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ABSTRACT 

Malaria in pregnancy still remains a huge public health problem in most parts of 

Africa and Asia-Pacific. The use of Sulphadoxine-Pyrimethamine as intermittent 

preventive treatment for malaria in pregnancy (SP -IPTp) in endemic regions of 

the world has reduced the burden of malaria in pregnancy and minimized the 

consequences of malaria to both mother and the foetus. However, there have been 

reports of wide-spread mutations, especially in eastern and some parts of southern 

Africa, in the dhfr and dhps genes, which confer to the Plasmodium parasite, 

resistance to pyrimethamine and sulphadoxine respectively. This, coupled with 

the general preponderance of substandard anti-malaria drugs on the African 

market, threatens the success of SP-IPTp. The aim of this study was to evaluate 

the effectiveness of sulphadoxine and pyrimethamine as IPTp in three selected 

health facilities in Sekondi-Takoradi metropolis of the western region of Ghana. 

SP was found to be efficacious in clearing parasitaemia amongst parasitaemic yet 

asymptomatic pregnant women in the face of high prevalence (71.4%) of dhfi" 

triple mutations Nl08, 151 and R59. The quintuple mutation, known to confirm 

high-grade resistance to the parasites was found in only two (2) isolates in non­

pregnant attendants at the general outpatient department. There was no 

association between number of SP doses taken, the use of insecticide treated nets 

(ITNs) and maternal anaemia. Higher doses of SP, ITN usage, but not parity, 

reduced the risk of both placental parasitaemia and low birth weight. The SP 

tablets in used were found to be of good quality having a USP of 95.3% and 

92.8% and dissolution of95.2% and 83.03% for sulphadoxine and pyrimethamine 

respectively. This study therefore found the SP tablets in use as IPTp to be of 

good quality and effective in the face of high prevalence of dhfr triple mutations. 
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Background to the Study 

CHAPTER ONE 

INTRODUCTION 

Human malaria, the most important tropical parasitic disease, is caused 

by five protozoan species belonging to the genus Plasmodium. These are; 

Plasmodium Jalciparum, P. vivax, P. Ova Ie, P. malariae, and P. knowlesi 

(White, 2008; Cox-Singh et aI., 2008; Sutherland et aI., 20 I 0). P. Jalciparum 

is the most lethal of the species. It causes the severest forms ofthe disease and 

mortalities. It also causes the largest burden of the disease (Guerra et aI., 

2008), especially in South Saharan Africa (SSA). 

Malaria occurs throughout most of the tropical regions of the world. 

The number of malaria cases globally fell from an estimated 262 million in 

2000 to 214 million in 2015, a decline of 18%. Fifty-seven (57) of 106 

countries that had ongoing transmission in 2000 have reduced malaria 

incidence (World Health Organization (WHO) 2015). Most cases in 2015 are 

estimated to have occurred in the World Heat'th Organization Africa Region 

(88%), followed by South-East Asia Region (10%) and Eastern Mediterranean 

Region (2%) (WHO). 

Apart from children under 5 years, another group that is vulnerable, in 

terms of risk and outcomes of malaria infection, is pregnant women. This is 

because pregnant women attract twice the number of Anopheles gambiae 

complex, the predominant African malaria parasite-carrying mosquito 
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compared to non-pregnant women (Lindsay et aI., 2000; Ansell et aI., 2002). 

A woman is also four times as likely to get sick from malaria if she is pregnant 

and twice as likely to die from the disease as if she is not pregnant (WHO, 

2005). The physiological changes of pregnancy and the pathological changes 

due to malaria have a synergistic effect on the course of each other. The 

impact of malaria infection on pregnant women is therefore very dire. 

There are some 125 million pregnancies at risk of malaria infection 

every year (Dellicour, Tatem, Guerra, Snow & ter Kuile, 2010; WHO, 2012). 

Majority of who live in malaria-endemic-region of SSA. For these women, 

malaria is a threat not only to themselves but to their babies as well. Malaria in 

pregnancy is known to cause 50% of all low birth weight, which contributes 

significantly to neonatal and infant morbidity and mortality. The infection is 

estimated to cause 400,000 cases of severe maternal anaemia and 75,000-

200,000 infant deaths annually. Maternal anaemia contributes significantly to 

maternal mortality and causes an estimated 10,000 deaths per year (Rogerson, 

Hviid, Duffy, Leke, & Taylor, 2007). Malaria in pregnancy is therefore a huge 

public health problem. 

In sub-Saharan Aflica, poor nutrition, micronutrient imbalances 

(particularly vitamin A, zinc, iron and folate), co-infection with HIV and geo-

helminthes, poverty and limited access to effective primary health care and 

emergency obstetric services usually exacerbate the impact of pregnancy-

associated malaria (Sketetee, Nahlen, Parise & Menendez, 2001; Stephenson, 

Latham & Ottesen, 2000). 

To tackle the problem of malaria in pregnancy, the WHO has 

recommended a set of control interventions in areas with moderate to hiah 
b 
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transmission of P. Jalciparum. These include the promotion and use of 

insecticide-treated nets (ITNs), the administration of intermittent preventive 

treatment (IPTp) with sulphadoxine-pyrimethamine (JPTp-SP) during 

pregnancy, and appropriate case management through prompt and effective 

treatment of malaria and anaemia in pregnant women (Dellicour et ai., 20 I 0; 

WHO,2014). 

ITNs are to be provided to pregnant women as early in pregnancy as 

possible. Their use should be encouraged for women throughout the 

pregnancy and during the postpartum period. Appropliate case management 

involves the prompt treatment of detected cases of malaria during pregnancy 

using approved efficacious antimalarial drugs according to national guidelines. 

The third aspect of the control measures for malaria in pregnancy, 

which is the IPTp-SP, until recently, consisted of the administration of a 

curative dose of SP (1500mg sulphadoxine and 75mg pyrimethamine) given 

intermittently at least two times during the pregnancy. Currently however, the 

WHO recommends that SP should be administered as early as possible during 

the second trimester and Imonth apalt up to the time of delivery (WHO, 

2012b). The drug is administered under the direct observation of healthcare 

giver, a scheme known as Directly Observed Treatment (DOT). This is done 

during antenatal care (ANC) visits whether or not the pregnant woman is 

infected with the Plasmodium parasite. IPTp-SP has been shown to decrease 

peripheral and placental parasitaemia, and to increase matemal haemoglobin 

and infant birth weight, especially in primi and secundigravidae (Rogerson et 

ai, 2007). 
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Both sulphadoxine and pyrimethamine are anti-folates. They act by 

inhibiting the enzymes dihydrofolate reductase (dhJr) and dihydropteroate 

synthetase (dhps) respectively in the parasite ' s folate synthesis pathway. 

Resistance of Plasmodium parasite to Sulphadoxine-Pyrimethamine has been 

attributed mainly to mutations in the genes coding for these enzymes. 

Mutations at codons N511, C59R and Sl08N of the dhfr gene are associated 

with resistance to pyrimethamine, whereas mutations at codons A437G and 

K540E of the dhps gene are associated with resistance to sulphadoxine. 

In Africa, SP resistance appears to be intense in foci of East Africa and 

IS increasing to the West (Mockenhaupt et aI. , 2005). Though the level of 

resistance at which IPTp-SP becomes ineffective is unknown, the WHO, in 

2005, recommended IPTp-SP for women in countries where the SP failure rate 

among children is less than 50% in addition to other interventions such as ITN 

usage (WHO, 2005). In Ghana, SP failure was observed in 28% of children 

treated (Mockenhaupt et aI, 2005). Due to pre-immunity, however, 

antimalarial treatment is commonly more effective in pregnant women than in 

children. Findings of efficacy studies in children can therefore not be 

extrapolated to the preimmuned adult in an endemic region. Currently, the 

WHO recommends that prior to implementation of IPTp-SP in any region with 

moderate to high malaria transmission, the prevalence of K540E and A581 G 

should be determined. LPTp-SP should be used in regions with a prevalence 

rate K540E less than 50% and A581G less than 10% (WHO, 2013a). 

Triple mutations in the dhJr gene (N5U, C59R and S108N) are 

responsible for SP resistance in Ghana. They confer about 10-fold increase 
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risk of treatment failure (Mockenbaupt et ai., 2008). Dhps mutations appear 

not to be predictive ofSP resistance among children in Ghana (Mockenhaupt). 

With the increasing report of SP-resistance in children and pregnant 

women spreading from the eastern parts of Africa to West Africa, there is the 

need to regularly monitor the efficacy of SP-IPTp to direct policy in Ghana. 

Statement of the Problem 

Malaria in pregnancy poses significantly huge challenge to most public 

health managers in sub-Saharan Africa. The infection is estimated to cause 

400,000 cases of severe maternal anaemia (which contributes significantly to 

maternal mortality) and 75,000-200,000 infant deaths annually (Rogerson et 

al,2007). 

In Ghana, and among pregnant women, malaria accounts for 28.1 % of 

OPD attendance, 13.7% of admissions and 9.0% of maternal deaths (Ghana 

Health Service (GHS), 2009). 

A number of studies in Ghana and SSA have found low levels of 

efficacy for Sulphadoxine-Pyrimethamine in the general population especially 

amongst children. SP however appears to be effective amongst pregnant 

women. SP resistance in IPTp is well documented to be focused in Eastern 

Africa with spread to the west. Indeed, it has been reported in a study that 

IPTp does not improve overall pregnancy outcomes in Muheza, Tanzania, 

where SP-resistant parasites predominate and may increase the odds of foetal 

anaemia; and as parasite resistance increases in a community, the overall 

effect of IPTp may transition from net benefit to neutral or net harm 

(Harrington, Mutabingwa, Kabyemela, Fried & Duffy, 2011). Meanwhile 

Plasmodium parasites in West Africa remain sensitive to SP (Dokomajilar et 
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aI., 2011; Naidoo, & Roper, 2011). In Ghana, there has been a rapid increase 

in the prevalence of SP resistant dhJr gene from 36% to 73% in P. Jalciparum 

isolated in pregnant women since the introduction of SP (Mockenhaupt et aI., 

2008). 

It is therefore important to conduct the necessary research to monitor 

the effectiveness of SP as IPTp in Ghana and in West African at large. This 

would prevent a situation where the whole health system is taken unawares by 

a complete failure of this all-important intervention. This study therefore 

comprehensively evaluates the effectiveness of SP as IPTp 10 Sekondi­

Takoradi, a coastal Metropolis in Western Region of Ghana. 

Purpose of the Study 

The study is in four parts, namely; (i) an SP efficacy study (ii) a 

maternal and birth outcome study (iii) molecular surveillance for dhJr and 

dhps mutations and (iv) a test of the quality of SP tablets in use at the selected 

health facilities. The study aims at evaluating the effectiveness of SP as IPTp 

in the control of malaria in pregnancy in selected health facilities in the 

Western Region of Ghana. 

Study objectives 

1. To detemline the efficacy of SP in clearing parasitaemia 10 

asymptomatic yet parasitaemic pregnant women. 

2. To determine the prevalence of Plasmodium parasites in peripheral and 

placental blood amongst delivering mothers. 

3. To fmd out the specific mutation of Plasmodium Jalciparum III 

peripheral and placental blood isolates. 
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4. To measure birth weight of babies and correlate it with placental 

parasitaemia, IPTp-SP usage and maternal anaemia and usage of ITNs. 

5. To ascertain the relationship between the number of SP doses and 

peripheral and placental parasitaemia in delivering mothers. 

6. To detennine the prevalence of mutations at dhfr and dhps loci 

responsible for SP resistance in Plasmodium parasite isolates from 

patients at the study site. 

7. To evaluate the quality of the SP tablets in use for IPTp by detennining 

the concentration of the active principle and solubility of the tablets. 

Significance of study 

Ghana, like many other malaria endemic countries III Africa, has 

adopted the use of SP as IPT in the control of malaria in pregnancy. There are 

however very few studies monitoring SP efficacy in pregnant women in our 

sub-region and for that matter Ghana. This study therefore intends to evaluate 

the effectiveness of SP as an IPT in pregnant women in the Western region of 

Ghana. Results of the study could infonn policy makers to take appropriate 

policy action if needed. 

Delimitations of the Study 

The SP efficacy trial, the bilth outcome study and the surveillance for 

mutation in the dhJr and dhps genes were limited to health facilities in the 

Sekondi-Takoradi metropolis of the westem region of Ghana. Whilst the 

efficacy and the birth outcome studies were limited to pregnant women, that of 

the molecular surveillance was conducted amongst non-pregnant attendants at 

the OPDs of the study facilities as well. The evaluation of the quality of SP 
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drug was limited to samples taken from these study facilities and analyzed in 

the laboratory. 

Limitations of the Study 

One of the limitations to the study is the passive rather than active 

recruitment of study sUbjects. This might have resulted in the inclusion of only 

a sample which might not precisely reflect the dimension of the parameters 

being measured in this study. Again, the fact that all studied subjects had 

subclinical malaria, suggests that the figures herein reported underestimate the 

actual total prevalence of gestational malaria. 

Possible bias due to non-participation may have occurred as this study 

was based exclusively at the health facilities thereby excluding those pregnant 

women who did not attend antenatal clinic and who may have a different 

profile from those that did. The data collected including when the last malaria 

medication was taken may be subject to recall bias. Using the dissolution 

analysis of the SP tablets sampled as a surrogate for bioavailability might not 

be a true reflection of what happens in vivo, since in real clinical situations 

several factors such as presence of co-morbidities, drug-drug interactions and 

other genetic factors affecting drug metabolism affects the bioavailability and 

subsequent effectiveness of the drug. 

Definition of Terms 

Malaria in Pregnancy is malaria infection (symptomatic or asymptomatic) 

occurring during pregnancy. 

Pregnancy-associated malaria is a specific syndrome that occurs only in 

pregnant women. It is characterized by the accumulation of parasitized red 
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blood cells in the placenta. Pregnancy-associated malaria causes low birth 

weight and maternal anaemia. 

Efficacy of a drug is the extent to which a drug has the ability to bring about 

its intended effect under ideal circumstances, such as in a randomized clinical 

trial. 

Effectiveness is defined as the extent to which a drug achieves its intended 

effect in the usual clinical setting 

Drug resistance is the reduction to effectiveness of a drug such as an 

antimicrobial, anti-helmintic or an anti-neoplastic to cunng a disease or 

condition. 

Surveillance IS the continuous, systematic collection, analysis and 

interpretation of health-related data needed for planning, implementation, and 

evaluation of public health practice. 

Asymptomatic or sub-clinical malaria IS human Plasmodium infections 

which do not lead to clinical symptoms and therefore remain undetected by 

fever based surveillance systems. 

Prevalence is a statistical concept refening to the number of existing cases 

that are present in a particular population at a given time. 

Parasitaemia is the quantitative content of parasites in the blood. It is used as 

a measurement of parasite load in the organism and an indication of the degree 

of an active parasitic infection. 

Prematurity is defined as live bilih before 37 weeks of pregnancy are 

completed. 

Low birth weight is defined as a birth weight of a liveborn infant of 2,499 g 

or less, regardless of gestational age. 
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Recrudescence is a tenn for recurrence of infection with species of 

Plasmodium; P. jalciparom, P. malariae and P. knowlesi, which lack 

hypnozoites. It means that the infection (unless a new infection) has recurred 

from persistent blood stages of the Plasmodium parasite. 

Reinfection refers to the infection with a new parasite strain after the past 

infection has been eliminated. 

Genetic mutation is a pennanent alteration in the DNA sequence that makes 

up a gene, such that the sequence differs from what is found in most 

individuals. Mutations can affect anywhere from a single DNA building block 

(base pair) to a large segment of a chromosome that includes multiple genes. 

Organization of the study 

The study is organized into SIX chapters. Chapter one which is the 

introduction, deals with background to the study, statement of the problem, 

purpose of the study, objectives, significance of the study, delimitation, 

limitations, definition of tenns and organization of the study. Chapter two is 

the review of literature related to the study. Chapter three is the research 

methodology. It encompasses description of the study sites, study design, 

sampling procedure, data collection procedure and data analysis. Chapter four 

covers the results. Chapter five is the discussion of results. Summary of 

findings, conclusion and recommendations are captured in chapter six. 
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Malaria 

CHAPTER TWO 

LITERA TURE REVIEW 

Malaria is a parasitic disease caused by the infection of red blood cells 

and other body tissues with a protozoan of the genus Plasmodium. 

The Plasmodium parasite is transmitted mainly by the bites of the female 

Anopheles mosquito of which the A. gambiense complex are the most 

common and most efficient at transmission. The inoculation of sporozoites of 

these parasites into human host during a blood meal begins the disease 

process. 

Other comparatively rare mechanisms for transmitting the parasite 

include congenitally, blood transfusion, contaminated needle stick injuries, 

and organ transplantation (Filler et aI., 2003; Alweis et aI., 2004). 

Clillical disease 

Clinical malaria is usually described as uncomplicated (or simple) or 

complicated (or severe). Uncomplicated malaIia is typically characteIized by 

initial non-specific symptoms such as headaches, lassitude, fatigue, abdominal 

discomfort and muscle and joint aches, followed by fever, chills, perspiration, 

anoreXIa, vomiting and worsening malaise. These symptoms (which are 

primarily due to schizont mpture and destmction of erytlu'ocytes with its 

attendant activation of cytokine cascade) are similar to symptoms of any 

minor systemic viral illness. The similarity of these initial symptoms of 

malaria with other systemic infections usually leads to an over diagnosis of 
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malaria especially in endemic regions, if diagnosis is made on the basis of 

symptoms alone. Symptoms, especially the fever as result of an infection with 

the various species of the parasite show unique periodicity. At this stage, when 

malaria is uncomplicated, with no vital organ dysfunction, case fatality is very 

low. However, with delay in treatment or treatment with drugs that are not 

efficacious, the parasite burden increases and severe disease may ensue. 

Severe clinical disease IS commoner m children under five years and 

primigravidae. Severe malaria is now defined by at least one of the following 

clinical manifestations: unarousable coma (caused by cerebral malaria), 

convulsions, malarial anaemia, haemoglobinuria, hypoglycaemia, metabolic 

acidosis (associated with respiratory distress), acute pulmonary oedema, acute 

renal failure, jaundice, circulatory collapse, hyperparasitaemia, hyperpyrexia, 

electrolyte disturbance, and or spontaneous bleeding (WHO, 2000). At this 

stage mortality of those receiving treatment is 15-20% (Miller, Ackerman, Su, 

& Well ems, 2013). Ifuntreated, severe malaria is almost always fatal. 

In regions where malaria transmission is high and all year round, overt 

clinical disease is rarely seen in the adult population because of acquired 

partial immunity as a result of repeated parasite inoculation. Overt clinical 

disease is therefore limited to young children, especially those under five years 

of age and primigravidae. However, in regions of unstable parasite 

transmission, prominent clinical manifestations are common across all year 

groups. 
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Subclinical malaria 

Subclinical malaria (also known as asymptomatic malaria) is said to be 

human Plasmodium infections which do not lead to clinical symptoms and 

therefore remain undetected by fever based surveillance systems (Galataz, 

Bassat & Mayor, 2016). Individuals with subclinical malaria are said to be 

parasitaemic (usually have asexual and sexual blood stage parasites) yet 

asymptomatic and do contribute to malaria transmission in a population. Being 

parasitaemic yet asymptomatic, these chronic carriers of the Plasmodium 

parasites evade most passive malaria surveillance systems and therefore 

remain a threat to malaria elimination programmes. Asymptomatic carriage 

levels detected by microscopy and or other methods have been reported to be 

as high as 39%, 8.4%, and 1.36 to 7.7% in African countries, India, and 

Thailand, respectively (Baliraine et aI., 2009; Coleman et aI., 2006; Dunyo et 

aI., 2006; Ganguly et aI., 2013; Kritsiriwuthinan & Ngrenngarmlert, 2011; 

Mabunda, Aponte, Tiago & Alonso, 2009; & Vafa, Troye- Blomberg, 

Anchang, Gracia and Migot-Nabias, 2008). 

Though the mechanisms leading to subclinical malaria are not fully 

understood, interplay of parasite factors, host factors and transmission 

intensity in a given population is said to account for this phenomenon. Factors 

affecting virulence of parasites, such as their mUltiplication rates, 

cytoadherence and ability to produce toxic substances which elicits deleterious 

immune response play key roles in determining whether an infection would be 

clinical or subclinical. The more virulent the parasite strain or subtype, the less 

likely it would lead to subclinical malaria. Other parasite factors that playa 

role in determining whether an infection would be clinical or subclinical are a 
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mUltiplicity of infecting parasites and drug resistance. When the human host is 

infected with more than one strain of parasites, the infection is more likely to 

be subclinical than clinical. Also, parasites that are drug resistant in a given 

community tend not to lead to clinical malaria. 

Host factors such as resistance to parasites, tolerance, genetic 

background as well as pregnancy and other comorbidities all influence the 

prevalence of asymptomatic malaria. Asymptomatic human malaria is much 

common in regions with high transmission intensity where most adults have 

developed resistance to parasites as result of innate and acquired immunity 

from repeated exposure to parasites. Tolerance, which is host defence 

mechanisms that minimizes the damage caused directly by the pathogen or 

indirectly by the host's immune response irrespective of pathogen burden 

(Galataz et aI., 2016) also, increases the risk of developing asymptomatic 

malaria. 

Comorbidities such as co-infections with Hepatitis B VIruS (HBV) , 

HIV and soil-helminthes all alter the susceptibility to subclinical malaria in a 

given population. Plasmodium co-infection with hepatitis B virus is more 

likely to be asymptomatic and to have lower levels of parasitaemia, possibly 

through an increase in the production of Interferon-y (IFN-y) levels induced by 

the viral infection that can contribute to Plasmodium clearance in the liver 

(Andrade et aI., 2011). Meanwhile, co-infection with soil-transmitted 

helminthes may alter susceptibility to clinical malaria by activating TH2 

cytokines and immune-regulatory pathways that downregulate effector 

functions involved in resistance to malaria (Salgame, Yap & Gause, 2013). 

HIV can also impair lymphocyte functions against malaria infection 
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(Gonzalez, Ataide, Naniche, Menendez, & Mayor, 2012) and thereby increase 

susceptibility to clinical malaria. Similarly, malnutrition can lead to atrophy of 

the thymus, leucopenia, and diminished functional T cells that hamper 

protective immunity to malaria (Schaible & Kaufmann, 2007). 

Pregnant women living in endemic regions have an increased risk of 

asymptomatic malaria compared to those living in non-endemic areas. Indeed, 

pregnancy tends to increase the risk of asymptomatic malaria especially in 

these regions with high transmission intensity (Galataz et aI., 2016). The 

prevalence of asymptomatic malaria is therefore higher in pregnant women 

(especially in primi and secundigravidae women) compared to non-pregnant 

women and men. Though the malaria infection may remain asymptomatic in 

these pregnant women, it still can inflict its consequences on both mother and 

her foetus. Indeed, the risk of maternal anaemia is known to increase with the 

increasing prevalence of asymptomatic malaria (Bouyou-Akotet et aI., 2003; 

Tagbor et aI., 2010; Ayoola et aI., 2012 & Huynh et aI., 2011). 

In areas of low or unstable malaria transmission, women of 

reproductive age have relatively little or no acquired immunity to malaria. In 

these areas, all pregnant women, regardless of the number of previous 

pregnanCIes, are at similar risk of the adverse consequences of malaria, 

including severe illness and death as a direct result of severe malaria or 

malaria-related severe anaemia. Pregnant women with subclinical rather than 

clinical malaria were used as subjects in the SP efficacy study of this work 

because those with ovelt clinical disease would require a different treatment 

protocol other than the lPTp-SP. 
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Diagnosis of Malaria 

Diagnosis of malaria involves all the procedures, both clinical and 

laboratory, to establish that one is suffering from the malaria infection. Early 

and accurate diagnosis of malaria therefore is key, since it allows for prompt 

and appropriate treatment without which there would be worsening malaria 

morbidity and increase in mortality (especially in vulnerable groups such as 

children under five years old and pregnant women). Again, when there is no 

prompt and appropriate therapeutic intervention, there is an increase in the 

incidence of non-targets effects of the disease, an increase in the advent of 

drug resistance and an increase in the overall cost of care. 

Not only is effective malaria diagnosis important for the obvious reason of 

identifying cases to treat effectively, it also limits treatment to only patients 

who truly have malaria and not other febrile illnesses. This ensures proper use 

of anti-malaria drugs (Wilson, 2013). 

Presently, there are five main ways of diagnosing malaria. These are; 

clinicaUempirical/syndromic diagnosis, microscopy, use of malaria rapid 

diagnostic tests (MRDTs), histopathology and molecular diagnosis. 

Clinical or syndromic diagnosis of malaria is still quite pervasive, 

especially in resource poor regions of the world. It is essentially the diagnosis 

of malaria based on the signs and symptoms of a patient. In many endemic 

areas without adequate diagnostic capacity, patients with febrile illness are 

presumed to be suffering from malaria. This approach to the diagnosis of 

malaria has a number of pit falls; (i) there is significant clinical overlap among 

febrile illnesses; fever alone is too nonspecific to make any particular 

diagnosis; (ii) co-infections occur, and treatment for one does not treat the 
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other; (iii) Plasmodium parasitaemia occurs that is not the cause of the febrile 

illness; (iv) dependence on clinical diagnosis alone results in treatment of 

patients with antimalarial drugs for illnesses other than malaria (Bell, 

Wongsrichanalai, & Barnwell, 2006). Again, clinical diagnosis as reported by 

several studies has resulted in an alarming rate of over-diagnosis (Onchiri et 

aI., 2015; Leslie et aI., 2012; Ghai, Thurber, Balay, Chapman & Goldberg, 

2016; A-Elgayoum, El-feki, Mahgoub, EI-Rayah, & Giha, 2009). The WHO 

therefore recommends against this practice when and where malaria diagnostic 

tests are available (WHO, 2011). 

In this study, the diagnosis of malaria was not based on symptoms but 

rather on laboratory methods such as rapid diagnostic test, microscopy and 

PCR. In the SP efficacy study, the criteria for selection required that only 

asymptomatic yet parasitaemic pregnant women should be included in the 

study. For ethical reasons, symptomatic (with temperature> 37.5° C) and 

parasitaemic pregnant women in this trial were excluded from the study and 

put on treatment of malaria according to national guidelines. 

Light microscopic examination of stained thick and thin blood films is 

currently the gold standard method for laboratory diagnosis of malaria in 

clinical settings. The techniques involved, require considerable expertise and 

adequate quality control. On the other hand, its reliability is questionable, 

particularly at low levels of parasitaemia and in the interpretation of mixed 

infection (Hamer et aI., 2007; Murray, Gasser, Magill, & Miller, 2008). 

However, relative to other more sophisticated methods of diagnosis like the 

molecular methods and histopathology, microscopy involves less equipment; 

the major equipment being the light microscope. The thick blood film is for 
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establishing the presence of the parasite and quantifying same whilst the thin 

film is for parasite speciation. Microscopy can detect parasitaemia as low as 5 

parasites/ILl (Warrel and Gilles, 2002). A more realistic parasite density 

threshold of 50-100 parasites/ILl 1S more applicable under field conditions 

(WHO, 1998; Milne, Chiodini & Warhurst, 1994). Meanwhile, 

Wongsrichanalai et al (2007) put the threshold at 10-100 parasites/ILl. 

Sensitivity of microscopic slide evaluation varies in estimation. Given 

that the expertise of the microscopist is unquestionable, variation in the 

sensitivity is dependent on the type of infecting species, geographic area, and 

other factors, but in general diagnostic sensitivity is thought to be no higher 

than 75% (Wilson, 2011). This figure is based on the rate of detection of 

parasitaemia in patients with clinical malaria. For patients with non­

Jalciparum malaria, low-level parasitaemia, or partial immunity, or those who 

have been partially treated for malaria, the diagnostic sensitivity is likely to be 

even lower than 75% (Wilson). 

Microscopy however offers significant advantages over other methods. 

These advantages include; (i) that it allows for definitive spec1es 

identification as well as mixed infections; (ii) can be used to quantify the 

parasite density; (iii) can be used for serial examinations to monitor the 

efficacy of therapy; (iv) requires little laboratory infrastmcture; and (v) is 

comparatively inexpensive. In this study, microscopy was employed as one of 

tools for malaria diagnosis because apart from being the gold standard for 

malaria diagnosis in the clinical setting, the microscopes as well as the 

requisite expertise were readily available. The use of microscopy also helped 

us to monitor therapy in the SP efficacy trial. 
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Disadvantages of microscopy include: (i) it does not detect very low 

parasitaemia; (ii) errors in interpretation are most common with either very 

low or very high parasitaemia (for which accurate diagnosis is very 

important); (iii) mixed infections are often missed; and (iv) it is not as useful 

in areas without endemic malaria because of the inability of persons reading 

smears to remain sufficiently competent to make accurate and reproducible 

diagnoses. Also, poor blood film preparation generates artefacts such as 

bacteria, fungi, stain precipitation, dirt, and cell debris which are commonly 

mistaken for malaria parasites (Ohrt et aI., 2002). 

To improve the specificity of microscopy, fluorescent-based staining 

and fluorescent microscopy are now introduced in clinical laboratories but are 

expensive. In this study, light microscopy was used as the gold standard for 

diagnosing malaria and therefore recruiting participants. This was because the 

microscope and the expertise required were readily available. Other diagnostic 

tests have been produced to be used in conjunction with or independent of the 

light microscopy. Examples include the detection of malaria antibodies by 

indirect immune-fluorescence antibody assay (IF A) and enzyme linked 

immune-sorbent assay (ELISA) (Sulzer, Wilson & Hall, 1969; Spencer, 

Collins, Chin & Skinner, 1979). 

There are also tests for the detection of malaria antigens by an 

immune-chromatographic assay. This forms the basis for malaria rapid 

diagnostic test (MRDT) kits (Moody and Chiodini, 2002; Shiff, Minjas & 

Premji, 1994). Rapid diagnostic tests kits are currently very much available. 

They utilize monoclonal antibody to a parasite antigen placed on an immune-
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chromatographic strip to detect the presence of parasites in peripheral blood 

(Bronzan, McMorrow & Kachur, 2008; Wongsrichanalai et aI., 2007). 

According to Murray et al (2008), an optimal Rapid Diagnostic Test 

should '(i) use simple technology; (ii) should be readily learned by users; (iii) 

should have results that are easy to interpret (by both users and by providers 

who ordered the test); (iv) should be reproducible; (v) should not require 

electricity to run the assay; (vi) should not require refrigerated storage; and, 

obviously, (vii) should be rapid. These characteristics of the Rapid diagnostic 

test kits make them useful in resource poor settings, which is the case of most 

malaria-endemic regions of the world. 

Current MRDTs are based on detection of 3 different types of 

Plasmodium antigens (Bell, Wongsgrichanalai & Barnwell, 2006; Murray et 

aI., 2008). The first is Plasmodium histidine rich protein (HRP) 2 (PHRP-2) , 

which can be specific to P. Jalciparum or P. vivax. The second IS to 

Plasmodium lactate dehydrogenase (PLDH), which can be specific to P. 

Jalciparum or P. vivax or be a variant that is common to all Plasmodium 

species (pan-specific). The last is Plasmodium aldolase, which is pan-specific. 

By combining detection of these 3 antigens on an immune-chromatographic 

strip (ICS) assay, MRDTs have been developed that can be used to detect any 

malaria species: P. falciparum alone, P. vivax alone, or any combination 

thereof (Bell et aI., 2006; WHO. 2011). 

Using these 3 antigens however results in some diagnostic limitations. 

Firstly, none of the 3 antigens is specific for Plasmodium ovale, Plasmodium 

malariae, or Plasmodium kllowlesi; secondly, there are variants of P. 

Jalciparum in South America that do not produce the 2 most common types of 
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HRP (P. falciparum HRP [PjHRP]-2 and pjHRP-3) , which means that MRDTs 

based on detection of those antigens would not be useful in that region 

(Gamboa et aI., 2010); and thirdly, cross-reactions with a pjHRP-2 assay have 

been reported from patients with Schistosoma mekongi infection (with no 

cross-reaction with a pLDH assay) ( Leshem et aI., 2011); fourthly, cross­

reactions with some assays have been reported for patients with rheumatoid 

factor or other circulating auto-antibodies (Maltha et aI., 2010) ; Again, 

patients with high levels of P. falciparum parasitaemia may give false-positive 

results with pLDH assays designed to detect P. vivax ( Maltha). Also, unlike 

microscopy, MRDTs cannot be used to determine the magnitude of 

parasitaemia; and finally, because pHRP-2 is not cleared from blood for up to 

30 days after treatment, MRDTs that test for this antigen should not be used to 

monitor response to therapy (Bell et aI., 2006; Murray et aI, 2008 & Abba et 

aI, 2011). Although pLDH and aldolase are cleared quickly from blood after 

treatment, gametocytes are not eliminated with standard antimalarial therapy 

and continue to produce all 3 antigens. As a result, assays testing for these 2 

antigens should also not be used to monitor response to therapy (Murray et al., 

2008). 

In spite of these limitations, MRDTs are more sensitive tests than 

microscopy. For instance, together, assays that test for HRP-2 showed (meta­

analytical) mean sensitivity a of 95.0% and 93 .2% for assays that test for LDH 

(Abba et aI., 2011) compared to microscopy that has sensitivity no better than 

75-90% even when expertly done (Barat et aI., 1999; Reyburn et aI., 2004; 

Reyburn et aI., 2006). 
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Histopathology, in spite of its primary advantage of characterizing the 

disease process, is not a first-line diagnostic method in malaria control 

programs. This is because it is insensitive for detecting parasites, unable to 

identify species and it is too slow and too expensive. Histopathology is 

however an important diagnostic method for determining the cause of cases of 

fever of unknown origin in situations where there are multiple causes of 

febrile illnesses. It is also a very important tool in the diagnosis of placental 

malaria. It is again useful in autopsies and determining cause of death. 

Histopathology contributes to public health epidemiology by its usage in the 

quality control of research in malaria diagnosis and treatment. 

In placental malaria, evidence of Plasmodium (most commonly mature 

parasites) or Plasmodium products (e.g., hemozoin) in the placenta inter­

villous space is a defining feature. There may also be accumulation of 

maternal immune cells (predominantly monocytes, macrophages and 

neutrophils) in the placenta and increased levels of inflammatory cytokines in 

placental malaria.(Abrams et aI., 2003; Bayoumi et aI., 2009 & Rogerson et 

aI., 2003). Placentas affected by Placental Malaria (PM) can also show other 

signs of injury including syncytial knotting, thickening of the basement 

membrane of the trophoblast layer and fibrinoid deposits (Walter, P. R, Garin, 

Y. & Blot, P. 1982; Ismail et aI., 2000). 

Tissues for histopathology studies are usually preserved in 10% neutral 

buffered formalin. Processing of the tissues for analysis involves paraffin 

embedding and sectioning to about 51lm thickness using standard techniques. 

The tissue sections are now stained with Haematoxylin-Eosin (H&E) (other 

stains that can be used are Masson's trichrome stain (MTS) or Geimsa) and 
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viewed under light microscope usually equipped with Zeiss Axio Cam HRc 

camera. Some of the tissue parameters canbe evaluated and analyzed using 

Image J software. 

In this study, diagnosis of placental malaria was not made by 

histopathology, but rather by microscopic examination of placenta villous 

samples and by polymerase chain reaction (PCR). This was because resources 

required for histopathological diagnosis were not available. 

Diagnosis of malaria using nucleic acid amplification tests IS still 

confined to reference laboratories and for research or epidemiologic purposes. 

It is expensive to establish nucleic acid amplification laboratories. It also 

requires highly skilled manpower to undertake such exercises and these are 

not available in poor regions of the world. The long turnaround time to 

produce results from these nucleic acid amplification tests make them 

unattractive for regular clinical diagnosis and for malaria control pw-poses. 

There are two main nucleic acid amplification tests for the diagnosis of 

malaria; first is the conventional polymerase chain reaction (PCR), which is 

increasingly becoming the gold standard for malaria diagnosis in research and 

reference laboratories (Brozan et aI. , 2008) and a more recent one, the loop 

mediated isothermal amplification (LAMP). Nucleic acid amplification 

methods are more sensitive: They are able to detect very low levels of 

parasitaemia. Some PCR assays can detect less than I parasite/JLL as the 

technique validated by Cnops and others in 2011. Not only are nucleic acid 

amplification tests very sensitive, they also very useful tools for speciation of 

the Plasmodium parasites. For instance, it was a PCR-based test that helped to 

identify P. knowlesi in humans which had been misdiagnosed using 
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microscopy (Cox-Singh et al., 2008). The procedures for the conventional 

PCR could be quite laborious and has a longer tum-around time in generating 

results. It targets mostly genus-or species-specific sequences of the 

Plasmodium 18S subunit rRNA gene. It must be noted that there is also a 

newly developed single direct PCR for the diagnosis of malaria (Eeheverry et 

al., 2016). This method amplifies sequences in the cytochrome oxidase III 

(COX-III) genes. This PCR does not require DNA extraction, it is sensitive, 

quick, produces clear results, identifies all the Plasmodium species infecting 

humans, it is cost-effective and can be used on when dealing with larger 

numbers of samples (Echeverry) This method of diagnosis was more sensitive 

compared to the conventional nested PCR, being as sensitive as detecting 0.6-

I parasite/J.d. 

The LAMP is a more recent nucleic acid amplification method of 

diagnosing malaria. It usually gives results in a shorter duration, usually less 

than 60 minutes and the real-time PCR equipment used is also handy (Lucchi 

et al., 2010). Detection of positive samples can be by either fluorescence 

(which can be in-built in the real-time PCR equipment) or by UV light. These 

characteristics make this method of diagnosis suitable for field studies, relative 

to the conventional PCR. LAMP has similar sensitivity compared to the 

conventional PCR method of malaria diagnosis. Lucchi et al (2010) found out 

that the sensitivity and specificity of Real-Time Fluorescence Loop Mediated 

Isothermal Amplification (ReaIArnp) in detecting P. jalciparum was 96.7% 

and 91.7% respectively when compared to microscopy and 98.9% and 100% 

respectively when compared to a standard nested PCR method. In addition, the 
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LAMP method consistently detected P. falciparum directly from boiled blood 

samples. 

Epidemiology of Malaria 

Though significant successes have been achieved in the control of 

malaria, it still accounts for huge medical, social, and economic burdens 

worldwide. Globally, the number of malaria cases fell from an estimated 262 

million in 2000 to 214 million in 2015, a decline of 18% (WHO, 2015). Most 

cases in 2015 are estimated to have occurred in sub-Saharan African (88%), 

followed by the South-East Asia (10%) and the Eastern Mediterranean Region 

(2%)(WHO). The global malaria burden is therefore still concentrated in these 

three regions of the world (as shown in Figure 1). The incidence of malaria, 

which takes into account population growth, is estimated to have decreased by 

37% between 2000 and 2015. In total, 57 of 106 countries that had ongoing 

transmission in 2000 have reduced malaria incidence by more than 75%. A 

further 18 countries are estimated to have reduced malaria incidence by 50-

75%. Thus, the target of Millennium Development Goal (MDG) 6 "to have 

halted and begun to reverse the incidence of malaria" (Target 6C) has been 

achieved (WHO, 2015). 

The number of malaria deaths globally fell from an estimated 839 000 

in 2000 to 438 000 in 2015, a decline of 48%. Most deaths in 2015 (90%) 

occurred in the WHO African Region followed by 7% in the WHO South-East 

Asia Region and 2% in WHO Eastern MeditelTanean Region. The malaria 

mortality rate, which takes into account population growth, is estimated to 

have decreased by 60% globally between 2000 and 2015 (WHO, 2015). 
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In Ghana, about 8.4 million cases of OPD malaria were recorded in 

2014. This is a decline in comparison to the 11.4 million cases recorded in 

2013, a reduction of approximately 23.6% (Ghana Health Service Annual 

Report, (GHS) 2014). About thirty percent of all OPD cases were malaria; 

27.3% of all admission cases were attributable to malaria and about 7.2% of 

all deaths on admission were from malaria in the same year (GHS). 
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Figure1: Global malaria burden (Source: hptts/lourworldindata/malaria. 

Retrieved in December 2016) 

Malaria Control 

Since the year 2000, there has been a World Health Organization led 

concerted efforts towards malaria control. Although significant successes have 

been chalked with these malaria control interventions, there still remains a lot 

more that needs to be done, especially in the endemic regions of the world: 

Malaria still remains a disease of major public health concern. In the absence 
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of an effective malaria vaccme to date, for malaria eradication in most 

endemic regions in the world, these malaria control interventions remain key 

in our bid to minimize morbidity and mortality due to malaria. The Malaria 

control interventions include: (i) vector control (which reduces transmission of 

parasites from humans to mosquitoes and then back to humans), which is 

achieved largely through the use of insecticide-treated mosquito nets (JTNs) or 

indoor residual spraying (IRS); chemoprevention (which suppresses blood­

stage infection in humans); and case management (which includes prompt 

diagnosis and treatment of infections (WHO, 20] 5). 

Vector control measures 

Historically, successful eradication of malaria in various parts of the 

world was achieved mainly by vector control (Harrison, 1978). Armed with 

this knowledge, the WHO and its partners have made vector control one of the 

focal interventions in its malaria control efforts. 

Malaria vector control include all measures that are aimed at minimizing 

transmission of the parasite from humans to the Anopheles mosquito and back 

to humans and thereby reducing the incidence and prevalence of the disease 

and associated morbidity and mortality. 

The two main vector control measures being promoted by the WHO in 

its Global Malaria Programme are the use of Insecticide Treated Nets (ITNs) 

and the Indoor Residual Spraying (IRS). Less promoted methods of vector 

control include space spraying, larval control, environmental management, the 

use mosquito repellents and the wearing of clothing that give adequate 

covering especially during dusk to night (Raghavendra et ai., 2011). 
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Insecticide Treated Nets (ITNs) 

Bed nets act as physical protective barriers against mosquito bites. But 

untreated bed nets in themselves have not demonstrated significant protective 

efficacy (White, 2009). When treated with pyrethroid insecticides (introducing 

a chemical barrier) however, mosquito nets give as twice the protection given 

by untreated nets and give more than 70% protection compared to a situation 

where no mosquito bed nets are used (D'Alessandro et al. 1995).The enormous 

benefit of using of ITNs, that is in reducing the mosquito-human contact 

thereby reducing malaria morbidity and mortality especially in sub-Saharan 

Africa is well documented (Curtis and Mnzava, 2000; Lengeler, 2004; 

Bhattarai et al., 2007; Kleinschmidt et al., 2009; WHO, 2010; Eisele et a1., 

2012; WHO, 2013). Not only do the ITNs decrease the human-mosquito 

contact by deterrence or excito-irritability, they also kill the mosquito with 

their residual insecticidal activity, ITNs by these effects reduce density, 

feeding frequency, feeding success, and survival of Anopheles mosquito 

vectors (Giming et a1., 2003; Lindblade et al., 2004 & Russell et a1., 2010). By 

reducing vector densities and survival, ITNs do not only decrease malaria 

exposure for the protected individuals, but also provide protection to the rest 

of the local human community (Binka, Inkome & Smith, 1998; Howard et al., 

2000; Maxwell et al., 2002 & Hawley et a1., 2003) when a particular threshold 

of bed net coverage is reached (Killeen et al 2007). White, in 2009, also found 

out that, the protection afforded by not sleeping under a net in a community 

where ITNs are extensively used is greater than that offered by sleeping under 

ITN in a community where no one uses ITN. 
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A single impregnation of a mosquito net would provide protection for 

about a year. (Lindsay & Gibson, 1988; Alonso et aI., 1991) after which time 

the net should be retreated. Currently however, the WHO recommends the use 

of long-lasting insecticidal nets (LLINs) instead of the ITNs. This is because 

the LLINs maintain a longer biological activity against the vector even after a 

number of wash. The biological activity generally lasts as long as the net itself 

(3-4 years for polyester nets and 4-5 years for polyethylene nets) (WHO 

2005). Pyrethroids are the only insecticides that have been used for 

impregnation of bed-nets due to a very low mammalian toxicity with added 

rapid knock-down effect and increased residual activity (Raghavendra et aI., 

2011 ). 

Sustained advocacy and heavy financial investments by WHO and 

partners as well as governments, have led to a marked increase in the 

proportion of the population sleeping under an ITN in sub-Saharan Africafrom 

less than 2% in 2000 to an estimated 46% in 2014and 55% in 2015 (WHO, 

2015). The proportion of children aged under-five years in sub-Saharan Africa 

sleeping under an ITN increased to an estimated 68% in 2015. Although these 

results represent a substantial increase since 2000, they fall short of universal 

(100%) coverage of this preventive measure. Ghana's current universal 

coverage for ITN is said to be 96% and the percentage number of people with 

access to ITNs is 77% (WHO, 2015). 

lTN usage in pregnancy 

The WHO together with the Roll Back malaria programme (RBM) 

advocates for the use of LLINs as one of the main strategies for the control of 

malaria in pregnancyin addition to IPTp-SP, prompt diagnosis and effective 
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treatment. LLINs are therefore distributed either for free or heavily subsidized 

to pregnant women in regions with stable malaria transmission through mainly 

antenatal clinics or mass nets distribution campaigns. There is a very strong 

evidence for the efficacy of ITNs in preventing malaria infection and its 

consequences in pregnancy, as reported by Gamble et al in a Cochrane review 

in 2009 and in a more recently by Eisele et al in2012 in meta-analysis, which 

examined malaria prevention in pregnancy data sets from different African 

nations. Those analyses proved a strong correlation between the use of ITNs 

and reduction in stillbirths, improvements in birth weights of babies and a 

reduction in the prevalence of parasitaemia and anaemia in pregnant women. 

Indoor Residual Spraying (IRS) 

This involves application of long acting chemical insecticides (by 

spraying) on walls and roofs of houses and domestic animals shelters to kill 

adult mosquitoes as they land on these treated surfaces (WHO, 2011). Indoor 

residual spraying has been very effective in interrupting malaria transmission 

in the 1940s and 1950s (Russell, 1955; MacDonald, 1957). It helped to 

eradicate malaria from Europe, the former USSR and several countries in Asia 

and the Caribbean (WHO, 2006). However, the implementation of indoor 

residual spraying for malaria control and possible eradication of malaria in 

Africa has not seen much success (Garret-Jones, 1964; De Zuleta et ai., 1964; 

Kouznetsov, 1977). 

In spite of several numbers of evidences supporting the efficacy of 

IRS, its usage has declined considerably. This is due to the lack of 

commitment on the part of government and concerns about resistance and 

community acceptance. The WHO is however advocating its reintroduction 
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and scaling up, especially in areas where there is proven susceptibility of the 

mosquito to the insecticide. 

Effective case canagement of malaria 

This arm of malaria control involves the prompt diagnosis of malaria 

and the use of efficacious drugs for treatment according to national guidelines. 

Diagnosis of malaria is both clinical and by laboratory methods. The WHO 

currently emphasizes the need for all clinically suspected cases of malaria to 

be first confirmed by laboratory methods, mainly RDT and microscopy after 

Geimsa before treatment is instituted. A T3 (Test, Treat, Track) initiative has 

therefore replaced the previous presumptive treatment national anti-malaria 

drug policy in most malaria endemic countries. Drug of choice for treatment is 

dependent on whether the malaria is uncomplicated or complicated and 

whether the infection is occurring in a pregnant woman or not, and if pregnant, 

at which gestational age. These guidelines are all well spe1t out in National 

Anti-Malaria Drug Policies for most countries where malaria is prevalent. 

They usually based on evidence from research and recommendations from 

WHO and the Global Malaria Programme (GMP). 

Anti-Malaria Drug Policy for Ghana 

This document is design by the Ministry of Health in collaboration with 

the Ghana Health Service, a technical select committee and international 

health partners. The overall aim of the policy is to provide prompt, safe, 

effective and appropriate anti-malaria therapy to the entire popUlation (MOH, 

2014). Specific policy objectives are: 

1. Prevent deaths and complications arising from malmia 

2. Shorten the clinical episode of malaria 
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3. To reduce the consequences of placental malaria infection and 

maternal associated anaemia through chemoprevention and intermittent 

preventive treatment during malaria. 

4. To delay spread of resistance to anti-malaria medications. 

Recommendations for treatment in the revised policy are as follows: 

Management of uncomplicated malaria 

It is important to note that the T3 initiative must be implemented in all 

clinical scenarios. If uncomplicated malaria is confirmed in the non-pregnant 

individual, Artemisinin based combination Therapies (ACTs). The three main 

ones are Artesunate-Amodiaquine (AA), Arthemeter-Lumefantrim (AL) and 

Dihydroartemisinin piperaquine (DHAP). Artesunate-Amodiaquine is the drug 

of choice for children under 5 years. Meanwhile, the treatments of choice for 

uncomplicated malaria in the pregnant woman are as follows: Oral quinine 

followed by oral clindamycin in the first trimester. Uncomplicated malaria 

occurring after the first trimester can be managed with Oral quinine plus oral 

clindamycin as well as Artesunate-amodiaquine or Arthemeter-Lumefantrim. 

In the event of a treatment failure, the ACT that has not been used can be used. 

Oral quinine plus tetracycline or doxycycline or clindamycin can also be used. 

Treatment Failure occurring in the first trimester can be managed with either 

the ACT that has not been used or quinine. ACT (yet to be used) or quinine 

can again be used in infections occurring after the first trimester (MOH, 2014). 

Management of complicated malaria 

The drug of choice for the treatment of complicated malalia in the non­

pregnant is parenteral Artesunate followed by a full course of oral ACT. 

Parenteral quinine followed by oral quinine is an alternate choice. The 
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protocol for treating severe malaria in the first trimester of pregnancy is 

parenteral quinine with a switch to oral quinine as soon as client can tolerate 

it. Parenteral Artesunate is the drug of choice for severe infections occurring 

after the first trimester. 

Biology of the Malaria Parasite 

The Plasmodium parasite 

The malaria parasite is an obligate intracellular protozoan belonging to 

the genus Plasmodium. There are over 200 species of the Plasmodium genus 

(Igweh, 2012). There are six species known to cause human malaria (White, 

2008; Cox-Singh et ai., 2008) 

Vectors of transmission 

Human malaria parasites are transmitted by female mosquitoes 

belonging to the genus Anopheles. Male mosquitoes don't transmit malaria 

since they don't feed on blood. Only the females do, since they require protein 

in the blood for the development of their eggs. 

There are over 460 named species of the Anopheles genus, but only 

approximately 70 are able to transmit human malaria (Harbach, 2009). Of 

these 70 species, 52 are said to be Dominant Vector Species (DVS) (Hay et 

aI., 2010). These DVS are species (or species complexes) transmit the majority 

of human malaria parasites in an area by virtue of their abundance, their 

propensity for feeding on humans, their mean adult longevity (only old 

individuals incubate the parasite long enough to transmit the disease), or any 

combination of these and other factors that increase overall vectOlial capacity. 

Of the DVS, the A. gambiae complexes are the most effective and efficient in 

the transmission of human malaria. This is due to the fact that they are 
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characteristically anthropophilic and endophilic. The A. gambiae complex 

therefore has the highest entomological inoculation rate in the world (Hay et 

aI., 2010). They are found all over Africa especially in the South of the Sahara 

and prefer breeding sites represented by sunny and clean water pools devoid of 

vegetation (Esposito & Habluetzel, 1997). Other important DVS include; A. 

arabienses, A. funestus, complex A. minimus complex, A. nili and A. moucheti 

(Sinka et aI, 2010). 

At temperatures below 16°C or above 33°C and at altitudes greater 

than 200m above sea level, development of the Plasmodium sp. in the 

mosquito is halted (White, 2009). Malaria transmission therefore does not 

occur under such conditions. Conditions well suited for vector survival and 

parasite development are those of high humidity, optimal rainfall as well as 

ambient temperature between 20 and 30°e. These conditions are most 

prevalent in the tropics and subtropics making malaria endemic in these 

regJons. 

Life cycle 

The Plasmodium parasite exhibits a complex life cycle. It involves a 

sexual phase (sporogony) in an insect vector (Anopheles mosquito) and an 

asexual phase (schizogony) in the vertebrate host (humans) as shown in Fig 2. 

The infection is initiated when the female Anopheles mosquito, during 

a blood meal inoculates the human host with sporozoites which are found in 

its salivary glands. The Sporozoites are carried by the circulatory system to the 

liver where they invade hepatocytes. In the hepatocytes, the parasite undergoes 
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an aSeX,l.fil n;pli.~ation known as exoerythrocytic schizogony becoming a tissue 

schizont that contains thousands of merozoites (about 10,000 in P. 

vivaxlP.ovale and up to 30,000 in P. Jalciparum) (Atinori et aI, 2012). This 

exoerythrocytic schizogony is characteristic of all the species of Plasmodium 

that cause human malaria and it lasts for a minimum of 6 days in the case of P. 

Jalciparum and a maximum of 16 days in the case of P. malariae. 

A proportion of the liver-stage parasites from P. vivax and P. ovale go 

through a dormant period instead of immediately undergoing asexual 

replication. These are called hypnozoites. These hypnozoites will reactivate 

several weeks to months (or years) after the primary infection and are 

responsible for the phenomenon called relapse. 
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the female Anopheles sp during a blood meal to begin the sexual phase of the 

parasite 's life cycle. 

The gametocytes ingested by the mosquito are found within its midgut. 

Here, the male gametocyte undergoes a rapid nuclear division, producing eight 

flagellated microgametes. The macrogametocyte also transforms into a 

macro gamete. Fusion of the micro and macro gametes result in the formation 

of a motile zygote, the ookinete. The ookinete traverses the mosquito gut wall 

and encysts on the exterior of the gut wall as an oocyst. In the oocyst, the 

parasite undergoes nuclear proliferation (sporogony) to form thousands of 

motile sporozoites (Kayser et aI., 2005). Soon, the oocyst ruptures, releasing 

the sporozoites into the coelomic cavity of the mosquito. They eventually 

migrate to the salivary glands of the mosquito from where they are inoculated 

into their human host during a blood meal generally in a number not 

exceeding 10-100 (Atinori et at., 2012) to begin the asexual cycle in humans. 

The development of the plasmodium parasite in the mosquito takes 8-35 days 

depending on the ambient temperature, species of the parasite and species of 

the vector (White et at., 2009). 

Malaria in Pregnancy 

Malaria in pregnancy (MiP) can be said to be pelipheral and or 

placental infection with Plasmodium parasite during pregnancy. The condition 

poses significant public health challenges and has substantial risks for the 

pregnant woman, her foetus, and the new-born child. MiP is associated with 

mild to severe maternal illness, matemal anaemia, spontaneous miscarriage, 

stillbirth, preterm delivery and foetal growth retardation (Desai et aI., 2007). 

Falciparum malaria is known to be the most important preventable cause of 
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low birth weight (resulting from maternal anaemia and placental parasitaemia) 

which is an important contributor to infant morbidity and mortality in Sub­

Saharan Africa. 

Epidemiological studies estimate 125 million pregnancies are at risk of 

malaria infection every year (Dellicour et aI., 2010; WHO, 2012) within a 

proposed estimate of 32 million women who become pregnant every year in 

malaria endemic sub-Saharan Africa countries (WHO, 2012). In highly 

malaria endemic areas such as sub-Saharan Africa, up to 50% of low birth 

weight (LBW) deliveries can be attributed to malaria in pregnancy, usually as 

a consequence of foetal growth restriction (FGR) from placental malaria and 

maternal anaemia (Desai et aI., 2007). Low birth weight is estimated to cause 

approximately 100 000 infant deaths annually (Desai). 

ill Ghana, Stephens et al (2014) found the prevalence of Plasmodium 

Jalciparum peripheral blood parasitaemia in a suburban coastal area to be 5% 

and placental parasitaemia and low birthweight in that same area were 2.5% 

and 3% respectively. Another study by Agbozo et al in 2016 found the 

prevalence ofLBW from pregnancy associated malaria to be 9.6%. 

Pregnant women have an increased risk of malaria infection, independent of 

previously acquired immunity (Ataide et aI., 2014). Even in areas of high 

malaria endemicity, where adults are less susceptible to malaria infection, 

pregnant women are commonly more susceptible to Plasmodium infection, 

because, pregnancy causes a transient depression of cell mediated inununity 

impairing the pregnant woman's ability to limit parasite replication. Though 

debatable, increased in susceptibility as a result of honnonal changes has also 

been described in few studies. For example, increased cortisol levels during 
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pregnancy have been associated with increased risk of malaria in pregnant 

women (Boyou-Akotet et aI., 2005; Takem & D' Alessandro, 2013). Malaria 

has also been associated with reduced oestradiol production in late pregnancy 

(Watkinson et aI., 1985). Again, it has been reported that primiparous pregnant 

women below age 25 years and in their first trimester of pregnancy have even 

a more heightened risk of developing placental malaria (Uneke, 2008; Falade 

et aI., 20 10) compared to their multiparous counterparts. This was evident in a 

meta-analysis by Adegnika et al in 2011 on four sub-Saharan African 

countries, which demonstrated a reduction of placental malaria in multi­

gravidae women. HIV infection also increases susceptibility to malaria, 

resulting in more prevalent and higher-density infection, and a relative loss of 

gravidity-dependent immunity (ter Kuile et aI., 2004). In this study, HIV 

positive pregnant women were excluded. This is because their increase 

susceptibility to Plasmodium infection would have served as a confounding 

factor in determining the prevalence of malaria in pregnancy (ter Kuile et aI., 

2004). Also, HIV positive women are not to be put on IPTp-SP because of 

the possible drug-drug interaction of SP with co-trimoxazole which is given as 

prophylaxis against opportunistic infections in Persons Living with HIV/AIDS 

(PLWHA) (WHO, 2012). Multi-gravidae were not excluded in this study 

because the study was interested in determining how gravidity correlated with 

Plasmodium infection in pregnancy as well as anaemia in pregnancy. 

The symptoms and complications of malaria in pregnancy are varied. 

They are dependent on the malaria transmission intensity in the given 

geographical area and the individual's level of acquired immunity. In regions 

of high endemicity, levels of acquired immunity tend to be high, P. falciparum 
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infection is therefore usually asymptomatic III pregnancy. Parasites may 

however be present in the placenta and contribute to maternal anaemia even in 

the absence of peripheral parasitaemia (Doolan, Dobano and Baird, 2009; 

Recker, Bouma, Bamford, Gupta & Dobson, 2009). In malaria-endemic 

regions of the world, primigravidae suffer the most adverse effects of P. 

Jalciparum infection in pregnancy because they lack immunity to placental 

antigens expressed by the Plasmodium. 

In low-transmission settings however, where women of reproductive 

age have relatively little acquired immunity to malaria, malaria in pregnancy is 

associated with anaemia, an increased risk of severe malaria, and it may lead 

to spontaneous abortion, stillbirth, prematurity and low birth weight. In such 

settings, malaria affects all pregnant women regardless of their gravidity. 

Infection with P. vivax, as with P. Jalciparum, leads to chronic 

anaemia and placental malaria infection, reducing the birth weight and 

increasing the risk of neonatal death. For women in their first pregnancy, the 

reduction in birth weight as a result of P. vivax infection is approximately two 

thirds of what is associated with P. Jalciparum. However, the effects of P. 

vivax infection appear to increase with successive pregnancies (ter Kuile & 

Rogerson, 2008). 

The pathology of malaria in pregnancy 

The pathology of P. Jalciparum infection during pregnancy may be a 

non-specific systemic infection which may be similar to those in the non­

pregnant. However, P. Jalciparum infection during pregnancy commonly 

results in the development of placental malaria (PM). This occurs when there 

is an accumulation of P. Jalciparum-infected erythrocytes, trophozoites and 
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schizonts forms of the parasite in the placenta with its attendant immuno­

pathological effects. Plasmodium vivax (which hitherto was thought not to 

sequester in the placenta) has also been shown to sequester in the placenta, 

(less commonly though) but it does not appear to induce significant 

histopathological changes and its clinical consequences are unclear (Rogerson 

et aI., 2007 & Mayor et aI., 2012). P. Jalciparum and P. vivax mixed-placental 

infection can occur as well (Carvalho et aI., 2011). 

The earliest time the placenta is susceptible to malaria infection during 

pregnancy is unclear. It was previously thought that maternal blood begins to 

flow into inter-villous spaces around 10-12 weeks of gestation (Gude et aI., 

2004). However, more recent studies indicate that perfusion of the placenta by 

maternal blood may occur as early as gestational week (GW) 6 (Merce, 2009). 

As pregnant women may be most susceptible to malaria infection at 9-20 

weeks (Rogerson et aI., 2007), this gestational window could represent the 

first opportunity for P. Jalciparum-infected erythrocytes to sequester in the 

placenta. Currently, IPTp-SP is administered from the second or third 

trimester onwards (WHO, 2015), therefore, early pregnancy may be an 

especially vulnerable time for both mother and foetus. 

PM is characterized by pathological changes accompanylDg the 

accumulation of parasites, including the presence of hemozoin, infiltration of 

monocytes and macrophages, and deposition of peri-villous fibrin (Rogerson 

et aI., 2007). More severe inflammation and destruction of the 

syncytiotrophoblast barrier has also been reported (Crooker: Tanner, Myers & 

Baker, 2004). Complete loss of villous integrity can also occur (Crooker et aI, 

2004). The pathology of placental malaria is at the heart of the foetal and 
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childhood consequences of malaria in pregnancy (Buffet et aI., 1999; Scherf, 

Pouvelle, Buffet & Gysin, 2001) . . 

Changes in the materno-foetal blood exchange fonn the basis of the 

pathology of placental malaria (Scherf et al 2001). As mentioned previously, 

infected erythrocytes (IE) of both P. Jalciparum and P. vivax can sequester 

within the placenta and accumulate in intervillous spaces during malaria 

infection in pregnancy. The presence of these IE activates mononuclear cells 

which release chemokines to recruit additional phagocytic cells into the inter­

villous spaces. There is also an associated elevation of Tumor Necrosis Factor 

a. (TNF a.) and Interleukin 10 (IL-I 0) levels and have been implicated in poor 

pregnancy outcomes (Rogerson et aI., 2007). Infected Erythrocytes, leukocyte 

infiltration, fibrin and hemozoin depositions contribute to increase the 

thickness of the trophoblast basement membrane and to alter the inter-villous 

and peri-villous spaces, causing reduction of oxygen and nutrient transport to 

the foetus (Un eke, 2007; Umbers et aI., 2011). 

P. Jalciparum IE adhere to chondroitin sulphate A (CSA) expressed in 

placenta; thus, placenta selects for strains of P. Jalciparum with a CSA­

binding phenotype. Primigravidae who have not been exposed to P. 

Jalciparum CSA-binding phenotype are still susceptible to placental infection. 

A multigravidae would have however developed antibodies during the 

previous successful pregnancies and therefore less susceptible to placental 

malaria (Uneke, 2008). P. vivax parasitized erythrocytes can also cytoadhere 

to the placenta by mechanisms not yet clarified (Carvalho et aI., 2010; Costa et 

aI., 2011). Molecular studies have demonstrated that IE binding to chondroitin 

sulphate A (CSA), expressed on the apical membrane of the placental 

42 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



syncytiotrophoblast epithelium, is mediated by var2CSA antigen, a variant of 

the P. Jalciparum Erythrocyte Membrane Protein I (PfEMP 1) family. There 

are multiple genes encoding for different var2CSA antigens. A study 

perfonned in Cameroon shows that the parasites infecting pregnant women 

living in high transmission areas have an increased copy number of var2csa 

genes compared to non-pregnant women (Sander et aI., 2011). The 

multiplicity of var2CSA-type genes confers to P. Jalciparum parasites a 

greater capacity for antigenic variation and evasion of immune response 

(Sander et aI., 2011). Data from new studies suggest that there could possibly 

be a new and different pathway of adhesion of the IE apart from that 

demonstrated by the var2CSA (Bouef et aI., 2011; Rovira-Vallbona et aI., 

2011). This however yet to be fully elucidated. 

Complement activation seems to play an important role in the 

pathogenesis of placental malaria. This is evident by the elevation of the levels 

of C5a, a factor derived from the complement cascade, in peripheral blood and 

placental blood of pregnant women with malaria compared to pregnant women 

without malaria infection (Conroy et ai., 2009). 

Effects of malaria in pregnancy 

As stated previously, malaria in pregnancy poses significant risk and 

consequences to mother, the foetus and subsequently the child. These 

consequences are largely influenced by factors such as intensity of malaria 

transmission in a setting, the species of Plasmodium involved in the infection, 

the age and parity of the infected pregnant woman and the gestational age at 

which infection occurs. 
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Maternal effects 

In regions of the world where malaria transmission is stable such as in 

most parts of sub-Saharan Africa, most Plasmodial infections are 

asymptomatic. There is however an increase, substantially, in the risk of 

maternal anaemia. (Bouyou-Akotet et aI., 2003 ; Targbor et aI., 2010 ; Ayoola 

et aI., 2011 & Huynh et aI., 2011). Both symptomatic and asymptomatic 

infections can cause anaemia. Severe anaemia is more often observed in stable 

transmission settings (van Eijk et aI., 2007; Tarimo, 2007 & Achidi et al 2005) 

and more in primigravidae than in multigravidae (Guyatt et aI., 2001& 

Shulman et aI., 2001). Malaria infections in the first or second trimester of 

pregnancy increase the risk of anaemia (Kalilani et aI., 20 11) though one study 

reported an increased risk of anaemia also for infections occurring in the third 

trimester (Huynh et al 2011). Malaria infection prevention by intermittent 

preventive treatment during pregnancy reduces the risk of anaemia 

significantly (Kayentao et a1200S; Gies et aI., 2009 & Wilson et aI., 2011). 

Malaria can cause maternal anaemia in areas of unstable transmission 

as well (Luxemburger et aI. , 200 I; Rodriguez-Morales et aI., 2006; 

Poespoprodjo et aI., 2008). It occurs more in primigravidae than in 

multigravidae and more for Jalciparum infections than for vivax infections 

(Guyatt et aI., 2001& Poespoprodjo et aI., 2008). Nevertheless, severe anaemia 

is less common in these settings (O'Donnell et aI., 2007; Poespoprodjo et aI., 

2008). 

The pathophysiology of anaemia as a result of malaria infections 

(though not fully elucidated) in pregnancy is no different from that of anaemia 

from malaria infection in the non-pregnant. However, the backgrmmd 
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haemodilution from increased plasma volume in the state of pregnancy tend to 

worsen the anaemia from the malaria infection. Again, as mentioned 

previously, in poor regions of the world, co-morbidities such as geo­

helminthes infections and nutritional deficiencies (Iron and folate and vitamin) 

may also worsen the severity of the anaemia. In this research work, 

participating pregnant women in both the SP efficacy study and the maternal 

and birth outcome study were on their routine micronutrient supplementation 

with iron and vitamins but not folate. This is because, folate at a dose equal or 

more than 5mg, given concomitantly with SP counteracts its effect as an 

antimalarial (WHO, 2012). Stool routine eXqmination was also done for these 

women to rule out the confounding contribution of geo-helminthes to maternal 

anaemia. 

Anaemia from malaria (especially acute Jalciparum infection) infection is due 

to an in increased removal from the circulation of parasitized and, to a greater 

extent, non-parasitized erythrocytes through a combination of splenic filtration 

(Buffet et aI., 2011), schizont rupture, macrophage phagocytosis 

(Wickramasinghe & Abdalla, 2000), complement-mediated haemolysis 

(Woodruff, Ansdell & Pettitt., 1979) and increased free radical damage (Das 

& Nanda., 1999; Haldar & Mohandas., 2009). In more chronic infections, 

decreased marrow production of functional red blood cells due to the direct 

inhibitory effects of parasites (Abdalla et aI., 1980) and cytokines 

(Wickramasinghe & Abdalla, 2000 & Nussenblatt et aI., 2001) along with 

dysregulation of erythropoietin and iron metabolism (Chang & Stevenson, 

2004) adds to the anaemia of ongoing red blood cell loss (Haldar & 

Mohandas., 2009). 
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Malaria seems to be known as a common cause of miscarriages in 

settings of unstable transmission. This is because the most malaria infections 

in these areas tend to end in a clinical disease with fever, which may by itself 

increase the risk of miscarriage. Indeed, non-malarial fevers do also increase 

the risk of miscarriages (Poespoprodjo et aI., 2008; McGready et aI., 2012). In 

areas of stable transmission however, little is known about malaria as a cause 

of miscarriage. 

Apart from anaemia and miscarriages, a pregnant woman with malaria 

infection can also suffer known complications of malaria in the non-pregnant. 

This is more so commoner in pregnant women living in areas of unstable 

transmission and may be worse because of the transient reduction of cellular 

immunity. These complications include; convulsions, haemoglobinuria, 

hypo glycaemia, metabolic acidosis (associated with respiratory distress), acute 

pulmonary oedema, acute renal failure, jaundice, circulatory collapse, and 

electrolyte disturbance and spontaneous bleeding (WHO, 2000). 

Malaria was an important cause and contributor to maternal death in 

some studies (Ramagosa et al 2007; Ali et aI., 2012). This was further proven 

by the substantial reduction in maternal mortality observed in Thailand after 

the implementation of early detection and treatment of malaria (McGready et 

aI., 2012). When not a direct cause of death, (that is from its complications) 

malaria in pregnancy is often reported as co-morbidity, in conditions (such as 

eclampsia) associated with maternal mortality (Adams et ai., 2011). 

Perinatal effects 

Malaria in pregnancy increases the risk of low birth weight (Kassam et 

aI., 2006; eottrel et ai., 2007; Huynh et aI., 2011; Ayoola et aI., 2012 & Valea 
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et a!., 2012) particularly in primigravidae. This risk of LBW seems to be 

higher for infections occurring in the first or second trimester (Cotrell et a!., 

2007; Kalilani et a!., 2010; Huynh et a!., 2011 & Valea et a!., 2012). White et 

al (2103) also reported an almost doubling of the risk of low birth weight with 

placental malaria in high transmission intensity areas. The effect being 

greatest during first pregnancies. Cotrell et al (2007) also found out that low 

birth weight from malaria infections could also occur with malaria infections 

in late pregnancy. In Ghana, Asundep et al (2015) reported a prevalence of 

low birth weight of 11.4% in pregnant women who did not take SP-IPTp 

compared to 8.4% in those who took SP-IPT in a study carried out in Kumasi. 

In high malaria transmission settings, LBW is largely due to intrauterine 

growth restriction (IUGR) rather than pre-term delivery. 

The pathophysiology of malaria in pregnancy leading to IUGR and 

prematurity are poorly understood. IUGR is however thought to be due to 

immune-pathological consequences following the sequestration of IE and its 

attendant activation of both syncytiotrophoblasts and monocytes to release 

chemokines and cytokines. The consequence of this cascade is a reduction in 

placental growth; reduction of amino acids transport to the foetus; placental 

hypoxia and a reduction in the activities of Glucose Transporter 1 (GLUTl). 

These are thought to be the final pathways leading to IUGR (Rogerson et a!., 

2007). A meta-analysis of 32 cross-sectional data in Africa, showed malaria 

prevention in pregnancy is associated with 21 % reduction in LBW (Eisele et 

al.,2012). 

In areas of unstable malaria transmission, malaria in pregnancy has 

been associated with pre term deliveries (birth before 37 weeks of gestation), 
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still births and neonatal deaths (Poespoprodjo et ai., 2008). How malaria in 

pregnancy causes preterm delivery (which has a high risk of death in early 

life) is not well understood. Preterm delivery is however closely associated 

with an increase malaria parasite density (Menendez et ai., 2000; Tako et ai., 

2005 & Sullivan et ai., 1999), anaemia, and high levels of TNFa and, in 

particular, interleukin 10 (Suguitan et al 2003). Regardless of parity, and 

transmission intensity, malaria infections by P. vivax are also associated with 

LBW. However when detected and treated earlier in pregnancy, P. vivax (or P. 

falciparum) infection has no significant effect on gestation or birth weight 

compared to women who never had malaria in their first trimester (McGready 

et ai., 2012). 

Effects on new-borns and infants 

Cord blood infection with the Plasmodium parasite is quite common 

(Tobian et aI., 2000 & Kamwendo et ai., 2002). Foetal infection with the 

Plasmodium could be acquired by trans-placental micro transfusion 

antenatally (Malhrotra et aI., 2006). Clinical disease in the newborn baby is 

however a rarity. This might be due to the fact that trans-placental transfer of 

variant-specific and other antibodies (e.g. to MSPI) probably protects the 

infant; although this is debatable (Riley et ai., 200 I; Branch et ai., 1998). 

Under circumstances of low maternal immunity however, congenital malaria 

can present as a severe illness 2-6 weeks after birth, and infection in-utero has 

been associated with stillbirth (Rogerson et aI., 2003). Congenital malaria is 

also known to contribute to infant morbidity and mortality (Bardaji et aI., 

2011). 
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In Ghana, Enweronu-Laryea et ai, in 2013, reported 2.2% and 12% as 

the prevalence rates of congenital malaria (malaria in the first week oflife) by 

microscopy and peR respectively in new-bonis in a teaching hospital in 

Accra. 

Relatively, fewer studies have evaluated the impact of pregnancy associated 

malaria on infant outcomes. Low birthweight due to prematurity or 

intrauterine growth retardation of full-term babies is however known to be a 

significant risk factor for perinatal, neonatal and infant death (Sketetee et aI., 

2001; Singh et aI., 2001., & Nosten et aI., 1999); and a prominent cause of low 

birth weight is infection with Plasmodium Jalciparum during pregnancy 

(Singh et aI., 200]; Nosten et aI., 1999& Rodriguez-Morales et aI., 2006). 

Malaria in pregnancy resulting in placental malaria has hence, in a number of 

studies, been shown to increase the risk of infant's death and perinatal 

mortality, by causing LBW (Luxemburger et aI., 2001; Bardaji et aI., 2011& 

Diamond-Smith et aI., 2009). This is confirmed by the reduction neonatal 

mortality, up to 60%, observed after the implementation of preventive 

interventions targeted to pregnant women, e.g. intermittent preventive 

treatment (Titaley et aI., 2010; Menendez et at., 2010). In another study in 

primi- and secundi-gravidae, malaria prevention with IPTp or insecticide­

treated bed nets was significantly associated with an 18% decreased risk of 

neonatal mortality (Eisele et aI., 2012). 

Though the effects of malaria in pregnancy in neonates and infants 

have been mainly linked to LBW from IUGR and prematurity, other effects on 

neonates and infants have been repOlied in other studies independent of LBW. 

For instance, in 2010, a study in The Gambia has showed that malaria 
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infection during pregnancy influences infant's growth, independently of LBW 

(Walther et aI., 2010). Placental malaria is also known to decrease trans­

placental transfer of maternal IgG antibodies to non-malarial antigens (e.g. 

measles and Streptococcus pneumonia tetanus) and may make neonates and 

infants more susceptible to these infections (Okoko et aI., 2001; de Moraes­

Pinto et aI., 1998 & Desai et al. 2007). Much more studies are required to 

further elucidate this phenomenon. 

The fundamental question which is yet to be answered is whether in­

utero exposure to malaria alters the long-term development of immunity to 

malaria. A recent cohort study in Kenya reported that infants who were 

exposed to malaria in-utero failed to mount malaria-specific immune 

responses in cord blood and exhibited lower malaria-specific Thl responses at 

follow up (Malhotra et aI., 2009) as well as higher vulnerability to malaria 

during early childhood (Malhotra et al. ,2009). One possibility is that Tregs 

(Regulatory T cells) induced in utero may persist long term, and inhibit 

priming of an effector response to malaria into childhood (LaBeaud et aI., 

2009). Foetal tolerance therefore, as a result of in utero exposure to parasite 

antigens appears to be an impediment to protective antimalarial immunity 

especially in high prevalence settings. The effect of placental malaria on 

transfer of antimalarial antibodies is less clear. Infection leads to higher 

antibody titres, increasing antibody transfer to the infant. However, the 

relative proportion of antibody transferred might be decreased, and transfer of 

IgG I and IgG2 subclasses could be particularly affected. How placental 

malaria influences susceptibility or otherwise needs to be further studied. 
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Effects on later-childhood, adolescence and adulthood 

The long-tenn impact on health of intrauterine exposure to malaria has 

not been fully established by concerted research. Malaria in pregnancy causes 

ruGR and Prematurity leading to LBW. Low birth weight children have an 

increased incidence of hypertension in later life (Wadsworth etal., 1985; 

Luyckx & Brenner, 2015; Lewandoski et aI., 2015 & Bertagnolli et aI., 2016). 

In a study conducted in Thadan, Nigeria, infants of mothers who experienced 

malaria during pregnancy had a higher increase in Blood Pressure levels 

during the first year of life compared with those who did not (Ayoola et aI., 

2014). Blood pressure levels track strongly through to adulthood. Such 

differences in blood pressure could therefore influence theprevalence of adult 

hypertension significantly (Cruickshank et aI., 2005; luhola et aI., 2011; Chen 

& Wang, 2008). In spite of these strong assertions, a cause and effect 

relationship between malaria and hypertension is yet to be established by 

research. For now, it only remains a hypothesis. 

Malaria is also associated with hypertensive disorders of pregnancy 

such as gestational hypertension and preeclampsia especially in young 

plimigravidae (Ndao et aI., 2009; Duffy et aI., 2007; & Muehlenbachs et aI., 

2006) and these are also risk factors for low birth weight (Mol et ai., 2016). 

Other later-life health conditions that placental malaria has been 

associated with, which are directly or indirectly linked to LBW include; 

stunting and malnutrition in childhood (Snow et aI., 1997 & Kang et aI., 

2013); neurocognitive and neuropsychiatry disorders (Tran et aI., 2016); 

proteinmia and kidney disease (Luyckx et aI., 2013); some cancers and the 

metabolic syndrome (Christensen et aI., 2011). 
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Public Health Concerns of Malaria in Pregnancy 

Malaria in pregnancy still remains a great public health concern. This 

IS so, not only because of the huge burden of the disease and the cost of 

control but also because the consequences of the disease are of two-fold; it 

impacts on both mother (on one hand) and foetus, new born, infant, child and 

even adult (on the other hand). Other areas of growing concern are the 

resistance of the Plasmodium parasites to the sulphadoxine and pyrimethamine 

being used as IPTp and the resistance of the malaria vector to the insecticides 

used in treating the bed nets. 

Globally, there has been a remarkable achievement in terms of the 

reduction of the overall number of cases of malaria and reduction In the 

number of deaths from malaria (WHO, 2015). However, progress ill the 

prevention of malaria in pregnancy during the same time period has been less 

remarkable (Chico et al., 2015). The burden of malaria in pregnancy is still 

huge. There are still some 125 million pregnancies are at risk of malaria 

infection every year (Dellicour et al., 2010; WHO, 2012). In 2012, it was 

estimated that (based on point prevalence) the peripheral and placental 

prevalence of malaria parasites in pregnancy in East and Southern Africa as 

32% and 26 % respectively; while prevalence of peripheral and placental 

malaria parasites during pregnancy in West and Central Africa were 38 % and 

40 %, respectively (Chico et al., 2012). It can therefore be estimated from 

these findings that at least one in every four pregnant women in areas of stable 

P. Jalciparum transmission in Africa will have evidence of malaria infection 

during her pregnancy at delivery. 
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In areas of unstable malaria transmission, such as the Asian-Pacific 

region, prevalence of malaria is lower. It has been estimated to be 15% and 

8% for peripheral and placental malaria respectively (Rijken et al. 2012) base 

on cross-sectional and longitudinal studies conducted over the past 30 years. 

These figures indicate that the fight against malaria in pregnancy is far from 

being over and that malaria in pregnancy remains a great public health 

challenge. This huge malaria burden requires a colossal amount financial and 

human resource to control the disease. 

Malaria infection in pregnancy impacts on both mother and foetus 

with dire consequences. These rather overwhelming consequences of malaria 

in pregnancy make it a great public health concern. If we are therefore able to 

halt the transmission of malaria during pregnancy, we can save both mother 

and child from morbidities and mortality associated with it. 

Other areas of concern are the relatively low coverage of IPTp-SP and 

LLINs usage in SSA; the growing resistance of the Plasmodium parasite to SP 

and the reported resistance of Anopheles to pyrethroid, the insecticide of 

choice for malaria vector control. 

The proportion of pregnant women recelvmg at least three doses 

recommended by WHO in 2012 (WHO, 2012) of intennittent preventive 

treatment in pregnancy (IPTp) is still at a low of 17%. Increasing this would 

require educational campaigns involving all stake holders both locally and 

internationally. 

Though ITN usage has increased markedly in sub-Saharan Africa, 

from less than 2% in 2000 to an estimated 46% in 2014 and 55% in 2015 

(WHO, 2015), we still fall short of universal (100%) coverage of this 
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preventive measure. More aggressive educational campaigns involving 

members of the community would be required if we are to reach the stipulated 

target of 100% coverage. 

Pyrethroids are the only insecticide recommended for treating bed nets 

and in indoor residual spraying (Zaim et aI., 2000). Pyrethroids are also widely 

used in the control of agricultural pests worldwide (UN, 2006). There has been 

increasing reports of pyrethroid resistance in malaria vectors over the past 

decade (Santolamazza et aI., 2008). Pyrethroid resistance in A. gambiae was 

first reported in Cote d'Ivoire in 1993 and is now widespread throughout the 

western (Corbel et at., 2007; Yawson et aI., 2004) and central regions 

Santolamazza et aI., 2008; Awolola et aI., 2002) of Africa. In Eastern and 

Central Africa, An. gambiae s.s. and An. arabiensis populations are mostly 

susceptible to pyrethroids in Tanzania (Kulkarni et aI., 2007), Mozambique 

(Coleman et aI., 2008) and Madagascar (Ratovonjato et aI., 2003) but 

pyrethroid resistance has been reported in Uganda (Verhaeghen et at., 2010 & 

Verhaeghen et aI., 2006), the Gwave region of Zimbabwe (Muhenga et aI., 

2008) Sudan (Abdallah et aI., 2008 & Himeidan et al 2007) and Ethiopia 

(Balkew et aI., 2003 & Balkew et al 2010). There is therefore the urgent need 

on mobilizing resources for the development of suitable alternative 

insecticide(s) for vector control. 

Another public health concern regarding malaria in pregnancy is the 

increasing reports of P. Jalciparum resistance to SP. SP resistance is said to 

have emerged, originating at the Thailand-Cambodia border and then 

spreading rapidly to other Asian countries and subsequently to Africa (Barat & 

Bloland, 1997). This development poses great threats to the whole IPTp-SP 
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programme. There is an urgent need research into possible alternatives if this 

trend should continue. 

Intermittent Preventive Therapy for Malaria in Pregnancy 

IPTp-SP is one of the major interventions in the control of malaria in 

pregnancy. It involves giving therapeutic doses of SP intermittently (at 

monthly intervals) to pregnant women whether they have malaria infection or 

not under the direct observation of a healthcare worker. The aim of the IPTp­

SP is to reduce the burden of malaria in pregnancy thereby minimize its 

effects on both the pregnant mother and the foetus. 

History of intermittent preventive therapy 

Historically, the first malaria in pregnancy preventive strategies m 

Africa using chemotherapeutic agents, were implemented in the 1950s (Briand 

et aI., 2007). They consisted of weekly or bi-monthly chemoprophylaxis with 

chloroquine (CQ) in West African countries and dapsone-pyrimethamine or 

sulphadoxine-pyrimethamine in East African countries. A large number of 

trials demonstrated the efficacy of such chemoprophylaxis in preventing low 

birth weight, maternal anaemia and placental malaria infection (Gamer & 

Gulmezoglu, 2003; Dagne et aI., 2002 & Denoeud et aI., 2007). Unfortunately, 

because of the growing resistance of parasites to these drugs and the poor 

compliance of the women with the treatment, the strategies finally showed a 

low efficacy (Nahlen et aI., 1989 & Simira et aI., 2003). Studies that compared 

prophylaxis with CQ and intermittent administration of treatment doses of SP 

showed that apart from lower cost and higher compliance SP was significantly 

superior to CQ at reducing the rate of placental infection, anaemia and low 

birth weight (Kayentao et aI., 2007; Tukur et aI., 2007 & Schultz et ai., 1994). 
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Owing to the wide spread resistance of the Plasmodium to chloroquine, 

it was proposed in 1998 and finally implemented in 2004, that 

chemoprophylaxis should be replaced by intermittent preventive treatment 

with Sulphadoxine and pyrimethamine for all pregnant women living in areas 

of stable malaria transmission (WHO, 2004). IPTp-SP is therefore currently 

used in most parts of Africa where there is stable malaria transmission 

Current proposals on IPTp-SP implementation 

Prior to these current proposals, IPTp-SP consisted of the administration of 

a single curative dose of Sulphadoxine-pyrimethamine (SP) (1500mg/75mg) at 

least twice during pregnancy whether or not the woman is infected. The drug 

is administered after quickening, under the direct observation of healthcare 

giver (DOT) during antenatal care (ANC) visits. In 2012 however, the Global 

Malaria Programme, as part of its new policy making process convened a 

meeting of an Evidence Review Group (ERG), to review the WHO policy on 

IPTp with SP. The group, made up of experts in the field of malaria in 

pregnancy, reviewed evidence from published literature and unpublished 

studies on the current efficacy and effectiveness of IPTp with SP. They had as 

their aim to formulate recommendations to the Malaria Policy Advisory 

Committee (MPAC) for an interim policy statement on IPTp with SP for 

dissemination to national health authorities of malaria endemic countries 

where IPTp is implemented. Their specific objectives were to make changes in 

the current WHO recommendations relating to: (i) The number of treatments 

with SP that should be given, (ii) The effectiveness of IPTp-SP in areas of 

high SP resistance (iii) The level of transmission below which SP IPTp is no 

longer cost effective and (iv) To identify the critical gaps in knowledge and a 
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priority research agenda for IPTp with SP. (WHO, 2012). Their findings and 

subsequent recommendations are currently being used as guidelines for the 

implementation of IPT-SP. Conclusions from the group's deliberations 

included: 

1. Three or more doses are more effective than two. 

2. There is some evidence of benefit from SP-IPTp III areas of high 

prevalence of quintuple mutant P.falciparum parasites. 

3. There is no evidence of harm from SP-IPTp in areas with a high level 

of resistance to SP. The findings of increased parasite density and 

inflammatory changes in women reporting use of IPTp with SP, from 

an observational study in Tanzanian women need further investigation. 

4. There are insufficient data to make a recommendation on the level of 

malaria transmission below which implementation of SP IPTp is no 

longer cost effective. 

Based on the above conclusions, the following recommendations were 

made and have subsequently been adopted by the Global Malaria 

Programme. They are: 

• In areas of stable (moderate-to-high) malaria transmission, IPTp 

with SP is recommended for all pregnant women at each scheduled 

antenatal care visit. 

• The first LPTp-SP dose should be administered as early as possible 

during the 2nd trimester of gestation. 

• Each SP dose should be given at least I month apart from the other 

and up to the time of delivery. 
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• The last dose of IPTp with SP can be administered late (after 36 

weeks) in the 3rd trimester of gestation without safety concerns. 

• IPTp should be administered as directly observed therapy (DOT). 

• SP can be given on an empty stomach. Folic acid at a daily dose 

equal or above 5 mg should not be given concomitantly with SP as 

this counteracts its efficacy as an antimalarial. 

• SP is contraindicated 
. . . 
In women receiVIng co-trimoxazole 

prophylaxis. 

• IPTp with SP remaInS effective in preventing the adverse 

consequences of malaria on maternal and foetal outcomes in areas 

where a high proportion of Plasmodium Jalciparum parasites carry 

quintuple mutations associated with in vivo therapeutic failure to 

SP; therefore, IPTp with SP should still be administered to women 

in such areas (WHO, 2012). 

The group also recommended research into the following areas: 

1. Innovative community strategies to increase IPTp coverage that 

do not detract from ANC services. 

2. Operational interventions to improve delivery and use of rINs 

to women before they conceive. 

3. Effectiveness of lPTp-SP against P. vivax infection m 

pregnancy. 

4. The effect of the presence of the dhps 581 codon mutation on 

IPTp-SP effectiveness. 

5. The safety of IPTp-SP when given 5 times or more during 

pregnancy. 
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6. Interactions between anti-malarials and anti-retrovirals in Hrv 

infected individual. . 

7. Monitoring protocol for IPTp-SP effectiveness. 

8. Methods for using health system information systems for 

routine monitoring of IPTp-SP implementation and 

effectiveness. 

9. Relationship between malaria transmission intensity level and 

IPTp-SP effectiveness (risk-benefit and cost-effectiveness 

analysis based on modeling data). 

10. The effect of sustained malaria transmission reduction on IPTp 

effectiveness. 

Challenges to the IPTp-SP programme 

In spite of the reasonable successes chalked with IPTp-SP, there are 

still some challenges if not properly and completely addressed could threaten 

and even erode the progress made so far with the programme. 

The major challenges include issues of emerging resistance to SP, IPT-SP 

coverage, folate supplementation and Hrv co-infection and adverse drug 

reactions. 

Parasite resistance to SP 

Treatment with SP is reported to strongly select resistant parasite 

genotypes (Dzinjalamala et aI., 2005). The spread of SP-resistant parasites is a 

major source of concern as it casts doubts on the issue of its continued 

usefulness in the intermittent preventive treatment of malaria programme and 

it's probably the greatest challenge to the IPTp-SP programme. It has been 

recognized that drug use patterns, pharmacokinetics, and antimalarial 
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immunity all impact on the spread of drug resistant parasites. These factors 

converge in a unique synergy in women undergoing intennittent preventive 

treatment (Hommerich et aI., 2007; Masaga et al 2003). Drugs with long half­

lives, such as SP, increase the parasite's exposure to sub-therapeutic drug 

concentrations, and thus selection for resistant mutants (Watkins & Mosobo, 

1993; Hyde, 1990). Mutations at specific co dons in the dihydrofolate 

reductase and dihydropteroate synthase genes alter the drug-binding sites of 

SP. Increasing resistance to SP has been correlated with the stepwise 

acquisition of specific point mutations (Hyde, 1990; Sibley et aI., 2001; Geiger 

et aI., 2014 & Shah et aI., 2015). Selection for mutations in dhfr gene probably 

occurrs first and the dhps gene mutations following later (Sibley et aI., 2001). 

The presence of quintuple mutation; three mutations in dhfr (S108N plus 

C59R plus N51I) and two mutations in dhps (A437G plus K540E) genes have 

been significantly associated with therapeutic SP resistance (Kublin et aI., 

2002; Scho··nfeld et aI., 2005). Frequent of mutations at codon 581 on the dhps 

gene and codon 164 on the dhfr gene is known to increase the risk of parasite 

resistance to sulphadoxine (Chico et aI., 2015). 

Low coverage of IPTp-SP 

Achieving coverage of at least 3 doses of IPTp (IPT3) still remains low 

in most parts of the Africa (WHO, 2015). Though, the proportion of pregnant 

women receiving three or more doses of IPTp-SP for malaria has increased in 

recent decades, it is still less than 20% (WHO). Since the WHO revised its 

recommendation in 2012, the proportion of pregnant women receiving at least 

three doses ofintennittent IPTp-SP has increased. In 2014, an estimated 52% 

of eligible pregnant womenreceived at least one dose of IPTp, 40% received 
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two or more doses, and 17% received three or more doses (WHO). It has been 

estimated that about 15 million pregnant women still do not receive at least 

one dose of ITPp-SP (WHO). According to the WHO, Ghana falls into the 

bracket of countries that had about 60-79% percent of her pregnant women 

receiving at least one dose of IPTp-SP between 2013 and 2014 (WHO). 

Meanwhile the IPTp-SP coverage (based on institutional figures from Effia 

Nkwanta Regional Hospital in Sekondi-Takoradi, the study area for this 

research work is said to be 57.8% (Orish et aI., 2015). Low IPTp-SP coverage 

in SSA are attributable to (i) Negative perceptions of pregnant women on 

taking of SP (ii) Negative attitude and practices of health-care workers in the 

public sector that deter women from going to public hospitals (iii) Poor access 

and intermittent supplies of medications (iii) Irregular antenatal clinic 

attendance (iv) Inadequate clinic staff training (Oyibo & Agomo, 2010). 

Doku et al (2016) also found out the following to be barriers to 

achieving high IPT3 coverage in Tamale in the Northern Region of Ghana; (i) 

shortage of sulphadoxine pyrimethamine (SP) (ii) inadequate supply of 

portable water for administration of SP (iii) unavailability of IPT during 

outreach services and (iv) lack of knowledge by ANC staff about the dropout 

rate in their area of jurisdiction and poor attitude of some health workers. 

Another study also stressed other challenges with and barriers to accessing 

ANC such as hidden costs (transportation, time off work, purchase of drugs on 

the private market when there were no stock in health facilities); cultural 

factors influencing timing of pregnancy disclosure and health care workers' 

negative attitudes exhibited towards women who present at ANC facilities 

(Finlayson & Downe, 2013). 
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These barriers can be easily dealt with when taken case by case. The thrust 

overcoming these barriers is training and motivation of both healthcare staff 

and pregnant women. Education of pregnant women and the general 

population should be by simplified messages. There must also be a concerted 

effort to mobilise resources for scaling up IPTp-SP coverage by all 

stakeholders. 

Some studies have found that the uptake of preventive treatment of 

malaria in pregnancy using SP increases with higher levels of fonnal 

education (Eijla et aI., 2002; Mpungu and Mufubenga, 2008 & Ouma et aI., 

2007). 

Effect of daily folate supplementation 

Across SSA, the practice is that pregnant women are placed on Smg 

daily dose of folate drugs. This is because folate supplementation in pregnancy 

is associated with reduction in anaemia and prevention of megaloblastic 

erythropoiesis (Tamaru et aI., 2006). The international guidelines recommend 

0.4 or 0.6 mg of folate daily (Stolzfuz and Dreyfuss, 1997). However, the Smg 

tablet is more widely available and that is what is used by pregnant women 

daily. It has been reported that the combined use of SP and daily folate 

supplementation at adose of S mg compromised the efficacy of SP for 

thetreatment of malaria parasitaemia in pregnant womenwhilethe use of 0.4 

mg daily did not. (Ouma et aI., 2006). Although the de novo biosynthesis of 

folate for DNA synthesis seems to be the prefened by the Plasmodium 

parasites, they can also salvage exogenous folate especially when that (folate) 

is in abundance. When biosynthesis of folate is blocked by SP, malaria 

parasites can switch to the salvage pathway. Enough folate can therefore be 
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mobilised in the presence of abundant folate for DNA synthesis (Krungkrai et 

aI., 1989 & Wang et aI., 2004) and therefore parasite survival. Thus, the 

abundance of folate may compromise the antifolate effect of SP (Ouma et aI., 

2006; Mertz, 2007 & Nduati et aI., 2008). 

IPTp-SP in HIV positive pregnant mothers 

In SSA, (where malaria is most endemic) women account for approximately 

57% of all people living with HIV (UNAIDSfWHO, 2013). In this same 

region, approximately 30 million pregnancies occur annually in areas of 

intense Plasmodium Jalciparum transmission, and HIV -infected women are 

known to be the most vulnerable to malaria infection (Dellicour et el., 2010 & 

WHO, 1999). Of the estimated 20 million HIV-infected individuals in SSA 

living in malaria endemic areas, over 12 million are women of reproductive 

age (UNAIDSfWHO, 2013). In addition, approximately one million 

pregnancies each year are complicated by coinfection with malaria and HIV in 

SSA (UNAIDSfWHO, 2013). 

It is also known that the interaction between the two infections is 

particularly deleterious in pregnancy. HIV increases the severity of malaria 

infection and disease, and malaria infection increases HIV viral load, which in 

some studies has been shown to increase the risk of mother-to-child 

transmission of HI V (MTCT-HIV) (Gozalez et ai., 2014). 

In spite of all the above, IPTp-SP is contraindicated in HIV infected 

women. This is to avoid the potentially serious drug interactions with 

concomitant cotrimoxazole prophylaxis (CTXp), which is currently 

recommended in all HIV-infected pregnant women to prevent opportunistic 

infections (WHO, 2013). Thus, even though IPTp-SP is a life-saving and 

63 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



highly cost-effective intervention, it cannot be used in the most vulnerable 

group, HIV -infected women. Thus, the problem of malaria-HIV coinfection 

needs to be revisited to take into account the new context and evolving 

intervention strategies for both diseases. Otherwise we risk not protecting the 

most vulnerable group of pregnant women and leaving them and their 

foetuses, their new born, and their children to the untoward effects of both 

malaria and HIV infection in pregnancy. HIV positive pregnant women were 

therefore excluded from participating in both the SP efficacy study and the 

maternal and birth outcome study. 

IPTp-SP in Ghana 

Ghana adopted IPT with SP as a policy in 2003 in 20 selected districts, 

but in 2005, it was scaled up nationwide to all districts to help reduce the 

severe burden and damaging effects of malaria morbidity and mortality on the 

pregnant woman and the unborn baby (MOH, 2009 & Roll Back 

MalarialWHO, 2000). The drug of choice for IPT in Ghana is SP 

(1500mg/75mg). This is because of its safety, effectiveness in reproductive­

age women, and the feasibility for use in programmes as it can be delivered as 

a single-dose treatment under direct observation (DOT) by the health worker 

(MOH, 2009). In addition to the above, SP is inexpensive, and has 

demonstrated high levels of acceptance by pregnant women (GHS, 2005). 

Currently Ghana follows recommendations given by the Evidence Review 

Group through the WHO. lPT-SP is therefore given early in the second 

trimester or after quickening and at every antenatal visit at least 4 weeks apart. 

The drug is also delivered as an antenatal package containing haematinics and 
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anti-helminthic. Screening is also done to rule out G6PD deficiency or any 

allergies to sulphur containing drugs. 

According to the Ghana Health Service Annual Report for 2014, the 

proportion of pregnant women who were registered and were administered a 

second dose of Intermittent Preventive Treatment (IPT2) declined, falling 

from 55.4% in 2013 to 38.8% in 2014. This was a drastic fall back compared 

to 60.9% coverage achieved in 201 l. Currently, Ghana is however categorized 

amongst countries having IPTp-SP coverage of 60-79% (WHO, 2015). 

Properties of Drugs for IPTp-SP 

The purpose of IPTp for malaria is to give drugs at doses that are 

therapeutic and therefore can treat subclinical infection whilst also serving as a 

prophylactic therapy in preventing malaria infection. The administered drug 

must also minimize the effects of malaria on the pregnant woman, the foetus, 

the new-born and later on the child while being safe to both mother and the 

foetus by reducing maternal anaemia and poor pregnancy outcomes (Shulman 

& Dorman, 2003, & Greenwood et aI., 2004). Drugs for Intermittent 

Preventive Treatment of malaria in pregnancy must therefore be efficacious, 

safe to pregnant women and to the foetus, and must be well tolerated. It must 

also be a long-acting molecule (so as to reduce the frequency of 

administration), affordable and be easily administered. 

Current drugs for IPTp 

The current drug of choice for ITPp for malaria in pregnancy is a 

combination of sulphadoxine and pyrimethamine (SP). It has a good safety 

profile after the first trimester of pregnancy (Newman et aI., 2003 & Peters et 

aI., 2003), it is efficacious, cheap, and is easy to administer in a single dose 
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regimen. Both molecules inhibit folate biosynthesis, in the Plasmodium 

thereby interfering with its DNA synthesis. A tablet of SP comes in a fixed 

dose combination of 500mg sulphadoxine and 25mg pyrimethamine. 

Sulphadoxine 

Sulphadoxine (Nl-(5, 6-dimethoxy-4-pyrimidinyl) sulphanilamide), a 

structural analogue ofp-aminobenzoic acid (PABA) (figure 3), is a long acting 

sulphonamide that is used, usually in combination with other drugs, such as 

pyrimethamine for treatment of malarial infections. It can also be used in the 

treatment of respiratory and urinary tract infections. It acts by inhibiting the 

enzyme Dihydroopteroate synthase (dhps) in the folate biosynthesis pathway. 

Figure 3: Molecular Structure of Sulphadoxine. (Source: Google Images. 

Accessed in November, 2016) 

Pyrimethamine 

Pyrimethamine, (2, 4-diamino-5-(p-chlorophenyl)-6-ethylpyrimidine is 

a synthetic di-amino-pyridine (figure 4), with potent antimalarial properties. It 

is commonly used as an adjunct in combination with sulphadoxine in 

Jalciparum malaria treatment and prophylaxis. It acts by competitively 
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inhibiting the enzyme dihydrofolate reductase (dhfr) in the folate biosynthesis 

pathway. It comes as white scored tablets containing 25 mg pyrimethamine. 

Cl 
NH2 

N ·~ 

H
··· A 
2N N 

Figure 4: Molecular Structure of Pyrimethamine. (Source: GoogJe 

Images. Accessed November 2016) 

Pharmacokinetics of SP 

Both sulphadoxine and pyrimethamine are well absorbed from the 

gastrointestinal tract. Like other sulphonamides, sulphadoxine is widely 

distributed in the body. Peak plasma levels are achieved within 2-8 hours. 

Pyrimethamine has a peak plasma level 2-6 hours and it is distributed mainly 

in the kidneys, lungs, liver and spleen. Plasma protein binding is about 90% 

for both pyrimethamine and sulphadoxine. About 5% of sulphadoxine appears 

in the blood as acetylated metabolite, and 2-3% as glucuronide. 

Pyrimethamine is transformed to several metabolites in the liver (IPCA, 2006). 

Sulphadoxine and pyrimethamine are both excreted mainly by the kidneys. 

The mean elimination half-life of sulphadoxine is 169 h (range: 100-231 

hours), while pyrimethamine has a mean half-life of 111 h (range: 54-148 

hours) (Drug Information, 2012; !PCA, 2006 & Weidekamm et aI., 1982). 
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Mechanisms of action of SP 

Folic acid is needed for the biosynthesis of purines and pyrimidines 

and hence DNA synthesis and cell mUltiplication (Bzik et aI., 1987 & Selby et 

aI., 2001). Both sulphadoxine and pyrimethamine are antifolates. 

Pyrimethamine binds to and inhibits the bifunctional enzyme dihydrofolate 

reductase-thymidylate synthase (dhfr-ts) of Plasmodium (figureS). Disruption 

in the catalysis of the NADPH-dependent reduction of 7, 8-dihydrofolate to 5, 

6, 7, 8-tetrahydrofolate occurs (Blackley, 1984) leading to the blockage of the 

biosynthesis of purines and pyrimidines, which are essential for DNA 

synthesis and cell multiplication. There is a subsequent failure of nuclear 

division at the time of schizont formation in erythrocytes and liver and 

subsequent death of the Plasmodium. Sulphadoxine on the other hand 

competitively inhibits dihydropteroate synthase (dhps) (Selby et al 2001), 

leading to the disruption ill the coupling of 7,8,-dihydro-6-

hydroxymethylpterin pyrophosphate with para-amino benzoic acid (PABA) to 

yield 7, 8- dihydropteroate (Walter, 1991) (figure 5). It does not destroy 

gametocytes, but arrests sporogony in the mosquito. The combination of 

pyrimethamine and sulphadoxine thus offers a two-step synergistic blockade 

of Plasmodium division. SP is schizonticidal and is also active against the 

other asexual erythrocytic forms of susceptible Plasmodium. 
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Adverse effects of SP 

Commonly reported adverse effects of sulphadoxine-pyrimethamine 

include; hypersensitivity reactions (e,g. itchiness, contact dermatitis, and 

hives) Gastrointestinal effects (e.g. nausea, vomiting, and diarrhoea) headache 

and myelo-suppression. Much rarer adverse effects (less than 1 % frequency) 

are Stevens-Johnson syndrome, Toxic epidermal necrolysis, Agranulocytosis, 

Aplastic anaemIa, Disorder of haematopoietic structure, Drug-induced 

eosinophilia, Thrombocytopaenia, Liver necrosis, Hepatitis, Jaundice, 

Hepatomegaly, Nephrotoxicity (Drugs.com, 2014; WebMD, 2014; Joint 
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F onnulary Committee, 2013; Roche, 2008 American Society for Health 

System Phannacist, 2012). 

Contraindications of SP 

Use of SP is contraindicated in the following: megaloblastic anaemia 

caused by folate deficiency, hypersensitivity to pyrimethamine, 

sulphonamides, or any ingredient in the fonnulation; repeated prophylactic 

(prolonged) use in patients with kidney or liver failure or blood dyscrasias; 

infants less than 2 months of age; prophylaxis in nursing women; Acute 

porphyria and haemoglobinopathies such as Glucose-6-Phosphate­

Dehydrogenase defects (Drugs. com, 2014; Joint Formulary Committee, 2013). 

Resistance to Sulphadoxine-Pyrimethamine 

Molecular structure of the dhfr and dhps enzymes 

The two enzymes, dhfr and dhps are very important tn the folate 

biosynthesis pathway of the Plasmodium. Though the parasite can mobilize 

folate exogenously from host environment, de novo synthesis of folate is 

preferred and therefore essential for the parasite survival. The dhfr enzyme is 

bifunctional: The dihydrofolate reductase (dhJr) and thymidylate synthase (ts) 

(dhfr-ts). The P. Jalciparum dhJr-tsis encoded by a single-copy gene on P. 

Jalciparum chromosome four, with the two enzymes forming a bifunctional 

protein (Bzik, Li, Horii, & Inselburg, 1987) similar to other protozoans but 

distinct from bacteria and higher order eukaryotes. It contains 608 amino 

acids, the first 231 comprising the dhfr domain, the next 89 residues fonning 

the junction region, which joins the remaining 288 residues of the thymidylate 

synthase domain. Dihydrofolate reductase comprises eight central ~-strands 

between four a-helices, with an additional three short a-helices (Yuvaniyama 

70 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



et al., 2003). The dhfr-ts acts to provide reduced folate for use in the 

thymidylate cycle, and inhibition of dhfr-ts results in arrested DNA synthesis 

secondary to reduced levels of dTMP (Ferone, 1977). 

The dhps enzyme is also a bifunctional enzyme. It includes dihydro-6-

hydroxyrnethylpterin pyrophosphokinase (Pppk) at the N terminus of the dhps. 

The gene encodes a putative protein of 83 kDa that contains two domains that 

are homologous with the dhps and pppk enzymes of other organisms. The 

pppk-dhps gene is encoded on chromosome 8 and has two introns (Triglia & 

Cowman, 1994). SP resistance is linked with substitutions of amino acids of 

these enzymes which act in the folate biosynthetic pathway (Cowman et al., 

1988; TrigIia and Cowman, 1994; Brooks et al., 1994). Unlike dhfr, there is no 

known human counterpart to the dhps (Gregson and Plowe, 2005). 

SP resistance markers 

Distinct point mutations in the genes coding for the dhfr and dhps 

enzymes are associated with SP resistance. In both genes, each successive 

mutation has been shown to incrementally increase the parasite's tolerance to 

the drug in vitro (Triglia et al., 1997, 1998). A point mutation in dhfr gene 

causing a Ser~Asn at codon 108 of the dhfr domain has been implicated in 

resistance to pyrimethamine (Basco et al., 1996; Reeder et al., 1996), while 

high level in vitro resistance has shown that mutations at residue 51 resulting 

in (Asn~ Ile) 59 (Cys~Arg), and/or 164 (Ile~Leu) confer some level of 

resistance (Sirawaraporn et al., 1993; 1997a). 

Series of sequence analysis of the coding region of dhps has identified 

a number of point mutations; all associated with in vitro resistance to 

sulphadoxine.The following mutations in the Plasmodium dhps gene are 
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associated with resistance to sulfadoxine based on in vitro analysis: An 

Ala-Gly mutation at codon 437 of the dhps domain, while high levels of 

resistance to this drug component are associated with additional mutations at 

codon 581 (Ala-Gly), 436 (Ser-Phe), and 613 (Ala-Ser) (Triglia, Wang, 

Sims, Hyde,& Cowman, 1998,· Triglia Menting Wilson & Cowman 1997· , " " 

Wang, Sims & Hyde, 1997). 

Mechanism of SP resistance 

Antimalarial drug resistance develops most rapidly when a population 

of parasites encounters sub-therapeutic concentrations of the drug. These act 

as a selective pressure filtering out the more resistant parasites within the 

infecting population. Selection is most efficient when single point mutations 

confer high level resistance. Mutations that confer resistance may however 

occur spontaneously independent of drug pressure. Other factors that play 

significant role in the emergence of resistance include; drug pharmacokinetics, 

cross-resistance between drugs (from the same family), over usage of drugs, 

and inadequate treatment through inappropriate prescription or administration, 

non-compliance, or poor absorption (White, 1999 ; Simpson et aI., 2000 ; Iyer 

et aI., 2001 & Hastings et aI., 2002). Also, implicated are host immunity and 

level of transmission (Sibley et aI., 2001; Gatton et aI., 2001 & White & 

Pongtavonpinyo, 2003). 

SP fall under the categories of drugs with longer terminal elimination phase. 

Plasmodium parasite populations may therefore be exposed to sub-therapeutic 

concentrations of the drug for weeks after a single therapeutic dose. For 

pyrimethamine to inhibit the d~/j· enzyme, the rigid length of the pteridine ring 

(figure 4) fits between residues 108 and 54 within the active site of the enzyme 
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(Warhurst, 1998; Yuvaniyama et ai., 2003). The primary dhfr mutation, 

S 108N, leads to a conformational change in the enzyme. This affects drug 

accommodation at the active site of the enzyme, rather than affecting entry of 

the drug into this site. The NH2 of asparagine 108 interferes with the chlorine 

atom of pyrimethamine, causing the later to be displaced within the active site 

(Warhurst, 1998, 2002). Further compromise of the planar aspect of the 

pyrimethamine pteridine ring is caused by the carboxylate group of asparagine 

54 and the pyrimethamine ethyl group. This loss of planarity is said to be 

responsible for the pyrimethamine resistance caused by the S 108N mutation 

(Delfino, Santos-Filho& Figueroa-Villar, 2002). Though the additional dhfr 

mutations, N51I and C59R are distant from the enzyme active site, they are on 

the same helix as residue 54, which is critical to substrate binding 

(Yuvaniyama et ai., 2003). Mutations at residues 51 and 59 may therefore 

impede admission of pyrimethamine to the enzyme binding site (Santos-Filho 

de Alencastro, & Figueroa-Villar, 2001; Warhurst, 2002). This could be 

possible throughinteractionsofpolaror charged residues on isoleucine and 

arginine and the protonated pyrimethamine (Delfino et ai., 2002). The effect of 

the additional mutations at 51 and 59 is essentially silent in the absence of the 

S 1 08N mutation, but additive when it is present (Sirawaraporn et ai., 1997b). 

Presence of mutation 1164L leads to a marked increase in resistance to 

pyrimethamine in the presence of Sl08N, N51I, and C59R. This is due to an 

increase in the active site gap between the a-carbon ofC50 and Il64L. 

In the dhps gene, codons 436, 437, and 540 all line the channel to the 

active site. Meanwhile codons 581 and 613 are only one to three positions 

away from the channel (Gregson and Plowe, 2005). As in the dhfr gene, the 
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greater the number of point mutations the greater the degree of resistance. It is 

however unclear that a necessary starting mutation such as A437G must be 

present, as is S 108N in dhfr. Plasmodium isolates containing S436A, A437G, 

or K540E singly have been found and all confer some degree of resistance to 

sulphadoxine.However, higher level sulphadoxine resistance requires the 

presence of multiple mutations in addition to mutations at co dons 436, 437, 

and/or 540. Mutations at co dons 581 and 613 may be compensatory in 

function, explaining why the two residues are not seen in isolation, but only 

with mutations at 436, 437, or 540. These mutations lead to conformational 

changes at the drug binding site hence a limitation of the accommodation of 

the sulphadoxine molecule and a consequent reduction in parasite 

susceptibil ity. 

Current status of SP resistance in Africa 

In Africa, high grade resistance is of particular concern in eastern and 

southern Africa (Naidoo et aI., 2011), where high frequencies of parasites 

bearing haplotypes with three mutations in dhfr (encoding the N511, C59R, 

and S108N) and two in dhps (encoding the A437G and K540E substitutions) 

exist, especially if the additional dlifr164L or dhps 581G mutations occur 

(Gesase et aI., 2009 & Hanington et aI., 2009). The latter has recently been 

associated with poor bilth outcomes in IPTp-SP recipients Harrington et aI., 

2011), although this association has not yet been confinned in other studies in 

eastern and southern Africa (Kalilani et aI., 2011; Menendez et ai., 2011; 

Taylor et aI., 2012). Again, in East and South Africa, mutations at the 437 and 

540 codons are found together while in West and Central Africa the 437 

mutation is frequently found on its own (Pearce et ai., 2009). Laboratory 
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studies show that the A437G and K540E substitutions in combination raise 

sulfadoxine tolerance of sensitive dhps by 200-fold, compared to just 10-fold 

for the A437G substitution alone (Triglia et aI. , 1997). Hence East African 

parasites are predicted to withstand higher doses of SP thanWest African 

parasites. The efficacy of IPTp-SP is being further compromised in east Africa 

by the additional emergence of dhps mutation at codon 581 in northern 

Tanzania (Gesase et aI., 2009) which has been shown to reduce drasticalJy the 

efficacy of IPTp-SP (Minja et aI., 2013) termed super resistance (Naidoo & 

Roper,20l3). 

In contrast, the parasite populations in western Africa seem to be 

mostly sensitive to SP (Naidoo et aI., 2011; Dokomajilar et aI., 2006; Diakite 

et aI., 20 II & Coulibaly et aI., 2006), and IPTp-SP has proven to be highly 

effective and efficacious in clinical trials and observational studies (Kayentao 

et aI., 20l3; Diakite et aI., 2011). However, spread of SP resistance from 

eastern and southern Africa, or the de novo development of high-level SP 

resistance may occur and monitoring of the effectiveness of SP when 

employed as IPTp is essential. 

Potential Alternative Drugs for IPTp 

With the rising concern of resistance to SP, the medical research world 

is strongly considering alternatives to SP should there be a need for a switch to 

another anti-malarial drug for use as IPTp. The following properties are 

required of any drug that will replace SP in future when it will no longer be 

useful for IPTp: 
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• It must have a long-half life, as it has been suggested that the duration of 

prophylaxis rather than the treatment effect is the most important determinant 

ofIPTp efficacy. 

• It must be safe during pregnancy, and well-tolerated to ensure high 

compliance with treatment in women who are often asymptomatic when 

infected with malaria. 

• The administration should be easy (ideally a single dose). 

• It should be readily available and at an affordable cost. 

Considering these criteria, Mefloquine (MQ) is probably one of the most 

attractive options. It has a long half-life and is still highly efficacious in 

African countries (Briand et a1., 2007). Most studies have shown that MQ is 

safe for use in pregnancy (Mount et al., 2004; Sketetee et a1., 1996; 

Vanhauwere et al., 1998). A study showed that women who received MQ 

treatment had a significantly higher risk of stillbirth than women not treated or 

treated with other anti-malarials (WHO, 1993). There is a need to further 

confirm this fmding. However, MQ has been associated with a range of side-

effects that could impede compliance treatment. In a clinical trial, in which 

Beninese women were randomized to receive either SP or MQ for IPTp, the 

mild adverse events observed were: vomiting, nausea and dizziness, and these 

resolved fast (National Institute of Health, USA, 2006). Very few women have 

refused to take the second dose because of a poor tolerance of the first intake. 

The drug has been well-accepted in spite of its bitter taste, and there has 

beenless than 1 % of early vomiting (within 1 h) after giving a fat snack before 

the women took the dmg (as recommended by the manufacturer). Whatever 

the alternative dmg, the cost is likely to behigher than the cost of SP or CQ. 
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Mefloquine remains expensive even if the cost has recently declined. In the 

near future, lower cost and higher availability of the drug in African countries 

should make this option even more realistic. 

Artemisinin combination therapies (ACTs) are also being evaluated for 

IPTp. They have · been shown to be highly efficacious and safe during 

pregnancy except when used in the fIrst trimester. However, if the effect of 

IPTp is mainly prophylactic (White, 2005), then short-acting drugs would be 

expected to provide little benefIt. Moreover, ACTs are still very expensive and 

less easily deliverable as they require multiple treatment doses that cannot be 

given as a directly observed therapy in the ANC clinic. This could result in 

low compliance with .treatment regimen. There are also concerns of embryo­

toxicity with artemisinin derivatives in animal studies (Clark, 2009). Other 

potential candidates, such as SP plus azithromycin and SP plus Artesunate 

have been evaluated and found to be safe and effective (Kalilani et ai, 2007). 

Kalilani et al. (2007) reported that though the parasite clearance time was 

signifIcantly faster in the SP-Artesunate group, recrudescent episodes of 

malaria were less frequent with SP-azithromycin and SP-Artesunate compared 

with SP monotherapy. Azithromycin, a macrolide antibiotic, which has been 

found to have antimalarial effect (Andersen et aI., 1998), has been used in 

pregnant women to treat sexually transmitted infection (STIs), and other 

infections with a good safety profIle (Gray et aI., 2001; Sakar et aI., 2006). SP 

plus amodiaquine, and chlorproguanil-dapsone are also being assessed for 

IPTp. Piperaquine (used in combinations with other anti-malarials rather than 

used alone) might be one of the very promising options for IPTp (Briand et aI., 

2007). 
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Review of Methods 

The WHO is yet to standardize any methodes) for the systematic 

evaluation of the effectiveness of SP as IPTp. However, in 2012, it proposed, 

through its Evidence Review Group (ERG) on MiP that the potential core 

elements of monitoring studies for SP-IPTp should include: 

a. Review of ANC (number and timing of IPTp-SP doses) and birth 

weight data through routine health system records. Use of data on 

trends of birth weight and neonatal mortality and their association with 

IPTp-SP coverage (adjusting for other potential confounders routinely 

collected during ANC visits) 

b. Specific studies to evaluate IPTp-SP effectiveness controlling for 

multiple factors (age, gravidity, HIV status, ANC visits, number of SP 

doses received, etc) such as: (i) Cross-sectional studies at delivery 

units (ii) Case-control studies of women delivering LBW babies or 

with maternal anemia 

c. Monitoring of prevalence of SP molecular resistance markers, 

preferably at first ANC (pre-SP administration) although the 

association of resistance markers with SP effectiveness requires further 

investigation 

d. Collection of dried blood spots for analysis of molecular markers of SP 

resistance 

e. Assessment of in vitro SP efficacy 

f. Assessment of 42 day in vivo SP efficacy In asymptomatic 

parasitaemic pregnant women 
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Again, it proposed amongst other things, that when implementing and 

monitoring the effectiveness of SP-IPTp, the following should be ascertained: 

(i) the quality of the SP tablets as determined by international standards such 

as international pharmacopoeia (ii) its efficacy in clearing in vivo parasitaemia 

and protecting against malaria infection and its consequences during 

pregnancy and (iii) the prevalence of molecular markers of SP resistance 

(WHO, 2013). The methods of evaluation of the effectiveness of SP-IPTP 

employed in this study were therefore based on the above proposals. 

Evaluation of quality of SP tablets 

Conventionally, tests for the quality of a drug are performed using 

procedures outlined in official monographs such as the European, British, the 

United States and the International Pharmacopoeia. Such monographs 

prescribe the most basic aspects of drug quality that need to be assessed for a 

particular drug and formulation, and the criteria to be used in the assessment. 

In this study, protocols prescribed by the United States Pharmacopoeia, 2015, 

volume 3 were used. This was because it was readily available and was the 

Pharmacopoeia being used by the Food and Drugs Authority which is the drug 

regulatory body in the country. 

The tests for the determination of the quality of drugs such as SP can 

broadly be classified as physical tests (those that include visual inspection), 

chemical tests (for content of stated active pharmaceutical ingredients (SAPls) 

and impurities under normal and simulated storage conditions), in 

vitrodisintegration and dissolution tests and in vivo bioavailability studies 

(Amin and Kokwaro, 2007). 
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Visual inspection of SP tablets includes checking for (i) clear labeling 

of the drug (both the brand and generic names (ii) statement of strength of the 

active principles (iii) statement on dosage forms (iv) registration with 

regulatory authority (v) batch or lot numbers (vi) dates of manufacture and 

expiry as well as (vii) conditions of storage of the drug. It also involves 

looking out for characteristics such as uniformity of colour shape size and , , , 

textureof the tablets. Breaks and cracks as well as embedded spots or 

contaminations must also be looked out for in the tablets. Physical tests may 

include tests for uniformity of weight, friability (how well a tablet holds under 

normal conditions of transportation, measured by the proportion of the tablet 

that is lost as powder) and tablet hardness (AuIton, 200 I). 

Chemical tests for SP quality include test of identity, which first tests 

for the presence of the SAPIs; the test for quantification of content, which 

determines the amount of SAP Is in the tablets expressed as a percentage of the 

label claim; and dissolution test which determines the amount of active 

ingredient that is released from the tablets (compared to a reference standard) 

and available for absorption. This is used as surrogate marker of in vivo 

bioavailability for poorly aqueous-soluble drugs such as sulfadoxine-

pyrimethamine (Amin and Kokwaro, 2007). 

Field methods that can be used to screen for the identity of the SAPIs 

include, (i) visual examination of packaging (ii) the use of hand-held RAMAN 

spectroscopy and (iii) the use of Counterfeit Detection device (CD3): Others 

are (iv) refractometry and (v) colometry. Meanwhile, specialized mass 

spectrometry (MS) techniques and Desorption electrospray ionization (DESl) 

can be used for the confinnation of the identity of the SP. (Lalani, Kitutu, 
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Clarke, & Kaur, 2017; Hajjou, Qin, Bradby, Bempong, & Lukulay, 2013; 

Green et ai., 2007). The high-performance Liquid chromatography (HPLC) 

can also be used to confirm the identity of the SAP!. The quantification of the 

SAPIs is done in research and drug quality assurance laboratories, using 

methods such asthe Semi-quantitative thin layer chromatography (TLC) and 

the quantitative HPLC alone or coupled to a mass spectrometer (LC-MS) 

(Lalani et ai, 2017). The Laser-induced breakdown spectroscopy (LIBS) is a 

newer method of quantification of SAPIs (Myakalwar et ai., 2011). In this 

study, visual examination of packaging and HPLC were used for screening 

and confirming the identity of SP as the active principles respectively. The 

HPLC was also used to quantify the amount of sulphadoxine and 

pyrimethamine against their stated strengths on the label following protocols 

described in the US pharmacopoeia, 2015. This was because of its reliability 

and availability (compared to the other methods of quantification). The 

investigations were done at the analytical laboratory of the Food and Drug 

Authority (FDA) of Ghana. 

The dissolution tests used to determine the amounts of sulphadoxine 

and pyrimethamine that dissolves into solution in an appropriate medium such 

as phosphate buffer under appropriate conditions of temperature of 37°C and 

pH of 6.8. It is expected that not less than 60% of the stated label of both 

sulphadoxine and pyrimethamine must be dissolved in the solution after 30 

minutes of the dissolution process (USP, 2015). The dissolution is aproxy 

measure of bioavailability (extent to which sulphadoxine and pyrimethamine 

molecules will dissolve in the human body). It is done using a dissolution 

apparatus. 
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For any dissolution study, the dissolution apparatus employed is 

determined by the dosage form characteristics and the intended route of 

administration. For solid dosage forms, such SP tablets, the standard 

dissolution testing methodologies are the United States Pharmacopoeia (USP) 

Apparatus 1 (basket) and the USP Apparatus 2 (paddle). Immediate-release, 

modified-release and extended release tablets are usually tested in classical 

dissolution baths with USP 2 paddles. Apparatus 2 was therefore used in this 

study. Floating capsules and tablets generally use USP I baskets (Practical 

Science, 20 I 0). Other dissolution techniques and equipment include USP 3 

(reciprocating cylinders), USP 4 (flow-through-cell), USP 5 (paddle-over-

disk), USP 6 (cylinder) and USP 7 (reciprocating holders) (USP, 2015). The 

development of a dissolution procedure involves selecting the dissolution 

media, apparatus type and hydrodynamics (agitation rate) appropriate for the 

product. After the dissolution process, the amount of the SAPI, in this case SP, 

in solution is then quantified after an assay with the appropriate methods of 

quantification described previously.We again employed the HPLC method of 

quantification in this study because it was available. 

The test for bioavailability is an in vivo test. It measures the rate and 

extent of availability of drug in systemic circulation. Bioavailability tests are 

important, especially for dmgs with limited aqueous solubility (such as 

generic SP, especially its pyrimethamine components) that canlead to erratic, 

incomplete and unpredictableabsorption profiles (Amin, 2007). Bioavailability 

studies involve serially taking plasma samples of subjects who have received 

the dmg under testing and a reference dmg. The concentrations of the dmgs at 

the various times are then quantified using the methods of quantitation of drug 
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concentration as described previously. The simultaneous quantitation of SP 

from plasma in a bioavailability studies requires the use of liquid 

chromatography-isotopic dilution mass spectrometry methods (Liu et aI., 

2012; Matar, Awad & Elanim, 2014). Bioavailability studies were not carried 

out in this research work because of the non-availability of a LC-MS system. 

SP as IPTp efficacy studies 

In evaluating the efficacy of SP as IPTp, both the therapeutic efficacy 

and protective or prophylactic efficacy of the drug should be assessed (WHO, 

2013). This is because, SP given as IPTp is expected to not only to clear 

Plasmodium parasitaemia if any, but also to protect against the risk of malaria 

infection (either as a result of recrudescence or reinfection) and consequences 

of the infection both to mother and foetus. A number of studies have therefore 

employed different scientific methodologies to achieve this aim. Firstly, there 

have been randomized control trials where the efficacy of SP as IPTp has been 

compared to other measures of control of MiP such as IPTp with mefloquine, 

and other antimalarials. SP-IPTp has also been compared with Intermittent 

Screening and Treatment (IST) of malaria in pregnancy (Tagbor, Bruce Agbo, 

Greenwood & Chandramohan, 2010; Gonzalez et aI., 2014; Briand et aI., 

2015). In these studies, pregnant women that met the inclusion criteria were 

followed up till delivelY to assess how SP as lPTp influences adverse maternal 

and birth outcomes such as low birth weight, placental and peripheral 

parasitaemia and maternal anaemia compared to the other MiP control 

measures. Randomized placebo-controlled trials have also been conducted in 

determining the efficacy of SP-lPTp in preventing adverse outcomes 

(Menendez et aI., 2008; Menendez et aI., 20 I 0). Conducting a placebo-
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controlled trial with an intervention such as SP-IPT in an area of malaria 

endemicity raises ethical concerns, since SP-IPTp is a standard intervention 

recommended by the WHO for control of MiP in these areas. To mitigate the 

ethical concern, LLINs were made available to all study participants for 

usage.In these studies, diagnoses of placental and peripheral blood 

parasitaemia were by both microscopy and by PCR. 

Secondly cross-sectional methods have also been used to evaluate the 

effects of SP-IPTp on birth outcomes (Arinatwe et ai., 2013; Harrington et aI., 

2011; Gutman et ai., 2013). In these studies, adverse maternal and birth 

outcomes described previously, are assessed amongst delivering mothers and 

correlated with the use of SP as IPTp during the antenatal period. The use of 

SP during the antenatal period can be ascertained by verbal recall by the 

mothers, reference from antenatal record and by measuring plasma serum 

content of sulphur as an index of SP usage (Harrington) given that no other 

sulphur containing has been used over the antenatal period. 

The third approach in evaluating the effectiveness of SP-IPTp is the in 

vivo therapeutic efficacy study. Pregnantwomen who are parasitaemic yet 

asymptomatic of malaria (usually having a temperature of below 37.5°C), are 

HIV negative, presenting after quickening (between 16-26 weeks of gestation) 

and have received no prior anti-malarials including IPTp-SP during the current 

pregnancy are eligible for enrollment (Tan et ai., 2014). MRDTs are used to 

screen for Plasmodium parasitaemia. Parasitaemia is then conftrmed using 

microscopy and or PCR. Enrolled pregnant women receive under direct 

observation, therapeutic doses of SP (1500mg of sulphadoxine and 75mg of 

pyrimethamine) and followed up weekly for 42 days to determine the rate of 
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parasite clearance. The re-emergence of parasitaemia as a result of 

recrudescence or reinfection is also assessed by amplification of molecular 

markers such as msp-l, msp-2 and glurp (Gutman et aI., 2015). The 

therapeutic failure rate is then compared to the 10% failure rate beyond which 

the WHO calls for the withdrawal of a drug as a first line anti-malarial. 

In this study, the therapeutic efficacy of SP as IPTp was evaluated 

using an in vivo SP efficacy study and a cross-sectional study of the effects of 

SP on maternal and birth outcomes. A randomized control trial was not 

employed because oflimited time, human and financial resource. 

Surveillance of the prevalence of molecular markers of SP resistance 

The methods applied in this aspect of an SP-IPTp effectiveness study 

are aimed at determining the prevalence of mutations in the dhfr and dhps 

genes that are known to confer on the Plasmodium parasites, resistance to SP. 

Parasites isolates are taken from both participating pregnant women and the 

general population being studied. Parasite DNA can be extracted from whole 

blood, frozen red cell pellets, or dry blood spots (DBS) using appropriate 

extraction protocolssuch as chelex method of DNA extraction (Siame, 

Mharakurwa, Chipeta, Thuma, & Michelo, 2015) or the commercial DNA 

purification kit, QIAamp® (Iriemenam et aI., 2012). Detection of mutations in 

the dhfr and dhps genes can be by (i) a dhfrand dhps mutation specific PCR 

(Wang, Brooks, Sims, & Hyde, 1995; Gyang, Peterson, & Wellems, 1992; 

Biswas, Escalante,Chaiyaroj, Angkasekwinai, & Lal, 2000; Tahita et aI., 2015) 

(ii) PCR followed by Enzymatic Restriction Digestion (Duraisingh, CUltis & 

Warhurst, 1998; Eberl et aI, 2001; Siame et aI., 2015) and (iii) PCR followed 

Direct DNA sequencing or Pyrosequencing. (Iriemenam, et ai, 2012; Teik, 
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Mersumpin, & William, 2013; Zhou et aI, 2006). Other techniques include (iv) 

dot blot/probe hybridization techniques (v) real-time PCR (vi) the SNaP shot 

primer extension method, and (vii) sequence-specific oligonucleotide probe-

enzyme-linked immunosorbent assay (Abdel-Mushin et aI., 2002; Alifrangis et 

aI., 2005; Durand et aI., 2000). Conventionally, these molecular methods focus 

on evaluating individual mutations in the dhfr codons 50, 51, 59, 108, and 164 

and dhps codons 436, 437 540, 581, and 613 (Durand et aI., 2000; Kublin et 

aI., 2002, PI owe et aI., 1997; Reeder et aI., 1996). Individual or combination of 

codons to be studied may however be varied in a study according to the 

observed trend of prevalence of mutations in a geographical study area. 

In this study, the chelex method was used for DNA extraction. 

Detection of mutations on the dhfr and dhps genes conferring parasite 

resistance to SP was done by a nested PCR followed by enzymatic restriction 

digestion (Duraisingh et aI., 1998). This was because the set up for mutation 

detection for the other techniques were not readily available. Again, the 

restriction digestion is also known to be a high-throughput technique of 

detection of mutations which has been well studied.The molecular basis for 

enzymatic restriction digestion is that, difference in homologous DNA 

sequences can be detected by the presence of fragments of different lengths 

after digestion of the DNA samples in question with specific restriction 

endonucleases (RE) which cleave DNA at specific restriction sites: Fragments, 

as molecular markers, are therefore specific to a single clone/restriction 

enzyme combination. The principle underpinning its usage in detection of 

mutations in genes (in this case dhfr and dhps) is that, Single Nucleotide 

Polymorphisms (SNPs)or Insertions/Deletions (INDELs) can create or abolish 
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restriction endonuclease (RE) recognition sites, thus affecting quantities and 

length of DNA fragments resulting from RE digestion. 

We focused on mutations at codons 151, R59 and NI08 of the dhfr 

gene and codons G437 and E540 on the dhps gene using the enzymes Tp5091, 

XmnI, Bsrl, Mwol and FokI respectively. This was because, these mutations 

have been reported to be most prevalent in the West African sub-region; the 

others have relative rarity in the sub-region. The WHO recommends that 

IPTp-SP should be used in regions with a prevalence rate of K540E less than 

50% and A581G less than 10% (WHO, 20\3a). Since we did not detect the 

prevalence of mutations in A581 G, comparison was prevalence of mutations 

was made to K540Gonly. Prevalence ofmutations in dhfr genes were also 

compared to that of previous studies in Ghana for trend analysis. 

Lot quality assurance sampling 

The lot quality assurance sampling (LQAS) methodology was 

originally developed in industry for quality control purposes. It is currently 

however employed in healthcare surveys. It makes use of small sample sizes 

when conducting surveys in small geographical or population-based areas 

(lots) (Lanata & Black, 1991). 

Using LQAS in health surveys requires that, firstly, an upper and lower 

perfOllllance levels should be set. This categorizes a lot into two groups; low 

or high performers. The low performers fall below the threshold value or limit 

and their experiences can be deemed to be unacceptable, poor or defective 

whilst the high performers can be said to have acceptable experience or 

coverage. 
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The required sample size, n for a LQAS is calculated as shown elsewhere 

(Food and Nutrition Technical Assistance [FANTA], 2012) as follows: 

d = [n x p/l00] 

n is therefore = 100 x d 
p 

Where n= number of cases to be foundor the sample size 

d = threshold value 

p = coverage standard. 

The small sample size required means LQAS can be used as frequently as 

needed. Compared to traditional survey methods, which are deemed costlier 

and time-consuming, LQAS is less expensive, less time consuming and can be 

managed relatively more efficiently (Lantana & Black, 1991; Robertson, 

Anker, Roisin, Macklai, & Engstrom, 1997). It is also possible to obtain 

relatively precise estimates of the performance level for the entire area 

sampled. Again, unlike traditional surveys methods that usually provide 

information at the regional or national level, LQAS provides information at 

the local level and therefore allows for direct effective local supervision and 

improvements in on-going health programmes (Valadez, Hage, & Vargas, 

2005). In this study, the LQAS was used as a sampling method in the SP 

efficacy trial for the reasons stated above. 
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CHAPTER THREE 

MATERIALS AND METHODS 

Study Area 

Sekondi-Takoradi is the administrative capital of the Western Region 
\ 

I 
I 

of Ghana. It is located in the south-eastern part of the Western Region. The 

Metropolis is bordered to the west by Ahanta West District and to the east by 

Shama District (Figure 6). At the south of the Metropolis is the Atlantic Ocean 

and at the northern part is Wassa East District. It covers a land size of 191. 7 

km2 (Ghana Statistical Service (GSS), 2014). Though the smallest district in 

terms of land size, the Sekondi-Takoradi Metropolis is the most urbanized 

I 
I' among the 22 districts in the region. It has few suburban areas. According to 

the 2010 population and housing census, Sekondi-Takoradi has a population 

of 559,548 (GSS). 

It lies on latitude 4.91 °N and longitude 1. 77°W. Sekondi-Takoradi 

Metropolis has three main vegetation types, namely, mangrove, savannah 

woodland and tropical forest. The tropical forest is predominately found 

around the northern parts of the Metropolis and stretches to the east covering a 

large part. The savannah woodland is dotted around the middle belt and 

mangrove vegetation is found along the southern portion 

The climate of the Metropolis is equatorial, with an average annual 

temperature of about 22°C, experienced between Janumy and March. Rainfall 

is bi-modal, with the major season occurring between March and July and the 
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mmor season occurring between August and November. The mean annual 

rainfall is about 1,380 mm, covering an average of 122 rainy days. 

Malaria transmission rate is nearly stable all year round with rates 

increasing in the rainy seasons mainly in the months of May, June and July. 

The incidence of malaria in the general population is 28.7 per cent and the 

incidence in pregnant woman was 1.84 % in 2014 and 1.74 % in 2015. 

(Unpublished data, Metropolitan Disease Control Unit, Sekondi-Takoradi 

Metropolitan Assembly, 2015). There were no records available on the 

prevalence of subclinical malaria neither in the metropolis nor the region. 

Study Sites 

Three health facilities were chosen. The first was the Effia Nkwanta Hospital, 

the regional referral centre for the Western region of Ghana. The second was 

Takoradi Hospital which serves as the Metropolitan Hospital and Essikado 

Hospital which serves mainly the suburban areas of the Sekondi-Takoradi 

Metropolis. These study facilities were chosen not with the aim of making any 

comparison of the variations in data outcomes, if any, but rather for the 

convenience of obtaining adequate data within a very limited time and space 

of the research work: In any case, there are essentially no differences in the 

ecological and socio-cultural settings in their locations. The study facilities 

where all located along the costal belt of the metropolis. 

Effia Nkwanta Regional Hospital 

Effia Nkwanta is the regional hospital. It is located in Sekondi and has 

a total bed capacity of 329 and an obstetric bed capacity of 48. Average 

monthly antenatal attendance for 2014 at Effia Nkwanta is 1176, with 124 

being average new attendants per a month and 1052 being average old 
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attendants per month. The total annual deliveries stood at 3,169 with a 

monthly average delivery of 264 (Records and Statistics Department of Effia 

Nkwanta Regional Hospital, 2014). 

MAP OF SEKONDI TAKORAOI METROPOLITAN ASSEMBLY 
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Figure 6: Map of Sekondi Takoradi metropolis. (Source: Ghana 

Statistical Service district reports, 2014 Accessed December 2016). 
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Takoradi Hospital 

The Takoradi Hospital is the metropolitan hospital. It is located at 

south-western part of the metropolis in Takoradi. It has a total bed capacity of 

104 and an obstetric bed capacity of 18. The average monthly antenatal 

attendance for 2015 was 1,028 and average monthly new antenatal attendees 

being 114 (Unpublished data, Record unit of the Takoradi Hospital, 2014). 

Essikado Hospital 

Essikado hospital is a very well attended government hospital which 

runs regular antenatal clinics. It is also located in the eastern parts of Sekondi. 

It mostly serves women in the relatively lower socioeconomic brackets of the 

metropolis. Average monthly ANC attendance for 2014 was 1005, with 103 of 

them being new attendees. Average monthly deliveries stood at 214 in the 

same year. (Unpublished data, Records unit of Essikado Hospital, 2014). 

Study Design 

The research was a four-part study comprising: 

1. In vivo sulphadoxine-pyrimethamine therapeutic efficacy study 

2. Maternal and Birth outcome study 

3. Characterization of molecular markers ofSP resistance and 

4. Evaluation of the quality of SP tablets used in the SP-IPTp programme 

in the Sekondi-Takoradi Metropolis. 

It employed both institutional-based prospective study and cross-

sectional study. While the therapeutic efficacy study was a prospective study, 

the birth outcome and the charactelization of molecular markers studies were 

cross-sectional. The procedures leading to the evaluation of the quality of SP 

tablets in use for IPTp were partly observational and partly experimental. 
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Study Methods 

The study methods employed in this study were mixed. The SP 

efficacy trial, the birth outcome study, the molecular surveillance and the 

laboratory experiments in the evaluation of the quality of SP tablets employed 

mainly quantitative methods to generate data. The observational tours of the 

Regional Medical stores, hospitals' stores and pharmacies as well as 

interactions with staff of these outfits were qualitative methods of data 

generation. 

Sampling Method and Sample Size Estimation 

A passive case finding method was used to recruit participants into the 

SP Efficacy study, the birth outcome study and the molecular surveillance 

study. Tablets for the evaluation of the quality of SP in use were however 

randomly selected from the study sites. 

A sample size of 40 was calculated for the SP efficacy study using the 

LQAS recommended by the WHO, (WHO, 1996) taking an estimated 

prevalence of 25% treatment failure as indication of replacement of the first-

line antimalarial drug, a 10% failure rate as acceptable with a power of 80% 

and a 95% confidence interval. 

d = [n x p/lOO] 

n is therefore = 100 x d 
p 

Wheren = number of cases to be foundor the sample size 

d = threshold value 

p = coverage standard. 
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Sample size, n 

n 

= 

= 

100xlO 
25 

40 

Forty-two (42) pregnant women were however recruited into the study through 

an active and adaptive case finding method (FANTA, 2012) 

For the birth outcome study and the study characterizing mutant dhfr 

and dhps genes, a minimum sample size of 384 was calculated as shown 

elsewhere (Ovenseri-Ogbomo, & Omuemu, 2010). Thus, for a population of 

more than 10,000; 

Sample size, N = Z2 (l-p) (P)1b2, where 

N = minimum sample size 

z = the standard normal deviation, usually set at 1.96 which corresponds to the 

95% confidence interval. 

p = the proportion in the target population estimated to have the infection. 

With no reasonable estimate, it is set at 50%. 

b = degree of accuracy desired, usually set at 5% 

Inclusion and Exclusion Criteria 

Those included the in vivo SP efficacy study were pregnant women of 

any age and parity who were at 16-26 weeks of gestation based on last 

menstrual period (LMP) or have experienced quickening (feeling of first foetal 

movements) and are yet to receive their first SP dose; those with axillary 

temperatures less than 37.5DC and had signed an infonned consent. Meanwhile 

pregnant women with a history of hypersensitivity reaction to SP or 

components of SP, had Glucose-6-Phosphate Dehydrogenase defect (Full or 

Partial), had Sickle Cell Disease, with axillary temperatures greater than 

37.5DC, those with a history of receipt of antimalarial in the past month, those 
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stool evidence of helminth infection and those known to have HIV infection 

were excluded from the study. 

The inclusion criteria for the birth outcome study were: a singleton 

pregnancy, available history of usage of SP-IPTp. (This was ascertained by a 

verbal questioning and from antenatal booklets). Delivering mothers who have 

had blood transfusion after the 16th gestational age, those who have taken any 

other antimalarial apart from SP for IPTp after the 16 th gestational age, those 

with stool evidence of helminth infection and those with multiple pregnancies 

were excluded from this study. 

All non-pregnant attendees at the general OPD of the study sites, 

regardless of demographic characteristics with microscopy confirmed clinical 

malaria were included in the study characterizing the molecular markers for 

SP resistance. 

Ethical Considerations 

The study was conducted according to the Helsinki Declaration on 

Research regarding human subjects. The protocol for this study was reviewed 

and approved by the Ghana Health Service's Ethical Review Committee 

(GHS-ERC). Ethical clearance certificate with identification number GHS-

ERC: 78/03/13 was issued by the GHS-ERC before commencement of the 

study (See appendix A for copy of certificate). Approval was also sought and 

given by respective Medical Superintendents of the three health facilities used 

in the study. 

Before any data was collected in any of the study, the rationale and 

procedures of the study was fully explained to participants in their own 

language. They were then given the chance to ask questions if any. Individuals 
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who ag d t .. ree 0 participate then signed consent fonns attached to the 

questionnaires. For participants below the age of 18 years whose assent was 

sought, their parents/guardians signed the consent fonns on their behalf. 

Confidentiality and safety were ensured at all times. 

Questionnaires 

Participants ill the therapeutic efficacy and birth outcome studies 

answered questionnaires that sought infonnation on: a) vital signs: I.Weight 2. 

Height and 3. Temperature: b) Demographic characteristics: 4. age,S. 

Educational level, 6. Occupation, 7. Partner's occupation and 8. Partner's level 

of education: Others questions included 9. Parity: 10. Date of last delivery; 11. 

History of neonatal and or perinatal death: 12. History of low birth weight: 13. 

History of prematurity in previous pregnancies 14. Malaria control measure 

used (i) Insecticide treated net (ii) Indoor residual spraying (iii) others. 15. 

Usage of an antimalarial in the last four weeks 16. Use of any sulphur 

containing drugs in the last four weeks 17. G6PD and HIV status were asked 

and responses were verified from antenatal booklets. 

Collection and Preparation of Blood Samples 

For the SP efficacy study, three different kinds of samples were 

collected and prepared. These were: Finger pricking for MRDT, venipuncture 

for venous blood as well as blotting of filter papers with venous blood. In the 

birth outcome study, both peripheral venous and placental villous blood (from 

the maternal surface of the placenta) were taken from delivering mothers and 

blotted on filter papers as well. For the Shldy characterizing the mutant genes 

for SP resistance, filter papers were blotted with venous blood from 

microscopy confinned clinical malaria in outpatient attendees. Blood sample 

96 

I 
I . 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



collection and preparation in the therapeutic SP efficacy study and in the study 

characterizing the molecular markers of SP resistance was done by trained 

laboratory technologists. Thatfor the birth outcome study was done by 

attending midwives who were so trained to do. In the preparation of sample 

for MRDT, participants were given a pin prick (using a lancet provided by the 

manufacturer) on the palmar aspect of any of their fingers (usually their 

thumb) after the area was cleaned and sterilized with methylated spirit. Micro 

Pasteur pipettes provided in the test kits were used totake about Sui of blood 

from the pricked point and delivered into the sample weIl of the kits for buffer 

addition.In all cases of venous and placenta villous blood coIlection, about 3 

ml of the venous and or placenta villous blood were obtained from each 

participant using a sterile disposable hypodennal syringe fitted with a 23-

gauge needle and dispensed from the syringe barrel into a sterile EDT A tubes 

for furtherprocessing. Venous blood samples in the EDT A tubes where used 

for malaria diagnosis by microscopy and detennination of haemoglobin levels. 

While dispensing the blood from the syringe barrel, about 5-10111 of the blood 

from participants was used to blot already cut filter papers into circular blots, 

usually about 3cm in diameter. These (the blotted filter papers) were allowed 

to air dry labeled and put into individual plastic envelopes stored at room 

temperature awaiting DNA extraction and amplification. 

Haematological Analysis 

The haematological parameters investigated for this study included 

detennination of haemoglobin levels and thin and thick film microscopy for 

malaria parasites. These were detennined only in women who participated in 

the therapeutic efficacy and birth outcome studies. 
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Determination of Haemoglobin Levels 

Haemoglobin levels for participating women were estimated using a 

Mindray® automated haematology analyzer. Anaemia was categorized using 

haemoglobin levels as follows: mild; 9.0.1-10.9 gldl, moderate; 7.0-8.9 gldl 

and severe; less than 7.0g/dl (WHO, 2011). 

Diagnosis of Falciparum Malaria 

Three methods were employed in the diagnosis of malaria. These were 

rapid diagnostic test (RDT), microscopy and polymerase chain reaction 

(PCR). All three methods were employed in the therapeutic efficacy study 

whilst two; microscopy and PCR were in diagnosing malaria in the birth 

outcome and molecular surveillance for mutant genes for SP resistance 

studies. 

Diagnosis by Rapid Diagnostic Test 

A First Response® PfHRP-2 MRDT was used in the recruitment of 

participants into the therapeutic efficacy studies. Both negative and positive 

controls were set for each box of test kits to ensure reliability of kits. 

Processes of blood sample taking were as already described. About 60111 of 

assay buffer provided was then delivered into the buffer well. Test was 

allowed to run for about 20 minutes at room temperature. A test was said to 

be positive when two rose-pink colour bands were seen at both the control (C) 

and test (T) labels. If the colour band was seen at only the control label, then 

the test was said to be a negative test. Test was said to be invalid if there were 

no bands at both the control and test labels. 
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Diagnosis by microscopy 

Microscopy for P. Jalciparum was done according to a protocol 

described elsewhere (van Eijk et aI., 2004). Thick and thin blood smears of 

both peripheral venous as well as placental villous (where applicable) blood 

were prepared and stained with Geimsa. The thin blood films were used for 

speciation. The thick films were used to estimate the parasite density. Malaria 

parasites were counted against 300 leucocytes. Parasite densities were 

expressed per microlitre using an assumed count of 8000 white blood cells per 

microIitre of blood. 

Parasite Density = 8000WBC/!l1 X Parasites counted against 300 WBC 
300WBC 

To declare a film as negative (without parasites), minimum of 100 high 

power fields would were examined. Slides were read independently by two 

experienced microscopists. If there were disparities in any result, a third and a 

more experienced microscopist read the slide. His result was deemed final. 

Polymerase Chain Reaction (PCR) 

Nested PCR methods were used to monitor treatment outcomes as well 

as distinguish between reinfection and recrudescence amongst samples with 

parasitaemia during the SP efficacy study. They were also used in the 

molecular diagnosis of peripheral and placental Plasmodium infection in the 

birth outcome studies. PCR methods were also used in amplifying dhfr and 

dhps genes in the study characterizing the markers of SP resistance in both 

pregnant women and the non-pregnant OPD attendees. The PCR machine used 

is the Techne TC-412 maufactured by Barloworld Scientific Ltd, 

Staffordshire, UK. (Details of specific primers and reaction conditions used 

for each aspect of the study has been described accordingly). 
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Detection of peR products 

Detection of PCR products was done usmg Agarose gel 

electrophoresis. The gel docwnentation machine used was EBOX VX5, Vilber 

Lounnat, Marnela-Vallee cedex 3, France. A l.5% agarose gel was prepared 

by weighing a 1.5g of agarose into a 100ml of IX TBE and microwaving until 

total dissolution of the agarose. About 31lL of Ethidiwn Bromide was added, 

swirled to mix, poured into a gel cast and allowed to stand (with a 16-wel\ 

comb(s) inserted) till the gel is formed The formed gel was put into an 

electrophoresis chamber filled with I X TBE buffer. PCR products were 

loaded into the wells with a 100kb ladder as well and the chamber was 

connected to a 95-100V constant power source. The PCR products together 

with the DNA ladder were allowed to run appreciably. The gel was then 

placed in a gel imaging cabinet and digitally photographed under UV light. 

DNA Extraction 

Dried blood spots were cut to appropriate size (approximately 3mm x 3mm) 

using disposable razor blades or a pair scissors. The pair of scissors used was 

cleaned with hydrochloric acid in between each cut whilst razor blades used 

were disposed off after each cut. DNA extraction, in all cases, was done using 

the Chelex method of DNA Extraction as described by Dokomajilar and 

Greenhouse (2006) (Appendix E). 

The Therapeutic Efficacy Study 

The aim of this part of the research was to detennine the therapeutic 

efficacy of SP-IPTp in pregnant women attending antenatal clinics at Essikado 

and Takoradi Hospitals using a prospective in vivo study. 
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Study protocol 

Recruitment for this aspect of the study was done based on the 

inclusion and exclusion criteria previously described. Pregnant women who 

met the inclusion criteria were screened for malaria using the MRDT after a 

written informed consent was sought. Their socio-demographic and obstetric 

characteristics were also assessed using a questionnaire. Venous blood was 

then taken from both pregnant women who were MRDT positive and those 

who were not. This blood sample was used for confirmation of parasitaemia, 

determination of parasite density by microscopy and determination of 

haemoglobin. Participants then received three tablets of SP (500mg 

sulphadoxine and 25mg pyrimethamine each) under direct observation of the 

healthcare providers. If a sample was MRDT positive yet was microscopy 

negative, the sample was deemed negative and the participant was withdrawn 

from the study. Those whose parasitaemia were confirmed by microscopy and 

were yet asymptomatic for malaria were then enrolled into the study. Their 

samples deemed to be day 0 samples. These participants were followed up on 

days 3, 7, 14,21 and 28,35 and 42. Venous blood was used to blot already cut 

filter papers for molecular analysis by peR. All the participants continued 

taking all other haematinics apart from folic acid. 

To encourage commitment to the follow-up visits, participantswere 

glven an equivalent of $3 (USD) at each follow-up visit to cover travel 

expenses. Where possible, mobile phone numbers of participants were taken. 

They were called and reminded of their visit a day or two prior to their day of 

follow up. Each follow-up visit included an interview for fever and recent 

medication history including anti-malarials, and measurement of axillary 
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temperature. Blood samples were also taken for diagnosis of malaria 

parasitaemia by microscopy as well as PCR. Women found to be symptomatic 

on follow-up were treated according to national guidelines and excluded from 

the study. 

Molecular analysis 

PCR was done for the amplification of the msp2 protein of the 

Plasmodium Jalciparum parasite on all day 0 samples and on each day of 

follow up. A 251.ti PCR reaction mixture was prepared in all cases. This 

consisted of 12.5ul of the DreamTaq green® premix; 0.31-11 each of the forward 

and reverse primers; 10.21-11 nuclease free water and 21-11 of extracted DNA 

samples or controls as the case may be. Primers and reaction conditions for the 

PCR were as followed in table I. 

Table 1: Primers and reaction conditions for amplification of msp2 

proteins. 

Primers Reaction conditions 

Nestl Initial denaturation at 94°C for 3 

81:5'GAGTATAAGGAGAAGTATG3' minutes; 30 cycles of denaturation 

84:5'CTAGAACCATGCATATGTCC3' at 94°C for 25 seconds, annealing 

at 42°C for 1 minute and 

extension at 65°C for 2 minutes. 

Final extension was at noc for 3 

minutes. 

Nest 2 Initial denaturation at 94°C for 3 

825'GAGGGATGTTGCTCCACAG3' minutes; 30 cycles of denaturation 

835'GAAGGTAATTAAAACATTGT3' at 94°C for 2 minutes. Annealing 
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Distinguishing between recrudescence and reinfection 

To distinguish recrudescence from new infection, msp2 peR products 

of paired pre-treatment sample and samples which showed presence of 

parasites after treatment were run side by side on a 1.5% Agarose gel and with 

a 100bp DNA ladder. Paired DNA bands that moved at the same rate were 

determined as being from the same parasite strain and were therefore 

classified as cases of recrudescence: Paired bands that moved at different rates 

on the gel were considered to be from different strains of parasite and 

therefore classified as being cases of re-infection. 

The Maternal and Birth Outcome Study 

The objectives of this study were (i) to determine the peripheral and 

placental blood prevalence of Plasmodium parasites in delivering mothers (ii) 

to determine the relationship between the number of SP doses and the 

prevalence of peripheral and placental parasitaemia in delivering mothers (iii) 

to measure birth weight of babies and correlate it with peripheral and placental 

parasitaemia, IPTp-SP usage and maternal anaemia and ITN usage and (iv) to 

determine the specific mutation of Plasmodium Jalciparwn in peripheral and 

placental blood samples. It was a retrospective cohort study. It involved 

women of all parity and of all ages delivering at the study facilities. 

Study protocol 

Delivering mothers at the selected health facilities were recruited into 

the study based on inclusion criteria previously described. Their informed 

consent was sought. Those who agreed to be involved had their demographic 

and obstetrics characteristics taken using the questionnaire. Their pel;pheral 

venous and placental villous blood were taken at delivery and examined for 
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the presence of the malaria parasite by both microscopy and PCR. Maternal 

haemoglobin levels were also determined from the peripheral venous blood. 

Anaemia was categorized as describedpreviously. Birth weights of babies 

were also measured to the nearest 109. Low birth weight was defined as a 

birth weight less than 2.5 kg. The number of doses of SP taken by the 

delivering mothers was determined by asking mothers. This was confirmed 

from ANC booklets. Micronutrients (such as iron, multivitamins and folic 

acid) supplementation was also confirmed from the ANC booklets. Detection 

of Plasmodium parasitaemia was by both microscopy and PCR. Detection of 

parasitaemia by microscopy has been previously described. 

Detection of Plasmodium parasitaemia by peR 

Detection by PCR followed the protocol described by Singh et aI, 

(1999). It was a nested PCR and involved the use of both genus and species­

specific primers in a 251.tl reaction mixture in all cases. This consisted of 

12.5/l1 of the DreamTaq green® premix; 0.3/l1 each of the forward and reverse 

primers; 1O.2/l1 nuclease free water and 2/l1 of extracted DNA samples or 

controls as the case may be. Controls were 3D7 laboratory strains which was 

supplied by Professor Neils Quashie of the Noguchi Memorial Institute of 

Medical Research. The primers involved and the corresponding reaction 

conditions were as shown in table 2 below: 
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Table 2: Plasmodium genus specific peR primers and reaction conditions 

Primers 
Reaction Conditions 

rPLUl: 5'TCA AAG ATT AAG CCA TGC Initial denaturation was 

AAG TGA3' at 94°C for 4 mm; 

rPLU5: 5'CCT GTT GTT GCC TTA AAC followed by 35 cycles of 

TCC3' denaturation at 94°C for 

30 seconds, annealing at 

58°C for 1 nun and 

extension at noc for 1 

min. Final elongation was 

at noc for 4 min. 

rPLU3: 5' TTT TTA TAA GGA TAA CTA Initial denaturation was 

CGG AAA AGC TGT3' at 94°C for 4 mm; 

rPLU4: 5' TAC CCG TCA TAG CCA TGT followed by 35 cycles of 

TAG GCC AAT ACC3' denaturation at 94°C for 

30 seconds, annealing at 

62°C for 1 mm and 

extension at noc for 1 

min.Final elongation was 

at noc for 4 min. 

Products of the nest 2 PCR were then separated in 1.5% agarose gel by 

electrophoresis after staining with ethidium bromide and read under UV light.. 

If a sample showed DNA bands, its nest 1 PCR product was used as DNA 

template for another nest 2 PCR, this time involving species-specific primers 

for genotyping the Plasmodium species type as shown in table 3 below. 
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Table 3: Species specific PCR primers and reaction conditions for 

Plasmodium 

Primers Reaction Conditions 

P. Jalciparum Initial denaturation was at 

rFALl: 5' TTA AAC TGG TTT GGG AAA 94°C for 4 min; followed by 

ACC AAA TAT ATT3' 35 cycles of denaturation at 

rFAL2: 5' ACA CAA TGA ACT CAA TCA 94°C for 30 seconds, 

TGA CTA CCC GTC3' 

P. vivax 

annealing at 58°C for 1 min 

and extension at noc for 1 

rVlVI: 5' CGC TTC TAG CTT AAT CCA min.Final elongation was at 

CAT AACTGATAC3' nOCfor4min. 

rVlV2: 5' ACT TCC AAG CCG AAG CAA 

AGA AAG TCC 3' 

Product of species specific PCR were also detected in a detection 

chamber under UV light after 1.5% agarose gel electrophoresis with ethidium 

bromide staining. 

Surveillance and Characterization of Molecular Markers of SP Resistance 

The aim of this aspect of the study was to determine prevalence and 

characterize the markers of SP resistance both in participating pregnant 

women and in Plasmodium positive attendees at the general OPD. Isolates 

used were form: 

1. Samples from attendees at the general OPD who have been confirmed, 

using microscopy as having clinical malaria. 

2. All microscopyconfirmed day 0 samples as well as specimens which 

the Plasmodium falciparum fail to clear in the therapeutic efficacy 

study. 

3. PlasmodiumJalciparum positive peripheral and placental specimens in 

the birth outcome study. 
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Study protocol 

Blood samples of attendants at the general OPD of the study sites with 

microscopy confirmed clinical malaria were blotted on filter papers after 

informed consent was sought. These attendees were categorized into two 

groups; 0-59 months and those above 59 months. DNAs extracted from these 

samples were used toanalyze and characterize mutations in dhfr and dhps 

genes as an index for the general population studied. DNA was extracted using 

the Chelex method of DNA extraction as described previously. In the case of 

the categories of pregnant women described above, DNAs already extracted 

from the previous studies (therapeutic efficacy and birth outcome studies) 

were used to determine the specific mutations, if any, in these participants. 

Extracted DNAs were all stored at -32°C pending usage. 

Detection of the mutations in the dhfr and dhps genes 

The detection of mutations in the dhfr and dhps genes was done by 

modification of a protocol described elsewhere (Duraisingh et ai., 1998). It 

involved a nested system of amplifying the region of a gene of interest by 

PCR, followed by restriction digestion. 

The PCR protocols 

Primers used for the PCR included those so designed to be able to . 

create restriction sites so that even polymorphisms not described by natural 

restriction sites can be detected to distinguish between all of the 

polymorph isms in the dhF and d/zps genes known. However, for this study, 

the interest was in mutations in Sl08N, N51I andC59R; the so called triple 

mutations in the dlifr gene responsible for pyrimethamine resistance and 

K540E and A437G mutations in dhpsgene responsible for sulphadoxine 
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resistance. All primers were purchased from The Midland, Certified Reagent 

Company, Texas, USA. 

The PCR reaction mixtures for both nest 1 and 2 were made to a volume of 

2SJlI; comprising 12.SJll of the Dream taq green® premix, 10.2Jll of nuclease 

free water, 0.3Jll of both the forward and reverse primers and2Jll of the DNA 

template. Primers and reaction conditions were as shown in table 4 and S 

below. 

Table 4: Primers and reaction conditions for dhfr amplification 

Primers 

Nest 1 

MlS'TTT ATGATGGAACAAGTCTGC 

3' 

Reaction Conditions 

Initial denaturation at 94°C for 3 

mm; then 94°C for 1 mm, 

annealing at 4SoC for 1 min and 

M5S'AGTATATACATCGCTAACAGA extension at noc for 1 mm, 

3' repeated for 40 cycles, with a final 

extension step at noc for 10 min 

Nest 2 

M35'TTTATGATGGAACAAGTCTGC 

GACGTT3' 

F~'AAATTCTTGATAAACAACGGA 

Reaction conditions for nest I 

were same as above, only that in 

this case, the first five annealing 

steps were carried out for 2 

ACCTttT A3 ' minutes. 

FS'GAAA TGT AA TTCCCTAGATATG 

gAATATT3 ' 

M4S'TTAATTTCCCAAGTAAAAC 

T A TT AGAgCTTC3' 
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Table 5: Primers and rea t· d· . . . c Ion con ltions for dhps amplIfication 
~P~r~Un~e=~~-------------------------~~------------------' 

Reaction Conditions 
Nest I 

R25' AACCTAAACGTGCTGTTCAA3' 

R/5' AA TTGTGTGA TTTGTCCACAA3' 

Nest 2 

K5'TGCTAGTGTTAT AGA T AT AGGatGAG 

cATC3' 

Kl5'CTATAACGAGGTATTgCATTTAATg 

CAAGAA3' 

Initial denaturation at 94°C 

for 3 min; then 94°C for 1 

min, annealing at 45°C for 1 

min and extension at 72°C for 

1 min, repeated for 40 cycles, 

with a final extension step at 

noc for 10 min 

Reaction conditions for nest 1 

were same as above, only that 

In this case, the first five 

annealing steps were carried 

out for 2 minutes. 

Restriction Fragment Length Polymorphisms (RFLP) 

Enzymatic restriction digestions were carried out overnight with the 

various restriction enzymes using the protocols described by the manufacturer 

(Midland Certified Reagents Company, Texas USA). The enzymes Tsp509I 

and BsrI were used to digest at codon 51 and 108 on the dhfr gene 

respectively, each at 65°C for 16 hours after nest 2 PCR amplifications with 

the primers M3 and Fl. XmnI was used for digestion at codon 59 on the dhfi-

gene at 37°C after nest 2 PCR amplifications with the primers F and M4. 

Codons 437 and 540 on the dhps genes were digested by enzymes MwoI and 

Fold respectively, both at 37°C after nest 2 amplification with the primers K 

and KI. A reaction volume of 20,.Li was used for all digestions. This comprised 

lOJll of the peR product, 8.5JlI of nuclease free water, l~tl of buffer and O.SJlI 

of the restriction enzyme. 
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Controls 

The external control used was the 3D7 laboratory strain supplied by 

Professor Neils Quashie of Noguchi Memorial Institute of Medical Research. 

However, the primer designs used provided for internal controls in the PCR 

products after Nest 2 amplifications. For instance, PCR product following nest 

2 amplification with M3-FI contained an additional Tsp509I restriction site 

which served as an internal control for the digestion of codon N51 I. The peR 

product after Nest 2 amplification with the primers F-M4 also contained an 

extra XmnI restriction site which served as an internal control for the digestion 

of C59R as well as an extra site for the enzyme AluI in the digestion of 

S108N. The primer K/ created an additional restriction site in its product for 

the enzyme MwoI as internal control for the digestion of A437G whilst the 

primer K created an internal control for the digestion of K540E by F okl. 

Gel electrophoresis 

This was done on 2.5% agarose gel stained with ethidium bromide. 

lOObp markers were used to size the DNA bands and visualized under a digital 

UV light gel documentation system. 

Evaluation of the Quality of SP Tablets in Use as SP-IPTp 

Since procurement and storage of a drug affects the quality of the drug 

given to the end user, the evaluation of the quality of SP tablets being used as 

IPTp at the time of the study begun by firstly, assessing the supply chain and 

storage conditions of these drugs. This was then followed by identifying the 

active compounds, SP, in the sampled tablets, then assaying the amount of 

these active compounds in the tablets using the United States Pharmacopoeia 

(USP). The solubility of the sampled tablets was also evaluated as a measure 

of quality using a dissolution method. 
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Storage and supply chain of the SP tablets 

SP is a programme drug. It is therefore supplied to most public medical 

facilities at no cost by the central medical stores through the regional medical 

stores of the ministry of health. A visit was therefore paid to the western 

regional medical stores to ascertain on first-hand the supply and storage 

processes. At the store, there was an interaction with the store managers to 

find out on issues bordering on the supply chain. There was also a visit to the 

phannacy unit of the studies facilities to interact with the managers there and 

to ascertain at first hand their storage conditions as well as how the drugs 

eventually gets to the end user, the pregnant woman. SP tablets for analysis of 

solubility and USP were sampled from all the three study facilities and from 

the regional medical stores and analysis were done at the Analytical 

Laboratory of the FDA, Accra, Ghana. 

Identification of the active principles and quantities of sulphadoxine and 

pyrimethamine in the tablets sampled 

The identification of the sulphadoxine and pyrimethamine and 

quantification of same, in the sampled tablets, followed a method described in 

the US phannacopoeia National Fonnulary, 20lS .Volume 3 with some 

modifications. The method involved preparation of the SP tablets into solution 

and subsequent injection into a High-Perfonnance Liquid Chromatography 

(HPLC) machine. 

The High-Pelformance Liquid Chromatography (HPLC) equipment 

The HPLC equipment used was the Agilent® 1260 Infinity Series fitted 

with a Quaternary pump, an Auto-sampler, Column Temperature 

Compartment and a Variable Wavelength Detector (VWD).The column for the 
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HPLC for the experiments was Ph enomenex lung Phenyl-Hexyl 5u 150 x 

4.6mm; serial number: 512900-8. The mobile phase was Acetonitrile: 0.1% 

Phosphoric Acid (17:83, v: v). All HPLC experiments were maintained at 

ambient temperature at a flow rate of 2.38mllmin using a 20-~L injection 

loop. Detection was under UV light at 230run. 

Preparation of reference standard 

The reference standard used was O.4mg/ml Sulfadoxine and 0.02mg/ml 

Pyrimethamine. This was prepared by transferring 40mg Sulfadoxine 

Reference Standard and 2mg Pyrimethamine Reference Standard (procured 

from the US Pharmacopoeial Convention TM) into a 100ml volumetric 

flask.17ml of Acetonitrile was added and sonicated to dissolve. Solution was 

further diluted with 0.1 % Phosphoric acid solution to volume. 

Sample preparation 

Twenty tablets, randomly selected from the study facilities were 

weighed individually and ground into powder form. To the accurately weighed 

powder equivalent to 200mg of sulphadoxine and 10mg pyrimethamine in a 

100rnL volumetric flask, 28ml of acetonitrile was added and the sample was 

then sonicated for 30 minutes and allowed to stand for some time. The sample 

was diluted with 0.1 % Phosphoric acid to volume and mixed. Then 5 ml of the 

resulting solution was pipetted into a 25ml volumetric flask and diluted with 

the mobile phase to volume. The solution was filtered and 5mls of the filtrate 

was taken for the injection into the HPLC for analysis. 

Identification of active principles in the tablets sampled 

The separation and subsequent identification of sulphadoxine and 

pyrimethamine, using the USP method was first verified by injecting a mixture 
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of reference standard sulphadoxine and pyrimethamine solutions on the HPLC 

column with detection at 230 run under conditions described previously. The 

reference standard used was O.4mglml and 0.02mglml of Sulfadoxine and 

pyrimethamine respectively. Six (6) injections of 20111 of the standard were 

made in all. The average retention times of sulphadoxine and pyrimethamine 

in the standard injections were determined. Six injections were also made for 

the sample and the average retention times for sulphadoxine and 

pyrimethamine were determined. The average retention times of the 

sulphadoxine and pyrimethamine in the samples were compared with the 

average retention times of the sulphadoxine and pyrimethamine in the 

standard. 

Determination of quantities of sulp/radoxine and pyrimethamine in the SP 

tablets (Assay). 

For the assay of the active principles in SP, the active principle assayed 

is expected not to be less than 90% or more than 110% of the amount on the 

label. 

The percentage assay was calculated as followed: 

Percentage Assay equals 

Sample Response X Standard Concentration X Standard Potency X 100% 
Standard Response Sample Concentration 
Where: 

Sample Response is the area under the curve of the peaks of sulphadoxine and 

pynme amme m . . tb . . the sample It is equivalent to the amount of the active 

principle (sulphadoxine and PYIimethamine) that eluted in HPLC the analysis 

an t ere ore e am d h Ii tb ount of the active principle of the sample that dissolved in 

the buffer. 
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Standard Response is th d e area un er the curve of the peaks of sulphadoxine 

and pyrimethamine in th fi . . e re erence standard used. It IS eqUivalent to the 

amount of sulphadoxine and pyrimethamine that eluted in the HPLC analysis. 

Standard Concentratz'on h 
IS t e concentration of sulphadoxine' or 

pyrimethamine in the standard solution used. 

Sample concentration is the concentration of sulphadoxine or pyrimethamine 

in the sample used. 

Standard Potency is the potency or strength of the standard solution to be used 

as reference. 

Determination of the solubility of SP tablets 

The solubility of SP tablets in use at the time of the study was 

determined using dissolution tests described in the US Pharmacopoeia (2015), 

USP 38, National Formulary 33rd edition, Vol 3. A Dissolution test is done to 

determine the amount of active ingredient that is released from the dosage 

form. The test result can be used as surrogate marker of in vivo bioavailability. 

It involves the dissolution of formulations of the drug in given buffer using a 

dissolution apparatus and subsequent determination of the amount of the 

active principles that goes into solution within a specific time using the HPLC. 

The Dissolution apparatus 

The apparatus used was the paddle apparatus. The essential parts of the 

apparatus are; a paddle, vessels (six of them) and a motor. The paddle (made 

of stainless steel type 316) fOimed from a shaft and a blade was used as a 

stirring element. The shaft is positioned such that its axis is not more than 

2mrn from the veltical axis of the vessel at any point and it rotates smoothly 

without any significant wobble that could affect the results. A distance of 
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25+/- 2 mm is allowed between the bottom of the blade and the inside bottom 

of the vessel and this is maintained throughout the test. The vessels are 

cylindrical with a hemis h . 1 b p enca ottom and are made of a transparent glass 

material (to allow for observation). They are fitted with a heating jacket which 

allows holding the temperature inside the vessels at 37 +/- O.soC during the 

test and keeping the fluid medium used in constant smooth motion. 

The dissolution procedure 

A phosphate buffer dissolution medium (PH: 6.8) was prepared. Each 

of the six glass vessels of the dissolution apparatus were filled with the 

dissolution medium to a volume of 1000ml. The heating jacket was then 

turned on and the dissolution medium was equilibrated to 37+/-0.SoC and was 

covered. One dosage unit ofSulphadoxine-Pyrimethamine tablet was placed in 

each vessel. Care was taken to exclude air bubbles from the surface as the 

dosage unit was being placed into the medium. Operation of the apparatus 

then begun immediately after placing the dosage unit into the vessel. This was 

done by starting the paddle to rotate at a speed of 75rpm. At 30 minutes, Sml 

of the sample from each vessel was taken and 20111 of each was injected into 

the HPLC machine for detelmination of the amount of Sulphadoxine and 

Pyrimethamine dissolved in the dissolution medium. There were two 

injections from each vessel. A Standard Solution of OAmglml and 0.02mglml 

of Sulfadoxine and pyrimethamine was used respectively. 

Analysis of outcomes of dissolution 

For immediate-release dosage forms such as Maladar
Th

' the US 

phannacopoeia dissolution requirements for Sulphadoxine and Pyrimethamine 

is that not less than 60% of the labeled amount of Sulphadoxine and 
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Pyrimethamine should b d' I . . . e ISSO ved In a dIssolutIOn medium in 30 minutes 

(United States Pharmacopoeia, 2015 & Minzi et a!., 2003) 

The percentage release of each active principle was calculated usmg the 

formulae below: 

Sample Response X Standard Concentration X Standard Potency X 100% 
Standard Response Sample Concentration 

Definitions of the above parameters are as described previously. 

Data Analysis 

Data for the in vivo SP efficacy study was entered into STAT A, 

version 13.0. Prevalence of anaemia and usage of ITN amongst participants 

were determined. Associations between (i) maternal age and parasite density 

(ii) parity and parasite density and (iii) parasite density and anaemia were 

determined using a Pearson correlation analysis.Percentage parasitic clearance 

on days 28 and 42 was also calculated and compared with the WHO expected 

for continuous use of a drug. 

Data from maternal and birth outcome study was entered into SPSS 

version 21. Prevalence was calculated for the following; (i) peripheral and 

placental parasitaemia by both microscopy and by PCR in delivering mothers 

(ii) mutant genes in the Plasmodium parasites responsible for resistance (iii) 

anaemia in delivering mothers and (iv) low birth weight. 

A Chi-square test was used to test how low birth weight was associated with 

(i) number of SP doses taken (ii) peripheral and placental parasitaemia, 

malaria vector control measures (iii) and (iv) maternal haemoglobin. A 

multivariate regression analysis was used to assess the risk posed by these 

factors to low birth weight. Chi-square test was also used to determine 

theassociation between placental Plasmodium parasitaemia and (i) number of 
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SP doses taken (ii) parity of delivering mothers and (iii) the use of malaria 

control measures. A multivariate regression analysis was further used to test 

the risk posed these factors to prevalence of placental Plasmodium 

parasitaemia. A chi-square again tested for the association between maternal 

anaemia and SP dosages taken, Plasmodium parasitaemia and use of ITNs. 

Data from the molecular markers of SP resistance surveillance was 

entered also entered into STAT A version 13.0. Prevalence for single, double, 

triple, quadruple and quintuple mutations were detennined at dhfr 151, R59, 

NI08, and dhps G437 and E540 amongst outpatients at the general OPD and 

participating pregnant women. Significance in the difference in the prevalence 

of mutations in isolates from adults and children was also detennined using 

the z-test score. 

In identifying sulphadoxine and pyrimethamine as the active principles 

in the SP tablets, mean retention time for sulphadoxine and pyrimethamine 

were compared to that of their respective standard. The tablets were deemed to 

contain Sulphadoxine and pyrimethamine if their mean retention time 

calculated were +/- 10% of their respective standard preparations. A t-test was 

also done to compare the mean retention times of the samples and standards. 

Quantities of Sulphadoxine and pyrimethamine assayed were compared to the 

expected 90% lower limit or 110% upper limit of the labeled amounts. 
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SP Efficacy Study 

CHAPTER FOUR 

RESULTS 

General characteristics of participating women 

A total of Four hundred and thirteen (413) ANC attendees who met the 

inclusion criteria for the study were screened for malaria using MRDTs as as 

described on page 98 above. Out of these, fifty-seven (57) representing 13.8% 

were found to be positive. Microscopy after Geimsa staining, however 

confirmed P. falciparum infection in forty-two (42) representing 10.2% of the 

samples. The species-specific PCR detecting Plasmodium Jalciparum later 

confirmed fifty-four (54) of samples, representing 13.1%. This put the 

prevalence of asymptomatic malaria amongst the popUlation studied at 13.8% 

by MRDT, 10.2% by microscopy and 13.1 % by PCR. 

The mean age of the participating pregnant women was 28.02 years. 

Age, eighteen (18) was the least and thirty-nine (39) was the oldest. The mean 

gravidity was 2.0. Eleven participants (11), representing 26.19% were 

primigravidae. The mean gestational age was 19.7 weeks. Though 73.81 % of 

the participating women owned ITNs, only 57.14% of them were actually 

using it as a malaria control measure. The reasons for not using the nets 

included; rooms being too hot, not really appreciating the need for its use, the 

perception that there are no mosquitoes in the enviromnent they live in and 

inability to mount nets amongst others. Seven (7), representing 16.67% out of 
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the forty-two participants included i
sickling positive; all of

statistically significant negative correlation between

parasite density and anaemia (r=0.0028, /?=0.02) as shown in Figure 7.
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Figure 7: Correlation between parasite density and haemoglobin 

Association between parity and parasite den ’ty

There was also a significant negative correlation between participants'

parity and parasite density (r--0.0053^< »'»»» “ 8

U1V included in the study were

whom had the genotype AS when Hb electrophoresis was done.

The mean haemoglobin was 10.73g/dl. Prevalence of anaemia among 

participants was 76.19%: 42.86% being mild; 30.95% being moderate and 

2.38% being severe. The mean parasite density was 149.6 parasite/pl. Five (5; 

11.9%) of the sample showed presence of gametocytes.

Association between parasite density and anaemia
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Fitted values

This study observed a statistically significant relationship between age

of participants and parasite density (r=-0.0166, p=0.05).

Parasite clearance

The msp2 gene was not amplified in three (3) of the forty-two (42)

samples taken. Three (3), representing 7.14% of the participants, were lost to

follow up by day 7 and one (1) more person was lost to follow up by day 14

(making a total number of 4 (9.52%) participants lost to follow up by day 14.

Only one (1) participant, representing 2.38% as detected by microscopy 2.56%

by PCR failed to clear parasites by day 3. The day 3 parasite clearance rate

participants had cleared parasitaemia. Giving a parasite clearance rate of 100%

parasitaemia in two (2) participants detected by both microscopy and PCR.

120

o o co

o o 
CXI

o o

95% Cl
PARA D (P|UL)

2 
PARITY

Figure 8: Correlation between parity and parasite density 

Association between age and parasite density

o o 
XT

O 
O
▼y

as detected both microscopy and PCR. By day 21, there was a reappearance of

was therefore 97.62% as by microscopy and 97.44% by PCR. By day 7, all
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These had parasites densities of 58 and 183parasites/fll. There was the 

reappearance of parasitaemia in two (2) more participants by day 28 detected 

by PCR. (Parasitaemia was detected in only one participant by microscopy: 

parasite density of 102 parasite/fll on day 28). 

The day 28 rate of parasite clearance as detected by microscopy was 92.11 % 

whilst clearance detected by PCR was 88.57%. There were no additional 

parasitesreappearing on days 35 and 42. An four participants with 

parasitaemia failed to clear parasites by day 42. 

Gel electrophoresis of paired samples of parasites that failed to clear 

by day 42 and their pre-treatment counterparts showed that parasitaemia in 

one of the samples was as a result of recrudescence whilst that in the 

remaining three were as result of re-infection: The reinfection rate by day 28 

was therefore 7.89%. Two (2) of these three women who got reinfected did 

not use ITN as a malaria control measure. One (D2, as shown in Figure 9) of 

these had reinfection by two (2) different strains of the parasite. 
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of the mutations detected.

122

Enzymatic restriction fragmentation was done to detect mutations 

N108, R59 and 151 on the dhfr gene and E540 and G437 on the dhps gene for 

day 0 parasites which dhfr and dhps genes were detectable. Dhfr and dhps 

genes were amplified in all 42 day 0 samples and in samples that showed the 

presence of parasites on any other day. Table 6 is a summary of the prevalence

Prevalence of single mutations

Single mutations in the dhfr and dhps genes were found as follows: 

N108 (36, 85.7%); R59 (35, 83.3%); 151 (31, 73.8%) for dhfr gene and E540 

(3, 7.1 %); G437 (8, 19.1 %) for dhps genes.
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Figure 9: Gel electrophoresis pattern of msp2 genes of P. falciparum\ 

isolates that failed to clear by day 28 and isolates from their paired pre­
treatment samples. (Al, Bl, Cl, and DI are msp2 genes from 

pretreatment isolates while A2, B2, C2 and D2 are from isolates of day 28 

samples that failed to clear.
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Prevalence of double and mUltiple mutations 

Prevalence of double mutations was as follows: IN: (33, 78.6%); RN: 

(34, 81%); IR: (31, 73.8%); GE: (0, 0.0%). Triple mutations IRN: (30, 

71.4%). Quadruple mutations IRNG: (5, 11.9%) The quadruple mutation, 

IRNE was not found. There were no quintuple mutations as well. 

Table 6: Prevalence of double and multiple mutations on dhfr and dhps 

genes of Plasmodium falciparum isolates from day 0 samples 

Mutations Frequency Percentage 

IN 33 

RN 34 

IR 31 

GE 0 

IRN 30 

IRNG 5 

IRNE 0 

IRNGE 0 

Note 

IN refers to double mutations 151 and N108 

RN refers to double mutations R59 and N108 

IR refers to double mutations 151 and R59 

IRN refers to mutations 151, R59 and N108 

IRNG refers to quadruple mutations 151, R59, NI08 and G437 

d Ie mutations 151 R59, Nl 08 and E540 IRNE refers to qua rup , 

78.6 

81.0 

73.8 

0.0 

71.4 

11.9 

0.0 

0.0 

. t I mutations 151 R59, NI08, G437 and E540 IRNGE refers to qUill Up e , 
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The parasite that failed to 1 ( 
c ear recrudescence) by day 28 had triple mutation 

IRN. Two (2) of the other three (3) which were determined to be as result of 

reinfection had double mutations IN. 

Maternal and Birth Outcome Study 

Demographic characteristics of study participants 

A total number of four hundred and twenty-five (425) delivering 

mothers participated in this aspect of the study. The modal age group was 20-

29 years and the mean age was 28 .7 years. Meanwhile, 7.6% of the 

participants were in their teen ages and 3.4% were 40 years and above. 

Thirty-one of the participants had no form of formal education whatsoever 

while majority, two hundred and fifteen were (215) representing 52.2% had 

had education to the basic level; primary, junior high or middle school: Only 

sixty-four participants (15.5%) have tertiary level education. Thirty-one 

participating women (7.4%) had no form of employment. Of those employed, 

70.6% were in the informal sector whilst 22.0% were in the formal sector. 

Sixty-nine percent (69.0%) of the participants lived in the urban centres of the 

metropolis whilst 31 % lived in sub-urban areas. The mean gravidity of the 

women was 2.19 whilst the modal gravidity was 3. The mean birth weight was 

3.38kg. 

Study outcomes 

Frequency of 1PT doses taken 

During the period of the study, there were shortages of the SP drugs in 

some of the facilities because of a general national shortage. All participants 

recruited from the Takoradi hospital (152) had therefore not taken any dose of 

SP. These were considered as lPTO or control group. Of those who had taken 
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any SP dose, thirty-six, representing 8.5% had taken only one dose of SP, 

eighty-five of them, representing 20.0% of the participants took 2 doses and 

one hundred and fifty-two (representing 35.8% of the total but 55.7% of the 

group that took SP) of the participants took 3 doses. No participant took more 

than 3 doses ofSP. These were as shown in table 7 and figure 10 below. 

Table 7: Frequencies doses oflPT taken by delivering mothers. 
IPT Dose Frequency Percentage (%) 

IPTO 

IPTl 

IPT2 

IPT3 

.. ' <: 

'" u 
~ 20 
Il. 

i 

10 1-

0 

f!5.76 '4 

o 

Figure 10: IPT usage. 

[illg 

: 

Malaria vector control measures 

152 35.8 

36 8.5 

85 20.0 

152 35.8 

f!5.16'1./ 

~o .oo%1 

2 3 

SP Doses 

h 64 8 percent of the delivering mothers recruited It was observed t at . 

. ode of malaria vector control. Of the 35.2% who were using ITNs as theIr m 

13 30/< owned the nets but failed to use tham. The were not using the ITNs, . 0 
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total !TN coverage in tenns of ownership was therefore 78.1 %. Twenty-eight 

percent (28.3%) used indoor spraying of insecticides as their measure of 

mosquito control. Four of the participants were not using any fonn of vector 

control measure and about twenty-six (6.12%) were using other fonns of 

mosquito control such as mosquito repellents, mosquito coils, wearing of 

protective clothing. These were as represented in figure 11 below. 

60-

50-

~ 

~ 

L I ~ ~ 
I I I I !l 

None ITN Spraying OthelS 

Malaria Control 

Figure 11: Malaria vector control measures used by participants. 

Maternal outcomes 

Prevalence ofmaternal anaemia. 

O 47°/ f the participants were found to have various levels A total of 4. 10 0 

. I b' (Hb) levels less than 11 .0g/dl) as shown in figure of anaemIa (haemog 0 III 

. t d for 1.18% (Hb less than 7g/dl); moderate 12. Severe anaemIa accoun e 

. ° f 70-89 gldl) and mild anaemia, 24.27% (Hb of 9.0-anaemIa, 14.82Yo (Hb 0 . . 

10.9g1dl). 
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Fig. Jl2: Prevalence of anaemia 

Pr!21ijlflff2l1- l~e Plasmodium parasitaemia 

TI,e prevalence of peripheral blood Plasmodium parasitaemia was 

fOlW-' ':n be 1.89% by micrscopy and 3.54% by PCR. Placental parasitaemia 

were {'.25% and 6.37% by microscopy and PCR respectively as shown in table 

8 below. 

Table 8: Prevalence of parasitaemia 

Microscopy peR 

N Positives Prevalence N Positives Prevalence 

Peripheral 424 8 1.89% 424 15 3.54 

Blood 

Placental 424 18 4.25% 424 27 6.37 

Blood 

A Wilcoxon Signed Rank test was performed: Itwas observed that 

there was a statistically significant difference between the prevalence of 

peripheral and placental Plasmodium parasitaemia as detected by microscopy 
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(z: -3.162; p=0.002) as well as by PCR (z: -3.464 ; p: 0.001). It was also 

observed that difference in prevalence of peripheral blood Plasmodium 

parasitaemia as detected by microscopy was statistically significant compared 

to that detected by PCR (z: -20.42; p: 0.000). The difference in prevalence of 

placental parasitaemia detected by microscopy and PCR, was also statistically 

significant (z: -20.32 p: 0.000). 

Test of association between martenal anaemia and factors affecting 

maternal anaemia. 

A Chi-square (X?) test was used to test the association between 

maternal anaemia and the factors influencing the risk of anaemia. Factors 

considered were number ofSP doses taken and the use of malaria control 

measures. Maternal anaemia was not significantly associated with the number 

of SP doses taken ("1:= 8.37, p=0.5) nor use of malaria control measures such 

as ITN and Indoor spraying with insecticides (X?=6 .62,p=0.7) as shown in 

Table 9. 
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Table 9: Test of association between maternal anaemia and factors affecting the 

risk of anaemia. 

Factors No. Mild Moderate Severe xl p-

Tested Anaemia Anaemia Anaemia value 

No. (%) No. (%) No. (%) 

Doses of ---- --_.-
8.37 0.5 

SP 

Nil 168 36 (21.4) 26 (15.5) 1 (0.6) 

1 44 10(22.7) 10 (22.7) 0(0.0) 

2 80 21 (26.3) 13 (16.3) 2 (2.5) 

3 133 38 (28.6) 14 (10.52) 2 (1.5) 

Vector 6.62 0.7 

Control 

None 15 4 (26.7) 3 (20.0) 0(0.0) 

ITN 211 82 (38.9) 48 (22.7) 5 (2.4) 

Indoor 33 10 (30.3) 8 (24.2) 0(0.0) 

Spraying 

Others 16 6 (37.5) 2 (12.5) 0(0.0) 
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Test of association between peripheral Plasmodium parasitaemia and 

factors influencing the risk of parasitaemia 

A Chi-square test showed that peripheral Plasmodium parasitaemia was 

significantly influenced by both the number of doses of SP taken (X2= 10.59, 

p=O.OI) and the use of a malaria control measure (X~9.34, p< 0.001) as 

shown in Table 10 below. 

TablelO: Test of association between peripheral Plasmodium parasitaemia 

and factors influencing the risk of parasitaemia. 

.Factors No. Tested Positive X? p-value 

No. (%) 

SP Doses 10.59 0.01 

Nil 172 12 (7.0) 

1 41 1 (2.4) 

2 72 0(0.0) 

3 132 2 (1.5) 

Vector 49.34 <0.001 

Control 

None 15 5 (33.3) 

ITN 345 5 (14.5) 

Indoor 33 2 (6.1) 

Spraying 

Others 16 2 (12.5) 
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Multivariate regression analysis between peripheral Plasmodium 

parasitaemia and factors that affect the risk of the infection. 

A multivariate regression analysis done showed that not taking SP at all was 

associated with a four-fold increase risk of malaria infection as compared to 

taking 3 doses of SP (AOR=4.88, p=0.04). Meanwhile, the use of ITNs 

reduced by 9-fold the risk of peripheral Plasmodium infection (AOR=9.71, 

p=O.OI) as shown in table 1 I below. 

Tablell: A multivariate regression analysis between peripheral 

Plasmodium parasitaemia and factors affecting the risk of infection. 

Factors 

SP Doses 

Nil 

1 

2 

3 

Vector 

Control 

None 

ITN usage 

Indoor 

Spraying 

No. Tested 

172 

41 

79 

132 

15 

345 

33 

Positives 

No. (%) 

12 (6.9) 

1 (2.4) 

0(0.0) 

2 (1.5) 

5 (33.3) 

5 (1.5) 

2 (6.l) 
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Adjusted OR p-value 

(95% CI) 

4.89 

l.63 

4.64E-9 

Reference 

Reference 

9.71 

2.21 

0.04 

0.7 

<0.001 

0.001 

0.5 
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Association between placental Plasmodium parasitaemia and factors 

affecting the risk of infection. 

A Chi-square test was done to determine the association between placental 

Plasmodium parasitaemia and risk factors affecting placental infection. It 

showed that number of SP doses taken by the pregnant woman and the use of 

other malaria control measures (such as ITN and Indoor spraying) were 

significantly associated with placental parasitaemia (X2 = 13.86, P =0.003) and 

(i =23 .99, p< 0.001) respectively (Table 12). Placental Plasmodium infection 

was however not significantly associated with parity of the delivering mother 

(X2=2. 73, p=0.44). 

Table 12: Test of association between placental Plasmodium parasitaemia 

and factors affecting the risk of infection 

Factors No. Tested Positives X2 p-value 
N(%) 

SP Doses 13.86 0.003 
Nil 168 12 (7.1) 
1 44 8 (18.1) 
2 79 2 (2.5) 
3 132 5 (3.8) 
Vector 23 .99 <0.001 

Control 
None 11 4 (36.4) 
ITN 47 15 (4.3) 

Indoor 34 5 (14.7) 

Spraying 
2 (12.5) Others 16 

0.44 2.73 Parity 
11(9.4) 0 117 

1 118 6(5.1) 

2 88 6 (6.8) 

3 and Above 92 4 (4.3) 
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Multivariate regressl'on an I' b tw I I d" 
a YSIS e een p acental P asmo tum 

parasitaemia and factors that affect the risk of the infection, 

This was done to test the risk posed by factors which were significantly 

associated (by X? test) with placental Plasmodium infection. Mothers that did 

not use any malaria control measure had the highest risk of placental infection 

(AOR= 8.4, p=0.03). Those who used ITNs had the lowest risk of placental 

infection (AOR=0.25, p=0.88). A pregnant woman who had not taken any 

dose of SP had a 4 times increased risk of placental Plasmodium infection 

(AOR=4.2, p=0.03). Meanwhile a pregnant woman who had taken only a dose 

of the SP had an 8 time increased risk of placental infection (AOR=8.14, 

p=0.03). Subsequent higher doses of SP reduced the risk of placental infection 

(Table 13). 

Table 13: Multivariate regression analysis between placental Plasmodium 

parasitaemia and factors affecting the risk of the infection 

Factors No. Tested Positive 
No, (%) 

SP Doses 

Nil 168 12(7.1) 

1 44 8(18.1) 

2 79 2(2.5) 

3 132 5(3.8) 

Vector control 
measures 
None 11 4(36.4) 

ITN 347 15(4.3) 

Indoor Spray 34 5(14.7) 
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Adjusted OR 
(95% CI) 

4.2 

8.14 

1.1 

Reference 

8.4 

Reference 

1.21 

p-value 

0.03 

0.03 

0.9 

0.03 

0.8 
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Birth outcomes 

Prevalence of low birth weight 

The mean birth weight f b b' o a les was calculated as 3.38kg (SD +/- 0.307). 

Prevalence of low birth weight (birth weight < 2.5kg) was found to be 11.06% 

as shown in table 14. 

Table 14: Frequency table of the birth weights categories of babies. 

Frequency Percent 

Less than 2.5kg 47 11.06 
2.5kg to 4.5kg 376 88.47 
More than 4.5kg 2 0.47 
Total 425 100.00 

Association between low birth weight and factors affecting the risk low 

birth weight 

A Chi-square test (i) was used to determinethe association between 

low birth weight and factors affecting the risk of low birth weight. The factors 

considered were; number of SP doses taken, the use or otherwise of other 

malaria control measures (such as ITN and IRS), maternal haemoglobin and 

placental paracetaemia. 

Low birth weight was significantly associated with the number of SP 

doses taken; the use of other malaria control measures and the presence of 

Plasmodium placental parasitaemia (Table15). There was however no 

significant association between maternal anaemia and low birth weight (p= 

0.29). 
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Table 15: Test of association between low birth weight and the factors 

influencing the risk of low birth weight. 

Factors No. Tested Low Birth X? p-value 

Weight 

No. (%) 

SP Doses 47.93 <0.001 

Nil 168 43 (25 .6) 

1 44 13 (29.5) 

2 80 2 (2.5) 

3 133 4 (3.0) 

Vector 1.13 <0.001 

Control 

None 11 9 (81.8) 

1TN 349 28 (8.0) 

Indoor 34 15(44.1) 

Others 16 8 (50.0) 

3.72 <0.3 
Maternal 

Haemoglobin 

Normal 252 34 (13.5) 

Haemoglobin 

Mild Anaemia 105 13 (12.4) 

Moderate 63 14 (22.2) 

Anaemia 

Severe 5 1 (20.0) 

Anaemia 
71.57 <0.001 

Placental 

Parasitaemia 

Positive 27 19 (70.4) 

Negative 396 396 (10.9) 
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Multivariate logistic regression analysis between low birth weight and 

factor affecting the risk of low birth weight 

A multivariate regression analysis was done for the factors that were 

significantly associated with low birth weight to determine the risk each of 

these factors posed to low birth weight.As shown in table 16, the presence of 

placental parasitaemia in the delivering mother posed the highest risk of low 

birth weight (AOR==27.2,p<0.001). Pregnant women who took one dose ofSP 

had 13 times increased risk oflow birth weight (AOR== 13.52, p<O.OOI) whilst 

those who took no SP tablets at all as IPTp had 11 times risk of low birth 

weight (AOR==ll.09, p< 0.001). Taking 2 doses or more of SP was not 

associated with a risk oflow birth weight (AOR== 0.83, p== 0.8). 

Compared to those who did not use any other form of malaria control 

measure, pregnant women who used ITNs where significantly protected from 

low birth weight (AOR==11.46,p< 0.001). Meanwhile indoor residual spraying 

did not give significant protection against low birth weight (AOR==I .27, p< 

0.001). 
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Table 16: Multivariate logistic regression analysis between low birth 

weight and factors affecting the risk of infection. 

Factors No. Tested Low birth Adjusted OR p-value 

weight (95% CI) 

SP Doses 

Nil 168 43 (25.6) 11.09 <0.001 

1 44 13 (29.5) 13.52 < O.OO! 

2 80 2 (0.83) 0.83 0.83 

3 130 4 (3.0) Reference 

Vector 

Control 

None 11 9 (81.8) Reference 

ITN 349 28 (8.0) 11.46 <0.001 

IRS 34 15 (44.1) 1.27 0.7 

Placenta 

parasitaemia 

Yes 27 19 (70.4) 27 .2 <0.001 

No 397 43 (10.9) Reference 

Prevalence of mutations in the dhfr and dhps genes. 

Prevalence of single mutations 

The prevalence of mutations in the dhfr genes were as follows: N108 (26, 

92.3%); 151 (23, 85.2%); R59 (24, 88.89%). Those on the dhps genes were; 

E540 (2, 7.40%) and G437 (6, 22.22%). 

137 

- - ----------------

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Prevalence of double mutations 

Double mutations observed in P. Jalciparum isolated from placenta of 

delivering mothers were as followed : IN: (19, 70.3%); RN: (21, 77.8); IR: (19, 

70.3%); GE: (1, 3.7%). 

Prevalence ofmultiple mutations 

Triple mutations were as followed IRN: (20,74.1%) There were three 

(3, ll.l %) quadruple mutations IRNG and one (1, 3.70%) quadruple 

mutations IRNE. There were no quintuple mutations observed in the parasites 

isolated from the delivering mothers. Table 17 summarizes prevalence of 

mutations at the various codons. 

Table 17: Prevalence of double and multiple mutations in the dltfr and 

dltps genes of P. falciparum placental isolates. 

Mutations Frequency Percentage (%) 

DHFR 

Double mutations 

IN 19 70.3 

RN 21 77.8 

IR 19 70.3 

Triple Mutations 

IRN 20 74.1 

DHPS 

GE 1 3.7 

Quadruple Mutations 

IRNG 3 ILl 

IRNE 1 3.7 

Quituple Mutations 

IRNGE 0 0.0 
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Surveillance and Chara t . . 
c erlZatJon of Molecular Markers of SP Resistance 

General outcomes 

A total of Five hundred d tw . . 
an enty-nme (529) samples were obtamed 

from individuals attending the general outpatient department of the study 

facilities . The dhfr and dhps genes were not amplified in all the samples: 

Sixty-one (61) of the dhfr genes failed to amplify whilst forty-eight (48) of the 

dhpsgenes did not amplify. The Four hundred and twenty (420) isolates that 

amplified both the dhfr and the dhps genes were therefore used for further 

analysis. One hundred and forty-two (142, 33.8%) of these were from children 

under five years whilst Two hundred and seventy-eight (278, 66.2%) of these 

were from participants five years and above. 

Prevalence of single mutations 

Three hundred and ninety (390), representing 92.9% of the isolates 

studied had mutations N 1 08 of the dhfr gene. Meanwhile prevalence of 

mutationsI51 and R59 were 82.3% and 87.6% respectively. Twenty-six 

representing 6.7% had mutations E540 of the dhps gene and eighty seven (87) 

representing 20.6% of the samples had mutations G437. 

Prevalence of double and multiple mutations 

The prevalence of double mutations were as follows: IN (310, 73.8%); 

RN (316, 75.3%); IR and GE (4,1.0%). The prevalence of the triple mutation 

IRN was (299, 71.1 %); ninety-eight of it (98, 32.7%) being in isolates from 

under-fives and two hundred and one (201, 67.2%) being from paliicipants 

above five years. There was also no statistically significant difference in the 

prevalence of triple mutations at IRN in isolates from children compared to 

adults (z=-0.704, p=0.48). Fifty six (56), representing 13.3%, quadruple 
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mutations IRNG were found in the sample set. Fifteen (15) representing 3.7% 

of IRNE were also found. The highly resistant quintuple mutations IRNGE 

were observed in two isolates. Prevalence of all mutations is summarized in 

table 18 below (Images are as shown Appendix F-Laboratory Photo Gallery). 

Table1S: Prevalence of mutations in the dhJr and dhps genes of P. 

Jalciparum isolates from general outpatient attendees. 

Mutations Frequencies Percentages 

DHFRGENE 

Single Mutations 

151 346 82.3 

R59 368 87.6 

NI08 390 92.2 

Double Mutations 

IN 310 73 .8 

RN 316 75.3 

IR 284 67.6 

Triple Mutations 

IRN 299 71.1 

DHPSGENE 

Single Mutations 

G437 87 20.6 

E540 26 6.3 

Double Mutations 

GE 4 0.95 

Quadruple Mutations 
13.3 

IRNG 56 

15 3.7 
IRNE 

Quintuple Mutations 
0.5 

IRNGE 2 
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Evaluation of the Quality of SP Tablets in Use 

General observations 

The brand of SP drugs in use at the time of the study was Maladar®, a 

product manufactured by Ernest Pharmaceutical Limited, a leading local 

pharmaceutical company which is into manufacturing, importing and 

exporting of pharmaceutical products. Being a programme (SP-IPTp 

programme) drug, SP is supplied at no cost to the user facility and ANC 

clients by the Central Medical Stores of the Ministry of Health of Ghana, 

located in Accra, through its Regional Medical Stores (in this case the Western 

Regional Medical Store) which are sited at Sekondi. 

Maladar® comes in a white immediate-release tablet formulation. It is 

stated to contain 500mg of Sulphadoxine and 25mg of Pyrimethamine. The 

tablets were preserved in a well closed foil into blisters; each blister made up 

of six tablets. These blisters were in turn packaged in smaller card boxes and 

each box contains two blisters. These smaller boxes were packed into bigger 

boxes in cartons. At the Central and Regional Medical Stores these boxes were 

packed and stored on wooden pallets and shelves at room temperature. At all 

the studyfacilities, however, the boxes of SP tablets were kept in air-

conditioned stores on shelves. A pharmacist or an appointee of the phannacy 

unit supplied the SP tablets in the smaller boxes to the antenatal units of the 

medical facilities, where they were usually kept under room temperature. 

Three tablets were given according to schedule to pregnant women without 

any cost and were observed directly to swallow with water. 
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Identification of the active principle in the tablets sampled 

Sulphadoxine 

The average retention time for sulphadoxine standard after SIX 

injections was 29 8835 m· t Th . . 
. lllU es. e average retentIOn hme for the test 

sulphadoxine after six injection of the sample was 29.908 minutes. This 

average retention of 29.908 minutes was comparable to that of the standard 

(within the +/- 10% limit). A t-test also done to compare the two mean­

retention times showed that there was no significant difference in the mean 

retention time for sulphadoxine samples compared to the standard (t=0.862; 

p=O.4I). 

Pyrimethamine 

The average retention time for pyrimethamine standard after SIX 

injections was 39.3101 minutes. The average retention time for the test 

pyrimethamine after six injection of the sample was 39.3972 minutes. This 

average retention of 39.3972 minutes was comparable to that of the standard 

(within the +/- 10% limit). A t-test done to compare the mean retention time 

for pyrimethamine samples with the standard showed no statistically 

significant difference between the two means (t=I.02; p=0.329). 

Based on the above findings, the active principles of the tablets in used were 

determined to be sulphadoxine and pyrimethamine. 

Determination of quantities of sulphadoxine and pyrimethamine in the SP 

tablets 

Percentage assay (USP) = 

Sample response X Standard concentration X Standard Potency X 100% 

Standard response Sample concentration 
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Standard concentration I I was ca cu ated as O.4M for sulphadoxine and 

0.02M for pyrimethamine. Standard potency for sulphadoxine pyrimethamine 

was 0.999. 

Using the above the average percentage assay for sulphadoxine usmg 3 

samples was determined to be 95.25% and that of pyrimethamine was 92.75%. 

Per the US pharmacopoeia used, the percentage assay (USP) of the active 

principle of sulphadoxine and pyrimethamine should not be less than 90% and 

more than 110%. A USP of 95.25% and 92.75% for sulphadoxine and 

pyrimethamine respectively implies that adequate quantities of the active 

principles of sulphadoxine and pyrimethamine were in the tablets of SP (as 

claimed by the manufacturer). 

Determination of the dissolution of SP tablets. 

The amount of the active principle dissolved in after 30 mins was also 

determined using methods described above. The percentage dissolution was 

calculated as below: 

Sample response X Standard concentration X Standard Potency X 100% 

Standard response Sample concentration 

Standard concentration of sulphadoxine was O.4M and that of pyrimethamine 

was 0.02M. Standard potency was 0.99%. The average percentage dissolution 

of SP in all the 6 dissolution vessels was detennined as follows: 

Sulphadoxine: 94.64+96.11+94.29+95.71+94.87+95.75 

6 

= 95.22% 

. . 78174+83 98?+ 83.651+85.8153+82.1965+84.35 = 83.03% Pyrtmethamlne:. .-

6 
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A dissolution rate of 95.22% and 83.03% after 30 minutes for sulphadoxine 

and pyrimethamine respectively were considered good since they exceeded the 

minimum expected dissolution of 60% recommendation. 
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SP Efficacy Study 

CHAPTER FIVE 

DISCUSSION 

The aim of this aspect of th tud . . . e s y was to assess the In VlVO efficacy of 

SP by determining the rate of parasitic clearance (parasitological response) of 

Plasmodium Jalciparum amongst parasitaemic yet asymptomatic pregnant 

women attending ANC after receipt of SP and comparing it to the WHO 

standard. Currently, the WHO recommends a change in the use of an 

antimalarial when treatment failure rates go beyond 10% (WHO, 2009). 

Validity of study 

According to the WHO, if 20% or more of enrolled patients are lost to 

follow-up or are otherwise excluded due to protocol violations, validity of a 

study can be questionable (WHO, 2003): A 9.52% loss to follow up recorded 

in this study may imply this study had a rather high validity. 

Prevalence of asymptomatic malaria amongst the pregnant women 

Asymptomatic or subclinical malaria is said to be human Plasmodium . 

infections which do not lead to clinical symptoms and therefore remam 

undetected by fever based surveillance systems (Galataz et aI., 2016). 

Prevalence of asymptomatic malaria amongst pregnant women was found to 

be 13.8% by MRDT, and 13.1% by PCR and 10.2% using microscopy. The 

higher observed difference in prevalence of asymptomatic malaria by the 

MRDT than by microscopy, could be because, MRDT detection of 
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Plasmodium parasitaemia IS 
generally known to be more sensitive than 

malaria parasite detection by microscopy (Abba et aI., 2011). 
Asymptomatic 

malaria tends to have very I ... 
ow parasltaemla. ThiS was the case in this study 

with a mean parasite density f 1496· . . . . 
o . parasltes/I.ti. With a realIstIC parasIte 

density threshold of microscopy under field conditions being 50-100 

parasites/ill (WHO, 1988; Milne et aI1994), chances are that there were some 

levels of parasitaemia which were below the detection limit of microscopy 

(sub-microscopic) but not below the detection by the MRDTs which detects 

only the presence of antigens. Also, MRDTs can detect parasite antigen 

(PjHRP-2) even after 30 days of effective treatment thereby increasing the 

numbers diagnosed by the kits relativemicroscopy. Similarly, the higher 

prevalence of asymptomatic Plasmodium parasitaemia detected by PCR 

relative to microscopy could be due to the fact that PCR is generally more 

sensitive, being able to detect very low levels of parasitaemia. Some PCR 

assays are said to be able to detect parasitaemia less than 1 parasite/l.tI (Cnops 

et aI., 2011). Thus said, microscopy, especially when serially done by 

independent microscopists, remains the gold standard in diagnosing malaria, 

though in research settings, molecular methods such as the PCR are preferred. 

The problem with using MRDT, as alluded to earlier is that, it might not 

always give you a true reflection of the prevalence or incidence of malaria 

since the antigen pjHRP-2 tested when detecting P. jalcipanlm positivity can 

remain in the blood about 30 days after treatment (Bell et aI, 2006; Murray et 

aI, 2008 & Abba et aI, 2011) and therefore lead to an increase in the number of 

·t· In this study therefore, malaria detection by the MRDT was posllves. , 
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usedonly as a screening tool to 
recruit participants. Parasitaemia was later 

confirmed by microscopy before participant was included. 

The prevalence rate by microscopy observed in this study, though 

lower is comparable to the 150 / I .. . . 
, / 0 preva ence recorded III a SimIlar study ill 

Offinso district in the Ashanti region of Ghana (Tutu et ai., 2011). It was also 

lower than the prevalence of 19.4% observed in a similar study in Bobo­

Dioulasso, a peri-urban area in neighbouring Burkina Faso (Cisse et ai., 2014). 

It was comparable to the prevalence of 10.9% found in Luanda, Angola, an 

urban site with similar malaria epidemiological characteristics (Campos et ai., 

2012). A prevalence of 10.1 % by microscopy was however twice as higher as 

the 5%recorded in a similar study in Madina, in the Ga East Municipality, 

about l3.5krn from Accra, the national capital of Ghana (Stephens et aI20l4). 

These figures, though varied, all emphasize the significant need of the use of 

IPTp-SP which has as one of its aims to clear Plasmodium parasitaemia and 

thereby eliminating the adverse effects of pregnancy associated malaria: In the 

absence of SP-IPTp therefore, there would be an increased risk of maternal 

anaemia and low birth weight, which is one of the most important causes of 

infant morbidity and mortality. The persistence of asymptomatic parasitaemia 

would also result in the reservation of a pool of parasites which would sustain 

malaria transmission thereby thwalting the efforts at malaria elimination. 

Asymptomatic malaria is one of the feared obstacles to malaria elimination 

globally. 

ITN coverage and usage 

Though 78.81% of the participants owned ITNs, only 57.14% were 

I . . them This covera"e of78.81% is lower than the projected 80% for s eepmg m· '" 
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endemic regions as far back 201 
as 0 (WHO, 2010) and the current expected 

100% universal coverage ' th . 
ill e same regIOn (WHO, 2015). It is also lower 

than the current national ITN coverage of 96% in Ghana (WHO, 2015). There 

is a very strong evidence"'" th ff! '.. lor e e lcacy of ITNs m preventmg malana 

infection and its consequences in pregnancy, as reported by Gamble and others 

in a Cochrane review in 2009 and in a more recently by Eisele and others 

(2012) in meta-analysis. The WHO also recognizes ITNs as one of the most 

cost effective ways of controlling malaria in vulnerable groups such as 

pregnant women and children under-five years of age. There is the need 

therefore, to strengthen efforts to scale up ITN coverage amongst pregnant 

women in Ghana, since they together with children under-five years are at 

most risk of suffering from malaria and its consequences. Availability of the 

ITNs does not seem to be the problem in most endemic regions of the world, 

because ITNs are given mainly through the antenatal clinics either free or at 

very subsidized prices. Reasons why most of these women who had the nets 

but were not using them chiefly included, lack of appreciation of its 

impOltance; feeling warm when sleeping in it; not knowing how to mount it 

and the perception of lack of mosquitoes in their neighbourhood. All these 

bani.ers can be surmounted by intensified user education. 

Prevalence of anaemia in pregnant women. 

A rather high prevalence of anaemia (76.19%: 42.86% being mild; 

30.95% moderate and 2.38% severe) amongst the pregnant women is 

disturbing. This prevalence rate is comparable to a rate of 73.4% 

recordedelsewhere (Agyiri, 2011) in a similar study in South Suntreso,a peri-

b . the Ashanti region of Ghana. It is however higher than the 62.0% ur an area III 
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quoted by the WHO as th I 
e preva ence of anaemia amongst pregnant women in 

Ghana (WHO, 2013). It is also higher than the prevalence of 54.5% observed 

recently in a similar study in Nigeria (Olatunbosun et ai., 2014). 

Malaria infections in the first or second trimester of pregnancy 

increase the risk of anaemia (Kalilani et ai., 2011). All the participants in this 

study were in their second trimester (mean gestational age of 19.7 weeks) and 

they therefore have an increased risk of anaemia from the malaria infection. 

This could be the reason for the higher prevalence of anaemia relative to other 

studies. Infections with geo-helminths and the very physiology of pregnancy 

could also have contributed to the anaemia. Anaemia has dire consequences on 

the pregnant woman and the developing foetus. Maternal anaemia is a direct 

or indirect contributor to maternal mortality. For instance, in India, anaemia is 

reported to be responsible directly or indirectly to 40% of maternal death. 

Maternal death is also known to rise by 8 to 10 fold when maternal 

haemoglobin drops to < 5g/dl (Kalaivani, 2009). It has also been implicated as 

a cause of low birth weight (which is an important contributor to perinatal and 

infant mortality) by IUGR and prematurity (Suguitan et aI., 2003). In order to 

reduce maternal morbidity and mortality and minimize the untoward birth 

outcomes, there is the need to intensify efforts at malaria control during 

pregnancy using SP-IPTp and other prescribed measures such as the use of 

LLINs and prompt diagnosis and treatment whilst tackling other contributors 

to maternal anaemia such as micronutrient supplementation and treatment of 

geohelminths. 

149 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Parasite density and maternal . anaemia 

The study observed a statistically significant negative relationship 

between parasite density and I 1 f h . 
eve 0 aemoglobm amongst participants (r= _ 

0.0028, p=0.02). Participants wI'th h' h . d . . h . Ig paraSite ensltIes ad relatively lower 

levels of haemoglobin. Similar fIndings were observed in Tanzania by 

Marchant et aI, in 2015 and in the Democratic Republic of Congo by 

Matangila and others in 2014 (Matangila et aI., 2014). 

Low-level asymptomatic malaria is known to result in chronic low-, 

grade haemolysis (Douglas et aI., 2013). The higher the parasitaemia, the 

greater the degree of red cell destruction and the greater the fall in 

haemoglobin; the longer this goes on the greater the impairment of red cell 

production (Phillips et aI., 1992), the more extensive the destruction of non 

parasitized red cells (Looareesuwan et aI., 1987; Gwamaka et aI., 2011) and 

the greater the cumulative burden of anaemia (Douglas et aI., 2012). This 

therefore explains the finding in this study that increasing parasite density 

worsens anaemia. Malaria, whether symptomatic or asymptomatic is therefore 

a threat to maternal and foetal health. IPTp-SP has been proven to reduce the 

burden of malaria infection in pregnancy and thereby significantly reducing 

the risk of anaemia in pregnancy (Kayentao et al 2005; Gies et aI., 2009 & 

Wilson et aI., 2011). There is the need therefore, to intensify the use of IPTp-

SP alongside other malaria control measures to reduce the prevalence of 

maternal anaemia and its consequences on both mother and child. 
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Parity and parasite density 

The study also observ d ··fi . e a slgm lcant negative correlation between 

participants' parity and parasite density (r= -0.0053, p<O.OO 1). In other words, 

pregnant women with lower parity had relatively, significantly higher 

parasitaemia. This confirms a well established fact that in malaria endemic 

regions of the world, primigravida and secundigravida women have higher 

risk of malaria infection and suffer the most adverse effects of P. Jalciparum 

infection in pregnancy. The reason for this observation is that nulliparous and 

primiparous pregnant women have developed little or no immunity to the 

pregnancy selected strains of the parasite. (Fleming, 1989; Matteeli et ai. , 

1994; Tutu et aI., 2010; Guyatt et aI., 2001& Poespoprodjo et aI., 2008). For 

nulliparous' and primiparous therefore, ensuring with certainty the institution 

and patronage of malaria control measures such as IPTp-SP and LLINs must 

be non- negotiable and policies should be targeted as such. It must be noted 

however that, Suate et aI., (2002); Adam et aI., (2005) and Campos et aI., 

(2012) all found evidences contrary to this observation in Mozambique, 

Eastern Sudan and Luanda in Angola respectively. Factors that may account 

for this disparity in the two observations may include differences in malaria 

transmission intensity, prevalence of mutant strains of Plasmodium parasite 

and coverage and usage of key malaria control measures such as the use of 

LLINs. 
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Age and parasite density 

It has been reported' h 
In ot er studies that age influences the risk of 

malaria infection Females h . w 0 get pregnant at a younger age and especially 

are primigravidae have a h'gh . k f . " . 
1 er ns 0 malana parasltaemla than theIr older 

counterparts. For instance, Uneke and Falade reported that primiparous 

pregnant women below age 25 years and in their first trimester of pregnancy 

have even a more heightened risk of developing placental malaria (Uneke, 

2008; Falade et aI., 2010) compared to their mUltiparous and older ones. This 

study also observed a statistically significant negative correlation between age 

of participants and parasite density (r=-0.0166, p=0.05). Younger pregnant 

mothers in the study had a higher likelihood of higher parasite densities 

compared to their older counterparts. Younger pregnant women are most 

likely nulliparous and therefore have little or no exposure to pregnancy 

associated Plasmodium parasites and are therefore not pre-immuned to these 

parasites. This increases their risk of higher parasite numbers. Risk and 

consequences of MiP may therefore be dire in these women. This significant 

association between age and parasite density contrasts reports in similar 

studies in nearby Burkina Faso by Cisse and others in 2014 and in eastern 

Sudan by Adam and others in 2005. It is not clear why neighbouring Burkina 

Faso with similar malaria transmission patterns would have contrasting 

outcomes compared to this study. However the reported contrast in the eastern 

Sudan study could be due to their unstable malaria transmission patterns. In 

unstable malaria transmission areas pregnant women of all ages have similar 

risk to Plasmodium infection and the consequences of the infection compared 

those in stable transmission area like Ghana. 
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Rate of parasitological clearance 

The study observed that SP h . 
, w en gIven as IPTp to asymptomatic parasitaemia 

pregnant women was associated with a high cure rate of 97.62% by day 3 and 

100% by day 7. An early (day3) parasitological failure rate of2.38% and a late 

(day 28) failure rate of 9.52% are both below the threshold of 10% failure rate 

for which the WHO calls for the withdrawal of a drug for fIrst line treatment 

(WHO, 20 I 0). These observations therefore mean that the SP drug used has 

very signifIcant therapeutic effIcacy in clearing existing Plasmodium 

parasitaemia in the study population. This high .in vivo effIcacy observed could 

have been contributed to by the high quality of tablets in use as TPTp (USP of 

95.3% and 92.8% for sulphadoxine and pyrimethamine respectively as well as 

dissolution of 95.2% and 88.0% for sulphadoxine and pyrimethamine 

respectively). Of the four (4) samples that showed reappearance of 

parasitaemia, three (3) were as result of reinfection and one (1), recrudescence. 

The true late parasitological treatment failure can be said to be 2.38%. 

However, because one of the aims of giving SP as IPTp is for the drug to 

remain in signifIcant therapeutic threshold concentrations over a longer period 

of time to prevent even new infections, the reappearance of the parasites as a 

result of reinfection would still have to be included in classifIcation of 

parasitological failure. Thus said, the average time to failure amongst those 

who failed, was 26.25 days. The current Ghanaian IPTp-SP policy 

recommends SP doses to be spaced at least 4 weeks apart at every antenatal 

care visit after quickening until delivery, suggesting that women could receive 

the next dose at approximately the average time of parasitological failure. 

Participants may therefore have another chance of clearing parasites, This 
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study did not include measure 
ment of plasma concentrations of SP over the 

days of follow up, hence we are b . 
una Ie to ascertam how changing plasma drug 

concentrations influences the . k f' . 
flS 0 remfectlOn or recrudescence. However 

the evaluation of the solub'I'ty ( h' h . 
I J W IC IS a surrogate marker for bioavailabity 

of a drug) and assay concentration of SP tablets in use for the IPTp 

programme revealed that the drugs were of high quality. This means adequate 

amounts of the active principle were made available in plasma to achieve this 

high therapeutic efficacy. 

Prevalence of dhfr and dhps mutations 

This study observed a very high prevalence of single mutations at codons 108 

(85.73%), 59 (83.33%) and 51(73.81%) on the dhfr gene. Prevalence of 

mutations at co dons 540 and 437 on the dhps gene were 7.14% and 19.05% 

respectively. Single mutations were therefore much commoner at codons 108, 

59 and 51 on the dhfr genes than co dons 540 and 437 on the dhps genes as 

was the case in a recent study in Burkina Faso (Tahita et al., 2015). In Ghana, 

Mockenhaupt and others also found the prevalence of triple mutations at 

codons 108 59 and 51 to have increased from 36% in 1998 to 73% in 2006. , 

They attributed this rise in prevalence to the introduction of SP as IPTp in 

Ghana. They also reported the association of dhfr mutations alone with SP 

treatment failures in nOlihem Ghana, while suggesting a minor role of 

mutations in the dhps gene. The observed prevalence of 71.42% of triple 

mutations in dhfr 108, 59 and 51 was 71.42 %, is comparable to that observed 

by Mockenhaupt and others in 2006; comparable to the 71.1 % prevalence 

observed in the general public in molecular surveillance aspect of this study 

but much higher than the 22% observed by Duah and others in 2008 in Tarkwa 
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(closest major town to Tak dO) 
ora I and the 1 1.4% observed by Tahita and others 

in Burkina Faso in 2015 Rea 
° Sons for these observed differences in prevalence 

are not quite clear but could b °b 
' e attn uted to factors such as geography, drug 

pressure, and sample size ThO d b 
. IS stu Y 0 served the prevalence of quadruple 

mutations to be 7.14% which was higher compared to the 0.8-1.4% found in 

northern Ghana (Mockenhaupt et aI., 2005 & Marks et ai., 2005). 

Association between parasite mutations and risk of treatment failure 

Though single mutations at codon 108 has been associated with a 10 

fold increase in the risk of parasite resistance to SP (Mockenhaupt et ai., 2005) 

and dhfr triple mutation is known be associated with in vitro pyrimethamine 

resistance (Gregson & Plowe, 2005); a 1,000-fold reduction in pyrimethamine 

susceptibility (White, 2005) and an increased risk of SP treatment failure in 

children (Kublin et ai., 2002; Mockenhaupt et ai., 2005 & Picot et al 2009), 

this study observed thatSP still maintained a high rate of parasitological 

clearance (97.6% by day 3 and 100% by day 7) in spite of the high prevalence 

of single mutation at codons 108 (85.7%) and a high prevalence of triple 

mutations at co dons 108,59 and 51 (71.42%) recorded. 

This high rate of parasite clearance in the face of high prevalence of mutations 

at the dhfr genes could have been contributed to by the relatively lower 

parasite densities observed and acquired immunity of the pregnant women. A 

key question however is whether this situation (of high rate of parasitic 

clearance in the face of high prevalence of mutations in the dhfr and dhps 

genes) can be sustained or whether further development of SP drug resistance 

.. 't bl . Ghana and in West Africa in general. Though the level of IS llleVl a e III ' 

. t Whl'ch IPTp-SP becomes ineffective is unknown, the WHO resIstance a 
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recommends that IPTp-SP sho Id b . 
u e used In regions with a prevalence rate of 

K540E less than 50o/c and A581 G 
o less than 10% (WHO, 2013a). This calls for 

a regular systematic mon·t· f 
I onng 0 prevalence trends of mutations in the dhfr 

and dhps genes and treatm t . 
en outcomes so as to mform policy makers for 

possible action. 

Maternal and Birth Outcome Study 

This aspect of the study, aimed at (i) Determining the prevalence of maternal 

anaemia and correlating it with factors such as IPTp-SP usage and other 

factors used in the control of malaria (ii) determining the peripheral and 

placental blood prevalence of Plasmodium in delivering mothers by both 

microscopy and peR (ii) determining the specific mutation of Plasmodium 

Jalciparum in peripheral blood and placental samples (iii) measuring birth 

weights of babies delivered and correlating it with the levels of peripheral and 

placental parasitaemia, IPTp-SP usage, maternal anaemia and ITN usage (iv) 

determining the association between peripheral and placental parasitaemia and 

the number of SP doses taken, usage of malaria vector control measures and 

parity of the delivering mother. 

ITN coverage 

Of the 425 participants sampled in this part of the study, 332 (78.1 %) 

owned ITNs but only two hundred and seventy-five (275) representing 64.8% 

were actually using the rINs as a malaria control measure. As noted in the 

therapeutic efficacy study, this coverage is also lower than the projected 80% 

for endemic regions as far back as 2010 (WHO, 2010) and the current 

expected 100% universal coverage in the same region (WHO, 2015). 
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It is also lower than the current natl'onal ITN coverage of 96% in 

Ghana (WHO, 2015). Up-scaling of· the coverage of ITN would reqUire 

involvement of all stakeholders such as the MOH the GHS district , , 

assemblies chiefs and opi' I d . , mon ea ers m the study area and for that matter the 

whole of Ghana to overcome the barriers that militate against increasing the 

coverage and usage of ITNs especially amongst vulnerable groups such as 

pregnant women (as in this case) and children under five years of age. 

A vailability of the nets does not seem to be a barrier. This is because 

the nets are given at ANCs either free of charge or at very subsidized cost. 

Identified barriers to ITN ownership and usage from this study included: (i) 

lack of appreciation of its importance, (ii) feeling warm when sleeping in the 

nets (iii) not knowing how to mount the net and (iv) the perception of lack of 

mosquitoes in their neighbourhood. Most of these barriers can be overturned 

by educating the clients. If distribution via the ANC does not seem adequate, 

there is the need to do a regular mass distribution to scale up coverage. 

IPTp-SP coverage 

Coincidentally, during the period of study, there had been a shortage of SP 

drugs for the IPTp nationwide. One of the study facilities, Takoradi Hospital 

did not have any stock of the SP tablets. Most women who attended antenatal 

clinic and delivered in that facility therefore had not taken any dose 

h fth SP drug As many as 152 women fell into this category. w atsoever 0 e . 

They were categorized as IPTO. 
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Owing to the importance of SP IPT . . 
- p descnbed In many studies (Kayentao et 

al 2005· Rogerson et al 2007· G· 
, " les et aI., 2009 & Wilson et aI., 2011), every 

effort must be made both b t· I . 
Y na IOna , regIOnal and local procurements units to 

ensure constant supply of the SP drugs. In the event that these efforts at these 

various levels fail, it is imperative for antenatal attendees, if possible be made 

to purchase their own SP tablets on the open market (since SP is quite cheap) 

and be supervised to take the tablets. Of those who had taken any SP dose, 

thirty-six, representing 8.5% had taken only one dose of SP, eighty-five of 

them, representing 20.0% of the participants took 2 doses and one hundred and 

fifty-two (35.8% of the total but 55.7% of the group that took SP) of the 

participants took 3 doses. These figures are lower than the range of 60-79% 

(WHO, 2015) quoted as the range ofIPTp-SP coverage for Ghana for 2015. It 

must however be said that lPTp coverage in most malaria endemic region 

remains low. For instance, van Eijk et al (2013) reported that of the 21·4 

million estimated malaria-exposed births across 27 countries in 2010, only an 

estimated 4·6 million (21 ·5%, 95% CI 19·3-23·7) were born to mothers who 

received intermittent preventive treatment. Doku et al (2016) also reported that 

factors hampering the lPTp3 coverage in Ghana included; Shortage of the SP 

tablets (which was confirmed by the findings in this study); inadequate supply 

of portable water for administration of SP; unavailability of IPT during 

outreach services; lack of knowledge by ANC staff about the dropout rate in 

their area of jurisdiction and poor attitude of some health workers. Though 

th were not elicited in this study, the shortage of the SP drug at the ese reasons 

time of the study was an obvious observation. 
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Maternal outcomes 

Prevalence of anaemia 

The prevalence of anae . . . mla amongst debvenng mothers, in this aspect 

of the study was found to be 40 470/ S . . /0: evere anaemia accounted for 1.18%; 

moderate anaemia 14 820/ and 'Id' . . , . /0 ml anae1llla, 24.27%. This prevalence IS 

lower than the 76 190/ ob d' h '. . . /0 serve ill t e m VIVO therapeutic efficacy study of 

this research. It was also lower than the 62.0% quoted by the WHO as the 

prevalence of anaemia amongst pregnant women in Ghana (WHO, 2013). 

This difference could be attributed to the fact that compared to antenatal 

attendees in the therapeutic efficacy study, delivering mothers would have 

fully benefited from interventions such as iron and folic acid supplementation, 

protection from ITNs and IPTp-SP, which protects against anaemia. The 

delivering mothers are therefore better protected against anaemia compared to 

their antenatal counterparts. 

Factors affecting the risk of maternal anaemia. 

Factors tested for included the usage and frequency of dosing of IPTp-SP as 

well as the use of malaria vector control measures. It has been reported by a 

number of studies that maternal anaemia is significantly controlled by IPTp-

SP (Kayentao et aI. , 2005, Gies et aI., 2009 & Wilson et aI., 2011) and use of 

malaria vector control measures especially, ITNs ( Gamble et aI., 2009 & 

Eisele et aI., 2012). This study however observed no significant association 

between maternal anaemia and use of IPTp-SP (x,2= 8.37, p=0.5) and use of 

other malaria vector control measures such as ITNs and IRS (X,2=6.62, p=0.7). 

Th
' . I' th t controlling malaria (using IPTp-SP and vector control IS Imp les a, 

h ITNs) amongst study participants is not associated with 
measures suc as 
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asignificant reduction in th . k 
e TIS of maternal anaemia. This was evident by the 

lack of significant association b . 
etween penpheral Plasmodium parasitaemia 

and maternal anaemia (X2= 0 634 _ . 
. , p-0.9) In the study. The risk of maternal 

anaemia could have been co t ·b d 
n n ute to by other factors such and variations in 

socio-demographic, economic and obstetric characteristics in the study 

participants. Though all the pregnant women sampled were on one form of 

micronutrient supplementaf th h .. . ton or e ot er, vanatlOns In the type and hence 

the components of these supplements as well as varying participants' 

compliance in taking the supplements could have influenced the risk of 

maternal anaemia. 

Prevalence oj peripheral and placelltal parasitaemia. 

The prevalence of Plasmodium Jalciparum parasitaemia in placental 

blood amongst delivering mothers were found to be 4.25% and 6.37% by 

microscopy and peR respectively and in peripheral blood,1.89% and 3.45% 

by microscopy and peR respectively. The prevalence of placental 

Plasmodium Jalciparum parasitaemia observed is much lower than the 

prevalence of 11 % (by microscopy) and 26% (by peR) reported by 

Hommerich et aI, (2007) in Ghana. They are however comparable to the 2.5% 

(by microscopy) and 5% (by peR) recently observed by Stephens et aI., 

(2014) in a similar study in Accra, Ghana. IPTp-SP was implemented in 2005 

in Ghana; comparing the observed prevalence made by Hommelich et al in 

2006 (and published in 2007) to that observed in this study (in 2014) and by 

Stephens et aI, it can be said that the prevalence of placental malaria over this 

7 year period is on a downward trend. The use of SP as IPTp and other control 

uch as ITNs IRS over the period as well as the use of the highly measures s, . 
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effective artemisinin based b·. 
com matIon therapy can be said to have 

significantly reduced the 0 II PI 
vera asmodium parasite burden leading to this 

overall observed reduction A· I· 
. gam, re atlve lower placental and peripheral 

parasitaemia observed in this tud Id b . . 
s y cou e due to the relative hIgher modal 

gravidity (3 pregnancies) and mean age (28.9 years) of the sampled women. 

This is because the prevalence of malaria in pregnancy is known to be higher 

in primigrc,vidae (than in multigravidae) and in pregnant women with younger 

ages (than in older women) (Uneke, 2008; Falade et aI., 2010 & Adegnika et 

ai., 2011). The study also observed a significantly higher prevalence of 

placental Plasmodium jalciparum parasitaemia compared to peripheral blood. 

This higher prevalence observed in the placenta compared to peripheral blood 

is due to the fact that P. jalciparum infected erythrocytes tend to have a 

predilection for the placenta bed in pregnant women. They sequester by 

adhering to chondroitin SUlphate A (CSA) expressed in placenta. The placenta 

therefore selects for strains of P. jalciparum with a CSA-binding phenotype. 

P. jalciparum infected erythrocytes in placenta therefore remains the most 

impOltant index of measuring the risk of the consequences of pregnancy 

associated malaria. 

There was also a significant difference in observed prevalence of 

parasitaemia detected by PCR compared to microscopy. PCR significantly 

yielded higher prevalence compared to microscopy. This buttresses the point 

that PCR is more sensitive (than microscopy) in diagnosing malaria and it is 

the gold standard for malaria diagnosis in research and reference laboratory 

settings (Brozan et aI., 2008). 
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Effects of SP doses and ITN . 
00 penpberal Plasmodium infection 

In this study, we observed that peripheral Plasmodium parasitaemia was 

significantly associated with both number of doses of lPTp-SP (r= 1 0.6, . 

p=O.Ol) and the usage of malaria vector control measures(r=49.3, p<O.OOI): 

Mothers who did not take any SP dose at all had a 5-fold increased risk of 

peripheral parasitaemia compared to those who took 3 doses of SP 

(AOR=4.89, p=0.04). Those who used ITN had a 10-fold reduction in the risk 

of peripheral Plasmodium parasitaemia compared to those who did not use any 

form of malaria vector control measure. Whilst usage of SP is associated with 

clearing of Plasmodium parasitaemia (if any) and prevention of subsequent 

infection, ITNs prevent malaria in pregnancy by preventing bites of the 

pregnant woman by the infective female Anopheles mosquito and therefore 

preventing malaria in pregnancy. These findings agree with reports from a 

number studies which confirm the benefits oflPTp-SP (Rogerson et aI., 2007; 

Geis, Coulibaly, Ouattara & D'Alessandro, 2009; Tan, et aI., 2014) and ITNs 

(Eisele et ai., 2012; Girnnig et aI., 2016; Gamble et al 2009) to the pregnant 

woman in controlling malaria infection in pregnancy and its consequences. 

Factors affecting the prevalence of placental Plasmodium parasitaemia 

SP doses alld prevalence of placental parasitaemia 

There was an observed significant association between the number of 

SP doses taken and the prevalence of placental P. Jalciparum parasitaemia as 

determined by PCR (x?= 13.8, p= 0.003). Risk of placental parasitaemia was 

higher in those who did not take any SP at all (AOR=4.2, p=0.03) and those 

h k I ne dose of SP (AOR=8.14, p=0.03). This association of SP w 0 too on yo 

. k f I tal P fa/ciparum parasitaemia has been amply elucidated by and ns 0 p acen . .I' 
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Kayentao et al in 2103 when th 
ey compared the effects on the use of 3 doses 

of IPT -SP and 2 doses in . 
a systematIc review. They established that women 

who took ~ 3 doses of SP were . 
approximately half as likely to have placental 

malaria compared with those wh t k 2 d 
o 00 oses, regardless of HIV status 

(RR=0.51 [95% CI 038-068]· 12-00 /) Th . 
,. • , - /0. . ese findmgs amongst others were 

the basis for the current recommendations by the WHO Evidence Review 

Group for SP for IPTp to be taken till delivery so as to increase the number of 

doses taken (WHO, 2012). 

Compared to those who took three doses of SP, pregnant women who 

did not take any SP at all had 4 times the risk of placental parasitaemia whilst 

who took only one dose of SP had an 8 times increased risk of placental 

parasitaemia. Those who took 2 doses had a further reduced risk (AOR=l.l, 

p=0.9). This observation implies that at least 2 doses of SP as IPTp is required 

to offer some protection against placental Plasmodium parasitaemia to 

pregnant women studied. One dose does not; and may rather increase the risk 

of placental Plasmodium parasitaemia. Similar findings like this informed the 

basis for which, the WHO recommended at least 2 doses of SP as IPTp 

(WHO, 2004). In Takoradi Hospital, where most participants who did not take 

any SP dose attended antenatal clinic, it was observed that there was much 

emphasis (during educational talks by healthcare givers) on the use of other 

malaria control measures such as ITN. Indeed, 68.2% of those who used ITNs 

for malaria control belonged to this category. This could explain why in spite 

of not having taken any dose of SP, this category of attendees had a much 

lower risk of placental parasitaemia compared to those who took one dose of 

SP. 
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[TN usage and placelltal parasitaemia 

The use of ITNs is f 
one 0 the recommendations of the WHO in the 

control of malaria in pregna In 
ncy. deed, usage of ITNs has been associated 

with preventing malaria in . 
pregnancy and Its consequences (Gamble et al., 

2009). It was observed in this study that, compared to those who used ITNs 

participants who did not use ITNs had 8 timesthe risk of placental 

parasitaemia (AOR= 804, p=0.03). This is a proof of how effective ITNs are in 

controlling malaria in pregnancy. There is therefore the need to intensify ITN 

coverage in pregnant women and in the general popUlation as a whole because 

of its enonnous benefit of reducing the incidence of pregnancy associated 

malaria and its consequences. 

Parity and prevalence of placental parasitaemia 

Literature abounds to support reports that increasing parity reduces the 

risk of placental parasitaemia. (Fleming, 1989; Matteeli et al., 1994; Tutu et 

al., 2010; Guyatt et al., 2001& Poespoprodjo et al., 2008) ; the so-called 

parity-dependent immunity against malaria infections in subsequent 

pregnancies.Primigravidae are therefore at a higher risk of placental malaria. 

This is because, they have no previous exposure to pregnancy associated P. 

Jalciparum infection and therefore lack protective antibodies that block the 

adhesion of parasitized erythrocytes to CSA in the placental inter-villous space 

to promote clearance of parasites. In this study however, it was observed that 

placental P. Jalciparum parasitaemia was not significantly associated with 

parity (~=2.73, p=OA). Findings of this study is however consistent with a 

few studies that have reported parity as not being significant in detennining 

the risk of malaria infection in pregnancy in Africa (Dickoa et al., 2003; 
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Anagos et aI., 1986 & Jeane et al 2 
., 008). The reason for the lack of significant 

association between the . 
panty and prevalence of placental Plasmodium 

infection could be due to the . . . . 
panty dlstnbutlOn of the participating women. As 

much as 77.9% of Participating 
women were either primiparous or 

secundiparous, the rest being mUltiparous. Ihis gives little variation for 

comparing prevalence of placental parasitaemia by parity. hnplementation of 

IPIp and other malaria control measures could have led to a reduction in the 

overall malaria in pregnancy burden. Ihis could have further led to a delay in 

the acquisition of parity-dependent immunity amongst the pregnant women in 

the area hence the lack of significant disparities in the risk of placental 

Plasmodium parasitaemia based on parity. 

Birth Outcomes 

Prevalence of low birth weight. 

The prevalence of low birth weight, (birth weight below 2.5kg) one of 

the most important contributors of neonatal and infant morbidity and mortality 

was found to be 11 .06%. This is a little above the national average of 11 % and 

the expected WHO figure of below 10% (UNICEF, 2013). It is however lower 

than the prevalence of 14% and 17% for neighboming Burkina Faso and Cote 

d'Ivoire respectively (UNICEF, 2013). Abubakari et aI, (2015) also found the 

prevalence of low birth weight in northern Ghana to be 29.6%. Ihis near-

target low birth weight prevalence might mean policies such as improving 

antenatal attendance; prevention of anaemia by iron and folic acid 

supplementation, IPTp-SP, use of ITN and the overall reduction of poverty 

levels put in place by the MOB and the GBS and District and Metropolitan 

Assemblies targeted at better birth outcomes are yielding the desired results. 
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Low birth weight is usuall I 
y as resu t of IUGR and prematurity. It is influenced 

by a number of factors which include: Access to antenatal care' maternal , 

W1der-nutrition which is directly linked to poverty (Abubakari et aI., 20 IS); 

maternal anae ' h' h . . mla w IC IS also mfluenced by maternal W1der-nutrition; 

maternal age; placental malaria and other conditions during pregnancy such as 

hypertension disorders in pregnancy. The lower prevalence of low birth 

weight in this study compared to that carried out by Abubakari and others in 

Northern Ghana could be attributed to the relatively poorer socioeconomic 

environment with its consequent maternal under-nutrition in the northern 

region compared to our area of study: A relatively better access to health 

services in general and antenatal services in particular could have also 

contributed to thisrelatively lower low birth weight prevalence observed in the 

study area. 

Risk factors for low birth weight 

It was observed in this study that low birth weight was associated with 

(i) use of SP (~=47.9, p<O.OOl) (ii) use of malaria control measures, 

particularly ITNs(~1.13,p< 0.001) and (iii) placental parasitaemia (~=71.6, 

001) Low birth weight was however not associated with maternal p<O. . 

anaemia (~= 3.72,p= 0.29). 

SP doses and low birth weight 

IPTp-SP is known to decrease peripheral and placental parasitaemia, 

. t 1 haemoglobin and infant birth weight, especially in and to IOcrease rna erna 

primi and secundigravidae. 

1 . . t regression analysis, it was observed that Using a mu tlvana e 

h t ok 3 doses of the SP, those who did not take any 
compared to those woo 
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dose of SP had an II-fold in . . 
crease In the nsk of delivering babies with low 

birth weight (AOR=ll 1 <0001) 
. ,p. . Pregnant women who took only a single 

dose of SP increased their risk of low birth weight 13 times (AOR=13.52, 

p<O.OOI). Meanwhile taking 2 doses of SP was not associated with an 

increased risk of low birth weight (AOR=0.83, p=0.8). In this study therefore, 

SP can be said to have only offered any protection whatsoever against 

delivering of a baby with low birth weight if the pregnant woman received at 

least 2 doses: Increasing the number of doses of IPTp-SP was therefore more 

beneficial in improving birth outcomes. This SP-dose dependent protection 

against low birth weighthas been observed in several similar studies (Titaley et 

aI., 2010; Menendez et aI. , 2010; Kayentao et aI., 2005; Kayentao et a1.,2013; 

Rogerson et aI, 2007; Gies et aI., 2009 & Wilson et aI., 2011): Such findings 

informed the current update of the WHO policy on IPTp-SP to allow pregnant 

women to take as many scheduled doses as possible of SP during the antenatal 

period, even till delivery (WHO, 2012). 

Antenatal attendees who did not take any SP at all (mainly as a result 

of shortage of SP as programme drug) had a lower risk of delivering low birth 

weight compared to those who took just a dose of SP. This was because, at 

Takoradi hospital, where majority of those who did not take any dose of SP, 

health care givers were seen more intensely educating attendees on the use of 

other interventions (such as the use of ITNs and micro-nutrients 

I t ' ) that improve birth outcomes. Indeed, 68.2% of all ITN users supp ementa IOn 

attended Takoradi Hospital. Thus, even in the absence of IPTp with SP, these 

pregnant women were better protected. 
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Malaria vector control and low b' th . lr weIght 

It was observed in this stud h 
y t at the use or otherwise of malaria vector 

control measures such as ITN . " 
s and Indoor spraymg slgmficantly influenced 

the risk of low birth weight C . 
. ompared to those who dId not use any malaria 

vector control measure the f ITN 
' Use 0 s, but not Indoor Sraying protected 

significantly against the delivery of low birth weight babies. (AOR= 11.5, p< 

0.001) and (AOR=I 27 p=O 7) t' I Th . . ., . respec Ive y. ere IS a very strong eVIdence 

for the efficacy of ITNs in p t ' I' :_C' . . reven mg rna ana llUect\on and ItS consequences 

in pregnancy, as reported by Gamble et al in a Cochrane review in 2009 and in 

a more recently by Eisele et al in 2012. Findings of this study therefore add to 

these available evidences. 

Anaemia and low birth weight 

A number of studies have reported that anaemia III pregnancy 

significantly increases the risk of low birth weight (Feresu et ai., 20 I 0; Ticconi 

et aI. , 2005; Mumbare et aI., 2011). We found in this study however, that low 

birth weight was not significantly associated with maternal anaemia (~= 3.72, 

p= 0.29). This was because, severe anaemia which is known to be responsible 

for all anaemia related poor birth outcomes had a very low prevalence of 

1.18% amongst the study participants. This rather low prevalence of anaemia 

therefore influenced the risk of low biIih weight insignificantly. Severe 

anaemia causes low birth weight by inducing maternal and foetal stress. This 

stimulates the synthesis and release of corticotrophin releasing hormone 

(CRF). Elevated CRF increases foetal cortisol production. Cortisol may inhibit 

longitudinal growth of the foetus leading to IUGR and therefore low birth 

weight (Allen, 2001). 
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Anaemia, if present i th . . 
n ese partIcIpants was mainly mild (24.27%) or 

moderate (14.82%). Whilst m·ld . 
I anaemIa may not have any effect on 

pregnancy and labour moder t . 
, a e anaemIa may only cause easy fatigability in 

the pregnant woman without affecting foetal outcomes. 

Placental parasitaemia and low birth weiuht 
b 

Malaria in pregnancy resulting in placental parasitaemia is known to 

increase the risk oflow birth weight (Kassam et aI., 2006; Cottrel et aI. , 2007; 

Huynh et aI., 2011; Ayoola et a!., 2012 & Valea et a!., 2012). This study 

observed that placental Plasmodium parasitaemia was significantly associated 

with low birth weight (~= 71.57, p< 0.001). It increased the risk of delivery 

of low birth weight amongst participants by 27- fold (AOR=27.2, p<O.OOJ). 

The possible explanation to this phenomenon is that, placental Plasmodium 

parasitaemia is known to trigger a cascade of placental events that culminates 

is a reduction in placental growth; reduction of amino acids transport to the 

foetus; placental hypoxia and a reduction in the activities of Glucose 

Transporter 1 (GLUTl): These are thought to be the final pathways leading to 

ruGR (Rogerson et aI., 2007). 

Prevalence of mutations in the dhfr and d/tps genes 

Prevalence of mutations were found (as in the in vivo efficacy study 

and in the molecular surveillance) were found to be higher in the dhfr gene 

than in the dhps genes: The highest prevalence being 92.25% at codon 108, 

the core codon.This situation seems to be the case in quite a number of studies 

d d · th West African sub-region (Falade et a!., 2007; Aziken et aI., con ucte In e 

2011; Tahita et a!., 2015; Duah et a!., 2012 & Mockenhaupt et a!., 2005). 

fi h· I enolncnon has been explained in the study analyzing the Reason or t IS P 1 
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molecular surveilIance for mut . 
ant genes III the general population studied. The 

prevalence of triple mutation at codons 
108, 59 and 51 (known to increase 

parasite resistance by a 1000 fi 
- old) was significantly higher (74.07%) in 

parasites isolates compared t . . 
o parasites who did not have the triple mutations 

(.xl: 12.283 P< 0001) Th· . I· , . . IS Imp les that though the prevalence of placental 

parasitaemia was low, it was observed that a significant number of the 

parasites that were found in the placenta of delivering mothers had triple 

mutations. The dhfr triple mutations therefore influenced the prevalence of 

placental parasitaemia significantly. This they did by conferring resistance to 

the Plasmodium falciparum parasite and thereby preventing clearance by SP. 

Only 4 isolates had quadruple mutation. Quintuple mutations, known to confer 

super resistance of the parasite to SP were not found in any of the parasites 

isolated. 

Surveillance and Characterization of Molecular Markers of SP Resistance 

Molecular markers for drug resistant malaria are based on genetic 

changes that confer parasite resistance to drugs used to treat and prevent 

malaria. These markers have been validated as tools for surveillance of 

resistance (Djimde et aI., 2001) and their potential value to policyrnakers has 

been demonstrated by their use to help control a malaria epidemic (Djimde et 

al 2004), to guide national malaria treatment policies (Mugittu et aI., 2004) 

and to monitor changes in parasite drug susceptibility folIowing changes in 

malaria drug treatment policy (Kublin et aI., 2004). In this aspect of the 

b et out to detennine by peR followed by RFLP, the background researc ,we s 

1 f mutations in the dhfr and dhps responsible for parasite preva ence 0 

. I hadoxl·ne and pyrimethamine respectively amongst attendees resistance to su P 
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at the general OPD as a ointer . 
P to the potential of SP resistance amongst the 

general population and b . 
Y extensIon, amongst pregnant women. 

Genera] outcomes 

Out of the £ h d 
our un red and twenty (420) isolates analyzed, one 

hundred and forty-two (142) representing 33.8% were from children under 

five years and two hundred d· . an seventy-eIght (278) representmg 66.2% were 

from patients' ages five years and above. The study found no statistically 

significant difference in the prevalence of triple mutations IRN in samples 

from under-fives compared to those above five years (z= -0.704, p= 0.48). 

This means that risk of SP resistance conferred by triple mutations does not 

vary in children under five years compared with the populations above five 

years. This was important to ascertain because, in endemic regions of the 

world, preimmunity from repeated exposure helps the adult population to fight 

off the Plasmodium infection to some extent even without medication: 

Children under-five years of age lack this preimmunity and therefore miss out 

on this advantage. Assuming the parasite sub-population in children under-five 

years (the most vulnerable to P. Jalciparum infection) showed higher 

prevalence of mutations than in the adult population, it might mean that the 

risk of parasite resistance to SP would be higher in the children (who are 

usually used in efficacy trials) than in the adult population. 

This study results show that there was generally a high prevalence of 

strains of P. Jalciparum with the resistance alleles of the dhfr or dhps genes in 

the area of study. This observation is as a result of the increased use of SP in 

f ·t &or IPTp and the unauthorized use for the treatment of terms 0 1 S use 11 

I · d I n·a On a whole prevalence of mutations was higher in the uncomp Icate rna a . , 
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dhfr genes than in the dh s . 
p genes. This scenario was also reported by Duah 

and others in 2012 after a 1 I I . 
no ecu ar surveillance of dhfr and dhps genes in 9 

sentinel sites in Ghana (D hi' 
ua et a., 2012), as It was the case in a study in 

Burkina Faso (Tahita et al 2015) . . . 
. , . ThiS relative higher prevalence of 

mutations in the dhfr gene compared to th dh b d'gh b d e ps gene 0 serve ,ml t e ue 

to usage of pyrimethamine as in combination with dapsone as 

chemoprophylactic agents for control of malaria in pregnancy in West Africa 

some years prior to its combination with sulphadoxine for usage in IPTp: The 

relative longer use of pyrimethamine for malaria control in pregnancy 

compared to sulphadoxine might have therefore selected, with much intensity, 

for mutant parasites at the dhfr gene due to a relatively longer drug pressure. 

This study also observed triple and quadruple mutations. Quintuple mutations 

in the dhfr and dhps genes were only observed in two isolates. Although triple, 

quadruple and quintuple mutants were detected in the samples analyzed in this 

study, it must be noted that the predictive value of these markers varies 

geographically and involves a complex interplay between host immunity, 

parasites, and drug (Omar et aI., 2001; Alifrangis et ai., 2003 & Staedke et ai., 

2004). 

Mutations in dhfr genes 

Mutations in bothdlifr and dJzps genes develop in a stepwise fashion, 

each added mutation further increase the intensity of parasite resistance to SP. 

In Ghana, Mockenhaupt et al (2005) and others reported that, point mutations 

. .r. b t dh are responsible for reduced P.falciparum susceptibility to m dhJr ut no ps 

SP in a study conducted among children under 5 years in Tamale. 

h has not been any other study discounting this report. In Subsequently, t ere 
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that same study, they reported th 
e prevalence of mutations in dhfr gene NI08, 

151 and R59 to be 72%, 56% 0 '. 
, and 65 Yo respectively Just before the withdrawal 

of SP as use for treatment of un' . 
complicated malana and before its usage as 

SP-IPTp. We observed 9 th 
, years ereafier, the prevalence of mutations NI08 , 

151 and R59 to be 92.9%, 82.350 /0 and 87.60 /
0 /{ /{ respectively, an obvious 

increase in the prevalence single mutations in the dhfr gene. 

This study did not examine the additional mutation at codon 164 

(Il64 L) which has been associated with high grade pyrimethamine resistance 

(Plowe et aI., 1997) because of its observed rarity in the West African sub-

region. Reasons for the increase in the frequencies of mutations at these 

co dons in this study compared to the findings by Mockenhaupt et al (2005) 

could be due to drug pressure from the usage of SP as the drug for IPTp nine 

years prior to the time of this study and the unauthorized use of SP for the 

treatment of uncomplicated malaria in urban centres such as this study area 

because of its low cost and convenient dosing. Further, other antifolates such 

as co-trimoxazole (trimethoprim and sulfamethoxazole) are used in the 

treatment of respiratory tract infections in children, HIV and AIDS prophylaxis 

against opportunistic infections. This may also contribute to the selection of 

resistant parasites because co-infections of bacteria and malaria are common 

(Jelinek et aI., 1999). To what extent geographical and socioeconomic 

variations in the two study sites could have influenced this increase would be 

difficult to say since the two studies were carried out at different times. 

The prevalence of mutations in dhfr is however lower when compared 

with observations from eastern Africa where the general increase in the 

I f dl·tr and dhps mutant genes and SP resistance is rife. For preva ence 0 U' 
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instance, in Angola in rec t 
, en surveys, mutations in NI08, 151, and R59 were 

evident in 100% 93% and 570/ . 
, , 10 of Isolates, respectively (Gama et aI., 2011) 

and in Tanzania 100o/c f' I . 
, 0, 0 ISO ates 10 each case for R59, NI08, S436/G437, 

and E540, respectively in 2007 fr . 
, om a low transmission area (Alifrangis et 

aI., 2011). Data from Uganda also showed within 99%, near 99%, and 57-

94% of isolates respectively for the NI08, 151, and R59 mutations (Francis et 

al.,2006). 

As mentioned earlier, for mutations in dhfr and dhps genes every 

added single mutation increases the intensity of resistance to SP. Double 

mutations therefore confer more intense resistance to the parasite than single 

mutations. The prevalence of double mutations in the dhfr gene were found to 

be (310, 73.8%) for IN; (316, 75.3%) for RN and (284,67.6%) for IR. The 

highest prevalence of double mutation was therefore at codons RN as was the 

case in the study in Burkina Faso (Tahita et ai., 2015). 

The prevalence of triple mutation in the dhfr gene (IRN) in the population 

studied was 71.1 %. Eighteen samples (18) from Tarkwa (the closest bigger 

town to Sekondi-Takoradi in the Western region of Ghana) in 2007-2008 and 

fifteen (15) samples from Begoro (a suburban district in the Ashanti region of 

Ghana) collected in 2010 and examined by Duahet al (2012) showed a 

prevalence of the triple mutation at codons IRN to be 22% and 80% 

respectively. Comparison of these findings with what was observed in this 

study is difficult because of the small sample size in these two other studies. 

H 't ffices to say that there is evidence to support the rising presence owever, I su I 

of dhfr triple mutation in Ghana. As alluded to earlier, triple mutations in the 

fi the parasites about 1000-fold intensity to SP resistance in dhfr gene con ers on 
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vitro. Such a high prevalence of t . I . 
np e mutation at the dhfr gene observed 

means the risk of resistance to SP . . 
In the populatIOn studied and in Ghana for 

that matter is also high. This hi hi. . 
g evel of tnple mutatIOn does not necessarily 

mean the use of SP as IPT . . 
p IS compromised, because, the efficacy of SP, in 

vivo, is a complex interplay f b 
o anum er of host factors, parasite factors, drug 

quality, folate levels and parasite density (Omar et aI., 2001; Alifrangis et aI., 

2003 & Staedke et aI. , 2004; van Hensbroek et ai. 1995; Dzinjalamala et ai. 

2005 & Ehrhardt et ai. 2002). 

Mutations in dhps genes 

The prevalence of mutations at codons of the dhps were observed as 

20.6% for G437 and 6.3% for E540 and the prevalence of double mutations 

GE was 1.0%. These frequencies were lower compared to the observations 

made in the dhfr genes. These relatively lower frequencies seem to be the 

trend in West and Central Africa (Falade et aI., 2007; Aziken et aI., 2011), for 

which reasons have already been ascribed. In Eastern and Southern Africa 

however, dhps mutations have similar or sometimes higher prevalence 

compared to dhfr mutations (Gama et aI., 2011; Alifrangis et aI., 2011 & 

Francis et aI., 2011). The WHO recommends that prior to implementation of 

IPTp-SP in any region with moderate to high malaria transmission, the 

prevalence of E540 and G581 should be determined. IPTp-SP should be used 

in regions with a prevalence rate K540E less than 50% and A581 G less than 

10% (WHO, 20l3a). With a prevalence of mutations in E540 in this study 

being 6.3%, SP can be said to be still useful in the popUlation studied. 

Mutations at codon 581, on the dhps gene, known to confer super resistance to 

SP in eastern Africa (Minja et aI., 2013 & Naidoo and Roper, 2013), were not 
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detennined because of its I ' 
re atlVe rarity m the West African sub-region 

(Falade et aI., 2007; Aziken et aI. , 2011). 

The contributions of m t . 
u atlOns at the dhps to parasite resistance to SP 

in Ghana have been quest" d b M 
lOne y ockenhaupt et al in 2005. Why this is so, 

is unclear. They further postul t d h h' a e t at t elf observation gives credence to the 

concept that in essence Sp ' . . , resIstance IS medIated only secondarily by dhps 

variants once dhfr triple t t ' . . mu an parasItes predommate (Watkins et aI. 1999; 

Nzila et al. 2000a). Nonetheless, reports from other studies especially from 

East Africa, are at variance with tbis concept (Nzila et aI., 2000a; Kublin et aI., 

2002; Kyabayinze et al. 2003). However, tbis aspect of the study did not set 

out to prove or disprove the assertions by Mockenhaupt et ai, but to give a 

background prevalence of mutations in dhfr and dhps in the study population. 

Prevalence of quadruple and quintuple mutations 

Fifty-six (56), representing 13.3%, quadruple mutations were found in 

the sample set of codons 151, R59, NI08 and G437 (lRNG) and seven (15) 

representing 3.7% were found at codons 151, R59 NI08 and E540 (lRNE). 

The highly resistant quintuple mutations were observed in only two isolates. 

Since mutations in dhfr and dhps and subsequent conferred resistance is 

stepwise, the 13.31 % prevalence of quadruple mutations is high and therefore 

increases the risk of resistance of parasites to SP. It is however lower than the 

44% and 25% reported by Duah et al (2012) for forest and savannah zones 

respective! y for parasites isolated between 2007 and 2010 respectively in 

Ghana. However as noted earlier SP efficacy may not only be dependent on 

tl 1 of mutations in the dhfr and the dhps genes but several other le preva ence 

~ Th 'd thl's high prevalence of mutations are contributors of lactors. us Sal , 
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treatment failures with SP d th 
an erefore should alert researchers and public 

health policy makers as to th 
e need for preparedness for options to SP as IPTp. 

Quintuple mutation (lRNGE) . 
IS known to be associated with high 

grade parasite resistance to SP (Plowe et aI., 1997). In this study, two (2) of 

the parasites isolated show d th . 
e e presence of qUIntuple just as in the study by 

Duah et al (2012). The M k nh oc e aupt study also reported the presence of 

quintuple mutation in one isolate. It does not appear therefore that the 

prevalence of the quintuple mut t' . fi d' . . . a Ion IS Ixe or IncreasIng slgmficantly across 

the country as it is the case in most places in eastern and southern Africa 

(Matondo et aI., 2014 & Siame et aI., 2015). 

Evaluation of the Quality of SP Tablets in Use 

The effectiveness of an anti-malaria drug In achieving therapeutic 

targets is not only dependent on susceptibility of parasite to drugs but also on 

host factors as well as the quality of drug being used. Therapeutic failures may 

therefore occur in situations where you have a susceptible parasite yet a poor-

quality drug or a resistant parasite and a very good quality drug. Having 

looked at the therapeutic efficacy of the SP tablet in telms of its ability to clear 

parasites; its effectiveness in terms of controlling malaria during pregnancy 

and the prevalence of parasites mutation conferring resistance to SP, this 

aspect of the study used observational and laboratory methods to evaluate the 

quality of SP tablets being used for SP-lPTp at the time of the study. 

Physical properties of the SP tablets 

As mentioned previously, SP is a programme chug. Its procurement is 

th fi tr [I'zed It was observed that at the Regional Medical Stores, SP ere ore cen a . 

d . rtOl1S on wooden pallets at room temperature. Whilst at the was store m ca 

177 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



pharmacy stores and dispensing uru·ts 
they were stored on shelves at 

temperatures below 200e Th 
. ese storage arrangements meet the WHO 

requirements of storing SP b I 3 ° . 
e ow 0 e III a cool dry place away from light 

(WHO, 2011 & WHO, 2104). Relative humidity was not determined 

objectively. The Maladar® tablets were formulated as white, hard rounded 

tablets with a score line on on ·d fi b aki . e Sl e or re ng for ease of swallowmg rather 

than dividing the tablets in equal doses. They were well sealed in aluminum 

foils, as recommended by WHO with each foil containing 6 tablets. 

Simulated determination of tablets stability and shelf-life were not also 

done. However, all the Maladar® tablets used were well within their shelf life 

(stated by the manufacturer) and have been duly registered with the Food and 

Drugs Authority of Ghana. The tablets were found not to be mabie in that no 

portions of the tablets were lost in powder during transportation under normal 

conditions of transportation. The average weight of one tablet which contains 

500mg sulphadoxine and 25mg of pyrimethamine was determined to be 

O.6385g (638.5mg) and all the sample tablets used showed acceptable 

uniformity in that none of them had percentage weight deviating more than 

5% as recommended by the US Pharmacopoeia. It can therefore be said that 

the physical characteristics of the tablets in use met acceptable national and 

international standards and so did their storage condition. What was worrying 

however, was the observation that for about 6 months prior to the birth 

outcome study there was a national shortage of the SP drug. This greatly 

f "&": d I t most publicly run medical facilities. The shortage was so a Lecte supp Y 0 

. Itt that none of the pregnant women delivering at one of the mtense to t le ex en 

s:: ·1·· h d receive even a single dose of the SP during pregnancy. study LaCl Ihes a 
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This is unacceptable under an . 
y circUmstance, given the proven benefit of SP-

IPT to both the pregn t 
an woman and the unborn child. 

Identification of active princ' ] . M Ip e m aladar® 

The mean retention r fi b Imes or oth sulphadoxine and pyrimethamine 

samples were both compa bl h 
ra e to t at of the standard sulphadoxine (t = 0.862; 

P = 0.41) and the standard . h' _ . pynmet amme (t - 1.03; P = 0.329) respectively. 

The active principle in the Maladar® tablets sampled can therefore be 

identified to be sulphadoxine and pyrimethamine. 

Determination of quantities of sulphadoxine and pyrimethamine in 

Maladar® 

According to the US pharmacopoeia used, the determined percentage 

assay (USP) of the active principle of sulphadoxine and pyrimethamine should 

not be less than 90% and more than 110% of the quantities stated on the label. 

ill this study, we observed a USP of 95.25% and 92.75% for sulphadoxine and 

pyrimethamine respectively. This means that there are adequate quantities of 

both sulphadoxine and pyrimethamine in the tablets in use to achieve the 

desired therapeutic target. This is important not only because use of sub-

standard drugs which fail to achieve therapeutic targets on such a large scale 

as SP-IPTp can be very costly to users and the health system, but also, can 

lead to an increase in the prevalence of mutant variants of the parasite due to 

the drug's inability to clear parasites completely: There is an intuitive link 

between drug quality and dmg resistance. When anti-malarials such SP are 

substandard, they contribute to creation of resistant parasite strains by 

selecting for susceptible parasite strains (because of their sub-therapeutic 

content) and allowing resistant strains of the parasites to flourish at their 
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expense. Meanwhile, sUb-standard dru . 
gs whIch contain too much of the active 

ingredients (more than 1100/, f h . 
o 0 w at IS stated on the label) makes too much of 

the active principle available t h b 
o t e ody and therefore precipitating toxic or 

adverse effects. Quality of fl· . 
an Ima anal drugs such as SP IS therefore important 

as it affects the ability to fti . I 
e ectlve y manage one of the most important 

diseases in SSA and (in the case of SP) in one of the most vulnerable group at 

risk of malaria, the pregnant women. 

Dissolution of Maladar® 

The US Pharmacopoeia recommends that the amount of active 

ingredients of SP should not be less than 60%, 30 minutes after dissolution in 

an appropriate medium under appropriate conditions of temperature and pH. 

The dissolution of sulphadoxine and that of Pyrimethamine were found to be 

95.22% and 83.03% respectively in this study. The tablets used therefore have 

adequate dissolution of both sulphadoxine and pyrimethamine in solution.In 

2011, the WHO reported of a number of SP brands on the Ghanaian and the 

West African sub-region that failed the dissolution test (WHO, 2011). 

The dissolution of a drug is used as surrogate marker of in vivo 

bioavailability (the measure of the rate and extent of availability of drug in 

systemic circulation) for oral dosage forms containing poorly aqueous-soluble 

drugs such as SP (Amin et al 2005). With this good dissolution detennined, all 

other things been equal, the SP tablets in use are expected tohavegood 

bioavailability for the desired therapeutic and protective effects in the pregnant 

women. SP tablets have notoriously poor in vitro dissolution profiles, 

. II ·th ard to the pyrimethamine component. This is mostly a especla y WI reg 

. h h eric products rather than the originator. It is thought that problem WIt t e gen . 
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this poor aqueous solubility of pyrimethamine is occasioned by the use of poor 

quality raw materials or poor choice of excipients in the formulation (Kibwage 

et aI., 2000 & Risha et aI., 2002). We however fOlmd that, the SP tablets in 

use, though generic, have good solubility. These tablets might have been 

therefore properly formulated. 
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CHAPTER SIX 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary of Findings 

This was a four-part facility-based cross-sectional and longitudinal 

study to investigate the effectiveness of sulphadoxine-pyrimethamine as 

intermittent preventive therapy of malaria in pregnancy in the Sekondi­

Takoradi metropolis of the Western region of Ghana. The SP efficacy study 

investigated the rate of parasite clearance in parasitaemic yet asymptomatic 

antenatal attendees; the birth outcome study examined the effect of taking SP 

or not on placental parasitaemia and birth weights. Meanwhile the molecular 

surveillance investigated mutations in the dhfr and dhps genes responsible for 

SP resistance in Plasmodium parasites isolated from pregnant women as well 

as the attendees at the general OPD. Finally, observational and laboratory 

methods were used to evaluate the quality of SP drug in usage as IPTp. 

The rate of parasite clearance was found to be 97.62% on day 3 of 

follow up and 92.11% on day 28 of follow up. There was no significant 

correlation between the observed treatment failure and the prevalence of 

mutation in dhfr and dhps genes. Parasite density of Plasmodium Jalciparum 

in infectedasymptomatic antenatal attendants had significant association with 

tl I of anaemia and attendants' parity and age. Though 78.81 % of le preva ence 

th t men owned ITNs only 57.14% were actually using them. ese pregnan wo 

fi t 'ng the 1TN included lack of appreciation of its importance; Reasons or no USI 

feeling warm when sleeping in it; not knowing how to mount it and the 

. f 1 k f mosquitoes in their neighbourhood. perceptIOn 0 ac 0 
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The prevalence of placental . . 
parasltaemla was found to be 6.37% by peR and 

4.25% by microscopy. Placental . . 
paraSltaemla showed significant association 

with number of SP doses taken ITN . 
, usage but not parIty of the delivering 

mother. Parasites isolated fro th 1 
m e p acenta also showed a significantly high 

prevalence (74 07o/c) of dhr. tri I . 
• 0 'Jr p e mutatIOn at co dons IRN but not in the dhps 

gene. The prevalence of low birth weight was found to be 1l.06%. Low birth 

weight showed significant association with placental parasitaemia, number of 

SP doses taken, use ofITNs but not maternal anaemia. 

In the molecular surveilIance study, we found a relatively higher 

prevalence of mutations in dhJr genes than in dhps. Dhfr: N108 (92.9%); R59 

(87.6%) and 151 (82.35%): Dhps: G437 (20.6%) and E540 (6.3%). There was 

also a high (71.1%) prevalence of triple mutations at the dhfr IRN. Quadruple 

mutations were found to be for IRNG (13.3%) and IRNE (3.7%). Only two of 

the parasites showed the presence of quintuple mutations at IRNGE. There 

were no significant variations in the prevalence of the mutations observed in 

parasites isolated from adults and that isolated from children. 

The quality of the SP tablets in use was found to be good. It had a 30-

minute dissolution of 95.2% for sulphadoxine and 83.0% for pyrimethamine 

and a USP of 95.2% for sulphadoxine and 92.8% for PYlimethamine. The 

physical properties and storage conditions ofthese drugs were also good. 

Conclusions 

In spite of the high prevalence of mutations responsible for SP 

. b d· parasite isolates from the pre-treatment samples and in resIstance 0 serve III 

d t th eneral OPD SP stilI showed a high rate of parasite the atten ants a e g , 

d h fi can be said to be effective. Plasmodium Jalciparum 
clearance an t ere ore 
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parasite density had a significant ' fl 
tn uence on maternal anaemia and was itself 

significantly influenced by matem I 'b 
a panty ut not age, 

The prevalence of pia t I I' , 
cen a rna ana observed tn tbis study was lower 

than that reported in earlier tud' b 
s les ut comparable to prevalence observed in 

recent studies since the inception of IPTp-SP. Placental parasitaemia was 

significantly influenced by the number of SP doses taken and the use of ITNs 

but not parity of the delivering mother. 

The prevalence of low birth weight was just a little higher than the 

national average and the WHO expected. It was however lower than figures . 

recorded in neighbouring Burkina Faso and Cote d'Ivoire. Significant risk 

factors for low birth weight were the prevalence of placental parasitaemia, 

number of SP doses taken by the pregnant woman, ITN usage but not maternal 

anaemia. Placental parasitaemia is also influenced by the presence of dhfr 

triple mutation. 

The prevalence of mutations responsible for SP resistance especially in 

the dhF gene has risen compared to previous studies carried out in Ghana and 

in neighbouring Burkina Faso but lower than prevalence recorded in most 

parts of eastern Africa. The highly resistant quintuple mutation was found in 

only two isolates and its frequency does not appear to be rising in the country 

when compared to previous studies. 

The quality of SP tablets used was detetmined to be good in terms of 

its dissolution, USP and physical properties. 

Recommendations 

IPTp-SP still maintains high effectiveness in clearing parasites and 

. I itaemia and reducing the prevalence of low birth preventmg placenta paras 
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weight in antenatal attende d . . 
es an dehvenng mothers respectively, it is 

therefore imperative that . 
government actmg through the Ministry of Health 

and the Ghana Health Servo . 
Ice unprove the coverage of rPT -SP so that every 

pregnant woman can benefit from this II· a -unportant programme. 

There is the need for m· . t f h lth .. . . . In!S ry 0 ea actmg m conjunctIOn WIth 

research institutions to carry out such stud· t· ·d . les na IOn-WI e to ascertam on a 

much broader scale the effectiveness of the SP as IPTp so as to infonn 

stronger policies. 

Considering the high prevalence of mutations responsible for SP 

resistance, there is the need to institute a more systematic surveillance, both 

facility base and in the general public, so as to monitor, on a more regular 

basis, trends in the prevalence of these mutations in order to promptly infonn 

health policy makers. There is also the need for international health bodies to 

standardized methods of evaluation of in vivo SP efficacy to be used globally 

to allow for standard comparison of outcomes. 

ITN usage was observed to contribute significantly to the reduction of 

prevalence of placental parasitaemia and low birth weight yet it had low 

coverage and usage. It is therefore important for the Ministry of Health acting 

tlu·ough the Ghana Health Service and its paltnersto step up activities to 

improve the coverage and usage ofITNs. 

The finding of the shortage of SP as a programme drug was 

bl It · · erative that the Ministry of Health put every measure in unaccepta e. IS Imp 

I r and sustained supply of the drugs to facilities. place to ensure a regu a 
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ORM

HUMAN

Principal Investigator: Dr. Leslie Larry Afutu

Name of the Organization: Department of Biomedical Science University of

Cape Coast, School of Biological Sciences, U.C.C

General Information about Research

Purpose of the Study

The purpose of this study is to evaluate the effectiveness of SP as IPTp

in the control of malaria in pregnancy in selected health facilities in the

Western Region of Ghana.

1.

2.

3.

birth weight4.
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ON RESEARCH INVOLVING
SUBJECTS (ERCRIHS)

INFORMED CONSENT FORM

Title: Evaluation of the Effectiveness

Study objectives

To determine the efficacy of SP by

parasitaemic pregnant women.

To determine the peripheral and placental blood prevalence of malaria

a trial in asymptomatic yet

To measure
parasitaemia, IPTp-SP usage and maternal anaem.a

To determine the specific 

peripheral and placental blood samples.

of babies and correlate it with placental

parasites in delivering mothers.

mutation of Plasmodium falciparum in

of sulphadoxine-pyrimethamine as 

intermittent preventive treatment of malaria in pregnant women in 

selected health facilities in Sekondi-Takoradi, Ghana.

APPENDIX-B: INFORMED CONSENT F 

GHANA HEALTH SERVICE

ETHICAL REVIEW COMMITTEE
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6.
dhfr and dhps genes of

the tablets.

Procedures

To enable the successful completion of this research you are being

invited to take part in this research by providing us answers to some specific

questions. If you accept, you will be required to fill out a survey which will be

provided by the principal investigator, Dr. Leslie Larry Afutu. If you do not

wish to answer any of the questions included in the survey, you may skip them

and move on to the next page. The study is a four-part one and is expected to

last for to last six months. The parts are; the efficacy study, the birth outcome

delivering women.

254

study, the SP molecular surveillance study, the SP concentration study and the 

drug quality study. A routine finger prick for capillary blood would be done to 

determine parasitaemie yet asymptomatic patients who would be enrolled into 

blood would be taken from enrolled

pregnant women involved in 
study and in outpatient attendees with malaria infection.

7. To determine the in use for IPTp byquality of the SP tablets i 

determining the concentration of the active principle and solubility of

the study. Two millilitres of venous

participants. This would be used for efficacy study, molecular surveillance 

study and the SP concentration study. For the birth outcome study, 2,»ls of 

bfood would be taken from both the peripherai veins and the placenta v.Ui of

5' T° *Cmtae re“°"* — the number of SP doses and 

penpheral and piaeenta! parasitala in delivering mothers.

To determine the prevalence of the mutations in

Plasmodium falciparum in parasitaemie
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Possible risks and discomforts

physical risk to patients since syringes to

Possible benefits

You may not have a direct benefit from the research, but your contributions to

this research will serve as a basis to influence the possible review of the policy

of intermittent preventive treatment with sulphadoxine-pyrimethamine.

You are

and without penalty or loss of

Confidentiality

will not be shown to anyone

anyone.
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Voluntary participation and right to leave the research

being asked to take part in this research by volunteering to be a

be used would be sterile ones.

Though taking of peripheral venous sample may be a source of discomfort, the 

discomfort is temporal. There is no

or withdraw from the study at any

any benefit to which you

subject. You are to understand that:

• Taking part in this research is entirely voluntary.

A1, information coilected for this study wiU be kept stnctly confidential and 

We will not release any information about you to

Ata using samp.es for 

for about 6-12 months during

Left-over specimens, would, afte™^, be disposed by burning them in an 

incinerator or by deep burying.For the efficacy study, participants would be 

followed on days 3, 7, 14, 21, 28 and 42.

© You may refuse to take part

time without anyone objecting

are otherwise entitled to.
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Further information
research

and Prof. Neils Quashie

Afutu on 0208389750.

Your rights

hours of 8:00am and 4:30pm through the landlines 0332135351/0289670793

(4) or email address: irb@ucc.edu.gh. You may also contact the chairman,

Prof. Albert A. Addo-Quaye through the number 0243-189593 when

necessary.

VOLUNTEER AGREEMENT

The above document describing the benefits, risks and procedures for the

research title: ‘‘Evaluation of the effectiveness of sulphadoxine pyrimethamine

as

have been given

Name and signature
Date
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answered to my satisfaction.

or Dr. Leslie Larry

as a participant

or mark of volunteer

This research has been reviewed and approved by the Institutional Review 

Board of University of Cape Coast (UCC-IRB). If you have any questions 

about your rights as participants, you can contact that IRB office between the

intermittent preventive treatment of malaria in pregnancy in selected health 

facilities in Sekondi-Takoradi, Ghana”.has been read and explained to me. I 

have any questions about the researchan opportunity to

I agree to participate as a volunteer.

Contacts for additional information

P aining to this research can be obtained from the 

supervisor, Prof. Nyarko Boampong on the telephone number 0208154078 

on telephone number 0545507575
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and the volunteer has agreed to take part in the

research.

Date Name and signature of witness

I certify that the nature and purpose, the potential benefits, and possible risks

associated with participating in this research have been explained to the above

individual.

Name and Signature of Person Who Obtained ConsentDate
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If volunteers cannot read the form themselves, a witness must sign here: I was 

present while the benefits, risks and procedures were read to the volunteer. All 

questions were answered
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appendix-c

research questionnaire

TITLE: Evaluation of the

health facilities in Sekondi-Takoradi, Ghana.

Questionnaire

1. Code: 2. Age:

4. Height (m) 3. Weight (kg) 

5. Axillary Temperature 

6. Locality 

7. Highest educational qualification: 1. Tertiary

2. Secondary 

3. Basic 

4. Others (specify)

8. Occupation

9. Partner’s occupation...-

11. Gestational Age
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UNIVERSITY OF CAPE COAST 

DEPARTMENT OF HUMAN BIOLOGY 

PhD PARASITOLOGY RESEARCH.

10. Partner’s level of education

 (Using LMP)

Effectiveness of Sulphadoxine-Pyrimethamine as

intermittent preventive treatment of malaria in pregnancy in selected

12. Parity
13. Date of last delivery (if applicable)

14. Do you have any history of neonatal or perinatal death? Yes or No.
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a. Insecticide Treated Nets 

b. Indoor Residual spraying 

c. Others (specify) 

19. Have taken any antimalarial in the last 4 weeks? Yes or No

20. Have you taken any sulphur containing drugs (eg. co-trimoxazole) in the

last 4 weeks? Yes or No

21. Have you had any blood transfusion in the last 4 weeks? Yes or No

22. What is your G6PD status? a. No defect

b. Partial defect 

23. HIV status?

THANK YOU
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c. full defect

(To be confirmed from ANC records booklet).

 (To be confirmed from ANC records.)

15. What do you think was the cause of death? 

16. Do you have any history of low birth weight? Yes or No.

17. Any history of prematurity? Yes or No.

18. What malaria control measure are you using currently?
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APPENDIX- D

1.

2. Stir the solution vigorously using a magnetic stirrer.

3. Add NaOH solution to adjust the pH to 8.0.

4. Adjust the volume to 1L with deionized water.

Filter the solution through a 0.5 micron filter.5.

6. Sterilize solution in an autoclave.

Store at room temperature for further use.7.

Preparation of 1 litre of 10X TAE Running Buffer, pH 8

Dissolve 48.5g Tris (hydroxymethyl amino methane) in about 800 mL1.

of deionized water.

Add 11.4 mL glacial acetic acid and 2 mL 0.5M EDTA2.

Add deionized water to 1L.3.

Store at room temperature.4.

5.
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at pH 8.0

Weigh 186.1g disodium ethylenediamine tetraacetate 2H2O into 800 ml 

of deionized water.

PREPARATION of reagents

Preparation of 0.5M EDTA solution

Dilute stock solution 10:1 to make a IX working solution.
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room temperature); a heat block at 95°C

be used after wiping with an alcohol swab.

2. Combine the dried, blood blotted filter papers with 1ml of PBS and 50ul of

3. Microfuge tubes for 5 seconds and aspirate the now reddish PBS/saponin

from the tubes with a clean non-bamer tip attached to a Pasteui pipette at the

end of a vacuum assembly using a new tip for each tube.

much fluid as possible and afterwards

without packing it ex<

cut

o 
night at 4 C.

APPENDIX e

Chelex DNA Extraction

o
20 C); 1XPBS (Calcium and Magnesium Free pH7.4); 20% Chelex (stored at

same blade or hole puncher can

4. Add 1 ml of PBS/tube (no saponin), invert several times and incubate at 4

0 
°C for 15-30min. Turn on the heat block at this time to allow time for 95 C to

1. Cut the filter paper to appropriate size using a scissors or hole puncher. The

Materials: Dried, blood-blotted filter papers; 10% saponin in water (stored at -

be reached.

5. Microfuge and aspirate (as above) as

the filter paper down into the lower third of the tube

10% saponin in a 1.5 ml Microfuge tube, invert several times, and store over

6. Transfer 1ml of vortex

and using a tip with 'aPered ““
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saponin in water (stored at -20°C); 
1XPBS (Calcium and Magnesium Free pH7.4); 20% Chelex (stored at room 

temperature); a heat block at 95°C

ONA us.ng cMex

Dried, blood-blotted filter papers; 10%

use the tip to press

cessively.

ed chelex stock solution to a 1.5 ml microfuge tube 

off. Dispense 50 ul to each sample,
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7. Add lOOul of sterile water to each tube.

9. After incubation, microfuge the tubes for 5 minutes at high speed.

Meanwhile, label two sets of 0.6mL microfuge tubes for transfer, the second

set for final storage of the extracted DNA samples.

10. Transfer as much solution as possible from the spun tubes to the first set of

microtubes with a 200uL barrier-tip, not worrying if chelex is carried over as

well.

labeled tubes. Store at -20C.

262

11. Spin tubes for 10 minutes at high speed and then transfer the final, white- 

to-yellowish supernatant (avoiding the pelleted chelex) to the final set of

or so

minutes or so in the block to release pressure, or else the tubes will ”’pop”

8. Extract the parasite DNA by incubating the tubes for 10 min in a 95 °C 

heat-block, vigorously vortexing each sample every 2 minutes 

throughout the incubation. It is best to briefly uncap each tube every two

vortexing or inverting the tube every two or ttee ^fer, (to be sure you are 

not just transferring water with all the chelex settled to the bottom of the 

dispensing tube).
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APPENDIX - F

laboratory photo gallery

PLATE A: Ethidium Bromide-stained agarose gel showing fragments

after PCR-RFLP at codon 108 of the dhfr gene with the enzyme,

BsraL
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6

PLATE B: Ethidium Bromide-stained agarose gel showing DNA

fragments after PCR-RFLP at codon 59 of the dhfr gene with the

enzyme, XmnI
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fragments after PCR-RFLP at codon 51 of the dhfr gene with the

enzyme, Tsp5091
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PLATE C: Ethidium Bromide-stained agarose gel showing DNA
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Hl

i.-

Ethidium Bromide-stained agarose gel showing DNAPLATE C:

fragments after PCR-RFLP at codon 437 of the dhps gene with the

enzyme, Mwol

266

: ■■■ -a

8

ft' ■' I

ft

■ -

r.-r:

R j- . •

••"T •: g'

io.
. ft. ■

7<'-.
. 'J/''.,

■ . j ;...............................

: ft. -<ftftft'-ft <ft.ft -. ft

, - . --.ft<; . . . ........ I

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



PLATE C: Ethidium Bromide-stained agarose gel showing DNA

fragments after PCR-RFLP at codon 540 of the dhps gene with the

enzyme Fokl.
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