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Abstract

Characterization of antigens expressed on the surface of infected erythrocytes
with Plasmodium falciparum

The surface of the erythrocyte is altered during infection by Plasmodium
falciparum. Some of these alterations play a critical role in the pathogenesis of severe
disease and evasion of host immunity by sequestration and antigenic variation.

This study was undertaken to characterize the antigens expressed on the
surface of infected erythrocytes with late trophozoite/schizont of different P.
falciparum isolates. Analysis of these antigens was carried out with pooled hyper-
immune serum (HIS) from Malawian adults and eluted antibodies from the surface of
infected red blood cells, using immuno-gold silver enhancement (IGSE). The results
showed that, while the HIS recognized surface antigens of all the isolates, a high level
recognition by eluted antibodies was only observed with the homologous isolate.

In an effort to identify the surface molecules, a number of experiments were
performed using SDS-PAGE, Western blotting, biotinylation techniques and
immunoprecipitation. These demonstrated that more than one set of molecules was
located on the surface of the I-RBC and that they were diverse in different isolates.
The findings indicated that the eluted antibodies from the surface of infected cells
could be used as monospecific reagents when used on live cells, while remaining
cross-reactive when used with denatured antigens.

A new cytoadherence method (on-column cytoadherence) was developed to
investigate the relative size of binding subpopulations of seven isolates to various
endothelial receptors. It showed that most isolates tested have adhesion to ICAM-1
and CD36 ligands and that they consist of subpopulations of various size with regards
to their binding to a particular receptor. For example, the percentage binding to
ICAM-1 varied from 0 (3D7) to 69.3% (ITG), and the binding to CD36 varied from 0
(3D7) to 59% (ITG). It was also demonstrated that the method can be used to select
parasites under flow conditions and prepare eluted antibodies from the surface of each
binding subpopulation of a unique parasite.

To investigate the antigenic diversity between various subpopulations of a
given isolate of P. falciparum (A4), a set of experiment were carried out using
Western blotting, biotinylation technique, sensitivity to trypsin, IGSE and IFAT
assays. These demonstrated that protein profile was different for various
subpopulations of A4. The range of molecular weight proteins varied between
parental and ICAM-1 binding subpopulation (~253 to ~277 kDa). A molecule of ~55
kDa may also be involved in the cytoadherence of I-RBC to endothelial receptors.

In conclusion, these results revealed that each isolate of P. falciparum
expresses unique antigens on the surface of erythrocytes infected with late
trophozoite/schizont. These are involved in cytoadherence and host immune response.
This work demonstrated that the on-column cytoadherence method and eluted
antibodies can possible valuable information and reagents for the characterization of
surface antigens, which open many possible new avenues for investigation.
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1. INTRODUCTION

Malaria is a protozoan infection transmitted by the Anopheles mosquito, and
caused by parasitic protozoa of the genus Plasmodium, which infect human and insect
hosts alternatively. Of the four species of Plasmodium that naturally infect humans,
Plasmodium vivax, Plasmodium malariae and Plasmodium ovale cause severe
morbidity, whereas Plasmodium falciparum is responsible for nearly all malaria-
specific mortality (reviewed by Kyes ez al., 2001).

It is a very old disease and prehistoric man is thought to have suffered from
malaria. The parasite probably originated in Africa and fossils of mosquitoes of up to
30 million years old show that the vector for malaria was present well before the
earliest history. Following their origins in Africa, P. vivax and P. malariae could have
been brought to the New World by early trans-Pacific voyagers, and this trend for
imported malaria continues to this day. P. falciparum has a much more recent origin
and it may have moved to the New World with consignments of slaves bound for the
Spanish colonies. These malaria parasites are highly host-specific, with man as their
almost only vertebrate host and Anopheles mosquitoes as the vectors.

In the past, malaria used to be common in the marshy areas around Rome and the
name is derived from the Italian, mal-aria or "bad air"; it was also known as Roman
fever. The most recent global estimate of malaria mortality and morbidity is for 1996
and shows 1.5-2.7 million deaths and 300-500 million sick annually. Slightly more
than 2 billion people are at risk ({www.wpro.who.int/publicy/SO0TH/Ch_22.html};
WHO, 1997). This burden of mortality and morbidity occurs mostly in tropical and
subtropical regions of developing countries, in Africa, India, South East Asia and
South America, with the majority of death occurring in sub-saharan Africa
(Brinkmann et al., 1991; Snow et al., 1999)

In 1880, Laveran was the first to notice parasites in the blood of a patient suffering
from malaria and in 1886 the presence of two forms of the disease, one with tertian
periodicity and one with quartan periodicity was established by Golgi. After this, the

transmission of avian malaria by mosquitoes was demonstrated by Ross, 1897. The



complete sporogonic cycle of P. falciparum, P. vivax, and P. malariae was
demonstrated by Bastianelli and coworkers in 1898 (reviewed in Cox, 2002).

The fight against malaria using a mixture of interventions which affected the disease
such as new synthetic drugs, the use of insecticide and health education, has lead to
the eradication of malaria in some areas in the 1960s; these include a large part of
North America and Europe where transmission was low. In most tropical areas in
which transmission is high, eradication programmes have failed and malaria is still a
major problem today. Eradication was not achieved because of inability to overcome
the complex interaction of scientific technical, administrative, financial, logistic,
political, and social challenges (Alilio er al., 2004). During the 1980s and 1990s, the
effectiveness of several prevention and control strategies was established. Successful
strategies include: (i) using insecticide-treated nets (ITNs) to greatly reduce child
mortality; (ii) preventing malaria during pregnancy to improve maternal health and to
reduce the rate of low birth weight in babies; and (iii) providing prompt effective
treatment for malaria in young children to reduce disease complications, particularly
severe anemia, and to reduce mortality. Treatment and control have now become
more difficult with the spread of drug-resistant strains of parasites and insecticide-
resistant strains of mosquito vectors and it is generally believed that eradication will
be very hard to achieve. The prevention strategies must be proven within malaria-
endemic countries. Most disease-endemic countries are poor, lacking the required
resources to wage a campaign against malaria. In 1998, to address the global burden
of malaria and the challenges to effective strategies, the World Health Organization
(WHO) launched the Roll Back Malaria (RBM) programme with the goal of reducing
the global burden of malaria in half by 2010. Beyond reducing the disease burden, a
successful fight against malaria will have far-reaching impact on child mortality,
maternal health, and poverty, which in turn may increase global stability.

(http://www.rbm.who.int/docs/rbm_brochure.pdf).



1.1. Biology of malaria parasites

1.1.1. Life cycle

Plasmodium species share many common morphological features. The various
stages in the parasites life cycle exhibit both common and distinct patterns of
structural organization. These parasites all use an arthropod vector as definitive host
and man or vertebrate animals as intermediate host. The characterization of the
various blood stages of the parasite became possible when Romanowsky, in 1891,
described a staining method for identifying malarial parasites.

The sexual stage of life cycle occurs in the insect host. Female mosquitoes
need a blood meal to obtain sufficient nutrients to lay eggs. A cycle of feeding, resting
and laying eggs is completed every 2-3 days. When a mosquito feeds on an infected
human, it takes up blood containing gametocytes, which develop into micro- and
macro-gametes. A female gamete (macro) is fertilized by a male gamete (micro) and a
zygote formed in the insect gut. The zygote develops into an ookinete, which crosses
to wall of the midgut and an oocyst will be formed. The oocyst grows and begins to
divide to produce thousands of invasive sporozoites. When these have matured, the
oocyst bursts and sporozoites are released into the haemocoel and move to the
salivary glands. They will be inoculated into new host when the mosquito feeds again.

The asexual stage of the life cycle occurs in the intermediate host (e.g. man).
When a parasite-infected mosquito feeds on a human, it injects sporozoites into the
human bloodstream. These travel to the liver and invade hepatocytes where they
multiply and develop to the merozoite stage. Infected hepatocytes burst and release
merozoites into the bloodstream, where they infect red blood cells and multiply again,
progressively breaking down the red cells. In some species of Plasmodium, especially
P. vivax, a proportion of the sporozoites may lie in hepatocytes for several months
(hypnozoite) before growth and replication.

Within the erythrocytes, the parasites mature from the trophozoite to the

dividing stage or schizont. After 48 hours, the schizont-infected red blood cells burst,



releasing merozoites into the bloodstream. These invade new erythrocytes and mature

to schizonts or develop to male and female gametocytes (sexual forms). A schematic

diagram of life cycle of Plasmodium species is shown in Figure 1.1.
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Figure 1.1. Generic life cycle of Plasmodium in the arthropod vector and in man (from www-
micro.msb.le.ac.uk/224/Bradley/Biology.html, 2004)



1.1.2. Erythrocytic stages

There are three different erythrocytic stages of all Plasmodium species:
merozoites, uninucleate trophozoites and schizonts. The merozoite is an oval form and
about 1.5 pm in length and 1pm in diameter. It is composed of a plasma membrane
and two inner membranes. The invasion of a red blood cell by a merozoite starts when
the merozoite attaches to erythrocyte. After attachment, the merozoite reorientates and
its apical end makes contact with the red cell surface. This is followed by invagination
and interiorization of the merozoite (Orlandi et al., 1992; O'Donnell et al., 2000; Goel
et al., 2003).

The merozoite rounds up and changes into a trophozoite following a
degradation of all the invasive organelles, including the apical complex, the inner
membrane complex and the sub-pellicular microtubules. After approximately 36,
hours schizonts are formed by multiple rounds of nuclear division. Schizogony takes
12 hours in P. falciparum after which the red blood cell bursts and the merozoites are
released. Invasion of new erythrocytes initiates another round of the blood-stage
replicative cycle. In some cases, merozoites develop into gametocytes after invading
fresh red blood cells. These forms take no further role in the disease process in the
intermediate host, but if taken up by a biting mosquito will begin the sexual phase and
infect the mosquito.

The stage-specific changes over the 48 hours erythrocytic cycle of P.
falciparum are shown in Figures 1. 2 and 1.3, which show examples of parasites taken
from actual infection. The parasite digests the host cytoplasm and digestion of
haemoglobin leads to malaria pigment.

In P. falciparum malaria, it is rare to see the erythrocytic forms older than 16-
20 hours in the peripheral blood circulation due to sequestration. This property plays
an important role in many aspects of the immunity and pathogenesis of falciparum

infections. This property will be discussed in further details below.



Figure 1.2. Morphology of the malaria parasite P. falciparum inside the infected erythrocyte
(from Opperdoes, Parasitology Course BIOL 2272). 1, early trophozoite (double infection); 2,
early trophozoite; 3, early trophozoite double chromatin with a few Maurer's dots; 4, late
trophozoite with Maurer's dots; 5, Mature schizont with merozoites and clumped pigment; 6,
macro-gametocyte with bluish cytoplasm and compact chromatin; 7, microgametocyte with
pinkish cytoplasm and dispersed chromatin
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Figure 1.3. Representative parasites (magnification, x1000) from a highly synchronized in
vitro culture (initial time window: 1 hour) of Plasmodium falciparum (Silamut et al., 1999).
The stage of development is assessed from the overall size of the parasite, the ratios of the
area and diameter of the nucleus to that of the cytoplasm, the amount of visible pigment
(haemozoin), and, in mature parasites, the number of nuclei.



1.1.3. Clinical features of malaria

Malaria is a febrile illness characterized by fever, muscle aches and headache
which recur every 48-72 hours. This intermittent duration coincides with the life cycle
of parasites at erythrocytic stage and varies with infecting species. P. malariae
undergoes 72 hour cycles and is known as quartan malaria. Other human species
undergo 48 hours cycle, known as tertian malaria. Initial symptoms are quite variable,
particularly in children, and may include irregular fever, headache, muscle and joint
pain, weakness, malaise, vomiting, diarrhoea, acute abdominal pain and sweats.

The fever has three stages, starting with a rapid rise in the patient’s body
temperature to 40-41°C while the patient feels extremely cold. This leads to a feeling
of unbearable heat before intense sweating occurs.

Falciparum malaria often leads to severe manifestations such as cerebral
malaria, particularly in children and pregnant women. In the endemic areas, in adults
and in older children, parasites are frequently carried asymptomatically or with
symptoms of mild malaria. In Africa, most of the mortality due to malaria is caused
by cerebral malaria and severe anaemia. The rate of overall mortality due to clinical

attacks in children is 0.5-1% (Greenwood et al., 1991).

1.1.3.1. Severe malaria

For many years, severe malaria was pictured as essentially two major
syndromes, with relatively simple underlying pathogenic processes: (i) severe
anaemia; and (ii) cerebral malaria (CM). A major change in recent years has been the
recognition that severe malaria is a complex multi-system disorder with many
similarities to sepsis syndromes. At the clinical level, this is evident in the recognition
of metabolic acidosis (leading to the clinical picture of respiratory distress) as the
strongest predictor of death in severe malaria. The pathogenesis of metabolic acidosis
is poorly understood. Hypovolaemia is a major feature of severe malaria and, when

further exacerbated by anaemia and microvascular obstruction from sequestered



parasites, is likely to lead to decreased delivery of oxygen to tissues, anaerobic

metabolism and lactic acidosis (reviewed in Mackintosh et al., 2004).

1.1.3.2. Cerebral malaria

Cerebral malaria (CM) is caused by obstruction of small vessels of the brain
by sequestered parasites. It is a major cause of death in severe P. falciparum malaria
particularly in young children and in non-immune adults.

The syndrome develops over a period of days but may appear suddenly with
rapid attack of coma. It is diagnosed when a patient presents with unarousable coma,
has P. falciparum in his blood and when other causes of encephalopathy are ruled out
(Harinasuta and Bunnag, 1999). The mortality rate associated with this severe form of
falciparum malaria varies from 1-85% in different studies in various geographic areas
(Kawar et al., 2003; Oguche et al., 2002; Faiz et al., 1998; Muller et al., 2003). A
small percentage of patients surviving cerebral malaria (3.8-12%) suffer from residual
neurological deficits (Brewster et al., 1990; Faiz et al., 1998, Oguche et al., 2002).

The molecular mechanisms responsible for cerebral malaria are complex and
incompletely understood but parasite sequestration in the brain, metabolic

disturbances and host immune responses all play a role (Wassmer et al., 2003).

1.1.3.3. Severe anaemia

Severe anaemia is another important feature of severe falciparum malaria.
Malaria infection leads to the destruction of red blood cells and hence the severity of
anaemia is associated in parts with the level of parasitaemia. Results of a study
indicated that severe malarial anaemia was associated with higher parasite counts,
cerebral malaria, hepatosplenomegaly, low weight and the absence of fever on
admission to hospital (Biemba et al., 2000). The anaemia of malaria is multifactorial,
involving both the destruction of red blood cells and the decreased production of the

cells. The relative contributions to anaemia by the various mechanisms differ










































































































































































































































































































































































































































































































































































































































































































































