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ABSTRACT

Malaria is an endemic tropical disease caused by the haemosporidian blood parasite of the genus Plasmodium. The human variant of this
infection is caused by four members of this genus: P. falciparum, P. vivax, P. ovale and P. malariae, with P. falciparum malaria infection
responsible for the most lethal form of the disease. The disease accounts for over 500 million acute clinical episodes annually and over 1
million deaths, particularly among children below the age of four years; with other debilitating effects in pregnant women. The economic
impact of malaria infection has been put conservatively at over US$1.8 billion annually and it is the eighth most important disease in
terms of lost disability adjusted life years (DALYS). This review addresses the current state of knowledge on the epidemiology/epidemio-
logical patterns, economic impacts of malaria on populations and communities, vector ecology and transmission dynamics, pathogenesis
and pathogenic outcomes of this disease and global malaria eradication and control efforts. It also recommends the way forward in the un-
ending battle between man, his environment and a determined parasite that has so far eluded the human quest to conquer and eradicate it.
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INTRODUCTION

Malaria is a disease caused by members of the genus Plas-
modium and Haemoproteus within the order Haemospori-
diidea and spread by the female Anopheles mosquito (Clark
et al. 2004). It is one of the most common parasitic diseases
causing significant morbidity and mortality, particularly in
the tropics (Nand et al. 2001). Various species of malaria
parasites are responsible for causing malaria infection
depending on the host (Gautret e al. 1996; Hofmann ef al.
1997; le Moyec et al. 1997; Fallon et al. 2005). Among the
numerous species of Plasmodium so far identified, the fol-
lowing four are known to be responsible for causing human
malaria infection: P. vivax, P. malariae, P. ovale and P.
falciparum (Moody et al. 1998). Worldwide, 300-500 mil-
lion acute, febrile cases are reported yearly (WHO 2005),
with about 90% of such cases occurring in Africa. The

disease kills up to 1.5-2 million persons annually, with over
half of such fatalities involving children less than five years
of age, a figure which accounts for about 25% of all child-
hood deaths (Amador and Patarroyo 1996; Samba 1997).

Falciparum malaria infection is the commonest malaria
infection because of its ability to cause fatal disease. There-
fore, except otherwise specified, the references to malaria in
this review are to falciparum malaria. From an economic
point of view, malaria is a costly disease. An estimated 1.8
billion $US is spent annually on both direct costs such as
lost productivity, time costs and other direct costs and losses.
This is approximately equal to the entire gross domestic
product (GDP) of some countries such as Malawi, Benin, or
Togo (Foster 1998).
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EPIDEMIOLOGY

Malaria is one of the most devastating infectious diseases
of our time, rivalling HIV and tuberculosis as a killer
disease (Barry 2005). It occurs in over 100 countries, but is
mainly confined to poor tropical Africa, Asia and Latin
America (Tourre and Oduola 2004). According to the World
Health Organization, 3.2 billion people (> 40 percent of the
global population) are at risk of malaria infection each year
(WHO 2005) with around 500 million preceeding to cli-
nical disease and 2-3 million deaths occurring annually
(Snow et al. 2005). Well over 90% of these deaths occur in
sub-Saharan Africa, with the burden of morbidity and mor-
tality significantly biased towards children under five years,
pregnant women and travellers (IAMAT 2002; Snow et al.
2005; WHO 2005; IAMAT 2006). Malaria varies dramati-
cally in its epidemiological pattern. In some instances it
appears as massive epidemics affecting people of all ages
and causing temporary social disruption. This pattern which
alternates between large epidemics and scarce malaria is
called unstable or epidemic malaria (Bradley 1992). Unsta-
ble malaria is characterised by a parasite population that is
less genetically diverse, due to clonal expansion of single
genomes in the absence of immune pressure (Arez et al.
1999; Laserson et al. 1999). It may also be associated with
diverse parasites where infections have been able to persist
sub-patently in the host between transmission seasons (Bar-
biker 1998; Barry 2005). At the other extreme is very stable
(endemic) malaria with continuous or regular seasonal
transmission and everyone being infected and re-infected y
mosquitoes. Stable and unstable malaria differ not only in
their mortality and public health effects, they also differ in
their response to attempts at control (Cohen 1988; Bradley
1991, 1992). In this context a clear understanding of the
major differences between these epidemiological patterns
can be expected to have a significant impact on control and
eradication measures. A malaria epidemic simply refers to a
sharp increase in the frequency of malaria transmission that
exceeds by far the inter-seasonal variation normally experi-
enced (Anthony and Awash 2004). Such epidemics occur in
areas where environmental conditions are marginal for
mosquito vector and parasite development such as high-
lands or semi-arid regions (Packard 1986; Bradley 1992;
Crowe 1997). Epidemics can also occur when people who
have had little exposure of infection move into endemic re-
gions as refugees, in resettlement programmes or situations
where there are changes in the landscape, breakdown in
intervention programmes or insecticide resistance (Bradley
1992; Anthony and Awash 2004; Barry 2005). Malaria epi-
demiology in areas of stable transmission (endemic mala-
ria) on the other hand is typified by an age-dependent pat-
tern of non-sterilizing immunity in the human host (Moly-
neaux and Gramiccia 1980) and is generally characterised
by a genetically diverse parasite population (Barry 2005).
Because of the complex interplay between history, environ-
ment, vector, host and parasite, we are confronted with a
global spectrum of varying epidemiological patterns
between households, locally (within a community or vil-
lage), within continents and countries (Barry 2005; Snow et
al. 2005; Guerra et al. 2006) each with its own unique
pathological and socio-economic outcomes. These diverse
epidemiological scenarios have contributed to making this
disease one of man’s most formidable foes and it is on the
resurge unless some more drastic action is taken to mitigate
it.

ECONOMIC IMPACT OF MALARIA

Several approaches have been used to estimate the global
economic cost of malaria infection. Current estimates of the
cost of this disease are derived from both microeconomic
and macroeconomic perspectives. In spite of this, the over-
all picture arising from these estimates are a gross under-
statement of the economic burden of this disease due to a
combination of factors aptly summarised by Brehman
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(2001) as ‘ears of the Hippopotamus’. However despite the
identified deficiencies in the nature of the data/data sourcing
methodologies aimed at finding a realistic estimate of the
global economic burden of malaria and their limitations,
conclusions drawn from such studies are providing critical
insights towards the formulation of an action agenda and
relevant health policies aimed at controlling the scourge of
this disease. A recent study has estimated that the annual
economic growth rate of countries with severe malaria are
1.3% lower even after controlling for other factors known to
influence economic growth (Gallups and Sachs 2001) such
as savings rates, economic and political institutions and lite-
racy levels of the population (Goodman et al. 2000). In ad-
dition, the per capita Gross Domestic Product (GDP) (ad-
justed for differences in purchasing power) in highly mala-
rious countries is on average one one-fifth of non-endemic
countries (Gallups and Sachs 2001; Sachs and Goodman
2002). In Africa, hardest hit by the disease, many African
families spend a quarter of their annual income on malaria
treatment, with efforts at malaria control and treatment cut-
ting aggregate economic growth by about 1.3% per annum
(WHO 2005). Malaria also slows down long term economic
growth through its impact on the accumulation of human
and physical capital (Goodman et al. 2000). At the house-
hold level, malaria places significant burdens on households
that have a sick family member (Konrandsen et al. 1997)
particularly in developing countries (Russel 1987). These
burdens include work time lost by the sick individual, care-
giving time spent by other family members, lost produc-
tivity, cost of seeking treatment (transportation and medical
care inclusive) and premature mortality (Laxminarayan
2004). At the community level, malaria imposes a cost on
the entire community by modifying social and economic de-
cisions taken in response to the perceived risk of infection,
including effects on crop choice, trade, investment and ferti-
lity; with significant negative effects on economic producti-
vity and growth (Goodman et al. 2000). Recent estimates
put the total costs for universal coverage in both prevention
and treatment in Africa alone at US$3.2 billion per year,
with US$850 million going to operational and health sup-
port costs (WHO 2005). Average spending levels, going by
2004 estimates is barely a fifth of this amount. This implies
that a more concerted effort is required from African gov-
ernments in particular, through the formulation of tested
workable strategies, government-private sector partnerships
and a significant increase in the quantum of research spen-
ding, backed by committed political will for the tide this
resurging scourge to be stemmed.

VECTOR CYCLE AND TRANSMISSION DYNAMICS

Approximately 70 species of Anopheles have been impli-
cated in malaria transmission worldwide. Among these, over
40 species are responsible for transmitting human malaria,
all of which differ in their transmission potential. In Africa,
the major vectors are Anopheles gambiae which is consi-
dered the most important in most regions, Anopheles arabi-
ensis, which of the preceding complex with distinct charac-
teristics, and Anopheles fenestus, which is often reported as
the second most important species in terms of malaria trans-
mission, and more particularly, is considered the end-of-
rainy season vector that sustains the parasite (Depinay et al.
2004). During the life time of a typical mosquito it passes
through four distinct stages: egg, larva, pupa and adult. The
egg are laid in or near water where hatch into larvae within
a few days.

Most of the time, eggs are laid in bunches in distinct
raft-like structures, but they may also be laid singly. In the
process of development, the larvae feed on microscopic
plant life, molt several times as they grow, and become
pupae, that subsequently turn into adults. In some species of
mosquito, this entire process can occur within 7-10 days.
The major determinant effecting the presence and continued
activity of malaria parasite vectors is climate. Tropical areas
of the world have been reported to have the best combi-
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nation of adequate rainfall, temperature and humidity which
allows for breeding and survival of Anophelines (WHO
2005). Specifically, temperature influences Anopheline
mosquito feeding intervals, population density and lon-
gevity (Small ez al. 2003) as well as the reproductive pot-
ential of the plasmodium parasite. This malaria transmis-
sion dynamics is further complicated by a complex inter-
action of several factors related not only to the vector and
parasite densities and behaviour, but includes also land use
strategies, public health control programmes, human migra-
tion and drug resistance (Hay et al. 1998; Small et al. 2003;
Talisuna et al. 2004).

THE PLASMODIUM LIFE CYCLE

The life cycle of all species of human malaria parasites is
essentially the same as the one shown in Fig. 1.

The life cycle of the human malaria parasite comprises
an exogenous sexual phase (sporogony) with multiplication
in certain Anopheles mosquitoes, (2 and 3) and an endoge-
nous asexual phase (schizogony) with multiplication in the
vertebrate host (4 and 5). The latter phase includes the de-
velopment cycle in red blood cells (erythrocytic schizo-
gony) (5) and the cycle taking place in the liver cell paren-
chyma (exo-erythrocytic schizogony) (4). P. falciparum and,
to a much lesser extent, P. vivax are the main infecting spe-
cies and causes of disease and death from malaria. The
stage that infects man, the lance-shaped sporozoites reside
in the mosquito’s salivary gland (Sinden 1984). Mosquitoes
inject parasites (sporozoites) into the subcutaneous tissues,
and much less frequently directly into the bloodstream as
shown in Fig. 1. Recent evidence indicates that sporozoites
pass through several hepatocytes before invasion is fol-
lowed by parasite development (Miller e al. 2002). The co-
receptors on sporozoites that mediate invasion involve in
part, the thrombospondin domains on the circumsporozoite
protein and on thrombospondin-related adhesive protein
(TRAP). These domains bind specifically to heparin sul-
phate proteoglycans on hepatocytes in the region in apposi-
tion to sinusoidal endothelium and Kuppfer cells. Inside the
hepatocytes, the parasite undergoes a complex series of
transformations until it eventually transforms into a giant
multi-nucleate stage known as the schizont, which further
divides into roughly small spherical merozoites (Bruce-
Chwatt 1985). The result is an enormous amplification of
parasites: a liver cell infected by one sporozoite releases
into the blood stream from 5000-10,000 merozoites. Each
merozoite invades a red blood cell, as indicated in (5) Fig.
1 where it multiplies asexually until the cell bursts and
releases from 10-20 new merozoites that go on to invade
more red cells. The sequence of invasion is probably simi-
lar for all Plasmodium species. The parasite must engage
binding receptors on the red blood cells and undergo apical
reorientation, junction formation and signalling. The para-
site induces a vacuole derived from the red blood cell’s
plasma membrane and enters the vacuole by a moving junc-
tion. After invading the red cell, P. falciparum initiates a re-
markable process of secreting proteins into the surrounding
erythrocyte cytoplasm and plasma membrane (Adisa et al.
2001) leading to the progressive transformation of the
infected red cells into non-self cells (Giribaldi et al. 2001).
One of these exported proteins, the knob-associated histi-
dine-rich protein (KAHRP), is reported to be essential for
micro-vascular sequestration (Wickham ez al. 2001), a stra-
tegy whereby infected red cell adhere via knob structures to
capillary walls and thus avoid being eliminated by the
spleen. It is the periodic lyses of the red blood cells with
concomitant release of merozoites and toxic waste products
that cause the regular chills and fevers in malaria infection.
Some merozoites develop into male and female gameto-
cytes, thus initiating the parasite’s sexual cycle (Willamson
et al. 1996). Disease begins only once the asexual parasite
multiplies in the red blood cells. This is the only gateway to
disease.
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Fig. 1 Life cycle of the human malaria parasite in its mosquito and
human hosts. Kindly provided, with permission, from Davis and Icke
2001, Royal Perth Hospital, Australia.

SYMPTOMS AND CLINICAL FEATURES

Uncomplicated malaria is a febrile illness associated with
headache, muscular discomfort, weakness and malaise.
These are non-specific features resembling influenza, and
are common to the four human malarias caused by P. falci-
parum, P. vivax, P. malariae and P. ovale. As the untreated
infection becomes synchronized, the fever becomes periodic
with pyrexial spikes every one, two or three days, associated
with chills or rigors (White and Ho 1992). If the disease
progresses, the headache, limb pains and general malaise in-
creases (Buyse et al. 1996). Anxiety and mental confusion
are common at this stage. Fever becomes irregular without
distinct periodicity. Hyperpyrexia, with temperatures well
above 40 degrees centigrade is not uncommon (Long et al.
2001) together with convulsion and consequent aspiration
pneumonia (Bruce-Chwatt 1985). The pulse and respiration
rate are more rapid. Nausea, vomiting and diarrhea increase
in intensity with an associated pulmonary involvement,
leading to cough. There is hepatomegaly and splenomegaly
with slight jaundice (Srivastava et al. 1996). Occasionally, P.
falciparum malaria presents with encephalopathy and fever
mimicking fulminant hepatic failure (Abisheganaden et al.
1996).

PATHOGENESIS OF HUMAN MALARIA INFECTION

The basic pathological process in malaria infection is the in-
vasion of red blood cells, which follow the pre-erythrocytic
stage of the parasite life cycle (Molyneaux 1996; William-
son et al. 1996). Marked alterations in the structure of ery-
throcytes ensue following invasion by P. falciparum malaria
parasites (Riggione et al. 1996). Apart from enabling the P,
falciparum parasites to avoid clearance by the spleen via
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adhesion to endothelial cells, the alterations lead to changes
in the red cell membrane permeability. These alterations
facilitate movement of nutrients into and parasite-derived
proteins out of the cells to meet the needs of the growing
parasites (Garnham 1984).

Maegraith (1981), in postulating the ‘rheological hypo-
thesis’ to explain this phenomenon suggested that the plug-
ging of small vessels arises because the infected red cells
are non-malleable and their changes in shape lead to sheer
resistance to flow. Dietsch and Wellems (1996) have conse-
quently postulated that antigenic variations of this protein
allow parasitized erythrocytes to vary their phenotype and
produce a sustained and chronic malaria infection. Anaemia
usually develops in P. falciparum malaria infection (Bruce-
Chwatt 1985). The type of anaemia is hemolytic, normo-
chromic and normocytic, and in the acute attack there may
be a striking fall in hemoglobin values of the blood (Abi-
sheganaden et al. 1996). Anaemia causes significant mor-
bidity particularly in children with falciparum malaria.
During the infection, increased reactive O, species (ROS)
are generated which may contribute to erythrocyte damage
and anaemia (Griffiths ef al. 2001). In this line, a signifi-
cant correlation has been found between parasitaemia and a
depression of the following anti-oxidants: vitamin A, o/f-
carotene, vitamin E, lycopene and lutein/zeathanthin by
Metzger et al. (2001) who postulated that higher plasma
lycopene could be associated with rapid clearance of mala-
ria parasitaemia. Considering the release of toxic oxidant
compounds, which occurs during erythrocytic merogony,
Garba et al. (2004) examined the effect of falciparum mala-
ria infection on total serum levels of ascorbic acid, one of
the major aqueous phase anti-oxidants. The high total se-
rum ascorbate that they discovered during the acute phase
of the disease provided some evidence for the significant
role of ascorbic acid in the pathogenesis of this disease in
adults, particularly the role of this vitamin in neutralizing
the oxidant compounds released during erythrocytic mero-
gony and the boosting of the activity of the host humoral
immune function. Menendez et al. (2001) have reported
that there is a significant increase in soluble transferrin
receptors during the disease, while Odunukwe et al. (2001)
reported an association between infection and elevated
plasma transferrin levels.

Additionally, a significant percentage of malaria pati-
ents present with thrombocytopenia, hyponatremia and
liver dysfunction. The probable factors involved in hepatic
dysfunction in acute falciparum malaria are local circula-
tory failure associated with centrilobular cellular damage
(Maegraith 1981). Serum concentration of laminin and ba-
sic fibroblast growth factor (FGF) is also increased. These
increased values are believed to be the consequence of
endothelial and basement membrane damage induced by
sequestration of the parasites (Burgman et al. 1996). The
resulting inflammation arising from the above damage may
account for the significant increase in interleukin-18, and
the slight elevation in gamma-interferon observed in this
disease (Torre et al. 2001). Plasma concentration of nitrite
and nitrate (reactive nitrogen intermediates) reflecting high
nitric oxide production somewhere in the body can be high
in patients with cerebral malaria; but even higher in symp-
tom-free parasitized individuals who are termed malaria-
tolerant. Clark et al. (1996) have concluded from an earlier
work that the high nitric oxide causing high serum levels of
reactive nitrogen intermediates in malaria-tolerant indivi-
duals is generated in macrophages during the establishment
and maintenance of malaria tolerance, and makes auto-
immune disease rare in many tropical rural populations by
minimizing proliferation of auto-reactive T cells.

In several studies aimed at assessing the changes in
host-specific enzyme activities in malaria infection, Garba
and Ubom (2005a) reported an over two-fold increase in
the serum activity of lactate dehydrogenase (LDH) in adult
falciparum malaria patients. The high total serum LDH was
postulated to arise as a consequence of the combination of
acute hepatocellular injury and red cell haemolysis induced
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by the invading merozoites. Apart from its significance in
helping to understand the pathogenesis of this disease, the
changes in serum LDH activity also hold a potential as a
valuable enzymatic marker of acute, uncomplicated falcipa-
rum malaria infection, particularly in the absence of other
complicating diseases known to be associated with an
above-normal serum LDH activity (Garba and Ubom
2005a). In a related work involving serum alkaline phospha-
tase, the enzyme was found to be significantly elevated in
falciparum malaria patients relative to a control group of
age-matched adults. Since alkaline phosphatase is found lo-
calized on the membranes of the host hepatocytes drainage
pathways, it was concluded that the enzyme is a potentially
important biomarker for assessing the integrity of the
hepatic drainage system in acute falciparum malaria infec-
tion (Garba and Ubom 2005b). Similarly, the total serum
activities of the tissue-specific enzyme acid phosphatase and
two of its isoenzymes; tartrate-resistant acid phosphatase
(TRAP) and erythrocyte-specific acid phosphatase were
found to be significantly elevated in malaria infection. This
finding suggests that measurement of serum acid phospha-
tase activity, particularly the erythrocyte isoenzymes could
be potentially used as biomarker of acute falciparum mala-
ria infection (Garba et al. 2006a). Garba et al. (2006b) have
also found malaria infection to be associated with an over
30% decline in serum copper levels, which could lead to a
compromised superoxide dismutase (Cu-SOD) activity and
an ineffective immune response. In contrast, magnesium
was found to increase by a three-fold magnitude during
malaria infection. This increase was attributed to haemolysis
arising from erythrocytic merogony since the red blood cells
contain a high concentration of this metal. Garba and Ubom
(2006¢) concluded that the increased serum magnesium has
potential application as a metallic biomarker of acute falci-
parum malaria infection in adults.

MALARIA CONTROL

Malaria control is too complex to be addressed by a simple
approach, and any attempt to do so is fraught with danger. It
is important to tailor the strategy to the prevailing ecological
and epidemiological conditions (Mauchet and Carnavale
1998; Shiff 2002). In addition, malaria control is a scientific
and technical activity that requires skilled and dedicated
staff with training in epidemiology, entomology, mapping
and planning, and manpower management. Since much of
the control work is in the field, it requires personnel pre-
pared to undertake field work. It is not an arena for pure cli-
nicians or laboratory scientists, and although they all play a
role in the fight against malaria, the control operations are
the realm of malariologists (Gusmao 1999). The major tools
in malaria control consist of properly trained personnel with
the requisite authority to coordinate and carry out their sci-
entific work (Roberts ez al. 2000). Once this foundation has
been firmly set, then malaria control efforts can come in any
of the following forms.

Malaria vector control

Significant insights made into the understanding of the dy-
namics of malaria epidemiology and life cycle have yielded
important clues on how best to approach the issue of mala-
ria control from a vector point of view. There are six groups
of major control options.

Biological control

Biological control is defined as the action of predators,
parasites or pathogens in maintaining the density of another
organism at a lower average than would occur in their
absence (Ghosh et al. 2005). There is a lot of inclination to
use biocontrol agents rather than chemical insecticides due
chiefly to the residual effects of chemical insecticides, wide-
spread resistance in target insects, and soaring price of che-
mical insecticides and most importantly, the environmental
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friendliness of the method (WHO 1984). Fish are one of the
major biocontrol agents for controlling malaria vectors in
many countries. Although most fish are potential predators
of mosquito larvae, the most promising species are the
Gambusia affinis and Poecilia reticulate. The bacteria Bac-
illus thuringiensis israelensis (Bti) and Bacillus sphaericus
(Bs) are naturally occurring bacteria that have been used
extensively as biocontrol agents against mosquito larvae
(Wu et al. 1997). The larvicidal activity is dependent on the
crystals of an endotoxin produced by the bacteria during
sporulation. The toxin acts by hydrolysing the epithelial
cell of the gut of mosquito larvae, leading to their death
within 24 hours. Bti and Bs have a highly specific mode of
action and are safe to most of the non-target aquatic verte-
brates and invertebrates. In addition, some species of ento-
mopathogenic fungi like Lagenidium gigantum, Tolypocla-
dium cylindrosporum, Metarrhizium anosopliae and Chry-
sosprium lobatum have also generated a lot of interest as
potential biocontrol agents of mosquito larvae (Federici
1981; Mohanty and Prakash 2002).

Source reduction through environmental
management

This involves the modification of the environment to make
it unfavourable for the vectors to breed. It includes draining
or filling up of ponds, burrow pits and gutters. Other mea-
sures include intermittent draining of irrigated areas and
maintenance of irrigated channels and construction of drai-
nage channels.

This method can be used in urban settings effectively to
control mosquito breeding (www.cdc.gov/ncidod/dvbid/
westnile/index.htm.). The advantage of this method is that
it can be applied any where, where breeding sites are well-
defined, limited in number and accessible and it entails a
multi-sectoral approach involving all concerned partners in
health, agriculture, environment, planning and water resour-
ces.

Reduction of human-anopheline vector contact

The use of insecticide-(pyrethroid)-treated nets (ITNs) is
rapidly gaining grounds as an important method of malaria
vector control. The residual action of the pyrethroids has
been shown to lead to increased vector control effectiveness
by adding to the barrier effect of the net, the killing action
of the insecticide. Specifically, the repellent effect of the
pyrethroids prevents feeding through the net and the pene-
tration of mosquitoes through holes in the net (Zaim et al.
2000; N’Guessau et al. 2001).

Space and indoor residual spraying

The main effect of space-spraying is the rapid reduction of
vector density and a resulting increase in adult mosquito
mortality, leading to rapid reduction in transmission (Nejara
and Zaim 2001). This control method has been used to fight
epidemics of mosquito-borne diseases and as a complimen-
tary measure against exophilic malaria vectors. Indoor resi-
dual spraying on the other hand includes all methods of in-
door spraying with residual insecticides. The killing effect
is usually targeted to house-resting malaria vectors, and it
constitutes a most efficient way of using the insecticide to
kill malaria transmitting vectors (WHO 2002).

Genetic control

A different approach to the control of vector-borne disease
is the use of genetic methods to either reduce the density of
the vector population or replace competent vectors with ge-
netically modified counterparts that have been made re-
fractory to parasite infection or development and no longer
can transmit target pathogens or parasites, and consequent
loss of vectorial capacity (Boete and Koella 2003). Genetic
methods are usually directed against adult mosquitoes.
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Sterile-male release techniques are being studied in some
countries for obtaining a high proportion of infertile insemi-
nation (UNDP/WHO/World Bank 1991). Mosquitoes that
are refractory to infection with malaria are released for re-
placing the naturally susceptible ones, leading to dilution of
malaria-susceptible genes in the mosquito population by
males carrying the refractoriness genes (Ito et al. 2002).
Along this line, the mosquito, Anopheles stephensi Liston
has been successfully transformed so that the binding of the
malaria parasite Plasmodium berghei to the mosquito mid-
gut membrane and sporozoite passage across the epithelium
of the salivary glands were significantly reduced (Ito et al.
2002). Promising as this control method sounds, several re-
ports on the fitness of genetically transformed mosquitoes
relative to their wild counterparts and how they will even-
tually fare in the natural environment (Clark 2002; Boete
and Koella 2003; Catteruccia et al. 2003) have shown that
controlling malaria with transgenic mosquitoes is still in its
early phase of development (Catteruccia et al. 2000; Ito et
al. 2002).

Other methods

Other protective methods include house protection by use of
nettings to screen windows and doors, the use of repellents
through direct application on skin as lotions, creams or ae-
rosols or on clothes (WHO 2002). This should be used to
compliment the use of bed nets and house protection me-
thods. Fumigant insecticide dispensers are also widely used
in the tropics for individual protection, usually in the form
of mosquito coils and, in urban areas, electrically heated
dispensers (WHO 2002).

ANTI-MALARIAL CHEMOTHERAPY

One of the main components of the global malaria control
strategy aimed at preventing mortality and reducing morbi-
dity is early diagnosis and prompt treatment (Talisuna et al.
2004). The latter involves the use of anti-malarial drugs.
Anti-malarial chemotherapy dates back to antiquity. Early
natural products include the bark of the cinchona tree and
extracts of the worm wood plant (Rosenthal 1998). Exten-
sive efforts involving the screening of hundreds of com-
pounds led to the development of a number of effective anti-
malarial drugs, with the most important being chloroquine,
which has been the mainstay of anti-malarial chemotherapy
for over 50 years (Coatney 1963). Chloroquine eliminates
parasites rapidly, has minimal toxicity and is widely availa-
ble at low cost worldwide (Olliaro ef al. 1996).Other impor-
tant anti-malarials are quinine (Panisko and Keystone 1990),
amodiaquine and mefloquine (Palmer ef al. 1993) and fansi-
dar, which is a combination of sulfadoxine and pyrimetha-
mine (Luzzi and Peto 1993). The widespread development
of resistance to these agents has led to the introduction of a
new class of anti-malarials which include halofantrine
(White 1996) and artemisinin and its derivative compounds
(Talisuna et al. 2004). The major threat to the effectiveness
of anti-malarial chemotherapy is the emerging resistance to
virtually all known anti-malarials, with the exception of ar-
temisinin in several countries (Bloland et al. 1993; Bloland
2000). This underscores the need for investment into the
search for new, easily affordable anti-malarial drugs or com-
bination therapies, and studies aimed at understanding the
mechanistic basis of anti-malarial drug resistance with a
view to designing circumvention strategies.

MALARIA VACCINES AS CONTROL TOOLS

The development and implementation of a vaccine against
malaria is critical to finding a long term solution to this age-
old killer disease (Hoffman 1996). Effective malaria vac-
cines have the potential of saving millions of lives and
could be more cost-effective relative to anti-malarial che-
motherapy. To this end, significant advances have been
made in the understanding of the nature of the immune
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mechanisms during malaria infection and identification of
potential vaccine targets (Sherman 1998; Lingelbach et al.
2004). One of the major areas where great advances have
been made in malaria vaccinology is the work on transmis-
sion-blocking vaccines. Functionally, these vaccines consist
of antibodies which are ingested by the mosquito with the
blood meal and interfere with parasite development (Riehle
et al. 2003). Several proteins expressed on the surface of
gametes and ookinetes have been tested as potential trans-
mission-blocking vaccine candidates (Duffy and Kaslow
1997; Carter 2001). However, it is worth noting that trans-
mission-blocking vaccines do not protect the immunized
individual but act by preventing infection of people in the
surrounding community, hence they may have to be incor-
porated into conventional vaccines which target the verte-
brate stages of the parasite (Richle et al. 2003). Another ap-
proach to vaccine development which shows some potential
for success is the targeting of the parasite’s hepatic life
cycle. The hepatic life cycle is an ideal target for vaccine-
induced protective immunity, because this stage lasts for at
least 5.5 days and most significantly, it is not associated
with pathology (Hoffman and Doolan 2000). Such a vac-
cine would be able to effectively prevent both the clinical
symptoms of malaria and malaria transmission (Daubersies
et al. 2000). Another vaccine strategy currently under seri-
ous study a polyepitope DNA vaccine primarily encoding
CD 8" T cell epitopes (Gilbert ef al. 1997). However, in or-
der to significantly reduce mortality and morbidity due to
malaria which affects hundreds of millions and results in
the death of over a million children annually in sub-Saharan
Africa, a vaccine which induces immune response against
sporozoites, hepatic stages and erythrocytic stages are re-
quired (Miller and Hoffman 1998). Looking at the challen-
ges and prospects for an effective malaria vaccine, the ideal
anti-malarial vaccine may be the multi-antigen DNA-based
vaccines that are currently in clinical trials (Hoffman ef al.
1998). The present challenge is to adequately test these vac-
cines in the field, while working and investing in the deve-
lopment of improved and perhaps more complex vaccines
(Hoffman and Doolan 2000).

CONCLUSION

An effective and sustainable war against malaria requires a
multi-sectoral and concerted effort. There is the need for
research and investment into the development of novel
environmentally-friendly insecticides for insecticide treated

net application and indoor/outdoor spraying, and biocontrol.

However, the search and eventual adoption of biocontrol
methods must also consider the all important issue of main-
taining an ecological equilibrium in favour of both the pre-
datory biocontrol agents and the immediate ecological
niche. Vector-human contact prevention strategies and poly-
valent vaccines capable of inducing protective immunity to
all the blood stages of the parasite’s life cycle will also go a
long way towards strengthening the global armamentarium
against this killer disease. Equally important in the global
fight against malaria is action-backed political will from
governments and the various levels of health services, parti-
cularly in malaria-endemic countries, a will that goes be-
yond mere pronouncements and highly politicised promises
to act at glamorous, Klieg light-infested international confe-
rences and meetings.
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