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Abstract

This thesis describes a B-cell lymphoma, splenic lymphoma with
villous 1lymphocytes (SLVL), in Ghana. It 1is the first
description of this disorder from tropical Africa where it may
be more common than in temperate countries. In 10 patients,
who could clearly be diagnosed as SLVL, the disorder is
characterised by splenomegaly, lymphocytosis and typical
villous lymphocytes with polar villi. In these patients
evidence presented for the monoclonal nature of the
lymphocytosis includes the presence of serum paraproteins,
restricted immunoglobulin light chain expression and clonal
rearrangement of immunoglobulin genes. The disorder differs
from SLVL in Europe by affecting a younger age group and more
women than men. It seems to be more aggressive than in

Caucasians with a mortality rate of over 30% in 4 years.

A second group of patients is identified by this study who
have some of the features of SLVL, including splenomegaly and
villous lymphocytosis, but in whom no monoclonal population of
cells can be detected. Some of these patients also fulfill
existing criteria for the diagnosis of hyper-reactive malarial
splenomegaly (HMS). The frequency with which SLVL is
associated with HMS suggests that HMS may be involved in the

mechanism of lymphomagenesis.

Malaria induces a polyclonal expansion of B-lymphocytes



thereby providing a pool of cells with an increased potential
for mutational chromosomal events. Full tumourgenesis may also

require activation of oncogenes such as BCL-1.
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CHAPTER 1
INTRODUCTION

This thesis describes a type of lymphoma in tropical West
Africa characterised by specific lymphocytes in the peripheral
blood and splenomegaly. The clinical, serological,
immunological and molecular features are compared to those
occurring in the disorder elsewhere. Reasons for its
association with hyper-reactive malarial splenomegaly are
suggested on the basis of analogy to the pathogenesis of other

malignant lymphoproliferative disorders.
NON-HODGKIN'S, NON-BURKITT'S LYMPHOMAS IN AFRICA

Since investigation into lymphomas in tropical Africa has
primarily been directed towards Burkitt's lymphoma there is
limited information on other types of lymphoproliferative
disorders. Non-Burkitt's, non-Hodgkin's lymphomas (NBNH) are
more common than Burkitt's and Hodgkin's lymphomas and their
incidence in those aged less than 60 years is higher than in
temperate regions. They occur at all ages, most commonly
between 20 and 50 years, and the male: female ratio is 2:1
[Fleming 1985]. It is difficult to be precise about the
incidence and epidemiology of the various sub-types of
lymphoma as different classification systems have been used.
The majority of data concerning African NBNH lymphomas comes

from Uganda's Kampala Cancer Registry with a 1little from
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Nigeria and Zimbabwe.

Comparison with non-Hodgkin's lymphomas in temperate areas

Low-grade lymphomas only account for 17% of all NBNH lymphomas
in Africa whereas in Western countries these form the majority
of non-Hodgkin's lymphomas (NHL) [Levy 1988]. Africa also has
a higher rate of high grade non-Hodgkin's lymphomas the
histology of which has been described in publications as
'histiocytic' and 'diffuse' with a wvirtual absence of
'follicular' or 'nodular' sub-types [Fleming 1988, Olweny
1981]. It has been suggested that this may partly be due to
delay before diagnosis [Olweny 1981] as some nodular lymphomas
progress to the diffuse type before death. The presentation of
NBNH lymphomas is also different; African patients tend to
present later than Caucasians and have widespread, advanced
disease. Many reasons for these variations have been put
forward. Some geographical features of leukaemias and
lymphomas in tropical Africa are similar to those of Burkitt's
lymphoma which is associated with viral aetiology. It has
therefore been suggested that Epstein Barr virus in
association with malaria may participate in the oncogenesis of

other tropical lymphoid neoplasms [Fleming 1988].

Chronic 1lymphomas 1in Africa are usually associated with
splenic enlargement but they have not been widely sub-typed
according to histological appearance. Lymphomas occurring in

other parts of the world which have splenomegaly as a

14



prominent feature include ‘'splenic' <chronic lymphocytic
leukaemia (CLL), hairy cell 1leukaemia (HCL) and Dacie's
syndrome. The most recently described entity in this group of

disorders is splenic lymphoma with villous lymphocytes (SLVL).

LYMPHOPROLIFERATIONS CHARACTERISED BY PROMINENT SPLENOMEGALY

Although the spleen is involved in 34-40% of patients with
non-Hodgkin's lymphoma, splenomegaly 1is only an isolated
finding in 1-2% [Spiriano et al 1986]. Most 1lymphoid
malignancies in which splenomegaly features prominently have
characteristics which allow them to be differentiated from

each other.

Hairy Cell Leukaemia

Hairy Cell Leukaemia occurs most commonly in elderly men and
is usually associated with leucopoenia and monocytopoenia
[Bourouncle 1979]. There are no circulating plasmacytic cells
and a specific pattern of bone marrow involvement is observed
on trephine biopsy. The characteristic 1lymphocytes have
circumferential hair-like projections and basophilic cytoplasm
with a clear perinuclear zone corresponding to the Golgi
apparatus. The cells react with monoclonal antibodies against
CD25 and CD1llc determinants and, in addition to B cell
markers, they exhibit tartrate-resistant acid phosphatase

activity.

15



'*'Splenic' Chronic Lymphocytic Leukaemia

In this variant of CLL splenomegaly and not lymphadenopathy
is the predominant physical finding. Splenic CLL has been
defined as a peripheral blood lymphocyte count over 15 x 109/1
and over 40% malignant cells in the bone marrow or similar
numbers of bone marrow lymphocytes with a peripheral blood
lymphocyte count over 4 x 109/1 sustained for at 1least 6
months [Dighiero et al 1979). In CLL there is generally a
higher white blood cell count than in other 1lymphoid
malignancies and there is diffuse or nodular bone marrow
involvement. The cells do not have cytoplasmic projections
and are, on average, slightly smaller than normal lymphocytes.
The cells possess B-cell markers and surface immunoglobulin
expression is characteristically weak. The lymphocytes react
with antibodies to the surface marker CD5 which distinguishes
them from other lymphoid malignancies. The splenic form of CLL
is unusual comprising about 5% of all cases of CLL in
Europeans [Dighiero et al 1979]. However, it is reported to be
the most common variety of CLL in tropical Africa [Essien

1976].

Chronic lymphocytic leukaemia in Africa

CLL is said to constitute 50-75% of all chronic leukaemias in
Nigeria [Essien 1976], Ghana and Tanzania [Haddock 1967] and
to be more common in West than East Africa [O'Conor 1984]. Not

only does CLL in Africa differ from CLL in more developed

16



countries but there are also variations between West and East
Africa. In developed countries a diagnosis of CLL can be made
with white cell counts of only 5 x 109/1 if surface marker
studies are suggestive [Bennett et al 1989)]. There has been
very little data published on the phenotype of CLL lymphocytes
in Africa and in practise a diagnosis of CLL is made on the
clinical findings of splenomegaly and a high white count
which, although not defined, usually exceeds 10 x 10%/1.

Half of the African patients are aged less than 50 years and
in this group women predominate (M:F 1:2) [Fleming 1985,
Williams 1984, Essien 1976, Allan & Watson-Williams 1963, Owor

1984] (figure 1).

Figure 1. Age and sex distribution of CLL in Africa

Age (years) Males Females M:F ratio
<44 16 27 0.59:1
>44 27 15 1.80:1

Total 43 42 1.02:1

[Fleming and Peters 1982]

These young patients with CLL are of lower socioeconomic
status than their chronic myeloid 1leukaemia counterparts
suggesting that factors such as malnutrition, infections and
poor sanitation may play a role in leukaemogenesis [Williams

1984]. Although younger patients are also affected in East

17



Africa, males predominate at all ages [Fleming 1986].

The commonest presentation of African CLL is with splenomegaly
rather than lymphadenopathy as in temparate zones [Williams
1984, Olweny 1981, Allan and Watson-Williams 1968, Haddock
1967] and anaemia is usual. Symptoms are generally non-
specific or associated with the presence of a splenic mass.
Although some patients can live for many years with few
symptoms the disease tends to present late and have a poor

prognosis [Essien 1976].

Non-tropical idiopathic splenomegaly (Dacie's syndrome)

The main features of Dacie's syndrome are massive splenomegaly
with hypersplenism. There are no distinctive histological
features. Retrospective analysis of histological specimens has
shown that initially some patients did have a cytological
abnormality in their spleens. 20% of all patients developed
malignant non-Hodgkin's lymphomas of varying sub-types after
8-80 months [Dacie et al 1978]. Because of the similarities in
the histological findings to Felty's syndrome and tropical
splenomegaly syndrome, it was suggested that the syndrome may

be an exaggerated immune response to an unknown stimulus.

The most recently described member of the family of splenic

lymphomas, splenic lymphoma with villous lymphocytes (SLVL),

was first described by Nieman et al in 1976.
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SPLENIC LYMPHOMA WITH VILLOUS LYMPHOCYTES

Splenic Lymphoma with Villous Lymphocytes (SLVL) 1is a
malignant disease of B-lymphocytes which has been defined in
European patients. It is at least 10 fold less common than
Chronic Lymphocytic Leukaemia (CLL) [Mulligan et al 1991] and
has been included in the most recent classification system as
a specific subtype of non-Hodgkin's lymphoma [Bennett et al
1989] involving B cells at an intermediate to late stage of

maturation [Valensi et al 1990].
Characteristics of SLVL in Europe

SLVL can be recognised by the presence of splenomegaly and
typical ‘'villous' lymphocytes in the peripheral blood which
comprise at least 30% of the total lymphocyte count [Melo et
al 1987]. It affects men more often than women (2:1) and is
predominantly a disease of those over 60 years. Although in
25% of cases SLVL 1is detected incidentally, it usually
presents with mild symptoms relating to splenomegaly or with
generalised weakness and fatigue. Over 80-100% of individuals
have splenomegaly with no lymphadenopathy and half have
hepatomegaly. The majority of patients are anaemic as a result
of haemodilution [Sp riano et al 1986]. The total white blood
count is generally less at diagnosis than that in CLL (2-40 x
109/1) [Sp riano et al 1986, Melo et al 1987] and about 15% of

SLVL patients have a white blood count less than 10 x 109/1.
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A small percentage of cells’may have plasmacytic features. 25-
50% of individuals have a monoclonal band in the serum
[Valensi et al 1990, Melo et al 1987] which is usually typed
as IgM and a further 10-20% have a urinary paraprotein in
addition or as an isolated finding. The spleen shows white
pulp involvement and in 50% the bone marrow is infiltrated in

a nodular or diffuse pattern.

The typical villous cells are about 7um in diameter, slightly
larger than the abnormal lymphocytes of CLL. They have a round
or oval nucleus, with clumped chromatin and often a nucleolus.
There is a variable amount of basophilic cytoplasm. Thin,
short projections, or villi, are clustered at one or both
poles of the cell. Although the cells do not exhibit any
specific surface antigens they are positive with antibodies
for B cell markers such as CD19 and demonstrate light chain
restriction. Surface expression of immunoglobulin is high
compared to that in CLL and, although there are exceptions
[Valensi et al 1990], SLVL cells are generally negative with
antibodies for CD5. As SLVL cannot be distinguished from other
lymphoproliferative disorders by surface marker studies alone,
these must be used in conjunction with other cytologic and

histologic parameters.

Course and Management of SLVL in Europe

SLVL seems to be a stable or slowly progressive disease with

some patients remaining well for many years without treatment.
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Mulligan and coworkers [1991] have followed 50 patients with
SLVL for 6 months to 15 years (mean 3.7 years) 14 of whom
remained well without any treatment. The most common problems
experienced by patients were related to hypersplenism rather
than infections or auto-immune phenomena as would be expected
in CLL. 4 patients died from causes unrelated to SLVL and the
rest (32) were treated with combinations of chemotherapy,
splenic irradiation and splenectomy. The overall mortality of
the disorder was 24%, women having a better prognosis than
men. One third of all deaths were due to disease progression,
half were due to vascular disease and other malignancies and
in the rest the causes were unknown. The mediarﬂsurvival was
thought 1likely to exceed 5 years. Indications for treatment
were hypersplenism, splenic discomfort or an increasing white
cell count. Splenectomy was shown clearly to be the treatment
of choice. 40% of patients eventually underwent the procedure
and all then had white cell counts of 3.5-5.5 x 109/1 and
villous lymphocytes <10% maintained for up to 6 years without
further intervention. The beneficial effects of splenectomy
exceeded those that would be expected from correction of
hypersplenism alone. The efficacy of splenectomy has been
confirmed by other workers who found that it was followed by
aﬂimprovementin symptoms, haemoglobin and paraprotein levels
[Sp .riano et al 1986]. Other treatment modalities such as
splenic irradiation and chlorambucil may be useful in those
patients for whom surgery is inappropriate [Valensi et al

1990].
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Information has also been published concerning the management
and prognosis of other disorders similar to SLVL. Splenic CLL
has a good prognosis without treatment no deaths being
recorded in 23 patients in 1.5-30 years [Dighiero et al 1979].
Early splenic 1lymphoma restricted to the spleen and hilar
nodes has a favourable prognosis after splenectomy which is
thought to be ‘potentially curative' [Brox et al 1991].
Splenectomy was also beneficial in splenic lymphoma in which
the peripheral blood appearances were not described [Kehoe and

Straw 1988].
NON-MALIGNANT CAUSES OF SPLENOMEGALY IN AFRICA

Splenomegaly is much more common in tropical areas where
malaria is holoendemic than in temperate regions. In Nigeria,
West Africa, the average spleen size is 271g, 100g more than
in Europeans [David-West 1982]). As black Americans have
spleens of comparable size to local white Americans the
geographical variation may reflect a difference in

environmental rather than genetic factors [Sagoe 1987].

In tropical Africa, marked splenomegaly occurs not only in
lymphoreticular malignancies but also in a number of tropical
infections and in the non-infectious disorder, hyper-reactive

malarial splenomegaly (HMS).
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Infections

Acute malaria may be associated with transient splenic
enlargement which regresses with anti-malarial therapy.
Malaria parasites can be found in the blood (unusual in HMS)
and the spleen quickly becomes impalpable over days rather
than months as in HMS. Schistosomiasis occurs in certain areas
of Ghana and can be diagnosed by examination of the stool,
urine or rectal biopsy for schistosomal ova. Ascites is more
common in schistosomiasis than in HMS. Leishmaniasis is
unusual in Ghana and 1is more often associated with
haemorrhagic complications than HMS. It can be diagnosed in
60-80% of cases by bone marrow aspiration and biopsy [Hewlett
and Pitchumoni 1987]. Other infectious causes of splenomegaly
such as tuberculosis, brucellosis and typhoid fever should

also be considered in the differential diagnosis.

Hyper-reactive malarial splenomegaly

HMS - formerly known as Tropical Splenomegaly Syndrome -
[Bryceson et al 1983] is thought to be an abnormal response
to malaria infection which occurs primarily in women of child-
bearing age. It is often associated with a high IgM level,
which is considered to be an important criterion for its
diagnosis, and hepatic sinusoidal lymphocytosis. Anaemia due
to splenic pooling, increased destruction of red cells and
expanded plasma volume [Pryor 1967] is a constant feature and

both the splenomegaly and anaemia respond to anti-malarial
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drugs. Despite fluctuations in symptoms and anaemia HMS is
progressive with no spontaneous remissions and a mortality

rate of 63% in 18 years [Crane 1986a]

HMS is limited to the 'malaria belt', particularly Africa and
Oceania, but the incidence is low in high altitude regions.
Although in the past most reports of HMS have come from the
African continent and Papua New Guinea, since the publication
of criteria for the diagnosis of HMS in 1981, cases have also
been reported from other countries including Brazil [Alecrim
et al 1982)], India [Gupta et al 1987] and Indonesia [Campbell

et al 1986] (figure 2).
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Ambiguity concerning the requirements for the diagnosis of

HMS must raise doubts as to the validity of diagnoses of HMS

prior to 1981.

The diagnostic criteria for HMS were based on work done in

Nigeria and are listed below [Fakunle 1981].

Gross splenomegaly
Imnmunity to malaria
Hyperelevation of

serum IgM levels

Response to anti-
malarial treatment

Hepatic sinusoidal
lymphocytosis

Normal response to
phytohaemaglutinin
Hypersplenism

Lymphocyte
proliferation

F a m i 1 i a 1
predisposition

Major criteria

spleen extending more than 10cm below
the costal margin

aquired by being a long-term resident in
a malarious area

to at least 2 standard deviations above
the local normal mean

with clinical, haematological and
immunological improvement

Minor criteria

occurs in over 80% of HMS patients.

wide variation but useful in
differentiating HMS from CLL and
lymphoma

inconsistent finding

in peripheral blood and bone marrow in
some African patients only

partial protection with haemoglobin AS
haplotype and association with certain
HLA haplotypes

The publication of these criteria was especially necessary in

Africa where a myriad of conditions such as schistosomiasis,
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trypanosomiasis, leishmaniasis, tuberculosis, typhoid,
cirrhosis and lymphoreticular malignancies are associated with
significant splenomegaly. However, these criteria are often
not applied because district hospitals and rural health posts
(where most of these patients are first seen) do not have
access to specialist histopathological services or
immunoglobulin estimations. Liver biopsy in patients who may
be thrombocytopenic is hazardous in areas where supplies of
emergency transfusion blood are precarious. Furthermore,
several studies have shown that neither hepatic sinusoidal
lymphocytosis [Bryceson 1976, Schnitzer 1976] nor high IgM

levels [DeCock 1986] are specific for HMS.

8-70% of African patients with HMS have a blood and bone
marrow 1lymphocytosis [Lowenthal et al 1980, Bryceson et al
1976]; this phenomenon has not been found in other parts of
the world. An association between HMS and CLL has been
suggested following the observation that a small number of
people with HMS have developed CLL [Fakunle 1981]. Sagoe
[1970] first described the use of lymphocyte responsiveness
to phytohaemagglutinin (PHA) to assist in the differentiation
between HMS and CLL in the African situation. This technique
has subsequently been used in other Nigerian studies to
distinguish benign from malignant causes of splenomegaly
[Ukaejiofo and David-West 1979, Bryceson et al 1976]. In this
technique lymphocytes were cultured in the presence and
absence of PHA. Radiolabelled thymidine was added several

hours before harvest and blastic transformation assessed by
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either beta emission or percentage counts of lymphoblasts. In
HMS, 1lymphocyte response was normal with over 60% of cells
responding to PHA; in CLL, blastic transformation occurred in

less than 40% of lymphocytes,

WORK LEADING UP TO THIS STUDY

Between 1986 and 1989 during a clinical appointment at the
School of Medical Sciences in Kumasi, I conducted a study of
splenomegaly in this malarious area of Ghana. During the
course of the work it became clear that after locally
prevalent infectious causes of splenomegaly had been excluded
the remaining patients still demonstrated a heterogeneous
group of disorders. Although some patients had HMS there were
many cases which could not be resolved as they did not fulfill
conventional criteria for either HMS or CLL. In particular,
some patients exhibited behaviour typical of a
lymphoproliferative disorder and had lymphocyte morphology
which resembled that of SLVL. A series of serological and
immunological investigations were performed in these patients
to establish the identity of this disorder. The fact that DNA
is a robust substance which can be collected and stored
without significant degradation under tropical conditions,
provided the opportunity to also carry out investigations of
lymphocyte clonality and thereby to differentiate between this

malignant disorder and other benign conditions such as HMS.
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APPLICATION OF MOLECULAR BIOLOGY TO B-CELL DISORDERS

The techniques of molecular biology involve the analysis, or
manipulation, of DNA, RNA or protein at a molecular level. In
the context of the investigation of B-cell malignancies they
are useful for detecting nucleotide sequence changes, such as
point mutations, deletions and rearrangements, detecting
clonality and determining the maturational stage of malignant
cells [Worwood 1990)]. During differentiation of a stem cell
into a mature lymphocyte, immunoglobulin genes are rearranged.
In the normal situation the B-cell population is polyclonal so
many different rearrangements are present. If a single cell
becomes malignant all the progeny of that cell will possess
the same pattern of immunoglobulin gene rearrangement which is

amenable to detection by molecular methods.

The immunoglobulin gene

Studies of immunoglobulin gene rearrangements can be used to

confirm B-cell lineage and monoclonality in

lymphoproliferative neoplasms such as SLVL.

Immunoglobulin molecule and gene structure

The immunoglobulin molecule consists of a pair of 2 identical

heavy chains (IgH) and two identical 1light chains (IgL)

(figure 3).
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The genes encoding these polypeptides are arranged in germline
configuration as discontinous segments of DNA which contain
coding segments called variable (V), diversity (D), joining
(J) and constant (C). Some segments may contain hundreds of
different V regions. IgH, Ig kappa and Ig lambda are located
on separate autosomal chromosomes, 14g32, 2pl2 and 22gll
respectively [Griesser 1989]. The heavy chain gene is the most

complex [Boehm and Rabbitts 1989].

Immunoglobulin gene rearrangements

During the process of normal B cell differentiation segments
of the immunoglobulin gene are rearranged in an orderly
fashion to produce the final active form of the gene which
will lead to the production of mRNA. In the production of an
immunoglobulin heavy chain, first the D and J segments join
(partial rearrangement) and then the DJ unites with a V
segment (complete rearrangement) to form a variable region
gene assembly. This, together with an intron and a constant
region gene segment forms a complete rearranged immunoglobulin
heavy chain gene. This unit is transcribed and spliced to
constitute a functional mRNA results in the synthesis of
cytoplasmic heavy chain. The synthesis of 1light chains is

similar except that they do not possess D regions (figure 4).
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The normal sequence of events in which the genes encoding the
components of the antibody molecule are rearranged is heavy
chain, kappa then lambda light chains. If rearrangement of the
heavy chain gene is successful, attempts will be made to
rearrange the kappa than lambda light chain genes. Once an
immunoglobulin chain gene has been rearranged the gene on the
other allele be excluded [Boehm and Rabbitts 1989]. However,
if all these attempts fail the immunoglobulin protein will not
be formed and the cell will remain at the pre-B stage. These
events enable the cell to generate a vast repertoire of
antigen receptors (ie. immunoglobulins) with unique
specificities. Other mechanisms for generating diverse antigen
specificity include sequence variability at the Jjunction
between V, D and J gene segments with potential for inserting
1-24 nucleotides at the ends of the Jjunction of the
immunoglobulin gene segment. This is inserted by terminal
deoxynucleotidyl transferase. Somatic mutation may also occur
in the genes encoding the variable region of the
immunoglobulin polypeptides which by differential selection

will result in antibodies of higher antigen affinity.

Use of immunoglobulin gene rearrangement studies

Each B cell produces an immunoglobulin with two variable
region sequences of unique specificity. The progeny of these
cells will be identical to the parent cell (apart from
possible variation resulting from somatic hyper-mutation) and
produce either kappa or lambda light chains but not both. A

clonal population of cells can therefore be recognised by the
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presence of a single type of 1light chain (light chain
restriction) rather than both kappa and lambda chains. These
can be detected using labelled monoclonal antibodies against
the light chains. Clonality can be confirmed by analysis of
the DNA rearrangement pattern of the immunoglobulin gene. In
a tumour most cells have the same rearrangement because they
are derived from a single cell and so specific rearranged
bands can be seen on Southern blotting [Worwood and Wagstaff
1990]. This indicates that the malignancy has arisen after the
B cell reached the stage of rearranging its immunoglobulin
genes. Polyclonal cell populations do not show any distinct
rearranged bands in Southern blotting because many different
rearrangements are present. Molecular probing for the
immunoglobulin gene has therefore facilitated investigation of
the lineage of B cell malignancies and allowed differentiation

between mono- and polyclonal lymphoid proliferations.

The relationship between monoclonality and malignancy

Generally the detection of a monoclonal population of cells
implies malignancy and indicates the presence of a tumour.
However there are a few instances of non-malignant disorders
in which monoclonal cells can be demonstrated. Although they
are associated with a high incidence of malignant
transformation spontaneous regression may occur. These include
T8 lymphocytosis (gamma and beta T cell receptors),

varioliformis acuta, systemic Castleman’s disease (a form of
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reactive lymphoid hyperplasia characterised by angiofollicular
lymph node hyperplasia) and lymphoepithelial 1lesions
associated with Sjoegren's disease [Griesser et al 1989].
Lymphomas in immunosupressed patients have oligo- or
monoclonal cells whose pattern of rearrangement varies with
time or site of biopsy. It is likely that during the process
of lymphomagenesis oligoclonal lymphoproliferations, probably
virally induced, emerge on the background of immunodeficiency.
Eventually one of these clones predominates and a clonal
rearrangement becomes detectable. Other events, such as
chromosomal translocations involving regulatory genes,
probably then occur in order to produce malignant

transformation.

MALARIA AND LYMPHOPROLIFERATIVE MALIGNANCIES

Malaria prevalence and immunity
About 200 million people carry malaria infection and there is
currently a resurgence due to the combined effect of
resistance to insecticide and resistance to anti-malarial
drugs. By the age of 1 year almost every child in tropical
Africa has been infected with malaria and at least 1 million
children die of the disease every year [Facer and Playfair
1989]. The life cycle of the parasite is complex (figure 5)
with the anopheline mosquito as a vector. It is the schizonts
that cause the intermittent fever and other
symptoms of the infection. After intrahepatic maturation,

merozoites are released into the blood where they invade
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