et General BreedingjTypes of Number {Anopheline | Culicine
ate Lecation Sites B.S. of Dips [Larvae Larvae
21 February, 1986 Sheda | . - ~ - -
21 Tebruary, 1986 it = Rice~farms Petentianl
Sites
21 March, 1986 " g - Io- N - . -
h ! i ' i .
14 April, 1986 " m 1 ‘Well ! Water-Jar ) ¢
. ; . (1 litre] . H
! 4_ Cap.) | - Coukh
20 4pril, 1986 Village 1 Tractor
Tyre - - 27
20 June, 1986 u 4 Frnd 10 53 20 an¢ pupae
20 May, 1986 Shede Research
Centre ¥ Well Jater-jar
W1 ditre
CaPe) - 77
15 July, 1886 Sheda farm 2 Rice-farm - 5 1
18 August, 1986 3=-km-Away
Sheda=Kwali s
road 1 Borrew-pit 10 38 -
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APPENDIX 1: PRELIIZINAY SURVEY GWAGWALADA (ABUJA)
Date General wﬂmmnmﬁ. Type of .Jhcacmw Ancpheline| Culicine
Location Sites ¢.m.m. of Dips | Larvae Larvae |Anep o] g 2ulex
20 February, 1986 | Area I m 2 Gutters - L= L 28 | -
1
27 March, 1986 Area 3 2 Gutters - - 45 8
22 April, 1986 Area 2 3 Isolated
sites 10 36 37 = o
14 May, 1586 Area 1 2 Road
Depression 10 | 33 - -
' F i .
14 May, 1986 { Area 2 Foo | Culvert ‘10 4 - 102 | ! 23
18 May, 1986 M Area 3 m 1 ! Fluwer-prt m = V- P29 L= -
L] L] L] . 4
18 May, 1986 { Area 4 3 Isolated }
Borrow=pits 10 20 - ) -
20 June, 1986 Area 2 1 Surface Water 10 69 - T -
10 July, 1986 Area 3 - Broken Lath-
room sinks - - 86 - 13
17 August, 1986 0Old-town 2 ponds 20 109 - 21 -
16 September, 1986 | Area 2 2 Water-Tanks - - £ L - 9
B.S. = Breeding Sites
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AFPENDIX III:

sozavm._m UHmeHwCHHOZ o

FITALIZED MALARIA CASES BY AGE AND SEX IN

T 7 IRY — PECEVBER oo
January|February llarch | April May June July |August | Sept.| Oct.|Nov.|Dec,
Age M | F'lm Fl M| FIum | F Im lrim]| pivm |jpin | Frlu WlF M| FiM|F
0=11 Months 2 o 1 - 1 - 1 1 - 1 - = 111 - 11 211 =l-1 2
L [
-23 Months - { 310 P 0 - { «i= i 1d2 13- 3 =t d1i1 ] -f- 4-12f~-i2l1
- age s
4 years 1 - 11 1 u..A 1 1 T 3% §~ ] 2 11- |- |2 - 11 2 11 311} -
y 5 = 9 years 2 11- 2 ‘. 111 2 11 |~-]2 -1=- |- |- 11~ == =] &=
| e . -t
10 - 14 years 1 11- - 0 111 1T 11 111 -1=- 11 ]- -1~ - |-l ==~
15 = 19 years - 1142 2 ¢ - 2 1- 1 4= 4~ - Tl (== {| =jmi.njaisiai= 41]
1 M I ‘ oll..lluillr 1 M = 4 L 4 & 3 3 4 - | A 4
P O PR A S b oo 1s latal clg 1t t o0 10 H bl 1]
20 yrs and above 6 ! 6¢2 + 5 ¢ 1. 3 +2 .« 3 +4 3.8, m.“w ..NJMu ' mme -} w umu:“l“
- e p— -+ T ¥ ™ — T . I
‘ “ ' r 4 1 “ ' .. L) , ' 1 1
Total 113136 | :._ 7] 9j4 | 10fj10]5]uj 813 ;0f7 | €js] sjsj2iojol3]s]
277 |
M = Male
= Female
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APFENDIX IV:

RESULTS OF HOURLY CATCHES OF AEDES AEGYPTI AT SHEDA,

(APRIL - JUNE, 1987)

TIME

4-5

5-6

6-7

7-8

Date

Number cCcaught

umber Caught

Number Caught

Number Caught

15/4/1987

20/4/1987

4/5/1987

18/5/1987
1/6/1987

15/6/1987

3

Total

23
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APPENDIX V

SIMPLE KEY TO. DOMESTIC SPECIES (AFRICA)

(Applicable to both sexes. Including most of the

Proved Malaria Vectors). After Evans (1938).

1. Abdomen with laterally-projecting tufts of
species...2. Abdomen without such scale-
tuftseeeees 3.

2. Colouration of integument predominantly light
grey (exception in gorged females); winged with
large areas of white or yellowish scales, or bath

Pharcensis Theebald
Colouration of integument blackish, wings
predominantly dark, but with well-marked
white spotS.¢scees ’
Squamosus Theobald

3. Species combining all the following characters:
femora and tibial spotted, speckled or mottled,
hind tars: with narrow, pale rings at apiees of
first 4 segments, front tarsi with broad’apical
pale band and two much narrower pale bandS.....
gamblae Giles and melas Theobald one or more
of the above characters absent. .seceeeccscccscad

4. All the following characters present: leg
without spotting speckling or rings (a part
from those at joints); palpil not shaggy and with
apex pale and not more than two other pale rings

or bands, hind tarsi without a continuous pale
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area involving the whole of one or more segmentg,
wing field with at least some distinct pale spots
or areas, costa with at least I pale spot (some=-
times very small) on its base half ..cecrecsened
one or more of the above characters absent spp.
not dealt with in this key.
Hind tarsi with distinct pale rings at apices
of first 4 segments . ..iceccccccscecnccccncasnesbd
Hind tarsi without distinct pale rings ...ces449
1st longitudinal vein with interruption in third
main dark Area cecseccecccse csccccscsssssnsseed
Front tarsi without very broad pale bands; and
mesonotum with scales mostly broad or moderately
80 evsssvsssssscsssessssssssssnsssnsase hargreavesi
Fron tarsi with broad pale bands, or mesonotal
scales mostly quite narrow.
spp. not dealt with in this key

Mesonotum with scales well develgped and sometimes
moalerately broad on anterior half, but narrow
or hair-like behind

Monchetl Evans and Moucheti var nigeriensis
Mesonotal scales not as above.....spp. not dealt
with here.
All the following characters present! general
appearance very dark, size small (wing length no
more than about 3.2mm), 3rd longitudinal vein
either entirely dark or with a pale spot or area

with its centre distal to the middle of the vein;
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ﬁings with the outstanding scales very narro&;

female palpi with 3 pale bands (including that

at apex); male palpl without pale scales at the

BASE OF Clubuoeseensnennsoofonestus Gibs.

one or more of the above characters absent....1C
10; wing scales relatively broad, base of fork of

4th longitudinal vein near base of wing than

is base of fork of 2nd leongitudinal vein, female

palpi with only 1 pale band, that at abex..;;.

nili Theobald.



