
 

 

CLINICAL UTILIZATION OF CHONDROITIN  

SULPHATE-A TO DETERMINE THE SUSCEPTIBILITY 

OF PREGNANT WOMEN TO MALARIA  

                      BY  

       THEODORA LAMPTEY  

  

  

A THESIS SUBMITTED IN  

FULFILLMENT OF THE  

REQUIREMENTS FOR THE DEGREE OF  

  

MASTER OF PHILOSOPHY  

In the  
  

Department of Clinical Microbiology,  

School of Medical Sciences,  

College of Health Sciences  
  

  

KWAME NKRUMAH UNIVERSITY OF SCIENCE & TECHNOLOGY,   

KUMASI  

AUGUST, 2015  

  





 

i  

  

DECLARATION  

This thesis is a presentation of my original research work. Wherever contributions 

from other persons  are involved, every effort was  made to indicate that clearly, 

with due reference to literature and acknowledgement of collaborative research 

and discussions.  

The work was done under the guidance of Dr Alex Yaw Debrah. This work has not 

been submitted for any other degree.  

  

  

  

  

  

…………………………..  …………………………  

Theodora Lamptey  

(Student)  

  

  

        Date   

……………………………  ………………………….  

Dr.  Alex Yaw Debrah  

(Supervior)  

  

……………………………  

 Date  

Dr. T.B.KWOFIE  ………………………….  

(Head of Department)      Date  

  



 

ii  
  

  

  

ABSTRACT  

  

  

People living in areas with stable transmission of Plasmodium falciparum parasites 
acquire protective immunity to malaria following multiple disease episodes. 
Immunity acquired this way is mediated by IgG with specificity for 
parasiteencoded, clonally variant surface antigens (VSA) on the surface of infected 
erythrocytes (IEs). However, women in endemic areas become susceptible to P. 
falciparum infection during pregnancy, particularly for the first time, regardless of 
acquired protective immunity.  Aggregation of erythrocytes infected by P. 
falciparum in the intervillous spaces of the placenta using chondroitin sulphate A 
(CSA) as the dominant placental adhesion receptor has been identified. 
Chondroitin sulfate A is a sulfated glycosaminoglycan (GAG) composed of a chain 
of alternating sugars. It is usually found attached to proteins as part of a 
proteoglycan.  This study sought to investigate the role of chondroitin sulphate A 
in malaria susceptibility in pregnant women.   
A total of 160 clients attending two selected health facilities, namely Kaneshie 
Polyclinic and Our Lady of Grace Hospital, were recruited. They were stratified 
into three groups: Pregnant women with malaria (n=80), non-pregnant women 
with malaria (n=40) and pregnant women without malaria (n=40). Full blood count 
(FBC), malaria RDT, thick film for malaria parasites and ELISA for chondroitin 
sulphate-A concentration were conducted for each volunteer. The mean 
haemoglobin count in pregnant women with malaria was 9.6 ± 1.4 g/dl and that of 
non-pregnant women with malaria was 10.3 ± 1.6 g/dL and the pregnant women 
without malaria was 11.5 ± 1.1 g/dL. The median CSA concentration in 
nonpregnant women with malaria was 2.24 ng/mL; that of pregnant women with 
malaria was 50.76 ng/mL, and pregnant women without malaria was 44.94 ng/mL. 
There were significant differences between non-pregnant women with malaria and 
pregnant women with malaria (P=0.0001) and also between nonpregnant with 
malaria and pregnant women with no malaria (P=0.0001) but no difference between 
pregnant women with malaria and pregnant women without malaria (P=0.084). 
Haemoglobin and haematocrit concentrations were significantly associated with 
malaria infection. The parasite count in pregnant women with malaria compared 
with that in non-pregnant women with malaria was significantly lower (P=0.0001). 
Malaria infection was associated with reduction in haemoglobin concentration, 
which worsened when pregnancy was present. In conclusion, CSA was elicited in 
pregnant women but had inverse correlation with peripheral malaria parasitaemia.  
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Chapter 1  INTRODUCTION   

1.1  BACKGROUND  

Malaria is  a major cause of death, and according to the World Malaria Report in 

2011, there were about 216 million cases of malaria and an estimated 655 000 deaths 

in 2010.  Malaria has been recognized as a human disease for thousands of years 

and remains one of the most common diseases affecting humans worldwide. Its 

impact falls almost entirely on developing countries, with the heaviest toll on 

Africa (Hay et al., 2004). Over half  of the world's population is thought to be 

exposed to the risk of contracting malaria (Hay et al., 2004). Apart from its direct 

health cost, it carries a significant economic burden in countries where the disease 

is endemic (WHO, 2013).  

Malaria slows economic growth in Africa, fuelling the vicious cycle which 

perpetuates poverty (UNICEF, 2012). Malaria demands up to 5% of the gross 

domestic product in sub-Saharan Africa (WHO, 2013). In Africa, it accounts for  

about 40% of public health expenditure and 25% of the household income (African 

Medical and Research Foundation, 2012). Malaria deters investment and  tourism 

and reduces labour-intensive cash-crops (African Medical and Research 

Foundation, 2012).  

During the 1960s and 1970s, there was optimism that malaria could be eradicated.  

However the 1980s and 1990s saw serious setbacks, such as the development of 

resistance to commonly used drugs and insecticides, as well as the breakdown of 

control programmes and local primary health services, often in the context of 

regional political and economic collapse. Child deaths due to malaria doubled in 

sub-Saharan Africa in the 1990s and malaria re-emerged in Central Asia, Eastern 

Europe and previously cleared  areas of Southeast Asia (Murray et al., 2014). 

Malaria occurs almost exclusively in the tropics and subtropics and approximately 

40% of the world's population, mostly those living in the world's poorest countries, 

are at risk of  contracting malaria  (WHO, 2013).   
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The groups most at risk of developing severe disease are the poor. About 60% of 

deaths from malaria worldwide occur in the poorest 20% of the population, due to 

lack of access to effective treatment (Suh et al., 2004). Young children and infants, 

pregnant women (especially primigravidae), elderly people and non-immune 

people (eg, travellers, foreign workers) are all at risk  (Health Protection Agency, 

2011). Clinical immunity to malaria is acquired during childhood in areas of 

intense  falciparum transmission, and adults are generally protected against malaria 

(Christophers, 1924; Riley et al., 1994). Pregnant women, in whom malaria is both 

more prevalent and more severe than in non-pregnant women, constitute an 

important exception to this rule (Brabin, 1983).   

Malaria is caused by a protozoan parasite of the Plasmodium species belonging to 

the phylum apicomplexa. There are four different Plasmodium species namely P. 

falciparum, P. ovale, P. vivax and P. malariae, which can infect humans (Medical 

Microbiology 4th edition). P. falciparum is the most harmful and the most widespred 

d (Health Protection Agency, 2007). Malaria is a mosquito-borne infectious disease 

of humans and other animals  (WHO, 2013).  Malaria causes symptoms that 

typically include fever, fatigue, vomiting and headaches. In severe cases it can 

cause yellow skin, seizures, coma or death (Caraballo and King, 2014). The disease 

is transmitted by the biting of infected  anopheles mosquitoes, and the symptoms 

usually begin 10 to 15 days after being bitten. In those who have not been 

appropriately treated, the disease may recur months later (WHO, 2013). In those 

who have recently survived an infection, re-infection typically causes milder 

symptoms. This partial resistance disappears over months to years if there is no 

ongoing exposure to malaria (Caraballo and King, 2014) .  

About 50 million women living in malaria endemic areas become pregnant each 

year and are at risk of the adverse health impact of malaria (Menendez, 2006) . 

Approximately half of them live in sub-Saharan Africa and most of them in areas 

of intense falciparum transmission  where there is substantial maternal and 

especially fetal and infant morbidity, causing 75,000 – 200,000 infant deaths every 

year due to combination of preterm  deliveries and fetal growth restrictions 
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(Steketee et al., 2001). Effect on miscarriage is unknown, but adequate control alone 

could prevent 3-8% of infant deaths (Steketee et al., 2001). Indeed, malaria also 

causes several other prenatal and maternal complications including abortion, 

stillbirth, low birth weight and even death (Brabin, 1983; McGregor et al., 1983)   

 Women in their first and second pregnancies are at particular risk of infection with 

Plasmodium falciparum.  Selective accumulation of parasites in the placental space 

results in maternal anaemia (Shulman et al., 1996) and infant low birth weight 

(LBW) (Brabin, 1983; McGregor et al., 1983; Steketee et al., 1996; Nosten et al., 1999) 

through preterm delivery (PTD) (Steketee et al., 1996) and intrauterine growth 

restriction (IUGR) (Brabin, 1983; McGregor et al., 1983; Steketee et al., 1996).  

Regardless of the extent of previous exposure to P. falciparum during pregnancy, 

all pregnant women are at increased risk of malaria and appear to be more 

attractive to mosquitoes  because of physiological and behavioural changes that 

occur during pregnancy are known to be responsible for increased attractiveness 

to the mosquitoe (Ansell et al., 2002; Abrams et al., 2003). Marked differences in 

symptoms are apparent between varying levels of transmission.  

Pregnancy-associated malaria (PAM) infection is one example of a severe malaria 

syndrome, mediated by the surface expression of variant surface antigens (VSAs) 

of P. falciparum-parasitized red blood cells (pRBC) that allow adherence to vascular 

endothelium (Kane and Taylor-Robinson, 2011). In non-pregnant individuals, 

VSAs adhere to the ubiquitous endothelial surface proteins intercellular adhesion 

molecule-1 (ICAM-1) and CD36, and to other pRBC, or form rosettes around 

noninfected RBC (Kane and Taylor-Robinson, 2011). Under high transmission 

settings with favourable breeding sites for the vector Anopheles mosquito, adults 

acquire natural immunity to VSAs, rendering them asymptomatic (Taylor-

Robinson and Smith, 1999; Doolan et al., 2009). Red blood cells (RBC) infected by 

the late developmental stages of P. falciparum parasites are not found in the 

peripheral circulation, as they adhere to receptors on the endothelial lining. This 

adhesion, called sequestration, is mediated through parasite-encoded, clonally 

variant surface antigens (VSA) inserted into the membrane of the infected RBC 
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(iRBC) and is thought to be an immune evasion strategy, possibly evolved to avoid 

splenic clearance (David et al., 1983; Barnwell et al., 1989; Berendt et al., 1990).   

Pregnancy-associated malaria is characterized by marked accumulation of 

parasites in the intervillous space of the placenta, and it is the cause of maternal 

anaemia as well as low birth weight, prematurity and increased infant mortality 

(McGregor et al., 1983). In endemic areas, pregnancy associated malaria is 

concentrated in primigravid women, which indicates that protective immunity to 

PAM is acquired as a function of parity. In contrast, women who are immune to 

these parasites also display adverse consequences of infection when they become 

pregnant (Nathwani et al., 1992) and  this affirms the previous belief that pregnancy 

represented an immunocompromised state (Currie, 1968).   

Apart from this immunocompromised state of pregnancy, there is the aggregation 

of erythrocytes infected by falciparum in the intervillous spaces of the placenta 

(Srivastava et al., 2010). These infected erythrocytes in the placenta adhere to 

glycosaminoglycan receptors not exploited by other infected erythrocyte.  

The presence of symptoms results in prompt diagnosis and management which 

reduces the incidence of unfavourable pregnancy outcomes (Nosten et al., 2007). In 

contrast, women living in areas endemic for malaria and hence possessing 

preexisting immunity, tend to be asymptomatic in pregnancy but harbour high, 

undetected parasite levels in the placenta (Doolan et al., 2009; Recker et al., 2009). 

PAM affects these women in a gravidity-dependent manner: primigravid (PG) 

women are more susceptible than multigravid (MG) women (Brabin and  

Rogerson, 2001). After correction for age-related susceptibility, this trend has been 

reported consistently and is more pronounced with increasing transmission (Baird, 

1995; Megnekou et al., 2009). PAM is managed during pregnancy with intermittent 

preventive strategies using chemotherapeutic medications or insecticide-treated 

nets. The World Health Organization recommends that insecticide treated nets and 

intermittent preventive treatment (IPTp) should be used during pregnancy 

(Nosten et al., 2007). IPTp consists of two doses of sulfadoxine and pyrimethamine 

in the second and third trimesters (Rogerson et al., 2003b). While this treatment 
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remains effective in West Africa, and more so in three doses than two (Diakite et 

al., 2011) there is a need for novel interventions. Current efforts to control the 

incidence of malaria infection are being hampered by rapidly increasing numbers 

of insecticide-resistant mosquitoes and treatment-resistant parasites (Sevene et al., 

2010). Hence, production of a vaccine to protect women in high risk areas is an 

urgent public health priority.     

Women in their first and second pregnancies are more susceptible as anti adhesion 

antibodies against Chondroitin Sulphate-A (CSA) binding parasites develop after 

successive pregnancies (Duffy and Fried, 1999). The presence of parasites in the 

peripheral blood without symptoms is common in hyper-endemic areas, and is 

associated with chronic anaemia and placental sequestration (Nwagha et al., 2009). 

By this, the parasite interferes with transmission of vital substances through the 

fetal placenta, often resulting in stillbirth, spontaneous abortion, or dangerously 

low birth weight (Duffy, 2001).   

Chondroitin sulphate-A is a sulphated glycosaminoglycan (GAG) present on the 

syncytiotrophoblast in the intervillous space of the placenta, located as a side chain 

on the tissue anticoagulant thrombomodulin (Salem et al., 1984). It appears during 

the 16th week of pregnancy with the completion of the placenta. A plethora of 

functions for proteoglycans have been identified, including regulation of cell 

proliferation, differentiation and adhesion, as reviewed by some authers (Schaefer 

and Schaefer, 2010). Binding to placental CSA may alter gene transcription, signal 

transduction, or activate intracellular signalling mechanisms that lead to increased 

expression of inflammatory mediators (Lucchi et al., 2006; Lucchi et al., 2008; 

Schaefer and Schaefer, 2010). CSA is expressed by nearly all cells but it is unclear 

why parasites only bind to CSA expressed by the placenta, although this may be 

explained by the specific patterns of sulphation of placental CSA and the structure 

it forms on the trophoblast membrane (Dahlback et al., 2010). Previously, other 

placental molecules, such as hyaluronic acid (HA) (Matejevic et al., 2001), have been 

implicated in placental binding of pRBC (Beeson et al., 2000) and some parasite 

lines have been shown to have affinity for three receptors; CSA, HA and CD36. 
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However, the strength of binding, as determined by a P. falciparum cytoadherence 

assay performed under static conditions, does not match that of CSA-parasite 

adherence alone (Hommel et al., 2010).    

Antibodies that inhibit P falciparum adhesion to CSA are associated with a reduced 

risk of placental malaria (Duffy and Fried, 2003). Hence, susceptibility to 

Plasmodium parasitaemia has been linked to the level of antibodies to placental 

sequestrated parasites (Elliott et al., 2005).  

The proteoglycan chondroitin sulphate A can mediate parasite adhesion in vitro 

(Robert et al., 1995; Rogerson et al., 1995) and, although CSA-adhering parasites are 

rarely found in non-pregnant hosts, placental parasites preferentially or perhaps 

even exclusively bind to CSA (Fried and Duffy, 1996; Achur et al., 2000). It has thus 

been proposed that the placenta constitutes a niche for antigenically distinct VSA 

that have evolved to mediate sequestration exclusively at this site (Molecular 

Microbiology, 2003).  

Parasites causing PAM must thus be able to escape the immunological effector 

mechanisms that control parasite multiplication in immune hosts. This seems to be 

explained by the observation that VSA expressed by parasites selected for strong 

adhesion to CSA in vitro are not recognized by plasma IgG from clinically immune 

adult males, although those of the parental unselected lines are well recognized 

(Ricke et al., 2000; Staalsoe et al., 2001).  

There is thus a gender-specific recognition by antibodies of CSA-selected and 

placental parasites. Another significant characteristic shared by VSA expressed by 

CSA-selected and placental parasites is that the levels of CSA adhesion-blocking 

plasma IgG in malaria-exposed women depend on parity (parity-dependent IgG 

recognition) (Fried et al., 1998a; Ricke et al., 2000; Staalsoe et al., 2001). This 

adhesion-blocking capacity is independent of the geographical origin of plasma as 

well as parasites (Fried et al., 1998a). Together, these data suggest that the VSA 

responsible for placental adhesion to CSA (VSAPAM) are functionally and 
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antigenically distinct from other molecules present at the iRBC surface, and that 

they share relatively conserved antigenic determinants (Ricke et al., 2000).  

Plasmodium falciparum erythrocyte membrane protein1 (PfEMP1) can mediate iRBC 

adhesion to a range of host receptors and are encoded by the var gene family 

containing 50–60 members per haploid parasite genome (Baruch et al., 1995; Su et 

al., 1995; Gardner et al., 2002). Different PfEMP1 molecules have different receptor 

specificities, and clonal switching between var genes that leads to expression of the 

various PfEMP1 molecules in a mutually exclusive manner (Chen et al., 1998; Scherf 

et al., 1998) allows the parasite to modify its adhesion properties (Smith et al., 1995). 

To date, several var genes encoding PfEMP1 domains with affinity for CSA have 

been described (Buffet et al., 1999; Reeder et al., 1999; Degen et al., 2000; Khattab et 

al., 2001).  

Although some progress has been accomplished in recent years, resulting in the 

identification of intermittent preventive treatment (IPT) and insecticide treated 

nets (ITNs) as key strategies to control malaria in pregnancy and the use of 

antimalarials such as sulphadoxine-pyrimethamine, much work needs to be done 

to control malaria effectively in this high at risk group. There are still many gaps 

in knowledge that need to be addressed regarding the biological mechanisms that 

explain the increased susceptibility during pregnancy. Determining the 

susceptibility of pregnant women to malaria by measuring their CSA levels will 

provide more support to the development of anti-adhesion vaccines to prevent 

poor fetal outcomes due to pregnancy malaria.  

  

1.2  PROBLEM STATEMENT  

Malaria severely affects pregnant women and children. Despite immunity through 

lifelong exposure to malaria, pregnant women become susceptible to the disease 

causing anaemia, abortions and low birth weight (Steketee et al., 2001). They 

experience massive accumulation of infected erythrocytes (IEs) in the placenta. 

Adhesion of IEs to host endothelial receptors is mediated by members of a large 

diverse protein family called P. falciparum erythrocyte membrane protein 1 
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(PfEMP1). Pregnancy malaria is generally associated with the emergence of a 

distinct subset of parasites expressing a unique PfEMP1 that binds to the 

hostreceptor chondroitin sulfate A (CSA) (Barfod et al., 2010). The absence or rare 

occurrence of CSA-binding parasites in malaria patients (children, men and 

nonpregnant women) suggests that these parasites become virulent only during 

pregnancy (Duffy and Fried, 2003).   

The exact mechanism for the increase in susceptibility and frequency of 

complications during pregnancy, as well as the preferential sequestration of  

falciparum in the placenta, remains partially unclear. Cytoadherence of a 

subpopulation of P. falciparum to chondroitin sulphate A in the placenta (Fried and 

Duffy, 1996) and increased attractiveness of pregnant women to malaria-carrying 

mosquitoes (Lindsay et al., 2000) are a few mechanisms that have been postulated.  

  

1.3  JUSTIFICATION  

Malaria in pregnancy results in such negative outcomes as maternal anaemia and 

reduction in birth weight, which in turn leads to increase in maternal and infant 

mortality. Adverse outcomes of pregnancy-associated malaria (PAM) include low 

birth weight neonates, foetal loss, increased perinatal and maternal mortality, 

maternal anaemia and the risk of hypertension in first-time pregnant mothers. 

Although some other infectious diseases are also worse in pregnancy, malaria 

seems to be a special case, affecting an estimated 24 million pregnant women in 

sub-Saharan Africa annually. This work investigates the basis for the susceptibility 

to pregnancy-associated malaria and of the mechanisms by which the disease 

could lead to morbidity and mortality, and discusses how these insights can help 

us to develop more effective strategies to prevent and treat the disease.  

1.4  AIM  

The aim of this study is to investigate if chondroitin sulphate A contributes to 

increased susceptibility to malaria in pregnant women  
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1.5  SPECIFIC OBJECTIVES  

The specific objective objectives of this study are:  

1. To assess  paracetaemia load and the level of chondroitin sulphate A in 

pregnant women.  

2. To determine the impact of chondroitin sulphate A in protecting against 

malaria in pregnant women.  
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Chapter 2   LITERATURE REVIEW  

Malaria is caused by a protozoan parasite of the Plasmodium species belonging to 

the phylum apicomplexa. There are four different Plasmodium species namely P. 

falciparum, P. ovale, P. vivax and P. malariae, which can infect humans (Daneshvar et 

al., 2009)  

  

2.1  LIFE CYCLE OF PLASMODIUM FALCIPARUM   

A human being is infected when an infected female Anopheles mosquito takes a 

blood meal, and sporozoite-stage parasites of P. falciparum are injected into the 

human skin (Rowe et al., 2009). The sporozoites migrate into the bloodstream and 

then invade liver cells. Parasite stages in the liver are clinically silent. The parasite 

grows and divides within the hepatocytes in 8–10 days. This asexual replication is 

known as exoerythrocytic schizogony and culminates in the production of 

merozoites which are released into the bloodstream, where they rapidly invade 

erythrocytes (Rowe et al., 2009).  The early trophozoite is often referred to as 'ring 

form' because of its morphology (Lee et al., 2007). Trophozoite enlargement is 

accompanied by an active metabolism including the ingestion of host cytoplasm 

and the proteolysis of hemoglobin into amino acids. The haemoglobin in the red 

blood cell provides the main source of protein necessary for the parasites 

development (Larzarus et al., 2008). During that process the iron in the haem 

rapidly oxidizes and haem monomers are converted into an inert crystalline and 

paramagnetic material named haemozoin or malaria pigment which accumulates 

in infected erythrocytes (Hempelmann and Marques, 1994; Egan, 2008). The rate of 

haemozoin formation correlates with parasite metabolic activity and peaks at the 

late trophozoite stage of development. The end of the trophic period is manifested 

by multiple rounds of nuclear division without cytokinesis resulting in a schizont 

(Miller et al., 2002)  
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Figure 2-1: The different stages of Plasmodium falciparum development (source:  

Nature Reviews of Microbiology, 2007)  

  

P. falciparum merozoites attach to and invade mature human red blood cells (RBCs) 

and the parasite develops in a parasitophorous vacuole (PV) through the ring (0–

24 hours), trophozoite (24–36 hours) and schizont stages (40–48 hours). In 

maturestage parasites (>24 h), membrane-bound structures appear in the RBC 

cytoplasm and knobby deformations are formed at the RBC membrane. After 

approximately 48 hours the infected RBC ruptures,releasing 16–32 daughter 

merozoites. Degradation of haemoglobin results in the deposition of crystals of 

haemozoin in a digestive vacuole (Maier et al., 2009).   

The asexual intraerythrocytic cycle lasts for approximately 48 hours, and is 

completed by the formation and release of new merozoites that will re-invade 

uninfected erythrocytes (Expert Reviews in Molecular Medicine, 2009). It is during 

this asexual bloodstream cycle that the clinical symptoms of malaria (fever, chills, 

impaired consciousness, etc.) occur (Center for Disease control, 2010). During the 

asexual cycle, some of the parasite cells develop into male and female sexual stages 

called gametocytes that are taken up by feeding female mosquitoes. The 

gametocytes then undergo further development in the mosquito, resulting in the 

presence of sporozoites in the mosquito salivary glands, ready to infect another 

human host (Rowe et al., 2009).  
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Figure 2-2 Life cycle of P. falciparum (Source: expert reviews in Molecular 
Medicine, 2009).  

  

2.2  PATHOGENESIS OF PLASMODIUM FALCIPARUM   

Adhesion of erythrocytes infected with Plasmodium falciparum to human cells has a 

key role in the pathogenesis of life-threatening malaria. Parasite adhesion 

interactions include binding to endothelial cells (cytoadhesion), rosetting with 

uninfected erythrocytes and platelet-mediated clumping of infected erythrocytes 

(Rowe et al., 2009).   

The presence of the parasite and the resulting host inflammatory responses leads 

to high fevers and associated ‘flu’-like symptoms (Marsh et al.,1995).The incubation 

period before the appearance of symptoms varies from 12 days to over a year. In 

some cases of infections a life-threatening illness develops, characterized by 

various clinical features, including impaired consciousness, coma, breathing 

difficulties, severe anaemia and multi-organ failure (Marsh et al., 1995; Dondorp et 

al., 2008). These clinical manifestations of severe malaria are thought to occur 

because of a combination of a high parasite burden and the sequestration of mature 

P. falciparum-infected erythrocytes (IEs) in microvascular beds throughout the 

body (Miller et al., 2002). The sequestered mass of IEs leads to microvascular 

obstruction (Dondorp et al., 2004; Dondorp et al., 2008) metabolic disturbances, 

such as acidosis (Planche and Krishna, 2006) and release of damaging 
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inflammatory mediators (van der Heyde et al., 2006; Schofield, 2007) which can 

combine to cause severe disease and death of the human host. Sequestration is 

thought to benefit the parasite by allowing it to avoid the host’s normal splenic 

clearance mechanisms that remove aged or damaged erythrocytes (Mebius and  

Kraal, 2005).   

 

Figure 2-3: Adhesion of Plasmodium falciparum-infected erythrocytes to human 

cells, including cytoadherence to endothelial cells, platelet-mediated clumping 

and resetting; Source: (Rowe et al., 2009)  

  

2.3  MALARIA IN PREGNANCY  

In malaria-endemic areas, the frequency and severity of malarial infections are 

greater in pregnant women than in their non-pregnant counterparts (Monif and 

Baker, 2004).   

In sub-Saharan Africa, where the largest burden of malaria occurs, about 25 million 

pregnant women are at risk of malaria infection each year, and have 2-10-fold 

higher mortality than non-pregnant women (Steketee et al., 2001; Doolan et al., 

2009).  Both P.  falciparum and P.  vivax infections can cause adverse pregnancy 

outcomes (Nosten et al., 1999; Steketee et al., 2001; Desai et al., 2007).  
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Infection rates have been consistently demonstrated to be highest in women in their 

first and second pregnancies, with lower rates in later pregnancies (Nosten et al., 

1999; Steketee et al., 2001). The prevalence of infection and the parasite density in 

peripheral blood both peak in the first half of the gestation period and then 

decrease progressively until delivery. An increased risk of recurrent and new P 

falciparum malaria occurs in the first 2–3 months (Diagne et al., 2000; Nahlen, 2000; 

Ramharter et al., 2005), then there is a rapid clearance of peripheral parasitaemia 

within 2 days of delivery (Nguyen-Dinh et al., 2008). The risk of maternal infection 

has been found to be highest during the second trimester (Schantz-Dunn and Nour, 

2009). Apart from primigravidas, adolescents (Leenstra et al., 2003; Rogerson et al., 

2003a) and those co-infected with HIV also suffer a high risk of  infection and 

morbidity (Brentlinger et al., 2006).  

Pregnancy- associated malaria is not caused by the presence of more parasite types 

in pregnancy, but instead is caused by an increase in density of parasitaemia. 

Hence, women who remain able to control parasite density might not experience 

adverse consequences of pregnancy-associated malaria (Mockenhaupt et al., 2000; 

Mankhambo et al., 2002; Walker-Abbey et al., 2005). Because of high rates of 

parasitaemia in pregnancy, particularly in many settings in sub-Saharan Africa, the 

World Health Organization has recommended presumptive malarial treatment 

followed by additional prevention measures during pregnancy (WHO, 1986).  

  

2.4  FACTORS ASSOCIATED WITH THE SUSCEPTIBILITY OF 

PREGNANT WOMEN TO MALARIA  

Pregnancy causes a number of physiological changes that affect the way the 

Plasmodium parasite invades its host. Several hypotheses have attempted to explain 

the increased susceptibility of pregnant women to malaria and the high frequency 

of placental infection. It has been proposed that pregnancy malaria is facilitated by 

hormone-dependent, depression of the immune system or non-specific effector 

mechanisms (The immunology and pathogenesis of malaria ,2005).  
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However, it has been shown that despite this susceptibility, the maternal immune 

system continues to respond positively to the parasite resulting in better fetus 

outcomes (Duffy and Fried, 2003). Furthermore, the fact that women who have had 

multiple pregnancies (multigravids) are at a lesser risk than those in their first 

pregnancy (primigravids) (Steketee et al., 2001) suggests that immune build-up is 

achieved after several pregnancies and infections.  

2.4.1 Increased Cortisol Concentrations  

Pregnancy has been viewed as a period of generalized immunosuppression which 

is mainly sustained by increased blood levels of cortisol (Elenkov, 2004). It has been 

shown that cortisol levels are higher in pregnant women with malarial infection 

than in those without (Adam et al., 2007), suggesting that a sustained increase in 

cortisol levels underlies the increased susceptibility of pregnant women, 

particularly primigravidae women, to malaria. This hypothesis has been 

corroborated by the discovery of a significant association between cortisol 

concentration and P. falciparum infection, on one hand, and a strong correlation 

between parasite load in P. falciparum-infected primigravidae women, on the other 

hand (Bouyou-Akotet et al., 2005). While cortisol levels would explain an increased 

susceptibility to malaria, they do not explain why parasites have a preference for 

growing and multiplying in the placenta.  

2.4.2 Decreased Cell-mediated Immunity  

Studies of immune function have demonstrated a transient depression of 

cellmediated immunity in pregnant women, particularly in the second and third 

trimesters. This impairment of cell-mediated immunity allows fetal allograft 

retention and allows pregnancy to continue without rejection (Meeusen et al., 

2001). However, there is interference with resistance to various infectious diseases 

including malaria. Cell-mediated immune responses to malarial antigens are more 

markedly suppressed in first pregnancies than in  subsequent ones (Riley et al., 

1989; Fievet et al., 1995).  

2.4.3 Inhibition of Type-1 Cytokine Responses   

Th1-type responses are of parasitological importance. For example, substantial 

increases in tumour necrosis factor (TNF)-α (Fried et al., 1998b; Rogerson et al., 
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2003a), interferon-γ (Fried et al., 1998a; Moore et al., 1999), interleukin 1β 

(Moormann et al., 1999), and interleukin-2 (Fried et al., 1998b) have been found in 

placental blood or tissue in response to malaria parasite  infection. These cytokines 

are known to aid in the elimination of parasites from the placenta by enhancing 

phagocytic activity of macrophages, generating reactive oxygen intermediates and 

L-arginine-derived nitric oxide, and stimulating the proliferation of T cells 

(TaylorRobinson and Smith, 1999). However, overproduction of Th-1 cytokines can 

compromise the pregnancy by causing maternal anaemia, spontaneous abortions, 

and premature deliveries (Kwak-Kim et al., 2005). Hence pregnant women have an 

immune system which is biased towards type-2 humoral defense mechanisms and 

away from type-1 Cellular responses.  Pregnant women would therefore be more 

susceptible to malaria because of the inhibition of type-1 cytokine responses 

(Wegmann et al., 1993).  

  

2.4.4 Naturally acquired immunity to malaria  

In malaria endemic areas young children are very susceptible, and it has been 

estimated that a quarter of all infancy deaths are due to this infection (SchantzDunn 

and Nour, 2009). Immunity is gradually built after exposure to several P. falciparum 

infections; however, sterile immunity is most likely never achieved, meaning that 

a lower number of parasites are still able to infect the adult but without causing 

symptoms (Doolan et al., 2009). From human studies it is observed that although 

protective immunity to malaria is achieved slowly and following regular exposure 

to P. falciparum parasites, immunity to death is acquired faster and may be 

significant after a single episode (Gupta et al., 1999a).   

When the parasite enters the human body, it is immediately exposed to the 

immune system that would potentially fight any foreign organism, but studies 

show that natural immune responses to the pre-erythrocytic stages are of lower 

importance to prevent disease (Owusu-Agyei et al., 2001). In blood-stage 

immunity, given that infected erythrocytes (IE) lack antigen presenting cell surface 

proteins, the humoral response is the main actor, particularly IgG is considered to 

have a crucial role (Cohen et al., 1961). Antibodies are effective through 3 different 
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mechanisms: blocking the IE invasion (Blackman et al., 1990); inducing 

opsonization and phagocytosis (Bouharoun-Tayoun et al., 1995) and binding to IE 

surface antigens contributing to parasite clearance (Bull et al., 1998).   

It is not totally established which of the three mechanisms is more important in the 

development of immunity. Nevertheless, evidence supporting the importance of 

variant surface antigens (VSA) comes from studies where children with P. 

falciparum infection lacked VSA-specific antibodies, while immune adults had 

antibodies targeting the surface of the children isolates; later, the same children 

recovered from disease and their sera effectively recognized the IE that had caused 

the infection (Bull et al., 1998; Ofori et al., 2002).  

From these experiments, it is clear that clinical immunity is achieved with the 

acquisition of an antibody repertoire that targets different VSA’s, being a likely 

explanation for the slow development of immunity (Marsh and Howard, 1986). 

VSAs mediate the adhesion of IE to specific receptors in different tissues allowing 

the parasites to escape from circulation, evade immunity and reach high 

parasitaemias (Chan et al., 2014). Since acquisition of immunity to severe disease is 

acquired before the immunity to uncomplicated infection, (Gupta et al., 1999b) and 

VSAs expressed by patients infected with severe disease (VSASM) differ in terms 

of IgG recognition from the ones expressed by patients infected with 

uncomplicated malaria (VSAUM) (Nielsen et al., 2002; Ofori et al., 2002), it is 

apparent that there is limited antigen diversity in parasites causing severe malaria. 

A vaccine based on VSASM antigens would protect against severe disease, still 

allowing parasite infection causing mild symptoms, which would re-boost the 

immune response and maintain protection.   

Almost all late stage IE are adhesive with differences in specificity as well as 

affinity. Sequestration enables the parasite to avoid spleen-dependent killing 

mechanisms and it is an important virulence factor (David et al., 1983). The 

cytoadhesion to human endothelial receptors is allowed by the different 

morphology and composition of the erythrocyte membrane due to P. falciparum 

infection.  
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Several host receptors have been implicated in IE cytoadherence and these include:  

Thrombospondin (TSP) (Roberts et al., 1985); CD36 (Barnwell et al., 1989); ICAM-1 

(Berendt et al., 1989); vascular cell adhesion molecule-1 (VCAM-1) (Ockenhouse et 

al., 1992); platelet/endothelial cell adhesion molecule (PECAM-1) (Treutiger et al., 

1997) and Chondroitin sulphate A (CSA) (Rogerson et al., 1995) but the significance 

of these receptors in disease pathogenesis remains unclear.  

Surface molecules are highly immunogenic and in order to escape the immune 

system, these proteins evolved towards belonging to large, diverse and varying 

families. The VSA families described until now are: PfEMP1, RIFS, STEVOR and 

SURFIN, respectively belonging to the gene families: var, rif, stevor and surf (Bull 

et al., 1998). Plasmodium falciparum erythrocyte membrane protein one (PfEMP1) is 

the only described VSA holding binding properties that explain the sequestration 

pathogenic feature of P. falciparum infection (Bull et al., 1998). Antibodies against 

PfEMP1’s have shown to  interfere with parasite sequestration (Bull et al., 1998). IE 

display a range of binding properties differing in their receptor specificity 

depending upon the expressed PfEMP1 (Smith et al., 2001). PfEMP1 proteins are 

encoded by approximately 50-60 var genes that are present in the genome of each 

parasite (Kyes et al., 2001).   

The great antigenic diversity characteristic of this family is achieved through high 

levels of gene recombination (Taylor et al., 2000). var genes are typically large (6-13 

kb) and have two exons (Su et al., 1995), the first encodes for the variable 

extracellular binding region and a transmembrane domain, and the second 

encodes for a more conserved intracellular part. The PfEMP1 extracellular binding 

region includes four different types of domains: the N-terminal segment (NTS), the 

Duffy-binding-like (DBL) domain, the cysteine rich inter-domain region (CIDR) 

and the C2 domain. DBL domains are classified into five different groups that share 

sequence types and amino acid features   (Smith et al., 2000). DBL and CIDR 

domains are described  as being the regions of PfEMP1 responsible for the binding 

functionalities (Smith et al., 2001).   
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Importantly, DBL domains are a common module responsible for adhesion found 

in two distinct families of parasite ligands, the erythrocyte binding ligands (EBL) 

essential for invasion of erythrocytes (Adams et al., 2001) . Specific sequence 

signatures allow the classification of these adhesive domains in different classes. 

The CIDR  has a three-helix bundle  that exhibits less than 20% sequence identity 

with the three-helix bundles of Duffy-binding like (DBL) domains, but the two 

kinds of bundles are almost identical.  In addition, the three-dimensional structures 

of four DBL domains were solved recently, and showed that even though there is 

very limited sequence similarity among these domains. their structure is overall 

highly similar (Tolia et al., 2005; Singh et al., 2006; Higgins, 2008).   

Although sequence diversity is a very important characteristic of the var family, it 

is possible to organize the genes in groups based on sequence alignments, 

promoter regions and chromosome locations. As a result, three major groups are 

described (group A, B and C) and two intermediate groups B/A and B/C that 

represent transitions between the three main groups (Malaria Journal,2003). There 

are two other independent groups formed by genes exceptionally conserved across 

parasite isolates (var1 and var2) (Lavstsen et al., 2003).   

This genomic organization indicates that recombination events might happen 

mainly within each group, allowing the maintenance of group characteristics. var 

genes are expressed in a mutually exclusive manner, with only one PfEMP1 protein 

expressed at a time by each parasite (Scherf et al., 1998). During the 48 h blood-

stage asexual part of the parasite cycle, transcription of a var gene is initiated early. 

The levels of the var transcript peak at 12 h post-erythrocyte invasion and decline 

rapidly (Kyes et al., 2000). However, PfEMP1 does not appear on the infected RBC 

surface until approximately 16 h post-invasion (Gardner et al., 2002), meaning that 

PfEMP1 is synthesized early but follows a slow trafficking pathway to reach the IE 

surface (Kriek et al., 2003).  
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2.5  CHONDROITIN SULPHATE  

Chondroitin sulfate is a sulfated glycosaminoglycan (GAG) composed of a chain 

of alternating sugars (N-acetylgalactosamine and glucuronic acid(Baeurle et al., 

2009). It is usually found attached to proteins as part of a proteoglycan. A 

chondroitin chain can have over 100 individual sugars, each of which can be 

sulfated in variable positions and quantities. Chondroitin sulfate is an important 

structural component of cartilage and provides much of its resistance to 

compression (Baeurle et al., 2009). Chondroitin sulfate A is carbon 4 of the 

Nacetylgalactosamine (GalNAc) sugar, i.e. chondroitin-4-sulfate (Barnhill et al., 

2006).  

Chondroitin's functions depend largely on the properties of the overall 

proteoglycan of which it is a part. Chondroitin sulfate is a major component of 

extracellular matrix, and is important in maintaining the structural integrity of the 

tissue. Chondroitin sulfate is a major component of cartilage (Baeurle et al., 2009). 

The tightly packed and highly charged sulfate groups of chondroitin sulfate 

generate electrostatic repulsion that provides much of the resistance of cartilage to 

compression (Baeurle et al., 2009).   

Chondroitin sulfate readily interacts with proteins in the extracellular matrix due 

to its negative charges. The levels of chondroitin sulfate proteoglycans are vastly 

increased after injury to the central nervous system where they act to prevent 

regeneration of damaged nerve endings (Forsyth et al., 2006). In cortical 

development, chondroitin sulfate is expressed by the Sub Plate and acts as a stop 

signal for neurons migrating from the Ventricular Zone (Forsyth et al., 2006). 

Neurons stopping here may then be programmed for further migration to specific 

layers in the cortical plate (Jordan et al., 2003). Chondroitin sulfate (CS) was 

originally isolated well before the structure was characterized, leading to changes 

in terminology with time. Early researchers identified different fractions of the 

substance with letters. So far four  CS  are known  namely Chondriotin sulphate A, 

Chondriotin Sulphate C, Chondriotin Sulphate D and Chondriotin Sulphate E  as 

shown in  the table below:   
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Table 2-1 Fractions of chondroitin sulfate (Lavene et al,1931)  

Letter 

Identification  

Site of sulfation  Systematic name  

Chondroitin sulfate A  Carbon 4 of the N-acetylgalactosamine 

(GalNAc) sugar  

chondroitin-

4sulfate  

Chondroitin sulfate C  Carbon 6 of the GalNAc sugar  chondroitin-

6sulfate  

Chondroitin sulfate D  carbon 2 of the glucuronic acid and 6 of the 

GalNAc sugar  

chondroitin-

2,6sulfate  

Chondroitin sulfate E  carbons 4 and 6 of the GalNAc sugar  chondroitin-

4,6sulfate  

  

2.6  PLACENTAL MALARIA  

Placental malaria is caused primarily by infection with P. falciparum, the most 

dangerous of the four species of malaria parasites (WHO, 2001). Although P. vivax 

can also be found in the placenta P. falciparum is sequestered there more frequently 

and at a higher frequency (McGready et al., 2004). Placental malaria has long been 

recognized as a complication of malaria in pregnancy in areas of stable 

transmission, and is particularly frequent and more severe in primigravidae 

(Matteelli et al., 1997). Women experiencing placental malaria may exhibit normal 

symptoms of malaria, but may also be asymptomatic or present with more mild 

symptoms, including a lack of the characteristic fever. This may prevent a woman 

from seeking treatment despite the danger to herself and her unborn child (Desai 

et al., 2007).   

Interestingly, the greatest degree of placental infestation is seen in women who 

have the highest level of immunity, leading to milder maternal symptoms and a 

disproportionate increase in fetal complications (Monif and Baker, 2004). It could 

be hypothesized, therefore, that although primigravidas may develop the clinical 

symptoms of malaria, women with higher immunity may not demonstrate 
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symptoms, will not receive treatment, and will build a higher placental parasite 

burden (Schantz-Dunn and Nour, 2009).  

P. falciparum expresses proteins on the surface of parasite-infected erythrocytes 

(PIEs) helping them to bind to chondroitin sulphate A (CSA) in the placental 

intervillous space (Fried and Duffy,1996; Neilson et al.,2009). P. falciparum 

erythrocyte membrane protein 1 (PfEMP1) variant VAR2CSA enables adhesion of 

P. falciparum-infected erythrocytes to chondroitin sulfate A (Barfod et al., 2010). By 

this process, the parasite avoids being filtered through the spleen where it would 

be cleared from the bloodstream and killed (Desai et al., 2007).  

Chondroitin sulphate is present in the placenta as a glycosaminoglycan side-chain 

to the tissue anticoagulant thrombomodulin (Salem et al., 1984) and as part of a 

secreted low-sulphated aggrecan in the intervillous space, postulated to function 

as a reversible immobilizer of hormones, cytokines, and other molecules 

(Muthusamy et al., 2004). Although CSA is a common component of the 

extracellular matrix and is found widely in the body, it is proposed that the 

placenta is the only site where interaction between CSA and the parasitized 

erythrocytes can actually occur (Fried and Duffy, 1996).   

2.6.1 Characteristics of Malaria-infected Placenta  

The placenta is a complex, sophisticated organ with several important functions 

throughout gestation, with the primary purpose of providing sustenance for the 

developing fetus. The placenta is also a site for P. falciparum sequestration 

(Matteeli et al.,1997). Many hypotheses, based on a systemic or local failure of the 

immunological response to malaria, have been proposed to explain the preference 

of the parasites for replication in the placenta; some have been reviewed elsewhere 

(Matteelli et al., 1997). At term, the placenta is usually a circular-shaped structure 

measuring approximately 20 cm in diameter and 2.5 cm in thickness. The fetal 

portion of the placenta consists of the chorionic plate and its villi and the peripheral 

trophoblastic shell that surrounds the intervillous space and covers the maternal 

tissue. Anchoring villi contact the decidua basalis. The decidua basalis (maternal 
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portion of the placenta) rests on the stratum basalis and is characterized by large, 

polyhedral pale blue stromal (decidua) cells (Walter et al., 1982; Fried et al., 1998a).  

The placental sequestration of P. falciparum is characterized by the accumulation of 

parasitized erythrocytes in the intervillous space (Fried et al., 1998a). Malaria 

pigment can also be found concentrated in the macrophages in the intervillous 

spaces, in the trophoblasts and fribrin deposits (Matteelli et al., 1997). Other 

histopathological changes that have been reported are the proliferation of 

cytotrophoblastic cells (suggesting a non-specific response to trophoplast damage), 

thickening of the trophoblastic basement membrane, and the presence of large 

numbers of leukocytes in the intervillous spaces. There is also infiltration by 

inflammatory cells, and release of pro-inflammatory mediators, which cause 

pathologic alterations (Walter et al., 1982; Ordi et al., 1998).   

Bulmer et al., (1993) indicated in their study that, the malaria pigment concentrated 

in circulating cells was associated with active infection, pigment in fibrin and 

fibrinoid necrosis of chorionic villi were features of active chronic infections, while 

thickening of the trophoblast basement membrane was common in both active and 

past infections. Also, perivillous fibrin and cytotrophoblast prominence were not 

associated with malarial infection (Bulmer et al., 1993).   

The exact mechanisms underlying histological changes of malaria-infected 

placentas are still being investigated. However, since the parasites are limited to 

the intervillous spaces they are unlikely to determine placental pathology directly. 

Leucocytes in the intervillous space seem to be a hallmark of active placental 

infection, and might be associated with the thickening of the trophoblastic 

basement membrane (Matteelli et al., 1997), through the production of 

nonchemotactic cytokines by inflammatory reactions in the intervillous space 

(Leopardi et al., 1996).  The thickening of the trophoblast basement membrane 

produces a mechanical blockage adversely affecting oxygen and nutrient transport 

across the placenta. Compounding the situation are nutrients used by the 

developing and replicating parasites, and poor oxygen and glucose transfer from 

the parasitized erythrocytes sequestered in the placentas (Steketee et al., 1996). The 
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high frequency of adverse perinatal outcomes, including, but not restricted to, 

premature, hypotrophic neonates, and stillbirths in the malarial population, has 

been linked to the intervillous macrophages, which decrease the maternal blood 

output, and perivillous excess of fibrin, which reduces the materno-fetal exchanges 

(Philippe and Walter, 1985).   

 

Figure  2-4:  Mechanisms  of  malaria  infection  (source:  nature  

reviews/immunology; (Antelman et al., 2000))  

  

2.7  CONSEQUENCES OF MALARIA IN PREGNANCY  

2.7.1 Maternal Health and Malaria  

Although pregnant women in malaria endemic areas have higher rates of 

parasitaemia and parasite density compared with non-pregnant women, infection 

is largely asymptomatic because some degree of pre-existing immunity is retained 

during pregnancy (Dorman and Shulman, 2000). However, even malaria-immune 

women (i.e., those who have evolved some level of immunity against severe 

infection as a result of long residence in areas of stable malaria transmission) are 

susceptible to placental malaria (Menendez et al., 2000; Tako et al., 2005). Because 
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so many parasites become sequestered within the placenta, peripheral blood 

smears often fail to detect evidence of infection (Dorman and Shulman,2000).  

  

The resulting lack of appropriate or timely treatment may lead to adverse 

pregnancy outcome, including severe anemia, which is the main maternal 

consequence of malaria and can be deadly (Dorman and Shulman, 2000). Apart 

from anemia, malaria may contribute to maternal mortality by increasing the risk 

and severity of obstetric conditions such as pre-eclampsia/eclampsia and 

postpartum hemorrhage by as much as 50% (Brabin et al.,2005).  

  

2.7.2 Effects on Birth Outcome  

The effect of pregnancy malaria on the new born is very devastating. Low birth 

weight (defined as birth weight <2500g) is associated with a marked increase in 

infant mortality (Greenwood et al., 1992; Luxemburger et al., 2001). In areas of high 

malaria transmission in Africa, the risk of low birth weight approximately doubles 

if women have placental malaria with the greatest effect in primigravidae (Guyatt 

and Snow, 2004).   

In sub-Saharan Africa, nearly 20% of low-birth weight deliveries are attributable to 

malaria in pregnancy and this is 35% of preventable low birth weight in women of 

all pregnancy disorders (Steketee et al., 2001; Guyatt and Snow, 2004). Malaria 

induced low birth weight is estimated to be responsible for between 62, 000 and  

363, 000 infant deaths every year in Africa, which translates to three to 17 deaths 

per 1000 live births (Murphy and Breman, 2001). Another estimate suggests that 

11.4% of neonatal deaths and 5.7% of all infant deaths in malaria endemic areas of 

Africa may be caused by malaria in pregnancy-associated low birth weight, which 

translates to around 100 000 infant deaths (Guyatt and Snow, 2004). Not 

surprisingly, this effect is greatest in infants born to primigravidae at 17.6% of 

neonatal deaths and 9.8% of infant deaths (Guyatt and Snow, 2004).   

The relative contribution of intrauterine growth retardation (IUGR) or preterm 

delivery in causing low birth weight varies by the level of malaria endemicity as 

well as other factors, such as access to prompt treatment and spread of HIV (Desai 
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et al., 2007). In areas of high malaria transmission where women are exposed to a 

greater frequency of antenatal infections and may have acquired immunity to 

prevent most febrile episodes that cause preterm delivery, IUGR is likely to be the 

predominant cause of malaria associated low birth weight (Brabin and Rogerson, 

2001).   

 

Figure 2-5: A low-birth weight baby born to a woman with an infected placenta  

Source: (Brabin and Rogerson, 2001)  

  

Malaria in pregnancy in these settings may be responsible for up to 70% of IUGR, 

whereas its contribution to preterm delivery, although still substantial, is relatively 

lower at up to 36% (Steketee et al., 2001)  

Until recently, the link between placental malaria and stillbirths in endemic 

settings was unclear. However, a recent review of nine mainly hospital-based 

studies showed that placental malaria was associated with twice the risk for 

stillbirth; although the review did not take into account the effect of gravidity, it is 

likely that the effect is stronger in paucigravidae (van Geertruyden et al., 2004). 

Furthermore, systematic reviews of randomized controlled trials have shown that 

successful prevention of malaria in pregnancy among paucigravidae with 

antimalarial prophylaxis, IPT, or insecticide-treated bednets, result in substantial 

reductions in perinatal mortality (27%) and spontaneous abortions and stillbirths 

(33%) (Garner and Gulmezoglu, 2006).  
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2.7.3 Effect on Infant Outcomes  

The prevalence of foetal anaemia at birth is high in malaria-endemic areas, and the 

risk is associated with the presence of high-density parasitaemia in the mother at 

delivery (Brabin et al., 2004). Few studies report the effect of malaria in the pregnant 

mother on anaemia or malaria in the infant(Epidermiology and Burden of malaria 

in pregnancy,2007). Some studies have now shown that the risk of allcause 

anaemia is estimated to be three times higher among infants born to mothers with 

placental parasitaemia, even after adjusting for environmental and ecological 

confounders (Cornet et al., 1998; van Eijk et al., 2002).  

 Recent evidence also indicates an association between placental malaria and 

diminished development of cellular and antibody responses to P falciparum 

epitopes in infants (Bonner et al., 2005; Brustoski et al., 2006). A birth cohort study 

from Tanzania reported a 41% increased risk of malaria infection in infants born to 

mothers with placental malaria (Mutabingwa et al., 2005). This study shows that 

multigravidae are also at increased risk, implying that offspring of multigravid 

women with malaria may have greater clinical consequences than previously 

appreciated, even after adjusting for the effect of HIV on malaria in pregnancy, 

which is more pronounced in multigravidae (ter Kuile et al., 2004).   

These are important observations, because if placental malaria indeed affects infant 

morbidity in multigravidae, then the burden of malaria in pregnancy in Africa 

extends beyond that observed in paucigravidae, and the total burden may have 

been vastly underestimated. This is important to confirm in prospective studies. 

Placental malaria also reduces infant transplacental transfer of maternal antibodies 

and cellular immune responses in the infant to several other infectious diseases, 

including measles, Streptococcus pneumonia (de Moraes-Pinto et al., 1998) and 

tetanus (Brair et al., 1994).  

Congenital malaria in the indigenous populations of malaria-endemic areas is 

generally reported as rare (Covell, 1950) and more frequent in offspring of 

nonimmune mothers with malaria (Quinn et al., 1982). However, more recent 

reports from both malaria-endemic and non-endemic areas show higher 
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prevalences of congenital malaria ranging from 8% to 33%(Epidermiology of 

malaria in pregnancy,2007). The apparent increasing trend in the incidence of 

congenital malaria may be the result of increasing drug resistance, increasing 

virulence of the parasite, HIV, or increased reporting or detection of cases by use 

of PCR (Akindele et al., 1993; Egwunyenga et al., 1996).   

2.7.4 Maternal Anaemia  

Anemia is the most common consequence of P. falciparum malaria infection 

(Steketee et al., 2001). In sub-Saharan Africa, it is estimated that between 200,000 

and 500,000 pregnant women develop severe anemia as a result of malaria 

(Steketee et al., 2001) and P. falciparum malaria in pregnancy is the primary cause 

of up to 10,000 maternal anemia-related deaths in sub-Saharan Africa annually 

(Anagnos et al., 1986; Fleming, 1989a).   

However, there have been conflicting reports from parts of sub-Saharan Africa on 

the relationship between placental malaria and maternal anemia. An earlier report 

from the Ubangi district of Zaire noted that malarious placentas had no consistent 

relationship to maternal anemia (Anagnos et al., 1986). In other studies, maternal 

anemia and placental malaria were associated in all gravidity and age groups, with 

maternal anemia higher among women with placental malaria than those without 

placental malaria(Tako et al.,2005).  

In most areas of malaria endemicity, many other causes of anemia have been 

identified, including both nutritional (iron, folate and protein deficiency) and 

nonnutritional (hookworm or HIV infection, hemoglobinopathy) factors (Fleming, 

1989a; Antelman et al., 2000). Since many of these causes of anemia occur 

concurrently in pregnancy and no unique hallmarks of malaria-driven anemia 

have been identified, it is difficult to evaluate the contribution made to anemia in 

pregnancy by placental malaria infection (Matteelli et al., 1994).   

  

Apart from its significant contribution to maternal mortality and both maternal 

and fetal morbidity, anemia in pregnancy is a risk factor for infant iron deficiency 

anemia (Colomer et al., 1990) that, if left uncorrected, can be associated with 
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adverse behavioral and cognitive development. Severe anemia in pregnancy is an 

important direct and indirect cause of maternal death. During pregnancy, severe 

anemia may result in circulatory changes associated with an increased risk of heart 

failure and acute onset of anemia due to rapid cardiac decompensation and 

decreases in hemoglobin (Hb) concentration to < 80g/L (Achidi et al., 2005).   

  

Such changes can result in the failure of compensatory mechanisms, accumulation 

of lactic acid and breathlessness at rest (Achidi et al., 2005). Furthermore, during 

labor, women with severe anemia are less able to endure even moderate blood loss 

and, as a consequence, are at a higher risk of requiring a blood transfusion during 

delivery (Fleming, 1989a). For the fetus, severe maternal anemia may result in 

intrauterine growth retardation, still birth, and low birth weight (Hoestermann et 

al., 1996; Brabin and Piper, 1997; MacLeod and Rhode, 1998). The mechanism of 

malaria-driven anemia can be described in association with iron status in 

pregnancy. The iron status in pregnancy is affected by malaria parasites, which 

influence the anemia observed in pregnancy(Brabin and Piper,1996) . P. falciparum 

may affect iron status through reducing intestinal iron absorption, sequestrating 

iron within the malarial pigment haemeozoin, consuming iron for its own 

metabolism, promoting/stimulating the mobilization of iron to body stores, and 

releasing iron into the circulation during intravascular haemolysis (Fleming, 1989b; 

Fleming, 1989a)  

  

2.8  CONGENITAL MALARIA  

Malaria during pregnancy may result in fetal exposure to malaria if parasites are 

transmitted across the placenta and could result in congenital malaria. 

Transplacental transmission of P. falciparum has been well described, and the 

reported frequency of this event in babies born in malaria-exposed pregnancies has 

ranged from 0% to more than 25% (Riley et al., 1989; Fievet et al., 1995; Matteelli et 

al., 1997; Steketee et al., 2001). Thus, placental malaria is known to be a major 

determinant of congenital malaria.   
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Although previously thought to be a rarity in sub-Saharan Africa, a recent review 

has indicated that congenital malaria is more common than previously thought 

(Fried et al., 1998a). While still debatable, congenital malaria may be defined as the 

presence of asexual stages of P. falciparum in cord blood smear at delivery or in 

peripheral blood smear of the infant in the first seven days of life, irrespective of 

clinical symptoms (Fried et al., 1998a). Normally, symptoms occur 10 to 30 days 

postpartum; however, the disease may be seen in a day-old infant or appear after 

weeks to months (Meeusen et al., 2001).   

Interestingly, earlier reports from sub-Saharan Africa rarely identified clinical 

disease as a consequence of congenitally acquired malaria, and only a few reports 

before the 1970s documented detectable parasitaemia in infants younger than one 

month (Walter et al., 1982; Riley et al., 1989). These studies were interpreted as 

showing either that transplacental transmission of malaria occurs infrequently or 

that after transplacental transmission some elements of immunity acquired from 

the mother protects infants (Fievet et al., 1995). It has been demonstrated that in 

hyperendemic areas, newborns more rarely become ill with malaria because of 

passive maternal antibody and high levels of fetal hemoglobin (Yamada et al., 1989; 

Ordi et al., 1998).  

Postulated mechanisms for congenital transmission include maternal transfusion 

into the fetal circulation either at the time of delivery or during pregnancy, direct 

penetration of the chorionic villi, or penetration of premature separation of the 

placenta (Bulmer et al., 1993). However, the effectiveness of the placenta to restrain 

malaria parasite passage to the fetus and the remarkable capacity of the fetus to 

resist infection has been demonstrated (Philippe and Walter, 1985). This resistance 

may reflect, among other things, the physical barrier of the placenta to infected red 

cells, the passive transfer of maternal antibodies, and the poor environment 

afforded by fetal erythrocytes for plasmodial replication due to their fetal 

hemoglobin composition and low free-oxygen tension (Philippe and Walter, 1985; 

Bulmer et al., 1993).   
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It has been implied that transplacental transmission of malaria parasite and, 

consequently, congenital malaria seemed to occur rarely(Uneke CJ,2007). 

However, increasing reports from many parts of sub-Saharan Africa consistently 

have indicated high prevalence of umbilical cord parasitaemia ranging from 1.5% 

to 54.2%, and in some of these studies, there was a strong association between 

placental malaria and umbilical cord parasitaemia (Fried et al., 1998a).  

Until recently, it was unclear whether the presence of P. falciparum malaria 

parasites in umbilical cord blood is an indication of antenatally acquired infection 

or contamination with infected maternal blood at delivery. In a study in Kenya, it 

was unequivocally shown that malaria parasites identified in cord blood are 

acquired antenatally by transplacental transmission of infected erythrocytes and 

primigravid and secundigravid women with placental malaria are at increased risk 

for congenital infection (Sartelet et al., 1997). The high rate of transplacental 

transmission of malaria appears to suggest the placental barrier is not very effective 

when infected with malaria parasites (Fievet et al., 1995).  

2.8.1 Preterm delivery and intrauterine growth retardation  

The relationship between placental malaria and preterm delivery 

(PTD)/intrauterine growth retardation (IUGR) has been evaluated in various 

studies. Two earlier studies among semi-immune women failed to show a 

difference in the proportion of PTD among infected and non-infected mothers 

(Uneke, 2008) but other reports across sub-Saharan Africa have shown that 

placental malaria was significantly associated with PTD and IUGR (Fleming, 

1989a; Shulman, 1999; Guyatt and Snow, 2001; Etard et al., 2003). This is in contrast 

with reports from Yaoundé, Cameroon, Malawi, and The Gambia, where, after 

adjusting for potentially confounding variables, the association of placental 

malaria with PTD was not found to be significant (Dorman and Shulman, 2000; 

Brabin and Johnson, 2005).  

Although the precise effect of malaria-parasitized placentas on PTD is uncertain, 

malaria-infected placentas frequently carry antibodies, cytokines, and 

macrophages, which are indicative of an active immune response, and this 
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immune response may stimulate early labor (Rogerson et al., 2003b). The biological 

processes that mediate IUGR as a result of placental malaria remain uncertain, 

given that they can be studied only after the placenta has been delivered.   

However, the IUGR effect appears to relate to nutrient transport to the fetus 

(Rogerson et al., 2003b). A high density of parasites and chronic parasite infection 

in the placental blood and the associated cellular immune response may result in 

consumption of glucose and oxygen that would have gone to the fetus. 

Histopathological studies of infected placentas have found thickening of the 

cytotrophoblastic membranes, which may interfere with nutrient transport  

(Rogerson et al., 2003b).  

Although IUGR is more common than PTD with chronic placental infection, 

chronic infection of the placenta (with pigment and parasites) may be associated 

with low birth weight (LBW), through both prematurity and IUGR (Ismail et al., 

2000). Active placental infections were associated with a statistically significant 

lower risk of LBW as a result of IUGR and with a non-significant increase in the 

risk of LBW as a result of prematurity (Ismail et al., 2000). This finding suggests 

that acute infections toward the end of pregnancy may play an important role in 

the induction of PTD, consistent with higher rates of abortions and preterm 

deliveries that have been observed during malaria transmission seasons (Anagnos 

et al., 1986). Because premature infants are more likely to die than IUGR babies, the 

prevention of placental malaria particularly toward the end of gestation in 

malarious areas becomes absolutely imperative (Antelman et al., 2000).  

2.8.2 Effects on Neonatal Anthropometric Parameters  

Neonatal anthropometric parameters such as neonatal length, head circumference, 

and placental weight have been related to placental malaria. In southeastern 

Tanzania, chronic ongoing malaria infection of the placenta was associated with 

significant reductions in mean head circumference, neonatal length, and body 

index (weight/length), whereas past infections were associated only with reduced 

mean length at birth (Ismail et al., 2000).   
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In southeastern Nigeria, a slightly higher proportion of infected placenta was not 

significantly associated with lower neonatal length and lower head circumference; 

in the Ubangi district of Democratic Republic of Congo, malarious placentas had 

no consistent relationship with neonatal length or head circumference (Anagnos et 

al., 1986). Reduction in newborn length and head circumference associated with 

chronic infections probably indicates a prolonged effect on fetal nutrition, which 

previously has been suggested (Matteelli et al., 1994; Antelman et al., 2000). 

Similarly, it has been suggested that the reduction in the body mass index may 

reflect the severity and duration of fetal malnutrition (Ismail et al., 2000).  

Two earlier studies evaluated the relationship between placental malaria and 

placental weight in Gabon. The mean weight of term placentas with malarial 

changes was significantly less than that of placentas without such changes 

(Colomer et al., 1990). In southeastern Nigeria, placental malaria was significantly 

associated with lower placental weight. The reason for this reduction is not fully 

known, but it may be associated with changes in the placenta, including the 

presence of parasitized erythrocytes and malarial pigment particles in the 

intervillous space, chronic basal villitis, malarial pigment deposits in the 

trophoblasts, trophoblastic damage with focal necrosis, partial loss of microvilli, 

and thickening of the trophoblastic basement membrane (Achidi et al., 2005).  

 As a result of these changes, a high density of parasites and chronic parasite 

infection in the placental blood and the associated cellular immune response may 

result in consumption of glucose and oxygen that would have gone to the fetus 

(Rogerson et al., 2003b). Placental insufficiency also could be attributable to 

physical blockage by parasitized red blood cells and the massive monocyte 

infiltration of the intervillous spaces. Such infiltrate is likely to be a source of 

cytokines, including interferon-g, interleukin-2, interleukin-6, and tumor necrosis 

factor–a, which are considered detrimental to pregnancy because they are 

associated with growth retardation (Hoestermann et al., 1996).  
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2.8.3 Fetal anemia  

The prevalence of fetal anemia, defined as cord hemoglobin level < 12.5g/dl, is 

reportedly very high in sub-Saharan Africa. In two separate studies conducted in 

southern Malawi, fetal anemia prevalences of 23.4 percent (MacLeod and Rhode, 

1998) and 23.3 percent (Brabin and Piper, 1997) were recorded, while in Maputo 

Mozambique, up to 93 percent of newborns were found to have fetal anemia 

(Brabin and Piper, 1997). Interestingly, a statistically significant link was 

established between fetal anemia and maternal malaria infection in all of these 

studies. The contributory role of placental malaria to fetal anemia has been 

evaluated in a number of studies with varying results.  

In southern Malawi, a higher prevalence of fetal anemia occurred with increasing 

peripheral P. falciparum parasite density, and geometric mean placental parasite 

densities were higher in babies with fetal anemia than in those without it (MacLeod 

and Rhode, 1998). Other studies have found no statistically significant connection 

between evidence of malaria infection and fetal anemia (Bouyou- 

Akotet et al., 2003).  

This lack of consistency in the findings from various studies may be explained by 

the fact that malaria in pregnancy varies with transmission intensity, access to 

treatment, coverage and quality of antenatal services, and drug resistance, among 

other factors (Steketee et al., 1996; Rogerson et al., 2000). The etiology of fetal anemia 

is complex and multifactorial; placental malaria could play either a major or minor 

role, depending on the local epidemiological situation (Dicko et al., 2003). It has 

been suggested that exposure of the fetus to malaria antigens due to damage of the 

placental barrier may make the newborn more susceptible to immunologically 

mediated haemolysis or to dyserythropoiesis.  
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Chapter 3  MATERIALS AND METHODS  

3.1  STUDY DESIGN  

This is a cross-sectional study involving data collection from  pregnant women 

attending  ante-natal clinic and non-pregnant women attending the out patient 

department.  

  

3.2  STUDY SITES   

The study was carried out at the Kaneshie Polyclinic in Accra and Our Lady of 

Grace Hospital in the Central region. The Kaneshie Polyclinic is a community 

health center situated at Kaneshie, a suburb of Accra. Patients attending the 

hospital are covered by the National Health Insurance Scheme (NHIS), which 

grants access to free basic medical care. An average of 148 pregnant women attend 

the polyclinic for antenatal care each month. This center was selected primarily 

because of its convenient location in the middle of the town making it easily 

accessible to pregnant women from all directions in the locality. With as many as 8 

midwives and 5 medical officers, the polyclinic prioritizes women in pregnancy.   

Our Lady of Grace Hospital is located at Bremen Asylum in the Asikuma-

OdobenBrakwa district in the Central region. The hospital is a member of the 

Christian Health Association of Ghana.  It is the biggest hospital in the district 

serving the people of Asikuma and neighboring towns. Unlike the Kaneshie 

Polyclinic, Our Lady of Grace hospital is a 24-hour facility that also offers a wide 

range of services including diagnostics. It has a capacity of 104 beds, with 6 medical 

officers and 8 midwives. An average of 160 pregnant women visit the hospital for 

antenatal care each month. The hospital, also NHIS accredited, was selected 

because it was the main health center in the district, providing health care to the 

surrounding communities.   
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3.3  STUDY SUBJECTS AND SAMPLE SIZE  

3.3.1 Study Subjects  

The study population comprised  pregnant women attending the ante-natal clinic 

of the selected health facilities and non–pregnanat women attending the out patient 

departments of the health facilities served as controls.  

3.3.1.1 Inclusion Criteria  

The inclusion criteria included:  

• Pregnant women who consented to the study  

• Non-pregnant women who consented to the study  

3.3.1.2    Exclusion Criteria   

The exclusion criteria inclucluded:  

• Women who would not consent to the study  

• Pregnant women who had other complications like HIV and heart related 

diseases  

• Children and males  

    

3.3.2 Sample Size   

Sample size was determined by the Cochran’s method(Cochran,1934). A sample 

size of 384 was obtained using a prevalence rate of 50% since the study had not 

been carried out in Ghana before.  A finite population correction was done based 

on the average number of pregnant women seen at the two facilities together within 

a month (i.e. 250) and this yielded a sample size of 151 which was approximated to 

160 to adjust for drop-out or volunteers who might opt out of the study.  

  

3.3.2.1 Sample size calculation (Cochran, 1934)  

  

  

Where: no = sample size  
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Z2 = Abscissa of the normal curve that cuts off an area (α) at the tails (1.96) 

e = the acceptable sampling error at 95% confidence interval  (0.05) p = the 

estimated proportion of the attribute present in the population (50%)  

  

  

  

  

  

3.3.2.2 Finite population correction for proportions  

Final population correction was calculated to adjust the estimated sample size 

calculated above to fit the actual estimates of pregnant women visiting the facilities 

enrolled in the study. The final population correction for proportion formular is as 

follows:  

  

Where: no = the initial sample size (384.16) n 

= adjusted sample size  

N = the population size (estimated to be 250; representing the average number of 

pregnant women visiting the respective facilities in a month)  
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3.4  DATA COLLECTION AND ETHICAL CLEARANCE  

Data collection took place from September 2013 to July 2014. Pregnant women 

attending antenatal clinic of the Kaneshie Polyclinic and Our Lady of Grace 

Hospital were approached to participate in the study. In all, a total of 160 study 

participants were recruited into the study. These were categorized into three 

groups comprising 80 pregnant women with malaria within the case group and 40 

pregnant women  each without malaria and non-pregnant women with malaria 

respectively within the control group. Verbal explanation of the aim of the study 

was given to potential participants and those who accepted to partake in the study 

were made to sign written consent forms. For participants who consented to 

partake, questionnaires were administered requesting demographic information 

on age and number of times participants had been pregnant regardless of whether 

these pregnancies were carried to term. Healthy non-pregnant women were 

recruited into the study following the same protocol to serve as parallel controls in 

addition to the case control design of the study. Clearance for sampling was sought 

from the the Directors and the Institutional Ethical Boards of the two health 

facilities that were involved in the research. For each of the study participants who 

agreed to partake in the study, the aims and objectives of the study were explained 

to them and a written or verbal consent taken prior to data collection and 

documented.  

  

3.5  LABORATORY PROCEDURES  

Capillary blood samples were first  collected and used for the rapid diagnostic test 

(RDT) as a test preliminary to screen for both positive and negative cases. A thick 

blood film was prepared from the capillary blood samples of subjects who tested 
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positive for malaria RDT. This was used as a screening test before  6ml of venous 

blood samples were collected from each study subject: 2ml was dispensed into one 

ethylene diamine tetraacetic acid (EDTA)-containing tube (Vacutainer; BD 

Biosciences, San Jose, CA, USA), and 4 ml into a second EDTA tube. The tubes were 

disposable, non-pyrogenic, and non-endotoxin. Samples in the EDTA tubes were 

well mixed and the first 2ml tube  was used for the full blood count. Also from the 

blood sample in the second EDTA tube, plasma was isolated by centrifugation for 

15 minutes at 1000xg within 30 minutes of sample collection. The plasma was 

pipetted into 1000μL pyrogen-free plain tubes leaving the blood-cell sediment 

which was discarded. At least four aliquots of plasma were collected from each 

sample and were frozen until assayed for CSA concentrations. Samples were frozen 

and thawed only once prior to analysis.  

  

The following laboratory tests were carried out:  

• Rapid Diagnostic Test (RDT) for malaria  

• Giemsa staining of thick blood films  

• Full blood counts  

• ELISA for chondroitin sulphate A levels   

   

3.5.1 Rapid Diagnostic Test (RDT) for Malaria  

The RDT was used as a screening test for both positive cases specific for  P. 

falciparum and the negative cases which were used for controls before blood 

samples were taken into EDTA tubes.  

This method was for rapid qualitative detection of malaria histidine-rich protein 2 

(HRP2) in human blood as an aid in diagnosing P. falciparum malaria infection. The 

RDT kit comprised: test device, dropper (mini pipette) for transferring blood, assay 

buffer, sterile blood lancets, and alcohol swabs.  
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3.5.1.1 Procedure  

A  sterile blood lancet was used to prick the finger to obtain blood after cleaning 

the finger with the alcohol swab. By applying gentle pressure to the finger the first 

drop of blood was expressed and wiped away with a dry piece of cotton wool. 

Using the dropper 2 drops of blood from each subject was collected and added onto 

the sample well of one labelled RDT test device. Three (3) drops of the assay buffer 

was also added to the buffer well and results read after 20 minutes. The results were 

interpreted as follows: Red lines at the test ‘T’ and control ‘C’ regions indicated 

sample was positive for P. falciparum whilst one red line only at the control ‘C’ 

indicated sample was negative for P. falciparum.  

3.5.2 Thick Blood Films for Malaria Parasites  

Pre-cleaned frosted end slides were first labelled according to the subjects. Using a 

micropipette, 6 μl of blood was then collected from each subject directly from the 

finger onto a labeled glass slide to prepare a thick film of size 12 mm. The smears 

were then air-dried on a slide rack on a flat surface and protected from dust and 

flies. Smears were stained within 72 hours of preparation using Giemsa stain of 10% 

concentration and buffered pH 7.0 – 7.2, for 10 minutes. During the staining 

process, the slides were arranged on a staining rack with the smears facing 

upwards. The smears were then flooded with the prepared stain and timed 

  

Figure  3 - 1 :   Malaria RDT kit   
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appropriately for a staining period of 15 minutes. The slides were washed gently 

and individually, after which they were air-dried and examined using the x100 oil 

immersion lens.  

 

Figure 3-2: Preparation and staining of blood films  

  

The parasite densities of the positive films were determined by counting the 

number of parasites against the white blood cells until at least 200 WBCs were 

counted. The parasites were quantified using the formula:  

  
  

  

3.5.3 Full Blood Count  

For full blood counts blood in the EDTA-containing tubes was processed within 

two hours of handling. Assessment of haemoglobin level, the quantification of 

blood platelets and white blood cell numbers, and differential counts were done 

using the auto haematology analyzer, Sysmex KX-21N (Sysmex Asia Pacific Pte Ltd 

and Sysmex Corporation of Japan, Kobe, Japan). The Sysmex KX-21N is an 
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automated hematology analyzer that provides primary white blood cell (WBC) 

count, all differential information and reticulate analysis. In this test, each whole 

blood sample was mixed thoroughly by gentle agitation and then fed to an 

aspirator on the Sysmex KX-21N machine after which results were produced and 

printed out within minutes.    

  

Figure 3-3 Sysmex KX-21N  

  

3.5.4 Assaying for Chondroitin Sulphate A using ELISA  

The quantitative determination of Chondroitin Sulphate A (CSA) concentrations 

was done using a commercial Enzyme Linked Immunosorbent Assay (ELISA) kit,  

(Human CS ELISA, Elabscience Biotechnology Co. Ltd., Wuhan, Hubei Province,  

China). This ELISA kit applied to the in vitro quantitative determination of human 

CSA concentrations in serum, plasma and other biological fluids. It had a detection 

range of 0.31 – 20 ng/mL. The kits componenets were:  

  

Table 3-1 ELISA Kit components  

ITEM  Specifications  

Micro ELISA Plate   8wells x 12 strips   

Reference Standard   2 vials  

Reference Standard & sample Diluent   1 Vial 120 mL  

Concentrated Biotinylated Detection  Ab  1 Vial 120 µL  

Biotinylated Detection  Ab  Diluent   1 Vial 10 µL  
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Concentrated  HRP Conjugate   1 Vial 120 µL  

HRP Conjugate Diluent   1 Vial 10 mL  

Concentrated Wash Buffer (25x)  1 Vial 30 mL  

Substrate Reagent   1 Vial 10 mL  

Stop Solution   1 Vail 10 Ml  

Plate sealer   5 pieces   

Manual   1 copy  

Certificate of Analysis  1 copy  

  

    

The kit employed the Sandwich- ELISA method. The micro ELISA plate had been 

pre-coated with an antibody specific to CSA. Standards and samples were added 

to the appropriate micro ELISA plate wells and combined with the specific 

antibody. Then a biotinylated detection antibody specific for CSA and Avidin- 

Horseradish Peroxidase (HRP) conjugate was added to each micro plate well 

successively and incubated, after which the substrate solution was added to each 

well.  Only those wells that contained CSA, biotinylated detection antibody and  

Avidin- HRP conjugate appeared blue in color. The enzyme-substrate reaction was 

terminated by the addition of a 2% sulphuric acid solution and the color turned 

yellow. The optical density (OD) was measured spectrophometrically at 

wavelength of 450 nm. From the results obtained, a standard curve was run using 

Microsoft Office Excel 2013 (Microsoft, Redmond, Washington, USA). The 

concentration of CSA in the samples were calculated by interpolation from the 

standard curve.  The ELISA was done at Kumasi Center for Collaborative Research 

(KCCR) laboratory at the Kwame Nkrumah University of Science and Technology  

(KNUST).  

  

3.6  STATISTICAL ANALYSIS  

Raw data obtained from the study respondents were entered in Microsoft Excel® 

and cleaned for duplicate entries and outliers. Data were presented as mean ± SD 

using ANOVA, linear regression and logistic regression for univariate and 

multivariate analysis. Box and whisker plots were explored to present the central 
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tendencies of data were appropriate. Univariate logistic regression was performed 

with malaria as the dependent variable, using age, gravidity, parasite count, 

chondroitin sulphate concentration, WBC count, RBC count, haemoglobin 

concentration, haematocrit, MCV, MCH, MCHC and platelet count as independent 

variables. Age was categorized as ≤ 25 years versus >25 years; gravida was 

categorized as primigravidae, secungravidae, multigravidae 3 – 5 and 

grandmultigravidae >5; haemoglobin concentration was categorized as <11 g/dL 

and ≥11 g/dL; haematocrit was categorized as ≤33% and >33%; MCV was 

categorized as ≤70 fL and >70 fL; MCH was categorized as ≤23 pg/cell and >26 

pg/cell and MCHC as ≤31 g/dL and >31 g/dL.  Parasite count, chondroitin 

sulphate, WBC and RBC were analyzed on a continuous scale. All data were 

analyzed using GraphPad Prism version 5.01 (www.graphpad.com) and for all 

comparisons, a p-value <0.05 was considered significant.   

  

  

http://www.graphpad.com/
http://www.graphpad.com/
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Chapter 4   RESULTS  

The study population comprised  160 clients out of which 80 were pregnant 

women with malaria, 40 were pregnanat women without malaria and 40 were 

non- pregnanat women with malaria.  

  

4.1  AGE AND HAEMATOLOGICAL CHARACTERISTICS OF STUDY 

SUBJECTS  

The age and haematological characteristics of the pregnant women with 

malaria group (80) as compared with the non-pregnant women  with malaria 

group (40) is as shown in Table 4-1. The mean age of the pregnant women  with 

malaria group was 24.2 ± 6.2 years compared to the non-pregnant women  with 

malaria group  which was 27.0 ± 9.5 years (p=0.057) and it was not significantly 

different. The haemoglobin concentration in the non-pregnant with malaria 

group was  10.3 ± 1.6 g/dL was significantly higher compared with that of the 

pregnant with malaria group  was 9.6 ± 1.4 g/dL( p=0.008).  Mean cell volume  

was 80.9 ± 6.6 vs 76.5 ± 4.5 fL (p<0.0001) and mean cell haemoglobin 

concentration was  31.7 ± 2.2 vs 30.8 ± 1.7 g/dL(p=0.016) as measured in the 

non-pregnant with malaria group were significantly higher when compared 

with the pregnant with malaria group.   

Contrarily, the platelet count as estimated in the pregnant with malaria group 

was 146.3 ± 67.6 x109/L when compared with the non-pregnant with malaria 

group which was 114.7 ± 71.6 x109/L ( p=0.020 ). This was significantly higher. 

A comparison of WBC, lymphocytes count, neutrophil count, RBC count, 

haematocrit and mean cell haemoglobin between the two groups as shown in 

Table 4-1 showed no statistically significant differences.  

  

Table 4-1: Age and haematological characteristics  of pregnant women  with 

malaria and non-pregnant  women with malaria groups  
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Parameter  

Pregnant with 

malaria  

(n = 80)  

Non-pregnant 

with malaria  

(n=40)  p-value  

Age (years)  24.2 ± 6.2  27.0 ± 9.5  0.057  

WBC (k/µL)  5.9 ± 2.2  7.0 ± 4.2  0.081  

Lymphocytes (%)  28.2 ± 10.5  32.4 ± 17.5  0.097  

Neutrophils (%)  63.4 ± 11.7  58.6 ± 19.1  0.090  

Hb (g/dL)  9.6 ± 1.4  10.3 ± 1.6  0.008  

RBC (x1012/L)  3.7 ± 0.8  3.9 ± 0.5  0.054  

HCT  31.6 ± 6.2  32.4 ± 4.7  0.474  

MCV (fL)  76.5 ± 4.5  80.9 ± 6.6  < 0.0001  

MCH (pg/cell)  26.8 ± 2.7  26.4 ± 2.6  0.466  

MCHC (g/dL)  30.8 ± 1.7  31.7 ± 2.2  0.016  

PLT (x109/L)  146.3 ± 67.6  114.7 ± 71.6  0.020  

Data are presented as Mean ± SD. WBC-white blood cell; Hb-haemoglobin; RBC-red blood cell; 
HCT-haematocrit; MCV-mean cell volume; MCH-mean cell haemoglobin; MCHC-mean cell 
haemoglobin concentration; PLT-platelet; p-value = defines the level of significance when 
pregnant participants with malaria were compared with non-pregnant participants with malaria 
(unpaired t-test)  
  

Table 4-2 summarizes the age and haematological characteristics of the 

pregnant  women with malaria group (80) and  the pregnant  women without 

malaria group (40). There was no significant difference in age among the two 

groups. The total WBC count was 5.9 ± 2.2 k/µL in the pregnant with malaria 

group compared to  the pregnant without malaria group which was 3.8 ± 0.5 

k/µL      (p<0.0001).This  was significantly higher . The lymphocyte count in the 

pregnant with malaria group which was 34.6 ± 10.2 compared to that estimated 

for the pregnant with malaria group  which was 28.2 ± 10.5% (p=0.002) was 

significantly higher.   
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The mean haemoglobin count  was 9.6 ± 1.4 vs. 11.5 ± 1.1 g/dL (p< 0.0001), 

haematocrit was  31.6 ± 6.2 vs. 34.4 ± 3.3 (p = 0.007), MCV  was 76.5 ± 4.5 vs. 8.4 ± 9.6 

fL (p< 0.0001) and platelet count was 146.3 ± 67.6 vs. 216.3 ± 53.4 x109/L (p=0.02) as 

estimated in the pregnant with malaria group were significant reduced when 

compared to the mean values estimated for the pregnant without malaria group.   

The neutrophil count, MCH and MCHC concentrations did not show any significant 

differences between the two groups.  

  

Table 4-2: Age and haematological characteristics of pregnant women with  

malaria and pregnant women  without malaria groups  

Parameter  

Pregnant with 

malaria  

(n = 80)  

Pregnant 

without malaria 

(n = 40)  p-value  

Age (years)  24.2 ± 6.2  25.0 ± 7.9  0.546  

WBC (k/µL)  5.9 ± 2.2  3.8 ± 0.5  < 0.0001  

Lymphocytes (%)  28.2 ± 10.5  34.6 ± 10.2  0.002  

Neutrophils (%)  63.4 ± 11.7  63.4 ± 10.5  0.991  

Hb (g/dL)  9.6 ± 1.4  11.5 ± 1.1  < 0.0001  

RBC (x1012/L)  3.7 ± 0.8  3.0 ± 0.7  < 0.0001  

HCT  31.6 ± 6.2  34.4 ± 3.3  0.007  

MCV (fL)  76.5 ± 4.5  88.4 ± 9.6  < 0.0001  

MCH (pg/cell)  26.8 ± 2.7  26.9 ± 2.2  0.798  

MCHC (g/dL)  30.8 ± 1.7  31.4 ± 1.9  0.080  

PLT (x109/L)           146.3 ± 67.6         216.3 ± 53.4         < 0.0001  

  

  

Table 4-3 summarizes the  age and the haematological characteristics of the 

non-pregnant with malaria group and the pregnant without malaria group. A 
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comparison of age between the two groups showed no statistically significant 

difference. The total white blood cell count (WBC) of  the non-pregnant with 

malaria group  was 7.0 ± 4.2 k/µL compared with the pregnant without malaria 

group which was 3.8 ± 0.5 k/µL (p<0.0001) was significantly higher.  The mean 

haemoglobin concentration was  10.3 ± 1.6 vs. 11.5 ± 1.1 (p=0.002), mean 

haematocrit concentration  was 32.4 ± 4.7 vs. 34.4 ± 3.3 (p=0.026), mean MCV   

was 80.9 ± 6.6 vs. 88.4 ± 9.6 fL (p=0.0001) and the mean platelet count was  114.7 

± 71.6 vs. 216.3 ± 53.4 x109/L (p<0.0001) as estimated in the non-pregnant with 

malaria group was significantly lower when compared with the mean values 

estimated for the pregnant without malaria group. The mean RBC count 

estimated in the non-pregnant with malaria group was 3.9 ± 0.5 x1012/L 

compared to the mean count in the pregnant without malaria group which was 

3.0 ± 0.7 x1012/L (p<0.0001) was significantly higher. The mean lymphocyte 

count, mean neutrophil count, MCH and MCHC values for the non-pregnant 

with malaria group showed no statistically significant difference from that 

estimated for the pregnant without malaria group.  

  

Table 4-3: Age and haematological characteristics of non-pregnant  women with 

malaria and pregnant women without malaria groups  

Parameter  

Non-pregnant 

with malaria  

(n = 40)  

Pregnant 

without malaria 

(n = 40)  p-value   

Age (years)  27.0 ± 9.5  25.0 ± 7.9  0.314  

WBC (k/µL)  7.0 ± 4.2  3.8 ± 0.5  < 0.0001  

Lymphocytes (%)  32.4 ± 17.5  34.6 ± 10.2  0.501  

Neutrophils (%)  58.6 ± 19.1  63.4 ± 10.5  0.161  

Hb (g/dL)  10.3 ± 1.6  11.5 ± 1.1  0.002  

RBC (x1012/L)  3.9 ± 0.5  3.0 ± 0.7  < 0.0001  

HCT  32.4 ± 4.7  34.4 ± 3.3  0.026  
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MCV (fL)  80.9 ± 6.6  88.4 ± 9.6  0.0001  

MCH (pg/cell)  26.4 ± 2.6  26.9 ± 2.2  0.351  

MCHC (g/dL)  31.7 ± 2.2  31.4 ± 1.9  0.551  

PLT (x109/L)  114.7 ± 71.6  216.3 ± 53.4  < 0.0001  

Data are presented as Mean ± SD. WBC-white blood cell; Hb-haemoglobin; RBC-red blood cell; 
HCT-haematocrit; MCV-mean cell volume; MCH-mean cell haemoglobin; MCHC-mean cell 
haemoglobin concentration; PLT-platelet; p-value = defines the level of significance when 
nonpregnant participants with malaria were compared with pregnant participants without 
malaria (unpaired t-test).  
4.2 GRAVIDITY OF STUDY SUBJECTS  

The pregnancy outcomes of the study respondents regardless of whether such 

pregnancies were carried to term were assessed from antenatal records. The 

box and whisker plot showing the minimum (lower whisker), 25th percentile, 

median, 75th percentile and maximum (upper whisker) gravid status is  shown in 

Figure 4-1. Women across the three categories had a median gravid status of 1. 

Pregnant women with malaria had a mean gravid status of 2 and this was 

significantly higher when compared with the non-pregnant with malaria mean 

of 1( p<0.0001) and pregnant without malaria mean = 1; p<0.0001) groups 

respectively (Tukey’s post-test).  
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Figure 4-1: Box and Whisker plot of gravid status of the study participants 

stratified by category  

  

4.3 CHONDROITIN SULPHATE A CONCENTRATION OF STUDY 

SUBJECTS  

Chondroitin sulphate A (CSA) concentration among the study participants 

stratified by the presence or absence of pregnancy and/or malaria is as depicted 

in Figure 4-2. The median CSA concentration in pregnant women with malaria  

was 50.76 ng/mL  and  that of pregnant women without malaria  was 44.94 

ng/mL.There was no significant difference (p=0.084)  The median CSA 

concentration in the non-pregnant women with malaria  was 2.24 ng/mL when 

compared with the other two categories of respondents  and this was 

significantly lower  ( p<0.0001).  
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Figure 4-2: Box and Whisker plot of chondroitin sulphate - A concentration among 

the study participants stratified by category  

  

4.4 MALARIA PARASITE BURDEN AMONG THE STUDY 

RESPONDENTS  

The malaria parasite burden in study respondents expressed as number of 

parasites per microlitre of blood is as shown in the box and whisker plot in 

Figure 4-3. The median parasite count in pregnant women with malaria was 

1532 parasites/µ  which compared with that in non-pregnant women with 

malaria  ( 4077 parasites/µL) was significantly lower (p<0.0001). The maximum 

parasite count, the 75th percentile, the 25th percentile and minimum parasite 

count in pregnant women with malaria were 18, 460 parasites/µL, 5655 

parasites/µL, 624.5 parasites/µL and 66 parasites/µL respectively. Those  in 
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non-pregnant women with malaria were 20, 916 parasites/µL, 12, 096 

parasites/µL, 1, 176 parasites/µL and 129.0 parasites/µL respectively.  

 

Figure 4-3: Box and Whisker plot of malaria parasite count in pregnant women 

with malaria and non-pregnant women with malaria.  

  

4.5 RISK FACTORS ASSOCIATED WITH MALARIA  

Univariate analyses of risk factors associated with malaria are as depicted in 

Table 4-4. From the parameters analyzed, the association between haemoglobin 

concentration less than 11 g/dL with an odd ratio of 6.5 (CI =2.98 -14.25) and 

haematocrit concentration less than  33%  with an odd ratio of 4.6 (CI = 2.09 - 

9.89)   were both  significant (p=0.0001). White blood cell count with an odd 

ratio of 2.3 (CI=1.62-3.13) and  red blood cell count  with an odd ratio of 5.5 

(CI=2.77-11.06) assessed on a continuous scale were also significantly 

associated with malaria infection (p=0.0001).  
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Malaria infection among the study participants was adjusted for pregnancy in 

the multivariate analyses to assess the risk association of each parameter when 

pregnancy co-exists with malaria. The 6.5 risk for malaria infection associated 

with haemoglobin concentration (<11 g/dL) in the univariate analysis rose to 

10.7 (CI = 4.40 - 26.04, p = 0.0001) when pregnancy was associated with malaria. 

Likewise, the 4.6 risk of malaria infection associated with haematocrit in the 

univariate analysis marginally rose to 5.7 (CI = 2.47 - 13.06, p = 0.0001) when 

the pregnancy co-existed with malaria. Mean cell haemoglobin concentration 

which was hitherto not significantly associated with malaria infection in the 

univariate analysis showed an odds of 2.3 (CI = 1.04 - 4.98, p = 0.041) when 

pregnancy is coexisting with malaria. There was an  inverse relation was 

obserserved between platelet concentration with pregnancy coexisting with 

malaria  with an odd ratio of 0.98 ( CI = 0.98 - 0.99, p = 0.0001).  

Table 4-4: Risk factor analysis  

 

 Univariate  Multivariate (adj: pregnancy)  

Parameters  OR  95%CI  p-value  OR  95%CI  p-value  

Age (>25 years)  1.5  0.70 - 3.24  0.300  1.3  0.59 – 3.00  0.497  

HB (<11 g/dL)  6.5  2.98 - 14.25  0.0001  10.7  4.40 - 26.04  0.0001  

CSA  1.0  0.98 - 1.00  0.123  1.0  1.00 - 1.02  0.118  

WBC  2.3  1.62 - 3.13  0.0001  2.5  1.69 - 3.76  0.0001  

RBC  5.5  2.77 -11.06  0.0001  4.2  2.04 - 8.66  0.0001  

HCT (≤33 %)  4.6  2.09 - 9.89  0.0001  5.7  2.47 - 13.06  0.0001  

MCV (≤70 fL)  4.0  0.50 - 31.78  0.194  5.0  0.61 - 41.06  0.133  

MCH (≤26 pg/cell)  2.3  0.50 - 10.81  0.280  2.4  0.50 - 11.89  0.269  

MCHC  1.7  0.83 - 3.65  0.144  2.3  1.04 - 4.98  0.041  

PLT  1.0  0.98 - 0.99  0.0001  0.98  0.98 - 0.99  0.0001  

Adj: pregnancy-adjusted for pregnancy; OR = odds ratio; CI = confidence interval  
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Chapter 5   DISCUSSION  

5.1  DISCUSSION  

Malaria in pregnancy still remains an important public health problem that has 

proven difficult to tackle despite numerous studies conducted over the last 

decades (De Beaudrap et al., 2013). Pregnant women are more susceptible to 

malaria than their non-pregnant counterparts (Boel et al., 2012) and therefore 

the extent of utilization of malaria preventive measures may impact on the 

burden of malaria in pregnancy (Tongo et al., 2011). Maternal, placental and 

foetal malaria infection during pregnancy adversely affects development and 

survival of foetus through low birth weight, maternal anaemia and possibly 

abortion and stillbirth. These malaria-induced medical problems constitute 

major clinical, public health and research challenges (Murphy and Breman, 

2001). Pregnancy causes significant changes in metabolism, fluid balance, organ 

function and blood circulation which are mainly driven by oestrogen and the 

presence of the foeto-placental unit (Elgari, 2013). Such dramatic changes 

influence a wide variety of haematological parameters and as such 

acknowledging these changes is essential when interpreting the result of 

haematological investigations to diagnose or monitor illness in pregnant 

women.  

  

5.2  HAEMATOLOGICAL OUTCOMES  

The World Health Organization (WHO)  has suggested the presence of anaemia 

in pregnancies when haemoglobin (Hb) concentration is less than 11 g/dL 

(Sharma, 2003). This current study showed a significant decrease in Hb 

concentration in the pregnant women with malaria group,  which was  9.6 ± 1.4 

g/dL  compared to that in the non-pregnant  women with malaria  which was  

10.3 ± 1.6 g/dL (p=0.008) and pregnant women without malaria  which was 

11.5 ± 1.1 g/dL (p<0.0001) groups respectively. Furthermore, in analyzing risk 

factors associated with malaria in this study, a 6.5 times risk of Hb <11.0 g/dL 

(p<0.00001) was significantly associated with malaria and this risk increased to 



  

Discussion  

  

56  
  

10.7 when adjusted for pregnancy. The outcome of the Hb results brings to bare 

t`he devastating effects of cohabitation of malaria with pregnancy which 

induced anaemia in the pregnant  women with malaria group as defined by the  

WHO.  

On the contrary however,  no significant changes were observed in the mean 

haematocrit (HCT) concentration in the pregnant  women with malaria group 

and the non-pregnant women  with malaria group (p=0.474). The HCT 

concentration in the pregnant women  without malaria group was significantly 

higher when compared to the other two study groups (p=0.007 and p=0.026 

respectively). Risk factor analysis from the study showed that malaria infection 

was strongly associated with a 4.6 times reduction in HCT (<33%) and this risk 

was observed to increase to 5.7 times when adjusted for pregnancy which 

further confirms the devastating effect of combination of pregnancy and 

malaria on HCT concentration. This significant finding is consistent with  other 

reports  by Bashiri et al. (2003), Ruchi et al. (2013) and Elgari (2013) which, in 

separate studies, reported that decrease in Hb and HCT concentration were 

common findings in pregnancy and attributed this to increased plasma volume 

combined with poor iron intake. Ogbodo et al. (2009) suggested that the 

observed anaemia could be due to increased red blood cell breakdown due to 

increasing parasite density. This finding cannot be excluded in the multiplicity 

of factors associated with the observed anaemia and decrease in HCT in this 

study.  

From the findings of the study, it is most important to mention the significant 

observation of rise  in red blood cell concentration in the pregnant women  with 

malaria  which was 3.7 ± 0.8 x1012/L  and non-pregnant with malaria  which 

was 3.9 ± 0.5 x1012/L  groups respectively and these increases were significantly 

higher when compared with the pregnant without malaria group (3.0 ± 0.7 

x1012/L; p<0.0001 and p<0.0001). This finding gives credence to the body’s 

ability to replenish the circulating red cell capacity in the face of lyses as a result 

of parasite invasion. As expected, the mean MCV was significantly lowered in 
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the pregnant women  with malaria  and non-pregnant women with malaria 

groups compared to the pregnant women  without malaria group. The reduced 

MCV therefore shows that most of the circulating red blood cells were 

immature thus confirming the argument of the body to restore oxygen carrying 

capacity in the face of malaria in pregnancy.  

White blood cells(WBC) are responsible for the body’s defense and WBC has 

been reported to be elevated during pregnancy (Pitkin and Witte, 1979). Total 

leukocyte count has been reported to rise in early pregnancy which remained 

elevated through  out pregnancy. From this study, the WBC count in the 

pregnant  women without malaria group was significantly lower compared 

with the pregnant women  with malaria (p<0.0001) and non-pregnant women  

with malaria groups  respectively. The finding of increases in WBC count in the 

malaria infected group from this study supports the argument of immunity 

building in the face of infection which is achieved by a state of selective immune 

tolerance (Elgari, 2013).  

Matthews et al. (1990) reported that platelet count remains in the normal 

pregnant range in most women during uncomplicated pregnancies and Verdy 

et al. (1997) reported that mean platelet counts of pregnant women may be 

slightly lower than in healthy non-pregnant women. From this study, the mean 

platelet count in the pregnant without malaria group  was significantly higher 

compared with those pregnant with malaria (p<0.0001) and non-pregnant 

women with malaria  groups respectively( tables 4-2 and table 4-3). The 

observed slightly lower mean platelet counts in the pregnant with malaria and 

non-pregnant with malaria groups in this study obviously points to the role of 

malaria infection as a major cause of the observed decrease in mean platelet 

count agreeing with that of the Verdy et al. (1997) who reported slightly lower 

mean platelet counts in pregnant women compared to healthy non-pregnant 

women.  
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5.3  ROLE OF CHONDROITIN SULPHATE A  

Cytoadherence of Plasmodium falciparum-infected erythrocytes (IEs) has been 

studied in vitro using cell lines such as human endothelial cells (Udeinya et al., 

1981) and C32 melanoma cells and a variety of glycoprotein receptors (Udeinya 

et al., 1981). Thrombospondin (Roberts et al., 1985), CD36 (Ockenhouse et al., 

1992),  intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion 

molecule 1 and E-selectin (Ockenhouse et al., 1992) have all been implicated as 

receptors on host cells but the adherence patterns observed in other studies  

suggest that additional as yet unidentified receptors exist (Rogerson et al., 1995). 

Sulphated glycoconjugates, including the glycosaminoglycan (GAG) heparin, 

interfere with attachment of Plasmodium sporozoites to the hepatocyte surface 

and may decrease sporozoite infectivity in mice (Berendt et al., 1989).   

It has been found that GAGs may be involved in cell-cell interactions in asexual 

stages of Plasmodium falciparum with IEs bound to cell-associated chondroitin 

sulphate (CS) and to immobilized chondroitin sulphate A (CSA) (Rogerson et 

al., 1995). This binding is inhibited by hydrolysis of cell surface CS, or by free 

CSA. Adhesive PfEMP1 proteins are displayed on the surface of 

malariainfected red blood cells and these play a critical role in disease, tethering 

infected cells away from destruction by the spleen and causing many severe 

symptoms (Higgins, 2008). Susceptibility to Plasmodium parasitaemia has been 

linked to the level of antibodies to placental sequestrated parasites (Elliott et al., 

2005). Indeed these parasites preferentially adhere to chondroitin sulphate-A 

receptors (CSA) expressed by the syncytiotrophoblasts in the placenta (Fried et 

al., 1998a). Antibody measurements were assessed among the study 

participants to indirectly estimate the concentrations of CSA and to further 

determine susceptibility to Plasmodium parasitaemia. It was most striking to 

observe that the CSA concentration in the non-pregnant  women with malaria 

group  was 2.24 ng/mL,  compared to the pregnant women  with malaria  

which was 50.76 ng/mL and pregnant  women without malaria  which was  
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44.94ng/mL  groups,  respectively. The significantly higher concentration of 

CSA estimated in the pregnant with malaria group gives an indication of 

susceptibility to Plasmodium parasitaemia due to placental sequestrated 

parasites as  stated by  Elliott et al. (2005).  

The significantly low CSA concentration estimated in the non-pregnant  women 

with malaria group suggests generally low circulating antibodies to placental 

and CSA-binding infected erythrocytes which suggest parasite adhesion to 

other molecules and non-immune immunoglobulins (Fried and Duffy, 1996; 

Beeson et al., 2000). Fried et al., (1998a), Beeson et al., (1999) and Ricke et al., 

(2000)  in separate studies  suggested that women who are not  pregnant and 

men  generally lack antibodies to placental and CSA-binding infected 

erythrocytes, thus representing the fact that these parasites have novel variants 

to which the men and women have not been exposed to previously.Fried and 

Duffy,(1996)  Beeson et al.,(1999) reported that isolates from non-pregnant 

adults and children typically bind to molecules in the vasculature, such as 

CD36 and intercellular adhesion molecules. Ricke et al., (2000)  reported the 

CSA-binding parasitized erythrocytes  are rarely observed outside pregnancy 

and non-pregnant and primigravid women generally lack acquired immunity 

to these parasites. This is because primigravid women lack antibodies to CSA-

binding parasitized erythrocytes and as such rely on innate immune 

mechanisms to control and clear pregnancy-associated parasite variants. They 

further stated that  the reasons are not fully understood but innate responses 

are inadequate to prevent parasite accumulation in the placenta.  

  

5.4  MALARIA PARASITE BURDEN  

Parasites may be present in the placenta and contribute to maternal anaemia in 

the absence of documented peripheral parasitaemia (Steketee et al., 2001). The 

mean parasite count estimated for the pregnant  women with malaria 

group(1532 parasites/µL) in this study  compared with the non-pregnant  

women with malaria group  (4077 parasites/µL) was significantly lower . This  
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finding could be explained by the fact that isolates from non-pregnant adults 

typically bind to molecules in the vasculature, such as CD36 and intercellular 

adhesion molecules and rely on innate immune mechanisms to control and 

clear such parasite variants. Studies have demonstrated that innate recognition 

and phagocytosis of parasitized erythrocytes occurs primarily through the 

engagement of pattern-recognition receptor CD36 on monocytes and 

macrophages (Serghides et al., 2006). The argument could therefore be 

advanced that the binding of parasitized erythrocytes to molecules in the 

vasculature makes such parasitized erythrocytes more bioavailable for 

detection through testing using peripheral blood compared to the pregnant 

with malaria group where the accumulation of large numbers of parasitized 

erythrocytes and monocytes in the placenta sequester such parasitized 

erythrocytes from the peripheral smear and as such the detection of a low count 

in peripheral smears.  
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Chapter 6   CONCLUSION  

6.1  CONCLUSION  

Malaria infection was associated with reduction in haemoglobin concentration 

which was further worsened when associated with pregnancy. Findings from 

this study establishes evidence to the fact that chondroitin sulphate 

concentration is increased in pregnancy and slightly rises in the presence of 

malaria. Higher chondroitin sulphate A concentration was associated with 

lower malaria peripheral parasite count and could suggest the possibility of 

ruling out malaria in the pregnant without malaria group when indeed 

parasites could be sequestered. In conclusion, CSA is elicited in pregnant 

women but has inverse correlation with peripheral malaria parasitaemia.  

  

  

6.2  RECOMMENDATIONS  

In the light of the conclusions drawn from the findings of the study, It is 

recommend that   

  

1. Malaria parasite count as estimated from microscopy  should not be the 

sole basis for ruling out malaria or monitoring malaria in pregnancy.  

2. Further studies should be conducted to establish  the correlation 

between chondroitin sulphate A concentration and placental malaria 

sequestration.  
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