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ABSTRACT 

 

BACKGROUND: Plasmodium falciparum malaria throughout history has proved 

to be a significant menace to human health and pregnancy associated malaria (PAM) 

has been linked to severe consequences in terms of morbidity and mortality. P. 

falciparum parasites express members of the Plasmodium falciparum Erythrocyte 

Membrane Protein-1 (PfEMP1) on the surface of infected erythrocytes (IEs) which 

act as ligands binding to a number of different human vascular host receptors such as 

Chondroitin Sulphate A (CSA) in the placenta. The adhesion to CSA is mediated by 

VAR2CSA, which also allows for antigenic variation and immune evasion. 

VAR2CSA has been considered an important target of acquired protective immunity 

mediated mainly by specific IgG antibodies. In addition to being targets of specific 

IgGs, IEs have been demonstrated to select natural IgM in addition to CSA.  

AIM: This study was designed to determine if binding of VAR2CSA IEs to 

nonspecific IgM interferes with specific IgG binding to the VAR2CSA epitopes.  

METHOD: Plasma samples from 109 pregnant Ghanaian women of varying 

gestational age and parity were purified by the Dynabeads immunoprecipitation 

method for IgG and IgM on Mannan Binding Protein and grouped into three 

(unpurified plasma containing IgG and IgM (IgG+IgM+), purified IgG from plasma 

(IgG+IgM-) and purified IgM from same plasma(IgG-IgM+). The levels of antibody 

reactivity to two different domains of VAR2CSA (DBL1 and DBL5) and two 

domains of IT4var60 not implicated in placental malaria, but mediates rosetting 

(DBL1α and DBL5ε) were measured using indirect ELISA.  

RESULTS: The study showed increased susceptibility to malaria infection in the 

primigravidae (13%) than in the multigravidae (2.3%). The levels of IgG measured in 

the presence of IgM was significantly higher than IgG levels measured in the absence 

of IgM to both DBL1 domains (p=0.0001). Also there was a significant increase in 

the reactivity of IgG to the DBL5 domains (VAR2CSA and IT4VAR60) (p<0.0001) 

in the presence of IgM when compared to the IgG reactivity to the domains in the 

absence of IgM. However, the decreased IgM reactivity to VAR2CSA DBL5 in the 

IgG+IgM+ samples may indicate that IgG inhibits IgM binding to VAR2CSA DBL5 

domain. Similarly there was an increased reactivity of the antibodies to the domains in 

the test samples when compared to the control samples. Also among the 
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multigravidae, there was an increased IgG reactivity to the DBL1 domains and 

DBL5ε domain during gestation when compared to the primigravidae.  

CONCLUSION: The results from the study showed that the VAR2CSA and 

IT4var60 domains harboured IgM epitopes alongside malaria specific IgGs. Moreover 

since the levels of IgG binding to the domains were higher in plasma than in the 

absence of IgM, it may be suggestive that IgM binding may not interfere with IgG 

binding to the domains. Also a strong immune response against the DBL1 and DBL5ε 

domains elicited by the multigravidae during gestation may be as a result of their 

previous repeated exposure or pre-existing memory to P. falciparum infections during 

pregnancy. 
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CHAPTER ONE 

 

1.0 INTRODUCTION  

 

1.1 Background 

Malaria still remains one of the most important global health problems due to it being 

the leading cause of morbidity and mortality in children and pregnant women 

especially in developing countries (WHO, 2012). Although protective immunity to 

Plasmodium falciparum malaria develops in the late stages of life, pregnant women 

become more susceptible especially during their first time in pregnancy due to the 

sequestering ability of the parasite. The sequestration of Plasmodium falciparum-

infected erythrocytes in the placenta leads to a severe form of malaria in pregnancy 

known as Pregnancy-Associated Malaria (PAM). P. falciparum has been identified to 

have the unique ability of cytoadhesion to endothelium adhesion molecules such as 

CD36 and intercellular adhesion molecule-1 (ICAM-1), which may be involved in 

severe malaria development in children and non-pregnant women (Ockenhouse et al., 

1989; Berendt et al., 1989). The  adhesion molecules that have been identified for 

parasite attachment to placental cells include firstly, the glycosaminoglycan 

chondroitin sulphate A (CSA) component of the chondroitin sulphate proteoglycan 

(CSPG) found on the surface of syncytiotrophoblast (Robert et al., 1985; Rogerson et 

al., 1985) acting as a side chain to tissue anticoagulant thrombomodulin (Saleem et 

al., 1984), and within the intervillous spaces (Bray et al., 1979), secondly hyaluronic 

acid and thirdly, non- immune IgG (Flick et al., 2001; Beeson et al., 2000; Fried and 

Duffy,1996).   
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In addition, PfEMP1 (Plasmodium falciparum Erythrocyte Membrane Protein-1) 

identified on the surface of infected erythrocytes (Leech et al., 1984), acts as adhesion 

ligands binding to a number of different human vascular host receptors which allow 

them to sequester in various tissues and escape destruction in the spleen. They are 

also responsible for parasite virulence phenotypes in African children that cause 

rosetting and sequestration in brain endothelial cells and sequestration to the placenta 

in pregnant women (Rowe et al., 2002; Chen et al., 2000). The placental binding of 

infected erythrocytes (IEs) is mediated by VAR2CSA which is a member of the large 

and diverse P. falciparum erythrocyte membrane protein 1 (PfEMP1) family (Salanti 

et al., 2004; Salanti et al., 2003).   

The VAR2CSA protein is a large antigenic molecule of 350 kDa, exposed to host 

immune system on the surface of infected erythrocytes (Gamain et al., 2005; Tuikue 

Ndam et al., 2005; Salanti et al., 2004). VAR2CSA is structurally composed of six 

Duffy Binding-Like (DBL) domains (Resende et al.,  2008; Avril et al.,  2006; 

Dahlback et al.,  2006; Gamain et al., 2005). According to Su et al., (1995) and 

Francis et al., (2007), each parasite possesses approximately 60 var genes and 

disruption of VAR2CSA results in the loss of CSA adhesion ability of infected 

erythrocytes (IEs).      

In addition, antibodies against VAR2CSA have been identified to be sex-specific and 

parity-dependent since men from malaria-endemic areas do not develop VSAPAM 

antibodies and women acquire increasing levels of anti-VSAPAM immunoglobulins 

during subsequent pregnancies (Salanti et al., 2004; Brabin et al., 1983).  High levels 

of antibodies, including anti-VAR2CSA IgG, have also been found to correlate with 

protection against the clinical consequences of PAM (Tuikue Ndam et al., 2006; 

Salanti et al., 2004). These anti-VAR2CSA antibodies block the adhesion of IEs to 
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CSA after subsequent pregnancies, thus leading to protective immunity (Salanti et al., 

2004; Staalsoe et al., 2004).    

Nevertheless, along with CSA adhesion, it has been shown that IEs implicated in 

placental adhesion are also able to bind natural, non-specific/non-immune 

immunoglobulin M (IgM) according to Creasey et al., (2003). IgM has been identified 

to be the first antibody to be secreted during an immune response (Boes, 2000). Due 

to its pentameric structure, it is highly efficient at neutralizing and agglutinating 

pathogens, and also activates the classical complement cascade with increased avidity 

than IgG (Burton et al., 1987). Its FcµR helps it in mediating endocytosis, and also 

aids in antigen processing and presentation (Cho et al., 2006; Sakamoto et al., 2001).   

Immunoglobulin M has been found to be associated with rosetting in severe malaria 

by binding to IEs and helping in antigen interaction between the IEs (Rowe et al., 

2002; Scholander et al., 1996). The rosetting and placental parasite isolates may bind 

nonspecific IgM to allow masking of critical PfEMP1 domains from the destructive 

action of specific antibodies (Barfod et al., 2011).  

A study by Gaboriaud et al., (2004) on structural models of the C1 complex in 

rosetting phenotypes has shown that both C1r and C1s which are required for 

activation of the complement pathway bind to IgM where they occupy a large area 

sitting over the Cµ4 domains of the antibody leading to a conformational change and 

blocking the C1q site at the Cµ3 domain. This therefore led to a hypothesis that, 

parasites allow binding of non-immune IgM antibodies in order to prevent binding to 

specific immunoglobulins, thus avoiding destruction by the immune system (Ashfaq 

et al., 2008; Rowe et al., 2002).   
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1.2 Problem statement  

The sequestration of Plasmodium falciparum-infected erythrocytes in the placenta is 

responsible for many of the harmful effects of malaria during pregnancy. Such 

harmful effects affect both mother and child. It accounts for about 200, 000 new-born 

deaths each year (Brabin et al., 1983). In addition, Pregnancy-associated malaria 

(PAM) causes immunosuppression in pregnant women and increases the risk of severe 

anaemia and death. Again, maternal malaria increases the risk of spontaneous 

abortion, stillbirth, premature delivery, low birth weight (LBW), preterm delivery 

(PD), and consequently, perinatal and infant mortality (Resende et al., 2008; Gamain 

et al., 2005; Salanti et al., 2003). Sequestration is made possible because of the 

presence of parasite adhesion molecules expressed on the surface of IEs binding to 

host receptors in the placenta such as CSA. These parasite isolates also select non-

immune IgM together with CSA (Creasey et al, 2003).   Therefore there is the need to 

find out the role played by non-immune IgM upon selection with CSA as it remains 

unclear whether it promotes adhesion, provides a means of immune evasion for the 

parasite or affects the acquisition of acquired immunity by interfering with specific 

IgG binding to the various epitopes. Data from this study will also help in developing 

an effective vaccine against malaria in pregnancy.  

  

1.3 Justification  

This study primarily seeks to determine the role of non-immune Immunoglobulin M 

in malaria in pregnancy since pregnancy associated malaria has been linked to severe 

consequences such as increased maternal anaemia, low birth weight and infant 

mortality. Also, in view of the high number of cases of women who suffer from P. 

falciparum malaria during pregnancy and the effects of this on the health and even the 

University of Ghana          http://ugspace.ug.edu.gh

http://www.biology.ed.ac.uk/research/groups/arowe/pdf/Creasey2003.pdf
http://www.biology.ed.ac.uk/research/groups/arowe/pdf/Creasey2003.pdf
http://www.biology.ed.ac.uk/research/groups/arowe/pdf/Creasey2003.pdf


 

5 

 

survival of both mother and child, it is appropriate to know the effects of nonspecific 

IgM in PAM infections. Again VAR2CSA which has been identified in P. falciparum 

malaria in pregnancy has been considered as a vaccine candidate since its 

transcription and expression are up regulated in parasites expressing VSA PAM (Hviid 

et al., 2010; Tuikue Ndam et al., 2005). Moreover antibodies against VAR2CSA are 

specifically induced during pregnancy and are conserved between parasite genomes. 

The binding of natural, non-immune IgM to VAR2CSA has also been postulated to 

either help in the adhesion or enable the parasite evade the immune system (Barfod et 

al., 2011; Creasey et al., 2003).  For this reason this work is going to help provide the 

necessary baseline information which will be crucial in the design of effective 

interventions aimed at reducing the prevalence of the infection and promoting the 

survival of both mother and child in order to impede the global burden of malaria in 

pregnancy.  

 

1.4 Hypothesis  

     There is a significant role of Immunoglobulin M (IgM) in acquired immunity to 

malaria in pregnancy.  

  

1.5 General objective  

     To determine if nonspecific IgM binding to VAR2CSA infected erythrocytes 

interferes with specific IgG binding to the VAR2CSA epitopes.  

  

1.6 Specific objectives  

I. To purify IgG from plasma collected from pregnant women using 

Dynabeads® Protein G   
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II. To purify IgM from same plasma collected from the pregnant women using 

Mannan Binding Protein.   

III. To measure the levels of the purified IgG and IgM to different DBL domains 

from IT4var60 (not implicated in placental malaria) and Pfl0030c/VAR2CSA 

(found in placental malaria) using indirect ELISA.  

IV. To measure the levels of the IgG and IgM in the plasma to the various DBL 

domains using indirect ELISA.  

V. To compare the antibody responses of the purified and plasma samples  
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CHAPTER TWO 

 

2.0  LITERATURE REVIEW  

 

2.1  The disease malaria 

Malaria is an infectious parasitic disease caused by the eukaryotic protists from the 

genus Plasmodium and transmitted by the female Anopheles mosquito when taking a 

blood meal. It is a preventable disease afflicting millions of people leading to 

socioeconomic suffering such as poverty, as well as physical and mental disabilities 

including decreased cognition. 

In malaria endemic areas, the adult populations have been found to enjoy some level 

of acquired immunity to the disease and rather have become asymptomatic carriers, 

with the exception of children, pregnant women and naïve individuals moving to 

these endemic areas who are normally found to be associated with the severe forms of 

the disease including mortality (Doolan et al., 2009).  

  

2.2  Global distribution of malaria  

Malaria affects about 40% to 45% of the world’s population and is endemic in about 

100 countries of the world (Fig. 2.1). It is widespread in the tropical and subtropical 

regions of the world including Africa, Latin America and Asia with about 300-500 

million clinical cases annually (Aultman et al., 2002).  P. vivax is worldwide in 

tropical regions and some temperate zones causing benign tertian malaria with the 

ability to relapse after initial infection. It accounts for about 43% of malaria cases in 

the world (Roberts and Jovanny, 1996). P. ovale mainly in tropical West Africa is the 

rarest of the infection and causes mild tertian malaria in humans (Hall and Canfield, 

1972). P. malariae is worldwide but with a very patchy distribution causing quartan 
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malaria accounting for about 7% malaria cases worldwide (Roberts and Jovanny, 

1996). P. falciparum on the other hand is found throughout tropical Africa, Asia and 

Latin America causing the most deadly form of the disease. In addition to these, 

another species which used to infect only monkeys, a fifth type, Plasmodium 

knowlesi, has been found to be causing malaria in people in Malaysia and areas of 

South-East Asia (Cox-Singh et al., 2008; Luchavez et al., 2008). 

 

Fig. 2.1: Global distribution of malaria (Adapted from http://www.cedarcrest.edu) 

 

 

 

 

  

  Malaria endemic areas in the world   

University of Ghana          http://ugspace.ug.edu.gh

http://www.cedarcrest.edu/


 

9 

 

 2.3.  Malaria as a Public Health crisis  

The annual economic burden of malaria in Africa alone is estimated to be around US 

$12 billion (UNICEF, 2004). The cost of malaria continues to increase due to 

resistance of the parasite to preventive methods such as insecticide control and 

prophylactic drug usage. It also decreases a nation’s productivity due to complications 

such as brain damage, decreased cognition and miscarriages. It creates absenteeism in 

work and schools respectively due to one or more of its morbidities in adults and 

children alike (Rugemalila et al., 2006). It is also responsible for the slow 

development in mostly children under 5 years who have survived severe forms of the 

disease. Moreover, about 90% of mortalities in malaria occur in Africa helping to 

slow economic growth in the region as well (Sachs et al., 2002).  

 

2.3.1   The malaria situation in Ghana  

The malaria situation in Ghana is hyper endemic with the rate of infection ranging 

between 10-70% with P. falciparum being dominant.  According to the Ghana 

Ministry of Health in 1991, three main species of Plasmodium are prevalent in Ghana 

and these are P. falciparum with percentage prevalence of 80-90%, P. malariae (20%-

36%), and P. ovale (0.2%) (Ahmed 1989).     

The disease is so far the leading cause of morbidity and mortality in the country and 

accounted for 3.2 million cases in only 2008. It is responsible for 40-60% of 

outpatient cases and about 20% of mortality in children under five years of age 

(Rugemalila et al., 2006; Asante and Asenso-Okyere, 2003). A study done by Antwi 

and his colleague in 1998 recorded that 13.8% of pregnant women visiting the health 

facilities suffer from malaria whilst 9.4% of them die from the disease whilst another 
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study done by Ofori et al., (2009) found the prevalence rate to be 19.7% in a coastal 

savannah region of Ghana.  

Malaria accounts for about 44% of reported outpatient visits in the health centres 

representing a small percentage of the real number of malaria episodes since majority 

of individuals who are symptomatic treat the diseases at home failing to report to the 

various health facilities (WHO, 2005). A study done by Agyapong (1992) found that, 

self-medication practise causes most malaria symptomatic individuals to report cases 

only when their initial attempts to treat symptoms have failed.   

Many working hours are lost when an individual suffers from the disease thereby 

worsening the economic situation in Ghana and increasing the annual economic 

burden to 1-2% of the Gross Domestic Product (UNICEF, 2007).  A study done in the 

Northern part of the country identified that the cost to treat malaria in the poor 

households is about 40% of their income as compared to 1% of the income in rich 

households (Asante and Asenso-Okyere, 2003). 

   

2.4  The life cycle of the malaria parasite   

P. falciparum malaria parasites have a very complex life cycle (Fig. 2.2) involving 

two distinct hosts, the primary (invertebrates) and the definite (vertebrates). The 

primary host involves the female Anopheles mosquito whilst the secondary host 

involves humans.  

Malaria infection starts with the inoculation of sporozoites intravenously by an 

infected female Anopheles mosquito (Fig. 2.2) or sometimes through exposure to 

infected blood products (Hoffbrand et al., 2005). The sporozoites initiate the pre-

erythrocytic stage by circulating for a short while and localizing in the liver to infect 

the hepatocytes. It is in the hepatocytes that asexual multiplication (exo-erythrocytic 
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schizogony) occurs to produce thousands of merozoites. When the infected 

hepatocytes rupture after 6-16 days, the merozoites move into the blood circulation to 

begin the asexual erythrocytic stage which likewise commences the pathogenic 

process. In P. vivax and P. ovale some parasites (hypnozoites) remain in the liver to 

cause relapses later.  

Malarial parasites (merozoites) are able to invade host cell (erythrocyte) since they 

belong to the phylum Apicomplexa because they possess apical organelles involved in 

the invasion. The merozoites in the blood stream affect erythrocytes of various stages 

for P. falciparum but mature RBCs for P. ovale whilst P. vivax infect immature RBCs. 

In the RBCs they mature from the ring form, uninucleated and vacuolated parasite 

known as the trophozoite to the asexual schizonts. The length of this intra-

erythrocytic stage is different with each species. It takes place within 48 hours for P. 

falciparum, P. ovale and P. vivax whilst in P. malariae it takes 72 hours to complete.  

P. falciparum is able to cause the deadliest form of the disease because of the 

possession of adhesive proteins. These adhesive proteins enables infected erythrocytes 

to sequester in various tissues; including the brain causing cerebral malaria or the 

placenta (pregnant women) leading to placental malaria. The sequestration enables 

increase parasitaemia and severe pathology (Rowe et al., 2002; Miller et al., 1994).  

Some of the merozoites later develop into micro- and macro-gametocytes, which is 

the sexual stage of the parasite and is inactive in the vertebrate host. These 

gametocytes may be picked by a female Anopheles mosquito when taking a blood 

meal. The gametocytes become active in the invertebrate host to sexually produce 

zygotes which later develop to the ookinete. The ookinete permeates the epithelial 

lining of the mosquito’s mid gut, encysts and forms an oocyts. The oocysts are formed 

on the outer gut wall where they mature to sporozoites. The oocysts rupture to release 
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the sporozoites which migrate to the salivary glands ready to infect a human during 

mosquito feeding. The cycle in the invertebrate host is also referred to as the 

sporogenic cycle.   

 

 

 

Fig. 2.2: Life cycle of Plasmodium falciparum (Adapted from 

www.dpd.cdc.gov/dpdx)  

  

2.4.1  Signs and symptoms of malaria   

Nonspecific clinical symptoms such as headache, fever, vomiting, fatigue, back pains 

and dry cough are associated with the erythrocytic phase of the disease. The parasite 

feeds on the haemoglobin in red blood cells to produce haem and globulin. The haem 

which is toxic to the parasite is converted to haemozoin, a polarized crystal product 

  

University of Ghana          http://ugspace.ug.edu.gh



 

13 

 

which becomes non-toxic to the parasite. Hypoglycaemia, lactic acidosis, pulmonary 

oedema as well as anaemia are also associated with the erythrocytic phase. The 

metabolic complications of malaria involving hypoglycaemia and lactic acidosis are 

as a result of the anaerobic glycolysis of glucose to lactic acid by the parasite to 

produce energy (Daily et al., 2007).  There is also respiratory distress and circulatory 

failure (Jayakumar et al., 2009). The anaemia and renal failure are as a result of the 

red cell membranes becoming deformed causing haemolysis and increased splenic 

clearance (Brattig et al., 2008).   

  

2.5  Pregnancy associated malaria  

Pregnant women are mostly vulnerable to malaria as the placenta serves as a preferred 

site for parasite development and also as a result of immunosuppression during 

pregnancy (Steketee et al., 1996). This immunosuppression ensures that the foetus is 

not rejected by the mother’s immune system (Wahlgren et al., 1999). Malaria in 

pregnancy may result in negative outcomes such as maternal anaemia, 

hypoglycaemia, premature delivery, abortion and even death (Steketee et al., 1996). 

About 30 million women living in malaria-endemic areas in Africa become pregnant 

each year (Steketee et al., 2001) putting them at risk of acquiring malaria in 

pregnancy, therefore making PAM a major health problem. In malaria endemic areas, 

susceptibility to placental malaria is parity dependent making primigravidae in these 

areas the most susceptible (Ofori et al., 2009; Shulman and Dorman, 2003; Brabin et 

al., 1983). These groups of people in endemic areas serve as the main targets of 

naturally acquired antibodies which is reactive with native VAR2CSA on infected 

erythrocytes (Fried et al., 1998; Baruch et al., 1996).  
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Malaria in pregnancy accounts for significantly high morbidity in pregnant women in 

these endemic areas. The morbidity due to PAM includes anaemia, fever, pulmonary 

oedema, hypoglycaemia and puerperal sepsis. The high morbidity and mortality is 

caused by the physiological changes during pregnancy and also pathological changes 

by the P. falciparum as a result of altered immunity and presence of the placenta 

enabling the adhesiveness of IEs (Fig.2.3). These changes impede oxygen-nutrient 

transfer and may cause general haemorrhaging contributing to the complications 

experienced by both mother and child (Claire et al., 2004).   
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Fig. 2.3: Infected erythrocytes binding to microvasculature endothelium versus 

placenta (Adapted from Smith and Deitsch, 2004) 

 

The effect of malaria on pregnancy is influenced by the intensity of transmission in a 

particular area. In stable transmission areas, a high level of acquired immunity to 

malaria is achieved by frequent transmission by mosquitoes from one person to 

another. Pregnant women in such areas tend to develop partial immunity resulting in a 
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low prevalence of peripheral parasitaemia, but a high prevalence of placental infection 

(Brabin, 1985; Duffy, 2001).  

 

 2.5.1  Effects of malaria on the new-born baby  

The placenta is an organ responsible for the exchange of metabolic and gaseous 

products between the mother and foetus. It also serves as a protected site for parasite 

sequestration and growth (Wahlgren et al., 1999). During the first malaria-exposed 

pregnancy (that is, in primigravidae), local immunity to malaria develops. This 

immunity has no effect in the first pregnancy, but is retained in the uterus and 

increases cumulatively in subsequent pregnancies. This may explain why women in 

their first and second pregnancies are more affected by malaria than in subsequent 

pregnancies (Fig. 2.3) (Ofori et al., 2009; Wahlgren et al., 1999).   

Placental malaria infection damages placental integrity and interferes with the ability 

of the placenta to transport nutrients and oxygen to the foetus due to the presence of 

parasites and macrophages in the intervillous spaces, thereby causing intrauterine 

growth retardation or foetal growth restriction. Intrauterine growth retardation is 

defined by a low birth weight of ≤2500g in new-borns following a term gestation 

(UNICEF, 2001; Sullivan et al., 1999; Walter et al., 1982). Severe maternal anaemia 

which is a feature in PAM also causes low birth weight in new-borns. In general, low 

birth weight babies are at a higher risk of dying in infancy (Chigozie, 2007). Also the 

high level of inflammation may lead to pre-eclampsia helping to account for about 

75,000-200,000 of all new-born deaths/still births annually (Steketee et al., 2001).   
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2.6  Immunity to malaria  

Immunity to malaria develops with increasing exposure to infection and age in 

endemic areas (Doolan et al., 2009). People in high transmission areas develop 

immunity faster than those in low transmission areas (Doolan et al., 2009). It is 

developed as a means of protection against severe and life threatening forms of the 

disease by controlling the level of parasitaemia in the individual (Marsh et al., 2006).  

The groups most susceptible to complicated malaria infections include children under 

the age of five years and pregnant women (Guyatt and Snow, 2004; 2001). Even in 

the adult population, the level of immunity acquired is partial and short lived due to 

inconsistency in the malaria specific IgG responses against the parasite antigens. Also, 

antibodies fail to boost during reinfection due to hypo-responsiveness of the B cells 

and also require constant contact with some level of parasite. All of these 

shortcomings could also be as a result of the genetic variability in parasite and human 

host whereas the partial immunity in adults also (Weiss et al., 2009; Greenwood, 

1999) involves both the innate and adaptive immune responses.   

Immunity to malaria is mediated by both the innate and acquired immune responses. 

The acquired response involves both the humoral and cell mediated immune 

responses through the production of antibodies and cytotoxicity by B and T cells 

respectively (Abbas et al., 2010).  

The immune response against IEs start when dendritic cells interact with IEs through 

Toll Like Receptors (TLR) and CD36 causing the release of IL-12 (Fig. 4). The IL12 

serves as a paracrine cytokine and activates NK cells causing the release of IFN-γ and 

leading to the activation of macrophages to also interact with the IEs (Stevenson et 

al., 2004). Activated macrophages secrete IL-12 which supports the differentiation of 

naïve T cells to release IL-2 to serve as an autocrine and paracrine cytokine to further 
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activate the NK cells. Macrophages also produce nitric oxide to aid in direct killing of 

the parasite and TNF to mediate the acute inflammation (Stevenson et al., 2004). T 

cells also release TGF-β and IL-10 as well as activating B cells to produce Abs.  

  

  

Fig. 2.4:  Generation of immune response against IEs (Adapted from Stevenson et al., 

2004)   

  

2.6.1  Innate immunity to malarial infection  

The innate immune system is made up of a network of cellular and biochemical 

defence mechanisms that exist in an individual before the acquisition of an infection. 

Innate immune cells such as macrophages, dendritic cells, natural killer (NK) cells, 

NK T cells, neutrophils and γδ (gamma delta) T cells play an important role in 

parasite elimination and the nature of adaptive immune response elicited.   

IEs susceptibility to cytotoxicity, parasite inhibition and phagocytosis is enhanced 

through opsonisation by complement components and antibodies. The phagocytic 
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activity causes the release of factors such as TNFα (Fig. 4), which may cause tissue 

lesions but which are also toxic for the parasites, to further mediate the inflammatory 

process. A study by Couper and colleagues were able to outline the importance of 

macrophages in blood stage parasite elimination in P. yoelli through the production of 

reactive oxygen intermediaries when activated by IFN-γ (Couper et al., 2007). Also, 

Eugui et al., (1980) experimentation in different mice strains detected increase 

phagocytic activity during P. berghei infection which corresponded with increase 

macrophage population, Similarly a study done during placental malaria also found 

corresponding increase in macrophage population in the intervillous space which is 

effective in the elimination of parasites (Rogerson et al., 2007).  

Another important cell in innate immunity are the NK cells which are mostly located 

in secondary lymphoid organs as well as places such as in the blood and the lungs.  

During malaria infection, their role involves the activation and recruitment of other 

cells and through the production of IL-8 NK cells are an early source of cytokines 

such as IFN- γ (Fig. 2. 4). Their activation also induces CD25 and CD69 expression 

as well as the production of CXCL8 to recruit neutrophils to the site of inflammation 

(Baratin et al., 2005).  Moreover a malaria study in infected mice found NK T cells to 

aid in the clonal expansion of B cells and antibody production (Hansen et al., 2005). 

Likewise, a work in placental malaria recorded decrease NK cell population and 

cytotoxicity in primigravidae whilst multigravidae and non-pregnant individuals had 

increased NK cell cytoxicity (Sartlet et al., 2005; Bouyou-Akotet et al., 2004).  

Also other genetic factors including the characteristics and features of the red blood 

cell such as the glycoproteins on its surface, the red cell metabolic enzyme Glucose6-

Phosphate dehydrogenase (G-6-PD) deficiency, the sickle cell trait and type of 

thalassaemia may confer resistance to malaria in an individual (CDC, 2004). These 
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inherited traits subject the parasite to oxidative stress, increasing the chances of 

survival of the individual especially in children inheriting these traits (Allison et al., 

1983).   

  

2.6.2  Adaptive immunity  

The level of acquired immunity exhibited by an individual infected with malaria is 

determined by the place of residence of the individual as well as characteristics and 

the number of infectious bites. Adaptive immunity to malarial infection can be 

classified into three; anti-disease immunity, anti-parasite immunity and premunition 

(Doolan et al., 2009; Marsh et al., 1997). Anti-disease immunity protects against 

clinical disease, anti-parasite immunity protects against high parasitaemia, and 

premunition protects against new infections by maintaining a low-grade, 

asymptomatic parasitaemia, with a significant overlap between them (Doolan et al., 

2009).   

A naïve individual infected with malaria develops acute illness with decreased levels 

of parasitaemia which may later develop to severe disease or death. Subsequent 

infections lead to the development of anti-disease immunity which decreases clinical 

symptoms despite high levels of parasitaemia. A study done by Ladeia-Andrade et al., 

(2009), was able to establish that individuals with repeated and frequent exposure to 

malaria infections have a decreased risk of infection and disease which is acquired 

with increasing age. This suggests that, continuous exposure to malaria may induce 

anti-parasite and anti-disease immunity over a significant period of time. These levels 

of immunity acquired have been shown to cause a significant decrease in malaria 

associated morbidity and mortality (Doolan et al., 2009). Also Riley et al., (1990), 

were able to demonstrate that the level of parasites in Gambian children did not 
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decrease till the ages of 10 to 12 whereas at age 6, the incidence of clinical disease 

reached its highest. This study is therefore suggestive of the fact that anti-disease 

immunity occurs and reduces the high risks associated with the disease infection.   

After numerous and frequent infections, anti-parasite immunity develops leading to 

very low levels of parasitaemia (Greenwood, 1999). The two main arms of adaptive 

immunity are the cell mediated and humoral immune response.   

 

2.6.2.1.  Cell mediated immunity  

Parasite antigen specific T cell responses have been shown to be vital as an effector 

function in cell mediated immunity. Processed antigenic peptide presented with either 

MHC class I or MHC class II molecule by an antigen presenting cell is able to elicit 

the correct T cell response which may inhibit parasite growth or kill parasites (Good 

et al., 1999). The main cells involved in cellular immunity are the αβ T- cells 

consisting of the CD4+ and CD8+ T cells.  CD8+/ T cytotoxic cells are involved in 

direct killing of the parasite which helps to prevent or minimize infection and are very 

effective in the liver stages of the disease (Belnoue et al., 2004; Good et al., 1999). 

However, the direct activation of CD8+ cells in the erythrocytic stage of the disease 

may be limited since erythrocytes which harbour the parasites do not express MHC 

class I molecules. Lack of MHC class I molecules prevent antigen processing and 

presentation (Perlmann et al., 1998). Unlike CD8+ cells, CD4+ cells have been 

demonstrated to be very functional in regulating blood stage immunity through the 

activation, differentiation and proliferation of B-cells to produce Abs through the 

production of Interleukin 4 (IL-4), IL-5 and IL-10 (Stephens et al., 2005; Anstey et 

al., 1996). They are also capable of causing the secretion of NO by macrophages to 

aid in direct killing of the IEs (Anstey et al., 1996).    
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A study by Fievet and colleagues found levels of interleukin 2, interleukin 4 and 

interleukin 10 as well as T cell responses to be higher in multigravidae than in 

primigravidae and in postpartum malaria when they were stimulated with a CSA 

binding P. falciparum strain. Also they found an increase in the activity of interferon 

gamma (IFN-γ) cytokine activity (Fivet et al., 2002; Fivet et al., 1997). Increase in 

pro-inflammatory cytokines was found to be detrimental to pregnancies (Taylor 

Robinson et al., 1999) whilst anti-inflammatory cytokines such as IL-10 was found to 

be increased in the intervillous spaces during placental malaria (Moore et al., 1999).  

Also T cell responses were found to be decreased especially in women in their first 

pregnancies. A research in pregnant women found increate Th1 response to 

correspond to increase maternal anaemia, spontaneous abortion and preterm delivery 

(Kwak-Kim et al., 2005) whilst in normal successful pregnancies, increased Th2 

responses were recorded (Wegmann et al., 1993).  

Regulatory T cells (Tregs) with the CD4+ and CD25+ molecular markers have been 

identified to regulate the immune system. An appropriate induction of these cells are 

needed to regulate the induced anti parasite response to inhibit excessive immune 

responses which are responsible for severe immunopathology associated with the 

infections (Hansen et. al., 2010). In humans, transforming growth factor (TGFβ) 

production and CD4+CD25+FOXP3+ found on Treg cells have been associated with 

higher rates of Plasmodium growth in vivo, indicating that induction of Treg cells 

could represent a parasite specific virulence factor (Walther et al., 2005). Also an 

increase in transforming growth factor beta has been recorded in asymptomatic 

individuals (Beeson et al., 2008). However a decrease in Treg cell population has 

been found in malaria exposed individuals and individuals with acute uncomplicated 

malaria. A research work done on mice in 2005 and 2007 found Treg cells to modulate 
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cell mediated immunity during P. falciparum infections (Amante et al., 2007; Vigario 

et al., 2007).  

 

2.6.2.2.  Humoral immunity to malaria  

The effector molecules of humoral immune response involve the production of 

antibodies by activated B lymphocytes. These antibodies are a complex group of 

glycoprotein, called Immunoglobulins (Igs) and can be found at the body’s mucosal 

surfaces and plasma. There are five types of immunoglobulins which are 

distinguished by the type of heavy chain they possess. These immunoglobulins are 

IgG, IgA, IgM, IgD and IgE (Abbas et al., 2010) and they bind with high specificity 

to the antigen that caused their production. They are involved in effector 

mechanisms/reactions such as neutralization and elimination of their antigens (Bloom 

et al., 2003). The elimination of the different malaria antigens depends on the class of 

antibody or antibody isotype. The protective antibodies target P. falciparum antigens 

such as merozoite surface antigens, erythrocyte invasion ligands and variant surface 

antigens expressed on IEs (Good et al., 2004).   

Individuals living in endemic areas are able to elicit strong humoral response during 

malaria infection yielding the predominant production of IgM and IgG. Humoral 

immunity in P. falciparum infection was first demonstrated in the study involving 

passive transfer of antibodies from malaria immune adults to fully treat children with 

complicated malaria (Bouharoun et al., 1990; Cohen et al., 1961). This also led to 

other earlier studies reporting that some P. falciparum antigens (such as 

MSP1Merozoite Surface Antigen 1) were found in all P. falciparum parasites 

worldwide (Dodoo et al., 1999; Riley et al., 1992).  
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 Elevated levels of non-plasmodium specific IgE have been demonstrated in human 

and experimental malaria infections (Troye-Blomberg et al., 1999; Perlmann et al., 

1994) but with negative correlation in placental malaria (Desowitz et al., 1993; 

Maeno et al., 1993) as well as haemoglobin and platelet levels (Maeno et al., 2000).  

A study by Duarte et al., (2007), showed increased functional activity of IgE in 

uncomplicated malaria patients. However, the role of malaria specific IgE seems to be 

in controversy as to either they are involved in protection from malaria or enhances 

pathogenesis of malaria infection. Immunoglobulin E levels have been found to 

correlate positively with age (Desowitz et al., 1993; Maeno et al., 1993) and also with 

increased concentrations in uncomplicated malaria (Farouk et al., 2005; Farnert, 

2004).  

In another study, high levels of IgE were demonstrated in individuals diagnosed with 

severe malaria than in those diagnosed with uncomplicated malaria (Perlmann et al., 

1994). In cerebral malaria patients, deposits of IgE were found in the brain micro 

vessels and IEs (Maeno et al., 1993). There is also cellular activation and liberation of 

tumour necrosis factor (TNF) when IgE forms immuno-complexes with IgG inducing 

Fcε receptors expression on mononuclear phagocytes such as monocytes (Perlmann et 

al., 1999; Elghazali et al., 1997). These receptors upon interaction with the immuno-

complexes liberate the cytokine which may provide protection but with over 

production causes tissue damage (Perlmann et al., 1999).  

  

2.6.2.2.1 Immunoglobulin G (IgG) and placental malaria  

 Recent data has reported increased levels of VSAPAM –specific IgG in response to P. 

falciparum infection in pregnancy. The IgG levels has also been correlated positively 

to the inhibition of infected erythrocytes to CSA (Beeson et al., 2004; Staalsoe et al., 
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2001; Ricke et al., 2000), increased haemoglobin levels and increased birth weight in 

new-borns (Salanti et al., 2004; Staalsoe et al., 2004). Of the IgG produced in 

pregnancy-associated malaria, IgG1 is the most dominant and acquisition of immunity 

to PAM is parity dependent and sex specific (Brabin et al., 1983). Serum IgG from 

primigravidae and men have been reported not to inhibit infected erythrocytes binding 

to CSA whilst serum from malaria exposed multigravidae are able to inhibit IE 

binding to CSA (Fried et al., 1998). Furthermore in the acquisition to immunity, 

VSAPAM –specific IgG in primigravidae were detected around the 20th week in 

pregnancy in the mid of the second trimester. In contrast, VSAPAM –specific IgG were 

found to appear earlier, rise faster in multigravidae (Beeson et al., 1999; O’Neil-

Dunne et al., 2001).  

  

2.6.2.2.2 Immunoglobulin M (IgM) and placental malaria  

The second most abundant protein after albumin is the immunoglobulins which have 

IgM to be the first to be secreted during a primary immune response (Boes, 2000). 

IgM is therefore the largest antibody in the circulatory system with a population of 

about 5-10% and with an average concentration of 1.5 mg/ml in the serum. It however 

has a higher population in females (about 25%) than in males (McGue et al., 1990; 

Adinolfi et al., 1978).   

IgM may be present as membrane-bound molecules located on B cell surfaces or as a 

secreted form which is mainly found in the blood (Fellah et al., 1992). Membrane 

bound IgM is a monomer whilst IgM secreted by plasma cells is a pentamer. Immune 

IgMs are produced by all other B cells whilst natural IgMs are produced by the long 

lived, self-renewing B1 cells found in pleural and peritoneal cavities (Hardy and 

Hayakawa, 1994). Natural IgMs mostly are encoded by the germ line V segments 
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with no somatic mutation and as result have low affinities and restricted repertoire but 

have broad specificities (Hardy and Hayakawa, 1994). The pentameric nature of 

secreted IgM enables its multivalent property (such as increased avidity) of binding to 

Ags (antigens) and receptors, therefore making it an important mediator of innate 

immunity (Burton, 1987). It also increases interactions with key ligands such as the 

complement component C1q. Therefore IgM is effective in complement mediated 

lysis and one IgM can be compared to a thousand IgGs when it comes to 

accomplishing a similar task (Czajkowsky et al., 2009; Quartier et al., 2005; Cooper, 

1985).  

Secreted IgM (sIgM) consists of two classes: an antigen-specific (or immune) IgM 

which is produced in response to a specific pathogen and a low-affinity, poly-reactive 

(natural or non-immune) IgM that is synthesized without previous exposure to any 

particular Ag (Ehrenstein et al., 2010). These unique features of IgM, including its 

poly-reactivity, increases its capacity to promote the removal of apoptotic cells and 

enables participation in apparently diverse pathophysiological situations, such as in 

infection, B cell homeostasis, inflammation, atherosclerosis and autoimmunity 

(Ehrenstein et al., 2010).   

Recent studies have also shown that serum IgM is effective at neutralizing 

intracellular pathogens by preventing pathogen interaction with cells and also in 

priming IgG response following an infection.  Some of the mechanisms employed by 

IgM in mediating protective immunity include complements and FcRs interaction 

with effector molecules (Czajkowsky et al., 2010).  

Natural, nonspecific IgM also has a significant role in human malaria since they have 

been found to bind to the surface of Plasmodium falciparum-IEs via the Fc receptors 

as the levels of IgM correlate with the severity of the disease. P. falciparum strains 
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that bind to nonspecific IgM have adhesion properties conveyed during rosetting 

(IT4var60) and CSA binding (VAR2CSA) (Barfod et al., 2011; Ghumra et al., 2008; 

Rowe et al., 2002).   

A recent model of human IgM has shown that IgM is a mushroom-shaped molecule, 

having Cμ3/Cμ4 domains forming the central region which protrudes out of the plane 

formed by the Cμ2/Fab domains. PfEMP1 has been identified to bind to residues in 

Cμ4 domain which serves as a binding pocket enhanced by the pentameric nature of 

IgM (Ghumra et al., 2008). Also, binding of PfEMP1 to the domain causes IgM to 

retain its non-bound conformational form which does not promote complement 

activation (Barfod et al., 2011; Czajkowsky et al., 2010).  

A recent study by Barfod et al., (2011) found the masking of PfEMP1-specific IgG 

epitopes by nonspecific IgM. In their experiment they also realised that IgM binding 

to the VAR2CSA domains DBL3X and DBL5ɛ did not inhibit IE sequestration to 

CSA hence enabling the parasite to avoid the protective immunity acquired.  

  

2.7  Antigenic diversity and immune evasion  

 Antigenic diversity is defined as the expression of antigenically different alleles of a 

gene in different P. falciparum populations to create allelic polymorphism (Ferreira et 

al., 2004). P. falciparum antigenic diversity involves the expression of 

immunodominant epitopes with repeated sequence of short tandem arrays of its 

genome to which partially immune individuals have high titres of antibodies against 

(Reeder and Brown, 1996). Such tandem repeats include Circumsporozoite Protein 

(CSP) which is highly conserved and (Merozoite Surface Antigen) MSA which is 

highly variable. These tandem repeats have been noted to be highly involved in 
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immune evasion since it suppresses antibody response against adjacent antigen 

(Reeder and Brown, 1991; Schofield, 1991).   

Another method of immune evasion is antigenic variation involving the switching of 

antigenic phenotypes leading mostly to chronic infections with successive 

parasitaemia waves and also serving as the principal cause for functional diversity 

(Ferreira et al., 2004; Reeder and Brown, 1996). Most antigenic variations are linked 

to the surface proteins on the IE such as PfEMP-1 (Plasmodium falciparum 

Erythrocyte Membrane Protein-1) and Merozoite Surface Protein (MSP) (Reeder and 

Brown, 1996).  

 One major surface protein ascribed with immune evasion is the PfEMP-1 family of 

antigens. PfEMP-1 enables IEs to escape the bodies defensive mechanism by 

sequestrating to host endothelial molecules such as ICAM-1, Platelet Endothelial Cell 

Adhesion Molecule (PECAM), CD36, CSA and hyaluronic acid (Udomsangpetch et 

al., 1997; Berendt et al., 1989; Ockenhouse et al., 1989). Also PfEMP-1 can bind to 

dendritic cells to down-regulate the immune system as well as reducing the efficiency 

of the immune response (Bir et al., 2006). The well characterised genes encoding the 

PfEMP1 genes are by the variant surface antigens (var genes).  

 

2.7.1 Variant surface antigens expressed on infected    erythrocytes  

Var genes are a large variant of highly conserved genes containing DBL domains and 

with different expressions results in antigenic variation. They also relate to the 

erythrocyte binding antigen (EBA-175) and to the Duffy Antigens of P. vivax and P. 

knowlesi (Su et al., 1995; Sim et al., 1994).  

Each individual parasite possesses about 60 of the var genes but expresses a single var 

gene at a time. The expression of a single variant enables the parasite to maintain the 
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remaining var genes found in its genome in a transcriptionally silent state (Guitard et 

al., 2008; Smith et al., 1995). These var genes also encode PfEMP1. The genes 

consist of two exons with exon 1 coding for the variable extracellular domain and the 

trans membrane region whilst exon 2 codes for the highly conserved acidic terminal 

domain which anchors PfEMP1 at knobs (Horrocks et al., 2005; Su et al., 1995).  

Mostly, var genes are located on the sub telomeric loci of P falciparum. Apart from 

the var genes, there are four other distinct antigens on the loci of P. falciparum and 

these are the rifin, stevor, P. falciparum Maurer's Cleft-2 trans membrane (PfMC-

2TM) and Surfin (Fig. 2.5) (Kyes et al., 2000).  

Repetitive Interspersed Family Proteins (RIFINs) consists of over 200 rif genes in a P. 

falciparum haploid genome and are transcribed by immature trophozoites for a shorter 

period. They are the second family of clonally variant proteins encoded by the 

parasite on IEs surfaces with a molecular weight of about 45kDa and about 17kDa 

variable domain (Kyes et al., 2000). They have no known function in cytoadherence 

even though they are found in close proximity to the var genes (Kyes et al., 2000). 

The Rifins, Stevor and PfMC-2TM make up the two trans membrane type supergene 

families.  These surfaced exposed antigens/variants are also determinants in the level 

of clinical immunity acquired to malaria in Africa (AbdelLatif et al., 2003).  

The other group of antigens apart from the rif genes are the Sub telomeric Variant 

Open Reading Frame (Stevor). Stevor genes unlike the rifins are transcribed by 

mature trophozoites, sporozoites and gametocytes for a short period of time and more 

conserved among parasite strains (Lavazec et al., 2007). They consist of over 30 

genes coding for about 30 kDa proteins with about 12kDa variable domains (Blythe et 

al., 2004). The rif and stevor antigens are located within the P. falciparum’s Maurer’s 

cleft in the cytoplasm of the IE (Kaviratne et al., 2002).  
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The PfMC-2TM has a molecular weight of about 27kDa and a variable domain of 

about 1.7kDa. It has no known function yet undergoes clonal variation (Abdel-Latif et 

al., 2003).  

  

 

Fig. 2.5: Variant Antigens on the surface of infected erythrocytes (Adapted from 

Scherf et al., 2008)  

  

2.7.2 Plasmodium falciparum erythrocyte membrane protein 1 (PfEMP1)  

The protozoan parasite, Plasmodium falciparum, causes the deadliest form of human 

malaria that affects millions worldwide every year. The virulent nature of P. 

falciparum is attributed to its ability to evade the human immune system by 

modifying infected host erythrocytes and directly mediating adhesion to a variety of 

host cells and also undergoing antigenic variation (Horrocks et al., 2005). A key 

virulence factor for Plasmodium falciparum is Plasmodium falciparum erythrocyte 

membrane protein 1 (PfEMP1).  PfEMP1 is expressed on the surface of infected 
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erythrocytes
 
(IEs). Structurally, PfEMP1 protein family consist of an N-terminal 

segment (NTS), Duffy binding-like (DBL), Cysteine-rich inter domain region 

(CIDR), C2, trans membrane (TM), and acidic terminal segment (ATS or exon2) 

grouped into different types (Nelson et al., 2007) but the common domains in 

PfEMP1 are the NTS, CIDR, C2 and the DBL (Smith et al., 2000) Fig. 2.6. The NTS 

is located at the amino terminus of PfEMP1 and consists of 75-107 amino acids. Its 

shape is predicted to be globular alpha helical fold. In contrast the C2 domain consists 

of 140-217 amino acids and binds to Intracellular adhesion molecule-1 (ICAM-1) 

(Smith et al., 2000). It has also been predicted to have an alpha helical structure 

(Smith et al., 2000). The DBL domains are however are found in erythrocyte binding 

antigen (EBA) as well as in PfEMP1. In the EBA, it is used for parasite invasion of 

the red blood cells which is an essential property of all the Plasmodium spp whilst 

sequestration by the DBL is a property specific to only P. falciparum (Smith et al., 

2000).  

   

 

 Fig. 2.6 A structure of the PfEMPI protein coded by var genes (Adapted from Smith 

et al., 2001)  

 

A number of other parasite-encoded proteins are similarly exported
 

to the IE 

membrane and play an indirect role in this
 
adhesion process through the modification 

of the erythrocyte
 
cytoskeleton and the formation of electron dense knobs into

 
which 

PfEMP1 is anchored (Horrocks et al., 2005; Su et al., 1995). These knobs consisting 
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mainly of knob-associated histidine rich protein (KAHRP) binds to PfEMP1 ATS 

(Rug et al., 2006).   

PfEMP1 enables the adhesion of infected erythrocyte to various host receptors such as 

CD36, Intercellular adhesion molecule-1 (ICAM-1), Vascular adhesion molecule1 

(VCAM-1) and chondroitin sulphate A (CSA) (Baruch et al., 1996) during 

cytoadhesion to endothelium. PfEMP1 variants such as IT4var60 containing domains 

such as DBL1α located in the N-terminal end has been implicated in severe malaria 

by enhancing rosetting between IEs and non-infected erythrocytes. They are able to 

bind to heparan sulphate proteoglycan (Barragan et al., 2000; Chen et al., 2000; Chen 

et al., 1998) and CR1/CD35 (a regulatory protein for complements) on non-infected 

RBCs (Khera et al., 2009; Rowe et al., 2000; Rowe et al., 1997) and the rosetting IEs 

are able to interact with the C3b-binding domain on the CR1 (Rowe et al., 2000).   

As the antibody response against the single expressed PfEMP1 develops, small 

subpopulations of parasites switch expression to alternative forms of PfEMP1 and re-

establish the infection (Smith et al., 1995).The different binding phenotypes cause 

sequestration in different organs and contribute to life threatening manifestations of 

the disease. This process is referred to as antigenic variation and is responsible for the 

persistent nature of the disease, as well as the waves of parasitaemia, typical for P. 

falciparum infections (Miller et al., 1994). This has therefore established PfEMP1 as 

a key player in the pathogenicity of P. falciparum (Pasternak et al., 2008).   

Nonspecific immunoglobulin M (IgM) antibodies binding to infected erythrocytes 

(Creasey et al., 2003) have been observed on rosetting parasites (Rowe et al., 2002; 

Scholander et al., 1996) to be mediated by PfEMP1 (Chen et al., 2000) and may also 

be involved in binding on CSA binding parasites (Barfod et al., 2011; Creasey et al., 

2003). In the case of rosetting, it has been suggested that IgM could act as a bridge 
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between infected and uninfected erythrocytes to strengthen the rosettes (Scholander et 

al., 1996).  

  

2.7.3 VAR2CSA as a vaccine candidate  

VAR2CSA is a polymorphic protein of approximately 3,000 amino acids made up of 

three Duffy-binding-like type X (DBL-X) domains and three DBL epsilon (ε) 

domains (Smith et al., 2000).  This var gene unlike other var genes lacks a DBL-α, 

CIDR and DBL-γ domains which were first thought to be involved in CSA binding 

(Salanti et al., 2003). PfEMP1 encoded VAR2CSA has low similarity with other 

PfEMP1s and has its transcription upregulated in CSA-binding parasites (Salanti et 

al., 2003). It has a two-exon structure (Su et al., 1995) in which the first exon is the 

larger (~3.5 to 9.0 kb) and the second exon is smaller (~1.0 to 1.5 kb), and codes for a 

more conserved cytoplasmic tail (Su et al., 1995).   

Mostly variant surface antigens are located on the sub telomeric region of most 

chromosomes and they occur in duplicates (Fischer et al., 1997). For instance the 

VAR2CSA PFL0030c has its duplicate being a pseudo-gene (MAL13P1.354) situated 

at opposite ends of chromosome 13 having no effect on antigenic variation nor 

adhesive properties of P. falciparum (Flick et al., 2004, Salanti et al., 2003).  

PfEMP1 encoded by PFL0030c has low similarity with other PfEMP1s and has its 

transcription up regulated in CSA-binding parasites (Salanti et al., 2003). Also 

IT4var60 has the ability to cytoadhere after in vitro adaptation (Bourke et al., 1996; 

Day et al., 1993; Biggs et al., 1992; Roberts et al., 1992). It is found on chromosome 

12 and unlike PFL0030c, functions in rosetting and belongs to the group A1 types of 

var based on the transcriptional orientation (Nelson et al., 2007).  
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VAR2CSA has been considered a prominent vaccine candidate owing to a number of 

reasons. Firstly, its transcription and expression is markedly up regulated in P. 

falciparum in PAM (Tuikue Ndam et al., 2005). Again, antibodies against it have been 

found to be specifically induced during pregnancy (Salanti et al., 2004; Staalsoe et al., 

2004). In addition, women with high levels of these antibodies are protected against 

some of the serious complications of PAM (Fried et al., 1998) whilst Salanti et al., 

(2003) has also shown VAR2CSA to be highly conserved between parasite genomes.    

VSAPAM-expressing IEs have been shown to have a generally increased reactivity 

with IgG and IgM (Creasey et al., 2003). Also 3D7 VAR2CSA-specific IgG have been 

detected in the plasma of pregnant women from both West and East Africa. The fact 

that levels of VAR2CSA-specific IgG correlated with sex and parity in plasma from P. 

falciparum–exposed individuals is consistent with the theory that PAM develops in 

otherwise malaria-immune women who do not have specific protective immunity 

against parasites binding to CSA (Salanti et al., 2004). In addition, CSA binding 

infected erythrocytes have been shown to bind non-specifically to IgM, a process that 

may facilitate placental adhesion or promote immune evasion (Barfod et al., 2011; 

Creasey et al., 2003).  
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CHAPTER THREE 

 

 3.0  METHODOLOGY   

  

3.1  Study design  

This was a cross-sectional study involving pregnant women attending ante-natal 

clinics at the Asutsuare Health Centre. It was part of a bigger study titled ―Mother-

child Health in Southern Ghana: Malaria in pregnancy and in childhood‖ involving 

820 pregnant women. In this study, a subset of 109 pregnant women were randomly 

selected and constituted the study population  

  

3.1.1 Inclusion and exclusion criteria 

All pregnant women attending antenatal clinic at the Asutsuare Health centre and 

consented to participate were included. All the pregnant women who refused to sign 

the consent form were excluded likewise all those who were not sure they will 

continue their monthly antenatal visits at the centre. 

 

3.1.2 Study area and population  

The study was conducted in the Dangme West district of the Greater Accra Region 

with Dodowa as the district capital. It has a population of 122836 according to the 

Ghana Statistical Service in 2010. It has a landmark area of 1.522km
2 

bounded by the 

Dangme East district, parts of Volta and Aburi in the Eastern Region of Ghana.  

The inhabitants of the area are mostly peasant fishermen, rice and food crop farmers. 

There are four sub districts including Dodowa, Osudoku, Pampram, and Ningo with 

each having a Health Centre. The Osudoku sub-district where the study was 
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undertaken has Asutware to be its capital. Asutware owns one of the four Health 

Centres found in each sub-district. Participants for the study were recruited from the 

Osudoku Health Centre located in the forest area. The region has stable malaria 

transmission with P. falciparum infection constituting 98% of all infections (Afari et 

al., 1995).  

  

3.1.3 Blood sampling strategy  

After obtaining informed consent from the participants, about 4.5ml venous blood 

was taken from each participant into a heparinised vacutainer tubes. The blood was 

transported from the field to the laboratory where they were centrifuged at 2000rpm 

for 10 minutes. After centrifugation the plasma was collected and placed in cryotubes 

and stored at -80ᵒC until ready to be used.    

  

3.1.4 Blood film preparation  

Both thick and blood films were also prepared for each sample collected for parasite 

identification. The glass slides were soaked in 70% ethanol, cleaned well with cotton 

before the films were prepared then allowed to dry, and the thin film fixed in 

methanol. After drying the film was stained with 2.0% Giemsa (BDH Laboratory 

Supplies, Poole BH15 LTD, England), allowed to stain for10 minutes, washed with 

water, dried and viewed under the microscope (Olympus BH2 Microscope) at 100X 

magnification with oil immersion. The parasitaemia, species type and growth stages 

of the parasites were recorded  
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3.1.5 Blood grouping determination of the samples 

Direct blood grouping technique was done using the principle of agglutination. A 

clean microscope slide was marked into three equal parts using a wax pencil. One 

drop each of the commercial anti A serum was added to one part, commercial anti B 

serum to the other part and a drop of commercial anti Rhesus factor was added to the 

last marked area. A small drop of well mixed blood was placed on each side of the 

slide using an applicator stick. The blood sample was each mixed with corresponding 

anti-serum or Rhesus factor using a clean applicator. The slide was rocked gently for 

about three minutes and observed under light to check for agglutination. It was 

recorded positive if there was agglutination and negative for no agglutination. This 

helped to group the samples into blood groups: A positive (+)/A-, AB+/AB-, B+/B- 

and O+/O-. 

 

3.2 Purification of Plasma  

Plasma samples were purified and grouped into three, according to the procedure 

described in 3.2.1 and 3.2.2 containing; only IgG, only IgM and non-purified plasma.   

 

3.2.1 Purification of IgG from Plasma using Dynabeads® Protein G  

The Dynabeads Protein G (Invitrogen, USA) was washed by re-suspending 

thoroughly to obtain a homogenous suspension. The desired volume of Dynabeads® 

Protein G was transferred to an Eppendorf tube at room temperature. The beads were 

washed by placing the tube on the magnet for 1 minute and the supernatant discarded 

by aspiration with a pipette while the tube still remained on the magnet. It was then 

removed from the magnet and 0.5 ml of Citrate-Phosphate Buffer, pH 5.0 was added 
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to re-suspend the Dynabeads® Protein G. the washing procedure was repeated to 

condition the beads before the addition of sample.  

For capturing the IgG immunoglobulins, 100µl sample containing the 

immunoglobulins was added to the washed Dynabeads Protein G. It was then 

incubated with gentle mixing for 40 minutes at room temperature.  The test tube was 

placed on the magnet for 2 minutes and the supernatant was discarded. The test tube 

was removed from the magnet and 0.5 ml Citrate-Phosphate Buffer, pH 5.0 was again 

added to the beads. The Dynabeads® Protein G-immunoglobulin complex was again 

washed to remove the non-bound proteins. The washing procedure was repeated by 

the addition of 0.5 ml Citrate-Phosphate Buffer, pH 5.0 to the complex.  

The test tube was placed on the magnet for 2 minutes and supernatant was discarded.  

In eluting the captured immunoglobulin, 30µl of 0.1 M citrate (pH 2-3) was added to 

the Dynabeads Protein G-IgG complex and mixed well by tilting and rotation for 2 

minutes. The test tube was placed on the magnet for 1 minute and supernatant 

containing purified immunoglobulins transferred to a new tube. The above steps were 

repeated in order to elute any remaining immunoglobulins. The supernatants 

containing the pure immunoglobulins were pooled giving a total volume of 60 µl. the 

purified IgG was stored in Eppendorf tubes at -20°C until ready to be used.  

  

3.2.2 IgM Separation from Plasma using Mannan Binding Protein  

For the column preparation, the immobilized Mannan Binding Protein Column was 

set up and the storage solutions drained. The column was washed with 5ml of the 

column preparation Buffer.  The immobilized Mannan Binding Protein Column, 

binding buffer and sample were kept at 4°C as instructed by manufacturer. For the 

binding of the immunoglobulin to the Mannan Binding Protein, a 20ml of IgM 
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binding buffer was added to the column and allowed to drain through. Then 500 μl of 

plasma was diluted in 500μl of the IgM Binding buffer in an Eppendorf tube. The 

diluted sample was then applied to the immobilized Mannan Binding Protein and 

allowed to completely enter the gel. Another 500μl of the binding buffer was added to 

the column and incubated at for30 minutes at 4°C. after incubation, the Mannan 

Binding Protein was washed with 42ml of Binding buffer to remove unbound 

proteins. A 3ml volume fraction was collected to check for their absorbance. Then 

fractions with absorbance ˃0.1 were pooled and reapplied to the column to increase 

yield. In eluting the bound IgM, the column was brought to room temperature and 3ml 

of elution buffer was added to the column, capped and incubated for 2 hours. Eluates 

were collected and 0.5ml fractions were collected and their absorbance checked.  

Absorbance measurements ≥ 0.02 were pooled and dialysed at 4°C with plain PBS. 

PBS was changed every after every 2 hours and left overnight.  After dialysis, the 

purified IgMs were stored in labelled Eppendorf tubes with glycerol at -20°C until 

ready to be used.   

  

3.3. Measurement of IgG levels using Indirect ELISA method  

Nunc maxisorp 96 well microtitre plates (Thermoscientific, USA) were coated with 

100µl/well of the respective VAR2CSA/IT4var60 protein constructs (3D7 DBL1; 3D7 

DBL5; FCR3 DBL5e; FCR3 DBL1α) at a concentration of 1µg/ml. The plates were 

sealed and incubated overnight at 4ᴼC. The next morning, the plates were brought to 

room temperature and washed 4 times with plain Phosphate Buffered Saline (PBS) 

/0.05% Tween 20 and then blocked with 5% non-fat dry milk in plain PBS at 

200µl/well for 1 hour at room temperature. After incubation, the plates were washed 

again 4 times and padded dry on a paper towel.  
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The samples were then diluted in blocking buffer. The purified IgG samples were 

diluted in a dilution rate of 1:50 whereas the plasma samples were diluted 1:5000. 

They were added at 100µl/well and incubated at room temperature for 2 hours at 

room temperature. Plates were washed 4 times after incubation and padded dry on a 

paper towel. A goat anti-human IgG secondary antibody conjugated with HRP (Horse 

radish peroxidase) (Invitrogen, USA) was diluted in sample diluent (1:1000) and 

added at 100µl/well and incubated for 1 hour. The substrate 3,3′,5,5′-

tetramethylbenzidine (TMB) (Thermoscientific, USA) was added and incubated for 

20 minutes. The reaction was stopped with 0.2 M sulphuric acid at 100µl/well and the 

plates read with an automated ELISA plate reader (Biotek, USA) at 450nm 

wavelength. The optical densities were converted to concentration using the 

ADAMSEL software programme.  

  

3.4 Measurement of IgM levels using Indirect ELISA method  

Nunc maxisorp 96 well microtitre plates (Thermoscientific, USA) were also coated 

with 100µl/well of the respective VAR2CSA/IT4var60 protein constructs (3D7 

DBL1; 3D7 DBL5FCR3 DBL5e; FCR3 DBL1α) at 1µg/ml concentration. The plates 

were sealed and incubated at 4ᴼC overnight. Plates were brought to room temperature 

and washed 4 times with plain PBS (phosphate buffered saline)/0.05% Tween 20. 

After washing, they were padded dry on clean paper towel. They were then blocked 

with 5% non- fat dry milk in plain PBS at 200µl/well and incubated for 1 hour at 

room temperature in an incubation chamber. After incubation the washing procedure 

was repeated.  

Purified samples were diluted containing IgM were diluted in 1:50 with blocking 

buffer whereas the plasma samples were diluted in 1:5000. The samples were added at 
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100µl/well and incubated at room temperature for 2 hours in an incubating chamber. 

Plates were washed 4 times after incubation and padded dry on a paper towel. A goat 

anti-human IgM secondary antibody conjugated with HRP (Horse radish peroxidase) 

(Invitrogen, USA) was diluted in sample diluent (1:1000) and added at 100 µl / well. 

It was incubated for 1 hour at room temperature and washed after incubation. The 

ELISA substrate, 3,3′,5,5′-tetramethylbenzidine (TMB) (Thermoscientific, USA) was 

added to develop the end results and incubated for 20 minutes at room temperature. 

The reaction was later stopped with 0.2 M sulphuric acid at 100 µl / well. The plates 

were read with an automate ELISA reader (Biotek, USA) at 450nm wavelength to 

determine the optical densities. The optical densities were converted to concentration 

using ADAMSEL program software before statistical analysis.  

 

3.4 Statistical Analysis 

Screen data were analyzed using SPSS (Statistical Product and Service Solutions) 

software. Mann-Whitney test for nonparametric data was used to test for significance 

for the antibody reactivity to the domains. To determine if there was any significance 

on the effect of gestation on the antibody reactivity to the various domains the 

Kruskal-wallis one way analysis of variance for nonparametric data was used. 

Likewise, linear regression was used to determine the association between the ABO 

blood group phenotypes to the DBL domains. To determine the relationship between 

antibody responses to the various domain pairs the Coefficient of correlation was 

used. A significant level of p value less than 0.05 (p<0.05) was considered significant 

for all data analyzed. 
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CHAPTER FOUR 

 

 4.0  RESULTS AND STATISTICAL ANALYSIS 

  

4.1 Characteristics of the study sample  

Out of 109 samples randomly selected for this study, 23 were primigravidae with 86 

of them being multigravidae, constituting 21% and 79% respectively (Table 4.1). 

Among the primigravidae, 13% had malaria parasites whilst 2.3% of the 

multigravidae had malaria parasites (Fig. 4.1a). Furthermore, the highest ABO blood 

group phenotype observed in the study samples was blood group O with 44% of the 

study samples belonging to the group. The blood group B phenotype was the second 

highest representing 34% whilst blood group A was found in 20% of the study 

sample. Blood group AB was the least with only 4% of the study sample belonging to 

that group (Fig. 4.1b).  

 

Table 4.1- Characteristics of the study sample 

Parity Number of study samples n (%) Mean age (range) in years 

Primigravidae 23 (21) 21 (16-28) 

Multigravidae 86 (79) 28 (17-40) 
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Fig. 4.1a: A bar chart showing the percentage of malaria infection in primigravidae 

and multigravidae.            

 

   

  

Fig. 4.1b: A pie chart showing the distribution of the ABO phenotypes of the study 

sample  
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4.2 Antibody reactivity to the IT4VAR60 DBL1α domain  

To determine whether there was a significant difference between the reactivity of the 

antibodies to the domain, the responses of the various purified antibodies were 

compared to their corresponding non-purified antibodies. The levels of purified 

antibodies raised against the IT4VAR60 DBL1α (control antigen) domain were found 

to be lower when compared to the levels of plasma antibodies raised against the same 

domain (Fig. 4.2). A significant difference was observed between the reactivity of IgG 

purified from the plasma samples (392.6ng/ml) and the reactivity of IgG measured 

directly from same plasma (11429.6ng/ml) (p<0.0001). Similarly, the plasma IgM was 

also found to have a higher reactivity (40216.4ng/ml) to the DBL1α than its 

corresponding purified IgM (1632.4ng/ml), yielding a higher statistical significance 

value of p<0.0001 (Fig. 4.2).    
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Fig. 4.2: Purified and plasma samples antibody reactivity to the IT4var60 DBL1α 

domain  
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4.3 Antibody reactivity to the VAR2CSA DBL1-X domain  

The reactivity of IgM purified from the plasma samples against the VAR2CSA DBL1-

X (test antigen) domain were found to be lower (2118.5ng/ml) when compared to the 

IgM responses measured directly from plasma (20837.7ng/ml) giving a statistically 

significant difference between the two immunoglobulins (p<0.0001).  

Correspondingly, the IgG levels in the plasma samples were also found to be higher to 

the IgG levels purified from the same plasma to the DBL 1-X.  The median IgG level 

in plasma was (28,108ng/ml) and that of the IgG measured from the purified sample 

level was (299.8ng/ml) (Fig. 4.3) and the difference was statistically significant 

(p<0.0001) using the Mann-Whitney test. The difference between the IgGs and IgMs 

measured in plasma were also statistically significant (p=0.018).  

 

 Fig. 4.3: Purified and plasma samples antibody reactivity to the VAR2CSA DBL1 

domain   
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4.4 Antibody reactivity to the IT4VAR60 DBL5ε domain 

Increased plasma antibody levels were observed against the DBL5ɛ domain (Fig. 4.4). 

The median reactivity of the IgG purified from the plasma samples was found to be 

344.7ng/ml, significantly lower to the corresponding reactivity of the IgG measured 

from the plasma samples (33635.3ng/ml) (p<0.0001). Similarly, there was significant 

difference between the reactivity of the IgM measured from plasma (43144.6ng/ml) 

and that purified from the same plasma (620.6ng/ml) with p<0.0001. In comparison to 

the test samples, the naïve samples recorded lower antibody reactivity to the DBL5ɛ 

for both IgG (0.046ng/ml) and IgM levels in the naïve samples (0.0029ng/ml).                    

 

  

Fig. 4.4: Purified and plasma samples antibody reactivity to the IT4var60 DBL5ɛ 

domain  
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4.5 Reactivity of antibody to the VAR2CSA DBL5 domain   

To determine whether there was a significant difference between the reactivity of the 

various antibodies to the DBL5, responses of the various purified antibodies were 

compared to their corresponding non-purified antibodies. The levels of purified IgG 

raised against the domain were found to be lower to the levels of IgG measured 

directly from plasma (Fig. 4.5). There was significant difference between the 

reactivity of IgG purified from the plasma samples (697ng/ml) and the reactivity of 

IgG measured directly from plasma (13013.2ng/ml) (p<0.0001). However, the levels 

of IgM measured from the non-purified samples were found to be lower 

(3968.4ng/ml) than the levels of IgM purified from the same plasma (4345.5ng/ml), 

yet there was no statistical significance between the antibody responses (p>0.05). 

(Fig.4.5). Likewise the differences between the reactivity of the IgG and IgM 

measured in plasma were also statistically significant (p=0.0001). Notwithstanding, 

the levels of IgG (0.021ng/ml) and IgM (0.002ng/ml) in the negative control samples 

were lower than those measured from the pregnant women donor samples.   
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 Fig. 4.5: Purified and plasma samples antibody reactivity to the VAR2CSA DBL5 

domain   
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4.6 ABO phenotypes and antibody reactivity to the various domains   

Taking parity into consideration, the effect of ABO phenotypes on the levels of antibody 

to the DBL domains was found to be statistically significant only in group O phenotypes 

(p=0.031) between the primigravidae and the multigravidae. The primigravidae had 

increased IgG levels (116,303.6ng/ml) when compared to the multigravidae 

(10,480.96ng/ml). There was however no statistical significant effect of the blood group 

phenotypes on the IgM levels to any of the domains between the primigravidae and 

multigravidae (p>0.05).  

Also, no significant difference was observed for the ABO phenotype effects on the levels 

of antibodies to any of the domains when parity was not taken into consideration 

(p>0.05).   
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4.7 Effect of parity on levels of antibodies to the various domains   

The Fig. 4.6 (a-d) shows the antibody levels for IgG and IgM between the primigravidae 

and multigravidae. There was significant difference between the primigravidae and 

multigravidae for IgG and IgM antibody levels to VAR2CSA DBL5 with the 

primigravidae having higher median total combined IgG and IgM levels 

(47,407.47ng/ml) than the multigravidae (10,565ng/ml) (p=0.004). Nonetheless there was 

no statistical significance between IgM levels for the primigravidae and multigravidae to 

the same domain (p=0.06) (Fig. 4.6d). Also, there was no statistical significance between 

the levels of IgG between the primigravidae and multigravidae for the DBL1 domain 

(p>0.05) likewise the IgM levels (Fig. 4.6b). However, the IT4VAR60 DBL1α  and 

DBL5ε domains had no statistical significance even though the IgG levels to the 

multigravidae were higher than the primigravidae in the IT4VAR60 DBL domains 

(p=0.16 for 1α and p= 0.13 for 5ε). Also no statistical significant was observed in the 

IgM levels to any of the domains.  
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Fig. 4.6: Plasma levels of IgG and IgM to the IT4VAR60 DBL1α and VAR2CSA DBL1 

domains (a&b) and IT4VAR60 DBL5ε and VAR2CSA DBL5 (c&d) domains  
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4.8 Effect of gestation on the antibody reactivity to the various domains   

For the VAR2CSA DBL1 domain, there was found no statistical significance for IgG 

levels across the gestation periods in the primigravidae (p=0.3) as well as for the IgM 

(p=0.07) using the Kruskal-Wallis test but it was observed that levels of IgG decreased 

across the gestation periods. Similarly no statistical significance was found in the IgG 

levels in the multigravidae likewise the IgM levels (p=0.07) (Fig. 4.7ii). Also the levels of 

IgM in the VAR2CSA DBL1 domain decreased in the second trimester but increased in 

the third trimester as compared to its corresponding IgG levels but showed no statistical 

significance (p=0.08) when parity was not taking into consideration. Furthermore the 

multigravidae had higher IgG levels in the third trimester than the primigravidae (Fig. 

4.7i).  

For the IT4var60 DBL1α domain, IgG levels were found to be higher in the third 

trimester for the multigravidae than the primigravidae whilst the levels of IgM decreased 

across the gestation periods for both primigravidae and multigravidae. However, there 

was no statistical significance in the IgG and IgM levels with or without parity to the 

DBL1α (Fig. 4.7i). 

In addition, the plasma IgG levels across the gestation period for the 3D7 (VAR2CSA) 

DBL5 domain for the primigravidae was highest at the second trimester with the third 

trimester being the least yet there was no statistical significance between the levels when 

the Kruskal Wallis test was used (p>0.05).  Also there was no statistical significance 

between the IgM levels across the gestation periods (p=0.2) (Fig. 4.7(ii)). Nevertheless 

the levels of IgG increased greatly from the first to third trimester than IgM for the DBL 

5 domain when parity was not taking into consideration but there was no statistical 
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significance (p=0.3) whilst significance was found between the IgM levels across the 

gestation periods (p=0.01) without parity. No statistical significance was found between 

the IgG and IgM levels to the VAR2CSA DBL5 domain. On the other hand, the IgG 

levels were higher for the primigravidae than the multigravidae for the first and second 

trimesters with both having their highest levels at the second trimester whilst the levels 

for the third trimesters were not different for each other. Also the primigravidae IgG 

levels decreased markedly from the second to third trimester. 

Likewise, levels of IgG and IgM to the IT4VAR60 DBL5ε domain across the gestation 

periods was not statistically significant (p>0.05) (Fig. 4.7ii) in the primigravidae as well 

as in the multigravidae. However in the multigravidae, IgG levels to the DBL5ε domain 

were higher throughout the gestation periods than the levels for the primigravidae. In the 

second trimester IgG levels were higher when compared to the first and third trimesters 

for both primigravidae and multigravidae. On the other hand, IgM levels against the 

DBL5ε domain were observed to be decreasing across the gestation periods for both 

groups (Fig 4.7(i&ii)). 
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Fig. 4.7(i): A boxplot showing the levels of antibody distribution between the 

primigravidae (a&b): and multigravidae (c&d) for the IT4VAR60 DBL1α and VAR2CSA 

DBL1 domain across the gestation periods  
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 Fig. 4.7(ii): A boxplot showing the levels of antibody distribution between the 

primigravidae (a&b) and multigravidae (c&d) for the IT4VAR60 DBL5ɛ and VAR2CSA 

DBL5 domain across the gestation periods  
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4.9 Relationship between antibody responses to the various domain pairs  

The IgG responses to the various domain pairs were positively correlated (Table 4.2). 

Among the domain pairs, the strongest correlation was observed between IgG responses 

to DBL5ε and DBL1 domains (r
2
=0.42).  However the weakest correlation was found 

between the IgG responses to DBL5ε and IgG responses to DBL5 (r
2
=0.026).With 

regards to the IgM levels, responses to DBL5ε was highly correlated to IgM responses to 

DBL1α (r
2
=0.777). This was followed by the responses of IgM against DBL5ε/ DBL1 

(r
2
=0.51). Nonetheless IgM responses to DBL5 and DBL1α showed the weakest 

correlation (r
2
=0.00031) (Table 4.2).  

 

Table 4.2: Antibody responses against the domain pairs  

 

  

  

  

  

 

 

 

DOMAIN PAIR   r (IgG)   r (IgM)   

DBL5ε/DBL1α   0.112   0.777   

DBL5ε/DBL1   0.42   0.51   

DBL5ε/DBL5   0.026   0.00031   

DBL1α/DBL1   0.098   0.211   

DBL5/DBL1α   0.056   0.00031   

DBL5/DBL1   0.338   0.017   
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CHAPTER FIVE 

 

5.0  DISCUSSION, CONCLUSION AND RECOMMENDATION 

 

5.1 Discussion 

There have been many extensive studies on different malaria antigens and their 

corresponding circulating antibodies in regard to their roles in acquired immunity 

(Doolan et al., 2009; Good et al., 2004; Riley et al., 1992). The immunity acquired by an 

individual in respect to the various phenotypes they are exposed to becomes non-

functional during pregnancy (Steketee et al., 1996).  This is due to the fact that in the 

course of pregnancy, a subpopulation of P. falciparum parasites acquires the capability of 

sequestration and growth. This new endowed ability is due to the presence of a new organ 

introduced into the body, called the placenta. This cytoadherence ability of P. falciparum 

has been identified to promote immune evasion and also cause an increase in 

parasitaemia which is associated with most complications in P. falciparum pregnancy-

associated malaria infections (Barfod et al., 2011). These phenotypes of P. falciparum 

express the VAR2CSA antigen making the antigen the most extensively studied in 

placental malaria. The antigen consists of Duffy Binding Like domains which have been 

studied extensively and have been found to stimulate the immune system to produce 

specific IgG responses once the body’s immune system is exposed to it (Salanti et al., 

2004; Staalsoe et al., 2004). These antibodies produced are therefore crucial in the 

development of protective immunity during placental malaria. The antibodies have been 

found to be involved in effector mechanisms such as direct neutralization of parasites or 
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their toxins, complement mediation, cell cytotoxicity and inhibition of host cell invasion 

by malaria parasites (Czakowsky et al., 2009; Blackman et al., 1994; Cooper et al., 

1985). Apart from binding of specific IgG to the exposed epitopes/domains of 

VAR2CSA, non-specific IgM has similarly been identified to bind to some of the exposed 

epitopes of the antigen and has been implicated in the severity of the disease (Ghumra et 

al., 2008; Rowe et al., 2002).   

Also according to Creasey et al., (2003), this VAR2CSA antigen does not only have IgG 

binding sites but also harbours sites for non-specific IgM. This has also been further 

demonstrated in many studies (Barfod et al., 2011; Rasti et al., 2006; Semblat et al., 

2006). For this study, the levels of IgG and IgM reactivity to two different domains of 

VAR2CSA implicated in placental malaria and two domains of IT4var60 not implicated 

in placental malaria, but that mediate rosetting were measured using indirect ELISA.   

In this study those diagnosed with malaria during the enrolment were mainly the 

primigravidae which was in conformity with previous studies done in the same 

community (Ofori et al., 2009) and studies done in other areas (Shuman and Dorman, 

2003).   

It was noted that among the domains studied, IgM reactivity to the VAR2CSA DBL5 

domain was the lowest when compared to the other domains. The levels of IgM in the 

absence of IgG against DBL5 was found to be higher when compared to the IgM levels in 

the presence of IgG even though they were not statistically significant (p>0.05). Despite 

the fact that IgG reactivity to DBL5 in the presence of IgM was higher than IgG levels in 

the absence of IgM, the levels of IgG against DBL5 were found to be lower when 

compared to IgG levels against VAR2CSA DBL1 and IT4var60 DBL5ε domains. The 
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lower IgM reactivity to VAR2CSA DBL5 could probably be that DBL5 expresses less 

IgM binding epitopes. Nonetheless, it may also imply that IgG binding inhibits IgM 

binding to DBL5. Interestingly, the significant increase in IgG reactivity to DBL5 in the 

primigravidae may also imply that DBL5 domain is highly expressed during primary 

placental malaria infection in the primigravidae resulting in the high levels of IgG 

antibodies to the domain.  

Moreover, the decreased IgM reactivity to DBL5 may indicate that DBL5 may not be 

involved in sequestration by the parasite hence the lower IgM epitopes on the domain 

when compared to VAR2CSA DBL1. Furthermore, a study in rabbits by Avril et al., 

(2010) observed that VAR2CSA DBL5 did not induce adhesion inhibitory antibodies. 

From this current study, it may be suggested that the VAR2CSA DBL5 domain is not 

involved in sequestration but is exposed to the host immune system. This however seems 

to support a current study by Dahlback et al., (2012) in which only DBL1X, DBL2X and 

DBL3X were identified to be involved in sequestration.   

Interestingly, it was observed that IgG levels against the VAR2CSA DBL1 and DBL5 

domains were present in the primigravidae during gestation which is contrary to a 

previous study by Fried et al., 1998 which reported that primigravidae do not produce 

anti-VAR2CSA antibodies. The presence of IgG to the domains in the primigravidae may 

suggest that, once the placenta has been introduced, it is able to isolate VAR2CSA 

expressing parasite isolates from the periphery to the placenta which are able to stimulate 

an immune response (Adam et al., 2005).   

Nonetheless, the IgG reactivity to VAR2CSA DBL1 was parity dependent since they were 

found to be higher in the multigravidae than in the primigravidae. Also a previous work 
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by Salanti et al., 2004, observed IgG reactivity to VAR2CSA domains to be parity 

dependent and that it conferred protection to the pregnant women against severer 

consequences of PAM such as low birth weight and maternal anaemia. Furthermore the 

higher IgG reactivity to DBL1 in multigravidae observed in this study may be as a result 

of their previous repeated exposure to the infection which enabled them to elicit strong 

immune responses against the domain.   

In addition, the increased in IgG levels against DBL1 during gestation, in the 

multigravidae than in the primigravidae is in conformity to a previous study by O’Neil et 

al., (2001), which showed that IgG levels against VAR2CSA in multigravidae appear and 

increase faster than in the primigravidae during gestation. The rapid response of the 

multigravidae to the domains could also be as a result of the accumulation of PAM 

specific IgG or pre-existing memory upon previous repeated exposure to the infection. 

Also the absence of IgG levels in the primigravidae to the VAR2CSA DBL1 domain may 

indicate that, during primary initial infection, primigravidae lack antibodies to the domain 

since there has not been a previous exposure to it and when compared to VAR2CSA 

DBL5, DBL1 may be involved in sequestration.  

Also, IgG levels measured against the IT4var60 DBL5ε (non-placental binding isolate) 

domain in the presence of IgM antibodies were higher than the IgG levels measured in 

the absence of IgM. This is contrary to a previous study by Barfod et al., (2011), where 

they found decreased IgG reactivity in the presence of IgM as compared to an increase 

IgG reactivity in the absence of IgM against VAR2CSA DBL5ε. The differences in the 

antibody reactivity levels to DBL5ε may be due to the fact that in the previous work 

placental binding isolate (VAR2CSA) DBL5ε and monoclonal antibodies were used 
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whilst in this study (polyclonal) antibodies from pregnant women in a malaria endemic 

area were used. Also the lower IgG reactivity observed in the absence of IgM may be as a 

result of the method of purification used or alternatively the total IgG purified had lower 

IT4var60 specific IgGs.    

Likewise the IgG reactivity to the non-placental binding isolate (IT4var60) DBL5ε was 

parity dependent since they were found to be higher in the multigravidae than in the 

primigravidae even though the difference was not statistically significant (p>0.05). This 

seems to support a previous study by Mayor et al., (2011) in which they found increase 

IgG responses to non-CSA binding parasites in multigravidae than in primigravidae. This 

may imply that malaria infections during pregnancy may enhance other antibody 

responses against different P. falciparum isolates.  

Also, IT4var60 DBL5ε was observed to have a higher IgM reactivity to its domain when 

compared to the reactivity of VAR2CSA DBL5. It was observed that the level of binding 

of IgM to the DBL5ε in the absence of IgG was lower when compared to IgM reactivity 

to the domain in the presence of IgG. The increased IgM reactivity to DBL5ε may 

indicate that 5ε harbours more IgM epitopes and may be involved in an immune evasion 

mechanism for the parasite since it has been implicated to mediate rosetting, increase the 

severity of the disease and help the parasite to evade the host immunity (Barfod et al., 

2011; Czakowsky et al., 2010). 

Similar to the DBL5ε, there was an increased IgG reactivity to DBL1α in the presence of 

IgM even though IgG reactivity to this domain was the lowest when compared to the 

other domains. In addition the reactivity of IgM to DBL1α was relatively higher in the 

presence of IgG. Also other studies have identified IgM and DBL1α to be involved in 
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rosetting in children with cerebral malaria and found to serve as a source of preventing 

immune IgGs from binding to the epitope to aid in sequestration to host receptors (Chen 

et al., 2004; Rowe et al., 2002; Smith et al., 2001). The result obtained from this study 

could then suggest that IgM binding to IT4var60 DBL1α during pregnancy may aid in the 

immune evasion mechanism of P. falciparum expressing this isolate. Moreover, the lower 

IgG reactivity to the domain could suggest that during mixed infections with different P. 

falciparum isolates during pregnancy, the total IgG reactivity to some non-CSA binding 

parasite antigens such as IT4var60 DBL1α is reduced which may be as a result of 

pregnancy associated immunomodulation to protect the foetus.   

Also, no significant difference was found between the reactivity of IgM in the 

primigravidae and multigravidae to the domains (p>0.05). However, previous studies 

have found IgM to be involved in immune evasion mechanism or severity of infection in 

cerebral malaria (Czakowsky et al., 2010; Rowe et al., 2002) by binding to infected 

erythrocytes.  Even though in this study, the domains used were found to bind to IgM, the 

decreased consequences of PAM in the multigravidae may be accounted for that the IgGs 

they produce have a higher avidity than the IgM antibodies whereas the IgGs produced 

by the primigravidae have a lower affinity hence the primigravidae suffering more from 

the consequences of PAM.  

Although there have been studies that have analysed ABO blood group association with 

malaria risk in non-placental (Min-Oo et al., 2005; Udomsangpetch et al., 1993) and 

placental malaria cases (Maubert et al., 1998), none has been done on specific domains of 

the VAR2CSA such as the DBL1 and DBL5. In this study, the association of ABO blood 

group phenotypes to DBL domains were analysed using linear regression. A positive 
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association was found for levels of IgG in the multigravidae for individuals of blood 

group O (p=0.03) as compared to the other ABO phenotypes in the DBL1 domain 

indicating that the ABO phenotype system may be a determinant factor in the nature of 

antibodies produced since the red blood group antigens found in the sialoglycoprotein are 

found on the red cell surface.   

Also the positive correlation observed among the VAR2CSA domain pairs may suggest 

that, immunity to VAR2CSA is acquired synergistically, confirming an earlier study by 

Oleinikov et al., (2007). This may also indicate that an individual vaccinated with DBL5 

may elicit a positive immune response against the DBL1. Likewise an immune response 

elicited by an individual vaccinated with DBL5 will be poor to immune responses against 

DBL1α.  

  

5.2 Conclusion  

The results from the study showed that all the four domains harboured IgM epitopes 

alongside placental malaria specific IgGs. Also since the levels of IgG binding to the 

domains were higher in plasma than in the absence of IgM, it may suggest that IgM 

binding may not interfere with IgG binding to the domains. Also a strong immune 

response observed in the multigravidae against DBL1α, DBL1 and DBL5ε domains 

during gestation may have resulted from a pre-existing memory or their previous repeated 

exposure to P. falciparum infections during pregnancy. Also the positive correlation 

observed among the IgGs generated against the domains may indicate that immunity to 

VAR2CSA and IT4VAR60 is acquired in unison. Furthermore the ABO blood group 

system may be a determinant factor in the levels and strength of antibodies produced to 
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the DBL domains since VAR2CSA which mediates the adhesion of infected erythrocytes 

to the CSA involves modulation of the proteins, such as sialoglycoprotein which contains 

the blood group antigens on the membrane surface of the IEs and also IT4var60 domains 

like DBL1α interacts with CR1 which is located on the red cell membrane.  

  

5.3 Recommendations  

VAR2CSA has been identified as the leading vaccine candidate against PAM due to its 

low level of polymorphism and the speedy acquisition of specific IgG after primary 

infections. Hence the binding of VAR2CSA to nonspecific IgM needs to be further 

studied in an increased sample size to determine their effect on IgG.  

Furthermore, investigation into the role of anti-DBL5 antibodies is required to determine 

their effect during the acquisition of immunity to PAM. There should be further work on 

pregnancy immunomodulation and its effect on antibody production for peripheral P. 

falciparum antigens.  Also there is the need to further investigate the effect of the ABO 

blood group system to the types of antibodies generated to these DBL domains and its 

effect on the level of protection which may be conferred in placental malaria or its 

clinical importance in PAM pathophysiology since the ABO system has been associated 

with soluble endothelial markers and adhesion molecules (Verheof et al., 1999) and 

therefore may be a determinant factor in the levels and strength of immunoglobulins 

produced against these domains.   

University of Ghana          http://ugspace.ug.edu.gh



 

67 

 

REFERENCES 

Abdel-Latif, M.S., Dietz, K., Issifou, S., Kremsner, P.G. and Klinkert, M.Q. (2003). 

Antibodies to Plasmodium falciparum rifin proteins are associated with rapid parasite 

clearance and asymptomatic infections. Infect. Immun.71:6229–6233.  

 

Abbas, A.K., Lichtman, A.H. and Pillai, S. (2010). Innate and Adaptive Immunity. 

Cellular and Mol. Immunol. 6:4.   

 

Adam, I., A-Elbasit, I.E., Salih, I., and Elbashir, M.I. (2005). Sub microscopic 

Plasmodium falciparum infections during pregnancy, in an area of Sudan with a low 

intensity of malaria transmission. Ann Trop Med Parasitol; 99:339–44.  

 

Adinolfi, M., Haddad, S.A. and Seller, M.J. (1978). X chromosome complement and 

serum levels of IgM in man and mouse. J. Immunogenet. 5: 149–156.  

 

Afari, E.A., Appawu, M., Dunyo, S., Baffoe-Wilmot, A., and Nkrumah, F.K. (1995). 

Malaria infection, morbidity and transmission in two ecological zones in southern Ghana. 

Afr J Health Sci.; 2:312–316.  

 

Agyapong, I.A. (1992). Malaria; Ethnomedical perceptions and practise in Adangbe 

farming community and implications for control. Soc. Sci. Med. J. 35(2): 131-137.   

 

Ahmed, K. (1989). Epidemiology of malaria in Ghana. Ghana Med. J. 23: 190-196  

University of Ghana          http://ugspace.ug.edu.gh



 

68 

 

Amante, F.H., Stanley, A.C., Randall, L.M., Zhou, Y., Haque, A., McSweeney, K., 

Waters, A. P., Janse, C.J., Good, M.F., Hill, G. R., and Engwerda, C.R. (2007). A role for 

natural regulatory T cells in the pathogenesis of experimental cerebral malaria. Am. J. 

Pathol. 171, 548–559.  

 

Anstey, N.M., Weinberg, J.B., Hassanali, M.Y., Mwaikambo, E.D., Manyenga, D., 

Misukonis, M. A., Arnelle, D. R., Hollis, D., McDonald, M. I., and Granger, D.L. (1996). 

Nitric oxide in Tanzanian children with malaria: inverse relationship between malaria 

severity and nitric oxide production/nitric oxide synthase type 2 expression. J Exp Med, 

184:557-567.  

 

Allison A.C. and Eugui E.M. (1983). The role of cell-mediated immune responses in 

resistance to malaria, with special reference to oxidant stress Ann. Rev. ImmunoL, 1:361-

92.  

 

Antwi, K.Y. and Marfo C. (1998). Ghana moves towards intermittent presumptive 

treatment in pregnancy. Ghana Health Service.  

 

Asante, F.A. and Asenso-Okyere, K. (2003). Economic burden of malaria in Ghana; 

Technical report submitted to the World Health Organization (WHO), Africa Regional 

Office (AFRO) University of Ghana, Legon.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Stanley%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Stanley%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Randall%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Randall%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Haque%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Haque%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=McSweeney%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Waters%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Waters%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Janse%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Good%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Hill%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Hill%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=17600128
http://www.ncbi.nlm.nih.gov/pubmed?term=Engwerda%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=17600128


 

69 

 

Aultman, K.S., Gottlieb, M., Giovanni, M.Y., and Fauci, A.S. (2002). Anopheles gambiae 

genome: completing the malaria triad. Science, 298, 13. 

 

Avril, M.G.B., Lépolard, C., Viaud, N., Scherf, A., and Gysin, J. (2006). Characterization 

of anti-var2CSA-PfEMP1 cytoadhesion inhibitory mouse monoclonal antibodies. 

Microbes Infect 8: 2863–2871.   

 

Avril, M., Cartwright, M.M., Hathaway, M.J., Hommel, M., Elliott, S.R., Williamson, K., 

Narum, D. L., Duffy, P. E., Fried, M., Beeson, J. G. and Smith, J. D. (2010). 

Immunization with VAR2CSA-DBL5 Recombinant Protein Elicits Broadly Cross-

Reactive Antibodies to Placental Plasmodium falciparum-Infected Erythrocytes. Infect 

Immun 78(5):2248–2256.    

 

Barragan, A., Fernandez, V., Chen, Q., von Euler, A., Wahlgren, M., and Spillmann, D. 

(2000). The Duffy-binding-like domain 1 of Plasmodium falciparum erythrocyte 

membrane protein 1 (PfEMP1) is a heparan sulphate ligand that requires 12mers for 

binding. Blood 95, 3594-3599.  

 

Barfod, L., Dalgaard, M.B., Pleman, S.T., Ofori, M.F., Pleass, R.J., and Hviid, L. (2011). 

Evasion of immunity to Plasmodium falciparum malaria by IgM masking of protective 

IgG epitopes in infected erythrocyte surface-exposed PfEMP1 Proc Natl Acad Sci USA, 

26; 108 (30): 12485-90.  

 

University of Ghana          http://ugspace.ug.edu.gh



 

70 

 

Baruch, D.I., Gormley, J.A., Ma, C., Howard, R.J., and Pasloske, B.L.  (1996). 

Plasmodium falciparum erythrocyte membrane protein 1 is a parasitized erythrocyte 

receptor for adherence to CD36, thrombospondin, and intercellular adhesion molecule 1. 

Proc Natl Acad Sci USA; 93:3497–502.  

 

Beeson, J.G., Brown, G.V., Molyneux, M.E., Mhango, C., Dzinjalamala, F, and 

Rogerson, S.J. (1999). Plasmodium falciparum isolates from infected pregnant women 

and children are associated with distinct adhesive and antigenic properties. J Infect Dis; 

180: 464–72.  

 

Beeson, J.G., Mann, E.J., Elliott, S.R.,  Lema, V.M., Tadesse, E., Molyneux, M.E., 

Brown, G.V., and Rogerson, S.J. (2004). Antibodies to variant surface antigens of 

Plasmodium falciparum-infected erythrocytes and adhesion inhibitory antibodies are 

associated with placental malaria and have overlapping and distinct targets. J Infect Dis; 

189: 540–51.  

 

Beeson, J.G., Osier, F.H.A. and Engwerda, C.R. (2008). Recent insights into humoral and 

cellular immune responses against malaria Intl. J. Parasitol 38, 17–98.  

 

Beeson, J.G., Rogerson, S.J., Cooke, B.M., Reeder, J.C., Chai, W., Lawson, A.M., 

Molyneux, M.E., and Brown, G.V. (2000). Adhesion of Plasmodium falciparum-infected 

erythrocytes to hyaluronic acid in placental malaria. Nat Med 6: 86–90.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Lema%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=Tadesse%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=Molyneux%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=Molyneux%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=Rogerson%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=14745713
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20GV%22%5BAuthor%5D


 

71 

 

Belnoue, E., Costa, F.T., Frankenberg, T., Vigario, A.M., Voza, T., Leroy, N., Rodrigues, 

M.M., Landau, I., Snounou, G., and Renia, L. (2004). Protective T cell immunity against 

malaria liver stage after vaccination with live sporozoites under chloroquine treatment. J 

Immunol, 172:2487-2495.  

 

Berendt, A.R., Simmons, D.L., Tansey, J., Newbold, C.I. and Marsh, K. (1989). 

Intercellular adhesion molecule-1 is an endothelial cell adhesion receptor for Plasmodium 

falciparum Nature 341, 57-59.  

 

Biggs, B.A., Anders, R.F., Dillon, H.E, Davern, K.M., Martin, M., Petersen, C., and 

Brown, G.V. (1992). Adherence of infected erythrocytes to venular endothelium selects 

for antigenic variants of Plasmodium falciparum. J Immunol, 149:2047-2054.  

 

Blackman, M.J., Scott-Finnigan, T.J., Shai, S., and Holder, A.A. (1994). Antibodies 

inhibit the protease-mediated processing of a malaria merozoite surface protein. J. Exp. 

Med. 180:389-393.  

 

Bloom, B.R., Lambert, P.H., Hoffman, S.L. and Richie, T.L. (2003). The Vaccine Book 

291. 

 

Blythe, J., Surentheran T. and Preiser. P. R. (2004). STEVOR—a multifunctional protein? 

Mol. Biochem. Parasitol. 134:11–14.  

 

University of Ghana          http://ugspace.ug.edu.gh



 

72 

 

Bir, N., Yazdani, S.S., Avril, M., Layez, C., Gysin, J., and Chitnis, C.E. (2006). 

Immunogenicity of Duffy binding-like domains that bind chondroitin sulphate A and 

protection against pregnancy-associated malaria. Infect Immun. 74(10):5955–5963.   

 

Boes, M. (2000). Role of natural and immune IgM antibodies in immune responses. Mol 

Immunol 37: 1141–1149.  

 

Bouharoun-Tayoun, H., Attanath, P., Sabchareon, A., Chongsuphajaisiddhi, T, and 

Druilhe, P. (1990). Antibodies that protect humans against Plasmodium falciparum blood 

stages do not on their own inhibit parasite growth and invasion in vitro, but act in 

cooperation with monocytes. J Exp Med, 172:1633-1641.  

 

Bourke, P.F., Holt, D.C., Sutherland, C.J., and Kemp, D.J. (1996). Disruption of a novel 

open reading frame of Plasmodium falciparum chromosome 9 by sub telomeric and 

internal deletions can lead to loss or maintenance of cytoadherence. Mol Biochem 

Parasitol. 82:25-36.  

 

Bouyou-Akotet, M.K., Issifou, S., Meye, J.F., Kombila, M., Ngou-Milama, E., Luty, A.J., 

Kremsner, P.G., and Mavoungou, E. (2004). Depressed natural killer cell cytotoxicity 

against Plasmodium falciparum-infected erythrocytes during first pregnancies. Clin Infect 

Dis; 38:342–47.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yazdani%20SS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Avril%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Layez%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gysin%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chitnis%20CE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kombila%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14727203
http://www.ncbi.nlm.nih.gov/pubmed?term=Ngou-Milama%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14727203
http://www.ncbi.nlm.nih.gov/pubmed?term=Ngou-Milama%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14727203
http://www.ncbi.nlm.nih.gov/pubmed?term=Luty%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=14727203
http://www.ncbi.nlm.nih.gov/pubmed?term=Kremsner%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=14727203
http://www.ncbi.nlm.nih.gov/pubmed?term=Kremsner%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=14727203
http://www.ncbi.nlm.nih.gov/pubmed?term=Mavoungou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14727203


 

73 

 

Brabin, B.J. (1983). An analysis of malaria in pregnancy in Africa. Bull World Health 

Organ, 61:1005-1016.   

 

Brabin, B.J. (1985). Epidemiology of infection in pregnancy. Reviews of Infectious 

Diseases 7, 579–603.  

 

Brattig, N.W., Kowalsky, K, Liu, X., Burchard, G.D., Kamena, F., and Seeberger, P.H. 

(2008). Plasmodium falciparum glycosylphosphatidylinositol toxin interacts with the 

membrane of non-parasitized red blood cells: a putative mechanism contributing to 

malaria anaemia. Microbes Infect. 10:885.  

 

Bray, R.S. and Anderson, M.J.  (1979). Falciparum malaria and pregnancy Trans R Soc 

Trop Med Hyg.;73:427–431.  

 

Burton, D.R. (1987). Structure and function of antibodies. In: Calabi F, Neuberger MS, 

editors. Molecular Genetics of Immunoglobulin. Elsevier Science Publishers B.V. 

(Biomedical Division). 1–49.  

 

Chen, Q., Heddini, A., Barragan, A., Fernandez, V., Pearce, S.F.A., and Wahlgren, M. 

(2000). The semi conserved head structure of Plasmodium falciparum erythrocyte 

membrane protein 1 mediates binding to multiple independent host receptors. J Exp Med; 

192:1–9.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/3


 

74 

 

Chen, Q., Barragan, A., Fernandez, V., Sundstrom, A., Schlichtherle, M., Sahlen, A., 

Carlson, J., Datta, S., and Wahlgren, M. (1998). Identification of Plasmodium falciparum 

erythrocyte membrane protein 1(PfEMP1) as the rosetting ligand of the malaria parasite 

P. falciparum. J Exp Med 187, 15-23.  

 

Cho, Y., Usui, K., Honda, S., Tahara-Hanaoka, S., Shibuya, K., and Shibuya, A. (2006). 

Molecular characteristics of IgA and IgM Fc binding to the Fcα/muR. Biochem. Biophys. 

Res. Commun. 345:474–478.  

 

Cohen, S., McGregor, I.A., and Carrington, S. (1961). Gamma-globulin and acquired 

immunity to human malaria. Nature 192, 733–737.  

 

Cooper, N.R. (1985). The classical complement pathway: activation and regulation of the 

first complement component. Adv. Immunol.37: 151–216.  

 

Couper, K.N.,  Blount, D.G., Hafalla, J.C, van Rooijen, N., de Souza, J.B., and Riley. 

E.M. (2007). Macrophage-mediated but gamma interferon independent innate immune 

responses control the primary wave of Plasmodium yoelii parasitaemia. Infect. Immun. 

75:5806–5818.  

 

Cox-Singh, J., Davis, T.M., Lee, K.S, Shamsul, S.S., Matusop, A., Ratnam, S., Rahman, 

H.A., Conway, D.J., and Singh, B. (2008). Plasmodium knowlesi malaria in humans is 

widely distributed and potentially life threatening. Clin Infect Dis, 46:165-171.  

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=McGREGOR%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=13880318
http://www.ncbi.nlm.nih.gov/pubmed?term=CARRINGTON%20S%5BAuthor%5D&cauthor=true&cauthor_uid=13880318
http://www.ncbi.nlm.nih.gov/pubmed?term=Blount%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=17923512
http://www.ncbi.nlm.nih.gov/pubmed?term=Hafalla%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17923512
http://www.ncbi.nlm.nih.gov/pubmed?term=Hafalla%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17923512
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Souza%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=17923512
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Souza%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=17923512
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=17923512
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=17923512


 

75 

 

Creasey, A.M., Staalsoe, T., Raza, A., Arnot, D.E., and Rowe, J.A. (2003). Nonspecific 

immunoglobulin M binding and chondroitin Sulphate A binding are linked phenotypes of 

Plasmodium falciparum isolates implicated in malaria during pregnancy. Infect. Immun. 

71:4767–4771.   

 

Czajkowsky, D.M. ,  Salanti, A., Ditlev, S.B.,  Shao, Z.,  Ghumra, A.,  Rowe, J.A. and 

Pleass, R.J. (2010).  IgM, FcμRs, and Malarial Immune Evasion. J Immunol 184 (9): 

4597-4603.   

 

Czajkowsky, D.M. and Shao, Z. (2009). The human IgM pentamer is a mushroom-shaped 

molecule with a flexural bias. Proc. Natl Acad. Sci. USA 106, 14960–14965.   

 

Dahlback, M., Rask, T.S., Andersen, P.H., Nielsen, M.A., Ndam, N.T., Resende, M., 

Turner, L., Deloron, P., Hviid, L., Lund, O., Pedersen, A.G., Theander, T.G., and Salanti, 

A. (2006). Epitope mapping and topographic analysis of VAR2CSA DBL3X involved in 

P. falciparum placental sequestration. PLoS Pathog 2: 124.   

 

Daily, J.P., Scanfeld, D., Pochet, N., Le Roch, K., Plouffe, D., Kamal, M., Sarr, O., 

Mboup, S., Ndir, O., Wypij, D., Levasseur, K., Thomas, E., Tamayo, P., Dong, C., Zhou, 

Y., Lander, E.S., Ndiaye, D., Wirth, D., Winzeler, E.A., Mesirov, J.P., and Regev, A. 

(2007). Distinct physiological states of Plasmodium falciparum in malaria-infected 

patients. Nature. 450:1091.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.jimmunol.org/search?author1=Daniel+M.+Czajkowsky&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Ali+Salanti&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Sisse+B.+Ditlev&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Zhifeng+Shao&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Ashfaq+Ghumra&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=J.+Alexandra+Rowe&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Richard+J.+Pleass&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Richard+J.+Pleass&sortspec=date&submit=Submit
http://www.plosone.org/article/findArticle.action?author=Dahlback&title=Epitope%20mapping%20and%20topographic%20analysis%20of%20VAR2CSA%20DBL3X%20involved%20in%20P.%20falciparum%20placental%20sequestration.
http://www.plosone.org/article/findArticle.action?author=Dahlback&title=Epitope%20mapping%20and%20topographic%20analysis%20of%20VAR2CSA%20DBL3X%20involved%20in%20P.%20falciparum%20placental%20sequestration.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turner%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turner%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deloron%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hviid%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lund%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pedersen%20AG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pedersen%20AG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theander%20TG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salanti%20A%22%5BAuthor%5D
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18046333
http://www.ncbi.nlm.nih.gov/pubmed?term=Ndiaye%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18046333
http://www.ncbi.nlm.nih.gov/pubmed?term=Winzeler%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=18046333
http://www.ncbi.nlm.nih.gov/pubmed?term=Mesirov%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=18046333
http://www.ncbi.nlm.nih.gov/pubmed?term=Regev%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18046333
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2
http://www.uptodate.com/contents/pathogenesis-of-malaria/abstract/2


 

76 

 

Day, K.P., Karamalis, F., Thompson, J., Barnes, D.A., Peterson, C., Brown, H., Brown, 

G.V., and Kemp, D.J. (1993). Genes necessary for expression of a virulence determinant 

and for transmission of Plasmodium falciparum are located on a 0.3-megabase region of 

chromosome 9. Proc Natl Acad Sci U S A, 90:8292-8296.  

 

Doolan, D. L., Dobaño, C. J., and Baird, K. (2009). Acquired Immunity to Malaria. 

Clinical Microbiology Reviews. 22 (1):13–36. 

  

Desowitz, R.S., Elm, J., and Alpers, M.P. (1993). Plasmodium falciparum – Specific 

immunoglobulin G (IgG), IgM and IgE antibodies in paired maternal-cord sera from East 

Sepik Province, Papua New Guinea. Infect Immun, 61:988-993.  

 

Dodoo, D., Theander, T. G., Kurtzhals, J. A. L., Koram, K., Riley, E., Akanmori, B. D., 

Nkrumah, F. K, and Hviid, L. (1999). Levels of Antibody to conserved parts of 

Plasmodium falciparum Merozoite Surface Protein 1 in Ghanaian children are not 

associated with Protection from clinical malaria. Infect. Immun. 67: 2131-2137.  

 

Duarte, J., Deshpande, P., Guiyedi, V., Mécheri, S., Fesel, C., Cazenave, PA., Mishra, 

G.C., Kombila, M., and Pied, S. (2007). Total and functional parasite specific IgE 

responses in Plasmodium falciparum-infected patients exhibiting different clinical status. 

Malar J, 6:1-13.  

 

University of Ghana          http://ugspace.ug.edu.gh



 

77 

 

Duffy, P.E. (2001). Immunity to malaria during pregnancy: different host, different 

parasite. In: Duffy, P.E., and Fried, M., eds. Malaria in pregnancy: deadly parasite, 

susceptible host. London: Taylor & Francis: 70–126.  

 

Duffy, M.F., Caragounis, A., Noviyanti, R., Kyriacou, H.M., Choong, E.K., Boysen, K., 

Healer, J., Rowe, J.A., Molyneux, M.E., Brown, G.V. and Rogerson, S.J. (2006). 

Transcribed var genes associated with placental malaria in Malawian women. Infect 

Immun. 74(8):4875–4883.   

 

Duffy, M.F., Maier, A.G., Byrne, T.J., Marty, A.J., Elliott, S.R., O'Neill, M.T., Payne, 

P.D., Rogerson, S.J., Cowman, A.F., Crabb, B.S. and Brown, G.V. (2006). VAR2CSA is 

the principal ligand for chondroitin sulphate A in two allogeneic isolates of Plasmodium 

falciparum. Mol Biochem Parasitol. 148(2):117–124.  

 

Duffy, P.E., and Fried, M. (2003). Antibodies that inhibit Plasmodium falciparum 

adhesion to chondroitin sulphate A are associated with increased birth weight and the 

gestational age of new-borns. Infect Immun. 71(11):6620–6623.   

 

Duffy, M.F., Maier, A.G., Byrne, T.J.,  Marty, A.J., Elliott, S.R., O'Neill, M.T., Payne, 

P.D., Rogerson, S.J., Cowman, A.F., Crabb, B.S., and Brown, G.V.. (2006). ―VAR2CSA is 

the principal ligand for chondroitin sulphate A in two allogeneic isolates of Plasmodium 

falciparum,‖ Mol Biochem Parasitol 148(2):117–124.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caragounis%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Noviyanti%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kyriacou%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Choong%20EK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O%27Neill%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O%27Neill%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Payne%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Payne%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rogerson%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cowman%20AF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crabb%20BS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20GV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20GV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Marty%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Elliott%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Neill%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Neill%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Payne%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Payne%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Rogerson%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Cowman%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Crabb%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=16631964
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=16631964


 

78 

 

Ehrenstein, M.R. and Notley, C.A. (2010). The importance of natural IgM: scavenger, 

protector and regulator.  Nat  Rev Immunol 10:778-786.  

 

Elghazali, G., Perlmann, H., Rutta, A.S., Perlmann, P., and Troye-Blomberg, M. (1997). 

Elevated plasma levels of IgE in Plasmodium falciparum primed individuals reflect an 

increased ratio of IL-4 to interferon-gamma (IFN=gamma)-producing cells. Clin Exp 

Immunol, 109:84-89.  

 

Elliott, S.R., Brennan, A.K., Beeson, J.G.,  Tadesse, E., Molyneux, M.E., Brown, G.V., 

and Rogerson, S.J. (2005). Placental malaria induces variant specific antibodies of the 

cytophilic subtypes immunoglobulin G1 (IgG1) and IgG3 that correlate with adhesion 

inhibitory activity. Infect Immun; 73: 5903–07.  

 

Eugui, E.M., and Allison, A.C. (1980). Differences in susceptibility of various mouse 

strains to haemoprotozoan infections: possible correlation with natural killer activity. 

Parasite Immunol 2:277-92.  

 

Farnert, A. (2004). Elevated anti-malarial IgE in asymptomatic individuals is associated 

with reduced risk for subsequent clinical malaria. Int J Parasitol, 34:935-942.  

 

Farouk, S.E., Dolo, A., Bereczky, S., Kouriba, B., Maiga, B., Farnert, A., Perlmann, H., 

Hayano, M., Montgomery, S.M., Doumbo, O.K., and Troye Blomberg, M. (2005). 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Tadesse%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16113309
http://www.ncbi.nlm.nih.gov/pubmed?term=Molyneux%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=16113309
http://www.ncbi.nlm.nih.gov/pubmed?term=Molyneux%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=16113309
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=16113309
http://www.ncbi.nlm.nih.gov/pubmed?term=Rogerson%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=16113309
http://www.ncbi.nlm.nih.gov/pubmed?term=Rogerson%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=16113309


 

79 

 

Different antibody- and cytokine-mediated responses to P. falciparum parasite in two 

sympatric ethnic tribes living in Mali. Microbes Infect 2005, 7:110-117.  

 

Fellah, J. S., Wiles, M. V., Charlemagne, J. and Schwager, J. (1992). Evolution of 

vertebrate IgM: complete amino acid sequence of the constant region of Ambystoma 

mexicanum μ chain deduced from cDNA sequence. Eur. J. Immunol. 22, 2595–2601.   

 

Ferreira, M.U., Nunes, M. and Wunderlich, G. (2004). Antigenic diversity and immune 

evasion by malaria parasites. Clin Diagn Lab. Immunol, 11(6):987–995.   

 

Fievet, N., Cot, M., Ringwald, P., Bickii, J., Dubois, B., Le Hesran, J.Y., Migot, F., and 

Deloron, P. (1997). Immune response to Plasmodium falciparum antigens in 

Cameroonian primigravidae: evolution after delivery and during second pregnancy. Clin 

Exp Immunol; 107: 462–67.  

 

Fievet, N., Tami, G., Maubert, B.,  Moussa, M., Shaw, I.K., Cot, M., Holder, A.A., 

Chaouat, G., and Deloron, P. (2002). Cellular immune response to Plasmodium 

falciparum after pregnancy is related to previous placental infection and parity. Malar J; 

1: 16.  

 

Fischer, K., Horrocks, P., Preuss, M., Wiesner, J., Wünsch, S., Camargo, A.A., and 

Lanzer, M. (1997). Expression of var genes located within polymorphic sub telomeric 

domains of Plasmodium falciparum chromosomes. Mol. Cell Biol. 17, 3679–3686.  

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Ringwald%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Bickii%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Dubois%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Le%20Hesran%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Le%20Hesran%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Migot%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Deloron%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Deloron%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9067518
http://www.ncbi.nlm.nih.gov/pubmed?term=Moussa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Shaw%20IK%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Cot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Holder%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Holder%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaouat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaouat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Deloron%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12495437
http://www.ncbi.nlm.nih.gov/pubmed?term=Camargo%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=9199301
http://www.ncbi.nlm.nih.gov/pubmed?term=Camargo%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=9199301
http://www.ncbi.nlm.nih.gov/pubmed?term=Lanzer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9199301


 

80 

 

Flick, K., Scholander, C., Chen, Q., Fernandez, V., Pouvelle, B., Gysin, J., and Wahlgren, 

M. (2001). Role of non-immune IgG bound to PfEMP1 in placental malaria. Science 

293:2098–2100.  

 

Flick, K. and Chen, Q. (2004). Var genes, PfEMP1 and the human host Mol &Biochem 

Parasitol 134 (1): 3–9.  

 

Francis, S.E., Malkov, V.A., Oleinikov, A.V., Rossnagle, E., Wendler, J.P., Mutabingwa, 

T.K., Fried, M., and Duffy, P.E.(2007). Six genes are preferentially transcribed by the 

circulating and sequestered forms of Plasmodium falciparum parasites that infect 

pregnant women. Infect Immun.; 75(10):4838–4850.   

 

Freitas do Rosario, A.P., Muxel, S.M., Rodriguez-Malaga, S.M., Sardinha, L.R., Zago, 

C.A., Castillo-Mendez, S.I., Alvarez, J.M., and D'Imperio Lima MR: (2008). Gradual 

decline in malaria-specific memory T cell responses leads to failure to maintain long-

term protective immunity to Plasmodium chabaudi AS despite persistence of B cell 

memory and circulating antibody. J Immunol, 181:8344-8355.  

 

Fried, M., Nosten, F., Brockman, A., Brabin, B.J., and Duffy, P.E. (1998). Maternal 

antibodies block malaria. Nature; 395: 851–52.  

 

Fried, M. and Duffy, P.E. (1996). Adherence of Plasmodium falciparum to chondroitin 

sulphate A in the human placenta. Science 272: 1502–1504.  

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Malkov%20VA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oleinikov%20AV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossnagle%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wendler%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mutabingwa%20TK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mutabingwa%20TK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fried%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Duffy%20PE%22%5BAuthor%5D


 

81 

 

 

Fried, M., Hixson, K.K., Anderson, L., Ogata, Y., Mutabingwa, T.K. and Duffy, P.E. 

(2007). The distinct proteome of placental malaria parasites. Mol Biochem Parasitol.; 

155(1):57–65.   

 

Fuentes-Panana, E.M., Bannish, G. and Monroe, J.G. (2004). Basal B-cell receptor 

signalling in B lymphocytes: mechanisms of regulation and role in positive selection, 

differentiation, and peripheral survival. Immunol. Rev. 197, 26–40.   

 

Gaboriaud, C., Thielens, N.M., Gregory, L.A., Rossi, V., Fontecilla-Camps, J.C., and 

Arlaud, G.J. (2004). Structure and activation of the C1 complex of complement: 

unravelling the puzzle. Trend. Immunol. ; 25:368–373.   

 

Gamain, B., Trimnell, A.R., Scheidig, C., Scherf, A., Miller, L.H., Trimnell, A.R., 

Scheidig, C., Scherf, A., Miller, L.H., and Smith, J.D. (2005). Identification of multiple 

chondroitin sulphate A (CSA)-binding domains in the var2CSA gene transcribed in CSA-

binding parasites. J Infect Dis 191: 1010–1013.  

 

Gardner, M.J., Hall, N., Fung, E., White, O., Berriman, M., Hyman, R.W., Carlton, J.M., 

Pain, A., Nelson, K.E., Bowman, S., Paulsen, I.T., James, K., Eisen, J.A., Rutherford, K., 

Salzberg, S.L., Craig, A., Kyes, S., Chan, M.S., Nene, V., Shallom, S.J., Suh, B., 

Peterson, J., Angiuoli, S., Pertea, M., Allen, J., Selengut, J., Haft, D., Mather, M.W., 

Vaidya, A.B., Martin, D.M., Fairlamb, AH, Fraunholz MJ, Roos DS, Ralph SA, 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Anderson%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogata%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mutabingwa%20TK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Duffy%20PE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trimnell%20AR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trimnell%20AR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scheidig%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scherf%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miller%20LH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=White%20O%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Berriman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Hyman%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Hyman%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Carlton%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Carlton%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Pain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Pain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Pain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Nelson%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Nelson%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Bowman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Bowman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Paulsen%20IT%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Paulsen%20IT%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=James%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Eisen%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Rutherford%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Salzberg%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Craig%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Kyes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Kyes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Chan%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Nene%20V%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Shallom%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Suh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Peterson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Peterson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Angiuoli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Angiuoli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Pertea%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Allen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Selengut%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Haft%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Mather%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaidya%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaidya%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaidya%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Fairlamb%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Fairlamb%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Roos%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Roos%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Ralph%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Ralph%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=12368864


 

82 

 

McFadden GI, Cummings LM, Subramanian G.M., Mungall, C., Venter, J.C., Carucci, 

D.J., Hoffman, S.L., Newbold, C., Davis, R.W., Fraser, C.M., and Barrell, B. (2002). 

Genome sequence of the human malaria parasite Plasmodium falciparum. Nature; 

419:498–511.  

 

Ghumra, A., Semblat, J., McIntosh, R.S., Raza, A., Rasmussen, I.B., Braathen, R., 

Johansen, F., Sandlie, I., Mongini, P. K., Rowe,
 

J. A. and Pleass, R.J. (2008). 

Identification of Residues in the Cµ4 Domain of Polymeric IgM Essential for Interaction 

with Plasmodium falciparum Erythrocyte Membrane Protein 1 (PfEMP1) J Immunol 181, 

1988 -2000.  

 

Gnidehou, S., Jessen, L., Gangnard, S., Ermont, C., Triqui, C., Quiviger, M., Guitard, J., 

Lund, O., Deloron, P., and Ndam, N.T. (2010). Insight into Antigenic Diversity of 

VAR2CSA-DBL5e Domain from Multiple Plasmodium falciparum Placental Isolates. 

PLoS ONE 5(10): e13105.  

 

Good, M.F., and Doolan, D.L. (1999). Immune effector mechanisms in malaria. Curr 

Opin Immunol , 11:412-419.  

 

Good, M.F., Stanisic, D., Xu, H., Elliott, S., and Wykes, M. (2004). The immunological 

challenge to developing a vaccine to the blood stages of malaria parasites. Immunol. Rev. 

201,254–267.   

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=McFadden%20GI%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=McFadden%20GI%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Subramanian%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Mungall%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Venter%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Venter%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Carucci%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Carucci%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoffman%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Newbold%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Davis%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Fraser%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Fraser%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Barrell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12368864
http://www.ncbi.nlm.nih.gov/pubmed?term=Quiviger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20957045
http://www.ncbi.nlm.nih.gov/pubmed?term=Guitard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20957045
http://www.ncbi.nlm.nih.gov/pubmed?term=Lund%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20957045
http://www.ncbi.nlm.nih.gov/pubmed?term=Deloron%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20957045
http://www.ncbi.nlm.nih.gov/pubmed?term=Ndam%20NT%5BAuthor%5D&cauthor=true&cauthor_uid=20957045


 

83 

 

Greenwood, B. (1999). What can the residents of malaria endemic countries do to protect 

themselves against malaria? Parasitologia 41:295-299.  

 

Guitard, J.,  Cottrell, G., Magnouha, N.M., Salanti, A., Li, T., Sow, S., Deloron, P., 

Tuikue-and Ndam, N. (2008). Differential evolution of antiVAR2CSA- IgG3 in 

primigravidae and multigravidae pregnant women infected by Plasmodium falciparum. 

Malaria J.; 7:10.  

 

Guo, L., Zhang, X., Zheng, B., Han, S. (2008). IgM-mediated signalling is required for 

the development of a normal B cell memory response. Mol. Immunol. 45:1071–1077.  

 

Guyatt, H.L., and Snow, R.W. (2004). Impact of malaria during pregnancy on low birth 

weight in sub-Saharan Africa. Clin Microbiol Rev.;17:760–769.  

 

Guyatt, H.L., and Snow, R.W. (2001). The epidemiology and burden of Plasmodium 

falciparum-related anaemia among pregnant women in sub-Saharan Africa. Am J Trop 

Med Hyg. 64:36–44.  

 

Hall, A.P. and Canfield, C.J. (1972). Resistant falciparum malaria in Vietnam: its rarity in 

Negro Soldiers. In Sadun, E. H., ed. Basic research in malaria. Proc. Helm. Soc. Wash 

(special issue) 39: 66-70.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cottrell%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Magnouha%20NM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salanti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sow%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sow%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deloron%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tuikue%20Ndam%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tuikue%20Ndam%20N%22%5BAuthor%5D


 

84 

 

Hansen, D.S., and Schofield, L. (2010). Natural regulatory T cells in malaria: host or 

parasite allies? PLoS Pathog, 6:e1000771.  

 

Hansen, D.S., Evans, K.J., D’Ombrain, M.C., Bernard, N.J., Sexton, A.C., Buckingham, 

L., Scalzo, A.A., and Schofield, L. (2005). The natural killer complex regulates severe 

malarial pathogenesis and influences acquired immune responses to Plasmodium berghei 

ANKA. Infect Immun; 73:2288–97. 

  

Hardy, R.R., and Hayakawa, K., (1994). CD5 B cells, a foetal B cell lineage. Adv. 

Immunol. 55, 297–339.  

 

Hoffbrand, A. V., Catovsky, D., and Tuddenham E. G. D. (2005). Postgraduate 

Haematology. Fifth edition; pp 101.  

 

Homme, M., David P.H., and Oligino L.D. (1983). Surface alterations of erythrocytes in 

Plasmodium falciparum malaria. Antigenic variation, antigenic diversity, and the role of 

the spleen. J. Exp. Med. 157:1137-1148. 

   

Horrocks, P., Pinches, R.A., Chakravorty, S.J., Papakrivos, J., Christodoulou, Z., Kyes 

S.A., Urban, B.C., Ferguson, D.J.P. and Newbold, C.I. (2005). PfEMP1 expression is 

reduced on the surface of knobless Plasmodium falciparum infected erythrocytes Journal 

of Cell Science 118: 2507-2518.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Bernard%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=15784573
http://www.ncbi.nlm.nih.gov/pubmed?term=Sexton%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=15784573
http://www.ncbi.nlm.nih.gov/pubmed?term=Sexton%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=15784573
http://www.ncbi.nlm.nih.gov/pubmed?term=Buckingham%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15784573
http://www.ncbi.nlm.nih.gov/pubmed?term=Buckingham%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15784573
http://www.ncbi.nlm.nih.gov/pubmed?term=Scalzo%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=15784573
http://www.ncbi.nlm.nih.gov/pubmed?term=Schofield%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15784573


 

85 

 

Hviid, L. (2010). The role of Plasmodium falciparum variant surface antigens in 

protective immunity and vaccine development. Hum Vaccin 6:84–89.  

 

Kaviratne, M., Khan, S.M., Jarra, W. and Preiser, P.R. (2002). Small variant STEVOR 

antigen is uniquely located within Maurer’s clefts in Plasmodium falciparum-infected red 

blood cells. Eukaryot. Cell 1:926–935.  

 

Khera, R. and Das, N. (2009). Complement Receptor 1: Disease associations and 

therapeutic implications. Mol. Immunol. 46, 761-772.  

 

Kyes, S., Pinches, R. and Newbold, C. (2000). A simple RNA analysis method shows var 

and rif multigene family expression patterns in Plasmodium falciparum. Mol. Biochem. 

Parasitol. 105:311–315.  

 

Kwak-Kim, J.Y., Gilman-Sachs, A., and Kim, C.E. (2005). T helper 1 and 2 immune 

responses in relationship to pregnancy, non-pregnancy, recurrent spontaneous abortions 

and infertility of repeated implantation failures. Chem Immunol Allergy; 88: 64–79.  

 

Ladeia-Andrade, S., Ferreira, M.U., de Carvalho, M.E., Curado, I., and Coura, J.R. 

(2009). Age-dependent acquisition of protective immunity to malaria in riverine 

populations of the Amazon Basin of Brazil Am J Trop Med Hyg. 80(3):452-9.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Ladeia-Andrade%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19270298
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferreira%20MU%5BAuthor%5D&cauthor=true&cauthor_uid=19270298
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Carvalho%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=19270298
http://www.ncbi.nlm.nih.gov/pubmed?term=Curado%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19270298
http://www.ncbi.nlm.nih.gov/pubmed?term=Coura%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19270298
http://www.ncbi.nlm.nih.gov/pubmed?term=Coura%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19270298
http://www.ncbi.nlm.nih.gov/pubmed/19270298
http://www.ncbi.nlm.nih.gov/pubmed/19270298
http://www.ncbi.nlm.nih.gov/pubmed/19270298


 

86 

 

Lavazec, C., Sanyal, S., and Templeton, T.J. (2007). Expression switching in the stevor 

and Pfmc-2TMsuperfamilies in Plasmodium falciparum. Mol. Microbiol. 64:1621–34.  

 

Luchavez, J., Espino, F., Curameng, P., Espina, R., Bell, D., Chiodini, P., Nolder, D., 

Sutherland, C., Lee, K.S., and Singh, B. (2008). Human Infections with Plasmodium 

knowlesi, the Philippines. Emerg Infect Dis, 14:811-813.  

 

Maeno, Y., Perlmann, P., Perlmann, H., Kusuhara, Y., Taniguchi, K., Nakabayashi, T., 

Win, K., Looarreesuwan, S., and Aikawa, M. (2000). IgE Deposition in brain micro 

vessels and on parasitised erythrocytes from cerebral malaria patients. Am J Trop Med 

Hyg, 63:128-132.  

 

Maeno, Y., Steketee, R., Nagatake, T., Tegoshi, T., Desowitz, R.S., Wirima, J.J., and 

Aikawa, M. (1993). Immunoglobulin complex deposits in Plasmodium falciparum-

infected placentas from Malawi and Papua New Guinea. Am J Trop Med Hyg, 49:574-

580.  

 

Marsh, K. and Kinyanjui, S. (2006). Immune effector mechanisms in malaria. Parasite 

Immunol. 28, 51–60.  

 

Marsh, K., and Snow R. W. (1997). Host-parasite interaction and morbidity in malaria 

endemic areas. Philos. Trans. R. Soc. London B 352:1385–1394.  

 

University of Ghana          http://ugspace.ug.edu.gh



 

87 

 

Maubert, B., Fievet, N., Tami, G., Bondin, C., and Deloron, P. (1998). Plasmodium 

falciparum from Cameroonian pregnant women do not rosette. Parasite. 5:281. 

 

Maubert, B., N. Fievet, G. Tami, M. Cot, C. Boudin, and Deloron, P. (1999). 

Development of antibodies against chondroitin sulphate A-adherent Plasmodium 

falciparum in pregnant women. Infect. Immun. 67:5367–5371.  

 

McGue, M., Borecki, I.B., Gerrard, J.W., and Rao, D.C. (1990). Sex-linked determinants 

for IgM? Hum. Hered. 40: 231–234.
  

 

Mackintosh, C.L., Beeson, J.G., and Marsh, K. (2004). Clinical features and pathogenesis 

of severe malaria. Trends Parasitol ; 20(12).   

 

Megnekou R, Staalsoe T, Taylor DW, Leke R, and Hviid L. (2005). Effects of pregnancy 

and intensity of Plasmodium falciparum transmission on immunoglobulin G subclass 

responses to variant surface antigens. Infect Immun 2005; 73: 4112–18.  

 

Miller LH, Good ME and Milon G (1994). Malaria pathogenesis; Science 264:. 1878–

1883.   

 

Ministry of Health Report (MOH): Ghana 1991.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.sciencedirect.com/science/article/pii/S1357272508005098#bbib12


 

88 

 

Min-Oo, G., and Gros, P. (2005). Erythrocyte variants and the nature of their malaria 

protective effect. Cell Microbiol. 7(6):753.  

 

Mhlanga, J.D., Bentivoglio, M., and Kristensson, K. 1997). Neurobiology of cerebral 

malaria and African sleeping sickness Brain Res. Bull., 44: 579–589.  

 

Moore, J., Nahlen, B., Misore, A., Lal, A., and Udhayakumar, V. (1999). Immunity to 

placental malaria. I. Elevated production of interferon-gamma by placental blood 

mononuclear cells is associated with protection in an area with high transmission of 

malaria. J Infect Dis; 179: 1218–25.  

 

Ndam, T.N.G., Salanti, A., Le-Hesran, J.Y., Cottrell, G., Fievet, N., Turner, L., Sow, S., 

Dangou, J.M., Theander, T., and Deloron, P. (2006). Dynamics of anti-VAR2CSA 

immunoglobulin G response in a cohort of Senegalese pregnant women. J Infect Dis.; 

193(5):713–720.   

 

Nelson, S.O., Christodoulou, Z., Smith, L.M., Wang, W., Levin, E., Newbold, C.I., Myler, 

P.J. and Smith, J.D. (2007). Patterns of gene recombination shape var gene repertoires in 

Plasmodium falciparum: comparisons of geographically diverse isolates BMC Genomics, 

8:45 /14712164-8-45.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salanti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Le-Hesran%20JY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cottrell%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fievet%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turner%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turner%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sow%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dangou%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theander%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deloron%20P%22%5BAuthor%5D


 

89 

 

Ockenhouse, C.F., Tandon, N.N., Magowan, C., Jamieson, G.A., and Chulay, J.D. (1989). 

Identification of a platelet membrane glycoprotein as a falciparum malaria sequestration 

receptor Science.;243(4897):1469-71.  

 

Ofori, M.F.,
 
Ansah, E., Agyepong, I.,

 
Ofori-Adjei, D.,

 
Hviid, L., and Akanmori, B.D. 

(2009). Pregnancy-Associated Malaria in a Rural Community of Ghana. Med Journal; 

43(1): 13–18.
 
 

 

Oleinikov, A.V., Rossnagle, E., Francis, S., Mutabingwa, T.K., Fried, M. and Duffy, P.E. 

(2007). Effects of Sex, Parity, and Sequence Variation on Seroreactivity to Candidate 

Pregnancy Malaria Vaccine Antigens. J Infect Dis; 196:155–64.  

 

O’Neil-Dunne, I., Achur, R.N., Agbor-Enoh, S.T.,  Valiyaveettil, M., Naik, R.S., 

Ockenhouse, C.F., Zhou, A., Megnekou, R., Leke, R., Taylor, D.W., and Gowda, D.C. 

(2001). Gravidity dependent production of antibodies that inhibit binding of Plasmodium 

falciparum-infected erythrocytes to placental chondroitin sulphate proteoglycan during 

pregnancy. Infect Immun 2001; 69: 7487–92.  

 

Pasternak, N.D., and Dzikowski, R. (2008). PfEMP1: an antigen that plays a key role in 

the pathogenicity and immune evasion of the malaria parasite Plasmodium falciparum. 

Int J Biochem Cell Biol. 41(7):1463-6.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Tandon%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=2467377
http://www.ncbi.nlm.nih.gov/pubmed?term=Jamieson%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=2467377
http://www.ncbi.nlm.nih.gov/pubmed?term=Chulay%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=2467377
http://www.ncbi.nlm.nih.gov/pubmed?term=Chulay%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=2467377
http://www.ncbi.nlm.nih.gov/pubmed?term=Valiyaveettil%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Naik%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Naik%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Ockenhouse%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Ockenhouse%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Megnekou%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Leke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Taylor%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Taylor%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Gowda%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=11705924
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pasternak%20ND%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dzikowski%20R%22%5BAuthor%5D


 

90 

 

Perlmann, P., Perlmann, H., ElGhazali, G., and Blomberg, M.T. (1999). IgE and tumour 

necrosis factor in malaria infection. Immunol Lett, 65:29-33.  

 

Perlmann, P., Perlmann, H., Berzins, K., and Troye-Blomberg, M. (1998). Selected 

problems of malaria blood stage immunity. Tokai J Exp Clin Med, 23:55-62.  

 

Perlmann, H., Helmby, H., Hagstedt, M., Carlson, J., Larsson, P.H., Troye- Blomberg, M., 

and Perlmann, P. (1994). IgE elevation and IgE anti-malarial antibodies in Plasmodium 

falciparum malaria: Association of high IgE levels with cerebral malaria. Clin Exp 

Immunol, 97:284-292.  

 

Poovassery, J.S., Sarr, D., Smith, G., Nagy, T., and Moore. J.M. (2009). Malaria-Induced 

Murine Pregnancy Failure: Distinct Roles for IFN-γ and TNF. J Immunol.183:5342-5349.  

 

Quartier, P., Potter, P.K., Ehrenstein, M.R., Walport, M.J. and Botto, M. (2005). 

Predominant role of IgM-dependent activation of the classical pathway in the clearance 

of dying cells by murine bone marrow-derived macrophages in vitro. Eur. J. Immunol. 35, 

252–260.   

 

Reeder, J.C. and Brown, G.V (1996). Antigenic variation and immune evasion in 

Plasmodium falciparum malaria. Immunol Cell Biol 74, 546-554.  

 

University of Ghana          http://ugspace.ug.edu.gh



 

91 

 

Resende, M., Nielsen, M.A., Dahlbäck, M., Ditlev, S.B., Andersen, P., Sander, A.F., 

Ndam, N.T., Theander, T.G., and Salanti, A. (2008). Identification of glycosaminoglycan 

binding regions in the Plasmodium falciparum encoded placental sequestration ligand, 

VAR2CSA. Malar J  7: 104.  

 

Ricke, C.H., Staalsoe, T., Koram, K., Akanmori, B.D., Riley, E.M., Theander, T.G., and 

Hviid, L. (2000). Plasma antibodies from malaria exposed pregnant women recognize 

variant surface antigens on Plasmodium falciparum-infected erythrocytes in a parity 

dependent manner and block parasite adhesion to chondroitin sulphate A. J Immunol; 

165: 3309–16.  

 

Riley, E.M., Allen, S.J., Wheeler, J.G.,  Blackman, M.J., Bennett, S., Takacs, S., 

Schonfeld, H.J., Holder, A.A., and Greenwood, B.M. (1992). Naturally acquired cellular 

and humoral immune responses to the major merozoite surface antigen (PfMSP1) of 

Plasmodium falciparum are associated with reduced malaria morbidity. Parasite 

Immunol.  144: 4810-4816.  

 

Riley, E.M., Allen, S.J., Bennets, S., Thomas, P.J., O’Donnell, A., Lindsay, S.W., Good, 

M.F., and Greenwood, B.M. (1990). Recognition of dominant T-cell stimulating epitopes 

from the circumsporozoite protein of Plasmodium falciparum and relationship to malaria 

morbidity in Gambian children. Trans. R. Soc. Trop. Med. Hyg. 84: 648-657.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dahlb%C3%A4ck%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ditlev%20SB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Andersen%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Andersen%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sander%20AF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ndam%20NT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ndam%20NT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theander%20TG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salanti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Akanmori%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=10975848
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=10975848
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=10975848
http://www.ncbi.nlm.nih.gov/pubmed?term=Theander%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=10975848
http://www.ncbi.nlm.nih.gov/pubmed?term=Hviid%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10975848
http://www.ncbi.nlm.nih.gov/pubmed?term=Hviid%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10975848


 

92 

 

Robert, C., Pouvelle, B., Meyer, P., Muanza, K., Fujioka, H., Aikawa, M., Scherf, A., and 

Gysin, J. (1995). Chondroitin-4-sulphate (proteoglycan), a receptor for Plasmodium 

falciparum-infected erythrocyte adherence on brain micro vascular endothelial cells Res 

Immunol.; 146(6):383-93.  

 

Roberts, D.J., Craig, A.G., Berendt, A.R., Pinches, R., Nash, G., Marsh, K., and 

Newbold, C.I. (1992). Rapid switching to multiple antigenic and adhesive phenotypes in 

malaria. Nature, 357:689-92.  

 

Roberts, L.S. and Janovy, J. (1996). Foundations of Parasitology The McGraw-Hill 

Companies, Inc. USA 137-163.  

 

Rogerson, S.J., Chaiyaroj, S.C., Ng, K, Reeder, J.C., and Brown, G.V. (1995). 

Chondroitin sulphate A is a cell surface receptor for Plasmodium falciparum infected 

erythrocytes. J Exp Med.;182(1):15-20.  

 

Rogerson, S.J., Hviid, L., Duffy, P.E., Leke, R.F.G., and Taylor, D.W. (2007). Malaria in 

pregnancy: pathogenesis and immunity. Lancet Infect Dis; 7:105–17.  

 

Rowe, J.A., Moulds, J.M., Newbold, C.I., and Miller, L.H. (1997). P. falciparum rosetting 

mediated by a parasite-variant erythrocyte membrane protein and complement-receptor 1. 

Nature 388:292–5.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Robert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8719662
http://www.ncbi.nlm.nih.gov/pubmed?term=Pouvelle%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8719662
http://www.ncbi.nlm.nih.gov/pubmed?term=Meyer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8719662
http://www.ncbi.nlm.nih.gov/pubmed?term=Muanza%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8719662
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujioka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8719662
http://www.ncbi.nlm.nih.gov/pubmed?term=Aikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8719662
http://www.ncbi.nlm.nih.gov/pubmed?term=Rogerson%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=7790815
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaiyaroj%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=7790815
http://www.ncbi.nlm.nih.gov/pubmed?term=Ng%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7790815
http://www.ncbi.nlm.nih.gov/pubmed?term=Reeder%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=7790815
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=7790815
http://www.ncbi.nlm.nih.gov/pubmed?term=rogerson%20et%20al.%201995.%20j%20exp%20med%20182%2C%2015
http://www.ncbi.nlm.nih.gov/pubmed?term=rogerson%20et%20al.%201995.%20j%20exp%20med%20182%2C%2015
http://www.ncbi.nlm.nih.gov/pubmed?term=rogerson%20et%20al.%201995.%20j%20exp%20med%20182%2C%2015


 

93 

 

Rowe, J.A., Rogerson, S.J., Raza, A., Moulds, J.M., Kazatchkine, M.D., Marsh, K., 

Newbold, C.I., Atkinson, J.P., and Miller, L.H. (2000). Mapping of the region of 

complement receptor (CR) 1 required for Plasmodium falciparum rosetting and 

demonstration of the importance of CR1 in rosetting in field isolates. J Immunol 165: 

6341–6346.  

 

Rowe, J.A., Shafi, J., Kai, O.K., Marsh, K., and Raza, A. (2002). Non-immune IgM but 

not IgG binds to the surface of Plasmodium falciparum-infected erythrocytes and 

correlates with rosetting and severe malaria. Am J Trop Med Hyg 66:692–9.  

 

Rug, M., Prescott, S.W.,  Fernandez, K.M.,  Cooke, B.M., and Cowman, A.F. (2006). The 

role of KAHRP domains in knob formation and cytoadherence of P falciparum-infected 

human erythrocytes. Blood.; 108(1): 370–378.   

 

Rugemalila, J.B., Wanga, C.L., and Kilama, W.L. (2006). Sixth Africa malaria day in 

2006: how far have we come after the Abuja Declaration? Malaria J 5:102.   

 

Sachs, J., and Malaney, P. (2002). The economic and social burden of malaria. Nature  

415:680-685.  

 

Sakamoto, N., Shibuya, K., Shimizu, Y., Yotsumoto, K., Miyabayashi, T., Sakano, S., 

Tsuji, T., Nakayama, E., Nakauchi, H., and Shibuya, A. (2001). A novel Fc receptor for 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Rug%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Rug%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Prescott%20SW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Fernandez%20KM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Cooke%20BM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Cowman%20AF%5Bauth%5D


 

94 

 

IgA and IgM is expressed on both hematopoietic and non-hematopoietic tissues. Eur. J. 

Immunol.; 31:1310–1316.   

 

Salanti, A., Staalsoe, T., Lavstsen, T., Jensen, A.T., Sowa, M.P., Arnot, D.E., Hviid, L., 

and Theander, T.G. (2003). Selective up regulation of a single distinctly structured var 

gene in chondroitin sulphate A-adhering Plasmodium falciparum involved in pregnancy-

associated malaria. Mol Microbiol 49: 179–191.   

 

Salanti, A., Dahlbäck, M., Turner, L., Nielsen, M.A., Barfod, L., Magistrado, P., Jensen, 

A.T., Lavstsen T., Ofori M.F., Marsh, K., Hviid L., and Theander, T.G. (2004). Evidence 

for the involvement of VAR2CSA in pregnancy associated malaria.  J. Exp. Med. 200, 

1197–1203.   

 

Salem, H.H., Maruyama, I., Ishii, H., and Majerus, P.W. (1984). Isolation and 

characterization of thrombomodulin from human placenta. J Biol Chem; 259: 12246–51.  

 

Sartelet, H., Schleiermacher, D., Le-Hesran, J.Y., Graesslin, O., Gaillard, D., Fe, M., 

Lechki, C., Gaye, A., Le Bouteiller, P., and Birembaut, P.  (2005). Less HLA-G 

expression in Plasmodium falciparum-infected third trimester placentas is associated with 

more natural killer cells. Placenta; 26:505–11.  

 

Scherf A., Lopez-Rubio J.J. and Riviere L. (2008). Antigenic Variation in Plasmodium 

falciparum. Annu. Rev. Microbiol. 62:445–70.  

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arnot%20DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hviid%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theander%20TG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Graesslin%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaillard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaillard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Fe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Lechki%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Lechki%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaye%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Le%20Bouteiller%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15950065
http://www.ncbi.nlm.nih.gov/pubmed?term=Birembaut%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15950065


 

95 

 

 

Schofield, L. (1991).  On the function of repetitive domains in protein antigens of 

Plasmodium and other eukaryotic parasites. Parasitol Today 7: 99-105.  

 

Scholander, C., Treutiger, C.J., Hultenby, K., and Wahlgren, M. (1996). Novel fibrillar 

structure confers adhesive property to malaria-infected erythrocytes. Nat Med 2:204–8.  

 

Semblat, J.P., Raza, A., Kyes, S.A., and Rowe, J.A. (2006). Mol Biochem Parasitol 

146:192–197.   

 

Shulman, C.E., and Dorman, E.K. (2003). Importance and prevention of malaria in 

pregnancy. Trans R Soc Trop Med Hyg.; 97:30–35.  

 

Sim, B.K., Chitnis, C.E., Wasniowska, K., Hadley, T.J., and Miller, L.H. (1994). Receptor 

and ligand domains for invasion of erythrocytes by Plasmodium falciparum. Science. 

264(5167):1941–1944.  

 

Smith, J.D. and Deitsch, K.W. (2004). Pregnancy-associated Malaria and the Prospects 

for Syndrome-specific Anti-malaria Vaccines J. Exp. Med.; 9:1093– 1097.  

 

Smith, J.D., Gamain, B., Baruch, D.I. and Kyes S. (2001). Decoding the language of var 

genes and Plasmodium falciparum sequestration. Trends Parasitol; 17(11):538-545.  

 

University of Ghana          http://ugspace.ug.edu.gh



 

96 

 

Smith, J.D., Subramanian, G., Gamain, B., Baruch, D.I., and Miller, L.H. (2000). 

Classification of adhesive domains in the Plasmodium falciparum erythrocyte membrane 

protein 1 family. Mol Biochem Parasitol, 110:293310.  

 

Smith, J.D., Craig, A.G., Kriek, N., Hudson-Taylor, D., Kyes, S., Fagen, T., Pinches, R., 

Baruch, D.I., Newbold, C.I., and Miller, L.H. (2000). Identification of a Plasmodium 

falciparum intercellular adhesion molecule-1 binding domain: A parasite adhesion trait 

implicated in cerebral malaria. Proc Natl Acad Sci; 97:1766–71.  

 

Smith, J.D., Chitnis, C.E., Craig, A.G., Roberts, D. J., Hudson-Taylor, D.E., Peterson, 

D.S., Pinches, R., Newbold, C.I., and Miller, L.H. (1995). Switches in expression of 

Plasmodium falciparum var genes correlate with changes in antigenic and cytoadherent 

phenotypes of infected erythrocytes. Cell 82:101110.  

 

Srinivasan, L., Sasaki, Y., Calado, D.P., Zhang, B., Paik, J.H., DePinho, R.A., Kutok, J.L., 

Kearney, J.F., Otipoby, K.L., and Rajewsky, K. (2009). PI3kinase signals BCR-dependent 

mature B cell survival. Cell 139:573–586.   

 

 

Staalsoe, T., Megnekou, R., Fievet, N., Ricke, C.H., Zornig, H.D., Leke, R., Taylor, D.W., 

Deloron, P., and Hviid, L. (2001). Acquisition and decay of antibodies to pregnancy-

associated variant antigens on the surface of Plasmodium falciparum-infected 

erythrocytes that protect against placental parasitaemia, J Infect Dis; 184: 618–26.  

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Sasaki%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19879843
http://www.ncbi.nlm.nih.gov/pubmed?term=DePinho%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19879843
http://www.ncbi.nlm.nih.gov/pubmed?term=DePinho%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19879843
http://www.ncbi.nlm.nih.gov/pubmed?term=Rajewsky%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19879843
http://www.ncbi.nlm.nih.gov/pubmed?term=Ricke%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Zornig%20HD%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Leke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Leke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Taylor%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Deloron%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Deloron%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11494167
http://www.ncbi.nlm.nih.gov/pubmed?term=Hviid%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11494167


 

97 

 

Staalsoe, T., Shulman, C.E., Bulmer, J.N., Kawuondo, K., Marsh, K., and Hviid, L. 

(2004). Variant surface antigen-specific IgG and protection against clinical consequences 

of pregnancy-associated Plasmodium falciparum malaria. Lancet; 363: 283–89.  

 

Steketee, R. W., Wirima, J. J., Slutsker, L., Heymann, D. L. and Breman, J. G. (1996). 

The problem of malaria and malaria control in pregnancy in sub-Saharan Africa. Amer. J. 

Trop. Med. Hyg. 55(1): 2-7.  

 

Steketee, R.W., Nahlen, B.L., Parise, M.E., and Menendez, C. (2001). The burden of 

malaria in pregnancy in malaria-endemic areas. Am J Trop Med Hyg.;64:28–35.  

 

Stephens, R., Albano, F.R., Quin, S., Pascal, B.J., Harrison, V., Stockinger, B., Kioussis, 

D., Weltzien, H.U., and Langhorne, J. (2005). Malaria-specific transgenic CD4 (+) T cells 

protect immunodeficient mice from lethal infection and demonstrate requirement for a 

protective threshold of antibody production for parasite clearance. Blood, 106:1676-1684.   

 

Stevenson, M.M., and Riley, E.M. (2004). Innate immunity to malaria. Nat Rev Immunol 

4:169-180.   

 

Su, X.Z., Heatwole, V.M., Wertheimer, S.P., Guinet, F., Herrfeldt, J.A., Peterson, D.S., 

Ravetch, J.A., and Wellems, T.E. (1995). The large diverse gene family var encodes 

proteins involved in cytoadherence and antigenic variation of Plasmodium falciparum-

infected erythrocytes. Cell.  82(1):89-100.  

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Su%20XZ%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Heatwole%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Wertheimer%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Guinet%20F%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrfeldt%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrfeldt%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Peterson%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Ravetch%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Ravetch%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=Wellems%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=7606788
http://www.ncbi.nlm.nih.gov/pubmed?term=su%2C%20x.-z%2C%20heatwole%2C%20v.%2C%20wertheimer%2C%20s.%20p.%2C%20guinet%2C%20f.%2C%20herrfeldt%2C%20j.%20a.%2C%20peterson%2C%20d.s.%2C%20ravetch%2C%20j.%20a%20and%20wellems%2C%20t.%20e.%20(1995).
http://www.ncbi.nlm.nih.gov/pubmed?term=su%2C%20x.-z%2C%20heatwole%2C%20v.%2C%20wertheimer%2C%20s.%20p.%2C%20guinet%2C%20f.%2C%20herrfeldt%2C%20j.%20a.%2C%20peterson%2C%20d.s.%2C%20ravetch%2C%20j.%20a%20and%20wellems%2C%20t.%20e.%20(1995).


 

98 

 

 

Taylor-Robinson, A.W., and Smith, E.C. (1999). A dichotomous role for nitric oxide in 

protection against blood stage malaria infection. Immunol Lett; 67: 1–9.  

 

Troye-Blomberg, M., Perlmann, P., Nilsson, M., and Perlmann, H. (1999). Immune 

regulation of protection and pathogenesis in Plasmodium falciparum malaria. 

Parasitologia, 41:131-138.  

 

Tuikue Ndam N.G., Salanti, A., Le-Hesran, J.Y., Cottrell, G., Fievet, N., Turner, L., Sow, 

S., Dangou, J.M., Theander, T., and Deloron, P. (2006). Dynamics of anti-VAR2CSA 

immunoglobulin G response in a cohort of Senegalese pregnant women. J Infect Dis.; 

193(5):713–720.   

 

Tuikue Ndam N.G., Salanti, A., Bertin, G., Dahlbäck, M., Fievet, N., Turner, L., Gaye, 

A., Theander, T., and Deloron, P. (2005). High level of var2csa transcription by 

Plasmodium falciparum isolated from the placenta. J Infect Dis.; 192(2):331–335.   

 

Udomsangpetch, R., Todd, J., Carlson, J., and Greenwood, B.M. (1993). Haemoglobin 

genotype and ABO blood group on the formation of rosettes by falciparum-infected red 

blood cells. Med Hyg, 48(2):149.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Le-Hesran%20JY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salanti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bertin%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dahlb%C3%A4ck%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fievet%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turner%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turner%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gaye%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theander%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deloron%20P%22%5BAuthor%5D


 

99 

 

Udomsangpetch, R. Reinhardt, P.H., Schollaardt, T., Elliott, J.F., Kubes, P., and Ho, M. 

(1997) Promiscuity of clinical Plasmodium falciparum isolates for multiple adhesion 

molecules under flow conditions. J Immunol. 158, 4358-4364.  

 

Uneke, C.J. (2007). Impact of Placental Plasmodium falciparum Malaria on Pregnancy 

and Perinatal Outcome in Sub-Saharan Africa, Yale J Biol Med.; 80(2): 39–50.    

 

United Nations Children’s Fund. (2004). Malaria, a Major Cause of Child Death and 

Poverty in Africa. New York.  

 

Verheof, F.H., Brabin, B.J., Hart, C.A., Chimsuku, P., Kazembe, P., and Broadhead, R. 

(1999). Increased prevalence of malaria in HIV infected pregnant women and its 

implications for malaria control. Trop Med Int Health, 4:5-12.   

 

Vigario, A.M., Gorgette, O., Dujardin H.C., Cruz, T., Cazenave, P.A., Six, A., Bandeira, 

A., and Pied, S. (2007). Regulatory CD4+ CD25+ Foxp3+ T cells expand during 

experimental Plasmodium infection but do not prevent cerebral malaria. Int. J. Parasitol. 

37:963–973.  

 

Wahlgren, M., Treutiger, C. and Gysin, J. (1999). Cytoadherence and Rosetting in the 

Pathogenesis of Severe Malaria; Malaria Mol Clin Asp. 300:289-327.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Reinhardt%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=9126999
http://www.ncbi.nlm.nih.gov/pubmed?term=Schollaardt%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9126999
http://www.ncbi.nlm.nih.gov/pubmed?term=Elliott%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=9126999
http://www.ncbi.nlm.nih.gov/pubmed?term=Kubes%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9126999
http://www.ncbi.nlm.nih.gov/pubmed?term=Ho%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9126999
http://www.ncbi.nlm.nih.gov/pubmed?term=Gorgette%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Dujardin%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Cruz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Cazenave%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Six%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Six%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Bandeira%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Bandeira%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17350019
http://www.ncbi.nlm.nih.gov/pubmed?term=Pied%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17350019


 

100 

 

Walther, M., Tongren, J.E., Andrews, L., Korbel, D., King, E., Fletcher, H., Andersen, 

R.F., Bejon, P., Thompson, F., Dunachie, S.J., Edele, F., de Souza, J.B., Sinden, R.E., 

Gilbert, S.C., Riley, E.M., and Hill, A.V.  (2005) Up regulation of TGF-beta, FOXP3, and 

CD4+CD25+ regulatory T cells correlates with more rapid parasite growth in human 

malaria infection. Immunity. 23:287–296.  

 

Walter, P.R., Garin, Y., and Blot, P. (1982). Placental pathologic changes in malaria. A 

histologic and ultrastructural study. Am J Pathol; 109:330–42.  

 

Wegmann, T.G., Lin, H., Guilbert, L., and Mosmann, T.R. (1993). Bidirectional cytokine 

interactions in the maternal-foetal relationship: is successful pregnancy a TH2 

phenomenon? Immunol Today; 14: 353–56.  

 

Weiss, G. E., Crompton, P.D., Li S.,,
 
Walsh, L.A., Moir, S., Traore B., 

 
Kayentao,

 
K., 

Ongoiba, A.,
 
Doumbo, O.K., and Pierce, S.K. (2009). Atypical memory B cells are 

greatly expanded in individuals living in a malaria endemic area J Immunol.; 183(3): 

2176–2182.   

 

World Health Organization. (2012). Malaria Fact Sheet. No. 94.  

 

WHO/UNICEF: (2005), Report series: WHO/HTM/MAL/ World malaria report.1102; 

2005.  

 

University of Ghana          http://ugspace.ug.edu.gh

http://www.ncbi.nlm.nih.gov/pubmed?term=Tongren%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Andrews%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Korbel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=King%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Fletcher%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Fletcher%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Andersen%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Andersen%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Bejon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Dunachie%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Edele%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Souza%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Souza%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Sinden%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Gilbert%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Gilbert%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/pubmed?term=Hill%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=16169501
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19592645
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19592645
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19592645
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19592645
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19592645


 

101 

 

World Health Organization. (2005). Global Malaria Situation: World Malaria Report.   

University of Ghana          http://ugspace.ug.edu.gh



 

102 

 

APPENDIX 

BUFFERS AND SOLUTIONS  

A. IgM PURIFICATION REAGENTS PREPARATION  

I.  Binding Buffer for purification of IgM using MBL pH = 7.4  

Volume: 800ml  

Components   Amount   

Distilled H2O   800ml   

10mM Tris   1.21 g   

1.25M NaCl   73.13 g   

20mM CaCl2                 0.3g   

 

 PROCEDURE  

• Add 1.21g of 10mM Tris to 73.13g of 1.25M NaCl and 0.3g of 20mM CaCl2.   

• Fill up to 800ml with distilled water    

• Measure the pH of the solution. Adjust if necessary  
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II.  Elution Buffer for  IgM Purification pH 7.4; Volume: 500ml  

Components   Amount   

10mM Tris of   1.21g   

1.25M NaCl    73.13g   

20mM CaCl2  0.3g  

Distilled H2O  500 ml  

 

 

   

PROCEDURE  

• Add 1.21g of 10mM Tris to 73.13g of 1.25M NaCl  and  0.3g of  

mM CaCl2   

• Dilute with distilled water  

• Adjust pH to 7.4  

• Bring volume to 500ml with dH20.  

  

III.  PHYSIOLOGICAL BUFFER  

PBS: Volume: 500ml  

Components       Amount   

PBS    1 tablet  

De-ioinized  500 ml H2O  
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PROCEDURE  

• Dissolve 1 tablet of PBS in 500 ml of distilled water  

• Place the flask on the magnetic stirrer without heating until all is in solution  

 

 

IV. PHYSIOLOGICAL pH BUFFER; NaHCO3   

Volume: 1000ml and Concentration of 150mM  

Components       Amount   

 

  NaHCO3  12.6g   

De-ioinized  1000 ml  H2O   

 

    

PROCEDURE  

• Dissolve 12.6g of NaHCO3 in 1000 ml of distilled water  

• Stir till all is in solution  
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B. REAGENTS PREPARATION FOR IgG PURIFICATION  

  

I. Washing Buffer for purification of IgG using Dynabeads Protein G Citrate Phosphate 

Buffer (pH 5.0); Volume: 1 litre  

a.  

 

Distilled H2O  1 litre  

Citric Acid       4.7 g  

Dibasic Sodium Phosphate    9.2 g  

(Na2HPO4)dehydrate  

 

  

 

PROCEDURE  

• Add  9.2g  Dibasic  Sodium  Phosphate  (Na2HPO4)dehydrate  

(MW=178) to  4.7g of Citric Acid (MW 192)  

• Fill up to 1 litre with distilled water    

• Measure the pH of the solution. Adjust if necessary  

 

 

 

 

 

 

Components    Amount    
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b.  By preparing 0.2M dibasic sodium phosphate and 0.1M Citric acid 

  

Components     Amount   Amount   

0.1 M Citric Acid   

Distilled H2O   

  2.6g  250ml   24.3ml   

0.2M  Dibasic  

(Na2HPO4)   

Sodium  Phosphate  7.1 g   25.7ml   

Distilled H2O     250ml     

  

PROCEDURE:  

• Measure 2.6g of Citric Acid and dissolve in 250ml of distilled water to make 0.1M Citric 

Acid solution.  

• Measure and dissolve 7.1g of Dibasic Sodium Phosphate (Na2HPO4) in 250ml distilled 

water to make 0.2M solution  

• Add 24.3ml of Citric Acid to 25.7ml of Dibasic Sodium Phosphate (Na2HPO4) to make a 

Citrate Phosphate Buffer with pH of 5.0 and confirming with pH meter   

  

II.  Elution Buffer for Purification 0.1M Citrate (pH 2-3); Volume: 1L  

a.  

Components         Amount   

Citric acid          9.802g   

Sodium citrate-2H2O2       14.4g   

30% H2O2          1ml   

Distilled H2O         1000ml     
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PROCEDURE  

 Add 9.802 g citric acid to 14.4 g sodium citrate-2H20   

 Adjust pH to 3 and add 1 mL 30% H2O2  Bring volume to 1L with dH20.  

  

 

b. By preparing 0.2M dibasic sodium phosphate and 0.1M Citric acid  

Components   Amount   Amount   

0.1M Citric Acid   

Distilled H2O   

2.6g  250ml     

46.5ml   

0.1M Sodium Citrate   6.5 g     

Distilled H2O   250ml   3.5ml   

  

PROCEDURE:  

• Measure 2.6g of Citric Acid and dissolve in 250ml of distilled water to make 0.1M Citric 

Acid solution.  

• Measure and dissolve 6.5g of Sodium Citrate in 250ml distilled water to make 0.1M 

solution  

• Add 46.5ml of Citric Acid to 3.5ml of Sodium Citrate to make 0.1M Citrate Buffer with 

pH (2-3) and confirming with pH meter   
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III.   Storage buffer for Dynabeads Purification  

0.1M Na-phosphate buffer; Volume: 1L  

  

Components   Amount   

sodium phosphate monobasic   13.9 g   

sodium phosphate dibasic heptahydrate   53.65 g   

De-ioinized H2O   1L   

  

PROCEDURE:  

• Add 13.9 g sodium phosphate monobasic to 500 mL dH20 to prepare 0.2 M Monobasic 

Stock  

• Add  53.65 g sodium phosphate dibasic heptahydrate to 1 L dH20 to prepare 0.2 M 

Dibasic Stock  

• Add 15.9 ml of monobasic stock to 284.1 of dibasic stock to prepare  

0.1 M Buffer and dilute with distilled water to 1L.  
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C. REAGENTS PREPARATION FOR ELISA  

I. Diluent for ELISA  

PBS pH 7.2; Volume: 500ml  

  

Components   Amount   

PBS   1 tablet  

Distilled H2O  500 ml  

 

  

PROCEDURE  

• Dissolve 1 tablet of PBS in 500 ml distilled water  

• Place the flask on the magnetic stirrer without heating until all PBS is dissolved in the 

solution  

• Measure the pH of PBS solution. Adjust the pH to 7.2 as necessary, by adding drop wise 

3M HCL or 3M NaOH whilst stirring.  

  

V. Wash Buffer for ELISA  

1 X PBS with 0.1% Tween 20   

Volume: 5L  

 Components   Amount   

PBS   10 tablets   

Tween 20   5 ml   

distilled H2O   5000 ml   
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PROCEDURE  

• Add 10 tablets of PBS to a beaker containing 5000 ml deionized water  

• Place the flask on the magnetic stirrer without heating until all PBS is dissolved in the 

solution  

• Measure the pH of PBS solution. Adjust the pH to 7.2 as necessary, by adding drop wise 

3M HCL or 3M NaOH whilst stirring.  

• Add 5 ml of Tween 20 and continue stirring until all is in solution.  

  

  

VI. Blocking solution for ELISA  

5% Non-Fat Dry Milk in 1 X PBS   

Volume: 500ml  

  

Components   Amount   

PBS   1 tablet   

Non-Fat Dry Milk   25g   

Distilled H2O   500 ml   

  

PROCEDURE  

• Dissolve 1 tablet of PBS in 500 ml distilled water  

• Place the flask on the magnetic stirrer without heating until all is dissolved in the solution  

Measure the pH of PBS solution. Adjust the pH to 7.2 as necessary, by adding drop wise 

3M HCL or 3M NaOH whilst stirring. 
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